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1.1

INTRODUCTION

achieve a nominal bus speed of 2MHz. In addition, the fully static design allows

The TMPGS8HC11ES is an advanced 8-bit microcontroller (MCU) with highly
sophisticated on-chip peripheral capabilities. New design techniques were used to

operation at frequencies down to dc, further reducing power consumption. -

FEATURES

HARDWARE FEATURES
] 12K Bytes of ROM
] 512 Bytes of EEPROM (with Block Protect for Enhanced Security)
] 512 Bytes of RAM (All Saved During Standby) Relocatable to Any 4K Boundary
L] Enhanced 16-Bit Timer System:
Four Stage Programmable Prescaler
Three Input Capture/Five Output Compare Functions or
Four Input Capture/Four Output Compare Functions (S/W selectable)
. 8-Bit Pulse Accumulator Circuit
. Enhanced NRZ Serial Communications Interface (SCD)
. Serial Peripheral Interface (SPI)
L] Eight Channel, 8-Bit Analog-to-Digital Converter
L) Real Time Interrupt Circuit
L Computer Operating Properly (COP) Watchdog System
. Available in Plastic Shrink Dual-In-Line Packages and Plastic Leaded Chip
Carrier Packages
SOFTWARE FEATURES
. Enhanced M6800/M6801 Instruction Set
° 16 16 Integer and Fractional Divide Features
® Bit Manipulation
. WAIT Mode
. STOP Mode

The following are some of the hardware and software highlights.

MCU11E9-1
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TOSHIBA TMP68HC11E9

1.2

1.3

GENERAL DESCRIPTION

The high-density CMOS technology used on the TMP68HC11E9 combines smaller
size and higher speeds with the low power and high noise immunity of CMOS. On-chip
memory systems include 12K bytes of ROM, 512 bytes of electrically eraseable
programmable ROM (EEPROM), and 512 bytes of static RAM.

Major peripheral functions are provided on-chip. An eight channel analog-to-digital
(A/D) converter is included with eight bits of resolution. An asynchronous serial
communications interface (SCI) and a separate synchronous serial peripheral interface
(SPI) are included. The main 16-bit free-running timer system has three input capture
lines, five output compare lines, and a real-time interrupt function. An 8-bit pulse
accumulator subsystem can count external events or measure external periods.

Self monitoring circuitry is included on-chip to protect against system errors. A
computer operating properly (COP) watchdog system protects against software failures.
A clock monitor system generates a system reset in case the clock is lost or runs too slow.
An illegal opcode detection circuit provides a non-maskable interrupt if an illegal opcode
is detected.

Two software controlled operating modes, WAIT and STOP, are available to conserve
additional power.

A block diagram of the TMP6BHC11E9 is shown in Figure 1.1.
PROGRAMMER’S MODEL

In addition to being able to execute all M6800 and M6801 instructions, the
TMP68HC11E9 allows execution of 91 new opcodes. Figure 1.2 shows the seven CPU
registers which are available to the programmer.

MCU11E9-2
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Figure 1.1 Block Diagram

MCU11E9-3



TOSHIBA TMP6BHC11E9

14

7 A 0l7 B 0| 8-BIT ACCUMULATORS A AND B OR
15 D o] 16-BIT DOUBLE ACCUMULATOR D
115 IX 0] INDEXREGISTER X
l15 Y 0| INDEXREGISTERY
[i5 5P 0] STACKPOINTER
115 PC 0] PROGRAM COUNTER
7 0
[s X H 1 N Z V €} CONDITION CODE REGISTER
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OVERFLOW
ZERO
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I-INTERRUPT MASK

HALF CARRY {FROM BIT 3)
X-INTERRUPT MASK
STOP DISABLE

Figure 1.2 Programming Model

SUMMARY OF TMP68HC11 FAMILY

Table 1.1 and the following paragraphs summarize the current members of the
TMP68HC11 Family. This data sheet describes the TMP68HC11E9, E1, and E0 version
and is to be used as a secondary reference for other versions. Family members differ
mainly in the types and amounts of memory. The A series parts (’A8,’Al, and ’AQ) are
the foundation of the TMP68HC11 Family.

Notice that each major derivative has an x8 or x9, x1, and x0 variation. These
variations all use identical die. A configuration (CONFIG) register isimplemented with
EEPROM cells and is used to semi-permanently disable the ROM of x1 variations. The
ROM and EEPROM are disabled on x0 variations.

The E series was developed for applications requiring four input capture functions for
the timer, more ROM, or more RAM. These parts are modified to allow the former
output compare five function te be configured as either an output compare or as a fourth
input capture function, The amount of RAM was also increased to 512 bytes and the
amount of ROM was increased to 12K bytes.

All E series parts are available in 64-pin plastic shrink-dual-in-line (5-DIP) packages
and52-pin plastic lead chip currier (PLLCC) packages.

MCU11ES-4



TOSHIBA TMP68HC11E9

Table 1.1 TMP&68HC11 Family Members

Device Number ROM |EEPROM| RAM |CONFIG! Comments
TMPB8HC11A8 8K 512 256 $0F | Family Built Around this Device
TMPGE8HC11A1 0 512 256 $0D |Same Die as’ A8 but ROM Disabled
TMPGSHC11A0 0 0 256 $0C | Same Die as* A8 but ROM and EEPROM Disabled
TMPGSHC11E9 12K 512 512 $0F Four Input Captures and Bigger RAM and 12K ROM
TMPGEHCT1E 0 512 512 $0D "E9 with ROM Disabled
TMP6BHC11EC 0 0 512 $0C ‘£9 with ROM and EEPROM Disabled
Notes:
1. CONFIG register values in this table reflect the value programmed prior to shipment
from TOSHIBA.

MCU11ES-5



TOSHIBA TMPG8BHC11E9

2. SIGNAL DESCRIPTIONS AND OPERATING MODES

The signal descriptions and operating modes are presented in this section. When the
microcontroller is in an expanded multiplexed operating mode, 18 pins change function
to support a multiplexed address/data bus.

2.1 SIGNAL PIN DESCRIPTIONS

The following paragraphs provide a description of the input/output signals.
Reference is made, where applicable, to other sections that contain more detail about the
function being performed.

2.1.1 Input Power (Vpp) and Ground (Vgg)

Power is supplied to the microcontroller using these pins. Vpp is the positive power
input and Vgg is ground. Although the TMP68HC11E9 is a CMOS device, very fast
signal transitions are present on many of its pins. Short rise and fall times are present
even when the microcontroller is operating at slow clock rates. Special care must be
taken to provide good power supply bypassing at the MCU. Recommended bypassing
would include a 0.1 uF ceramic capacitor between the Vpp and Vgg pins and physically
adjacent to one of the two pins. A bulk capacitance, whose size depends on the other
circuity in the system, should also be present on the circuit board.

2.1.2 Reset (RESET)

This active low bidirectional control signal is used as an input to initialize the
TMP68HC11E9 to a known startup state, and as an open-drain output to indicate that
an internal failure has been detected in either the clock monitor or computer operating
properly (COP) watchdog circuit. This reset signal is significantly different from the
reset signal used on other Motorola MCUs. Please refer to SECTION 9 RESETS,
INTERRUPTS, AND LOW POWER MODES before designing circuitry to generate or
monitor this signal.

2.1.3 Crystal Driver and External Clock Input (XTAL, EXTAL)

These two pins provide the interface for either a crystal or a CMOS compatible clock
to control the internal clock generator circuitry. The frequency applied to these pins
shall be four times higher than the desired E clock rate. The XTAL pin is normally left
unterminated when using an external CMOS compatible clock input to the EXTAL pin.
However, a 10K to 100K load resistor to ground may be used to reduce RFI noise
emission. The XTAL output is normally intended to drive only a erystal.

The XTAL output may be buffered with a high input impedance buffer such as the
74HCO04, or it may be used to drive the EXTAL input of another TMPG68HC11.

MCU11E9-6
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In all cases take extra care in the circuit board layout around the oscillator pins.
Load capacitances shown in the oscillator circuits include all stray layout capacitances.
Refer to Figures 2.1, 2.2, and 2.3 for diagrams of oscillator circuits.

MCU

25pF

11

EXTAL 1

dxE
CRYSTAL
10M —

25pF *

XTAL ii

e .

* This value includes all stray capacitances.

Figure 2.1 Common Crystal Connections

Y MCU
4xE

EXTAL = CMOS COMPATIBLE
EXTERNAL OSCILLATOR

XTAL—— N.C DR

%__—, 10K - 100K
LOAD

Figure 2.2 External Oscillator Connections

FIRST MCU SECOND MCU
| —— 25pF * ——-'—ﬁ
i

!
EXTAL | MA EXTAL
4xE 220
CRYSTAL
10M ==
25pF *
XTAL I N.C. OR — XTAL
k___ A 10K - 100K
= LOAD

* This value includes all stray capacitances. —

Figure 2.3 One Crystal Driving 2 MCUs

MCUT1ES-7



TOSHIBA TMP68HC11E9

2.1.4 E Clock Output (E)

This is the output connection for the internally generated E clock which can ke used
as a timing reference. The frequency of the E clock output is actually one fourth that of
the input frequency at the XTAL and EXTAL pins. When the E clock output is low an
internal process is taking place and, when high, data is being accessed. The E clock
signal is halted when the MCU is in STOP maode.

2.1.5 Interrupt Request (IRQ)

The IRQ input provides a means for requesting asynchronous interrupts to the
TMP68HC11E9. It is program selectable (OPTION register) with a choice of either
negative edge-sensitive or level-sensitive triggering, and is always configured to level-
sensitive triggering by reset. The IRQ pin requires an external pullup resistor to Vpp
(typically 4.7K Q).

During factory testing, this pin is also used as a bulk Vpp power supply-input. This
allows for parallel programming of as many as half of the bytes in the EEPRCM in a
single programming operation.

2.1.6 Non-Maskable Interrupt (XIRQ)

This input provides a means for requesting a non-maskable interrupt, after reset
initialization. During reset, the X bit in the condition code register is set and any
interrupt is masked until MCU software enables it. The XIRQ input is level sensitive
and requires an external pullup resistor to Vpp.

2.1.7 Mode A/Load Instruction Register and Mode B/Standby Voltage (MODA/LIR,
MODB/VgrpY)

During reset, MODA and MODDB are used to select one of the four operating modes.
Refer to Table 2.1 Paragraph 2.2 OPERATING MODES provides additional
information.

Table 2.1 Operating Modes Versus MODA and MODB

MODB MODA Maode Selected
1 0 Single Chip
1 1 Expanded Multiplexed
0 0 Special Bootstrap
0 1 Special Test

After the operating mode has been selected, the LIR pin provides an open-drain
output to indicate that an instruction is starting. All instructions are make up of a
series of I clock cycles. The LIR signal goes low during the first E clock cycle of each
instruction (opcode fetch). This cutput is provided as an aid in program debugging.

MCU11E9-8



TOSHIBA TMP6BHC11ES

The Vgrpy signal is used as the input for RAM standby power. When the voltage on
this pin is more than one MOS threshold (about 0.7 volts) above the Vpp voltage, the
internal 512-byte RAM and part of the reset logic are powered from this signal rather
than the Vpp input. This allows RAM contents to be retained without Vpp power
applied to the MCU. Reset must be driven low before Vpp is removed and must remain
low until Vpp has been restored to a valid level.

2.1.8 A/D Converter Reference Voltages (VRL, VRH)

These two inputs provide the reference voltages for the analog-to-digital converter
circuitry.

9.1.9 Strobe B and Read/Write (STRB/R/W)

This signal acts as a strobe B output or as a data bus direction indicator depending on
the operating mode.

In single-chip operating mode, the STRB output acts as a programmable strobe for
handshake with other parallel /O devices. Refer to SECTION 4 PARALLEL I/O for
additional information.

In expanded multiplexed operating mode, R/W is used to control the direction of
transfers on the external data bus. A low on the R/W signal indicates data is being
written to the external data bus. A high on this signal indicates that a read cycle is in
progress. R/W will stay low during consecutive data bus write cycles, such as in a
double-byte store. The NAND of inverted R/W with the E clock should be used as the
write enable signal for an external static RAM.

2.1.10 Strobe A and Address Strobe (STRA/AS)

This signal acts as an edge detecting strobe A input or as an address strobe bus
control output depending on the operating mode.

In single-chip operating mode, the STRA input acts as a programmable strobe for
handshake with other parallel I/0 devices. Refer to SECTION 4 PARALLEL /O for
additional information.

In expanded multiplexed operating mode, the AS output is used to demultiplex the
address and data signals at port C. Refer to 2.2.2 Expanded Multiplexed Operating
Mode for additional information. '

2.1.11 Port Signals

Ports A, D, and E signals are independent of the operating mode. Port B provides
eight general purpose output signals in single-chip operating modes and provides eight
high-order address signals when the microcontroller is in expanded multiplexed
operating modes. Port C provides eight general purpose input/output signals when the
microcontroller is in single-chip operating modes. When the microcontroller is in
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expanded multiplexed operating modes, port C is used for a multiplexed address/data
bus. Table 2.2 shows an summary of the 40 port signals as they relate to the operating
modes. Unused inputs and I/O pins configured as inputs should be terminated high or

low.

2.1.11.1 Port A.

Port A may be configured for: four input capture functions (IC1, IC2, IC3, IC4), and
three output compare functions (OC2, OC3, 0C4,) , and either a pulse accumulator input
(PAI) or a fifth output compare function (OC1) . Refer to 8.1 PROGRAMMABLE TIMER

for additional information.

Any port A pin that is not used for its alternate timer function may be used as a
general-purpose input or output line.
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Table 2.2 Port Signal Summary

Single-Chip Expanded Multiplexed
Port-Bit and Bootstrap Mode and Special Test Mode
A-Q PAQ/NC3 PAQANCS
A-1 PAIAC2 PA1/IC2
A-2 PA/ICT PA2/1CT
A-3 PA3/0CS5/1CA/and-or OCH PA3/0C5/C4/and-or QC1
A-4 PA4/QC4/and-or OCT PA4/OC4/and-or OCT
A-5 PAS5/QC3/and-or OC1 PA5/0C3/and-or OC1
A-b PAB/QC2/and-or OCH PAG/OC2/and-ar OC1
A-7 PA7/PAl/and-cr OC1 PA7/PAl/and-or OC1
B-0 PBO A8
B-1 PB1 A9
B-2 PB2 A10
B-3 PB3 Al
B-4 PB4 A12
B-5 PB5 Al3
B-6 PB6 A4
B-7 PB7 A1S
Cc-0 PCO AQ/DO
C-1 PC1 A1/DA
C.2 pPC2 A2/D2
C-3 PC3 A3/03
c-4 PC4 Ad4/D4
C-5 PCS A5/DS
C-b PCH Ag/DE
Cc-7 PC7 A7{D7
D-0 PDO/RXD PDO/RxD
D-1 PD1/TxD PD1/TxD
D-2 PD2/MISO PD2/MISO
D-3 PD3/MOSI PD3/MOSI
D-4 PD4/SCK PD4/SCK
D-5 PD5/SS PD5/SS
STRA AS
STRB RAN
E-0 PEO/ANO PED/ANO
E-1 PE1/ANT PE1/ANT1
E-2 PE2/AN2 PE2/AN2
E-3 PE3/AN3 PE3/AN3
E-4 PEAIANA PE4/ANA
E-5 PES/ANS PES/ANS
E-6 PEG/ANG PEG/ANG
E-7 PE7/ANT PE7/ANTY

2.1.11.2 Port B.

While in single-chip operating modes, all of the port B pins are general-purpose
output pins. During MCU reads of this port, the level sensed at the input side of the port
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B output drivers is read. Port B may also be use in a simple strebed output mode where
an output puise appears at the STRB signal each time data is written to port B.

When in expanded multiplexed operating modes, all of the port B pins act as high
order address output signals. During each MCU cycle, bits 8 through 15 of the address
are output on the PB0-PB7 lines respectively.

2.1.11.3 Port C.

While in single-chip operating modes, all port C pins are general-purpose
input/output pins. Port C inputs can be latched by providing an input transition to the
STRA signal. Port C may also be used in full handshake moedes of parallel I/O where the
STRA input and STRB output act as handshake control lines.

When in expanded multiplexed operating modes, all port C pins are configured as
multiplexed address/data signals. During the address portion of each MCU cycle, bits 0
through 7 of the address are output on the PC0O-PC7 lines. During the data portion of
gach MCU cycle (E high), pins 0 through 7 are bidirectional data signals (I0-D7). The
direction of data at the port C pins is indicated by the R/W signal.

2.1.11.4PortD.

Port D pins 0-5 may be used for general purpose I/O signals. Port D pins alternately
serve as the serial communications interface (SCI) and serial peripheral interface (SPI)
signals when those subsystems are enabled.

Pin PDO is the receive data input (RxD) signal for the serial communication interface
{SCI).

Pin PD1 is the transmit data output (TxD) signal for the SCI.

Pins PD2 through PD5 are dedicated to the SPI. PD2 is the master-in-slave-out
(MISO} signal. PD3 is the master-out-slave in (MOSI) signal. PD4 is the serial clock
(SCK) signal and PD5 is the slave select (SS) input.

2.1.11.5Port E.

Port E is used for general-purpose inputs and/or analog-to-digital (A/D) input
channels. Reading port E during the sampling portion of an A/D conversion could cause
very small disturbances and affect the accuracy of that result. If very high accuracy is
required, avoid reading port E during conversions.

2.2 OPERATING MODES

There are four operation modes for the TMP68HC11E9:single-chip operating mode,
expanded multiplexed operating mode, special bootstrap operating mode, and special
test operating mode. Table 2.1 shows how the operating mode is selected. The following
paragraphs describe these operating modes.
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2.2.1 Single-Chip Operating Mode

In single-chip operating mode, the TMP68HC11E9 functions as a monolithic
microcontraller without external address or data buses. Port B, port C, strobe A, and
strobe B function as general purpose I/O and handshake signals. Refer to SECTION 4
PARALLEL I/O for additional information.

2.2.2 Expanded Multiplexed Operating Mode

In expanded multiplexed operating mode, the TMP88HC11E9 has the capability of
accessing a 64K byte address space. This total address space includes the same on-chip
memory addresses used for single-chip operating mode plus external peripheral and
memory devices. The expansion bus is made up of port B and port C, and control signals
AS and R/W. Figure 2.4 shows a recommended way of demultiplexing low order
addresses from data at port C. The address, R/W, and AS signals are active and valid for
all bus cycles including accesses to internal memory locations.

2.2.3 Special Bootstrap Operating Mode

The bootstrap mode is considered a special operating mode as distinguished from the
normal single-chip operating mode. This is a very versatile operating mode since there
are essentially no limitations on the special purpose program that can be loaded into the
internal RAM. The boot loader program is contained in the 192 byte bootstrap ROM.
This ROM is enabled only if the MCU is reset in special bootstrap operating mode, and
appears as internal memory space at locations $BF40-3BFFF. The boot loader program
will use the SCI to read a variable length program, up to 512 bytes, into on-chip RAM at
locations $0000-301FF. After the finale byte is received, control is automatically passed
to that program at location $0000.
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Figure 2.4 Address/Data Demultiplexing

The TMP6SHCI11ES communicates through the SCI port. After reset in special
bootstrap operating mode, the SCI is running at E clock/16 (7812 baud for E clock equal
2 MHz). If the security feature was specified and the security bit is set, $FF is output by
the SCI transmitter. The EEPROM is then erased. If erasure is unsuccessful, $FF is
output again and erasure is attempted again. Upon successful erasure of the EEPROM,
all internal RAM is written over with $FF. The CONFIG register is then erased. The
boot loader program now proceeds as though the part had not been in security mode.

Note : If the security mode is not included by specific request (mask option), the code
which checks for security and erases EEPROM is not included in the boot
loader ROM.

If the part is not in security mode (or has completed the above erase sequence), a
break character is output by the SCI transmitter. For normal use of the boot loader
program, the user sends $I'F to the SCI receiver at either E clock/16 (7218 baud for E

clock = 2 MHz) or E clock/104 (1200 baud for E clock = 2 MHz).
Note : This $I'F is not echoed through the SCI transmitter.
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Next the user must downlord up to 512 bytes of program data to be put into RAM
starting at location $0000. These characters are echoed through the transmitter. When
loading is complete, the program jumps to location $0000 and begins executing that
code. The boot loader program ends the down load after 512 bytes or when the receive
data line is idle for at least four character times.

If the SCI transmitter pin is to be used, an external pullup resistor is required
because port D pins are configured for wire-OR operation.

In special bootstrap operating mode the interrupt vectors are directed to RAM as
shown in Table 2.3 This allows the user to use interrupts by way of a jump table. For
example:to use the SWI interrupt, a jump instruction would be placed in RAM at
locations $00F4, $00F5, and $00F6. When an SWI is encountered, the vector {which is
in the boot loader ROM program) will direct program control to location $00F4 in RAM
which in turn contains a JUMP instruction to the interrupt service routine. The
program to administer the security option is longer than the basic boot loader, so parts
with the security option may not have a complete pseudo vector table.
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Table 2.3 DBootstrap Mode
nterrupEVectors
Address Vector

00C4 sCl
00C7 SPi
00CA Pulse Accumuiator Input Edge
0oCD Pulse Accumulator Qverflow
0000 Timer Overflow
0003 Timer Qutput Compare 5
00D6 Timer Qutput Compare 4
0009 Timer Qutput Compare 3
00DC Timer Qutput Compare 2
00DF Timer Qutput Compare 1
00E2 Timer Input Capture 3
Q0ES Timer Input Capture 2
00E8 Timer Input Capture 1
00EB Real Time Interrupt
OOEE IRQ
00F1 XIRQ
00F4 Swi
00F7 litegal Cpcode
00FA COP Fail
00FD Clock Monitor
BF40 (Boot) {Reset

2.2.4 Additional Boot Loader Program Options

The user may transmit a $55 (only at E clock/16) as the first character rather than the
normal $FF. This will cause the program to jump directly to location $0000, skipping

the download.

The user may tie receiver to the transmitter (with an external pull-up resistor). This
will cause the program to jump directly to the beginning of EEPROM ($B600). Another
way to cause the program to jump directly to EEPROM is to transmit either a break or

$00 as the first character rather than the normal $I'T".
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Note that none of these options bypass the security check and so do not compromise
those customers using security.

Keep in mind that upon entry to the downloaded program at location $0000, some
registers have been changed from their reset states. The SCI transmitter and receiver
are enabled which cause port D pins 0 and 1 to be dedicated to SCI use. Also port D is
configured for wired-OR operation. It may be necessary for the user to write to the
SCCR2 and SPCR registers to disable the SCI and/or port D wire-OR operation.

2.2.5 Special Test Operating Mode

The test mode is a special operating mode intended primarily for factory testing. This
mode is very similar to the expanded multiplexed operating mode. In special test
operating mode, the reset and interrupt vectors are fetched from external memory
locations $BFC0-$BFFF rather than $FFCO-$FFFF. There are no time limits for
protection of the TMSK2, OPTION, and INIT registers, so these registers may be
written repeatedly. Also a special TEST1 register is enabled which allows several
factory test functions te be invoked.

The special test operating mode is not recommended for use by an end user because of
the reduced system security; however, an end user may wish to come out of reset in
special test operating mode. Then, after some initialization, the SMOD and MDA bits
could be rewritten to select a normal operating mode to re-enable the protection
features.
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3.1

ON-CHIP MEMORIES

This section describes the on-chip ROM, RAM and EEPROM memories. The memory
maps for each mode of operation are shown and the RAM and I/O mapping register
(INIT) is described. The INIT register allows the on-chip RAM and the 64 control
registers to be moved to suit the needs of a particular application.

MEMORY MAPS

Composite memory maps for each mode of operation are shown in Figure 3.1 Memory

lacations are shown in the shaded areas and the contents of these shaded areas are

shown to the right. These modes include single-chip, expanded multiplexed, special

bootstrap, and special test.

Single-chip operating modes do not generate external addresses. Refer to Table 3.1

for a full list of the registers.

$0000

$1000

$8600

$C000

DQaoo

$FFFF

SPECIAL
MODES
INTERRUPT
VECTORS

NORMAL
INTERRUPT
VECTORS

N N
A 0000 | 512 BYTE RAM
A 4 (MAY BE REMAPPED TO ANY
EXT EXT OVFF | 4K PAGE BY THE INIT REGISTER)
{ ¥
N N N
N NN 1000 | 64BYTE REGISTER BLOCK
(MAY BE REMAPPED TO ANY
103F | 4K PAGEBY THE INIT REGISTER)
EXT EXT
/ B600 | 512BYTE EEPROM
\ N \\ {(BYTE OR BULK ERASE}
B7FF
T _/_ BR%?\AT
BF40 / BFCO
W2 T
EXT \ I BFFF BEFF
S " [oooo | sakrom
\ / FECD
AN S s b
N N R FFFF FFFF
SINGLE EXPANDED SPECIAL SPECIAL
CHIP MUX BOOTSTRAP TEST

Figure 3.1 Memory Maps
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Table 3.1 Register and Control Bit Assignments (Sheet 1 of 2)

Bit7 Bith BitS Bitd4 Bit3 Bit2 Bit1 BitD

stoo0 [ 87 | - | - | - ] - [ - ] - [ sito|Porta woPorta

$1001 | | | | | | 1 ] | Reserved

$1002 | STAF | sTal Jcwom [ mnos [ oin [ pis | EGA | INvB | PiOC Parallel /O Control Register
s1003 [ 87 | - | - | - | - [ - [ - 1 sito|rorc woPortc

siooa [ e | - | - [ - [ - T - 1 - ] 8ito !rorTB OutputPorts

stos [ 87 | - | - | - | - ] - [ - 1 Bito | PORTCL Alternate Latched PortC
$1006 I ] i I I i ‘ ] J Reserved

$w07 [ 87 | - | - | - | - [ - ] - | 8t |DODRC  DataDirection for PortC
$1008 | | [8es | - | - | = ] - ] siw |rorRTD  vOPortD

$1009 | | [ Bis [ - [ - ] - ] - | siw | DDRD  DataDirection for Port D
siooa [ 87 | - | - | - | - ] - [ - | Bito | PORTE  inputPortE

stoo [ Foct | Foc2 | Foc3 | roca | Focs | ] [ | CFORC  Compare Force Register
si00c [ociM7 [acims [ ocims [ocima [ ocims | | [ /] 0CIM  OCT Action Mask Register
s1000 | 0c1D7 | 0cCiD6 [ oc1os | ocipa [ocips | | { ] 01D OC1 Action Data Register
stoe [sius | - | - ] - [ - [ - [ - [ Bits8 | TCNT  Timer Counter Register
swor [ s | - | - | - | - 1 - [ - | 8o |

st000 [ s | - | - | - | - [ - [ - [s8w]|ng Input Capture 1 Register
siovr [ er | - | - | - | - [ - [ - | 8w |

s102 [eivs | - [ - [ - | - | - [ - [ e |mc2 Input Capture 2 Register
swo13 [ o7 | - | - | - [ = ] - 1 - Ten|

stora [mvs | - | - [ - [ - 1 - [ - | |7 Input Capture 3 Register
stors [eiz | - | - [ - [ - [ - ] - [ s |

$w16 [sts | -~ | - | - | - [ - [ - [ sits |7o0 Output Compare 1 Register
si17 [ | - 1 - [ - | - ] - 1 - ] 8o |

sio8 [es | - | - | - [ - ] - ] - 1 s jTo Qutput Compare 2 Register
sioe [e7 | - [ - [ - 1T - - 1 - | sio]

st1a [ss | - | - | - | - [ - ] - ] 8 | 703  OutputCompare3Register
sioe [s7 | - | - [ - [ - ] - 1 - T38|

storc [eins | - [ - | - T - ] - [ - [ &8 |T004  OutputCompare4Register
sioo [ sz | - | - | - 1 - [ - [ - |sw]

siore {eus | - | - [ - [ - ] - ] - | 8t8 | Ta0s  Output Compare 5Register/
$101F rBiﬂ I _ —[ _ [ _ I _ I _ l _ l Bit0 1 input Capture 4 Register
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Table 3.1 Register and Control Bit Assignments (Sheet 2 of 2)

Bit7 Bitb Bitl5 Bitd Bit3 Bit2 Bit1 Bit0

$1020 [ om2 | o2 | om3 [ o3 | oma | ous | oms [ oLs | TCTus

$1021 [£DGaB | EDGaa | EDG18 [ EDGIA | EDG28 | EDG2A | EDG3B | EDG3A | TCTL2

s1022 [ ocn | ocat | oca [ ocar [ ost | wen | ica [ icar | sk
$1023 [ octF | ocaF | ocsF | ocar [ 1a0sf | 1cif | 1c2F | I€3F | TFLG!
s1024 [ tor [ rmn [ paovi] pan | | [ pr1 | prO | TMSK2
s1025 [ tor [ riF [ paove] paiF | I [ | TFLG2

51026 [pora7 | Paen | paMoD[ PEDGE | DDRA3 | 14705 | RTR1 | RTRO | PACTL

Timer Control Register 1
Timer Contral Register 2
Timer Interrupt Mask Reg.1
Timer Interrupt Flag Reg. 1
Timer Interrupt Mask Reg.2
Timer Interrupt Flag Reg. 2

Pulse Accum.Control Reg.

|

l
s127 [ B2 | - | - | - | - [ - [ - | 8ito | PACNT Pulse Accum.Count Reg.
$1028 [ sPiE | SPE | DWOM| MSTR | CPOL | CPHA | SPR1 | SPRO | SPCR  SPIControf Register
1029 [ seF | weot | [ mooF | | ) | | sPsR st Status Register
sw2a[ stz | - [ - | - [ - [ - 1 - 1 Bito | sPorR  spiDataRegister
$1028 | TCLR | [ scp1 [ scro | rekB | scra | scri | ScRo | BAUD  sCIBaud Rate Control
$102¢ [ R | 18 | [ m [ wake | [ ] | sccri  scicontrol Register 1
$1020 [ e | tae | mE | e | Te | RE_| Rwu | s8K | SCCR2  SCIControl Register 2
$1026 [ Tore | 1c | RORF | DLE | OR [ NF | FE | | scsR - sCiStatus Register
swzF a7 | - [ - [ - [ - ] - ] - ] 8ito ]|scor s0IData(Read ROR, Write TDR)
$1030 [ ccr | [ scan [mutr [ eo [ cc | @ | ca | ADCTL A/D Control Register
s1031 [ 87 | - | - | - | - [ - ] - 1 8ito | ADRT A/DResultRegister1
s1032 [ v | - | - [ - T - [ - ]| - | Bit0 | ADRZ A/DResultRegister2
$133 [ g7 | - | - | - ] - 1T - ] - | sito | ADR3 A/DResultRegister3
s13¢ [ g7 | - | - [ - 7 -7 - | - ] 8ito jADRE A/DResultRegisterd
51035 | [ I [PTCON | BPRT3 | BPRT2 | BPRT1 | BPRTO | BPROT EEPROM Block Protect Reg.
$1036
Thru Reserved
$1038

$1039 [ appu [ cseL | rQE | by [ amE |

l CR1 i CRO IOPTION System Configuration Options

$103a [ Bz [ - | - [ - T - [ - ] - | 8w ] COPRST Arm/Reset COP Timer Circuitry.
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Table 3.1 Register and Control Bit Assignments (Sheet 3 of 3)

Bit7 Bit6 Bits Bit4 Bit3 Bit2 Bit1 Bit0

$103B rooo | EVEN | [ BYTE [ ROW | ERASE | EELAT ]EEPGM IPPROG EEPROM Prog. Control Reg.

$103CIRBOOT | SMOD l MDA I IRV [ PSEL3 | PSEL2 | PSEL1 [ PSELD JHPRIO Highest Priority 1-Bit Int and
Misc

5103ofRAM3 | RAM2 | RAM 1 ] RAMO [ REG3 ] REG2 [ REG ] REGOJINIT RAM and I/0 Mapping Reg.

$‘IO3E| TILOP [ l OCCR | cayp I DISR i FCM l FCOP l TCON JTEST1 Factory TEST Control Register

$103F | I ] l l NOSEC l NOCOP [ROMON ] EEON ]CONFIG COP. ROM, and EEPROM
Enables

3.2

In expanded multiplexed operating modes, memory locations are basically the same
as the single-chip operating modes;however, the locations between the shaded areas
(designated EXT) are for externally addressed memory and I/O. Ifan external memory
or I/O device is located to overlap an enabled internal resource, the internal resource
will take priority. For reads of such an address the data (if any) driving the port C data
inputs is ignored and will not result in any harmful conflict with the internal read. For
writes to such an address data is driven out of the port C data pins as well as to the
internal location. No external devices should drive port C during write accesses to
internal locations;however, there is normally no conflict since the external address
decode and/or data direction control should incorporate the R/W signal in their
development. The R/W, AS, address, and write data signals are valid for all accesses
including accesses to internal memory and registers.

The special bootstrap operating mode memory locations are similar to the single-chip
operating mode memory locations except that a bootstrap program at memory locations
$BF40 through $BFFF is enabled. The reset and interrupt vectors are addressed at
$BFCO-$BFFF while in the special bootstrap operating mode. These vector addresses
are within the 192 byte memory used for the bootstrap program.

The special test operating mode memory map is the same as the expanded
multiplexed operating mode memory map except that the reset and interrupt vectors are
located at external memory locations $BIFCO-$BFFFF.

RAM AND [/O MAPPING REGISTER (INIT)

There are 64 internal registers which are used to control the operation of the MCU.
These registers can be relocated on 4K boundaries within the memory space, using the
INIT register. Refer to Table 3.1 for a complete list of the registers. The registers and
control bits are explained throughout this document.

The INIT register is a special-purpose 8-bit register which may be used during
initialization to change the default locations of RAM and control registers within the
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3.3

MCU memory map. It may be written to only once within the initial 64E clock cycles
after a reset and thereafter becomes a read-only register.

7 6 5 4 3 2 1 0
$103D§ RAM3 ] RAM2 | RAM1 ] RAMO [ REG3 [ R5621 REG1 [ REGO ] INIT
RESET 0 0 0 0 0 0 0 1

The default starting address for internal RAM is $0000 and the default starting
address for the 64 control registers is $1000 (the INIT register is set to $01 by reset). The
upper four bits of the INIT register specify the starting address for the 512 byte RAM
and the lower four bits of INIT specify the starting address for the 64 control registers.
These four bits are matched to the upper four bits of the 16-bit address.

Throughout this document, the control register addresses will be displayed with the
high-order digit shown as a bold “1” to indicate that the register block may be relocated
to some 4K memory page other than its default position of $1000-$§103F.

Note that if the RAM is relocated to either $D000, $E000, or $FF000, which is in
conflict with the internal ROM, (no conflict if the ROMON bit in the configuration
register is zero), RAM will take priority and the conflicting ROM will become
inaccessible. Also, if the 64 control registers are relocated so that they conflict with the
RAM and/or ROM, then the 64 control registers take priority and the RAM and/or ROM
at those locations become inaccessible. No harmful conflicts result, the lower priority
resources simply become inaccessible. Similarly, if an internal resource conflicts with
an external device no harmful conflict results. Data from the external device will not be
applied to the internal data bus and cannot interfere with the internal read.

Note that there are unused register locations in the 64 byte control register block.
Reads of these unused registers will return data from the undriven internal data bus
and not from another resource that happens to be located at the same address.

ROM

The internal 12K ROM occupies the highest 12K of the memory map ($D000-$FFFF).
This ROM is disabled when the ROMON bit in the CONFIG register is clear. The
ROMON bit is implemented with an EEPROM cell and is programmed using the same
procedures for programming the on-chip EEROM. Tor further information refer to 3.5.3
System Configuration Register (CONTIG).

In the single-chip operating mode, internal ROM is enabled regardless of the state of
the ROMON bit.

There is also a 192 byte mask programmed boot ROM in the TMP68HC11E9. This
bootstrap program ROM controls the operation of the special bootstrap operating mode
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3.4

3.5

and is only enabled following reset in the special bootstrap operating mode. For more
information refer to 2.2.3 Special Bootstrap Operating Mode.

RAM

The 512 byte internal RAM may be relocated during initialization by writing to the
INIT register. The reset default position is $0000 through $01FF. This RAM is
implemented with static cells and retains its contents during the WAIT and STOP
modes.

The contents of the 512-byte RAM can also be retained by supplying a low current
backup power source to the MODB/Vgrpy pin. When using a standby power source,
Vpp may be removed;however, reset must go low before Vpp is removed and remain low
unit Vpp has been restored.

EEPROM

The 512 bytes of EEPROM are located at $B600 through $B7FF and have the same
read cycle time as the internal ROM. The write (or programming} mechanism for the
EEPROM is controlled by the PPROG register. The EEPROM is disabled when the
EEON bit in the CONFIG register is zero. The EEON bit is implemented with an
EEPROM cell.

The erased state of an EEPROM byte is $FF. Programming changes ones to zeros. If
any bit in a location needs to be changed from a zero to a one, the byte must be erased in
a separate operation before it is reprogrammed. If a new data byte has no ones in bit
positions which were already programmed to zero, it is acceptable to program the new
data without erasing the EEPROM byte first. For example, programming $50 to a
location which was already $55 would change the location to $50.

Programming and erasure of the EEPROM relies on an internal high-voltage charge
pump. At E clock frequencies below 2 MHz the efficiency of this charge pump decreases
which increases the time required to program or erase a location. The recommended
program and erase time is 10 milliseconds when the E clock is 2 MHz and should be
increased to as much as 20 milliseconds when B is between 1 MHz and 2 MHz. When the
It clock is below 1 MHz, the clock source for the charge pump should be switched from
the system clock to an on-chip R-C oscillator clock. This is done by setting the CSEL bit
in the OPTION register. A 10 millisecond period should be allowed after setting the
CSEL bit to allow the charge pump to stabilize. Note that the CSEL bit also controls a
clock to the analog to digital converter subsystem.

3.5.1 EEPROM Programming Control Register (PPROG)

This 8-bit register is used to control programming and erasure of the 5i2-byte
EEPROM. Reset clears this register so the EEPROM is configured for normal reads.
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7 6 5 4 3 2 1 0
$1o3a[ oDD ] EVEN | 0 vaTE | ROW [ ERASE | EELAT ]EEPGM[ PPROG
RESET 0 0 0 0 o 0 0 0

ODD - Program Odd Rows (TEST)
EVEN - Program Even Rows (TEST)
Bit 5 - Not implemented.
This bit always reads zero.
BYTE - Byte Erase Select
This bit overrides the ROW bit.
0=Row or Bulk Erase
1=Erase Only One Byte
ROW - Row Erase Select
If the BYTE bit is 1, ROW has no meaning.
0=Bulk Erase
1=Row Erase
ERASE - Erase Mode Select
0=Normal Read or Program
1=Erase Mode
EELAT - EEPROM Latch Control
0=EEPROM Address and Data Configured for Read Mode
1=EEPROM Address and Data Configured for Programming/Erasing
EEPGM - EEPROM Programming Voltage Enable
0=Programming Voltage Switched Off
1=Programming Voltage Turned On

If an attempt is made to set both the EELAT and EEPGM bits in the same write cycle,
neither will be set. If a write to an EEPROM address is performed while the EEPGM bit
is set, the write is ignored and the programming operation currently in progress is not
disturbed. These two safeguards were included to prevent accidental EEPROM changes
in cases of program runaway.
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3.5.9 EEPROM Block Protect Register (BPROT)

This register prevents inadvertent writes to the CONFIG register and to the 512
bytes of EEPROM. The bits in this registers may only be written to zero during the first
64 E clock cycles after reset in the normal modes. Once the bits are set to zero, the
associated EEPROM section and/or the CONFIG register may be programmed or erased
in the normal manner. The EEPROM is only visible if the EEON bit in the CONFIG
register is set to “one”. The bits in the BPROT register may be written back to one (in
any mode) to protect the EEPROM and/or the CONTIG register, but can only be cleared
again if operating in the test or bootstrap modes.

5 4 3 2 1 0
$1035 [ 0 | 0 [ 0 | PTCON \ BPRT3 ] BPRT?2 1 BPRT1 [ BPRTOJ 8PROT
RESET 0 0 0 1 1 1 1 1

Bits 7-5 - Not Implemented
These bits always read as zero
PTCON - Protect CONI'IG Register
1 = Programming/erasure of the CONFIG register disabled
0 = Programming/erasure of the CONFIG register allowed
BPRT3-BPRTO - Block Protect

When set, these bits protect a block of EEPROM from programming and
erasure, and when cleared allow programming and erase of the associated block.

Bit Block Protected Size
BPRTO $B600-$BG1F. 32 Bytes
BPRT? $8620-$B6SF 64 Bytes
BPRT2 $B660-3B6DF 128 Bytes
BPRT3 $B6EQ-$B7FF 288 Bytes

3.5.3 Programming/Erasing Internal EEPROM

The EEPROM programming and erasure process is controlled by the PPROG
register. The appropriate bits in the BPROT register must be cleared before the
EEPROM can be altered.

The following paragraphs describe the various operations performed on the EEPROM
and include example program segments to demonstrate programming and erase

operations.
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These program segments are intended to be simple straightforward examples of the
sequences needed for basic program and erase operations. There are no special
restrictions on the address modes used and bit manipulation instructions may be used.
Other MCU operations can continue to be performed during EEPROM programming
and erasure provided these operations do not include reads of data from EEPROM (the
EEPROM is disconnected from the read data bus during EEPROM program and erase
operations). The subroutine DLY10 used in these program segments is not shown but
can be any set of instructions which takes ten milliseconds.

3.5.3.1 Read.

IFor the read operation the EELAT bit in the PPROG register must be clear. When
this bit is cleared, the remaining bits in the PPROG register have no meaning or effect,
and the EEPROM may be read as if it were a normal ROM. The block protect register
has no effect during reads.

3.56.3.2 Programming.

During EEPROM programming, the ROW and BYTE bits are not used. If the E clock
frequency is 1 MHz or less, the CSEL bit in the OPTION register must be set. Recall
that in this EEPROM, zeros must be erased by a separate erase operation before
programming. The following program segment demonstrates how to program an

EEPROM byte.

*On entry, A=data to be programmed and X =an EEPROM address
.
.
.

PROG LDAR #$02
STAB $103B Set EELAT Bit (EEPGM =0)
STAA 0,X Store Data to EEPROM Address
LDAB #303
STAB $1038 Set EKPGM Bit (EELAT=1)

JSR DLY10  Delay 10ms

CLR $103B Turn Off High Voltage and Set to READ Mode
.
°
3

3.5.3.3 Bulk Erase.

The following program segment demonstrates how to bulk erase the 512-byte
EEPROM. The CONFIG register is not affected in this example.
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.
°
°
BULKE LDAB #$06

STAB #103B  Setto Bulk Erase Mode

STAB 3B600 Write any Data to any EEPROM Address

LDAB #307

STAB $103B Turn On Programming Voltage

JSR DLY10  Delay 10 ms

CLR $1038B Turn Off High Voltage and Set to READ Mode
.
.

35.3.4 Row Erase.

The following program segment demonstrates the row erase function. A ‘row’ is
sixteen bytes ($B600-$B60F, $B610-$B61F...3B7F0-§B7FF). This type of erase
operation saves time compared to byte erase when large sections of EEPROM are to be

erased.

*On entry X =any address in the row to be erased

ROWE LDAB
STAB
STAB
LDAB
STAB
JSR

CLR
.
.
*

3.5.3.5 Byte Erase.

#30E
$1038
0,X
#$0T°
$103B
DLY10
$103B

Set to Row Erase Mode

Write any Data to any Address in Row

Turn on High Voltage
Delay 10 ms
Turn Off High Voltage and Set to Read Mode

The following program segment shows the byte erase function.

*On entry, X =address of byte to be erased
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BYTEE LDAB #316
STAB $103B Set to Row Erase Mode
STAB 0,X Write any Data to any Address to Erase
LDAB #$17
STAB $103B Turn on High Voltage

JSR DLY10  Delay 10ms

CLR $103B Turn Off High Voltage and Set to Read Mede
.
°
L]

3.5.4 System Configuration Register (CONTIG)

The TMP68HC11E9 can be configured to specific system requirements through the
use of hardwired options such as the mode select pins, semi-permanent EEPROM control
bit specifications (CONFIG register), or by use of control registers. The configuration
control register (CONFIG) is implemented in EEPROM cells and controls the presence
of ROM and EEPROM in the memory map, as well as enabling the COP watchdog
system. A security feature to protect data in the EEPROM and RAM is also available on
mask programmed TMP68HC11E9s.

6 5 4 3 2 1 0
$103F | 0 1 0 [ 0 ] 0 ] NOSEC ] NOCQP ]ROMONJ EEON i CONFIG
RESET (see 3.5.3.2 OPERATION OF THE CONFIG MECHANISM)

Bits 7,6,5,and 4 - Not Implemented
These bits are always read as zero.
NOSEC - Security Mode Disable Bit

This bit is only implemented if it is specifically requested at the time mask ROM
information is requested. When this bit is not implemented it always reads one.
When RAM and EEPROM security are required, the NOSEC bit can be programmed
to zero to enable a software anti-thelt mechanism. When clear, the NOSEC bit
prevents the selection of expanded multiplexed operating modes. If the MCU is reset
in the special bootstrap operating mode while NOSEC is zero, EEPROM, RAM, and
CONFIG are erased before the loading process continues.

0 =Inable Security Mode
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1=Disable Security Mode
NOCOP - COP System Disable
0=COP Watchdog System Enabled
1 =COP Watchdog System Disabled
ROMON - Enable On-Chip ROM

When this bit is clear, the 12K ROM is disabled, and that memory space becomes
externally accessed space. In the single-chip operating mode, the internal 12K ROM
is enabled regardless of the state of the ROMON bit.

EEON - Enable On-Chip EEPROM

When this bit is clear, the 512-byte EEPROM is disabled, and that memory space
becomes externally accessed space.

3.5.4.1 Programming and Erasure of the CONFIG Register.

Since the CONFIG register is implemented with EEPROM cells, special provisions
must be made to erase and program this register. The normal EEPROM control bits in
the PPROG register are used for this purpose. Programming follows the same procedure
as programming a byte in the 512-byte EEPROM except the CONFIG register address is
used. Erase also follows the same procedure as that used for the EEPROM.

The CONFIG register may be programmed or erased (including byte erase) while the
MCU is operating in any mode.

The following program segment demonstrates how to program the CONFIG register.
This program assumes that the CONTIG register was previously erased and the PTCON
bit in the BPROT register is clear.

*On entry, A=data to be programmed into CONFIG
°
]
3

PROGC LDAB #$02
STAB $103B Set EELAT Bit (EEPGM =0)
STAA $103I° Store Data to CONFIG Address
LDAB #$03
STAB $103B Turn on Programming Voltage
JSR DLY10  Delay 10 ms
CLR $103B Turn Off High Voltage and Set to READ Mode
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The following program segment demonstrates the byte erase procedure for the
CONFIG register.

BYTEC LDAB #3$16
STAB $103B Set Byte Erase Mode
STAB $103F Write any Data to CONFIG
LDAB #3117
STAB $103B Turn on Programming Voltage

JSR DLY10 Delay 10 ms

CLR $103B Turn Off High Voltage and Set to READ Mode
.
®
.

3.5.4.2 Operation of the Configuration Mechanism.

The CONFIG register consists of an EEPROM byte and static working latches. This
register controls the startup configuration of the MCU. The contents of the EEPROM
CONTIG byte are transferred into static working latches during any reset sequence.
The operation of the MCU is controlled directly by these latches and not the actual
EEPROM byte. Changes to the EEPROM byte do not affect operation of the MCU until
after the next reset sequence. When programming the CONFIG register, the EEPROM
byte is being accessed. When the CONFIG register is being read, the static latches are
being accessed.

To change the value in the CONFIG register proceed as follows:
1) Erase the CONTIG register.
Note : Do not issue a reset at this time.
2) Program the new value to the CONFIG register.

3) Issue a reset so the new configuration will take effect.
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4.

41

4.2

4.3

PARALLEL I/O

The TMP68HC11E9 has 40 I/O pins arranged as five 8-bit ports. All of these pins
serve multiple functions depending on the operating mode and data in the control
register. This section explains the operation of these pins only when they are used for
parallel [/O.

Ports C and D are used as general purpose input and/or output pins under direct
control of their respective data direction registers. Ports A, B, and E, with the exception
of port A pins 3 and 7, are fixed direction inputs or outputs and therefore do not have
data direction registers. Port B, port C, the STRA pin, and the STRB pin are used for
strobed and/or handshake modes of parallel /O, as well as general purpose I/O.

GENERAL PURPOSE I/O (PORTS C AND D)

Each port I/O line has an associated bit in a specific port data register and port data
direction register. The data direction register bits are used to specify the primary
direction of data for each I/O line. When an output line is read, the value at the input to
the pin driver is returned. When a line is configured as an input, that pin becomes a
high-impedance input. If a write is executed to an input line, the value does not affect
the 1/O pin, but is stored in an internal latch. When the line becomes an output, this
value appears at the I/O pin. Data direction register bits are cleared by reset to
configure I/O pins as inputs.

The AS and R/W pins are dedicated to bus control while in the expanded multiplexed
operating modes, or parallel I/O strobes (STRA and STRB) while in the single chip
operating modes.

FIXED DIRECTION [/O (PORTS A, B, AND E)

The lines for ports A, B, and E (except for port A bits 3 and 7) have fixed data
directions. When port A is being used for general purpose I/O, bits 0, 1, and 2 are
configured as input only and writes to these lines have no effect. Bits 4, 5, and 6 of port
A are configured as output only and reads of these lines return the levels sensed at the
input to the line drivers. Port A bits 3 and 7 can be configured as either a general-
purpose input or output using the DDRA3 and DDRAT bit in the pulse accumulator
control register. When port B is being used for general purpose output, it is configured as
output only and reads of these lines will return the levels sensed at the input of the pin
drivers. Port I contains the eight A/D channel inputs, but these lines may alsa be used
as general purpose digital inputs. Writes to the port E address have no effect.

SIMPLE STROBED I/O

The simple strobed mode of parallel I/O is invoked and controlled by the parallel I/O
control register (PIOC). This mode is selected when the handshake bit (HNDS) in the
PIOC register is clear. Port C becomes a strobed input port with the STRA line as the
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edge-detecting latch command input. Also, port B becomes a strobed output port with
the STRB line as the cutput strobe. The logic sense of the STRB output is selected by the
invert strobe B bit (INVB) in the PIOC register.

4.3.1 Strobed Input Port C

In this mode, there are two addresses where port C may be read, the PORTC data
register and the alternate latched port C register (FORTCL). The data direction register
still controls the data direction of all port C lines. Even when the strobed input mode is
selected, any or all of the port C lines may still be used for general purpese I/O.

The STRA line is used as an edge-detecting input, and the edge-select for strobe A
(EGA) bit in the PIOC register defines either falling or rising edge as the significant
edge. Whenever the selected edge is detected at the STRA pin, the current logic levels at
port C lines are latched into the PORTCL register and the strobe A flag (STAF) in the
PIOC register is set. If the strobe A interrupt enable (STAI) bit in PIOC is also set, an
internal interrupt sequence is requested. The strobe A flag (STAT) is automatically
cleared by reading the PIOC register (with STAF set) followed by a read of the PORTCL
register. Data is latched in the PORTCL register whether or not the STAF flag was
previously clear.

4.3.2 Strobed Output Port B

4.4

In this mode, the STRB pin is a strobe output which is pulsed for two E clock periods
each time there is a write to port B. The INVB bit in the PIOC register controls the
polarity of the pulse on the STRB line.

FULL HANDSHAKE I/O

The full handshake modes of parallel I/O involve port C and the STRA and STRB
lines. There are two basic modes (input and output) and an additional variation on the
output handshake mode that allows three-stated operation of port C. In all handshake
modes, STRA is an edge-detecting input, and STRB is a handshake output line.

When full input handshake protocol is specified, both general purpose input and/or
general purpose output can coexist at port C. When full output handshake protocol is
specified, general purpose output can coexist with the handshake outputs at port C, but
the three-state feature of the output handshake mode interferes with general purpose
input in two ways. First, in full output handshake, the port C lines are outputs
whenever STRA is at its active level regardless of the data direction register bits. This
potentially conflicts with any external device trying to drive port C unless that external
device has an open-drain type output driver. Second, the value returned on reads of port
C is the state of the outputs of an internal port C output latch regardless of the states of
the data direction register bits, so that the data written for output handshake can be
read even if the pins are in a three-state condition.
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4.4.1 Input Handshake Protocol

In the input handshake protocol, port C is a latching input port, STRA is an edge-
sensitive latch command from the external system that is driving port C,and STRBisa
“ready” output line controlled by logic in the MCU.

When a “ready” condition is recognized, the external device places data on the port C
lines, then pulses the STRA line. The active edge on the STRA line latches the port C
data into the PORTCL register, sets the STAT flag (optionally causing an interrupt),
and deasserts the STRB line. Deassertion of the STRB line automatically inhibits the
external device from strobing new data into port C. Reading the PORTCL latch register
(independent of clearing the STAF flag) asserts the STRB line, indicating that new data
may now be applied to port C.

The STRB line can be conligured (with the PLS control bit) to be a pulse output (pulse
mode) or a static output (interlocked mode).

The port C data direction register bits should be cleared for each line that is to be used
as a latched input line. However, some port C lines can be used as latched inputs with
the input handshake protocol while, at the same time, using some port C lines as static
inputs, and some port C lines as static outputs. The input handshake protocol has no
effect on the use of port C lines as static inputs or as static outputs. Reads of the PORTC
data register always return the static logic level at the port C lines (for lines configured
as inputs). Writes to either the PORTC data register or the alternate latched port C
register (PORTCL) send information to the same port C output register without
affecting the input handshake strobes.

4.4.2 Output Handshake Protocol

In the output handshake protocol, port C is an output port, STRBisa “read” output,
and STRA is an edge-sensitive acknowledge input signal, used to indicate to the MCU
that the output data has been accepted by the external device. In a variation of this
output handshake protocol, STRA is also used as an output-enable input, as well as an
edge-sensitive acknowledge input.

The MCU places data on the port C output lines and then indicates stable data is
available by asserting the STRB line. The external device then processes the available
data and pulses the STRA line to indicate that new data may be placed on the port C
output lines. The active edge on the STRA line causes the STRB line to be deasserted
and the STAF status flag to be set. In response to the STAT bit being set, the program
transfers new data out of port C as required. Writing data to the PORTCL register
causes the data to appear on port C lines and asserts the STRB line.
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4.5

There is a variation te the output handshake protocol that allows three-state
operation on port C. It is possible to directly connect this 8-bit parallel port to other
three-state devices with no additional parts.

While the STRA input line is inactive, all port C lines obey the data direction
specified by the data direction register so that lines which are configured as inputs are
high impedance. When the STRA line is activated, all port C lines are forced to outputs
regardless of the data in the data direction register. Note that in output handshake
protocol, reads of port C always return the value sensed at the input to the output buffer
regardless of the state of the data direction register bits because the lines would not
necessarily have meaningful data on them in the three-state variation of this protocol.
This operation makes it inpracticle to use some port C lines as static inputs, while using
others as handshake output, but does not interfere with the use of some port C lines as
static outputs. Port C lines intended as static outputs or normal handshake outputs
should have their corresponding data direction register bits set, and lines intended as
three-state handshalke outputs should have their corresponding data direction register
bits clear.

PARALLEL I/O CONTROL REGISTER (PIOC)

The parallel handshake I/O functions are available only in the single-chip operating
mode. The PIOC is a read/write register except for bit 7 which is read only. Table 4.1
shows a summary of handshake I/O operations.
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Table 4.1 Handshake I/O Opertions Summary
STAI cCwoM INVB
0 STAF Interrupts |Port C Qutputs |STRB Active
Inhibted Normal Low
1 STAF Interrupts [Port C Qutputs |STRB Active
Enabled Open-Drain High
STAF
Clearing HNDS QIN PLS EGA PortC PortB
Sequence!
Simple Read PIOC with 0 x x Inputs latched | STRB pulses
Strobe STAF = 1 then 0 } inte PORTCL onwrites to
Mode Read PORTCL " on any active | portB.
1 j‘ .
edge on STRA.
Full Read PIOC with 1 0 0=STRB Inputs latched | Normal output
Input STAF =1then Active —T! into PORTCL port. Unaf-
Handshake | Read PORTCL Level 0 L on any active | fected in hand-
1=STRB i f-'" edge on STRA. | shake modes.
Active
Pulse
Full Read PIOC with 1 1 0=STRB 0 | i Driven as out- | Normal output
Output STAF = 1 then Active PortC — putsis STRA at | port. Unaf-
Handshake |Write to Level ! ! Driven 1 active fevel. fected in hand-
PORTCL 1=5TRB ol : ' Follows DDRC | shake modes.
. ollowr STRA Follow |,
Active DDRC | Active £dge 1DDRC |fSTRA not at
Pulse active level.
Note :
1. Setby active edge on STRA.
7 6 5 4 3 2 1 0
$1002 | STAF [ stal | cwom | HNDs | on | s | EGA | INVBJ PIOC
RESET 0 0 0] 0 0 U 1 1

STAFT - Strobe A Interrupt Status Flag

This bit is set when a selected edge occurs on strobe A. Clearing it depends on the
state of HNDS and OIN bits. In simple strobed mode or in full input handshake mode,
STAF is cleared by reading the PIOC register with STAF set followed by reading the
PORTCL register. In output handshake, STAF is cleared by reading the PIOC
register with STAT set followed by writing to the PORTCL register.
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STAI - Strobe A Interrupt Enable Mask

When the 1 bit in the condition code register is clear and STAI is set, STAF (when
set) will request an interrupt.

CWOM - Port C Write-OR Mode
CWOM affects all eight port C pins to together
0=Port C outputs are normal CMOS outputs
1=Port C outputs act as open-drain outputs
HNDS - Handshake Mode

When clear, strobe A acts as a simple input strobe to latch data into PORTCL, and
strobe B acts as a simple output strobe which pulses after a write to port B. When set,
a handshake protocol involving port C, STRA, and STRB is selected (see the
definition for the ON bit).

0=Simple strobe mode
1=TFull input or output handshake mode
OIN - Output or Input Handshaking
This bit has no meaning when HNDS=0.
0 =Input handshake
1=0utput handshake
PLS - Pulse/Interlocked Handshake Operation

This bit has no meaning if HNDS=0. When interlocked handshake operation is
selected, strobe B, once activated, stays active until the selected edge of strobe A is
detected. When pulsed handshake operation is selected, strobe B is pulsed for two E
cycles.

0 =Interlocked handshake selected
1 =Pulsed handshake selected
EGA - Active Edge for Strobe A

0= Falling edge of STRA is selected. When output handshake is selected, port C
lines obey the data direction register while STRA is low, but port C is forced to
output when STRA is high.

1= Rising edge of STRA is selected. When output handshake is selected, port C
lines obey the data direction register while STRA is high, but port C is forced to
output when STRA is low.
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INVB - Invert Strobe B
0=Active level is logic zera

1=Active level is logic one
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5. SERIAL COMMUNICATIONS INTERFACE (SCI)

This section contains a description of the serial communication interface (SCI).

5.1 OVERVIEW AND FEATURES

A full-duplex asynchronous Serial Communications Interface (SCI) is provided with a

standard NRZ format (one start bit, eight or nine data bits, and one stop bit) and a
variety of baud rates. The SCI transmitter and receiver are functionally independent,

but use the same data format and bit rate. “Baud” and “bit rate” are used synonymously

in the following description.

SCI Two-Wire System Features

Standard NRZ (mark/space) format.

Advanced error detection method includes noise detection for neise duration of up
to 1716 bit time.

Full-duplex operation.

Software programmable for one of 32 different baud rates.
Software selectable word length (eight or nine bit words).
Separate transmitter and receiver enable bits.

Capable of being interrupt driven.

Four separate enable bits available for interrupt control.

SCI Receiver Features

Receiver wake-up function (idle or address bit).
Idle line detect.

Framing error detect.

Noise detect.

Overrun detect.

Receiver data register full flag.

SCI Transmitter Features

Transmit data register empty flag.
Transmit complete flag.

Send break.
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5.2 DATA FORMAT

5.3

Receive data or transmit data is the serial data which is transferred to the internal
data bus from the receive data input pin (RxD), or from the internal bus to the transmit
data output pin (TxD). The non-return-to-zero (NRZ) data format shown in Figure 5.1 is
used and must meet the following criteria:

(1) The idle line is brought to a logic one state prior to transmission/reception of a
character.

(2) A start bit (logic zero) is used to indicate the start of a frame.
(3) The data is transmitted and received least-significant-bit first.

(4) A stop bit (logic one) is used to indicate the end of a frame. A frame consists of a
start bit, a character of eight or nine data bits, and a stop bit.

(5) A break is defined as the transmission or reception of a low (logic zero) for at least
one complete frame time.

CONTROL BIT "M" SELECTS
8-OR 9-BIT DATA

IDLE LINE 0 1 2 3 4 5 6 7 8 0

L START L START

Figure 5.1 DataFormat
WAKE-UPFEATURE

The receiver wake-up feature reduces SCI service overhead in multiple receiver
systems. Software in each receiver evaluates the first character(s) of each message. If
the message is intended for a different receiver, the SCI can be placed in a sleep mode so
that the rest of the message will not generate requests for service. Whenever a new
message is started, logic in the sleeping receivers causes them to wake up so they can
evaluate the initial character(s) of the new message.

A sleeping SCI receiver can be configured (using the WAKE control bit in serial
communications control register 1 (SCCR1)) to wake up using either of two methods:idle
line wake up or address mark wake up.

In idle line wake up, a sleeping receiver wakes up as soon as the RxD line becomes
idle. Idle is defined as a continuous logic high on the RxD line for ten (or eleven) full bit
times. Systems using this type of wake up must provide at least one character time of
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5.4

5.5

idle between messages to wake up sleeping receivers but must not allow any idle time
between characters within a message.

In address mark wake up, the most significant bit (MSB) in a character is used to
indicate that the character is an address (1) or a data (0} character. Sleeping receivers
will wake up whenever an address character is received. Systems using this method for
wake up would set the MSB of the first character in each message and leave it clear for

- all other characters in the message. Idle periods may be present within messages and no

idle time is required between messages for this wake up method.
RECEIVE DATA (RxD)

Receive data is the serial data which is applied through the input line and the serial
communications interface to the internal bus. The receiver circuitry clocks the input at
a rate equal to 16 times the baud rate and this time is referred to as the RT clock.

Once a valid start bit is detected, the start bit, each data bit, and the stop bit are
sampled three times at RT intervals 8 RT, 9 RT, and 10 RT (1 RT is the position where
the bit is expected to start), as shown in Figure 5.2 The value of the bit is determined by
voting logic which takes the value of the majority of samples.

PREVIOUS BIT PRESENT BIT SAMPLES NEXT BIT
RxD (VAR VARV
1% 1 8 9 10 16 1
R R R R R R R
T T T T T T 7T

Figure 5.2 Sampling Technique Used on All Bits
START BIT DETECTION

When the RxD input is detected low, it is tested for three more sample times (referred
to as the start edge verification samples in Figure 5.3). If at least two of these three
verification samples detect a logic zero, a valid start bit has been detected, otherwise the
line is assumed to be idle. A noise flag is set if all three verification samples do not
detect a logic zero. A valid start bit could be assumed with a set noise flag present.

If there has been a framing error without detection of a break (10 zeros for 8-bit
format or 11 zeros for 9-bit format), the circuit continues to operate as if there actually
was a stop bit and the start edge will be placed artificially. The last bit received in the
data shift register is inverted to a logic one, and the three logic one start qualifiers
(shown in Figure 5.3) are forced into the sample shift register during the interval when
detection of a start bit is anticipated (see Figure 5.4);therefore, the start bit will be
accepted no sooner than it is anticipated.
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16X INTERNAL SAMPLING CLOCK

-— DATA —>»

RT CLOCK EDGES (FOR ALL THREE EXAMPLES) 1 2 3 a4 S 6 7 8
R R R R R R R R
IDLE T T T T T T T T
RXD START
1 1 1 1 1 0 ¢ o} 0
START OUALIFIERS $TART EDGE VERIFICATION SAMIPLES
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Figure 5.3 Examples of Start Bit Sampling Techniques
«—— DATA —3|————— EXPECTED STOP ———’l /— ARTIFICIAL EDGE
RECEIVE
DATA IN 1 START BIT
{a) Casel, Receive Line Low During Artificial Edge
-—— DATA —|——== EXPECTEDSTOP ——-*——lv-l /7 START EDGE
RECEIVE
DATAIN START 8IT

——

{b) Case2, Receive Line High During Expected Start Edge

—-— DATA ——>

Figure 5.4 SCI Artifical Start Following a Framing Error

If the receiver detects that a break produced the framing error, the start bit will not

be artificially induced and the receiver must actually detect a logic one before the start

bit can be recognized. See Figure 5.5.
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Figure 5.5 SCI Start Bit Following a Break
5.6 TRANSMIT DATA (TxD)

5.7

Transmit data is the serial data from the internal data bus which is applied through
the serial communications interface to the output line. The transmitter generates a bit
time by using a derivative of the RT clock, thus producing a transmission rate equal to
1/16 that of the receiver sample clock.

FUNCTIONAL DESCRIPTION

A block diagram of the SCI is shown in Figure 5.6. The user has option bits in serial
communications control register 1 (SCCR1) to determine the “Wake-up” method
(WAKE bit) and data word length (M bit) of the SCI. Serial communications centrol
register 2 (SCCR2) provides control bits which individually enable/disable the
transmitter or receiver (TE and RE, respectively), enable system interrupts (TIE, TCIE,
ILIE) and provide the wake-up enable bit (RWU) and the send break code bit (SBK). The
baud rate register (BAUD) bits allow the user to select different baud rates which may
be used as the rate control for the transmitter and receiver.

Data transmission is initiated by a write to the serial communications data register
(SCDR). Provided the transmitter is enabled, data stored in the SCDR register is
transferred to the transmit data shift register. This transfer of data sets the TDRE bit of
the SCI status register (SCSR) and may generate an interrupt if the transmit interrupt
is enabled. The transfer of data to the transmit data shift register is synchronized with
the bit rate clock (Figure 5.7). All data is transmitted LSB first. Upon completion of
data transmission, the transmission complete (TC) bit of the SCSR register is set
(provided no pending data, preamble, or break is to be sent), and an interrupt may be
generated if the transmit complete interrupt is enabled. If the transmitter is disabled,
and the data, preamble, or break (in the transmit shift register) has been sent, the TC bit
will also be set. This will also generate an interrupt if the TCIE bit is set. If the
transmitter is disabled in the middle of a transmission, that character will be completed
before the transmitter gives up control of the TxD pin.
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5.8

When the SCDR register is read, it contains the last data byte received, provided that
the receiver is enabled. The RDRF bit of the SCSR register is set to indicate that a data
byte has been transferred from the input serial shift register to the SCDR register,
which can cause an interrupt if the receiver interrupt is enabled. The data transfer from
the input serial shift register to the SCDR register is synchronized by the receiver bit
rate clock. The OR (over-run), NT (noise), or FE (framing) error bits of the SCSR
register may be set if data reception errors occurred.

An idle line interrupt is generated if the idle line interrupt is enabled and the IDLE
bit (which detects idle line transmission) of SCSR register is set. This allows a receiver
that is not in the wake-up mode to detect the end of a message, the preamble of a new
message, or to resynchronize with the transmitter. A valid character must be received
before the idle line condition or the IDLE bit will not be set and an idle interrupt will not
be generated.

SCIREGISTERS

There are five registers used in the serial communications interface and the operation
of these registers is discussed in the following paragraphs. Reference should be made to
the block diagram shown in Figure 5.6.

5.8.1 Serial Communications Data Register (SCDR)

The serial communications data register performs two functions;i.e., it acts as the
receive data register when it is read and as the transmit data register when it is written.
Figure 5.6 shows this register as two separate registers, namely:the receive data
register and the transmit data register.
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Figure 5.6 Serial Communications Interface Block Diagram
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5.8.2 Serial Communications Control Register 1 (SCCR1)

The serial communications control register 1 (SCCR1) provides the control bits
which: (1) determine the word length, and (2) select the method used for the wake-up

feature.
7 6 5 4 3 2 i 0
$102€ { RS | T8 [ 0 | M ] WAKE | 0 [ 0 l DJ SCCR1
RESET U U 0 0 0 0 0 0

R8 - Receive Data Bit 8

If the M bit is set, this bit provides a storage location for the ninth bit in the receive
data character.

T8 - Transmit Data Bit 8

If the M bit is set, this bit provides a storage location for the ninth bit in the
transmit data character. It is not necessary to write to this bit for every character
transmitted, only when the sense is to be different than that for the previous
character.

Bit 5 - Not Implemented
This bit always reads zero.

M - CI Character Length
0=1 start bit, 8 data bits, 1 stop bit
1=1 start bit, 9 data bits, 1 stop bit

WAKE - Wake Up Method Select
0=Idle Line
1 =Address Mark

Bits 2, 1 - Not Implemented
These bits always read zero.

5.8.3 Serial Communications Control Register 2 (SCCR2)

The serial communications control register 2 (SCCR2) provides the control bits which
enable/disable individual SCI functions.
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7 6 5 4 3 2 1 0
$1020| TIE J TCIE ‘ RIE ] ILIE | TE | RE | RWU [ SBKJ SCCR2
RESET 0 0 0 0 0 0 0 0

TIE - Transmit Interrupt Enable
0=TDRE interrupts disabled
1=SClinterrupt if TDRE=1

TCIE - Transmit Complete Interrupt Enable
0=TC interrupts disabled
1=SClinterruptif TC=1

REI - Receive Interrupt Enable
0=RDRF and OR interrupts disabled
1=SClinterrupt if RDRF or OR=1

ILIE - [dle Line Interrupt Enable
0=IDLE interrupts disabled
1=8Clinterruptif IDLE=1

TE - Transmit Enable

When the transmit enable (TE) bit is set, the transmit shift register output is
applied to the TxD line. Depending on the state of control bit M (SCCR1), a preamble
of 10 (M=0) or 11{M =1) consecutive ones is transmitted when software sets the TE
bit from a cleared state. After loading the last byte in the serial communications data
register and receiving the TDRE flag, the user can clear TE bit. Transmission of the
last byte will then be completed before the transmitter gives up control of the TxD
pin. While the transmitter is active, the data direction register control for port D bit 1
is overridden and the line is forced to be an cutput.

RE - Receive Enable

When the receive enable (RE) bit is set, the receiver is enabled. When RE bit is
clear, the receiver is disabled and all of the status bits associated with the receiver
(RDRF, IDLE, OR, NI and IFE) are inhibited. While the receiver is enabled, the data
direction register control for port D bit 0 is overridden and the line is forced to be an
input.
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RWU - Receiver Wake Up

When the receiver wake-up (RWU) bit is set by the user’s software, it puts the
receiver to sleep and enables “wake up” function. If the WAKE bit is cleared, RWU
bit is cleared by the SCI logic after receiving 10 (M=0) or 11 (M =1) consecutive ones.
If the WAKE bit is set, RWU bit is cleared by the SCI logic after receiving a data word
whose MSB is set.

SBX - Send Break

If the send break (SBK) bit is toggled and cleared, the transmitter sends 10 (M=0)
or 11 (M =1) zeros and then reverts to idle or sending data. If SBK bit remains set, the
transmitter will continually send whole blocks of zeros (sets of 10 or 11) until cleared.
At the completion of the break code, the transmitter sends at least one high bit to
guarantee recognition of a valid start bit. If the transmitter is currently empty and
idle, setting and clearing SBK bit is likely to queue two character times of break
because the first break transfers almost immediatly to the shift register and the
second is then queued into the parallel transmit buffer.

5.8.4 Serial Communications Status Register (SCSR)

The serial communications status register (SCSR) provides inputs to the interrupt
logic circuits for generation of the SCI system interrupt.

7 6 5 4 3 2 1
$102E FTDRE | TC ] RDRF [ IDLE | OR | NF [ FE | 0 l SCSR
RESET 1 1 0 0 0 0 0

TDRE - Transmit Data Register Empty

The transmit data register empty (TDRE) bit is set to indicate that the content of
the serial communications data register have been transferred to the transmit serial
shift register. This bit is cleared by reading the SCSR register (with TDRE=1)
followed by a write to the SCDR register .

TC - Transmit Complete

The transmit complete (TC) bit is set at the end of a data frame, preamble, or break
condition if:

1) TE=1, TDRE =1, and no pending data, preamble, or break is to be transmitter;
or

2) TE=0, and the data, preamble, or break in the transmit shift register has been
transmitted.
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The TC bit is a status flag which indicates that one of the above conditions have
occurred. The TC bit is cleared by reading the SCSR register (with TC set} followed
by a write to the SCDR register.

RDRF - Receive Data Register Full

The receive data register full (RDRF) bit is set when the receiver serial shift
register is transferred ta the SCDR register. The RDRF bit is cleared when the SCSR
register is read (with RDRF set) followed by a read of the SCDR register.

IDLE - Idle Line Detect

The idle line detect (IDLE) bit, when set, indicates the receiver has detected an idle
line. The IDLE bit is cleared by reading the SCSR register with IDLE bit set followed
by reading SCDR register. Once the IDLE status flag is cleared, it will not be set
again until after the RxD line has been active and becomes idle again.

OR - Overrun Error

The overrun error (OR) bit is set when the next byte is ready to be transferred from
the receive shift register to the SCDR register which is already full (RDRF bit is set).
When an overrun error occurs, the data which caused the overrun is lost and the data
which was already in SCDR register is not disturbed. The OR bit is cleared when the
SCSR register is read (with OR bit set), followed by a read of the SCDR register.

NF - Noise Flag

The noise flag (NF) bit is set if there is noise on any of the received bits, including
the start and stop bits. The NT bit is not set until the RDRF flag is set. The NF bit is
cleared when the SCSR register is read (with NF bit set), followed by a read of the
SCDR register.

FE - Framing Error

The framing error (FE) bit is set when no stop bit was detected in the received data
character. The FE bit is set at the same time as the RDRF bit is set. If the byte
received causes both framing and overrun errors, the processor will only recognize the
overrun error. The framing error {lag inhibits further transfer of data into the SCDR
register until it is cleared. The FE bit is cleared when the SCSR register is read (with
FE bit equal to one) followed by a read of the SCDR register.

Bit 0 - Not Implemented
This bit always reads zero.
5.8.5 Baud Rate Register (BAUD)

The baud rate register selects the different baud rates which may be used as the rate
control for the transmitter and receiver. The SCP0-SCP1 bits function as a prescaler
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for the SCRO-SCR2 bits. Together, these five bits provide multiple baud rate
combinations for a given crystal frequency.

7 6 5 4 3 2 1 0
$1028 ﬁcm | 0 ] SCP1 [ SCPO ] RCKB ] SCR2 | SCR1 ] SCRO BAUD
RESET 0 0 0 0 0 U U U

TCLR - Clear Baud Rate Counters (Test)

This bit is used to clear the baud rate counter chain during factory testing. TCLR
bit is zero and cannot be set while in normal operating modes.

SCP1 and SCPQ - SCI Baud Rate Prescaler Selects

The E clock is divided by the factors shown in Table 5.1. This prescaled output
provides an input to a divider which is controlled by the SCR2-SCRO bits.

Table 5.1 Second Prescaler Stage

Internal
SCR1 SCRO Pracessor Clock
Divide By
0 q 1
0 1 3
1 0 4
1 ] 13

SCR2, SCR1, and SCRO - SCI Baud Rate Selects

These three bits select the baud rates for both the transmitter and the receiver.
The prescaler output described above is further divided by the factors shown in Table
5.2.
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Table 5.2 Second Prescaler Stage

SCR2 SCR1 SCRO Prescglgr Output
Divide By
0 0 0 ]
0 ) 1 5
0 1 0 4
0 1 1 8
! 0 0 16
! 0 1 32
! 1 0 64
! ! 1 128

RCKB - SCI Baud Rate Clock Check (Test)

This bit is used during factory testing to enable the exclusive-OR of the receiver
clock and transmitter clock to be driven out the TxD pin. RCKB bit is zero and cannot
be set while in normal operating modes.

The diagram shown in Figure 5.7 and the data given in Tables 5.3 and 5.4 illustrate
the divider chain used to obtain the baud rate clock. Note that there is a fixed rate
divide-by-16 between the receive clock (RT) and the transmit clock (Tx). The actual
divider chain is controlled by the combined SCP0-SCP1 and SCR0O-SCR2 bits in the baud
rate register as illustrated.

SCPO-SCP1 SCRO-5CR2

Oscillator SCI SELECT SCI RECEIVE sCl
PRESCALER |, . .
h —  .a SCALER RATE +16 TRANSMIT
requency CAONTROL CONTROL CLOCK (RT)
+N =M CLOCK {Tx)

Figure 5.7 Rate Generator Division
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Table 5.3 Prescaler Highest Baud Rate Frequency Output
SCP Bit Clock™ Crystal Frequency (MHz)
Divided
i 0 By 8.3886 8.0 49152 4.0 3.6864
o | o 1 131.072 KBaud | 125.000 K Baud 76.80 K Baud 52.50 K Baud 57.60 K Baud
011 3 43.691 K Baud 41.666 K Baud 25.60 K Baud 20.833 K Baud 19.20 K Baud
1 0 4 32.768 K Baud 31.250 K Baud 19.20 K Baud 15.625 K Baud 14.40 K Baud
1 1 13 10.082 K Baud 9600 Baud 5.907 KBaud 4800 Baud 4430 Baud

*The cloick in the “Clock Divided By” column is the internal processor clock.

Note: The divided frequencies shown in Table5.3 represent baud rates which are the highest
transmit baud rate (Tx) that can be obtained by a specific crystal frequency and only using
the prescaler division. Lower baud rates may be obtained by providing a further division
using the SCI rate select bits as shown below for some representative prescaler outputs.

Table 5.4 Transmit Baud Rate Output for a Given Prescaler Output

SCR 8its Bivided Representative Highest Prescaler Baud Rate Output
2 1 0 By 131.072 K Baud 32.768 K Baud 76.80 K Baud 19.20 K Baud 9600 Baud
0 0 0 1 131.072 KBaud 32.768 K 8aud 76.80 K Baud 19.20 K Baud 9600 Baud
0 0 1 2 65.536 KBaud 16.384 K Baud 38.40 KBaud 9600 8Baud 4800 Baud
0 1 0 4 32.768 KBaud 8.192 K Baud 19.20 K Baud 4800 Baud 2400 Baud
1] 1 1 8 16.384 K Baud 4.096 K Baud 9600 Baud 2400 Baud 1200 Baud
1 o) 0 16 8.192 KBaud 2.048 KBaud 4800 Baud 1200 Baud 600 Baud
1 0 1 32 4.096 K Baud 1.024 K Baud 2400 Baud 600 Baud 300 Baud
t 1 0 64 2.048 K Baud 512 Baud 1200 Baud 300 Baud 150 Baud
1 1 1 128 1.024 K Baud 256 Baud 600 Baud 150 Baud 75 Baud

Note: Table5.4 illustrates how the SCI select bits can be used to provide lower transmitter baud

rates by further dividing the prescaler output frequency. The five examples are only
representative samples. In all cases, the baud rates shown are transmit baud rates
(transmit clock) and the receiver clock is 16 times higher in frequency than the actual baud
rate,
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6. SERIAL PERIPHERAL INTERFACE (SPI)
This section contains a description on the serial peripheral interface (SPI).
6.1 OVERVIEW AND FEATURES

The serial peripheral interface (SPI) is a synchronous interface which allows several
SPI microcontrollers or SPI-type peripherals to be interconnected. In a serial peripheral
interface, separate wires (signals) are required for data and clock. In the SPI format, the
clock is not included in the data stream and must be furnished as a separate signal. The
TMPG68HC11E9 SPI system may be configured either as a master or as a slave.

Features include:

L] IFull Duplex, Three-Wire Synchronous Transfers
. Master or Slave Operation

L] 1.05 MHz (Maximum) Master Bit Frequency

. 2.1 MHz (Maximum) Slave Bit Frequency

L Four Programmable Master Bit Rates

L] Programmable Clock Polarity and Phase

] End-of-Transmission Interrupt Flag

L] Write Collision Flag Protection

L] Master-Master Mode Fault Protection

L) Easily Interfaces to Simple Expansion Parts (PLLs, D/As, Latches, Display
Drivers, ete.)

6.2 SPISIGNALDESCRIPTIONS

The four basic SPI signals (MISQ, MOSI, SCK and S3) are discussed in the following
paragraphs. Each signal is described for both the master and slave modes.

Any SPI output line has to have its corresponding data direction register bit set. If
this bit is clear, the line is disconnected from the SPI logic and becomes a general-
purpose input line. Any SPI input line is forced to act as an input regardless of what is
in the corresponding data direction register bit.

6.2.1 Master In Slave Out (MISQ)

The MISO line is configured as an input in a master device and as an output in a slave
device. It is one of the two lines that transfer serial data in one direction, with the most
significant bit sent first. The MISO line of a slave device is placed in the high-
impedance state if the slave is not selected.
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6.2.2 Master Out Slave In (MOSID)

The MOSI line is configured as an output in a master device and an input in a slave
device. It is one of the two lines that transfer serial data in one direction with the most
significant bit sent first.

6.2.3 Serial Clock (SCK)

The serial clock is used to synchronize data movement both in and out of the device
through its MOSI and MISO lines. The master and slave devices are capable of
exchanging a byte of information during a sequence of eight clock cycles. Since SCK is
generated by the master device, this line becomes an inputona slave device.

As shown in Figure 6.1, four possible timing relationships may be.chosen by using
control bits CPOL and CPHA in the serial peripheral control register (SPCR). Both
master and slave devices must operation with the same timing. The master device
always places data on the MOSI line a half-cycle before the clock edge (SCK), in order for
the slave device to latch the data.

Two bits (SPRO and SPR1) in the SPCR of the master device select the clock rate. Ina
slave device, SPRO and SPR1 have no effect on the operation on the SPI.

6.9.4 Slave Select (SS)

The slave select (33) input line is used to select a slave device. It has to be low prior to
data transactions and must stay low for the duration of transaction.

The S8 line on the master must be tied high. If it goes low, a mede fault error flag
(MODTF) is set in the serial peripheral status register (SPSR). The SS pin can be selected
to be a general-purpose output by writing a one in bit 5 of the port D data direction
register, thus disabling the mode fault circuit. The other three SPI lines are dedicated to
the SPI whenever the SPlis on.
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Figure 6.1 Data Clock Timing Diagram

When CPHA =0, the shift clock is the OR of SS with SCK. In this clock phase mode,
SS must go high between successive characters in an SPI message. When CPHA =1, SS

may be left low for several SPI characters. In cases where there is only one SPI slave
MCU, its SS line could be tied to Vgg as long as CPHA =1 clock modes are used.

FUNCTIONAL DESCRIPTION

Figure 6.2 shows a block diagram of the serial peripheral interface circuitry. When a
master device transmits data to a slave device via the MISO line, the slave device
responds by sending data to the master device via the master’s MISO line. This implies
full duplex transmission with both data out and data in synchronized with the same
clock signal. Thus, the byte transmitted is replaced by the byte received and eliminates
the need for separate transmit-empty and receiver-full status bits. A single status bit
(SPII") is used to signify that the I/O operation has been completed.

The SPI is double buffered on read, but not on write. If a write is performed during
data transfer, the transfer occurs uninterrupted, and the write will be unsuccessful.
This condition will cause the write collision (WCOL) status bit in the SPSR to be set.
After a data byte is shifted, the SPIF flag of the SPSR is set.
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Figure 6.2 Serial Peripheral Interface Block Diagram

In the master mode, the SCK pin is an output. It idles high or low, depending on the
CPOL bit in the SPCR, until data is written to the shift register, at which point eight
clocks are generated to shift the eight bits of data and then SCK goes idle again.

In a slave mode, the slave start logic receives a logic low at the SS pin and a clock
input at the SCK pin. Thus, the slave is synchronized with the master. Data from the
master is received serially at the slave MOSI line and loads the 8-bit shift register. After
the 8-bit shift register is loaded, its data is parallel transferred to the read buffer.
During a write cycle, data is written into the shift register, then the slave waits for a
clock train from the master to shift the data out on the slave’s MISO line.

Figure 6.3 illustrates the MOSI, MISQ, SCK and SS master-slave interconnections.

Due to data direction register control of SPI outputs and the port D write-OR mode
(DWOM) option, the SPI system can be configured in a variety of ways. System with a
single bidirectional data path rather than seperate MISO and MOSI paths can be
accommodated. Since TMP6SHC11E9 SPI slaves can selectively disable their MISO
output, a broadcast message protocol is also possible.
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Figure 6.3 Serial Peripheral Interface Master-Slave Interconnection

6.4 SPIREGISTERS

There are three registers in the serial peripheral interface which provide control,
status, and data storage functions. These registers are called the serial peripheral
control register (SPCR), serial peripheral status register(SPSR), and serial peripheral
data I/O register (SPDR) and are described in the following paragraphs.

6.4.1 Serial Peripheral Control Register (SPCR)

7 6 5 4 3 2 1 0
$1028[ SPIE | SPE ]DWOM| MSTR [ cpPoOL | CPHA | SPR1 ] SPRO [ SPCR
RESET 0 0 0 0 0 1 U U

SPIE - Serial Peripheral Interrupt Enable
0=SPIF interrupts disabled
1=SPlinterruptif SPIF =1

SPE - Serial Peripheral System Enable
0=SPI system off
1=SPI system on

DWOM - Port D Write-OR Mode Option
DWOM affects all six port D pins together.
0=Port D outputs are normal CMOS outputs
1=Port D outputs act as open-drain outputs

MSTR - Master Mode Select
0=Slave mode

1 =Master mode
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CPOL - Clock Polarity

When the clock polarity (CPOL) bit is cleared and data is not being transferred, a
steady state low value is produced at the SCK pin of the master device. Conversely, if
this bit is set, the SCK pin will idle high. This bit is also used in conjunction with the
clock phase control bit to produce the desired clock-data relationship between master
and slave. See Figure 6.1.

CPHA - Clock Phase

The clock phase (CPHA) bit, in conjunction with the CPOL bit, controls the clock-
data relationship between master and slave. The CPOL bit can be thought of as
simply inserting an inverter in series with the SCK line. The CPHA bit selects one of
two fundamentally different clocking protocols. When CPHA =0, the shift clock is the
OR of SCK with SS. As soon as 53 goes low the transaction begins and the first edge
on SCK invokes the first data sample. When CPHA =1, the SS pin may be thought of
as a simple output enable control. Refer to Figure 6.1.

SPR1 and SPRO - SPI Clock Rate Selects Table 6.1 Serial Periperal
These two serial peripheral rate bits (SPR1, oor1 | spro Internal Processor
SPRO) select one four baud rates (Table 6.1) to Ciock Divide By
be used as SCK if the device is a master; 0 0 2
however, they have no effect in the slave 0 1 4
mode. 1 0 15
1 1 32

6.4.2 Serial Peripheral Status Register (SPSR)

7 6 5 4 3 2 1
$1029 rSPlF | WCOL 1 0 ] MODF | 0 [ 0 | ] 0 | SPSR
RESET 0 0 0 0 0 0 0 0

SPIF - SPI Transfer Complete Flag

The serial peripheral data transfer flag (SPIF) bit is set upon completion of data
transfer between the processor and external device. If SPIF bit goes high, and if SPIE
bit is set, a serial peripheral interrupt is generated. Clearing the SPIF bit is
accomplished by reading the SPSR register (with SPIF bit set) followed by an access
of the SPDR register. Unless SPSR is read (with SPIF bit set) first, attempts to write
to SPDR register are inhibited.

WCOL - Write Collision
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The write collision (WCOL) bit is set when an attempt is made to write to the serial
peripheral data register while data transfer is taking place. If CPHA bit is zero a
transfer is said to begin when SS goes low and the transfer ends when SS goes high
after eight clock cycles on SCK. When CPHA bit is one a transfer is said to begin the
first time SCK becomes active while SS is low and the transfer ends when the SPIF
flag gets set. Clearing the WCOL bit is accomplished by reading the SPSR reglster
(with WCOL bit set) followed by an access to SPDR register.

Bit 5 - Not Implemented
This bit always reads zero.
MODF - Mode FFault

The mode fault flag (MODF) bit indicates that there may have been a multi-master
conflict for system control and allows a proper exit from system operation to a reset or
default system state. The MODF bit is normally clear, and is set only when the
master device has its SS pin pulled low. Setting the MODF bit affects the internal
serial peripheral interface system in the following ways.

1) An SPlinterrupt is generated if SPIE=1.

2) The SPE bit is cleared. This disables the SPI.

3) The MSTR bit is cleared, thus forcing the device into the slave mode.
4) DDRD bits for the four SPI pins are forced to zeros.

Clearing the MODT bit is accomplished by reading the SPSR register (with MODF
set), followed by a write to the SPCR register. Control bits SPE and MSTR may be
restored by user software to their original state after the MODT bit has been cleared.
It is also necessary to restore DDRD bit after a mode fault.

Bits 3-0 - Not Implemented
These bits always read zero.
6.4.3 Serial Peripheral Data [/O Register (SPDR)

The serial peripheral data I/0 register is used to transmit and receive data on the
serial bus. Only a write to this register will initiate transmission/reception of another
byte, and this will only occur in the master device. At the completion of transmitting a
byte of data, the SPITF status bit is set in both the master and slave devices.

When the user reads the serial peripheral data I/O register, a buffer is actually being
read. The first SPIF bit 98must be cleared by the time a second transfer of data from the
shift register to the read buffer is initiated or an overrun condition will exist. In cases of
overrun the byte which causes the overrun is lost.
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A write to the serial peripheral data I/O register is not buffered and places data

directly into the shift register for transmission.

MCU11E9-59



TOSHIBA TMP68HC11E9

7.1

7.2

7.3

ANALOG-TO-DIGITAL CONVERTER

The TMP68HC11E9 includes an 8-channel, multiplexed-input, successive
approximation, analog-to-digital (A/D) converter with sample and hold to minimize
conversion errors caused by rapidly changing input signals. Twe dedicated lines (Vgy,,
Vgrpa) are provided for the reference voltage inputs. These pins may be connected to a
separate or isalated power supply to ensure full accuracy of the A/D conversion. The 8-
bit A/D converter has a total error of =1 LSB which includes +1/2 LSB of quantization
error and accepts analog inputs which range from Vg, to Vgg. Smaller analog input
ranges can also be obtained by adjusting Vyy and Vgy, to the desired upper and lower
limits. Conversion is specified and tested for VR, =0V and Vg =5V +10%;however,
laboratory characterization over the full temperature range indicates little or no
degradation with Vyy-Vgr as low as 2.5 to 3V. The A/D system can be operated with
Vgry below Vpp and/or Vyy, above Vgg as long as Vyy is above Vgy, by enough to
support the conversions (2.5 to 5.0V). Each conversion is accomplished in 32 MCU E
cleck cycles, provided the E clock rate is greater than 750 kHz. For systems which
operate at clock rates less than 750 kHz, an internal R-C oscillator must be used to clock
the A/D system. The internal R-C oscillator is selected by setting the CSEL bit in the
OPTION register.

CONVERSION PROCESS

The A/D converter is ratiometric. An input voltage equal to Vg, converts to $00 and
an input voltage equal to Vg converts to $I'F (full scale), with no overflow indication.
IFor ratiometric conversions, the source of each analog input should use Vgpy as the
supply voltage and be referenced to Vg,

Figure 7.1 shows the detailed sequence for a set of four conversions. This sequence
begins one E clock cycle after a write to the A/D control/status register (ADCTL). Figure
7.2 shows a model of the port E A/D channel inputs. This model is useful for
understanding the effects of external circuitry on the accuracy of A/D conversions.

CHANNEL ASSIGNMENTS

A multiplexer allows the single A/D converter to select one of sixteen analog signals.
Eight of these channels correspond to port E input lines to the MCU, four of the channels
are for internal reference points or test functions, and four channels are reserved for
future use. Table 7.1 shows the signals selected by the four channel control bits.

SINGLE-CHANNEL OPERATION

There are two variations of single-channel operation. In the first variation
(SCAN =0), the single selected channel is converted four consecutive times with the first
result being stored in A/D result register 1 (ADR1) and the fourth result being stored in
register ADR4. After the fourth conversion is complete, all conversion activity is halted
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until a new conversion command is written to the ADCTL register. In the second
variation (SCAN=1), conversions continue to be performed on the selected channel with
the fifth conversion being stored in register ADR1 (overwriting the first conversion
result), the sixth conversion overwrites ADR2, and so on.

ECLOCK
l__,] MSB Bit-6y Bit-5 Bit-4 Bit-3| Bit-2| Bit-31} LSB

o 12E CLOCK CYCLES 4 2 2 2 2 2 2 2 | 2
‘5’ CYCLES CYC| CYC| ¢yl ¢yl CyC| CYC| CYCiCYC v
< w
o |~— SAMPLE ANALOG INPUT |« SUCCESSIVE APPROXIMATION SEQUENCE __»|END -
- g
s g §
= =z
= w7
9 &
'_ (VW)
CONVERT FIRST CONVERT SECOND CONVERT THIRD CONVERT FOURTH % E

CHANNEL CHANNEL CHANNEL CHANNEL

and UPDATE ADR1 | and UPDATE ADR2 and UPDATE ADR3 and UPDATE ADR4

0 32 64 96 128 E

Notes: Conversion results are built up in the SAR and transferred inte ADRx during the END
period. The CCF status flag is set during the END period of the fourth conversion after a
write to ADCTL. This figure assumes CSEL in the OPTION register is 0 so the E clock is
acling as the conversion clock. If MULT=0 all four conversions in the sequence are
performed on the same analog channel.

Figure 7.1 A/D Conversion Sequence

DIFFUSION/POLY
ANALOG| COUPLER
INPUT = — : W\,le_
PIN <AKOHM " *
1 +~20V
<2pf —~0.7V 1 -20pF
T DAC
g 400nA ARRAY
: é JUNCTION
S S LEAKAGE
INPUT .
PROTECTION _L VRON
DEVICE

* This analog switch is closed only during the 12 cycle sample time
Figure 7.2 A/D Pin Model

7.4 MULTIPLE-CHANNEL OPERATION

There are two variations in multiple-channel operation. In the first variation
(SCAN =0), the selected group of four channels are converted, one time each, with the
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7.5

7.6

first result being stored in register ADR1 and the fourth result being stored in register
ADRA4. After the fourth conversion is complete,all conversion activity is halted until a
new conversion command is written to the ADCTL register. In the second variation
(SCAN=1), conversions continue to be performed on the selected group of channels with
the fifth conversion being stored in register ADR1 (replacing the earlier conversion
result for the first channel in the group), the sixth conversion overwrites ADR2, and so
on.

Table 7.1 Analog-te-Digital Channel Assignments
Resuitin ADRx

b | CcC | CB CA Channel Signal i MULT = 1
0 0 0 0 ANO ADR1
0 0 0 1 AN ADR?
Q 0 1 0 AN2Z ADR3
0 0 1 1 AN3 ADR4
0 1 0 0 AN4 ADR1
0 1 0 1 TANS ADR2
0 1 1 0 ANG ADR3
0 1 1 1 AN7T ADR4
1 0 0 0 Reserved ADR1
1 0 0 1 Reserved ADR2
1 0 1 0 Reserved ADR3
1 0 1 1 Reserved ADR4
1 1 0 0 Vg Pin* ADR1
1 1 0 1 VRL Pin* ADR2
1 1 1 0 {Vru)/2* ADR3
i 1 1 1 Reserved® ADR4

*This group of channels used during factory test.

OPERATION IN STOP AND WAIT MODES

If a conversion sequence is still in process when either the STOP or WAIT mode is
enered, the conversion of the current channel is suspended. When the MCU resumes
normal operation, that channel will be re-sampled and the conversicn sequence
resumed. As the MCU exits the WAIT mode, the A/D circuits are stable and valid
results can be obtained on the first conversion. However, in STOP mode, all analog bias
currents are disabled and it becomes necessary to allow a stabilization period when
leaving the STOP mode. If the STOP mode is exited with a delay, there will be enough
time for these circuits to stabilize before the first conversion. If the STOP mode is exited
with no delay (DLY bit in OPTION register equal to zero), sufficient time must be
allowed for the A/D circuitry to stabilize to avoid invalid results (see 7.8 A/D POWER
UP AND CLOCK SELECT).

A/D CONTROL/STATUS REGISTER (ADCTL)

All bits in this register may be read or written, except bit 7 which is a ready-only
status indicator and bit 6 which always reads as a zero.
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7 6 5 4 3 2 1 0
$1030 ‘ CCF | 0 [ SCAN | MULT | cD j cC | CB [ CA | ADCTL
RESET 0 0 U U U U U U

CCT - Conversions Complete Flag

This read-only status indicator is set when all four A/D result registers contain
valid conversion result. Each time the ADCTL register is written, this bit is
automatically cleared to zero and a conversion sequence is started. In the continuous
modes, conversions continue in a round-robin fashion and the result registers
continue to be updated with current data even though the CCF bit remains set.

Note : The user must write to register ADCTL to initiate conversion. To abort a
conversion in progress, write to the ADCTL register and a new conversion
sequence is initiated immediately.

Bit 6 - Not Implemented
This bit always reads zero.

SCAN - Continuous Scan Control

When this control bit is clear, the four requested conversions are performed once to
fill the four result registers. When this control bit is set, conversions continue in a
round-robin fashion with the result registers being updated as data becomes
available.

MULT - Multiple - Channel/Single Channel Control

When this bit is clear, the A/D system is configured to perform four consecutive
conversions on the single channel specified by the four channel select bits CD through
CA (bits 3-0 of the ADCTL register). When this bit is set, the A/D system is
configured to perform a conversion on each of four channels where each result
register corresponds to one channel.

Note : When the multiple channel continuous scan mode is used, extra care is needed
in the design of circuitry driving the A/D inputs. Refer to the A/D Pin Model
and A/D Conversion Sequence figures in addition to the following discussion.
The charge on the capacitive DAC array prior to the sample time is related to
the voltage on the previously converted channel. A charge share situation
exists between the internal DAC capacitance and the external circuit
capacitance. Although the amount of charge involved is small the rate at
which it is repeated is every 64 microseconds for an E clock of 2 MHz. The RC
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7.7

7.8

charging rate of the external circuit must be balanced against this charge
sharing effect to avoid accuracy errors.

CD - Channel Select D
CC - Channel Select C
CB - Channel Select B
CA - Channel Select A

These four bits are used to select one of 16 A/D channels (see Table 7.1). When a
multiple channel mode is selected (MULT=1), the two least-significant channel
select bits (CB and CA) have no meaning and the CD and CC bits specify which group
of four channels are to be converted. The channels selected by the four channel
control bits are shown in Table 7.1.

A/D RESULT REGISTERS 1, 2,3, AND 4 (ADR1, ADR2, ADR3, and ADR4)

The A/D result registers are ready-only registers used to hold an 8-bit conversion
result. Writes to these registers have no effect. Data in the A/D result registers is valid
when the CCF flag bit in the ADCTL register is set, indicating a conversion sequence is
complete. If conversion results are needed sooner refer to Figure 7.1. For example the
ADRI1 result is valid 33 cycles after an ADCTL write. Refer to the A/D
channelassignments in Table 7.1 for the relationship between the channel and the result
registers.

A/D POWER UP AND CLOCK SELECT

A/D power up is controlled by bit 7 (ADPU) of the OPTION register. When ADPU is
cleared, power to the A/D system is disabled. When ADPU is set, the A/D system is
enabled. A delay of as much as 100 microseconds is required after turning on the A/D
converter to allow the analog bias voltages to stabilize.

Clock select is controlled by bit 6 (CSEL) of the OPTION register. When CSEL is
cleared, the A/D system uses the system E clock. When CSEL is set, the A/D system uses
an internal R-C clock source, which runs at about 1.5 MHz. The MCU E clock is not
suitable to drive the A/D system if it is operating below 750 kHz, in which case the R-C
internal clock should be selected. A delay of 10 ms is required after changing CSEL from
zero to one to allow the R-C oscillator to start and internal bias voltages to settle. Refer
to 9.1.5 Configuration Options Register (OPTION) for additional information. Note
thatthe CSEL control bit also enables a separate R-C oscillator to drive the EEPROM
charge pump.

When the A/D system is operating with the MCU E clock, all switching and
comparator operations are synchronized to the MCU clocks. This allows the comparator
results to be sampled at quiet clock times to minimize noise errors. The internal R-C
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oscillator is asynchronous to the MCU clock so noise will affect A/D results more while
CSEL=1.
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8.1

PROGRAMMABLE TIMER, REAL TIME INTERRUPT,
AND PULSE ACCUMULATOR

This section describes the 16-bit programmable timer, the real time interrupt, and
the pulse accumulator system.

PROGRAMMABLE TIMER

The timer has a single 16-bit free-running counter which is clocked by the cutput cfa
four-stage prescaler (divide by 1,4, 8, or 16), which is in turn driven by the MCU E clock.
Input functions are called input captures. These input captures record the count form
the free-running counter in response to a detected edge on an input line. Output
functions, called output compares, cause an output action when there is a match
between a 16-bit output-compare register and the free-running counter. This timer
system has three input capture registers and five output compare registers.

8.1.1 Counter

The key element in the timer system is a 16-bit free-running counter, or timer
counter register. After reset, the MCU is configured to use the E clock as the input to
the free-running counter. Initialization software may optionally reconfigure the system
to use one of the three prescaler values. The prescaler control bits can only be written
once during the first 64 cycles after a reset. Software can read the counter at any time
without affecting its value because it is clocked and read during opposite phases of the E
clock.

A counter read should first address the most significant byte. An MPU read of this
address causes the least significant byte to be transferred to a buffer. This buffer is not
affected by reset and is accessed when reading the least significant byte of the counter.
For double byte read instructions, the two accesses occur on consecutive bus cycles.

The counter is cleared to $0000 during reset and is a read-only register with one
exception. In test modes only, any MPU write to the most significant byte presets the
counter to $FFIF8 regardless of the value involved in the write.

When the count changes from $FFFTF to $0000, the timer overflow flag (TOI) bit is set
in timer interrupt flag register 2 (TFLG2). An interrupt can be enabled by setting the
interrupt enable bit (TOD) in timer interrupt mask register 2 (TMSK2).

8.1.2 Input Capture

The input capture registers are 16-bit read-only registers which are not affected by
reset and are used to latch the value of the counter when a defined transition is sensed
by the corresponding input capture edge detector. The level transition which triggers
counter transfer is defined by the corresponding input edge bits (EDGxB, EDGxA) in
TCTL2.
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The result obtained by an input capture corresponds to the value of the counter one I
clock eycle after the transition which triggered the edge-detection logic. The selected
edge transition sets the ICxT bit in timer interrupt flag register 1 (TFLG1) and can
cause an interrupt if the corresponding ICxI bit(s) is (are) set in the timer interrupt
mask register 1 (TMSK1). A read of the input capture register’s most significant byte
inhibits captures for one E cycle to allow a double-byte read of the full 16-bit register.

8.1.2.1 Input Capture4.

Port A pin 3 serves multiple functions. After reset, data direction bit 3 (DDRA3Z), in
the PACTL register is cleared to zero configuring Port A pin 3 as an input. Port A pin 3
can then be used as an input capture4 (IC4), by setting 14/05 to “one” in the PACTL
register. The 14/05 bit is configured to OC5 (cleared to zero) on reset. If DDRAS is
configured as an cutput (set to one) and IC4 is enabled, writes to Port A bit 3 causes
edges on the PA3 pin to result in input captures. All other aspects of using 1C4 remain
the same as the other input captures, weith the exception that the 16-bit timer output
compare 5 register now also server as the 16-bit timer input capture 4 register. When
the TI405 register is acting as the IC4 capture register it cannot be written to. Upon
reset, [4/05 is configured as . The OC5 function overrides DDRA3 to force the Port A pin
3 to be an output whenever OM5:0L5 bit are not 0:0. In all other aspects, OC5 warks the
same as the other output compares.

8.1.3 Output Compare

All output compare registers are 16-bit read/write registers which are initialized to
$FFFF by reset. They can be used as output waveform controls or as elapsed time
indicators. If an output compare register is not used, it may be used as a storage
location.

All output compare registers have a separate dedicated comparator for comparing
against the free-running counter. If a match is found, the corresponding output compare
flag (OCxTF) bit in TFLG1 is set and a specified action is automatically taken. For output
compare funetions two through five the automatic action is controlled by pairs of bits
(OMx and OLx) in the timer control register 1 (TCTL1). Each pair of control bits are
encoded to specify the output action to be taken as a result of a successful OCx compare.
The output action is taken on each succesful compare regardless of wheather or not the
OCxF flag was previously clear.

An interrupt can also accompany a successful output compare, provided that the
corresponding interrupt enable bit (OCx1) is set in TMSK1.

After an MPU write cycle to the most significant byte, output compares are inhibited
for one E cycle in order to allow writing two consecutive bytes before making the next
comparison. If both bytes of the register are to be changed, a double-byte write
instruction should be used in order to take advantage of the compare inhibit feature.
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MPU write can be made to either byte of the ocutput compare register without
affecting the other byte.

A write-only register, timer compare force (CFORC), allows forced mcompares. Five
of the bit positions in the CFORC register correspond to the five output compares. To
force a compare, or compares, a write is done to CFORC register withe the associated
bits set for each output compare that is to be forced. The action taken as a result of a
forced compare is the same as if there was a match between the OCx register and the
free-running counter, except that the corresponding interrupt status flag bits are not
set. Output actions are synchronized to the prescaled timer clock so there could be as
much as 16 E clock cycles of delay between the write to CFORC and the output action.

8.1.4 Output Compare 1 I/O Pin Control

Unlike the other four output compares, output compare 1 can automatically affect
any or all of the five output pins (bits 3-7) in port A as a result of a successf{ul compare
between the OC1 register and the 16-bit free-running counter. The two 5-bit registers
used in conjunction with this function are the output compare 1 mask register (OC1M)
and the output compare 1 data register (OC1D).

Register OC1M is used to specify the bits of port A (I/O and timer port) which are to be
affected as a result of a successful OC1 compare. Register OC1D is used to specify the
data which is to be stored to the affected bits of port A as the result of a successful OC1
compare. If an OC1 compare and another output compare occur during the same E cycle
and both attempt to alter the same port A line, the OC1 compare prevails.

This function allows control of multiple I/O pins automatically with a single output
compare.

Another intended use for the special I/O pin control on output compare 1 is to allow
more than one output compare to control a single I/O pin. This allows pulses as short as
one E clock cycle to be generated.

8.1.5 Timer Compare Force Register (CFORC)

The timer compare force register is used to force early output compare actions. The
CFORC register is an 8-bit write-only register. Reads of this location have no meaning
and always return logic zeros. Note that the compare force function is not generally
recommended for use with the output toggle function because a normal compare
occuring immediately before or after the force may result in undesirable operation.

7 6 5 4 3 2 1 0
$1003[ FOCT | FOC2 | FOC3 [ FOC4 ] FOC5 [ 0 [ 0 | OJ CFORC
RESET 0 0 0 0 0 0 0 0
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FOC1-FOCS5 - Force Output Compare x Action
0= Hasnomeaning

1= Causes action programmed for output compare x, except the OCxF flag bit is
not set.

Bits 2-0 - Not Implemented
These bits always read zero.
8.1.6 Output Compare 1 Mask Register (OCIM)

This register is used in conjunction with output compare 1 to specify the bits of port A
which are affected as a result of a successful OC1 compare.

7 6 5 4 3 2 1 0
$100C f6t1M7 |oc1M5 ]oc1M5‘[oc1M4| oc1M3[ 0 | 0 | 0 AJ OCIM
RESET 0 0 0 0 0 0 0 0

The bit of the OC1M register correspond bit-for-bit with the lines of port A (lines 7
through 3 only). For each bit that is affected by the successful compare, the
corresponding bit in OC1M should be set to one.

Note that the pulse accumulator function shares line 7 of port A. If the DDRA7 bit in
the pulse accumulator control register (PACTL) is set, then port A line 7 is configured as
an output and OC1 can obtain access by setting OC1M bit 7. In this condition if the
PAEN bit in the PACTL register is set, enabling the pulse accumulator input, then OC1
compares cause a write of OC1D bit 7 to an internal latch, and the output of that latch
drives the pin and the pulse accumulator input. This action can then cause the pulse
accumulator to take the appropriate action (pulse count or gate modes).

8.1.7 Output Compare 1 Data Register (OC1D)

This register used in conjunction with output compare 1 to specify the data which is to
be stored to the affected bits of port A as the result of a successful OC1 compare.

7 6 5 4 3 2 1 0
$100D| OC1D7| oc106]'OC1D5| oc1oa\ 0C1D3 ] 0 j 0 [ 0 | 0C1D
RESET 0 0 0 0 0 0 0

The bits of the OC1D register correspond bit-for-bit with the lines of port A (lines 7
thru 3 only) . When a successful OC1 compare occurs, for each bit that is set in OC1M,
the corresponding data bit in OC1D is stored in the corresponding bit of port A. If there
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is a conflicting situation where an OC1 compare and another output compare function
occur during the same E cycle with both attempting to alter the same port A line, the
OC1 action prevails.

8.1.8 Timer Control Register 1 (TCTL1)

7 6 5 4 3 2 1 0
51020[ oMm2 | oL2 | oM3 ] oL3 | oM4 | oL4 | oM5 [ oLs ] TCTLY
RESET 0 a 0 0 0 0 0 0

OM2Z, OM3, OM4, and OM5 - Output Mode
0OL2,0L3, OL4, and OL5 - Output Level

These two control bits (OMx and OLx) are encoded to specify the cutput action
taken as a result of a successful OCx compare.

OMx | OLx |Action Taken Upon Successful Compare

Timer disconnected from output pin legic

Toggle OCx output line

Clear OCx output line to zero

== OO
OO

Set OCx output line to one

8.1.9 Timer Control Register 2 (TCTL2)

7 6 5 4 3 2 1 0
$1021 [ EDG4B ] EDG4B | EDG1B ] EDG1A [ EDG2B | EDG2A | EDG3B [ EDG3A ] TCTL2
RESET 0 0 0 0 0 0 0 0

EDGxB and EDGxA - Input Caputre x Edge Control.

These two bits (EDGxB and EDGxA) are cleared to zero by reset and are encoded to
configure the input sensing logic for input capture x as follow:

EDGxB | EDBxA |Configuration
0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any (rising or falling)edge
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8.1.10 Timer Interrupt Mask Register 1 (TMSK1)

7 6 5 4 3 2 1 0
$1022 [ oc1! J 0C2I | oc3! | 0C4l ] 0C5l | I ] 1c2! ‘ 1C3 | TMSK1
RESET 0 0 0 0 0 0 0 0

OCxI - Output compare x Interrupt

If the OCxI enable bit is set when the OCx flag bit is set, a hardware interrupt
sequence is requested.

ICxI - Input Capture x Interrupt

If the ICx] enable bit is set when the ICxF flag bit is set, a hardware interrupt
sequence is requested.

Note : When the 14/05 bit in the PACTL register is one, the 14051 bit behaves as the
Input Capture 4 Interrupt bit, and when 14/05 is zero, the 14051 bit acts as the
Output Compare 5 Interrupt control bit.

8.1.11 Timer Interrupt I'lag Register 1 (TFLG1)

Timer interrupt flag register 1 is used to indicate the occurrence of timer system
events, and together with the TMSK1 register allows the timer subsystem to oprate in a
polled or interrupt driven system. For each bit in TFLG1, there is a corresponding bit in
TMSKI1 in the same bit position. If the mask bit is set, each time the condition for the
corresponding flag are met, a hardware interrupt sequence is requested as well as the flg
bit being set.

These timer system status flags are cleared by writing a one to the bit positions
corresponding to the flag(s) which are to be cleared. Bit manipulation instructions
would be inappropriate for flag clearing because they are read-modify-write instruction.
Even though the instruction mask implies that the programmer is only interested in
some of the bits in the manipulated location, the entire location is actually read and
rewritten which may clear other bits in the register.

7 6 5 4 3 2 1 0
51023| OCTF | 0OC2F ‘ OC3F | 0CaF ] 1405F { 1C1F l IC2F | IC3F ‘ TFLGA
RESET 0 0 0 0 0 0 0 0

OCxF - Output Compare xIlag

This flag bit is set each time the timer counter matches the output compare
register x value. A write of a zero does not affect this bit. A write of a one causes this
bit to be cleared.
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ICxF - Input Caputure x Flag

This flag is set each time a selected active edge is detected on the ICx input line. A
write of a zero does not affect this bit. A write of a one causes this bit to be cleared.

Note : When the 14/05 bit in the PACTL register is one, the [405F bit behaves as the
Input Capyure 4 Flag bit, and when 14/05 is zero, the I405I bit acts as the
Output Compare 5 Flag.

8.1.12 Timer Interrupt Mask Register 2 (TMSK?2)

Timer interrupt mask register 2 is used to control whether or not a hardware
interrupt sequence is requested as a result of a status bit being set in timer interrupt
flag register 2. In addition, two timer prescaler bits are included in this register. For
each of the four most significant bits in timer flag register 2, (TFLG2), there is a
correponding bit in the timer mask register 2 (TMSK2) in the same bit position.

7 6 5 4 3 2 1 0
$1024| TOI | RTII [PAow | PAIl ] 0 | 0 | PR1 ] PRO ] TMSK2
RESET 0 0 0 0 0 0 0 0

TOI - Timer Overflow Interrupt Enable
0=TOF interrupts disabled
1 =Interrupt requested when TOF =1
RTII - RTI Interrupt Enable
0=RTIF interrupts disabled
1 =Interrupt requested when RTIF =1
PAOVI- Pulse Accumulator Overflow Interrupt Enable
0=PAOVF interrupts disabled
1 =Interrupt requested when PAOVF =1
PAII - Pulse Accumulator Input Interrupt Enable
0=PAIF interrupts disabled
1 =Interrupt requested when PAIF =1
Bits 3 and 2 - Not Implemented
These bits always read zero.

PR1 and PRQ - Timer Prescaler Selects

MCU11E9-72



TOSHIBA TMP68HC11E9

These two bits may be read at any time but may only be written during
initalization. Writes are disabled after the first write or after 64 E cycles out of reset.

If the MCU is in special test or special bootstrap mode, then these two bits may be
written any time.

Bits3 and 2 - Not Implemented
These bits always read zero.
PR1 and PRO - Timer Prescaler Selects

These two bits may be read at any time but may only be written during
initalization. Writes are disabled after the first write or after 64 E cycles out of reset.
If the MCU is in special test or special bootstrap mode, then these two bits may be
written any time.

These two bits specify the timer prescaler divide factor.

PR1 | PRC |Divide-by-Factor
0 0 1
0 1 4
1 0 8
1 1 i6

8.1.13 Timer Interrupt Flag Register 2 (TFLG2)

Timer interrupt flag register 2 is used to indicate the occurrence of timer system
events, and together with the TMSK2 register, allows the timer subsystems to operate
in a polled or interrupt driven system. Tor each bit in timer flag register 2 (TFLG2),
there is a corresponding bit in timer mask register 2 (TMSK2) in the same bit position.
If the enable bit is set each time the conditions for the corresponding flag are met, a
hardware interrupt sequence is requested as well as the flag bit being set.

The timer system status flags are cleared by writing a one to the bit positions
corresponding to the flag(s) which are to be cleared. Bit manipulation instructions
would be inappropriate for flag clearing because they are read-modify-write
instructions. Even though the instruction mask implies that the programmer is only
interested in some of the bits in the manipulated location, the entire location is actually
read and rewritten which may clear other bits in the register.

7 6 5 4 3 2 1 0
$1025 r TOF | RTIF [ PAOVF | PAIF ] 0 ] 0 | 0 \ 0 [ TFLG2
RESET 0 0 0 0 ) 0 0 0
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8.2

8.3

TOF - Timer Overflow

This bit is cleared by reset. It is set to one each time the 16-bit free-running
counter advances from a value of $I'FI'F to $00C0. This bit is cleared by a write to the
TFLG2 register with bit 7 set.

RTIF - Real Time Interrupt Flag

This bit is set at each rising edge of the selected tap point. This bit is cleared by a
write to the TFLG2 register with bit 6 set.

PAOVT - Pulse Accumulator Overflow Interrupt Flag

This bit is set when the count in the pulse accumulator rolls over from $FF to $00.
This bit is cleared by a write to the TFLG2 register with bit 5 set.

PAIF - Pulse Accumulator Input Edge Interrupt Flag

This bit is set when an active edge is detected on the PAI input pin. This bit is
cleared by a write to the TFLG2 register with bit 4 set.

Bits 3-0 - Not Implemented
These bits always read zero.
REAL TIME INTERRUPT

The real time interrupt feature on the MCU is configured and controlled by using two
bits (RTR1 and RTRO) in the PACTL register to select one of four interrupt rates. The
RTII bit in the TMSK2 register enables the interrupt capability., Every timeout causes
the RTIF bit in TFLG2 to be set, and if RTII is set, and interrupt request is generated.
After reset, one entire real time interrupt period elapses before the RTIF flag is set for
the first time.

PULSE ACCUMULATOR

The pulse accumulator is an 8-bit read/write counter which can operate in either of
two modes (external event counting or gated time accumulation) depending cn the state
of the PAMOD control bit in the PACTL register. In the event counting mode, the 8-bit
counter is clocked to increasing values by an external pin. The maximum clocking rate
for the external event counting mode is E clock divided by two. In the gated time
accumulation mode, a free-running E clock/64 signal drives the 8-bit counter, but anly
while the external PAI input pin is activated.

The pulse accumulator uses port A bit 7 as its PAI input, but this pin also shares
function as a general purpose I/O pin and as a timer output compare pin. Normally port
A bit 7 would be configure as a input when being used for the pulse accumulator. Note
that even when port A bit 7 is configured for output, this pin still drives the input to the
pulse accumulator.

MCU11E9-74



TOSHIBA TMP6BHC11ES

8.4 PULSE ACCUMULATOR CONTROL REGISTER (PACTL)

Four bits in this register are used to control an 8-bit pulse accumulator system and
two other bits are used to select the rate for the real time interrupt system.

7 6 5 a4 3 2 1 0
$1026 [DDRM{ PAEN |PAMOD| PEDGE | DDRA31 14/05 | RTR1 ] RTRO | PACTL
RESET 0 0 0 0 0 0 0 0

DDRAT - Data Direction for Port A Bit 7
0 =Input only
1=0utput

PAEN - Pulse Accumulator System Enable
0=Pulse accumulator off
1 ="Pulse accumulator on

PAMOD - Pulse Accumulater Mode
0=External event counting
1=Gated time accumulation

PEDGE - Pulse Accumulator Edge Control
This bit has different meanings depending on the state of the PAMOD bit.

PAMOD | PEDGE Action on Clock

0 0 PAI Falling Edge Increments the Counter

0 1 PAI Rising Edge Increments the Counter
1 0 A ‘0’ on PAI Inhibits Counting
1 1 A1’ on PAI Inhibits Counting

DRRAS - Data Direction for Port A Bit 3
0=Input only
1=0utput

14/05 - Input Capture 4/Output Compared
0=Output compare 5 function enable (No IC4)
1 =Input capture4 function enable (No OC5)

These bits always read zero.
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RTR1 and RTRO - RTI Interrupt Rate Selects

These two bits select one of four rates for the real rime periodic interrupt circuit
(see Table 8.1). Reset clears these two bits and after reset, a full RTI period elapses
before the first RTI interrupt.

Table 8.1 Real Time Interrupt Rate versus RTR1 and RTRO

RTR1 | RTRO | OPEST | XTLS SO, | adlein, | AUMA, | 36864 WK,
0 0 213 391ms 4.10 ms 6.67 ms 8.19 ms 8.89 ms
0 1 214 7.81ms 8.19 ms 13.33ms 16.38 ms 17.78 ms
1 0 215 15.62 ms 16.38 ms 26.67 ms 32.77 ms 35.56 ms
1 1 216 31.25ms 32.77 ms 53.33ms 65.54ms - 71.11ms

E= 2.1 MHz 2.0 MiHz 1.2288 MiHz 1.0 MHz 921.6 MH;
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9.

9.1

RESETS, INTERRUPTS, AND LOW POWER MODES

This section provides a description of the resets, interrupts, and low power modes.
The computer operating properly (COP) watchdog system and clock monitor are
described as part of the reset system. The interrupt description includes a flowchart to
illustrate how interrupts are executed.

RESETS

The MCU has four possible types of reset:an active low external reset pin (RESET), a
power-on reset, a computer operating properly (COP) watchdog timer reset, and a clock
monitor reset.

9.1.1 External RESET Pin

The RESET pin is used to reset the MCU and allow an orderly software startup
procedure. When a reset condition is sensed, this pin is driven low by an internal device
for four E clock cycles, then released, and two E clock, cycles later it is sampled. If the
pin is still low, it means that an external reset has occurred. If the pin is high, it implies
that the reset was initiated internally by either the watchdog timer (COP) or the clock
monitor (refer to Figure 9.1). This method of differentiation between internal and
external reset conditions assumes that the reset pin will rise to a logic one in less than
two E clock cycles once it is released and that an externally generated reset should stay
active for at least eight I clock cycles.

Since there is EEPROM on chip, it is very important to control reset during power
transitions. If the reset line is not held low while Vpp is below its minimum operating
level, the EEPROM contents could be corrupted. Corruption occurs due to improper
instruction execution when there is not sufficient voltage to execute instructions
correctly. Both EEPROM memories and the EEPROM based CONFIG register are
subject to this potential problem.

A low voltage inhibit (LVI) circuit which holds reset low whenever Vpp is below its
minimum operating level is required to protect against EEPROM corruption. Figures
9.2 and 9.3 show two examples of reset circuits with LVI capabilities. The best circuit
for a particular application may be different from either of these suggested circuits.

The circuit in Figure 9.2 includes an R-C turn on delay. In older dynamic MCU
designs this delay was required to allow the crystal oscillator to stabilize. Since the
TMPGSHC11EY is a fully static CMOS design, it is capable of operating at clock rates
down to DC and therefore a turn on delay is not required. Though not required for
proper MCU operation, a turn on delay could be dictated by the system requirements of a
particular application. For example, if incorrect time period measurements during the
first few tens of milliseconds of operation cannot be tolerated, a turn en delay is probably
needed.

MCU11E9-77



TOSHIBA TMP68HC11E9

9.1.2 Power-On Reset

The power-on reset occurs when a positive transition is detected on Vpp. The power-
on reset is used strictly for power turn-on conditions and should not be used to detect any
drops in power supply voltage. The power-on circuitry provides a 4064 cycle time delay
from the time of the first oscillator operation. In a system where E=2 MHz, power on
reset lasts about 2 milliseconds. If the external RESET pin is low at the end of the

power-on delay time, the MCU remains in the reset condition until the RESET pin goes
high.

VECTOR
FETCH

EXTERNAL RESET CASE D(FFFEXFFFEXFFFEXFFFEXFFFEXFFFEXFFF@FFFEXFFPE FFFE X FFFF

mmmm | LT LT
RESETPIN F(/ @ .

ENABLE RESET PULL-DOWN \ T
(NTERNAL SIGNAL) N

VECTOR
FETCH

coPwWATCHDOG RESET CasE — Wrrre X rrre X rrre X rrre X rere X Frre X rere X Frre XFrFA X FFFB
3 SApERERENE)
RESETPIN
\ . 10
VECTOR

FETCH

CLOCK MONTOR RESET CASE ___XFFEXFFFEXFFFEXFFFE)QFFEXFFFEXFFFEXFFFE FFFAX FFFB

RESET PIN T A
e
Note @ RESET pinis sampled at this time. Low implies an extemal reset. High implies clock
monitor or COP watchdog caused reset,

Figure 9.1 Reset Timing
9.1.2.1 CPU.

After reset, the CPU fetches the restart vector from locations $FFTE and
SFTFF($BEFE and $BFFE if in special bootstrap or special test operating mode) during
the first three cycles, and begins executing instructions. The stack pointer and other
CPU registers are indeterminate immediately after reset; however, the X and I
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interrupt mask bits in the condition code register are set to mask any interrupt requests.
Also, the S bit in the condition code register is set to disable the STOP mode.

Vpp
?
é22}( % 1K 10K
1K l/
_____ AN 2N4403
__{“ TL431
LT 330K 4.7K
AAA — A
33K 10K
TO RESET OF
$——> 68HC11
1 (AND OTHER
= SYSTEM PARTS)
Vop
MANUAL 100K
RESET HC14 10K
SWITCH o Rvo- 2N4401

1.0pF __J__

Figure 9.2 Reset Circuit with LVIand RC Delay

v
Voo TA7523 20

IN(+) TO RESET OF
68HCT

1K ouT (AND OTHER
_SYSTEM PARTS)

INC-) MANUAL RESET

o
SWITCH
Y [P

Figure 9.3 Simple LVI Reset Circuit

9.1.2.2 Memory Map.

After reset, the INIT register is initialized to $01, putting the 512 bytes of RAM at
locations $0000 through $01FF and the control registers at locations $1000 through
$103F. The 12K-bite ROM and/or the 512-byte EEPROM may or may not be present in
the memory map because the two bits that enable them in the CONFIG register are
EEPROM cells and are not affected by reset or power down.
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9.1.2.3 Parallel [/O.

‘When a reset occurs in expanded multiplexed operating mode, the 18 pins used for
parallel I/O are dedicated to the expansion bus. If a reset occurs in the single-chip
operating mode, the STAT, STAI, and HNDS bits in the parallel input/output control
register (PIOC) are cleared so that no interrupt is pending or enabled, and the simple
strobed mode (rather than full handshake mode) of parallel I/O is selected. The CWON
bit in PIOC is cleared so port C is not in wired-OR mode. Port Cis initialized as an input
port (DDRC = $00), port B is general purpose output port with all bits cared. STRA is the
edge-sensitive strobe A input and the active edge is initially configured to detect rising
edges (EGA bit in the PIOC set), and SARB is the strobe B output and is initially a logic
zero (the INVB bit in the PIOC is set). Port C, port D bits 0 through 5, port A bits 0, 1, 2,
3, and 7, and port E are configured as general purpose high-impedance inputs. Port B
and bits 4 through 6 of port A have their directions fixed as outputs and their reset state
is a logic zero.

9124 Timer.

During reset, the timer system is initialized to a count of $0000. The prescaler bits
are cleared, and all output compare registers are initialized to §FFFF. All input capture
registers are indeterminate after reset. The output compare 1 mask (OC1M) register is
cleared so that successful OC1 compares do not affect any I/O pins. The other four
output compares are configured to not affect any I/O pins on successful compares. All
three input capture edge-detector circuits are configured for “capture disabled”
operation. The timer overflow interrupt {lag and all eight timer function interrupt flags
are cleared. All nine timer interrupts are disabled since their mask bits are cleared.

9.1.2.5 Real Time Interrupt.

The real time interrupt flag is cleared and automatic handware interrupts are
masked. The rate control bits are cleared after reset and may be initialized by software
before the real time interrupt system is used.

9.1.2.6 Pulse Accumulator.

The pulse accumulator system is disabled at reset so that the PAI input pin defaults
to being a general purpose input pin.

9.1.2.7 COP.

The COP watchdog system is enabled if the NOCOP control bit in the system
configuration control register (EEPROM cell) is clear, and disabled if NOCOP is set.
The COP rate is set for the shortest duration timeout.
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9.1.2.8 SCI Serial I/0.

The reset condition of the SCI system is independent of the operating mode. At reset,
the SCI baud rate is indeterminate and must be established by a software write to the
BAUD register. All transmit and receive interrupts area masked and both the
transmitter and receiver are disabled so the port pins default to being general purpose
/O lines. The SCI frame format is initialized to an 8-bit character size. The send break
and receiver wake up functions are disabled. The TDRE and TC status bits in the SCI
status register are both set, indicating that there is no transmit data in either the
transmit data register of the transmit serial shift register. The RDRF, IDLE, OR NF,
and FE receive-related status bits are all cleared.

Note that upon reset in special bootstrap mode execution begins in the 192 byte boot
ROM. This firmware sets port D to wire-OR mode, establishes a baud rate, and enables
the SCI receiver and transmitter.

9.1.2.9 SPI Serial I/O.

The SPI system is desabled by reset. The port pins associated with this function
default to being general purpose [/O lines.

9.1.2.10 A/D Converter.

The A/D converter system configuration is indeterminate after reset. The conversion
complete flag is cleared by reset. The ADPU bit is cleared by reet thus disabling the A/D
system.

9.1.2.11 System.

The EEPROM programming controls are all disabled so the memory system is
configured for normal read operation. The highest priority I interrupt defaults to being
the external IRQ pin by PSEL3-PSELO equal to 0:1:0:1. The TRQ interrupt pin is
configured for level sensitive operation (for wire-OR systems). The RBOOT, SMOD, and
MDA bits in the HPRIO register reflect the status of the MODB and MODA inputs at
the rising edge of reset. The DLY control bit is set to specify that an oscillator start-up
delay is imposed upon recovery from STOP mode. The clock monitor system is disabled
by CME equal zero.

9.1.3 Computer Operating Properly (COP) Reset

The MCU includes a computer operating properly watchdog system to help protect
against software failures. To use a COP watchdog timer, a watchdog timer reset
sequence must be executed on a regular periodic basis so that the watchdog timer is
never allowed to time out.
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The internal COP function includes special control bits which permit specification of
one of four time out periods and even allows the function to be disabled completely. The
COP system has a separate reset vector.

The NOCOP control bit, which determines whether or not a wathedog timeout causes
a system reset, is implemented in an EEPROM cell in the CONFIG register. Once
programmed, this bit remains set (or cleared) even when no power is applied, and the
COP function is enabled or disabled independent of resident software. The NOCOP
control bit may be preempted while in special test modes to prevent the COP system
from causing a hardware reset.

Two other control bits in the OPTION register select one of four timeout durations for
the COP timer. The actual timeout period is dependent on the system E clock frequency,
but for reference purposes, Table 9.1 shows the relationship between the CR1 and CRO
control bits and the COP timeout period for various system clock frequencies.

Table 9.1 COP Timeout Period versus CR1 and CRO

E/275 XTAL =223 XTAL = 8.0 MHz XTAL=49152 MHz XTAL = 4.0 MiHz XTAL = 3.6864 MHz
CRY | CRO | Divided Timeout Timeout Timeout Timeout Timeout
By -0/+156ms -0/+16.4ms -0/ +26.7ms -0/+32.8ms -0/ +35.6ms
0 0 1 15.625 ms 16.384 ms 26667 ms 32,768 ms 35.556 ms
0 1 4 62.5 ms 65536 ms 10667 ms 13107 ms 142.22 ms
1 a 16 250 ms 262,14  ms 426.67 ms 52429 ms 56883 ms
1 1 64 1 5 1.049 4 1.707 3 21 s 2.276 s
E= 2.1MH; 2.0MH; 1.2288MH; 1.0MH;z 921.6kH;

The default reset condition of the CR1 and CRO bits is cleared which corresponds to
the shortest timeout period.

The sequence required to reset the watchdog timer is:
1) Write $55 to the COP reset register (COPRST) as $103A, followed by
2) Write $AA to the same address.

Both writes must occur in correct order prior to timeout but, any number of
instructions may be executed between the writes. The elapsed time between adjacent
software reset sequence must never be greater than the COP time out period. Reading
the COPRST register does not return meaningful data and does not affect the watchdog

timer.

9.1.4 Clock Monitor Reset

The clock monitor function is enabled by the CME control bit in the OPTION register.
When CME bit is clear, the monitor function is disabled. When the CME bit is set, the
clock monitor function detects the absence of an E clock for more than a certain period of
time. The timeout period is dependent on processing parameters and will be between 5
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and 100 microseconds. This means that an E-clock rate of 200 kHz or more will never

cause a clock monitor failure and an E-clock rate of 10 kHz or less will definitely cause a
clock

monitor failure. This implies that systems operating near or below an E-clock rate of
200 kHz should not use the clock monitor function.

Upon detection of a slow or absent clock, the clock monitor circuit will cause a system
reset. This reset is issued to the external system via the bidirectional RESET pin. The
clock monitor system has a separate reset vector.

Special considerations are needed when using a STOP function and clock monitor in
the same system. Since the STOP function causes the clocks to be halted, the clock
monitor function will generate a reset sequence if it is enabled at the time the STOP
mode is entered.

The clock monitor is useful as a baclkup for the COP watchdog timer. Since the
watchdog timer requires a clock to function, it will not indicate any failure if the system
clocks fail. The clock monitor would detect such a failure and force the MCU to its reset
state. Note that clocks are not required for the MCU. to reach its reset configuration,
although clocks are required to sequence through reset back to the run condition.

9.1.5 Configuration Options Register (OPTION)

This is a special purpose 8-bit register that is used (optionally) during initialization to
configure internal system configuration options. With the exception of bits 7, 6, and 3
(ADPU, CSEL, and CME) which may be read or written at any time, this register may
be written to only once after a reset and thereafter is a read-only register. If no write is
performed to this location within 64 E-clock cycles after reset, then bits 5, 4, 1, and 0
(IRQE, DLY, CR1, and CRO) will become read-only to minimize the possibility of any
accidential changes to the system configuration (writes will be ignored). While in
special test modes, the protection mechanism on this register is preempted and all bits in
the OPTION register may be written repeatedly.

7 6 5 4 3 2 ] 0
$1039 FADPU | CSEL i IRQE | DLY | CME [ 0 | CR1 | CRO L OPTION
RESET 0 0 0 1 0 0 0 0

ADPU - A/D Powerup

This bit controls operations of the on-chip analog-to-digital converter. When
ADPU bit is clear, the A/D system is powered down and conversion requests will not
return meaningful information. To use the A/D system, this bit should be set. A 100
microsecond delay is required after ADPU bit is turned on to allow the A/D system to
stabilize.
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CSEL - A/D/EE Charge Pump Clock Source Select

This bit determines the clocking source for the on-chip A/D and EEPROM charge
pump. When this bit is zero, the MCU E clock drives the A/D system and the
EEPROM charge pump. When CSEL bit is one, on-chip separate R-C oscillators are
enabled and clock the systems at about 2 MHz. When running with an E clock below
1 MHz, CSEL bit must be high to program or erase EEPROM. When operating below
750 kHz E clock rate, CSEL bit should be high for A/D conversions. A delay of 10
milliseconds is required after CSEL bit is turned on to allow the A/D system to
stabilize.

IRQE - IRQ Edge/Level Sensitive

This bit may only be written under special circumstances as described above.
When this bit is clear, the IRQ pin is configuredfor level sensitive wired-OR operation
(low level) and when it is set, the IRQ pin is configured for edge-only sensitivity
(falling edges).

DLY - STOP Exit Turn-On Delay

This bit may only be written under special circumstances as described above. This
bit is set during reset and controls whether or not a relatively long turn-on delay will
be imposed before processing can resume after a STOP period. If an external clock
source is supplied this delay can be inhibited so that processing can resume within a
few cycles of a wake up from STOP mode. When DLY bit is set, a 4064 E clock cycle
delay is imposed to allow oscillator stabilization and when DLY bitis clear, this delay
is bypassed.

CME - Clock Monitor Enable

This control bit may be read or written at any time and controls whether or not the
internal clock monitor circuit will trigger a reset sequence when a slow or absent
system clock is detected. When it is clear, the clock monitor circuit is disabled and
when it is set, the clock monitor circuit is enabled. Systems operating at or below 200
kHz should not use the clock monitor function. Reset clears the CME bit.

Bit 2 - Not Implemented
This bit always reads zero.
CR1 and CRO - COP Timer Rate Selects

These bits may only be written under special circumstances as described above.
Refer to Table 9.1 for the relationship between CR1:CRO and the COP timeout period.
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9.2

INTERRUPTS

When an external or internal (hardware) interrupt occurs, the interrupt is not
serviced until the current instruction being executed is completed. Until the current
instruction is complete, the interrupt is considered pending. After completion of current
instruction execution, unmasked interrupts may be serviced in accordance with an

established fixed hardware priority circuit;however, one I-bit related interrupt source
may be dynamically elevated to the highest I bit priority position in the heirarchy (see
9.2.5 Highest Priority I Interrupt Register (HIPRIO)).

Seventeen hardware interrupts and one software interrupt (excluding reset type
interrupts) can be generated from all of the possible sources. The interrupts can be
divided into two basic categories, maskable and non-maskable. In the TMP68HC11ES
fifteen of the interrupts can be masked using the condition code register I bit. In
addition to being maskable by the I bit in the condition code register, all of the on-chip
interrupt sources are individually maskable by local control bits.

The software interrupt (SWI instruction) is a non-maskable instruction rather than a
maskable interrupt source. The illegal opcode interrupt is a non-maskable interrupt.
The last interrupt source, external input to the XIRQ pin, is considered a non-maskable
interrupt because once enabled, it cannot be masked by software;however, it is masked
during reset and upon receipt of an interrupt at the XIRQ pin. Tables 9.2, 9.3, and 9.4
provide a list of each interrupt, its vector location in memory, and the actual condition
code and control bits that mask it. A discussion of the various interrupts is provided
below. Figure 9.4 shows the interrupt stacking order.
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Table 9.2 Interrupt Vector Assignments

Vector cC
Address Interrupt Source Register Mask Local Mask
FFCD,Ct |Reserved — _
] L ]
| [ ]
FFD4, D5 {Reserved - -
FFDB, D7 |S5Cl Serial System | Bit See Table 9.3
FFD8, D9 |SPISerial Transfer Complete | Bit SPIE
FFDA, DB |Pulse Accumulator Input Edge I Bit PAIl
FFDC, DD |Pulse Accumulator Overflow | Bit PAQVI
FFDE, DF {Timer Overflow | Bit TOI
FFED,E1 |Timer Output Compare 5 I Bit 1 0cCs!
FFE2,E3 |Timer Qutput Compare 4 [ Bit OC4l
FFE4,E5 {Timer Qutput Compare 3 | Bit OC3l
FFEG, E7 |Timer Qutput Compare 2 | Bit ocCzl
FFE8, E9 [Timer Output Compare 1 [ Bit ocC
FFEA, EB |Timer input Compare 3 [ Bit QC3I
FFEC,ED |[TimerInput Compare 2 I Bit oczi
FFEE, EF [TimerInput Compare 1 I Bit o1l
FFFO,F1 |Real TimerInterrupt I Bit RTI
FFF2, F3 |TRQ (External Pin or Parallel 1/O) | Bit See Table 9.4
FFF4, F5 |XIRQPin {Pesudo Non-Maskable Interrupt) X Bit None
FFF6, F7 |SWI None None
FFF8, F9 |lllegal Opcode Trap None None
FFFA, FB | COP Failure {Reset) None NQCOP
FFFC,FD |COP Clock Monitor Fail (Reset) None CME
FFFE, FF |RESET None None
Table 9.3 SCI Serial System
Interrupts Table 9.4 IRQ Vector Interrupts
Interrupt Cause Local Mask Interrupt Cause Local Mask
Receive Data Register Fuli RIE External Pin None
Receiver Qverrun RIE Parallel YO Handshake STAI
Idie Detect ILIE
Transmit Data Register Empty TIE
Transmit Complete TCIE
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STACK

p PCL | - - SP BEFORE INTERRUPT
sp-1| PCH

SpP-2 YL

sP-3| TYH

sP-a| XL

SP-51 IXH

SP-6| AcCCA

SP-7| AccB

SP-8|  ccr

5P-3 ~ ~ SP AFTER INTERRUPT

[Figure 9.4 Interrupt Stacking Order

9.2.1 Software Interrupt (SWI)

The software interrupt is executed in the same manner as any other instruction and
will take precedence over interrupts only if the orher interrupts are masked (I and X bits
in the condition code register set). The SWI instruction is executed in a manner simslar

to other maskable interrupts in that it sets the 1bit, CPU registers are stacked, etc.
Note: The SWI instruction will not be fetched if another interrupt os pending. However, once an

SWI instruction has begun, no other interrupt can be honored until the SWI vector has been
fetched.

9.2.2 Nllegal Opcode Trap

Since not all possible opcodes or opcode sequences are defined, an illegal opcode
detection circuit has been included. When an illegalopcode is detected, an interrupt is
requested to the illegal opcode vector. The illegal opcode vector should never be left
unitialized. It is a good idea to reinitialize the stack pointer as a result of an illegal
opcode interrupt so repeated execution of illegal opcodes does not cause stack overruns.

9.2.3 Interrupt Mask Bits in Condition Code Register

Upon reset, both the X bit and the I bit are set to inhibit all maskable interrupts and
XIRQ. After minimum system initialization, software may clear the X bit by a TAP
instruction, thus enabling XIRQ interrupts. Thereafter software cannot set the X bit so
an XIRQ interrupt is effectively a nonmaskable interrupt. Since the operation of the I
bit related interrupt structure has no effect on the X bit, the external XIRQ pin remains
effectively non-masked. In the interrupt priority logic, the XIRQ interrupt is a higher
priority than any source that is maskable by the 1bit. All Ibit reated interrupts operate
normally with their own priority relationship. When an I bit related interrupt occurs,
the I bit is automatically set by hardware after stacking the condition code register byte,
but the X bit is not affected.
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When an X bit related interrupt occurs, both the X bit and the I bit are automatically
set by hardware after stacking the condition code register. An RTI (return from
interrupt) instruction restores the X and I bits to their pre-interrupt request state.

9.2.4 Priority Structure

Interrupts obey a fixed hardware priority circuit to resolve simultaneous requests;
however, one 1bit related interrupt source may be elevated to the highest 1bit priority
position in the resolution circuit. The first six interrupt sources are not masked by the
1bit in the condition code register and have the fixed priority interrupt relationship of:
reset, clock monitor fail, COP fail, illegal opcode, and XIRQ. (SWI is actually an
instruction and has highest priority other than reset in the sense that once the SWI
opcode is fetched, no other interrupt can be honored until the SWI vector has been
fetched). Each of these sources is an input to the priority resolution circuit. The highest
1bit masked priority input to the resolution circuit is assigned under software control (of
the HPRIO register) to be connected to any one of the remaining I bit related interrupt
scurces. In order to avoid timing races, the HPRIO register may only be written while
the 1bit related interrupts are inhibited (1bit in condition code register is a logic one).
An interrupt that is assigned to this high priority position is still subject to masking by
any associated control bits or the 1bit in the condition code register. The interrupt
vector address is not affected by assigning a source to this higher priority position.

Figures 9.5, 9.6, and 9.7 illustrate the interrupt process as it relates to normal
processing. Figure 9.5 shows how the CPU begins from a reset and how interrupt
detection relates to normal opcode fetches. Figure 9.6 is an expansion of a block in
Figure 2.5 and shows how interrupt priority is resolved. Figure 9.7 is an expansion of the
SCI interrupt block in Figure 9.7 shows the resolution of interrupt sources within the
SCI subsystem.
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9.2.5 Highest Priority I Interrupt Register (HPRIO)

This register is used to select one of the I bit related interrupt sources to be elevated to
the highest I bit masked position in the priority resolution circuit. In addition, four
miscelleneous system control bits are included in this register.

7 6 5 4 3 2 1 0
$103C FBOOT% SMOD ] MDA i IRV ] PSEL3 ] PSEL2 | PSEL1 | PSELOJ HPRIO
RESET - - - - 0 1 0 1

RBOOT - Read Bootstrap ROM

The read bootstrap ROM bit only has meaning when the SMOD bit is a one (special
bootstrap mode or special test mode). At all other times, this bit is clear and may not
be written. When set, upon reset in bootstrap mode only, the small bootstrap loader
program is enabled. When clear, by reset in the other three modes, this ROM is
disabled and accesses to this area are treated as external accesses.

SMOD - Special Mode

The special mode bit reflects the inverse of the MODB input pin at the rising edge
of reset. It is set if the MODB pin is low during reset. If MODB is high during reset, it
is cleared. This bit may be cleared under software control from the special modes,
thus, changing the operating mode of the MCU, but may never be set by software.

MDA - Mode Select A

The mode select A bit reflects the status of the MODA input pin at the rising edge
of reset. While the SMOD bit is set (special bootstrap or special test mode in effect),
the MDA bit may be written, thus, changing the operating mode of the MCU. When
the SMOD bit is clear, the MODA bit is a read-only bit and the operating mode cannot
be changed without going through a reset sequence.

Table 9.5 summarizes the relationship between the SMOD and MDA bits and the
MODB and MODA input pins at the rising edge of reset.

IRV - Internal Read Visibility

The TMP68HC11E9 IRV function differs from the other TMP68HC11x versions.
The internal read visibility bit is used in the special modes (SMOD=1} to affect
visibility of internal reads on the expansion data bus. IRV is writeable anytime if

SMOD=1 and cne time only between resets if SMOD =0. If IRV is clear, visibility of
internal reads is blocked. If the bit is set, internal reads are visible on the external
bus. The user must ensure that bus conflicts do not occur by disabling all external
devices from driving the data bus during any internal access.
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Table 9.5 Mode Bits Relationship

Inputs Latched at Reset
Mode Description
MODB [MODA SMOD | MDA
1 0 Single Chip 0 0
1 1 Expanded Multiplexed 0 1
0 0 Special Bootstrap 1 0
0 1 Special Test i 1

1 =LogicHigh 0=Llogiclow

PSEL3, PSELZ, PSELI1, and PSELO - Priority Select

These four priority select bits are used to specify one 1bit related interrupt source
which becomes the highest priority 1bit related source (Table 9.6). These bits may be
written oenly while the 1bit in CCR=1 (interrupts masked).

Table 9.6 Highest Priority I Interrupt versus PSEL3-PSELO

PSEL3 | PSEL2 | PSEL1T | PSELO Interrupt Source Promoted
0 0 0 0 Timer Overflow
0 0 0 1 Pulse Accumutator Overflow
0 o 1 0 Pulse Accumulator Input Edge
0 0 1 1 SP| Serial Transfer Complete
0 1 0 0 SCi Serial System
0 1 0 1 Reserved (Default to IRQ)
0 1 1 0 |TRQ (External Pin or Parallel I/ Q)
0 1 1 1 Real Time Interrupt
1 0 Y 0 Timer Input Capture i
1 0 0 1 Timer Input Capture 2
1 0 1 0 Timer Input Capture 3
1 0 1 1 Timer Qutput Compare 1
1 1 0 0 Timer Qutput Compare 2
1 1 0 1 Timer Qutput Compare 3
1 1 1 0 Timer Output Compare 4
1 1 1 1 Timer 1C4 OCS

Note: Duringreset, PSEL3, PSELZ, PSEL1, and PSELOQ are initialized to
0:1:0:1 which corre-sponds to “Reserved {default to IRQ)" being the
highest priority I bit related interupt source,
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Figure 9.5 Processing Flow Out of Resets (Sheet 1of 2)

MCU11ES-91



-

|

RESOLVE INTERRUPT
PRIORITY AND FETCH

RESTORE CPU
REGISTERS
FROM STACK

VECTOR FOR HIGHEST
PENDING SOURCE
{See Figure 9.6)

EXECUTE THIS
INSTRUCTION

Figure 9.5 Processing Flow Out of Resets (Sheet 2 of 2)
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BEGIN

t

XBITIN
CCREGISTER
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SET X BIT
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Figure 9.6 Interrupt Priority Resolution (Sheet 1 of 2)
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YES YES FETCHVECTOR
$FFE6, FFE7

YES YES FETCH VECTOR
$FFE4, FFES

YES YES FETCH VECTOR
$FFE2, FFE3

NO NO

YES YES FETCH VECTOR
$FFEOQ, FFE1

YES YES | FETCHVECTOR
$FFDE, FFDF

NO

YES FETCH VECTOR

$FFDC, FFDD

NO

YES FETCH VECTOR

$FFDA, FFDB

NO

YES FETCH VECTOR

$FFD8, FFDI9

Y

FETCH VECTOR
$FFDB6, FFD7

FETCH VECTOR
$FFF2, FFF3

Note: Thisisan expansion a block in Figure 9.5 END

Figure 9.6 Interrupt Priority Resolution (Sheet 2 of 2)
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YES YES

NO NO

YES YES YES

S

TC=17 TCIE=17 YES

NO

P4
Q
‘L—<

tDLE =? YES YES YES
NO NO NO
Y Y
NO VALID SCt YES- VALID SCI
REQUEST REQUEST

Note: Thisisan expansion a block in Figure 9.6

Figure 9.7 Interrupt Source Resolution Within SCI

9.3 LOWPOWERMODES

The MCU contains two programmable low power consumption modes;WAIT and
STOP. These two instructions are discussed below. Table 9.7 summarizes the activity
on all pins of the MCU for all operating conditions.
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9.3.1 WAIT Instruction

The WAI instruction puts the MCU in a low power consumption mode, keeping the
oscillator running. Upon execution of a WAI instruction, the machine state is stacked
and program execution stops. The wait state can be exited only by an unmasked
interrupt or RESET. If the I bit is set (interrupts masked) and the COP is disabled, the
timer system will be turned off to additionally reduce power consumption. The amount
of power savings is application dependent and depends upen circuitry connected to the
MCU pins as well as which subsystems (i.e., timer, SPI, SCI) are active when the WAIT
mode is entered. Turning off the A/D subsystem by clearing ADPU further reduces
WAIT mode current.
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Table 9.7 Pin State Summary for RESET, STOP, and WAIT

Single Chip Modes Expanded Modes
Pins
RESET WAIT STOP RESET WAIT STOP
Output Only
E Active E Active £ 0 Active E Active E 0
XTALI Active Active 1 Active Active £ 1
STRB RW 0 SS SS 1 1 1
PA4-PAB 0 SS SS 0 SS SS
PBO-PB7 0 SS SS HI ADD Hi ADD HI ADD
Input/Output
RESET 1{0) | | 1{0}) | |
MODA LIR 1{0) oD (1) oD {1} 1{1) oD (1) oD (1)
MODB Vstgy | 1(MODB) | 1{VsTay) I1{VsTay) | | (MODES) | I({VstaY) I {VsTBY)
STRA AS 1{STRA) I {STRA) 1 (STRA) Active AS Active AS 0
PA3, PA7 { O Fle] | 110 11O
PCQ-PC7 I He; /O ADD/DATA | SP-8/DATA I
PDO-PD5 | 1O o I 11O 110
Input Only Input Clock or Connect to Crystal with XTAL

EXTAL Terminate Unused Inputs to Vpp
RO Terminate Unused Inputs to Vpp
XIRQ Terminate Unused Inputs to Vpp or Vss
PAQ-PA2 If Not Used, External Drive Not Required
PEQ-PE? I Not Used, External Drive Not Required
VRH-VRL
SYMBOLS:

DATA = Current data present.

I = Inputpin,if( )associated then thisisrequiredinput state.

10 = Input output pin, state determined by data direction register {(or

configuration of 0C5).

LO ADD = Low byte of address.

HIADD = High byte of the address.

ADD DATA = Low byte of the address multiplexed with data.

oD = Opendrainoutput, ( )currentoutput state.

5S = Steady state, output pin stays in current state.

SP-8 = Address output during WAI period following WAI instruction, stack
pointer value, at time of WAI, minus 8.

1 = XTALis output but not nermally usable for any output function beyond
crystal drive.

9.3.2 STOP Instruction

The STOP instruction places the MCU in its lowest power consumption mode
provided the S bit in the condition code register is clear. If the S bit is set, the STOP
mode is disabled and STOP instructions are treated as NOPs (no operation). In the
STOP mode, all clocks including the internal oscillator are stopped causing all internal
processing to be halted. Recovery from the STOP mode may be accomplished by RESET,
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XIRQ, or an unmasked IRQ. When the XIRQ is used, the MCU exits from the STOP
mode regardless of the state of the X bit in the condition code register;however, the
actual recovery sequence differs depending on the state of the X bit. If the X bit is clear,
the MCU starts up with the stacking sequence leading to normal service of the XIRQ
request. if the X bit is set, then processing will continue with the instruction
immediately following the STOP instruction and no XIRQ interrupt service routine is
requested. A RESET will always result in an exit from the STOP mode, and the start of
MCU operation is determined by the reset vector.

Since the oscillator is stopped in the STOP mode, a restart delay of 4064 clock cycle
times may be required to allow oscillator stabilization. If the internal oscillator is being
used, this delay is required; however, if a stable external oscillator is being used, a
control bit in the OPTION register may be used (DLY =0) to give a delay of four cycle.
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10. CPU, ADDRESSING MODES, AND INSTRUCTION SET

This section provides a description of the CPU registers, addressing modes, and a
summary of the M6811 instruction set. Special operations such as subroutine calls and
interrupts are described and cycle-by-cycle operations for all instructions are presented.

10.1 CPU REGISTERS

In addition to being able to execute all M6800 and M6801 instructions, the
TMP68HC11E9 uses a 4-page opcode map to allow execution of 91 new opcodes (see
10.2.7 Prebyte). Seven registers, discussed in the following paragraphs, are available to
programmers as shown in Figure 10.1.

10.1.1 Accumulators A and B

Accumulator A and accumulator B are general-purpose 8-bit registers used to hold
operands and results of arithmetic calculations or data manipulations. These two
accumulators can be concatenated into a single 16-bit accumulator called the D
accumulator.

10.1.2 Index Register X {IX)

The 16-bit IX register is used for indexed mode addressing. It provides a 16-bit
indexing value which is added to an 8-bit offset provided in an instruction to create an
effective address. The IX register can also be used as a counter or as a temporary storage
register.
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7 A 0]7 B 0] 8-BIT ACCUMULATORS A AND B OR
15 0 0| 16:BIT DOUBLE ACCUMULATORD
[15 1X 0] INDEXREGISTER X
15 Y 0] INDEXREGISTERY
[15 SP 0] STACK POINTER
{15 PC 0] PROGRAM COUNTER
7 0
[ X H | N _Z V¥ C| CONDITION CODE REGISTER
L— CARRY/BORROW FROM MSB
OVERFLOW
ZERO
NEGATIVE

1-INTERRUPT MASK

HALF CARRY (FROM BIT 3)
X-INTERRUPT MASK

STOP DISABLE

Figure 10.1 Programming Model

10.1.3 Index Register Y (IY)

The 16-bit IY register is also used for indexed mode addressing similar to the IX
register;however, all instructions using the IY register require and extra byte of
machine code and an extra cycle of execution time since they are two byte opcodes.

10.1.4 Stack Pointer (SP)

The stack pointer (SP) is a 16-bit register that contains the address of the next free
location on the stack. The stack is configured as a sequence of last-in-first-out
read/write registers which allow important data to be stored during interrupts and
subroutine calls. Each time a new byte is added to the stack (a push), the SP is
decremented;whereas, each time a byte is removed from the stack (a pull) the SP is
incremented.

10.1.5 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the next
instruction to be executed.

10.1.6 Condition Code Register (CCR)
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The condition code register is an 8-bit register in which each bit signifies the results
of the instruction just executed. These bits can be individually tested by a program and
a specific action can be taken as a result of the test. Each individual condition code
register bit is explained below.

10.1.6.1 Carry/Borrow (C).

The C bit is set if there was a carry or borrow out of the arithmetic logic unit (ALU)
during the last arithmetic operation. The C bit is also affected during shift and rotate
instructions.

10.1.6.2 Overflow (V).

The overflow bit is set if there was an arithmetic overflow as a result.of the operation;
otherwise, the V bit is cleared.

10.1.6.3 Zero (7).

The zero bit is set if the result of the last arithmetic, logic, or data manipulation
operation was zero;otherwise, the Z bit is cleared.

10.1.6.4 Negative (N).

The negative bit is set if the result of the last arithmetic, logic, or data manipulation
operation was negative;otherwise, the N bit is cleared. A result is said to be negative if
its most significant bit is a one.

10.1.6.5 Interrupt Mask (D).

The I interrupt mask bit is set either by hardware or program instruction to disable
(mask) all maskable interrupt sources (both external and internal).

10.1.6.6 Half Carry (H).

The half carry bit is set to a logic one when a carry occurs between bits 3 and 4 of the
arithmetic logic unit during an ADD, ABA, or' ADC instruction;otherwise, the H bit is
cleared.

10.1.6.7 X interrupt Mask (X).

The X interrupt mask bit is set only by hardware (RESET or XIRQ acknowledge);and
it is cleared only by program instruction (TAP or RTI).

10.1.6.8 Stop Disable (S).

The stop disable bit is set to disable the STOP instruction, and cleared to enable the
STOP instruction. The S bit is program controlled. The STOP instruction is treated as
no operation (NOP) if the 8 bit is set.

10.2 ADDRESSING MODES
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Six addressing modes can be used to reference memory;they include:immediate,
direct, extended, indexed (with either of two 16-bit index registers and an 8-bit offset),
inherent and relative. Some instructions require and additional byte before the opcode
to accommodate a multi-page opcode map;this byte is called a prebyte.

The following paragraphs provide a description of each addressing mode plus a
discussion of the prebyte. In these descriptions the term effective address is used to
indicate the address in memory from which the argument is fetched or stored, or from
which execution is to proceed.

10.2.1 Immediate Addressing

In the immediate addressing mode, the actual argument is contained in the byte (s)
immediately following the instruction, where the number of bytes matches the size of
the register. These are two, three, or four (if prebyte is required) byte instructions.

10.2.2 Direct Addressing

In the direct addressing mode (sometimes called zero page addressing), the least
significant byte of the operand address is contained in a single byte following the opcode
and the most significant byte is assumed to be $00. Direct addressing allows the user to
access $0000 through $00FF using two byte instructions and execution time is reduced
by eliminating the additional memory access. In most applications, this 512-byte area is
reserved for frequently referenced data. In the TMP68HC11E9, software can configure
the memory map so that internal RAM, and/or internal registers, or external memory
space can occupy these addresses.

10.2.3 [Extended Addressing

In the extended addressing mode, the second and third bytes (following the opcode)
contain the absolute address of the operand. These are three or four (if prebyte is
required) byte instructions: one or two for the opcede, and two for the effective address.

10.2.4 Indexed Addressing

In the indexed addressing mode, one of the index registers (X or Y) is used in
calculating the effective address. In this case, the effective address is variable and
depends on two factors: 1) the current contents of the index register (X or Y) being used,
and 2) the 8-bit unsigned offset contained in the instruction. This addressing mode
allows referencing any memory location in the 64 K byte address space. These are
usually two or three (if prebyte is required) byte instructions, the opcode plus the 8-bit
offset.

10.2.5 Inherent Addressing
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In the inherent addressing mode, all of the information is contained in the opcode.
The operands (if any) are registers and no memory reference is required. These are
usually one or two byte instructions.

10.2.6 Relative Addressing

The relative addressing mode is used for branch instructions. If the branch condition
is true, the contents of the 8-bit signed byte following the opcode (the offset) is added to
the contents of the program counter to form the effective branch address;otherwise,
control proceeds to the next instruction. These are usually two byte instructions.

10.2.7 Prebyte

10.3

In order to expand the number of instructions used in the TMP68HC11ES, a prebyte
instruction has been added to certain instructions. The instructions affected are usually
associated with index register Y. The instruction opcodes which do not require a prebyte
could be considered as page 1 of the overall opcode map. The remaining opcodes could be
considered as pages 2, 3, and 4 of the opcode map and would require a prebyte;$18 for
page 2, $1A for page 3, and $§CD for page 4.

INSTRUCTION SET

The central processing unit (CPU) in the TMP68HC11E9 is basically a proper
extension of the MC6801 CPU. In addition to its ability to execute all M6800 and M6801
instructions, the TMP68HC11E9 CPU has a paged operation code (opcode) map with a
total of 91 new opcodes. Major functional additions include a second 16-bit index register
(Y register), two types of 16-by-16 divide instruction, STOP and WAIT instructions, and
bit manipulation instructions.

Table 10.1 shows all TMP68HC11E9 instructions in all possible addressing modes.
For each instruction, the operand construction is shown as well as the total number of
machine code bytes and execution time in CPU E-clock cycles. Notes are previded at the
end of Table 10.1 which explain the letters in the Operand and Execution Time columns
for some instructions. Definitions of “Special Ops” found in the Boolean Expression
column are found in ligure 10.2.

Table 10.2 through 10.8 prdovide a detailed description of the information present on
the address bus, data bus, and the read/write (R/W) line during each cycle of each
instruction. The informatien is useful in comparing actual with expected results during
debug of both software and hardware as the program is executed. The information is
categorized in groups according to addressing mode and number of cycles per
instruction. In general, instructions with the same address mode and number of cycles
execute in the same manner. Exceptions are indicated in the table.
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Table 10.1 TMP68HC11E9 Instructions

and Execution Times (Sheet 1 of 7)

Addressing Modes,

Addressing Machine Coding 212 | cyce ndition Code
FSourc(e Operation EBooIegm Mode for {Hexadecimal) e v by Condition Codes
orm(s) xpression Operand |Opcode [Qperand(s) | & | & [ Cycde* [SXH i NZVC
ABA Add Accumulators A+ BoA INH 1B 1412 2-1 --3-32132
ABX AddBto X IX + Q0 : B—iX INH 3A 1 3 2-2 |- - - s - - - -
ABY AddBioY 1Y +00;: B3IY INH 1B 3A 214 24 |- - -~ - - - - =
ADCA (cpr) |AddwithCarryto A [A+M+C-A [ A IMM 89 i 212 3 [--3-3322
A DIR 99 dd 213 4-1
A EXT B9 hh I 314 5-2
A IND, X A9 1 2|4 6-2
A IND, Y 1B A9 1 35 7-2
ADCB {opr) | AddwithCarrytoB [B+M+CoB8 [B IMM Q9 i 221 31 [--2-33%%
B DIR D9 dd 273 4-1
B EXT F9 hh 11 314 5-2
B IND, X E9 ff 2 (4 6-2
B IND, Y 18 E9 i 3 1S 7-2
ADDA(opr) | Add Memory to A A+ M->A A IMM 88 it 22 317 [--3%-3322
A DIR 98 dd 213 4-1
A EXT 88 hh I il|la 5-2
A IND, X AB 1 214 6-2
A IND, Y 18 AB it 3|5 7-2
ADDB (opr) | Add MemorytoB B + M—B B IMM (<] i 2 ]2 37 [--2-3313
B DiR D8 dd 213 4-1
B EXT F8 kh 3 3|4 S-2
B IND, X EB ft 214 6-2
B IND, Y 18 E8 1 3|5 7-2
ADDD (opr) | Add 16-Bitto D D+rM M+ 1 MM 3 i kk IT4a{ 33 |[----3233
-D DIR D3 dd 205 4-7
EXT F3 hh 1l 316 5-10
IND, X E3 H 216 6-10
IND,Y 18_E3 if 3|72]| 78
ANDA(opr) [ AND Awith Memory |[A*M—A A IMM 84 i 2 ]2 31 |-- - -2260 -
A DIR 94 dd 213 4-1
A EXT B4 hh 1} 34 5-2
A IND, X Ad ff 214 6-2
A IND, Y 18 A4 ff 315 7-2
ANDB (opr) | AND B with Memory |[B*M—B B IMM ca i 212 341 ----%220-
B DIR D4 dd 2 3 4-1
B EXT Fé hh 1l 314 5-2
B IND, X E4 ff 2|4 6-2
B IND, Y 18 E4 ff 315 7-2
ASL (opr} | Arithmetic Shift Left EXT 78 Y]] 3{6| 58 |----33%32
- 0] INDX 68 | ff 26| 63
DT T IND, Y 18 68 f 3|7 7-3
ASLA € b7 b0 |AINH 48 12| 21
ASLB B _INMH 58 1 2 2-1
ASLD Arithmetic Shift Left INH 05 13| 22 [----322212
Double QeI - T
¢ bis bo
ASR  (opr) | Arithmetic Shift EXT 77 Ah il 36 58 [----%3T3312
Right EI]]IID}»_» IND, X &7 ff 2161 63
a IND, Y 18 &7 ff 3|7 7-3
ASRA b7 DO A INH 47 1| 2] 2
ASRB 8 INH 57 1 {2 2-1
BCC (rel} [BranchifCarryClear [?C=0 REL 24 r 213 81 {-- - - - - - -
BCLR (opr} [Clear Bit (s) M * (TAT) DIR 15 dd mm 3|6 410 |- - - - 330 -
(rmsk) -M IND, X 10 ff mm 317 6-13
IND, Y 18 1D if mm 418 7-10
BCS (rel} [Branchif Carry Set 7C=1 REL 25 r 213 8-1 R
BEQ (rei} |Branchif=2Zero 27 =1 REL 27 rr 2 |3 8-1 - - - - - - -

* Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-cycle
operation,
Example:Table 10.1 cycle-by-cycle column reference number 2.4 equals Table 10.2 line ttem 2.4.
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Table 10.1 TMP68HC11E9 Instructions, Addressing Modes,
and Execution Times (Sheet 2 of 7)
Addressing Machine Coding 2121 gycle it
FSc’urce Operation EBoole‘a'm Mode for (Hexadecimal} f b by Condition Codes
orm (s} Xpression | oerand |Opcode |Operand(s) |@ | & [Cycle* [SXH I NZVC
BGE (rel) Branch if =z Zero NGBV =0 REL 2C 44 213 8-1 - - - - = = = =
BGT (rel) Branchif>Zero 2+ (NBV]=0 REL 2E rr 213 8-1 .- - e = = = =
BHI ({rel) Branch if Higher WC+2=0 REL 22 rr 213 8-1 - e - - - e = =
BHS {rel) Branch if Higher or $ame C=0 REL 24 rr 213 8-1 e - - - - - -
BITA {opr} | Bit (s) Test Awith ATM A IMM 85 b 2121 39 |----230 -
Memory A DIR 95 dd 213 4-1
A EXT BS hh Il 3|4 5-2
A IND, X AS ff 24 6-2
A IND, Y 18 A5 ff 3|5 ] 72
BITB (opr) | Bit(s) Test Bwith B*M B MM [ ii 212 31 |-- --320 -
Memory B DIR DS dd 213 4-1
B EXT E5 hh 1l 314 5.2
B IND, X ES f 214 6-2
B IND,Y 18 ES ff 315 7-2-
BLE (rel) |Branchif=Zero 22+ (NBV)=1 REL 2F rr 213 g1 |-~ - =-~-- - -
BLO (rel) |BranchifLower =1 REL 25 re 213 81 j~- - =~ = -~ -
BLS {rel) |BranchiftowerorSame W+Z=1 REL 23 re 313 81 |- - - - - - . -
8LT (ref) [Branchif <Zero PNBV =1 REL 2D rr 2 13 8-1 s - - - - - s =
BMI  (rel] [Branchif Minus IN=1 REL 28 rr 213 8-1 - - - - - - - -
BNE (rel] {Branchif Not=7era [?7=0 REL 26 re 213 g1 |- - - - - - - -
BPL (rel) {BranchifPlus IN=D REL 2A rr 213 8-1 - a e - - - - -
BRA (rel) [Branch Always 21 =1 REL 20 rr 2 | 3 8-1 . - - - - - -
BRCLR{opr) |Branchif Bit{s) Clear IM*mm=0 DR 13 dd, mm rr| 4 | b 4-11 |- - = « = -~ - -
{msk) IND, X 1F ff mmorr| 47 6-14
(rel} IND, Y 18 1F ff mmrr{5]8 7-11
BRN {rel} |Branch Never 71=0 REL 21 " 213 B-1 -+ - e = == -
BRSET (opr) | BranchifBit{s)Set M) mm=0| DIR 12 ddmm rrli 6] 411 |-~ - - - - - -
(msk) IND, X 1€ #f mmr| 4|7 614
(rel} IND, Y 18 1E ff mmorrr}) 5|8 7-11
BSET {opr} | SetBit(s} M + mm-—M DIR 14 dd mm 3767 410 |-- - - £330 -
{msk) IND, X 1C ff mm 307 B-13
IND, Y 18 1C ff mm 418 7-10
BSR (rel) [BranchtoSubroutine | SeeSpecial Ops REL 8D rr 216 82 |-- - - - - - -
BVC  (rel) ) B8ranchitOverflow Clear W=0 REL 28 re 243 8-1 “ - = e = = - -
BVS (rel) | BranchifOverflow Set =1 REL 29 rm 213 8-1 [
cBA Compare AtoB A-B INH 1 112] 21 {----2%32
ClC Clear Carry Bit 0—C NH ocC T2 21 |-- - - - - - 0
CLl Clear Interrupt Mask | 0 INH OE 112 2-1 - - - Q - - -
CLR  (opr) jClear Memory Byte 0—-M EXT 7F hh 1l 3]s 58 [-- - - 10
IND, X bF f 216 6-3
IND, Y 18 bF if 317 7-3
CLRA Clear Accumulator A | 0—A A INH 4F 1 2 2-1 - - - -0100
CLRB Clear Accumulator B [ 0—B B INH 5F 1] 2 2-1 - - - -0100
CLv Clear Overflow Flag 10—V INH 0A 1t ]2 21 |- - - - - -0 -
CMPA {opr) | Compare Ato A-M A IMM 81 ii 2|2 3-1 - - -22%2%22
Memory A DIR 91 dd 213 4-1
A EXT 81 hh I 314 5-2
A IND, X Al ff 214 b-2
A IND,Y 18 A1 ff 3 5 7-2

* Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-cycle
operation,

Example:Tab

le 10.1 cycle-by-eycle column reference number 2.4 equals Table 10.2 line item 2.4.
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Table 10.1 TMP68HCI11E9 Instructions, Addressing Modes,

and Execution Times {Sheet 3 of 7)

Addressing Machine Coding o |2 | Cyde | condition Codes

FSource Operation EBoo!egn Mode for (Hexadecimal) S IR
orm (s) xpression | gocrand | Opcode |Operand 5) | o | | Cycle* [SX H I N Z V C
CMPB (opr} | CompareBto B-M B IMM (&} B 272 31 |----3233

Memory B DIR D1 dd 213 a4

B EXT F1 hh 1l 314 5-2

B IND, X E1 f 214 6-2

B IND, Y 18 E1 f 315 7-2
COM{(opr) | 1's Complement $FF-M—oM EXT 73 hh |l 36| 58 [----%2301

Memory Byte IND, X 63 f 2|6 6-3

IND, Y 18 63 ff 317 7-3
COMA U'sComplement A | $FF-A—A A INH 43 12 20 [----2201
COMB 1's Complement B $FF-B—B B INH 53 1] 2 2-1 ----3201
CPD {opr) |[CompareDto D-M:M+1 MM iA 83 i kk 415 35 |----3332

Memory DIR 1A 93 dd 3|6 4.9

16-Bit EXT 1A B3 hh I 4 | 7 5-11

IND, X 14 A3 ff 3|7 B-11

IND, Y CD A3 f 317 7-8
CPX {opr} Compare X to IX-M: M+ 1 IMM 8C i kk 314 33 |----322123%

Memory DIR 8C dd 2|5 4-7

16-Bit EXT BC hh 1l 3|6 5-10

IND, X AC ff 216 6-10

D,y leoac | # 3|7 78
CPY (opr) |[CompareYto IY-M M+ 1 IMM 18 8C ] kk 45135 [----3%232

Memory DIR 18 9C dd 3|6 4-9

16-Bit EXT 18 BC hh 1l 4 |7 5-11

IND, X 1A AC f 3|7 6-11

IND, Y 18 AC if 317 7-8
DAA Decimal Adjust A Adjust $um 0 BCO INH 19 1|21 21 |----3%3%2
DEC {opr) |Decrement Memory |M-1—M EXT 7A hi I 3|16 58 (----3%1%-

Byte IND, X 6A | ff 26| 63

IND, Y 18 BA if 3|7 7-3
DECA Decrement Accumulator A | A-1—A A INH 4A 112 2-1 ----222-
DECB Decrement AccumulatorB | B-1—3B B INH 5A 112 241 ----%32%22-
DES Decrement Stack Pointer | SP-1-35P INH 34 113 2-3 |- - - - - - - _
DEX Decrement Index Register X| [X-1-31X INH 09 113 -2 |-----3- -
DEY Decrement Index Register Y| [Y-1 =Y INH 18 09 2|4 24 |-+« - - - 2- -
EORA (opr) | Exclusive OR A with A D MDA A IMM 88 if 2|2 341 ----%%0 -

Memary A DIR 98 dd 2|3 4-1

A EXT B8 hh |l 314 5-2

A IND, X A8 f 214 6-2

A IND, Y 18 A8 if 35 7-2
EORB {opr) |[Exclusive ORBwith |8 @ M-8 B IMM c8 i 272 31 |----%30 -

Memary B DIR D8 dd 213 4-1

B EXT F8 hh |l 314 5-2

B IND, X E8 {f 214 6-2

B IND,Y 18 E8 i 315 7-2
FOIV Fractional Divide 16 by 16 | D/IX=a1X; roD INH 03 1141 2-17 b- - - - 1 i i
DIV integer Divide 16 by 16 D/1X—IX ; 1D INH 02 1145 2217 |-----230¢%
INC (opr) [Increment Memory M+ 1-0M EXT 7C hh 1t 3|6 58 |----22%2%-

Byte IND, X 6C if 2|6 6-3

IND, Y 18 6C ff 37 7-3
INCA Increment Accumulator & | A + 1A A INH aC 1] 2 2-1 ----3231-
INCB Increment Accumulator 8 | B + 1—B B INH 5C 112 2-1 ~---221-
INS Increment Stack Painter SP + 15%P INH 31 113 2-3 - - - - - - - -

*Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-cycle

operation.
Example:Table 10.1 cycle-by-cycle column reference number 2.4 equals Table 10.2 line item 2.4,

MCU11E9-106




TOSHIBA TMP68HC11E9

Table 10.1 TMP68HC11E9 Instructions, Addressing Modes,
and Execution Times (Sheet 4 of 7)

Addressin Machine Coding A B | L
FSource Operation EBooqun I\%gdeésforg (Hexadecimalj 3 C)i;(ve Condiion Codes
orm (s) xpression Operand | QOpcode | Operand (s} ey \3‘ Cycle* {i$SXH I NZVC
INX increment Index Register X | [X + 1-=1X INH 08 113 22 §-----%2--
INY increment Index Register Y | 1Y + 1—=Y INH 18 08 2|4 24 |-----3- -
JMP {opr) Jump See Special EXT 7€ hh 1l 313 51 |- - = - - - - -
Ops IND, X 6E f 2|3 6-1
IND, Y 18 6E f 3|4 7-1
JSR (opr) Jumpto Subroutine | See Special DIR 9D dd 215 4-8 [-- - - - - - -
Ops EXT BD hh 316 512
IND, X AD f 216 6-12
IND, Y 18 AD f 317 7-9
LDAA(opr) |leoad Accumulator A | M—A A MM 86 i 2|2 3-1 - - -323260 -
A DIR 96 dd 213 4-1
A EXT 86 hh 1l 314 5-2
A ING, X Ab ff 214 6-2
A IND Y 18 AB ff 315 7-2
LDAB {opr} | Load AccumulatorB | M—B B IMM [« i 212 37 [----3%0 -
B DIR D6 dd 2 (3 4-1
B EXT F6 hh 1l 3 (4 5-2
B IND, X E6 ff 214 6-2
8 IND, Y 18 EB ff 315 7-2
LDD (opr} | Load Double M—A, WA CC i Kk 3 (2 32 |[-- - -%%0 -
Accumulater D M+ 158 DIR DC dd 214 4-3
EXT FC hh i 35 5-4
IND, X EC if 215 6-6
IND, ¥ 18 EC ff 3|6 76
LDS (opr} |Load Stack Pointer MM+ 155P IV 8E i kk 3|3 32 [----322%0-
DIR 9E dd 2|4 4-3
EXT BE hh |l 3 (5 5-4
IND, X AE ff 2|5 6-6
IND, Y 18 AE ff 316/ 76
LDX (opr) | Load Index Register X { M : M + 1IX MM CE N kk 313 32 [----%F%0-
DIR DE dd 214 4-3
EXT FE hh i 315 5-4
IND, X EE ft 245 6-6
IND, ¥ CD EE ff 316 76
LDY {opr) Load Index Register Y [M: M+ 131Y IMM 18 CE i1 kk 414 34 [----3%0-
DIR 18 DE dd 315 4-5
EXT 18 FE hh 11 416 5-6
IND, X 1A EE ff 3|6 6-7
IND, Y 18 EE ff 316 7-6
LSL (opr) [ Logical Shift Left EXT 78 hh 1t 36| 58 |----3333
-« 0 IND, X 68 ff 2196 6-3
O~ IND, Y 18 68 ff 3|7 73
SLA b7 b0 A INH a8 12 21
L5LB A INH 58 112 2-1 TIEE
LSLD Logical Shift Left 0 INH 05 113 2-2 - - - -
Double 9411:":134
b15 b0
LSR (opr) | Logical Shift Right EXT 74 hh 1l 3({6| 58 |----02223
— IND, X 64 f 216 63
o-{IIMMM>J| D,y |18 64 | ff 37| 73
LSRA b7 b0 ¢|A (NH 44 112 24
LSRB B INH 54 1 2 2-1
LSRD Logical Shift Right INH c4 113 2-2 --- -0
Double 0> T{) i3
b15 bl ¢
MUL Multiply 8 by 8 AxBoD INH 3D 1110 2-13 |- - - - - - - %

* Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-cycle

operation.
Example:Table 10.1 cycle-by-cycle column reference number 2.4 equals Table 10.2 line item 2.4,
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Table 10.1 TMP68HC11E9 Instructions, Addressing Modes,
and Execution Times (Sheet 5 of 7)
Addressing Machine Coding o [ 2| cyce iti
FSource Operation EBooIea_n Mode for {Hexadecimal) ol by Condition Codes
orm (s) xpression Operand | Opcode | Operand (s) ;’ 5' Cycle* |SXH I NZVC
NEG {opr) | 2's Complement 0-M->M EXT 70 hh It 3|6 58 |----33212
Memory Byte IND, X 60 ff 216 6-3
IND, Y 18 60 if 317 7-3
NEGA 2's Complement A 0—-ADA A INH 40 112 2-1 ----2222
NEGB 2's Complement B 0-8-8 B INH 50 142 221 [----32333
NOP No Qperation No Qperation INH 01 112 2-1 T
ORAA (opr}| OR Accumulator A A+ MoA A MM 8A i 2|2 3-1 ----23220-
(Inclusive} A DIR 9A dd 213 41
A EXT BA hh It 314 5-2
A IND, X AA if 2|4 6-2
A JND. Y 18 AA if 3 5 7-2
ORAB {apr) | OR Accumulater B B + M—B B IMM cA ii 2|2 3-1 ----330-
(Inclusive) B DIR DA dd 213 4-1
B EXT FA hh 1 3] 4 5-2
B IND, X A if 214 6-2
B IND, Y 18 EA f 35 7-2
PSHA Push A onto Stack A-Sti, 5P =5P - 1| A 1NH 36 113 2-6 T . - - - o - -
PSHB Push B onto Stack 85tk 5P=5P-1|B INH 37 113 26 |- - - - - - - -
PSHX Push X onto Stack (Lo Fust)| iX—sStk, SP=SP-3  1NH 3C 114 2.7 |- - - - - - - -
PSHY Push ¥ onto Stack (Lo First) | Y-Stk SP=SP-3  INH 18 3C 215 28 [-- - - - - - -
PULA Pull A from Stack P =SP4+ 1, AcStk| A INH 32 114 2-9 j- - = 4 - - - -
PULB Pull B from Stack SP=SF+1,BeStk| B INH 33 114 2-9 - - = e e e - -
PULX Pull X from Stack (HiFirst) | SP=SP+2, IXe=5td [INH 38 1 5 210 |- - - - - - - -
PULY Pull ¥ from Stack (Hi First) | 5P =SP + 2, 1Y5tY INH 18 38 216 2-1 e - - - - - -
ROL {opr) |Rotate Left EXT 79 ah 1l 36 58 |- - - -
c IND, X 69 f 26| 63 13¥3
O=ITITTO<G  1ND, Y 18 69 ff 37| 73
ROLA ¢ b7<bd |aAINH 49 12| 241
ROLB B INH 59 1 {2 2-1
ROR {opr] | Rotate Right EXT 76 AR T 36| 58 |-- - -
C IND, X 66 ft 216 6-3 t13
IND,Y 18 66 ft 3|7 7-3
RORA ¢ b7> b A INH 46 112 2-1
RORSB B INH 56 112 2-1
RT! Return from Interrupt] See Special Ops INH 3B 1121 2214 233233328
RTS Return fram Subroutine Sea Special Ops INH 39 115 2-12 |- - - - - - - -
SBA Subtract B from A A-B8-A INK 10 1|2 2-1 ----3232
SBCA (opr) | Subtractwith Carry froma| A-M=C=A |A IMM 82 H 202 3-1 - --2%223
A DIR 92 dd 23 a-1
A EXT B2 hh I 314 5-2
A IND, X A2 ff 2|4 6-2
A IND, Y 18 A2 ft 3|5 7-2
SBCB (opr) | Subtractirom Carryfram 8| B =M - C—B 8 MM Cc2 [ 2 | 2 3.1 - - -12 : i
B DIR D2 dd 213 | 41
B EXT F2 hh 1l 34 5-2
B IND, X E2 ff 214 6-2
8 IND, Y i8 E2 ff 315 7-2
SEC Set Carry 1-3C iNH oD 1|2 2-1 - - - - - - -]
SEI Selinterrupt Mask 1l INH OF 112 2-1 e - 1 - - - -
SEV Sel Qverflow Flag 1V INH 08 112 2-1 e e e - - 1 -

* Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-cycle
operation.
Example:Table 10.1 cycle-by-cycle column reference number 2.4 equals Table 10.2 line item 2.4.
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Table 10.1 TMP68HC11E9 Instructions, Addressing Modes,
and Execution Times (Sheet 6 of 7)

Addressing Machine Cading o |2 | Cycle | condition Codes
souce | opemion | Sodler | iearior | Cmesetnal |2 15| by
Operand |Opcode |[Operand(s) e | O |Cycle® |[SX H I N ZV C
STAA (opr) | Store Accumulator A | A—M A DIR 97 dd 213 42 {----%220 -
A EXT B7 hh i 3] 4 5-3
A IND, X A7 f 2 |4 6-5
A IND, Y 18 A7 ft 3|5 7-5
STAB {opr) |Store AccumulatorB |B—M B DIR D7 dd 213 4-2 ----13 0 -
B EXT F7 hh i 34 5-3
B IND, X E7 ff 214 6-5
B IND, Y 18 E7 ff 315 7-5
STD (opr) |Store Accumulator D | a—sM. B3t + 1 DIR DD dd 214 4-4 -- - -%220-
EXT FD hh 1l 315 5-5
IND, X ED ff 215 6-8
IND, Y 18 ED ff 3|6 7-7
STOP Stop Internal Clocks INH CF 112 2-1 [
STS  (opr) |Store Stack Pointer SPoM M+ 1 DIR gF dd 2|4 4-4° |- - - - 13 0 -
EXT BF hh i 3|5 5-5
IND, X AF it 215 6-8
IND, Y 18 AF f 316 7-7
STX  {opr) [Storeindex Register X | IX—2M 1 M +1 DIR DF dd 2|4 4-4 ----%23 0 -
EXT FF hh I} 3 (5 5.5
IND, X EF ff 215 6-8
IND, Y CD _EF fi 316 | 77
STY (opr) |Store index Register Y jIY—oM: M+ 1 DIR 18 DF dd 35 46 |-- - -420-
EXT 18 FF hh 1! 416 5-7
IND, X 1A EF ft 316 6-9
IND, Y 18 EF ff 316 7-7
SUBA {opr) | SubtractMemory from A A - M-—oA A IMM 80 i 2 2 3-1 - - - - ¢ i : i
A DIR a0 dd 2 3 4-1
A EXT BO hh I 314 5-2
A IND, X AQ f{ 214 6-2
A IND,Y 18 AD if 315| 72
SUBA ({opr) | SubtractMemory from 8 B-M—B B IMM co it 2 | 2 31 ----1112
8 DIR Do dd 2|3 4-1
B EXT FO hh Il 314 5-2
B IND, X EQ f 214 6-2
B IND, Y 18 EC {f 315 7-2
SUBD (opr) | subtract Memory fromD | O -M 1M+ 1D MM 83 5 kk 314 33 |----2112
DIR 93 dd 2 1S 4-7
EXT B3 hh If 36! 510
IND, X A3 ff 216 6-10
IND, Y 18 A3 ff 317 -8
SWI Software interrupt 5ee Special Ops INH 3F 114 2415 - - -V - - - -
TAB Transfer Ato B A—B INH 16 112 2-1 ----322%20-
TAP Transfer A to CCRegister | ADCCR INH 06 tlz] 221 12333333
TBA TransferBto A BoA INH 17 1] 2 2-1 ----%%0-
TEST TEST(Only in Test Modes) | Address Bus INH 00 1] **| 2-20 |- - - - - - - -
counts
TPA Transfer £ Register to A CCR—HA INH 07 1 2 2-1 - e e e e e -
TIST  (opr) | Test for Zero or Minus [ M -0 EXT 70 hh 1l 3|6 5-9 - - =22 0
IND, X 60D ff 2|6 6-4
IND, Y i8 6D f 3+ 7 7-4
157A A0 A INH 4D 1720 21 |----2200
T57B B0 B INH 5D 12t 21 4----%3%00
T5X Transfer Stack Pointerto X | SP + 11X INH 30 113 2-3 |- - - - - - - -
TSY Transfer Stack Painterto ¥ | SP + 191Y INH 18 30 21 4 2-5 - - - - - - . -

* Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-cycle
operation,
Example:Table 10.1 cycle-by-cycle column reference number 2.4 equals Table 10.2 line itemn 2.4,
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Table 10.1 TMP68HC11E9 Instructions, Addressing Modes,

and Execution Times (Sheet 7 of 7)
Addressing Machine Coding o |2 | Cycle Condition Codes
FSourc(e) Operation EB°°|€§”n Mode for (Hexadecimal) 2y by
orm i Apressio Operand | Opcode |Operand(s) | & | | Cycle* [SXH I NZV C
TXS Transfer X 1o Stack Pointer | 1 X - 1—35P INH 35 1 3 2-2 |- - - - e - - -
TYS Transfer ¥ to Stack Pointer [ 1Y = 195P INH 18 35 214 2-4 |- - - - - - - -
WA Wait for Interrupt Stack Regs & INH 3E T |*] 2-16 1- - - - - - - -
WAIT

XGDX Exchange D with X |X-=D, D=»1X INH 8F 113 2.2 |-- - - - -« - -
XGDY Exchange D with Y 1Y—>D, DoIY INH 18 8F 214 24 |- - - - - - - -

* Cycle-by-cycle number provides a reference to Table 10.2 through 10.8 which detail cycle-by-
cycle operation.
Example:Table 10.1 eycle-by-cycle column reference number 2.4 equals Table 10.2 line item

2.4.

** Infinity or Unti! Reset Occurs

23

12 Cycles are used beginning with the opcode fetch. A wait state is entered which remains in

effect for an integer number of MPUE-clock cycles (n) until an interrupt is recognized. Finally,
two additional cycles are used to fetch the appropriate interrupt vector (14 + n total).

dd
ff
hh

i

kk
1

8
8
ol

rr

8-Bit Direct Address ($0000-$00FF) (High Byte Assumed to be $00)

8-Bit Positive Offset $00 (0) to $FIF (255) (Is Added to Index)
High Order Byte of 16-Bit Extended Address
One Byte of Immediate Data

= High Order Byte of 16-Bit Immediate Data
= Low Order Byte of 16-Bit Immediate Data

Low Order Byte of 16-Bit Extended Address
8-Bit Mask (Set Bits to be Affected)
Signed Relative Offset $80 (—128) to §7F (+127)

(Offset Relative to the Address Following the Machine Code Offset Byte)
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Table 10.2 Cycle-by-Cycle Operation — Inherent Mode (Sheet 1 of 4)

Reference | Address Mode Cycle RAN
Number™ | and Instructions Cycles # Address Bus Line DataBus
2-1 ABA, ASLA, ASLB, 2 1 Opcode Address 1 Oprcode
ASRA, ASRB, CBA, 2 Opcode Address + 1 1 Irrefevant Data
CLC, CLI, CLRA,
CLRB, CLV,
COMA, COMB,
DAA, DECA,
DECB, INCA, INCB,
LSLA, LSLB, LSRA,
LSRB, NEGA,
NEGB, NOP,
ROLA, ROLB,
RORA, RORB,
SBA, SEC, SEI, SEV,
STQOP, TAB, TAP,
TBA, TPA, TSTA,
TSTB
2-2 ABX, ASLD, DEX, 3 1 Opcode Address 1 Opcode
INX, LSLD, LSRD, 2 Opcode Address + 1 1 Irrelievant Data
TXS, XGOX 3 $FFFF 1 Irrelevant Data
2-3 DES, INS, TSX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Previous SP Value 1 Irrelevant Data
2-4 ABY, DEY, INY, 4 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
TYS, XGDY 2 Opcode Address + 1 1 Opcode (Second Byte)
3 Opcode Address + 2 1 irrelevant Data
4 $FFFF 1 Irrelevant Data
2-5 TSY 4 1 Opcode Address 1 Opcode (Page Select Byte} {($18)
2 Op<ode Address + 1 1 Opcode (Second Byte) ($30)
k) Opcode Address + 2 1 Irrelevant Data
4 Stack Potnter 1 Irrelevant Data
2-6 PSHA, PSHB 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 irrelevant Data
3 Stack Pointer 0 Accumulator Data
2-7 PSHX 4 1 Opcode Address 1 Opcode ($3C)
2 Opcode Address + 1 1 lrrelevant Data
3 Stack Pointer Q IXL (Low Byte) to Stack
a Stack Pointer — 1 0 IXH {High Byte) to Stack
2-8 PSHY 5 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($3C)
3 Opcode Address + 2 1 Irrelevant Data
4 Stack Pointer 0 IXL {Low Byte) to Stack
5 Stack Pointer ~ 1 0 IXH (High Byte} to Stack

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.2 Cycle-by-Cycle Operation — Inherent Mode (Sheet 2 of 4)

Reference | Address Mode Cycle RAW
Number* | and Instructions Cycle ji&é Address Bus Line Data Bus
2-9 PULA, PULB 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Operand Data from Stack
210 PULX 5 i Opcode Address 1 Opcode ($38)
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 IXH (High Byte) from Stack
5 Stack Pointer + 2 1 IXL {Low Byte} from Stack
2-11 PULY 6 1 Opcode Address 1 Opcode {Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) (538}
3 Opcode Address + 2 1 Irrelevant Data
4 Stack Pointer 1 Irrelevant Data
5 Stack Pointer + 1 1 I'YH (High Byte) from Stack
B Stack Pointer + 2 1 iYL (Low Byte) from Stack
2-12 RTS ) 1 Opcode Address 1 Opcode ($39)
2 Opcode Address + 1 1 irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(High Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
(Low Byte)
2-13 MUt 10 1 Opcode Address 1 Opcode ($3D)
2 Opcode Address + 1 1 Irrefevant Data
3 $FFFF 1 Irrelevant Data
4 $FFFF 1 Irrelevant Data
5 $FFFF 1 Irrelevant Data
3 $FFFF } Irrelevant Data
7 $FFFF 1 Irrelevant Data
8 $FFFF 1 irrelevant Data
9 $FFFF 1 Irrelevant Data
10 $FFFF 1 Irrelevant Data
2-14 RTI 12 1 Opcode Adderess 1 Opcode {$38)
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 i Condition Code Register from
Stack
5 Stack Pointer + 2 1 B Accumuiator from Stack
6 Stack Pointer + 3 1 A Accumulator from Stack
7 Stack Pointer + 4 1 IXH (High Byte) from Stack
8 Stack Pointer + 5 ! 1XL {Low Byte) from Stack
9 Stack Pointer + 6 1 IYH (High Byte) from Stack

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.2 Cycle-by-Cycle Operation — Inherent Mode (Sheet 3 of 4)

Reference | Address Mode Cycle RW
Number* [ and Instructions Cycles Y# Address Bus Line Data Bus
2-14 RTI 12 10 Stack Pointer +7 1 IYL (Low Byte) from Stack
{Continued) 1" Stack Pointer + 8 1 Address of Next Instruction
(High Byte)
12 Stack Pointer +9 1 Address of Next Instruction
(Low Byte)
2-15 SWI 14 1 Opcade Adderess 1 Opcode ($3F)
2 Opcode Address + 1 Irrelevant Data
3 Stack Pointer 0 Return Address {Low Byte)
4 Stack Pointer — 1 4} Return Address {High Byte)
5 Stack Pointer -2 o YL (Low Byte) to Stack
& Stack Pointer — 3 0 IYH [High Byte) to Stack
7 Stack Pointer - 4 0 IXL (Low Byte) to Stack
8 Stack Pointer - 5 0 IXH {High Byte) to Stack
9 Stack Pointer- 6 0 A Accumulator to Stack
10 Stack Pointer—7 o] B Accumulator to Stack
1" Stack Pointer - 8 0 Condition Code Register to Stack
12 Stack Pointer — 8 1 irrelevant Data
13 Address of SWI Vector 1 SWI Service Routine Address
(First Location) (High Bytel}
14 Address of Vector + 1 1 SWI Service Routine Address
(Second Location} {Low Byte)
2-16 WA 14+ n 1 Opcode Adderess 1 Opcode ($3E)
2 Opcode Address + ¢ 1 Irrelevant Data
3 Stack Pointer Q Return Address (Low Byte}
4 Stack Pointer - 1 a Return Address (High Byte)
5 Stack Pointer - 2 0 IYL {Low Byte) to Stack
6 Stack Pointer - 3 0 IYH (High Byte) to Stack
7 Stack Pointer - 4 0 IXL (Low Byle) to Stack
8 Stack Pointer - 5 0 1XH (High Byte)} to Stack
9 Stack Pointer - 6 0 A Accumulator to Stack
10 Stack Pointer - 7 0 B Accumulator to Stack
1" Stack Pointer - B 0 Condition Code Register to Stack
12 to
n+12 Stack Pointer — 8 1 Irrelevant Data
n+13 Address of Vector 1 Service Routine Address
(First Location) [High Byte)
n+ 14 Address of Vector 1 Service Routine Address
(Second Location) {Low Byte)
2.17 FDIV, IDIV 41 1 Opcode Address ) Opcode
2 Opcode Address + 1 i Irrelevant Data
3-41 $FFFF 1 Irrelevant Data

*The reference number is given to provide a cross-reference to Table 10.1,
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Table 10.2 Cycle-by-Cycle Operation — Inherent Mode (Sheet 4 of 4)

Reference | Address que Cycles Cycle Address Bus R'/W Data Bus
Number* | and Instructions # Line
2-18 Page 1 lllegat 15 1 Opcode Address 1 Opcode (lllegal)
Opcodes 2 Opcode Address + 1 1 Irrelevant Data
3 $FFFF 1 Irrelevant Data
4 Stack Pointer 0 Return Address (Low Byte}
5 Stack Pointer - 1 0 Return Address (High Byte)
3 Stack Pointer - 2 0 1YL (Low Byte) to Stack
7 Stack Pointer - 3 0 IYH (High Byte} to Stack
8 Stack Pointer-4 0 IXL (Low Byte) to Stack
3 Stack Pointer-5 0 IXH (High Byte) to Stack
10 Stack Pointer -6 0 A Accumulator
11 Stack Pointer - 7 0 B Accumulator
12 Stack Pointer - 8 0 Condition Code Register to Stack
13 Stack Pointer - 8 1 Irrelavant Data
14 Address of Vector 1 Service Routine Address
{First Location) (High Byte)
is Address of Vector + 1 t Service Routine Address
{Second Location) {Low Byte}
2-19 Pages 2, 3,0r4 16 1 Opcode Address 1 Opcode (Legal Page Select)
illegal Opcodes 2 Opcode Address + 1 1 Opcode (lllegal Second Byte)
3 Opcode Address + 2 1 irrelevant Data
4 $FFFF 1 Irrelevant Data
5 Stack Pointer 0 Return Address (Low Byte)
6 Stack Pointer - | 0 Return Address (High Byte)
7 Stack Pointer - 2 0 1YL (Low Byte) to Stack
8 Stack Pointer - 3 0 IYH {(High Byte) to Stack
9 Stack Pointer -~ 4 Q0 IXL (Low Byte) to Stack
10 Stack Pointer - 5 0 IXH (High Byte) to Stack
1" Stack Pointer - 6 0 A Accumulator
12 Stack Pointer -7 0 B Accumulator
13 Stack Pointer - 8 0 Condition Code Register to Stack
14 Stack Pointer - 8 1 Irrelevant Data
15 Address of Vector 1 Service Routine Address
{First Location)’ (High Byte)
16 Address af Vector + 1 1 Service Routine Address
{Second Location) {Low Byte)
2-20 TEST Infinite 1 Opcode Address 1 Opcode ($00)
2 Opcode Address + 1 i Irrelavant Data
3 Opcode Address + 1 1 Irrelavant Data
4 Opcode Address + 2 1 Irrelevant Data
S-n Previous Address + 1 1 Irrelevant Data

*The reference number is given to provide a cross-reference to Table 10.1.

MCU1T1ES-115




TOSHIBA TMP68HC11E9
Table 10.3 Cycle-by-Cycle Operation — Immediate Mode
Reference | Address Mode Cycle RAW
. Cycles Address Bus . Data Bus
Number* | and Instructions y # Line
3-1 ADCA, ADCB, 2 1 Opcode Address i Opcode
ADDA, ADDS, 2 Opcode Address + 1 1 Operand Data
ANDA, ANDS,
BITA, BITB, CMPA,
CMPB, EORA,
EQRB, LDAA,
LDARB, ORAA,
CQRARB, SBCA,
SBCB, SUBA, S5UBB
3-2 LDD, LDS, LDX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Data (High Byte)
3 Opcode Address + 2 1 Operand Data (Low Byte)
3-3 ADDD, CPX, SUBD 1 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Data (High Byte)
3 Opcode Address + 2 1 Operand Data (Low Byte}
4 SFFFF 1 Irrefevant Data
3-4 LDY L} 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) {($EC)
3 Opcode Address + 2 i Operand Data {(High Byte)
4 Opcode Address + 3 1 Operand Data (Low Byte)
3-5 CPD, CPY 5 1 Opcode Address 1 Opcode (Page Select Byte)
2 Opcode Address + 1 1 QOpcode (Second Byte)
3 Opcode Address + 2 1 QOperand Data (High Byte)
4 Opcode Address + 3 1 Operand Data (Low Byte)
5 $FFFF 1 Irrelevant Data

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.4 Cycle-by-Cycle Operation — Direct Mode (Sheet 1 of 2)

Reference | Address Mode Cycle RAW
Number* | and Instructions Cycles y# Address Bus Line Data Bus
4-1 ADCA, ADCH, 3 1 Opcode Address i Cpcode
ADOA, ADDSB, 2 Opcode Address + 1 1 Operand Address (Low Byte)
ANDA, ANDSB, (High Byte Assurmed to be $00)
BITA, BITB, CMPA, 3 Operand Address 1 Operand Data
CMPB, EDRA,
EORB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SB8CB, SUBA,SUBB
4-2 STAA, STAB 3 1 OUpcode Address 1 Opcode
2 Opcode Address + 1 1 COperand Address {Low Byte)
(High Byte Assumed to be $00}
3 Operand Address 0 Data from Accumulator
4-3 LDD, LDS, LDX 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Address [Low Byte)
(High Byte Assumed to be $00)
3 QOperand Address 1 Operand Data (High Byte)
4 Operand Address + 1 1 Operand Data (Low Byte)
4-4 STD, STS, STX 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Address {(Low Byte)
{High Byte Assumed to be $00)
3 Operand Address 0 Register Data {High Byte)
4 Operand Address + 1 0 Register Data (Low Byte)
4-5 LDY 5 1 Cpcode Address 1 Opcode (Page Select Byte) ($18}
2 Opcode Address + 1 1 Opcode {Second Byte) ($DE)
3 Opcode Address + 2 1 Operand Address (Low Byte)
(High Byte Assumed to be $00)
4 Operand Address 1 Operand Data {(High 8yte)
5 Operand Address + 1 1 Operand Data {Low Byte)
4-6 STY 5 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($DE)
3 Opcode Address + 2 1 Operand Address (Low Byte}
{High Byte Assumed to be $00)
4 Operand Address 0 Register Data {High Byte}
5 QOperand Address + 1 0 Register Data (Low Byte)
4-7 ADDD, CPX, SUBD 5 1 Op<ode Address 1 Opcode
2 Opcode Address + 1 1 Operand Address {Low Byte)
(High Byte Assumed to be $00)
3 Operand Address 1 Operand Data(High Byte}
4 Operand Address + 1 1 Operand Data {Low Byte)
5 $FFFF 1 Irrelevant Data

* The reference number is given to provide a cross-reference to Table 10.1,
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Table 10.4 Cycle-by-Cycle Operation — Direct Mode (Sheet 2 of 2)

Reference | Address Mode Cycle R/
Number* | and Instructions Cycles Z& Address Bus Line Data Bus
4-8 JSR 5 1 Opcode Address 1 Opcede ($9D)
2 Opcede Address + 1 1 Subroutine Address (Low Byte)
{High Byte Assumed to be $00)
3 Subroutine Address 1 First Subroutine Opcode
4 Stack Pointer 0 Return Address (Low Byte)
5 Stack Pointer = 1 0 Return Address {High Byte)
4-9 CPD, CPY 6 1 Opcode Address 1 Opcode (Page Select Byte)
2 Opcode Address + 1 H Opcode (Second Byte)
3 Opcode Address + 2 1 Operand Address (Low Byte)
(High Byte Assumed to be $00)
4 Operand Address 1 Operand Data (High Byte)
5 Operand Address + 1 1 Operand Data (Low Byte)
6 $FFFF 1 rrelevant Data
4-10 BCLR, BSET [ 1 Opcode Address 1 Opcode
2 Opcode Address + | 1 Operand Address (Low Byte)
{High Byte Assumed to be $00)
3 Operand Address 1 Original Operand Data
4 Opcode Address + 2 1 Mask Byte
5 $FFFF 1 Irrelevant Data
6 Operand Address 0 Result Operand Data
4-11 BRCLR, BRSET 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Address (Low Byte)
[High Byte Assumed to be $00)
3 Operand Address 1 Qriginal Operand Data
4 Opcode Address + 2 1 Mask Byte
5 Opcode Address + 3 1 Branch Offset
6 $FFFF 1 Irrelevant Data

* The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.5 Cycle-by-Cycle Operation — Extended Mode (Sheet 1 of 2)

Reference | Address que Cycles Cycle Address Bus R.NV Data Bus
Number* | and Instructions # Line
5-1 IMP 3 1 Opcode Address i Opcede (37E)
2 Opcode Address + 1 i Jump Address (High Byte)
3 Opcode Address + 2 1 Jump Address {Low Byte)
5-2 ADCA, ADCB, 4 1 Opcode Address 1 Opcode
ADDA, ADDS, 2 Opcode Address + 1 1 Operand Address (High Byte}
ANDA, ANDB, 3 Opcode Address + 2 1 Operand Address (Low Byte)
BITA, BITB, CMPA, 4 Operand Address 1 Operand Data
CMPB, EORA,
EORB, LDAA,
LDAB, ORAA,
QORARB, SBCA,
SBCB, SUBA, suUBl
5-3 STAA, STAB 4 1 Opcode Address 1 QOpcode
2 Opcode Address + 1 1 Operand Address (High Byte]
3 Opcode Address + 2 1 Qperand Address (Low Byte)
4 Operand Address 0 Accumulator Data
5-4 LDD, LDS, LDX 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 i Operand Address {High Byte)
3 Opcode Address + 2 1 Qperand Address {Low Byte)
4 Operand Address 1 Operand Data (High Byte)
5 Operand Address + 1 1 Operand Data (Low Byte)
5-5 STD, 575, 5TX 5 1 Opcode Address 1 Opcode
2 COpcode Address + 1 i QOperand Address (High Byte)
3 Opcode Address + 2 1 Operand Address (Low Byte)
4 Operand Address 0 Register Data (High Byte)
5 Operand Address + 1 G Register Data (Low Byte)
5-6 LDY 6 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($FF)
3 Opcode Address + 2 1 QOperand Address (High Byte)
4 Opcode Address + 3 1 Operand Address (Low Byte)
5 Operand Address 1 Operand Data (High Byte)
6 Operand Address + 1 1 Operand Data (Low Byte)
5-7 STY 6 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 QOpcode Address + 1 1 Opcode (Second Byte) ($FF)
3 Opcode Address + 2 1 Operand Address (High Byte}
4 Opcode Address + 3 1 Operand Address (Low Byte)
5 Qperand Address 0 Register Data (High Byte)
6 Operand Address + 1 0 Register Data {(Low Byte)
5-8 ASL, ASR, CLR, 6 1 Qpcode Address 1 Opcode
COM, DEC, INC, 2 Opcode Address + 1 i Operand Address (High Byte)
LSL, LSR, NEG, 3 Qpcode Address + 2 1 Operand Address {Low Byte)
ROL, ROR 4 Qperand Address 1 Criginal Operand Data

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.5 Cycle-by-Cycle Operation — Extended Mode (Sheet 2 of 2)

Reference | Address que Cycles Cycle Address Bus R./W Data Bus
Number* | and Instructions # Line
5-8 ASL, ASR, CLR, 6 5 $FFFF 1 Irrelevant Data
(Continued) | COM, DEC, INC, 6 Operand Address 0 Result Operand Data
LSL, LSR, NEG,
ROL, ROR
5-9 TST 6 1 Opcode Address 1 Cpcode ($7D)
2 Opcode Address + 1 1 Cperand Address {High Byte}
3 Opcode Address + 2 i Operand Address {Low Byte)
4 Operand Address 1 Original Operand Data
5 $FFFF 1 Irrelevant Data
6 $FFFF 1 Irretevant Data
5-10 ADDD, CPX, SUBD [ 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Address {High Byte)
3 Opcode Address + 2 1 Operand Address [Low Byte)
4 Operand Address 1 Operand Data {High Byte)
5 Operand Address + 1 ! Operand Data (Low Byte)
6 $FFFF 1 Irrelevant Data
5-11 CPD, CPY 7 1 Opcode Address 1 Opcode (Page Select Byte)
2 Opcode Address + 1 1 Opcede (Second Byte)
3 Opcode Address + 2 1 Operand Address {High Byte)
4 QOpcode Address + 3 1 Operand Address (Low Byte)
5 Operand Address 1 Operand Data (High Byte)
6 Qperand Address + 1 1 Operand Data (Low Byte)
7 $FFFF 1 Irrelevant Data
5-12 JSR 6 1 Opcode Address 1 Opcode {$ED)
2 Opcode Address + 1 1 Subroutine Address (Higl Byte)
3 Opcode Address + 2 i Subroutine Address (Low Byte)
4 Subroutine Address 1 First Opcode in Subroutine
5 Stack Pointer 0 Return Address (Low Byte)
6 Stack Pointer - 1 0 Return Address {High Byte)

* The reference number is given to provide a cross-reference to Table 10.1.

MCU11E9-120




TOSHIBA

TMP6BHC11E9

Table 10.6 Cycle-by-Cycle Operation — Indexed X Mode (Sheet 1 of 2)

Reference | Address Mode Cycle RAW
Number* | and Instructions Cycles y# Address Bus Line Data Bus
6-1 P 3 ] Opcode Address 1 Opcode ($6E)
2 QOpcode Address + 1 1 Index Offset
3 $FFFF i Irrelevant Data
6-2 ADCA, ADCB, 4 1 Opcode Address i Opcode
ADDA, ADDB, 2 Opcode Address + 1 1 Index Offset
ANDA, ANDS, 3 $FFFF 1 rrelevant Data
BITA, BITB, CMPA, 4 {IX) + Offset 1 QOperand Data
CMPB, EQRA,
EORB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SBCB, SUBA, SUBB
6-3 ASL, ASR, CLR, 6 1 Opcode Address i Opcode
COM, DEC, INC, 2 Opcode Address + 1 1 Index Offset
LSL, LSR, NEG, 3 SFFFF 1 Irrelevant Data
ROL, ROR 4 (IX) + Offset 1 Original Operand Data
5 $FFFF 1 Irrelevant Data
6 {IX) + Offset 0 Result Operand Data
6-4 TST 6 1 Opcode Address 1 Opcode ($60)
2 Opcode Address + 1 ] Index Offset
3 $FFFF 1 lrrelevant Data
4 (IX} + Offset 1 QOriginal Operand Data
5 §FFFF 1 Irrelevant Data
6 SFEFF 1 Irrelevant Data
6-5 STAA, STAB 4 1 Oprode Address 1 Opcode
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 {IX) + Offset a Accumulator Data
656 LDD, LDS, LDX S 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Index Offset
3 $FEFF ' 1 Irrelevant Data
4 (IX) + Offset 1 Operand Data (High Byte}
S (1X) + Offset + 1 1 QOperand Data (Low Byte)
6-7 LDY 6 ] Opcode Address 1 Opcade (Page Select Byte) ($1A)
2 Opcode Address + 1 1 Opcode (Second Byte) {$EE)
3 Opcode Address + 2 1 Index Offset
4 SFFFF 1 Irrelevant Data
5 (IX) + Offset 1 Operand Data (High Byte}
6 (IX) + Offset + 1 1 Operand Data (Low Byte)
6-8 STD, STS, 5TX 5 1 Opcode Address 1 Opcode
2 Qpcode Address + 1 ! Index Offset
3 $FFFF 1 Irrelevant Data

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.6 Cycle-by-Cycle Operation — Indexed X Mode {(Sheet 2 of 2)

Reference | Address Mode Cycle RIW
Number* [ and Instructions Cycles )f# Address Bus Line Data Bus
6-8 STD, STS, STX 5 4 (iX) + Offset 0 Register Data (High Byte)
{Continued) 5 (IX) + Offset + 1 0 Register Data {Low Byte)
6-9 STY 6 1 Opcode Address 1 Opcode [Page Select Byte) ($1A)
2 Opcode Address + 1 1 Opcode (Second Byte) {$EF)
3 Cpcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
S (1X) + Offset 0 Register Data (High Byte)
[ (1X) + Offset + 1 0 Register Data (Low Byte)
6-10 ADDD, CPX, SUBD 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 index Offset
3 $FFFF 1 Irrelevant Data
4 (I1X) + Offset 1 Register Data {High Byte}
5 (1X) + Offset + 1 1 Register Data {Low Byte)
6 $FFFF 1 Irrelevant Data
6-11 CPD, CPY 7 1 Opcode Address 1 Opcode (Page Select Byte)
2 Opcode Address + 1 1 Opcode (Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 irrelevant Data
5 {1X) + Offset 1 Register Data (High Byte)
6 (IX) + Offset + 1 1 Register Data (Low Byte}
7 $FFFF 1 Irrelevant Data
6-12 JSR 6 1 Opcode Address 1 Cpcode {$3AD)
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 (IX) + Offset 1 First Opcade in Subroutine
5 Stack Pointer 0 Return Address (Low Byte)
6 Stack Pointer - 1 0 Return Address (High Byte}
6-13 BCLR, BSET 7 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 {IX) + Offset 1 Original Operand Data
5 Opcode Address + 2 1 Mask Byte
6 $FFFF 1 irrelevant Data
7 (IX) + Offset 0 Result Operand Data
6-14 BRCLR, BRSET 7 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 (IX) + Offset 1 Original Operand Data
5 Opcode Address + 2 1 Mask Byte
6 Opcode Address + 3 1 Branch Offset
7 $FFFF 1 Irrefevant Data

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.7 Cycle-by-Cycle Operation — Indexed Y Mode (Sheet 1 of 2)

Reference | Address que cycles Cycle Address Bus R‘/W Data Bus
Number* | and Instructions # Line
7-1 IMP 4 1 Opcode Address 1 Opcede (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($6E)
3 Opc¢ode Address + 2 1 Index Offset
4 SFFFF 1 irrelevant Data
7-2 ADCA, ADCB, 5 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
ADDA, ADDB, 2 Opcode Address + 1 1 Opcode (Second Byte)
ANDA, ANDB, 3 Opcode Address + 2 1 index Offset
BITA, BITB, CMPA, | 4 $FFFF 1 Irrelevant Data
CMiP8, EORA, 5 (1Y) + Offset 1 Operand Data
EQRB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SBCB, SUBA, SUBSB
7-3 ASL, ASR, CLR, 7 1 Opcode Address 1 Opcode (Page Select Byte)
COM, DEC, INC, 2 Opcode Address + 1 1 Opcode (Second Byte)
LSL, LSR, NEG, 3 Opcode Address + 2 1 index Offset
ROL, ROR 4 $FFFF i Irrelevant Data
5 {IY) + Offset 1 Qriginal Operand Data
3 $FFFF 1 trrelevant Data
7 (1Y) + Offset 0 Result Operand Data
7-4 TST 7 i Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 QOpcode (Second Byte) ($6D)
3 Opcode Address + 2 1 Index Offset
4 $FFFF H irrelevant Data
5 (1Y) + Offset ! Qriginal Operand Data
b $FFFF 1 Irrelevant Data
7 $FFFF 1 Irrelevant Data
7-5 STAA, STAB 5 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode {Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 irrelevant Data
5 (1Y) + Offset 0 Accumulator Data
7-6 LDD, LDS, LDX, 6 1 Opcode Address 1 Opcode (Page Select Byte)
LDY 2 Opcode Address + 1 1 Opcade (Second Byte)
3 Opcode Address + 2 i Index Offset
4 SFFFF i Irrelevant Data
5 (1Y) + Offset 1 Operand Data (High Byte)
6 (1Y) + Offset + 1 1 Operand Data (Low Byte)
77 STD, STS,5TX, STY 5 1 Opcode Address 1 Opcode (Page Select Byte)
2 Opcode Address + 1 1 Opcode (Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data

* The reference number is given to provide a cross-reference to Tahle 10.1.
P
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Table 10.7 Cycle-by-Cycle Operation — Indexed Y Mode (Sheet 2 of 2}

Reference | Address Mode Cycle RAW
Number* | and instructions Cycles );f Address Bus Line Data Bus
7-7 STD, STS, STX, 5TY 6 5 {1Y) + Offset Q Register Data {High Byte)
{Continued) 6 {IY) + Offset + 1 0 Régister Data (Low Byte)
7-8 ADDD, CPD, CPX, 7 1 Opcode Address 1 Opcode (Page Select Byte)
CPY, SUBD 2 Opcode Address + 1 1 Opcode (Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrefevant Data
5 (1Y) + Offset 1 Operand Data (High Byte)
6 (1Y) + Offset + 1 1 Operand Data (Low Byte)
7 $FFFF 1 Irrelevant Data
7-9 ISR 7 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcede (Second Byte) ($AD)
3 Opcode Address + 2 1 Index Offset
4 $FEFF 1 irrelevant Data
5 (IY) + Offset 1 First Opcode in Subroutine
6 Stack Pginter 0 Return Address (Low Byte)
7 Stack Pointer -1 0 Return Address (High Byte)
7-10 BCLR, BSET 8 1 QOpcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode {Second Byte]
3 Qpcode Address + 2 1 Index Gffset
4 $FFFF 1 Irrelevant Data
S (1Y) + Offset 1 Original Operand Data
& Opcode Address + 3 1 Mask Byte
7 $FFFF 1 lrrevant Data
8 (1Y) + Offset 0 Result Operand Data
7-11 BRCLR, BRSET 8 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode [Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 (1Y) + Offset 1 Original Operand Data
6 Opcode Address + 3 + Mask Byte
7 Opcode Address + 4 1 Branch Offset
g $FFFF 1 Irrelevant Data

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.8 Cycle-by-Cycle Operation—Relative Mode
Refergnce | Address Mode Cycle RAN
* . Cycles Address Bus . Data Bus
Number* | and Instructions y # Line
8-1 BCC, BCS, BEQ, 3 1 Opcode Address i Opcode
BGE, BGT, BHI, 2 Opcode Address + 1 1 Branch Offset
BHS, BLE, BLO, 3 $FFFF 1 Irrelevant Data
BLS, BLT, BMI,
BNE, BPL, BRA,
BRN, BVC, BVS
8-2 BSR 6 1 Opcode Address 1 Opcode (38D)
2 Opcode Address + 1 1 Branch Offset
3 $FFFF 1 Irrelevant Data
4 Subroutine Address 1 Opcode of Next Instruction
5 Stack Pointer 0 Return Address (Low Byte)
6 Stack Pointer - 1 0 Return Address (High Byte)

* The reference number is given to pravide a cross-reference to Table 10.1.
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11. ELECTRICAL SPECIFICATIONS
11.1 MAXIMUM RATINGS

Raing Symbol Value Unit This device contains circuitry to protect
the inputs against damage due to high
Supply Voltage VoD —03to+7.0 Vv static voltages or electric fields;however,
it is advised that normal precautions be
input Voltage Vin -0.3t0+7.0 v taken to avoid application of any voltage
Operating Temperature Range Ta TLto T e higher than maximum-rated voltages to
MCE8HC11E9 —-40t0 85 this high-impedance circuit. Reliability of
operation is enhanced if unused inputs
Storage Temperature Range | Tyg - 5310 150 C are tied to an appropriate logic voltage
Current Drain per Pin* " >s A level (e.g., either GND or Vpp).
Excluding VDD,VSS,VRH, and VRL

* One pin at a time observing maximum power dissipation limits.

11.2 THERMAL CHARACTERISTICS

Characteristic Symbo! Value Unit
Thermal Resistance GITN T
Plastic 52-Pin Quad Pack (PLCC) TBD

11.3 POWER CONSIDERATIONS
The avarage chip-junction temperature, T, in C can be obtained from:
Ty=Ta + (PpBya) (1)
where:
Tan =Ambient Temperature, C
0ya =Package Thermal Resistance, Junction-to-Ambient, C/W
Pp =PinT + Pro
PinT =Ipp X Vpp, Watts - Chip Internal Power
Pyo =Power Dissipation on Input and Output Pins, Watts - User Determined
For most applications Pyo < PNt and can be neglected.
The following is an approximate relationship between Pp and T (if Pyq is neglected):
Pp=K+(T;+273C) (2)
Solving equations (1) and (2) for K gives:
K=PD - (TA+273°C)+0y4 - Pp? (3)
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3. All ports configured as inputs,
ViL=0.2V,
VinZVpp -0.2V,
No de loads,
EXTALisdriven with a square wave, and
teye=476.5 ns.
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Vpo
Equivalent Test Load!
R2 Pins R1 R2 C1
PA3-PA7 3.26KQ 2.38KQ 90pF
TEST , PBO-PB7
POINT PCO-PC7
PDO, PD5
1 % R1 E, AS, RAW
PD1-PD4 3.26KQ 2.38KQ 200pF
- !
CLOCKS Vop
' Vpp-0.8Volts
STROBES N 0.4volts ~vgs — 0.avoltsk| 7P
~<NOM~| |=NOM—~
— 70%ofVpp
INPUTS 2
— 20%o0fVpp
~— NOMINAL TIMING -
~Vpp
Vpp-0.8Volts
OUTPUTS
0.4Volts
D.C. TESTING
CLOCKS, ~Voo -
STROBES N20%0fVop_ _y . _ 20%0f Voo f 70%0f Voo
< SPEC—| |« spec~] (SEENOTE2)
70%0f Vop — — Vpp-0.8Volfs
INPUTS
—— 20%0fVo0 — ¥ ¢ avolfs
~—— SPEC TIMING —
~Vobp
70%of Vpp
QUTPUTS
20%of Vpp
~Vss
A.C. TESTING
Notes :

1. Full testloads are applied during all dc electrical and ac timing measurements.

2. During ac timing measurements inputs are driven to 0.4 volts and Vpp-0.8 volts while timing
measurements are taken at the 20% and 70% of Vpp points.

Figure 11.1 Test Methods
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11.5 CONTROL TIMING (Vpp=5.0Vdet10%, Vgg=0Vdc, Tao =Ty, te Tr)
o 1.0MHz 2.0MHz 2.1MHz
Characteristic Symbol Unit
Min | Max | Min | Max | Min | Max
Frequency of Operation fo dc [ 1.0 | de } 20 | dc | 2t |MHz
E Clock Period tee | 1000 - | 500 | - | 476 | - ns
Crystal Frequency fxraL | - |40t - | 80 - 8.4 [MHz
External Oscillator Frequency af, | dc | a0 | dc | 80 | dc | 8.4 jMHz
Processor Control Setup tpcs =14 teye = 50Ns | tees | 200 | - 75 - 69 - ns
Time(see Figures 11.3,11.5, and 11.6)
Reset Input Pulse Width {To Guarantee External PWasr. teye
{see Note 1 and Figure 11.3) Reset Vector) 8 - 8 - 8 -
{Minimum Input Time;
May be Preempted by
Internal Reset) 1 - 1 - 1 -
Mode Programming Setup Time tmes | 2 - 2 - 2 - ns
(see Figure 11.3)
Mode Programming Hold Time tmpH 0 - 0 - ] - ns
{see Figure 11.3)
Interrupt Pulse Width, PWRQ =tcyc+20ns | pwwo 11020 - | 520 - 496 | - ns
IRQ Edge Sensitive Mode
{see Figures 11.4 and 11.6)
Wait Recovery Startup Time twrs | - 4 - 4 - 4 |ty
{See Figure 11.5)
Timer Pulse Width PWTin = teye +20 NS | pwyy (1020 - 1520 | - | 496 ) - ns
Input Capture, Pulse Accumulator Input
{see Figure 11.2)

Notes :

1. RESET will be recognized during the first clock cycle it is held low. Internal circuity then
drives the pin low for four clock cycles, releases the pin, and samples the pin level two cycles
later to detemine the source of the interrupt. See SECTION 9 RESETS, INTERRUPT, AND

LOWPOWER MODES for details.

2. All timing is shown with respect to 20% Vnp and 70% Vp unless otherwise neted.
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PAOD-PA3T

A\
/

— T\
TN TN

PA7 1.3

_/
PAD-PA32 N\
_/
TN

PAT 2.3

Figure 11.2 Timer Inputs Timing Diagram

Notes:
1. Rising edge sensitive input
2. Falling edge sensitive input
3. Maximum pulse accumulator clocking rate is E frequency divided by 2.

VDD__/_N o
EXTAL A i % % i 70

tpes—| I:—

PWRsTL

MODA, /—'\ — —---
MODB N ~N
Ne N
ADDRESS _/( N FFFE XFFFEW X XFFFE \FFFFE Xms MFFFE XFFFF X NEW

Note : Refer to Table 9.7 for pin states during RESET

Figure 11.3 POR and External Reset Timing Diagram
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N A T T
RO ————Nr N
@5 AR\
5 N N

as LT, LJL L nnn

ES

PWIRQ

E

N N
STOP sTar STOP oPE
ADDRESS4 &Lﬁiﬁxﬂmm”'\ e ADDRESS + 1 A\ cooe X J X X
Resume pfograrrl\ with instruction which follows the STOP instruction
N,
STOP A A S0P 510 sra X ors Y FFF2 YFFE3 Y NEW
ADDRESS5 R SCLLLSTER N Ne ADDRESS +1,/5000 2 EEED)A(EEE P
1RQ VECTOR
(XIRQ VECTOR)

Notes :
1. Edge sensitive IRQ pin {IRQE bit=1)

2. Level sensitive IRQ pin (IRQE bit=0}
3. tSTOPDELAY =4064 teyc if DLY bit=1 or 4 teyc if DLY =0.
4, XIRQWITH X bit CCR=1.
5. IRQ, or (XIRQ@ with X bitin CCR=0).
6. Refer to Table 9.7 for pin states during STOP.
Figure 11.4 STOP Recovery Diagram
I 1 |
SRR EEN SR EEN RN R
R tocs—] |
IRQ, XIRQ. N
OR INTERNAL
INTERRUPTS
| twRS I
N
ADDRESS £ X e X sp X sp-y X spo2 ..\.:..sp-a X sp2 X'spg : sp8 X P8
PCL PCH YL, YH, XL, XH,
A.B.CC
R /W _\ STACK REGISTERS / \
N

Notes:
1 Refer to Table 9.7 for pin states during WAIT.
2 RESET will also cause recovery from WAIT,

Figure 11.5 WAIT Recovery from Interrupt Timing Diagram

MCU11E9-132



TOSHIBA TMP68BHC11ES

LAST CYCLE OF AN INSTRUCTION

=~ teps l

/

PWrq

RQ2, XIRQ,
OR INTERNAL
INTERRUPTS

ADDRESS ot KNEXTI P X sp-1 X sp-2 X 573 X sp-a X 5ps X sp-6 X 57 X sp-8 X sp-8 ) & )(,‘D‘Jrf’,“.x NEW
SsJLrnnnnnrnnnnnnn ffnn
NG S €A S G I CD L G 2 €1 2 €0 € 2 €D 2 B 2 € 2 GO 6 . 65 2 655 . 6B

R/W |\\ //

Notes: 1. Edpge sensitive IRQ pin (IRQE bit=1).
2. Level sensitive IRQ pin (IRQE bit=0).

o
IRQ —\
~

P

Figure 11.6 Interrupt Timing Diagram
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11.6 PERIPHERAL PORT TIMING (Vpp=5.0 Vdc+10%, Vsg=0 Vdc, TA=Ty, to Tw)

1.0MHz 2.0MHz 2.1MHz
Characteristic Symbol - - - Unit
Min Max Min Max Min Max
Frequency of Operation(E Clock Freguency) fo 1.0 1.0 2.0 2.0 2.1 2.1 MHz
E Clock Period teye 1000 - 500 - 476 - ns
Peripheral Data Setup Time
. t 100 - 100 - 100 - ns
{(MCU Read of Ports A, C, D, and E) (see Figure 11.8) POSU
Peripheral Data Hole Time
. t 50 - 50 - 50 - ns
{MCU Read of Ports A, C, D, and ) (see Figure 11.8) PoH
Delay Time, Peripheral Data Write tpwo ns
{see Figures 11.7,11.9,11.12, and 11,13}
MCU Write to Port A - 200 - 200 - 200
MCU Writesto Perts B,C, and D
towp = 1/4 teye + 100 ns - 350 - 225 - 219
Input Data Setup Time{Port C}
. t 60 - 60 - 60 - ns
{see Figure 11.10and 11.11) 15
Input Data Hold Time(Port Q) tiy 100 - 100 - 100 - ns
(see Figure 11,10 and 11.11)
Delay Time, E Fall to STRB tpee - 350 - 225 - 219 ns
tpgp=1/4 teye + 100 ns
(see Figures 11,9, 11.11,11.12, and 11.13)
Setup Time, STRA Asserted to E Fall(see Note 1)
. t 0 - 0 - 0 - ns
{see Figures 11,11, 11.12, and 11.13) AES
Delay Time, STRA Asserted to Port C Data Output
' - 10 - 1 - 100 s
Valid (see Figure 11.13) trco 0 a0 n
Hald Time, STRA Negated to Port C Data
. ! 10 - 10 - 10 -
(see Figure 11.13) tecH ns
Three-State Hold Time
- 1 - 15 - 150
(see Figure 11.13) tecz 50 0 ns

Notes:
1. Ifthis setup time is met, STRB will acknowledge in the next cycle. If it is not met, the response
may be delayed one more cycle.
2. Port and D timing is valed for active (CWOM and DWOM bits not set in PIOC and SPCR
registers respectively).
3. All timing is shown with respect to 20% Vpp and 70% Vpp unless otherwise noted.

MCU11E9-134



TOSHIBA TMP68HC11E9

|«—————— MCU WRITE TO PORT E—

E \ \ /
I
tewp —>
PORTS PREVIOUS PORT DATA m NEW DATA VALID
Ny K

<—— tpwwp —>|

PORT A PREVIOUS PORT DATA ><><><><>< NEW DATA VALID

Figure 11.7 Port Write Timing Diagram

|«—————— Mcu ReAD OF PORT —

— ) —

- tppsy > = lppH —=

PORTS A R\
A,C,D N 7
-« tppsy | [« troH —

L R\

PORT E A} 4 Iy ?

Notel: For non-latched aperation of Port C.
Figure 11.8 Port Read Timing Diagram

| «<—————— MCU WRITE TO PORT B ———>]

E \
\ 1 r /
tewp —>
=5
PORT 8 PREVIOUS POAT DATA >O<><><>§ NEW DATA VALID

e tDEB —
STRB (OUT)

Figure 11.9 Simple Output Strobe Timing Diagram
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STRA {IN)

e tg —>] |ty —

PORT C{IN) ( } }— >

Figure 11.10 Simple Input Strobe Timing Diagram

|=— READ PORTCL? ——>|

/

M . -« tpeg > - ipes ""
STRB (OUT) READY

|

\
- tags > )\
STRA (IN) "
I*— ts | |ty >
PORT C(IN) —q § N

Notes:
1. After reading PIOC with STAF set,
2. TFigure shows rising edge STRA (EGA =1) and high true STRB (INVB=1),

Figure 11.11 Port C Input Handshake Timing Diagram

|« READ PORTCLT ——>|

Ep N e W W,
trwo |
PORT C N
fouT) i e
- tpgg > - tpgp >
“READY"
Ne
STRB {QUT)
ti}ﬂ
STRB (IN)
Notes:

1. After reading PIOC with STAT set.
2. TFigure showsrising edge STRA (EGA =1) and high true STRB (INVB=1).

Figure 11.12 Port C Qutput Handshake Timing Diagram
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[ WRITE PORTCL
-

E ‘\—_4—\
tpwo |

—

TN/

N /

PORT C(OUT)
(DDR=1)
- tpeg > - tpgg >
"READY"
~Ne
STRB(CUT) s
STRA {IN)
A
~>=—1pcp toen .
\
PORT C (OUT) 2 oLD -
(DDR =1} \ DATA X)(X VALID DATA N P
tpcz
—— a) STRA ACTIVE BEFORE PORTCL WRITE -]
STRA (IN) i
\‘ N
tpcn:~—<—>| tpoH =
PORT C{OUT) v
{DDR =1} :{ N VALID DATA ([
tpcz

Notes :

1. After PIOC with STAF set.

2. Figure shows edge STRA (EGA =1) and high true STRB(INVB =1).

—— h) STRA ACTIVE AFTER PORTCL WRITE

Figure 11.13 Three-State Variation of Output Handshake Timing Diagram
(STRA Enables Output Buffer)
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11.7 A/D CONVERTER CHARACTERISTICS (VDD =5.0 Vdc+10%, VSS=0Vdc, To=Ty, to

Ty, 750kHz < E< 2.1MHz, unless otherwise noted)
Characteristic Parameter Min | Absolute Max | Unit
Resolution Number of Bits Resolved by the A/D 8 - - Bits
. . Maximum Deviation from the Ideal and an Actual
- - - +1/2 | LSB
Non-Linearity A/D Transfer Characteristics 5
Difference Between the Output of an Ideal and an
ZeroE - - +1/2 | LSB
ero trror Actual A/D for Zero Input Voltage
Full Scale Error Difference Between the Output of an Ideal A/D for _ _ 112 | 158
Full-Scale Input Voltage
Total Unadjusted | Maximum Sum of Non-Linearity, Zero Error, and _ _ +12 | LsB
Error Full-Scale Error -
Quantization Error | Uncertainty Due to Converter Resolution - - +1/2 | LSB
Difference Between the Actual Input Voltage and
Absolute Accuracy |the Full-Scale Weighted Equivalent of the Binary - - 1 LSB
' Output Code, All Error Sources Included
Conversion Range |Analog Input Voltage Range VRL - Vay
VRH Maximum Analog Reference Voltage {see Note 2) VL - Vop +0.1] V
VRL Maximum Analog Referencé Voltage [see Note 2)  |Vss—-0.1 - VRH
AVg Maximum Difference between Vg and Vg 3 _ B v
(see Note 2)
Total Time to Perform a Single Analog-to-Digital
Conversion Time Conversion:
a. EClock - 32 - teye
b. Internal RC Oscillator - - teyc + 32 s
Monotonicity Fonversuon Result Never Decre'as.es with an Increase Guaranteed
in Input Voltage and has no Missing Codes
Zero Input Reading| Canversion Result when Vin = VgL 00 - - Hex
Full Scale Reading | Conversion Resuit when Vin = Vgn - - FF Hex
sample Acquisition Analog Input Acquisition Sampling Time:
Ti a. £Clock - 12 - teyce
ime .
b. Internal RC Oscillator - - 12 ps
Sample/Hold . .

. l | -PE - -
Capacitance nput Capacitance during Sample PEO-PE7 20 (Typ) pF
Input Leakage Input Leakage on A/D Pins PEQ-PE7 - - 400 nA

VRL VRH - - 1.0 nA

Notes :

1. Source impedances greater than 10KQ will adversely affect accuracy, due mainly to input

teakage.

Performance verified down to 2.5V AVp,

AVp=5V10%.

bul accuracy is tested and guaranteed at
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11.8 EXPANSION BUS TIMING (Vpp=5.0 Vdc*+10%, Vgg=0 Vdc, TA=Tyr, to Tg, see
Figure 11.14)

1.0MHz 2.0MHz 2.1MHz
Num Characteristic Symbol - Unit
Min Max Min Max Min Max
Frequency of Operation{E Clock Frequency) fo 1.0 1.0 2.0 2.0 2.1 2.1 MHz
1 | Cycle Time teye 1000 - 500 - 476 - ns
2 PUlse Width, E Low PWe, 477 _ 227 _ 215 _ ns
PWg = 12y - 23 15
3 |PulseWidth, EHigh Pwe | 472 | - | 222 | - | 210 | - s
PWp = 1/2teyc - 28 s
4 | Eand AS Rise and fall Time t,, 14 - 20 - 20 - 20 ns
Address Hold Time
g t 955 - 33 - 30 - ns
tay = 1/8tcy(—-29_5ns see Note 1{a) AR
Non-Muxed Address VValid Time to E rise
12 t 281.5 - 94 - 85 - ns
tAV=PWEL'(tASD+80 ns) see Note 1(b} AV
17 | Read Data Setup Time tosr 30 - 30 - 30 - ns
18 | Read Data Hold Time{(Max = tpap} 1BHR i0 145.5 10 a3 10 BO ns
Write Data Delay Time
19 t, - 190.5 - 128 - 125 ns
topw = 1/Bleyc + 65.5ns see Note 1(a) pow
Write Data Hold Time
21 t 955 - 33 - 30 - ns
toHw = 1/8leye— 29.5ns see Nate 1(b) DHW
Muxed Address Valid Time to E Rise
22 1 271.5 - 84 - 75 - ns
tavm = PWe = (tasp + 90 ns) see Note 1(b} | ~YM
Muxed Address Valid Time to As Fall
24 181 _ - _
tavm = PWASH-—I'U ns tast > 26 20 ns
Muxed Address Hold Time
25 t 955 - 33 - 30 - ns
tamL = U8B ey - 29.5 s see Note 1{p) | At
Delay Time, Eto AS Rise
26 ! t 1155 - 53 - 50 - ns
tasp= 1/81¢yc~9.5ns see Note 1(a) ASD
Pulse Width, AS High
27 ’ W 221 - - - ns
PWasy = V/ateyc— 29 s PWasH %6 0
Delay Time, AS to E Rise
28 ’ t 115.5 - 53 - 50 - fal3
tasen = 1/Bleye = 9.5 s see Note 1(b) | ASEC
29 MPU Address Access Time tacca 7335 _ 296 _ 275 N ns

tacea = taym + b + PWen-1psr see note 1(b}

35 |MPU Access Time tacce - 442 - 192 - 180 ns

tacce = PWen - tpsh

Muxed Address Delay
36 |{(Previous Cycle MPU Read) thvaD 145.5 - 83 - 80 - ns
thmap = tasp + 30 ns see Note 1{a)

Notes:

1. Input clocks with duty cycles other than 50% wiil affect bus performance. Timing parameters
affected by input clock duty cycle are identified by (a) and (b). To recalculate the approximate
bus timing values, substitute the follwing expressions in place of 1/8 tcyc in the formulas where
applicable:

(a)(1-DC)X1/dteye
(b) DC X 1/4teyc
Where:
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DC is the decimal value of duty cycle percentage (high time)
2. All timing is shown with respect to 20% Vpp and 70% Vpp unless othewise noted.

fD o
@ . O ~®
Y ; | S
i @ =~ C - _@
RAW. ADDRESS
NONMUX XXX)‘F XXX
(35}
~—® ‘ @ — i
ADDRESS READ XX FXXXH - —)
MULTI- @f — —(— i
LEXED) | wriTE X XXX
ou '*ﬂ ®
As _
{9

Note : Measurement point shown are 20% and 70% Vnp,

Figure 11.14 Expansion Bus Timing Diagram
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11.9 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Vpp=5.0 Vdc £ 10%, Vgg=0 Vde,
Ta =Ty to Ty, see Figure 11.15)

Num. Characteristic Symbol Min Max Unit
Operating Frequency
Master fop (M) de 0.5 fop
Slave fop (S) dc 2.1 MH2
1 Cycle Time
Master nyC (m) 2.0 - tcyc
Slave f(yc (S) 480 - ns
2 Enable Lead Time
Master tiead (M} * - ns
Slave tiead (5) 240 - ns
3 Enable Lag Time
Master tlag (m) * - ns
Slave t]ag (S) 240 d ns
4 Clock (SCK} High Time
Master tw (SCKH) | 340 - ns
Slave tw (SCKH) ¢ 190 - ns
5 Clock (SCK) Low Time
Master tw (SCKL) m 340 - ns
Slave tw (SCKL) 4 190 - ns
6 Data Setup Time {Inputs)
Master tey (M) 100 - ns
Slave oy (5) 100 - ns
7 Data Hold Time (Inputs)
Master th {m) 100 - ns
Slave th (s) 100 - ns

8 Access Time (Time to Data Active from High-
Impedance State)

Slave ta 0 120 ns
9 |Disable Time (Hold Time to High-Impedance State)

Slave tdis - 240 ns
10 |Data Valid (after Enable Edge)** te {S) - 240 ns
11 |Data Hold Time (Outputs) (After Enable Edge) tho 0 - ns
12 |Rise Time (20% Vpp to 70% Vpp, € = 200pF)

SPI Qutputs(SCK, MOSI, and MISO) trm : - 100 ns

SPI Inputs (SCK, MOS!, MISO, and 5S) trs - 2.0 s
13 Fall Time (70% Vpp to 20% Vpp, CL = 200pF)

SPI outputs(SCK, MOSI, and MISO) tm - 100 ns

SPI Inputs(SCK, MOSI, MISO, and 55) tf - 2.0 ps

¥ Signal production depends on software,
**  Assumes 200 pF load on all SPI pins.

Note: Alltimingisshown with respect to 20% Vpp and 70% Vpp, unless otherwise noted.
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5 N
(INPUT) S5 is Held High on Master
scxcroL=0) i i [ /N A\
(DUTPUTT ‘—@—’ o X
L7
sck(cPoL=1) (S5t i N 9 m‘ b / /
(QUTPUT) S | D y
MISO 1
o, SEETE s S e o (LI
-~ - |~ @ — =@ -
MOs! ; Ny l
(OUTPUT) } MASTER MSB OUT BIT6- - - -1 " MASTER LS8 OUT 1
@——» re— N - @

Note : This first clock edge is generated intemally but is not seen at the SCK pin.

53

a) SPI MASTER TIMING (CPHA = 0)

(INPUT)

SCK(CPOL=0)
(OUTPUT)

Sy

SCK(CPOL=1) \
(OUTPUT)

MISO
(INPUT)

e 2ol

MOS!

MASTER MSB OUT

BIT6- - - -1
N

MASTER £SB OUT

(QUTPUT) }
1D f—

H h !

12—

Note : This last clock edge is generated intemally but is not seen at the SCK pin.

b) SPI MASTER TIMING (CPHA = 1)

Figure 11.15 SPI Timing Diagrams (Sheet 1 of 2)
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35
(INPUT) Zlf
A\ N
: ~—& /—'\ ) ® @
SCK(CPOL = 0) A N
(INPUT) — ~—(— -
A ® -~
SCK{CPOL= 1) .S @ﬁfc—-: ; I
(INPUT) ,( @ \-—'\ §
—~| |~® | —@ |—® @~

N |

MISO M SEE
(ouwu*r)'_i SLAVE | | MS8 OUT )]t BIT6- - -1 l( SLAVE LSB OUT _K NOTE }—

\
<@~ =D~ - O— l— ©—  |—
sy, —— v n )

Note : Not defined but normally MSB of character just received.

) SPI SLAVE TIMING (CPHA =0)

53
—
{INPUT)
_\t _
(1 | — 4—@ — <—®

7 (@ ) H
SCK(CPOL=0
(INP(UT) ) (I 4_@ - 1 <

)\

<—-®—> —\‘I\
SCK(CPOL = 1) ﬁ —— |~ ‘/—'\ | dr

N

(INPUT) K.

@ |- - —©
:\QS(T)PUT)————E’: NGTE %; SLAVE || mssouT BITS-;‘-J )[( SLAVE 158 OUT  [}——
~@ D~ ~ Q—

MOS|

(INPUT) | MsBIN m L8

Note : Not defined but normally LSB of character previously transmitted.

d) SPISLAVE TIMING (CPHA = 1)

Figure 11.15 SPITiming Diagrams (Sheet 2 of 2)
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11.10 EEPROM CHARACTERISTICS (Vpp=5.0 Vdc+ 10%,Vgs =0 Vdc, T4 =Ty, to Tr)

Temperature
Characteristic Range Unit
- 40 to 85°C
Programming time (See Note 1)
Under 1.0 MHz with RC Osciliator Enable 10 ms
1.0 to 2.0 MHz with RC Oscillator Disabled 20
2.0 MHz {or Anytime RC Oscillator Enabled) 10
Erase Time {see Note 1) Byte, Row, and Bulk 10 ms
Write Erase Endurance 10,000 Cycles
Data Retenticn 10 Years

Notes :

1. The RC oscillator must be enabled (by setting the CSEL bit in the OPTION register) for
EEPROM programming and erasure when the E-clock frequency is below 1.0 MHy.
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12. MECHANICAL DATA

This section contains the pin assignment and package dimension diagrams for the

TMP68HCI11E9.

12.1 PIN ASSIGNMENTS

The TMP68HC11E9 is available in a 64-pin plastic shrink dual-in-line package (S-
DIP) a 52-pin plastic lead chip carrier (PLCC) package. The following paragraph provide

pin assignments.

N SUFFIX
64 PIN S-DIP

T SUFFIX
52 PIN PLCC

RQ
PDO/R,D

S 765 43 2 1525150494847

>
m
z 5%
2% 233
SE EgQs
Sawa

Vss
VRH
VRL

PeE7/ANT
PE3/ANI
PES/ANG
PE2/AN2

U000 0ouaonT

8 a6
; O o
10 a4
1" a3
12 42
13 a1
14 40
15 38
16 18
17 37
18 36
19 35
20 34
212223242526 272829 30313233
JL [ V1S5 i 0 VO U R D U 5 S g 6 [y 00 g 60
2823285555300
fggey-000803is
5R%88 20C030%x%
soga L0000 %a
= Tewed
cfdis
=
™
<L
a

MODBNSTBY.

PESIANS
PE1/AN1
PEA/ANY
PEO/AND
PBO/AB
PB1/A9
PB2/A10
PB3/AT1Y
PRAA1L2
PAS/A13
PB&/ATA
PAT/ALS
PAONCS

MODAILIR
STRA/AS
£
STRB/R/W
EXTAL
NC

NC

KTAL
PCO/ADO

PC1IAD!Y
PC2/AD2
PC3/AD3
PCA/ADA
PC5/ADS
PCE/ADG
PC7:ADT
RESET
¢
XIRQ

RQ
PDORXD
NC

NC

VSS
PD1/TxD
PD2/MISQ
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12.2 PACKAGE DIMENSIONS

N SUFFIX 64PIN S-DIP (UNIT : mm)
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TMP68HC11E9/E1/EO0 Information

The following contains information concerning anomalies, changes, and user advice
for TMP68HC11E9/E1/E0D.

1.  Useof slow edges on signals feeding the timer input capture or pulse accumulator inputs
is not recommended. Use of buffers with edges faster than 100 nsec will prevent system
noise generating false captures. In conjunction with faster edges, we have re-specified the
timer input pulse width to be slightly longer than a system clock period to properly capture
transitions. See the Electrical Specifications of TMP68HC11E9 data sheet for details.

2. User updates of the SCI Baud Rate Control Register (BAUD) with the same data during
serial data transfers may cause errors on the byte being transmitted / received.

3.  When the DLY bit in the OPTION register is set (logic 1) a clock failure causes the Reset
vector rather than the Clock Monitor vector to be fetched when the clock restarts. The user
can get the proper Clock Monitor vector by clearing the DLY bit in his initialization
routine. Peripheral devices requiring several clock cycles to re-initialize after reset is
released may be affected as the E clock output is also inhibited during the clock restart
delay.

4.  The CPU will not exit STOP mode correctly when interrupted by IRQ or XIRQ if the
instruction immediately preceding STOP is a column 4 or § accumulator inherent (opcodes
$4x and $5x) instruction, such as NEGA, NEGB, COMA, COMB, etc. These single byte,
two cycle instructions must be followed by a NOP, then the STOP command. Ifreset is used
to exit STOP mode, the CPU will respond correctly.

5. When the SPI is operating as a slave with CPHA = 1, and the SCK input is
asynchronous to the E clock, SPI transfers can fail such that SPIF is not set. Occasionally,
the next transfer after such a failure will result in an improperly received data character.

6. An inadvertent write or erase of EEPROM can be caused by a program runaway.
Specifically, if the system has a slow power - down and the reset signal tracks the VDD line,
the CPU will eventually stop executing code properly, and the program can jump to a
section of code that may write or erase EEPROM. The only way to absolutely protect
EEPROM data during power - up and power - down is to have the device securely in reset.

7. The bits in CONFIG register may only be written / erased in the special bootstrap
operating mode or the special test operating mode.
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8. A security feature to protect data in the EEPROM and RAM is available on mask

programmed products.

CONFIG register values are programmed prior to shipment from Toshiba as follows,
TMP68HC11E0Q $0C
TMP68HC11E1 $0D
TMP68HC11E9 $0X User specified value
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