TOSHIBA TMP95C061B

CMOS 16-bit MICROCONTROLLER
TMP95C06 1BF

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP95C061BF is high-speed advanced 16-bit microcontroller developed for
controlling medium to large-scale equipment. TMP95C061BF is housed in an 100-pin
mini flat package (QFP100-P-1414-0.50). TMP95C061BEF is housed in QFP100-P-
2222-0.80A package.

Device characteristics are as follows:

(1)

(2)
3)

(4)

(5)
(6)
(7)
(8)
9

(10)
(11)

(12)
(13)

(14)

(15)

Original High speed 16-bit CPU (900/H CPU)

TLCS-90/900 instruction mnemonic upward compatible.
16M-byte linear address space

General-purpose registers and register bank system

16-bit multiplication / division and bit transfer / arithmetic instructions
Micro DMA : 4 channels (640 ns/2 bytes at 25 MHz)
Minimum instruction execution time : 160 ns at 25 MHz
Internal RAM : None

Internal ROM : None

External memory expansion

® Can be expanded up to16M bytes (for both programs and data).
® AMS8/16 pin (select the external data bus width)

® Can mix 8- and 16-bit external data buses. ‘- Dynamic data bus sizing
DRAM Controller

8-bit timer : 4 channels

16-bit timer : 2 channels

Pattern generator : 4 bits, 2 channels

Serial interface : 2 channels

(Only for channel 0, external clock can be used in UART mode.)
10-bit A/D converter : 4 channels

Watchdog timer

Chip select / wait controller ~ :4 blocks

Interrupt functions

® 2 CPU interrupts ... SWI instruction, and Illegal instruction
® 18 internal interrupts .. 7-level priority can be set.

® 6 external interrupts ... 7-level priority can be set.

I/O ports

56 pins

Standby function :3 HALT modes (RUN, IDLE, STOP)
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Figure 1 TMP95C061B Block Diagram
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TOSHIBA TMP95C061B

2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input / output pins for TMP95C061B their name and outline
functions are described below.

2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMP95C061B.

] FNQ MCU mode
MCU mode FNQ 88|RD
WR 89 87|A0
P52 /HWR 90 86[A1
P53 /BUSRQ 91 85(a2
P54 /BUSAK 92 84(a3
P55/R/W 93 83(A4
P60 / CSO 94| 82|A5
vCC 95, 81[a6
P61/CS1 96| 80|A7
P62 /CS2 97, 79|A8
P63 /CS3 /CAS 98| 78/A9
P64 /RAS 99 77|A10
GND 100 | 76la11
minininininininininin) I
P65 /REFOUT TH ® H 7s5[a12
P70 /PG00 2HT 'H 74]a13
P71/PGO1 3 H 7314
P72/PG02 4| 'H 72[a1s
P73/PG03 5] H 71lp20/A16
P74/PG10 6] H 7olp21/A17
P75/PG11 7HO I'H 69lP22/A18
P76/PG12 s 'H 68lp23/A19
P77/PG13 9H] 'H 67[p24a/A20
NMI 10H] 'H e6[p25/A21
P80 /TXDO [Hg 'H 65[p26/a22
P81/RXDO 12H] top view ' H ealp27/A23
P82 /CT50/SCLKO | 13H] 'H e3fvce
P83 /TXD1 14H] MFP100 'H 62|GND
P84 /RXD1 15H] 'H s1|GND
P85 /SCLK1 16{—1_| 'H e0|p17/D15
AGND (Vger) 17H] 'H s9lp16/D14
Virer (Veern) 18] H sslp15/D13
vCC 19H] H s7lp1a/p12
P90 / ANO 20| 'H selp13/D11
P91/AN1 21H] 'H sslp12/D10
P92/ AN2 22H] 'H salp11/D9
P93/AN3 23H] 'H s3[p10/D8
AMS8/T6 24 I'H s52[p7
cLK 25H] 'H 51|p6
IJ_I CICICICTCICICICILICTL] LEI
GND 26 | I 50|D5
X1 27 49[pa
X2 28| 48[D3
EA 29 47(D2
RESET 30 46[D1
WDTOUT 31 45(D0
PAO / WAIT 32 44[vCC
PA1/TIO 33 43[PB7/INTO
PA2/TO1 34 12|PB6 /TOB
PA3/TO3 5 a1|pB5/INT7 /TI7
PBO/INTA4/TI4 6| 40[PB4/INT6/TI6
PB1/INT5/TI5 37 39|PB3/TO5
38lPB2/TOA

Figure 2.1 Pin Assignment (100-pin MFP)
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TOSHIBA TMP95C061B

2.2 Pin Names and Functions

The names of input / output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Table 2.2
Pin name Num.ber 110 Functions
of pins
DO to D7 8 I/0 Data : O0to7fordatabus
P10 to P17 8 I/0 Port1: 1/O portsthatallow I/O to be selected on a bit basls
D8to D15 I/0 Data : 8to 15fordatabus
P20 to P27 8 Output ([Port2 . Output ports
A16to A23 Output |Address : 16to 23 foraddress bus
A8to A15 8 Output |[Address : 8to 15 for address bus
A0 to A7 8 Output |Address : 0to7foraddressbus
RD 1 Output |Read : Strobe signal for reading external memory
WR 1 Output |[Write : Strobesignal for writing data on pins DO to 7
P52 1 1/0 Port 52 : /o port (with pull-up resistor)
HWR Output |High Write : Strobe signal for writing data on pins D8 to 15
P53 1 1/0 Port 53 . l/o port (with pull-up resistor)
BUSRQ Input Busrequest : Signal used to request high impedance for DO to
15, AO to 23, RD, WR, HWR, R/W, CSO to CS3, RAS,
CAS and REFOUT (*) pins. (for external DMAC)
P54 1 I/0 Port 54 . 1/o port (with pull-up resistor) L
BUSAK Output |BusAcknowledge : Signalindicating that DO to 15, A0 to 23, RD,
WR, HWR, RW, CSO to CS3, RAS, CAS and
REFOUT (*) pins are at high impedance after
receiving BUSRQ. (for external DMAC)
P55 1 1/0 Port 55 :  Output port (with pull-up resistor)
RW Output |Read/Write : 1: indicates read or dummy cycle
0 : indicates write cycle
P60 1 Output |[Port60 . Output port
Ccs0 Output [ChipSelect0: Outputs0when address is within specified address
area
P61 1 Output |(Port61 :  Output port
[«3) Output |[ChipSelect1: Output 0 when address is within specified address
area

Note : With the external DMA controller, this device’s built-in memory or built-in I/0O cannot be
accessed using the BUSRQ and BUSAK pins.

(*)  RAS, CAS, and REFOUT are set to high impedance only when bus release mode is set using the
DRAM controller. For details, see 3.7, Dynamic RAM (DRAM) Controller.
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TOSHIBA TMP95C061B
Pin name Num.ber 110 Functions
of pins
P62 1 Output |[Port62 Output port
cs2 Output [ChipSelect2: Outputs 0 if address is within specified address
area
P63 1 Output |[Port63 Output port
CS3 Output |[ChipSelect3: Outputs 0 if address is within specified address
area
CAS Output |[Column address strobe : Outputs CAS strobe for DRAM if address is
within specified address area
P64 1 Output [Port64 Output port
RAS Output |Low address strobe :Output RAS strobe for DRAM if address is
within specified address area
P65 1 Output [Port65 Output port
REFOUT Output |Refresh Output: 0 : indicates priod of refresh cycle
P70 to P73 4 I/0 Port70to 73: 1/O port that allow selection of I/0 on a bit basis
(with pull-up resister)
PG00 to PGO3 Output |Pattern generator Port 00to 03
P74 to P77 4 1/0 Port 74to 77: 1/O portthat allow selection of I/O on a bit basis
(with pull-up resister)
PG10to PG13 Output |Pattern generator Port 10to 13
P80 1 1/0 Port 80 I/0 port (with pull-up resister)
TXDO Output |Serialsenddata0
P81 1 1/0 Port 81 I/0 port (with pull-up resister)
RXDO Input Serial receive data 0
P82 1 I/0 Port 82 I/0 port (with pull-up resister)
CTSO Input Serial data send enable (clear to send)
SCLKO I/0 Serial Clock 1/0 0
P83 1 I/0 Port 83 I/0 port (with pull-up resister)
TXD1 Output |Serial send data 1
P84 1 I/0 Port 84 I/0 port (with pull-up resister)
RXD1 Input Serial receive data 1
P85 1 I/0 Port 85 I/0 port (with pull-up resister)
SCLK1 1/0 Serial clock I/0 1
P90 to P93 4 Input Port9 Input port
ANO to AN3 Input Analog input Input to A/D converter
PAO 1 I/0 Port AO I/0 port (with pull-up resister)
WAIT Input Wait Pin used to request CPU us wait
PA1 1 I/0 Port A1 I/0 port (with pull-up resister)
TIO Input Timer input 0 Timer 0 input
PA2 1 1/0 Port A2 1/0 port (with pull-up resister)
TO1 Output [Timeroutput1 : Timer0or1output
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TOSHIBA TMP95C061B
Pin name “{,‘#’Sﬁf{ I/0 Functions
PA3 1 1/0 Port A3 : 1/0 port (with pull-up resistor)
TO3 Output |[Timeroutput3 : Timer 2 or 3 output
PBO 1 1/0 Port BO : 1/0 port (with pull-up resistor)
TI4 Input Timerinput4 : Timer 4 count/capture trigger signal input
INT4 Input Interrupt request pin 4 Interrupt request pin with
programmable rising / falling edge
PB1 1 I/0 Port 86 : 1/0 port (with pull-up resistor)
TI5 Input Timer input 5 Timer 4 count/ capture trigger signal input
INT5 Input Interrupt request pin 5 Interrupt request pin with rising edge
PB2 1 I/0 Port B2 : 1/O port (with pull-up resistor)
TO4 Output |[Timeroutput4d : Timer4 output
PB3 1 I/0 Port B3 : 1/O port (with pull-up resistor)
TOS Output |Timer output5 Timer4 output
PB4 1 I/0 Port B4 : /O port (with pull-up resistor)
TI6 Input Timerinput 6 Timer 5 count/ capture trigger signal input
Interrupt request pin 6 Interrupt request pin with
INT6 progmnable rising / fulling edge
PB5 1 I/0 Port B5 : 1/0O port (with pull-up resistor)
TI7 Input Timer input7 Timer 5 count/ capture trigger signal input
INT7 Input Interrupt request pin 7 Interrupt request pin with rising edge
PB6 1 I/0 Port B6 I/0 port (with pull-up resistor)
TO6 Output |[Timer output6 Timer5 output pin
PB7 1 /0 Port B7 I/0 port (with pull-up resistor)
INTO Input Interrupt request pin 0 Interrupt request pin with
progmmable level / rising edge
VRer (VREEH) 1 Input Pin for refereme voltage input to A/D connecter
AGND (VRgrD) 7 Input Ground pin for A/D converter
WDTOUT 1 Output |Watchdog timer output pin
NMI 1 Input Non-maskable interrupt request pin
Interrupt request pin with falling edge.
Can also be operated at rising edge by program.
CLK 1 Output |Clock output : Outputs [ external input clock X1 +4 ] clock.
Pulled-up during reset.
EA 1 Input | fixed GND
AMS8/16 1 Input Address mode Selects external Data Bus width “0” should be
inputted with fixed 16 bit Bus width or 16 bit
Bus interlorded with 8 bit Bus. “1” should be
inputted with fixed 8 bit Bus width
RESET 1 Input Reset : Initializes LSI (with pull-up resister)
X1/X2 2 I/0 Oscillator connecting pin
VCC 4 Power supply pin (+5V)
VSS 4 GND pin (0 V)
Note 1: Pull-up resistor can be released from the pin by software.
Note 2: Connect all VCC pins to power supply and all VSS pins to GND.
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TOSHIBA TMP95C061B

3.

3.1

3.1.1

OPERATION

This section describes in blocks the functions and basic operations of TMP95C061B
devices.

Check the [ 7. Care Points and Restriction | because of the Care Points etc are
described.

CPU

TMP95C061B devices has a built-in high-performance 16-bit CPU (900/H CPU).
(For CPU operation, see TLCS-900 CPU in the previous section).

This section describes CPU functions unique to TMP95C061B that are not described
in the previous section.

Reset

To reset the TMP95C061B, the RESET input must be kept at 0 for at least 10 system
clocks (10 states: 0.8 us at 25 MHz) within an operating voltage range and with a stable
oscillation.

When reset is accepted, the CPU sets as follows:

® Program Counter (PC) according to Reset Vector that is stored OFFFFO00H to
OFFFFO02H.
PC(7:0) <« storeddatato OFFFFO0H
PC(15:8) < stored data to OFFFF01H
PC (23 :16) < stored data to OFFFF02H
Stack pointer (XSP) for system mode to 100H.
IFF2 to 0 bits of status register to 111. (Sets mask register to interrupt level 7.)
Sets the MAX bit of the status register (SR) to 1 (this sets maximum mode).
(Note: This product does not support minimum mode. Do not use the MIN

instruction.)
Bits RFP2 to 0 of status register to 000. (Sets register banks to 0.)

When reset is released, instruction execution starts from PC (reset vector). CPU
internal registers other than the above are not changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows

® Initializes built-in I/O registers as per specifications.

® Sets port pins (including pins also used as built-in I/Os) to general-purpose input /
output port mode.

® Setsthe WDTOUT pin to 0. (Watchdog timer is set to enable after reset.)

® Pulls up the CLK pin to 1.
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TOSHIBA TMP95C061B

3.1.2  External data width selection pin (AM8/16)

After Reset operation, TMP95C061B operates 8 bits or 16 bits external data width
according to input to AM8 /16 pin.

® In case with fixed 16 bit bus or 16 bit bus interlarded with 8 bit bus
“0” should be inputted. In this case, Port 1 (P10 to P17) operate as data bus D8 to
15. The data bus width for external access is set by Chip Select / Wait Control

resister.

® In case with fixed 8 bit bus
“1” should be inputted. In this case, Port 1 (P10 to P17) operate as 8 bit I/O ports.
And the value set in Chip Select / Wait Control resister <B0BUS>, <B1BUS>,
<B2BUS>, <B3BUS> and <BEXBUS> are neglected.
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TOSHIBA TMP95C061B

3.2 Memory Map
Figure 3.2 shows a memory map of the TMP95C061B.

000000H
000080H Direct Area (n)
000100H [~====================---1 —J'
64K byte area (nn)
External memory
010000H
(16M byte)

16M byte area
(R)

(-R)
(R+)
(R+R8/16)
(R+d8/16)
(nnn)

FEFEQOH[ S - - 27 - 70227 =0
FFFEFEH Vector Table (256 Byte)

=internal area)

(Note) After reset operation, Stack point (XSP) is set to 100H.

Figure 3.2 Memory Map

95C061B-9



TOSHIBA TMP95C061B

3.2.1 Operation at internal I/O area access

TMP95C061B uses 128 bytes of address space (0H to 7FH) as an internal I/O area.
Internal I/O registers are mapped on this area.

Operation of the internal I/O area access is different from that of the other address
area access about following two points.

(1) In the internal I/O area access, RD, and WR (HWR) strobe signals are nonactive
and fixed to high level.
However, in PSRAM mode set by P5 <RDE >register, RD strobe signal becomes
active also in the internal I/O area access. (See 3.5.3 Port5 (P52 to P55).)

(2) In the internal I/O area access, the number of waits becomes zero or one
depending on the internal state of the CPU. This wait can’t be controlled by chip
select / wait controller (see 3.6 Chip Select / Wait Controller, AM8/16 pin). When
the specified address area overlaps with the internal I/O area, the operation as the
internal I/O area takes priority of the specified address area.
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3.3

Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop (IFF2 to 0)
and the built-in interrupt controller.
TMP95C061B has the following 26 interrupt sources:

® Interrupts from the CPU:--2
(Software interrupts, and Illegal (undefined) instruction execution)

® Interrupts from external pins (NMI, INTO, and INT4 to 7)--- 6
® Interrupts from built-in I/Os---14

® Interrupts from micro DMA---4

A fixed individual interrupt vector number is assigned to each interrupt source; six
levels of priority (variable) can also be assigned to each maskable interrupt. Non-
maskable interrupts have a fixed priority of 7.

When an interrupt is generated, the interrupt controller sends the value of the
priority of the interupt source to the CPU. When more than one interupt is generated
simultaneously, the interrupt controller sends the value of the highest priority (7 for
non-maskable interrupts is the highest) to the CPU.

The CPU compares the value of the priority sent with the value in the CPU interrupt
mask register (IFF2 to 0). If the value is higher or equal to that of the CPU interrupt
mask register, the interrupt is accepted. However, software interrupts and illegal
instruction interrupts generated by the CPU are processed without comparison with the
IFF <2:0>value.

The value in the CPU interrupt mask register (IFF2 to 0) can be changed using the EI
instruction (contents of the El num / IFF<2:0> = num). For example, programming EI
3 enables acceptance of maskable interrupts with a priority of 3 or greater, and non-
maskable interrupts which are set in the interrupt controller. The DI instruction
(IFF<2:0> = 7) operates in the same way as the EI 7 instruction. Since the priority
values for maskable interrupts are 0 to 6, the DI instruction is used to disable maskable
interrupts to be accepted. The EI instruction becomes effective immediately after
execution. (With the TLCS-90, the EI instruction becomes effective after execution of
the subsequent instruction.)

In addition to the general-purpose interrupt processing mode described above, there
is also micro DMA processing mode . Micro DMA is a mode used by the CPU to
automatically transfer byte, word and 4-byte data. It enables the CPU to process
interrupts such as data saves to built-in I/Os at high speed.

Figure 3.3 (1) is a flowchart showing overall interrupt processing.
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Qnterru pt Processing)

ector V and

¢ Clear interrupt
micro DMA

start vector match request F/F.
Read the interrupt vector V
clearinterrupt request F/F Data transfer by
G | micro DMA
| [rusre |
rocess': PUSH SR
processing SR<IFF2 to 0> «Accepted COUNT « COUNT -1 micro DMA
interruput processing
level +1
INTNEST<« INTNEST + 1
| YES TCInterrupt
COUNT=0 .
Vector register clear
— PC « (FFFFOOH + V) o

7

Interrupt processing
program

RETI Instruction
POP SR
POP PC

INTNEST« INTNEST -1

C End )

Figure 3.3 (1) Interrupt Processing Flowchart
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TMP95C061B

3.3.1

General-Purpose Interrupt Processing

When accepting an interrupt, the CPU operates as follows:
However, in the case of software interrupts and illegal instruction interrupts
generated by the CPU, the CPU skips (1) and (3) and executes steps (2), (4), and (5).

(1) The CPU reads the interrupt vector from the interrupt controller. When more
than one interrupt with the same level is generated simultaneously, the interrupt
controller generates interrupt vectors in accordance with the default priority
(which is fixed as follows: the smaller the vector value, the higher the priority),

then clears the interrupt request.

(2) The CPU pushes the program counter and the status register to the system

stack area (area indicated by the system mode stack pointer (XSP)).

(3) The CPU sets a value in the CPU interrupt mask register <IFF2 to 0> that is

higher by 1 than the value of the accepted interrupt level. However, if the value is
7,7 is set without an increment.

(4)
(5)

The CPU increments the INTNEST (Interrupt Nesting Counter).

The CPU jumps to address stored at FFFFOOH + interrupt vector, then starts
the interrupt processing routine.

The following diagram shows all the above processing state number.

Bus Width of Bus Width of Interrupt Interrupt processing
Stack Area Vector Area state number
. 8 bit 28
8 bit 16 bit 24
. 8 bit 22
16 bit 16 bit 18

To return to the main routine after completion of the interrupt processing, the RETI
instruction is usually used. Executing this instruction restores the contents of the
program counter and the status registers and decrements INTNEST (Interrupt Nesting
Counter).

Though acceptance of non-maskable interrupts cannot be disabled by program,
acceptance of maskable interrupts can. A priority can be set for each source of maskable
interrupts. The CPU accepts an interrupt request with a priority higher or equal to the
value in the CPU mask register <IFF2 to 0>. The CPU mask register <IFF2 to 0> is
set to a value higher by 1 than the priority of the accepted interrupt. Thus, if an
interrupt with a level higher than the interrupt being processed is generated, the CPU
accepts the interrupt with the higher level, causing interrupt processing to nest.
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Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable
interrupts are disabled.

The addresses OFFFFOOH to OFFFFFFH (256 bytes) of the TMP95C061B are
assigned for interrupt vector area.

Table3.3 (1) TMP95C061B Interrupt Table

Detault Vector value [ Addressrefer | Micro DMA
priority Type Interrupt source " to vector start vector
1 Reset, or SWIQ instruction OO0OO0OOH|FFFFOOH -
2 SWI 1 instruction OO0OO04H|FFFFO4H -
3 INTUNDEF : lllegal instruction, or SWI2 0008 H|FFFFO8H -
4 Non- SWI 3 instruction OO0OO0OCH|FFFFOCH -
5 maskable |SWI 4 instruction OO0O10H|FFFF10H -
6 SWI 5 instruction 0O014H|FFFF14H -
7 SWI 6 instruction 0018H|FFFF18H -
8 SWI 7 instruction O01CH|FFFF1CH -
9 NMI Pin O020H|FFFF20H -
10 INTWD . Watchdog timer 0024 H|FFFF24H -
- (Micro DMA) - - -
11 INTO pin 0028H|FFFF28H 0AH
12 INT4 pin 002CH|FFFF2CH OBH
13 INT5 pin O030H|FFFF30H OCH
14 INT6 pin 0034H|FFFF34H ODH
15 INT7 pin 003 8H|FFFF38H OEH
- (Reserved) 003 CH|FFFF3CH -
16 INTTO : 8-bittimer0 0O040H|FFFF40H 10H
17 INTT1 . 8-bittimer1 0044 H|FFFF44H 11H
18 INTT2 . 8-bittimer2 0048 H|FFFF48H 12H
19 INTT3 : 8-bittimer3 004 CH|FFFFACH 13H
20 Maskable |INTTR4  : 16-bittimerd (TREG4) OO0O50H|FFFF50H 14H
21 INTTR5  : 16-bittimer4 (TREGS5) O054H|FFFF54H 15H
22 INTTR6  : 16-bittimer5 (TREG6) 0058H|FFFF58H 16H
23 INTTR7 : 16-bittimer5 (TREG7) OO0O5CH|FFFF5CH 17H
24 INTRXO : Serial receive (Channel.0) 006 0H|FFFF60H 18H
25 INTTXO0 : Serial send (Channel.0) 006 4H|FFFF64H 19H
26 INTRX1 : Serial receive (Channel.1) 0068 H|FFFF68H 1AH
27 INTTX1 : Serial send (Channel.1) 006 CH|FFFF6CH 1BH
28 INTAD : A/D conversion completion 007 O0H|FFFF70H 1CH
29 INTTCO Micro DMA completion (channel.0) 007 4H|FFFF74H -
30 INTTC1 Micro DMA completion (channel.1) 0078 H|FFFF78H -
31 INTTC2 Micro DMA completion (channel.2) 007 CH|FFFF7CH -
32 INTTC3 Micro DMA completion (channel.3) O080H|FFFF80H -
- (Reserved) 0084 H|FFFF84H -
to to to to to
= (Reserved) OO0OFCH|FFFFFCH -
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TOSHIBA TMP95C061B

Setting to Reset / Interrupt Vector
@ Reset Vector

FFFFOOH PC(7:0)
FFFFO1H PC (15:8)

FFFFO2H | pC (23:16)
FFFFO3H XX

@ Interrupt Vector (except Reset Vector)

(Address refer tovector) +0 PC (7:0)

+1 PC (15:8)
+2 [ PC(23:16)
+3 XX

XX :don't care

(Setting Example)
Reset Vectir : 8100H, NMI Vector : 9ABCH, INTAD Vector : 123456h.

ORG 8100H
LD A,B (cf)

ORG, DL are the Assembler Directive.
ORG  9ABCH [ORG : control location counter

LD B,C DL : define the long word (32 bits) data
ORG  123456H

LD . CA

ORG I OFFFFOOH

DL 008100H ; Reset =8100H

ORG OFFFF20H

DL 009ABCH ; NMI =9ABCH

ORG OFFFF70H

DL 123456H ; INTAD = 123456H
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3.3.2

(1)

Micro DMA

In addition to conventional interrupt processing, TMP95C061B supports the micro
DMA function. For interrupt requests set for micro DMA, micro DMA processing is
performed at the highest priority for maskable interrupts (level 6), regardless of the
actual interrupt level set for the interrupt.

Micro DMA Operation

When an interrupt request occurs for an interrupt specified by the micro DMA start
vector register, micro DMA sends the micro DMA request to the CPU with the highest
priority for maskable interrupts (level 6), regardless of the actual interrupt level set for
the interrupt, and starts micro DMA. The micro DMA function has four channels. This
allows micro DMA to be set for up to four interrupts at the same time.

When micro DMA is accepted, the interrupt request F-F for the micro DMA channel
is cleared, data are automatically transferred from the transfer source address to the
transfer destination address (the addresses are set in the control register), and the
transfer count is decremented. If the decremented result is other than zero, micro DMA
processing terminates. If the decremented result is zero, the CPU sends a micro DMA
transfer end interrupt (INTTCn) to the interrupt controller, clears the micro DMA start
vector register to 0, disables the next micro DMA startup, and terminates micro DMA
processing.

If an interrupt request for the interrupt source used is received between the time that
the micro DMA start vector is cleared and the time that it is reset, the CPU performs
general-purpose processing at the specified interrupt level. Therefore, if the interrupt
source is only being used for starting micro DMA (not used as an interrupt), set the
interrupt level to zero.

When simultaneously using the same interrupt resource for both the micro DMA and
general-purpose interrupts as described above, set the level of the interrupt source used
to start micro DMA lower than the levels of all other interrupt sources.

Example : When using timers 0 to 3 for running micro DMA 0 to 3
Set the interrupt level of timers 0to3 to 1
Set other interrupt levels to 2 to 6

Like other maskable interrupts, the priority of the micro DMA transfer end interrupt
is determined by the interrupt level and default priority.
If multiple-channel micro DMA requests occur at the same time, the priority is
determined by the channel numbers, not the interrupt levels. The lower the channel
number, the higher the priority. (CHO (high) — CH3 (low))
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The transfer source and transfer destination addresses are set in 32-bit control
registers. However, as only 24-bit addresses are output, the address space available to
micro DMA is 16M bytes.

Three transfer modes are supported: 1-byte transfer, 1-word transfer (= two bytes),
and 4-byte transfer. For each transfer mode, it is possible to specify whether to
increment, decrement, or fix source and destination addresses after transfer. These
modes facilitate data transfer from I/O to memory, from memory to I/0, and from I/O to
I/O. For transfer mode details, see “Transfer Mode Register Details” later in this
manual.

As a 16-bit transfer counter is used, micro DMA can perform a maximum of 65536
transfers (initializing the counter to 0000H specifies the maximum number of transfers).

The 18 interrupt sources with micro DMA start vectors (as listed in Table 3.3 (1)) can
be used to start micro DMA processing.

Figure 3.3.2 (1) shows the micro DMA cycle for 1-word transfer in transfer
destination address INC mode (the same apart from counter mode). (The conditions for
this cycle are based on a 16-bit bus, 0 waits, and transfer source/transfer destination
addresses both even-numbered values.).

one state | (Note 1) (Note 2)
| r A v - A

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8
SHAVAV AVAVAVAVAVAV AVAVAVAY AVAVAVAVAVAV AW
A0to 23 Next source destilLation Next + 2

I —

WR/AWR | [T
DO0to 15 X butput
Figure 3.3.2 (1) Micro DMA Cycle Diagram

RD

States 1-3 : Instruction fetch cycle (prefetches the next instruction code)
If the instruction cue buffer has three or more bytes of instruction code, the
cycles are dummy cycles.

States 4-5 : Micro DMA read cycles
State 6 : Dummy cycle (address bus remains the same as in state 5)

States 6-8 : Micro DMA write cycle

Note1l : Ifthesource address area uses an 8-bit bus, two states are added.
If also the source address area uses a 16-bit bus and the source address is an odd-
numbered address, two states are added.
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Note2 : Ifthe destination address area uses an 8-bit bus, two states are added.

If also the destination address area uses a 16-bit bus and the destination address is
an odd-numbered address, two states are added.

(2) Register configuration (CPU control register)

Channel0
DMASO
DMADO
DMACO
DMAMO
Channel1
DMAS1
DMAD1
DMAC1
DMAM1
Channel2
DMAS2
DMAD?2
DMAC2
DMAM2
Channel3
DMAS3
DMAD3
DMAC3
DMAMS3

<8 bit—>

16 bit

32 bit————————>

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

:| (Use only lower 24 bits.)

(1 to 65536)
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(3) Transfer mode register details
(DMAMO to 3)
0 0 O

| Molde |

ZZ: 0 = byte transfer, 1=word transfer,

Note : When setting values for this
register, set the upper 3 bits to 0.

execution time
(Min.at 25 MHz)

DMACn<DMACNH -1
if DMACh =0 then INTTC.

2 = 4-byte transfer, 3 =reservation y
0 0 0 Z Z |Transferdestination addressINCmode .... forl/Oto memory 8 states (640 ns)
(DMADnN +) « (DMASN) @ Byte / word transfer

12 states (960 ns)
@ 4-byte transfer

DMACn<DMACNH -1
if DMACh =0 then INTTC.

0 0 1 Z Z |Transferdestination addressDEC mode ... forl/Oto memory 8 states (640 ns)
(DMADnN =) « (DMASN) @ Byte / word transfer
DMACNn«<DMACnN -1 12 states (960 ns)
if DMACN =0 then INTTC. @ 4-byte transfer

0 1 0 Z Z |Transfersource addressINCmode ........... for memory to I/0 8 states (640 ns)
(DMADN) « (DMASNh +) @ Byte /word transfer
DMACNn«<DMACnN -1 12 states (960 ns)
if DMACn =0 then INTTC. @ 4-byte transfer

0 1 1 Z Z |Transfersource address DECmode .......... for memory to I/0 8 states (640 ns)
(DMADNR) < (DMASNh -) @ Byte / word transfer

12 states (960 ns)
@ 4-byte transfer

1 0 0 Z Z |Fixedaddressmode ... /0 to 1/0 8 states (640 ns)
(DMADnN) « (DMASN) @ Byte / word transfer
DMACn«DMACNH -1 12 states (960 ns)
if DMACN =0 then INTTC. @ 4-byte transfer

1 0 1 0 0 |Countermode ................................. for interrupt counter 5 states
DMASn<DMASN + 1
DMACn«<DMACNH -1 (400 ns)
if DMACn =0 then INTTC.

(1 states =80 ns at 25 MHz)

Note: n: corresponds to micro DMA channels 0 to 3.

DMADn +/DMASnh + : Post-increment (Increments register value after transfer.)
DMADn —/ DMASK — : Post-decrement (Decrement register value after transfer.)
“I/O” means the fixed address, “memory” means the increased or decreased address in this

table.

Do not use undefined codes for transfer mode control.
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3.3.3 Interrupt Controller

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The left half of the
diagram shows the interrupt controller; the right half includes the CPU interrupt
request signal circuit and the HALT release signal circuit.

Each interrupt channel (total of 24 channels) in the interrupt controller has an
interrupt request flip-flop, interrupt priority setting register, and a register for storing
the micro DMA start vector. The interrupt request fip-flop is used to latch interrupt
requests from peripheral devices. The flip-flop is cleared to 0 at reset, when the CPU
reads the interrupt channel vector after the acceptance of interrupt, when the CPU
accepts the micro DMA request or when the CPU executes an instruction that clears the
interrupt of that channel (writes 0 in the clear bit of the interrupt priority setting
register).

For example, to clear the INTO interrupt request, set the register afte

INTEOAD < ---- 0 --- Zero-clears the INTO Flip Flop.

The status of the interrupt request flip-flop is detected by reading the clear bit.
Detects whether there is an interrupt request for an interrupt channel.

The interrupt priority can be set by writing the priority in the interrupt priority
setting register (eg, INTEOAD, INTE45, etc.) provided for each interrupt source.
Interrupt levels to be set are from 1 to 6. Writing 0 or 7 as the interrupt priority disables
the corresponding interrupt request. The priority of the non-maskable interrupt (NMI
pin, watchdog timer, etc.) is fixed to 7. If interrupt requests with the same interrupt
level are generated simultaneously, interrupts are accepted in accordance with the
default priority (the smaller the vector value, the higher the priority).

The interrupt controller sends the interrupt request with the highest priority among
the simultaneous interrupts and its vector address to the CPU. The CPU compares the
interrupt mask register <IFF2 to 0> set in the Status Register by the interrupt request
signal with the priority value sent; if the latter is higher, the interrupt is accepted. Then
the CPU sets a value higher than the priority value by 1 in the CPU SR<IFF2 to 0>.
Interrupt requests where the priority value equals or is higher than the set value are
accepted simultaneously during the previous interrupt routine. When interrupt
processing is completed (after execution of the RETI instruction) , the CPU restores the
valve in the interrupt mask register saved in the stack before the interrupt was
generated to the CPU SR<IFF2 to 0>.

The interrupt controller also has four registers used to store the micro DMA start
vector. These are I/O registers; unlike other micro DMA registers (DMAS, DMAD,
DMAM, and DMAC). Writing the start vector of the interrupt source for the micro DMA
processing (see Table 3.3.(1)), enables the corresponding interrupt to be processed by
micro DMA processing. The values must be set in the micro DMA parameter registers
(eg, DMAS and DMAD) prior to the micro DMA processing.
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Figure 3.3.3 (1) Block Diagram of Interrupt Controller
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(1)

Interrupt priority setting register

(Read-modify-write is prohibited.)

Symbol | Address 7 6 5 i a4 3 2 i1 0
i INT_AD i IN}'O
IADC : IADM2 : IADM1 : IADMO 10C 10M2 10M1 10MO
INTEOAD 70H :
0 0070 R/IW W R/W W
0 0 { 0 i 0 0 0 { 0 0
INTS INT4
15C I5M2 : I5M1 | I5MO 14C 4M2 1AM 14M0O
INTE4 71H -
> 00 R/W W R/W W
0 0 : 0 :: 0 0 0 : 0 0
INT7 INT6
INTE67 0072H 17C 17M2 7M1 ¢ I7MO 16C 16M2 16M1 16MO
R/W "\ R/W W
0 0 i 0 i 0 0 0 i 0 0
INTT1 (Timer 1) INTTO (Timer 0)
ITIC : ITIM2 : IT1IM1 : IT1IMO ITOC : ITOM2 : ITOM1 : ITOMO
INTETO1 0073H ; - * + * *
RIW W RIW W
0 0 i o0 i o0 0 0 i o 0
__INTT3(Timer3) _ __INTT2 (Timer2) _
IT3C : IT3M2 : IT3M1 : IT3MO IT2C @ IT2M2 : IT2M1 : IT2MO
INTET2 74H : :
3 00 RIW W RIW W
0 : 0 : 0 i 0 0 : 0 : 0 0
i INTTRS (TREGS) i i INTTR4 (TREG4) i
IT5C @ IT5M2 : IT5M1 : IT5MO ITAC : ITAM2 : ITAM1 : ITAMO
INTET4. 75H - -
> 0075 R/W W R/W W
0 0 : 0 :: 0 0 0 :: 0 0
INTTR7 (TREG7) INTTR6 (TREG6)
IT7C { IT7M2 [ IT7ZM1 { IT7MO IT6C : IT6M2 { IT6M1 i IT6MO
INTET67 76H : - - . - -
6 0076 R/W W R/W W
0 0 : 0 :: 0 0 0 : 0 0
INTTX0 INTRXO0
INTESO 0077H ITX0C ITXOM2 : ITXOM1 : ITXOMO | IRXOC IRXOM2 : IRXOM1 : IRXOMO
RW W RIW W
0 0 : 0 i 0 0 0 i 0 0
INTTX1 INTRX1
ITX1C D ITXIM2 : ITXTM1 ¢ ITXTMO | IRX1C : IRX1M2 : IRX1M1 : IRX1MO
INTES1 78H : . : : . :
o1 | o078 RW_: W RW_: W
0 0 i o0 i o0 0 0 i 0 0
i INT'_I'C1 i i INT'_I'CO i
INTETCO1 0079H ITC1C ITCIM2 : ITC1TM1 : ITCIMO | ITCOC ITCOM2 : ITCOM1 : ITCOMO
RIW ¢ w RW W
0 0 : 0 i 0 0 0 : 0 0
i INTTC3 i i INTTCZ i
INTETC23 | 007AH ITC3C f ITC3M2 : ITC3M1 : ITC3MO | ITC2C f ITC2M2 : ITC2M1 : ITC2MO
RIW Y RIW W
0 0 : 0 : 0 0 0 : 0 0
1l 11l 1L
& é 1 I
> w2 oM TxxVI0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1”.
0 1 0 Sets interrupt request level to “2”.
0 1 1 Sets interrupt request level to “3".
1 0 0 Sets interrupt request level to “4".
1 0 1 Sets interrupt request level to “5".
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
L— IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | = ----- Don‘t care-----

«Interrupt source
«bit Symbol

«Read/Write
«Afterreset
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(2) External interrupt control
Interrupt Input Mode Control Register
7 6 5 4 3 2 1 0
IMC | bit Symbol I0IE IOLE NMIREE
(007BH) Read/Write W " "
After reset 0 0 0
1: INTO 0: INTO : Can be
input edge accepted
Functi enable mode in NMI
unction 1: INTO rising
level edge.
mode
Read-modify-write is |
prohibited.
L———>  INTO input enable (Note) |—> NMl rising edge enable
0 | INTO disable (PB7 function only) 0 Interrupt request generation at
1 | Input enable falling edge
1 | Interrupt request generation at rising
Note: The INTO pin can also be used for standby release as described later. /falling edge
Even if the pin is not used for standby release, setting this register to
“0” maintains the port function during standby mode.
L INTO level enable

0 | Rising edge detect interrupt

1 | High level interrupt

Setting of External Interrupt Pin Functions

Interrupt | Pin name Mode Setting method

“\_ Fallingedge |[IIMCKNMIREE>=0

NMI — . —
N Faegandrising || )MCKNMIREE = 1

f  Risingedge |IIMCKIOLE> =0, <IOIE> =1
INTO PB7

7° U Level IIMC<IOLE> = 1, <IOIE> = 1

_f  Risingedge |T4MOC<CAP12M1,0> = 0,00r0,10r1,1
INT4 PBO

~\_ Fallingedge |T4MOD<KCAP12M1,0>=1,0
INT5 PB1 f Rising edge _

_7‘_ Rising edge T5MOC<CAP34M1,0> =0,00r0,10r 1,1
INT6 PB4

“\_ Fallingedge |T5MOD<CAP34M1,0>=1,0
INT7 PB5 £ Rising edge _
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(3)

Micro DMA start vector

Register used to assign micro DMA processing to an interrupt source. The interrupt
source whose micro DMA start vector matches the vector value set in this register is
assigned as the micro DMA start source.

When the micro DMA transfer counter value reaches 0, the interrupt controller is
notified of the micro DMA transfer end interrupt corresponding to the channel, the
micro DMA start vector register is cleared, and the micro DMA start source of the
channel is also cleared. To continue the micro DMA processing, the micro DMA start
vector register must be set again within the micro DMA transfer end interrupt
processing.

If the same vector is set in the micro DMA start vector registers of the multiple
channels, the interrupt generated in the channel with the smaller number has a higher
priority.

Thus, if the same vector is set in the micro DMA start vector registers of two
channels, the interrupt generated in the channel with the smaller number is processed
until the micro DMA transfer end. If the micro DMA start vector of this channel is not
set again, the next micro DMA is started for the channel with the higher number.
(micro DMA chaining)

Micro DMAO Start Vector (read-modify-write is not possible.)
7 i 6 i 5 4 ¢ 3 i 2 i 1 i 0
DMAOV |bit Symbol DMAOVS i DMAOV7 : DMAOV6 | DMAOVS | DMAOV4
(007CH) Read/Write w
After reset 0 0 0 0 0
Micro DMA1 Start Vector (read-modify-write is not possible.)
7 ¢ 6 s 4 i 3 i 2 i 1 i 0
DMA1V |bit Symbol DMA1V8 : DMA1V7 i DMA1V6 | DMA1VS i DMATVA4
(007DH) Read/Write w
After reset 0 0 0 0 0
Micro DMAZ2 Start Vector (read-modify-write is not possible.)
7 i 6 5 4 ;3 i 2 i1 i 0
DMA2V |bit Symbol DMA2V8 | DMA2V7 : DMA2V6 | DMA2V5 : DMA2VA4
(007EH) Read/Write w
After reset 0 0 0 0 0
Micro DMAS3 Start Vector (read-modify-write is not possible.)
7 ¢ 6 : 5 4 ¢ 3 i 2 i 1 i 0
DMA3V |bit Symbol DMA3V8 | DMA3V7 ;| DMA3V6 : DMA3V5 | DMA3V4
(007FH) Read/Write w
After reset 0 0 0 0 0
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(4)

Notes

The instruction execution unit and the bus interface unit of this CPU operate
independently. Therefore, immediately before an interrupt is generated, if the CPU
fetches an instruction that clears the corresponding interrupt request flag, the CPU may
execute the instruction that clears the interrupt request flag between accepting and
reading the interrupt vector. In this case, the CPU reads the default vector 0028H and
reads the interrupt vector at address FFFF28H.

To avoid the above problem, place instructions that clear interrupt request flags after
a DI instruction. In the case of setting an interrupt enable again by EI instruction after
the execution of clearing instruction, execute EI instruction after clearing instruction
and following more than one instruction are executed. When EI instruction is placed
immediately after clearing instruction, an interrupt becomes enable before interrupt
request flags are cleared.

In the case of changing the value of the interrupt mask register <IFF2 to 0> by
execution of POP SR instruction, disable an interrupt by DI instruction before execution
of POP SR instruction.

In addition, take care as the following three circuits are exceptional and demand
special attention.

INTO level mode INTO in level mode is not an edge-detect interrupt, so the
interrupt request flip-flop function is canceled. The peripheral
interrupt request bypasses the S input of the flip-flop, and acts as
the Q output. Changing modes from edge to level automatically

t

INTAD The interrupt request flip-flop can only be cleared by reset or by
reading the A/D conversion result register, not by an instruction.

INTRX The interrupt request flip-flop can only be cleared by reset or by
reading the serial channel receive buffer, not by an instruction.

Note : The following instructions or pin changes are equivalent to instructions that
clear the interrupt request flag.

INTO : Instructions that switch to level mode after an interrupt request is
generated in edge mode.
The pin input changes from high to low after an interrupt request is
generated in level mode. ("H" — “L")

INTAD : Instructionsthat read the A/D conversion result register.

INTRX : Instructionsthat read the receive buffer.
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3.4 Standby Controller

When the ‘HALT’ instruction is executed, the operating mode changes RUN, IDLE, or
STOP mode depending on the contents of the HALT mode setting register WDMOD
<HALTM1:0>.

(1) RUN : Onlythe CPU halts ; power consumption remains unchanged.

(2) IDLE : Oanly the built-in oscillator operates, while all other built-in circuits
stop. The Power Consumption is reduced to 1/10 or less than that
during NORMAL operation.

(3) STOP : Allinternal circuits including the built-in oscillator stop. This greatly
reduces power consumption.

The HALT release depends on these three modes. For details, see “table 3.4 (2)”.
(Note : The HALT state cannot be released by micro DMA start except for INTO.)

(Example releasing “RUN” mode)
INTO interrupt releases HALT state when the RUN mode is on.

Address :
8203H LD ' (IIMC), 04H ; setsinput to enable for INTO
8206H LD (INTEOAD), 06H ; setsinterrupt level to ‘6’ for INTO
8209H El 5 ; setsinterrupt level to '5' for CPU
820BH LD (WDMOD), 00H ; sets HALT mode to 'RUN’
820EH HALT, ; halts CPU
INTO A\ INTO Interrupt routine

820FH LD XX, XX RETI
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(1) RUN mode

Figure 3.4.1 shows the timing for releasing the HALT state by interrupts in the RUN
mode.

In the RUN mode, the system clock in the MCU continues to operate even after a
HALT instruction is executed. Only the CPU stops executing the instruction. Until the
HALT state is released, the CPU repeats dummy cycles. In the HALT state, an
interrupt request is sampled with the falling edge of the “CLK” signal.

The external interrupts (INT4, 5, 6, 7) releases only RUN mode.

SE AW AW AW AW AW AW AW AW AW AW AW AW AW
aw T ey L
—_ (
A23to0 _ X Next P Next + 2
)
D15t00 =A== k= mf=(@at )b = —fm e = e el e L (@)t -
RD / 4 /__
WR )
{(
NMI S
INTO |
(level) )]
INTO, 4, 5,6,7
(rising edge) 4 £\
INT4, 6 (.
(falling edge) » \
Internal INT 4G /
Interrupt Acknowledge
HALT instruction execution sequence sequence

Figure 3.4.1 Timing Chart for Releasing the HALT State by Interrupt in RUN Modes
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(2) IDLE mode

Figure 3.4.2 illustrates the timing for releasing the HALT state by interrupts in the
IDLE mode.

In the IDLE mode, only the internal oscillator operates. The system clock in the MCU
stops, and the CLK pin is fixed at the “1” level.

In the HALT state, an interrupt request is sampled asynchronously with the system
clock, however the HALT release (restart of operation) is performed synchronously with
it.

The interrupts except NMI and INTO is disabled during this mode.

cLK \ / T\ / \

N¢ext o Next + 2

A23to0

S AV aVaW s aWaVuVavataWaVaVals
|/
X

D15t00 -4——t+——|-{data )=+ ——f-—4 == ————— =4 — =+ — —|~ (Gata ) } -

3
]

J— {(

WR I
— 4
NMI N /
INTO ((
(level) )]
INTO A\

(rising edge) )
Interrupt Acknowledge
HALT instruction execution sequence sequence

Figure 3.4.2 Timing Chart of HALT Released by Interrupts in IDLE Mode
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(3)

RD [ \ g I [
— (4
WR AW .SS_ - )
((
NMI A Y
»
INTO (
(level) ) (
_)J\
INTO ‘,5 !
(rising edge)

AD15t00 —r====q (Gt} -~ ==+ ————q——r— (data )} 4~~~

STOP mode

Figure 3.4.3 is a timing chart for releasing the HALT state by interrupts in the STOP
mode.

The STOP mode is selected to stop all internal circuits including the internal
oscillator. In this mode, all pins except special ones are put in the high-impedance state,
independent of the internal operation of the MCU. Note, however, that the pre-halt
state (The status prior to execution of HALT instruction) of all output pins can be
retained by setting the internal I/O register WDMOD <DRVE > to “1”. The content of
this register is initialized to “0” by resetting.

When the CPU accepts an interrupt request, the internal oscillator is restarted
immediately. However, to get the stabilized oscillation, the system clock starts its
output after the time set by the warming up counter WDMOD <WARM>. A warming-
up time of either the clock oscillation time X 214 or 218 can be set by setting this bit to
either “0” or “1”. This bit is initialized to “0” by resetting.

Warming up

SN AV aWaWaWa Wil
]
X

atata¥a¥aln
\ /

Next = Next + 2

E

CLK \ I — _I_SS_

A231t00

L]

Interrupt Acknowledge
HALT instruction execution sequence sequence

Figure 3.4.3 Timing Chart of HALT Released by Interrupt in STOP Mode
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Only the either NMI, INTO, or RESET can release the STOP mode.

When the STOP mode is released by the except RESET, the system clock is started
outputting after warming up time to get the stabilized oscillation.

When the STOP mode is released by RESET, it is necessary to keep the RESET signal
at ‘0’ long enough to release to get the stabilized oscillation because of the warming up
counter is ignored.
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Table 3.4 (1) Pin statesin STOP mode

Pin name 110 DRVE=0 DRVE =1
DOto 7 110 HI-Z* HI-Z*
P10to P17 (D8 to D15) Input mode (P10 to P17) HI-Z* HI-Z*
Output mode (P10 to P17) HI-Z* Output
I/0 (D8 to D15) HI-Z* HI-Z*
P20 to P27 (A16 to A23) Output HI-Z Output
A0 to A15 Output HI-Z Output
RD, WR Output HI-Z wqn
P52 to P55 Input mode PU* PUA
(HWR, BUSRQ, BUSAK, R/W) Output mode PU* Output
P60 to P65 (CS, RAS, CAS, REFOUT) Output HI-Z Output
P70 to P77 (PG00 to PG13) Input mode PU* PUA
Output mode PU* Output
P80 to P85 (TXD, RXD, SCLK, CTS) Input mode PU* PUA
Output mode PU* Output
P90 to P93 (ANO to AN3) Input (PORT) invalid invalid
Input (ANO to AN3) © ©
PAQ (WAIT) Input mode PU* PUA
Output mode PU* Output
PA1to PA3 (TIO, TO1, TO3) Input mode PU* PUA
Output mode PU* Output
PBO to PB6 (Tl4 to 7, TO4 to 6, INT4 to 7) | Input mode PU* PUA
Output mode PU* Output
PB7 (INTO) Input mode PUA PUA
Output mode PUA Output
NMI Input valid valid
WDTOUT Output Output Output
CLK Output HI-Z “qn
RESET Input valid valid
AM (8/76) Input © ©
EA Input © ©
X1 Input invalid invalid
X2 Output "y "y

Output: Output state before HALT state.

PU :  Programmable pull-up pin.

* :  Input gate disable state. No through current even if the pin is set to high impedance.
An instruction to access the port register (Ex. P8) should not be placed before the HALT instruction.
There is possibility that the input gate is not disabled.

A :  Fix the pin to avoid through current since the input gate operates when the pin is at high
impedance.

© 1 needto bedriven externally.

valid : Inputisvalid.

invalid :  Inputisinvalid. No through current since input gate is disable.
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Table 3.4 (2) 1/O operation and cancel during halt mode
Halt mode RUN IDLE STOP
WDMOD ( HALTM1,0 ) 00 10 01
CPU Stopped
I/0 port Se3e-4T ?Ble
8 bit Timer
8 bit PWM Timer
Operation | 16 bit Timer
block Pattern Generator Stopped

Serial Interface
A/D Converter
Watch Dog Timer
DRAM Controller

Interrupt Controller

Interrupt mask, Interrupt request level Interrupt request level*2
request level Z Interrupt mask ( IFF2to0 ) <Interrupt mask ( IFF2t0o0 )
Halt mode RUN IDLE STOP RUN IDLE STOP
NMI © © ©*1 © © ©*1
INTWD © x x © x x
INTO © © ©* O O O
Halt [ Inter- |INT4-7 © x x x X X
release | rupt
sources INTTO-3 © X X X x x
INTTR4-7 © X X X x X
INTRXDO, 1 © X X X X X
INTTXDO, 1 © X X X X X
INTAD © X x X X X
RESET © © © ©
© : Interruptprocessing is processed after releasing HALT state. (Reset initializes LSI.)
O : Sstartexcuting aninstruction that follows the HALT instruction after releasing HALT state.
X : Cannot be used for halt release.

*
—_

*2 : The Dlinstruction operates in the same way.

Release HALT state after the warming up time.

95C061B-32



TOSHIBA TMP95C061B

3.5 Functions of Ports

The TMP95C061B has a total of 56 bits when the AM8/16 pin is set to high level; a
total of 48 bits when the AM8/ 16 pin is set to low level.

These ports are also used for internal CPU and I/0O. Table 3.5 (1) lists port pin
functions. Table 3.5 (2) lists I/O port setting.

(R: T =With programmable pull-up resistor
Table 3.5(1) Functions of Ports | =With programmable pull-down)

. Number . . Direction Pin name for built-in
Port Pin name . Direction | R . . .
of pins setting unit function

Port1 P10to P17 8 1/0 - Bit D8 to D15
Port2 P20 to P27 8 Output | - (Fixed) A16to A23
Port5 |[P52 1 I/0 0 Bit HWR

P53 1 110 T Bit BUSRQ

P54 1 110 T Bit BUSAK

P55 1 110 T Bit RAW
Port6 P60 1 Output | - (Fixed) CSo0

P61 1 Output | - (Fixed) cs1

P62 1 Output | - (Fixed) cs2

P63 1 Output | - (Fixed) CS3/CAS

P64 1 Output | - (Fixed) RAS

P65 1 Output | - (Fixed) REFOUT
Port7 P70 to P77 8 110 T Bit PG00 to PGO3,

PG10to PG13

Port8 P80 1 110 T Bit TXDO

P81 1 1/0 T Bit RXDO

P82 1 110 0 Bit CTS0/SCLKO

P83 1 1/0 T Bit TXD1

P84 1 1/0 T Bit RXD1

P85 1 110 T Bit SCLK1
Port9 P90 to P93 4 Input - (Fixed) ANO to AN3
PortA PAO 1 1/0 T Bit WAIT

PA1 1 1/0 T Bit TIO

PA2 1 1/0 T Bit TO1

PA3 1 1/0 T Bit TO3
Port8 |PBO 1 1/0 1 Bit TI4/INT4

PB1 1 110 T Bit TI5 /INT5

PB2 1 1/0 T Bit TO4

PB3 1 1/0 T Bit TO5

PB4 1 1/0 T Bit TI6 /INT6

PB5 1 1/0 T Bit TI7 /INT7

PB6 1 170 T Bit TO6

PB7 1 110 T Bit INTO
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Table 3.5 (2) 1/O Port Setting
I/O REGISTER
PORT | PIN NAME PORT (1/0) or FUNCTION 5T PncR | PrEC
PORT1 [P1(0:7) [INPUTPORT X 0
(NOTE 1) |OUTPUT PORT X 1 -
D(8:15) X X
PORT2 ([P2(0:2) |OUTPUTPORT X - 0
A(16:23) X 1
PORT5 |[RD RD OUTPUT only for External Access 1 - -
ALWAYS RD OUTPUT 0
P5(2:5) [INPUT PORT (NO PULL-UP) 0 0 0
INPUT PORT (WITH PULL-UP) 1 0 0
OUTPUT PORT X 1 0
P52 HER OUTPUT X 1 1
P53 BUSRQ INPUT (NO PULL-UP) 0 0 1
BUSRQ INPUT (WITH PULL-UP) 1 0 1
P54 BUSAK OUTPUT X 1 1
P55 R/W OUTPUT X 1 1
PORT6 |[P6(0:5) |OUTPUTPORT X 0
P60 CSO OUTPUT X 1
P61 CS1TOUTPUT X 1
P62 CS2 OUTPUT X - 1
P63 CS3/CAS OUTPUT (NOTE 2) X 1
P64 RAS OUTPUT X 1
P65 REFOUT OUTPUT X 1
PORT7 |[P7(0:7) |INPUTPORT (NO PULL-UP) 0 0 0
INPUT PORT (WITH PULL-UP) 1 0 0
OUTPUT PORT X 1 0
PGn OUTPUT X 1 1
PORT8 |[P8(0:5) |INPUTPORT (NO PULL-UP) 0 0 0
INPUT PORT (WITH PULL-UP) 1 0 0
OUTPUT PORT X 1 0
P80 TXDO OUTPUT X 1 1
P83 TXD1OUTPUT X 1 1
P81 RXDO INPUT (NO PULL-UP) 0 0
RXDO INPUT (WITH PULL-UP) 1 0 -
P84 RXD1 INPUT (NO PULL-UP) 0 0
RXD1 INPUT (WITH PULL-UP) 1 0
P82 SCLKO OUTPUT X 1 1
CTS0/SCLKO INPUT (NO PULL-UP) 0 0 0
CTS0/SCLKO INPUT (WITH PULL-UP) 1 0 0
P85 SCLK1 OUTPUT X 1 1
CTS0/SCLK1 INPUT (NO PULL-UP) 0 0 0
CTS0/SCLK1 INPUT (WITH PULL-UP) 1 0 0

(NOTE 1) Function is fixed according to input to AM8/ 16 pin.
(NOTE 2) The function of P63 (CS3/CAS) is selected using CS/WAIT control register B3CS

<B3CAS>.
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I/0 REGISTER
PORT PIN NAME PORT (I/0) or FUNCTION Pn | PncR | PnEC
Port9 P9(0:3) INPUT PORT X -
AN (0 : 3) INPUT (NOTE 3) X
PortA PA (0:3) |INPUTPORT (NO PULL-UP) 0 0 0
INPUT PORT (WITH PULL-UP) 1 0 0
OUTPUT PORT X 1 0
PAO WAIT INPUT (NO PULL-UP) 0 0
WAIT INPUT (WITH PULL-UP) 1 0 -
PA1 TIO INPUT (NO PULL-UP) 0 0
TIO INPUT (WITH PULL-UP) 1 0
PA2 TO1 OUTPUT X 1 1
PA3 TO3 OUTPUT X 1 1
PortB PB(0:7) INPUT PORT (NO PULL-UP) 0 0 0
INPUT PORT (WITH PULL-UP) 1 0 0
OUTPUT PORT X 1 0
PBO TI4/INT4 INPUT (NO PULL-UP) 0 0
TI4/INT4 INPUT (PULL-UP) 1 0
PB1 TI5/INT5 INPUT (NO PULL-UP) 0 0
TI5/INT5 INPUT (PULL-UP) 1 0 -
PB4 TI6 /INT6 INPUT (NO PULL-UP) 0 0
TI6/INT6 INPUT (PULL-UP) 1 0
PB5 TI7 /INT7 INPUT (NO PULL-UP) 0 0
TI7 /INT7 INPUT (PULL-UP) 1 0
PB2 TO4 OUTPUT X 1 1
PB3 TO5 OUTPUT X 1 1
PB6 TO6 OUTPUT X 1 1
PB7 INTO INPUT (NO PULL-UP) 0 0
(NOTE 4) INTO INPUT (WITH PULL-UP) 1 0 -
(NOTE 3) When P9 (0 : 3) are used as input channels of the A/D converter, channels are selected
using ADMOD<ADCHn> .

(NOTE 4) When PB7 pin is used as INTO pin, set IMC<IOIE>to “1” . (enable interruptinput.)
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3.5.1 Port 1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using control
register PICR. Resetting resets all bits of output latch P1 and control register PICR to 0
and sets Port 1 to input mode.

In addition to functioning as a general-purpose I/O port, Port 1 also functions as a
data bus (D8 to 15).

TMP95C061B determines the port function and the data bus function according to the
input state of AM8/16 pin after reset. When AMS8/16 is set to low level, the data bus
functions. When AM8/16 is set to high level, the port functions. When using as the data
bus (AM8/16 =“0"), the bit of P1CR register should not be set to 1.

Reset
(g
Direction control
(on bit basis)
Ao
- P1CR write
>
e}
@
o+
@
el
@ Output N Port 1
c latch L L P10to P17
o Output buffer (D8 to D15)
+ P1 write
- T
A\ILC|O;
AN

P1 read
Figure 3.5(1) Port1
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Port 1 Register
7 5 ¢ 4 i 3 i 2 i 1 i 0
P1 bit Symbol P17 P16 P15 : P14 . P13 : P12 : P11 : P10
(0001H)Y peadwrite R/W
After reset Input mode (Output latch register is cleared to “0”.)
Port 1 Control Register
7 s 4 3 i 2 i1 10
P1ICR |bit symbol | P17C P16C PISC | P14C PI3C | P12C : P11C | P10C
(0004H) Read/Write w
After reset 0 0 o f o o i 0o i 0 i 0
Function 0:IN 1:0UT
Read-modify-write is Port 1 function setting
prohibited for registers P1CR.
AM8/ 16 0 1
P1CR <P1XC>
0 (IIDD:t:tt:)uss) Input port
1 Don't set Output port

Note: <P1XC>isbitXin register P1CR.

Figure 3.5(2) Registers for Port 1
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3.5.2 Port2(P20to P27)

Port 2 is an 8-bit general-purpose output-only port. A reset sets all bits of the output
latches in the port 2 register (P2) to “1” and all port pins output “1”.

In addition to functioning as a general-purpose output port, port 2 can also function as
address bus (A16 to 23). The port function is specified by function register P2FC. Port
pins can be selected individually as either output ports or address bus pins.

N\
Reset ( Internal Address bus (
» Function
S control
a (on bit basis)
@ .
- P2FC write
@
o { B2
Output 2 ly N M
_ - Port2
© latch Al S - P20 to P27
c f - Output buffer (A16to A23)
o Q
o P2 write el
+
T ?ﬁ
P2 read
AN

Figure 3.5(3) Port2
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Port 2 Register
7 6 5 i 4 i 3 i 2 i 1 0
- bit Symbol | P27 P26 : P25 i P24 | P23 : P22 i P21 P20
(0006H) | Read/Write R/W
After reset (Output latch registerissetto “1")
Port 2 Function Register
7 6 : 5 4 3 i 2 i 1 0
P2FC  |bit symbol | P27F P26F | P25F | P24F | P23F | P22F i P21F P20F
(0009H) -
Read/Write w
After reset 1 IR A I A A R 1
Function 0: Port, 1: Address bus (A23 to A16)

Read-modify-write is prohibited for registers and P2FC.

Figure 3.5 (4) Registers for Port 2
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3.5.3 Port5 (P52 to P55)

Port 5 is a 4-bit general-purpose I/O port. I/O can be set on a bit basis using control
register P5CR and function register P5FC. Resetting does the following :
Resets all bits of the Port 5 output latch, the control register P5CR and the function
register P5FC to “0” and sets each port input mode with pull-up resisters.

M Reset

1

Direction
control
(on bit basis)

P5CR write
'
Function

control
(on bit basis)

bu

data

P5FC write

I

S
Output
latch

A

T B

P5 write r
/Ir_GHfB USAK, RW
\/H—CP——

Port5 read

>0 [ P-ch (Programmable pull-up)

> : ("] P52(HWR)
Output buffer P54(BUSAK)
P55(RAW)

Selector|«e——|
wv

Internal

Figure 3.5 (5) Port5 (P50, P51, P52, P54, P55)
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(™M Reset

1

Direction
Control
(on bit basis)

P5CR write
R
Function

Control
(on bit basis)

bus

data

P5FC write >0 |5 P-ch (Programmable pull-up)

S

Output ™ : P53 (BUSRQ)
latch - L]

P5 write

o

Internal

Internal Port5 read |
BUSRQ

Figure 3.5(6) Port5 (P53)
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Port5 Register

7 ¢ 6 i 5 o4 i o3 i 2 i o1 i o9
PS bit Symbol . pss i Ps4 | P53 P52 . RDE
(000DH) | Read/write RIW

Input mode (Pulled-up)

After reset : : : : : :
A S I A R P
RD setting +

0 [PSRAM mode

1 J—
Resetting to 0 outputs RD
strobe even when accessing
Port5 Control register the internal address area.

7 ¢ 6 i 5 o4 i o3 i 2 i o1 i o9
pscr | bitSymbol . pssc : PsaC i PS3C i P52C :
(0010H) | Read/write W

After reset 0 0 0 0
Function 0:IN 1:0UT
| -
[ 1/0 setting
0 |Input
1 | Output
Port5 Function Register

7 ¢ 6 i s o4 i3 i i1 i
psec | bitSymbol . PS5F © PS4F i PS3F i P52F :
(0011H) |Read/write w

After reset 0 0 0 0
Function :0:PORT 0:PORT :0:PORT :0:PORT
: {1:RW  11:BUSAK :1:BUSRQ :1:HWR

|—> HWR setting

- Read-modify-write is

prohibited for registers P5FC <P52F> 1

P5CR, P5FC. o P5CR <P52C> 1
- Read-modify-write is |

prohibited for controlling BUSRQ setting

ON/OFF of the pull-up P5FEC <P53F> 1

resistor for register P5.

P5CR <P53C> 0

—> BUSAK setting
PSFC <P54F> | 1
P5CR <P54C> 1

L R/W setting
P5FC <P55F> 1
P5CR <P55C> 1

Figure 3.5 (7) Registers for Port5
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3.5.4 Port6 (P60 to P65)

Port 6 is a 6-bit general-purpose output port. Resetting sets each output latch
P62=“0", P60, P61, P63 to P65=“1". Functions can be selected using P6FC and
provided chip select and DRAM control functions (CSO to 3, CAS, RAS and REFOUT).

After resetting, each port operates as output port.

Y
Reset
> Function
& Control
{on bit basis)
© A
*; P6FC write
: - ¥ S
S A S JR—
- Output ° I P60 (E§9)
o latch 5| © - L pg cn
c T @ Output buffer P63 (CS3/LCAS)
= P6 write L I v P64 (RAS)
e Cs0,Cs1,| 2 P65 (REFOUT)
c 1 CS3/CAS, RAS, REFOUT
- Tl—(- P6 read
N\
M\
Reset
. —
z Function
Control
. (on bit basis)
+ A
© P6FC write
© " )
_ R Al o
- Output 5 > (] P62 (€52)
c 1 ° Output buffer
o P6 write -
- P CS2
c
- L P6 read
N

Figure 3.5(8) Port6
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Port 6 Register
7 5 ¢ 4 i 3 12 i1 i
P6 bit Symbol P65 | P64 P63 i P62 . P61 | PEO
(0012H) Read/Write R/W
After reset 1 1 1 : 0 1 1
Port 6 Function Register
7 5 i 4 i 3 2 L 1 0
P6FC  |bit Symbol P6SF | P64F P63F | P62F . P6IF | PGOF
(0015H) Read/Write w
After reset 0 0 : 0 ; 0 0 0
Function 0: PORT 1: CS/CAS, RAS, REFOUT

Read-modify-write is
prohibited for registers
P6FC

]

| 0 | Port(P60)

1 |Cso

0 |Port(P61)

1 |cst

0 | Port(P62)

1 |CS2

0 | Port (P63)

1 [CS3/CAS

0 | Port(P64)

1 |RAS

0 [Port (P65)

1 | REFOUT

Note: The function of P63 (CS3/ CAS) is selected using B3CS register.

Figure 3.5(9) Register for Port 6
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3.5.5 Port7 (P70 to P77)

Port 7 is an 8-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets
Port 7 as an input port and connects a pull-up resistor. It also sets all bits of the output
latch to 1. In addition to functioning as a general-purpose I/O port, Port 7 also functions
as a pattern generator PGO/PG1 output. PGO is assigned to P70 to P73; PG1, to P74 to
P77. Writing 1 in the corresponding bit of the port 7 control register (P7CR) and
function register (P7FC) enables PG output. Resetting resets the function register P7FC
value to 0, and sets all bits to ports.

Reset

S

b u

Direction

Control
(on bit basis)

P7CR write

|

Function

data

I

Control

(on bit basis)

P7FC write

PGO, 1

Internal

S
Output

latch

A

P7 write

L.

A S

—{>O——| |:I>P-ch

(Programmable pull-up)

Selector

—

P7 read

S
B

[~
L

Selector
A

[ ] Port7

(PG00 to PG13)

Figure 3.5(10) Port7
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Port 7 Register
7 6 5 i a4 i 03 2 1 0
P7 bitSymbol | P77 P76 P75 i P74 P73 P72 P71 P70
(0013H)
Read/Write RIW
Input mode (with pull-up resistor)
After reset - : : :
1T 1T 1T 1 1
Port 7 Control Register
7 i 6 i s i a4 i o3 i 2 1 0
P7CR | bitsymbol | P77C i P76C P75C | P74C P73C P72C P71C P70C
(0016H) -
Read/Write w
Afterreset | 0 i 0 o i o i o i 0 0 0
Function 0:IN 1:0UT
[ . ]
I Port 7 I/0 setting
0 |Input
1 | Output
Port 7 Function Register
7 o6 s o4 i3 i 1 0
P7FC | bitsymbol | P77F i P76F P7SE i P74F P73F | P72F P71F P70F
(0017H) )
Read/Write w
Afterreset | 0 i 0 o i o i o i 0 0 0
Function 0: PORT : PG1-OUT 0:PORT 1:PGO-OUT
L ]
- Read-modify-write is
prohibited for registers ) )
P7CR and P7FC Port 7 Function setting
- Read-modify-write is 0 | General-purpose port
prohibited for controlling -
ON/OFF of the pull-up L ztiﬁp'”g "‘°t°;,c°”"°'t’
resistor for register P7. attern generation por
Figure 3.5(11) Refister for Port 7
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3.5.6 Port 8 (P80 to P85)

(1)

Port 8 is an 6-bit general-purpose I/O port. I/O can be set on a bit basis. Resetting
sets Port 8 as an input port and connects a pull-up resistor . It also sets all bits of the
output latch register P8 to 1. In addition to functioning as a general-purpose I/O port,
Port 8 also functions as an I/O for serial channel 1, 0. Writing ‘1’ in the corresponding bit
of the Port 8 function register enables those functions. Resetting resets the function
register value to ‘0’ and sets all bits to ports.

Port 80, 83 (TXD0/TXD1)

P80 and P83 also function as serial channel TXD output pins in addition to I/O ports.
They have programmable open drain function.

Reset

Direction
Control
(on bi’ibasis)

‘ P8CR write
Function
control
{on bit basis)

P8FC write —IgP-ch

S (Programmable pull-up)
Outputlatch [T_5[p s

A ™ P80 (TXDO)
P8 write Selector L L] P83 (TXD1)

TxDO, TxD1 B Open <-1rain
possible

ODE<ODE1, 0>

bus

data

Internal

- \[/J Selector

P8 read A

Figure 3.5(12) Port 80, 83
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(2) Port81, 84 (RXDO, 1)
P81 and P84 are I/O ports, and also used as RXD input pins for serial channels.

™™ Reset

Direction
Control

(on bit basis) _‘>o__| gp_ch

P8CR write (Programmabile pull-up)

bus

data

S N
Output latch L D Eg; gg%g?;
A
P8 write s

pd
W Selector

Bl

P8 read A

Internal

RxDOQ, RxD1

Figure 3.5(13) Port 81, 84
(3) Port 82 (CTS0/SCLKO)
P92 is an I/0 port, and also used as a CTS input pin or as a SCLKO I/O pin for serial

channels.
Reset
1
Direction
control
(on bit basis)
w .
S P8CR write
0
Function
© control
{on bit basis)
+ 7\ Ig
© P8FC write {>C |>-P-<ch
° (Programmable pull-up)
— S
© Outputlatch | —>|A S
< 4 Selector II\/ [ ] P82 (CTSO/SCLKO)
= P8 write
w
| SCLKooUT B
A\
c s g
ﬂ Selector
P8 read A
~ SCLKOIN o2
CTSO

Figure 3.5(14) Port 82
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Port 85 (SCLK1)

P85 is general-purpose I/O port. It is also used as a SCLK1 I/O pin for serial channel

Reset

bus

Direction
control
(on bit basis)

A
P8CR write

data

Function
control |
(on bit basis)

A
P8FC write

SCLK1 OUT

Internal

S
Output latch

[

A
P8 write

o

<

A S

o e

(Programmable pull-up)

Selector

B

SCLK1IN

‘[\l

P8 read

[V,

Bl

Selector

> (] P85 (SCLK1)

A

Figure 3.5(15) Port 85
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Port 8 Register

7 ¢ 6 o5 ioo4 i3 b2 b1 i
P8 bit Symbol : pgs | P84 i P83 . P82 i P81 i P8O
(0018H) : ;
Read/Write : R/W
Input mode (Pulled-up)
After reset : : : : :
1 oo oo oo oo oo
Port 8 Control Register
7 i 6 i s i o4 i o3 i 2 i o1 i o9
P8CR | bit Symbol i P85C i P84C i P83C : P82C : P8IC i P8OC
(001AH) . : :
Read/Write : : W
After reset 0 0 0 0 0 0
Function 0:IN 1:0UT
L |
I Port 8 I/0 setting
0 |Input
1 | Output
Port 8 Function Register
7 ¢ 6 i 5 i o4 i3 i o2 i o1 i o0
P8FC | bit Ssymbol . pgSF . P83F : P82F . P8OF
(001BH) : : : : : : :
Read/Write : W W W '
After reset 0 0 0 0
Function 10:PORT | {0:PORT 0:PORT 10: PORT
: P1:SCLK1 i1:TxD1 11:SCLKO : £1:TxDO

- Read-modify-write is

- Read-modify-write is P8FC <P80F> 1

rohibited for registers
I:P)SCR and P8FC 9 P80 TxDO0 output setting (Note)

prohibited for controlling
ON/OFF of the pull-up
resistor for register P8.

P8CR <P80C> 1

— > P82 SCLKO output setting

P8FC <P82F> 1
P8CR <P82C> 1
l—’ P85 SCLK1 output setting P83 TxD1 output setting (Note)
P8FC <P85F > 1 P8FC <P83F> 1
P8CR <P85C> 1 P8CR <P83C> 1

Note: To set the TxD pin to open drain, write ‘1’ in bit 0 (for TxDO0 pin) or bit 1 (for TxD1 pin) of the
ODE register.
P81/RxD0, P84 / RxD1 pins do not have a register changing PORT / FUNCTION.
For example, even when the pins are used as input port pins (P81/P84), the input data for
P81/P84 are input to SIO as a serial receive data (RxD0/RxD1).

Figure 3.5(16) Register for Port 8
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3.5.7 Port 9 (P90 to P93)

Port 9 is a 4-bit Input port, also used as analog input pins for the internal A/D

Converter.

N

wv

3

Q0

e

© \[\I D Port9
+ P90 to P93
© Port 9 read (ANO to AN3)
o

o

[

= Conversion

o A/D Channel

- \/[\Ii result | ter M select

c register onverter selector

~ AD read

Figure 3.5(17) Port9
Port 9 REgister
7 i 6 i 5 i o4 i3 i o2 i1 i oo
P9 bit Symbol © P93 i po2 i P91 i P90
(0019H) : : : ; : : :
Read/Write : : : : R
After reset Input mode

Note : Select the input channels for the A/D converter in A/D converter mode register ADMOD.

Figure 3.5(18) Register for Port 9

3.5.8 Port A (PAO to PA3)

Port A is a 4-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets
Port 7 as an input port and connects a pull-up resistor. In addition to functioning as a
general-purpose I/O port, Port A0 also functions as an wait input pin WAIT; Port A1 as
an 8-bit timer input (TI0), Port A2 as an 8-bit timer output (TO1), and Port A3 as an 8-
bit timer output (TO3) pin. Writing 1 in the corresponding bit of the Port A function
register (PAFC) enables output of the timer. Resetting resets the function register
PAFC value to 0, and sets all bits to ports.
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Reset

Direction
Control |
(on bit basis)

A DO—' P-ch

PACR write (Programmable pull-up)

S M . D PAO
Output latch L~ (WAIT)

A Output buffer
PACR write
o
1
\r‘—(jo;

Internal PA read S{

WAIT Reset

S

Direction

Control
(on bl';basns) [>o |B-P-ch

(Programmabile pull-up)

b u

PACR write
I

S N
Output latch L~ D (P_ﬁ(‘)l)

A
PA write S B

ﬂ Selector
PA read Al

data

TIO
Reset

Internall

Direction
Control |
(on bit basis)
A

PACR write

Function
Control .
(on bit basis)

A
PAFC write
— e
1EP-ch

S
Output latch —|—>A S (Programmable pull-up)

A Selector 'I\/ D PA2, PA3

Timer F/F OUT PA write B (TO1, TO3)

TO1: Timer 1
TO3: Timer 3

B

Selector
PA read s Al

A |
Figure 3.5(19) PortA

1
<N
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Port A Register

7 L5 o4 i3 F 2 i1 i
PA bit Symbol | | T~ i PA3 | PA2 | PA1 | PAO
(001EH) Read/Write : : : RW
Input mode (Pulled-up)
After reset 1 1 ] 1
Port A Control Register
7 o5 14 i3 i 2 i1 0
PACR |bit Symbol ' L PA3C [ PA2C | PAIC | PAOC
(002CH) Read/Write w
After reset 0 0 0 0
Function : 0:IN 1:0UT
I . |
I—> Port A I/O setting
0 [Input
Port A Function Register 1 | Output
7 s a4 i 3 i 2 i1 10
PAFC  |bit Symbol T~ . PAIF | PAXF :
(002DH) Read/Write : : w
After reset : 0 0
10: PORT  0: PORT
Function 11:7T03  i1:7T0O1

- Read-modify-write is

prohibited for registers
PACR and PAFC

- Read-modify-write is

prohibited for controlling
ON/OFF of the pull-up
resistor for register PA.

Note:

L s Timeout 1 output setting

PAFC <PA2F> 1

PACR <PA2C> 1

Timeout 3 output setting

PAFC <PA3F> 1

PACR <PA3C> 1

PA1/TIO pin does not have a register changing Port/ Function. For example. when it is used as

an input port (PA1), the input signal for PA1 is inputted to 8 bit timer 0 as a timer input 0 (TT1).

Figure 3.5 (20) Register for port A
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3.5.9 Port B (PBO to PB7)

Port B is an 8-bit general-purpose I/O port. I/O can be set on a bit basis. Resetting
sets Port B as an input port and connects a pull-up resistor . It also sets all bits of the
output latch register PB to 1. In addition to functioning as a general-purpose I/O port,
Port B also functions as an input for 16-bit timer 4 & 5 clocks, an output for 16-bit timer
F/F 4,5, & 6 output, and an input for INT0. Writing ‘1’ in the corresponding bit of the
Port 8 function register (PBFC) enables those functions. Resetting resets the function
register PBFC value to ‘0’ and sets all bits to ports.
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(1) PBOtoPB6

Reset

~ 3

Direction
Control
(on bit basis)

A
PBCR write

0

S
Output latch

A
PB write
N

W
PB read
T4, TIS

S B
Selector

A

“:I>P-ch

(Programmable pull-up)

D PBO (TI4/INT4)

PB1 (TI5/INT5)
PB4 (TI6/INT6)
PB5 (TI7 /INT7)

bus

Tle, TI7 Reset

1

Direction
> Control
(on bit basis)

data

A
PBCR write

I %

Function
control
(on bit basis)

A

PBFC write

Internal

S
Output latch

A

PB write

Timer F/F OUT

TO4 : Timer 4
TO5: Timer4
TO6: Timer 5 M

A S

Selector

IgP-ch

(Programmable pull-up)

B

W
PB read

B

Selector

‘7

D PB2 (TO4)
PB3 (TO5)
PB6 (TO6)

S A

|

Figure 3.5(21) Port B (PBO~PB6)
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(2) PB7(INTO)

Port B7 is a general-purpose I/O port, and also used as an INTO pin for external
interrupt request input.

Reset

[

Direction
Control
(on bit basis)

A —>o+— gp'd‘

PBCR write (Programmable pull-up)

Y

s N
PB7 (INT
Output latch L D (INTO)

A
PB write S B
4 Selector g
PB read A

buse

data

lInternal

level / edge

INTO Interrupt —GT

IIMC<IOIE>  ;IMC<IOLE>

Figure 3.5(22) Port B7
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Port B Register
7 6 5 ¢ 4 3 2 1 i 0
PB bit Symbol PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
(001FH) Read/Write RW
Input mode (Pulled-up)
After reset 1 1 1 : 1 ; 1 1 1 1
Port BControl Register
7 ¢ 6 5 4 3 1 2 1 0
PBCR |bit Symbol| PB7C : PB6C PB5C PB4C PB3C : PB2C PBIC : PBOC
(002EH) Read/Write w
After reset o i 0 o i 0 o i 0 0 0
Function 0:IN 1:0UT
|
I Port B I/0 setting
0 |Input
1 | Output
Port B Function Register
7 6 5 i 4 3 i 2 1 i 0
PBFC  [bit Symbol PBGF PB3F | PB2F T~
(002FH) Read/Write w w w 5
After reset 0 : 0 0
:0: PORT :0:PORT i0: PORT
Function 11:T06 11:T05  1:704
- Read-modify-write is
prohibited for registers
PBCR and PBFC
- Read-modify-write is L———> PB2 Timerout 4 output setting

prohibited for controlling
ON/OFF of the pull-up
resistor for register PB.

PBFC <PB2F>

1

PBCR <PB2C>

1

PB3 Timerout 5 output setting

PBFC <PB3F>

1

PBCR <PB3C>

1

Note) PBO0/TI4, PB1/TI5, PB4/ TI6 and PB5/TI7 pins do not have a register changing Port/ Function.

PB6 Timerout 6 output setting

PBFC <PB6F>

1

PBCR <PB6C>

1

For example, even when the pins are used as input port pins, data are input to the 16-bit timer.

When PB7/INTO pin is used as an INTO pin, set PBCR <PB7C> to “0” and IIMC <IOIE > to “1”.

Figure 3.5 (23) Register for Port B
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3.6 Chip Select / Wait Controller, AM8 /16 pin

TMP95C061B has a built-in chip select / wait controller used to control chip select
(CSO0 to CS3 pins), wait (WAIT pin), and data bus size (8 or 16 bits) for any of the four
block address areas.

And there is an AM8 /16 pin which selects external data bus width for TMP95C061B.

3.6.1  Control Register

Table 3.6 (1) shows control registers.
Each block address area is controlled using CS / WAIT control register. Start address
register (MSARO to MSAR3) and address mask register (MAMRO to 3).

Table 3.6 (1) Chipselect/wait control register

7 : 6 : 5 i 4 i 3 1 2 i 1 i 0
bit Symbol : : i BOE — i BOBUS : BOW1 : BOWO
Read/Write W — W w

BOCS | After reset : : : 0 : — : 0 H 0 : 0
(0068H) :1:BOCS 1 —  i0:16BIT | 00:2WAIT
(Prohibit Function : : : master : (1:8BIT  © 01:1WAIT

RMW) i i ; bit : § i 10: 1WAIT +n

: : : : : P11 O WAIT
bit Symbol B1E —_ : B1BUS : B1W1 : B1WO
Read/Write w b — 8w w

B1CS After reset : : : 0 : — : 0 é 0 : 0

(0069H) : : : : : : :
: : (1:B1CS ¢ —  :0:16BIT : 00:2WAIT
(Prohibit | Function ; master ! (1:8BIT 1 01: 1WAIT
RMW) g g i bit g g © 10: TWAIT+n
: : : : : : 11: OWAIT
bit Symbol : : © B2E : B2M : B2BUS : B2W1  B2WO
Read/Write owo b ow b w W
B2CS T T ; H ; ; T
(006AH) After reset : : : 1 : 0 : 0 f 0 : 0
: ; :1:B2CS :0:16M  :0:16BIT : 00: 2WAIT
(Prohibit | Function master i Area 1:8BIT ! 01:1WAIT
RMW) g : P it 1:Set : © 10: 1 WAIT+n
: : : MREG : O 11: OWAIT
bit Symbol : : © B3E  B3CAS : B3BUS : B3W1 : B3WO
Read/Write ow b ow b ow W
B3CS After reset 5 5 : 0 : 0 : 0 : 0 : 0
(0068H) 5 5 5 T 5 =
: : :1:B3CS :0:CS3 :0: 16 BIT : 00: 2 WAIT
(Prohibit | Function master i output :1:8BIT i 01:1WAIT
RMW) : : Pobit [1:CAS ©10: TWAIT+n
: : : output : : 11: OWAIT
bit Symbol § : i — I — ! BEXBUS : BEXW1 : BEXWO
Read/Write : — : — : w : w
BEXCS H H : : : ; .
(006CH) After reset : : : — : — : 0 : 0 : 0
. : : : : :0: 16BIT : 00: 2 WAIT
(Prohibit | Function : : Po— i —  i18BIT i 0of:1WAIT
RMW) : : : : : © 10: 1WAIT +n
; ; ; ; ; . 11: OWAIT

Note: Read-modify-write is prohibited for registers BOCS, B1CS, B2CS, B3CS and BEXCS.
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(1)

(2)

(3)

(4)

Enable

Bit 4 (BOE, B1E, B2E and B3E) of control register BXCS is a master bit used to
specify enable (1) / disable (0) of the setting.
Resetting sets BOE, B1E and B3E to disable (0) and B2E to enable (1).

Data bus size select

Bit 2 (BOBUS, B1BUS, B2BUS, B3BUS, BEXBUS) of the control register is used to
specify data bus size. Setting this bit to 0 accesses the memory in 16-bit data bus mode;
setting it to 1 accesses the memory in 8-bit data bus mode.

This bit is effective only in 16 bit bus mode (AM8/16=0). In 8 bit bus mode (AMS8 /
16=1), this bit is negligible and all external memory areas are accessed in fixed 8 bit
bus (See 3.1.2 External Data width selection pin (AMS8 /16).

Changing data bus size depending on the access address is called dynamic bus sizing.
Table 3.6 (2) shows the details of the bus operation.

Wait control

Control register bits 1 and 0 (BOW1,0; B1W1,0; B2W1,0, B3W1,0, BEXW1,0) are used
to specify the number of waits. Setting these bits to 00 inserts a 2-state wait regardless
of the WAIT pin status. Setting them to 01 inserts a 1-state wait regardless of the WAIT
status. Setting them to 10 inserts a 1-state wait and samples the WAIT pin status. If
the pin is low, inserting the wait maintains the bus cycle until the pin goes high. Setting
them to 11 completes the bus cycle without a wait regardless of the WAIT pin status.

Resetting sets these bits to 00 (2-state wait mode).

Note:In case of competition of accessing and refreshing to DRAM, TMP95C061B
automatically inserts refresh cycle in addition to settled wait cycle.

CS/CAS Waveform select

Bit3 of Control register B3CS is used to specify waveform mode output from the chip
select pin (CS3 / CAS). Setting this bit to 0 specifies CS3 waveforms; setting it to 1
specifies CAS waveforms.

Resetting clears bit 5 to 0.

95C061B-59



TOSHIBA TMP95C061B
Table 3.6 (2) Dynamic Bus Sizing
Operand data | Operand start | Memory data | cpy address CPU data

size address size D15 to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n +1 XXXXX b7 to b0
(odd number) 16 bits 2n +1 b7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 2n +1 XXXXX b15 to b8
16 bits 2n+0 b15to b8 b7 to b0
2n +1 8 bits 2n +1 XXXXX b7 to b0
(odd number) 2n+2 XXXXX b15 to b8
16 bits 2n +1 b7 to b0 XXXXX
2n +2 XXXXX b15to b8
32 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 2n+1 XXXXX b15to b8
2n +2 XXXXX b23tob16
2n+3 XXXXX b31to b24
16 bits 2n+0 b15to b8 b7 to b0
2n+2 b31tob24 b23tob16
2n +1 8 bits 2n +1 XXXXX b7 to b0
(odd number) 2n+2 XXXXX b15to b8
2n+3 XXXXX b23to b16
2n+4 XXXXX b31to b24
16 bits 2n +1 b7 to b0 XXXXX
2n+2 b23tob16 b15to b8
2n+4 XXXXX b31to b24

XXXXX During a read, data input to the bus is ignored. At write, the bus is at

high impedance and the write strobe signal remains non-active.

(5) Extra CS area bus size / wait control

BEXCS register is used to specify the data bus size and the number of wait in case of
accessing address area which is not specified using CSO0 to 3 registers. This register has
no master enable bit, so always enable to unspecified area. Each bit has same meaning

as BxCS.

(6) Accessing 16M-byte Area/Address Setting Area

Setting B2CS<B2M > = 0 selects CS2 in the 16 M-byte area (000080H to FFFFFFH).
Setting B2CS<B2M > = 1 selects CS2 according to the setting area for start address
register MSAR2 and address mask register MAMR2 , the same as for CS0 and SC1. A
reset zero-clears this bit.
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3.6.2 Address area specification

The address space is specified with the start address register (MSARO to 3) and
address mask register (MSARO to 3). For each bus cycle, the chip select controller
compares the address on the bus and value of this start address register. The value of
the address mask register is used to ignore result of this address comparison. When
there is a match, the specified space is assumed to be accessed and a low strobe signal is
outputted from the corresponding chip select pin (CS0 to CS3) if it is enabled (BxE =“1").

If the set address areas overlap or CS2 is enable for the 16M-byte area, the one with a
smaller CS number is selected.

When the set address area overlaps with the internal I/O area, the functions as the
internal I/O area take priority of the set address area.

SWAVAWAWRAWE
ck _[ X X
Agto Ayz :X
ROWR \ T
CS0to3 T\

Figure 3.6 (1) Chip Select (CS0 to CS3) Operation Timing

A8 to A23
A23 ‘
A22 ‘
A21 ‘
]
A19 T o
A18 —'DDo
D= —— o>
A17 ———— B N p— Ccso
— ]
A15 —)DI:
A14~9 Mo .
A2 ; Co
Q0O 0O 0O 0 O O
v|viv|v]viv|y¥]v sls|s{s|s|s]s]s BOCS <BOE>
20(|19(1817|16|15|%| 8 23(22|21]|20|19(18|17|16
Start address mask register Start address register

Figure 3.6 (2) CS0 Address Decode Block Diagram
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A8to A23
A23 AY
]
A22 (
A21 :'DDDo
]
A20 .
A19 )DDO I—
\DEDO_I
T o, ——— °>CS1
A16 —— %
A15~9 [>'D°—
A8 f Do
O 0 0 00 0 0
vIv[v]v[v[v]Y]v s[s[s[s[s[s[s[s BICS <BIE>
21(20{19{18[17|16[%2| 8 23(22|21]|20]19(18[17(16
Address mask register Start address register
Figure 3.6 (3) CS1 Address Decode Block Diagram
A8 to A23
A23 \
A22 I
A21 P
A20 lDDO_I——I o
> [Do>CS2-C53
A19 .DDO—' |7
A18 l { o
A17 —'gDo
A16 d |
A15 , o
06000000 B2CS <B2E>
VI(VI|V|V|V|V|V|V SIS|S|S|S|S[S]S B3CS <B3E>
22|121120]19|18|17(16(15 23(22|21]|20]19|18[17|16

Address mask register Start address register

Figure 3.6 (4) CS2-CS3 Address Decode Block Diagram
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(1)

Memory start address register /
Memory address mask register

Memory address register (CS0 to E§§)

7 6 5 4 3 2 1 0
MSARO /MSAR1 bitSymbol |  S23 $22 $21 $20 i s19 $18 $17 $16
(003CH) | (003EH) |Read/Write RIW
MSAR2 | MSAR3 |Afterreset 1 1 I
(005CH) /(005EH) Function Set start address A23to A16
L
|_> Set start address for CS0 to CS3
Table 3.6 (3) Memory Start Address Register
Memory address mask register (CS0)
7 i 6 5 4 3 2 i 1 i o0
bitSymbol | V20 i V19 V18 vi7 i V16 V15 1 V14to9 i V8
MAMRO | Read/Write R/W
(003DH) | After reset 1 T 1 b1 i 1 1
Function 0: Compare enable 1: Compare disable
1
|_> Control comparison of CSO address
A8to A20
Memory address mask register (EST)
7 i s 5 4 3 i o2 i1 i oo
bit Symbol | V21 V20 V19 vig i V17 i V16  V15t09 i V8
MAMR1 |Read/Write R/W
(003FH) | Afterreset 1 1 1 LA I S A
Function 0: Compare enable 1: Compare disable
!
|—> Control comparison of CST address
A8to A21
Memory address mask register (CS2,CS3)
7 i 6 5 4 3 2 1 0
bit Symbol V22 V21 V20 V19 ioVvi8 V17 V16 V15
MAMR2 / MAMR3 |Read/Write RIW
(005DH) | (005FH) | After reset 1 1 1 : 1 :. 1 1 1 1
Function 0: Compare enable 1: Compare disable

|—> Control comparison of CS2 to CS3
address A15 to A22

Table 3.6 (4) Memory Address Mask Register
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MMSARO0 3 <S23> to <S16> correspond to addresses A23 to A16 and S15,S14 to 9,
and S8 corresponding to addresses A15, A14 to 9, and A8 are “0” by default. MAMRO
<V20> to <V8> enable / disable comparison of value set with MSARO and address
and <V20> to <V8> correspond to <S20> to S16>, S15, S14, to 9, and S8. In
addition, V21, V22, and V23 corresponding to <S21>, <S22>, and <S23> are “0” by
default and comparison is always enabled.

Example of enabling / disabling comparison
(CSO registers MASRO and MSAMRO)

When comparison is disabled by setting <V16> =1, the comparison of the value of
<S16> and address A16 is disabled and the value of <S16> becomes invalid.

When comparison is enabled by setting <S16> =0, the comparison of the value of
<S16> and address A16 is enabled and CSO0 is enabled only when match.

CS1, CS2, and CS3 can be used in the same manner.

Resetting sets the registers MSARO, MSA1, MSAR2, MSAR3, MAMRO, MAMRI1,
MAMR2 and MAMRS3 to “OFFH”, and sets the control register bits BOE, B1E, to “0”. So
chip select CS0, CS1 and CS3 are disable after resetting, while Bit B2E=1, B2M =0 and
CS2 is enable for memory area 000080H to OFFFFFFH (16Mbyte).
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(2) How tosetthe start address

The address decoder is output by specifying the start address for CS output and the

space size.
’ The start address is set every 64K-byte because it is decoded by A16 to A23 as shown
in the block diagram.

In other words, the DRAM start address is set to one of the 64K-byte intervals after

“000000H”.

However, note that the start address may be changed cue to the value of the MAMR.
Address Start address Start addressregister value (MSARO to 3)
000000H 000000y ......... 00H

6ak-byte ( 010000y ......... 01y
unit 020000 ......... 024
030000y ......... 03y
040000y ......... 044
050000y ......... 054
060000y ......... 064
FFOO00H ......... FéH

Figure 3.6 (5) Where to Set Start Address

(3) How tosetthe address space

The address space is specified by setting the memory start address mask register
(MAMRO to 3).

As shown in the address decoder block diagram (Figures 3.6 (2) to (4)), CS0, CS1, or
CS2 / CS3 can specify the address area for which the chip select signal can be output
depending on whether to compare the addresses A8 to A20, A8 to A21, or A15 to A22

respectively.

o Siz¢| oce | 512 | 32K | 64k | 128K | 256K | 512K | 1M | 2M | am | 8m
0 |O|O|J]O|O|O|O|O|O]|O
s O | O ©C 1010101010160
oo clo|o|o]o]o]o]o]o
cs3 C1o0]O0]O0]O0]O0]101010

Figure 3.6 (6) Chip Select and Space Size
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(4) Startaddress/address space setting procedure

(D Set memory start address register (MSARx)
(Set start address)

© Set memory start address mask register (MAMRx)
(Set address area)

® Set control register (BxCS)
data bus width, number of waits, enable / disable of the area

(Example)
When setting the CS0 area to 64Kbyte (010000 to 01FFFFH), 16 bit data width and
non-wait,
MSARO=01H ...... start address 010000H
MAMRO=07H ..... address area 64Kbyte
BOCS=13H ........ 16 bit data width, 0-wait
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3.7 Dynamic RAM (DRAM) Controller

TMP95C061B incorporates a DRAM controller for interface with X8 / 16 bit DRAM.
The DRAM controller consists of a control circuit to refresh the DRAM, an access circuit
for reading and writing, and a row / column address multiplexer.

1) refresh mode
CAS before RAS refresh mode

2) refresh interval
31-195 states (programmable)

3) refresh cycle width
2-9 states (programmable)

4) address mapping size
CS3 area: 64K-8M byte

5) memory access address length
8-11bits

6) wait control
depends on the setting CS / WAIT controller.

7) arbitration between refresh and memory access
refreshing is prior to memory access, automatically inserted wait cycle during
memory access cycle.
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Control Register
7 6 5 3 2 1 0
bit Symbol DMI RS2 RS1 RW2 RW1 RWO RC
C Read/Write R/W
DREFCR T
After reset 0 0 0 0 0 0 0
(005AH) : : :
Dummy  :Refresh cycle insertion interval  :Refresh cycle width :Refresh cycle
Function  cycle : 000: 31 states : 000: 2 states ek
0: Prohibit : 001: 62 states 001: 3states :Not inserted
1: Execute : 010: 78 states 010: 4states i
: 011: 97 states 011: Sstates glnserted
100: 109 states 100: 6 states :
101: 124 states 101: 7 states :
110: 154 states 110: 8states
111: 195 states 111:  9states :
——>Refresh cycle control
0 | notinsert refresh cycle
1 |insert refresh cycle
—> Refresh cycle width control
RW2 | RW1 | RWO0 Refresh cycle width
0 0 0 2 states
0 0 1 3 states
0 1 0 4 states
0 1 1 5states
1 0 0 6 states
1 0 1 7 states
1 1 0 8 states
1 1 1 9 states

Refresh cycle insertion interval See

Table 3.7 (2).

Dummy cycle control

0 | Prohibit dummy cycle

1 | Execute dummy cycle

Figure 3.7 (1) Refresh Control Register

95C061B-68



TOSHIBA

TMP95C061B

Read-modify-write is

prohibited for registers DMEMCR

7 5 4 3 2 5 1 0
bit Symbol | SRFC BRM MACM : MUXE : MUXW1 i MUXWO : MAC
Read/Write w R/W

DMEMCR [ After reset 1 P00 0 0o 0o 0 0
(005BH) : : : :
Self- :bus : memory : address multiplexed address length i memory
release : : .
Refresh *mode : access i multiple 00: 8bit access
Function [ 0: Execute : icontrol  icontrol : 0: disable 01: 9bit control
1: Release : 10:release :0:nomal  :1:Enable 10: 10 bit 0: disable
: 11: not 111 slow 11: 11bit 1: Enable
release : :
|—>memory access control
0 [disable
1 |enable

—>multiplexed address length control
(enable only when MUXE = “1")

MUXW1|MUXWO| multiplexed address length
0 0 8 bit
0 1 9 bit
1 0 10 bit
1 1 11 bit

—> address multiplex control

0 disable
1 enable
memory access control

0 Nomal access mode

1 Slow access mode

bus release mode Control

0 DRAM control signals are also released

1 DRAM control signals are not released

Self-refresh control

0 Execute self-refresh

1 Release self-refresh

Figure 3.7 (2) DRAM memory access control register
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(1)

Operation description
Memory access control

Access control block is enable when DMEMCR<MAC> =1. And then DRAM control
signals (RAS, CAS and REFOUT) are output during the time CPU accesses CS3 area.
The cycle (bus width and number of wait) depend on the value of CS/ WAIT controller.

To facilitate connection with low-speed DRAM, the DRAM controller can accelerate
RAS rise at wait insertion and delay RAS precharge time (RAS high width). This is
called slow access mode. Set mode to slow access using DMEMCR<MACM>.

In the access cycle, Address multiplexer outputs row / column address through A0 to
A1l pin. The enable / disable setting of address multiplexing and multiplexed address
width are controlled by DMEMCR<MUXE> and <MUXWO0, 1>. The relation
between address width and bus width is below.

Figure 3.7 (3), (4) shows the access timing.

Table 3.7 Address multiplex

column address
row address 8 BIT 9BIT 10 BIT MBIT multiplexed
8 16 8 16 8 16 8 16 |- bus width
A0 as | - | a9 | - a0 ]| - | an| - st
A1 Ao | a9 | at0 | at0 | At | Ann | a2 | a2 | \Sowem
A2 Al0 | A10 | A11 | A1 | A12 | A12 | A13 | A13
A3 A1 | A1 | A2 | A12 | A13 | A13 | A14 | Ana
A4 A12 A12 A13 A13 A14 A14 A15 A15
A5 A13 | A13 | A14 | A14 | A5 | A15 | Al6 | A16
A6 A4 | A14 | A5 | A15 | At6 | Al6 | A17 | A17
A7 A15 | A15 | A16 | A16 | A17 | A17 | A18 | A18
A8 - | At6 | A17 | m17 | A18 | A18 | A19 | AT9
A9 - - - | Aa18 | A19 | A19 | A20 | A20
A10 - - - - - | A2 | a21 | A21
A11 - - - - - - - | A2
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A AW AW AW AW AW AW AW AW AW AW AW AW
w1 A A X A A A

A12to 23,

A0
Alto 11 row column row columr

RD / /
DOto 15 < DIN < DIN

DOto 15 < DOUT > < DOUT )
= T\ "\
CAS _/ /

<—— 0 Wait access 1 Wait access

Figure 3.7 (3) DRAM Access Timing (Nomal Access Mode)
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CLK

X

\VAVAVAVAW S
X

A12to 23,
A0

Alto 11 _x row

column

row

column

res [\

(o

< DOUT

DOUT >

<«— 1 Wait Access

2 Wait Access ————

Figure 3.7 (4) DRAM Access Timing (Slow Access Mode)

.
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(2)

Refresh controller

The TMP95C061B can output RAS / CAS used to refresh the DRAM. At the same
time the state signal REFOUT which indicates a refresh cycle is output. (Only for
interval refresh mode.)

DRAM can be refreshed easily because RAS / CAS / REFOUT output frequency and
pulse width are programmable.

The refresh controller has the following features.

® Refresh mode: CAS before RAS interval refresh mode
CAS before RAS self refresh mode

® Refresh interval: 31 to 195 states (programmable)

® Refresh cycle width : 2 to 9 states (programmable)

® Dummy cycle can be generated

® Refresh cycle is asynchronous with CPU operation cycle.

i) CAS before RAS interval refresh mode

The refresh interval and refresh width for CAS before RAS interval refresh mode
depends on the DRAM being used.

Therefore, TMP95C061B enables the refresh interval and refresh cycle width to be
set with the refresh controller register value according to the system clock and DRAM
that are being used.

Figure 3.7 (5) shows a timing example for CAS before RAS refresh cycle.

SRVATAA AV |FAVAVAVAVAVAYA

RAS 4_ 4_
CAS

REFOUT I_ /_

I2 statles widle I3 statles widle
a) When the refresh cycle width b) When the refresh cycle width
is set to 2 states is set to 3 states

Figure 3.7(5) Refresh Cycle Timing Example
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How to set the register is described next.
Figure 3.7 (1) shows the bit structure of the refresh control register DREFCR.
D Refresh cycle insertion interval

The insertion interval is set with the three bits DREFCR <RS2 to 0> according to
the system clock being used.

Example : When the system clock is 25 MHz and the DRAM refresh cycle is to be

15.6 us, set these bits to “111”.
Table 3.13 (2) Refresh Cycle Insertion Interval

Refresh Cycle Insertion Frequency (fosc)
Interval
RS2 | RS1 | RSO | (states) | 8MHz | 10 MHz [12.5MHz| 14 MHz | 16 MHz | 20 MHz | 25 MHz

0 0 31 7.55 6.2 4.96 4.43 3.88 3.1 2.5

0

0 0 1 62 |(d55)| 124 9.92 8.86 7.75 6.2 5.0

0 1 0 78 19.5 1248 | 11.14 9.75 7.8 6.2

0 1 1 97 2425 | 194 13.86 | 12.13 9.7 7.7

1 0 0 109 2725 | 218 | 17.44 13.63 | 10.9 8.7
0

1 1 124 | 310 | 248 | 1984 | 1772 |(J55)| 124 | 99

1 1 0 154 385 | 308 | 247 220 | 193 12.3

1 1 1 195 4875 | 39.0 | 312 27.86 | 244 | 195 |(15.6)
(Unit: us)

@ The three bits DREFCR <RW2 to 0> can be used to change the refresh cycle width
(RAS, CAS Low output width). (2 to 9 states)

@ Refresh cycle control
The refresh cycle can be disabled/enabled with the bit DREFCR<RC>.
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ii) CAS before RAS self refresh mode

This mode is used when DRAM controller or is halted with a HALT (IDLE, STOP)
instruction while refreshing with CAS before RAS interval refresh mode (hereafter
referred to as interval mode).

However, REFOUT is not output. (“1”is output.)

Figure 3.7 (6) shows the self refresh mode timing diagram.

Warming up interval

o AL, | RN

L/
RAS \ (« (— f(’_l \_ /
-/

LY Y

CAS \ (¢ ()S_ (S_I \

7

HALT (STOP)
execution
sequence

Interval mode

Self mode Interval mode — >
Figure 3.7 (6) Self Refresh Cycle Timing

This mode is executed as follows. First, the settings are made for interval mode.
Then B3CS<SRFC> is set to “0” before a HALT instruction to perform one refresh.
Then the CAS pin and RAS pin are kept at low level and the self refresh mode is
entered. Cancelling HALT and supplying a clock to the DRAM controller
automatically sets DMEMCR<SRFC> to 1 and cancels self refresh mode. After
cancellation, refresh is performed once and processing returns to interval mode.
(Note that when HALT is cancelled by a reset, the I/0 registers are initialized,
therefore, refresh is not performed.)

After setting DMEMCR<SRFC> to “0”, make sure that the HALT instruction
comes after NOP or some instructions.
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(3) DRAM initialize

The DRAM controller can generate consecutive CAS before RAS dummy cycles
necessary when using DRAM. This is executed by setting DREFCR <DMI > bit to “1”.

Writing 0 to <DMI> (including reset), enabling refresh cycle insert (DREFCR
<RC> = 1), or enabling access control (DMEMCE<MAC> = 1) cancels a dummy
cycle.

If a dummy cycle is canceled by enabling refresh cycle insert or access control, the
<DMI> bit is not zero-cleared.

The dummy cycle width is fixed to 4 states and the interval is fixed to 6 states.

Figure 3.7 (7) shows the CAS before RAS dummy cycle timing.

AT AN AT AVAYANANAVANAYAVANAVAYAYAVA Y

RAS \

CAS

REFOUT

Figure 3.7 (7) CAS Before RAS Dummy Cycle Timing
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(4) Priority

The DRAM refresh cycle may overlap with the DRAM read/write cycle because it is
not synchronized with the CPU operating cycle. In this case, the DRAM controller gives
priority to the cycle that starts operation first. If the priority is given to the refresh
cycle, a wait is automatically inserted in the memory access cycle.

(5) Bus Release Mode

The TMP95C061B has a bus release function. Setting dedicated DRAM control pins
(RAS, CAS, REFOUT) enables selection of release mode (by setting the pins to high
impedance like other pins) or non-release (remain driving) mode in which refresh cycle
output only is supported. For the states of other pins at bus release, see 3.14 (2), Pin
states at bus release.

(i) Mode used by DRAM control dedicated pin to release bus (DMEMCR<BRM> = 0)

When the bus release request (BUSRQ) pin is set to active (low level), the
TMP95C061B acknowledges the bus release request. After the current bus cycle
(including DRAM access cycle) ends, the TMP95C061B sets the DRAM control dedicated
pin (RAS, CAS, REFOUT) to high, sets the output buffer to off, and sets the pin to high
impedance.

The refresh cycle is asynchronous with the access cycle. When a refresh request is
generated and the refresh cycle is at wait because of a conflict with the access cycle until
the bus release, the bus release timing is delayed until the refresh cycle is completed.

The refresh counter keeps counting during bus release. The refresh request
generated during bus release is held for one cycle. The refresh cycle is performed
immediately after the TMP95C061B regains bus mastership.

The bus release request or refresh counter is asynchronous with the bus cycle. To use
this mode, the external bus master must generate a refresh cycle during bus release.

(ii) Mode used not to release DRAM control dedicated pin (DMEMCR<BRM> = 1)

Valid even if the DRAM is not accessed by the external bus master during bus
release. If this mode is set, the DRAM dedicated pin does not release the bus even if a
bus release request is generated but keeps supporting a refresh cycle only. Note that all
other pins release the bus. Unlike (i), bus release timing is not influenced by a refresh
request.

A reset resets DMECR<BRM> to 0 and the DRAM control dedicated pin to bus
release mode.
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3.7(6) Notes

When refresh and access contend, the WR and HWR pins are set to active and output
refresh signals. (Figure 3.7 (8))

(D When DRAM is used for executing WRITE or CAS-before-RAS refresh cycle test
mode at timing (a) in Figure 3.7 (8), a circuit, such as the one shown in 3.7 (7)
Connection Example (v), external circuit example (a), is required to avoid test mode.
Direct connection is not allowed.

@ When DRAM is used to set write-per-bit mode at timing (b) in Figure 3.7 (8), a circuit,
such as the one shown in 3.7 (7) Connection Example (vi), external circuit example
(b), to avoid this mode is required. Direct connection is not allowed. (TMP95C061B
does not support write-per-bit mode.)

For DRAM supporting both test mode in @. above and write-per-bit mode, use a
bypass circuit, such as the one shown in 3.7 (7) Connection Example (vi), external
circuit example (b).

x i/ Y\ VTS
Address \\ Row Address XColumn Address )\ x
«
REFOUT  \ « / "
s T ) « / / /]
WR /HWR \ ( ; ( . —
L : L
Data S { ) ouT ¢ ) )
External circuit : SS
example (a) ? \ ? (« /
output § : ”
(WRITE) : «
External circuit : 3 :
example (b) /\ « /
output 5 \ 5 N
(LWB/LW, (a) Refresh cycle /
UWB/UW) width control [ For hold time for fall of RAS Access wait
signal, see DRAM Device AC
Timing.

Figure 3.7 (8) Timings for Refresh and Access Contention
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3.7(7) Connection Example

Connection Example (i) 8-bit bus configuration

TMP95C061B

DOto 7
Set to RD
Address WR
multiplex RAS
CAS
AO0to9

TC514800 (512k x 8 = 4M bits)

Y10 1t08

¥ A0 to 8, A9R

OE
WRITE
RAS
CAS

Connection Example (ii) 16-bit bus configuration (8-bit DRAM x 2)

TMP95C0618B

DOto 15 [
RD
HWR

Setgo

10-bit WR
address RAS
multiplex CAS
Alto 10

TC514800 (512k x 8 = 4M bits)

Y10 1t08

OE

WRITE (Upper byte)
RAS

CAS

1 A0 to 8, AIR

TC514800 (512k x 8 = 4M bits)

A\
D0t07l‘

Connection Example (iii) 16-bit bus configuration (2WE mode)

TMP95C061B

DOto 15

RD
Setto 9-bit
address WR
multiplex

HWR
RAS
CAS

A1to9

1/01t08

OE

WRITE (Lower byte)
RAS

~| CAS
A0 to 8, AR

TC514170 (256k x 16 = 4M bits)

j I01t0 1016

OE
W
uw
RAS
CAS
A0to 8
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Connection Example (iv) 16-bit bus configuration (2CAS mode)

TMP95C061B TC5118160 (1M x 16 = 16M bits)
DO to 15 Y10 110 16
RD OE
WR
AWR D°T_Do—> WRITE
REFOUT
Set to
10-bit - [CAS
address
multiplex
UCAS

RAS RAS
CAS
A1to 10 Y AOto 9

Connection Example (v) Connection to DRAM supporting WRITE or CAS-before-RAS
refresh test mode

TMP95C061B TC5117800 (2M x 8 = 16M bits)
DOto7 ¥1/01t08

Example of external circuit (a)

F=======—---- hl

Set ‘t_O WR : 1
11-bit REFOU :_|>—0_D WRITE

address Lol H
multiplex
RAS RAS
CAS CAS
A0to 10 ¥ A0t 9, AT0R
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Connection Example (vi) Connection to DRAM supporting write-per-bit mode or DRAM
supporting both write-per-bit mode and WRITE or CAS-before-
RAS refresh test mode.

TMP95C061B TC514273 (256K x 16 =AM bits)
DO to 15 Y W1/101 to W16/1016
RD OE

e et 1
Setto WR T 1 ——
9;}3,( : _E >—.—>: LWB/LW
address HWR ! ! —
multiplex : ] >+———| Uweuw
1
1

REFOUT w !

RAS RAS
CAS CAS
Alt09 Y AOto 8
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3.8 8-bit Timers

TMP95C061B contains four 8-bit timers (timers 0, 1, 2 and 3), each of which can be
operated independently. The cascade connection allows these timers to be used as 16-bit
timer. The following four operating modes are provided for the 8-bit timers.

® 8-bit interval timer mode (4 timers)

® 16-bit interval timer mode (2 timers)

® 8-bit programmable square wave pulse generation (PPG: variable duty with
variable cycle) output mode (2 timers)

® 8-bit pulse width modulation (PWM: variable duty with constant cycle) output
mode (2 timers)

Figure 3.8 (1) shows the block diagram of 8-bit timer (timer 0 and 1).

Timer 2 / 3 have the same configuration of circuit as Timer 0 / 1. The difference
between Timer 0 and Timer 2 is that Timer 0 has external clock input pin (TI0), while
Timer 2 has none.

Each interval timer consists of an 8-bit up-counter, 8-bit comparator, and 8-bit timer
register. Besides, timer flip-flops (TFF1, TFF3), are provided for pair of timer 0/1 and 2
/3.

Among the input clock sources for the interval timers, the internal clocks of ¢T1,
¢T4, 4T16, and 4 T256 are obtained from the 9-bit prescaler shown in Figure 3.8 (2).

The operation modes and timer flip-flops of the 8-bit timer are controlled by five
control registers TO1MOD, T23MOD, TFFCR , TRUN and TRDC.
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Figure 3.8 (1) Block Diagram of 8-bit Timers (Timers 0 and 1)
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@  Prescaler

These are 9 bit prescaler and prescaler clock selection register to generate input
clock for 8 bit Timer 0/ 1, Timer 4 /5 and Serial Interface 0/1.
The 8 bit Timer 0, 1uses 4 types of clock : ¢T1, 4 T4, 4T16, and 4T256 among the
prescaler output.
This prescaler can be run or stopped by the timer control register

TRUN<PRRUN>. Counting starts when <PRRUN> is set to ‘1

’, while the

prescaler is cleared to zero and stops operation when <PRRUN > is set to ‘0’.

$TO

Cycle

fe 25 MH

Clock z
¢T1 (8/fc) 320 ns
$T4 (32/fc) 1.28 us
$T16 (128/fc) 512 us
$T256 (2048/fc) 81.92 us

T8 ¢ T32
1 2 3 4 5 6 7 8

9 bit Prescaler

Trun/stop & clear

TRUN<PRRUN>

oscillation | f¢
circuit ' 1/4
L > 41
1/2 ¢
—>¢2
CLK
4/fc ; !
1 1
$T1 L
i
¢T4

Figure 3.8 (2) Prescaler
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®  Up-counter

These are an 8 bit binary counter which counts up by the input clock pulse
specified by Timer 0 / 1 mode register TOIMOD and Timer 2 / 3 mode register
T23MOD.

The input clocks of timer 0/ 2 are selected from the three internal clocks ¢T1, ¢ T4,
and ¢T16 and the external clock input (TIO : timer 0 only) using the mode register
T01MOD and T23MOD.

The input clocks of timer 1/ 3 differ depending on the operation mode. When the
timers are set to 16 bit timer mode, the overflows output of timer 1 /3 are used as
the input clock. When the timers are not set to 16 bit mode, the input clock is
selected from the internal clocks ¢T1, ¢T16 and ¢T256, and the output of
comparator (match detection).

Example: When TO1MOD<T10M1,0> =01, the overflow output of timer 0
becomes the input clock of timer 1 (16-bit timer).
When T0O1MOD7, 6=00, TO1IMOD3, 2=01, ¢T1 becomes the input of
timer 1 (8 bit timer mode).

Operation mode is also set by TOIMOD register and T23MOD register. When
reset, it is initialized to TO1IMOD <T01M1, 0> =00, T23MOD <T23M1, 0> =00
whereby the up-counter is placed in the 8-bit timer mode.

The counting and stop & clear of up-counter can be controlled for each interval
timer by the timer operation control register TRUN. When reset, all up-counters
will be cleared to stop the timers.

®  Timer register

This is an 8-bit register for setting an interval time. When the set value of timer
registers TREGO, TREG1, TREG2, TREG3, matches the value of up-counter, the
comparator match detect signal becomes active. If the set value is 00H, this signal
becomes active when the up-counter overflows.

Timer register TREGO / TREG2 is of double buffer structure, each of which
makes a pair with register buffer.

The timer register double buffer controll register TRDC <TRODE, TR2DE > bit
controls whether the double buffer structure in the TREGO / TREG2 should be
enabled or disabled. It is disabled when <TRODE >/<TR2DE > =0 and enabled
when they are set to 1.

In the condition of double buffer enable state, the data is transfered from the
register buffer to the timer register when the 2” —1 overflow occurs in PWM mode,
or at the PPG cycle in PPG mode.
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When reset, it will be initialized to <TRODE>/<TR2DE> =0 to disable the
double buffer. To use the double buffer, write data in the timer register, set
<TRDDE >/<TR2DE > to 1, and write the following data in the register buffer.

Up-counter

{

Comparator

|

Timer registers 0/2

ZA Matching detection of PPG
e <« f——=< cydle
Shift trigger Selector 2n -1 overflow of PWM
Register buffers 0/2 TREG0/2 WR

PAN

Write
£ y <TRODE>/<TR2DE>
Internal bus

Figure 3.8 (3) Configuration of Timer Register 0/2

Note: Timer register and the register buffer are allocated to the same memory address. When
< TRODE >/<TR2DE > =0, the same value is written in the register buffer as well as
the timer register, while when < TRODE>/<TR2DE> =1 only the register buffer is
written.

The memory address of each timer register is as follows.
TREGO: 000022H
TREG1: 000023H
TREG2: 000026H
TREG3: 000027H

All the registers are write-only and cannot be read.
The initial value is indeterminate; when using the 8-bit timer, always write data
to the timer register.
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7 6 5 ¢ 4 ¢ 3 i 2 i 1 i g
TOTMOD]bit Symbol | TOIM1 : TOIMO | PWMO1 i PWMOO i TICLK1 : TICLKO : TOCLK1 : TOCLKO
(0024H) ¢ cagmvrite RAW : RAW RAW RIW
After reset o ¢ o i o i o f o { o i 0o i o0
00: 8 bit Timer f00: - : 00: TOOTRG £00: TIO
01:16bitTimer | 01:26-1  pwm | 01: g1 L 01: 4T
Function |4q. g bit PPG £10:27-1 cycle 1 10: 4T16 P 10: 4T4
11: 8 bit PWM L 111281 : 111 4T256 L 11:4T16
| |
I—’ Input clock of timer 0

External clock Input TIO

Internal clock ¢T16

— > Input clock of timer 1

TO/MOD7,6=01

TOTMOD7,6#01 <T10M1,0> =01

Comparator output| Overf |.° w
. output of timer
of timer 0 0

(16-bit timer
mode)

Internal clock 47256

Select PWM cycle

(Don't care except PWM mode)

operation mode of timer0 and 1.

00

Two 8-bit timers
(timer 0 and timer 1)

8-bit PWM output (timer 0)

+ 8-bit timer (timer 1)

Figure 3.8 (4) Timer0/1 Mode control Register (TO1MOD)
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T23MOD
(0028H)

7 6 o4 b o3 b 2 i 1 o
bitSymbol | T23M1 i T23M0 : PWM21 | PWM20 : T3CLK1 : T3CLKO i T2CLK1 i T2CLKO
Read/Write RIW ' RIW : RIW : RAW
After reset 0 ! 0 P 0 ¢ 0o f 0 i 0 i 0

00: 8 bit Timer © 00: TO2TRG : 00: -
Functi 01: 16 bit Timer 01:26-1 PWM | 01:¢T1 ©01: gT1
unction . : :
10: 8 bit PPG 10:27-1 Cycle : 10: 4T16 D 10: ¢T4
11: 8 bit PWM 11:28-1 D 11: 4T256 L 11: 4T16
| | J
1

L Input clock of timer 2

00

01

Internal clock ¢T1

10

Internal clock ¢ T4

1

Internal clock ¢T16

—— Input clock of timer 3

T23MOD7, 6+ 01

T23MOD7,6=01

00 | Comparator output of Overflow output of
timer 2 Timer 2
01 | Internal clock ¢T1 (16-bit timer mode)
10 [ Internal clock 4T16
11 | Internal clock 47256
Select PWM cycle
(Don't Care except PWM mode)
00 o
01 261
10 27 -1
11 281

Set operation mode of timer 2, 3

00

Two 8-bit timers (timer 2, 3)

01

16-bit timer

10

8-bit PPG output

1

+ 8-bit timer (timer 3)

8-bit PWM output (timer 2)

Figure 3.8 (5) Timer 2/3 Mode Register (T23MOD)
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TFF3 TFF1
M T 1
7 ¢ 6 i s i o4 i o3 i 2 i 1 i o
bitSymbol | FF3C1 i FF3CO : FF3IE : FF3IS : FFI1C1 : FFICO : FF1E : FF1IS
TFFCR | Read/Write W i RAW i w i RIW
25H 5 ; : : :
(0025H) After reset - : 0 : 0 : - : 0 : 0
00: Invert TFF3 i1 :0: { 00:Invert TFF1  il: :0:
01:Set  TFF3 ;TFF3 : Inversion by 01:Set  TFF1 ;TFF‘I : Inversion by
10: Clear TFF3 ‘Invert ;TimerZ : 10: Clear TFF1 ‘Invert ETimerO
Function | 11: Don'tcare ‘Enable  1: i 11: Don't care ‘Enable  1:
: Inversion by Inversion by
iTimer3  Timer 1
| J | J |
1

L’ Select inverse signal of timer F/F1
(“Don’t care” exceptin 8-bit timer mode)

0 [Inversion by timer 0 match signal

1 | Inversion by timer 1 match signal

—> |nversion of Timer F/F 1 (TFF1)
0 | Disable

1 |Enable

—> Control of Timer F/F 1 (TFF1)

00 [ Invert the value of TFF1 (soft ware
inversion)

01 [Set TFF1to "1".
10 | Set TFF1to “0".

11 [ Don't Care (Alwaysread as “11".)

——> Select inverse signal of timer F/F3
(“Don’t care” exceptin 8-bit timer mode)

0 | Inversion by timer 2

1 | Inversion by timer 3

Inversion of Timer F/F 3 (TFF3)
0 | Disable

1 |Enable

Control of Timer F/F 3 (TFF3)

00 [ Invert the value of TFF1 (soft ware
inversion)

01 |Set TFF3to "1".

10 | Set TFF3to “0".

11 [ Don't Care (Alwaysread as "11".)

Figure 3.8 (6) 8-bit Timer Flip-flop Control Register (TFFCR)
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TRUN
(0020H)

; 16—bitTir|ner 8-bit Timer :
7 ¢ & | s a i3 o2 i1 i o
bit Symbol | PRRUN { TSRUN : T4RUN i T3RUN : T2RUN : TIRUN : TORUN
Read/Write R/W R/W
After reset 0o C o o ¢ o : o I 0 i o
Prescaler & Timer Run/ Stop Control
Function

0: Stop & Clear
1: Run (Count up)

Operation of Timer 0

0 |[Stop &Clear

—>Operation of Timer 1

0 |Stop &Clear

—>Operation of Timer 2

0 | Stop &Clear

—— > QOperation of Timer 3

0 [Stop &Clear

Operation of 16 bit Timer (Timer 4)

0 [Stop &Clear

Operation of 16 bit Timer (Timer 5)

0 |Stop &Clear

Operation of prescaler

0 |Stop &Clear

Figure 3.8 (7) Timer Operation Control Register (TRUN)
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TRDC
(0029H)

7 ¢ 6 i s i o4 i o3 i 2 i 1 i o0
bit Symbol i TR2DE : TRODE
Read/Write RIW
After reset : : : : oo 0

i i i : 0: Double Buffer
: Disable
Function :
: 1: Double Buffer
: Enable

LOperation of Timer Register 0 Double buffer

0 | Disable

1 | Enable

—>Operation of Timer Register 2 Double buffer

0 | Disable
1 | Enable

Figure 3.8 (8) Timer Register Double Buffer Control Register (TRDC)

@  Comparator

A comparator compares the value in the up-counter with the values to which the
timer register is set. When they match, the up-counter is cleared to zero and an
interrupt signal (INTTO to 3) is generated. If the timer flip-flop inversion is
enabled, the timer flip-flop is inverted at the same time.

Timer flip-flop (timer F/F)

The status of the timer flip-flop is inverted by the match detect signal
(comparator output) of each interval timer and the value can be output to the timer
output pins TO1 (also used as PA2) and TO3 (also used as PA3).

The timer F/F are provided for a pair of timer 0/1 and Timer 2/3. The outputs of
timer F/F are TFF1 and TFF3, and output signals through the TO1 and TO3.

95C061B-91



TOSHIBA

The operation of 8-bit timers will be described below:

(1) 8-bit timer mode

Four interval timers 0, 1, 2, 3, can be used independently as 8-bit interval timer. All
interval timers operate in the same manner, and thus only the operation of timer 1 will

be explained below.

@  Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals using timer 1 (INTT1), first
stop timer 1 then set the operation mode, input clock, and a cycle to TO1IMOD and
TREG1 register, respectively. Then, enable interrupt INTT1 and start the

counting of timer 1.

Example : To generate timer 1 interrupt every 32 us at fc=25 MHz, set each

register in the following manner.

MSB
7664321
TRON «-X----0

TOIMOD « 00X XO01-

TREGI <« 0110010
INTETO1 « 1101 - - -
L TRUN «1X 1

LSB

0

- Stop timer 1, and clear it to “0”.

- Set the 8-bit timer mode, and select ¢T1(0.32 us @ fc = 25 MHz)
as the input clock.

0 Set the timer register 32 us + ¢T1 =100 = 64H

- Enable INTT1, and setitto “Level 5”.
- Start timer 1 counting.

Note : X:don’t care —; no change

Use the table 3.8 (1) for selecting the input clock.

Table 3.8 (1) Setting the interrupt period and input clock for 8 bit

Timer
Input clock Interrupt period (at fc =25 MHz) resolution
$T1 (8/fc) 032 us to 8192 us 0.32 us
4T4 (32/fc) 128 s to 327.7 us 1.28 us
$T16 (128/fc) 512 us to 1.311 ms 5.12 us
$T256 (2048/fc) 8192 us to 2097 ms 81.92 us
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@  Generating a 50 % duty square wave pulse

The timer flip-flop is inverted at constant intervals, and its status is output to
timer output pin (TO1).

Example : To output a 1.92 us square wave pulse through TO1 pin at fe=25
MHz, set each register in the following procedures. Either timer 0 or
timer 1 may be used, but this example uses timer 1.

76543210

TRUN ¢ = X === =0 - Stop timer 1, and clearitto “0”.
TOIMOD« 0 0 X X 0 1 - - Set the 8-bit timer mode, and select ¢T1 as the input clock.
Set the timer register at 1.92 us + ¢T1+2=3.
TREG1 « 00000011 Clear TFF1 to “0”, and set to invert by the match detect signal
TFFCR ¢ = = - -1011 from timer 1.
Select PA2 as TO1 pin.
PACR ¢ XXX X=-1=-- }
PAFC « X XXX -1XX Start timer 1 counting.
TRUN ¢« 1 X ----1-
Note: X;don’t care - ;no change
T1
Ao T e Y e Y e N Y I e N
TRUN
BIT7 to 2

Up-
counter BIT1

BITO o [ v 12 I3 el v 2 T3 ]of ¢ 2 3 |0
Gomrarater M I A1 rt r i M
Comparator output S M M

NTTY \ M M

UC clear ﬁ. [! "
; : —
ro1 / \ S

1
| 0.96 45 @fc=25MHz
1

Figure 3.8 (9) Square Wave (50 % Duty) Output Timing Chart
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(2)

®  Making timer 1 count up by match signal from timer 0 comparator

Set the 8-bit timer mode, and set the comparator output of timer 0 as the input
clock to timer 1.

Comparator output M M
(Timer 0 match)

Timer Qup-counter 1 X2 X3X4X5X1X2X3X4X5X1X2X3)

(when TREGO =5)

Timer 1 up-counter 1 X 2 X 1
(when TREG1 =2)

Timer 1 match output

Figure 3.8 (10) Timer 1 count up by timer 0
@  Output inversion with software

The value of timer flip-flop (TFF) can be inverted, independent of timer
operation.

Writing 00 to TFFCR<FF1C1, 0> inverts the value of TFF1. Writing 00 to
TFFCR<FF3C1,0> inverts the value of TFF3.

®  Initial setting of timer flip-flop (TFF)

The value of TFF can be initialized to “0” or “1”, independent of timer operation.
For example, write “10” in TFFCR<FF1C1,0> to clear TFF1 to “0”, while
write “01” in TFFCR<TFF1C1,0> to set TFF1 to “1”.

Note: The value of timer register and tiner Flip-flop cannot be read.

16-bit timer mode

A 16-bit interval timer is configured by using the pair of timer 0/1 and timer 2/3.

Timer 2/3 operate as Timer 0/1, so described have about Timer 0/1.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer
0/timer 1 mode register TO1IMOD <T01M1,0> to “0, 1”.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input
clock of timer 1, regardless of the set value of clock control Register TCLK.

The lower 8 bits of the timer (interrupt) cycle are set by the timer register TREGO,
and the upper 8 bits are set by TREG1. Note that TREGO always must be set first.
(Writing data into TREGO disables the comparator temporarily, and the comparator is
restarted by writing data into TREG1.)
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Table 3.8 (2) Thedinterrupt period and input clock in 16 bit timer
mode

Input clock Interrupt period (fc =25 MHz) resolution

¢T1 (8/fc) 032us to 20.971ms 0.32 us

¢T4 (32/fc) 1.28 s to 83.885ms 1.28 us
$T16 (128/fc) 512 us to 335.539ms 5.12 us

Setting example: To generate an interrupt INTT1 every 0.32 seconds at fc=25 MHz,
set the following values for timer registers TREG0 and TREG1.

When counting with input clock of ¢4T16 (5.12 s @ 25 MHz)
0.32s+5.12 4s=62500=F424H

With the timer 1 comparator, the match detect signal is output at each comparator
timing when up-counter UC1 and TREG1 values match. When the match detect signal
is output simultaneously from both comparators of timer 0 and timer 1, the up-counters
UCO0 and UC1 are cleared to “0”, and the interrupt INTT1 is generated. If inversion is
enabled, the value of the timer flip-flop TFF'1 is inverted.

Timer0 Timer1
INTTO TO1 Compared INTT1 TO1 Compared
Value Value
16 bit Timer mode not generate | output disable | TREGO generatethe | outputenable | TREG1+28
Input overflow of the interrupt Continued interrupt + TREGO
Timer 0 to Timer 1 tocountup
after match
8 bit Timer mode generate the output enable | TREGO generatethe |outputenable | TREG1+ TREGO
input match of Timer interrupt Timer O or Cleared interrupt Timer O or
. Timer 1 after match Timer 1
0to Timer 1
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Example : When TREG1=04H and TREG0=80H

}{j’('}{eﬁég -counter 0000H 0080H 0180H 0280H 0380H 0480H

Timer 0 comparator

match detect signal | | Ml M M
Interrupt INTT1 "
Timer output TO1 x Inversion

Figure 3.8 (11) Timer output by 16-bit timer mode

(3) 8-bit PPG (Programmable Pulse Generation) Output mode

Square wave pulse can be generated at any frequency and duty by timer 0 and timer
2. The output pulse may be either low-active or high-active. In this mode, timer 1 and
Timer 3 cannot be used.

Timer 0 outputs pulse through TO1 pin (also used as PA2). Timer 2 outputs pulse
TO3 (also used as PA3).
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Here shows the operation of Timer 0. Timer 2 provides the same operation as Timer

1.
TREGO and UCO match /ﬂ /ﬂ
(Interrupt INTTO) ( (
TREG1 and UC0O match H ﬂ
(Interrupt INTT1) /
TO1 TREGO|
|
TREG1
TO1
. A
TIOpin —— TRUNO
11— 8-bit | TFF1
¢T4 —> Selector >
$T16 — up-counter (UCO)
T T T Inversion
TMOD <TOCLK1, 0> l
l INTTO
A4
| Comparator |_> | Comparator l* INTT1
AN AN
L | TREG 0 |
PAN
TREGO-WR->1 Selector | ghift trigger
A | Register buffer | | TREG 1
TRDC AN 7
Internal bus

Figure 3.8 (12) Block Diagram of 8-Bit PPG Output Mode

When the double buffer of TREGO is enabled in this mode, the value of register buffer
will be shifted in TREGO each time TREG1 matches UCO.

Use of the double buffer makes easy the handling of low duty waves (when duty is
varied).
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Match with TREGO "

and up-Counter

(Up-counter = Q) (Up-counter = Q,)
Match with TREG 1
(  Shift from register buffer
TREG 0 Q A Q
(Value to be compared) L x’fl\ 2
Registe buffer Q X Q;

the operation of register buffer \ write register buffer

Example : Generating 1/4 duty 78.125 kHz pulse (at fc=25 MHz)

[ I I
RPEyee

® Calculate the value to be set for timer register.
To obtain the frequency 78.125 kHz, the pulse cycle t should be : t=1/78.125 kHz
=12.8 HS.
Given ¢T1=0.32 us (at 25 MHz),
12.8,5+0.32 4s=40
Consequently, to set the timer register 1 (TREG1) to TREG1=40=28H
and then duty to 1/4,tX1/4 = 12.8 4sX1/4=3.2 us
3.2 4s+0.32 4s=10
Therefore, set timer register 0 (TREGO0) to TREG0O=10=0AH.

MSB LSB
« 76543210

TRUN ¢« 0X----00 Stop timer 0 and timer 1 and clearitto "0”.

TOIMOD« 10X X0101 Set the 8-bit PPG mode, and select 4T1 as input clock.

TFFCR ¢« - - - -011x Sets TFF 1 and enable the inversion and double buffer
enable.
Writting “10” provides negative logic pulse.

TREGO « 00001010 Write “0AH".

TREGL « 00101000 Write “28H".

PACR « X XXX ~-1- - Set PA2 as the TO1 pin.

PAFC ¢« X XXX -1

TRUN « 1 X----11 Start timer 0 and Timer 1 counting.

Note: X;don’t care -;no change
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(4) 8-bit PWM Output mode (Pulse Width Modulation)

This mode is valid only for timer 0/2. In this mode, 2-8 bit resolution of PWM pulse
can be output. PWM pulse is output through TO1 pin when using Timer 0. When using
Timer 2, the pulse is through TO3 pin. Timer 1 and Timer 3 are valid for 8-bit timers.

Here shows the PWM mode operation of Timer 0. Timer 2 provide the same operation
as Timer 0.

Timer output is inverted when up-counter (UC0) matches the set value of timer
register TREGO or when 2n—1 (n=6, 7, or 8; specified by T0O1IMOD<PWMO01,0>)
counter overflow occurs. Up-counter UCO is cleared when 2n—1 counter overflow
occurs. For example, when n=6, 6-bit PWM will be outputted, while when n="17, 7-bit
PWM will be outputted.

To use this PWM mode, the following conditions must be satisfied.

(Set value of timer register) < (Set value of 2" —1 counter overflow)
(Set value of timer register) = 0

TREGO and UCO /ﬂ /ﬂ
match (
201 AL A
Overflow
(Interrupt INTTO) \ ( (
\ N\

TO1 —_—

| trwm |
(PWM cycle)

Figure 3.8 (13) shows the block diagram of this mode.

TO1
TRUN <TORUN> A
TI0O —> .
4T1 8-bit up-counter
$T4—> Selector (UCO) Clear TFF1
$T16 —>|
T T -1 Invert
TMOD <TOCLK1, 0> :> overflow
control
A4 Overflow
| Comparator I
VAN
‘ INTTO
L | TREGO |
AN
Selector Shift trigger
TREGO-WR—>
T | Register buffer |
TRDC <TRODE> TT

) 3
Internal bus

Figure 3.8 (13) Block Diagram of 8-Bit PWM Mode
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In this mode, the value of register buffer will be shifted in TREGO if 2" —1 overflow is
detected when the double buffer of TREGO is enabled.
Use of the double buffer makes easy the handling of small duty waves.

Match with TREGO rl rl
Up-counter = Q Up-counter = Q;
2n - 1 overflow /n
( Shift into Register Buffer
TREG 0 Q1 X Q2
(value to be compared) ﬁ
Register buffer Q2 X Q3

A write register buffer
The operation of register buffer

Example : To output the following PWM waves to TO1 pin at fc=25 MHz.

[ R N

28.8 us |
40.64 us I

To realize 40.64 xs of PWM cycle by ¢T1=0.32 xs (at fc=25 MHz),
40.64 45+0.32 us = 127 = 22 —1

Consequently, n should be set to 7.

As the period of low level is 28.8 us, for ¢ T1=0.32 s,

set the following value for TREGO.
28.8 us+0.32 s = 90 = 5AH

MSB LSB
76543210
TRUN ¢ XX - - - - - 0 Stop timer 0, and clear itto “0".
TOIMOD« 1110--01 Set 8-bit PWM mode (cycle: 27 - 1) and select 4T1 as the
input clock.
TFFCR ¢ - - - -101X Clears TFF1, enable the inversion and double buffer.
TREGO « 01011010 Writes “5AH".
PACR ¢« XX XX-1-- SetPA2 as the TO1 pin.
PAFC « X XXX -1XX
TRUN ¢ 1X--- - - 1 Start timer 0 counting.
Note:X;don’t care -;no change
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Table 3.8 (3) PWM Cycle and setting of 2" — 1 counter

PWM cycle (@ fc =25 MHz)

$T1 4T4 4T16

26-1 20.2 us (49.6 kHz) 80.6 us (12.4 kHz) 322.6 us (3.1 kHz)
27-1 40.6 us (24.6 kHz) 162.6 us (6.2 kHz) 650.2 us (1.5 kHz)
28-1 81.6 us (12.3kHz) 326.4 45 (3.1kHz) 1.31ms (0.8 kHz)

(5) Table 3.8 (4) shows the settings for all 8-bit timer modes.
Table 3.8 (4) Selection of 8 bit timer mode and control register
Timer Mode Mode Upper clock input| Lower clockinput |[Selection of Inversion
e TOTM PWMO T1CLK TOCLK FF1IS
(8 bit timer x 2ch)
(T23M) (PWM2) (T3CLK) (T2CLK) (FF3IS)
16 bit timer 01 External clock,
(16 bit) x 1ch 4T1,4,16
| 8b|t':c|mer . . ¢ 00 00 External clock, 0: Lower timer
(Input of upper timer is output - 4T1,4,16 1: Upper timer
of power one)
8 bit timer x 2¢h 00 _ (4T1, 16, 256) External clock, 0: Lowertllmer
$T1,4,16 1: Upper timer
8 bit PPG x 1ch 10 - - External clock, ) -
4T1,4,16
8 bit PWM  x 1ch (Lower) 11 PWM | (4T1, 16, 256) External clock,
8bittimer x 1ch (Upper) cycle gL Ao 4T1,4,16 -
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3.9

16-bit Timer

TMP95C061B contains two (timer 4 and timer 5) multifunctional 16-bit timer / event
counter with the following operation modes.

16-bit interval timer mode

16-bit event counter mode

16-bit programmable pulse generation (PPG) mode
Frequency measurement mode

Pulse width measurement mode

Time differential measurement mode

Timer / event counter consists of 16-bit up-counter, two 16-bit timer registers (One of
them applies double-buffer), two 16-bit capture registers, two comparators, capture
input controller, and timer flip-flop and the control circuit.

Timer / event counter is controlled by 4 control registers: T4AMOD / TSMOD, T4FFCR
/' TSFFCR, TRUN and T45CR.

Figure 3.9 (1), (2) shows the block diagram of 16-bit timer / event counter (timer 4 and
timer 5) .
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Figure 3.9 (1) Block Diagram of 16-Bit Timer (Timer 4)
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TAMOD | bit Symbol

(0038H) Read/Write

7 i 6 o4 23 i 2 i1 i
CAP2T5 i EQST5 | CAPIIN ;CAPI2M1:CAP12MO; CLE | TACLK1 : TACLKO
RIW : : RIW CORW RIW
After reset 0o i 0 o i 0o i 0 i 0 i 0

‘Capture timing

TFFSinvert trigger  .0: Soft- ! (1:UC4 % Timer 4 source clock
. . Capture |00: Disable i Clear : 00: Tl4
0: Disable trigger 1 don't | NTaocursatriseedge. i Enable :
Function |1: Enable trigger P 01:1iar TsT : :01: 4T
: INT4 occurs at rise edge. : : .
Invert iInvert . 110: T4 Tiay = : 105474
when the. EWhen the : INT4 occurs at fall edge. 11: 4716
UC value is :up-counter; M1ITERIY TFR :
loaded to imatCheS © INT4occurs at rise edge. :
CAP2 :TREG5 :
[

Timer 4 input clock

00 |External clock (T14)

11 [4T16 (128 /fc)

Lo Clearingthe up-counter UC4

0 |Cleardisable

1 |Clear by match with TREGS.

Figure 3.9 (3) 16-Bit Timer Mode Controller Register (TAMOD) (1/2)
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7 ¢ 6 : 5 i 4 i 3 i 2 i 1 i 0
TAMOD | bit Symbol | CAP2TS i EQST5 | CAP1IN :CAP12M1:CAPI2MO: CLE : TA4CLK1 ; T4CLKO
(0038H) [ peadnwrite RIW Pow RIW PORW RIW
Afterreset| 0 : 0 i 1 i 0 i 0 i 0 i 0 i 0
TFFSinverttrigger 0 Soft- :Capture timing (1:UC4 Timer 4 source clock
; . Capture :00: Disable Clear |
. 0: Disable trigger 1 don't | INTAoccursatriseedge. i Enable ! 00:TI4
Function | 1: Enabletrigger 1" S%T% io1:miap  misy : L 01: 4T1
Invert ;Invert INT4 occurs at rise edge. §10: ¢T4
whenthe iwhenthe i (10:mar Al : P 11: ¢T16
UCvaIueisiup-counterE : I.NT40ccursatfaIIedge. :
loadedto :matches (VTR TRRTY :
CAP2 ETREGS INT4 occurs at rise edge.
| l |

—> Capture timing of timer4

Capture control

INT4 control

Capture disable

CAP1 at Tl4 rise
CAP2 at TI5 rise

CAP1 at Tl4 rise
CAP2 at TI4 fall

CAP1 at TFF1 rise
CAP2 at TFF1 fall

Interrupt occurs
at the rise edge
of TI4 (INT1)
input.

Interrupt occurs
at the rise edge
of TI4 (INT1)

input.

Software capture

The up-counter4 value
(software capture).

Alwaysread as “1”.

is loaded to CAP1

Timer flip-flop 5 (TFF5) invert trigger

Trigger disable (Invert Prohibition)

Trigger enable (Invert permission)

CAP2T5 : Invert when the up-counter value is loaded to CAP2
. Invert when the up-counter matches TREG5

EQ5TS

Figure 3.9 (4) 16-Bit Timer Controller Register (TAMOD) (2/2)
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7 ¢ 6 : 5 i 4 i 3 i 2 i 1 i 0
TAFFCR |bit Symbol | TFFSC1 : TFF5CO | CAP2T4 | CAP1T4 | EQST4 : EQAT4 : TFFAC1 ; TFF4CO

(0039H) [geadnwrite w : RW i RW : RW i RW i W
After reset - 0 0 0 0 -
00: Invert TFF5 :TFF4 invert trigger :00: Invert TFF4
01:5et  TFF5 :0: Disable trigger §o1 :Set  TFF4
Function [10:Clear TFF5 :1: Enable trigger i10: Clear TFF4
11: don't care : : : : *11: don't care
Invertwhen :Invertwhen :lnvertwhen :invertwhen :
Alwaysread as “11”. ;‘the UCvalue Ethe UCvalue Ethe uc Ethe uc >< Always read as
;is loaded to is loaded to ;matches ;matches 11T
AP2 L capt ‘TREGS ‘TREGA :
| |

|

'—» Timer flip-flop 4 (TFF4) control

00 |Invertsthe TFF4 value (software inversion).

11 |Don't care (Alwaysread as “11") .

—> Timer flip-flop 4 (TFF4) invert trigger

0 |Triggerdisable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAP2T4 : Invert when the up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1
EQ5T4 : Invert when up-counter matches TREGS
EQAT4 : Invert when up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 |Invertsthe TFF5 value (software inversion).

11 |Don’t care (Alwaysread as “11".)

Figure 3.9 (5) 16-Bit Timer 4 F/F Control (TAFFCR)
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5 ¢ 4 i 3 2 i1 0
T5MOD | bit Symbol ! CAP3IN i CAP34M1:CAP34MO: CLE | TSCLK1 i T5CLKO
(0048H) [ peadrite Cow RIW PORW RIW
After reset : 1 0 0 0 0 0
EO: Soft-  :Capture timing 1 ucs ! Timer 5 source clock
Capture :00: Disable i Clear ! 00: TI6
. . don't ! INT6occursatriseedge. | Enable @ -
Function . c:rr; 01 1TI6 T TI7Z ¢ 01: ¢T1
INT6 occurs at rise edge. 10: ¢T4
E10:TI61‘ TI6 |, 11: 4716

© INT6 occurs at fall edge. :
P11 TFE1] TFF1 :
INT4 occurs at rise edge. !

Figure 3.9 (6) 16-bit Timer Mode Control Register (TSMOD) (1/2)

— Timer 5 input clock

00 [External clock (TI4)

11 | 4T16 (128 /fc)

o Clearing the up-counter UC5

0 |Cleardisable

1 |Clear by match with TREG7
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o5 o4 ¢ 3 i o2 i1 0
T5MOD |bit Symbol { CAP3IN i CAP34M1:CAP34MO: CLE | TSCLK1 | T5CLKO
(0048H) [readwrite Pow RIW PORW RIW
After reset : 1 0 0 : 0 0 0
i0: Soft-  :Capture timing (1:UC5 | Timer5 source clock
Capture :00: Disable : Clear 00: TI6
é1'd 't ! INT6occursatriseedge. | Enable : :
P c:re i01: e TI7Y : P 01: 4T
! INT6 occurs at rise edge. : f 10: 4T4
“10: :
(10: 6T TE L 111 4T16

INT6 occurs at fall edge. :

M1 TFRID TRRT

INT4 occurs at rise edge. :

— Timer 5 Capture timing

Capture control

INT6 Control

Capture disable

CAP3 at Tl6 rise
CAP4 at Tl7 rise

CAP3 at Tl6 rise
CAP4 at Tl6 fall

CAP3 at TFF1 rise
CAP4 at TFF1 fall

Interrupt occurs

at the rise edge

of TI6 (INT6) A
input.

at the fall edge

of TI6 (INT6)
input.

at the rise edge
of TI6 (INT6) _f
input.

L Software capture

ll1ll-

Always read as

The up-counter 5 value is loaded to CAP3.

Figure 3.9 (7) 16-Bit Timer Control Register (TSMOD) (2/2)
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7 ¢ 6 : 5 i 4 i 3 i 2 i 1 i 0
T5FFCR | bit Symbol . CAP4T6 : CAP3T6 : EQ7T6 : EQ6T6 : TFF6CT ; TFF6CO
(0049H) [ peadwrite . RW I RW i RW I RW w
After reset 0 0 0 0 -
ETFFGinverttrigger ;00: Invert TFF6
{0: Disable trigger :01:Set  TFF6
i1: Enable trigger :10: Clear  TFF6
Function : : : : *11: don't care
glnvertwhen glnvertwhen glnvertwhen glnvertwhen :
ithe UCvalue ithe UCvalue :the UC ithe UC i Always read as
Eis loadedto iisloadedto imatches  :matches 11
iCAP4 ‘CAP3 i TREG7 : TREG6

|

|—> Timer flip-flop 6 (TFF6) control

00 |Invertsthe TFF6 value (software inversion).

11 |Don’t care (Alwaysread as “11") .

— Timer flip-flop 6 (TFF6) invert trigger

0 |Triggerdisable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAPAT6 : Invert when the up-counter value is loaded to CAP4
CAP3T6 : Invert when the up-counter value is loaded to CAP3
EQ7T6 : Invert when up-counter matches TREG7
EQ6T6 : Invert when up-counter matches TREG6

Figure 3.9 (8) 16-Bit Timer5 F/F Control (TSFFCR)
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7 6 : 5 i 4 i 3 i 2 i 1 i 0
T45CR |bit Symbol | — L~ : PGIT | PGOT : DB6EN : DBAEN
(003AH) Read/Write RIW 5 5 : R/W
After reset 0 0 0 0 0

TRUN
(0020H)

Write “0”
X Always
read as |

"0 "

PG1shift  pGO shift
iTrigger iTrigger .

10:8 bit £0:8 bit :0: Disable
i Timer Trigger: Timer Trigger: 1: Enable

3(Tmer2,3) {1 (Timer0,) "poyple | Double
! 16bit (1016 ihufferof buffer of
 Timer Trigger: Timer Trigger: 1ppGe i TREGA
(Timer5)  i(Timer4) | :

|-> Double buffer countrol

0 [Disable

DBG6EN : Double buffer of TREG6
DB4EN : Double buffer of TREG4

Figure 3.9 (9) 16-Bit Timer (Timer 4, 5) Control Register (TA5CR)

7 6 5 4 1 3 i 2 i 1 i 0
bit Symbol | PRRUN TSRUN : TARUN | T3RUN | T2RUN : TIRUN : TORUN
Read/Write R/W R/W
After reset 0 0 o { o { o i 0 i o0

Function

Prescaler & Timer Run/Stop CONTROL

0: Stop &Clear
1: Run (Count up)

> Operation of 16-bit timer (Timer 4)

0 |Stop &clear

L > Operation of 16-bit timer (Timer 5)

0 ([Stop &clear

Operation of prescaler

0 [Stop &clear

Figure 3.9 (10) Timer Operation Control Register (TRUN)
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@®  Up-counter

UC4 is a 16-bit binary counter which counts up according to the input clock
specified by TAMOD <T4CLK1,0 > register or TSMOD <T5CLK1.0> register.

As the input clock, one of the internal clocks ¢T1, ¢T4, and ¢T16 from 9-bit
prescaler (also used for 8-bit timer), and external clock from TI4 pin (also used as
PB0 /INT4 pin) and TI67 pin (also used as PB4 /INT®6 pin) can be selected. When
reset, it will be initialized to <T4CLK1,0> / <T5CLK1,0> =00 to select T14, TI6
input mode. Counting or stop & clear of the counter is controlled by timer
operation control register TRUN <T4RUN >, <T5RUN>.

When clearing is enabled, up-counter UC4/UC5 will be cleared to zero each time
it coincides matches the timer register TREG5, TREG7. The “clear enable/disable”
is set by TAMOD <CLE > and TSMOD<CLE >.

If clearing is disabled, the counter operates as a free-running counter.

@  Timer Registers

These two 16-bit registers are used to set the interval time. When the value of
up-counter UC4 / UC5 matches the set value of this timer register, the comparator
match detect signal will be active.

Setting data for timer register (TREG4, TREG5 / TREG6 and TREGT7) is
executed using 2 byte date load instruction or using 1 byte date load instruction
twice for lower 8 bits and upper 1 bits in order.

TREG 4 TREG S5
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
000031H 000030H 000033H 000032H
TREG 6 TREG 7
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
00004 1H 000040H 000043H 000042H

The timer register TREG4 / TREG6 make double buffer structure, which are paired with
register buffer. The timer control register T4A5CR<DB4EN, DB6EN > controls whether the
double buffer structure should be enabled or disabled. : disabled when <DB4EN,
DB6EN > =0, while enabled when <DB4EN, DB6EN > =1.
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When the double buffer is enabled, the timing to transfer data from the register
buffer to the timer register is at the match between the up-counter (UC4 and UC5)
and timer register TREG5 and TREG?T.

When reset, it will be initialized to <DB4EN, DB6EN > =0, whereby the
double buffer is disabled. To use the double buffer, write data in the timer register,
set <DB4E, DB6EN > =1, and then write the following data in the register buffer.

TREG4, TREG6 and register buffer are allocated to the same memory addresses
000030H / 000031H and 000040H / 000041H. When <DB4EN, DB6EN> =0,
same value will be written in both the timer register and register buffer. When
<DB4EN, DB6EN > =1, the value is written into only the register buffer.

Since the timer register is indeterminate after a reset, always write data to
higher and lower bits.

®  Capture Register

These 16-bit registers are used to hold the values of the up-counter.
Data in the capture registers should be read by a 2-byte data load instruction or
two 1-byte data load instruction, from the lower 8 bits followed by the upper 8 bits.

CAP 1 CAP2
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
000035H 000034H 000037H 000036H
CAP3 CAP4
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
000045H 000044H 000047H 000046H

@  Capture Input Control

This circuit controls the timing to latch the value of up-counter UC4 / UC5 into
(CAP1,CAP2/CAP3, CAP4). The latch timing of capture register is controlled by
register TAMOD <CAP12M 1,0>/T5MOD<CAP34M 1,0>.

® When TAMOD<CAP12M 1, 0>/T5MOD <CAP34M1, 0> =00
Capture function is disabled. Disable is the default on reset.

® When TAMOD <CAP12M1, 0>/T5MOD <CAP34M1,0> =01
Data is loaded to CAP1 / CAP3 at the rise edge of T14 pin (also used as PB0O /
INT4) and TI6 pin (also used as PB4 /INT7) input, while data is loaded to CAP2
/ CAP4 at the rise edge of TI5 pin (also used as P81 / INT5) and TI7 pin (also
used as PB5/INT7) input. (Time difference measurement)

® When TAMOD<CAP12M1,0>/T5MOD<CAP34M1,0>=10
Data is loaded to CAP1 / CAP3 at the rise edge of TI4 pin / TI6 pin input,
while to CAP2 / CAP4 at the fall edge. Only in this setting, interrupt
INT4/INT6 occurs at fall edge. (Pulse width measurement)
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® When TAMOD <CAP12M1, 0>/T5MOD<CAP34M1,0> =11
Data is loaded to CAP1 / CAP3 at the rise edge of timer flip-flop TFF1, while
to CAP2/ CAP4 at the fall edge.

Besides, the value of up-counter can be loaded to capture registers by software.
Whenever “0” is written in TAMOD <CAPIN >/ TSMOD <CAP3IN > the current
value of up-counter will be loaded to capture register CAP1/CAP3. It is necessary
to keep the prescaler in RUN mode (TRUN <PRRUN > to be “1”).

®  Comparator

These are 16-bit comparators which compare the up-counter UC4 / UC5 value
with the set value of (TREG4, TREG5 / TREG6, TREG7) to detect the match.
When a match is detected, the comparators generate an interrupt (INTTR4,
INTTR5 / INTTR6, INTTR7) respectively. The up-counter UC4 / UC5 is cleared
only when UC4 / UC5 matches TREG5 / TREG7. (The clearing of up-counter UC4
/ UC5 can be disabled by setting T4AMOD <CLE>/T5MOD<CLE> =0.)

®  Timer Flip-flop (TFF4 / TFF6)

This flip-flop is inverted by the match detect signal from the comparators and
the latch signals to the capture registers. Disable / enable of inversion can be set
for each element by TAFFCR<CAP2T4, CAP1T4, EQ5T4, EQ4T4> /
T5FFCR<CAPAT6, CAP3T6, EQ7T6, EQ6T6>. TFF4 / TFF6 will be inverted
when “00” is written in T4AFFCR<TFF4C1,0>/ T5FFCR<TFF6C1,0>. Alsoitis
set to “1” when “10” is written, and cleared to “0” when “10” is written. The value
of TFF4 can be output to the timer output pin TO4 (also used as PB2) / TO6 (also
used as PB6).

@  Timer Flip-flop (TFF5)

This flip-flop is inverted by the match detect signal from the comparator and the
latch signal to the capture register CAP2. TFF5 will be inverted when “00” is
written in TAFFCR<TFF5C1,0>. Also it is set to “1” when “10” is written, and
cleared to “0” when “10” is written. The value of TFF5 can be output to the timer
output pin TO5 (also used as P82).

Note : This flip-flop (TFF5) is contained only in the 16-bit timer 4
(1) 16-bit Timer Mode

Timer 4 and Timer 5 can be operated independently. Both can be operated all the
same, so have shows Timer 4 only.

Generating interrupts at fixed intervals, the interval time is set in the timer register
TREGS5 to generate the interrupt INTTRS.
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(2)

3)

76543210

TRUN «-X-0---- Stop timer 4.
INTET45 « 11001000 Enable INTTR5 and sets interrupt level 4. Disable
INTTRA.
TAFFCR « 11000011 Disable trigger.
TAMOD « 001001 *® = Select internal clock for input and
(**=01,10,11) disable the capture function.
TREG5 A EEEEE Set the interval time (16 bits).
kosk ok ok ok ok ok ok
TRUN «1X-1--- - Start timer 4.
Note: X;don’t care - ;no change

16-bit Event Counter Mode

In 16-bit timer mode as described in above, the timer can be used as an event counter
by selecting the external clock (TI4 pin / TI6 pin input) as the input clock. To read the
value of the counter, first perform “software capture” once and read the captured value.

The counter counts at the rise edge of TI4 pin / T16 pin input.

TI4 pin / T16 pin can also be used as PB0/INT4 and PB4 / INT6.

Since both timers operate in exactly the same way, timer 4 is used for the purposes of
explanation.

76543210

TRUN «-X-0---- Stop timer 4.

PBCR € - - - - - - - 0 Set P80 to input mode

INTET45 « 11001000 Enable INTTR5 and sets interrupt level 4, while
disables INTTRA4.

TAFFCR « 11000011 Disable trigger.

TAMOD « 00100100 Select Tl4 as the input clock.

TREGSH R EEEEE Set the number of counts (16 bits).

k sk ok ok ok ok ok ok
TRUN «1X-1---- Start timer 4.

Note : When used as an event counter, set the prescaler in RUN mode.

16-bit Programmable Pulse Generation (PPG) Output Mode

Timer 4 and Timer 5 can be operated all the same, here shows Timer 4 only.

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be
enabled by the match of the up-counter UC4 with the timer register TREG4 or 5 and to
be output to TO4 (also used as P82). In this mode, the following conditions must be
satisfied.

(Set value of TREG4) < (Set value of TREG5)
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TRUN «-X-0---- Stop timer 4.
TREGA ¢ % % % % % % % = Set the duty. (16-Bit)
k ok % sk ok ok ok ok
TREGH ¢ % % % % % % % = Set the cycle. (16-Bit)
k sk ok sk ok ok
T45CR  « - - - Double Buffer of TREG4 enable
(Change the duty and cycle at the interrupt INTTR5)
TAFFCR « 11001110 Set the mode to invert TFF4 at the match with
TREG4 / TREGS, and also set the TFF4 to “0”.
TAMOD « 001001 * = Select the internal clock for the input, and disable
(**=01, 10, 11) the capture function.
PBCR € - - - = = 1--
PBFC eX -XX-1XX } Assign P82 as TOA4.
TRUN «1X-1---- Start timer 4.
Note: X;don’t care - ;no change
Match with TREG4 ﬂ I'l I'l |'| |'|
(interrupt INTTR4) |
[}
Match with TREG5 i /ﬂ ﬂ ” _l
(interrupt INTTR5) :

. f
TO4 pin —\ U u I_I J

Figure 3.9 (11) Programmable Pulse Generation (PPG) Output Waveforms

When the double buffer of TREG4 is enabled in this mode, the value of register buffer
4 will be shifted in TREG4 at match with TREGS5. This feature makes easy the handling
of low duty waves.

Match with TREG o s Uocounter =G
Match with TREG5 ﬂ
atchwi [ Shiftinto the TREGS
TREG4
(value to be Q1 \X Q2
compared) 7]\
Register buffer Q2 X Q3

Write into the TREG4

Figure 3.9 (12) Operation of Register Buffer
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Shows the block diagram of this mode.

TRUN<T4RUN>

TOA4 (PPG output) TO5
TT|411_, <J A A
$11—> 16-Bit up-counter FIF F/F
—>| Selector clear
;?;46_) uca (TFF4) (TFF5)
T4MOD
<T4CLK1,0> ﬂ
N A4
matc
16-Bit Comparator 16-Bit Comparator | match
N\ N\
TREG4
VAN
Selector
TREG4-WR —>
Register buffer 4 TREG5
T4A5CR<DB4EN > ﬁ /T
Internal bus

Figure 3.9 (13) Block Diagram of 16-Bit PPG Mode

(4) Application Examples of Capture Function

Timer 4 and Timer 5 can be operated all the same. Here shows Timer 4 only.

The loading of up-counter (UC4) values into the capture registers CAP1 and CAP2,
the timer flip-flop TFF4 inversion due to the match detection by comparators CP4 and
CP5, and the output of the TFF4 status to TO4 pin can be enabled or disabled. Combined
with interrupt function, they can be applied in many ways, for example:

@®  One-shot pulse output from external trigger pulse
Frequency measurement

Pulse width measurement

® ®

Time difference measurement
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@  One-shot Pulse Output from External Trigger Pulse

Set the up-counter UC4 in free-running mode with the internal input clock, input the
external trigger pulse from TI4 pin, and load the value of up-counter into capture
register CAP1 at the rise edge of the T14 pin. Then set to TAMOD <CAP12M1, 0> =01.

When the interrupt INT4 is generated at the rise edge of TI4 input, set the CAP1
value (c) plus a delay time (d) to TREG4 (= c¢+d), and set the above set value (¢c+d) plus
a one-shot pulse width (p) to TREG5 (= ¢+d+p). When the interrupt INT4 occurs the
T4FFCR<EQ5T4, EQ4T4 >register should be set that the TFF4 inversion is enabled
only when the up-counter value matches TREG4 or TREG5. When interrupt INTTR5
occurs, this inversion will be disabled.

(’ Set the counter in free-running mode.

Count clock Jﬂﬂ"ﬂ_ﬂ_____ﬂﬂﬂ"ﬂ___m__ﬂﬂ"ﬂ___

(internal clock) c+d c+d+p

Tl4 pin input l

(external trigger pulse) .k Load the up-counter value into Capture |

| ™ Register 1 (CAP1) INT4 occurred i

1 [}

Match with TREG4 : Al :
: _ | INTTRS occurred

1 Inversion H [ i

| enable ! /ﬂ i

Match with TREG5 : ;

i

caused by loading
of the up-counter
% value into CAP1.

Disables inversion\ | Inversion i
1
1 enable 1

Timer output pin TO4

I 1
i Delay time i Pulse width
T 1

(d) (9

R

Figure 3.9 (14) One-Shot Pulse Output (with Delay)

Setting example : To output 2ms one-shot pulse with 3ms delay to the external
trigger pulse to TI4 pin
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Main setting >
— |
T4MOD<-——1(‘1|_}001
TAFFCR« 11000010
| I
PBCR ¢ - - - - - 1- - )
PBFC ¢« X -XX-1XX JL
INTE4 ¢« - - --1100
INTET45¢ 10001000
| TRUN ¢« 1 X-1- - - -

Setting of INT4

[TREGA « CAP1+3ms/4T1
TREGS « TREG4+2ms/4T1
T4FFCR ¢ - - - - 11 - -

- .

L INTET45¢« 1100 - - - -

Setting of INTTR5

TAFFCR ¢ - - --00 - -

INTET46¢ 1000 - - - -

Note: X;don’t care -;no change

Keep counting (Free-runnig)
Countwith ¢T1.

Load the up-counter value into CAP1 at the rise edge
of Tl4 pin input.

Clear TFF4 to zero.

Disable TFF4 inversion.

Select PB2 as the TO4 pin.

Enable INT4, and disable INTTR4 and INTTR5.

Start timer 4.

Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.
Enable INTTRS.

Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.
Disable INTTRS5.

When delay time is unnecessary, invert timer flip-flop TFF4 when the up-
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (c)
plus the one-shot pulse width (p) to TREGS5 when the interrupt INT4 occurs. The
TFF4 inversion should be enabled when the up-counter (UC4) value matches
TREGS, and disabled when generating the interrupt INTTRS.
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Count clock ""”""” """"" """""

(internal clock)

Tl4 pin input
(external trigger pulse) A d the up-counter value into Capture
ggere :§ Reglster 1 FCAM INT4 occurred i Load the up-counter value into

i 2~ INTTR5 E Capture Register 2 (CAP2).
Match with TREGS ! /" occurred !
i Inversion i i
! enable H !
Timer output pin TO4 \i !
/ ! Pulse width E /

Enables inversion caused : (p) ! Disables inversion caused by loading of

by loading of the up-

. the up-counter value into CAP2.
counter value into CAP1.

010289

Figure 3.9 (15) One-Shot Pulse Output (without Delay)
®  Frequency Measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TI4 pin, and its frequency is measured by the 8-bit timers
(Timer 0 and Timer 1) and the 16-bit timer/event counter (Timer 4).

The TI4 pin input should be selected for the input clock of Timer 4. The value of
the up-counter is loaded into the capture register CAP1 at the rise edge of the
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its fall
edge.

The frequency is calculated by the difference between the loaded values in
CAP1 and CAP2 when the interrupt (INTTO or INTT1) is generated by either 8-bit

timer.
Count clock ""”""” JI.".".".
(internal clock) c - _— o ="

TFF1 !
C1

Loading UC16 into CAP1

—-
o

Loading UC16 into CAP2

—— paia—— b e
(@]
N
—_— T — """
(@]
N

TNTTO/INTT1

Figure 3.9 (16) Frequency Measurement

For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set
to 0.5 s. and the difference between CAP1 and CAP2 is 100, the frequency will be
100/0.5[s]=200[Hz].
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®

Count clock
(internal clock)

(external pulse)

Loading UC16 into CAP1

INT4

Note :

—m
T4 pin ﬁ: _l

1
i
1 1
Cc2 " Cc2
Loading UC16 into CAP2 |
1

Pulse Width Measurement

This mode allows to measure the “H” level width of an external pulse. While
keeping the 16-bit timer / event counter counting (free-running) with the internal
clock input, the external pulse is input through the TI4 pin. Then the capture
function is used to load the UC4 values into CAP1 and CAP2 at the rising edge and
falling edge of the external trigger pulse respectively. The interrupt INT4 occurs
at the falling edge of T14.

The pulse width is obtained from the difference between the values of CAP1 and
CAP2 and the internal clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference
between CAP1 and CAP2 is 100, the pulse width will be 100 X 0.8 s = 80 us.

- _ _

C2

Y

N

Figure 3.9 (17) Pulse Width Measurement

Only in this pulse width measuring mode (T4MOD<CAP12M1, 0> =10), external
interrupt INT4 occurs at the falling edge of TI4 pin input. In other modes, it occurs at the
rising edge.

The width of “L” level can be measured from the difference between the first C2
and the second C1 at the second INT4 interrupt.

Time Difference Measurement

This mode is used to measure the difference in time between the rising edges of
external pulses input through T4 and TI5.

Keep the 16-bit timer / event counter (Timer 4) counting (free-running) with the
internal clock, and load the UC4 value into CAP1 at the rising edge of the input
pulse to TI4. Then the interrupt INT4 is generated.

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input
pulse to TI5, generating the interrupt INT5.

The time difference between these pulses can be obtained from the difference
between the time counts at which loading the up-counter value into CAP1 and
CAP2 has been done.

95C061B-121



TOSHIBA TMP95C061B
Count clock """"" - __Jm_m-m_ _____

(internal clock) 1 c2

A

Tl4 pin input

K /
\
X

/
Loading UC16 into CAP1 / \

.
]

i

1

i

Loading UC16 into CAP2 H
1

INT1 "

1
1
I
INT2 :
i
1

Time difference

Figure 3.9 (18) Time Difference Measurement

(5) Different Phased Pulses Output Mode

In this mode, signals with any different phase can be outputted by free-running up-
counter UC4.

When the value in up-counter UC4 and the value in TREG4 (TREG5) match, the
value in TFF4 (TFF5) is inverted and output to TO4 (TO5).
This mode can be used only Timer 4.

Counter
(free-running)

Match with TREG4 /rl |-| |-| I-l

wnwinmees | AL L]
\ [

TO4

TO5

Figure 3.9 (19) Phase Output

Cycles (counter overflow time) of the above output waves are listed on table 3.9 (2).
The following table shows cycles (counter over flow time) of the above output wave.

20 MHz 25 MHz
¢T1 26.214 ms 20.97 ms
¢ T4 104.856 ms 83.88 ms
$T16 419.424 ms 335.54 ms
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3.10 Stepping Motor Control / Pattern Generation Port

TMP95C061B contains 2 channels (PG0O and PG1) of 4-bit hardware stepping motor
control/pattern generation (herein after called PG) which actuate in synchronization
with the (8-bit / 16-bit) timers. The PG (PG0 and PG1) are shared in 8-bit I/O ports 7.

Channel 0 (PGO) is synchronous with 8-bit timer 2 or timer 3, 16-bit timer 5, to
update the output.

The PG ports are controlled by control registers (PGO1CR) and can select either
stepping motor control mode or pattern generation mode. Each bit of the P7 can be used
as the PG port.

PGO and PG1 can be used independently.
All PG operate in the same manner except the following points, and thus only the
operation of PGO will be explained below.

Different Points between PGO and PG1

PGO PG1
Tri Signal from 8-bittimer 0, 1 from 8-bit timer 2, 3
rigger >igna or 16-bit timer 4 or 16-bittimer 5
Y V
b7 P73/PGO3
PGO3 [ ]
1-2 excitation A . (P77/PG13)
¥ 1/2 excitatjon
b3 SAO3
I}
¥
b6 PGO2 [] P62/PG02
T (P76 /PG12)
* TB c [ -
b2 Eol {52
5 SA02 5ol 122
a " =2 |28
E ¥
g 25 PGO! [] P61/PGO1
£ " (P75/PG11)
) ]
! SAO
A
(A
b4
PG00 ] P60/PGOO
X (P74/PG10)
b0 !
SA00
N A

Figure 3.10 (1) PG Block Diagram
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7 6 I - T R T R D
PGO1CR |bit Symbol |  PAT1 ccwi PGIM | PGITE : PATO i CCWO : PGOM : PGOTE
(004EH) [Read/write R/W R/W
After reset 0 : 0 0 0 0 0 0 0
PG1write :PG1 PG1 mode PGT PGOwrite :PGO ‘PGO mode :PGO
mode iRotaing  i(excitation)itrigger  imode :Rotaing  i(excitation):trigger
0: 8bit Edirection 0 1excitation§iennpalge 0: 8bit édirection 0 1excitation§iennpalge
Function write  (0: Normal : ;;xcitationé ¢ write :i0: Normal : ;;thaﬁoné
1: abit L rotatlonét 1 0 disable 1 abit . rotatlonét 1 0 disable
. :1: Reverse : .. il:enable : . :1: Reverse : _.._i1:enable
write .1 excitation: iowrite .1 excitation:
rotation: : H i rotation: H
| | | | |

—> PGO0 Trigger input enable

0 | Triggerinputdisable to PGO

1 | Triggerinputenable to PGO

—— > Set the operation mode of PGO

0 | 1or2excitation (full step)

1 1-2 excitation (half step) / PG mode

PGO (stepping motor control)

Rotaing direction control

0 Normal rotation /PG mode

1 Reverse rotation

Selecting PGO write mode
0 | 8-bitwrite

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2 a) Pattern Generation Control Register (PGO1CR)
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7 6 5 i 4 I I
PGO1CR |bit Symbol | PAT1 ccwi1 PGIM : PGITE PATO i CCWO : PGOM : PGOTE
(004EH) [readnwrite RIW R/W
Afterreset| 0 i 0 i o i o i o i 0o i 0 i 0
PG1write :PG1 PG1 mode iPGT PGOwrite :PGO ‘PGO mode :PGO
mode iRotaing  i(excitation)itrigger  imode :Rotaing  i(excitation):trigger
0: 8bit Edirection 0 1excitation§ienn|n:gcle 0 8bit édirection 0 1excitation§ iennztgcle
Function write  :0: Normal : ;;xcitationI i write :0: Normal : g;xcitatiorI
1: abit : rotatlon§1: 1 gD: disable 1 abit . rotatlonét 1 D disable
. :1: Reverse : .. il:enable : . :1: Reverse : _.._i1:enable
write . i excitation: 1 owrite . i excitation:
rotation: : : rotation: :
I I I

> PG1 trigger input enable

Trigger input disable to PG1

Trigger input enable to PG1

—— > Set the operation mode of PG1

1 or 2 excition (full step)

1-2 excitation (half step) / PG mode

PG1 (stepping motor control)

Rotaing direction control

Normal rotation /PG mode

Reverse rotation

Selecting PG1 write mode

8-bit write

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2 b) Pattern Generation Control Register (PGO1CR)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 9
PGOREG |bit Symbol | PGO3  PG02 i PGO1 : PGOO : SAO3 i SA02 : SAOT | SAOO
(004CH) [Rreadrwrite W R/W
After reset o i o i o i o0 Undefined

Function

Pattern Generation 0 (PGO0) output EShift alternate register 0
latch register :For the PG mode (4-bit write) register

fReading the P7 that is set to the
KPG port allows to read-out. '

Prohibit Read

modify write
Figure 3.10 (3) Pattern Generation 0 Register (PGOREG)
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0@
PG1REG |bit Symbol | PG13 | PG12 | PGI1 : PGIO : SA13 | SA12 | SAT1 | SA10
(004DH) Read/Write w R/W
After reset 0 0 0 0 Undefined
Pattern Generation 1 (PG1) output EShift alternate register 1
latch register :For the PG mode (4-bit write) register

Function

Reading the P7 that is set to the
PG port allows to read-out. :

Prohibit Read
modify write

Figure 3.10 (4) Pattern Generation 1 Register (PG1REG)
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7 4 i 3 i 2 i 1 i 0
T45¢cR | bit Symbol - © PGIT | PGOT DB6EN i DBA4EN
(003AH) [readwrite| R/W R/W
After reset 0 : : 0 0 0 0
Fixat “0" PGIshift  :pGoshift | Double buffer
trigger itrigger 0: Disable
2;?::? D:8-bittimer :0:8-bittimer : 1: Enable
Function g : : trigger3 i trigger1

i (timer2,3) i (timer0,1) : Double : Double
;1:16—bittimer§1:16bittimerg buffer of : buffer of
{ tigger i trigger  : TREG6  : TREG4

1 (timer5) . (timerd) :

—> Double buffer control

0 Disable

1 Enable

DBG6EN : Double buffer of TREG6
DB4EN : Double buffer of TREG4

Selecting PGO shift trigger

0 | 8-bittimertrigger (timerQ, 1)

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer 2, 3)

1 16-bit timer trigger (timer 5)

Write “0" to this bit, when this register is modified.

Figure 3.10 (5) 16-bit Timer Trigger Control Register (T45CR)
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8-Bit timer —>
(timer0, 1) L>{A
Select PGO | _ Port70to 73
B 'S L,
16-Bit timer 4 A
PGOT
—>
8-Bit timer A
(timer 2, 3) PG1 Port74 to 77
Select L >
L BS |
16-Bit timer 5 T
PG1T

Figure 3.10 (6) Connection of Timer and Pattern Generator

(1) Pattern Generation Mode

PG functions as a pattern generation according to the setting of PGO1CR <PAT1>.
In this mode, writing from CPU is executed only on the shifter alternate register.
Writing a new data should be done during the interrupt operation of the timer for shift
trigger and a pattern can be output, synchronous with the timer.

In this mode, set PGO1CR<PGOM>to 1, and PGO1CR <CCWO0> to 0.

The output of this pattern generator is output to port 7 ; since port and functions can
be switched on a bit basis using port 7 function control register P7FC, any port pin can
be assigned to pattern generator output.

Figure 3.10 (7) shows the block diagram of this mode.

Trigger Signal from Timer I-l I-I rl rl

/Timer Interrupt { Writing data to SA3 to 00 or‘ ( ‘
| |

L Timer Interrupt |
Shift alternate register n-1 \ X n , \ X n+1 ,\ X n+2 , \ X n+3
output \\ Shifting data from \\ &\
(SA03 to 00) SA03 to 00 to PGO3 to 00
Pattern Generator register X n-1 X n X n+1 X n+2

output
(PGO3 to 00)

Example of pattern generation mode
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~ A
Shift alternate register PGO03 DFPG?;)
|
A
BUS3 > |03
|
PGO02
PG02 EI(P72)
- |
> |
= SA02
_| BUS2 Pert
© | |
{: DPGO‘I
- PGO1 (P71)
ot I
c |
- SAD1
BUS1 |
|
PG00
PG00 D(P?O)
I
SA00
BUSO
A,

T

Shift due to the shift trigger from timer
Figure 3.10 (7) Pattern Generation Mode Block Diagram (PGO)

In this pattern generation mode, only writing the output latch is disabled by
hardware, but other functions do the same operation as 1-2 excitation in stepping motor
control port mode. Accordingly, the data shifted by trigger signal from a timer must be
written before the next trigger signal is output.
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(2) Stepping Motor Control Mode
@  4-phase lor 2 Excitation

Figure 3.10 (8) and Figure 3.10 (9) show the output waveforms of 4-phase 1
excitation and 4-phase 2 excitation, respectively when channel 0 (PGO) is selected.

Trigger signal

. n_n_n 11
5G00 (P70) b4 b7 [os b5 b4 [ 1__
bG01 (P71 bs b4 b7 [o6  |bs [
PG02 (P72) bﬁ_l b5 b4 b7 b6 ]
PGO3 (P73) b7 b6 b5 b4 b7 [ ]

A

Initial value PGOREG « 0100 x X X X

Note: bnindicates the initial value of PGOREG < b7 b6 b5 b4 X X X X

@  Normal Rotation

Trigger signal

. n n n - n 0 n
5G00 (P70) b4 b5 [o6 b7 b4 [ 1__
bG01 (P71) b5 b6 b7 bé b5 [ |
PG02 (P72) bﬁ_l b7 b4 b5 [bs ]
PGO3 (P73) b7 b4 b5 [os o7 [

A

Initial value PGOREG « 0100 x x X X

@  Reverse Rotation

010289

Figure 3.10 (82 Output Waveforms of 4-Phase 1 Excitation
Normal Rotation and Reverse Rotation)
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Trigger signal

from timer |'| |'| I'I |'| |'| I'I |'|
PG00 (P70) L| b7 b6 | b5 b4 | L

b4 b7 b6 | b5 [
PGO1 (P71)

PGO2(P72) (b6 | b5 b4 [o7 b6
PG03(P73) b7 b6 b5 b4 b7 | [
!

Initial value PGOREG « 1100 x x X x

Figure 3.10 (9) Output Waveforms of 4-Phase 2 Excitation (Normal Rotation)

The operation when channel 0 is selected is explained below.

The output latch of PGO (also used as P7) is shifted at the rising edge of the trigger
signal from the timer to be output to the port.

The direction of shift is specified by PGO1CR<CCWO0>: Normal rotation
(PG00—PG01-PG02—>PG03) when <CCWO0> is set to “0”; reverse rotation
(PG00<—PG01<PG02<PG03) when “1”. 4-phase 1 excitation will be selected when only
one bit is set to “1” during the initialization of PG, while 4-phase 2 excitation will be
selected when two consecutive bits are set to “1”.

The value in the shift alternate registers are ignored when the 4-phase 1 or 2
excitation mode is selected.

Figure 3.10 (10) shows the block diagram.

Shift alternate Register PGO Output latch
[AL
b7
PGO3 [ 1PGO3 (P73)
w| b3
5 SA03 i
el
PG02 [ 1PGO02 (P72)
@ b2 SA02 \
c AL
; b PGO1 [ 1rPGo1 (P71)
o+
c 0t SA01 n
ba PG00 C1PGOO (P70)
bo SA00 t

A | isshowing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.10 (10) Block Diagram of 4-Phase 1 or 2 Excitation (Normal Rotation)
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®  4-Phase 1-2 Excitation

Figure 3.10 (11) shows the output waveforms of 4-phase 1-2 excitation when
channel 0 is selected.

Trigger signal __ T I i i i i I

PG00 (P70) b4 b0 [b7 b3 b6 | b2 bs b
PGO1 (P71) b3 bt b4 bo [ b7 b3 b6 | b2
PG02 (P72) b6 | b2 b5 b1 b4 bo b7 b3
PGO3 (P73) b7 b3 b6 [ b2 b5 b1 ba b0

+

Initial value PGOREG « 11001000

Note: bn denotes the initial value PGOREG <« b7 b6 b5 b4 b3 b2 bl b0

(=

@®  Normal Rotation

Trigger signal

from timer |'| I'I I-I |-| I-I I-I |_|
PG00 (P70) b4 b1 b5 b2 | b6 b3 b7 | bo
PGO1 (P71) b3 b2 [ b6 b3 b7 | bo ba b1
PG02 (P72) b6 b3 b7 b0 b4 b1 b5 b2
PGO3 (P73) b7_| bo ba b1 bs b2 [b6 b3

+

Initial value PGOREG « 11001000

@  Reverse Rotation

Figure 3.10 (11) Output Waveforms of 4-Phase 1-2 Excitation
(Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 excitation is as follows.

By rearranging the initial value “b7 b6 b5 b4 b3 b2 bl b0” to “b7 b3 b6 b2 b5 bl b4
b0”, the consecutive 3 bits are set to “1” and other bits are set to “0” (positive logic).

For example, if b7, b3, and b6 are set to “1”, the initial value becomes “11001000”,
obtaining the output waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set values 1’s and 0’s of the initial value
should be inverted. For example, to change the output waveform shown in Figure 3.10
(11) into negative logic, change the initial value to “00110111”.

The operation will be explained below for channel 0.

The output latch of PGO (shared by P7) and the shifter alternate register (SA0) for
Pattern Generation are shifted at the rising edge of trigger signal from the timer to be
output to the port. The direction of shift is set by PGO1ICR<CCWO0>.

Figure 3.10 (12) shows the block diagram.

PGO3 (P73)

PGO02 (P72)

PGO1 (P71)

PG00 (P70)

PGO Output
Shifter alternate
register AL
b7 PGO3
| A
AL
b3 SAO03
i A‘Ll
Y1 b6
s PG02
—|p2 AL
oC—> SAQ2
N 1 ﬂ—l
Q
|05 PGO1
< | )
AL
b SAO01
1 le
b4 PG00
I A
AL
b0 SA00
A

A 1 isshowing to shift the signal at the rising
edge of trigger signal from the timer.

Figure 3.10 (12) Block Diagram of 4-Phase 1-2 Excitation (Normal Rotation)
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Setting example: To drive channel 0 (PGO0) by 4-phase 1-2 excitation (normal rotation)

when timer 0 is selected, set each register as follows.

Set 8-bit timer mode and select ¢T1 as the input clock of timer 0.
Clear TFF1 to zero and enable the inversion trigger by timer 0.

Select PGO 4-phase 1-2 excitation mode and normal rotation .

TRUN ¢« -X---- - 0 Stop timer 0, and clear it to zero.
TMOD <« 00 X --01
TFFCR « X 1010
TREGO « * % & & & & & & Set the cycle in timer register.
PICR «¢----1111 Set P70 to P73 bits to the output mode.
PIFC «¢----1111 Set P70 to P73 bits to the PG output.
PGOICR ¢« - - --0011
PGOREG « 11001000 Set an initial value.
TRUN ¢« 1 X - - - - - 1 Start timer 0.
Note: X;don’tcare  -;nochange

Trigger Signal From Timer

The trigger signal from the timer which is used by PG is not equal to the trigger
signal of timer flip-flop (TFF1, TFF3, TFF4, TFF5, and TFF6) and differs as shown in

Table 3.10 (1) depending on the operation mode of the timer.
Table 3.10 (1) Select of Trigger Signal

TFF1 inversion

PG shift

8-bit timer mode

Selected by TFFCR

<FF1IS> when the up-
counter value matches
TREGO or TREG1 value.

16-bit timer mode

When the up-counter
value matches with both
TREGO and TREG1 values
(The value of up-counter
= TREG1*28 + TREGO)

PPG output mode

When the up-counter
value matches with both
TREGO and TREG1

When the up-counter
value matches TREG1
value (PPG cycle)

PWM output mode

When the up-counter
value matches TREGO
value and PWM cycle.

Trigger signal for PG is
not generated.

Note : To shift PG, TFFCR <FF1IE > must be set to “1” to enable TFF1 inversion.

Channel 1 of PG can be synchronized with the 16-bit timer Timer4 / Timer5. In this
case, the PG shift trigger signal from the 16-bit timer is output only when the up-
counter UC4 / UC5value matches TREG5 / TREGT.
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(4)

When using a trigger signal from Timer4, set either TAFFCR<EQ5T4> or T4AMOD
<EQ5T5> to “1” and a trigger is generated when the value in UC4 and the value in
TREG5 match. When using a trigger signal from Timer5, set TSFFCR<EQ7T6>to 1.
Generates a trigger when the value in UC5 and the value in TREG7 match.

Application of PG and Timer Output

As explained “Trigger signal from timer”, the timing to shift PG and invert TFF
differs depending on the mode of timer. An application to operate PG while operating an
8-bit timer in PPG mode will be explained below.

To drive a stepping motor, in addition to the value of each phase (PG output),
synchronizing signal is often required at the timing when excitation is changed over. In
this application, port 7 is used as a stepping motor control port to output a synchronizing
signal to the TO1 pin (shared by PA2).

|
|
TREG1
TO1(PA2) I_l I_I I_l r

TREGO I I

PG00 (P70)

—

PGO1 (P71) I

PGO2 (P72) |
PGO3 (P73) | |

Figure 3.10 (13) Output Waveforms of 4-Phase 1 Excitation

—

Setting example:

76543210

TRUN € -X----900 Stop timer 0, and clear it to zero.
TOIMOD « 1 0 X X X X 0 1 Set timer 0 and timer 1 in PPG output mode and select
¢T1 as the input clock.
TFFCR ¢ X XX 00 11X Enable TFF1 inversion and set TFF1 to “1".
TREGOD « * % * # % % % x Set the duty of TO1to TREGO.
TREGL ¢ * % * # % # % x Set the cycle of TO1to TREG1.
PACR «XXXX~--1-~-
PAFC <« X X XX - - 1 X } Assign PA2asTO1.
P/ICR «¢----1111 .
PIFC € - - - - 1111 } Assign P70 to 73 as PGO.
PGOICR « - - - -000 1 Set PGO in 4-phase 1-step excitation mode.
PGOREG « * * * * * & =% =% Set an initial value.
TRUN «1X----11 Start timer 0 and timer 1.
Note: X;don’t care - ;no change
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3.11 Serial Channel

TMP95C061B contains 2 serial Input/Output channels. The serial channel has the
following operation modes.

® I/O interface mode Mode 0: To transmit and receive I/O data as
well as the synchronizing signal
SCLK for extending I/0.
Mode 1: 7-bit data
® Asynchronous { Mode 2: 8-bit data
transmission (UART) mode Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for
making the master controller start slave controllers in serial link (multi-controller
system).

Figure 3.11 (1) shows the data format (for one frame) in each mode.

® Mode 0 (I/0 interface mode)

""" X GO0

-«— Transfer direction
® Mode 1 (7 bit UART mode)

\sor fero} 7 X
\StarthltOX 1

COGX
000002
® Mode 2 (8-bit UART mode)

“\efr X D EDENDEG
N\ DD
6060 60

® Mode 3 (9-bit UART mode)
B \start,(bit OX 1 2
\starthlt OX X X X 4 X 5 X X Xb|t 8)/stop (Wake up)

When bit 8 = 1, address (select code) is denoted.
When bit 8 = 0, data is denoted.

Figure 3.11 (1) Data Formats
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The serial channel has a buffer register for transmitting and receiving operations, in
order to temporarily store transmitted or received data, so that transmitting and
receiving operations can be done independently (full duplex).

However, in I/O interface mode, SCLK (serial clock) pin is used for both transmission
and receiving, the channel becomes half-duplex.

The receiving data register is of a double buffer structure to prevent the occurrence of
overrun error and provides one frame of margin before CPU reads the received data.
The receiving data register stores the already received data while the buffer register
receives the next frame data.

By using CTS and RTS (there is no RTS pin, so any 1 port must be controlled by
software), it is possible to halt data send until the CPU finishes reading receive data
every time a frame is received. (Handshake function)

In the UART mode, a check function is added not to start the receiving operation by
error start bits due to noise. The channel starts receiving data only when the start bit is
detected to be normal at least twice in three samplings.

When the transmission buffer becomes empty and requests the CPU to send the next
transmission data, or when data is stored in the receiving data register and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs. Besides, if an overrun
error, parity error, or framing error occurs during receiving operation, flag SCOCR /
SC1CR<OERR, PERR, FERR > will be set.

The serial channel 0/1 includes a special baud rate generator, which can set any baud
rate by dividing the frequency of 4 clocks (¢T0, ¢ T2, ¢4T8, and 4T32) from the internal
prescaler (shared by 8-bit / 16-bit timer) by the value 1 to 16 (2 to 16 in the channel 1).

In addition to the clock from the internal baud rate generator, an arbitrary baud rate
can be obtained from the external input clock (SCLKO0) in the serial channel 0.
Moreover, in I/O interface mode, a sync signal (SCLK) can be input and data transfer
performed using this external clock.

3.11.1 Control Registers

The serial channel is controlled by 3 control registers SCOCR, SCOMOD and BROCR.
Transmitted and received data are stored in register SCOBUF.
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7 6 5 o4 i3 o2 i g i g
SCOMO bitSymbol |  TB8 CTSE RXE © WU i SM1 i SMO : SC1_: sCO
COMOD ;
Read/Write RIW
(0052H) : : - : -
After reset 0 0 0 : 0 : 0 : 0 : 0 : 0
Transfer : Hand ‘Receiving : Wake up Serial transmission  Serial transmission
data ishake  iFunction :Function imode iclock (UART)
Bit8 :0: Rgceilveg 00: /O interface :00: TO2 Trigger
: | disable: ) isable!  mode 01: baud rate
Function : :1: Receive: : . :
{0:CTS  © enable : 1: Enable :01: 7-bit UART i generator
i disable ' :10: 8-bit UART 110: Internal clock @1
i:c18 i11: 9-bit UART i11: external clock
i enable: : i (SCLKO)
| | | |

|

|—> Serial transmission clock (UART)

00 |Timer 2 match detect signal

11 |external clock (SCLKO)

——> Serial transmission mode

00 | I/O Interface mode

01  7-bitlength
10 |UART : 8-bit length
1 : 9-bit length

—> Wake-up Function

9-bit UART Other mode

0 |Interrupt when
data are received don't care

1 |[Interrupt only
when RB8 = 1

Receiving Function

0 |Receive Disable

1 [Receive Enable

Hand shake function (CTS Pin) enable

0 |[Disable (always Transferable)

1 [Enable

Transmission data bit 8

Note: Thereis SCIMOD (56H) in Channell
Figure 3.11(2) Serial Mode Control Register (channel 0, SCOMOD)

95C061B-138



TOSHIBA TMP95C061B
7 i 6 5 T I R
SCOCR bitSymbol | RB8 : EVEN : PE OERR : PERR : FERR : SCLKS i 1OC
i H R/W i R(cleared toZerowhenread) : R/W
(0051H) Read/Write R \ : ( : : ) : :
After reset 0 0 0 0 : 0 0 : 0
Received %Parity EParity : EO:SCLKO 0
da?ta 0 Odd Eaddiltion 10 error (J_> EBaud Rate
Bit8 :1:Even :0:Disablei......ccccoooiiiiiiiiiiiiiniinns, e eeeeennnead : Generator
Function : {1: Enable : . : _ $1: SCLKO :1:SCLKO
: * Overrun : Parity * Framing : :P' . "
H H H H H PN INnpu
o™
|

|—> Select I/O interface input clock (Note1)

Baud rate generater

SCLKO Pin input

—> Edge selection in SCLK pin input mode

Transmits and receives ( J_ )
data at raise edge of SCLK

Transmits and receives( ~ ¥ )
data at fall edge of SCLK

L——>Framing error flag

—> Parity error flag ldeared to Zero
—>Overrun error flag J

when read.

Enable parity addition

0 |Prohibition (disable)

1 |Permission (enable)

Addition/ check of even parity

0 |0Odd parity

1 |Even parity

Note: Serial control register for channel 1is SC1CR (55H).
Note: As all error flags are cleared after reading do not test only a single bit with a bit-
testing instruction.

Receving data bit 8

Figure 3.11(3) Serial Control Register (channel 0, SCOCR)
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7 6 i 5 i 4 i 3 2 i 1 i oo
BROCR | bit Symbol — : BROCK1 : BROCKO : BROS3 : BR0OS2 : BROS1 : BROSO
(0053H) Read/write RIW
After reset 0 o0 0o i 0 0 0 0
Fixat “0" : :
et o L 00: $TO (4/fc) :
Function 01: ¢T2(16/fc) Setting of the Divided frequency
Y © 10: ¢T8 (64/f) :
© 11 4T32(256/f¢)

Notes: -

etting of the divided frequency
of baud rate generator

o

0000 |Divide by 16

0010 |Divideby2to15

111

L Selecting the input clock of
baud rate generator

Internal clock ¢TO (4/fc)

Internal clock ¢T32 (256/fc)

Set TRUN <PRRUN > to ‘1’ when the baud rate generator is used.
The baud rate generator frequency can be divided by 1 in UART mode only. Do not use

this setting in I/ O interface mode.

Don’t read from or write to BROCR register during sending or receiving.

Figure 3.11 (4) Baud Rate Generator Control Register (channel 0, BROCR)

SCOBUF
(50H)

7 6 5 4 3 2 1 0

TB7 : TB6 : TB5 : TB4 : TB3 : TB2 : TB1 : TBO

7 6 5 4 3 2 1 0

RB7 : RB6 : RB5 : RB4 : RB3 : RB2 : RB1 : RBO

(Transmission)

(Receiving)

Figure 3.11(5) Serial Transmission / Receiving Buffer Registers (channel 0, SCOBUF)
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7 6 5 i a4 i3 2 . 1 o
SCIMOD Yool | TB8 — RXE_ | WU | swmi sMo | sc1 i sco
' RIW
(0056H) Read/Write | : : |
After reset 0 0 0 : 0 E 0 5 5 5 ; >

Transfered | Fix at “0” :Receiving : Wake up :Serial Transmission

Serial Transmission

data i iFunction :Function imode ‘clock (UART)
Bit 8 0 ReceiveEO: disable 500: I/Ointerface Eoo; TO2 Trigger
: disable 1: enable mode 501: Baud rate
Function 1 Receive? 501: 7-Bit UART ' generator
! Enable 510: 8-Bit UART 510: Internal clock @1
: “11: 9-Bit UART “11: don't care
| I | | ]

Figure 3.11(6) Serial Mode Control Register (Channel 1, SCIMOD)

|

L.

Serial transmission clock (For UART)

11 |don'tcare

00 |Timer 2 match detect signal

Note :

The clock selection for the I/O interface

mode is controlled by the serial control

register (SC1CR).

—> Serial transmission mode

00 | I/O interface mode

1" 9-Bit length
Wake up Function
9-Bit UART Other mode
0 |Interruptwhen
data are received don't care

1 |Interrupt only
when RB8 =1

Receiving control

0 |Receive disable

1 |Receive enable

Transmission data bit 8
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7 i 6 i 5 i a4 i 3 i 2 1 i o0
bitSymbol | RB8 i EVEN : PE : OERR : PERR : FERR SCLKS : 10C
SCICR Read/Write R R/W R (clear to Zero when read) R/W
(OOSSH) H H H H H H
After reset : 0 : 0 : 0 : 0 : 0 0 : 0
Received EParity éParity : 0: SCLK1 0
data :0:0dd :addition : 10 error : — ! Baud rate
b ;addrtion 1w}
Bit8 :1:Even :0:Disablei. ... :  generator
Function : i1: Enable : HE : . i 1: SCLK1 i 1: SCLK1
: : Overrun : Parity : Framing : P
: : : : : :Pin input
)
L | | | ] | |
|—> Select I/0 interface input clock (NoteT)
0 |Baud rate generate
1 [SCLK1Pininput
—> Edge selection in SCLK pin input mode
Transmits and receives ( f )
0 data at raise edge of SCLK
Transmits and receives ( ~ y__)
! data at fall edge of SCLK
Frall'mng error flag LCIeared to Zero
——> Parity error flag when read
————> Overrunerror flag J
Enable parity addition
0 [Disable
1 |Enable
Addition/ check of even parity
0 |Odd Parity
1 |Even Parity

Receiving data bit 8

Note: Asall error flags are cleared after reading, do not test only a single bit with a bit-

testing instruction.

Figure 3.11(7) Serial Control Register (Channel 1, SC1CR)
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7 ¢ 6 i s i o4 i3 i 2 i 1 i o0

BR1CR | bitSymbol - { BRICK1 : BRICKO : BR1S3 : BR1S2 : BR1S1 : BRISO
(0057H)| Read/Write RIW

Afterreset | 0 | f 0 ¢ 0 ¢ 0 i 0 i 0 i o0

Fixat 0" z
et o © 00: $T0 (4/f¢)

L 01: ¢T2(16/f0)
i 10: ¢T8(64/f¢)
© 11 4T32(256/f¢)

Function Setting of the Divided frequency

Setting of the divided frequency of baud rate
generator

0000 |Divide by 16

to Divide by 2to 15
111

L 5 Selectingtheinput clock of baud rate generator

00 |Internal clock ¢TO (4/fc)

11 |Internal clock ¢T32 (256/fc)

Note: - To usebaud rate generator, set TRUN <PRRUN >to “1”, putting the prescaler in RUN
mode.
Don’t read from or write to BRICR register during sending or receiving.

Figure 3.11(8) Baud Rate Generator Control Register (channel 1, BR1CR)

7 6 5 4 3 2 1 0
TB7 { TB6 | TB5 | TB4 i TB3 i TB2 : TB1 | TBO | (Transmission)

SC1BUF

0054H
( ) 7 6 5 4 3 2 1 0

RB7 : RB6 : RB5 : RB4 : RB3 : RB2 : RB1 i RBO | (Receiving)

Figure 3.11(9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1BUF)
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7 6 5 3 i 2 1 0

pgFC | bitSymbol P85F P83F_: P82F P8OF
(001BH)| Read/write w w oW w
N R N )

: 0: PORT : 0: PORT | 0:PORT i 0: PORT

{1:SCLK1 i {1:TxD1 i 1:SCLKO: i 1: TxDO

| L IL ]

Prohibit Read
modify write

|‘> Setting TXD0/ TXD1 output

0 | Port output

1 |TxD output

Setting SCLKO / SCLK1 output

0 |Port output

1 [SCLK output

Figure 3.11(10) Port 8 Function Register (P8FC)

10

bit Symbol

ODE1 ODEO

ODE
(0058H)| Read/Write

R/IW

o . o0

0: CMOS i0: CMOS
1: OPEN  i1: OPEN

P83 i P80

Drain Drain

H H

|—> Setting P80 as Open-drain output

0 [CMOS output
1 | Open-drain output

Setting P83 as Open-drain

0 |CMOS output
1 | Open-drain output

Figure 3.11(11) Port 8 Open Drain Enable Register (ODE)
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3.11.2 Configuration
Figure 3.11 (12) shows the block diagram of the serial channel 0.

Serial clock generation circuit

TO2TRG (Timer 2 comparator output)

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 - o 1
i ° ° i
i o V 1 SIOCLK
1 [} (V] 1
i o ° i
i »w w i
1 1
1 1
| . K P
; - Baugrate ---- SCOMOD SCOMOD |
L §1 (fer2) generaror <sct,0> <SM1,0> |
i i
1 | o 1
! ~| +2 ° H
1 + . 1
: o I/0 interface mode :
i - i
1 [ 1
SCLKO [H « |
(Shared | i
by P82) Lo L J
SCOMOD
<Il0C>
SCLKO [T
(Shared by P82) INT;XO IN‘;TXO
Receive SCOMOD Serial channel Transmission
counter <WU> —>| interrupt counter
(UART only = 16) control (UART only = 16)
RXDCLK ¥ A TXDCLK } A
SCOMOD . < .
<RXE>->| Receive Transmission
control < > control
0CR

SC
<PE> <EVEN>

Parity control

RxDO D——>| Receive buffer1(Shift register) |

(Shared by P91) {L

| RB8 |Receivebuffer2(SCOBUF)

|| Error flag |
T 1

SCOCR
<OERR> <PERR> <FERR>

A

S Internal bus S

| TB8 |Transmission buffer (SCOBUF) |—)DTXDO
(Shared by P80)

There isn’tin channel 1.

Figure 3.11(12) Block Diagram of the Serial Channel 0
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Figure 3.11 (13) shows the block diagram of the serial channel 1.

F-====-=- Serial clock generation circuit --=----=--=-=---------- A

BR1CR<BR1CK1,0>  TO2TRG (Timer 2 comparator output)

[} 1
[} 1
[} 1
i |
: | :
! | | 5 | UART 5 !
: $70 > 5 ° 1 + + ! SIOCLK
IS s e s [
i ¢T8 ™3 - ! o v H
i gT32 —> » N ! < < i
1
1 i i 1
i |__Baudrate ___] te T T i
! SC1MOD SC1MOD [
generator i
: ¢ (fc/2) <5C1, 0> <SM1,0> |
[} li 1
[} — 1
i +2 2 i
\ o | VO interface mode H
1 —_— I
SCLK1 [+ 3 !
input ' |
(Shared | i
byP85) L-----------mmmmm——mo— oo ¢ ———————————————————————— -
SC1MOD
SCLK1 [ <|0C>
Output INTRX1 INTTX1
(Shared * *
by P85) Receive SC1MOD| Serial channel Transmission
counter <WU>>{ interrupt counter
(UART only + 16) control (UART only + 16)
RXDCLK ¥ A TXDCLK § )
|
SC1MOD Receive Transmission
<RXE>—> control < > control
SCICR
<PE> <EVEN>
Parity control
RxD1 Receive buffer1(Shift register) |
(Shared by P84) I

| RB8 |Receivebuffer2($C1BUF) | | Error flag | | TB8 | Transmission buffer (SC1BUF) l—)DTXD‘I
T 1 (Shared by P83)

SC1CR
<OERR> <PERR> <FERR>

Y ¥y

S Internal bus S

Figure 3.11(13) Block Diagram of the Serial Channel 1
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@ Baud Rate Generator

Baud rate generator comprises a circuit that generates transmission and
receiving clocks to determine the transfer rate of the serial channel.

The input clock to the baud rate generator, 4T0 (4/fc), ¢ T2 (16/fc), ¢ T8 (64/fc),
or ¢ T32 (256/fc) are generated by the 9-bit prescaler which is shared by the timers.
One of these input clocks is selected by the baud rate generator control register bit
<BROCK1/0>/<BR1CK1.0> of BROCR/BR1CR.

The baud rate generator includes a 4-bit frequency divider, which divides
frequency by 1 to 16 values (2 to 16 in the channel 1) to determine the transfer rate.

How to calculate a transfer rate when the baud rate generator is used is
explained below.

® UART mode
Transfer rate = Input clo.ck. of baud rate generator 16
Frequency divisor of baud rate generator
® I/O interface mode
Transfer rate—= Input clock of baud rate generator =9

Frequency divisor of baud rate generator

Therelation of source clock and input clock is as below,

¢TO=4/fc
$T2=16/fc
¢ T8 =64/fc

4T32=256/fc
Accordingly, when source clock fc is 12.288 MHz, input clock is ¢ T2 (16/fc), and
frequency divisor is 5, the transfer rate in UART mode becomes as follows:

Baud rate= % =16

=12.288x10%/16/5/16 =9600 (bps)

Table 3.11 (1) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.11 (2)
shows an example of baud rate using timer 2.

Moreover, the external clock input can also be used as the serial clock. The
baud rate in this case is determined as follows.

Baud Rate = external clock input + 16
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Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Unit (Kbps)
fc [MHz] Frequency diViSI(;put clock (ﬂ‘g) ( 1¢61;$c) (6¢41;1§c) (2¢5-|;53/1?c)
9.830400 2 76.800 19.200 4.800 1.200

T 4 38.400 9.600 2.400 0.600
T 8 19.200 4.800 1.200 0.300
0 16 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4.800 1.200 0.300

Notel: Transfer rate in I/O interface mode is 8 times as fast as the values
given in the above table.

Table 3.11 (2)Selection of Transfer Rate (1) (When timer 2 (input Clock ¢T1) is used)

Unit (Kbps)
fc 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
1H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 48
10H 6 4.8 3
14H 4.8 24

How to calculate the transfer rate (when timer 2 is used):

fc

Transf =
ranster rate TREG2x8x 16

(When Timer 2 (input clock ¢T1) is used)

Input clock of Timer 2
$T1=8/fc
#T4 = 32/fc
¢T16 = 128/fc

Notel: Timer 2 match detect signal cannot be used as the transfer clock in /O
interface mode.
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@

Serial Clock Generation Circuit

This circuit generates the basic clock for transmitting and receiving data.

1) In I/O interface mode

When in SCLK output mode with the setting of SCOCR/SC1CR<IOC> =%0”,
the basic clock will be generated by dividing by 2 the output of the baud rate
generator described before. When in SCLK input mode with the setting of
SCOCR/SC1CR<IOC> = “1”, the rising edge or falling edge will be detected
according to the setting of SCOCR/SC1CR<SCLKS> register to generate the
basic clock.

2) In universal asynchronous receiver transmitter (UART) mode

Basic clock SIOCLK is selected from one of the following depending on the
setting of the<SC1, 0>bits of the SCOMOD or SC1MOD register: the clock from
the baud rate generator, internal clock ¢1 (500Kbps at fc=16 MHz), a match
detect signal from timer 2 or an external clock (channel 0 only) .

Receiving Counter

The receiving counter is a 4-bit binary counter used in asynchronous
communication (UART) mode and counts up by SIOCLK clock. 16 pulses of
SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three
times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

For example, if the sampled data bit is “1”, “0” and “1” at 7th, 8th and 9th clock
respectively, the received data is evaluated as “1”. The sampled data “0”, “0” and
“1” is evaluated that the received data is “0”.

Receiving Control

1) I/0O interface mode

When in SCLK output mode with the setting of SCOCR/SC1CR<IOC>=%0",
RxDO0/1 signal will be sampled at the rising edge of shift clock which is output to
SCLKO0/1 pin.

When in SCLK input mode with the setting SCOCR/SC1CR<IOC>=%1"
RxDO0/1 signal will be sampled at the rising edge or falling edge of SCLK input
according to the setting of SCOCR/SC1CR <SCLKS > register.

2) Asynchronous communication (UART) mode

The receiving control has a circuit for detecting the start bit by the rule of
majority. When two or more “0” are detected during 3 samples, it is recognized as
start bit and the receiving operation is started.

Data being received are also evaluated by the rule of majority.
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®

Receiving Buffer

To prevent overrun error, the receiving buffer has a double buffer structure.

Received data are stored one bit by one bit in the receiving buffer 1 (shift
register type). When 7 bits or 8 bits of data is stored in the receiving buffer 1, the
stored data are transferred to another receiving buffer 2 (SCOBUF / SC1BUF),
generating an interrupt INTRX0 / INTRX1. The CPU reads only receiving buffer
2 (SCOBUF / SC1BUF). Even before the CPU reads the receiving buffer 2
(SCOBUF / SC1BUF), the received data can be stored in the receiving buffer 1.
However, unless the receiving buffer 2 (SCOBUF / SC1BUF) is read before all bits
of the next data are received by the receiving buffer 1, an overrun error occurs. If
an overrun error occurs, the contents of the receiving buffer 1 will be lost, although
the contents of the receiving buffer 2 and SCOCR<RB8>/ SC1CR<RB8> is still
preserved. Reading data from receive data buffer 2 (SCOBUF / SC1BUF) clears
interrupt request flags INTRX0<IRX0C> and INTRX1<IRX1C>.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in
9-bit UART mode are stored in SCOCR<RB8>/SC1CR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is
enabled by setting SCOMOD<WU>/ SCIMOD<WU> to “1”, and interrupt
INTRXO0 /INTRX1 occurs only when SCOCR<RB8>/SC1CR<RB8> is set to “1”.

Transmission Counter

Transmission counter is a 4-bit binary counter which is used in asynchronous
communication (UART) mode and, like a receiving counter, counts by SIOCLK
clock, generating TxDCLK every 16 clock pulses.

sook JLILN LI N NN AANNDTRANNDTRN

151 % 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | 2

1
TXDCLK H o
c Il [l

@

Figure 3.11 (14) Generation of Transmission Clock
Transmission Controller

1) I/O interface mode

In SCLK output mode with the setting of SCOCR/SC1CR<IOC> =“0”, the data
in the transmission buffer are output bit by bit to TxD0/1 pin at the rising edge of
shift clock which is output from SCLKO0/1 pin.

In SCLK input mode with the setting of SCOCR/SC1CR<IOC> =“1”, the data
in the transmission buffer are output bit by bit to TxD0/1 pin at the rising edge or
falling edge of SCLK input according to the setting of SCOCR/SC1CR<SCLKS>
register.
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2) Asynchronous communication (UART) mode

When transmission data are written in the transmission buffer sent from the
CPU, transmission starts at the rising edge of the next TxDCLK, generating a
transmission shift clock TxDSFT.

Handshake function

Serial channel 0 has a CTSO pin. Using this pin, data can be sent in units of
one frame ; thus, overrun errors can be avoided. The handshake function is
enabled/ disabled by SCOMOD <CTSE >.

When the CTSO0 pin goes high, after completion of the current data send, data
send is halted until the CTSO pin goes low again. The INTTXO0 Interrupts are
generated, requests the next send data to the CPU.

Though there is no RTS pin, a handshake function can be easily configured
by setting any port assigned to the RTS function. The RTS should be output
“High” to request data send halt after data receive is completed by a software in
the RXD interrupt routine.

95C061B 95C061B
TxD RxD
CTS RTS (any port)
Sender Receiver

Figure 3.11(15) Handshake Function

Timing to write J_LE 4

transmission buffer !
—— suspended \
CTS rom (1) to (2).
13 1ﬁl 1ﬁ 16 14 15 16 1 2

Send is
f
1 2 3 3
sloclk  — L fnn.nnannnim
[

TxDCLK — 3

({4

TxD ' \ start bit A bit0

Note 1: Ifthe CTSsignal rises during transmission, the next data is not sent after the
completion of the current transmission.
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls.

Figure 3.11 (16) Timing of CTS (Clear to send)
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Transmission Buffer

Transmission buffer (SCOBUF / SC1BUF) shifts out and sends the transmission
data written from the CPU from the least significant bit (LSB) in order, using
transmission shift clock TxDSFT which is generated by the transmission control.

When all bits are shifted out, the transmission buffer becomes empty and
generates INTTXO0 /INTTX1 interrupt.

@  Parity Control Circuit

When serial channel control register SCOCR<PE >/SC1CR<PE >is set to “1”,
it is possible to transmit and receive data with parity. However, parity can be
added only in 7-bit UART or 8-bit UART mode. With SCOCR <EVEN>/SC1CR
<EVEN > register, even (odd) parity can be selected.

For transmission, parity is automatically generated according to the data
written in the transmission buffer (SCOBUF / SC1BUF), and data are transmitted
after being stored in SCOBUF<TB7>/ SCIBUF<TB7> when in 7-bit UART
mode while in SCOMOD <TB8>/ SC1BUF<TB8> when in 8 -bit UART mode.
<PE> and <EVEN> must be set before transmission data are written in the
transmission buffer.

For receiving, data are shifted in the receiving buffer 1, and parity is added
after the data are transferred in the receiving buffer 2 (SCOBUF / SC1BUF), and
then compared with SCOBUF<RB7>/ SC1BUF when in 7-bit UART mode and
with SCOCR<RB8>/SC1CR when in 8-bit UART mode. If they are not equal, a
parity error occurs, and SCOCR<PERR>/SC1CR<PERR> flag is set.

@@ Error Flag
Three error flags are provided to increase the reliability of receiving data.
1. Overrun error <OERR>

If all bits of the next data are received in receiving buffer 1 while valid data are
stored in receiving buffer 2 (SCBUF0/1), an overrun error will occur.

2. Parity error <PERR>

The parity generated for the data shifted in receiving buffer 2 (SCBUF0/1) is
compared with the parity bit received from RxDO0/1 pin. If they are not equal, a
parity error occurs.

3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the
majority is “0”, a framing error occurs.
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@  Generating Timing
1) UART mode

Receiving

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Interrupt timing

Center of last bit
(Bit 8)

Center of last bit
(parity bit)

Center of stop bit

Framing error
timing

Center of stop bit

Center of last bit

Parity error timing — (parity bit) <«
Overrun error Center of last bit Center of last bit Center of stop bit
timing (Bit 8) (parity bit)
Transmitting
Mode 9 Bit 8 Bit + parity 8 Bit, 7 Bit + parity, 7 Bit
Interrupt timing Just before stop bitis - -

transmitted.

2) I/O interface mode

Immediately after rise of last SCLK signal.

Transmission SCLK output mode (See figure 3.11 (19). )
Interrupt I diately after rise of last SCLK signal (risi de), ori diatel
. . mmediately after rise of las signal (rising mode), or immediately

timing SCLKinputmode | .tier fall in falling mode. (See figure 3.1 (20).)

Timing used to transfer received data to data receive buffer 2
Receiving SCLK output mode | (SCOBUF/SC1BUF) (that is, immediately after last SCLK).
Interrupt (See figure 3.11 (21).)
timing Timing used to transfer received data to data receive buffer 2

SCLK input mode

(SCOBUF/SC1BUF) (that is, immediately after last SCLK).
(See figure 3.11 (22).)
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3.11.3 Operational Description
(1) Mode 0 (I/O interface mode)

This mode is used to increase the number of I/O pins of for transmitting or receiving
data to or from the external shifter register.

This mode includes SCLK output mode to output synchronous clock (SCLK) and
SCLK input mode to input external synchronous clock SCLK.

Output Input

extension extension

TMP95C061B Shift register a| — TMP95C061B Shift register a| «—

B| — B| =

TxD Sl C| — RxD QH C| =—

D| — D -

SCLK SCK E| — SCLK CLOCK E| =—

F| — F| =

Port RCK G| — Port S/L G| =—

H| — H| -

TC74HC595 or TC74HC165 or
the like the like
Figure 3.11(18) Example of SCLK Output Mode Connection

Output port Input port
extension extension

TMP95C061B Shift register Al — TMP95C061B Shift register Al <—

B| — B| =

TxD S| c|l— RxD QH C| -—

D — D| =

SCLK SCK E| — SCLK CLOCK E| -

F| — F| =

Port RCK G| — Port S/L G| =

H| — H| ==—

TC74HC§95 or TC74HC_165 or
External clock— the like External clock —| the like

Figure 3.11(19) Example of SCLK Input Mode Connection
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@ Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxD0/1
pin and SCLKO0/1 pin, respectively, each time the CPU writes data in the
transmission buffer. When all data is output, INTESO<ITX0C> /
INTES1 <ITX1C> will be set to generate INTTXO0/1 interrupt.

Timing to write n\ B

transmission
\ h
1 & L & L & L& LA

data

SCLKO/1 output

TxD0/1 X bito X bit1 X \\ X bit6 X bit7z X
TXDSFT I I 55 M M I
ITXOC/ITX1C " [

(INTTXO0/1 interrupt request) »

Figure 3.11(19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, 8-bit data are output from TxDO0/1 pin when SCLK input
becomes active while data are written in the transmission buffer by CPU.

When all data are output, INTESO<ITX0C>/INTES1<ITX1C> will be set to
generate INTTXO0/1 interrupt.

SCLKO/1 i
(SCLKS ;%?%Esing edge mode) I A I A |—S$—* I A I A

v v v v v

SCLKO0/1 input
(SCLKS = 1: Falling edge mode)

TxDO/1 X bito X bit1 X;\ bit5 X bit6 X bit7 X
TXDSFT M |'|_S( 1 1
]
ITXOC/TX1C « |

(INTTXO0/1 interrupt request) i

Figure 3.11(20) Transmitting Operation in I/O Interface Mode (SCLK Input Mode)
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@  Receiving

In SCLK output mode, synchronous clock is outputted from SCLKO/1 pin and
the data are shifted in the receiving buffer 1 whenever the receive interrupt flag
INTESO<IRX0C>/INTES1<IRX1C> is cleared by reading the received data.
When 8-bit data are received, the data will be transferred in the receiving buffer 2
(SCOBUF/SC1BUF) at the timing shown below, and INTESO<IRX0C> /
INTES1 <IRX1C > will be set again to generate INTRXO0/1 interrupt.

IRXOC/IRX1C }\\ X {\
SCLKO/1 output -t A I A |_5,_A LA L X
RxDO/1 bit 0 X bit1 xbitz\ﬁ X bite X bit7 ¥
imi i i ’ Generate
e hagre INTRXO/1

Figure 3.11(21) Receiving Operation in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK
input becomes active while the receive interrupt flag
INTESO<IRX0C>/INTES1<IRX1C> is cleared by reading the received data.
When 8-bit data is received, the data will be shifted in the receiving buffer 2
(SCOBUF/SC1BUF) at the timing shown below, and INTESO<IRX0C> /
INTES1 <IRX1C > will be set again to generate INTRXO0/1 interrupt.

SCLKO/1 i t
(SCLKS =I(r)‘:plgising edge mode) I * I A L‘S_A I A I A

Y v vy vy

SCLKO/1 input
(SCLKS = 1: Falling edge mode)

(¢
RxDO0/1 bito X bit1 Xbit2, X bit6 X bit7 Y
1
imi i Generate
Timing to shift data
ir:tl'lwegreceiv;ng INTRXO0/1 \I'I
buffer 2

Figure 3.11(22) Receiving Operation in I/O Interface Mode (SCLK Input Mode)

Note : For data receiving, the system must be placed in the receive enable state
(SCOMOD/SC1IMOD <RXE > =“1")
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(2)

3)

Mode 1 (7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1,0>/
SC1IMOD <SM1,0> to “01”.

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled
or disabled by serial channel control register SCOCR<PE>/ SCICR<PE>, and even
parity or odd parity is selected by SCOCR <EVEN> /SC1CR<EVEN> when <PE> is
set to “1” (enable).

Setting example: When transmitting data with the following format, the control
registers should be set as described below. Channel 0 is explained
here.

\stort foico} X2 X3 X ¢ X5 X & YooVoor

~<——— Direction of transmission (transmission rate: 2400 bps at fc = 12.288 MHz)

76543210
PBCR  « X X === - - } Select P80 as the TxDO pin.
PBFC XX -X--X1
SCOMOD « X 0 - X 0101 Set 7-bit UART mode.
SCOCR «X11XXXO00 Add an even parity.
BROCR « 0X 100101 Set transfer rate at 2400 bps.
TRUN ¢ 1X - - - - - - Start the prescaler for the baud rate generator.
INTESO « 1100 - - - - Enable INTTXO0 interrupt and set interrupt level 4.
SCOBUF « * * # & *x x % Set data for transmission.
Note: X; don’t care - ; nochange

Mode 2 (8-bit UART Mode)

8-bit UART mode can be specified by setting SCOMOD<SM1,0> / SCIMOD
<SM1,0> to “10”. In this mode, parity bit can be added, the addition of a parity bit is
enabled or disabled by SCOCR<PE> / SCICR<PE >, and even parity or odd parity is
selected by SCOCR<EVEN> /SC1CR<EVEN > when <PE > is set to “1” (enable).

Setting example: When receiving data with the following format, the control
register should be set as described below.

D00 00000 .

~«——— Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)
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Main setting
76543210
PBCR ¢ XX ----0 - Select P81 (RxDO0) as the input pin.
SCOMOD « - 01 X1001 Enable receiving in 8-bit UART mode.
SCOCR ¢« X01XXX00 Add an odd parity.
BROCR «0X 010101 Set transfer rate at 9600 bps.
TRUN ¢« 1 X----- - Start the prescaler for the baud rate generator.
INTESO ¢« - - - -1100 Enable INTRXO0 interrupt and set interrupt level 4.

Interrupt processing

Acc ¢« SCOCR AND 00011100 } Check for error.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data.

Note: X;don’t care -;no change

(4) Mode 3(9-bit UART Mode)

9-bit UART mode can be specified by setting SCOMOD<SM1,0>
/SC1IMOD <SM1,0> to “11”. In this mode, parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCOMOD <TB8>/SC1MOD
<TB8>, while in receiving it is stored in SCOCR<RB8>/SC1CR<RB8>. For writing
and reading the buffer, the MSB is read or written first then SCOBUF / SC1BUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting
SCOMOD<WU>/ SCIMOD<WU> to “1”. The interrupt INTRXO0 / INTRX1 occurs
only when<RB8> = 1.

TxD RxD TxD RxD TxD RxD TxD RxD

Master Slave 1 Slave 2 Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode.

Figure 3.11(23) Serial Link Using Wake-Up Function
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Protocol

@
@

Select the 9-bit UART mode for the master and slave controllers.

Set SCOMOD<WU>/ SCIMOD<WU > bit of each slave controller to “1” to
enable data receiving.

The master controller transmits one-frame data including the 8-bit select code
for the slave controllers. The MSB (bit 8) <TB8> is set to “1”.

e EOEOEEO0 "

Select code of slave controller

Each slave controller receives the above frame, and clears WU bit to “0” if the
above select code matches its own select code.

The master controller transmits data to the specified slave controller whose
SCOMOD <WU>/SC1IMOD<WU > bit is cleared to “0”. The MSB (bit 8) <TB8 >
is cleared to “0”.

"\ Y DD D ™

Data "0"

The other slave controllers (with the <WU > bit remaining at “1” ) ignore the
receiving data because their MSBs (bit 8 or <RB8>) are set to “0” to disable the
interrupt INTRX0 /INTRX1.

The slave controllers (WU =0) can transmit data to the master controller, and it
is possible to indicate the end of data receiving to the master controller by this
transmission.

95C061B-159



TOSHIBA

TMP95C061B

Setting example: To link two slave controllers serially with the master controller, and
use the internal clock ¢1 as the transfer clock.

]

TxD RxD

Master

TxD RxD TxD RxD
Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for

the purposes of explanation.

® Setting the master controller

Main
P8CR

P8FC
INTESO

1

XX
XX
11001101

1+
] I
I
I I
I
>x o

1

SCOMOD
SCOBUF

1

10101110
00000001

1

INTTXO0 interrupt

SCOMOD ¢ 0 - = - - = - -
SCOBUF(.********

® Setting the slave controller 2
Main

P8CR « X X
PSFC « X X
ODE « XX
INTESO « 1 1
SCOMOD « 0 0

[
o XXX
I

I

>x o

[ S
= XX
i

1
1
1)
0
0

o X
RN

INTRXO0 interrupt

Acc « SCOBUF
if Acc = Select code
Then SCOMOD¢« - - - 0 - - - -

!

} Select P80 as TxDO pin and P81 as RxDO0 pin.

Enable INTTX0 and set the interrupt level 4.

Enable INTTXO0 and set the interrupt level 5.

Set 41 as the transmission clock in 9-bit UART mode.
Set the select code for slave controller 1.

Sets TB8to”0".
Set data for transmission.

Select P81 as RxDO pin and P80 as TxDO pin (open drain

outp

ut).

Enable INTRX0 and INTTXO.
Set <WU> to “1” in the 9-bit UART transmission mode
with transfer clock 41 (fc/2).

Clear <WU> to “0”.
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3.12 Analog/Digital Converter

TMP95C061B contains an analog / digital converter (A/D converter) with 4-channel
analog input that features 10-bit successive approximation.

Figure 3.12 (1) shows the block diagram of the A/D converter. 4-channel analog input
pins (AN3 to ANO) are shared by input-only port P9 and so can be used as input port.

Internal bus

@ PN

A/D converter mode register (ADMOD)

EOCF ADBF REPET SCAN SPEED ADS

ADCH 1o VREFON

> repeat yscan yyspeed ystart

end |busy
Decoder AD converter | INTAD
control circuit interrupt

Analog input

Channel select

AN3[}—

AN2 Multiplexer + A/D conversion result register

AN10—> (ADREGO to ADREG3)

ANO[—|

VRer (VRerH) [
D/A converter
AGND (Vger) [

Figure 3.12 (1) Block Diagram of A/D Converter

Notel : This A/D converter does not have a built-in sample and hold circuit.

Therefore, when A/D converting high-frequency signals, connect a sample and hold circuit
externally.

Note2: To lower the power supply current in IDLE or STOP mode, depending on the timing,
standby mode can be entered with the internal comparator in enable state. Thus, stop A/D
conversion before executing the HALT instruction.

The ladder resister between VREF (VREFH)—AGND (VREFL) cannot be disconnected
internally.
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7 i 6 5 4 3 2 51 0
bitSymbol | EOCF i ADBF : REPET : SCAN : ADCS ADS : ADCH1 i ADCHO
ADMOD Read/Write R R/IW
(006DH) H g
After reset 0 : 0 0 0 0 0 0 0
AD EA/D Repeat ;Scan Mode EA/D EA/D Analog Input Channel
Conversion | Conversion | Mode i Conversion i Conversion : Selection
EndFlag  :BUSYFlag ! 10: conversion } gpaed i Start
:0:Single  § channel
Function |1:END  i1:BUSY i Mode Fixed  i0: Highspeed i 13 START
: i1:Repeat :1: Chamnel :  Mode : :
Mode Scan Mode 1 Low Speed EAlways readg
P Mode Eas “0" :
| I | |
— |
&> Analog Input Channel Selection
Normal Scan Mode
00 ANO ANO
01 AN1 ANO—AN1
10 AN2 ANO—AN1—>AN2
1 AN3 ANO—AN1—AN2—AN3
L—-> A/D Conversion Start
0 |—
1 [ Start Conversion
Note) Always “0” when datais read
L A/DConversion Speed
0 | A/D High Speed Conversion Mode : 160 States = 12.8 us (at 25 MHz)
1 | A/D Low Speed Conversion Mode : 320 States = 25.6 us (at 25 MHz)
L——> A/DScan Mode

0 [ Fixed Channel Mode
i |channel scanMode
—— > A/DRepeat Mode

0 |Single Mode

; Repe ; t MOde ...............................................
L > A/DBUSYflag

0 | NOTBUSY

1 Busy ...........................................................

A/D End Flag
0 |NOTEND
1 END .............................................................

Figure 3.12 (2) A/D Control Register
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7 ¢ 6 i 5 4 i 3 2 1 0
A(OD(';GEOGP?)L bitSymbol | ADRO1 i ADROO : §
Read/Write R
After reset Undefined : 1 : 1 1 1 1 1
Function | Lower 2 bits of A/D result for ANO are stored.
7 ¢ 6 i s 14 i 3 i 2 i 1 i 0
A(Iaggﬁ_(]))H bit Symbol | ADR09 : ADRO8 : ADRO7 : ADRO6 : ADRO5 : ADRO4 : ADRO3 : ADRO2
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for ANO are stored.
7 ¢ 6 i 5 4 3 2 1 0
Ao [ bitsymbol | ADR11 | ADR10 .
Read/Write R
After reset Undefined : 1 : 1 1 1 1 1
Function | Lower 2 bits of A/D result for AN1 are stored.
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
A(BSE?’GJ)H bitSymbol | ADR19 : ADR18 : ADR17 : ADR16 : ADR15 : ADR14 : ADR13 : ADR12
Read/Write R
After reset Undefined

Function

Upper 8 bits of A/D result for AN1 are stored.

Figure 3.12 (3-1) A/D Conversion Result Register (ADREGO, 1)
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7 i 6 4 i 3 0
Atggészz)L bitSymbol | ADR21 : ADR20 : §
Read/Write R
After reset Undefined : : 1 1 1
Function | Lower 2 bits of A/D result for AN2 are stored.
7 . 6 . . 4 . 3 : 0
A(IBSESGI_%)H bit Symbol | ADR29 : ADR28 : { ADR26 : ADR25 : ADR22
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN2 are stored.
7 _ 4 0
AtggggH_?.)L bit Symbol | ADR31 : ADR30 : .
Read/Write R
After reset Undefined : : 1 1
Function | Lower 2 bits of A/D result for AN3 are stored.
7 : H : 4 : : 0
Azlggg_/Gg)H bit Symbol | ADR39 : ADR38 : { ADR36 : ADR35 : ADR32
Read/Write R
After reset Undefined

Function

Upper 8 bits of A/D result for AN3 are stored.

Figure 3.12 (3-2) A/D Conversion Result Register (ADREG2, 3)
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3.12.1 Operation

(1)

(2)

3)

(4)

Analog Reference Voltage

High analog reference voltage is applied to the VREF (VRgrm) pin, and the low
analog reference voltage is applied to AGND (VgygFr,) pin.

The reference voltage between VREF (Vrera) and AGND (Vggrr) is divided by
1024 using ladder resistance, and compared with the analog input voltage for A/D
conversion.

Analog Input Channels

Analog input channel is selected by ADMOD <ADCH1,0>. However, which channel
to select depends on the operation mode of the A/D converter.

In fixed analog input mode, one channel is selected by <ADCH1,0> among four pins:
ANO to AN3.

In analog input channel scan mode, the number of channels to be scanned from ANO
is specified by <ADCH1,0>, such as ANO—AN1, ANO—-AN1—->AN2,
AN0O—AN1—-AN2—AN3.

When reset, A/D conversion channel register will be initialized to
ADMOD<ADCH1,0> =00, so that ANO pin will be selected.

The pins which are not used as analog input channel can be used as ordinary input
port P9.

Starting A/D Conversion

A/D conversion starts when A/D conversion register ADMOD <ADS> is written “1”.
When conversion starts, conversion busy flag ADMOD <ADBF> which indicates
“conversion is in progress” will be set to “1”.

Don’t set ADMOD<ADS> to “1” during a conversion. When ADMOD<ADS> is
written “1” during A/D conversion, the conversion is finished halfway and new A/D
conversion is started. In the case of conversion channel scan mode, the conversion
channel returns to channel 0 and new conversion is started.

A/D Conversion Mode

Both fixed A/D conversion channel mode and conversion channel scan mode have two
conversion modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified one channel is executed
repeatedly.

In scan repeat mode, scanning from ANO, --- —>AN3 is executed repeatedly.

A/D conversion mode is selected by ADMOD <REPET, SCAN>.
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(5)

(6)

(7)

(8)

A/D Conversion Speed Selection

There are four A/D conversion speed modes. The selection is executed by
ADMOD<SPEED1:0> register.
When reset, ADMOD<ADCS> will be initialized to “0”, so that high speed

conversion mode will be selected.
A/D Conversion End and Interrupt
® A/D conversion single mode

ADMOD<EOCF> for A/D conversion end will be set to “1”, ADMOD1
<ADBF > flag will be reset to “0”, and INTAD interrupt will be enabled when A/D
conversion of specified channel ends in fixed conversion channel mode or when A/D
conversion of the last channel ends in channel scan mode.

® A/D conversion repeat mode

For both fixed conversion channel mode and conversion channel scan mode,
INTAD should be disabled when in repeat mode. Always set the INTEOAD at
“0007”, that disables the interrupt request.

Write “0” to ADMOD<REPET > to end the repeat mode. Then, the repeat
mode will be exited as soon as the conversion in progress is completed.

Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREG 0 to 3 register for each channel.
In repeat mode, the registers are up dated when ever conversion ends.
ADREG 0 to 3 are read-only registers.

Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREG 0 to 3 registers.

Reading data from the register of the upper 8 bits (ADREGOH, ADREG1H,
ADREG2H, ADREG3H) for one of the channels clears interrupt request flag
INTEOAD <IADC> and ADMOD<EOCF>.
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Sample : (O When the analog input voltage of the AN3 pin is A/D converted in high
speed mode (160 states) and the results is stored in the memory address
0100H by A/D interrupt INTAD routine.
Main setting

INTEOAD « 1100 - - - -
ADMOD «XX000111

INTAD routine

WA « ADREG3
WA >> 6
(00FF10H)« WA

Enable INTAD and set interrupt level 4.
Specify AN3 pin as an analog input channel and
starts A/D conversion in 160 states speed mode.

Read ADREG3L and ADREG3H values and write to
WA (16 bit)

Right-shifts WA six times and writes 0 in upper
bits.

Writes contents of WA in memory at OFF10H

© When the analog input voltage of ANO to AN2 pins is A/D converted in
high speed / channel scan mode.

INTEOAD « 1000 - - - -
ADMOD «XX110110

Note) X:don’t care - :no change

Disable INTAD

specify ANO to AN2 as an analog input channel
and start A/D conversion in high speed / channel
scan mode.
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3.13 Watchdog Timer (Runaway Detection Timer)

TMP95C061B contains a watchdog timer to detect a runaway CPU condition.

The watchdog timer (WDT) is used to return the CPU to the normal state when it
detects that the CPU has started to malfunction (runaway) due to causes such as noise.
When the watchdog timer detects a malfunction, it generates a non-maskable interrupt
to notify the CPU of the malfunction, and outputs 0 externally from watchdog timer out
pin WDTOUT to notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset.

3.13.1 Configuration
Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT).

WDTOQUT (R
T [>o—{1 wbTOUT
RESET internal reset WDMOD <RESCR>
WDOUT control

INTWD 1
WDMOD— enable Y
<WDTP1,0>—>]| Selector

r 4/fc  reset

216/ f¢
218/ f¢
220/ f¢
Zzzﬂc

Q
R S

reset Cl% Lreset
WDMOD
} <WDTE>
reset

HALT Instruction
(STOP, IDLE mode)

4 (2fc)—> 22 Stage Binary Counter

3
4EH B1H
write write

WDT control register

][

{ Internal Bus )

Figuer 3.13 (1) Block Diagram of Watchdog Timer
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The watchdog timer is a 22-stage binary counter which uses ¢(2/fc) as the input clock.
There are four outputs from the binary counter: 216/fc, 218/fc, 220/fc, and 222/fc.
Selecting one of the outputs with the WDMOD<WDTD1, 0> register generates a
watchdog interrupt, and outputs watchdog timer out when an overflow occurs.

Since the watchdog timer out pin (WDTOUT) outputs “0” due to a watchdog timer
overflow, the peripheral devices can be reset. The watchdog timer out pin is set to “1”
after first disabling and then clearing the watchdog timer (by writing a clear code 4EH

in the WDCR register).

(Example)
LDW (WDMOD),B100H ; disable
LD (WDCR),4EH ;  write clear code
SET 7, (WDMOD) ; enable again

In other words, the WDTOUT keeps outputting “0” until the clear code is written.

The watchdog timer out pin can also be connected to the reset pin internally. In this
case, the watchdog timer out pin (WDTOUT) outputs 0 at 8 to 20 states (640 ns to 1.6 us
@ fc= 25 MHz) and resets itself.

WDT Counter __n N 2228568877777 « X 0
H
WDT Interrupt | | (

Clear code of Wri’t,e
WDT Clear
(Soft ware) (

WDTOUT « ¥

H

Figure 3.13(2) Normal Mode

Over flow

WDT Counter n

WUN
WDT Interrupt | I

{C
17

{4
L

WDTOUT
(Internal Reset)

(C I

)
|

8 to 20 states = 640 ns to 1.6 s (at 25 MHz)

Figure 3.13 (3) Reset Mode
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3.13.2 Control Registers

(1)

()

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
Watchdog Timer Mode Register (WDMOD)
@  Setting the detecting time of watchdog timer <WDTP >

This 2-bit register is used to set the watchdog timer interrupt time for detecting
the runaway. This register is initialized to WDMOD <WDTP1, 0> =00 when
reset, and therefore 216/fSYS is set. (The number of states is approx. 32,768.)

©  Watchdog timer enable/disable control register <WDTE >

When reset, WDMOD <WDTE > is initialized to “1” enable the watchdog timer.

To disable, it is necessary to clear this bit to “0” and write the disable code (B1H)
in the watchdog timer control register WDCR. This makes it difficult for the
watchdog timer to be disabled by runaway.

However, it is possible to return from the disable state to enable state by merely
setting <WDTE > to “1”.

®  Watchdog timer out reset connection <RESCR >

This register is used to connect the output of the watchdog timer with RESET
terminal, internally. Since WDMOD <RESCR >is initialized to 0 at reset, a reset
by the watchdog timer will not be performed.

Watchdog Timer Control Register (WDCR)

This register is used to disable and clear of binary counter the watchdog timer
function.

® Disable control

By writting the disable code (B1H) in this WDCR register after clearing
WDMOD<WDTE> to “0”, the watchdog timer can be disabled. However, the
binary counter continues its operation also after the watchdog timer was disabled.

WDMOD « 0 - - - - - X X Clear WDMOD<WDTE>to “0".
WDCR « 10110001 Write the disable code (B1H).

® Enable control

Set WDMOD <WDTE >to “1”.

Clear the binary counter before setting the watchdog timer enable. The binary
counter continues to count up also after setting the watchdog timer disable, so if
the watchdog timer is set enable without clearing the binary counter, the
watchdog timer out (WDTOUT) signal is output at a different timing from the
detecting time which is selected by WDMOD <WDTP1, 0> register.

® Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code
(4EH) into the WDCR register.
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WDCR « 01001110 Write the clear code (4EH).

The binary counter is cleared when the clear code is written, when reset, and
when the device enters standby state in IDLE or STOP mode by execution of the
HALT instruction.

In the case of using the watchdog timer as an interval timer, clear the binary
counter in the watchdog timer interrupt sequence. If the binary counter is not

cleared in the interrupt sequence, it is cleared by an overflow after it counted up
until 22-stage.

7 ¢ 6 s i o4 o3 i o2 i o1 i g
bit Symbol | WDTE | WDTP1 | WDTPO : WARM : HALTM1: HALTMO : RESCR : DRVE
WDMOD -
Read/Write RW
(OOGEH) T T T H T T T
After reset 1 : 0 : 0 : 0 : 0 : 0 : 0 : 0
WDT ESeIect detecting time Warm - EStandby mode 1: 1:
control iUptime iInternally  : Drive the
;00: 216/fgys 0 214/fc ;00: RUN mode Econnects épin evenin
Function 101: 218/fgys i [01:STOPmode  (WoToutto :STOPmode
1: Enable :10: 220/fgys H1 210 Lo IDLET mode e reserpn:

110 222/fgys 111: IDEL2 mode care '

— |

|—> DRVE (explanation by standby function)

—> Watchdog timer out control

1 | Connects WDT out to a reset

——> Select the standby mode HALT instruction
00 | RUN mode (Only the CPU stops)

11 | Don'tcare

—— > Select the warm-up time on return from STOP
mode

0 | 2'4/fc (approx. 655 us at 25 MHz)

1 | 216/fc (approx. 2.6 ms at 25 MHz)

Select the detecting time of watchdog timer
00 [ 215/fc (approx. 2.6 ms at 25 MHz)

11 | 221/fc (approx. 168 ms at 25 MHz)

Watchdog timer Enable / Disable control
0 [ Disable

1 | Enable

Figure 3.13 (4) Watchdog Timer Mode Register
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bit Symbol -
WDCR W

(006FH) Read/Write
After reset -

B1H : WDT disable code

4EH : WDT clear code
Function

L—> Disable/clear WDT
B1H Disable code

Figure 3.13 (5) Watchdog Timer Control Register
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3.13.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the
WDMOD <WDTP1, 0>register and outputs a low level signal. The watchdog timer
must be zero-cleared by software before an INTWD interrupt is generated. If the CPU
malfunctions (runaway) due to causes such as noise, but does not execute the instruction
used to clear the binary counter, the binary counter overflows and an INTWD interrupt
is generated. The CPU detects malfunction (runaway) due to the INTWD Interrupt and

it is possible to return to normal operation by an anti-mulfunction program. By
connecting the watchdog timer out pin to peripheral devices’ resets, a CPU malfunction
can also be acknowledged to other devices.

continues counting up.
However, the function can be disabled when entering the RUN mode.

Example : @ Clear the binary counter

WDCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/f¢

WDMOD « 101 - - - XX

@ Disable the watchdog timer.

WDMOD « 0 - - - - - XX Clear WDTE to “0”.
WDCR « 10110001 Write disable code (B1H).
@ Set IDLE mode.
WDMOD « 0 - - - 10 X X Disables WDT and sets IDLE mode.
WCR « 10110001
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 218/fc)

WDMOD « - - -1 01XX Set the STOP mode.
Executes HALT command. Execute HALT instruction. Set the standby
mode.
(note)X : don’tcare - :nochange
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3.14 Bus Release Function
The TMP95C061B supports a bus request pin (BUSRQ: also used as P53) and a bus
acknowledge pin (BUSAK: also used as P54). Set these pins using P5CR and P5FC.

3.14 (1) Operation description

When 0 is input to the BUSRQ pin, the TMP95C061B acknowledges a bus request.
When the current bus cycle ends, the TMP95C061B sets the address bus (A23 to A0) and
bus control signals (RD, WR, HWR, R/W, CSO0 to 3) to high, then sets these signals and
the data bus (D15 to D0) output buffer to off, and sets the BUSAK pin to low to indicate
the bus is released. For bus release timing and DRAM dedicated pin state when the
DRAM controller is in use, see 3.7 (5) Bus release mode.

During bus release, the TMP95C061B cannot access internal I/Os and internal I/Os
keep functioning. Therefore, the watchdog timer continues counting. To use the bus
release function, set runaway detect time with bus release time in consideration.

3.14 (2) Pin states as bus release
Table 3.14 shows pin states at bis release.

Table 3.14 Pin states as bus release

PIN status as bus release
Pin name
Port mode Function mode

DO to D7 — Becomes high impedance.
P10 to P17 No status change. Becomes high impedance.
(D8 to 15)
P20 to P27 No status change. First sets all bits to high, then sets them
(A16to A23) to high impedance.
AOto A15 — First sets all bits to high, then sets them
RD to high impedance.
WR
P52 (HWR) No status change. First sets all bits to high, then sets
P55 (R/W) output buffer to off. Internal pull-up is

added regardless of output latch value.
P60 (CSO) No status change. First sets all bits to high, then sets them
P61 (CST) to high impedance.
P62 (CS2)
P63 (CS3)

For P63 (CAS), P64 (RAS), P65 (REFOUT), see the description of “3.7 (5) Bus release mode”.
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4. ELECTRICAL CHARACTERISTICS

4.1 Absolute Maximum

Symbol Parameter Rating Unit
Vcc Power Supply Voltage -0.5t06.5 \Y
VIN Input Voltage -0.5toVec+0.5 \Y
> 10L Output Current (total) 120 mA
> I10H Output Current (total) -120 mA
PD Power Dissipation (Ta =70 °C) 600 mwW
T SOLDER Soldering Temperature (10s) 260 °C
TSTG Storage Temperature -65to 150 °C
T OPR Operation Temperature -20to0 70 °C

4.2 DC characteristics
Vece=5V+10%,TA= -20to 70°C (8 to 25 MHz)
(Typical values are for Ta =25 °C and Vcc =5 V unless otherwise noted)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (DO to 15) [ —0.3 0.8 V
VIL1 P5, P7, P8, P9, PA, PB -0.3 0.3Vcc \Y
VIL2 RESET,NMLINTO (PB7) -0.3 0.25Vcc Vv
VIL3 EA, AM8/16 -0.3 0.3 \
VIL4 X1 -0.3 0.2Vcc \
VIH Input High Voltage (D0 to 15) |2.2 Vcc+0.3 VvV
V IH1 P5, P7, P8, P9, PA, PB
VIH2 RESET, NMI, INTO (PB7) 0.7Vcc Vecc+0.3 \)
VIH3 EA, AM8/16 0.75Vcc Vcc+0.3 Vv
VIH4 X1 Vecc-0.3 Vecc+0.3 \)
0.8Vcc Vec+0.3 Vv
VOL Output Low Voltage 0.45 V [IOL=1.6mA
V OH Output High Voltage 24 V |IOH= -400 «A
V OH1 0.75Vcc V [IOH= -100 nA
V OH2 0.9Vcc V [IOH= -20 xA
| DAR Darlington Drive Current -1.0 -35 mA [VEXT=15V
(8 Output Pins max.) REXT=1.1kQ
I'Ll Input Leakage Current 0.02 (Typ) 5 #A 10.0=Vin=Vcc
ILO Output Leakage Current 0.05(Typ) | £10 #A |0.2=Vin=Vcee-0.2
| cc Operating Current (RUN) 37 (Typ) 50 mA | fc=25 MHz
IDLE 3.5(Typ) 10 mA
STOP (Ta= -201t0 70 °C) 0.5 (Typ) 50 #A [0.2=Vin=Vcc-0.2
STOP (Ta=0to 50 °C) 10 #A [0.2=Vin=Vcc-0.2
V STOP |Power Down Voltage 2.0 6.0 V [VIL2=0.2Vcc,
(at STOP) VIH2 =0.8Vcc
RRST RESET Pull Up Resistance 50 150 kQ
clo Pin Capacitance 10 pF [fc=1MHz
VTH Schmitt Width 0.4 1.0 (Typ) Y,
RESET, NMI, INTO (PB7)
RK Pull Up Resistance 50 150 kO

Note: IpAR is guaranteed for total of up to 8 ports.
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4.3 ACElectrical Characteristics

Vee=5V £10% , TA=-20t070°C
(8 MHz to 25 MHz)

No. [Symbol Parameter - Variable 2_0 MHz 2_5 MHz Unit
Min Max Min | Max [ Min | Max
1| tosc |Osc. Period (=x) 40 125 50 40 ns
2| tak | CLK width 2x—-40 60 40 ns
3| tak A0 to 23 Valid - CLK Hold 0.5x - 20 5 0 ns
4] tka CLK Valid - A0 to 23 Hold 1.5x - 60 5 0 ns
5| tac A0 to 23 Valid - RD /WR fall 1.0x-20 30 20 ns
6| tcaA |RD/WRrise = AOto 23 Hold 0.5x - 20 5 0 ns
7| tap [AO0to 23 Valid ->D0to 15input 3.5x-35 140 105 [ ns
8| tkp |RDfall-> D0 to 15 input 2.5x-40 85 60 | ns
9| trr RD Low width 2.5x-40 85 60 ns
10| tur | RDrise = D0 to 15 Hold 0 0 0 ns
11| tww |WR Low width 2.5x - 40 85 60 ns
12| tpw | DO to 15 Valid — WRrise 2.0x - 40 60 40 ns
13| twp |WRrise - D0 to 15 Hold 0.5x-10 15 10 ns
14| taw | A0 to 23 Valid > WAIT input(LVX’}\J.Ed% 3.5x - 90 85 50 | ns
15 tcw | RD/WRfall > WAIT Hold  {WAiLae) 2.5x+0 125 100 ns
16| tapH | A0 to 23 Valid - PORT input 2.5x-90 35 10 | ns
17| tapn2 | A0 to 23 Valid — PORT Hold 2.5x + 50 175 150 ns
18| tcp | WRrise = PORT Valid 200 200 200 | ns

AC Measuring Conditions
® OutputLevel : High2.2V /Low 0.8V ,CL=50pF
(However, DO to D15, A0 to A23, ALE, RD, WR, HWR, CLK, €SO to C€S3, CL =100 pF)
® |InputLevel : High2.4V /Low 0.45V (DO to D15)
High 0.8Vcc  /Low 0.2Vcc (exsept for DO to D15)
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(1) Read Cycle

X1

: i tolk — |
Kk jri‘ fde
- ~tak—

A0 to 23 :>§
\

CSO0to3

Portinput = —

RD

DOto 15 - 44

N
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(2) Write Cycle

X1

CLK x

T ——tKA

tcLK

A0 to 23

CS0to3

bl

HtAW

WAIT (¢ \

Port Output tew- H
N >t

: tAC g : : tcp _
WR,HWR | “\ —tww f—tca—~
Q } —tow—— <~twp->
DOt015  — e mmmm e m < | DOto15: [ D---
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4.4 DRAM Controller AC Electrical Characteristics

Vee=5V £10% , TA=-201070°C

(However CL = 100pF for DO to D15, A0 to A23, RD, WR, HWR, R/W, RAS)

® InputLevel : High2.4V
High 0.8Vcc

/Low 0.45V (DO to D15)
/ Low 0.2Vcc (Except for DO to D15)

(8 MHz to 25 MHz)
No.|Symbol Parameter Variable 20 MHz 25 MHz Unit
MIN MAX MIN [ MAX| MIN | MAX

1| tre RAS cycle time 4X 200 160 ns

2| traC RAS access time 3X-40 110 80 [ ns

3| tcac | CAS access time 1.5X-35 40 25 | ns

4| tan column address access time 2.5X-55 70 45 | ns

5| torr Input data hold time 0 0 0 ns

6| trp RAS precharge time 1.5X-10 65 50 ns

7| tras RAS low pulse width 2.5X-30 95 70 ns

8| trsH RAS hold time 1X-15 35 25 ns

9] tesH CAS hold time 3X-35 115 85 ns
10| tcas CAS low pulse width 1.5X-15 65 45 ns
11| trep RAS - CAS delay time 1.5X-40 1.5X 35 75 20 60 | ns
12| trAD RAS column address delay time 0.5X-5 |0.5X+20 20 45 15 40 | ns
13| tcrp CAS —RAS precharge time 1X-35 15 5 ns
14| tcpp CAS precharge time 2.5X-35 90 65 ns
15| tasr Low address setup time 0.5X-15 10 5 ns
16| trAH Low address hold time 0.5X-5 20 15 ns
17| tasc Column address setup time 1X-25 25 15 ns
18| tcaH Column address hold time 2X-35 65 45 ns
19| traL Column address RAS read time 2X-30 70 50 ns
20| tewr | Write command CAS read time 2.5X-35 90 65 ns
21| tps Data output setup time 0.5X-15 10 5 ns
22| tpH Data output hold time 2X-35 65 45 ns
23| twes | Write command setup time 1X-30 20 10 ns
24| tcyr*1 | CAS hold time 2X-50 50 30 ns
25| trec* | RAS precharge CAS active time 1.5X-30 45 30 ns
26| tcsgr | CASsetup time 0.5X-10 15 10 ns
27| trps*2> | RAS precharge time 4X-20 180 140 ns
28| tcus*2 | CAS hold time 0 0 0 ns
29| tcpL* refresh setup time 1X-5 45 35 ns
30| tcpy* | refresh hold time 1X-10 40 30 ns

*1 CAS before RAS interval refresh mode

*2 CAS before RAS self-refresh mode

* Both refresh modes

AC Measuring Conditions

® OutputLevel : High2.2V /Low 0.8V ,CL=50pF
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Read/Write Access Cycle
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(2) CAS before RAS interval refresh cycle

RAS /

trp

trPC

.ﬁ < trAS

"4

tcPD tcHR
CAS / ‘_\_ /[tcrH \
|
< TCFL —>
REFOUT
|
(3) CASbifore RAS self-refresh cycle
trPs trPs
J— v yd
RAS —/ # (¢ / L
trPC M
< tcPD —> < tCHS
CAS / x (C
LR
4.5 A/D Conversion Characteristics
Vee=5V+10%, TA= —20to 70 °C (8 to 25 MHz)
Symbol Parameter Min Typ Max Unit
VRer (VREFH) Analog reference voltage Vee-1.5 Vce
Anp (VRerL) Analog reference voltage Vss Vss Y
VAN Analog input voltage range Vss Vce
IREE Anlog current for analog reference voltage 0.5 1.5 mA
4= fc< 16 MHz slow mode 15 40
Error (Quantize =Tc=
error of +0.5 fast mode +3.0 +6.0 LSB
LSB not 16<Fc=< 25 MH slow mode 15 40
; = z
included) fast mode +4.0 +8.0
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4.6 Serial Channel Timing

(1)  SCLKInput Mode (I/O Interface Mode) Vee=5V £10%, TA= — 20 to 70 °C (8 to 25 MHz)
symbol Parameter . Variable 20 MHz 25 MHz Unit
Min Max Min [ Max | Min | Max
tscy SCLK cycle 16X 0.8 0.64 s
toss Output Data — Rising edge of SCLK tscy/2 - 5X-50 100 70 ns
tons | SCLK rising edge— Output Data hold 5X-100 150 100 ns
thsr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input tscy — 5X - 100 450 340 ns
(2)  SCLK Output Mode (I/O Interface Mode) Vec=5V£10%, TA= - 20to 70 °C (8 to 25 MHz)
Symbol Parameter - Variable _20 MAHz .25 MHz Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 0.8 [409.6 | 0.64 | 3276 us
toss Output Data — SCLK rising edge tscy — 2X-150 550 410 ns
tons | SCLK rising edge— Output Data hold 2X -80 20 0 ns
thsr | SCLK rising edge— Input Data hold 0 0 0 ns
tsep | SCLK rising edge— effective datainput tscy — 2X - 150 550 410 ns
(3) SCLKO Input Mode (UART Mode) Vec=5V£10%, TA= - 20to 70 °C (8 to 25 MHz)
Symbol Parameter - Variable _20 MAHz .25 MHz Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 4X +20 220 180 ns
tscyL | SCLK Low level Pulse width 2X+5 105 85 ns
tscyH SCLK High level Pulse width 2X+5 105 85 ns

4.7 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7)

Vee=5V+10%,TA= -20t0 70°C(8to 25 MHz)

Variable 20 MHz 25 MHz .
Symbol Parameter - - - Unit
Min Max Min [ Max [ Min | Max
tvek Clock Cycle 8X + 100 500 420 ns
tveke Low level clock Pulse width 4X + 40 240 200 ns
tvekH High level clock Pulse width 4X + 40 240 200 ns
4.8 Interrupt Operation
Vee=5V+10%,TA= -20t070°C(8to 25 MHz)
Variable 20 MHz 25 MHz .
Symbol Parameter - Unit
Min Max Min | Max | Min | Max
tINTAL NMI, INTO Low level Pulse width 4X 200 160 ns
tINTAH NMI, INTO High level Pulse width ax 200 160 ns
tinteL | INT4 to INT7 Low level Pulse width 8X + 100 500 420 ns
tinteH | INT4 to INT7 High level Pulse width 8X + 100 500 420 ns
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49 Timing Chart for I/O Interface Mode

682081

qun_:as X

X anva X

VA, anva VA

X anva X

axy

=T |

aysy

V1va LNdNi

axli

SHO)

SSOy

v1lvd ilndino

ADSy

A0S

_l A1D
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4.10 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)

(Note)

ac X X XX XX

< tBRC teBAL —;'(—« tBRC
BUSRQ
6 tcBAH ~~—

DO to D15 SS >_QBA_\_____SS_ _________________ 4
A0 to A23 (S_/ ————— e ——————— ~

Tl

nlwa
AR
|0
>IN
Wi
W
|

|

|

|

|

|

J
A

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|
f/il

Variable 20 MHz 25 MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tgre [ BUSQR set-up time for CLK 120 120 120 ns
tcgaL | CLK—BUSAK falling edge 2.0x+ 120 220 200 ns
tegan | CLK—BUSAK rising edge 0.5x + 40 65 60 ns
taga | Floating time to BUSAK fall 0 80 0 80 0 80 ns
tgaa | Floating time to BUSAK rise 0 80 0 80 0 80 ns

Note : The bus will be released after the WAIT request is inactive, when the BUSRQ is set to ”0” during “wait”

cycle.
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4.11 Typical Characteristics
Veoe=5V, Ta=25°C, unless otherwise noted.

Vee (V) Icc (mA)
5 40
4
30 -

R //" /

2 ]
. ‘// /
H 10 ]
1 RS
0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
i fosc (MHz) : fosc (MHz)
Figure 4.1 Vcc - fosc TYPICAL CURVE Figure4.2 Icc - fosc TYPICAL CURVE
Icc (mA)
40
fosc 425 MHz
30 /, IOSC— UWVIAZ
2 ///
/// fosc=[10 MHz
1 _—
10 — //
0
25 3 35 4 45 5 55 6 65
Figure4.3 Icc - Vcc TYPICAL CURVE Vee (V)
Vout (V)
lor (mA) 0 1 2 3 4 5 6
40 0
30 -10 /
" /
20 // -20
10 / -30
0 1 2 3 4 5 6 oy (mA)
Figure 4.4 Vout - loL TYPICAL CURVE Vour() Figure 45 Vout - lon TYPICAL CURVE
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5. TABLE OF SPECIAL FUNCTION REGISTERS (SFRs)
(SFR ; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control
registers allocated to the 128-byte addresses from 000000H to 00007FH.

(1) I/O port

(2) I/O port control

(3) Timer control

(4) Pattern Generator control
(5) Watch Dog Timer control

(6) Serial Channel control

(7)  A/D converter control

(8) Interrupt control

(9) Chip Select / Wait control

(10) DRAM Control

Configuration of the table

Symbol Name Address |7 i 6 : // t1i0
. . “ >bit Symbol
N\ i i |>Read/write
H >Initial value after reset
/)] >Remarks

020289
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Table5 1/O register address map

IADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME

000000H 20H| TRUN 40H| TREG6L 60H | ADREGOL
TH| P1 21H 41H| TREG6H 61H| ADREGOH
2H 22H| TREGO 42H| TREG7L 62H| ADREG1L
3H 23H| TREG1 43H| TREG7H 63H| ADREGTH
4H| P1CR 24H[ T01TMOD 44H | CAP3L 64H | ADREG2L
5H 25H| TFFCR 45H| CAP3H 65H| ADREG2H
6H| P2 26H| TREG2 46H| CAPAL 66H | ADREG3L
7H 27H| TREG3 47H | CAP4H 67H | ADREG3H
8H 28H| T23MOD 48H | TSMOD 68H | BOCS
9H| P2FC 29H| TRDC 49H | TSFFCR 69H | B1CS
AH 2AH 4AH 6AH|B2CS
BH 2BH 4BH 6BH| B3CS
CH 2CH| PACR 4CH| PGOREG 6CH| BEXCS
DH| P5 2DH| PAFC 4DH| PG1REG 6DH| ADMOD
EH 2EH| PBCR 4EH|PGO1CR 6EH | WDMOD
FH 2FH| PBFC 4FH 6FH| WDCR
10H| P5CR 30H| TREGAL 50H| SCOBUF 70H| INTEOAD
11H| P5FC 31H| TREG4H 51H| SCOCR 71H| INTE45
12H| P6 32H| TREG5L 52H| SCOMOD 72H| INTE67
13H| P7 33H| TREG5H 53H| BROCR 73H| INTET10
14H 34H|[ CAPIL 54H(SC1BUF 74H|[ INTET32
15H| P6FC 35H| CAP1H 55H| SCICR 75H| INTET54
16H| P7CR 36H | CAP2L 56H | SC1MOD 76H| INTET76
17H| P7FC 37H| CAP2H 57H( BR1CR 77H|[ INTESO
18H| P8 38H| T4AMOD 58H| ODE 78H| INTES1
19H| P9 39H| T4AFFCR 59H 79H| INTETCO1
1AH | P8CR 3AH| T45CR 5AH| DREFCR 7AH| INTETC23
1BH| P8FC 3BH 5BH | DMEMCR 7BH| IMC
1CH 3CH| MSARO 5CH| MSAR2 7CH| DMAOV
1DH 3DH| MAMRO 5DH| MAMR2 7DH| DMA1V
1EH| PA 3EH| MSAR1 S5EH| MSAR3 7EH| DMA2V
1FH [ PB 3FH{ MAMR1 5FH| MAMR3 7FH | DMA3V
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(1) /O Port
Symbol Name Address 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
P17 { P16 :{ P15 i P14 { P13 i P12 { P11 i P10
P1 PORT1 01H RAW
Input mode
0 : 0 : 0 i 0 : 0 i 0 : 0 : 0
P27 ! P26 i p25 i P24 i P23 i p22 i P21 I P20
P2 PORT2 06H R/W
. ‘ . Outpu‘g mode . ‘ i
1 ! 1 ! 1 ! 1 ! 1 ! 1 ! 1 : 1
! { P55 { P54 i P53 i P52 i !  RDE
P5 PORTS ODH ! : * RAW
’ ’ Input mode (Pulled-up) i _
1 i 1 i 1 i 1 i { 1
; i P65 | P64 i P63 i P62 i P61 i P60
P6 PORT6 12H : i RIW
: : Qutput mode
: : 1 i 1 § 1 i 0 § 1 ! 1
P77 ! P76 i P75 i P74 ! P73 i P72 i P71 ! P70
P7 PORT7 13H * R/W
Input mode (Pulled-up)
1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
S~ P8 : P84 i P83 i P82 . P81 i P80
P8 PORT8 18H § § * RAW
i i Input mode (Pulled-up)
1 : 1 : 1 : 1 : 1 : 1
i : i i P93 i P92 i P91 i P90
P9 PORT9 19H § § i i R
: : : H ' Input‘mode '
: : ! ! PA3 I PA2 ! PA1 i PAOQ
PA PORTA 1EH i i i i * R/W
i : : : _Input mode (Pulled-up)
! ! ! ! 1 : 1 ! 1 : 1
PB7 i PB6 ! PB5 i PB4 i PB3 ! PB2 i PB1 i PBO
PB PORTB 1FH * RAW
‘ ‘ ‘Input mode‘(PuIIed-up) ‘ ‘ ‘
1 { 1 { 1 { 1 { 1 : 1 { 1 { 1

Note : Clearing “RDE” to “0” outputs the RD strobe form RD pin (for PSRAM), even when the

internal address is accessed.
If “RDE” remains “1”, the RD strobe is output only when the external address is accessed.

Read/Write
R/W ; Either read or write possible
R ; Only read is possible
W ; Only write is possible

Prohibit RMW ; Prohibit Read Modify Write (Prohibit RES/SET /TSET /CHG /STCF/EX/ADD
/ADC/SUB/SBC/INC/DEC/RLC/RRC/RL/RR/SLA/SRA/SLL/SRL/
RLD/RRD/AND/OR/XOR Instruction)

* RA'W ; RMW instructions are prohibited for controlling ON/OFF of the pull-up resistor.
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(2) 1/0 Port Control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
P17C P16C P15C P14C : P13C : P12C : P11C P10C
P1CR |PORT1 04H W
Control | (Prohibit 0 0 0 : 0 ! 0 0 0 0
RMW) 0:IN 1:0UT
P27F P26F P25F P24F i P23F P22F P21F P20F
P2FC | PORT2 09H W
Function | (Prohibit 1 1 1 é 1 : 1 é 1 : 1 : 1
RMW) 0:PORT __ 1:A23~A16
P55C P54C P53C P52C
P5CR | PORT5 10H W
Control | (Prohibit 0 é 0 E 0 é 0
RMW) 0:IN 1:0UT
P55F P54F : P53F P52F
P5FC | PORT5 11H W
Function : 0 : 0 : 0 : 0
(Prohibit {0:PORT :i0:PORT :0:PORT :0:PORT
RMIW) ‘1:RW  i1:BUSAK :1:BUSRQ :1:HWR
i P65F i PBAF i P63F i P62F P61F P60F
P6FC | PORT6 15H W
Function | (Prohibit 0 : 0 : 0 : 0 : 0 : 0
RMW) 0:PORT  1:CS/CAS, RAS, REFOUT
P77C P76C P75C P74C i P73C i P72C : P71C P70C
P7CR | PORT7 16H W
Control | (Prohibit 0 0 0 é 0 : 0 é 0 : 0 : 0
RMW) 0:IN 1:0UT
P77F P76F P75F P74F P73F P72F P71F P70F
P7FC | PORT? 17H W
Function | (Prohibit 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
RMW) 0:PORT 1:PG1-OUT 0: PORT 1: PGO-OUT
: ©  P85C P84C P83C i P82C : P8IC P80C
P8CR | PORTS 1AH i k W
Control | (Prohibit i é 0 : 0 0 : 0 : 0 : 0
RMW) i i 0:IN 1:0UT
[ pssF P83F | P82F P8OF
P8FC | PORT8 1BH : : W W : W : W
Function : 0 : 0 : 0 : : 0
(Prohibit :0: PORT {0:PORT :0:PORT :0: PORT
RMW) 1:SCLK1 {1:TxD1 i1:SCLKO {1:TxDO
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I/0 Port Control (2/2)
Symbol Name Address 7 6 5 : : 3 : 2 1 : 0
: i PA3C : PA2C PAIC : PAOC
PACR | PORTA 2CH : :
Control | (Prohibit : : 0 : 0 0 0
RMW) i : 0:IN 1:0UT
T~ PA3F PA2F
PAFC |PORTA 2DH : ! W
Function 0 : 0
(Prohibit :PORT :0:PORT
RMW) :TO3  11:TO1
PB7C PB6C PB5C PBA4C PB3C PB2C PB1C PBOC
PBCR |PORTB 2EH
Control | (Prohibit 0 0 0 0 : 0 0 0
RMW) 0:IN 1:0UT
PB6F PB3F : PB2F
PBFC | PORTB 2FH w w : w
Function : 0 : 0 : 0
(Prohibit :0: PORT :0:PORT :0:PORT
RMW) {1:TO6 (1:TO5  i11:TOA4
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(3) Timer Control (1/3)

Symbol Name Address 7 5 6 5 5 : 4 : 3 : 2 : 1 : 0
PRRUN i TSRUN { T4RUN : T3RUN i T2RUN : TIRUN i TORUN
R/W : : R/W
TRUN Timer 20H 0 : : 0 : 0 : 0 : 0 : 0 : 0
Control Prescaler & Timer Run/Stop CONTROL
0 : Stop & Clear
1 : Run (Count up)
o 22H -
TREGO SRZ;TS [(re"re(; (Prohibit W
RMW) Undifined
. 23H _
TREG1 SRZ;LZ&; (Prohibit W
RMW) Undifined
TOITM1 : TOIMO : PWMO1 i PWMOO : TI1CLK1 i TICLKO : TOCLK1 i TOCLKO
8 bit Timer R/W
01 [O 0 § 0 0 § 0 0 § 0 0 : 0
MOD Source 24H 00: 8hitTimer : 00: - 00 : TOOTRG 00:TIO INPUT
CLK & 01:16bitTimer i 01:26-1 0, 01: ¢T1 : 01: ¢T1
MODE (Prohibit 10: 8bitPPG ! 10:27-1 oo 10: ¢T16 : 10: ¢T4
RMW) 11: 8bitPWM i 11:28-1 : 11: 47256 : 11: ¢T16
TFF3C1 : TFF3CO : TFF3IE : TFF3IS : TFFIC1 : TFF1CO : TFFIIE : TFF1IS
W : RIW i W i RIW
8 bit Timer - : 0 : 0 : - : 0 : 0
TFFCR |Flip-Flop 25H 00:Invert TFF3  i1: TFF3  i1: Inversion: 00:Invert TFF1  :1: TFF1  il:Inversion
Control 01: Set TFF3 © Invert : ofTimer: 01: Set TFF1 i Invert : ofTimer
(Prohibit 10 : Clear TFF3 ! Enable: 3 10 : Clear TFF1 { Enable i 1
RMW) 11: Don'tcare : : 11: Don'tcare : :
8 bit 26H _
TREG2 [Timer (Prohibit W
Register 2| RMW) Undifined
8 bit 27H -
TREG3 [Timer (Prohibit W
Register 3| RMW) Undifined
T23M1 © T23MO : PWM21 : PWM20 : T3CLK1 : T3CLKO : T2CLK1 @ T2CLKO
- RIW
gg'ﬂ'mer 0 o < o T 0o i o T o T 0o T o
T23 | e 28H 00: 8bitTimer :  00: - i 00:TO2TRG i  00: -
MOD | v e 01: 16 bit Timer : 01: 26-1PWM : 01: ¢T1 01: ¢T1
. 10: 8bitPPG : 10: 27-1Cycle : 10: ¢T16 : 10: ¢T4
MODE | (Prohibit 11: 8bitPWM i  11: 28-1 : 11: 47256 f o 11:4T16
RMW) : : :
: : : : : TR2DE : TRODE
Timer Reg. i : 5 5 5 § R/W
Double é é é é é é 0 : 0
TRDC |Buffer 29H :0: Double Buffer
Control : : : : : : Disable
Reg. : : : : : : 1: Double Buffer
: Enable
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Timer Control (2/3)
Symbol Name Address 7 6 5 4 3 2 1 0
16 bit 30H -
TREGAL |Timer (Prohibit W
Register4L [ RMW) Undefined
16 bit 31H -
TREG4H [Timer (Prohibit "\
RegisterdH| RMW) Undefined
16 bit 32H -
TREGSL |Timer (Prohibit W
Register5L | RMW) Undefined
16 bit 33H -
TREGS5H |Timer (Prohibit W
Register5H| RMW) ] Undefined
o (e | s :
< Undefined
CAP1TH ;Zpﬁg:1H 35H R
i Undefined
cappL |Capture 36H R
Register2L -
Undefined
CAP2H :szg;ZH 37H R
9 Undefined
CAP2T5 : EQ5T5 CAP1IN i CAP12M1 | CAP12MO : CLE T4CLK1 T4CLKO
16 bit R/W W : R/W
Timer 4 0 é 0 é 1 0 é 0 0 0 : 0
T4MOD |Source 38H TFF5 INV TRG ; Capture Timming Source Clock
CLK & 0 : TRG Disable i 0:Soft- : 00:Disable : 00:Tl4
MODE 1:TRG Enable : Capture i 01:Ti4 1 TI5T :1:UC4 01: ¢T1
(Prohibit i1:Don't i 10:TI4 1Ti4] Clear 10: 474
RMW) : care : 11:TFF1 1 TFF1] Enable ;| 11:4T16
TFF5C1 TFF5C0 CAP2T4 CAP1T4 EQ5T4 EQATA TFFAC1 : TFF4CO
W : R/W W
16 bit - 0 0 0 0 -
TaFrcr |Timer4 39H 00: Invert TFF5 TFF4 Invert Trigger 00 : Invert TFF4
Flip-Flop 01:Set TFF5 0: Trigger Disable 01:Set TFF4
Control L 10 : Clear TFF5 1: Trigger Enable 10 : Clear TFF4
(Prohibit 11 : Don't care 11: Don't care
RMW)
- PGI1T PGOT DB6EN DB4EN
RW RW .
14,715 0 : O. : O. : 0 : 0
T45CR c | 3AH Fix at :PG1shift  :PGOshift 1: Double
ontro “o" trigger ! trigger Buffer
i0:timer2,3 10:timer0, 1 Enable
1:timer5 1:timerd
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Timer Control (3/3)
Symbol Name Address 5 4 3 2 1 0
16bit 40H -
TREG6L |Timer (Prohibit W
Register6L | RMW) Undifined
16 bit 41H -
TREGG6H [Timer (Prohibit W
Register6H| RMW) Undifined
16 bit 42H =
TREG7L |Timer (Prohibit W
Register7L | RMW) Undifined
16 bit 43H -
TREG7H [Timer (Prohibit w
Register7H| RMW) Undifined
CAP3L CRaeptilsJ::rBL 44H R
9 Undifined
CAP3H ;:p;‘:tzw 45H R
9 Undifined
CAPAL ::p?;;i | 48 R
° Undifined
CAP4H :Zp?s‘f; | ATH R
9 Undifined
CAP3IN : CAP34M1 : CAP34MO : CLE T5CLK1 T5CLKO
16 bit W RIW
Timer 5 1 0 : 0 0 0 : 0
Source : Capture Timming Source Clock
TSMOD ¢ g 48H i0:Soft- i 00: Disable : 00:TI6
MODE o { Capture : 01:Tl6 T TI7 T :1:UC5 01:4T1
(Prohibit {1:Don't i 10:TI6 T TI6 | Clear : 10:¢T4
RMW) : care ! 11:TFF1T TFF1 | Enable P11 4T16
CAP4T6 i CAP3T6 : EQ7T6 EQ6T6 TFF6C1 : TFF6CO
16 bit 5 — o — > W
Timer 5 49H : —
T5FFCR Flip-Flop TFF6 Invert Trigger 00 : Invert TFF6
| hibi 0: Trigger Disable 01:Set TFF6
Control | (Prohibit 1: Trigger Enable 10 : Clear TFF6
RMW) 11: Don’t care
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(4) Pattern Generator
Symbol | Name | Address 7 : 6 § 5 4 § 3 § 2 : 1 : 0
PGO 4CH PGO3 PG02 PGO1 PG00 SA03 SA02 SAO01 SA00
PGOREG f (Prohibit W : R/W
Register - - :
o RMVIVY) 0 ; 0 ; 0 0 5 Undefined
PG1 4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10
PG1REG . (Prohibit W ; R/W
Register - - :
9 RMW) 0 : 0 : 0 0 : Undefined
PAT1 CCW1 i PG1M PG1TE : PATO i CCWO PGOM PGOTE
| RW | |
PGO. 1 0 é 0 : 0 0o 0 z 0 é 0 : 0
PGO1CR Conlcorol 4EH 0: 8-bit i 0: Normal :0:4-bit  iPG1trigger: 0: 8-bit  :0: Normal £ 0: 4-bit :PGO
write | Rotation Step :input write : Rotation ! Step : trigger
1:4-bit  1:Reverse : 1:8-bit  ienable  i1:4-bit :1:Reverse :1:8-bit iinput
write i Rotation : Step i1: Enable ! write | Rotation Step : enable
: : : : : 1: Enable
(5) Watch Dog Timer
Symbol | Name | Address 7 § 6 § 5 4 : 3 § 2 § 1 : 0
WDTE WDTP1 WDTPO WARM : HALTM1 : HALTMO : RESCR DRVE
Watch 1+ o f o ¢ o i o i o i 0o i 0
WD- D.°9 6EH : 00: 216/f¢ i Warming Standby Mode i 1: Connect 1: Drive
MOD | Timer 1: WDT 01: 218/fc “up Time 00: RUN Mode internally :  the pin
Mode Enable 10: 220/fc 0: 214/f¢ 01: STOP Mode WDT out inSTOP
: 11: 222/f¢ $1: 216/f¢ 10: IDLE Mode pinto | mode
: 11: Don't care ResetPin :
Watch -
Dog
Timer GFH ) W
WDCR | Control (Prohibit _
Register RIMW) B1H: WDT Disable Code  4EH: WDT Clear Code
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(6) Serial Channel
Symbol | _Name | Address 7 6 5 5 4 5 3 5 2 1 : 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
SCOBUF ;:'a ol son 87 TB6 TB5 i TB4 i TB3 | TB2 TB1 TBO
anne R (Receiving) /W (Transmission)
Buffer -
Undefined
RB8 EVEN : PE OERR PERR FERR SCLK 10C
R R/W R (Cleared to 0 by reading) RIW
Serial : 0 0 0 0 0 : 0 0
SCOCR | Channel 0 51H Receiving :Parity 1 S 1:Error  :0:SCLKO i 1:Input
Control databit8 (0:0dd  iParity i Overrun Parity : Framing ( A ) { SCLKO pin
i1: Even Enable! ;1:<SCLK(> :
TB8 CTSE RXE WU . SMI SMO _:  sCi $CO
Serial Undefined : 0 : 0 s 0 : 0 : 0 : 0 : 0
SCO- . : : : . -
MOD Channel 0 52H Trans- :1: : i : 00: I/O Interface mode :00: TO2 Trigger
Mode mission .CTS ‘Receive  :Wakeup : O1:UART7bit ‘01: Baud rate generator
g : i { 10: UART 8bit 110: Internal clock ¢ 1
databit :  Enable:  Enable:  Enable: '\, oropit 111: External clock (SCLKo)
- BROCK1 BROCKO BROS3 BROS2 BROS1 BROSO
R/W R/W
0 0 é 0 é 0 é 0 0 : 0
Baud Rate
BROCR Control| 31 Fix at 00: ¢70  (4/fc) Set frequency divisor
"0" 01: ¢T2 (16/fc)
10: 478  (64/fc) OtoF
11: ¢T32  (256/fc)
serial RB7 RB6 RB5 : RB4 RB3 RB2 RB1 RBO
“C18UF ;:'a | san 87 TB6 TB5 TB4 183 B2 TB1 TBO
anne R (Receiving) /W (Transmission)
Buffen -
Undefined
RB8 EVEN : PE OERR : PERR : FERR SCLKS :  10C
R RW R {Cleared to 0 by reading) RW
Serial : 0 0 0 0 0 : 0 0
SC1CR | Channel 1 55H Receiving :Parity i o 1:Error : 0:SCLK1 :1:Input
Control databit8 :0: Odd :Parity ¢ Overrun Parity : Framing : (J_ :SCLK1 pin
{1:Even i  Enable: : P 1,SCLKY
: : : (1 :
TB8 - RXE Wu : SM1 SMO SC1 SCO
R/W
Serial Undefined : 0 0 : 0 : 0 H 0 0 : 0
SC1- | hannel 1 56H Trans- : Fixat i1 N © 00: /O Interface 00: TO2 Trigger
MOD Mode mission "0" éReceive Wake up : 01: UART 7bit 01: Baud rate
databit 8 : Enable:  Enable;  10: UART 8bit generator
: : : 11: UART 9bit 10: Internal clock ¢ 1
11: Don’t care
- BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
R/W R/W
0 0 : 0 : 0 : 0 0 : 0
Baud Rate : : : :
BR1CR control| 37 Fix at 00: gTO  (4/fc) Set frequency divisor
"o 01: ¢T2 (16/f¢)
10: 478 (64/fc) OtoF
11: $T32  (256/fc) : ("1" prohibited)
ial : : ODE1 ODEO
Ser: R/W
n .
ODE pe 58H 0o 0
Drain 1:P83 1:P80
Enable Open- Open-
drain drain
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(7) A/D Converter Control
Symbol | Name Address 7 ? 6 5 4 ? 3 2 1 0
*1 ADRO1 ADROO
o oot | :
REGOL | 2 Undefined 1 1 1 1 1 1
ADRO0O9 ADRO08 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO02
IAD AD Result 61H R
REGOH [Reg 0 high
9 9 Undefined
1 ADRI11 ADR10 :
o rorent | :
REG1L 9 Undefined 1 1 : 1 1 1 : 1
: R1 ADR17 ADR1 ADR1 ADR14 ADR1 i ADR12
AD AD Result 6311 ADR19 ADR18 6 - 5 3
REG1H [Reg 1 high
9 thig Undefined
*1 ADR21 ADR20 é
o ot | :
REG2L | 09 Undefined 1 R 1 T 1
ADR29 @ ADR28 ADR27 ADR26 : ADR25 ADR24 ADR23 : ADR22
IAD AD Result 65H R
REG2H [Reg 2 high
949 Undefined
*1) ADR31 ADR30 i
o o | e :
REG3L | o9 Undefined 1 1 1 1 1 1
ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
IAD AD Result 67H R
REG3H [Reg 3 high
i i Undefined
EOCF ADBF REPET SCAN ADCS ADS ADCH1 ADCHO
A/D R R/W
IADMOD [Converter 6DH 0 : 0 0 0 ! 0 : 0 0 : 0
Mode reg :End :1: Busy :1: Repeat :1:Scan :1: Slow :1: START Analog Input
; : mode' mode' mode' Channel Select

*1) Data to be stored in A/D Result Reg Low are the lower 2 bits of the conversion result. The
contents of the lower 6 bits of this register are always read as “1”.
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(8) Interrupt Control (1/2)
Symbol Name Address 7 | 6 | 5 | 4 3 l 2 | 1 l 0
INTerrupt INT-AD IN-TO
INTE- Enablep 70H IADC IADM2 IADM1 IADMO 10C 10M2 I0M1 10MO
0AD 0 & A/D (Prohibit R/W W R/W W
RMIW) 0 0 : 0 : 0 0 0 ! 0 : 0
INTerrupt INTS INT4
INTE45 | Enabl P 71H 15C 15M2 : I5M1 I5M0 14C 14M2 : 14M1 14M0Q
4/5a € | (Prohibit [ RwW W RIW W
RMW) 0 0 : 0 : 0 0 0 : 0 : 0
INTerrupt INT7 INT6
INTE67 | Enable P 72H 17C 17M2 17M1 17M0 16C 16M2 16M 1 16MO
6/7 (Prohibit R/W W R/W W
RMW) 0 0 é 0 é 0 0 0 é 0 ! 0
INTT1 (Timer 1) INTTO (Timer 0)
INTerrupt
73H IT1C ITIM2 ITIMA1 ITIMO 1TOC ITOM2 ITOM1 ITOMO
INTETO1|Enable L
Timer 1/0 (Prohibit R/W "\ R/W W
RMW) 0 0 é 0 é 0 0 0 é 0 : 0
INTT3 (Timer 3) INTT2 (Timer 2)
INTerrupt H i
74H IT3C IT3M2 IT3M1 IT3MO 1T2C IT2M2 IT2M1 IT2MO
INTET23 | Enable .
Timer 3/2 (Prohibit R/W W R/W W
RMW) 0 0 : 0 : 0 0 0 : 0 : 0
INTerruot INTTR5(_TREG5) INTTR4(TREG4)
INTET45 Enablep 75H IT5C IT5M2 IT5M1 IT5MO 1T4C IT4M2 IT4M1 IT4AMO
Trea 5/4 (Prohibit RIW w R/IW w
9 RMW) 0 o o . o 0 0o o | o
INTerrupt INTTR7 (TREG7) INTTR6 (TREG6)
P 76H IT7C IT7M2 § IT7M1 IT7MO 1T6C IT6M2 ©  IT6M1 IT6MO
INTET67 | Enable L
Treq 7/6 (Prohibit RIW _ W _ R/W _ W
9 RMW) 0 0o . 0 . o0 0 0 | o0
INTTXO0 INTRXO0
INTerrupt
77H ITX0C ITXOM2 ITXOM 1 ITXOMO IRX0C IRXOM2 IRXOM 1 IRXOMO
INTESO |Enable L
Serial 0 (Prohibit R/W W R/W wW
RMW) 0 0 i 0 : 0 0 0 i 0 ! 0
INTTX1 INTRX1
INTerrupt
INTES1 | Enable 78H ITX1C ITX1M2 ITXTM1 ITX1MO IRX1C IRX1M2 IRX1M1 IRX1MO
Serial 1 (Prohibit R/W W R/W W
RMW) 0 0 é 0 é 0 0 0 é 0 : 0
INTerrupt INTTC1 INTTCO
INTETC Enable P 79H ITC1C ITC1IM2 ITCIM1 ITCIMO ITCOC ITCOM2 ITCOM1 ITCOMO
01 TC O/ (Prohibit R/W W RIW W
RMW) 0 0 : 0 : 0 0 0 : 0 : 0
INTerrupt ] INTTC3 ] INTTCZ
INTETC Enable P 7AH ITC3C : ITC3M2 ITC3M1 ITC3MO ITC2C @ ITC2M2 ITC2M1 ITC2MO
23 Tc2/3 (Prohibit RW W RW W
RMW) 0 : 0 : 0 : 0 0 : 0 0 0
[ 11 I L 1L
T T T |
.
L IxxM2 IxxM1 IxxM0 Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Set interrupt request level to “1”
0 1 0 Set interrupt request level to “2”
0 1 1 Set interrupt request level to “3”
1 0 0 Set interrupt request level to "4”
1 0 1 Set interrupt request level to “5”
1 1 0 Set interrupt request level to “6”
1 1 1 Prohibit interrupt request.
> IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interruptrequest. |  ----- Don'tcare-----
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Interrupt Control (2/2)
Symbol Name Address 7 5 5 4 5 3 5 2 5 1 0
: : 101E I0LE NMIREE
W : W \'i\%
Interrupt : 0 § 0 0
etP 1:INTO i0: INTO {1 Operate
nmc pu 7BH i input i edge i evenat
Mode : _
Contorol enable : mode NMI rise
onto 112 INTO edge
(Prohibit i level
RMW) : : mode
DMA 0 H Micro DMAO Start vector
7CH i DMAOVS8 : DMAOV7 : DMAOV6 : DMAOV5 : DMAOV4
DMAOV | request . H
Vect (Prohibit \"
ector RMW) o - o 0o o 0
DMA 1 : Micro DMA1 Start vector
7DH : DMA1V8 : DMA1V7 : DMA1V6 : DMA1V5 : DMA1V4
DMAT1V |request L. :
Vector (Prohibit W
RMW) 0 i 0 i 0 i 0 0
DMA 2 : _ Micro _DMAZ Start vector ]
7EH ! DMA2V8 : DMA2V7 : DMA2V6 : DMA2V5 : DMA2V4
DMAZ2V |request . :
Vector (Prohibit W
RMW) 0 : 0 : 0 : 0 0
DMA 3 : Micro DVIA3 Start vector
7FH i DMA3V8 | DMA3V7 : DMA3V6 | DMA3V5 : DMA3V4
DMAS3V | request . ;
Vector (Prohibit W
RMW) 0 H 0 : 0 H 0 0
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(9) Chip Select/Wait Control (1/2)

Symbol Name Address 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
: : BOE : - i BOBUS : BOC1 : BOCO

Block 0 W : - : W : W : W

: : : 0 - 0 0 0
BOCS CS/WAIT 68H : : :0: BOCS : - (0:16BIT i 00: 2WAIT

control : : :
register : : i1: master ! (1:8BIT  © 01: TWAIT

° (Prohibit L obit L 10: 1WAIT+n
RMW) : 5 : | 11: 0WAIT

BIE - © B1BUS : BIW1 : BIWO

Block 1 W : - : w : W : w

H H H 0 - 0 0 0
gics |/ WAIT | 6oy : ; 0:B1CS  © - 0:16BIT : 00:2WAIT

control : : : :
register : : i1: master (1:8BIT ' 01: TWAIT
9 (Prohibit Dbt L 10: 1WAIT+n

RMW) L 11:0WAIT
: : " B2E B2M | B2BUS | B2WI © B2WO

w i w i Wi W W
Block 2 : : : :

H H H 1 0 0 0 0
gacs |S/WAT | gan :0:B2CS  :0: 16M  :0: 16BIT : 00: 2WAIT

control : : : :
\ : : :1: master : area 11: 8BIT 01 TWAIT
register . : : : . : : :
(Prohibit : : : o bit :1: MREG  : © 10: IWAIT +n

RMW) . setting : L 11: OWAIT
: ; | B3E : B3CAS | B3BUS | B3W1 | B3WO

Block 3 W W O W W LW

: : i o0 ¢ o ¢ o ¢ o i o0
Bacs |©/WAT | gayy i0:B3CS  i0:CS3  :0: 16BIT : 00: 2WAIT

control : : : :
register : : i1: master : output :1:8BIT ¢ 01 1WAIT

9 (Prohibit bit 1 CAS 10: TWAIT +n
RMW) : : : i output : i 11: OWAIT

- : - ! BEXBUS i BEXW1 : BEXWO

- - w W
External

CS/WAIT - - (0 . 0 0

BEXCS 6CH T _ . _  0:16BIT : 00:2WAIT
control : : 5 ; E :
register (1:8BIT  : 01:1WAIT
(Prohibit : 5 5 ; £ 10D TWAIT+n
RMW) : : : : : ©11: OWAIT

$23 1 $22 i s21 1 s20 i s19 i s18 i s17 i  S$16
Memory

Start RIW
MSARO 3CH 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1

A M
R:drg“ A23t0 A16
9- Memory start address setting

Memory V20 i V19 : V18 I V17 i V16 ! VI5 i V14~9 : V8

Start R/W

MAMRO | Address 3DH 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1

Mask 0 : Comparison is valid
Reg. 0 1: Comparison is invalid

$23 i S22 i s21 i S20 i S19 i s18 i S17 i S16

Memory

R/W
Start T

MSAR1 3EH 1 : 1 : 1 : 1 1 é 1 i 1 : 1

A :
R:drf“ A23toA16
9 Memory start address setting

Memory V21 © V20 1 V19 ¢ V18 i V17 i V16 i VI5~9 V8

Start R/W

MAMR1 [ Address 3FH 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1

Mask 0 : Comparison is valid
Reg. 1 1 : Comparison is invalid
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(9) Chip Select/Wait Controller (2/2)
Symbol Name Address 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
$23 : $22 iS22 $20 i S19 S18 S17 i S16
Memory
Start R/W
MSAR2 Address 5CH 1 1 1 1 : 1 1 1 1
Req. 2 A23to A16
9 Memory start address setting
Memory V22 V21 V20 V19 : V18 V17 V16 V15
Start R/W
MAMR2 | Address 5DH 1 1 1 1 1 1 1 1
Mask 0 : Comparison is valid
Reg. 2 1 : Comparison is invalid
$23 $22 S21 520 i S19 518 S17 S16
Memory
Start R/W
MSAR3 Address 5EH 1 1 1 1 : 1 1 1 1
Req. 3 A23t0 A16
9- Memory start address setting
Memory V22 V21 V20 V19 : \"AL: V17 V16 V15
Start R/W
MAMR3 | Address 5FH 1 1 1 : 1 : 1 1 1 1
Mask 0 : Comparison is valid
Reg. 3 1: Comparison is invalid
(10) DRAM Control
Symbol | Name Address 7 6 5 4 3 2 1 0
DMI RS2 RS1 RSO RW2 RW1 RWOQ RC
R/W
0 0 0 0 0 0 0 0
Dummy Refresh cycle insertion interval Refresh cycle width Refresh
cycle 000: 31states 000: 2 states : cycle
Refresh o :
0: Prohibit: 001: 62states 001: 3states :0: Not
DREFCR | Control 5AH : F
R 1: Execute : 010: 78states 010: 4states inserted
€g. H :
g 011: 97 states 011: 5states i 1:inserted
100: 109 states 100: 6states :
101: 124 states 101: 7 states
110: 154 states 110: 8states
111: 195 states : 111: 9states :
SRFC :  BRM MACM : MUXE | MUXW1 i MUXWO i MAC
W - R/W
1 - 0 0 0 0 0 0
Memory : — :
Self : DRAM pin : 0: Normal : Address Multiplexed address length ; Memory
Access 5BH : : : . .
DMEMCR Control refresh : Bus access :multiplex 00: 8bit access control
ontro : : H :
R 0: Execute : - :Release :1:Slow  :0:Disable 01:  9bit 0: Disable
eq. : : : :
9 .. | 1: Release : :0:Release : access : 1:Enable 10:  10bit 1: Enable
(Prohibit : : : : .
:1:Not 11:  11bit
RMW) : :
release :
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6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM
® Reading The Circuit Diagram

Basically, the gate symbols written are the same as those used for the standard
COMS logic IC [T4HCXX] series.
The dedicated signal is described below.

STOP : This signal becomes active “1” when the halt mode setting register is
set to the STOP mode (WDMOD<HALTM1, 0>=0,1) and the CPU
executes the HALT instruction. When the drive enable bit
WDMOD <DRVE > is set to “1”, however, STOP remains at “0”.

® The input protection resistans ranges form several tens of ohms to several hundreds
of ohms.

l DOto D7, P1(D8to 15)

VCC
Output Data —]B P-ch
Output Enable :D_|7 )
STOP o N-ch
Input Data —oﬁﬁ Wy El /0
Input Enable
H P2 (A16 to A23), AOto 15, RD, WR, P6
VCC

Output Data i ) |

? Output
STOP —] >o—| |—D°—| o
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W P52 to 55, P7, P81, P82, P84, P85, PA, PB6~B0

Output Data

VvCC
—
Output Enable :D_|( I
STOP !

_____________ 1

VCC 1 Programmable
i Pull Up Resistor

Input Data _@qﬁ W [ ] o
Input Enable
Hl P9 (ANO to 3)
Analog Input
Channel Select Do—1
Analog Input [ ] Input
Ly
I—
Input Data
Input Enable
H PB7 (INTO)
\'/«e
Output Data |
Output Enable < Pro
___________ grammable
STOP VCG pull Up
I Resistor
Input Data ~——————o<}4—o<Y T e = “[Jwo

Schmitt
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l P80 (TXDO0), P83 (TXD1)

Output Data JS—DQ I
Open Drain 2£

Output Enable _D°—| f e - Programmable

VCQ
STOP i : Pull Up
IL{>o_| _ _____ g;_ ____E Resistor
Input Data Wy $ [ o
Input Enable
Bl NMI
NMI o<g e [] Input
Schmitt
B WDTOUT
WDTOUT >o—1> [ ] Output
B CLK
VCC VvCC
Internal CLK ,_Do_“:‘j' —Ig’
[ ] Output
STOP w_Do—li
Internal Reset —— >o
M
Test Circuit
M EA, AM8/16

:—ﬁ—'\m [ ] Input
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M RESET

W X1, X2

Oscillation enable>——y{>o{> ’—|[<_ @

Note :

100 kQ vCcC

typ-\
Reset Input
Schmitt
WDTOUT
Reset Enable
Clock
___________ Oscillator 4
MV [ ] x2

MA [ ] x1

The oscillation enable signal becomes nonactive “0” by execution of HALT
instruction (STOP mode).

B VREF (VRerH), AGND (VREgrL)

[ ] VREF (VReFH)

i Ladder

L Resistor
A/D Converter %
GND . [ ] AGND (Vgeri)
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(1)

Care Points and Restriction
Special Expression

@ Explanation of a built-in I/O register : Register Symbol <Bit Symbol>
ex) TRUN<TORUN> --- Bit TORUN of Register TRUN

@ Read-modify-write Instructions

An instruction which CPU executes following by one instruction.
1. CPU reads data of the memory.

2. CPU modifies the data.

3. CPU writes the data to the same memory.

ex1) SET 3, (TRUN) --- set bit3 of TRUN

ex2) INC 1,(100H) - increment the data of 100H

® The Read-modify-write Instructions in the TLCS-900

Exchange
EX (mem) , R

Arithmetic Operations
ADD (mem) , R/# ADC (mem) , R/#
SuB (mem) , R/# SBC (mem) , R/#
INC #3, (mem) DEC #3, (mem)

Logical Operations
AND (mem) , R/# OR (mem) , R/#
XOR (mem) , R/#

Bit Operations
STCF #3/A, (mem) RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift
RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

@ 1 State

1 cycle clock divided by 2 oscillation frequency is called 1 state.
ex) The case of oscillation frequency is 25 MHz
2/25 MHz=80 ns=1 state
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(2)

Care Points

® EA pin, AM8/16 pin
Fix these pins V¢ or GND unless changing voltage.

@ Warmingup Counter
The warmingup counter operates when the STOP mode is released even the system
which is used an external oscillator. As a result, it takes warming up time from
inputting the releasing request to outputting the system clock.

@ Programmable Pull Up / Down Resistance
The programmable pull up / down resistors can be selected ON / OFF by program
when they are used as the input ports. The case of they are used as the output ports,
they can not be selected ON / OFF by program. RMW instructions are prohibited for
controlling ON / OFF of the pull-up / down resistors.

@ Bus Releasing Function
Refer to the “Note about the Bus Release” in 3.5 Functions of Ports because the pin
state when the bus is released is written.

® WatchDog Timer
The watch dog timer starts operation immediately after the reset is released.
When the watch dog timer is not used, set watch dog timer to disable.

® CPU (Micro DMA)
Only the “LDC cr, r”, “LLDC r, cr” instruction can be used to access the control
register like transfer source address register (DMASn) in the CPU.

@ This Product does not support minimum mode. Do not use the MIN instruction.
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