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Preface

The H8/3039 Series comprises high-performance single-chip microcomputers (M CUSs) that
integrate system supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip system supporting functionsinclude ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, 1/0 ports, and other facilities. Of the two SCI
channels, one has been expanded to support the ISO/IEC 7816-3 smart card interface. Functions
have also been added to reduce power consumption in battery-powered applications: individual
modules can be placed in standby, and the frequency of the system clock supplied to the chip can
be divided down under software control.

The five MCU operating modes offer a choice of expanded mode, single-chip mode, and address
space size, enabling the H8/3039 Series to adapt quickly and flexibly to a variety of conditions.

In addition to its masked-ROM versions, the H8/3039 Series has an F-ZTAT™* version with user
programmable on-chip flash memory that can be programmed on-board. These versions enable
usersto respond quickly and flexibly to changing application specifications.

Thismanual describes the H8/3039 Series hardware. For details of the instruction s&t, refer to the
H8/300H Series Programming Manual .
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Section 1 Overview

1.1 Overview

The H8/3039 Series comprises microcomputers (MCUs) that integrate system supporting
functions together with an H8/300H CPU core featuring an original Hitachi architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-hit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, 1/0 ports, and other facilities.

The H8/3039 Series consists of four models: the H8/3039 with 128 kbytes of ROM and 4 kbytes
of RAM, the H8/3038 with 64 kbytes of ROM and 2 kbytes of RAM, the H8/3037 with 32 kbytes
of ROM and 1 kbytes of RAM, and the H8/3036 with 16 kbytes of ROM and 512 bytes of RAM.

The five MCU operating modes offer a choice of expanded mode, single-chip mode and address
Space size.

In addition to the masked-ROM version of the H8/3039 Series, an F-ZTAT™* version with an on-
chip flash memory that can be freely programmed and reprogrammed by the user after the board is
installed is also available. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1-1 summarizes the features of the H8/3039 Series.

Notee * F-ZTAT (Flexible ZTAT) isatrademark of Hitachi, Ltd.
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Table1-1 Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
* Sixteen 16-bit general registers
(also useable as sixteen 8-bit registers or eight 32-bit registers)
High-speed operation
¢ Maximum clock rate: 18 MHz
¢ Add/subtract: 111 ns
*  Multiply/divide: 778 ns
Two CPU operating modes
« Normal mode (64-kbyte address space)
¢ Advanced mode (16-Mbyte address space)
Instruction features
«  8/16/32-bit data transfer, arithmetic, and logic instructions
« Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
« Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
«  Bit accumulator function
¢ Bit manipulation instructions with register-indirect specification of bit positions

Memory H8/3039
¢ ROM: 128 kbytes
*  RAM: 4 kbytes
H8/3038
¢ ROM: 64 kbytes
¢ RAM: 2 kbytes
H8/3037
¢ ROM: 32 kbytes
«  RAM: 1 kbyte
H8/3036
¢ ROM: 16 kbytes
¢ RAM: 512 bytes

Interrupt » Five external interrupt pins: NMI, IRQ,, IRQ,, IRQ,, IR
controller « 25 internal interrupts
« Three selectable interrupt priority levels

Bus controller « Address space can be partitioned into eight areas, with independent bus
specifications in each area

« Two-state or three-state access selectable for each area
e Selection of four wait modes
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Table1-1 Features(cont)

Feature

Description

16-bit integrated
timer unit (ITU)

Five 16-bit timer channels, capable of processing up to 12 pulse outputs or 10
pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0 to 4)
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)

Programmable
timing pattern
controller (TPC)

Maximum 15-bit pulse output, using ITU as time base

Up to three 4-bit pulse output groups and one 3-bit pulse output group (or one 15-

bit group, one 8-bit group, or one 7-bit group)
Non-overlap mode available

Watchdog timer
(WDT), 1 channel

Reset signal can be generated by overflow

Reset signal can be output externally (However, not available with the F-ZTAT
version.)

Usable as an interval timer

Serial
communication
interface (SCI),
2 channels

Selection of asynchronous or synchronous mode
Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added (SCI0 only)

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

Can be externally triggered

I/O ports

55 input/output pins
8 input-only pins

Operating modes

Five MCU operating modes

Address Address Bus
Mode Space Pins Width
Mode 1 1 Mbyte Ajto Ajg 8 bits
Mode 3 16 Mbytes A,z to Ay 8 bits
Mode 5 1 Mbyte A, to A 8 bits
Mode 6 64 kbytes — —
Mode 7 1 Mbyte — —

On-chip ROM is disabled in modes 1 and 3
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Table1-1 Features(cont)

Feature Description
Power-down ¢ Sleep mode
state « Software standby mode

¢ Hardware standby mode
¢ Module standby function
* Programmable System clock frequency division

Other features « On-chip clock oscillator
Product lineup Model (5V) Model (3V)* Package ROM

HD64F3039F HD64F3039VF 80-pin QFP Flash
(FP-80A) memory

HD64F3039TE HD64F3039VTE 80-pin TQFP
(TFP-80C)

HD6433039F HD6433039VF 80-pin QFP Mask ROM
(FP-80A)

HD6433039TE HD6433039VTE 80-pin TQFP
(TFP-80C)

HD6433038F HD6433038VF 80-pin QFP Mask ROM
(FP-80A)

HD6433038TE HD6433038VTE 80-pin TQFP
(TFP-80C)

HD6433037F HD6433037VF 80-pin QFP Mask ROM
(FP-80A)

HD6433037TE HD6433037VTE 80-pin TQFP
(TFP-80C)

HD6433036F HD6433036VF 80-pin QFP Mask ROM
(FP-80A)

HD6433036TE HD6433036VTE 80-pin TQFP
(TFP-80C)

Note: * There are two 3 V versions: one with V.. =2.7Vto 5.5V and g = 2 to 8 MHz, and one
with V. =3.0 Vto 5.5V and g = 2 to 10 MHz. However, there is only one flash memory
version, with V.. =3.0t0 5.5V and g = 2 to 10 MHz.
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1.2 Block Diagram

Figure 1-1 shows an internal block diagram of the H8/3039 Series.
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Note: * Masked ROM : RESO
Flash memory: FWE

Figure1-1 Block Diagram
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1.3 Pin Description

1.3.1 Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8/3039 Series.
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Note: * Masked ROM: RESO
Flash memory: FWE

Figure1-2 Pin Arrangement (FP-80A, TFP-80C Top View)
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1.3.2 Pin Functions

Pin Assignmentsin Each Mode: Table 1-2 lists the FP-80A and TFP-80C pin assignmentsin
each mode.

Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode

Pin Name

Pin PROM Mode

No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory

1 PB,/TPy/ PB,/TP,/ PB,/TPy/ PB,/TP,/ PB,/TP,/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

2 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB.,/TP,/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

3 PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,//  NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

4 PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB./TP,,/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

5 PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,

6 PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ NC
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,

7 MD, MD, MD, MD, MD, Vs

8 PB,/TP,/ PB,/TP,./ PB,/TP,/ PB,/TP,./ PB,/TP,,/ NC
ADTRG ADTRG ADTRG ADTRG ADTRG

9 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, NC

10 P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, Vs

11 P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ NC
IRQ, IRQ, IRQ, IRQ, IRQ,

12 Vss Vss Vss Vss Vss Vss

13 D, D, D, P3, P3, 110,

14 D, D, D, P3, P3, 110,

15 D, D, D, P3, P3, 1/0,

16 D, D, D, P3, P3, 1/0,

17 D, D, D, P3, P3, I/0,

18 D, D, D, P3, P3, 1/0,4

19 Ds D Ds P3; P3; 1/0,

20 D, D, D, P3, P3, 110,

HITACHI



Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode (cont)

Pin Name

Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
21 Vee Vee Vee Vee Vee Vee
22 A, A, P1,/A, P1, P1, A,
23 A A, P1,/A, P1, P1, A,
24 A, A, PL,/A, P1, P1, A,
25 A, A, PL,/A, P1, P1, A,
26 A, A, P1,/A, P1, P1, A,
27 A A, P1/A, P1, P1, A,
28 A, A, P1/A, P1, P1, A,
29 A, A, PL,/A, P1, P1, A,
30 Vi Vs Vs Vs Vs Vs
31 A A, P2,/A, P2, P2, A,
32 A A, P2,/A, P2, P2, A,
33 Ag A P2,/A,, P2, P2, A,
34 A, A, P2,/A,, P2, P2, A,
35 A, A, P2,/A,, P2, P2, A,
36  Ag A P2,J/A,, P2, P2, A,
37 A, AL P2,J/A,, P2, P2, A,
38 A, AL P2,/A,, P2, P2, AL
39 A, A, P5,/A ¢ P5, P5, A
40 A, A, P5,/A,, P5, P5, Ves
41 A, A, P5,/A,, P5, P5, Ves
42 A, A P5,/A,, PS5, P5, Vs
43  P6/WAIT P6,/WAIT P6,/WAIT P6, P6, NC
44 MD, MD, MD, MD, MD, Ves
45  MD, MD, MD, MD, MD, Ves
46 o [} 2} [} 2} NC
47  STBY STBY STBY STBY STBY Vee
48  RES RES RES RES RES RES
49 NMI NMI NMI NMI NMI Vee
50 Vg Vss Vss Vss Vss Vss

8
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Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode (cont)

Pin Name

Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
51  EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
52  XTAL XTAL XTAL XTAL XTAL XTAL
53 Ve Vee Vee Vee Vee Vee
54 AS AS AS P6, P6, NC
55 RD RD RD P6, P6, NC
56 WR WR WR P6, P6, Vee
57  RESO/ RESO/ RESO/ RESO/ RESO/ FWE

FWE* FWE* FWE* FWE* FWE*
58 AV AV, AV AV, AV Vs
59  P7,AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
60  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
61  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
62  PT7,/AN, P7./AN, P7,/AN, P7./AN, P7./AN, NC
63  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
64  P7./AN, P7,/AN, P7,/AN, P7,/AN, P7./AN, NC
65  PT7,AN, P7,/AN, P7./AN, P7./AN P7./AN, NC
66  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
67 AV AV, AV . AV . AV . Vee
68  P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, Vs
69 P8/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, Vg
70 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,  NC
71 P9,/RxD, P9./RXD, P9,/RXD, P9./RxD,  P9,/RxD, NC
72 P9./SCK,/ P9,/SCK,/ P9,/SCK,/ P9./SCK,/  P9,/SCK,/ V.

IRQ, IRQ, IRQ, IRQ, IRQ,
73 PA/JTP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA/TP,/  CE

TCLKA TCLKA TCLKA TCLKA TCLKA
74 PAJ/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP/  OE

TCLKB TCLKB TCLKB TCLKB TCLKB
75 PA,/TP,/ PA,ITP,/ PA,/TP,/ PA,ITP,/ PA,/TP,/  WE

TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/

TCLKC TCLKC TCLKC TCLKC TCLKC

Note: * Masked ROM: RESO
Flash Memory: FWE
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Table1-2 FP-80A and TFP-80C Pin Assignmentsin Each Mode (cont)

Pin Name

Pin PROM Mode

No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory

76 PAJTP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP/  NC
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD

77 PAJTP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PAJTP,/  NC
TIOCA, TIOCA/A,,  TIOCA, TIOCA, TIOCA,

78  PAJTP./ PA,/TP,/ PA,TP,/ PA,/TP,/ PAJTP/  NC
TIOCB, TIOCB/A,,  TIOCB, TIOCB, TIOCB,

79  PAJTP/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PAJ/TP/  NC
TIOCA, TIOCAJA,,  TIOCA, TIOCA, TIOCA,

80  PA,/TP,/ A, PA,/TP,/ PA./TP,/ PA,/TP,/  NC
TIOCB, TIOCB, TIOCB, TIOCB,

Notes: 1. Pins marked NC should be left unconnected.

10

2. For details about PROM mode see section 15, ROM.
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1.4 Pin Functions

Table 1-3 summarizes the pin functions.

Table1-3 Pin Functions

Type Symbol Pin No. I/0 Name and Function
Power Ve 21, Input Power: For connection to the power
53 supply. Connect all V. pins to the system
power supply.
Vs 12, Input Ground: For connection to ground (0 V).
30, Connect all V¢ pins to the 0-V system
50 power supply.
Clock XTAL 52 Input For connection to a crystal resonator

For examples of crystal resonator and
external clock input, see section 16, Clock
Pulse Generator.

EXTAL 51 Input For connection to a crystal resonator or
input of an external clock signal. For
examples of crystal resonator and external
clock input, see section 16, Clock Pulse

Generator.
7] 46 Output System clock: Supplies the system clock to
external devices
Operating MD,, 7, Input Mode 2 and mode 0: For setting the
mode MD,, 45, operating mode, as follows. These pins
control MD, 44 should not be changed during operation.
Operating
MD, MD, MD, Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 —
0 1 1 Mode 3
1 0 0 —
1 0 1 Mode 5
1 1 0 Mode 6
1 1 1 Mode 7
11
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 1/0 Name and Function
System RES 48 Input Reset input: When driven low, this pin
control resets the chip

RESO/ 57 Output/ Reset output (Masked ROM version):

FWE Input Outputs WDT-generated reset signal to an
external device.

Write enable signal (F-ZTAT version):
Flash memory write control signal.

STBY 47 Input Standby: When driven low, this pin forces a

transition to hardware standby mode
Interrupts NMI 49 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQ,, IRQ, 72,11, Input Interrupt request 5, 4, 1, 0: Maskable

IRQ,, IRQ, 69,68 interrupt request pins

Address bus A, to A,,, 77 t0 80, Output Address bus: Outputs address signals
A to Ag, 42 to 31,
A, t0 A, 29 to 22
Data bus D, to D, 20to 13 Input/ Data bus: Bidirectional data bus
output
Bus control AS 54 Output Address strobe: Goes low to indicate valid
address output on the address bus

RD 55 Output Read: Goes low to indicate reading from the
external address space.

WR 56 Output Write: Goes low to indicate writing to the
external address space indicates valid data
on the data bus.

WAIT 43 Input Wait: Requests insertion of wait states in
bus cycles during access to the external
address space

16-bit TCLKD to 76t0 73 Input Clock input A to D: External clock inputs
integrated TCLKA
timer unit TIOCA, to 3,1,79, Input/ Input capture/output compare A4 to AO:
TIOCA, 77,75 Output GRA4 to GRAO output compare or input
(ITV)
capture, or PWM output

TIOCB, to 4,2, 80, Input/ Input capture/output compare B4 to BO

TIOCB, 78, 76 output GRB4 to GRBO output compare or input
capture, or PWM output

TOCXA, 5 Output Output compare XA4: PWM output

TOCXB, Output Output compare XB4: PWM output

12
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. I/0 Name and Function
Programm- TP, 8,6t0l Output TPC output 15, 13 to 0 : Pulse output
able timing TP~ 80to 73
pattern TP,
controller
(TPC)
Serial com- TxD,, 70,9 Output Transmit data:(channels 0 and 1): SCI
munication TXD, data output
interface RxD,, 71,10 Input Receive data:(channels 0 and 1): SCI
(scl) RxD, data input
SCK,, 72,11 Input/ Serial clock:(channels g and 1): SCI clock
SCK, output input/output
A/D AN, to 66 to 59 Input Analog 7 to 0: Analog input pins
converter AN,
ADTRG 8 Input A/D trigger: External trigger input for
starting A/D conversion
AV 67 Input Power supply pin and reference voltage
input pin for the A/D converter Connect to
the system power supply when not using
the A/D converter
AV 58 Input Ground pin for the A/D converter. Connect
to system power-supply (0 V).
I/0 ports P1,to P1, 29to22 Input/ Port 1: Eight input/output pins. The
output direction of each pin can be selected in the
port 1 data direction register (P1LDDR).
P2,to P2, 38to 31 Input/ Port 2: Eight input/output pins. The
output direction of each pin can be selected in the
port 2 data direction register (P2DDR).
P3,to P3, 20to13 Input/ Port 3: Eight input/output pins. The
output direction of each pin can be selected in the
port 3 data direction register (P3DDR).
P5,to P5, 42to 39 Input/ Port 5: Four input/output pins. The
output direction of each pin can be selected in the
port 5 data direction register (P5DDR).
P6.to P6,, 561054, Input/ Port 6: Four input/output pins. The
P6, 43 output direction of each pin can be selected in the
port 6 data direction register (P6DDR).
P7,t0 P7, 66 to59 Input Port 7: Eight input pins
P8,, P8, 69, 68 Input/ Port 8: Two input/output pins. The
output direction of each pin can be selected in the

port 8 data direction register (P8DDR).

13
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. I/O Name and Function
I/O ports P9, to 72,11 Input/ Port 9: Six input/output pins. The direction
P9, 71,10 output of each pin can be selected in the port 9
70,9 data direction register (P9DDR).
PA, to 80to 73 Input/ Port A: Eight input/output pins. The
PA, output direction of each pin can be selected in the
port A data direction register (PADDR).
PB,, PB; 8, 6tol Input/ Port B: Seven input/output pins. The
to PB, output direction of each pin can be selected in the
port B data direction register (PBDDR).
14
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Section2 CPU

2.1 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-hit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

2.1.1 Features

The H8/300H CPU has the following features.

» Upward compatibility with H8/300 CPU
Can execute H8/300 series object programs without alteration
» General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
» Sixty-two basic instructions
O 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [@(d:16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERn]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8, PC) or @(d:16, PC)]
Memory indirect [ @@aa:8]
» 16-Mbyte linear address space

OooOoo0oogooOooao
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» High-speed operation

O All frequently-used instructions execute in two to four states
O Maximum clock frequency: 18 MHz

O 8/16/32-bit register-register add/subtract: 111 ns

O 8 x 8-hit register-register multiply: 778 ns

O 16 + 8-hit register-register divide: 778 ns

O 16 x 16-bit register-register multiply: 1222 ns

O 32+ 16-hit register-register divide: 1222 ns

« Two CPU operating modes
O Normal mode
O Advanced mode
e Low-power mode
Transition to power-down state by SLEEP instruction

2.1.2 Differencesfrom H8/300 CPU

In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

* Moregenera registers

Eight 16-bit registers have been added.
» Expanded address space

O Advanced mode supports a maximum 16-Mbyte address space.

0 Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
» Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

» Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.

16
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2-1.

Unless specified otherwise, al descriptionsin this manual refer to advanced mode.

Normal mode

CPU operating modes

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

Figure2-1 CPU Operating M odes

HITACHI
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. This LS| allows selection of a
normal mode and advanced mode 1-Mbyte mode or 16-Mbyte mode for the address space
depending on the MCU operation mode. Figure 2-2 shows the address ranges of the H8/3039

Series. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating mode uses 20-bit addressing. The upper 4 bits of effective addresses are

ignored.
H'00000 H'00000 H'000000
H'FFFFF
H'FFFFF
H'FFFFFF
(a) 1-Mbyte mode (b) 16-Mbyte mode
1. Normal mode (64-Kbyte mode) 2. Advanced mode
Figure2-2 Memory Map
18
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2.4 Register Configuration

2.4.1 Overview

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers:
genera registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr |1 ullH|u[NzZ|v]C]

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

ul: User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzczIT

Figure2-3 CPU Registers
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2.4.2 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are al functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as a dataregister, it can be accessed as a 32-bit, 16-hit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ERY).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

« Address registers
« 32-bit registers « 16-bit registers  8-hit registers

E registers
— (extended registers)
EOto E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2-4 Usage of General Registers

20
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the
stack.

/X/

Free area

SP (ER7)—>

Stack area

/\/

Figure2-5 Stack

2.4.3 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register
(CCR).

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU
will execute. The length of all CPU instructionsis 2 bytes (one word) or amultiple of 2 bytes, so
the least significant PC bit isignored. When an instruction is fetched, the least significant PC bit is
regarded as O.

Condition Code Register (CCR): This 8-hit register contains internal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | bit setting. The | bit isset to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Setto 1to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:
e Add instructions, to indicate a carry

* Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

2.4.4 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCR isset to 1. The other CCR bits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore beinitialized by an
MOV .L instruction executed immediately after areset.

22
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2.5 Data Formats
The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,

..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

25.1 General Register Data Formats

Figures 2-6 and 2-7 show the dataformats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH Ena Don't care 1
7 0

1-bit data RnL Don't care EE

7 43 0

4-bit BCD data RnH Don't care |

________________ 7 43 0

4-bit BCD data RnL : Don't care

7 o
Byte data RnH [:j Don't care
MSB ts8
________________ 7 0
Byte data RnL Don't care [:]
""""""""I\/ISB LSB

Legend
RnH: General register RH
RnL: General register RL

Figure2-6 General Register Data Formats
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General

Data Type Register Data Format
15 0
Wordda R L.
MSB LSB
Word data En | e |
MSB LSB
Longword data ERn | L
MSB LSB

Legend

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Figure2-7 General Register Data Formats

2.5.2 Memory Data Formats

Figure 2-8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the |east
significant bit of the addressis regarded as O, so the access starts at the preceding address. This
also appliesto instruction fetches.

24
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Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address /

Address /¢

Address 2m
Address 2m + 1

Address 2n

Address 2n + 1
Address 2n + 2
Address 2n + 3

Data Format

/X/

7 0

7]els5]a]l3]2]1]o0

MSB\ L L L L L L
LsB
MSB,
LSB

/X/

Figure2-8 Memory Data Formats

HITACHI

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 Instruction Set

2.6.1 Instruction Set Overview

The H8/300H CPU has 62 types of instructions, which are classified as shown in table 2-1.

Table2-1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*!, POP*', MOVTPE**>, MOVFPE*? 3

Arithmetic operations  ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, DIVXU, MULXS, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bce*®, IMP, BSR, JSR, RTS

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP

Block data transfer EEPMOV 1

Total 62 types

Notes: 1.

26

POP.W Rn is identical to MOV.W @SP+, Rn.

PUSH.W Rn is identical to MOV.W Rn, @-SP.

POP.L ERn is identical to MOV.L @SP+, Rn.

PUSH.L ERn is identical to MOV.L Rn, @-SP.

These instructions are not available on the H8/3039 Series.
Bcc is a generic branching instruction.
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2.6.2 Instructionsand Addressing M odes

Table 2-2 indicates the instructions available in the H8/300H CPU.

Table2-2 Instructionsand Addressing Modes

Addressing Modes

@ @ @ @
@ (d:16,(d:24, @ERn+ @ @ @ (d:8, (d:16, @@
Function Instruction #xx Rn ERn ERn) ERn) @-ERn aa:8 aa:16 aa:24 PC) PC) aa:8 Implied
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — —_ —
transfer ~ POP,PUSH — — — — — — - = - - - — WL
MOVFPE, — — — — — — — B - - o
MOVTPE
Arithmetic ADD, CMP BWL BWL — — — — [ — — — = - —
operations SUB WL BWL — — — — R — — - - =
ADDX, B B — — — —_ — = — — — -
SUBX
ADDS, — L — — — — R — — - — [ —
SUBS
INC, DEC —  BWL — — — —_ — = — — — -
DAA,DAS — B — — — —_ [ — — — = - —
MULXU, — BW — — — — e — - — [ —
MULXS,
DIVXU,
DIVXS
NEG —  BWL — — — — — - — - — [ —
EXTU, — WL — — — — — - — - — -
EXTS
Logic AND, OR, BWL BWL — — — — [ — — — = - —
operations XOR
NOT — BWL — — — — — - — - — -
Shift instructions — BWL— — — — — - — - — -
Bit manipulation — B B —_- = = B — — - - = —
Branch Bcc, BSR —_ - - — — — [ — — Q O -
JMP,JSR — — O — — — - = O - = 0O -
RTS U — - - - - — — 0
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Table2-2 Instructionsand Addressing M odes (cont)

Addressing Modes

@ @ @ @
@ (d:16, (d:24, @ERn+ @ @ @ (d:8, (d:16, @@
Function Instruction #xx Rn ERn ERn) ERn) @-ERn aa:8 aa:16 aa:24 PC) PC) aa:8 Implied

System TRAPA —_ - — — = — - — — - - O

control RTE R — e [ — — — — = 0O
SLEEP —_ - — —_ — — [ — — - — _ O
LDC B B w W w w — W W [ — —  —
STC — B W W W w — W w —_ — — —
ANDC, B —_ — —_ — — [ — — - — —
ORC,
XORC
NOP - - - - - = - - - - - = 0

Block data transfer - - — - = = R — - — —  _— BW

Legend

B: Byte

W: Word

L: Longword
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2.6.3 Tablesof Instructions Classified by Function

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation
used in these tables is defined as follows.

Operation Notation

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERnN General register (32-bit register or address register)
(EAd) Destination operand

(EASs) Source operand

CCR Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

- Division

O Logical AND

O Logical OR

O Exclusive logical OR

- Move

= NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2-3 Data Transfer Instructions

Instruction Size* Function
MOV B/W/L (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in the H8/3039 Series.
MOVTPE B Rs - (EAs)
Cannot be used in the H8/3039 Series.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. Similarly, POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH W/L Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L
ERn, @-SP.

Note: * Size refers to the operand size.

B: Byte

W: Word

L:  Longword
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Table2-4 Arithmetic Operation Instructions

Instruction Size* Function
ADD, B/W/L Rd+Rs - Rd, Rd + #IMM - Rd
SUB

Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data
cannot be subtracted from data in a general register. Use the SUBX or
ADD instruction.)

ADDX, B Rd+Rs+C - Rd,Rd+#IMM £ C - Rd

SUBX Performs addition or subtraction with carry on data in two general
registers, or on immediate data and data in a general register.

INC, B/WI/L Rd+1 - Rd,Rd+2 - Rd

DEC

Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.
DAA, B Rd decimal adjust - Rd

DAS

Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

Note: * Size refers to the operand size.

B: Byte
W: Word
L:  Longword
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Table2-4 Arithmetic Operation Instructions (cont)

Instruction Size* Function

DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits -
16-bit quotient and 16-bit remainder.

DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits
- 16-bit quotient and 16-bit remainder.

CMP B/W/L Rd — Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR according to the result.

NEG B/W/L 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTS WI/L Rd (sign extension) —» Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU Wi/L Rd (zero extension) —» Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by padding with zeros.

Note: * Size refers to the operand size.

B: Byte

wW: Word

L:  Longword
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Table2-5 Logic Operation Instructions

Instruction Size* Function

AND B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WI/L RdORs - Rd, Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L - Rd - Rd

Takes the one’s complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L:  Longword

Table2-6 Shift Instructions

Instruction Size* Function
SHAL, B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WI/L Rd (rotate) - Rd
ROTR Rotates general register contents.
ROTXL, B/WI/L Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L:  Longword

33
HITACHI



Table2-7 Bit Manipulation Instructions

Instruction Size*  Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The
bit number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BTST B = (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower 3 bits of a general register.

BAND B C O(<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C 0O[~ (<bit-No.> of <EAd>)] - C

ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table2-7 Bit Manipulation Instructions (cont)

Instruction Size* Function

BOR B C U (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C O[~ (<bit-No.> of <EAd>)] - C
ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register
or memory operand and stores the result in the carry flag.

BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to
the carry flag.

BILD B = (<bit-No.> of <EAd>) -~ C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B C - - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B:
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Table2-8 Branching Instructions

Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High ciz=0
BLS Low or same chz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BvC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2-9 System Control Instructions

Instruction Size*  Function

TRAPA — Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W  (EAs) » CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory,
data is read by word access.

STC B/W  CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by
word access.

ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.

NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B:

Byte

W: Word
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Table2-10 Block Transfer Instruction

Instruction Size Function
EEPMOV.B — if R4L # 0 then
repeat @ER5+ - @ERG6+, R4L -1 - RAL
until R4L=0
else next;
EEPMOV.W — if R4 # 0 then
repeat @ER5+ - @ER6+,R4—-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general registers R4L
or R4, ER5, and ERS6.

RA4L or R4: Size of block (bytes)
ERS: Starting source address

ERG6: Starting destination address

Execution of the next instruction begins as soon as the transfer is completed.
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2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data registers
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement. A 24-bit address or displacement istreated as 32-bit datain which the
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2-9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

MOV.B @(d:16, Rn), Rm
EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2-9 Instruction Formats
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2.6.5 Noteson Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers

with write-only bits, or to access ports.

The BCLR instruction can be used to clear flags in the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag ahead

of time.

2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit

number in the operand.

Table2-11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@d:24, ERn)
4 Register indirect with post-increment @Erm+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #XX:8/#xX: 16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8
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1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-hit registers.
RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERnN: Theregister field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
displacement contained in the instruction code is added to the contents of an address register
(ERnN) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-bit displacement is sign-extended when added.

4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @—ERnN:

» Register indirect with post-increment—@ERn+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

» Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. The result is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa:24: The instruction code contains the absolute
address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are asign extension. A
24-bit absolute address can access the entire address space. Table 2-12 indicates the accessible
address ranges.
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Table2-12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFO0 to H'FFFFF H'FFFFOO to H'FFFFFF
(1,048,320 to 1,048,575) (16,776,960 to 16,777,215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32,767, 1,015,808 to 1,048,575) (0to 32,767, 16,744,448 to 16,777,21F
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1,048,575) (0 to 16,777,215)

6 Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction code contains 8-bit (#xx:8), 16-hit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. Theinstruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction codeis sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The first
byte of the memory operand isignored, generating a 24-bit branch address. See figure 2-10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is 0 to
255 (H'000000 to H'0000FF). Note that the first part of this rangeis also the exception vector area.
For further details see section 5, Interrupt Controller.
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/\/

Specified by @aa:8 — Reserved

Figure2-10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when a branch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,

Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2-13 explains how an effective addressis calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to

generate a 20-bit effective address.

HITACHI
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Table 2-13 Effective Address Calculation

Addressing Mode and

No. Instruction Format Effective Address Calculation Effective Address
1 Register direct (Rn) Operand is general
register contents
| op_rm|m]
2 Register indirect (@ERN) 31 0 23
I General register contents I——|
3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERn) 31 0
I General register contents 23
| op ‘ r ‘ ‘ disp | | Sign extension ‘ disp
\
4 Register indirect with post-increment

or pre-decrement

Register indirect with post-increment
@ERN+

31 0 23

[ o [r] |

Register indirect with pre-decrement
@-ERn

I General register contents

[ o [r] |

1,2,0r4
31 0
I General register contents 23
| IR %|
1,2,0r4

1 for a byte operand, 2 for a word
operand, 4 for a longword operand




Table 2-13 Effective Address Calculation (cont)

Addressing Mode and

IHOVL1IH

No. Instruction Format Effective Address Calculation Effective Address
5 Absolute address 23 87 0
@aa:8 | HFFFE |
“op [ avs *
23 1615 0
@aa:16 |exte|r?snion‘
| op ‘ abs I }
23 0
@aa:24 |
op
abs I
6 Immediate Operand is immediate data

#xX:8, #xx:16, or #xx:32

14

| op v |
7 Program-counter relative
@(d:8, PC) or @(d:16, PC) 23 0
| PC contents 23 0
Si .
|exte|r?snion‘ disp
op disp I




IHOVL1IH
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Addressing Mode and

Table2-13 Effective Address Calculation (cont)

No. Instruction Format Effective Address Calculation Effective Address
8 Memory indirect
@@aa:8
Normal mode
23 87 0
Hoo00 | abs |
|
15 0 23 1615
4—| Memory contents I——| H'00 ‘
Advanced mode
23 87 0
Hoo00 | abs |
31 0 23
Memory contents I——|
Legend
r, rm, rn: Register field
op: Operation field
disp: Displacement
IMM: Immediate data

abs:

Absolute address



2.8 Processing States

2.8.1 Overview

The H8/300H CPU hasfour processing states: the program execution state, exception-handling
state, power-down state, and reset state. The power-down state includes sleep mode, software
standby mode, and hardware standby mode. Figure 2-11 classifies the processing states.

Figure 2-13 indicates the state transitions.

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Reset state

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2-11 Processing States
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2.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

2.8.3 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at al timesin the program execution state.

Table2-14 Exception Handling Typesand Priority

Type of
Priority Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock Exception handling starts
A immediately when RES changes
from low to high
Interrupt End of instruction execution When an interrupt is requested,
or end of exception handling*  exception handling starts at the
end of the current instruction or
current exception-handling
sequence
Trap instruction When TRAPA instruction is Exception handling starts when
executed a trap (TRAPA) instruction is
Low executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or
immediately after reset exception handling.

Figure 2-12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset

External interrupts
Exception
sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2-12 Classification of Exception Sour ces

CProgram execution state>
SLEEP

instruction
with SSBY =0

Sleep mode >

End of Exception
exception

handling

S
with SSBY =1

>

kSoftware standby mode>

Interrupt LEEP instruction

NMI, IRQo, IRQ 1,
O\ orIRQ; interrupt

<Exception-handling statej

A

RES high

STBY high, RES low
C Reset state™* e

j* Gardware standby mode*a

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2-13 State Transitions
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2.8.4 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset stateis
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

I nterrupt Exception Handling and Trap Instruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthis set to 1, the CPU setsthe | bit in the condition code
register to 1. If the UE bit is cleared to O, the CPU sets both the | bit and the Ul bit in the condition
coderegister to 1. Then the CPU fetches a start address from the exception vector table and
execution branches to that address.

Figure 2-14 shows the stack after the exception-handling sequence.

¥/\ ¥/\

SP-4 SP (ER7) — CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) —| Stack area SP+4 Even

| B | address

\_/\ \_/\

Before exception = After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2-14 Stack Structure after Exception Handling
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2.8.5 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 10,
Watchdog timer.

2.8.6 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bitisset to 1in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as aspecified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The /O ports also remain in their existing states.

Hardwar e Standby Mode: A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and clock halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 17, Power-Down State.
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2.9 Basic Operational Timing

2.9.1 Overview

The H8/300H CPU operates according to the system clock (g). The interval from one rise of the
system clock to the next riseisreferred to asa“ state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

2.9.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicatesthe pin
states.

Bus cycle

|
|
|

-— T, state %Tz State —»

. I U e U

Internal address bus >< Address ><

Internal read signal \ /
Internal data bus : : \
(read access) :>—< Read data 1>

Internal write signal \—/7

Internal data bus :>—< . \
(write access) ‘ Write data >—

Figure2-15 On-Chip Memory Access Cycle
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Address bus >< Add‘ress ><

High imbedance
D7 to DO T

Figure2-16 Pin Statesduring On-Chip Memory Access

2.9.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bits wide,
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module
access timing. Figure 2-18 indicates the pin states.

! Bus cycle !

T, state % T, state % T, state —»-

o 1 | |

Internal data bus

Internal address bus 1>< Address X
Internal read signal ! \ / |
Read ! |
access | ! ! !
Internal data bus :>_< Read data )
Internal write signal ! \ ! / ‘
Write w ! ; |
access :>—< ‘ ! ‘

Figure2-17 Access Cyclefor On-Chip Supporting M odules
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Address bus >< ‘ Address ‘ X

AS, RD, WR - ] | |
| High ! | i
f ‘ High impedance ‘ ‘

D; to Dg ‘

Figure2-18 Pin Statesduring Accessto On-Chip Supporting M odules

2.9.4 Accessto External Address Space

The external address spaceis divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each area accessed in two or three states. For details see section 6, Bus
Controller.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8/3039 Series has five operating modes (modes 1, 3, 5 to7) that are selected by the mode
pins (MD, and MD,) asindicated in table 3-1. The input at these pins determines expanded mode
or single-chip mode.

Table3-1 Operating Mode Selection

Mode Pins Description
Operating Initial Bus On-Chip On-Chip
Mode MD, MD, MD, Address Space Mode** ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled**
Mode 2 0 1 0 — — — —
Mode 3 0 1 1 Expanded mode 8 bits Disabled Enabled**
Mode 4 1 0 0 — — — —
Mode 5 1 0 1 Expanded mode 8 bits Enabled Enabled**
Mode 6 1 1 0 Single-chip normal mode — Enabled Enabled*?
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled*?

mode

Notes: 1. If the RAM enable bit (RAME) in the system control register (SYSCR) is cleared to 0,
these addresses become external addresses.

2. Inmode 6 and 7, clearing bit RAME in SYSCR to 0 and reading the on-chip RAM
always return H'FF, and write access is ignored. For details, see section 14.3,
Operation.

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes.

Modes 1 and 3 are on-chip ROM disable expanded modes capabl e of accessing external memory
and peripheral devices.

Mode 1 supports a maximum address space of 1 Mbyte.
Mode 3 supports a maximum address space of 16 Mbytes.

Mode 5 is externally expanded mode that enables access to external memory and peripheral
devices and a so enables access to the on-chip ROM. Mode 5 supports a maximum address space
of 1 Mbyte.

55
HITACHI



Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers.
All 1/O ports are available. Mode 6 is a normal mode with 64-kbyte address space. Mode 7 is an
advanced mode with a maximum address space of 1 Mbyte.

The H8/3039 Series can be used only in modes 1, 3, or 5to 7. The inputs at the mode pins must
select one of these seven modes. The inputs at the mode pins must not be changed during
operation.

3.1.2 Register Configuration

The H8/3039 Series has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, and MDy), and a system control register (SY SCR). Table 3-2 summarizes these registers.

Table3-2 Registers

Address* Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the H8/3039
Series.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R

Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: Determined by pins MD, to MDg.
Bits 7 and 6—Reserved: These bits cannot be modified and are always read as 1.

Bits 5 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS, to MDS,): These bitsindicate thelogic levels at pins
MD, to MD, (the current operating mode). MDS, to MDS;, correspond to MD, to MD,. MDS, and
MDS, are read-only bits. The mode pin (MD, to MD,) levels are latched when MDCR is read.
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3.3 System Control Register (SYSCR)

SYSCR is an 8-hit register that controls the operation of the H8/3039 Series.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or

disables
on-chip RAM

Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bit in CCR
as a user bit or an interrupt mask bit

Standby timer select 2t0 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 17, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write O.

Bit7
SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at
least 7 ms at the system clock rate. For further information about waiting time selection, see
section 17.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode.

Bit6 Bit5 Bit4

STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)
0 0 1 Waiting time = 16,384 states

0 1 0 Waiting time = 32,768 states

0 1 1 Waiting time = 65,536 states

1 0 0 Waiting time = 131,072 states

1 0 1 Waiting time = 1,024 states

1 1 — lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register asa
user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user hit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit2

NMIEG Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: Thisbit cannot be modified and is always read as 1.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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3.4 Operating Mode Descriptions

3.4.1 Mode 1l

Ports 1, 2, and 5 function as address pins A ;4 to A,, permitting access to a maximum 1-Mbyte
address space. Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas.

3.4.2 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A, to A,, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit access to
all areas. A, to A,, arevalid when 0 iswritten in bits 7 to 5 of the bus release control register
(BRCR). (In this mode A, is always used for address output.)

3.4.3 Mode5

Ports 1, 2, and 5 can function as address pins A 4 to A, permitting access to a maximum 1-Mbyte
address space, but following areset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bits in their data direction registers (PLDDR, P2DDR, and PSDDR) must be set
to 1. The address bus width can be selected freely by setting DDR of ports 1, 2, and 5. Theinitial
bus mode after areset is 8 hits, with 8-bit accessto all areas.

3.4.4 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All 1/O ports are available.
Mode 6 is anormal mode with 64-kbyte address space.

3.45 Mode7

This mode is an advanced mode with a 1-Mbyte address space which operates using the on-chip
ROM, RAM, and registers. All I/O ports are available.

Note: The H8/3039 Series cannot be used in mode 2 and 4.
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3.5 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 3, port 5 and port A vary depending on the operating mode. Table
3-3indicates their functions in each operating mode.

Table3-3 Pin Functionsin Each Mode

Port Mode 1 Mode 2*' Mode 3 Mode 4*' Mode 5 Mode 6 Mode 7

Portl A t0A, — A t0 A, — P1,to P1** P1,toP1, P1,toP1,
Port2 A, to A, — AL to A, — P2,to P2,*> P2,to P2, P2, toP2,
Port3 D, to D, — D, to D, — D, to D, P3,to P3, P3;toP3,
Port5 A toA,, — A, to A, — P5, to P5,*> P5,to P5, P5,to P5,
PortA PA,to PA, — PA,to PA*% A, — PA,to PA, PA,toPA, PA,toPA,

Notes: 1. HB8/3039 Series cannot be used in these modes.
2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are setto 1.
3. Initial state A,, is always an address output pin. PA, to PA, are switched over to A,, to
A,, output by writing O in bits 7 to 5 of ADRCR.

3.6 Memory Map in Each Operating Mode

Figure 3-1 shows a memory map of the H8/3039. Figure 3-2 shows a memory map of the
H8/3038. Figure 3-3 shows a memory map of the H8/3037. Figure 3-4 shows a memory map of
the H8/3036. The address space is divided into eight areas.

Modes 1, 3 and 5 are the 8-bit bus mode.

The address locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte
modes (modes 1, 5, and 7) and 16-Mbyte mode (mode 3), and 64-kbyte mode (mode 6). The
address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and

@aa:16) also differs.
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H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
HFEF10

H'FFFO0
H'FFFOF
H'FFF10

HFFF1B
HFFF1C

H'FFFFF

Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
iy S H'000000 iy S
Vector area 5 % Vector area 9 g
_____________ = 0 = e = <
g ‘% é % H'0000FF g % _r.ig é
2 = 2 =
7 8 | d @ 26 |4 a
R I ©®2y HOO7FFF|_ . ] ¢ oy
Area 0 Area 0
"""""""""""" H'1FFFFF
______________ Areal | 200000 T
Area 2 Area 1
‘External address | 5 oo n HSFFFFF| | .
___space ___| A3 | 1400000
Area 4 Area 2
"""""""""""" H'5FFFFF
Area 5 6000001 " TTrcccrtey oo
,,,,,,,,,,,,,,,,,,,,,,, H'600000 External
Area 6 address Area 3
""""""" Areas | HTFERRE|SPACe )
rea H'800000
Area 4
_______________________ HOFFFFF|__ | _________
H'A00000
@ Area 5
] @ |HBFFFFF|____________|_ . . __
On-chip RAM* | o 3 H'C00000
............. -0 °
2 ] Area 6
S ) HDFFFFF|_
External ? = % H'E00000
address L& 2=
space 2 &2 Area 7
On-chip /0 = |Se B
registers =2 H'FF8000
”””” H'FFEFOF »
H'FFEF10 2
On-chip RAM* | o ]
_____________ 3 |z
H'FFFFO0 2 |g
H'FFFFOF 3 |
HFFFF10 External g % %
address 2 2 g
HFFFF1B|  SPace 2 |25
HEFFFIC _ 2 |o8
On-chip I/0 = P=C2
registers 3
HFFFFFF[___ [y ___ ¥y __

Note: * External addresses can be accessed by disabling on-chip RAM.
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(1-Mbyte expanded mode with
on-chip ROM enabled)

Mode 5

Mode 6

(single-chip normal mode)

(single-chip advanced mode)

Mode 7

H'00000

H'0O00FF

HO7FFF

H'1FFFF

H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEFOF
HFEF10

H'FFFO0
H'FFFOF
H'FFF10

HFFF1B
HFFF1C

HFFFFF

- =
5 5
| Vectorarea |1 | E
TO|wb
SIEL
............. L o
cs |29
EB|®2
’ 20
On-chpROM | £% |25
268|578
0 O
Area 0
Area 1
Area 2
‘External address | oo n
| ___space ___| Aread
Area 4
Area 5
Area 6
Area 7
%]
Q
R (2]
On-chip RAM* @ @
............. )} o
1% °
o I
S )
e} 5~
External s |25
address 2 2<c
=] 25
space IS © =
%) =0
g 128
On-chip 1/0 = |32
registers =

H'0000

HOOFF

H'F70F

Vector area

On-chip ROM

H'F710

FFFO0
FFFOF

On-chip RAM

HFF1C

On-chip I/0

HFFFF

registers

8-bit absolute addresses

8-bit memory-indirect
branch addresses

H'00000

H'000FF

H'O7FFF

H'1FFFF

H'F8000

H'FEF10

H'FFFO0

H'FFFOF

HFFF1C

HFFFFF

Vector area ]
............. =0 =
T O <
£ 9 <
............. Y220 |28
Sg |3 £
5% 3¢
On-chipROM | E§ | 3
- Ip = = = 0
208|235
________________ ©S9y33R
%]
Q
. (2]
On-chip RAM o g
............. )} he}
1% °
[} [
S )
B |32<
O ®©
2 2<c
= o
S |=5
g |88
On-chip 1/0 = |32
registers =2

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3-1 HB8/3039 Memory Map in Each Operating Mode (2)

HITACHI

63




H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

HFEF10
HFF70F
H'FF710

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
HFFF1C

HFFFFF

Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
-~ "1 .| HO000000 iy
Vector area S s Vector area 2 £
_____________ =0 = e e e e e e = = =0 =
2% |e8 2% |28
38 |3E| L8 |3E
------------- T E§ | g g| HOO0OFF[----=--=---1- 85 | By
g 8 R £ B|8%
= 0 =20
223 A
________________ S5y " yoorrRR| | @8y "
Area 0 Area 0
"""""""""""" HiFFFFF| 1l
______________ Areal | 11200000
Area 2 Area 1
“External address | poon g H3FFFFF( | .
__space __| A3 | H400000
Area 4 Area 2
"""""""""""" H'5FFFFF
Area 5 eonannl- T c Tttt
_______________________ H'600000|  External
Area 6 address Area 3
""""""" Aea7 | HTEEREE|seace |
rea H'800000
Area 4
_______________________ HOFFFFF| 1 _________
H'A00000
Reserved™* " Area 5
g HBFFFFF| _ | _ .
On-chip RAM™ a $ | HC00000
""""""" Ta |8 Area 6
L |S |WoFFFFF|___ |
S 5 H'EO0000
External © 2 %
address 2 |25 Area 7
space 5 |8c
On-chip 110 = |Se| |l o
registers = H'FF8000
,,,,,,,, H'FFEF10 1
H'EFE70F Reserved 2
H'FFF710 X 2 \
On-chip RAM 0 3
_____________ _ 3 |s
H'FFFFO00 =
H'FFFFOF s |
' o S5
HFFFF10|  External s |25
address £ |3<
= S O
HFFFF1B|  SPace 2 |=5
H'FFFF1C £ |23
On-chip 1/0 = Se
registers i?o
HFFFFFF__ |y~ vy

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
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Mode 5
(1-Mbyte expanded mode with inal hMode 6 I mod ingle-chi Moc?e 7 d mod
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 Y = H'0000 N H'00000 R S =
Vector area 8 . ] Vector area g . Vector area 8 Y =z
""""""" 2828 ], 23 R -5 A E )
H'000FF |- === =======-1 55| 89| HOOFF[-----------1 -85 H'000FF |- === =======-1 55|83
£%i8¢ 58 5% |c§
=0 =20
On-chipROM | E§ |25 On-chip ROM Es On-chipROM | E§ |25
28|93 28 28|93
HO7FFF| ] ¢ ©*2y H'F70F © o HO7FFF|. . ] _° *2y
H'08000 H'F710 HOFFEE
H'OFFFF On-chip RAM m
[
*1 %]
Reserved HEFoOF =" | g
H'1FFFF Area 0 HFFOF ®
H20000[ | aread £
HIFFFF | Areal - : 2
HFF1C
H'40000 On-chip 2
HSFFFF| | Areaz | eeppl VOregisters | | 2
H'60000 | External address A 3 oo
H7FFFF| __space | Af€8%
H'80000
HOFFFF| .| Aread
H'A0000
HBFFFF| | Areas
H'C0000
HDFFFF| .| Areab
H'E0000 Area 7
HF8000-------------------4 -
H'F8000( "~~~ T T T T @
. H'FF710 b7
EEE%E Reserved'! ® On-chpRAM | o |3
' 1 PR "1 °
HFF710 onchipRAM?| o | 8 H'FFFOO0 g |®
_____________ 9 5 H'FFFOF 3 9
HFFF00 g |2 S |2%
H'FFFOF T e £ |3=<
HFFF10 External @ 2 % ° o2
Q 8 < 2 38
address 5 |85 H'FFF1C o 2 2
H'EEF1B space IS s e On-chip 1/0 = =)
HEEF1C & 1538 registers 2
onchiplio || & |98 HRFFFEL vy % vy
registers 2
HFFFFFL Yy~ v __
Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
Figure 3-2 H8/3038 Memory Map in Each Operating Mode (2)
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Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
H'00000 -~ "1 =| H000000 iy S =
Vector area 2 s Vector area 8 =
""""""" AT I IR )
OOOFE |- - oo oo ] Y22 157 wonnorEl---cmeooooo] Y90 |5%
H'000FF s % é % H'0000FF 5 § % %
Q = 0 ] = 0
ES |83 ES |25
258/9% 58|9%
HO7FFF|_ | ¢ ®<2y | HOO7FFF| ___________|_° ©®2y
HiFrrr| | Areald Area 0
H'20000 H1FFFFF| __ | _________
H3FFFF| | Areal | 11200000
H'40000
HSFFFF| | Area2 Area 1
H'60000| External address | praq 3 H3FFFFF| | ________
H7FFFF|____space ___|"""%° H'400000
H'80000
HOFFFF| .| Aread Area 2
H'A0000 H'5FFFFF
. Area 5 e00000" "t
HBFFFF __________1TTTT H'600000 External
"! €0000 Area 6 address Area 3
HDFFFF|____________|7'"®3% space
H'E0000 A 7 H7FFFFF( __ TU .
rea H'800000
Area 4
_______________________ HOFFFFF| 1 _________
H'F8000 H'A00000
HFER10  cserved Area 5
H'FFBOF 0 ,
H'FFB10 $ |HBFFFFF| |
On-chip RAM™ a $ | HC00000
HFFFo0[ ™ ™77 Tg |3 Area 6
HEFFoR R losae SR K
HFFF10 External @ 2 %
address 2 |3 < Area 7
HFFF1B|  Space 2 |5
HFFF1C _ =
On-chip 110 = |Se| |l o
registers a2 H'FF8000
HFFFFF[_ — |y 2 v HFFEF10 1
H'FFFBOF Reserved P
H'FFFB10 X 2 \
On-chip RAM 0 3
_____________ _ 3 |s
H'FFFF00 2 |3
H'FFFFOF S |g
' o 5o
HFFFF10|  External s |25
address 2 |g2<
= < O
H'FFFF1B Space S =5
H'FFFF1C S |29
On-chip 1/0 = Se
registers =2
HFFFFFF__ |y~ vy

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
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Mode 5
(1-Mbyte expanded mode with inal hMode 6 I mod ingle-chi Moc?e 7 d mod
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 Y = H'0000 o H'00000 R S =
Vector area 8 . ] Vector area g . Vector area 8 Y =z
""""""" 2828 ] 8 R -5 A E )
H'000FF |- === =======-1 55| 8g| HOOFF[-----------1 g5 H'000FF |- === =======-1 -55| 83
ER| T2 ER ER|® 9
=0 =20
On-chipROM | E§ |25 OnchpROM | E§ On-chipROM | E§ |25
28|93 28 28|93
H'07FFF @S5y | HTFFF & 5 H'O7FFF o8y
H'08000
Reserved™® HFB10
On-chip
HLFFFF Areal RAM o
H20000 Area 1 @
H3FFFF|_ ___ o ___ 1 -7 . o] e 4 9
; H'FFOO0 L
H'40000 Area 2 St
HSFFFF| ___________|"7"®8s HFFOF c
H'60000 | External address Area 3 ) 5
H'7FFFF|_ ___space ___|"V%9° HFFICI  on-chip 110 2
I-Tgslglgl(:)g Area 4 HEEEE| redisters | 7%
HA000O[ T T s ®
HBFFFF| | Areas
H'C0000
HDFFFF| .| Areab
H'E0000 Area 7
HF8000-------------------4 -
H'F8000( "~~~ T T T T @
. H'FFB10 b
EEES(])'E Reserved ! " On-chpRAM | o |3
' 1 PR "1 °
HFFB10 onchipRAM?| o | 8 H'FFFOO0 g |®
_____________ 9 5 H'FFFOF 3 9
HFFF00 g |2 S |2%
H'FFFOF T e £ |3=<
H'FFF10 External I = ° c2
1] 28 , a )
address *_5' _(% > H'FFF1C ] % < 8
H'EEF1B space S =5 On-chip 1/0 = =33
HEEELC 3 |ag registers 3
onchiplio || & |98 HRFFFEL vy % vy
registers 2
HFFFFFL Yy~ v __
Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
Figure 3-3 H8/3037 Memory Map in Each Operating Mode (2)
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Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
H'00000 -~ "1 =| H000000 iy S =
Vector area 2 s Vector area 8 =
""""""" AT I IR )
OOOFE |- - oo oo ] Y22 157 wonnorEl---cmeooooo] Y90 |5%
H'000FF % % % % H'0000FF % § % %
ES |55 Eg|5E
55|9% E5|S%
HO7FFF|_ | ¢ ®<2y | HOO7FFF| ___________|_° ©®2y
HiFrrr| | Areald Area 0
H'20000 H1FFFFF| __ | _________
H3FFFF| | Areal | 11200000
H'40000
HSFFFF| | Area2 Area 1
H'60000| External address | praq 3 H3FFFFF| | ________
H7FFFF|____space ___|"""%° H'400000
H'80000
HOFFFF| .| Aread Area 2
H'A0000 HSFFFFF(_ |
e I Aread | 14600000 " External
"! €0000 Area 6 address Area 3
HDFFFF| ___________|7™®° space
H'E0000 A 7 H7FFFFF( __ TU .
rea H'800000
Area 4
_______________________ HOFFFFF| 1 _________
H'F8000 H'A00000
HFER10 s cserved Area 5
H'FFDOF w ,
H'FFD10 $ |HBFFFFF| |
On-chip RAM™ a $ | HC00000
HEFFoO| """ """ 7 Ta 3 Area 6
H'FFFOF O O v i U R
' 5 H'E00000
HFFF10 External ® 2 %
address 2 |3 < Area 7
HFFF1B|  Space 2 |5
HFFF1C _ s |29
On-chip 110 = |Se| |l o
registers a2 H'FF8000
HFFFFFL__ v 2 v HFFEF10 1
H'EFFDOF Reserved P
H'FFFD10 X 2 \
On-chip RAM @ @
_____________ - °
H'FFFFO0 g |2
H'FFFFOF s |g
HFFFF10 External 3 3 %
address 2 |3<
= ©
H'FFFF1B Space S =5
H'FFFF1C g |99
On-chip 1/0 = Se
registers =2
HFFFFFF[__ |y~ vy

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
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Mode 5
(1-Mbyte expanded mode with inal hMode 6 I mod ingle-chi Moc?e 7 d mod
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 Y = H'0000 o H'00000 R S =
Vector area g ] Vector area g Vector area g =z
""""""" S8|ep Tl 2 ¢ Tl 28 e
. 28|38 , S , 1828
H'000FF |-~ - --==----1 55 |8g| HOOFF[-----------1 55 H'000FF |-~ - --===----1 -55 /8¢
On-chpROM | 5% | & 3 ER §8 |8
H'03FFF Eglas OnchpROM | E§ OnchipROM | E& |25
28|37 28 28|37
o o 0 O " o O
HO7FFF |- mmmmm -2 2 Y H3FFF HOSPPFL 1 27y
Reserved™! H'FD10
On-chip RAM
H'1FFFF Areald 8
H'20000 S F .9
== I | Areal | FFF00 5
H'40000 FFFOF 8
S Areaz 2
H'60000 | External address H'FF1C . 2
H7FFFF|.___space __| Areas oggir;'t%r'éo £
H'80000 ) =
HOFFFF| .| Aread | HFFFF -3
H'A0000
HBFFFF| | Areas
H'C0000
HDFFFF| .| Areab
H'E0000 Area 7
HF8000-------------------4 -
H'F8000( "~~~ T T T T @
H'FFD10
H'FEF10 = chi 2
:EEB?_S Reserved 2 On-chip RAM § g
1% reennl” T T T T T Ny
On-chipRAM?| o |§ H'FFF00 $ |3
_____________ 9 5 H'FFFOF 3 9
HFFF00 g |2 S |2%
H'FFFOF z | g |32
HFFFI0|  External s |25 s |SE
address £ |35 HFFF1C s |29
H'EFF1B space S o g On-chip 1/0 = =)
HEEF1C 2 |53 registers 2
onchiplio || & |98 HRFFFEL vy % vy
registers 2
HFFFFFL Yy~ v __
Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
Figure 3-4 H8/3036 Memory Map in Each Operating Mode (2)
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3.7 Restrictionson Use of Mode 6

In mode 6 (single-chip normal mode), on-chip ROM area datais undefined if address H'10000 or
above (64 kbytes or above) is accessed, and therefore instruction code fetch and data read
operations may not always be performed normally.

However, there is no problem with address H'10000 and above if the lower 16-bit addressis an
on-chip RAM (H'F710 to H'FFOF) or internal 1/O register (H'FF1C to H'FFFF) address.

Table 3-4 shows the restrictions concerning each addressing mode.

Table3-4 AccessRestrictionsin Mode 6 (Single-Chip Normal M ode)

Conditions
Addressing Mode Restricted Item Address Range Operation Restriction
Register direct (Rn) O O No problem O
Register indirect Contents of ERn H'00010000 or Read data is Set upper 16 bits of ERn
(@ERnN) above, with lower 16  undefined. to H'0000; or, write same
bits in range H'0000  Writes are data as in H'00000—
to H'F710 invalid. H'OFFFF to H'10000—
H'1FFFF in on-chip
ROM.
Register indirect with Value of ERn
displacement contents plus
(@(d:16,ERn), displacement
@(d:16,ERn))
Register indirect with Value of ERn
post-increment contents
(@ERnN+) incremented (or
Register indirect with decremented) by
pre-decrement 12 0r4
(@ERnN-)
Absolute address O O No problem O
(@aa:8)
Absolute address Value of @aa H'010000 or above, Read data is Do not specify H'8000 or
(@aa:16) sign-extended to  with lower 16 bits in undefined. above as absolute
24 bits range H'0000 to Writes are address; or, write same
H'F710 invalid. data as in H'00000—
H'OFFFF to H'10000—
H'1FFFF in on-chip
ROM.
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Table3-4 AccessRestrictionsin Mode 6 (Single-Chip Normal Mode) (cont)

Conditions
Addressing Mode Restricted Item  Address Range Operation Restriction
Absolute address Value of @aa H'010000 or above, Read data is Do not access addresses
(@aa:24) with lower 16 bitsin  undefined. in range shown under
range H'0000 to Writes are Conditions; or, write
H'F710 . . .
invalid. same data as in
H'00000—H'OFFFF to
H'10000—H'1FFFF in
on-chip ROM.
Immediate O O No problem O
Program-counter Value of PC plus  H'010000 or above, Does not Do not access addresses
relative displacement with lower 16 bits in operate in range shown under
(@(d:8,PC), ra'nge H'0000 to .normall'y since  Conditions; or,. write
@(d:16,PC)) H'F710 |nstruF:t|on same data as in
code is H'00000—H'OFFFF to
undefined. H'10000—H'1FFFF in
on-chip ROM.
Memory indirect O O No problem O
(@@aa:8)
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Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all timesin the program execution state.

Table4-1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
RES pin
Interrupt Interrupt requests are handled when execution of the
current instruction or handling of the current exception is
completed
Low Trap instruction (TRAPA)  Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask bitissetto 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from the address indicated in the vector address.

For areset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vectors are assigned to
different exception sources. Table 4-2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQp, IRQ 1, IRQy, IRQ5
Exception
sources e Interrupts
Internal interrupts: 25 interrupts from on-chip
« Trap instruction supporting modules

Figure4-1 Exception Sources
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Table4-2 Exception Vector Table

Exception Source

Vector Number

Vector Address**

Normal Mode

Advanced Mode

Reset 0 H'0000 to H'0001 H'0000 to H'0003

Reserved for system use 1 H'0002 to H'0003 H'0004 to H'0007

2 H'0004 to H'0005 H'0008 to H'000B

3 H'0006 to H'0007 H'000C to H'000F

4 H'0008 to H'0009 H'0010 to H'0013

5 H'000A to H'000B H'0014 to H'0017

6 H'000C to H'000D H'0018 to H'001B

External interrupt (NMI) 7 H'000E to H'000F H'001C to H'001F

Trap instruction (4 sources) 8 H'0010 to H'0011 H'0020 to H'0023

9 H'0012 to H'0013 H'0024 to H'0027

10 H'0014 to H'0015 H'0028 to H'002B

11 H'0016 to H'0017 H'002C to H'002F

External interrupt IRQ, 12 H'0018 to H'0019 H'0030 to H'0033

IRQ, 13 H'001A to H'001B H'0034 to H'0037

Reserved for system use 14 H'001C to H'001D H'0038 to H'003B

15 H'001E to H'001F H'003C to H'003F

External interupt IRQ, 16 H'0020 to H'0021 H'0040 to H'0043

IRQ, 17 H'0022 to H'0023 H'0044 to H'0047

Reserved for system use 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F

Internal interrupts*? 20 H'0028 to H'0029 H'0050 to H'0053
to to to

60 H'0078 to H'0079 H'00FO to H'00F3

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

4.2.1 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
H8/3039 Series enters the reset state. A reset initializes the internal state of the CPU and the
registers of the on-chip supporting modules. Reset exception handling begins when the RES pin
changes from low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 10,
Watchdog Timer.

4.2.2 Reset Sequence

The H8/3039 Series enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock () cycles. When using
the flash memory version, hold at "Low" level for aleast lusec. See appendix D.2, Pin States at
Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the H8/3039 Series chip
starts reset exception handling as follows.

e Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode) are read, and
program execution starts from the address indicated in the vector address.

Figure 4-2 shows the reset sequence in modes 5 and 7.
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Vector fetch

Internal
processing

Prefetch of
first program
instruction

RES

Internal
address bus

Internal read ‘ \
signal

Internal write

signal

Internal data bus 2 (4)
(16-bit width) | |

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program




4.2.3 Interruptsafter Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. The first instruction of the programis
always executed immediately after the reset state ends. Thisinstruction should initialize the stack
pointer (example: MOV .L #xx:32, SP).

4.3 Interrupts

Interrupt exception handling can be requested by five external sources (NMI, IRQ,, IRQ;, IRQ,,
IRQ;) and 25 internal sourcesin the on-chip supporting modules. Figure 4-3 classifies the interrupt
sources and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
integrated timer unit (ITU), serial communication interface (SCI), and A/D converter. Each
interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts
P { IRQ,., IRQ; , IRQ,, IRQ; (4)

Interrupts
WDT* (1)

ITU (15)

Internal interrupts | SCI (8)
A/D converter (1)

Notes: Numbers in parentheses are the number of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates
an interrupt request at every counter overflow.

Figure4-3 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE hit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bitto 1
in CCR. If the UE bit is O, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from O to 3, which is
specified in the instruction code.

4.5 Stack Status after Exception Handling

Figure 4-4 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\\/\

SP-4 SP (ER7) - CCR

SP-3 SP+1 PCE

SP-2 SP+2 PCh

SP-1 SP+3 PC

SP (ER7) - SP+4 Even address
———— Stack area ——

\/\\/\

Before exception handling ———  After exception handling
Save on stack

Legend

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Saving and restoring of registers must be conducted at even addresses in word-size
or longword-size units.

Figure4-4 Stack after Completion of Exception Handling (Advanced M ode)
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4.6 Noteson Stack Usage

When accessing word data or longword data, the H8/3039 Series regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save
registers:

PUSHW Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)
Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERN (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4-5 shows an example of what
happens when the SP value is odd.

CCR Sp—= R1L HFFEFA

S HFFEFB
- PC HFFEFC

HFFEFD

77777777777777777777777777777777777 HFFEFF

Sp—*

TRAPA instruction executed MOV. B R1L, @-ER7
—_—
SP set to H'FFEFF Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 1, 3, and 5.

Figure4-5 Operation when SP ValueisOdd
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Section 5 Interrupt Controller

5.1 Overview

5.1.1 Features
The interrupt controller has the following features:

* Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and IPRB).

» Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)

* Independent vector addresses
All interrupts are independently vectored; the interrupt service routine does not have to identify
the interrupt source.

» Fiveexternal interrupt pins

NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQ, , IRQ;, IRQ,, and IRQs, sensing of the falling edge or level sensing
can be selected independently.

81
HITACHI



5.1.2 Block Diagram

Figure 5-1 shows a block diagram of the interrupt controller.

NMI
input

IRQ input

OVF
TME

ADIE

Legend
I:

IER:
IPRA:
IPRB:
ISCR:
ISR:
SYSCR:
UE:

ul:

[1scr [ 1er |

IPRA, IPRB

-

Y Y
.| IRQ input

D

ADI :

section ISR

Interrupt controller

Priority
decision logic

Interrupt
request

Vector
number

CPU

ul

Interrupt mask bit

IRQ enable register
Interrupt priority register A
Interrupt priority register B
IRQ sense control register
IRQ status register
System control register
User bit enable

User bit/interrupt mask bit

[oe]

SYSCR

CCR
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5.1.3 Pin Configuration
Table 5-1 lists the interrupt pins.

Table5-1 Interrupt Pins

Name Abbreviation I/0 Function

Nonmaskable interrupt  NMI Input  Nonmaskable interrupt, rising edge or
falling edge selectable

External interrupt IRQ,, IRQ,, Input  Maskable interrupts, falling edge or level

request 5,4, 1,and 0 and IRQ, , IRQ

0

sensing selectable

5.1.4 Register Configuration

Table 5-2 lists the registers of the interrupt controller.

Table5-2 Interrupt Controller Registers

Address** Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*? H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00
Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

SYSCR is an 8-hit readable/writable register that controls software standby mode, selectsthe
action of the Ul bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only hits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRiisinitialized to H'OB by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in CCR
as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)

Bit 2—NM|I Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

HITACHI
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5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB)
IPRA and IPRB are 8-hit readable/writable registers that control interrupt priority.

Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRAG ‘ — ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests

Priority level A1
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel 0 interrupt requests

Priority level A3
Selects the priority level of
WDT interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQg
interrupt requests

Reserved bit

Priority level A6
Selects the priority level of IRQ; interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests
IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selectsthe priority level of IRQO interrupt requests.

Bit7

IPRA7 Description

0 IRQO interrupt requests have priority level O (low priority) (Initial value)
1 IRQO interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG): Selectsthe priority level of IRQL interrupt requests.

Bit6

IPRAG Description

0 IRQL1 interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ1 interrupt requests have priority level 1 (high priority)

Bit 5—Reserved bit: Thisbit can be written and read, but it does not affect interrupt priority.

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQ; interrupt
requests.

Bit4

IPRA4 Description

0 IRQ,, IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ,, IRQ, interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WTD interrupt requests.

Bit3

IPRA3 Description

0 WDT interrupt requests have priority level O (low priority) (Initial value)
1 WDT interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of ITU channel O interrupt requests.

Bit2

IPRA2 Description

0 ITU channel O interrupt requests have priority level O (low priority)  (Initial value)
1 ITU channel O interrupt requests have priority level 1 (high priority)
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Bit 1—Priority Level Al (IPRA1): Selectsthe priority level of ITU channel 1 interrupt requests.

Bitl

IPRA1 Description

0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAOQ): Selectsthe priority level of ITU channel 2 interrupt requests.

Bit0
IPRAO Description
0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRBG‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W —

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of SCI
channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bits

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.

HITACHI
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of ITU channel 3 interrupt requests.

Bit7

IPRB7 Description

0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of ITU channel 4 interrupt requests.

Bit6

IPRB6 Description

0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—Reserved: These bits cannot be modified and are always read as 0.

Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel 0 interrupt requests.

Bit3

IPRB3 Description

0 SCI channel 0 interrupt requests have priority level O (low priority)  (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level O (low priority)  (Initial value)
1 SCI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interrupt requests.

Bitl

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: Thisbit cannot be modified and is always read as 0.
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5.2.3 IRQ Status Register (ISR)

ISR is an 8-hit readabl e/writable register that indicates the status of IRQ,, IRQ,, IRQ,, and IRQ;
interrupt requests.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ — ‘ — ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/I(W)*  R/(W)* — — R/(W)*  R/(W)*

Reserved bits

Reserved bits

IRQ5 to IRQ, flags IRQ, IRQ ¢ flags
These bits indicate IRQs and IRQ4 These bits indicates IRQ, and IRQq
interrupt request status interrupt request status

Note: * Only O can be written, to clear flags.

ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3 and 2—Reserved: These bits cannot be modified and are always read as 0.

Bits 5, 4, 1 and 0—IRQs, IRQ,, IRQ, and IRQ, Flags (IRQ5F, IRQ4F, IRQ1F, and IRQOF):
These bits indicate the status of IRQ, to IRQ, interrupt requests.

Bits 5,4, 1,and 0

IRQ5F, IRQA4F,

IRQ1F, and IRQOF Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQnNF flag when IRQnF = 1.
IRQNSC = 0, IRQn input is high, and interrupt exception handling is
carried out.
IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

IRQNSC = 0 and IRQn input is low.
IRQNSC = 1 and IRQn input changes from high to low.
Note: n=5,4,1and 0
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5.2.4 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ,, IRQ,, IRQ,, and IRQ;
interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ — ‘ — ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Reserved bits

IRQ;5 to IRQ, enable IRQ, to IRQ, enable
These bits enable or disable These bits enable or disable
IRQs and IRQy interrupts IRQ, and IRQq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3, and 2—Reserved: These bits cannot be modified and are always read as 0.

Bits5, 4, 1, and 0—IRQ;, IRQ,, IRQ,, and IRQ, Enable (IRQ5E, IRQ4E, IRQ1E, IRQOE):
These bits enable or disable IRQ5E, IRQ4E, IRQ1E, IRQOE interrupts.

Bits 5,4, 1,and O

IRQ5E, IRQ4E,
IRQ1E, and IRQOE  Description
0 IRQ., IRQ,, IRQ,, IRQ, interrupts are disabled (Initial value)
1 IRQ;, IRQ,, IRQ,, IRQ, interrupts are enabled
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5.2.5 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQs, IRQ,, IRQ,, and IRQ,

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ — ‘ — ‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/IW R/IW R/W R/W R/IW R/IW R/W

Reserved bits Reserved bits

IRQ5 and IRQ 4 sense control
These bits select level sensing or falling-edge
sensing for IRQ5 and IRQy interrupts

IRQand IRQgsense control
These bits select level sensing or falling-edge
sensing for IRQ, and IRQq interrupts

ISCRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7, 6, 3, and 2—Reserved: These bits are readable/writable and do not affect selection of
level sensing or falling-edge sensing.

Bits 5, 4, 1, and 0—IRQs, IRQ,, IRQ,, and IRQ, Sense Control (IRQ5SC, IRQ4SC, IRQ1SC,
IRQOSC): These hits selects whether interrupts IRQ;, IRQ,, IRQ;, IRQ, are requested by level
sensing of pinsIRQ;, IRQ,, IRQ,, IRQ, or by falling-edge sensing.

Bits 5,4, 1,and 0
IRQ5SC, IRQ4SC,
IRQ1SC, IRQOSC Description

0 Interrupts are requested when IRQ;, IRQ,, IRQ,, IRQ, (Initial value)
inputs are low

1 Interrupts are requested by falling-edge input at IRQ;,
IRQ,, IRQ,, IRQ,
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5.3 Interrupt Sources

Theinterrupt sourcesinclude external interrupts (NMI, IRQs, IRQ,, IRQ, and IRQ,) and 25
internal interrupts.

5.3.1 External Interrupts

There are five external interrupts: NMI, and IRQ;, IRQ,, IRQ,, and IRQ,. Of these, NMI, IRQO,
IRQ1, can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bitsin CCR. The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQs, IRQ,, IRQ,, IRQ, Interrupts: These interrupts are requested by input signals at pinsTRQs,

IRQ,, IRQ;, IRQ,. The IRQ;, IRQ,, IRQ,, IRQ, interrupts have the following features.

» ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQs, IRQ,, IRQ;, IRQ,, or by the falling edge.

« |ER settings can enable or disable the IRQs, IRQ,, IRQ,, IRQ, interrupts.
Interrupt priority levels can be assigned by four bitsin IPRA (IPRA7, IPRAG, and IPRA4).

e The status of IRQ;, IRQ,, IRQ;, IRQ, interrupt requestsisindicated in ISR. The ISR flags can
be cleared to O by software.

Figure 5-2 shows a block diagram of interrupts IRQ;, IRQ,, IRQ;, IRQ,.

IRQnNSC IRQNE
l IRQNF
Edgellevel - s Q IRQn interrupt
sense circuit request
_ R
IRQnN input f
Clear signal

Note: n=5,4,1and 0

Figure5-2 Block Diagram of InterruptsIRQ., IRQ,, IRQ,, and IRQ,
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Figure 5-3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQN
input pin

IRQNF

Note: n=5,4,1and0

Figure5-3 Timing of Setting of IRQNF

Interrupts IRQs, IRQ,, IRQ,, IRQ,have vector numbers 17, 16, 13, 12. These interrupts are
detected regardless of whether the corresponding pin is set for input or output. When using apin
for external interrupt input, clear its DDR hit to 0 and do not use the pin for SCI input or output.

5.3.2 Internal Interrupts
Twenty-fiveinternal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.
* Interrupt priority levels can be assigned in IPRA and |PRB.

5.3.3 Interrupt Vector Table

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown in table 5-3.
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Table5-3 Interrupt Sources, Vector Addresses, and Priority

Vector Address*

Vector
Interrupt Source Origin Number Normal Mode Advanced Mode IPR Priority
NMI External pins 7 H'000E to H'O00F H'001C to H'001F — High
IRQ, 12 H'0018 to H'0019 H'0030 to H'0033 IPRA7 4
IRQ, 13 H'001A to H'001B H'0034 to HO037 IPRA6
Reserved — 14 H'001C to H'001D H'0038 to H'003B —

15 H'001E to H'001F H'003C to H'003F
IRQ, External pins 16 H'0020 to H'0021 H'0040 to H'0043 IPRA4
IRQs 17 H'0022 to H'0023 H'0044 to H'0047
Reserved — 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F
WOVI (internal timer) Watchdog timer 20 H'0028 to H'0029 H'0050 to H'0053 IPRA3
Reserved — 21 H'002A to H'002B H'0054 to H'0057

22 H'002C to H'002D H'0058 to H'005B

23 H'002E to H'002F H'005C to H'005F
IMIAO (compare match/ ITU channel O 24 H'0030 to H'0031 H'0060 to H'0063 IPRA2
input capture AQ)
IMIBO (compare match/ 25 H'0032 to H'0033 H'0064 to H'0067
input capture BO)
OVIO0 (overflow 0) 26 H'0034 to H'0035 H'0068 to H'006B
Reserved — 27 H'0036 to H'0037 H'006C to H'006F
IMIAL1 (compare match/ ITU channel 1 28 H'0038 to H'0039 H'0070 to H'0073 IPRAl
input capture Al)
IMIB1 (compare match/ 29 H'003A to H'003B H'0074 to H'0077
input capture B1)
OVI1 (overflow 1) 30 H'003C to H'003D H'0078 to H'007B
Reserved — 31 H'003E to H'003F H'007C to H'007F
IMIA2 (compare match/ ITU channel 2 32 H'0040 to H'0041 H'0080 to H'0083 IPRAO
input capture A2)
IMIB2 (compare match/ 33 H'0042 to H'0043 H'0084 to H'0087
input capture B2)
OVI2 (overflow 2) 34 H'0044 to H'0045 H'0088 to H'008B
Reserved — 35 H'0046 to H'0047 H'008C to H'008F

Note: * Lower 16 bits of the address.
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Table5-3 Interrupt Sources, Vector Addresses, and Priority (cont)

Vector Address*

Vector
Interrupt Source Origin Number Normal Mode Advanced Mode IPR Priority
IMIA3 (compare match/ ITU channel3 36 H'0048 to H'0049 H'0090 to H'0093 IPRB7 A
input capture A3)
IMIB3 (compare match/ 37 H'004A to H'004B H'0094 to H'0097
input capture B3)
OVI3 (overflow 3) 38 H'004C to H'004D H'0098 to H'009B
Reserved — 39 H'004E to H'004F H'009C to H'009F
IMIA4 (compare match/ ITU channel 4 40 H'0050 to H'0051 H'00AOQ to H'00A3 IPRB6
input capture A4)
IMIB4 (compare match/ 41 H'0052 to H'0053 H'00A4 to H'00A7
input capture B4)
OVI14 (overflow 4) 42 H'0054 to H'0055 H'00A8 to H'00AB
Reserved — 43 H'0056 to H'0057 H'00AC to H'0O0AF —
44 H'0058 to H'0059 H'00BO to H'00B3
45 H'005A to H'005B H'00B4 to H'00B7
46 H'005C to H'005D H'00B8 to H'00BB
47 H'005E to H'0O05F H'00BC to H'00BF
48 H'0060 to H'0061 H'00CO to H'00C3
49 H'0062 to H'0063 H'00C4 to H'00C7
50 H'0064 to H'0065 H'00C8 to H'00CB
51 H'0066 to H'0067 H'00CC to H'00CF
ERIO (receive error 0)  SCI channel O 52 H'0068 to H'0069 H'00DO to H'00D3 IPRB3
RXIO (receive data full 0) 53 H'006A to H'006B H'00D4 to H'00D7
TXIO (transmit data 54 H'006C to H'006D H'00D8 to H'00DB
empty 0)
TEIO (transmit end 0) 55 H'006E to H'006F H'00DC to H'O0ODF
ERI1 (receive error 1)  SCl channel 1 56 H'0070 to H'0071 H'O0EO to H'OOE3 IPRB2
RXI1 (receive data full 1) 57 H'0072 to H'0073 H'00E4 to H'00E7
TXI1 (transmit data 58 H'0074 to H'0075 H'00ES8 to H'00EB
empty 1)
TEI1 (transmit end 1) 59 H'0076 to H'0077 H'00EC to H'00EF
ADI (A/D end) A/ID 60 H'0078 to H'0079 H'O0FO to H'OOF3 IPRB1 Low
Note: * Lower 16 bits of the address.
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5.4 Interrupt Operation

5.4.1 Interrupt Handling Process

The H8/3039 Series handles interrupts differently depending on the setting of the UE bit. When
UE = 1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and
Ul bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ interrupts
and interrupts from the on-chip supporting modules have their own enable bits. Interrupt requests
are ignored when the enable bits are cleared to O.

Table5-4 UE, I, and Ul Bit Settings and Interrupt Handling

SYSCR CCR
UE | ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have
higher priority.
1 — No interrupts are accepted except NMI.
0 0 — All interrupts are accepted. Interrupts with priority level 1 have
higher priority.
1 0 NMI and interrupts with priority level 1 are accepted.

1 No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ,, IRQ,, IRQ,, and IRQ; and interrupts from the on-chip supporting
modules can all be masked by the | bit in the CPU’s CCR. Interrupts are masked when the | hit is
set to 1, and unmasked when the | bit is cleared to O. Interrupts with priority level 1 have higher
priority. Figure 5-4 is a flowchart showing how interrupts are accepted when UE = 1.
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If an interrupt condition occurs and the corresponding interrupt enable bitisset to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the PR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5-3.

Theinterrupt controller checksthel bit. If the | bit is cleared to O, the selected interrupt request
isaccepted. If the | bitisset to 1, only NMI is accepted; other interrupt requests are held
pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

Next the | bitisset to 1in CCR, masking al interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR bits enable three-level masking of IRQ,,
IRQ,, IRQ,, and IRQ; interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bitiscleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bit is cleared to O.

For example, if the interrupt enable bits of al interrupt requests are set to 1, IPRA is set to
H'10, and IPRB is set to H'00 (giving IRQ, and IRQ; interrupt requests priority over other
interrupts), interrupts are masked as follows:

a. If 1 =0, al interrupts are unmasked (priority order: NMI > 1RQ, > IRQs; >IRQO0 ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.
c. IfI=1and Ul =1, al interrupts are masked except NMI.

Figure 5-5 shows the transitions among the above states.
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(]
a. All interrupts are ~ <1 Ul <0 b. Only NMI, IRQ,4, and
unmasked ! - IRQ5 are unmasked

Exception handling,
orl <1,Ul <1

Ul <0 ) )
Exception handling,
oruUl <1

c. All interrupts are
masked except NMI

Figure5-5 Interrupt Masking State Transitions (Example)
Figure 5-6 is aflowchart showing how interrupts are accepted when UE = 0.

» If aninterrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

»  When theinterrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5-3.

e Theinterrupt controller checksthel bit. If the | bit iscleared to 0, the selected interrupt request
is accepted regardless of its I PR setting, and regardless of the Ul hit. If thel bitisset to 1 and
the Ul bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
reguests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, only
NMI isaccepted; al other interrupt requests are held pending.

* When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

* Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

» Thel and Ul bitsare set to 1 in CCR, masking al interrupts except NMI.

» The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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5.4.2 Interrupt Sequence

Figure 5-7 shows the interrupt sequence in mode 5 when the program code and stack are in an on-

chip memory area.

“eare Alowsw diya-uo ui yoe1s pue apod welboid yum ‘G apoj 810N

aunnoJ 921Aas 1dnuiaiul Jo uonoNsul 1si4 (v1T) ¥—dS (2)
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ssaippe 101987 (TT) ‘(6) (s1u81U09 Dd Se awes ‘ssalppe uinlal
oeIS 01 panes YOO pue Od  (8) ‘(9) ‘paIndaxa 1ou) ssalppe ydlejaid uononisu| (1)
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snq
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1s9nbal
1dnua|

uononnsur Buissasoud TOETROREYY Noeis Buissasoid  ydlesaid | uononasul Jo pus 1o}
auIIN0J 9JINIBS [eusaul [eulaju| uonanasuy Wem pue uoisioap
dnual ELETRITET

NV ETET
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Figure5-7 Interrupt Sequence (Mode5, Stack in On-Chip Memory)
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5.4.3 Interrupt Response Time

Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table5-5 Interrupt Response Time

External Memory

On-Chip 8-Bit Bus
No. Item Memory 2 States 3 States
1 Interrupt priority decision 2% 2% 2%
2 Maximum number of states 1to 23 1to 27 1to 31*
until end of current instruction
3 Saving PC and CCR to stack 4 8 12+
4 Vector fetch 4 8 12*
5 Instruction prefetch*? 4 8 124
6 Internal processing*® 4 4 4
Total 19to 41 31to 57 43t0 73

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt
service routine.

3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.
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5.5 Usage Notes

5.5.1 Contention between Interrupt and Interrupt-Disabling I nstruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOV, or other instruction is being executed to clear itsinterrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored.
This also applies to the clearing of an interrupt flag.

Figure 5-8 shows an examplein which an IMIEA bit iscleared to 0inthe ITU'STIER.

, TIER write cycle by CPU IMIA exception handling

| [
[l -——

Internal | ‘
address bus >< TIER address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt
signal

Figure5-8 Contention between Interrupt and Interrupt-Disabling I nstruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag iscleared to 0.
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5.5.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

5.5.3 Interruptsduring EEPMOV Instruction Execution
The EEPMOV .B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing a transfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NM1 are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to allow for NMI interrupts during EEPM OV .W execution:

L1: EEPMO V. W
MV. WHR4, R4
BNE L1

5.5.4 Usage Notes

The IRQNF flag specification calls for the flag to be cleared by writing 0 to it after it has been read
while set to 1. However, it is possible for the IRQNF flag to be cleared by mistake simply by
writing O to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. Thiswill occur when the following conditions are met.

1 Setting conditions

(1) Multiple externa interrupts (IRQa, IRQb) are being used.

(2) Different clearing methods are being used: clearing by writing O for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

(3) A bit-manipulation instruction is used on the IRQ status register for clearing the IRQaF flag, or
ese ISR isread as a byte unit, the IRQaF flag bit is cleared, and the values read in the other
bits are written as a byte unit.
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2 Generation conditions

(1) A read of the ISR register is executed to clear the IRQaF flag while it is set to 1, then the
IRQDbF flag is cleared by the execution of interrupt exception handling.

(2) When the IRQaF flag is cleared, there is contention with IRQb generation (IRQaF flag setting).
(IRQbF was 0 when I SR was read to clear the IRQaF flag, but IRQbF isset to 1 before ISR is
written to.)

If the above setting conditions (1) to (3) and generation conditions (1) and (3)are al fulfilled,
when the ISR write in generation condition (2) is performed the IRQbF flag will be cleared
inadvertently, and interrupt exception handling will not be executed.

However, thisinadvertent clearing of the IRQbF flag will not occur if O iswritten to thisflag even
once between generation conditions (1) and (2).

IRQaF B
T T “ T T
1 read O written 1 read O written
IRQbF .

e N

lread 1 IRQb lread O
written executed written

(Inadvertent clearing)

‘ Generation condition (1) Generation condition (2)

Figure5-9 IRQnNF Flag when Interrupt Exception Handling is not Executed

Either of the methods shown below should be used to prevent this problem.
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Method 1

When clearing the IRQaF flag, read I SR as a byte unit instead of using a bit-manipulation
instruction, and write a byte value that clears the IRQaF flag to 0 and sets the other bitsto 1.

Example: Whena=0

MOV.B @ISR, ROL
MOV .B #HFE, ROL
MOV.B ROL, @ISR

Method 2

Perform dummy processing within the IRQb interrupt exception handling routine to clear the
IRQbF flag.

Example: Whenb =1

IROB MOV.B #HFD, ROL
MOV.B ROL, @ISR
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Section 6 Bus Controller

6.1 Overview

The H8/3039 Series has an on-chip bus controller that divides the external address space into eight
areas and can assign different bus specifications to each. This enables different types of memory to
be connected easily.

6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for address areas 0 to 7
O 128-kbyte areasin 1-Mbyte mode.
O 2-Mbyte areasin 16-Mbyte mode.
O Areascan be designated for two-state or three-state access.
» Four wait modes
O Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
O Zero to three wait states can be inserted automatically.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the bus controller.

ASTCR
Internal WCER
address bus Area
I decoder ——
Bus control
circuit
WAIT Wait-state
controller
WCR
Legend

ASTCR: Access state control register

WCER: Wait state controller enable register

WCR: Wait control register

Internal data bus

ffffff Internal signals -----

ccess state control signal
Wait request signal

>

Figure6-1 Block Diagram of Bus Controller
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6.1.3 Input/Output Pins

Table 6-1 summarizes the bus controller’ s input/output pins.

Table6-1 BusController Pins

Name Abbreviation 110 Function

Address strobe AS Output  Strobe signal indicating valid address output on
the address bus

Read RD Output  Strobe signal indicating reading from the

external address space

Write WR Output  Strobe signal indicating writing to the external
address space, with valid data on the data
bus(D7 to DO)

Wait WAIT Input Wait request signal for access to external three-
state-access areas

6.1.4 Register Configuration

Table 6-2 summarizes the bus controller’ s registers.

Table6-2 BusController Registers

Address* Name Abbreviation R/W Initial Value
H'FFED Access state control register ASTCR R/W  HFF
H'FFEE Wait control register WCR R/W  HF3
H'FFEF Wait state controller enable register WCER RW  HFF
H'FFF3 Address control register ADRCR R/W  HFE
Note: * Lower 16 bits of the address.
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6.2 Register Descriptions

6.2.1 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to O

AST7 to ASTO Description

0 Areas 7 to O are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in a fixed number of states that does not depend on ASTCR settings.
Therefore, in the single-chip modes (modes 6 and 7), the set value is meaningless.
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6.2.2 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCRisinitialized to H'F3 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WM S1/0): These bits select the wait mode.

Bit3 Bit2

WMS1  WMSO Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC21/0): These hits select the number of wait states inserted
in access to external three-state-access areas.

Bitl Bit0
wC1l WCO0 Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)

6.2.3 Wait State Controller Enable Register (WCER)

WCER is an 8-hit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE6 ‘ WCES5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait state controller enable 7to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEOQ): These bits enable or
disable wait-state control of externa three-state-access areas.

Bits 7to O

WCE7 to WCEOQ Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)

WCER enables or disables wait-state control of external three-state-access areas. Therefore, in the
single-chip modes (modes 6 and 7), the set value is meaningless.
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6.2.4 Address Control Register (ADRCR)

ADRCR is an 8-hit readable/writable register that enables address output on buslines A23 to A21.

Bit 7 6 5 4 3 2 1 0
AnE | A | e | — | — | — | — | —
Mode | Initial value 1 1 1 1 1 1 1 0
land5t07 | Read/Write — — — — — — — RIW
Mode Initial value 1 1 1 1 1 1 1 0
3 | Read/Write R/W R/W R/W — — — — R/W
Address 23 to 21 enable Reserved bits

These bits enable PAg to
PA4 to be used for Ay3 to
A, address output

ADRCRIisinitialized to H'FE by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Address 23 Enable (A,E): Enables PA4 to be used as the A,; address output pin. Writing
0 in this bit enables A,; address output from PA4. In modes other than 3 this bit cannot be
modified and PA4 has its ordinary input/output functions

Bit 7

A E Description

0 PA, is the A,; address output pin

1 PA, is the PA,/TP,/TIOCA, input/output pin (Initial value)

Bit 6—Address 22 Enable (A,,E): Enables PAgto be used as the A ,, address output pin. Writing
0in this bit enables A,, address output from PAg. In modes other than 3 this bit cannot be
modified and PA; has its ordinary input/output functions.

it6

»E Description

PA, is the A,, address output pin
PA, is the PA,/TP./TIOCB, input/output pin (Initial value)

R | OoO|l> W
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Bit 5—Address 21 Enable (A,,E): Enables PA; to be used as the A,; address output pin. Writing
0 in this bit enables A,, address output from PAg. In modes other than 3 this bit cannot be
modified and PA; has its ordinary input/output functions.

Bit 5

A, E Description

0 PA,is the A,, address output pin

1 PA, is the PA/TP,/TIOCA, input/output pin (Initial value)
Bits 4 to 0—Reserved
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6.3 Operation

6.3.1 AreaDivision

The external address spaceis divided into areas O to 7. Each area has a size of 128 kbytesin the

1-Mbyte mode and 2 Mbytes in the 16-Mbyte mode. Figure 6-2 shows a general view of the

memory map.
H'00000 H'000000 H'00000 On-chip ROM*1
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'LFFFF H'LFFFFF H1FFFF| Area 0 (128 kbytes)
H'20000 H'200000 H'20000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes)
H'3FFFF H'3FFFFF H'3FFFF
H'40000 H'400000 H'40000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes)
H'SFFFF H'SFFFFF H'SFFFF
H'60000 H'600000 H'60000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes)
H'7FFFF H'7FFFFF H'7FFFF
H'80000 H'800000 H'80000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes)
H'OFFFF H'OFFFFF H'OFFFF
H'A0000 H'A00000 H'A0000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes)
H'BFFFF H'BFFFFF H'BFFFF
H'C0000 H'C00000 H'C0000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes)
H'DFFFF H'DFFFFF H'DFFFF
H'EO000|  Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes) H'EO0000|  Area 7 (128 kbytes)
On-chip RAM*1*2 On-chip RAM*1*2 On-chip RAM"1*2
External address space*3 External address space”3 External address space™3
H'EFFEF | On-chip I/O registers™® | .y repprpp| On-chip /O registers™ | rrpppe|  On-chip 170 registers™

a. 1-Mbyte modes with b. 16-Mbyte modes with c. 1-Mbyte mode with
on-chip ROM disabled on-chip ROM disabled on-chip ROM enabled
(mode 1) (mode 3) (mode 5)

Notes: There is no area division in modes 6 and 7.

1. The number of access states to on-chip ROM, on-chip RAM, and on-chip I/O registers is fixed.
2. This area follows area 7 specifications when the RAME bit in SYSCR is 0.
3. This area follows area 7 specifications.

Figure6-2 AccessAreaMap (Mode 1, 3, and 5)
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The bus specifications for each area can be selected in ASTCR, WCER, and WCR as shown in
table 6-3.

Table6-3 Bus Specifications

ASTCR WCER WCR Bus Specifications
Bus Access
ASTn WCEn WMS1 WMSO Width  States Wait Mode
0 — — — 8 2 Disabled
1 0 — — 8 3 Pin wait mode 0
1 0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7
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6.3.2 BusControl Signal Timing

8-Bit, Three-State-Access Areas. Figure 6-3 shows the timing of bus control signals for an 8-bit,
three-state-access area. Wait states can be inserted.

Bus cycle -
T ! T, ! Ts
a
Address bus >< External addressi ><
AS i
RD !
Read
access
D to Do Valid
WR
Write
access ‘ _
D5 to Dy ‘ Valid

Figure6-3 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas. Figure 6-4 shows the timing of bus control signals for an 8-hit,
two-state-access area. Wait states cannot be inserted.

Buscycle— »

i T]_ | T2
o
Address bus >< External address ><
AS 1 | 3
RD 1 1 i
Read ! ! 1
access
D to Dy j : Valid |
WR | | |
Write |
access ! : \
D; to Dg ! Valid |

Figure6-4 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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6.3.3 Wait Modes

Four wait modes can be selected for each area as shown in table 6-4.

Table6-4 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEn Bit WMS1Bit WMSO0 Bit WSC Control Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=0to 7

The ASTn and WCERn bits can be set independently for each area. Bits WM S1 and WM SO apply
to al areas. All areas for which WSC control is enabled operate in the same wait mode.

HITACHI
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Pin Wait Mode 0: The wait state controller is disabled. Wait states can only be inserted by WAIT
pin control. During access to an external three-state-access area, if the WAIT pinislow at the fall
of the system clock (@) in the T, state, await state (T,) isinserted. If the WAIT pin remains low,
wait states continue to be inserted until the WAIT signal goes high. Figure 6-5 shows the timing.

Inserted by WAIT signal

Address bus :>< External address ><:
s -
Read RO

access Read data
Data bus

I —

Data bus Write data

Q
-]
*
t—]
*
-—
*

W

Write
access

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6-5 Pin Wait Mode0
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Pin Wait Mode 1: In all accessesto external three-state-access areas, the number of wait states
(Ty) selected by bits WC1 and WCO are inserted. If the WAIT pinislow at thefal of the system
clock (g) in the last of these wait states, an additional wait state isinserted. If the WAIT pin
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode O.

Figure 6-6 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional
wait state isinserted by WAIT input.

Inserted by  Inserted by
wait count | WAIT signal

SORL PN AN . S . Y
St A e O e PO e N

WAIT pin

Address bus X External address
AS
RD

Read

access Read data

Data bus

W]

Data bus Write data

ik

W

Write
access

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6-6 Pin Wait Mode 1
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Pin Auto-Wait Maode: If the WAIT pinislow, the number of wait states (T,) selected by bits
WC1 and WCO are inserted.

In pin auto-wait mode, if the WAIT pinislow at the fall of the system clock (g) in the T, state, the
number of wait states (T,,) selected by bits WC1 and WCO are inserted. No additional wait states
areinserted even if the WAIT pin remains low.

Figure 6-7 shows the timing when the wait count is 1.

zJHf/\HHMHH

WAIT

Address bus X External address External address

X
s T ]
]

1r

RD
Read
access Read data Read data
Data bus
WR
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of th&/AIT  pin.

Figure6-7 Pin Auto-Wait Mode
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Programmable Wait Mode: The number of wait states (T,,) selected by bits WC1 and WCO are
inserted in all accesses to external three-state-access areas. Figure 6-8 shows the timing when the
wait countis1 (WC1 =0, WC0=1).

Read
access

Write
access

Address bus X External address

Data bus

Data bus

FT_1+T_2+T_W+T_3,‘
I N A R

—

]
o

11k

Read data

)

Write data

Figure 6-8 Programmable Wait Mode
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6-9 shows an example of wait mode settings.

Area 0 3-state-access area, -
programmable wait mode
Area 1 3-state-access area, A
rea programmable wait mode
Area 2 3-state-access area, _
pin wait mode 0
Area 3 3-state-access area, B
pin wait mode 0
Area 4 2-state-access area, _
rea no wait states inserted -
Area 5 2-state-access area,
no wait states inserted
Area 6 2-state-access area,
no wait states inserted
Area 7 2-state-access area,
no wait states inserted T

Bt: 7 6 5 4 3 2 1
ASTCR HOF: | 0 | o | o [ o | 1| 1] 1] 1|

WCER H33: [ 0 | o | 2 | 1 [ o] o] 1] 1]

Wer HF3: | — | — | — | —J o] o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure6-9 Wait M ode Settings (Example)
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6.3.4 Interconnectionswith Memory (Example)

For each area, the bus controller can select two- or three-state access. In three-state-access areas,
walit states can be inserted in avariety of modes, simplifying the connection of both high-speed
and low-speed devices.

Figure 6-10 shows a memory map for this example.

A 32-kword x 8-bit EPROM is connected to area 2. This device is accessed in three states viaan
8-bit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 3. These
devices are accessed in two states via an 8-bit bus.

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 7. This device is accessed viaan 8-bit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.
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H'00000

H'1FFFF On-chip ROM }Area 0

H'20000

H'3FFFF JArea1

H'40000

H'47FFF EPROM Area 2

H'48000 8-bit, three-state-access area
Not used

H'5FFFF

H'60000
SRAM1, 2

H'6FFFF Area 3

H'70000 8-hit, two-state-access area
Not used

H'7FFFF

/N Areas 4,5, 6

H'E0000
SRAM3

H'E7FFF Area 7
Not used 8-bit, three-state-access area

(one auto-wait state)
On-chip RAM
H'EEFFE On-chip 1/O registers

Note: The bus width and the number of access states of the on-chip memories and /O registers
are fixed; they cannot be changed by register setting.

Figure6-10 Memory Map (H8/3039 M ode 5)
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6.4 Usage Notes

6.4.1 Register Write Timing

ASTCR and WCER Write Timing: Datawritten to ASTCR or WCER takes effect starting from
the next bus cycle. Figure 6-11 shows the timing when an instruction fetched from area 2 changes
area 2 from three-state access to two-state access.

Address X ASTCR address >< ><

2-state access
to area 2

3-state access to area 2

Figure6-11 ASTCR Write Timing

6.4.2 Precautionson setting ASTCR and ABWCR*

Use the H8/3039 Series on-chip program to set ASTCR and ABWCR as shown below, so that the
on-chip ROM access cycle for H8/3039 Series can be emulated using the evaluation chip for
support tools.

Modes5 and 7

ASTCRO=ASTCR1="0"
ABWCR=H'FC

Notee The ABWCR (buswidth control register; lower 16-bit address. H'FFEC) is not built onto
thisLSl. For detailed features of the ABWCR, see the H8/3048 Series, H8/3048F-
ZTAT™ Hardware Manual.
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Section 7 1/O Ports

7.1 Overview

The H8/3039 Series has nine input/output ports (ports 1, 2, 3, 5, 6, 8, 9, A, and B) and one input
port (port 7). Table 7-1 summarizes the port functions. The pinsin each port are multiplexed as
shown in table 7-1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 3 and ports 5, 6, and 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A,
and B can driveone TTL load and a 30-pF capacitive load. Ports 1 to 3 and ports 5, 6, 8, 9, A, and
B can drive a Darlington pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins
P8,, P8,, PA, to PA,, and PB; to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.

131
HITACHI



Table7-1 Port Functions

Port Description Pins Mode 1 Mode 3 Modeb5 Mode 6 Mode 7
Port1 < 8-bit I/O port P1,to P1,/ Address output Address output Generic input/
« Can drive A, t0 A, pins (A, to A,) (A, to _AQ) and output

LEDs generic input
DDR =0:
generic input
DDR = 1:
address output
Port 2« 8-bit I/O port P2,to P2,/  Address output Address output Generic input/
« Input pull-up A to A, pins (A, to Ap) (A to A_s) and output
) generic input
» Can drive DDR = 0O:
LEDs generic input
DDR = 1:
address output
Port3 « 8-bit I/O port P3,to P3,/ Data input/output Generic input/
D, to D, (D, to D,) output
Port5 < 4-hit I/O port P5,to P5,/ Address output Address output Generic input/
« Input pull-up A to A (A to A) (Alg to Al_e) _and 4-  output
. bit generic input
» Can drive DDR = 0O:
LEDs generic input
DDR = 1:
address output
Port 6 < 4-bit I/O port P6,/WR, Bus control signal output (WR RD, AS)  Generic input/
P6,/RD, output
P6,/AS
P6,/WAIT Bus control signal input/output (WAIT)
and 1-bit generic input/output
Port 7 < 8-bit Input port P7,to P7,/ Analog input (AN, to AN,) to A/D
AN, to AN, converter, and generic input
Port 8 < 2-bit I/O port P8./ IRQ, IRQ, input and 1-bit generic IRQ, and IRQ,
. P8, and P8, input/output input gn_d
have Schmitt generic input/
inputs output
P8,/IRQ, IRQ, input and 1-bit generic
input/output
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Table7-1 Port Functions (cont)

Port Description  Pins Mode 1 Mode 3 Mode 5 Mode 6 Mode 7
Port9 -« 6-bit I/O P9./SCK,/TIRQ,, Input and output (SCK,, SCK,, RxD,, RxD,, TxD,, TxD,)
port P9,/SCK,/IRQ,, for serial communication interfaces 1 and 0 (SCI0, 1),
P9,/RxD,, IRQ, and IRQ, input, and 6-bit generic input/output
P9,/RxD,,
P9,/TxD,,
P9,/TxD,
Port A < 8-hit 11O PA,ITP,/ Output (TP,)  Address TPC output (TP,), ITU
port TIOCB,/A,, from pro- output (A,) input or output (TIOCB,),
« Schmitt grammable and generic input/output
inputs timing pattern
controller
(TPC), input or
output
(TIOCB,) for
16-bit
integrated
timer unit
(ITU), and
generic input/
output
PAJTP/ TPC output TPC output TPC output (TP to TP,),
TIOCA,/A,,, (TPsto TP,), (TP ,to TP,), ITU input and output
PA/TP,/ ITU inputand ITU inputand (TIOCA,, TIOCB,,
TIOCB,/A,,, output output TIOCA,), and generic
PA,/TP,/ (TIOCA,, (TIOCA,, input/output
TIOCA/A,, TIOCB,, TIOCB,,
TIOCA)), and TIOCA),
generic input/ address
output output
(Azs to A21)1
and generic
input/output
PA,/ITP,/ TPC output (TP, to TP,), ITU input and output (TCLKD,
TIOCB/TCLKD, TCLKC, TCLKB, TCLKA, TIOCB,, TIOCA,), and generic
PA,/TP,/ input/output
TIOCA/TCLKC,
PA./TP,/
TCLKB,
PA/TP,/
TCLKA

HITACHI
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Table7-1 Port Functions (cont)

Port Description Pins Model Mode3d Mode5 Mode6 Mode7
Port B« 7-bit I/Oport PB,/TP,/ TPC output (TP,), trigger input (ADTRG) to A/D
« Can drive ADTRG converter, and generic input/output.
LEDs PB./TP,,/ TPC output (TP, to TPy), ITU input and output (TOCXB,,
« PB. to PB TOCXB,, TOCXA,, TIOCB,, TIOCA,, TIOCB,, TIOCA,), and
3 0 .
have Schmitt ~ PB#/TP1/ generic input/output
inputs TOCXA,
PB,/TP,,/
TIOCB,,
PB,/TP,,/
TIOCA,,
PB,/TP,/
TIOCB,,
PB,/TP,/
TIOCA,
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7.2 Port 1

7.2.1 Overview

Port 1 isan 8-bit input/output port with the pin configuration shown in figure 7-1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1, 3 (expanded modes with on-chip ROM
disabled), they are address bus output pins (A, to Ay).

In mode 5 (expanded modes with on-chip ROM enabled), settingsin the port 1 data direction
register (PLDDR) can designate pins for address bus output (A, to A,) or generic input. In modes 6
and 7 (single-chip mode), port 1 is ageneric input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 1 pins Modes 1and 3 Mode5 Modes 6 and 7
s P1,/A; A+ (output) P1; (input)/A; (output) P1, (input/output)
= Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
= Plg/Ag As (output) P1s (input)/As (output) Plg (input/output)
~— P1,4/A, A, (output) P1, (input)/A, (output) P1, (input/output)
Port1 > P13/A3 A3 (output) P13 (input)/Az (output)  P1lj (input/output)
~— P1,/A, A, (output) P1, (input)/A, (output) P11, (input/output)
= P1,/A; A1 (output) P1; (input)/A; (output) P1; (input/output)
~— P1/Aq Ag (output) P1, (input)/Aq (output) P11, (input/output)

Figure7-1 Port 1 Pin Configuration

7.2.2 Register Descriptions

Table 7-2 summarizes the registers of port 1.
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Table7-2 Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1, 3 Modes 5 to 7
H'FFCO Port 1 data direction P1DDR W H'FF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: Lower 16 bits of the address.

Port 1 Data Direction Register (PALDDR): P1DDR isan 8-bit write-only register that can select
input or output for each pinin port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ PlGDDR‘ Pl5DDR‘ P14DDR‘ P13DDR \ P1,DDR \ P11DDR‘P10DDR‘

Modes{lnitial value 1 1 1 1 1 1 1 1

1,3 Read/Write — — — — — — — —

Modes{lnitial value 0 0 0 0 0 0 0 0

5107 | Read/Write W W W W W W W

Port 1 data direction 7to 0
These bits select input or
output for port 1 pins

P1DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP1DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 1 Data Register (P1DR): P1DR is an 8-bit readable/writable register that stores data for pins
P1, to P1,.

Bit 7 6 5 4 3 2 1 0

‘ P1; ‘ Pls ‘ Plg ‘ P14 ‘ P13 ‘ P1, ‘ P11 ‘ P1lg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1 data 7 to O
These bits store data for port 1 pins

When abitin PLDDR isset to 1, if port 1 isread the value of the corresponding P1DR hit is
returned directly, regardless of the actual state of the pin. When abitin PADDR iscleared to O, if
port 1 isread the corresponding pin level is read.
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P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.2.3 Pin Functionsin Each Mode

The pin functions of port 1 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled) , mode 5 (expanded mode with on-chip ROM enabled) , mode 6, and 7 (single-chip
mode). The pin functions in each mode are described as follows.

Modes 1 and 3: Address output can be selected for each pinin port 1. Figure 7-2 shows the pin
functionsin modes 1 and 3.

~——- A (output)
~——> Ag (output)
~—— Ag (output)
~— A, (output)
Port 1
~=— A5 (output)
~—> A, (output)
~— A, (output)

~— Ag (output)

Figure7-2 Pin Functionsin Modes 1 and 3 (Port 1)

Modes 5: Address output or generic input can be selected for each pinin port 1. A pin becomes an
address output pin if the corresponding PIDDR hit is set to 1, and a generic input pin if thishit is
cleared to 0. Following areset, al pins are input pins. To use apin for address output, its PLDDR
bit must be set to 1. Figure 7-3 shows the pin functionsin mode 5.
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When P1DDR =1 When P1DDR =0

~—— A (output) P1, (input)
~—> Ag (output) P1lg (input)
~— Ag (output) P15 (input)
~— A, (output) P1, (input)
Port 1
— A5 (output) P15 (input)
~—> A, (output) P1, (input)
~— A, (output) P1, (input)
~— Ay (output) P1y (input)

Figure7-3 Pin Functionsin Mode 5 (Port 1)

Modes 6 and 7 (Single-Chip Mode): Input or output can be selected separately for each pinin
port 1. A pin becomes an output pin if the corresponding PLDDR bit is set to 1, and an input pin if
thisbit is cleared to 0. Figure 7-4 shows the pin functionsin modes 6 and 7.

~——= P1, (input/output)
~—— Plg (input/output)
~—— P1g (input/output)
~—— P1, (input/output)
Port 1
~——> P15 (input/output)
~—— P1, (input/output)
~—— P1,; (input/output)

~— P1, (input/output)

Figure7-4 Pin Functionsin Modes 6 and 7 (Port 1)

138
HITACHI




7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 7-5. Pin functions

differ according to operation mode.

In modes 1 and 3 (expanded mode with on-chip ROM disabled), port 2 consists of address bus
output pins (A5 to Ag). In mode 5 (expanded mode with on-chip ROM enabled), settings in the
port 2 data direction register (P2DDR) can designate pins for address bus output (A5 to Ag) or
generic input. In modes 6 and 7 (single-chip mode), port 2 is a generic input/output port.

Port 2 has software-programmabl e built-in pull-up transistors. Pinsin port 2 can driveone TTL
load and a 90-pF capacitive load. They can also drive a Darlington transistor pair.

Port 2 pins

I P27/A15
D P26/A14
-~ P25/As3
B P24/A12
Port 2
~— P2;3/A;
~— P2,/A1g
> P2,/Aq

I P20/A8

Modes 1 and 3

A15 (output)
Aq4 (output)
A13 (output)
A4, (output)
Aq1 (output)
Aqg (output)
Ag (output)

Ag (output)

Modes 5

P2, (input)/A,5 (output)
P24 (input)/A14 (output)
P25 (input)/A,3 (output)
P2, (input)/A1, (output)
P25 (input)/A4; (output)
P2, (input)/A1q (output)
P2, (input)/Ag (output)

P2, (input)/Ag (output)

Mode 6 and 7

P2 (input/output)
P2 (input/output)
P25 (input/output)
P2, (input/output)
P25 (input/output)
P2, (input/output)
P2, (input/output)

P2, (input/output)

Figure7-5 Port 2 Pin Configuration
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7.3.2 Register Descriptions
Table 7-3 summarizes the registers of port 2.

Table7-3 Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1 and 3 Modes 5to 7
H'FFC1 Port 2 data direction P2DDR w H'FF H'00
register
H'FFC3 Port 2 data register P2DR R/W H'00 H'00
H'FFD8 Port 2 input pull-up P2PCR R/W H'00 H'00

control register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR): P2DDR is an 8-bit write-only register that can select
input or output for each pinin port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27DDR‘ P25DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘ P20DDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
1and 3| Read/rite — — — — — _ _ _
Modes {Initial value 0 0 0 0 0 0 0 0
S107 |ReadWrite W w w w w w

Port 2 data direction 7 to O
These bits select input or
output for port 2 pins

P2DDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If a P2DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 2 Data Register (P2DR): P2DR is an 8-bit readable/writable register that stores data for pins
P2, to P2,.

Bit 7 6 5 4 3 2 1 0
Ce2, | e2e | e | P2 | P2 | P2 | P2 | P2y |

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 data7to 0
These bits store data for port 2 pins

When abitin P2DDR isset to 1, if port 2 isread the value of the corresponding P2DR bit is
returned directly, regardless of the actual state of the pin. When abit in P2DDR iscleared to O, if
port 2 is read the corresponding pin level is read.

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up Control Register (P2PCR): P2PCR is an 8-bit readable/writable register
that controls the MOS input pull-up transistorsin port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P21PCR‘ PZOPCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up control 7to 0
These bits control input pull-up
transistors built into port 2

When a P2DDR hit is cleared to O (selecting generic input) in modes 7 to 5, if the corresponding
bit from P2,PCR to P2,PCR is set to 1, the input pull-up transistor is turned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.3.3 Pin Functionsin Each Mode

The pin functions of port 2 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled), mode 5 (expanded mode with on-chip ROM enabled), mode 6, and 7 (single-chip
mode). The pin functions in each mode are described followings.

Modes 1 and 3: Address output can be selected for each pin in port 2. Figure 7-6 shows the pin
functionsin modes 1 and 3.

~~— A5 (output)
~— A, (output)
- Al3 (Output)
- Alz (Output)
Port 2
- All (Output)
~— Ao (output)
~— Ag (output)

~— Ag (output)

Figure7-6 Pin Functionsin Modes 1 and 3 (Port 2)

Modes 5: Address output or generic input can be selected for each pinin port 2. A pin becomes an
address output pin if the corresponding P2DDR hit is set to 1, and ageneric input pinif thisbitis
cleared to 0. Following areset, all pins are input pins. To use a pin for address output, its P2DDR
bit must be set to 1. Figure 7-7 shows the pin functionsin modes 5.
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Port 2

When P2DDR =1 When P2DDR =0

~~— A5 (output)
~— A4, (output)
~—— A3 (output)
~— A, (output)
~—— A4, (output)
~— Ao (output)
~— Ag (output)

~— Ag (output)

P2, (input)
P2¢ (input)
P25 (input)
P2, (input)
P25 (input)
P2, (input)
P2, (input)

P24 (input)

Figure7-7 Pin Functionsin Modes 1 and 3 (Port 2)

Modes 6 and 7: Input or output can be selected separately for each pinin port 2. A pin becomes
an output pin if the corresponding P2DDR bit is set to 1, and an input pin if thisbit is cleared to 0.
Figure 7-8 shows the pin functionsin modes 6 and 7.

Port 2

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P25 (input/output)
P2, (input/output)
P2, (input/output)

P2, (input/output)

Figure7-8 Pin Functionsin Modes 6 and 7 (Port 2)
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7.3.4 Input Pull-Up Transistors

Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be turned on and off individually.

When a P2PCR bhit is set to 1 and the corresponding P2DDR hit is cleared to O, the input pull-up
transistor isturned on.

Theinput pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7-4 summarizes the states of the input pull-up transistors in each mode.

Table7-4 Input Pull-Up Transistor States (Port 2)

Hardware Standby Software Standby
Mode Reset Mode Mode Other Modes
1 Off Off Off Off
3
5 Off Off On/off On/off
6
7
Legend
Off: The input pull-up transistor is always off.

On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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7.4 Port 3

7.4.1 Overview

Port 3 isan 8-bit input/output port with the pin configuration shown in figure 7-9. Port 3 is adata
busin modes 1, 3 and 5 (expanded modes) and a generic input/output port in mode 6 and 7

(single-chip mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a

Darlington transistor pair.

Port 3 pins Modes 1,3 and 5 Modes 6 and 7

— P3,/D; D; (input/output) P35 (input/output)
+— P3¢/Dg De (input/output) P3¢ (input/output)
— P3;5/Dg Ds (input/output) P35 (input/output)
— P3,/Dy4 D, (input/output) P3, (input/output)
Port 3
— P33/D3 D3 (input/output) P35 (input/output)
~— P3,/D, D, (input/output) P3, (input/output)
— P3,/D; D; (input/output) P3, (input/output)
— P3y/Dg Dy (input/output) P3, (input/output)

Figure7-9 Port 3 Pin Configuration

7.4.2 Register Descriptions
Table 7-5 summarizes the registers of port 3.

Table7-5 Port 3 Registers

Address* Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR W H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-bit write-only register that can select
input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0
‘P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR‘P32DDR ‘ P31DDR‘ P30DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w W w W w w w

Port 3 data direction 7to O
These bits select input or output for port 3 pins

Modes 1, 3, and 5: Port 3 functions as a data bus. P3DDR isignored.

Modes 6 and 7: Port 3 functions as an input/output port. A pinin port 3 becomes an output pin if
the corresponding P3DDR bit isset to 1, and an input pin if thisbit is cleared to 0.

P3DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP3DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 3 Data Register (P3DR): P3DR is an 8-bit readable/writable register that stores data for pins
P3; to P3,.

Bit 7 6 5 4 3 2 1 0

‘ P3; ‘ P3g ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P31 ‘ P3p ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3data7to 0
These bits store data for port 3 pins

When abitin P3BDDR isset to 1, if port 3 isread the value of the corresponding P3DR bit is
returned directly, regardless of the actual state of the pin. When abit in PBDDR iscleared to O, if
port 3 isread the corresponding pin level is read.

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.4.3 Pin Functionsin Each Mode

The pin functions of port 3 differ between modes 1, 3 and 5 and modes 6 and 7. The pin functions
in each mode are described below.

Modes 1, 3 and 5: All pins of port 3 automatically become data input/output pins. Figure 7-10
shows the pin functionsin modes 1, 3 and 5.

——- D (input/output)
~——- Dg (input/output)
~———> Dg (input/output)
——> D, (input/output)
Port 3
~———> D3 (input/output)
~~——> D, (input/output)
~—— D, (input/output)

~— Dy (input/output)

Figure7-10 Pin Functionsin Modes 1, 3and 5 (Port 3)

Modes 6 and 7: Input or output can be selected separately for each pinin port 3. A pin becomes
an output pin if the corresponding P3DDR hit is set to 1, and an input pin if thisbit is cleared to 0.
Figure 7-11 shows the pin functionsin modes 6 and 7.

~—— P3 (input/output)
~—— P3¢ (input/output)
~—— P35 (input/output)
~—— P3, (input/output)
Port 3
~—— P33 (input/output)
~——> P3, (input/output)
~—— P3; (input/output)

~— P3; (input/output)

Figure7-11 Pin Functionsin Modes6 and 7 (Port 3)
147
HITACHI




7.5 Port5

7.5.1 Overview

Port 5 isa4-hit input/output port with the pin configuration shown in figure 7-12. The pin

functions differ depending on the operating mode.

In modes 1, 3 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A19 to A16). In modes 5 (expanded modes with on-chip ROM enabled), settings in the port
5 data direction register (PSDDR) designate pins for address bus output (A, to A ) or generic

input. In mode 6 and 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmabl e built-in pull-up transistors. Port 5 can drive one TTL load and a
90-pF capacitive load. They can also drive an LED or a Darlington transistor pair.

Port 5
pins

- - P53/A19
- > P52/A18
Port 5
= P51/A17

Il P50/A16

Modes 1, 3

A1g (output)
Aqg (output)
A1 (output)

A (output)

Mode 5

P53 (input)/A;g (output)
P5, (input)/A,g (output)
P54 (input)/A,7 (output)

P5; (input)/A,g (output)

Modes 6 and 7

P53 (input/output)
P5, (input/output)
P5, (input/output)

P5, (input/output)

Figure7-12 Port 5 Pin Configuration

7.5.2 Register Descriptions

Table 7-6 summarizes the registers of port 5.

Table7-6 Port 5 Registers

Address* Name

Initial Value

Abbreviation R/W Modes 1and 3 Modes 5to 7

H'FFC8 Port 5 data direction P5DDR W H'FF H'FO
register

H'FFCA Port 5 data register P5DR R/W H'FO H'FO

H'FFDB Port 5 input pull-up P5PCR R/W H'FO H'FO

control register

Note: * Lower 16 bits of the address.
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Port 5 Data Direction Register (PSDDR): PSDDR is an 8-bit write-only register that can select
input or output for each pinin port 5.

Bit 7 6 5 4 3 2 1 0
\ — \ — \ — \ — ‘P53DDR‘P52DDR \ P51DDR‘P50DDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
1and 3| Read/write — — — — — — — —
Modes {Initial value 1 1 1 1 0 0 0 0
5107 |Read/Write — — — — W W W W
Reserved bit‘s Port 5 data (‘jirection 3to0

These bits select input or
output for port 5 pins

P5DDR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aPSDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 5 Data Register (PSDR): PSDR is an 8-bit readable/writable register that stores data for pins
P5, to P5,.

Bit 7 6 5 4 3 2 1 0
= — | — | — [P | s | sy | ops |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

When abitin PSDDR isset to 1, if port 5 isread the value of the corresponding PSDR hit is
returned directly, regardless of the actual state of the pin. When abitin PSDDR iscleared to O, if
port 5 is read the corresponding pin level isread.

Bits P5, to P5, are reserved. They cannot be modified and are alwaysread as 1.

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Port 5 Input Pull-Up Control Register (PSPCR): PSPCR is an 8-bit readable/writable register
that controls the MOS input pull-up transistorsin port 5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5:PCR ‘ PSOPCR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up control 3to 0

These bits control input pull-up
transistors built into port 5

When a PSDDR hit is cleared to O (selecting generic input) in modes 5 to 7, if the corresponding
bit from P5;PCR to P5,PCR is set to 1, the input pull-up transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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7.5.3 Pin Functionsin Each Mode

The pin functions differ between mode 1, 3 (expanded modes with on-chip ROM disabled), mode
5 (expanded modes with on-chip ROM enabled), mode 6, and 7 (single-chip mode). The pin
functions in each mode are described below.

Modes 1 and 3: Address output can be selected for each pinin port 5. Figure 7-13 shows the pin
functionsin modes 1 and 3.

~—* Ag (output)
~— A,g (output)
Port 5
~— A (output)

< Ay (output)

Figure 7-13 Pin Functionsin Modes 1 and 3 (Port 5)

Mode 5: Address output or generic input can be selected for each pinin port 5. A pin becomes an
address output pin if the corresponding PSDDR hit is set to 1, and a generic input pin if thisbit is
cleared to 0. Following areset, al pins are input pins. To use apin for address output, its PSDDR
must be set to 1. Figure 7-14 shows the pin functions in mode 5.

When P5DDR =1 When P5DDR =0

~+— A4 (output) P53 (input)

~— Az (output) P55 (input)
Port 5

~— A (output) P54 (input)

~— A (output) P54 (input)

Figure7-14 Pin Functionsin Mode5 (Port 5)

Modes 6 and 7: Input or output can be selected separately for each pinin port 5. A pin becomes
an output pin if the corresponding PSDDR bit is set to 1, and an input pin if thisbit is cleared to 0.
Figure 7-15 shows the pin functionsin modes 6 and 7.
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~— P53 (input/output)
~— P5, (input/output)
Port 5
~— P5; (input/output)

~— P5; (input/output)

Figure7-15 Pin Functionsin Mode 6 and 7 (Port 5)

7.5.4 Input Pull-Up Transistors

Port 5 has built-in MOS pull-up transistors that can be controlled by software. These input pull-up
transistors can be turned on and off individually.

When a PSPCR bit is set to 1 and the corresponding PSDDR hit is cleared to O, the input pull-up
transistor is turned on.

The input pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7-7 summarizes the states of the input pull-up transistors in each mode.
Table7-7 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode Other Modes

1 Off Off Off Off

3

5 Off Off On/off Onl/off
6

7

Legend

Off: The input pull-up transistor is always off.

On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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7.6 Port 6

7.6.1 Overview

Port 6 is a4-bit input/output port that is also used for input and output of bus control signals (WR,

RD, AS, and WAIT).

Figure 7-16 shows the pin configuration of port 6. In modes 1, 3 and 5, the pin functions are WR,
RD, AS, and P6/WAIT. In modes 6 and 7, port 6 is a generic input/output port.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drivea

Darlington transistor pair.

Port 6 pins Modes 1,3 and 5

~— P65/WR WR (output)

~— P6,/RD RD (output)
Port 6 - -

~— P63/AS AS (output)

™ P6g/WAIT P6¢ (input/output)/WAIT (input)

Modes 6 and 7

P65 (input/output)
P64 (input/output)
P6 3 (input/output)

P64 (input/output)

Figure7-16 Port 6 Pin Configuration

7.6.2 Register Descriptions
Table 7-8 summarizes the registers of port 6.

Table7-8 Port 6 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,3,and 5 Modes 6and 7
H'FFC9 Port 6 data P6DDR w H'F8 H'80
direction register
H'FFCB Port 6 data register P6DR R/W  H'80 H'80

Note: * Lower 16 bits of the address.
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Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select
input or output for each pinin port 6.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P65DDR‘ P64DDR‘ P63DDR‘ — ‘ — ‘PGODDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w w W w w W
Reserved bits Port 6 data direction 5to 3,0

These bits select input or output for port 6 pins

Bits 7, 6, 2, and 1 are reserved.
P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PEDDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP6DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 6 Data Register (P6DR): P6DR is an 8-bit readable/writable register that stores data for pins
P6. to P6, and P6,.

Bit 7 6 5 4 3 2 1 0
— | — | Pes | Pes | Pes | — | — | P |
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bits Port 6 data5to 3,0

These bits store data for port 6 pins
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When abitin PBDDR isset to 1, if port 6 is read the value of the corresponding PEDR hit is
returned directly. When abit in PEBDDR is cleared to O, if port 6 is read the corresponding pin level
isread. Bits 7, 6, 2, and 1 are reserved. Bit 7 cannot be modified and always reads 1. Bits 6, 2, and
1 can be written and read, but cannot be used as ports. If bit 6, 2, or 1 in P6DDR is read while its
valueis 1, the value of the corresponding bit in PBDR will be read. If bit 6, 2, or 1in P6DDR is
read while itsvalueis O, it will awaysread 1.

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.6.3 Pin Functionsin Each M ode

Modes 1, 3, and 5: P6 to P6, function as bus control output pins. P6, is either a bus control input
pin or generic input/output pin, functioning as an output pin when bit P6)DDR is set to 1 and an
input pin when this bit is cleared to 0. Figure 7-16 and table 7-9 indicate the pin functionsin
modes 1, 3, and 5.

—— WR (output)
— RD (output
Port 6 7( put
— AS (output)

~— P6 (input/output)/WAIT (input)

Figure7-17 Pin Functionsin Modes 1, 3, and 5 (Port 6)
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Table7-9 Port 6 Pin Functionsin Modes 1, 3, and 5

Pin Pin Functions and Selection Method

P6./WR Functions as follows regardless of P6,DDR
P6.DDR 0 1
Pin function WR output

P6,/RD Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function RD output

P6,/AS Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function AS output

P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the pin
function as follows
WCER All 1s Not all 1s
WMS1 0 1 —
P6,DDR 0 1 0* (0
Pin function P6, input P6, output WAIT input

Note: Do not set bit P6,DDR to 1.
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Modes 6 and 7: Input or output can be selected separately for each pinin port 6. A pin becomes
an output pin if the corresponding P6DDR bit is set to 1, and an input pin if thisbit is cleared to 0.
Figure 7-18 shows the pin functionsin modes 6 and 7.

~— P65 (input/output)
Port 6 — P64 (input/output)
~— P63 (input/output)

™ P6 (input/output)

Figure7-18 Pin Functionsin Modes6 and 7 (Port 6)
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7.7 Port7

7.7.1 Overview

Port 7 isan 8-bit input port that is also used for analog input to the A/D converter. The pin
functions are the samein all operating modes. Figure 7-19 shows the pin configuration of port 7.

Port 7 pins

~——— P75, (input)/AN (input)
~~——— P74 (input)/ANg (input)
~——— P75 (input)/AN5 (input)
—— P74 (input)/AN4 (input)
Port 7
—— P75 (input)/AN 3 (input)
~——— P7, (input)/AN (input)
~—— P74 (input)/AN{ (input)

~~—— P74 (input)/AN (input)

Figure7-19 Port 7 Pin Configuration

7.7.2 Register Description

Table 7-10 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table7-10 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value

H'FFCE Port 7 data register P7DR R Undetermined

Note: * Lower 16 bits of the address.
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Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0
‘ P77 ‘ P76 ‘ P7s ‘ P74 ‘ P73 ‘ P7» ‘ P74 ‘ P70 ‘

Initial value —* —x _* _* _* _ _ x  x

Read/Write R R R R R R R R

Note: * Determined by pinsP7 to P7 .07Note:

When port 7 isread, the pin levels are aways read.
7.8 Port 8

7.8.1 Overview

Port 8 is a 2-bit input/output port that is also used for IRQ, and IRQ, input. Figure 7-20 shows the
pin configuration of port 8.

Pin P8, functions as input/output pin or as an IRQ, input pin. Pins P8, function as either input pins
or IRQ, input pinsin modes 1, 3, and 5, and as input/output pins or IRQ, input pins in modes 6
and 7.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair. Pins P8, and P8, have Schmitt-trigger inputs.

Port 8 pins Modes 1, 3, and 5 Modes 6 and 7

Port 8 ~—— P8,/IRQ; P8; (input)/IRQ; (input) P8, (input/output)/IRQ; (input)
or
— P8y/IRQq P8¢ (input/output)/IRQq (input) P8y (input/output)/IRQg (input)

Figure7-20 Port 8 Pin Configuration
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7.8.2 Register Descriptions
Table 7-11 summarizes the registers of port 8.

Table7-11 Port 8 Registers

Address* Name Abbreviation R/W Initial Value
H'FFCD Port 8 data direction register P8DDR W H'EO
H'FFCF Port 8 data register P8DR R/W H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (P8DDR): PBDDR is an 8-bit write-only register that can select
input or output for each pinin port 8.

7 6 5 4 3 2 1 0

Bit ‘ — ‘ — ‘ — ‘ —_ ‘ — ‘ — ‘ P81DDR‘P80DDR‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — W W W W W
Reserved bits Port 8 data direction 1 and O

These bits select input or
output for port 8 pins

P8DDR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aPBDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 8 Data Register (P8DR): P8DR is an 8-hit readable/writable register that stores data for pins
P8, to P8,.

Bit 7 6 5 4 3 2 1 0
== =l = =1 = [re]ere|
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8dataland O

These bits store data
for port 8 pins

When abitin PBDDR isset to 1, if port 8 is read the value of the corresponding P8DR bit is
returned directly. When abit in PBDDR is cleared to O, if port 8 is read the corresponding pin level
isread.
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Bits 7 to 2 are reserved. Bits 7 to 5 cannot be modified and always read 1. Bit 4, 3, and 2 can be
written and read, but it cannot be used for port input or output. If bit 4, 3, and 2 of PBDDR isread
whileitsvalueis 1, bit 4, 3 and 2 of PBDR is read directly. If bit 4, 3, and 2 of PBDDR is read
whileitsvalueisO, it alwaysreads 1.

P8DR isinitialized to H'EQ by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.8.3 Pin Functions

The port 8 pins are also used for IRQ, and IRQ,. Table 7-12 describes the selection of pin
functions.

Table7-12 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Modes 1, 3, and 5 Modes 6 and 7
Pin function P8, input lllegal setting P8, output
IRQ, input

P8,/IRQ, Bit P8,DDR selects the pin function as follows

P8,DDR 0 1

Pin function P8, input P8, output

IRQ, input
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7.9 Port9

7.9.1 Overview

Port 9 isa 6-hit input/output port that is also used for input and output (TxD,, TXD,, RxD,, RxD;,
SCK,, SCK,) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQ;
and IRQ, input.

Port 9 has the same set of pin functionsin all operating modes. Figure 7-21 shows the pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair.

Port 9 pins

~—— P95 (input/output)/SCK (input/output)/IRQ5 (input)
~—— P9, (input/output)/SCKj (input/output)/IRQ, (input)
~—— P9, (input/output)/RxD; (input)

Port 9
~—— P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~—— P9, (input/output)/TxDg (output)

Figure7-21 Port 9 Pin Configuration

7.9.2 Register Descriptions
Table 7-13 summarizes the registers of port 9.

Table7-13 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PODDR w H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.
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Port 9 Data Direction Register (PODDR): PODDR is an 8-bit write-only register that can select
input or output for each pinin port 9.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — W w W W w w
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

A pinin port 9 becomes an output pin if the corresponding PODDR hit is set to 1, and an input pin
if thisbit iscleared to 0.
PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aPODDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 9 Data Register (P9DR): PODR is an 8-bit readable/writable register that stores output data
for pins P9, to P9,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P94 ‘ P9y ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9 data5to 0

These bits store data
for port 9 pins

When ahit in PODDR isset to 1, if port 9 isread the value of the corresponding PODR bit is
returned. When abit in PODDR is cleared to O, if port 9 isread the corresponding pin level is read.

Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.9.3 Pin Functions

The port 9 pins are aso used for SCI input and output (TxD, RxD, SCK), and for IRQ; and IRQ,
input. Table 7-14 describes the selection of pin functions.
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Table7-14 Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9./SCK,/ Bit C/A in SMR of SCI1, bits CKEQ and CKE1 in SCR of SCI1, and bit P9,DDR
IRQ, select the pin function as follows
CKE1l 0 1
C/A 0 1 —
CKEO 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ; input
P9,/SCK,/  Bit C/Ain SMR of SCIO, bits CKEO and CKE1 in SCR of SCI, and bit P9,DDR select
IRQ, the pin function as follows
CKE1 0 1
C/A 0 1 —
CKEO 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
P9,/RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as follows
RE 0 1
P9,DDR 1 —
Pin function P9, input P9, output RxD, input
P9,/RxD, Bit RE in SCR of SCl,, bit SMIF in SCMR, and bit P9,DDR select the pin function as
follows
SMIF 0 1
RE 0 1 —
P9,DDR 0 1 — —
Pin function | P9, input | P9, output RxD, input RxD, input
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Table7-14 Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method
P9,/TxD, Bit TE in SCR of SCI1 and bit P91DDR select the pin function as follows
TE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output TxD, output
P9,/TXD, Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin function as

follows

SMIF 0 1

TE 0 1 —
P9,DDR 0 1 — —

Pin function | P9, input | P9, output TxD, output TxD, output*

Note: * Functions as the TxD, output pin, but there are two states : one in which the
pin is driven, and another in which the pin is at high impedance.

HITACHI

165




7.10 Port A

7.10.1 Overview

Port A is an 8-bit input/output port that is also used for output (TP, to TR,) from the programmable
timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-hit integrated timer unit (ITU), and
address output (A,; to A,). Figure 7-22 shows the pin configuration of port A.

Pinsin port A can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair. Port A has Schmitt-trigger inputs.

Port A

Port A pins
PA;/TPZITIOCB,, /A5
PAg/TPS/TIOCA, /A5,
PA5/TP5/TIOCB /A,
PA4ITPJTIOCA /A3
PA3/TP3/TIOCB /TCLKD
PA,/TP,/TIOCA, /ITCLKC
PA, /TP/TCLKB
PA/TPy/TCLKA

Mode 3

A,y (output)

Modes 1,5 and 7

PA ; (input/output)/TP; (output)/TIOCB,, (input/output)

PA g (input/output)/TPg (output)/TIOCA, (input/output)

PA 5 (input/output)/TPs (output)/TIOCB; (input/output)

PA 4 (input/output)/TP, (output)/TIOCA (input/output)

PA 3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)
PA , (input/output)/TP, (output)/TIOCA ; (input/output)/TCLKC (input)
PA 1 (input/output)/TP; (output)/TCLKB (input)

PA ( (input/output)/TP, (output)/ TCLKA (input)

PA ¢ (input/output)/TPg (output)/TIOCA, (input/output) /A,; (output)

PA g (input/output)/TP5 (output)/TIOCB (input/output) /A5, (output)

PA 4 (input/output)/TP, (output)/TIOCA, (input/output) /A3 (output)

PA 3 (input/output)/TP; (output)/TIOCB , (input/output)/TCLKD (input)

PA, (input/output)/TP, (output)/TIOCA  (input/output)/TCLKC (input)

PA ; (input/output)/TP; (output)/ TCLKB (input)

PA o (input/output)/TP, (output)/ TCLKA (input)
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7.10.2 Register Descriptions
Table 7-15 summarizes the registers of port A.

Table7-15 Port A Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,5,and 7 Mode 3
H'FFD1 Port A data direction PADDR w H'00 H'80
register
H'FFD3 Port A data register PADR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR): PADDR is an 8-hit write-only register that can select
input or output for each pinin port A. The corresponding PADDR bit should also be set when a
pinisused asa TPC output.

7 6 5 4 3 2 1 0
Bit ‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3DDR‘PA2 DDR ‘ PA1 DDR‘ PAg DDR‘
Modes Initial value 0 0 0 0 0 0 0 0
1,5,and 7| Read/write w w w W W W W W
Initial value 1 0 0 0 0 0 0 0
Mode 3 .
Read/Write — w W w w % W w

Port A data direction 7to 0
These bits select input or output for port A pins

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pinif thisbit is cleared to 0. However, in mode 3, PA; DDR isfixed at 1, and PA7 functions as an
address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 in modes 1, 5 and 7 and to H'80 in mode 3 by areset and in
hardware standby mode. In software standby mode it retains its previous setting. If a PADDR bit
isset to 1, the corresponding pin maintains its output state in software standby mode.
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Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores data for
pins PA, to PA,,.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAg ‘ PA 4 ‘ PA3 ‘ PA, ‘ PA 1 ‘ PA( ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port A data 7 to O
These bits store data for port A pins

When abitin PADDR isset to 1, if port A isread the value of the corresponding PADR bit is
returned directly. When abit in PADDR iscleared to O, if port A isread the corresponding pin
level isread.

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

When port A pins are used for TPC output, PADR stores output data for TPC output groups 0 and
1. If abit in the next data enable register (NDERA) is set to 1, the corresponding PADR hit cannot
be written. In this case, PADR can be updated only when datais transferred from NDRA.
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7.10.3 Pin Functions

The port A pins are also used for TPC output (TP, to TP,), ITU input/output (TIOCB, to TIOCB,,
TIOCA, to TIOCA,) and input (TCLKD, TCLKC, TCLKB, TCLKA), and as address bus pins
(A to Ay). Table 7-16 describes the selection of pin functions.

Table7-16 Port A Pin Functions

Pin Pin Functions and Selection Method
PA.ITP,/ The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to I0OBO
TIOCB,/A,, inTIOR2), bit NDER7 in NDERA, and bit PA7DDR in PADDR select the pin function
as follows
Mode 1,5t07 3
ITU channel 2
settings (1) in table below (2) in table below —
PA,DDR — 0 1 1 —
NDERY — — 0 1 —
Pin function TIOCB, output PA, PA, TP, Ay
input output | output | output
TIOCB2 input*
Note: * TIOCB2 input when I0B2 = 1 and PWM2 = 0.
ITU channel 2
settings (2) (1) (2)
10B2 0 1
I0B1 0 0 1 —
10B0O 0 1 — —
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Table7-16 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
PA,/TP,/  The mode setting, bit A,,E in BRCR, ITU channel 2 settings (bit PWM2 in TMDR and
TIOCA,/  bits IOA2 to IOAQ in TIOR2), bit NDER6 in NDERA, and bit PA;DDR in PADDR select
A, the pin function as follows
Mode 1,5t07 3
A E — 0
ITU (1)in 2 1) in 2 —
channel 2 | table in table below table in table below
settings below below
PA;DDR — 0 1 1 — 0 1 1 —
NDER6 — — 0 1 — — 0 1 —
Pin TIOCA, PA, PA TP, |TIOCA, PA, PA, TP, A,
function output | input | output | output | output | input | output | output | output
TIOCA, input* TIOCA, input*
Note: * TIOCA, input when I0A2 = 1.
ITU
channel2 | () &) @ )
settings
PWM2 0 1
I0A2 1 —
I0Al 1 — —
IOAO0 — — —
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Table7-16 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
PA,/TP,/  The mode setting, bit A,,E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
TIOCB,/  bits IOB2 to IOBO in TIOR1), bit NDERS in NDERA, and bit PA,DDR in PADDR select
A, the pin function as follows
Mode 1,5t07 3
AE — 1 0
ITU 1) in 2 1) in )] —
channel 1 | table in table below table in table below
settings below below
PA.DDR — 0 1 1 — 0 1 1 —
NDER5 — — 0 1 — — 0 1 —
Pin TIOCB,| PA PA, TP, |TIOCB, PA; PA, TP, A,,
function output | input | output | output | output | input | output | output | output
TIOCBL1 input* TIOCBL1 input*
Note: * TIOCB, input when 10B2 = 1 and PWM1 = 0.
ITU
channel 1 @) @ o)
settings
10B2 0 1
I0B1 0 1 —
I0BO — —
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Table7-16 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
PA,/TP,/  The mode setting, bit A,,E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
TIOCB,/  bits IOA2 to IOAQ in TIORL1), bit NDER4 in NDERA, and bit PA,DDR in PADDR select
A the pin function as follows
Mode 1,5t07 3
AE — 1 0
ITU (1) in 2 1) in 2 —
channel 1 | table in table below table in table below
settings below below
PA,DDR — 0 1 1 — 0 1 1 —
NDER4 — — 0 1 — — 0 1 —
Pin TIOCA,| PA, PA, TP, |TIOCA, PA, PA, TP, A,
function output | input | output | output | output | input | output | output | output
TIOCA, input* TIOCA, input*
Note: * TIOCA, input when I0A2 = 1.
ITU
chamnell | () &) @ )
settings
PWM1 0 1
I0A2 1 —
I0Al 1 — —
IOAO0 — — —
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Table7-16 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method

PA,/TP,/  ITU channel 0 settings (bit PWMO in TMDR and bits IOB2 to IOBO in TIORO), bits
TIOCB,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA3DDR in PADDR
TCLKD select the pin function as follows

ITU
channel 0 (1) in table below (2) in table below
settings
PA,DDR — 0 1 1
NDER3 — — 0 1
Pin TIOCB, output PA,; input PA, TP,
function output output
TIOCB, input**
TCLKD input*

Notes: 1. TIOCBO input when IOB2 =1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO =1 in any of TCR4 to TCRO.

ITU

St @ @ @
10B2 0 1

I0B1 0 0 1 —
I0OBO 0 1 — —
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Table7-16 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method

PA,/TP,/  ITU channel 0 settings (bit PWMO in TMDR and bits IOA2 to IOAO in TIORO), bits
TIOCA,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA,DDR in PADDR
TCLKC select the pin function as follows

ITU
channel 0 (1) in table below (2) in table below
settings
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin TIOCA, output PA, input PA, TP,
function output output
TIOCA, input**
TCLKC input*

Notes: 1. TIOCA, input when IOA2 = 1.
2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO =0 in any of TCR4 to

TCRO.
ITU
channel 0 | () (1) ) 0
settings
PWMO 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0A0 0 1 — — —
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Table7-16 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
PA,/TP,/ Bit NDER1 in NDERA and bit PA1DDR in PADDR select the pin function as follows
TCLKB
PA,DDR 0 1 1
NDER1 — 0 1
Pin PA, input PA, output TP, output
function
TCLKB input*
Note: * TCLKB input when MDF = 1 in TMDR, or when TPSC2 = 1, TPSC1 =0, and
TPSCO =1 in any of TCR4 to TCRO.
PA,/TP,/  Bit NDERO in NDERA and bit PAODDR in PADDR select the pin function as follows
TCLKA

PA,DDR 0 1 1
NDERO — 0 1

Pin PA, input PA, output TP, output
function

TCLKA input*

Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 =1 and TPSC1 =
TPSCO0 =0 in any of TCR4 to TCRO.

HITACHI
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7.11 Port B

7.11.1 Overview

Port B is an 7-hit input/output port that is also used for TPC output (TP, TP,3to TPg), ITU
input/output (TIOCB,, TIOCB;, TIOCA,, TIOCA;) and ITU output (TOCXB,, TOCXA,), and
ADTRG input to the A/D converter. Port B has the same set of pin functionsin all operating
modes. Figure 7-23 shows the pin configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
aDarlington transistor pair. Pins PB; to PB, have Schmitt-trigger inputs.

Port B pins

——» PB (input/output)/TP;5 (output)/ADTRG (input)
——> PBj (input/output)/TP;3 (output)/TOCXB,4 (output)
~— PB, (input/output)/TP;, (output)/ TOCXA,4 (output)
Port B [+ PBj (input/output)/TP;; (output)/TIOCB, (input/output)
~———> PB, (input/output)/TP;g (output)/TIOCA, (input/output)
~—* PB (input/output)/TPy (output)/TIOCB3 (input/output)

~— PBg (input/output)/TPg (output)/TIOCA3 (input/output)

Figure7-23 Port B Pin Configuration

7.11.2 Register Descriptions

Table 7-17 summarizes the registers of port B.

Table7-17 Port B Registers

Address* Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR \ H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.
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Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can select
input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘PB3DDR‘PBZDDR‘PBlDDR‘PBoDDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W W W W W W

Port B data7,5to 0
Reserved bit These bits select input or output for port B pins

A pinin port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input pin
if thisbit iscleared to O.

Bit 6 is reserved.
PBDDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aPBDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port B Data Register (PBDR): PBDR is an 8-hit readable/writable register that stores data for
pins PB-, PB; to PB,,.

Bit 7 6 5 4 3 2 1 0

‘ PB; ‘ — ‘ PBs ‘ PB4 ‘ PB3 ‘ PB» ‘ PB; ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port B data7,5to 0
Reserved bit These bits store data for port B pins

When abitin PBDDRis set to 1, if port B is read the value of the corresponding PBDR bit is
returned directly. When abit in PBDDR is cleared to O, if port B is read the corresponding pin
level isread. Bit 6 isreserved. Bit 6 can be written and read, but cannot be used for a port input or
output.

If bit 6in PBDDR isread whileitsvalueis 1, the value of bit 6 in PBDR will be read directly. If
bit 6 in PBDDR isread whileitsvalueis O, it will always be read as 1.

PBDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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When port B pins are used for TPC output, PBDR stores output data for TPC output groups 2 and
3. If abit in the next data enable register (NDERB) is set to 1, the corresponding PBDR bit cannot
be written. In this case, PBDR can be updated only when datais transferred from NDRB.

7.11.3 Pin Functions

The port B pins are also used for TPC output (TP,, TP,5 to TP;), ITU input/output (TIOCB,,
TIOCB,, TIOCA,, TIOCA ;) and output (TOCXB,, TOCXA,), and ADTRG input. Table 7-18
describes the selection of pin functions.
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Table7-18 Port B Pin Functions

Pin Pin Functions and Selection Method
PB,/ Bit TRGE in ADCR, bit NDER15 in NDERB and bit PB7DDR in PBDDR select the pin
TP,/ function as follows
ADTRG
PB,DDR 0 1 1
NDER15 — 0 1
Pin PB; input PB, output TP, output
function ADTRG input*
Notes: * ADTRG input when TRGE = 1.
PB./ ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TP,/ NDERB, and bit PB,DDR in PBDDR select the pin function as follows
TOCXB,
EXB4,
CMD1 Not both 1 Both 1
PB.DDR 0 1 1 —
NDER13 — 0 1 —
Pin PB; input | PB; output | TP, output TOCXB, output
function
PB,/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TP,/ NDERB, and bit PB4DDR in PBDDR select the pin function as follows
TOCXA,

EXA4,

CMD1 Not both 1 Both 1
PB,DDR 0 1 1 —
NDER12 — 0 1 —

Pin PB, input | PB, output | TP,, output TOCXA, output
function

HITACHI
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Table 7-18 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method
PB./ ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
TP,/ bits IOB2 to IOBO in TIOR4), bit NDER11 in NDERB, and bit PB,DDR in PBDDR
TIOCB, select the pin function as follows
ITU
channel 4 (1) in table below (2) in table below
settings
PB,DDR — 0 1 1
NDER11 — — 0 1
Pin TIOCB, output PB; input | PB, output TP,
function output
TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM4 =0 and IOB2 = 1.

ITU

channel 4

settings 2) 2 (1) 2 (1)
EB4 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
I0B1 — 0 0 1 — _
I0BO — 0 1 — _ _
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Table7-18 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method

PB,/ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TP,/ bits IOA2 to IOAO in TIOR4), bit NDER10 in NDERB, and bit PB,DDR in PBDDR
TIOCA, select the pin function as follows

ITU
channel 4
settings

(1) in table below

(2) in table below

PB,DDR

0

1

1

NDER11

0

1

Pin
function

TIOCA, output

PB, input

PB, output

TP,
output

TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM4 =0 and IOB2 = 1.

ITU
channel 4
settings

)

)

1)

@)

D

EA4

CMD1

PWM4

I0OA2

IOA1

IOAO0
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Table 7-18 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method
PB,/TP,/  ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
TIOCB, bits IOB2 to IOBO in TIOR3), bit NDER11 in NDERB, and bit PB,DDR in PBDDR
select the pin function as follows
ITU
channel 3
settings (1) in table below (2) in table below
PB,DDR — 0 1 1
NDER9 — — 0 1
Pin TIOCB, output PB, input | PB, output | TP, output
function TIOCB, input*
Note: * TIOCB3 input when CMD1 = PWM3 = 0 and 10B2 = 1.
ITU
channel 3
settings 2) 2 1) 2) )
EB3 0 1
CMD1 — 0 1
I0B2 — 0 0 0 1 —
I0B1 — 0 0 1 — —
I0BO — 0 1 — — —
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Table7-18 Port B Pin Functions (cont)

Pin

Pin Functions and Selection Method

PB,/TP,/
TIOCA,

ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
bits IOA2 to IOAO in TIOR3), bit NDER8 in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU
channel 3
settings

(1) in table below

(2) in table below

PB,DDR

0

1

1

NDERS

0

1

Pin

function

TIOCA,; output

PB, input

PB, output

TP, output

TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM3 = 0 and IOA2 = 1.

ITU
channel 3
settings

)

)

@

@)

@

EA3

CMD1

PWM3

IOA2

IOA1

IOAO0
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Section 8 16-Bit Integrated Timer Unit (ITU)

8.1 Overview

The H8/3039 Series has a built-in 16-bit integrated timer-pul se unit (ITU) with five 16-bit timer
channels.

8.1.1 Features

ITU features are listed below.

Capability to process up to 12 pulse outputs or 10 pulse inputs

Ten genera registers (GRs, two per channel) with independently-assignabl e output compare or
input capture functions

Selection of eight counter clock sources for each channel:
Internal clocks: g, @/2, @/4, &/8

External clocks: TCLKA, TCLKB, TCLKC, TCLKD
Five operating modes selectable in all channels:

ad

Waveform output by compare match

Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2)
Input capture function

Rising edge, falling edge, or both edges (selectable)

Counter clearing function

Counters can be cleared by compare match or input capture

Synchronization

Two or more timer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
Three additional modes selectable in channels 3 and 4

ad

Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.
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O Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

O Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.

» High-speed access viainternal 16-bit bus

The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed
viaa 16-bit bus.

» Fifteen interrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

e Output triggering of programmable pattern controller (TPC)
Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.

Table 8-1 summarizes the I TU functions.
Table8-1 ITU Functions
Channel 3

Iltem Channel 0 Channel 1 Channel 2 Channel 4

Internal clocks: g @2, @4, @8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

Clock sources

independently
General registers GRAO, GRAL, GRA2, GRAS3, GRA4,
(output GRBO GRB1 GRB2 GRB3 GRB4
compare/input
capture registers)
Buffer registers — — — BRA3, BRA4,
BRB3 BRB4
Input/output pins TIOCA,, TIOCA,, TIOCA,, TIOCA,, TIOCA,,
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
Output pins — — — — TOCXA,,
TOCXB,
Counter clearing GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4
function compare compare compare compare compare
match or match or match or match or match or
input input input input input
capture capture capture capture capture
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Table8-1 1TU Functions (cont)

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Compare O (0] O (0] (0] (0]
match 1 (0] @) O (0] (0]
output Toggle (0] (@) — (0] (0]
Input capture function O 0] (0] (0] (0]
Synchronization (0] o (@) (0] (0]
PWM mode O @] o] O O
Reset-synchronized — — — (0] (0]
PWM mode
Complementary — — — (0] (0]
PWM mode
Phase counting — — (0] — —
mode
Buffering — — — (0] (0]
Interrupt sources Three Three Three Three Three
sources sources sources sources sources
«Compare «Compare «Compare «Compare «Compare
match/input match/input  match/input match/input  match/input
capture AO capture Al capture A2 capture A3  capture A4
«Compare «Compare «Compare «Compare «Compare
match/input match/input  match/input match/input  match/input
capture BO capture B1 capture B2 capture B3  capture B4
*Overflow *Overflow *Overflow *Overflow *Overflow
Legend
O: Available
—: Not available
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8.1.2 Block Diagrams

ITU Block Diagram (overall): Figure 8-1 isablock diagram of the ITU.

TCLKA to TCLKD >

o, 212, ol4, 3/8 >

Clock selector

TOCXAy4, TOCXB, < Control logic

TIOCAg to TIOCA;
TIOCB, to TIOCB,

Legend
TOER:
TOCR:
TSTR:
TSNC:
TMDR:
TFCR:

IMIAO to IMIA4
> IMIBO to IMIB4
OVIO to OVI4

16-bit timer channel 4
16-bit timer channel 3
16-bit timer channel 2
16-bit timer channel 1
16-bit timer channel O

Module data bus

Timer output master enable register (8 bits)
Timer output control register (8 bits)

Timer start register (8 bits)

Timer synchro register (8 bits)

Timer mode register (8 hits)

Timer function control register (8 bits)

Bus interface

Internal data bus
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Block Diagram of Channels0 and 1: ITU channels 0 and 1 are functionally identical. Both have
the structure shown in figure 8-2.

TCLKA to TCLKD > ~— TIOCAq
Clock selector ~~— TIOCB,
g, a/2, gl4, 2/8 > .
Control logic IMIAO
Comparator — IMIBO
— OVIO
E s 14 @
5 ARE: 5 O| | W &
Module data bus
Legend
TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
TCR: Timer control register (8 bits)
TIOR: Timer 1/O control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
TSR: Timer status register (8 bits)

Figure8-2 Block Diagram of Channels0and 1 (for Channel 0)
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Block Diagram of Channel 2: Figure 8-3 isablock diagram of channel 2. Thisis the channel that
provides only 0 output and 1 output.

TCLKA to TCLKD 1 = TIOCA,
Clock selector ~—= TIOCB,
g, 812, g/4, 3/8 > )
Control logic e MIA2
Comparator — IMIB2
— OVI2
N N N N N N N
E s} o o4
Zllz||a Sllol|al|®
Module data bus
Legend
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)
Figure8-3 Block Diagram of Channel 2
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Block Diagrams of Channels 3 and 4: Figure 8-4 isablock diagram of channel 3. Figure 8-5isa
block diagram of channel 4.

TCLKAto —] — TIOCAg
TCLKD — TIOCBg
5 o2 Clock selector
a/4, 8/8 — Control logic
— IMIA3
Comparator o~ MIB3
— OVI3
™
2llel gl 8l 8| |2||8]| 8| g
= 2228|888 |8
= m o m o [ E [ (=
Module data bus
Legend
TCNT3: Timer counter 3 (16 bits)
GRAS3, GRB3: General registers A3 and B3 (input capture/output compare registers)
(16 bits x 2)
BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers)
(16 bits x 2)
TCR3: Timer control register 3 (8 bits)
TIORS: Timer 1/O control register 3 (8 bits)
TIER3: Timer interrupt enable register 3 (8 bits)
TSR3: Timer status register 3 (8 bits)
Figure8-4 Block Diagram of Channel 3
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;C;;;D Clock selector
o/4, 218 — Control logic
Comparator
SIS 2B B2 B |3
5| x | | B R ol |0 |W||»
= as] (O] m (O] - s [ =

Module data bus

TOCXA,
TOCXB,

TIOCA,
TIOCB,

IMIA4
IMIB4
ovi4

Legend

TCNT4: Timer counter 4 (16 bits)

GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)

BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)

TCRA4: Timer control register 4 (8 bits)

TIOR4: Timer 1/O control register 4 (8 bits)

TIER4: Timer interrupt enable register 4 (8 bits)

TSRA4: Timer status register 4 (8 bits)

Figure8-5 Block Diagram of Channel 4
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8.1.3 Input/Output Pins

Table 8-2 summarizesthe ITU pins.

Table8-2 ITU Pins
Abbre-  Input/
Channel Name viation  Output Function
Common  Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting
mode)
Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase counting
mode)
Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin
0 Input capture/output  TIOCA, Input/ GRAO output compare or input capture pin
compare AO output PWM output pin in PWM mode
Input capture/output  TIOCB, Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output  TIOCA, Input/ GRAL output compare or input capture pin
compare Al output PWM output pin in PWM mode
Input capture/output  TIOCB, Input/ GRB1 output compare or input capture pin
compare B1 output
2 Input capture/output  TIOCA, Input/ GRA2 output compare or input capture pin
compare A2 output PWM output pin in PWM mode
Input capture/output  TIOCB, Input/ GRB2 output compare or input capture pin
compare B2 output
3 Input capture/output  TIOCA, Input/ GRAS output compare or input capture pin
compare A3 output  PWM output pin in PWM mode, comple-
mentary PWM mode, or reset-
synchronized PWM mode
Input capture/output  TIOCB, Input/ GRB3 output compare or input capture pin
compare B3 output  PWM output pin in complementary PWM

mode or reset-synchronized PWM mode

HITACHI
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Table8-2 ITU Pins(cont)

Abbre-  Input/

Channel Name viation  Output Function
4 Input capture/output  TIOCA, Input/ GRA4 output compare or input capture pin
compare A4 output PWM output pin in PWM mode,

complementary PWM mode, or reset-
synchronized PWM mode

Input capture/output  TIOCB, Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode

Output compare TOCXA, Output PWM output pin in complementary PWM
XA4 mode or reset-synchronized PWM mode
Output compare TOCXB, Output PWM output pin in complementary PWM
XB4 mode or reset-synchronized PWM mode
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8.1.4 Register Configuration

Table 8-3 summarizesthe ITU registers.

Table8-3 ITU Registers

Abbre- Initial
Channel Address* Name viation R/W Value
Common H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer 1/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)*? H'F8
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00
H'FF69 Timer counter O (low) TCNTOL R/W H'00
H'FF6A General register A0 (high) GRAOH R/W H'FF
H'FF6B General register AO (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*? H'F8
H'FF72 Timer counter 1 (high) TCNT1IH R/W H'00
H'FF73 Timer counter 1 (low) TCNTIL R/W H'00
H'FF74 General register Al (high) GRA1H R/W H'FF
H'FF75 General register Al (low) GRALL R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRBI1L R/W H'FF
Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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Table8-3 ITU Registers(cont)

Abbre- Initial
Channel Address* Name viation R/W Value
2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 R/(W)*? H'F8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF
3 H'FF82 Timer control register 3 TCR3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 R/(W)*? H'F8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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Table8-3 ITU Registers(cont)

Abbre- Initial
Channel Address* Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer 1/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 R/(W)*? H'F8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L R/W H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FF9B General register B4 (low) GRBA4L R/W H'FF
H'FF9C Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF
H'FFIF Buffer register B4 (low) BRB4L R/W H'FF
Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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8.2 Register Descriptions

8.2.1 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTRisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are always read as 1.

Bit 4—Counter Start 4 (STR4): Starts and stopstimer counter 4 (TCNT4).

Bit4

STR4 Description

0 TCNT4 is halted (Initial value)
1 TCNT4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stopstimer counter 3 (TCNTS3).

Bit 3

STR3 Description

0 TCNT3 is halted (Initial value)
1 TCNT3 is counting

Bit 2—Counter Start 2 (STR2): Starts and stopstimer counter 2 (TCNT2).

Bit 2

STR2 Description

0 TCNT2 is halted (Initial value)
1 TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stopstimer counter 1 (TCNTL1).

Bit 1

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (TCNTO).

Bit 0 Description

STRO

0 TCNTO is halted (Initial value)
1 TCNTO is counting

8.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-hit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync 4to O

These bits synchronize
channels 4 to 0

TSNCisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are always read as 1.

Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or
synchronously.

Bit 4

SYNC4 Description

0 Channel 4's timer counter (TCNT4) operates independently (Initial value)
TCNT4 is preset and cleared independently of other channels

1 Channel 4 operates synchronously

TCNT4 can be synchronously preset and cleared
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Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or
synchronously.

Bit 3
SYNC3 Description

0 Channel 3's timer counter (TCNT3) operates independently (Initial value)
TCNT3 is preset and cleared independently of other channels

1 Channel 3 operates synchronously
TCNT3 can be synchronously preset and cleared

Bit 2—Timer Sync 2 (SYNC?2): Selects whether channel 2 operates independently or
synchronously.

Bit 2
SYNC2 Description

0 Channel 2’s timer counter (TCNT2) operates independently (Initial value)
TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously
TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or
synchronously.

Bit 1
SYNC1 Description

0 Channel 1's timer counter (TCNT1) operates independently (Initial value)
TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or
synchronously.

Bit 0
SYNCO Description

0 Channel 0's timer counter (TCNTO) operates independently (Initial value)
TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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8.2.3 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to O
These bits select PWM
mode for channels 4to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitiaized to H'80 by areset and in standby mode.
Bit 7—Reserved: Thisbit cannot be modified and is always read as 1.

Bit 6—Phase Counting M ode Flag (M DF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode
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When MDF is set to 1 to select phase counting mode, timer counter 2 (TCNT2) operates as an
up/down-counter and pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts
both rising and falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin kS High Y Low ES Low Ea High
TCLKB pin Low kS High Ea High S Low Y

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
timer control register 2 (TCR2). Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 and the compare
match/input capture settings and interrupt functions of timer 1/0 control register 2 (TIOR2), timer
interrupt enable register 2 (TIER2), and timer status register 2 (TSR2) remain effective in phase
counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the overflow flag (OVF) in
timer status register 2 (TSR2). The FDIR designation isvalid in all modes in channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4

PWM4 Description

0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The
output goesto 1 at compare match with general register A4 (GRA4), and to 0 at compare match
with general register B4 (GRB4).

If complementary PWM mode or reset-synchronized PWM modeis selected by bits CMD1 and
CMDO in the timer function control register (TFCR), the CMD1 and CM DO setting takes
precedence and the PWM4 setting isignored.
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Bit 3—PWM Mode 3 (PWM 3): Selects whether channel 3 operates normally or in PAWM mode.

Bit 3

PWM3 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode

When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The
output goesto 1 at compare match with general register A3 (GRA3), and to 0 at compare match
with general register B3 (GRB3).

If complementary PWM mode or reset-synchronized PWM mode s selected by bits CMD1 and
CMDOQO in the timer function control register (TFCR), the CMD1 and CM DO setting takes
precedence and the PWM 3 setting is ignored.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2  Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA?2 becomes a PWM output pin. The
output goesto 1 at compare match with general register A2 (GRA2), and to 0 at compare match
with general register B2 (GRB2).

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PAWM mode.

Bit 1

PWM1  Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM 1 is set to 1 to select PWM mode, pin TIOCA1 becomes a PWM output pin. The
output goesto 1 at compare match with general register A1 (GRA1), and to 0 at compare match
with general register B1 (GRB1).
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Bit 0—PWM Mode 0 (PWMO0): Selects whether channel 0 operates normally or in PWM mode.

Bit

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The
output goesto 1 at compare match with general register A0 (GRAO), and to 0 at compare match
with general register BO (GRBO).

8.2.4 Timer Function Control Register (TFCR)

TFCR is an 8-bit readable/writable register that sel ects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRAB3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.
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Bits 7 and 6—Reserved: These bits cannot be modified and are alwaysread as 1.

Bits 5 and 4—Combination Mode 1 and 0 (CM D1, CMDO0): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5 Bit 4

CMD1 CMDO Description

0 0 Channels 3 and 4 operate normally (Initial value)
1

1 0 Channels 3 and 4 operate together in complementary PWM mode
1 Channels 3 and 4 operate together in reset-synchronized PWM mode

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
timer sync bits SYNC4 and SYNC3 in the timer synchro register (TSNC) arevalid in
complementary PWM mode and reset-synchronized PWM mode, however. When complementary
PWM mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and
SYNC4 bothto 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3

BFB4 Description

0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRAA4.

Bit 2
BFA4 Description
0 GRAA4 operates normally (Initial value)
1 GRAA4 is buffered by BRA4
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1

BFB3 Description

0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0

BFA3 Description

0 GRAS3 operates normally (Initial value)
1 GRA3 is buffered by BRA3

8.2.5 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA,, TOCXB,4
These bits enable or disable output
settings for pins TOCXA, and TOCXB,4

Master enable TIOCA3, TIOCB3, TIOCA,4, TIOCB,
These bits enable or disable output settings for pins
TIOCAg3, TIOCB3, TIOCA,, and TIOCB,

TOER isinitialized to H'FF by areset and in standby mode.
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Bits 7 and 6—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 5—Master Enable TOCXB, (EXB4): Enables or disables ITU output at pin TOCXB,.

Bit 5

EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates as a generic
input/output pin). If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in
channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA, (EXA4): Enables or disables I TU output at pin TOCXA,,.

Bit 4

EXA4 Description

0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates as a generic
input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA, is enabled for output according to TFCR settings (Initial value)

Bit 3—Master Enable TIOCB, (EB3): Enables or disables ITU output at pin TIOCB,.

Bit 3

EB3 Description

0 TIOCB, output is disabled regardless of TIOR3 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR3 and TFCR settings (Initial value)

Bit 2—Master Enable TIOCB, (EB4): Enables or disables ITU output at pin TIOCB,,.

Bit 2

EB4 Description

0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR4 and TFCR settings (Initial value)
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Bit 1—Master Enable TIOCA , (EA4): Enables or disables ITU output at pin TIOCA,.

Bit 1

EA4 Description

0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR (Initial value)

settings

Bit 0—Master Enable TIOCA; (EA3): Enables or disables ITU output at pin TIOCA,.

Bit 0

EA3 Description

0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCR (Initial value)
settings
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8.2.6 Timer Output Control Register

(TOCR)

TOCR isan 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
| — | = x| — | — |ouss] oss |

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — R/W — — R/W R/W

Reserved bits

Output level select 3, 4
These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OL $4, and OL S3 hits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR isinitialized to H'FF by areset and in standby maode.

Bits 7 to 5—Reserved: These bits cannot be modified and are always read as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4
XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in complementary

PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in the timer output master enable register

(TOER) are cleared to 0, disabling ITU output.

1 External triggering is disabled

(Initial value)
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Bits 3 and 2—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 1—Output Level Select 4 (OL $4): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 1

OLS4 Description

0 TIOCA,, TIOCA,, and TIOCB, pin outputs are inverted

1 TIOCA,, TIOCA,, and TIOCB, pin outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OL S3): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 0

OLS3 Description

0 TIOCB,, TOCXA,, and TOCXB, pin outputs are inverted

1 TIOCB,, TOCXA,, and TOCXB, pin outputs are not inverted (Initial value)

8.2.7 Timer Counters(TCNT)

TCNT isal16-bit counter. The ITU has five TCNTS, one for each channel.

Chanel Abbreviation Function

0 TCNTO Up-counter
1 TCNT1
2 TCNT2 Phase counting mode: up/down-counter
Other modes: up-counter
TCNT3 Complementary PWM mode: up/down-counter
TCNT4 Other modes: up-counter
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 0o o 0 o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in the timer control register (TCR).
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TCNTO and TCNT1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.

TCNT can be cleared to H'0000 by compare match with general register A or B (GRA or GRB) or
by input capture to GRA or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the overflow flag (OVF) issetto 1in
the timer status register (TSR) of the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the overflow flag (OVF) issetto 1in
TSR of the corresponding channel.

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.

8.2.8 General Registers (GRA, GRB)

The general registers are 16-hit registers. The ITU has 10 general registers, two in each channel.

Channel Abbreviation Function

0 GRAO, GRBO  Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

3 GRAS3, GRB3  Output compare/input capture register; can be by buffer
4 GRA4, GRB4  registers BRA and BRB

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A genera register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin the timer 1/O
control register (TIOR).

When ageneral register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1 in the timer status register (TSR). Compare match output can be selected in TIOR.
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When ageneral register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT value is stored in the
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the sametime. The
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by areset
and in standby mode. The initial value is H'FFFF.

8.2.9 Buffer Registers (BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function

3 BRA3, BRB3 Used for buffering

4 BRA4,BRB4  « When the corresponding GRA or GRB functions as an output
compare register, BRA or BRB can function as an output compare
buffer register: the BRA or BRB value is automatically transferred
to GRA or GRB at compare match

¢ When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input capture
buffer register: the GRA or GRB value is automatically transferred
to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers areinitialized to H'FFFF by areset and in standby mode.

8.2.10 Timer Control Registers(TCR)

TCRisan 8-hit register. The ITU has five TCRs, one in each channel.

Channel Abbreviation Function

0 TCRO TCR controls the timer counter. The TCRs in all channels are

1 TCR1 functionally identical. When phase counting mode is selected in

2 TCR2 channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to

3 TCR3 TPSCO in TCR2 are ignored.

4 TCR4
Bit 7 6 5 4 3 2 1 0

‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘

Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Timer prescaler 2to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Each TCR is an 8-hit readabl e/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCRisinitialized to H'80 by areset and in standby mode.
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Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0): These hits select how TCNT is cleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture**

1 0 TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: TCNT is cleared in synchronization with

other synchronized timers*?

Notes: 1. TCNT is cleared by compare match when the general register functions as an output
compare match register, and by input capture when the general register functions as an
input capture register.

2. Selected in the timer synchro register (TSNC).

Bits4 and 3—Clock Edge 1/0 (CKEG1, CKEGO): These hits select external clock input edges
when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.
Phase counting takes precedence.
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Bits2to O—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These bits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function

0 0 0 Internal clock: @ (Initial value)

Internal clock: @/2

Internal clock: @/4

Internal clock: 2/8

External clock A: TCLKA input

External clock B: TCLKB input

External clock C: TCLKC input

[y
o
Rlo|lrRr|lO|lR|lO|R

External clock D: TCLKD input

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock sourceis selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1in TMDR), the settings of bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.
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8.2.11 Timer 1/O Control Register (TIOR)

TIOR isan 8-hit register. The ITU has five TIORS, one in each channel.

Channel Abbreviation Function
0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode. TIOR3 and TIOR4 settings are ignored when complementary
2 TIOR2 PWM mode or reset-synchronized PWM mode is selected in
3 TIOR3 channels 3 and 4.
4 TIOR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ I0BO ‘ — ‘ I0A2 ‘ IOAl ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

1/0 control A2 to AO
These bits select GRA
functions

Reserved bit

I/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.
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Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bits6to 4—I/O Control B2 to BO (I0B2 to 10B0): These hits select the GRB function.

Bit 6 Bit 5 Bit 4

I0B2 I0B1 I0BO Function
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register 0 output at GRB compare match**
1 0 1 output at GRB compare match**
1 Output toggles at GRB compare match
(1 output in channel 2)**, *?
1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input
1

Notes: 1. After a reset, the output is O until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.

Bit 3—Reserved: Thisbit cannot be modified and is always read as 1.

Bits2to 0—I/O Control A2to A0 (I0A2to IOAO0): These bits select the GRA function.

Bit 2 Bit 1 Bit 0

IOA2 IOA1 IOAOQ Function
0 0 0 GRA is an outpurt No output at compare match (Initial value)
1 compare register 0 output at GRA compare match**
1 0 1 output at GRA compare match**
1 Output toggles at GRA compare match
(1 output in channel 2) ***?
1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: 1. After a reset, the output is 0 until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.
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8.2.12 Timer Status Register (TSR)

TSR isan 8-hit register. The ITU hasfive TSRs, one in each channel.

Channel  Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4
Bit 7 6 5 4 3 2 1 0

— ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — RI(W)*  RI(W)* RI(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Note: * Only O can be written to clear the flag.
Each TSR is an 8-hit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources

and generate CPU interruptsif enabled by corresponding bitsin the timer interrupt enable register
(TIER).

TSRisinitialized to H'F8 by areset and in standby mode.
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Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF*

Notes: *  TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow
occurs only under the following conditions:
1. Channel 2 operates in phase counting mode (MDF = 1 in TMDR)
2. Channels 3 and 4 operate in complementary PWM mode (CMD1 =1 and CMD0 =0
in TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB compare
match or input capture events.

Bit 1

IMFB Description

0 [Clearing condition] Read IMFB when IMFB = 1, then write 0 in IMFB (Initial value)
1 [Setting conditions]

TCNT = GRB when GRB functions as a compare match register.
TCNT value is transferred to GRB by an input capture signal, when GRB functions as an
input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0

IMFA Description

0 [Clearing condition] Read IMFA when IMFA = 1, then write O in IMFA. (Initial value)
1 [Setting conditions]

TCNT = GRA when GRA functions as a compare match register.
TCNT value is transferred to GRA by an input capture signal, when GRA functions as an
input capture register.
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8.2.13 Timer Interrupt Enable Register (TIER)

TIER is an 8-hit register. The ITU has five TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3

4 TIER4
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
reguests and general register compare match and input capture interrupt requests.

TIER isinitialized to H'F8 by areset and in standby mode.
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Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
overflow flag (OVF) in TSR when OVF isset to 1.

Bit 2

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disables the
interrupt requested by the IMFB flag in TSR when IMFB is set to 1.

Bit 1

IMIEB Description

0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disablesthe
interrupt requested by the IMFA flag in TSR when IMFA isset to 1.

Bit 0
IMIEA Description
0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled
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8.3 CPU Interface

8.3.1 16-Bit Accessible Registers

The timer counters (TCNTS), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-hit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read aword at atime, or abyte at atime.

Figures 8-6 and 8-7 show examples of word accessto atimer counter (TCNT). Figures 8-8, 8-9, 8-
10, and 8-11 show examples of byte accessto TCNTH and TCNTL.

Internal data bus

H H

N

CPU L Bus interface

>

> Module
> data bus

L

VANV

Vv

TCNTH TCNTL

Figure8-6 Accessto Timer Counter (CPU Writesto TCNT, Word)

Internal data bus

H H

N

CPU L Bus interface {} L Module

A 7 S

TCNTH | TCNTL

VAN

VAN

Figure8-7 Accessto Timer Counter (CPU Reads TCNT, Word)
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Internal data bus

H H

N

CPU L Bus interface
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L data bus
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| TCNTH | TCNTL |

Figure8-8 Accessto Timer Counter (CPU Writesto TCNT, Upper Byte)
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Figure8-9 Accessto Timer Counter (CPU Writesto TCNT, L ower Byte)
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Figure8-10 Accessto Timer Counter (CPU Reads TCNT, Upper Byte)
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Internal data bus
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Figure8-11 Accessto Timer Counter (CPU Reads TCNT, L ower Byte)

8.3.2 8-Bit Accessible

Registers

The registers other than the timer counters, general registers, and buffer registers are 8-bit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 8-12 and 8-13 show examples of byte read and write accessto a TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.
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Figure8-12 TCR Access (CPU Writesto TCR)
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8.4 Operation

8.4.1 Overview
A summary of operationsin the various modesis given below.

Normal Operation: Each channel has atimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Oper ation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer counters in the other channels as well. The timer counters can a so be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, function as PWM output pins, and TCNT, operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA,, TIOCB,, TIOCA, TOCXA,, TIOCB,, and TOCXB, function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting Mode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.

Buffering

« If the general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
« If the general register is an input capture register
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When input capture occurs the TCNT value istransferred to the genera register, and the
previous general register valueis transferred to the buffer register.

e Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction.

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.

8.4.2 Basic Functions

Counter Operation: When one of hits STRO to STR4 is set to 1 in the timer start register (TSTR),
the timer counter (TCNT) in the corresponding channel starts counting. The counting can be free-
running or periodic.

e Sample setup procedure for counter
Figure 8-14 shows a sample procedure for setting up a counter.
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( Counter setup >

Select counter clock 1

Type of counting?

Yes ) )
< Free-running counting )
( Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure8-14 Counter Setup Procedure (Example)

. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source
is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

. Write the count period in GRA or GRB, whichever was selected in step 2.

. Set the STR hitto 1in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (TCNTS) in ITU channels 0 to 4 all set as free-running counters. A
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When
the count overflows from H'FFFF to H'0000, the overflow flag (OVF) is set to 1 in the timer
status register (TSR). If the corresponding OV IE bit is set to 1 in the timer interrupt enable
register, a CPU interrupt is requested. After the overflow, the counter continues counting up
from H'0000. Figure 8-15 illustrates free-running counting.

TCNT value

H'0000 ‘ ‘
STRO to i i

STR4 bit —’ | |

OVF )

Figure8-15 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLR1 or CCLRO in the timer control register (TCR) to have the counter cleared by compare
match, and set the count period in GRA or GRB. After these settings, the counter starts
counting up as a periodic counter when the corresponding bit isset to 1 in TSTR. When the
count matches GRA or GRB, the IMFA or IMFB flag isset to 1 in TSR and the counter is
cleared to H'0000. If the corresponding IMIEA or IMIEB hitissetto1in TIER, aCPU
interrupt is requested at thistime. After the compare match, TCNT continues counting up from
H'0000. Figure 8-16 illustrates periodic counting.
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TCNT value Counter cleared by general

/ register compare match
GR b ‘ ——————————————————————

H'0000 ‘ ‘
STR bit 3 3
IMF

Figure8-16 Periodic Counter Operation

Count timing
O Interna clock source
Bits TPSC2 to TPSCO in TCR select the system clock () or one of three internal clock

sources obtained by prescaling the system clock (@/2, @/4, @/8).
Figure 8-17 shows the timing.

o InEnEEEnEnEEEREREE

((
Internal 2
ClOCk ‘I \ r)(J | | \
TCNT input

(
)
§
S X N+1

TCNT N-1 X

Figure8-17 Count Timingfor Internal Clock Sources
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O External clock source

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and
itsvalid edge or edges are selected by bits CKEG1 and CKEGO. Therising edge, falling
edge, or both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 8-18 shows the timing when both edges are detected.

0 Il EnEnEnNEEE
ek aput 2 ) | 2 ) L
TCNT input ,

(
7
§
TCNT N-1 X N X . N+1
7

Figure8-18 Count Timing for External Clock Sources (when Both Edges ar e Detected)
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Waveform Output by Compare Match: InITU channels 0, 1, 3, and 4, compare match A or B
can cause the output at the TIOCA or TIOCB pinto goto 0, goto 1, or toggle. In channel 2 the
output can only goto O or goto 1.

» Sample setup procedure for waveform output by compare match
Figure 8-19 shows a sample procedure for setting up waveform output by compare match.

( Output setup

D

Select waveform
output mode

Set output timing

Start counter

'

Waveform output

1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
is selected, the pin switches from its generic input/
output function to the output compare function
(TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

2. Set avalue in GRA or GRB to designate the
compare match timing.

3. Setthe STR bitto 1 in TSTR to start the timer
counter.

Figure8-19 Setup Procedurefor Waveform Output by Compare Match (Example)

» Examples of waveform output
Figure 8-20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pinis already at the selected output level, the pin level does not change.
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TCNT value

\
R o e s R e
GRB  f---ro-mooeeess R O o
N e e e
H'0000 3 3 i j ~ Time
TioCcB | ' No change ' No change 1 output
TIOCA ' No change m No change 0 output

Figure8-20 0and 1 Output (Examples)

Figure 8-21 shows examples of toggle output. TCNT operates as a periodic counter, cleared by
compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
‘ Counter cleared by compare match with GRB
GRB [ / ”””””””””””””””””””””
GRA [ ik Ry At Ha i
H'0000 | i 3 ~ Time
TIOCB ! 3 | Toggle
: ‘ ! ; output
TIOCA Toggle
\ output

Figure8-21 Toggle Output (Example)
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Output compare timing

The compare match signal is generated in the last statein which TCNT and the general register
match (when TCNT changes from the matching value to the next value). When the compare
match signal is generated, the output value selected in TIOR is output at the output compare
pin (TIOCA or TIOCB). When TCNT matches a genera register, the compare match signal is
not generated until the next counter clock pulse.

Figure 8-22 shows the output compare timing.

o S e A s O e O e O
TCNTI
clock et

TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure8-22 Output Compare Timing

Input Capture Function: The TCNT value can be captured into a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to

measure pulse width or period.

Sample setup procedure for input capture
Figure 8-23 shows a sample procedure for setting up input capture.
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C

Input selection

> 1. Set TIOR to select the input capture function of a

general register and the rising edge, falling edge,
or both edges of the input capture signal. Clear the

port data direction bit to O before making these

Select input-capture input | 1 TIOR settings.

Start counter

2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

l

Input capture

Figure8-23 Setup Procedurefor Input Capture (Example)

Examples of input capture

Figure 8-24 illustrates input capture when the falling edge of TIOCB and both edges of TIOCA
are selected as capture edges. TCNT is cleared by input capture into GRB.

TCNT value

H'0005
H'0000

TIOCB

TIOCA

Counter cleared by TIOCB
/ input (falling edge)

Ho160| X

GRA H'0005
oy
ere X X H0180
Figure8-24 Input Capture (Example)
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* Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 8-25 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

° | L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure8-25 Input Capture Signal Timing

235
HITACHI




8.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can aso be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 4).

Sample Setup Procedurefor Synchronization: Figure 8-26 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
) channel?
Write to TCNT 2
Yes
| Select counter clear source |3 | Select counter clear source |4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels (synchronized preset).

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Set the STR bits in TSTR to 1 to start the synchronized counters.

abrw

Figure8-26 Setup Procedurefor Synchronization (Example)
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Example of Synchronization: Figure 8-27 shows an example of synchronization. Channels0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer countersin channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA,, TIOCA,,
and TIOCA.,,. For further information on PWM mode, see section 8.4.4, PWM Mode.

Value of TCNTO to TCNT2
/

Cleared by compare match with GRBO

GRBO
GRB1

GRAO
GRB2

GRAl

GRA2 ‘ ‘
Hoooo Lt Time

moca, | |1

TIOCA,

TIOCA,

Figure8-27 Synchronization (Example)

237
HITACHI




8.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changesto 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 4).

Table 8-4 summarizes the PWM output pins and corresponding registers. If the sasme valueis set
in GRA and GRB, the output does not change when compare match occurs.

Table8-4 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO

1 TIOCA, GRA1 GRB1

2 TIOCA, GRA2 GRB2

3 TIOCA, GRA3 GRB3

4 TIOCA, GRA4 GRB4
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Sample Setup Procedurefor PWM Mode: Figure 8-28 shows a sample procedure for setting up
PWM mode.

.

PWM mode

)

Select counter clock

Select counter clear source

Set GRA

Set GRB

Select PWM mode

Start counter

i

PWM mode

[EnY

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source. If an
external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
external clock signal.

. Set bits CCLR1 and CCLRO in TCR

to select the counter clear source.

. Set the time at which the PWM

waveform should go to 1 in GRA.

. Set the time at which the PWM

waveform should go to 0 in GRB.

. Set the PWM bit in TMDR to select

PWM mode. When PWM mode is
selected, regardless of the TIOR
contents, GRA and GRB become
output compare registers specifying
the times at which the PWM

goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin conforms
to the settings of bits IOB1 and 10B0
in TIOR. If TIOCB output is not

desired, clear both IOB1 and IOBO to 0.
. Set the STR bitto 1 in TSTR to start

the timer counter.

Figure8-28 Setup Procedurefor PWM Mode (Example)
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Examples of PWM Mode: Figure 8-29 shows examples of operation in PWM mode. The PWM
waveform is output from the TIOCA pin. The output goesto 1 at compare match with GRA, and
to 0 at compare match with GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GRA

TCNT value

GRB

GRA

H'0000

TIOCA

. Counter cleared by GRA

/ Counter cleared by compare match with GRB

b. Counter cleared by GRB

Time
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Figure8-29 PWM Moaode (Example 1)

HITACHI




Figure 8-30 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than GRB,
the duty cycleis 0%. If the counter is cleared by compare match with GRA, and GRB isset to a
higher value than GRA, the duty cycleis 100%.

TCNT value Counter cleared by compare match with GRB
GRB [ 72 S s i
GRA [ o ‘
H'0000 : — o -~ Time
TIOCA o B

Write to GRA Write to GRA
a. 0% duty cycle

TCNT value Counter cleared by compare match with GRA
GRA ,,,,,,,,,,,,,,,,,,,,, Z ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
GRB [ G |
H'0000 : — o -~ Time
TIOCA .

? ?

Write to GRB Write to GRB

b. 100% duty cycle

Figure8-30 PWM Made (Example 2)

241
HITACHI




8.4.5 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, al having one waveform transition point in common.

When reset-synchronized PWM modeis selected TIOCA;, TIOCB,, TIOCA ,, TOCXA,, TIOCB,,
and TOCXB,, automatically become PWM output pins, and TCNT, functions as an up-counter.

Table 8-5 lists the PWM output pins. Table 8-6 summarizes the register settings.

Table8-5 Output Pinsin Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1" (complementary waveform to PWM output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2° (complementary waveform to PWM output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3" (complementary waveform to PWM output 3)

Table8-6 Register Settingsin Reset-Synchronized PWM Mode

Register  Setting

TCNT3 Initially set to H'0000

TCNT4 Not used (operates independently)

GRA3 Specifies the count period of TCNT3

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,

GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,

GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Sample Setup Procedurefor Reset-Synchronized PWM Mode: Figure 8-31 shows a sample
procedure for setting up reset-synchronized PWM mode.

Geset-synchronized PWM moda

Stop counter

Select counter clock

Select counter clear source

Select reset-synchronized
PWM mode

Set TCNT

Set general registers

Start counter

'

Reset-synchronized PWM mode

[EnY

. Clear the STR3 bitin TSTR to 0 to

halt TCNT3. Reset-synchronized
PWM mode must be set up while
TCNT3 is halted.

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source for
channel 3. If an external clock source
is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
in TCR.

. Set bits CCLR1 and CCLRO in TCR3

to select GRA3 compare match as
the counter clear source.

. Set bits CMD1 and CMDO in TFCR to

select reset-synchronized PWM mode.
TIOCAgz, TIOCBg3, TIOCA,, TIOCBy,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Preset TCNT3 to H'0000. TCNT4

need not be preset.

. GRA3 is the waveform period register.

Set the waveform period value in
GRAS. Set transition times of the
PWM output waveforms in GRB3,
GRA4, and GRBA4. Set times within
the compare match range of TCNT3.
X < GRA3 (X: setting value)

. Set the STR3 bitin TSTR to 1 to start

TCNT3.

Figure8-31 Setup Procedurefor Reset-Synchronized PWM Mode (Example)
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Example of Reset-Synchronized PWM Mode: Figure 8-32 shows an example of operationin
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TCNT3 is cleared
and resumes counting from H'0000. The PWM outputs toggle at compare match with GRB3,
GRA4, GRB4, and TCNT3 respectively, and when the counter is cleared.

TCNT3 value
/ Counter cleared at compare match with GRA3

GRAZ [ B -
GRB3 [~ -

GRA4 -

GRB4 |- - e

H'0000 Time

TIOCA;

TIOCB,

TOCXA,

TIOCA,

TIOCB,

TOCXB,

Figure8-32 Operation in Reset-Synchronized PWM M ode (Example)
(When OLS3=0L$4=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 8.4.8, Buffering.
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8.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM mode is selected TIOCA ,, TIOCB,, TIOCA ,, TOCXA,, TIOCB,, and
TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as up/down-
counters.

Table 8-7 lists the PWM output pins. Table 8-8 summarizes the register settings.

Table8-7 Output Pinsin Complementary PWM Mode

Channel Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1" (non-overlapping complementary waveform to PWM
output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2" (non-overlapping complementary waveform to PWM
output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3" (non-overlapping complementary waveform to PWM
output 3)

Table8-8 Register Settingsin Complementary PWM Mode

Register  Setting

TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)

TCNT4 Initially set to H'0000

GRA3 Specifies the upper limit value of TCNT3 minus 1

GRB3 Specifies a transition point of PWM waveforms output from TIOCA; and TIOCB,

GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,

GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Setup Procedure for Complementary PWM Mode: Figure 8-33 shows a sample procedure for
setting up complementary PWM mode.

C Complementary PWM mode ]

Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

'

Complementary PWM mode

=

. Clear bits STR3 and STR4 to 0 in

TSTR to halt the timer counters.
Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bits TPSC2 to TPSCO in TCR to

select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEG1 and CKEGO in TCR. Do not
select any counter clear source

with bits CCLR1 and CCLRO in TCR.

. Set bits CMD1 and CMDO in TFCR

to select complementary PWM mode.
TIOCAgz, TIOCB3, TIOCA,, TIOCBy,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Clear TCNT4 to H'0000. Set the

non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRA3 is the waveform period

register. Set the upper limit value of
TCNT3 minus 1 in GRA3. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRBA. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to

1 to start TCNT3 and TCNT4.

Note: After exiting complementary PWM mode, to resume operating in complementary

PWM mode, follow the entire setup procedure from step 1 again.

Figure8-33 Setup Procedurefor Complementary PWM M ode (Example)
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Clearing Complementary PWM M ode: Figure 8-34 shows a sample procedure for clearing

complementary PWM maode.

Complementary PWM mode

Clear complementary mode

Stop counting

l

Normal operation

1. Clear bit CMD1 in TFCR to 0, and set

1 channels 3 and 4 to normal operating

mode.

2. After setting channels 3 and 4 to normal
operating mode, wait at least one clock

2 count before clearing bits STR3 and

STR4 of TSTR to 0 to stop the counter
operation of TCNT3 and TCNT4.

Figure8-34 Clearing Procedurefor Complementary PWM Mode (Example)

HITACHI
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Examples of Complementary PWM Mode: Figure 8-35 shows an example of operationin
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down
from compare match between TCNT3 and GRA3 and counting up from the point at which TCNT4
underflows. During each up-and-down counting cycle, PWM waveforms are generated by
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 isinitially setto a
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4,
TCNTS.

TCNT3 and
TCNT4 values

Down-counting starts at compare
/ match between TCNT3 and GRA3

GRA3

GRB3

GRA4

GRB4

H'0000 Time

Figure8-35 Operation in Complementary PWM M ode (Example 1)
(when OLS3=0L$A4=1)
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Figure 8-36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM maode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 8.4.8, Buffering.

TCNT3 and
TCNT4 values
GRA3  |---mpmmmmmmmmmm oo i 777777777777777777777777 l fffffffffffffffffffffffffffffffffffffffffff
T ”””” N YN N
GRB3 |/ N\ i
H'0000 — ‘ RN RN — — Time
moca, | | [] T T
TIOCBg 0% duty cycle
a. 0% duty cycle
TCNT3 and
TCNT4 values
GRAZ | oo A
GRB3 {
NN N A N
H'0000 — ; ; Time
TIOCA3J P ‘ ‘ L_J o L
woee, |1 [ [l [
1b0% duty cyéle
b. 100% duty cycle
Figure8-36 Operation in Complementary PWM M ode (Example 2)
(when OLS3=0LA=1)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 and
the OVF hit in channel 4 differ from the usual conditions. In buffered operation the buffer transfer
conditions also differ. Timing diagrams are shown in figures 8-37 and 8-38.

o Y w Y wer X w Yooa
i |

; Flag not set

IMFA

Setto 1

Buffer transfer
signal (BR to GR)

:
‘
!
‘
,
)
!
GR >< \
!
:
,
\
—
/

Buffer transfer

No buffer transfer

Figure 8-37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H'0001 >< H'0000 >< H'FFFF>< H'0000 ><
; Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

GR ><

Buffer transfer No buffer transfer

Figure 8-38 Undershoot Timing

In channel 3, IMFA isset to 1 only during up-counting. In channel 4, OVF is set to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settingsin Complementary PWM M ode: When setting up general registers
for complementary PWM mode or changing their settings during operation, note the following
points.

e Initial settings
Do not set values from H'0000to T — 1 (where T istheinitial value of TCNT3). After the
counters start and the first compare match A3 event has occurred, however, settingsin this
range also become possible.

» Changing settings
Use the buffer registers. Correct waveform output may not be obtained if a general register is
written to directly.

» Cautions on changes of general register settings
Figure 8-39 shows six correct examples and one incorrect example.
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SN G G G GO O

A ]
GR ><V ><V ><V ><V ><V l; ><V ><V

Figure8-39 Changing a General Register Setting by Buffer Transfer (Example 1)

O Buffer transfer at transition from up-counting to down-counting

If the general register value isin the range from GRA3 —T + 1 to GRA3, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
thisrange, do not transfer a value within this range. See figure 8-40.

GRA3+1 oo N .
GRA3 T Y lllegal changes
GRA3-T+1 oo AN\ 2
TCNT3
GRA3-T S T o

TCNT4

Figure8-40 Changing a General Register Setting by Buffer Transfer (Caution 1)
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Buffer transfer at transition from down-counting to up-counting

If the general register value isin the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register value is outside this
range, do not transfer a value within this range. See figure 8-41.

TCNT3

lllegal changes

Figure8-41 Changing a General Register Setting by Buffer Transfer (Caution 2)
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O General register settings outside the counting range (H'0000 to GRA3)
Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to
avalue outside the counting range. When a buffer register is set to a value outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 8-42.

Output pin

Output pin

B X A X A

GR ><f ><V \& ><f

Write during down-counting Write during up-counting

Figure8-42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in this way by detecting GRA3 compare match or TCNT4 underflow
before writing to the buffer register.
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8.4.7 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO, CKEGL, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settingsin
TIOR2, TIER2, TSR2, GRA?2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedurefor Phase Counting Mode: Figure 8-43 shows a sample procedure for
setting up phase counting mode.

( Phase counting mode >

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure8-43 Setup Procedurefor Phase Counting Mode (Example)
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Example of Phase Counting Mode: Figure 8-44 shows an example of operationsin phase
counting mode. Table 8-9 lists the up-counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 8-45.

TCNT2 value

1
Countinyv Wg down

Time
ke by by | .
TCLKA T { + } * u
Figure8-44 Operation in Phase Counting M ode (Example)
Table8-9 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Counting
TCLKB £ High ¥ Low  High Y Low 4
TCLKA Low kS High 1 Y  Low kS High

P'hase P_hase

difference difference Pulse width Pulse width

-~

[ ae— ] [ E— ] -
A l |

—

TCLKA :

TCLKB 3

Phase difference and overlap: at least 1.5 states
Pulse width: at least 2.5 states

- - ~ -
Overlap Overlap

Figure 8-45 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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8.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differencesin reset-synchronized PWM mode and
complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering operations
under the conditions mentioned above are described next.

» General register used for output compare

The buffer register valueis transferred to the general register at compare match. See
figure 8-46.

Compare match signal

BR GR Comparator TCNT

Figure8-46 Compare Match Buffering

* General register used for input capture
The TCNT valueistransferred to the general register at input capture. The previous general
register value is transferred to the buffer register.
See figure 8-47.

Input capture signal

BR GR TCNT

Figure 8-47 Input Capture Buffering
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e Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

O When TCNT3 matches GRA3
O When TCNT4 underflows

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at compare match A3.

Sample Buffering Setup Procedure: Figure 8-48 shows a sample buffering setup procedure.

C Buffering >

| Select general register functions | 1 1. Set TIOR to select the output compare or input
capture function of the general registers.

2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
to select buffering of the required general registers.

3. Setthe STR bits to 1 in TSTR to start the timer
counters.

N

| Set buffer bits |

| Start counters | 3

'

Buffered operation

Figure 8-48 Buffering Setup Procedure (Example)
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Examples of Buffering: Figure 8-49 shows an example in which GRA is set to function asan
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B.
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA valueis
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs.
Figure 8-50 shows the transfer timing.

TCNT value Counter cleared by compare match B

™ Time
H'0100 | >< |~ | HO0200 |
H'0200 >< T H0100 >< T\ H0200 |
‘ Toggle
! ! output

Toggle
output

Compare match A

Figure8-49 Register Buffering (Example 1: Buffering of Output Compar e Register)
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TCNT n >< n+1

Compare ,—l
match signal

Buffer transfer
signal

BR N

GR n X =N

Figure8-50 Compare Match and Buffer Transfer Timing (Example)
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Figure 8-51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selected as the
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA value is simultaneoudly transferred to BRA. Figure 8-52 shows the transfer timing.

TCNT value

Counter cleared by

/ input capture B

» Time

GRA H'0005

BRA

GRB :>< X H0180

Input capture A

Figure8-51 Register Buffering (Example 2: Buffering of Input Capture Register)
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N I Y I I o O O

TIOC pin b . «t\
N

Input capture

signal 55
TCNT n X n+1 N XN+1
GR M X <n n >\C‘ N
BR m \XA M M X ‘n
Figure8-52 Input Captureand Buffer Transfer Timing (Example)
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Figure 8-53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 valueistransferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and
TCNT4 values

H'1FFF
GRA3

H'0999

Time

H'0000

BRB3

GRB3

TIOCA,

TIOCB,

Figure8-53 Register Buffering (Example 4: Buffering in Complementary PWM M ode)
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8.4.9 ITU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settingsin TOER or by an external
trigger, or inverted by bit settingsin TOCR.

Timing of Enabling and Disabling of ITU Output by TOER: In thisexamplean ITU output is
disabled by clearing amaster enable bit to 0in TOER. An arbitrary value can be output by
appropriate settings of the data register (DR) and data direction register (DDR) of the
corresponding input/output port. Figure 8-54 illustrates the timing of the enabling and disabling of
ITU output by TOER.

ST SN
o B |
Address TOER address ><
TOER
ITU output pin Timer output I/O port

ITU output 4><7 Generic input/output

Figure8-54 Timing of Disabling of ITU Output by Writing to TOER (Example)
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Timing of Disabling of ITU Output by External Trigger: If the XTGD hitisclearedtoOin
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture A
signal occursin channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU output.
Figure 8-55 shows the timing.

TIOCA; pin f#\
Input capture

signal ,—l '7

((

)T

‘)‘)
TOER N X Hco .
ITU output 55
pins ITU output >< ( 1/0 port ITU output >< 1/0 port

ITU output —— == Generic ITU output —»—=— Generic
‘ input/output ‘ input/output

N: Arbitrary setting (H'C1 to H'FF)

Figure 8-55 Timing of Disabling of ITU Output by External Trigger (Example)

Timing of Output Inversion by TOCR: The output levelsin reset-synchronized PWM mode and
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and
OLS3) in TOCR. Figure 8-56 shows the timing.

T

T2 T3
D

o N B
Address X TOCR address ><

TOCR

ITU output pin ><

Inverted

Figure8-56 Timing of Inverting of ITU Output Level by Writingto TOCR (Example)
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8.5 Interrupts

The ITU hastwo types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

8.5.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 1 by a
compare match signal generated when TCNT matches a general register (GR). The compare match
signal is generated in the last state in which the values match (when TCNT is updated from the
matching count to the next count). Therefore, when TCNT matches a general register, the compare
match signal is not generated until the next timer clock input. Figure 8-57 shows the timing of the
setting of IMFA and IMFB.

’ i L

TCNT input
clock

TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure8-57 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The TCNT contents are simultaneously transferred to the corresponding
general register. Figure 8-58 shows the timing.

I

Input capture

signal

IMF

TCNT N

GR >< N
IMI

Figure8-58 Timing of Setting of IMFA and IMFB by Input Capture

Timing of Setting of Overflow Flag (OVF): OVF isset to 1 when TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 8-59 shows the timing.
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TCNT H'FFFF >< H'0000

Overflow
signal

OVF

ovi

Figure8-59 Timing of Setting of OVF

8.5.2 Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 8-60 shows the timing.

TSR write cycle

Ty T2 T3
e e ]

Address >< TSR address ><

IMF, OVF

Figure8-60 Timing of Clearing of Status Flags
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8.5.3 Interrupt Sources

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt
enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and IPRB). For details see section 5, Interrupt Controller.

Table 8-10 lists the interrupt sources.

Table8-10 ITU Interrupt Sources

Channel Interrupt Source Description Priority*
0 IMIAO Compare match/input capture AO High
IMIBO Compare match/input capture BO A
ovIo Overflow O
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
oVvI2 Overflow 2
3 IMIA3 Compare match/input capture A3
IMIB3 Compare match/input capture B3
oviI3 Overflow 3
4 IMIA4 Compare match/input capture A4
IMIB4 Compare match/input capture B4
ovi4 Overflow 4 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed by
settings in IPRA and IPRB.
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8.6 Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Writeand Clear: If acounter clear signal occursin the T, state of a
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See figure
8-61.

TCNT write cycle
T T LE

Address X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure8-61 Contention between TCNT Write and Clear
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Contention between TCNT Word Write and Increment: If an increment pulse occursinthe T,
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See figure
8-62.

TCNT word write cycle

Address X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< P M

TCNT write data

Figure8-62 Contention between TCNT Word Write and Increment
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Contention between TCNT Byte Writeand Increment: If an increment pulse occursin the T,
or T, state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The
TCNT byte that was not written retains its previous value. See figure 8-63, which shows an
increment pulse occurring in the T, state of a byte writeto TCNTH.

TCNTH byte write cycle
T T, LE

Address X TCNTH address ><

Internal write signal

TCNT input clock

TCNTH N >< M
A
TCNTH write data

TCNTL X >< X+1 >< X

272

Figure8-63 Contention between TCNT Byte Write and I ncrement
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Contention between General Register Writeand Compare Match: If acompare match occurs
in the T, state of ageneral register write cycle, writing takes priority and the compare match signal
isinhibited. See figure 8-64.

General register write cycle

Ty T, T3

Address X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal ' I Inhibited

Figure8-64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Underflow: If an overflow occursin the T,
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is set
to 1.The same holds for underflow. See figure 8-65.

TCNT write cycle
T T T3

Address X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< Vi M

TCNT write data

OVF

Figure8-65 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture: If an input capture signa
occurs during the T state of ageneral register read cycle, the value before input capture is read.
Seefigure 8-66.

General register read cycle

e e ]

Address :>< GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure8-66 Contention between General Register Read and I nput Capture
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Contention between Counter Clearing by Input Captureand Counter Increment: If aninput
capture signal and counter increment signal occur simultaneously, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared is transferred to the general register. See figure 8-67.

; ]

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure 8-67 Contention between Counter Clearing by Input Captureand
Counter Increment
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Contention between General Register Write and Input Capture: If aninput capture signal
occursin the T, state of ageneral register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 8-68.

General register write cycle

T T, T3

Address X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure8-68 Contention between General Register Writeand Input Capture

Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

a
(N+1)
(f: counter frequency. @. system clock frequency. N: value set in general register.)
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Contention between Buffer Register Write and Input Capture: If abuffer register is used for
input capture buffering and an input capture signal occursin the T, state of awrite cycle, input
capture takes priority and the write to the buffer register is not performed. See figure 8-69.

Buffer register write cycle

Ty T, T3

Address X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

BR M >< \N

TCNT value

Figure8-69 Contention between Buffer Register Write and I nput Capture
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Note on Synchronous Preset: When channels are synchronized, if a TCNT value is modified by
byte write access, all 16 bits of all synchronized counters assume the same value as the counter

that was addressed.
(Example) When channels 2 and 3 are synchronized
» Byte write to channel 2 or byte write to channel 3

Write A to upper byte
| of channel 2

- -

TeNT2 | w | X

TenTs |y |z |

Upper byte Lower byte
Pper byt vt Write A to lower byte

of channel 3
e

* Word write to channel 2 or word write to channel 3

TenT2 | ow | x|

_— -

TeNts [ v [z | Wite ABwordto
channel 2 or 3

Upper byte Lower byte

TCNT2

TCNTS3

TCNT2

TCNT3

TCNT2

TCNT3

LA | x|

LA ] x|

Upper byte Lower byte

L v | A |

L v | A |

Upper byte Lower byte

LA | &8 |

LA | 8 |

Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM M ode and Complementary PWM Mode: When
setting bits CMD1 and CMDO in TFCR, take the following precautions:

*  Writeto bitsCMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

» Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-synchronized

PWM mode or complementary PWM mode.

HITACHI
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I TU Operating Modes

Table8-11 (a) 1TU Operating Modes (Channel 0)

Register Settings

TSNC TMDR TFCR TOCR TOER TIORO TCRO
Reset-
Comple- Synchro- Output
Synchro- mentary nized Buffer- Level  Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable I0A 10B Select Select
Synchronous preset SYNCO=1 — — O — — — — — — O O O O
PWM mode O — —  PWMO=1 — — — — — — — O* O O
Output compare A O — — PWMO=0 — — — — — — 10A2=0 (O O O
Other bits
unrestricted
Output compare B O — — O — — — — — — O iIoB2=0 (O O
Other bits
unrestricted
Input capture A O — — PWMO=0 — — — — — — 10A2=1 (O O O
Other bits
unrestricted
Input capture B O — — PWMO=0 — — — — — — O ioB2=1 (O O
Other bits
unrestricted
Counter By compare () — — O — — — — — — O O CCLR1=0 ()
clearing match/input CCLRO=1
capture A
By compare — i ©) — — — — — — O O CCLR1=1 ()
match/input CCLRO=0
capture B
Syn- SYNCO=1 — N O) — — — — — — O O CCLR1=1 ()
chronous CCLRO=1
clear

Legend: () Setting available (valid). — Setting does not affect this mode.
Note:  The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
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Table8-11 (b) ITU Operating Modes (Channel 1)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR1 TCR1
Reset-
Comple- Synchro- Output
Synchro- mentary nized Buffer- Level Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable I0A 10B Select Select
Synchronous preset  SYNC1=1 — — O — — — — — — O O O O
PWM mode O — —  PWMl=1 — — — — — — — On O O
Output compare A O - —  PWM1=0 — — — — — — 1oA2=0 (O O O
Other bits
unrestricted
Output compare B O — — O — — — — — — O ioB2=0 O O
Other bits
unrestricted
Input capture A O — — PWM1=0 — — — Oz — — oA2=1 (O O O
Other bits
unrestricted
Input capture B Q — — PWM1=0 — — — — — — O 10B2 =1 O O
Other bits
unrestricted
Counter By compare (O — - O — — — — — — O O CCLR1=0 ()
clearing match/input CCLRO=1
capture A
By compare () — — O — — — — — — O O CCLR1=1 (O
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — O — — — — — — O O CCLR1=1 ()
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.
Notes: 1. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.

2. Valid only when channels 3 and 4 are operating in complementary PWM mode or reset-synchronized PWM mode.
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Table8-11 (c) ITU Operating Modes (Channd 2)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR2 TCR2
Reset-
Comple- Synchro- Output
Synchro- mentary nized Buffer- Level Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable I10A 10B Select Select
Synchronous preset sync2=1 O — O — — — — — — O O O O
PWM mode O O — PWM2=1 — — — — — — — O* O O
Output compare A O O —  PWM2=0 — — — — — — 10A2=0 () O O
Other bits
unrestricted
Output compare B O O — O — - = — = = O ioB2=0 (O O
Other bits
unrestricted
Input capture A O O — PWM2=0 — — — — — — I0A2 =1 O O
Other bits
unrestricted
Input capture B O O — PWM2=0 — — — — — — O ioB2=1 () O
Other bits
unrestricted
Counter By compare () O — O — — — — — — O O CCLR1=0 ()
clearing match/input CCLRO=1
capture A
By compare () O — 0O — — — — — — O O CCLR1=1 ()
match/input CCLRO=0
capture B
Syn- sYnC2=1 O — O — — — — — — O O CCLR1=1 O
chronous CCLRO=1
clear
Phase counting O MbE=1 (O O — — — — — — O O O —

mode

Legend: O Setting available (valid). — Setting does not affect this mode.
Note:  The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
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Table8-11 (d) ITU Operating Modes (Channel 3)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR3 TCR3
Comple- Reset- Output
Synchro- mentary Synchro- Level Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM nized PWM Buffering XTGD Select Enable I0A 0B Select Select
Synchronous preset ~ SYNC3=1 — — O O3 O O — — O O O O @)
PWM mode O — — PWM3=1 CMD1=0 cCMD1=0 O — — O — Or2 O O
Output compare A — — PWM3=0 CMD1=0 CMD1=0 — — I0A2 =0
O O O Other bits O ©
unrestricted
Output compare B O — - 0 CMD1=0 CMD1=0 () - - O O 10B2=0 (O O
Other bits
unrestricted
Input capture A O — — PWM3=0 CMD1=0 CMD1=0 (O — — EA3ignored 10A2=1 (O O O
Other bits ~ Other bits
unrestricted unrestricted
Input capture B O — — PWM3=0 CMD1=0 CMD1=0 (O — — EB3 ignored () I0B2=1 O
Other bits Other bits
unrestricted unrestricted
Counter By compare () - — O lllegal setting: ()*4 O - - ot O O CCLR1=0 O
clearing match/input CMD1=1 CCLRO=1
capture A CMDO =0
By compare — - 0O CMD1=0 CMD1=0 (O — — O*l O O CCLR1=1
match/input CCLRO=0
capture B
Syn- SYNC3=1 — - 0O llegal setting: O O — — Ot O O CCLR1=1 O
chronous CMD1=1 CCLRO=1
clear CMD0=0
Complementary o — - = CMD1=1 CMD1=1 O o O O — — CCLR1=0 (O
PWM mode CMD0 =0 CMD0 =0 CCLRO=0
Reset-synchronized O — - - CMD1=1 CMD1=1 (O o O O — — CCLR1=0 O
PWM mode CMD0 =1 CMD0 =1 CCLRO=1
Buffering O — — O O O BFA3=1 — — Ot O O O O
(BRA) Other bits
unrestricted
Buffering O — - O O O BFB3=1 — — Ot O O O O
(BRB) Other bits
unrestricted

Legend: O Setting available (valid). — Setting does not afect this mode.

Notes: 1.

Master enable bit settings are valid only during waveform output.

2. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.

IS ENN

. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected.
The counter cannot be cleared by input capture A when reset-synchronized PWM mode is selected.
. In complementary PWM mode, select the same clock source for channels 3 and 4.
Use the input capture A function in channel 1.
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Table8-11 (¢) ITU Operating Modes (Channel 4)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR4 TCR4
Comple- Reset- Output
Synchro- mentary Synchro- Level Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM nized PWM Buffering XTGD Select Enable 10A 10B Select Select
Synchronous preset SYNC4=1 — — O O3 O O — — O O O O O
PWM mode O — — PWM4=1 cMD1=0 cmDp1=0 O — — O — O O O
Output compare A O — — PWM4=0 CMD1=0 CMD1=0 O — — O I0A2=0 O O O
Other bits
unrestricted
Output compare B O — — O CMD1=0 CMD1=0 () — — O O 10B2=0 (O O
Other bits
unrestricted
Input capture A O — — PWM4=0 CMD1=0 CMD1=0 O — — EAdignored 10A2=1 () O O

Other bits ~ Other bits
unrestricted unrestricted

Input capture B O — — PWM4=0 CMD1=0 CMD1=0 (O — — EB4 ignored (O 1oB2=1 (O O
Other bits Other bits
unrestricted unrestricted
Counter By compare () — — O llegal setting: ()4 O — — On O O CCLR1=0 O
clearing match/input CMD1=1 CCLRO=1
capture A CMDO0 =0
By compare () — - O lllegal setting: ()4 O — — Ot O O CCLR1=1 (O
match/input CMD1=1 CCLRO=0
capture B CMDO =0
Syn- SYNC4=1 — - O llegal setting: (O)*4 O — — Ot O O cclri=1 O
chronous CMD1=1 CCLRO=1
clear CMD0 =0
Complementary Ors — - — cMpi=1 cMp1=1 Q) O O O — — CCLR1=0 (O*s
PWM mode CMDO0 =0 CMDO0 =0 CCLRO=0
Reset-synchronized O — - - CMD1=1 CMD1=1 () O O O — — e Ors
PWM mode CMDO =1 CMDO =1
Buffering O — - O O O BFA4=1 — — Ot O O O O
(BRA) Other bits
unrestricted
Buffering O - ) O O BFB4=1 — - Ok O O O O
(BRB) Other bits
unrestricted

Legend: O Setting available (valid). — Setting does not affect this mode.
Notes: 1. Master enable bit settings are valid only during waveform output.

2. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected.
When reset-synchronized PWM mode is selected, TCNT4 operates independently and the counter clearing function is available. Waveform output is not affected.
. In complementary PWM mode, select the same clock source for channels 3 and 4.
. TCRA4 settings are valid in reset-synchronized PWM mode, but TCNT4 operates independently, without affecting waveform output.
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Section 9 Programmable Timing Pattern Controller

9.1 Overview

The H8/3039 Series has a built-in programmable timing pattern controller (TPC) * that provides
pulse outputs by using the 16-bit integrated timer-pulse unit (ITU) as atime base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

9.1.1 Features

TPC features are listed below.

15-bit output data
Maximum 15-bit data can be output. TPC output can be enabled on a bit-by-bit basis.
Four output groups and one 3-bit output.

Output trigger signals can be selected in 4-bit groups to provide up to three different 4-bit
outputs and one 3-bit output.

Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.

Non-overlap mode
A non-overlap margin can be provided between pulse outputs.

Note: Notethat since thisLSI does not have aTP,, pin, it is a 15-bit programmable timing

pattern controller (TPC).
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9.1.2 Block Diagram

Figure 9-1 shows a block diagram of the TPC.

ITU compare match signals

i i l i PADDR PBDDR

Control logic NDERA NDERB
TPMR TPCR

TPy5 ~— Internal
(TPg)*=— Pulse output | ——— — — data bus
TP13 --— pins, group 3 | >———| —— —
TP12 |

TPy ~—{ PBDR | [ NDRB ----
TPy =+—1 Pulseoutput | —— ] — ] —
TP g --— pins, group 2 | >——— — —
TP g
TP 7 =+
TP ¢ = Pulseoutput | —— — —
TP 5 ~—{ pins, group 1 [——— — —
L PADR | [ NDRA -
TP 3 -
TP , <— Pulse output | ——— — —
TP, =~ pins,group 0 |>—— — —
TP 0 e

Note: * Since this LSI does not have this pin, this signal cannot be output to the outside.

Legend

TPMR: TPC output mode register
TPCR: TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register
NDRB: Next data register B

NDRA: Next data register A

PBDR: Port B data register

PADR: Port A data register

Figure9-1 TPC Block Diagram

286
HITACHI




9.1.3 TPC Pins

Table 9-1 summarizes the TPC output pins.

Table9-1 TPC Pins

Name Symbol 1/0 Function

TPC output 0 TP, Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP, Output

TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output

TPC output 6 TP, Output

TPC output 7 TP, Output

TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output

TPC output 10 TP, Output

TPC output 11 TP, Output

TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output

(TPC output 14)* (TP)* (Output)*

TPC output 15 TP, Output

Note: * Since this LSI does not have this pin, this signal cannot be output to the outside.

HITACHI
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9.1.4 Registers
Table 9-2 summarizes the TPC registers.

Table9-2 TPC Registers

Address** Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR w H'00
H'FFD3 Port A data register PADR R/(W)*? H'00
H'FFD4 Port B data direction register PBDDR w H'00
H'FFD6 Port B data register PBDR R/(W)*2 H'00
H'FFAO TPC output mode register TPMR R/W H'FO
H'FFA1 TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFA5/ Next data register A NDRA R/W H'00
H'FFA7*3

H'FFA4/ Next data register B NDRB R/W H'00
H'FFA6*®

Notes: 1. Lower 16 bits of the address.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFA5 when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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9.2 Register Descriptions

9.2.1 Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that selects input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘PA3DDR ‘ PA,DDR ‘ PAlDDR‘PAoDDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port A data direction 7 to O
These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 7.10, Port A.

9.2.2 Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PA5 ‘ PA 4 ‘ PA ;5 ‘ PA 5 ‘ PA, ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* RIW)* RIW)* RIW)* RIW)* RIW)* RIW)* RI(W)*

Port Adata7to 0
These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 7.10, Port A.
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9.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘PB3DDR‘PBZDDR‘PBlDDR‘PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w W w W w w w

Port B data direction 7,5to 0
These bits select input or
Reserved bit output for port B pins

Port B is multiplexed with pins TP,5, TP,5 to TP;. Bits corresponding to pins used for TPC output
must be set to 1. For further information about PBDDR, see section 7.11, Port B.

9.2.4 Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~; ‘ — ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB; ‘ PBgo ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)Y  RIAWY RIAW} RIAW} RIWF  RIWY  RIWY  RIW)

Port B data7,5to O
These bits store output data
Reserved bit for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 7.11, Port B.
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9.2.5 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1and 0 (pins TP, to TP,). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bits in PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output Groups0 and 1: If TPC output groups 0 and 1 are triggered by
the same compare match event, the NDRA address is H'FFAS5. The upper 4 bits belong to group 1
and the lower 4 bitsto group 0. Address H'FFA7 consists entirely of reserved bits that cannot be
modified and always read 1.

Address H'FFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to 0
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group O
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups0 and 1: If TPC output groups 0 and 1 are triggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is H'FFA5
and the address of the lower 4 bits (group 0) is H'FFA7. Bits 3 to 0 of address H'FFAS5 and bits 7
to 4 of address H'FFA7 are reserved bits that cannot be modified and alwaysread 1.

Address H'FFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1

Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1

Address H'FFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data3to O

These bits store the next output
data for TPC output group 0
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9.2.6 Next Data Register B (NDRB)

NDRB is an 8-hit readabl e/writable register that stores the next output data for TPC output groups
3 and 2 (pins TP, to TR,)*. During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRB contents are transferred to the corresponding bitsin PBDR. The address of
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or
different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Note: Since this LSl does not have a TP, pin, the TP,, signal cannot be output to the outside.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is H'FFA4. The upper 4 bits belong to group 3
and the lower 4 bitsto group 2. Address H'FFAG6 consists entirely of reserved bits that cannot be
modified and awaysread 1.

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14 ‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3)* isH'FFA4
and the address of the lower 4 bits (group 2) is H'FFAG. Bits 3 to 0 of address H'FFA4 and bits 7
to 4 of address H'FFAG are reserved bits that cannot be modified and alwaysread 1.

Note: * SincethisLSl doesnot haveaTP,, pin, the TP,, signal cannot be output off-chip.

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15 to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address H'FFAG6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11to 8
These bits store the next output
data for TPC output group 2
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9.2.7 Next Data Enable Register A (NDERA)

NDERA isan 8-hit readable/writable register that enables or disables TPC output groups 1 and 0
(TP, to TR,) on ahit-by-hit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDERS5 ‘ NDER4‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7 to O

These bits enable or disable

TPC output groups 1 and 0
If abitisenabled for TPC output by NDERA, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit valueis
not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These hits enable or disable TPC
output groups 1 and O (TP, to TR,) on ahit-by-hit basis.

Bits 7to 0

NDER7 to NDERO Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR, to NDRO are not transferred to PA, to PA,)

1 TPC outputs TP, to TP, are enabled

(NDR, to NDR, are transferred to PA, to PA,)
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9.2.8 Next Data Enable Register B (NDERB)

NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TPys to TPy)* on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘NDERlS‘NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15to 8

These bits enable or disable

TPC output groups 3 and 2
If abit isenabled for TPC output by NDERB, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to the
corresponding PBDR hit, updating the output value. If TPC output is disabled, the bit value is not
transferred from NDRB to PBDR and the output value does not change.

NDERB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP, to TPy)* on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB, to PB,)

1 TPC outputs TP, to TP, are enabled

(NDR15 to NDRS are transferred to PB, to PB,)

Note: * SincethisLSl doesnot haveaTP,, pin, the TP,, signal cannot be output to the outside.
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9.2.9 TPC Output Control Register (TPCR)

TPCR is an 8-hit readable/writable register that selects output trigger signals for TPC outputs on a

group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘G3CM81‘G3CMSO‘ GZCMSl‘ GZCMSO‘GlCMSl‘GlCMSO‘ GOCMSl‘GOCMSO‘

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Group 3 compare
match select 1 and 0
These bits select
the compare match
event that triggers
TPC output group
(TP5 to TP,) O

Group 2 compare

These bits select
the compare match
event that triggers

TPC output group 2 Match select 1 and 0

(TP]_J_ to Tpg)

3 match select 1 and O

Group 1 compare

These bits select
the compare match G 0
event that triggers >roup b compare

TPC output group 1 Match select 1 and 0
(TP; to TP,) These bits select

the compare match
event that triggers
TPC output group 0
(TP; to TPy)

Note: * Since this LS| does not have a TP14 pin, the TP14 signal cannot be output to the outside.

TPCR isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in

software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TP; to TP,,)*.

Bit 7 Bit6
G3CMS1 G3CMSO0 Description
0 0 TPC output group 3 (TP, to TP,,)* is triggered by compare match
in ITU channel 0
1 TPC output group 3 (TP, to TP,,)* is triggered by compare match
in ITU channel 1
1 0 TPC output group 3 (TP, to TP,,)* is triggered by compare match
in ITU channel 2
1 TPC output group 3 (TP, to TP,,)* is triggered  (Initial value)

by compare match in ITU channel 3

Note: * Since this LSI does not have a TP,, pin, the TP,, signal cannot be output off-chip.

Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TP,; to TPy).

Bit 5 Bit4
G2CMS1 G2CMSO0 Description
0 0 TPC output group 2 (TP, to TPy) is triggered by compare match
in ITU channel 0
1 TPC output group 2 (TP, to TPy) is triggered by compare match
in ITU channel 1
1 0 TPC output group 2 (TP, to TPy) is triggered by compare match
in ITU channel 2
1 TPC output group 2 (TP, to TPy) is triggered  (Initial value)
by compare match in ITU channel 3
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1ICM S0): These bits
select the compare match event that triggers TPC output group 1 (TP, to TR,).

Bit 3 Bit2
G1CMS1 G1CMSO0 Description
0 0 TPC output group 1 (TP, to TP,) is triggered by compare match in
ITU channel O
1 TPC output group 1 (TP, to TP,) is triggered by compare match in
ITU channel 1
1 0 TPC output group 1 (TP, to TP,) is triggered by compare match in
ITU channel 2
1 TPC output group 1 (TP, to TP,) is triggered  (Initial value)

by compare match in ITU channel 3

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group 0 (TP; to TR,).

Bitl Bit0
GOCMS1 GOCMSO0 Description
0 0 TPC output group 0 (TP, to TP,) is triggered by compare match in
ITU channel O
1 TPC output group 0 (TP, to TP,) is triggered by compare match in
ITU channel 1
1 0 TPC output group 0 (TP, to TP,) is triggered by compare match in
ITU channel 2
1 TPC output group 0 (TP, to TP,) is triggered  (Initial value)

by compare match in ITU channel 3
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9.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOoV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TPy,) O

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP, to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP)

Note: * Since this LSI does not have a TP4 pin, the TP14 signal cannot be output to the outside.

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) inthe ITU channel selected for output triggering. The non-overlap margin is set in general
register A (GRA). The output values change at compare match A and B. For details see section
9.3.4, Non-Overlapping TPC Output.

TPMR isinitialized to H'FO by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for

group 3 (TP;5 to TP,)*.

Bit 3

G3NOV Description

0 Normal TPC output in group 3 (output values change at compare (Initial value)

match A in the selected ITU channel)

Non-overlapping TPC output in group 3 (independent 1 and O
output at compare match A and B in the selected ITU channel)

Note: * SincethisLSl doesnot haveaTP,, pin, the TP,, signal cannot be output off-chip.

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for

group 2 (TP;; to TRy).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at compare  (Initial value)

match A in the selected ITU channel)

Non-overlapping TPC output in group 2 (independent 1 and 0
output at compare match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for

group 1 (TP, to TR,).

Bit 1

G1NOV Description

0 Normal TPC output in group 1 (output values change at compare  (Initial value)

match A in the selected ITU channel)

Non-overlapping TPC output in group 1 (independent 1 and O
output at compare match A and B in the selected ITU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for

group O (TP;to TR).

Bit 0

GONOV Description

0 Normal TPC output in group 0 (output values change at compare  (Initial value)
match A in the selected ITU channel)

1 Non-overlapping TPC output in group 0 (independent 1 and 0

output at compare match A and B in the selected ITU channel)
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9.3 Operation

9.3.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
isenabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 9-2 illustrates the TPC output operation. Table 9-3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

C
Internal
Q DR D= Q NDR DHdatabus
TPC output pin
Figure9-2 TPC Output Operation

Table9-3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port
1 0 Generic input port (but the DR bit is a read-only bit, and when compare

match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patternsis possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see section
9.3.4, Non-Overlapping TPC Outpuit.

302
HITACHI



9.3.2 Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 9-3 shows the timing of these operations
for the case of normal output in groups 0 and 1, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRA n
PADR m >< Ny
TPyto TP, m >< n

Figure9-3 Timing of Transfer of Next Data Register Contents and Output (Example)
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9.3.3 Normal TPC Output

Sample Setup Procedurefor Normal TPC Output: Figure 9-4 shows a sample procedure for
setting up normal TPC output.

Normal TPC output

Select GR functions 1 1. Set TIOR to make GRA an output compare
[ register (with output inhibited).
Set GRA value 2 2. Setthe TPC output trigger period.
ITU setup ‘ 3. Select the counter clock source with bits
: - TPSC2 to TPSCO in TCR. Select the counter
Select counting operation s clear source with bits CCLR1 and CCLRO.
4. Enable the IMFA interrupt in TIER.
Select interrupt request 4 5. Set the initial output values in the DR bits
‘ of the input/output port pins to be used for
TPC output.
Set initial output data 5 6. Setthe DDR bits of the input/output port
‘ pins to be used for TPC output to 1.
Select port output 6 7. Setthe NDER bits of the pins to be used for
[ TPC output to 1.
Port and Enable TPC output 7 8. Select the ITU compare match event to be
TPC setup ‘ used as the TPC output trigger in TPCR.
- 9. Set the next TPC output values in the NDR bits.
Select TPC output trigger 8 10. Setthe STR bitto 1in TSTR to start the
‘ timer counter.
Set next TPC output data 9 11. Ateach IMFA interrupt, set the next output
| values in the NDR bits.
ITU setup Start counter 10
|
No
Compare match?
Yes
Set next TPC output data 11
|
Figure9-4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 9-5 shows an
example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

GRA

TP,

TPg

TPy

TP,

TP;

The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare
register and the counter will be cleared by compare match A. The trigger period is set in GRA.

The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

H'F8 is written in PADDR and NDERA, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Output data H'80 is written in NDRA.

The timer counter in this ITU channel is started. When compare match A occurs, the NDRA contents
are transferred to PADR and output. The compare match/input capture A (IMFA) interrupt service routine
writes the next output data (H'C0) in NDRA.

Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts.

Figure9-5 Normal TPC Output Example (Five-Phase Pulse Output)
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9.3.4 Non-Overlapping TPC Output

Sample Setup Procedurefor Non-Overlapping TPC Output: Figure 9-6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. Set TIOR to make GRA and GRB output
[ compare registers (with output inhibited).
| Set GR values | 2 2. Set the TPC output trigger period in GRB
ITU setup ‘ and the non-overlap margin in GRA. _
| Select counting operation | 3. Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
| Select interrupt requests | 4 4. Enable the IMFA interrupt in TIER.
‘ 5. Set the initial output values in the DR bits
of the input/output port pins to be used for
| 5 TPC output.
\ 6. Setthe DDR bits of the input/output port pins
| Set up TPC output | 6 to be used for TPC output to 1.
[ 7. Setthe NDER bits of the pins to be used for

| Enable TPC transfer | 7 TPC output to 1.
Port and ‘ 8. In TPCR, select the ITU compare match

TPC setup |

| Set initial output data

event to be used as the TPC output trigger.
In TPMR, select the groups that will operate
‘ in non-overlap mode.
| Select non-overlapping groups | 9 10. Set the next TPC output values in the NDR
\ bits.
11. Set the STR bitto 1 in TSTR to start the timer
counter.
12. At each IMFA interrupt, write the next output
value in the NDR bits.

Select TPC transfer trigger | 8 9

Set next TPC output data 10

ITU setup Start counter 11

No

Compare match A?

Yes

Set next TPC output data 12

Figure9-6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 9-7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse outpuit.

TCNT value
GRB - ’_i_’C’N;I_ ”””””””””””””””””””””””””””””””””
\
GRA [T AT T oA T oA Ty oA T
H'0000 f 1 1 1 Time

¢
o
.
.

\
NDRA 95 X 65

! ~— Non-overlap margin

R N SR S N S I
L]
R -
NS B,
-

TP,

I

L

The ITU channel to be used as the output trigger channel is set up so that GRA and GRB are output
compare registers and the counter will be cleared by compare match B. The TPC output trigger

period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TIER to enable
IMFA interrupts.

H'FF is written in PADDR and NDERA, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits GANOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is
written in NDRA.

The timer counter in this ITU channel is started. When compare match B occurs, outputs change from
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRA.
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts.

TP, | |

Figure9-7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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9.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by 1TU input capture as well as by compare match. If GRA functions
asan input capture register in the ITU channel selected in TPCR, TPC output will be triggered by
the input capture signal. Figure 9-8 shows the timing.

TIOC pin \

Input capture

signal

NDR N

DR M >< e N
Figure9-8 TPC Output Triggering by Input Capture (Example)
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9.4 Usage Notes

9.4.1 Operation of TPC Output Pins

TP, to TP;s* are multiplexed with ITU pin functions. When ITU output is enabled, the
corresponding pins cannot be used for TPC output. The data transfer from NDR bitsto DR bits
takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

Note: * Since this LS| does not have a TP, pin, the TP,, signal cannot be output to the outside.

9.4.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bits are alwaystransferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their valueis 0. Bits are not transferred
if their valueis 1.

Figure 9-9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR D ‘ Q NDR D~——

TPC output pin

Figure 9-9 Non-Overlapping TPC Output

309
HITACHI




Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be atered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 9-10 shows the timing relationships.

Compare
match A
Compare
match B 1 :
i : NDR write ; : NDR write
NDR >< ><
oR X X
0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
P41 in this interval BT i this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval
Figure 9-10 Non-Overlapping Operation and NDR Write Timing
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Section 10 Watchdog Timer

10.1 Overview

The H8/3039 Series has an on-chip watchdog timer (WDT). The WDT has two selectable
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an
interval timer. As awatchdog timer, it generates areset signal for the H8/3039 Series chip if a
system crash allows the timer counter (TCNT) to overflow before being rewritten. In interval
timer operation, an interval timer interrupt is requested at each TCNT overflow.

10.1.1 Features
WDT features are listed below.

e Selection of eight counter clock sources

e @2, 032, @64, @128, 21256, /512, @/2048, or &/4096

e Interval timer option

» Timer counter overflow generates areset signal or interrupt.

e Thereset signa is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

» Watchdog timer reset signal resets the entire H8/3039 Series chip internally, and can aso be
output externally.*

The reset signal generated by timer counter overflow during watchdog timer operation resets the
entire H8/3039 Seriesinternally. An external reset signal can be output from the RESO pin to reset
other system devices simultaneously.

Note: * The RESO pin of the masked ROM version is the dedicated FWE input pin of the F-ZTAT
version. Therefore, the F-ZTAT version cannot output the reset signal to the outside.
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10.1.2 Block Diagram

Figure 10-1 shows a block diagram of the WDT.

Overflow
TCNT Internal
™ Read/ | data bus

Interrupt signal <-—— Interrupt write >

(interval timer) | control Ev— control
I
Internal clock sources

le——— @/2

RSTCSR

| /32

e /64

Reset Reset control Clock
(internal, external) Clock 2/128
selector f«———— @/256
le— @/512
Legend
TCNT: Timer counter e /2048

TCSR:  Timer control/status register
RSTCSR: Reset control/status register

|« 3/4096

Figure10-1 WDT Block Diagram

10.1.3 Pin Configuration
Table 10-1 describesthe WDT output pin.* *

Table10-1 WDT Pin

Name Abbreviation 110 Function

Reset output RESO Output* > External output of the watchdog timer reset signal

Notes: 1. Shows the masked ROM version pin. The F-ZTAT does not have any pins used by the
WDT. For F-ZTAT version, see section 15.9 Notes on Flash Memory
Programming/Erasing.

2. Open-drain output. Externally pull-up to Vcc whether or not the reset output is used
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10.1.4 Register Configuration
Table 10-2 summarizes the WDT registers.

Table10-2 WDT Registers

Address**
Write*? Read Name Abbreviation R/W Initial Value
H'FFA8 H'FFA8  Timer control/status register TCSR R/(W)*? H'18
H'FFA9  Timer counter TCNT R/W H'00
H'FFAA H'FFAB Reset control/status register RSTCSR R/(W)*? H'3F
Notes: 1. Lower 16 bits of the address.
2. Write word data starting at this address.
3. Only 0 can be written in bit 7 to clear the flag.
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10.2 Register Descriptions

10.2.1 Timer Counter (TCNT)

TCNT isan 8-hit readable and writable* up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Whenthe TME bitisset to 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bit isset to 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit iscleared to O.

Note: * TCNT iswrite-protected by a password. For details see section 10.2.4, Notes on Register
Access.
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10.2.2 Timer Control/Status Register (TCSR)

TCSR is an 8-bit readable and writable** register. Its functions include selecting the timer mode
and clock source.

Bit 7 6 5 4 3 2 1 0

‘ OVF ‘ WT/ﬁ‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write  R/(W)2  R/W RIW — — RIW RIW RIW

Clock select
These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Bits 7to 5 areinitialized to 0 by areset and in standby mode. Bits 2 to O areinitialized to O by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.

Notes: 1. TCSR iswrite-protected by apassword. For details see section 10.2.4, Notes on
Register Access.

2. Only 0 can be written to clear the flag.
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing O in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog timer, the WDT generates a reset signal when
TCNT overflows.

Bit6

WT/IT Description

0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selectswhether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits 4 and 3—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bits2to 0—Clock Select 2 to 0 (CK S2/1/0): These bits select one of eight internal clock sources,
obtained by prescaling the system clock (@), for input to TCNT.

Bit 2 Bit 1 Bit 0
CKS2 CKs1 CKSO0 Description
0 0 0 a/2 (Initial value)
1 2/32
1 0 /64
1 2/128
1 0 0 2/256
1 /512
1 0 2/2048
1 2/4096

10.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable** register that indicates when areset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
‘ WRST ‘ RSTOE‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 1 1 1 1 1 1

Read/Write ~ R/(W)2  R/W — — — — — —

Reserved bits

Reset output enable*3
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.

Notes: 1. RSTCSR iswrite-protected by a password. For details see section 10.2.4, Notes on
Register Access.

2. Only 0 can be written in bit 7 to clear the flag.

3. With the masked ROM version, enable and disable can be set. With the F-ZTAT
version, do not set enable.

317
HITACHI



Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated areset signal. This reset signal resets the entire chip
internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin** to
initialize external system devices.

Bit 7

WRST Description

0 [Clearing condition] (Initial value)
(1) Cleared to 0 by reset signal input at RES pin
(2) Cleared by reading WRST when WRST = 1, then writing O in
WERST

1 [Setting condition]

Set when TCNT overflow generates a reset signal during
watchdog timer operation

Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin** of
thereset signal generated if TCNT overflows during watchdog timer operation.

Bit 6

RSTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally*?

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.

Notes: 1. Masked ROM version. Dedicated FWE input pin for F-ZTAT version.
2. Masked ROM version. Do not set to 1 with the F-ZTAT version.
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10.2.4 Noteson Register Access

The watchdog timer’'s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writingto TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte instructions. Figure 10-2 shows the format of datawritten to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). Thistransfers the write data from the lower byteto TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFA8 * | H'5A Write data |

TCSR write 15 8 7 0
Address H'FFA8 * | H'A5 ‘ Write data |

Note: * Lower 16 bits of the address.

Figure10-2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 10-3 shows the format of datawritten to RSTCSR. To
write 0 in the WRST bhit, the write data must have H'A5 in the upper byte and H'00 in the lower
byte. The H'00 in the lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bhit,
the upper byte must contain H'5A and the lower byte must contain the write data. Writing this
word transfers awrite data value into the RSTOE hit.

Writing O in WRST bit 15 8 7 0
Address H'FFAA* | H'A5 ‘ H'00 |

Writing to RSTOE bit 15 8 7 0
Address H'FFAA* | H'5A ‘ Write data |

Note: * Lower 16 bits of the address.

Figure 10-3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: Theseregisters are read like other registers. Byte access
instructions can be used. The read addresses are H'FFA8 for TCSR, H'FFA9 for TCNT, and
H'FFAB for RSTCSR, aslisted in table 10-3.

Table10-3 Read Addressesof TCNT, TCSR, and RSTCSR

Address* Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR

Note: Lower 16 bits of the address.
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10.3 Operation

Operations when the WDT is used as awatchdog timer and as an interval timer are described
below.

10.3.1 Watchdog Timer Operation

Figure 10-4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the H8/3039 Seriesisinternally reset for a duration of 518
states.

The watchdog reset signal can be externally output from the RESO pin* to reset external system
devices. Thereset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE bit in RSTCSR.

A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can
distinguish aRES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

Note: * Masked ROM version.
Sincethe RES pin is a dedicated FWE input pin with the F-ZTAT version, the reset signal
cannot be output to the outside.
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WDT overflow

H'FF
TCNT count
value

H'00

\ T / OVF=1
Start H'00 written Reset H'00 written

int | in TCNT in TCNT
nternal

reset signal

518 states
RESO
132 states

Figure 10-4 Watchdog Timer Operation (Masked ROM Version)

10.3.2 Interval Timer Operation

Figure 10-5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit
WT/IT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. This function can be used to generate interval timer interrupts at regular
intervals.

HFF -------mmmmmmmmmm
TCNT
count value
H'00 7 St
y y y y \j
WT/IT=0 Interval Interval Interval Interval Interval
TME=1 timer timer timer timer timer
interrupt interrupt interrupt interrupt interrupt
Figure10-5 Interval Timer Operation
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10.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 10-6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when
TCNT overflows. At the same time, areset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

° | N

TCNT H'FF >< H'00

Overflow signal

N

OVF

Figure10-6 Timing of Setting of OVF
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10.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 10-7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is
generated for the entire H8/3039 Series chip. Thisinternal reset signal clears OVF to 0, but the
WRST bit remains set to 1. The reset routine must therefore clear the WRST hit.

° | N

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure10-7 Timing of Setting of WRST Bit and Internal Reset
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10.4 Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOV1). The
interval timer interrupt is requested whenever the OVF bitissetto 1in TCSR.

10.5 Usage Notes

Contention between TCNT Write and Increment: If atimer counter clock pulseis generated
during the T3 state of awrite cycleto TCNT, the write takes priority and the timer count is not
incremented. See figure 10-8.

Write cycle: CPU writes to TCNT

TCNT :>< ><

Internal write
signal

TCNT input
clock

TCNT N >< M

Counter write data

Figure 10-8 Contention between TCNT Write and Increment

Changing CKS2 to CK S0 Values: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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Section 11 Serial Communication Interface

11.1 Overview

The H8/3039 Series has a serial communication interface (SCI) with two independent channels.
The two channels are functionally identical. The SCI can communicate in asynchronous or
synchronous maode. It aso has a multiprocessor communication function for serial communication
among two or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details see section 17.6, Module Standby Function.

Channel 0 (SCI0) aso has a smart card interface function conforming to the |ISO/IEC7816-3
(Identification Card) standard. This function supports serial communication with a smart card. For
details, see section 12, Smart Card Interface.

11.1.1 Features
SCI features are listed below.

e Selection of asynchronous or synchronous mode for serial communication
a Asynchronous mode

Serial data communication is synchronized one character at atime. The SCI can communicate
with auniversal asynchronous receiver/transmitter (UART), asynchronous communication
interface adapter (ACIA), or other chip that employs standard asynchronous serial
communication. It can also communicate with two or more other processors using the
multiprocessor communication function. There are twelve selectable serial data
communication formats.

O Datalength: 7 or 8 bits

O Stop hit length: 1 or 2 bits

O Parity bit: even, odd, or none

O Multiprocessor hit: lor0

O Receive error detection: parity, overrun, and framing errors

O Break detection: by reading the RxD level directly when aframing error occurs

b. Synchronous mode
Serial data communication is synchronized with a clock signal. The SCI can communicate with
other chips having a synchronous communication function. Thereis one seria data
communication format.
O Datalength: 8 hits
O Receive error detection: OVerrun errors
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e Full-duplex communication
The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuously.

« Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin.

» Four types of interrupts
Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently.
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11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the SCI.

8 | Internal
& | data bus
Module data bus *qé
:
>
y L
|_RDR | [_TOR | SSR | BRR | —
I
‘ SCR . .
RxD RSR TSR SMR Baud rate |« g/4
] Transmit generator -~ 216
D = receive control /64
Parity generation| 4 } clock L
Parity check External clock
SCK =
> TEI
= TXI
= RXI
= ERI
Legend
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register
Figure11-1 SCI Block Diagram
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11.1.3 Input/Output Pins

The SCI hasthe seria pinsfor each channel aslisted in table 11-1.

Table11-1 SCI Pins

Channel Name Abbreviation I/10 Function

0 Serial clock pin SCK, Input/output  SCI, clock input/output
Receive data pin RxD, Input SCl, receive data input
Transmit data pin ~ TxD, Output SCl, transmit data output

1 Serial clock pin SCK, Input/output  SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin ~ TxD, Output SCI, transmit data output

11.1.4 Register Configuration

The SCI hasthe internal registers aslisted in table 11-2. These registers select asynchronous or
synchronous mode, specify the dataformat and bit rate, and control the transmitter and receiver

sections.

Table11-2 Registers

Channel Address*' Name Abbreviation R/W Initial Value

0 H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*2 H'84
H'FFB5 Receive data register RDR R H'00

1 H'FFB8 Serial mode register SMR R/W H'00
H'FFB9 Bit rate register BRR R/W H'FF
H'FFBA Serial control register SCR R/W H'00
H'FFBB Transmit data register TDR R/W H'FF
H'FFBC Serial status register SSR R/(W)*2 H'84
H'FFBD Receive data register RDR R H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written to clear flags.
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11.2 Register Descriptions

11.2.1 Receive Shift Register (RSR)

RSR is an 8-hit register that receives seria data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — _ — _

The SCI loads seria datainput at the RxD pininto RSR in the order received, LSB (bit 0) first,
thereby converting the datato parallel data. When 1 byte has been received, it is automatically
transferred to RDR. The CPU cannot read or write RSR directly.

11.2.2 Receive Data Register (RDR)

RDR is an 8-hit register that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

When the SCI finishesreceiving 1 byte of serial data, it transfers the received data from RSR into
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to
be received continuously.

RDR isaread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.

331
HITACHI



11.2.3 Transmit Shift Register (TSR)

TSR isan 8-hit register used to transmit serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

The SCI loads transmit datafrom TDR into TSR, then transmits the data serially from the TxD
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from TDR into TSR and starts transmitting it. If the TDRE flagissetto 1in SSR,
however, the SCI does not |oad the TDR contents into TSR. The CPU cannot read or write TSR
directly.

11.2.4 Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can awaysread and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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11.2.5 Serial Mode Register (SMR)

SMR is an 8-hit register that specifies the SCI serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0
‘ C/IA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKS0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock select 1/0
These bits select the
baud rate generator’s
clock source

Multiprocessor mode
Selects the multiprocessor
function

Stop bit length
Selects the stop bit length

Parity mode
Selects even or odd parity

Parity enable
Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can always read and write SMR. SMR isinitialized to H'00 by areset and in standby
mode.
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Bit 7—Communication Mode (C/A): Selects whether the SCI operatesin asynchronous or
synchronous mode.

Bit7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In
synchronous mode the data length is 8 bits regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.
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Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting isvalid in
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity hit.
The O/E setting is ignored in synchronous mode, or when parity adding and checking is disabled
in asynchronous mode.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity*?

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd number
of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting
isused only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP bit
setting isignored.

Bit 3

STOP Description

0 One stop bit** (Initial value)
1 Two stop bits*?

Notes: 1. One stop bit (with value 1) is added at the end of each transmitted character.
2. Two stop bits (with value 1) are added at the end of each transmitted character.

In receiving, only the first stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1 it istreated as a stop bit. If the second stop bit isQ it istreated as the start bit of the
next incoming character.
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Bit 2—M ultiprocessor Mode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 11.3.3,
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These bits select the clock source of the on-chip
baud rate generator. Four clock sources are available: g, @/4, 9/16, and 2/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
11.2.8, Bit Rate Register.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @ clock selected (Initial value)
0 1 @/4 clock selected

1 0 2/16 clock selected

1 1 v/64 clock selected
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11.2.6 Serial Control Register (SCR)

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source.

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock enable 1/0

These bits select the
SCI clock source

Transmit end interrupt enable
Enables or disables transmit-
end interrupts (TEI)

Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

Receive enable
Enables or disables the receiver

Transmit enable
Enables or disables the transmitter

Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can always read and write SCR. SCR isinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDRto TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RX1)
reguested when the RDRF flag is set to 1 in SSR due to transfer of serial receive datafrom RSR to
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6

RIE Description

0 Receive-end (RXI) and receive-error (ERI) interrupt requests are (Initial value)
disabled*

1 Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RX| and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing it to O; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disablesthe start of SCI serial transmitting operations.

Bit 5

TE Description

0 Transmitting disabled** (Initial value)
1 Transmitting enabled*?

Notes: 1. The TDRE bitis fixed at 1 in SSR.
2. Inthe enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0
after writing of transmit data into TDR. Select the transmit format in SMR before setting
the TE bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4

RE Description

0 Receiving disabled** (Initial value)
1 Receiving enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These

flags retain their previous values.

In the enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is valid only in asynchronous mode, and only if the MP bitissetto 1in SMR.
The MPIE setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
The MPIE bit is cleared to O.
MPB = 1 in received data.

1 Multiprocessor interrupts are enabled*

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of the RDRF,
FER, and ORER status flags in SSR are disabled until data with the multiprocessor bit
set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0, and
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR) and setting of the FER and
ORER flags.
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Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to 0; or by clearing
the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKEL1/0): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEO,
the SCK pin can be used for generic input/output, serial clock output, or serial clock input.

The CKEOQ setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). After setting the CKE1 and CKEQ bits, select the SCI
operating mode in SMR. For further details on selection of the SCI clock source, seetable 11-9 in
section 11.3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin available for generic
input/output**
Synchronous mode Internal clock, SCK pin used for serial clock output**
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*?
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode External clock, SCK pin used for clock input*®
Synchronous mode External clock, SCK pin used for serial clock input
1 1 Asynchronous mode External clock, SCK pin used for clock input*®
Synchronous mode External clock, SCK pin used for serial clock input

Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.
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11.2.7 Serial Status Register (SSR)

SSR is an 8-hit register containing multiprocessor bit values, and status flags that indicate the SCI
operating status.

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/I(W)* R/(W)* R/(W)* R/I(W)* R R R/W

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end
Status flag indicating end of
transmission

Parity error
Status flag indicating detection of
a receive parity error

Framing error
Status flag indicating detection of a receive
framing error

Overrun error
Status flag indicating detection of a receive overrun error

Receive data register full
Status flag indicating that data has been received and stored in RDR

Transmit data register empty
Status flag indicating that transmit data has been transferred from TDR into
TSR and new data can be written in TDR

Note: * Only 0 can be written to clear the flag.
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The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The
TEND and MPB flags are read-only hits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial transmit data can be written in TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0.
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

The chip is reset or enters standby mode.

The TE bit in SCRis cleared to 0.

TDR contents are loaded into TSR, so new data can be written in TDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6

RDRF Description

0 RDR does not contain new receive data (Initial value)

[Clearing conditions]
The chip is reset or enters standby mode.
Software reads RDRF while it is set to 1, then writes 0.
The DMAC reads data from RDR.
1 RDR contains new receive data
[Setting condition]
When serial data is received normally and transferred from RSR to
RDR.

Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still
set to 1 when reception of the next data ends, an overrun error occurs and receive data is
lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
overrun error.

Bit 5
ORER  Description

0 Receiving is in progress or has ended normally (Initial value)**
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads ORER while it is set to 1, then writes O.

1 A receive overrun error occurred*?
[Setting condition]
Reception of the next serial data ends when RDRF = 1.

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its
previous value.

2. RDR continues to hold the receive data before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while the ORER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to aframing
error in asynchronous mode.

Bit 4
FER Description

0 Receiving is in progress or has ended normally (Initial value)**
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads FER while it is set to 1, then writes 0.

1 A receive framing error occurred*?
[Setting condition]
The stop bit at the end of receive data is checked and found to be 0.

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous
value.

2. When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not
checked. When a framing error occurs the SCI transfers the receive data into RDR but
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set
to 1. In synchronous mode, serial transmitting is also disabled.
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Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3

PER  Description

0 Receiving is in progress or has ended normally** (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode. Software reads PER while it is
set to 1, then writes 0.

1 A receive parity error occurred*?

[Setting condition]
The number of 1s in receive data, including the parity bit, does not match
the even or odd parity setting of O/E in SMR.

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous

2.

value.

When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDRF flag. Serial receiving cannot continue while the PER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is
aread-only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
1 End of transmission (Initial value)
[Setting conditions]
The chip is reset or enters standby mode. The TE bit is cleared to 0 in
SCR.
TDRE is 1 when the last bit of a serial character is transmitted.
344

HITACHI



Bit 1—Multiprocessor Bit (M PB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is used in asynchronous mode. MPB is aread-only bit and cannot
be written.

Bit 1

MPB  Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode. The
MPBT setting isignored in synchronous mode, when a multiprocessor format is not selected, or
when the SCI is not transmitting.

Bit 0

MPBT  Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

11.2.8 Bit Rate Register (BRR)

BRR is an 8-hit register that, together with the CKS1 and CKS0 bitsin SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CPU can alwaysread and write BRR. BRR isinitialized to H'FF by areset and in standby
mode.

Table 11-3 shows examples of BRR settings in asynchronous mode. Table 11-4 shows examples
of BRR settings in synchronous mode.
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Table11-3 Examplesof Bit Ratesand BRR Settingsin Asynchronous M ode

g (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 O 1 155 0.16
300 0 207 0.16 0 217 021 0 255 O 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 O 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0 0 77 0.16
2400 0 25 0.16 0 26 114 0 31 0 0 38 0.16
4800 0 12 0.16 0 13 —2.48 0 15 0 0 19 -234
9600 0 6 —6.99 0 6 —2.48 0o 7 0 0 -2.34
19200 0o 2 8.51 0o 2 13.78 0 3 0 0 4 -2.34
31250 0 1 0 0o 1 4.86 0 1 22.88 0 2 0
38400 0o 1 -1862 0 1 -14.67 0 1 0 - = =
2 (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 031 2 88 -0.25
150 1 191 0 1 207 0.16 1 255 0 2 64 0.16
300 1 95 0 1 103 0.16 1 127 0 1 129 0.16
600 0 191 O 0 207 0.16 0 255 O 1 64 0.16
1200 0 95 0 0 103 0.16 0 127 O 0 129 0.16
2400 0 47 0 0 51 0.16 0 63 0 0 64 0.16
4800 0 23 0 0 25 0.16 0 31 0 0 32 -1.36
9600 0 11 0 0 12 0.16 0 15 0 0 15 1.73
19200 0 5 0 0 -6.99 0 0 0 1.73
31250 — — — 0 3 0 0 4 -1.70 0 4 0
38400 0 2 0 0 2 8.51 0 0 0 1.73
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Table 11-3 Examples of Bit Rates and BRR Settingsin Asynchronous M ode (cont)

g (MHz)
6.144 7.3728
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 1 77 0.16 2 79 0 2 95 0 2 103 0.16
300 1 155 0.16 1 159 0 1 191 O 1 207 0.16
600 1 77 0.16 1 79 0 1 95 0 1 103 0.16
1200 0 155 0.16 0 159 0 0 191 O 0 207 0.16
2400 o 77 0.16 0 79 0 0 95 0 0 103 0.16
4800 0 38 0.16 0 39 0 0 47 0 0 51 0.16
9600 0 19 -2.34 0 19 0 0 23 0 0 25 0.16
19200 0 -2.34 0 9 0 0 11 0 0 12 0.6
31250 0 0 0 2.40 0 6 5.33 0 0
38400 0 4 -2.34 0 4 0 0 5 0 0 —6.99
2 (MHz)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -026 2 177 -0.25 2 212 003 2 217 0.08
150 2 127 0 2 129 0.16 2 155 0.16 2 159 O
300 1 255 0 2 64 0.16 1 77 0.16 2 79 0
600 1 127 0 1 129 0.16 1 155 0.16 1 159 O
1200 0 255 0 1 64 0.16 1 77 0.16 1 79 0
2400 0 127 0 0 129 0.16 0 155 0.16 0 159 O
4800 0 63 0 0 64 0.16 o 77 016 0 79 O
9600 0 31 0 0 32 -1.36 0 38 016 0 39 0
19200 0 15 0 0 15 1.73 0 19 -2.34 0 19 0
31250 0 9 -170 0 9 0 0 11 0 0 11 240
38400 0o 7 0 0o 7 1.73 0o 9 -234 0 9 0
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Table11-3 Examples of Bit Rates and BRR Settingsin Asynchronous M ode (cont)

g (MHz)

14 14.7456 16 18
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 79 -0.12
150 2 181 0.16 2 191 0 2 207 016 2 233 0.6
300 2 90 0.16 2 95 0 2 103 016 2 116 0.16
600 1 181 0.16 1 191 0 1 207 0.16 1 233 0.16
1200 1 90 0.16 1 95 0 1 103 016 1 116 0.16
2400 0 181 0.16 0 191 0 0 207 016 0 233 0.16
4800 0 90 0.16 0 95 0 0 103 0.16 0 116 0.16
9600 0 45 -093 0 47 0 0 51 016 0 58 -0.69
19200 0 22 -093 0 23 0 0 25 016 0 28 1.02
31250 0 11 0 0 14 -1.70 0 15 0 0o 17 0.00
38400 0 10 3.57 0 11 0 0 12 016 0 14 234
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Table11-4 Examples of Bit Rates and BRR Settingsin Synchronous M ode

g (MHz)

Bit Rate 2 4 8 10 16 18
(bits/s) n N n N n N n N n N n N
110 3 70 — — — — — — — — — —
250 2 124 2 249 3 124 — — 3 249 — —
500 1 249 2 124 2 249 — — 3 124 3 140
1k 1 124 1 249 2 124 — — 2 249 3 69
25k 0 199 1 99 1 199 1 249 2 99 2 112
5k 0 99 0 199 1 99 1 124 1 199 1 224
10k 0 49 0 99 0 199 O 249 1 99 1 112
25k 0 19 0 39 0 79 0 99 0 159 0 179
50 k 0 0 19 0 39 0 49 0 79 0 89
100 k 0 4 0 0 19 0 24 0 39 0 44
250 k 0 0 3 0 0 0 15 0 17
500 k 0 o* 0 0 3 0 4 0 7 0
1M 0 o* 0 1 — — 0 3 0 4
2M 0 0* — — 0 1 — —
25M — — 0 0 - = = =
aM 0 o - —
Note: Settings with an error of 1% or less are recommended.
Legend
Blank: No setting available
— Setting possible, but error occurs
*: Continuous transmission/reception not possible
The BRR setting is calculated as follows:
Asynchronous mode:
N= 2 x10°-1

64 x 2> x B
Synchronous mode:
N = & 10°-1

8 x2""'xB
B: Bit rate (bits/s)
N: BRR setting for baud rate generator (0 < N < 255)
a: System clock frequency (MHz)
n: Baud rate generator clock source (n =0, 1, 2, 3)

(For the clock sources and values of n, see the following table.)
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SMR Settings

n Clock Source CKSs1 CKSO0
0 ] 0 0
1 ol4 0 1
2 2/16 1 0
3 /64 1 1

The bit rate error in asynchronous mode is calculated as follows.
X 6
Error (%) ={ e x10 _1} x100
(N+1) xB x 64 x 2
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Table 11-5 indicates the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 11-6 and 11-7 indicate the maximum bit rates with external clock input.

Table11-5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

Settings
g (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
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Table11-6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
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Table11-7 Maximum Bit Rateswith External Clock I nput (Synchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7

18 3.0000 3000000.0
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11.3 Operation

11.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individualy, and a
synchronous maode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or synchronous mode and the
communication format are selected in SMR, as shown in table 11-8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 11-9.

Asynchronous M ode

« Datalength is selectable: 7 or 8 bits.

 Parity and multiprocessor hits are selectable, and so is the stop bit length (1 or 2 bits). These
selections determine the communication format and character length.

* Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
State.

* Aninterna or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with afrequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency
16 times the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Maode

« The communication format has afixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors.
* Aninterna or externa clock can be selected as the SCI clock source.
O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.
O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table11-8 SMR Settingsand Serial Communication Formats

SMR Settings

SCI Communication Format

Multi- Stop
Bit7 Bit6 Bit2 Bit5 Bit3 Data processor Parity  Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data Absent Absent 1 bit
0 0 0 0 1 mode 2 bits
0 0 0 1 0 Present 1 bit
0 0 0 1 1 2 bits
0 1 0 0 0 7-bit data Absent 1 bit
0 1 0 0 1 2 bits
0 1 0 1 0 Present 1 bit
0 1 0 1 1 2 hits
0 0 1 — 0 Asynchronous 8-bit data Present Absent 1 bit
0 0 1 — 1 mode (multi- 2 bits
0 1 1 — 0 processor 7-bit data 1 bit
0 1 1 — 1 format) 2 bits
1 — — — — Synchronous 8-bit data Absent None

mode

Table11-9 SMR and SCR Settings and SCI Clock Source Selection

SMR  SCR Settings

Bit7 Bit1 Bit 0 SCI Communication Format

C/A CKE1 CKEO Mode Clock Source  SCK Pin Function

0 0 0 Asynchronous mode  Internal SCI does not use the SCK pin

0 0 1 Outputs a clock with frequency
matching the bit rate

0 1 0 External Inputs a clock with frequency

0 1 1 16 times the bit rate

1 0 0 Synchronous mode Internal Outputs the serial clock

1 0 1

1 1 0 External Inputs the serial clock

1 1 1
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11.3.2 Operation in Asynchronous M ode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
astop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full-duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 11-2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of astart bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit rate.
Recelve datais latched at the center of each hit.

Idle (mark) state

1 (LSB) (MSB)

Serialdata| 0 |D0|D1|D2|D3|D4|D5|D6|D7|0/1|l 1
Start Parity| Stop
bit Transmit or receive data bit bit
~aatt - oot =‘< =‘< L
1 bit 7 bits or 8 bits 1bitor 1 bitor

no bit 2 bits

One unit of data (character or frame)

- -

Figure11-2 Data Format in Asynchronous Communication (Example: 8-Bit Data with
Parity and 2 Stop Bits)
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Communication Formats: Table 11-10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settingsin SMR.

Table11-10 Serial Communication Formats (Asynchronous M ode)

SMR Settings

Serial Communication Format and Frame Length

CHR PE MP STOP , 2,3 4 5 6 7 8 9 10 11 12
0 0 0 0 | 8-bit data |STOP

0 0 0 1 | 8-bit data |STOP|STOP

0 1 0 0 | 8-bit data | P |STOP

0 1 0 1 | 8-bit data | P |STOP|STOP
1 0 0 0 | 7-bit data |STOP

1 0 0 1 | 7-bit data |STOP|STOP

1 1 0 0 | 7-bit data | P |STOP

1 1 0 1 | 7-bit data | P |STOP|STOP

0 — 1 0 | 8 bit data |MPB|STOP

0 — 1 1 | 8 bit data |MPB|STOP|STOP
1 — 1 0 | 7-bit data |MPB|STOP

1 — 1 1 | 7-bit data |MPB|STOP|STOP
Legend

S: Start bit

STOP: Stop bit

p: Parity bit

MPB: Multiprocessor bit

HITACHI

357



Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in SMR and bits CKE1 and CKEOQ in SCR. Seetable 11-9.

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phaseisaligned asin figure 11-3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

NN EpEARpERpEEREY

0 |po|p1|D2|D3|Da|D5|D6|D7 01| 1 1

1 frame

l‘ ;l

Figure 11-3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data

SCI Initialization (Asynchronous M ode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bits to 0 before
following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and initializes
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and ORER flags and
RDR, which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 11-4 shows a sample flowchart for initializing the SCI.
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Start of initialization

Clear TE and RE bits
to0in SCR

Set CKE1 and CKEO bits
in SCR (leaving TE and
RE bits cleared to 0)

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and
MPIE bits as necessary

¢

Transmitting or receiving

Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0. If clock output is selected in
asynchronous mode, clock output starts immediately after
the setting is made in SCR.

Select the communication format in SMR.

Write the value corresponding to the bit rate in BRR.

This step is not necessary when an external clock is used.
Wait for at least the interval required to transmit or receive
1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE,
TIE, TEIE, and MPIE bits as necessary. Setting the TE

or RE bit enables the SCI to use the TxD or RxD pin.

Figure11-4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous Mode): Figure 11-5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize

( Start transmitting )

| Read TDRE flag in SSR

Yes

No

Write transmit data
in TDR and clear TDRE
flag to 0 in SSR

All data
transmitted?

Yes

No

Read TEND flag in SSR

Output break
signal?

Yes

Clear DR bit to 0,
set DDR bitto 1

Clear TE bitto 0 in SCR

. SCl initialization: the transmit data output function

of the TxD pin is selected automatically.

. SCI status check and transmit data write: read SSR,

check that the TDRE flag is 1, then write transmit data
in TDR and clear the TDRE flag to O.

. To continue transmitting serial data: after checking

that the TDRE flag is 1, indicating that data can be
written, write data in TDR, then clear the TDRE
flag to O.

. To output a break signal at the end of serial transmission:

set the DDR bit to 1 and clear the DR bit to 0
(DDR and DR are 1/O port registers), then clear the
TE bit to 0 in SCR.

Figure11-5 Sample Flowchart for Transmitting Serial Data

360

HITACHI




In transmitting serial data, the SCI operates as follows.

* The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recoghizes that TDR contains new data, and loads this data from TDR into TSR.

» After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

0 Start bit: One 0 hit is output.
O Transmit data: 7 or 8 bits are output, L SB first.
O Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one

multiprocessor bit is output. Formats in which neither
aparity bit nor a multiprocessor bit is output can also

be selected.
0 Stop hit: One or two 1 bits (stop bits) are output.
O Mark state: Output of 1 continues until the start bit of the

next transmit data.

» The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop hit,
then continues output of 1 in the mark state. If the TEIE bit isset to 1 in SCR, atransmit-end
interrupt (TEI) isrequested at thistime.

Figure 11-6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit  hit Data bit  bit 1
O|D0|D1|:|D7|0/1|1 0|D0|D1|:|D7|0/1|1 Idle (mark)

state

I

TDRE |
§
TEND ? ? ?
¥ !

TXI TXl interrupt handler TXI T
interrupt  writes data in TDR and interrupt TEl interrupt request
request clears TDRE flag to 0 request

\

‘ 1 frame

Figure11-6 Exampleof SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and 1 Stop Bit)
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Receiving Serial Data (Asynchronous Mode): Figure 11-7 shows a sample flowchart for
receiving serial data and indicates the procedure to follow.

Initialize | 1

Read ORER, PER,
and FER flags in SSR

PERLU FERU
ORER =17

(continued on next page)

Read RDRF flag in SSR | 4

No

Yes

from RDR, and clear
RDRF flag to 0 in SSR

Read receive data

Finished
receiving?

Yes

Clear RE bitto 0 in SCR

'

End

1. SClinitialization: the receive data function of

2.

the RxD pin is selected automatically.

3. Receive error handling and break
detection: if a receive error occurs, read the
ORER, PER, and FER flags in SSR to identify
the error. After executing the necessary error
handling, clear the ORER, PER, and FER
flags all to 0. Receiving cannot resume if any
of the ORER, PER, and FER flags remains
set to 1. When a framing error occurs, the
RxD pin can be read to detect the break state.
SClI status check and receive data read: read
SSR, check that RDRF is set to 1, then read
receive data from RDR and clear the RDRF
flag to 0. Notification that the RDRF flag has
changed from 0 to 1 can also be given by the
RXI interrupt.

To continue receiving serial data: check the
RDREF flag, read RDR, and clear the RDRF
flag to O before the stop bit of the current
frame is received.
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3

C Error handling >

No ORER = 17

Yes

Overrun error handling

_—
|

Yes

No

Framing error handling
Clear RE bitto 0 in SCR

No
PER =1?

Yes

Parity error handling

e —
-l

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure11-7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows.

* The SCI monitors the receive dataline. When it detects a start bit, the SCI synchronizes

internally and starts receiving.
* Receivedataisstoredin RSR in order from LSB to MSB.
* The parity bit and stop bit are received.

After receiving data, the SCI makes the following checks:

O Parity check:
O Stop bit check:

0 Status check:

setting of the O/E bit in SMR.

stop hit is checked.

RSR into RDR.

The number of 1sin the receive data must match the even or odd parity
The stop bit value must be 1. If there are two stop bits, only the first

The RDRF flag must be 0 so that receive data can be transferred from

If these checks all pass, the RDRF flag is set to 1 and the received dataiis stored in RDR. If one of
the checks fails (receive error), the SCI operates asindicated in table 11-11.

Note: When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag is
not set to 1. Be sure to clear the error flags.

* Whenthe RDRFflagissetto 1, if the RIE bit isset to 1in SCR, areceive-data-full interrupt
(RXI) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCRis also set
to 1, areceive-error interrupt (ERI) is requested.

Table11-11 Receive Error Conditions

Receive Error

Abbreviation

Condition

Data Transfer

Overrun error

ORER

Receiving of next data ends
while RDRF flag is still set to
1in SSR

Receive data not transferred
from RSR to RDR

Framing error FER Stop bitis 0 Receive data transferred
from RSR to RDR
Parity error PER Parity of receive data differs Receive data transferred

from even/odd parity setting
in SMR

from RSR to RDR
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Figure 11-8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1

0 |DO|D1|:|D7|O/1|1 | 0 |DO|D1|:|D7|O/1| 1 Idle (mark)

state
RDRF
’,’, ’,’,

FER T T
«\‘ ‘ ‘ t

RXI RXI interrupt handler T
request reads data in RDR and
- »| Clears RDRF flag to 0
1 frame

Framing error,
ERI request

Figure 11-8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)

11.3.3 Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serid
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor hit distinguishes | D-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor hit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching 1D continues to receive further
incoming data. Processors with I Ds not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain thisway.

Figure 11-9 shows an example of communication among different processors using a
multiprocessor format.

365
HITACHI




Communication Formats: Four formats are available. Parity-bit settings are ignored when a

multiprocessor format is selected. For details see table 11-11.

Clock: See the description of asynchronous mode.

Transmitting
processor
\ Serial communication line
\ ' ' '
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID =01) (ID =02) (ID =03) (ID =04)
Serial data H'01 H'AA
(MPB =1) (MPB =0)

ID-sending cycle: receiving
processor address

Data-sending cycle:

data sent to receiving
processor specified by 1D
Legend

MPB: Multiprocessor bit

Figure11-9 Example of Communication among Processors using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)
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Transmitting and Receiving Data

Transmitting Multiprocessor Serial Data: Figure 11-10 shows a sample flowchart for
transmitting multiprocessor seria data and indicates the procedure to follow.

| Initialize | 1 1. SCl initialization: the transmit data
[ output function of the TxD pin is
o selected automatically.
( Start transmitting > 2. SCI status check and transmit data

F— . write: read SSR, check that the TDRE

. flag is 1, then write transmit
| Read TDRE flag in SSR | 2 data in TDR. Also set the MPBT flag to
0 or 1in SSR. Finally, clear the TDRE

No flag to 0.
3. To continue transmitting serial data:
after checking that the TDRE flag is 1,

Yes indicating that data can be written,
Write transmit data in }/l\/é:getggta in TDR, then clear the TDRE
TDR and set MPBT bitin SSR 4. To output a break signal at the end of

\ serial transmission: set the DDR bit to
Clear TDRE flag to O 1 and clear the DR bit to 0 (DDR and
DR are /O port registers), then clear
the TE bit to 0 in SCR.

No

All data transmitted?

Yes

—
—

| Read TENDflagin SSR |

Yes

. No
Output break signal? 4

Yes

| Clear DR bit to 0, set DDR bitto 1 |

| Clear TEbitto0OinSCR |

i,—

End

Figure11-10 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

* The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to O the SCI
recognizes that TDR contains new data, and loads this datafrom TDR into TSR.

» After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

O Start bit: One 0 hit is output.

0 Transmit data: 7 or 8 bits are output, L SB first.

O Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

0 Stop hit: One or two 1 bits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

« The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the next
frame. If the TDRE flag is 1, the SCI setsthe TEND flag in SSR to 1, outputs the stop bit, then
continues output of 1 bitsin the mark state. If the TEIE bit is set to 1 in SCR, atransmit-end
interrupt (TEI) isrequested at thistime.

Figure 11-11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
) ) )
Serial 0 | DO | D1 | | D7 | o/ | 1] o | DO | D1 | | D7 | o/ | 1 Idle (mark)
(@ {C
R R

data state

(«

TDRE " | ’
TEND ? ? ? N

b)Y
‘ ‘ 1€ 1€

TXI TXI interrupt handler TXI T
request  writes data in TDR and request TEI request
clears TDRE flag to O

1 frame

Figure11-11 Example of SCI Transmit Operation (8-Bit Data with Multiprocessor Bit and
One Stop Bit)

368
HITACHI




Recelving M ultiprocessor Serial Data: Figure 11-12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.

| Initialize | 1
|
Set MPIE bitto 1 in SCR 2

\
Read ORER and FER flags in SSR

FER UORER =17
No

| Read RDRF flag in SSR | 3

| Read receive data from RDR |

No
Own ID?

Yes

Read ORER and FER flags in SSR

FER OORER =17

No
| Read RDRF flag in SSR

Yes
|

No . .
Finished receiving?
Yes
| Clear RE bit to 0 in SCR |

End

1. SCl initialization: the receive data function
of the RxD pin is selected automatically.

2. ID receive cycle: set the MPIE bitto 1 in SCR.

3. SCl status check and ID check: read SSR,
check that the RDRF flag is set to 1, then read
data from RDR and compare with the
processor’s own ID. If the ID does not match,
set the MPIE bit to 1 again and clear the
RDREF flag to 0. If the ID matches, clear the
RDRF flag to 0.

4. SCI status check and data receiving: read
SSR, check that the RDRF flag is set to 1,
then read data from RDR.

5. Receive error handling and break detection:
if a receive error occurs, read the
ORER and FER flags in SSR to identify the error.
After executing the necessary error handling,
clear the ORER and FER flags both to 0.
Receiving cannot resume while either the ORER
or FER flag remains set to 1. When a framing
error occurs, the RxD pin can be read to detect
the break state.

5

(_ Error handling )

(continued on next page)

Figure11-12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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5

< Error handling >

No

Yes

QOverrun error handling

-

Yes

Break?

Framing error handling

Clear RE bitto 0 in SCR

-

Clear ORER and FER
flags to 0 in SSR

\j
End

Figure11-12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)
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Figure 11-13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop Start Stop
1 bit Data (ID1) MPB it bit Data (datal) MPB  hit 1
I(d I(d
|O|DO|D1||D7|1|1|0|D0|D1||D7|0|1 Idle (mark)
i i state
I(d
T
MPIE
RDRF
I(d I(d
T T
S/ !
RDR value >< ID1
RXI request RXI handler reads Not own ID, so  No RXI request,
(multiprocessor RDR data and clears MPIE bitis set ~ RDR not updated
interrupt), MPIE =0 RDRF flag to 0 to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB  bit bit Data (data2) MPB it 1
4 45
|0|DO|D1| |D7|1|l |0|D0|Dl| |D7|0|1 Idle (mark)
i i state

MPIE |

(«
)

RDRF . .
A

RDR value ID1 >< D2 >< / Data 2
/
RXI request RXl interrupt handler Own ID, so receiving MPIE bit is set
(multiprocessor reads RDR data and continues, with data to 1 again

interrupt), MPIE = 0 clears RDRF flag to O received by RXI
interrupt handler

b. Own ID matches data

Figure 11-13 Example of SCI Receive Operation (8-Bit Data with Multiprocessor Bit and
One Stop Bit)
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11.3.4 Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 11-14 shows the general format in synchronous serial communication.

-<«—— Transfer direction
One unit (character or frame) of serial data

|t -

*
Serial clock

LSB MSB

Serialdata ; X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4

Don't care Don’t care

Note: * High except in continuous transmitting or receiving

Figure11-14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Datais guaranteed valid at the rise of the serial clock.
In each character, the seria data bits are transmitted in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remainsin the state of the MSB. In synchronous mode
the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The datalength isfixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by clearing or setting the CKE1 and CKEO hitsin SCR. See
table 11-9. When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin.
Eight clock pulses are output per transmitted or received character. When the SCI is not
transmitting or receiving, the clock signal remainsin the high state.
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Transmitting and Receiving Data

SCI Initialization (Synchronous Mode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in SCR, then initialize the SCI asfollows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing the TE bit to O setsthe TDRE flag to 1 and
initializes TSR. Clearing the RE hit to 0, however, does not initialize the RDRF, PER, FER, and
ORE flags and RDR, which retain their previous contents.

Figure 11-15 shows a sample flowchart for initializing the SCI.

[

Start of initialization .
. Select the clock source in SCR. Clear the RIE, TIE, TEIE,

MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
Clear TE and RE 3. Write the value corresponding to the bit rate in BRR.
bits to 0 in SCR This step is not necessary when an external clock is used.
‘ 4. Wait for at least the interval required to transmit or receive
one bit, then set the TE or RE bitto 1 in SCR. Also set

Set CKE1 and CKEQO bits in 1 the RIE, TIE, and TEIE bits as necessary.
SCR (leaving TE and RE Setting the TE or RE bit enables the SCI to use the
bits cleared to 0) TxD or RxD pin.
Note: In simultaneous transmitting and receiving, the TE and RE
‘ 2 bits should be cleared to 0 or set to 1 simultaneously.

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TEor REto 1in SCR
Set RIE, TIE, and TEIE 4
bits as necessary

i

Start transmitting or receiving

Figure11-15 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Synchronous M ode): Figure 11-16 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

Initialize

1. SCl initialization: the transmit data output function
| of the TxD pin is selected automatically.
2. SCI status check and transmit data write: read SSR,
" check that the TDRE flag is 1, then write transmit
Start transmitting data in TDR and clear the TDRE flag to O.
- 3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
Read TDRE flag in SSR 2 written, write data in TDR, then clear the TDRE flag
to O.

Yes

Write transmit data in
TDR and clear TDRE flag
to 0in SSR

All data
transmitted?

Yes

Read TEND flag in SSR

Clear TE bitto 0 in SCR

¢

End

Figure11-16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recoghizes that TDR contains new data, and loads this data from TDR into TSR.

After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock source
is selected, the SCI outputs datain synchronization with the input clock. Data is output from
the TxD pinin order from LSB (bit 0) to MSB (bit 7).

The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is O, the SCI
loads data from TDR into TSR and begins serial transmission of the next frame. If the TDRE
flagis 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the M SB, holds the
TxD pininthe MSB state. If the TEIE bit in SCR is set to 1, atransmit-end interrupt (TEI) is
reguested at thistime.

After the end of serial transmission, the SCK pin is held in a constant state.
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Figure 11-17 shows an example of SCI transmit operation.

Transmit
direction

-

Serial clock
Serial data Bit 0 X Bit 1 ><:j Bit 7 X Bit0 X Bit 1 X X Bit 6 X Bit 7
TDRE ] ) .
TXI TXl interrupt handler ~ TXI TEI
request writes data in TDR request request
and clears TDRE
flag to O
1 frame
Figure11-17 Exampleof SCI Transmit Operation
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Receiving Serial Data (Synchronous Mode): Figure 11-18 shows a sample flowchart for
receiving serial data and indicates the procedure to follow. When switching from asynchronous
mode to synchronous mode, make sure that the ORER, PER, and FER flags are cleared to 0. If the
FER or PER flag is set to 1 the RDRF flag will not be set and both transmitting and receiving will
be disabled.

Initialize 1 1. SClinitialization: the receive data function of
the RxD pin is selected automatically.

2., 3. Receive error handling: if a receive error
occurs, read the ORER flag in SSR, then after
executing the necessary error handling, clear
the ORER flag to 0. Neither transmitting nor

Read ORER flag in SSR | 5 receiving can resume while the ORER flag

remains set to 1.
4. SCI status check and receive data read: read
SSR, check that the RDRF flag is set to 1,
3 then read receive data from RDR and clear

the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be
(continued on next page) ~ diven by the RXI interrupt.
5. To continue receiving serial data: check the
Read RDRF flag in SSR | 4 RDRF flag, read RDR, and clear the RDRF
flag to O before the MSB (bit 7) of the current
frame is received.

Start receiving

No

Yes

Read receive data
from RDR, and clear
RDREF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

l

End

Figure11-18 Sample Flowchart for Serial Receiving (1)
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3

< Error handling >

Overrun error handling

Clear ORER flag to 0 in SSR

i

End

Figure11-18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows.

» The SCI synchronizes with serial clock input or output and initializes internally.

* Receivedataisstored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received
datais stored in RDR. If the check does not pass (receive error), the SCI operates as indicated
intable 11-11. If any receive error is detected, the subsequent data transmission/reception is
disabled.

» After setting the RDRF flag to 1, if the RIE bitisset to 1 in SCR, the SCI requests areceive-
data-full interrupt (RXI). If the ORER flagis set to 1 and the RIE bit in SCRisalso setto 1,
the SCI requests a receive-error interrupt (ERI).
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Figure 11-19 shows an example of SCI receive operation.

-—— Receive direction

Serial clock
seraldaa X Bit7 X Bito X X itz X Bito X Bz X X Bite X Bit7

RDRF _”—l i
/ N

ORER « «
RXI RXI interrupt handler RXI
request | reads datain RDR and | request Overrun error,
clears RDRF flag to O ERI request
1 frame

Figure11-19 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode): Figure 11-20
shows a sample flowchart for transmitting and receiving serial data simultaneously and indicates
the procedure to follow.
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1. SCl initialization: the transmit data
| Initialize | 1 output function of the TxD pin and
‘ receive data input function of the

— — RxD pin are selected, enabling
< Start transmitting and receiving > simultaneous transmitting and
| receiving.
il 2. SClI status check and transmit
| Read TDRE flag in SSR | 2 data write: read SSR, check that

the TDRE flag is 1, then write

transmit data in TDR and clear

No the TDRE flag to 0.
Notification that the TDRE flag has
changed from 0 to 1 can also be
given by the TXI interrupt.

3. Receive error handling: if a receive
error occurs, read the ORER flag in
SSR, then after executing the neces-

Yes

Write transmit data in TDR and

clear TDRE flag to 0 in SSR sary error handling, clear the ORER
flag to O.
- Neither transmitting nor receiving

can resume while the ORER flag
remains set to 1.
| 4. SCI status check and receive
data read: read SSR, check that
the RDRF flag is 1, then read
receive data from RDR and clear
3 the RDRF flag to 0. Notification
that the RDRF flag has changed

Error handling from O to 1 can also be given
by the RXI interrupt.

5. To continue transmitting and

Read RDRF flag in SSR | 4 receiving serial data: check the
RDREF flag, read RDR, and clear

the RDRF flag to 0 before the

No MSB (bit 7) of the current frame

is received. Also check that

the TDRE flag is set to 1, indicat-

ing that data can be written, write

data in TDR, then clear the TDRE

flag to 0 before the MSB (bit 7) of

the current frame is transmitted.

Read ORER flag in SSR

Yes

Read receive data from RDR
and clear RDRF flag to 0 in SSR

End of transmitting and
receiving?

Yes

Clear TE and RE bits to 0 in SCR

v

End

Note:  When switching from transmitting or receiving to simultaneous
transmitting and receiving, clear the TE and RE bits both to 0,
then set the TE and RE bits both to 1.

Figure11-20 Sample Flowchart for Serial Transmitting
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11.4 SCI Interrupts

The SCI has four interrupt request sources. TEI (transmit-end interrupt), ERI (receive-error
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 11-12
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled
by the TIE, RIE, and TEIE bitsin SCR. Each interrupt request is sent separately to the interrupt
controller.

The TXI interrupt is requested when the TDRE flagis set to 1 in SSR. The TEl interrupt is
requested when the TEND flag isset to 1 in SSR.

The RXI interrupt is requested when the RDRF flag isset to 1 in SSR. The ERI interrupt is
requested when the ORER, PER, or FER flag isset to 1 in SSR.

Table11-12 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE)

TEI Transmit end (TEND) Low
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11.5 Usage Notes
Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit data from TDR into TSR. The SCI setsthe TDRE flag to 1 when it transfers data from
TDRto TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new dataiswrittenin
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check that the TDRE
flagissetto 1.

Simultaneous Multiple Receive Errors: Table 11-13 indicates the state of SSR status flags when
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are
not transferred to RDR, so receive datais lost.

Table11-13 SSR Status Flags and Transfer of Receive Data

Receive Data

SSR Status Flags Transfer

RDRF ORER FER PER RSR - RDR Receive Errors

1 1 0 0 X Overrun error

0 0 1 0 O Framing error

0 0 0 1 O Parity error

1 1 1 0 X Overrun error + framing error

1 1 0 1 X Overrun error + parity error

0 0 1 1 O Framing error + parity error

1 1 1 1 X Overrun error + framing error + parity error

Notes: O: Receive data is transferred from RSR to RDR.
x : Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the break state the input from the RxD pin consists of
all Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continues to operate, so if the FER flag is cleared to O it will be set to 1 again.

Sending a Break Signal: When the TE bit is cleared to 0 the TxD pin becomes an /O port, the
level and direction (input or output) of which are determined by DR and DDR bits. This feature
can be used to send a break signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state until the TE bit
isset to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR bits
should therefore both be set to 1 beforehand.

To send abreak signal during serial transmission, clear the DR bit to O, then clear the TE bit to O.
When the TE bit is cleared to 0 the transmitter isinitialized, regardless of its current state, so the
TxD pin becomes an input/output port outputting the value 0.

Receive Error Flagsand Transmitter Operation (Synchronous M ode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flagiscleared to 0. Be sure to clear the receive error flags to 0 when starting to transmit. Note that
clearing the RE hit to 0 does not clear the receive error flagsto O.

Recelve Data Sampling Timing in Asynchronous M ode and Receive Margin: In asynchronous
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
dataislatched at the rising edge of the eighth base clock pulse. See figure 11-21.
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16 clocks

8 clocks ‘

0 7 150 7 150
Internal m
base clock H U U

Receive data AI ) | |
(RXD) 3 3 3 Start bit P DO} 1 Dy

Synchronization I
sampling timing ‘ l

Data sampling I_l I_l
timing

Figure11-21 Receive Data Sampling Timing in Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

M=|(05- )-(L-05)F (L +F) | % 100% ..o 1)

1 |D-05]
N

: Receive margin (%)

. Ratio of clock frequency to bit rate (N = 16)
: Clock duty cycle (D =0to 1.0)
Framelength (L = 9to 12)

Absolute deviation of clock frequency

nrogz<g

From equation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by equation (2).

When D =05,F=0:
M =[0.5-1/(2 x 16)] x 100%
1o 1. T )

Thisisatheoretical value. A reasonable margin to alow in system design is 20% to 30%.

Restrictionsin Synchronous Mode: When data transmission is performed using an external
clock source asthe serial clock, an interval of at least 5 statesis necessary between clearing the
TDRE bit in SSR and the start (falling edge) of the first transmit clock pulse corresponding to each
frame (figure 11-22). Thisinterval is aso necessary when performing continuous transmission. If
this condition is not satisfied, an operation error may occur.

384
HITACHI




SCK

| |

—————-—— —————-——
I I i

TORE | | | |
TXD X xo X xa X x2 X xa X xa X x5 X x6 X x7 X vo X va X va X'va X

F» Continuous transmission

Note: Make sure that t is at least 5 states.

Figure11-22 Transmission in Synchronous Mode (Example)
Restrictions when Switching from SCK Pin to Port Function in Synchronous SCI:
1. Problem in Operation

After setting DDR and DR to 1 and using synchronous SCI clock output, when the SCK pinis
switched to the port function at the end of transmission, alow-level signal is output for one half-
cycle before the port output state is established.

When switching to the port function by making the following settingswhile DDR =1, DR =1,
C/A =1,CKE1=0, CKEO =0, and TE = 1, low-level output occurs for one half-cycle.

(1) End of seria datatransmission

(2 TEbit=0

(3) C/A bit =0 ... switchover to port output

(4) Occurrence of low-level output (see figure 11-23)

! Half-cycle low-level output occurs

SCK/port w
(1) End of transmission (4) Low-level output

|
Data Bit 6 Bit 7 : 4
2)TE=0
TE ‘ |
_ (3) C/A=0
C/IA
|
|
CKE1 ‘
CKEO

Figure 11-23 Operation when Switching from SCK Pin Function to Port Pin Function
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2. Usage Note

The procedure shown below should be used to prevent low-level output when switching from the
SCK pin function to the port function.

Asthis procedure temporarily places the SCK pinin the input state, the SCK/port pin should be
pulled up beforehand with an external circuit.With DDR =1, DR =1, C/A = 1, CKE1 = 0, CKEO
=0, and TE = 1, make the following settings in the order shown.

(1) End of seria datatransmission

(2) TEbit=0

(3) CKE1 bit=1

(4) C/A bit =0 ... switchover to port output
(5) CKEL bit = 0

High-level output

SCKI/port U
(1) End of transmission ‘

I
Data Bit 6 Bit 7 |
(2) TE=0 !
TE ‘ |
_ (4) C/A=0
C/A

(3) CKE1=1 !

CKE1 ‘ (5) CKE1=0
I
|
CKED ‘

Figure 11-24 Operation when Switching from SCK Pin Function to Port Pin Function
(Preventing L ow-L evel Output)
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Section 12 Smart Card Interface

121 Overview

SCI0 supports an IC card (Smart Card) interface conforming to 1SO/IEC 7816-3 (Identification
Card) as a serial communication interface extension function.

Switching between the normal serial communication interface and the Smart Card interfaceis
carried out by means of aregister setting.

12.1.1 Features

Features of the Smart Card interface supported by the H8/3039 Series are as follows.

» Asynchronous mode
O Datalength: 8 bits
O Parity bit generation and checking
O Transmission of error signal (parity error) in receive mode
O Error signal detection and automatic data retransmission in transmit mode
O Direct convention and inverse convention both supported

e On-chip baud rate generator allows any bit rate to be selected

» Threeinterrupt sources

O Threeinterrupt sources (transmit data empty, receive data full, and transmit/receive error)
that can issue requests independently
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121.2

Block Diagram

Figure 12-1 shows a block diagram of the Smart Card interface.

]
(]
IS
£ Internal
Module data bus g >data bus
>
[}
RDR | | TDR SCMR | BRR L
i oK SSR -0
RXD0*| | RSR | | | TSR SCR Baud rate |-— /4
1 SMR generator | g/16
Transmission/
%D reception control - 2/64
0 Parity generation | 4 { Clock
Parity check
SCK,=
= TXI
= RXI
Legend > ERI
SCMR : Smart Card mode register
RSR  : Receive shift register
RDR  : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR  : Serial mode register
SCR  : Serial control register
SSR : Serial status register
BRR : Bitrate register
Figure12-1 Block Diagram of Smart Card Interface
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12.1.3  Pin Configuration
Table 12-1 shows the Smart Card interface pin configuration.

Table12-1 Smart Card Interface Pins

Pin Name Abbreviation /0 Function

Serial clock pin 0 SCK, Output  SClI, clock output
Receive data pin 0 RxD, Input SCl, receive data input
Transmit data pin 0 XD, Output  SCI, transmit data output

12.1.4 Register Configuration

Table 12-2 shows the registers used by the Smart Card interface. Details of SMR, BRR, SCR,
TDR, and RDR are the same as for the normal SCI function: see the register descriptionsin
section 11, Serial Communication Interface.

Table12-2 Smart Card Interface Registers

Address*' Name Abbreviation  R/W Initial Value
H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*? H'84
H'FFB5 Receive data register RDR R H'00
H'FFB6 Smart card mode SCMR R/W H'F2
register

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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12.2  Register Descriptions

Registers added with the Smart Card interface and bits for which the function changes are
described here.

1221 Smart Card Mode Register (SCMR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ SDIR ‘ SINV ‘ — ‘ SMIF ‘
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W

\ |
I
Reserved bits

Smart card interface
mode select

Enables or disables
the smart card
interface function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMR is an 8-bit readable/writable register that selects the Smart Card interface function.
SCMRisinitialized to H'F2 by areset, and in standby mode.
Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. This
function is used together with the SDIR hit for communication with an inverse convention card.
The SINV hit does not affect the logic level of the parity bit. For parity-related setting procedures,
see section 12.3.4, Register Settings.

Bit 2

SINV Description

0 TDR contents are transmitted as they are (Initial value)
Receive data is stored as it is in RDR

1 TDR contents are inverted before being transmitted

Receive data is stored in inverted form in RDR

Bit 1—Reserved: Thisbit cannot be modified and is always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): This bit enables or disables the Smart Card
interface function.

Bit 0

SMIF Description

0 Smart Card interface function is disabled (Initial value)
1 Smart Card interface function is enabled
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12.2.2  Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
R/W R/I(W)* RIW)* R/(W)* R/(W)* R/(W)* R R R/W
e

Transmit end
Status flag indicating
end of transmission

Error signal status
Status flag indicating that an
error signal has been received

Note: * Only 0 can be written to bits 7 to 3, to clear these flags.

Bit 4 of SSR has a different function in Smart Card interface mode. Coupled with this, the setting
conditions for bit 2, TEND, are also different.

Bits 7 to 5—Operate in the same way as for the normal SCI. For details, see section 11.2.7, Seria
Status Register (SSR).

Bit 4—Error Signal Status (ERS): In Smart Card interface mode, bit 4 indicates the status of the
error signal sent back from the receiving end in transmission. Framing errors are not detected in
Smart Card interface mode.

Bit 4

ERS Description

0 Indicates normal data transmission, with no error signal returned
[Clearing condition] (Initial value)
« Upon reset, in standby mode, or in module stop mode
¢ When 0 is written to ERS after reading ERS = 1

1 Indicates that the receiving device sent an error signal reporting a parity error

[Setting condition]
When the low level of the error signal is sampled

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its previous
state.
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Bits 3 to 0—Operate in the same way as for the normal SCI. For details, see section 11.2.7, Serial
Status Register (SSR).

However, the setting conditions for the TEND bit are as shown below.

Bit 2

TEND Description

0 Transmission is in progress
[Clearing conditions] (Initial value)
e When 0 is written to TDRE after reading TDRE = 1

1 End of transmission

[Setting conditions]
e Upon reset and in standby mode
¢ When the TE bit in SCR is 0 and the ERS bit is also 0

¢ When TDRE =1 and ERS = 0 (normal transmission) 2.5 etu after transmission of
a 1-byte serial character

Note: etu: Elementary Time Unit (time for transfer of 1 bit)
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12.3  Operation

12.3.1 Overview
The main functions of the Smart Card interface are as follows.

« Oneframe consists of 8-bit and plus a parity bit.

e Intransmission, aguard time of at least 2 etu (Elementary Time Unit: the time for transfer of
one bit) isleft between the end of the parity bit and the start of the next frame.

« If aparity error is detected during reception, alow error signal level is output for one etu
period, 10.5 etu after the start bit.

» If theerror signa is sampled during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

* Only asynchronous communication is supported; there is no clocked synchronous
communication function.

12.3.2  Pin Connections
Figure 12-2 shows a schematic diagram of Smart Card interface related pin connections.

In communication with an |C card, since both transmission and reception are carried out on a
single data transmission line, the TxD, pin and RxD,, pin should be connected with the LS| pin.
The data transmission line should be pulled up to the V . power supply with aresistor.

When the clock generated on the Smart Card interface is used by an IC card, the SCK,, pin output
isinput to the CLK pin of the IC card. No connection is needed if the IC card uses an internal
clock.

LS| port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.
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Connected equipment

TXDO
RxDj Data line
SCKq
Clock line
Px (port)
HB8/3039 Series Reset line
Chip

110

CLK

RST
IC card

Figure12-2 Schematic Diagram of Smart Card Interface Pin Connections

Note: If an IC card is not connected, and the TE and RE bits are both set to 1, closed
transmission/reception is possible, enabling self-diagnosis to be carried out.

HITACHI
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12.3.3 Data Format

Figure 12-3 shows the Smart Card interface data format. In reception in this mode, a parity check
is carried out on each frame, and if an error is detected an error signal is sent back to the
transmitting end, and retransmission of the datais requested. If an error signal is sampled during
transmission, the same data is retransmitted.

When there is no parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Transmitting station output

When a parity error occurs

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

P R——
-

i
Y

Receiving station

Legend output
Ds : Start bit
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal

Figure12-3 Smart Card Interface Data Format
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The operation sequence is as follows.

[1] When the datalineisnot in use it is in the high-impedance state, and is fixed high with a pull-
up resistor.

[2] The transmitting station starts a date transfer of one frame. The data frame starts with a start bit
(Ds, low-level). Then 8 data bits (DO to D7) and a parity bit (Dp) follows.

[3] With the Smart Card interface, the data line then returns to the high-impedance state. The data
line is pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check.

If thereis no parity error and the datais received normally, the receiving station waits for
reception of the next data.

If aparity error occurs, however, the receiving station outputs an error signal (DE, low-level)
to request retransmission of the data. After outputting the error signal for the prescribed length
of time, the receiving station places the signal line in the high-impedance state again. The
signal lineis pulled high again by a pull-up resistor.

[5] If the transmitting station does not receive an error signal, it proceeds to transmit the next data
frame.
If it does receive an error signal, however, it returns to step [2] and retransmits the erroneous
data.
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1234 Register Settings
Table 12-3 shows a hit map of the registers used by the smart card interface.

Bitsindicated as 0 or 1 must be set to the value shown. The setting of other bitsis described
below.

Table12-3 Smart Card Interface Register Settings

Bit

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR 0 0 1 O/E 1 0 CKS1 CKSO
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR TIE RIE TE RE 0 0 0 CKEO
TDR TDR7 TDR6 TDR5 TDR4 TDRS3 TDR2 TDR1 TDRO
SSR TDRE RDRF ORER ERS PER TEND 0 0
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR — — — — SDIR SINV — SMIF

Note: —: Unused bit.
SMR Setting: The O/E bit is cleared to 0 if the IC card is of the direct convention type, and set to
1if of theinverse convention type.

Bits CKS1 and CK SO select the clock source of the on-chip baud rate generator. See section
12.3.5, Clock.

BRR Setting: BRR is used to set the bit rate. See section 12.3.5, Clock, for the method of
calculating the value to be set.

SCR Setting: The function of the TIE, RIE, TE, and RE bitsis the same as for the normal SCI.
For details, see section 11, Serial Communication Interface.

Bit CKEO specifies the clock output. Set these bitsto O if a clock is not to be output, or to 1 if a
clock isto be output.
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SCMR Setting:
The SDIR hit iscleared to O if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SINV hitiscleared to 0 if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SMIF bit isset to 1 in the case of the Smart Card interface.

Examples of register settings and the waveform of the start character are shown below for the two
types of 1C card (direct convention and inverse convention).

» Direct convention (SDIR = SINV = O/E = 0)

@ A z zZ A Z Z Z A A Z (2 State

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level correspondsto state Z and the logic 0 level to
state A, and transfer is performed in LSB-first order. The start character data above is H'3B.

The parity bit is 1 since even parity is stipulated for the Smart Card.

+ Inverse convention (SDIR = SINV = O/E = 1)

@ A z zZ A A A A A A Z (2 Stae

Ds | Dr D6 | D5 D4 D3 D2 Dl DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the logic O level
to state Z, and transfer is performed in MSB-first order. The start character data above is H'3F.
The parity hit is 0, corresponding to state Z, since even parity is stipulated for the Smart Card.
With the H8/3039 Series, inversion specified by the SINV bit applies only to the data bits, D7
to DO. For parity bit inversion, the O/E bit in SMR is set to odd parity mode (the same applies
to both transmission and reception).
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12.35 Clock

Only an internal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The bit rateis set with BRR and the CKS1 and
CKS0 bitsin SMR. The formulafor calculating the bit rate is as shown below. Table 12-5 shows
some sample bit rates.

If clock output is selected by setting CKEO to 1, aclock with afrequency of 372 timesthe bit rate
is output from the SCK, pin.

B = 2 x 10°

1488 x 22" x (N + 1)

Where: N =VauesetinBRR (0< N < 255)
B = Bit rate (bit/s)
@ = Operating frequency* (MHz)
n = Seetable 12-4

Table12-4 Correspondence between n and CKS1, CKS0

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Note: If the gear function is used to divide the system clock frequency,use the divided frequency to
calculate the bit rate. The equation above applies directly to 1/1 frequency division.

Table12-5 Examplesof Bit Rate B (bit/s) for Various BRR Settings (When n = 0)

g (MHz)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5

Note: Bit rates are rounded off to one decimal place.
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The method of calculating the value from the operating frequency and bit rate, on the other hand,
isshown below. N isan integer, 0 < N < 255, and the smaller error is specified.

o
N = x10°-1
1488 x 21 x B

Table12-6 Examplesof BRR Settingsfor Bit Rate B (bit/s) (When n =0)

g (MHz)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
bit/s N Error N Error N Error N Error N Error N Error N Error
9600 0 000 1 30 1 25 1 899 1 000 1 1201 2 15.99

Table12-7 Maximum Bit Rate at Various Frequencies (Smart Card I nterface M ode)

g (MHz) Maximum Bit Rate (bit/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
The bit rate error is given by the following formula:

Error (%) = ( e x 10°—1) x 100

1488 x 2**1 x B x (N + 1)
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12.3.6 Data Transfer Operations

Initialization: Before transmitting and receiving data, initialize the SCI as described below.
Initialization is also necessary when switching from transmit mode to receive mode, or vice versa.

[1] Clear the TE and RE hitsin SCR to 0.
[2] Clear the error flags ERS, PER, and ORER in SSR to 0.

[3] Set the O/E bit and CKS1 and CK S0 bitsin SMR. Clear the C/A, CHR, and MP bitsto 0, and
set the STOP and PE hitsto 1.

[4] Set the SMIF, SDIR, and SINV bitsin SCMR.

When the SMIF bit is set to 1, the TxD, and RxD,, pins are both switched from ports to SCI
pins, and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEO bit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE and CKE1 bitsto O.
If the CKEOQ hit is set to 1, the clock is output from the SCK, pin.

[7] Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.
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Serial Data Transmission: As datatransmission in smart card mode involves error signal
sampling and retransmission processing, the processing procedure is different from that for the
normal SCI. Figure 12-4 shows an example of the transmission processing flow, and figure 12-5
shows the relation between atransmit operation and the internal registers.

[1] Perform Smart Card interface mode initialization as described above in Initialization.
[2] Check that the ERS error flag in SSR is cleared to 0.
[3] Repeat steps[2] and [3] until it can be confirmed that the TEND flag in SSR is set to 1.

[4] Write the transmit datato TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flagiscleared to O.

[5] When transmitting data continuously, go back to step [2].

[6] To end transmission, clear the TE bit to 0.

With the above processing, interrupt servicing is possible.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
requests are enabled, atransmit data empty interrupt (TX1) request will be generated. If an error
occursin transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and interrupt
requests are enabled, atransfer error interrupt (ERI) request will be generated.

For details, see the following Interrupt Operations.
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( Start )

| Initialization |

( Start transmission >

Y

Error processing

Write data to TDR,
and clear TDRE flag
in SSRto 0

Error processing

)

| Clear TE bitto O |

|
( End )

Figure 12-4 Example of Transmission Processing Flow
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TDR TSR
(shift register)
(1) Data write Data 1
2) $g‘£i?;_fsr%m Data 1 Data 1 ; Data remains in TDR
Data 1
(3) Serial data output Data 1 ——

In case of normal transmission: TEND flag is set
In case of transmit error:

ERS flag is set

1/0 signal line output

Steps (2) and (3) above are repeated until the TEND flag is set
Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data has been completed.

Figure12-5 Relation Between Transmit Operation and I nternal Registers
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Serial Data Reception: Data reception in Smart Card mode uses the same processing procedure
as for the normal SCI. Figure 12-6 shows an example of the transmission processing flow.

[1] Perform Smart Card interface mode initialization as described above in Initialization.

[2] Check that the ORER flag and PER flag in SSR are cleared to 0. If either flag is set, perform
the appropriate receive error processing, then clear both the ORER and the PER flag to O.

[3] Repeat steps[2] and [3] until it can be confirmed that the RDRF flag is set to 1.
[4] Read the receive datafrom RDR.
[5] When receiving data continuously, clear the RDRF flag to 0 and go back to step [2].

[6] To end reception, clear the RE bit to O.

( Start >

| Initialization

( Start reception >

ORER = 0 and No
PER =0
Yes ,
<—< Error processing >

RDRF=1?

No

Yes

Read RDR and clear
RDRF flag in SSRto 0

All data received?

Yes
| Clear RE bitto O |

Figure12-6 Example of Reception Processing Flow
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With the above processing, interrupt servicing is possible.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, areceive datafull interrupt (RXI1) request will be generated. If an error occursin
reception and either the ORER flag or the PER flag is set to 1, atransfer error interrupt (ERI)
request will be generated.

For details, see Interrupt Operation below.

If aparity error occurs during reception and the PER is set to 1, the received datais still
transferred to RDR, and therefore this data can be read.

M ode Switching Operation: When switching from receive mode to transmit mode, first confirm
that the receive operation has been completed, then start from initialization, clearing RE bitto 0
and setting TE bit to 1. The RDRF flag or the PER and ORER flags can be used to check that the
receive operation has been completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initiaization, clearing TE bit to 0 and setting RE bit to 1. The
TEND flag can be used to check that the transmit operation has been completed.

Interrupt Operation: There are three interrupt sources in smart card interface mode: transmit
data empty interrupt (TX1) requests, transfer error interrupt (ERI) requests, and receive data full
interrupt (RX1) requests. The transmit end interrupt (TEI) request is not used in this mode.

When the TEND flag in SSRisset to 1, a TXI interrupt request is generated.
When the RDRF flag in SSRis set to 1, an RXI interrupt request is generated.

When any of flags ORER, PER, and ERS in SSRis set to 1, an ERI interrupt request is generated.
The relationship between the operating states and interrupt sources is shown in table 12-8.

Table12-8 Smart Card Mode Operating States and Interrupt Sour ces

Operating State Flag Mask Bit Interrupt Source
Transmit  Normal TEND TIE TXI
Mode operation
Error ERS RIE ERI
Receive Normal RDRF RIE RXI
Mode operation
Error PER, ORER RIE ERI
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124  Usage Note
The following points should be noted when using the SCI as a smart card interface.

Receive Data Sampling Timing and Reception Margin in Smart Card Interface Mode: In
smart card interface mode, the SCI operates on a basic clock with afrequency of 372 times the
transfer rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 186th pulse of
the basic clock. Thisisillustrated in figure 12-7.

372 clocks

186 clocks

0 185 3710 185 371 0
Internal
basic
clock i L ) L )
Recei L Do ()() P 8(}
eceive I . —
. Start bit
data (RxD) O Do (( (( D1
A D ) ) )
Synchro- |
nization ;
samplin : 1 ( (( (( ((
timinr; 9 ] )) )) ))

Data
sampling ( (( (( (
timing ) )] )] ]

Figure 12-7 Receive Data Sampling Timingin Smart Card Mode
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Thus the reception margin in smart card interface mode is given by the following formula

1 0D —0.50
M =0(0.5— N )—(L-05)F- *(u F)x 100%

Where M: Reception margin (%)
N: Ratio of bit rateto clock (N = 372)
D: Clock duty (D =0t0 1.0)
L: Frame length (L = 10)
F: Absolute value of clock frequency deviation

Assuming values of F =0 and D = 0.5 in the above formula, the reception margin formulais as
follows.

When D =05and F=0,
M = (0.5—1/2 x 372) x 100%
= 49.866%

Retransfer Operations. Retransfer operations are performed by the SCI in receive mode and
transmit mode as described below.

* Retransfer operation when SCI isin receive mode
Figure 12-8 illustrates the retransfer operation when the SCI isin receive mode.

[1] If an error is found when the received parity bit is checked, the PER bit in SSR is automatically
set to 1. If the RIE bit in SCR is enabled at thistime, an ERI interrupt request is generated. The

PER bit in SSR should be kept cleared to 0 until the next parity bit is sampled.
[2] The RDRF hit in SSR is not set for aframe in which an error has occurred.

[3] If no error isfound when the received parity bit is checked, the PER bit in SSR is not set to

1

[4] If no error isfound when the received parity bit is checked, the receive operation isjudged to
have been completed normally, and the RDRF flag in SSR is automatically set to 1. If the RIE

bit in SCR is enabled at thistime, an RXI interrupt request is generated.

[5] When anormal frameis received, the pin retains the high-impedance state at the timing for
error signal transmission.

HITACHI
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Transfer

‘4— nth transfer frame —»‘47 Retransferred frame 4+7frame n+1

1Ds|Do|D1|Dz|D3|D4|Ds|D6|D7|Dp|-|D_E,—|Ds|D0|D1|D2|D3|D4|D5|Dfs|D7|Dpr—E)|Ds|Do|D1|Dz|D3|D4|

RDRF

bz b

b b3

PER

Figure12-8 Retransfer Operation in SCI Receive M ode

» Retransfer operation when SCI isin transmit mode
Figure 12-9 illustrates the retransfer operation when the SCI isin transmit mode.

[6] If an error signdl is sent back from the receiving end after transmission of one frameis
completed, the ERS bit in SSR is set to 1. If the RIE bit in SCR is enabled at thistime, an ERI
interrupt request is generated. The ERS bit in SSR should be kept cleared to O until the next
parity bit is sampled.

[7] The TEND bit in SSR is not set for aframe for which an error signal indicating an abnormality
isreceived.

[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not set.

[9] If an error signal is not sent back from the receiving end, transmission of one frame, including
aretransfer, isjudged to have been completed, and the TEND bit in SSRisset to 1. If the TIE
bit in SCRis enabled at thistime, a TXI interrupt request is generated.

‘47 nth transfer frame 4’%7 Retransferred frame ———= :;:::Zfi: 1
+Ps|pp1p2|p3p4|pspep7jppl-pE—Psipop1/p2p3p4pspep7op €5 psjpop1p2p3pd
| Tore | ]

4 Transfer to TSR from TOR 4 Transfer to TSR from TOR A Transfer to TSR
: from TDR
TEND ;
b dg
ERS
kel kg

Figure12-9 Retransfer Operation in SCI Transmit Mode
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Section 13 A/D Converter

13.1 Overview

The H8/3039 Series includes a 10-bit successive-approximations A/D converter with a selection of
up to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 17.6, Module Standby Function.

13.1.1 Features

A/D converter features are listed bel ow.

10-bit resolution
Eight input channels
Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the AV < pin.

High-speed conversion

Conversion time: minimum 7.4 us per channel (with 18 MHz system clock)
Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels

Four 16-bit dataregisters

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

Sample-and-hold function

A/D conversion can be externally triggered

A/D interrupt requested at end of conversion

At theend of A/D conversion, an A/D end interrupt (ADI) can be requested.

HITACHI
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13.1.2 Block Diagram

Figure 13-1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
S >
Q000 OO0 |2
k=
[%2]
— =}
z @
2]
AViee —» =
o2
HARHEEEREE
10-bit D/A L1929 Nalalala Ol
~ § s~ |lalalala a2
S E <|<|<|< <
SS s
o
S
ANO —
-+
AN; —= —
o0 : —_
ANy ——» I ! ~— /8
Analog | | . Comparator
AN3 multi- | Control circuit
ANg plexer Sample-and-
ANg — hold circuit ~—— 02/16
AN6 ™
AN7 — ™
? A
ADI
m interrupt
Legend
ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D
Figure13-1 A/D Converter Block Diagram
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13.1.3 Input Pins

Table 13-1 summarizes the A/D converter’sinput pins. The eight analog input pins are divided
into two groups: group 0 (AN, to AN;), and group 1 (AN, to AN,). AV and AV g are the power
supply for the analog circuitsin the A/D converter.

Table13-1 A/D Converter Pins

Abbrevi-
Pin Name ation I/10 Function
Analog power supply pin AV . Input  Analog power supply and reference voltage
Analog ground pin AV Input  Analog ground and reference voltage
Analog input pin 0 AN, Input  Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 AN, Input
Analog input pin 4 AN, Input  Group 1 analog inputs
Analog input pin 5 AN, Input
Analog input pin 6 ANy, Input
Analog input pin 7 AN, Input

A/D external trigger input pin  ADTRG Input  External trigger input for starting A/D
conversion
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13.1.4 Register Configuration

Table 13-2 summarizes the A/D converter’ s registers.

Table13-2 A/D Converter Registers

Address** Name Abbreviation R/W Initial Value
H'FFEO A/D data register A (high) ADDRAH R H'00
H'FFE1 A/D data register A (low) ADDRAL R H'00
H'FFE2 A/D data register B (high) ADDRBH R H'00
H'FFE3 A/D data register B (low) ADDRBL R H'00
H'FFE4 A/D data register C (high) ADDRCH R H'00
H'FFES A/D data register C (low) ADDRCL R H'00
H'FFE6 A/D data register D (high) ADDRDH R H'00
H'FFE7 A/D data register D (low) ADDRDL H'00
H'FFES8 A/D control/status register ADCSR R/(W)*? H'00
H'FFE9 A/D control register ADCR R/W H'7F

Notes: 1. Lower 16 bits of the address

2. Only 0 can be written in bit 7 to clear the flag.
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13.2 Register Descriptions

13.2.1 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRnN ‘ADQ‘AD8‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADI‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o0 o o o o o o o o

ReadWrite R R R R R R R R R R R R R R R R
(n=Ato D) ‘ ‘
A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an A/D
dataregister are reserved bits that always read 0. Table 13-3 indicates the pairings of analog input
channels and A/D data registers.

The CPU can alwaysread the A/D dataregisters. The upper byte can be read directly, but the
lower byteisread through atemporary register (TEMP). For details see section 13.3, CPU
Interface.

The A/D dataregisters are initialized to H'0000 by areset and in standby mode.
Table 13-3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS ADDRB
AN2 ANG ADDRC
AN3 AN7 ADDRD
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13.2.2 A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2to 0
These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

Note: * Only O can be written to clear the flag.

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7
ADF  Description

0 [Clearing condition] (Initial value)
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 [Setting conditions]
Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5

ADST Description

0 A/D conversion is stopped (Initial value)

1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when conversion
ends.

Scan mode: A/D conversion starts and continues, cycling among the selected channels,
until ADST is cleared to 0 by software, by a reset, or by a transition to standby
mode.
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Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 13.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to O before
switching the conversion time.

Bit 3

CKS  Description

0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)

Bits 2 to 0—Channel Select 2to 0 (CH2to CHO): These bits and the SCAN bit select the analog
input channels. Clear the ADST bit to O before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 AN, (Initial value) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
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13.2.3 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
jwee | — [ - | -] -] -] —-1]—-]

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — _ _

Reserved bits

Trigger enable
Enables or disables external triggering of A/D conversion

ADCR is an 8-hit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR isinitialized to H'7F by areset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7

TRGE Description

0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG)

Bits 6 to 0—Reserved: These bits cannot be modified and are always read as 1.

HITACHI
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13.3 CPU Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byteis read
through an 8-bit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte isread, the upper-byte valueis
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byteis read, incorrect data may be obtained.

Figure 13-2 shows the data flow for accessto an A/D dataregister.

Upper-byte read

CPU Module data bus

(HAA) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus

CPU -
(H40) Bus interface
TEMP
(H'40)
ADDRNH ADDRnNL
(H'AA) (H'40)
(n=Ato D)

Figure13-2 A/D Data Register Access Operation (Reading H'AA40)
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13.4 Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes:. single mode and scan mode.

13.4.1 Single Mode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel isrequired. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF bit isset to 1. If the ADIE bitisalso set to 1, an ADI interrupt is
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next.
Figure 13-3 shows atiming diagram for this example.

1. Singlemodeisselected (SCAN = 0), input channel AN, isselected (CH2=CH1 =0, CHO =
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result is transferred into ADDRB. At the sametime
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomesidle.

Since ADF =1 and ADIE = 1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is set to 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o g s~ ®
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Figure 13-3 Example of A/D Converter Operation

(Single Mode, Channel 1 Selected)
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13.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (AN, when CH2 =0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN, or
ANj;) startsimmediately. A/D conversion continues cyclically on the selected channels until the
ADST bitiscleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST hit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channelsin group O (AN, to AN,) are selected in scan mode are
described next. Figure 13-4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group O is selected (CH2 = 0), analog input channels
AN, to AN, are selected (CH1 =1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (AN,) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN,) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN,).

4. When conversion of all selected channels (AN, to AN,) is completed, the ADF flag isset to 1
and conversion of the first channel (AN,) starts again. If the ADIE bit isset to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 are repeated aslong asthe ADST bit remains set to 1. When the ADST hit is
cleared to 0, A/D conversion stops. After that, if the ADST bitisset to 1, A/D conversion
starts again from the first channel (AN,).
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Figure 13-4 Example of A/D Converter Operation

(Scan Mode, Channels AN, to AN, Selected)
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13.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 13-5 shows the A/D
conversion timing. Table 13-4 indicates the A/D conversion time.

Asindicated in figure 13-5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 13-4.

In scan mode, the values given in table 13-4 apply to the first conversion. In the second and
subsequent conversions the conversion timeisfixed at 256 states when CKS = 0 or 128 states
when CKS=1.

Address bus

Write signal

Input sampling
timing

ADF

tp tspL

teony

Legend

(1):  ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tspL: Input sampling time
tcony: A/D conversion time

Figure13-5 A/D Conversion Timing
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Table13-4 A/D Conversion Time (Single M ode)

CKS=0 CKS=1
Symbol Min Typ Max Min Typ Max
Synchronization delay  t, 10 — 17 6 — 9
Input sampling time tepL — 63 — — 31 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are numbers of states.

13.4.4 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit isset to 1 in ADCR, external
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin setsthe
ADST bhitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as if the ADST bit had been set to 1 by software. Figure 13-6 shows the
timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

Figure13-6 External Trigger Input Timing
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13.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
reguest can be enabled or disabled by the ADIE bit in ADCSR.

13.6  Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins:

(1) Analog input voltage range
The voltage applied to analog input pins AN, to AN, during A/D conversion should bein the
range AV < ANNn < AV

(2) Relation between AV ., AVgand Ve, Vg
Astherelationship between AV ., AVgsand Ve, Vs, SEt AV = V. If the A/D converter is
not used, the AV .. and AV g pins must on no account be left open.

If conditions (1) and (2) above are not met, the reliability of the device may be adversely affected.

Notes on Board Design: In board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or are in close proximity should be avoided as far as possible. Failure to do so
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.

Also, digital circuitry must be isolated from the analog input signals (AN, to AN,), and analog
power supply and reference voltage (AV ) by the analog ground (AV ). Also, the analog ground
(AV &) should be connected at one point to a stable digital ground (V) on the board.

Notes on Noise Countermeasures: A protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pins (AN, to AN-) and analog
power supply (AV ) should be connected between AV and AV g as shown in figure 13-7.

Also, the bypass capacitors connected to AV - and the filter capacitor connected to AN, to AN,
must be connected to AV .
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If afilter capacitor is connected as shown in figure 13-7, the input currents at the analog input pins
(AN, to AN,) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, asin scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(R,), an error will arise in the analog input pin voltage. Therefore careful consideration is required

when deciding the circuit constants.

/\/

O AVcce
*1 ANp to AN7
O T AVgg

Notes: Values are reference values.

1.

10 pF 0.01 pF

2. Rj,: Input impedance

Figure 13-7 Example of Analog Input Protection Cir cuit
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Table13-5 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * When V. =4.0Vto 5.5V and g <12 MHz

10 kQ
ANp to To A/ID
ANy Y VY converter
l 20 pF

Note: Values are reference values.

Figure 13-8 Analog Input Pin Equivalent Circuit

A/D Conversion Precision Definitions: H8/3039 Series A/D conversion precision definitions are
given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage val ue B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 13-10).

Full-scae error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 13-10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 13-9).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.
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» Absolute precision

The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.

Digital output

Ideal A/D conversion —»
111 characteristic
110
101
100 |~ Ijg
011 -
010 — L Quantization error
001 —
| | | | | | |
000
1 2 3 4 5 6 7 g
8 8 8 8 8 8 8
Analog
input voltage

Figure13-9 A/D Conversion Precision Definitions (1)
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Full-scale error

l

Digital output

Ideal A/D conversion
characteristic

/"L Nonlinearity
error

--— Actual A/D conversion
characteristic

FS

Analo
Offset error 9

input voltage

Figure13-10 A/D Conversion Precision Definitions (2)

Permissible Signal Source Impedance: H8/3039 Series analog input is designed so that
conversion precision is guaranteed for an input signal for which the signal source impedanceis 10
kQ or less. This specification is provided to enable the A/D converter's sample-and-hold circuit
input capacitance to be charged within the sampling time; if the sensor output impedance exceeds
10 kQ, charging may be insufficient and it may not be possible to guarantee the A/D conversion
precision.

When converting in the single mode, if alarge capacitance is provided externaly, the input load
will essentially comprise only the internal input resistance of 10 kQ, and the signal source
impedanceisignored.

However, since alow-pass filter effect is obtained in this case, it may not be possible to follow an
analog signal with alarge differential coefficient (e.g., voltage regulation 5 mV/us or greater).

When converting a high-speed anal og signal and when performing conversion in the scan mode, a
low-impedance buffer should be inserted.
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I nfluences on Absolute Precision: Adding capacitance results in coupling with GND, and
therefore noisein GND may adversely affect absolute precision. Be sure to make the connection
to an electrically stable GND such as AV,

Careisaso required to insure that filter circuits do not communicate with digital signals on the
mounting board, thus acting as antennas.

H8/3039 Series

A/D converter

Sensor output equivalent circuit

impedance
to 10 kQ 10 kQ

Sensor input W l .
Cin = l

i Low-pass . L
filter ; | 1o PF ; l
1 Cto 0.1 uF '

.......................

20 pF

Note: Values are reference values.

Figure13-11 Exampleof Analog Input Circuit
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Section 14 RAM

14.1 Overview

The H8/3039 has 4 kbytes of on-chip static RAM, H8/3038 has 2 kbytes, H8/3037 has 1 kbyte,
and H8/3036 has 512 bytes. The RAM is connected to the CPU by a 16-bit data bus. The CPU
accesses both byte data and word datain two states, making the RAM suitable for rapid data
transfer.

The RAM enable bit (RAME) in the system control register (SY SCR) can enable or disable the
on-chip RAM.

Table 14-1 shows the address of the on-chip RAM in each operating mode.

Table 14-1 The Address of the On-Chip RAM in Each Operating Mode

H8/3039 H8/3038 H8/3037 H8/3036
Mode (4 kbytes) (2 kbytes) (1k byte) (512 bytes)
Modes 1, 5, 7 H’FEF10 to H'FF710 to H'FFB10 to H'FFD10 to
H'FFFOF H'FFFOF H'FFFOF H'FFFOF
Mode 3 H'FFEF10 to H'FFF710 to H'FFFB10 to H'FFFD10 to
H'FFFFOF H'FFFFOF H'FFFFOF H'FFFFOF
Mode 6 H'F710 to H'F710 to H'FB10 to H'FD10 to
H'FFOF H'FFOF H'FFOF H'FFOF
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14.1.1 Block Diagram

Figure 14-1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N A

Internal data bus (lower 8 bits)

Bus interface SYSCR

0 G

H'FEF10* H'FEF11*

H'FEF12* H'FEF13*

On-chip RAM

H'FFFOE * H'FFFOF *

Even addresses Odd addresses

Legend
SYSCR: System control register

Note: * Lower 20 bits of the address

Figure14-1 RAM Block Diagram (H8/3039in Modes 1, 5 and 7)

14.1.2 Register Configuration

The on-chip RAM is controlled by the system control register (SY SCR). Table 14-2 gives the
address and initial value of SY SCR.

Table14-2 RAM Control Register

Address* Name Abbreviation R/W Initial Value

H'FFF2 System control register SYSCR R/W H'0B

Note: * Lower 16 bits of the address
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14.2 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W

RAM enable bit
Enables or
disables
on-chip RAM

Reserved bit

NMI edge select
User bit enable

Standby timer select 2t0 0
Software standby

One function of SYSCR is to enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SY SCR. For details about the other bits, see section 3.3,
System Control Register.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized at the rising edge of the input at the RES pin. It isnot initialized in software standby
mode.

Bit 0

RAME  Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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14.3 Operation

When the RAME hit is set to 1, the on-chip RAM isenabled. This LS| can access the on-chip
RAM when addressing the addresses shown in Table 4-1 in each operation mode. When the
RAME hit iscleared to 0 in modes 1, 3, and 5 (expanded modes), external address spaceis
accessed. When the RAME bit is cleared to 0 in modes 6 and 7 (single-chip modes), the on-chip
RAM is not accessed. Read operation always reads H’ FF and disables writing.

The on-chip RAM is connected to the CPU by a 16-bit wide data bus and can be read and written
on abyte or aword basis.

Byte data can be accessed in two states using the higher 8 bits of the data bus. Word data
beginning from an even address can be accessed in two states using the 16-bit data bus.
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Section 15 ROM

151 Oveview

The H8/3039 has 128 kbytes of on-chip ROM (flash memory or mask ROM), the H8/3038 has 64
kbytes, the H8/3037 has 32 kbytes and H8/3036 has 16 kbytes. The ROM is connected to the CPU
by a 16-bit data bus. The CPU accesses both byte and word data in two states, enabling rapid data
transfer.

The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM. Seetable 15-1.

The on-chip flash memory product (H8/3039F-ZTAT) can be erased and programmed on-board as
well as with a general-purpose PROM programmer.

Table15-1 Operating Mode and ROM

Mode Pins
Mode MD, MD, MD, On-Chip ROM
Mode 1 0 0 1 Disabled (external
(1-Mbyte expanded mode with on-chip ROM disabled) address area)
Mode 2 0 1 0
(1-Mbyte expanded mode with on-chip ROM disabled)*
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)*
Mode 5 1 0 1 Enabled
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 (single-chip normal mode) 1 1 0
Mode 7 (single-chip advanced mode) 1 1 1

Note: * Modes 2 and 4 cannot be used with this LSI. Do not set the mode pin to mode 2 or 4.
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15.2  Overview of Flash Memory

15.2.1 Features

The features of the flash memory are summarized below.

Four flash memory operating modes
O Program mode

O Erase mode

O Program-verify mode

0 Erase-verify mode

Programming/erase methods

The flash memory is programmed 32 bytes at atime. Erasing is performed by block erase. The
block to be erased can be specified by setting the corresponding bit. There are block areas of
32 kbytes x 3 blocks, 28 kbytes x 1 block, and 1 kbyte x 4 blocks.

Programming/erase times

The flash memory programming timeis 10 ms (typ.) for simultaneous 32-byte programming,
equivalent to 300 ps (typ.) per byte, and the erase timeis 100 ms (typ.) per block.

Reprogramming capability
The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

0 User program mode

Automatic bit rate adjustment

With datatransfer in boot mode, the this LSI’ s bit rate can be automatically adjusted to match
the transfer bit rate of the host (9600 bps and 4800 bps).

Flash memory emulation by RAM
Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updates
inreal time.

PROM mode

Flash memory can be programmed/erased in PROM maode, using a PROM programmer, as
well asin on-board programming mode.
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Protect modes

There are three protect modes, hardware, software, and error protect, which allow protected
status to be designated for flash memory program/erase/verify operations.

15.2.2  Block Diagram

Figure 15-1 shows a block diagram of the flash memory.

A

Internal data bus (upper 8 bits)

Internal data bus (lower 8 bits)

e, ()
C> Bus interface/controller
- )

H'00000 H'00001
H'00002 H'00003

Operating FWE pin*1
mode Mode pins

On-chip Flash memory
(128 kbytes)

H'1FFFC | H1FFFD

H'1FFFE H'1FFFF
even address odd address

Legend:

FLMCR: Flash memory control register
EBR: Erase block register

RAMCR: RAM control register
FLMSR: Flash memory status register

Notes: 1. Functions as the FWE pin in the flash memory versions and as the RESO pin in the
mask ROM versions.

2. The registers that control the flash memory versions (FLMCR, EBR, RAMCR, and
FLMSR) are used in the flash memory versions only. They are not provided in the
mask ROM versions. Reading the corresponding addresses in a mask ROM version
will always return 1s, and writes to these addresses are disabled.

Figure15-1 Block Diagram of Flash Memory
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15.2.3 Pin Configuration
The flash memory is controlled by means of the pins shown in table 15-2.

Table15-2 Flash Memory Pins

Pin Name Abbreviation  1/0 Function

Reset RES Input Reset

Flash write enable FWE* Input Flash program/erase protection by hardware
Mode 2 MD, Input Sets this LS| operating mode

Mode 1 MD, Input Sets this LSI operating mode

Mode 0 MD, Input Sets this LS| operating mode

Transmit data TxD, Output  Serial transmit data output

Receive data RxD, Input Serial receive data input

Notes: The transmit data and receive data pins are used in boot mode.
* In the mask ROM versions, the FWE pin functions as the RESO pin.

15.2.4 Register Configuration

The registers used to control the on-chip flash memory when enabled are shown in table 15-3.

Table15-3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value Address**
Flash memory control register ~ FLMCR R/W H'00*? H'FF40
Erase block register EBR R/W H'00 H'FF42
RAM control register RAMCR R/IW H'F1 H'FF47
Flash memory status register FLMSR R H'7F H'FF4D

Notes: 1. Lower 16 bits of the address.
2. When a high level is input to the FWE pin, the initial value is H'80.

Theregistersin table 15-3 are used in the flash memory versions only. Reading the corresponding
addressesin amask ROM version will always return 1s, and writes to these addresses are disabled.
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15.3 Register Descriptions

1531 Flash Memory Control Register (FLMCR)

FLMCR isan 8-bit register used for flash memory operating mode control. Program-verify mode
or erase-verify modeis entered by setting SWE to 1 when FWE = 1. Program mode is entered by
setting SWE to 1 when FWE = 1, then setting the PSU bit, and finally setting the P bit. Erase
modeis entered by setting SWE to 1 when FWE = 1, then setting the ESU bit, and finally setting
the E bit. FLMCR isinitialized by areset, and in hardware standby mode and software standby
mode. Itsinitial value is H'80 when ahigh level isinput to the FWE pin, and H'00 when alow
level isinput. In mode 6 the FWE pin must be fixed low, as flash memory on-board programming
is not supported. Therefore, bitsin this register cannot be set to 1 in mode 6. When on-chip flash
memory is disabled, aread will return H'00, and writes are invalid. When setting bits 6 to 0 in this
register to 1, each bit should be set individualy.

Writes to the ESU, PSU, EV and PV bitsin FLMCR are enabled only when FWE = 1 and SWE =
1; writes to the E bit only when FWE =1, SWE = 1, and ESU = 1; and writes to the P bit only
when FWE =1, SWE =1, and PSU = 1.
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Bit 7 6 5 4 3 2 1 0
| FWE ‘ SWE ‘ ESU ‘ PSU ‘ EV ‘ PV ‘ E ‘ P |
Modes 1 Initial value 0 0 0 0 0 0 0 0
to4,and6 R/W R R R R R R R R
Modes 5 Initial value 1/0 0 0 0 0 0 0 0
and 7 R/W R R/W R/W R/W R/W R/W R/W R/W

Program mode
Designates
transition to

or exit from
program mode

Erase mode
Designates transition
to or exit from erase
mode
L— Program-verify mode

Designates transition to

or exit from program-verify

mode

‘— Erase-verify mode
Designates transition to
or exit from erase-verify
mode

— Program setup
Prepares for a transition to program mode.

“— Erase setup
Prepares for a transition to erase mode.

“— Software write enable bit
Enables or disables the flash memory.

“— Flash write enable bit
Sets hardware protection against flash memory programming/erasing.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing. When using this bit, refer to section 15.9, Notes on Flash Memory
Programming/Erasing.

Bit 7:

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable Bit (SWE)***2 This bit enables/disables flash memory
programming/erasing. This bit should be set before setting FLMCR bits 5 to 0, and EBR bits 7 to
0. Do not set the ESU, PSU, EV, PV, E, or P hits at the same time.

442
HITACHI



Bit 6:

SWE Description
0 Program/erase disabled (Initial value)
1 Program/erase enabled

[Setting condition]

When FWE =1

Bit 5—Erase Setup Bit (ESU) **: Prepares for atransition to erase mode. Do not set the SWE,
PSU, EV, PV, E, or P bit at the same time.

Bit 5:

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1, and SWE =1

Bit 4—Program Setup Bit (PSU) **: Prepares for atransition to program mode. Do not set the
SWE, ESU, EV, PV, E, or P hit at the same time.

Bit 4:

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1, and SWE =1

Bit 3—Erase-Verify (EV) **: Selects erase-verify mode transition or clearing. Do not set the
SWE, ESU, PSU, PV, E, or P hit at the same time.

Bit 3:
EV Description
0 Erase-verify mode cleared (Initial value)

Transition to erase-verify mode
[Setting condition]
When FWE =1, and SWE =1

Bit 2—Program-Verify (PV)**: Selects program-verify mode transition or clearing. Do not set
the SWE, ESU, PSU, EV, E, or P bit at the same time.
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Bit 2:

PV Description
0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When FWE =1, and SWE =1

Bit 1—Erase (E) **** Selects erase mode transition or clearing. Do not set the SWE, ESU, PSU,
EV, PV, or P bit at the same time.

Bit 1:

E Description

0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE =1,and ESU =1

Bit 0—Program (P) ***3: Selects program mode transition or clearing. Do not set the SWE,
ESU, PSU, EV, PV, or E bit a the sametime.

Bit O:
P Description
0 Program mode cleared (Initial value)
1 Transition to program mode
[Setting condition]
When FWE =1, SWE =1,and PSU =1
Notes: 1. Do not set two or more hits at the sametime.
Do not turn off V.. when abit is set.
2. Do not set/clear the SWE bit simultaneously with other bits (ESU, PSU, EV, PV, E, P).
3. Set the P and E bits according to the program and erase algorithms shown in section
15.5, Programming and Erasing Flash Memory.
For the usage precautions, see section 15.9, Notes on Flash Memory
Programming/Erasing.
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15.3.2 EraseBlock Register (EBR)

EBR is an 8-hit register that designates the flash memory block for erasure. EBR isinitialized to
H'00 by areset, in hardware standby mode, or software standby mode, when ahigh level is not
input to the FWE terminal, or when the FLMCR SWE bhit is 0 when a high level is applied to the
FWE terminal. When a bit is set in EBR, the corresponding block can be erased. Other blocks are
erase - protected. The blocks are erased block by block. Therefore, set only one bit in EBR; do not
set bitsin EBR to erase two or more blocks at the same time.

Each bit in EBR cannot be set until the SWE bit in FLMCR is set. The flash memory block
configuration is shown in table 15-4. To erase all the blocks, erase each block sequentially.

This LS| does not support the on-board programming mode in mode 6, so bitsin this register
cannot be set to 1 in mode 6.

Bit 7 6 5 4 3 2 1 0
| EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO |

Modes 1 Initial value 0 0 0 0 0 0 0 0
to4,and 6 R/W R R R R R R R R
Modes 5 Initial value 0 0 0 0 0 0 0 0
and 7 R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7to 0—Block 7 to 0 (EB7 to EBO): These hits select blocks (EB7 to EBO) to be erased.

Bits 7 to 0:

EB7to EBO Description

0 Block EB7 to EBO is not selected. (Initial value)
1 Block EB7 to EBO is selected.

Note: Set each bit of EBR to H'00 except when erasing.
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Table15-4 Flash Memory Erase Blocks

Block (Size) Address

EBO (1 kbyte) H'00000 to H'003FF
EB1 (1 kbyte) H'00400 to H'007FF
EB2 (1 kbyte) H'00800 to H'00BFF
EB3 (1 kbyte) H'00C00 to H'00FFF
EB4 (28 kbytes) H'01000 to H'07FFF
EB5 (32 kbytes) H'08000 to H'OFFFF
EB6 (32 kbytes) H'10000 to H'17FFF
EB7 (32 kbytes) H'18000 to H'1FFFF

15.3.3 RAM Control Register (RAMCR)

RAMCR selectsthe RAM area used when emulating real -time reprogramming of the flash
memory.

Bit 7 6 5 4 3 2 1 0
| — ‘ — ‘ — ‘ — ‘RAMS‘RAMZ‘RAMl‘ — |

Modes 1 Initial value 1 1 1 1 0 0 0 1
to 4 R/W — — — — R R R —
Modes 5 Initial value 1 1 1 1 0 0 0 1
to7 R/W — — — — R/W* R/W* R/W* —

Reserved bit

RAM2/1

This bit is used with
bit 3 to set the RAM
area.

L— RAM select
This bit is used with
bits 2 and 1 to set
L Reserved bits the RAM area.

Note: * Cannot be setto 1 in mode 6.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.
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Bit 3—RAM Select (RAMYS): Isused with bits 2 to 1 to reassign an areato RAM (see table 15-5).
Theinitia setting for thisbit is0in Modes 5, 6, and 7 (internal flash memory enabled) and
programming is enabled.* In modes other than 5to 7, 0 is aways read and writing is disabled.
Itisinitialized by areset and in hardware standby mode. It is not initialized in software standby
mode.

When bit 3 is set, all flash-memory blocks are protected from programming and erasing.

Bits2to 1—RAM2to RAM 1: These hits are used with bit 3 to reassign an areato RAM (see
table 15-5). Theinitial setting for thisbitisOin Modes 5, 6, and 7 (internal flash memory enabled)
and programming is enabled.* In modes other than 5to 7, 0 is always read and writing is disabled.
They areinitialized by areset and in hardware standby mode. They are not initialized in software
standby mode.

Bit 0—Reserved: Thisbit cannot be modified and is always read as 1.

Note: * Flash memory emulation by RAM is not supported for Mode 6 (single chip normal
mode), so programming is possible, but do not set 1.
When performing flash memory emulation by RAM, the RAME bit in SY SCR must be
setto 1.

Table15-5 RAM Area Reassignment

Bit 3 Bit 2 Bit 1 RAM
RAM Area RAMS RAM2 RAM1 Emulation State
H'FFF800 to H'FFFBFF 0 0/1 0/1 No emulation
H'000000 to H'0003FF 1 0 0 Mapping RAM
H'000400 to H'0007FF 1 0 1
H'000800 to H'O00BFF 1 1 0
H'000CO00 to H'000FFF 1 1 1
ROM area RAM area
H'00000 Ceo H'EEF10
H'003FF - HFF7FF
H'00400 ; H'FF800 | RAM overlap area
RO ik HO07FF Fel Z?;Ctlon RealRAM | \rrerr ] (H'FF800-H FFBFF)
(H'00000-H00FFF) | 00800 | Mapping RAM RAM H'FFCO0
H'00BFF EB2 selection H'FFFOF
H'00C00 Eas area
H'00FFF

Figure15-2 Exampleof Overlap ROM Area and RAM Area
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153.

4  Flash Memory Status Register (FLM SR)

The flash memory status register (FLMSR) detects flash memory errors.

Bit 7 6 5 4 3 2 1 0
(per | — | - [ - - [ - [ -1 -]

Initial value 0 1 1 1 1 1 1 1

R/W R — — — — — - _

t Reserved bits

Flash memory error

Status flag indicating that

an error was detected during
programming or erasing

Bit 7—Flash Memory Error (FLER): Indicates that an error occurred while flash memory was
being programmed or erased. When bit 7 is set, flash memory is placed in an error-protect mode.

Bit 7

FLER Description

0 Flash memory program/erase protection (error protection **) is disabled (Initial value)

[Clearing conditions]

WDT reset, reset by RES pin, or hardware standby mode

1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection **) is enabled

[Setting conditions]

1. Flash memory was read*? while being programmed or erased (including vector or
instruction fetch, but not including reading of a RAM area overlapped onto flash
memory).

2. A hardware exception-handling sequence (other than a reset, invalid instruction,
trap instruction, or zero-divide exception) was executed just before programming or
erasing. **

3. The SLEEP instruction (including software standby mode) was executed during
programming or erasing.

Notes: 1. For details, see section 15.6.3, Error Protection.

2. The read data has undetermined values.

3. Before stack and vector read by exception handling.
Bits 6 to 0—Reserved: These bits cannot be modified and are always read as 1.
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154  On-Board Programming Modes

When pins are set to on-board programming mode, program/erase/verify operations can be
performed on the on-chip flash memory. There are two on-board programming modes: boot mode
and user program mode. The pin settings for transition to each of these modes are shown in table
15-6. In mode 6 (on-chip ROM enabled) in this LSI, the boot mode and user program mode cannot

be used. For the notes on FWE pin set/reset, see section 15.9 Notes on Flash Memory

Programming/Erasing.

Table15-6 Setting On-Board Programming M odes

Mode FWE MD, MD, MD, Notes
Boot mode mode 5 1** 0** 0 1 0:V,
mode 7 0*? 1 1 1:V,
User program mode mode 5 1 0 1
mode 7 1 1 1

Notes: 1. For the High level input timing, see items (6) and (7) of Notes on Using the Boot Mode.

2. In the boot mode, the MD, setting becomes inverted input.

In the boot mode, the mode control register (MDCR) can be used to monitor the status

of modes 5 and 7 in the same way as in the normal mode.

HITACHI
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On-Board Programming M odes

* Boot mode

1.

Initial state

The flash memory is in the erased state when the
device is shipped. The description here applies to
the case where the old program version or data
is being rewritten. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program

New application )
program
This chip
N SCI
& Boot program \

Flash memory RAM

Application program
(old version)

. Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash
memory erasure is performed, without regard to

blocks.
Host

Programming control
program
New application
program

This chip

SClI
Boot program

Flash memory RAM

Boot program area

Flash memory
erase

2. Programming control program transfer

When boot mode is entered, the boot program in
this chip (originally incorporated in the chip) is
started, an SCI communication check is carried
out, and the boot program required for flash
memory erasing is automatically transferred to
the RAM boot program area.

Host

Programming control
program

New application )
program
This chip
& Boot program ‘ SCl

Flash memory RAM

Boot program area

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM by SCI communication is
executed, and the new application program in the
host is written into the flash memory.

This chip

P
RAM 1

Flash memory

Programming
control program

New application
program

KX Program execution state
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User program mode

1. Initial state
(1) The program that will transfer the

programming/ erase control program to on-chip
RAM should be written into the flash memory by
the user beforehand. (2) The programming/erase

2. Programming/erase control program transfer
When the FWE pin is driven high, user software
confirms this fact, executes the transfer program
in the flash memory, and transfers the
programming/erase control program to RAM.

control program should be prepared in the host
or in the flash memory.

Host

Programming/
erase control program

New application
program

This chip

Flash memory

SCI

RAM

Transfer
program

Application program
(old version)

3. Flash memory initialization
The programming/erase program in RAM is

executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,

but not in byte units.

New application =)
program
This chip
]
Flash memory RAM 1

Transfer
program

Application program
(old version)

Programming/
erase control program

4. Writing new application program

Next, the new application program in the host is

written into the erased flash memory blocks. Do
not write to unerased blocks.

Host

New application
program

Host

This chip

Flash memory

SCI

RAM

FWE assessment
,,,,,, rogram_____

Transfer program

Flash memory
erase

Programming/ 3 ‘
N erase control program

This chip

Flash memory

FWE assessment
program

Transfer program

New application
program

Programming/ \
[\ erase control program

&“ Program execution state

Figure15-4 User Program Mode (Example)

HITACHI

451




154.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the

host beforehand. The channel 1 SCI to be used is set to asynchronous mode.

Inreset start, after setting this LS| pin to the boot mode, start the microcomputer boot program,
measure the Low period of the data sent from the host, and select the bit rate register (BRR) value

beforehand. Then enable reception of the user program from the outside using the serial

communication interface (SCI) on thisLSI, and write the received user program to on-chip RAM.

After the program has been stored the end of writing, execution branches to the top address
(H'FF300) of the on-chip RAM, execute the program written on the on-chip RAM, and enable
flash memory program/erase.

The system configuration in boot mode is shown in figure 15-5, and the boot program mode
execution procedure in figure 15-6.

Host

Write data reception

This LSI

Flash memory

Verify data transmission

y

hd

RXD;

TXD,

SCI1

*| On-chip RAM
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Figure15-5 System Configuration in Boot Mode
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Set pins to boot program mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate

This LSI measures low period
of H'00 data transmitted by host

This LSl calculates bit rate
and sets value in bit rate register

After bit rate adjustment, this LSI
transmits one byte of H'00 data to
host to indicate end of adjustment

Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits

one byte of H'55 data
I

After receiving H'55, this LSI
sends H'AA and receives two bytes
of the byte count (N) of the program

transferred to the on-chip RAM."1

f—————

This LSI transfers the user
program to RAM. *2

This LSl calculates the remaining
number of bytes to be sent (N=N-1).

Transfer No
end byte count

N=0?
Yes

After branching to the
RAM boot program area
(H'FEF10 to H'FF2FF),
this LSI checks the data in
the flashmemory user area.

All data=H'FF?

Yes

Erase all blocks of flash
memory. *3

After sending H'AA, this LSI
branches to the RAM area
(H'FF300) and executes the user
program transferred to the RAM.

Notes:

Set this LSI to the boot mode and reset starts the LSI.

Set the host to the prescribed bit rate (4800, 9600)
and consecutively send H'00 data in 8-bit data,
1 stop bit format.

This LSI repeatedly measures the RXD1 pin Low
period and calculates the asynchronous
communication bit rate at which the host
performs transfer.

At the end of SCI bit rate adjustment, this LS| sends
one byte of H'00 data to signal the end of adjustment.

Check if the host normally received the one byte bit
rate adjustment end signal sent from this LSI and
sent one byte of H'55 data.

After H'55 is sent, the host receives H'AA and sends
the byte count of the user program that is

transferred to this LSI.

Send the 2-byte count in upper byte and lower byte
order. Then sequentially send the program set by
the user.

This LSI sequentially sends (echo back) each byte of
the received byte count and user program to the host
as verification data.

This LS| sequentially writes the received user
program to the on-chip RAM area (H'FF300-H'FFEFF).

Before executing the transferred user program, this LSI
checks if data was written to flash memory after
control branched to the RAM boot program area
(H'FEF10-H'FF2FF). If data was already written to
flash memory, all the blocks are erased.

After sending H'AA, this LSI branches to the on-chip
RAM area (H'FF300) and executes the user program
written to that area.

1. The RAM area that can be used by the user is
3.0k Byte. Set the transfer byte count to within
3.0k Byte. Always send the 2-byte transfer byte
count in upper byte and lower byte order.
Transfer byte count example: For 256 bytes (H'0100),
upper byte H'01, lower byte H'00.

2. Set the part that controls the user program flash
memory at the program according to the flash
memory programming/erase algorithms described later.

3. When a memory cell malfunctions and cannot be
erased, this LS| sends one H'FF byte as an erase
error and stops the erase operation and subsequent
operations.

Figure 15-6 Boot M ode Execution Procedure
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Automatic SCI Bit Rate Adjustment

S@rt| oo | p1 | p2 | D3 | D4 | D5 | D6 | D7 | 5P
bit bit
Low period (9 bits) measured (H'00 data) High period

(1 or more bits)

Figure 15-7 Measuring thelow period of the communication data from the host

When boot mode isinitiated, this LSI measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host (figure 15-7). The SCI
transmit/receive format should be set as follows: 8-bit data, 1 stop bit, no parity. ThisLSI
calculates the bit rate of the transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host should
confirm that this adjustment end indication (H'00) has been received normally, and transmit one
H'55 byte to the LSI. If reception cannot be performed normally, initiate boot mode again (reset),
and repeat the above operations. Depending on the host’ s transmission bit rate and the system
clock frequency of this LS, there will be a discrepancy between the bit rates of the host and the
LSI. To ensure correct SCI operation, the host’ s transfer bit rate should be set to 4800 and 9600
bps*™.

Table 15-7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of this LSI bit rate is possible. The boot program should be executed within this system
clock range*2.

Table15-7 System Clock Frequenciesfor which Automatic Adjustment of ThisL Sl Bit
RateisPossible

System Clock Frequency for which Automatic Adjustment

Host Bit Rate (bps) of This LSI Bit Rate is Possible (MHz)
9600 81018
4800 41018

Notes: 1. The host bit rate settings are 4800 and 9600bps only. Do not use any other setting.

2. ThisLSI may automatically adjusts the bit rate except for bit rate and system clock
combinations as shown in Table 15-7. However, the bit rate of the host and thisL S|
will be different and subsequent transfers will not be carried out normally. Therefore,
always execute the boot mode within the range of the bit rate and system clock
combinations shown in Table 15-7.
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On-Chip RAM Area Divisionsin Boot Mode: In boot mode, the RAM areais divided into an
area used by the boot program and an area to which the user program is transferred viathe SCI, as
shown in figure 15-8. The boot program area can be used when atransition is made to the
execution state for the user program transferred to RAM.

H'FEF10

Boot program
area
(Approximately 1kbyte)

H'FF300
User program
transfer area
(Approximately
3.0 kbytes)
H'FFFOF

Notes : 1. The boot program area cannot be used until a transition is made to the execution
state for the user program transferred to RAM. Note also that the boot program
remains in this RAM area even after control branches to the user program.

2. When flash memory emulation is performed using RAM, part of the user program
transfer area (H'FF800 to H'FFBFF) is used as an area for carrying out emulation,
and therefore user program transfer must not be performed to this area.

Figure15-8 RAM Areasin Boot Mode
Notes on using the boot mode

(1) When this LSl comes out of reset in boot mode, it measures the low period the input at the
SCI's RXD, pin. The reset should end with RXD, high. After the reset ends, it takes about 100
states for this LS| to get ready to measure the low period of the RXD, input.

(2) If any data has been written to the flash memory (if all datais not H'FF), al flash memory
blocks are erased when this mode is executed. Therefore, boot mode should be used for initial
on-board programming, or for forced recovery if the program to be activated in user program
mode is accidentally erased and user program mode cannot be executed, for example.

(3) Interrupts cannot be used during programming or erasing of flash memory.

(4) The RXD, and TXD, pins should be pulled up on the board.
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(5) ThisLSI terminates transmit and receive operations by the on-chip SCI(channel 1) (by clearing
the RE and TE hitsin serial control register (SCR)) before branching to the user program.
However, the adjusted bit rate is held in the bit rate register (BRR). At thistime, the TXD, pin
isinthe high level output state (PODDR P9,DDR=1, PODR P9,DR=1).

Before branching to the user program the value of the general registersin the CPU are aso

undefined. Therefore, the general registers must beinitialized immediately after control

branches to the user program. Since the stack pointer (SP) isimplicitly used during subroutine
call, etc., a stack area must be specified for use by the user program.

There are no other internal 1/0 registersin which theinitial value is changed.

(6) Transition to the boot mode executes a reset-start of this LS| after setting the MD, to MD, and
FWE pins according to the mode setting conditions shown in Table 15-6.

At thistime, this LSI latches the status of the mode pin inside the microcomputer to maintain

the boot mode status at the reset clear (startup with Low -> High) timing**.

To clear boot mode, it is necessary to drive the FWE pin low during the reset, and then execute

reset release* . The following points must be noted:

(a) Before making atransition from the boot mode to the regular mode, the microcomputer
boot mode must be reset by reset input viathe RES pin. At this time, the RES pin must be
hold at low level for at least 20 system clock. *3

(b) Do not change the input levels at the mode pins (MD, to MD,) or the FWE pin whilein
boot mode. When making a mode transition, first enter the reset state by inputting alow
level to the RES pin. When awatchdog timer reset was generated in the boot mode, the
microcomputer mode is hot reset and the on-chip boot program is restarted regardless of
the state of the mode pin.

(c) Do not input low level to the FWE pin while the boot program is executing and when
programming/erasing flash memory. *2

(7) If the mode pin and FWE pin input levels are changed from 0 V to V. or from V. to OV
during areset (while alow level is being input to the RES pin), the microcomputer’s operating
mode will change.

Therefore, since the state of the address dual port and bus control output signals (AS, RD, WR)

changes, use of these pins as output signals during reset must be disabled outside the

microcomputer.

Notes: 1. The mode pin and FWE pin input must satisfy the mode programming setup time (ty,ps)

relative to the reset clear timing.

2. For notes on FWE pin High/Low, see section 15.9, Notes on Flash Memory
Programming/Erasing.

3. Seesection 4.2.2, Reset Sequence and 15.9, Noteson Flash Memory
Programming/Erasing. With the mask ROM version of the H8/3039, H8/3038,
H8/3037, and H8/3036, the minimum reset period during operation is 10 system
clocks. However, the flash memory versions of the H8/3039 requires a minimum of 20
system clocks.
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15.4.2  User Program Mode

When set to the user program mode, this LS| can erase and program its flash memory by executing
auser program. Therefore, on-chip flash memory on-board programming can be performed by
providing a means of controlling FWE and supplying the write data on the board and providing a
write program in a part of the program area.

To select thismode, set the LS| to on-chip ROM enable modes 5 and 7 and apply a high level to
the FWE pin. In this mode, the peripheral functions, other than flash memory, are performed the
sameasin modes5and 7.

Since the flash memory cannot be read while it is being programmed/erased, place a programming
program on external memory, or transfer the programming program to RAM area, and execute it
inthe RAM. In mode 6, do not program/erase the flash memory. When setting mode 6, always
input low level to the FWE pin.

Figure 15-9 shows the procedure for executing when transferred to on-chip RAM. During reset
start, starting from the user program mode is possible.
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<Procedure>
1 MDz2- MD0 =101, 111 The user writes a program that executes steps 3 to 8 in advance
as shown below .

Y 1 Sets the mode pin to an on-chip ROM enable mode
(mode 5 or 7).
2 Reset start
2 Starts the CPU via reset.
(The CPU can also be started from the user program
Y mode by setting the FWE pin to High level during reset;
3 Transfer on-board programming that is, during the period the RES pin is a low level.)

program to RAM.

3 Transfers the on-board programming program to RAM.

Y 4 Branches to the program in RAM.

4 Branch to program in RAM. ) )
5 Sets the FWE pin to a high level.*

(Switches to user program mode.)

Y 6 After confirming that the FWE pin is a high level, executes

5 FWE=high the on-board programming program in RAM. This
(user program mode) reprograms the user application program in flash memory.
Y 7 At the end of reprograming, clears the SWE bit, and exits

the user program mode by switching the FWE pin from

Execute on-board programming .
a high level to a low level. *

6 program in RAM
(flash memory reprogramming).

8 Branches to, and executes, the user application program

reprogrammed in flash memory.
Y

7 | Inputlow level to FWE after SWE Note: For notes on FWE pin High/Low, see section 15.9, Notes
bit clear (user program mode exit) on Flash Memory Programming/Erasing.
y
8 Execute user application

program in flash memory.

Figure15-9 User Program M ode Execution Procedure (Example)

Note: Normally do not apply ahigh level to the FWE pin. To prevent erroneous programming or
erasing in the event of program runaway, etc., apply ahigh level to the FWE pin only
when programming/erasing flash memory (including flash memory emulation by RAM).
If program runaway, etc. causes overprogramming or overerasing of flash memory, the
memory cellswill not operate normally.

Also, while ahigh level is applied to the FWE pin, the watchdog timer should be activated
to prevent overprogramming or overerasing due to program runaway, €etc.

In mode 6, do not reprogram flash memory. When setting mode 6, always set the FWE pin
toalow level.
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15,5 Programming/Erasing Flash Memory

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. There are four flash memory operating modes. program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes can be made by
setting the PSU, ESU, P, E, PV, and EV bitsin FLMCR.

For a description of state transition by FLMCR bit setting, see figure 15-10.

The flash memory cannot be read while being programmed or erased. Therefore, the program that
controls flash memory programming/erasing (the programming control program) should be
located and executed in on-chip RAM or external memory.

For the programming/erasing notes, see section 15.9, Notes on Flash Memory
Programming/Erasing. For the wait time after each bit in FLMCR is set or cleared, see section
18.2.5, Flash Memory Characteristics.

Notes: 1. Operation isnot guaranteed if setting/resetting of the SWE, ESU, PSU, EV, PV, E, and
P bitsin FLMCR is executed by a program in flash memory.

2. When programming or erasing, set the FWE pin input level to the high level, and set
FWE to 1. (programming/erasing will not be executed if FWE = 0).
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*2

E=1
—_—
Erase setup state Erase mode
E=0
< _
/ Erase-verify mode
st

*3

Program setup state Programming mode
P=0

Normal mode

FWE=1 i TFWEZO

On-board
programming mode
software reprogramming
disable state

Software
reprogramming
enable state

Program-verify mode

Notes: O: Normal mode Q: On-board programming mode

1. Do not make a state transition by setting or clearing two or more
bits at the same time.
2. After transition from the erase mode to the erase setup state, do
not make a transition to the erase mode without going through the
software reprogramming enable state.
. After transition from the programming mode to the program setup
state, do not switch to the programming mode without going through the
software reprogramming enable state.

w

Figure15-10 State Transition by Setting of Each Bit of FLMCR

155.1 Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 15-11 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program data reliability. Programming should be carried out 32 bytes at a
time.

For thewait time (X, Yy, z, a, B, Y, €, n) after setting or clearing each bit in the flash memory
control register (FLMCR) and the maximum programming count (N), see table 18-15 in section
18.2.5, Flash Memory Characteristics.
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Following the elapse of (x) ps or more after the SWE bit is set to 1 in flash memory control

register (FLMCR), 32-byte program data is stored in the program data area and reprogram data
area, and the 32-byte data in the reprogram data area written consecutively to the write addresses.
(The lower 8 bits of the first address written to must be H'00, H'20, H'40, H'60, H'80, H'AQ, H'CO,
or H'EQ.) 32 consecutive byte data transfers are performed. The program address and program data
arelatched in the flash memory. A 32-byte data transfer must be performed even if writing fewer
than 32 bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
Set avalue greater than (y + z + a + [3) usasthe WDT overflow period. Preparation for entering
program mode (program setup) is performed next by setting the PSU bitin FLMCR. The
operating mode is then switched to program mode by setting the P bit in FLMCR after the elapse
of at least (y) ps.

The time while the P bit is set is the flash memory programming time. Make a program setting so
that the time for one programming operation is within the range of (z) ps.

The wait time after P bit setting must be changed according to the number of reprogramming
loops. For details, see section 18.2.5, Flash Memory Characteristics.

155.2 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

Clear the P bit in FLMCR, then wait for at least (o ) ps before clearing the PSU bit to exit
program mode. After exiting program mode, the watchdog timer setting isalso cleared. Then the
operating mode is switched to program-verify mode by setting the PV bit in FLMCR. Before
reading in program-verify mode, a dummy write of H'FF data should be made to the addresses to
be read. The dummy write should be executed after the elapse of (y) us or more. When the flash
memory isread in this state (verify dataisread in 16-bit units), the data at the latched address is
read. Wait at least (€) ps after the dummy write before performing this read operation. Next, the
originally written data is compared with the verify data, and reprogram datais computed (see
figure 15-11) and transferred to RAM. After verification of 32 bytes of data has been compl eted,
exit program-verify mode, wait for at least (n) us, then determine whether 32-byte programming
has finished. If reprogramming is necessary, set program mode again, and repeat the
program/program-verify sequence as before. However, ensure that the program/program-verify
sequence is not repeated more than (N) times on the same bits.

Note: A 32-byte areato store program data and a 32-byte area to store reprogram data are
required in RAM.
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e

| Set SWE bit in FLMCR

Wait (x) psec

[
Store 32-byte write data in write data area
and reprogram data area
[
| Programming operation counter n — 1 |
I

|
Consecutively write 32-byte data in
reprogram data area in RAM to flash memory
I
[ Enable WDT |
I
Set PSU bit in FLMCR
Wait (y) psec
[
Set P bit in FLMCR
Wait (z) psec
I

Clear P bitin FLMCR

*2

*6

*6 *7

Wait (a) psec *6
I
Clear PSU bit in FLMCR N
Wait (B) psec 6
I
[ Disable WDT |
Set PV bit in FLMCR 6
Wait (y) usec
I
[ Set verify start address |
I
| Programming end flag — 0 |
|
|
H'FF dummy write to verify address
Wait (€) usec *6
I
| Read verify data 3
Programming OK?
Programming end
flag — 1 (unfinished)
| Reprogram data computation | *4
\
Transfer computation result to reprogram 5
data area
| Increment verify address |
32-byte
data verification completed?
Clear PV bitin FLMCR
Wait (n) psec *6

Start of programming

End of programming

Notes: 1.

Write
Data

Programming should be performed in the erased state.
(Perform 32-byte programming on memory after all 32 bytes
have been erased.)

Data transfer is performed by byte transfer (word transfer is not
possible), with the write start address at a 32-byte boundary.
The lower 8 bits of the first address written to must be H'00,
H'20, H'40, H'60, H'80, H'A0, H'CO, or H'EO. A 32-byte data
transfer must be performed even if writing fewer than 32 bytes;
in this case, H'FF data must be written to the extra addresses.

. Verify data is read in 16-bit (word) units. (Byte-unit reading is

also possible.)

Reprogram data is determined by the computation shown in the
table below (comparison of data stored in the program data
area with verify data). Programming of reprogram data O bits is
executed in the next programming loop. Therefore, even bits for
which programming has been completed will be programmed
again if the result of the subsequent verify operation is NG.

An area for storing write data (32 bytes) and an area for storing
reprogram data (32 bytes) must be provided in RAM. The
contents of the latter are rewritten in accordance with the
reprogramming data computation.

The values of x, y, z, a, B, v, €, n, and N are shown in section
18.2.5, Flash Memory Characteristics.

The value of z depends on the number of reprogramming loops
(n). Details are given in section 18.2.5, Flash Memory
Characteristics.

Verify Reprogram

Data Data

Comments

0

1 Programming completed

Programming incomplete; reprogram

R

1
0
1

0
1 —
1 Still in erased state; no action

RAM

Program data storage
area (32 bytes)

Reprogram data storage
area (32 bytes)
Reprogram

[ Clear SWE bit in FLMCR |

Clear SWE bit in FLMCR

End of programming

Programming failure
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15.5.3 Erase Mode

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 15-12.

For thewait time (X, y, z, a, B, V, €, n) after setting or clearing of each hit in the flash memory
control register (FLMCR) and the maximum erase count (N), see table 18-15 of section 18.2.5,
Flash Memory Characteristics.

To erase the contents of flash memory, make a 1 bit setting for the flash memory areato be erased
in erase block register (EBR) at least (x) ps after setting the SWE bitto 1 in FLMCR. Next, the
watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. Set avalue
greater than (z) ms+ (y + a + 3) psasthe WDT overflow period. Preparation for entering erase
mode (erase setup) is performed next by setting the ESU bit in FLMCR. The operating modeis
then switched to erase mode by setting the E bit in FLMCR after the elapse of at least (y) us.

The time during which the E bit is set is the flash memory erase time. Ensure that the erase time
does not exceed (z) ms.

Note:  With flash memory erasing, preprogramming (setting all datain the memory to be erased
to “0") is not necessary before starting the erase procedure.

1554 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCR, then wait for at least (o) pus
before clearing the ESU hit to exit erase mode. After exiting erase mode, the watchdog timer
setting is also cleared. The operating mode is then switched to erase-verify mode by setting the
EV bitin FLMCR. Beforereading in erase-verify mode, adummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (y) ps or
more. When the flash memory isread in this state (verify dataisread in 16-bit units), the data at
the latched addressisread. Wait at least (€) s after the dummy write before performing this read
operation. If the read data has been erased (all “1"), adummy write is performed to the next
address, and erase-verify is performed. If the read data is unerased, set erase mode again, and
repeat the erase/erase-verify sequence as before. However, do not repeat the erase/erase-verify
sequence more than (N) times.
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(_sat_)n

| Set SWE bit in FLMCR

Wait (x) psec *2
I
[ Erase countern — 1 |
\ .
| Set EBR | o
[ Enable WDT |
I
Set ESU bit in FLMCR .
Wait (y) psec 2
[
Set E bit in FLMCR Start of erase
Wait (z) msec
[
Clear E bit in FLMCR End of erase
Wait (o) usec *2
[
Clear ESU bit in FLMCR "
Wait (B) pusec 2
[ Disable WDT |
I
Set EV bit in FLMCR »
Wait (y) psec
I
Set block start address
to verify address
I
H'FF dummy write to verify address 2
Wait (€) psec
I
[ Read verify data | *3
Increment ] o No
verify address Verify data = H'FFFF?
Last address of block? Re-erase
ne-n+1l
0 *2
Clear EV bitin FLMCR Clear EV bit in FLMCR
Wait (n) psec Wait (n) psec
2 No
Yes
Clear SWE bit in FLMCR | [ Clear SWE bit in FLMCR

End of erasing

. Preprogramming (setting erase block data to all 0s) is not necessary.

. Thevalues of x, y, z, a, B, v, € n, and N are shown in section 18.2.5, Flash Memory Characteristics.
. Verify data is read in 16-bit (word) units. (Byte-unit reading is also possible.)

. Set only one bit in EBR two or more bits must not be set simultaneously.

. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

Notes:

abdwN e

Figure15-12 Erase/Erase-Verify Flowchart (Single-Block Erasing)
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15.6 Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

15.6.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Hardware protection is reset by settings in the flash memory control register
(FLMCR) and erase block register (EBR). In the case of error protection, the P bit and E bit can
be set, but atransition is not made to program mode or erase mode. (Seetable 15-8.)
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Table15-8 Hardware Protection

Function

Item Description Program Erase  Verify*!

FWE pin protection «  When a low level is input to the FWE pin, No** No*® No
FLMCR and EBR are initialized, and the
program/erase-protected state is
entered.**

Reset/standby + Inareset (including a WDT overflow No No*? No
protection reset) and in standby mode, FLMCR and

EBR are initialized, and the

program/erase-protected state is entered.

« In areset via the RES pin, the reset state
is not entered unless the RES pin is held
low until oscillation stabilizes after
powering on (The minimum oscillation
stabilization time is 20ms). In the case of
a reset during operation, hold the RES
pin low for at least 20 system clock
cycles. *°

Error protection ~ « When a microcomputer operation error ~ No No** Yes
(error generation (FLER=1)) was
detected while flash memory was being
programmed/erased, error protection is
enabled. At this time, the FLMCR and
EBR settings are held, but
programming/erasing is aborted at the
time the error was generated. Error
protection is released only by a reset via
the RES pin or a WDT reset, or in the
hardware standby mode.

Notes: 1. Two modes: program-verify and erase-verify.

The RAM area that overlapped flash memory is deleted.

All blocks become unerasable and specification by block is impossible.

For more information, see section 15.9, Notes on Flash Memory Programming/Erasing.

See sections 4.2.2, Reset Sequence and 15.9, Notes on Flash Memory
Programming/Erasing. This LSI requires a minimum reset time during operation of 20
system clocks.

ok wD
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15.6.2  Software Protection

Software protection can be implemented by setting the RAMS hit in RAM control register
(RAMCR) and erase block register (EBR). When software protection isin effect, setting the Por E
bit in flash memory control register (FLMCR) does not cause atransition to program mode or
erase mode. (Seetable 15-9.)

Table15-9 Software Protection

Function
Item Description Program Erase Verify**
Emulation Setting the RAMS bit in RAMCR sets the No*? No*® Yes
protection** program/erase-protected state for all blocks.
Block « Erase protection can be set for individual — No Yes
specification blocks by settings in erase block register
protection (EBR)**

However, program protection is disabled.

e Setting EBR to H'00 places all blocks in the
erase-protected state.

Notes: 1. Two modes: program-verify mode and erase-verify mode.
2. Programming to the RAM area that overlaps flash memory is possible.
3. All blocks become unerasable, and specification by block is impossible.
4. Set H'00 in the EBR bits, except for erase.

15.6.3 Error Protection

In error protection, an error is detected when this LS| runaway occurs during flash memory
programming/erasing**, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the LSI malfunctions during flash memory programming/erasing, the FLER bit** issetto 1in
flash memory status register (FLMSR) and the error protection state is entered. The FLMCR and
EBR settings** are retained, but program mode or erase mode is aborted at the point at which the
error occurred. When 1 is set in the FLER hit, transition to the program mode or erase mode
cannot be made even by setting the P and E bitsin FLMCR. However, PV and EV bitin FLMCR
setting is enabled, and atransition can be made to verify mode.

Error protection isreleased only by areset viathe RES pin or aWDT reset, or in the hardware
standby mode.
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Figure 15-13 shows the flash memory state transition diagram.

Notes: 1. Thisisthe stateinwhichthe P or E bitin FLMCR isset to 1. In this state, NMI input is
disabled. For more information, see section 15.6.4, NMI Input Disable Conditions.
2. For adetailed description of the FLER bits setting conditions, see section 15.3.4, Flash
Memory Status Register (FLMSR).
3. Datacan be written to FLMCR and EBR. However, when transition to the software
standby mode was made in the error protection state, the registers are initialized.

Memory read verify mode

Program mode
Erase mode

Reset or standby mode
(hardware protection)

INIT FLER=0

Reset or hardware
standby mode

Error protection mode
(software standby mode)

Software
standby mode

_

B — DVFP

Software standby
mode release

INIT FLER=1

RD : Memory read enable
VF : Verify-read enable : Verify-read disabled
PR : Programming enable : Programming disabled
ER : Erasing enable ER : Erasing disabled
INIT : Registers (FLMCR, EBR) initialize state

: Memory read disabled

o<l
EEE

Figure 15-13 Flash Memory State Transitions
(When High level apply to FWE pin in modes 5 and 7 (on-chip ROM enabled))

The error protection function is disabled for errors other than the FLER bit set conditions. If
considerable time elapses up to transit to this protection state, the flash memory may aready be
damaged. As aresult, this function cannot completely protect the flash memory against damage.

468
HITACHI




Therefore, to prevent such erroneous operation, operation must be carried out correctly in
according with the program/erase algorithms in the state that flash write enable (FWE) is set. In
addition, the operation must be always carried out correctly by supervising microcomputer errors
inside and outside the chip with the watchdog timer, etc. At transition to this protection mode, the
flash memory may be erroneously programmed or erased, or its abort may result in incomplete
programming and erasing. In such cases, always forcibly return (reprogram) by boot mode.
However, overprogramming and overerasing may prevent the boot mode from starting normally.

15.6.4 NMI Input Disable Conditions

While flash memory is being programed/erased and the boot program is executing in the boot
mode (however, period up to branching to on-chip RAM area)**, NMI input is disabled because
the programming/erasing operations have priority.

Thisis done to avoid the following operation states:

1. Generation of an NMI input during programming/erasing violates the program/erase
algorithms and normal operation can not longer be assured.

2. Vector-read cannot be carried out normally*?2 during NMI exception handling during
programming/erasing and the microcomputer runs away as aresult.

3. If an NMI input is generated during boot program execution, the normal boot mode sequence
cannot be executed.

Therefore, this LS| has conditions that exceptionally disable NMI inputs only in the on-board
programming mode. However, this does not assure normal programming/erasing and
microcomputer operation.

Thus, in the FWE application state, all requests, including NMI, inside and outside the
microcomputer, exception handling, and bus rel ease must be restricted. NMI inputs are also
disabled in the error protection state and the state that holds the P or E bit in FLMCR during flash
memory emulation by RAM.

Notes: 1. Indicates the period up to branching to the on-chip RAM boot program area (H'FEF10
to H'FF2FF). (This branch occurs immediately after user program transfer was
completed.)

Therefore, after branching to RAM area, NMI input is enabled in states other than the
program/erase state. Thus, interrupt requests inside and outside the microcomputer
must be disabled until initial writing by user program (writing of vector table and NMI
processing program, etc.) is completed.

2. Inthiscase, vector read is not performed normally for the following two reasons:

a. The correct value cannot be read even by reading the flash memory during
programming/erasing. (Value is undefined.)
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b. If avalue has not yet been written to the NMI vector table, NMI exception handling
will not be performed correctly.

15.7  Flash Memory Emulation by RAM

Erasing and programming the flash memory takes time, which can make it difficult to tune
parameters and other datain real time. In this case, overlapping part (H'FF800 to H'FFBFF) of
RAM onto asmall block area of flash memory can be performed to emulate real -time
reprogramming of flash memory. This RAM reassignment is performed using bits 3to 1 in the
RAM control register (RAMCR).

After the RAM area change, two areas can be accessed: the overlapped flash memory area and the
origina RAM area (H'FF800 to H'FFBFF). For a description of the RAMCR and RAM area
setting procedure, see section 15.3.3 RAM Control Register (RAMCR).

Example of real-time emulation of flash memory

An example of RAM area H'FF800 to H'FFBFF overlapping EB2 (H'00800 to H'00BFF) flash
memory areais shown below.

T H'00000

Block area

EBz{H'OOBOO

area | 00BFF
H'00FFF

Flash memory
space

<Procedure>

1

Overlapping RAM 2

(Image RAM area)

H'FEF10

H'FF800
H'FFBFF
H'FFCO00
H'FFFOF

On-chip

Part (H'FF800 to H'FFBFF) of RAM
overlaps the area (EB2) needed to carry out
real-time reprogramming.

(Bits 3to 1 in the RAMCR are setto 1, 1, 0
and the overlap flash memory area (EB2)

is selected.)

Real-time reprogramming is carried out using
the overlapping RAM.

After the reprogramming data is verified, RAM
overlapping is released. (RAMS bits are cleared.)

The data written to H'FF800 to H'FFBFF in RAM
are written to flash memory space.

RAM area Note: * When part (H'FF800 to H'FFBFF) of RAM

(Real RAM area)

overlapped a small block area of flash
memory, the overlapped flash memory
area cannot be accessed. This area can
be accessed by releasing overlapping.
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Notes on use of the RAM emulation function

(1) Notes on flash write enable (FWE) high/low
Careis necessary to prevent erroneous programming/erasing at FWE=high/low, the same asin
the on-board programming mode. To prevent erroneous programming and erasing due to
program runaway, etc., during FWE application, in particular, the watchdog timer should be
set when the P, or E bitisset to 1 in FLMCR, even while the emulation function is being used.
For more information, see section 15.9, Notes on Flash Memory Programming/Erasing.

(2) NMI input disable conditions
When the P and E bitsin FLMCR are set, NMI input is disabled, the same as normal
program/erase even when using the emulation function.
NMI input is cleared when the P and E bits are reset (including watchdog timer reset), in the

standby mode, when a high level is not applied to FWE, and when the SWE bitin FLMCR is0
in state in which a high level isinput to FWE.

15.8 Flash Memory PROM Mode

1581 PROM Mode Setting

This LSl has a PROM mode, besides an on-board programming mode, as a flash memory
program/erase mode. In the PROM mode, a program can be freely written to the on-chip ROM
using a PROM programmer that supports the Hitachi 128kbytes flash memory on-chip
microcomputer device type.

For notes on PROM mode use, see sections 15.8.9, Notes on Memory Programming and 15.9,
Notes on Flash Memory Programming/Erasing.

1582 Memory Map

Figure 15-15 shows the PROM mode memory map.

Address in ) Address in
MCU mode  This LSI PROM mode
H'00000 H'00000
On-chip ROM
area
H'1FFFF H'1FFFF

Figure 15-15 PROM Mode Memory Map
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15.83 PROM Mode Operation

Table 15-10 shows how the different operating modes are set when using PROM mode, and table
15-11 lists the commands used in PROM mode. Details of each mode are given below.

e Memory Read Mode
Memory read mode supports byte reads.
e Auto-Program Mode

Auto-program mode supports programming of 128 bytes at atime. Status polling is used to
confirm the end of auto-programming.

* Auto-Erase Mode

Auto-erase mode supports automatic erasing of the entire flash memory. Status polling is used
to confirm the end of auto-erasing.

* Status Read Mode

Status polling is used for auto-programming and auto-erasing, and normal termination can be
confirmed by reading the I/O 6 signal. In status read mode, error information is output if an
€rror occurs.

Table15-10 Settingsfor