




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA TNP68C711J6

PAMOD PEDGE Action on Clock
0 0 PAI Falling Edge Increments the Counter
0 1 PAI Rising Edge Increments the Counter
1 0 A0’ on PAl Inhibits Counting
1 1 A '1" on PAIl Inhibits Counting

14/05 - Input Capture 4/Output Compare5
0=Output compare 5 function enable (No IC4)
1=Input capture4 function enable (No OC5)
These bits always read zero.

RTR1 and RTRO - RTI Interrupt Rate Selects

These two bits select one of four rates for the real rime periodic interrupt circuit
(see Table 6.1). Reset clears these two bits and after reset, a full RTI period elapses
before the first RTI interrupt.

Table 6.1 Real Time Interrupt Rate versus RTR1 and RTRO

rrRt | RTRO | OPERS | ST | SN, | adTn, | 20N, | sd8eiwan,
0 0 213 3.91ms 4.10 ms 6.67 ms 8.19 ms 8.89 ms
0 1 214 7.81ms 8.19ms 13.33ms 16.38 ms 17.78 ms
1 0 215 15.62ms 16.38 ms 26.67 ms 32.77 ms 35.56 ms
1 1 216 31.25ms 32.77 ms 53.33ms 65.54 ms 71.11ms
E clock 2.1 MHz 2.0 MHz 1.2288 MHz 1.0 MHz 921.6 MHz
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7. PROGRAMMABLE READ ONLY MEMORY (PROM)

The TMP68C711J6 has 16K bytes of programmable read only memory (PROM),
either erasable programmable read only memory (EPROM) or one-time programmable
read only memory (OTPROM). The PROM address is $C000-FFFF. In expanded-
nonmultiplexed mode, where the PROM is located at $4000-$7FFF, the PROM is
turned off after reset.

7.1 PROMPROGRAMMING

There are two separate methods of programming the on-chip PROM of an
TMP68HC711J6. In the first method (PROG Mode), certain pins of the MCU are made
to emulate the pins of a 27256 type EPROM, and may be programmed as a standard
EPROM. In the second method (MCU Mode), the PROM is programmed through the
MCU in the bootstrap or test modes.

7.2 PROGRAMMING PROM USING PROG MODE

In order to make the TMP68C711J6 emulate a standard 27256 type EPROM, the
MCU must be shifted into a new programming mode called PROG, and a footprint
conversion must be made using an adapter. The MCU enters PROG when pins MODA,
MODB, and RESET are held low. No clocks are necessary. Table 7-1 shows which MCU
pins emulate EPROM pins in this mode:

Table 7.1. 27256 Emulation

MCU Pins EPROM Pins
PF7-PFO A7-A0
PB6-PBO A14-A8
PB7 OF
PC7-PCO 07-00
XIRQ Vep
RQ CE
Vop Vee
Vss GND
MODA GND
MODB GND
RESET GND
PA7-PAO GND
PD7-PDO GND
PG7-PGO GND
PE7-PEO GND
EXTAL GND
XTAL NC
E NC
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Note in table 7-1 that MCU address A14 is connected, but treated as a “don’t care” to
allow a potential upgrade to 32K PROM. The 16K PROM repeats 2 times in the 32K
programming space of the 27256.

7.2.1 External Read and Verify (PROG Mode)

To read and verify the OTPROM or EPROM, the MCU is placed in PROG mode. OFE
(MCU pin PB7) is held high to de-select the PROM. CE may be high or low at this point.
An address is presented. After a setup time, OE and CE (if not already low) are brought
low to allow the address to decode the EPROM location. After access time is completed,
data becomes valid on the data bus and is read. OE is brought high before presenting
the next address.

When verifying only, it is acceptable to leave both OE and CE low and present
addresses. The data is presented out of the data bus after a setup time.

7.2.2 External Programming (PROG Mode)

To program the OTPROM or EPROM, the MCU is placed in PROG mode. CE is held
high while the Vpp (XIRQ) pin is brought to programming voltage level. OE is held
high throughout. The address and data to be programmed are presented. After a setup
time, CE is brought low. This state is held for the duration of programming time. CE

must be brought high before the address and data are changed to program the next

location. The correlation between MCU and PROG Mode pins is shown in Figure 7-1.

The erased state of each byte of PROM is $FF. Each bit of the EPROM or OTPROM is
programmable to 0 on a per byte basis. Once an EPROM bit is programmed to 0, it may
not be reprogrammed to 1 without UV erasure. OTPROM cannot be erased or
reprogrammed. Bytes may be programmed in any order.

TMP68HC711J6

Al4 —— A4
AQ-A13 —f—— A0-A13 —> ON-CHIP ~— Vpp —T— Vcc
00-07 —1— PCO-PC7 —> ~— Vss —1— GND
VPP ——1— XI —> MODA —3—— GND
EE —1 IRQ —— EPROM MODB —1— GND
O —T— A15 —— RESET —1—— GND
GND —1— EXTAL PAQ-PA7 —T— GND
NC —7J— XTAL PD0-PD5 —f—— GND
NC —1— E PEO-PE7 —1—— GND
PGO-PG7 ——— GND

Figure 7.1 TMP68C711J6 Block Diagram in PROG Mode
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7.3 PROM PROGRAMMING USING THE MCU

Programming the OTPROM or EPROM through the MCU is only allowed in special
test and bootstrap modes. With the EPON bit of the CONFIG register set, the various
control bits of the PPROG register are manipulated to program the PROM locations.
The erased state of a PROM byte is $FF.

7.3.1 Configuration Control Register (CONFIG)

The configuration control register controls the presence of OTPROM or EPROM in
the memory map and enables the COP watchdog system.

This register is writable only once in expanded and single chip modes (SMOD=0). In
these modes, the COP watchdog timer is enabled out of reset. The EPROM is forced into
the memory map out of reset in all modes except expanded mode. If the user wishes to
have the PROM in the map in expanded mode, he must first come up in single chip
mode, then write to the HPRIO register, setting the MDA bit. This switches the MCU
to expanded mode with PROM enabled.

7 6 5 4 3 2 1 0
$103F [ 0 | 0 | 0 | 0 | 0 TNOCOP] EPON | ]
RESET: 0 0 0 0 0 * * CONFIG

Bits 7-3 and 0 - Not implemented. These bits always read zero.
NOCOP - Computer Operating Properly System Disable

This bit is cleared out of reset in normal modes (single chip and expanded),
enabling the COP system. It is writable only once after reset in these modes
(SMOD=0). In the special modes (test and bootstrap), (SMOD=1), this bit comes
out of reset set, and is writable any time.

1 = COP system disabled
0 = COP system enabled, reset forced on timeout
EPON - PROM Enable

This bit is set out of reset, enabling the EPROM or OTPROM in all modes. In
single chip, bootstrap, and test modes, the PROM is located at $C000-$FFFF. In
expanded mode, the PROM is located at $4000-$7FFF. This bit is not writable in
single-chip mode (SMOD=0, MODA=0), but is writable once in expanded mode
(SMOD=1, MODA=1).

In special modes (SMOD =1), this bit is written always.

1=PROM is present in the memory map.
0=PROM is disabled from the memory map.
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7.3.2 PROM Programming Control Register (PPROG)

This register is used to control the programming of the OTPROM or EPROM.
PPROG is cleared on reset so that the PROM is configured for normal read.

7 6 5 4 3 2 1 0
$103B| 0 | 0 | ELATJ 0 | 0 ] 0 | 0 | PGM |
RESET: 0 0 0 0 0 0 0 0 PPROG

Bits 7, 6, 4, 3, 2, and 1 Not used in this register, these bits always read zero.
ELAT - EPROM (OTPROM) Latch Control

1 = PROM address and data bus are configured for programming. Writes to PROM
cause address and data to be latched. The PROM cannot be read.

0 = PROM address and data bus configured for normal reads. PROM cannot be
programmed.

PGM - EPROM (OTPROM) Program Command
This bit may be written only when ELAT=1.
1 = Programming power switched on to PROM array.
0 = Programming power switched off.
7.3.3 PROM Programming Sequence
Before programming, e:nsure that Vpp voltage is available on the XIRQ pin.

Note that XIRQ must not become active (be brought low) during programming. This
state would disrupt or corrupt the programming of the OTPROM or EPROM. The proper
sequence for programming the PROM through the MCU (with EPON bit set in

CONFIG) is as follows:
STEP Comments
1. Write $20 to PPROG Set ELAT bit (PGM =0) to enable PROM latches.
2. Write data to PROM Store Data to PROM Address.
3. Write $21to PPROG Set PGM bit (ELAT = 1) to enable PROM high voltage.
4. Delay 1 ms.
5. Write $20 to PPROG Turn off high voltage to PROM array.
6. Repeatsteps2through
5, asneeded.
7. Write $00 to PPROG Return to read mode.
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7.3.4 Protecting the PROM

some precautions are necessary in order to protect the OTPROM or EPROM. For
systems which do not make use of the on-chip programming capability, but program the
MC68HC711J6 as a standard EPROM, voltage on the XIRQ/Vpp pin should never be
permitted to be greater than Vpp. The PROM cannot be programmed or corrupted
without high voltage on the XIRQ pin.

Systems that use the on-chip programming feature require that Vpp voltage be
available. Regardless of which mode the MCU is in, if the part is operating with Vpp
voltage present on the XIRQ/Vpp pin, then the IRQ/CE pin must be pulled to a high
level in reset.

The pin configuration necessary to place the MCU in bootstrap mode (MODA,
MODB, and RESET pins being low) is also the configuration that places the MCU in the
PROG state. If, atthe same time, Vpp is present and IRQ is low, then the PROM is
being programmed. A pullup resistor on the IRQ line prevents this situation by
ensuring the IRQ pin is high leaving reset.

7.3.5 Erasing the PROM

OTPROM MCU devices are shipped in an erased state. Once programmed, they
cannot be erased. Electrical erasing procedures cannot be performed on either OTPROM
(non-windowed packages) or EPROM devices (windowed packages).

EPROM devices can be erased by exposure to a high intensity ultraviolet (UV) light
with a wavelength of 2537 Angstroms. The recommended integrated dosage (UV
intensity X exposure time) is 15 Ws/cm2. UV lamps should be used without shortwave
filters, and the EPROM device should be positioned about one inch from the UV lamp.
the erased state of an EPROM location is $FF.
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8. SERIAL COMMUNICATIONS INTERFACE (SCI)

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

8.1 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 noise duration of up
to 1/16 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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8.2 DATA FORMAT

8.3

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 startbit (logic zero) is used to indicate the start of a frame.
(8) Thedata 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.

CONTROLBIT "M" SELECTS
8:OR 9:BIT DATA

K_A_\
IDLE LINE 0 1 2 3 4 5 6 7 8 0
LT T TTTITT T L
L srart L L srart

STOP

Figure 8.1 DataFormat
WAKE-UP FEATURE

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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8.4

8,5

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
arate 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 8.2 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 | vV V VvV
16 1 8 9 10 16 1
R R R R R R R
T T T T T T T

Figure 8.2 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 8.3). 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 8.3) are forced into the sample shift register during the interval when
detection of a start bit is anticipated (see Figure 8.4);therefore, the start bit will be
accepted no sooner than it is anticipated.
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16X INTERNAL SAMPLING CLOCK

2 3 6 7 8

RT CLOCK EDGES (FOR ALL THREE EXAMPLES) 1 4 5
) R R R R R R R R
IBLE TT T T T T T 71
RXD START
R R R R T T R R R S 0 0 0
START OUALIFIERS START EDGE VERIFICATION SAMPLES
IDLE NOISE
RXD START
1 1 1 1 1 1 1 1 1 1 0 0 1 0
IDLE NOISE
RXD START
! 1 1 1 1 1] 1 1 1 1 1 0 0 0 0
Figure 8.3 Examples of Start Bit Sampling Techniques
‘ ~— DATA --»l«—-———-- EXPECTED STOP -—-———-—-»l ARTIFICIAL EDGE
| —————
| RECEIVE
| DATAIN P START BIT
T t T <<— DATA ~——>
DATA SAMPLES
(a) Case1, Receive Line Low During Artificial Edge
-«—— DATA —>l<(——-———-— EXPECTED STOP —-—-—-—>| START EDGE
RECEIVE "
DATAIN START BIT
T T T < pATA —>

DATA SAMPLES

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

Figure 8.4 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 8.5.
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~<— EXPECTEDSTOP —>|

DETECTED AS VALID
—-<— BREAK —> START EDGE
START BIT

M 1 U I
t T ? OUSA.I-SFRIZRS VERIFT;:;TOIE\IDSGAEMPLES

RECEIVE
DATAIN

T
DATA SAMPLES

Figure 8.5 SCI Start Bit Following a Break

8.6 TRANSMIT DATA (TxD)

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.

8.7 FUNCTIONAL DESCRIPTION

A block diagram of the SCI is shown in Figure 8.6. 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 control
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 8.7). 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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8.8

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), NF (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 8.6.

8.8.1 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 8.6 shows this register as two separate registers, namely:the receive data
register and the transmit data register.
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$102F

TRANSMIT
DATAREGISTER

L

TRANSMIT DATA
SHIFT REGISTER

[

TxD
(PD1)

Note : The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal.

SCIINTERRUPT INTERNAL BUS
$102D
SCCR2
TIE (SEE RECEIVE DATA
SSE'E) TaE NOTE) REGISTER
I L'h ¥
ILIE
I RECEIVE DATA
/ TE SHIFT REGISTER
RE [
L SBK
RWU
] ot 9
WAKE
scs o
i NF IOR llDLElRDnrl TC TDRE $102€ Ci
L k ! ) )
sax( y(re 7
TRANSMIT FLAG RECEIVE
CONTROL CONTROL CONTROL
INTERNAL
RATE GENERATOR <— PROCESSOR
{111
swzal - - |scp1|scPo| - |SCR2 [ SCR1 | SCRO | BAUD
smzcl R8 | 8 l - l M [WAKE - l - | - Isccm

It is the transmit data register when witten and receive data register when read.

Figure 8.6 Serial Communications Interface Block Diagram

y

$102F

RxD
(PDO)
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8.8.2 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 1
$102c| RS | T8 | 0 | M |WAKE| 0 | 0 J 0 |sccm
RESET U U 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 - SCI 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.

8.8.3 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 ] TCIE | RIE ] ILIE ] TE L RE ] RWU | SBK [ SCCR2
RESET 0 0 0 0 0 0 0 0

TIE - Transmit Interrupt Enable
0=TDRE interrupts disabled
1=SCIlinterrupt 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=S8Cl interrupt if RDRF or OR=1

ILIE - Idle Line Interrupt Enable
0=IDLE interrupts disabled
1=S8Clinterruptif 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 output.

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, NF and FE) 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.

MCU11-67




TOSHIBA TMP68C711J6

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.

SBK - 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.

8.8.4 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
$1025| TDRE | TC ] RDRF ] IDLE | OR ] NF [ FE | 0 | 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.

RDREF - Receive Data Register Full

The receive data register full (RDRF) bit is set when the receiver serial shift
register is transferred to 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 NF 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 flag inhibits further transfer of data intc 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.
8.8.5 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 SCR0-SCR2 bits. Together, these five bits provide multiple baud rate
combinations for a given crystal frequency.

7 6 5 4 3 2 1 0
$102B| TCLR | 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 SCPO0 - SCI Baud Rate Prescaler Selects

The E clock is divided by the factors shown in Table 8.1. This prescaled output
provides an input to a divider which is controlled by the SCR2-SCRO bits.

Table 8.1 Second Prescaler Stage

Internal
SCR1 SCRO Processor Clock
Divide By
0 0 1
0 1
1 0 4
1 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
8.2.
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Table 8.2 Second Prescaler Stage

scR2 | scr1 | scro |PT e‘é?\iféf;;p”t
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 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 8.7 and the data given in Tables 8.3 and 8.4 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 SCR0-SCR2 bits in the baud
rate register as illustrated.

PO- 1 SCRO-SCR2
Oscillator RS eR $CI SELECT SCIRECEIVE sci
E — 4 > > RATE > +16 TRANSMIT
requency CONTROL CONTROL CLOCK (RT)
+N +M CLOCK (Tx)

Figure 8.7 Rate Generator Division
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Table 8.3 Prescaler Highest Baud Rate Frequency Output
SCP Bit Clock* Crystal Frequency (MHz)
Divided
1 0 By 8.3886 8.0 4.9152 4.0 3.6864
0] o 1 131.072 KBaud | 125.000 K Baud 76.80 K Baud 62.50 K Baud 57.60 K Baud
0| 1 3 43.691 KBaud | 41.666 KBaud 25.60 KBaud | 20.833 KBaud 19.20 K Baud
1 ]o0 4 32.768 KBaud | 31.250 KBaud 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 Table8.3 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 8.4 Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divided 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 KBaud 76.80 KBaud 19.20 K Baud 9600 Baud
0 0 1 2 65.536 KBaud 16.384 KBaud 38.40 KBaud 9600 Baud 4800 Baud
0 1 0 4 32.768 KBaud 8.192 KBaud 19.20 KBaud 4800 Baud 2400 Baud
0 1 1 8 16.384 K Baud 4.096 K Baud 9600 Baud 2400 Baud 1200 Baud
1 0 0 16 8.192 KBaud 2.048 KBaud 4800 Baud 1200 Baud 600 Baud
1 0 1 32 4.096 KBaud 1.024 K Baud 2400 Baud 600 Baud 300 Baud
1 1 0 64 2.048 KBaud 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: Table8.4 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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9.

9.1

9.2

SERIAL PERIPHERAL INTERFACE (SPI)
This section contains a description on the serial peripheral interface (SPI).
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
TMP68C711J6 SPI system may be configured either as a master or as a slave.

Features include:

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

o 1.575 MHz (Maximum) Master Bit Frequency

° 3.15 MHz (Maximum) Slave Bit Frequency

(] Four Programmable Master Bit Rates

o Programmable Clock Polarity and Phase

° End-of-Transmission Interrupt Flag

° Write Collision Flag Protection

®  Master-Master Mode Fault Protection

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

SPISIGNAL DESCRIPTIONS

The four basic SPI signals (MISO, MOSI, SCK and SS) 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.

9.2.1 Master In Slave Out (MISO)

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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9.2.2 Master Out Slave In (MOSI)

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.

9.2.3 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 input on a 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.

9.2.4 Slave Select (SS)

The slave select (SS) 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 SS line on the master must be tied high. If it goes low, a mode fault error flag
(MODF) 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 SPI is on.
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Figure 9.1 SPI 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 9.2 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
(SPIF) 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 9.2 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 9.3 illustrates the MOSI, MISO, 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 TMP68C711J6 SPI slaves can selectively disable their MISO
output, a broadcast message protocol is also possible.
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Figure 9.3 Serial Peripheral Interface Master-Slave Interconnection

9.4 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 per1phera1
data I/O register (SPDR) and are described in the following paragraphs.

9.4.1 Serial Peripheral Control Register (SPCR)

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

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

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

DWOM - Port D Wire-OR Mode Option
DWOM affects all six port D pins together.
0=Port D outputs are normal CMOS outputs
1=DPort 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 9.1.

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 S5 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 9.1.

Table 9.1 Ser1al Periperal
SPR1 and SPRO - SPI Clock Rate Selects RateSel ecg)
These two serial peripheral rate bits (SPR1, spr1 | spro | 'mternal Processor
SPRO) select one four baud rates (Table 9.1) to Clock 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. ] 0 16
1 1 32
9.4.2 Serial Peripheral Status Register (SPSR)
7 6 5 4 3 2
$1029 [ sPF [wcor| o [mooF|[ o [ o | [ o | spsk
RESET 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 register
(with WCOL bit set) followed by an access to SPDR register.

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

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 MODF 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 MODF 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.
9.4.3 Serial Peripheral Data I/0 Register (SPDR)

The serial peripheral data /O 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 SPIF 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.
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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
TMP68C711J6 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] 8BIT ACCUMULATORS A AND B OR
15 ) 0| 16-BIT DOUBLE ACCUMULATOR D

[15 1X 0] INDEXREGISTER X

[15 Y 0] INDEXREGISTERY

[15 P 0] STACKPOINTER

[15 PC 0] PROGRAM COUNTER

7 0
[s X H 1| N 7z Vv c] CONDITION CODE REGISTER

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.
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10.1.6 Condition Code Register (CCR)

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 (Z).

The zero bit is set if the result of the last arithmetic, logic, or data manipulation
operation was zerojotherwise, 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 (I).

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 S bit is set.

MCU11-83




TOSHIBA TMP68C711J6

10.2 ADDRESSING MODES

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 TMP68C711J6, 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 opcode, 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.
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10.2.5 Inherent Addressing

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 TMP68C711J6, 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 TMP68C711J6 is basically a proper
extension of the MC6801 CPU. In addition to its ability to execute all M6800 and M6801
instructions, the TMP68C711J6 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 TMP68C711J6 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 provided 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 Figure 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 information 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 TMP68C711J6 Instructions, Addressing Modes,
and Execution Times (Sheet 1 of 7)

. H H w o e
Source Operation Boolean Ahcl'lg;eesi‘:rg "('ﬁ;’;;"‘fefﬁ,‘,’;’,‘f o= Cycyle Condition Codes
Form (s) Expression | Gperand |Opcode | Operand(s) |a | | Cyce* [SXH IN Z V €
ABA Add Accumulators A+B-A INH 1B 1121 21 |--3-32323
ABX AddBto X IX +00:B-IX NH 3A 3 2-2 |- - = = = - - -
ABY AddBtoY 1Y +00: B-IY NH 18 3A 214 24 |- - - - - - - -
ADCA (opr) |AddwithCarryto A~ [A+M+C—A [A IMM 89 ii 2 |2 31 [--3-332F
A DIR 99 dd 213 4-1
A EXT B9 hh 1I 3|4 5-2
A IND, X A9 ff 24 6-2
A IND, Y 18 A9 ff 315 7-2
ADCB (opr) |AddwithCarrytoB [B+M+C—B |B IMM c9 il 2121317 [--3-3323
B DIR D9 dd 213 4-1
B EXT F9 hh Il 34 5-2
B IND, X E9 ff 24 6-2
B IND, Y 18 E9 ff 315 7-2
ADDA (opr) | Add MemorytoA A+M-A A TMM 8B ii 22131 |--3-3333
A DIR 98 dd 213 4-1
A EXT BB hh Il 314 5-2
A IND, X AB ff 2|4 6-2
A IND, Y 18 AB ff 315 7-2
ADDB (opr) |Add MemorytoB B+ M-8 B IMM CcB ii 212 31 1--3-3333
B8 DIR DB dd 2|3 4-1
B EXT FB hh 1l 314 5-2
B IND, X EB ff 214 6-2
B IND, Y 18 EB f 315 7-2
ADDD(opr) |Add 16-Bitto D D+M:M+1 IMM [&] i kk 31433 [----33%¢2
-D DIR D3 dd 2|5 4-7
EXT F3 hh 1l 316 510
IND, X E3 ff 216 | 610
IND, Y. 18 E3 ff 317 7-8
ANDA((opr) | AND AwithMemory |[A*M—A A IMM 84 ii 212 31 |----2230-
A DIR 94 dd 2|3 4-1
A EXT B4 hh 1l 314 5-2
A IND, X A4 ff 214 6-2
A IND, Y 18 A4 ff 315 7-2
ANDB (opr) | AND B with Memory |B*M—-B B IMM Cc4 ii 212 31 |----3230-
B DIR D4 dd 2|3 4-1
B EXT F4 hh I 314 5-2
B IND, X E4 ff 214 6-2
B_IND, Y 18 _E4 ff 315 7-2
ASL  (opr) |ArithmeticShift Left EXT 78 hh Tl 31658 [----33F3
- 0 IND, X 68 ff 216 6-3
0TI D-« IND, Y 18 68 ff 317 7-3
ASCA ¢ b7 b0 |AINH 48 1]2] 21
ASLB B_INH 58 112 2-1
ASLD Arithmetic Shift Left 0| INH 05 113 22 |----2322
Double [n B o 1
¢ bi5 b0
ASR  (opr) | Arithmetic Shift EXT 77 hh i 316 58 |----33232
Right IND, X 67 ff 216 6-3
IND, Y 18 67 ff 317 7-3
ASRA b7 b0 €A INH 47 1{2] 21
ASRB B _INH 57 2 2-1
BCC (rel) |BranchifCarryClear |?C=0 REL 24 r 2 |3 81 |- - =~ - - - -
BCLR (opr) | Clear Bit(s) M ¢ (fim) DIR 15 dd mm 3|6 4-10 |- - - -23230 -
(msk) -M IND, X 1D ff mm 317 613
ND, Y 18 1D ff _mm 4 7-10
BCS _(rel) |Branchif Carry Set 2C=1 RE 25 rr 2 81 |- - - = - « - -
BEQ_(rel) [Branchif=Zero 2=1 RE 27 T 2 81 |- - - - - - - -

* 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 TMP68C711J6 Instructions, Addressing Modes,
and Execution Times (Sheet 2 of 7)
. : H “w 7]

Source Operation Boolean A“c/jlgrdees sf|:rg ,\?ﬁé?('andee(c:iorggl’)g ol I C{Se Condition Codes
Form (s) Expression | goerand |Opcode | Operand(s) |a | | Cycle* [SX H I N Z V C
GE (re ranch if=Zero INBV=0 EL 2C m 2 |3 -1 |- - - - - - - -
GT (re ranch if>Zero 2Z+(N®V)=0 L 2E rr 2 |3 -1 |- - - - - - - -
Hl (re! ranch if Higher 2C+2=0 EL 22 r 2 3] 81 |-- - - - - - -
HS (re Branchif HigherorSame | 2C=0 EL 24 rr 2 |3 1 |- - - - - - - -
TA (opr) | Bit(s) Test A with A*M A IMM 85 i 2|2 3- ----323%0 -

Memory A DIR 95 dd 213 4-1

A EXT BS hh 1l 3|4 5-2

A IND, X AS ff 214 6-2

A IND, Y 18 AS ff 315 7-2
BITB (opr) Bit (s) Test B with B*M B IMM c5 ii 2|2 3-1 ----33%0 -

Memory B DIR D5 dd 2|3 4-1

B EXT F5 hh I 3|4 5-2

B IND, X ES ff 2|4 6-2

B IND, Y 18 ES ff 315 7-2
LE (re Branch if < Zero Z+(NBV)=1 REL 2F r 2 {3 -1 |- - - - - - - -
LO_ (rel Branch if Lower 2C=1 REL 25 m 2 |3 -1 - - - e e e .-
LS (re ranch if Lower or Same 2C+2=1 REL 23 rr 2 {3 -1 - - - - - - - -
LT _(re ranch if <Zero INOV=1 REL 2D {3 2 |3 -1 - - - - - - - -
Ml (re ranch if Minus N=1 REL 2B r 2 |3 -1 |- - - - - - - -
NE (rel ranchif Not=2ero  [?2Z=0 REL 26 r 2 {3 -1 |- - - - - - - -
PL_(rel ranch if Plus IN=0 EL 2A r 2 |3 1 - - - - - - - -
RA (rel ranch Always 2M1=1 EL 20 rr 2|3 1 |- - - - - - - -
BRCLR(opr) |BranchifBit(s) Clear [?M*mm =0 DIR 13 dd mm rr[4]6] 411 |- - - - - - - -

(msk) IND, X 1F ff mmrer|d4]|7]| 6-14

(rel) IND, Y 18 1F ff mmoer| 58] 7-11
IBRN (rel) |Branch Never 21=0 REL 21 rr 213 81 |- - - - - - - -
BRSET (opr) |BranchifBit(s) Set 2(M)*mm=0 DIR 12 dd mmorr| 4|6 ] 411 |- - = = = = = -

(msk) IND, X 1E ff mmor|4]|7| 6-14

(rel) IND, Y 18 1E ff mmorr|5|8] 7-11
BSET (opr) [ SetBit(s) M + mm—->M DIR 14 dd mm 3[6] 410 |----23%0 -

(msk) IND, X 1C ff mm 317 613

ND, Y 18 1C ff _mm 4 | 8 7-10
BSR__(rel Branch to Subroutine | see Special Ops REL 8D m_. 2 |6 -2 |- - - - - - - -
BVC (rel Branch if Overflow Clear |2V =0 REL 28 r 2 | 3 1 |- - - - - - - -
BVS (rel Branch if Overflow Set V=1 REL 29 rr 2|3 8-1 |-- - - - - - -
CBA Compare AtoB A-B INH 1 112 2-1 ----22%232
CLC Clear Carry Bit 0-C INH 0C 112 2-1 |- - - - - - - 0
CLI Clear Interrupt Mask | 0l INH OE 112 21 |---0- - - -
CLR (opr) | Ciear Memory Byte 0-M EXT 7F hh 1l 3|6 58 (----0100

IND, X 6F f 2|6 6-3

ND, Y 18 6F ff 317 7-3
CLRA Clear Accumulator A [ 05A A INH 4F 2 2- ----0100
CLRB Clear AccumulatorB | 0—B B INH SF 2 2- ----0100
CLvV Clear Overflow Flag [0V INH 0A 2 21 |- - - - - - 0 -
CMPA (opr) | CompareAto A-M A IMM 81 i 2|2 31 [----3233

Memory A DIR 91 dd 2|3 4-1

A EXT B1 hh 1I 3|4 5-2

A IND, X Al ff 2|4 6-2

A IND,Y 18 A1l ff 35 7-2

* 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 TMP68C711J6 Instructions, Addressing Modes,
and Execution Times (Sheet 3 of 7)
; Machine Codi o le iti
Source Operation Boolean A'\cﬂiggees sfu(r:rg (l?icex'ar:ieecﬁ'-gjla?)g Sl vt C{);'e Condition Codes
Form (5) Expression Operand . | Opcode |Operand(s) |@ | [Cycle* [SXH INZ V C
CMPB (opr) | Compare B to B-M B IMM 1 i 212 31 j----3332
Memory B DIR D1 dd 213 4-1
B EXT F1 hh 1l 314 5-2
B IND, X E1 ff 2|4 6-2
B IND, Y 18 E1 ff 315 7-2
COM(opr) [1’s Complement $FF-M—M EXT 73 hh I 3[6] 58 [----%%01
Memory Byte IND, X 63 i 216 63
IND, Y 18 63 ff 317 7-3
COMA 1's Complement A $FF-A—A A INH 43 112 20 {----232%01
COMB 1's Complement B $FF-B—B B INH 53 112] 21 |----232%301
CPD (opr) |CompareDto D-M:M+1 IMM 1A 83 ji kk 45 35 [----3332
Memory DIR 1A 93 dd 36| 49
16-Bit EXT 1A B3 hh 1l 4171 511
IND, X 1A A3 ff 317 611
IND, Y CD A3 f 317 7-8
CPX (opr) |CompareXto IX-M:M+1 IMM 8C i . kk 3144 33 (----3322
Memory DIR 9C dd 215 47
16-Bit EXT BC hh 1l 316/ 510
IND, X AC ff 216 610
IND, Y CD AC ff 317 7-8
; CPY (opr) [CompareY to IY-M:M+1 MM 18 8C i kk 415135 [----3333
! Memory DIR 18 9C dd 3({6] 49
| 16-Bit EXT 18 BC hh 1l 417 ] 51
1 IND, X 1A AC ff 3(7] 611
i IND, Y 18 AC ff 317 7-8
| DAA Decimal Adjust A Adjust Sum to BCD INH 19 112 2-1 ----2232
i DEC (opr) |DecrementMemory [M-1->M EXT 7A hh i 3(6f 58 |----33%3-
Byte IND, X 6A ff 216 6-3
IND, Y 18 6A ff 37 7-3
DECA Decrement Accumulator A | A-1—A A INH 4A 112 2-1 ----32 ¢ -
DECB Decrement AccumulatorB | B-1—8 B INH 5A 112 241 |----232323-
DES Decrement Stack Pointer | SP-1—SP INH 34 113 2-3 |- - - -« - - - -
DEX Decrement Index Register X| 1X-1—-IX INH 09 113 2-2 .- - -3 -
[ DEY Decrement Index Register Y| IY-11Y INH 18 09 214 24 |-----3- -
[ EORA (opr) | Exclusive ORAwith |A & M-A A IMM 88 il 212 31 [----330 -
! Memory A DIR 98 dd 2|3 4-1
A EXT B8 hh 1 314 5-2
A IND, X A8 ff 2|4 6-2
A IND, Y 18 A8 ff 315 7-2
EORB (opr) [ Exclusive ORB with B ® M—B B IMM c8 i 212 3-1 ----320 -
Memory B DIR D8 dd 2|3 4-1
B EXT F8 hh It 3|4 5-2
B IND, X E8 ff 214 6-2
B IND,Y 18 E8 ff 315 7-2
FDIV Fractional Divide 16 by 16 | D/IX—3IX ; r—D INH 03 141} 2117 |-----3232
IDIV Integer Divide 16by 16 | D/IX—>IX; r—>D INH 02 1141 217 |-----30%
INC (opr) [incrementMemory |M+1-5M EXT 7C hh i 316 58 |----33%-
Byte IND, X 6C ff 216 6-3
IND, Y 18 6C ff 317 7-3
INCA Increment Accumulator A | A+ 1A A INH 4C 1121 21 |----333-
INCB Increment Accumulator8 | B + 1B B INH 5C 112 -1 |----333-
INS Increment Stack Pointer SP + 1SP INH 31 113 23 f-- - - - - - -

* 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 TMP68C711J6 Instructions, Addressing Modes,
and Execution Times (Sheet 4 of 7)

ressin Machine Codin e 12 | cycle .
I:Source Operation EBoole:-‘m Al\(/ilgdeessforg (Hexadeclmal)g fi q {)y Condition Codes
orm (s) xpression Operand | Opcode |Operand(s) |am {O |Cycle* [SXH I NZVC
INX Increment index Register X | IX + 11X INH 08 113 22 |-----23--
INY Increment Index Register Y | 1Y + 1-31Y INH 18 08 2|4 2-4 |- - - - - $- -
JMP (opr) Jump See Special EXT 7€ hh il 313 51 |- - - - - - - -
Ops IND, X 6E ff 23| 61
IND, Y 18 6F ff 314 7-1
JSR (opr) [JumptoSubroutine |See Special DIR 9D dd 2|5 48 |-- - - - - - -
Ops EXT 8D hh Il 3|16 512
IND, X AD f 2|16| 612
IND, Y 18 AD ff 317 7-
LDAA (opr) [Load Accumulator A | M—A A IMM 86 il 212 31 [----2320-
A DIR 96 dd 213 4-1
A EXT B6 hh |l 34| 52
A IND, X A6 ff 2 (4 6-2
A IND, Y 18 A6 ff 315 7-2
LDAB (opr) |Load AccumulatorB |M—B B IMM €3 ii 212 31 |----3%0 -
B DIR D6 dd 2|3 4-1
B EXT F6 hh I 314 5-2
B IND, X E6 ff 2 (4] 62
B IND, Y 18 E6 ff 35 7-2
LDD (opr) Load Double M-A, MM cC i kk 313 32 |----3%0 -
Accumulator D M+ 18 DIR DC dd 2|4 4-3
EXT FC hh i 315 5-4
IND, X EC f 215 6-6
IND, Y. 18 _EC ff 3[6] 76
LDS (opr) | Load Stack Pointer M:M+1SP [ IMM 8E jij kk 313 32 [----330-
DIR 9E dd 2|4 43
EXT BE hh Il 315] 54
IND, X AE ff 2|5 6-6
IND, Y. 18 AE ff 3161 76
LDX (opr) |LoadIndex Register X [M: M+ 1=3IX MM CE i kk 313 32 |----330-
DIR DE dd 2|4 4-3
EXT FE hh i 315 5-4
IND, X EE f 2 (5 6-6
IND, Y CD EE ff 3161 76
LDY (opr) Load Index RegisterY | M : M + 131Y IMM 18 CE jj kk 414 34 [----32%0 -
DIR 18 DE dd 3|5 4-5
EXT 18 FE hh 1l 416 5-6
IND, X 1A EE f 316 67
IND, Y. 18 EE ff 3[6] 76
LSL (opr) |Logical Shift Left EXT 78 hh 1l 316 58 |----23%2
- 0 IND, X 68 ff 216 6-3
O«IMIDO<| |ND,Y (18 68 | ff 3|7 73
SA b7 b0 A INH 48 12 21
.§.B o A INH 58 112 2-1
LSLD Logical Shift Left 0 INH 05 113 2-2 |- - - -
Double O<I—--"D- 333
¢ b15 bo
LSR (opr) [ Logical Shift Right EXT 74 hh I 3(6| 58 |----0332
— IND, X 64 ff 2|6| 63
o~ o,y |18 64 | ff 371 73
LSRA b7 b0 <A INH a4 1]2] 21
LSRB - B INH 54 112] 21
LSRD Togical Shift Right INH 04 T3] 22 |-- - -0
Double 0> 33
b15 b0 ¢
MUL Multiply 8 by 8 AxB—D INH 3D 1] 2213 [-- - - - - - 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.
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Table 10.1

TMP68C711J6 Instructions, Addressing Modes,

and Execution Times (Sheet 5 of 7)

. H H “w @
Source Operati Boolean A'ad;essfmg l\?ﬁzf;larhee%?_g;?)g e |- C)t;"e Condition Codes
Form (s) peration Expression ode for > | > H
Operand |Opcode |Operand(s) | | O |[Cycle* |SXH I NZVC
NEG (opr) |2's Compiement 0-M->M EXT 70 hh I 3(6 58 |----3%33
Memory Byte IND, X 60 ff 216} 63
IND, Y 18 60 ff 3|7 7-3
NEGA 2's Complement A 0-A—-A A INH 40 112 2-1 ----3332
NEGB 2's Complement B 0-B-8B B INH 50 112 21 [----32322
NOP No Operation No Operation INH 01 112 2.1 - oo o .-
ORAA (opr)| OR Accumulator A A+ M->A A IMM 8A ii 212 31 |----2230-
(Inclusive) A DIR 9A dd 213 4-1
A EXT BA hh Il 314 5-2
A IND, X AA ff 2|4 6-2
AIND Y 18 AA ff 315 7-2
ORAB (opr) | OR Accumulator B B + M—B B IMM CA ii 2]2 31 [----23230-
(inclusive) B8 DIR DA dd 213 4-1
B EXT FA hh il 314 5-2
B IND, X EA ff 214 6-2
B D, Y 18 EA ff 315 7-2
PSHA Push A onto Stack A—Stk,SP=5P-1] A INH 36 3 26 - - - - - - - -
PSHB Push B onto Stack B—Stk,SP=SP-1| B _INH 37 3 26 |-- - - - - -~
PSHX Push X onto Stack (Lo First) | IX—Stk, SP = SP - 2 H 3C 4 2-7 |- - - - - - - -
PSHY Push Y onto Stack (Lo First) | IY—Stk, SP =SP - 2 H 18 3C 2 E 2-8 |-- - - - - - <
PULA Pull A from Stack SP=SP+1, AcStk] A INH 32 4 29 |[-- - - - - - -
PULB Pull B from Stack SP=SP+1,BStk| B INH 33 4 29 - - - - - - - -
PULX Pull X from Stack (Hi First) | SP=SP + 2, IXe=Stid NH 3 E 2-10 - - - - - - - -
PULY Pull Y from Stack (Hi First) | SP=SP + 2, IY<Sti NH 18 3 216 2-11 |- - - - - - - -
ROL (opr) |Rotate Left EXT 7 hh 1l 3|6 58 |-- - -
c IND, X 69 ff 216 6-3 3333
O-<OIII0-0)  IND,Y |18 69 ff 37 73
ROLA ¢ b7=<b0 |[AINH 49 112] 21
ROLB B_INH 59 112 2-1
ROR (opr) | Rotate Right EXT 76 hh 1 316 58 [-- - -
c| IND,X 66 | ff 216 63 333
IND, Y 18 66 ff 317 7-3
RORA ¢ b7>bo |A INH 46 112] 21
RORB B _INH 56 112 2-1
RTI Return from Interrupt| see special Ops INH 38 1]12] 214 1$333333S
RTS Return from Subroutine See Special Ops INH 39 1151 212 |-« = = = = - =
SBA Subtract B from A A-B-A INH 10 112 -1 1----3332
SBCA (opr) |SubtractwithCarryfromA| A=M~C—>A (A IMM 82 i 2|2 341 [----3332
A DIR 92 dd 2|3 4-1
A EXT B2 hh Il 314 52
A IND, X A2 f 2|4 6-2
A IND, Y 18 A2 {f 3151 72
SBCB (opr) | Subtractfrom Carryfrom8| B-M~C->B |B IMM c2 ii 2|2 31 |- - - $3322
B DIR D2 dd 213} 4
B EXT F2 hh Il 314 52
B IND, X E2 ff 214 62
IND, Y 18 _E2 ff 315 7-2
EC et Carry -C H 0D F. 21 |- « =« = « - « 1
SE| et Interrupt Mask —| H OF - - e % ] « = a o
EV. Set Overflow Flag =V H 08 ] |- - - -« - « 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 TMP68C711J6 Instructions, Addressing Modes,
and Execution Times (Sheet 6 of 7)
Source . Boolean | Addressing l\/(lacel;landeeS%;T)g o |2 | Cyde | condition Codes
Operation . Mode for vy by
Form (s) Expression Operand | Opcode |Operand(s) |a | | Cyce* [SXH I NZV C
STAA (opr) | Store Accumulator A | A-M A DIR 97 dd 2|3 42 |----23230 -
A EXT B7 hh i 314 5-3
A IND, X A7 ff 214 6-5
A IND,Y 18 A7 ff 315 7-5
STAB (opr) |Store AccumulatorB |B—M B DIR D7 dd 2|3 42 |----220-
B EXT F7 hh 1l 314 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-M,B-M +1 DIR DD dd 2[4 44 |----220-
EXT FD hh 1i 315 5-5
IND, X ED ff 2|5 6-8
ND, Y 18 ED ff 316 7-7
STOP Stop Internal Clocks NH CF 112 21 |- - - - - - - -
STS (opr) |Store Stack Pointer SP-M : M+ 1 DIR 9F dd 214} 44 |----2230-
EXT BF hh I 315 5-5
IND, X AF ff 2|5 6-8
IND, Y 18 AF ff 316 7-7
STX (opr) | Store index Register X [ IX->M : M + 1 DIR DF dd 214 4-4 |----2420-
EXT FF | hh I 3|5 55
IND, X EF ff 2|5 6-8
IND, Y CD_EF ff 316 7-7
STY (opr) |StoreIndex Register Y [IY->M: M + 1 DIR 18 DF dd 3|5 46 |----3230-
EXT 18 FF hh Il 416 5-7
IND, X 1A EF ff 3|/6| 69
IND, Y 18 EF ff 316 7-7
SUBA (opr) | Subtract Memory fromA [ A~ M—A A IMM 80 il 2|2 3-1 ----32332
A DIR 90 dd 2|3 4-1
A EXT BO hh 1l 314 5-2
A IND, X A0 ff 214 6-2
A IND, Y 18 A0 ff 315 7-2
SUBB (opr) | Subtract MemoryfromB |B-M—B B IMM co ii 212 3-1 ----22312
B DIR DO dd 213 4-1
B EXT FO hh 1l 314 5-2
B IND, X EO ff 214 6-2
B IND,Y 18 EO ff 315 7-2
SUBD (opr) | Subtract MemoryfromD |D-M:M+1-D IMM 83 i kk 3|4 33 |----232232
DIR 93 dd 215 4-7
EXT B3 hh 1l 316 510
IND, X A3 ff 216 6-10
IND, Y 18 A3 ff 317 7-8
SWI Software Interrupt See Special Ops INH 3F 1 {14} 2-15 |- - -1 - - - -
TAB Transfer AtoB A—B INH 16 112 2.1 |----2330 -
TAP Transfer Ato CCRegister | A>CCR INH 06 112 221 13333333 T
TBA Transfer B to A B—A INH 17 112 21 [----2320-
TEST TEST (Only in Test Modes) | Address Bus INH 00 1 {**] 220 |-- - - - - - -
Counts
TPA Transfer CCRegistertoA | CCR—A INH 07 112 2-1 - - - - - - - -
TST  (opr) | Testfor Zero or Minus |[M -0 EXT 7D hh il 3|6 58 |----3360°90
IND, X 6D ff 216 6-4
IND, Y 18 6D ff 317 7-4
TSTA A-0 A INH 4D 112 211 |----%32%00
TSTB B-0 B INH 5D 1]2] 21 [----2%200
15X Transfer Stack Pointerto X | SP + 131X INH 30 113 2-3 |-~ - - - - - -
TSY Transter Stack Pointerto Y [ SP + 151Y INH 18 30 214 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 TMP68C711J6 Instructions, Addressing Modes,
and Execution Times (Sheet 7 of 7)
i Machine Codi bl .

Source Operation Boolean A,g.gﬁ?f':,g (ﬂ(ex;n;ecﬁn'aﬁ‘)g e < Cyb;le Condition Codes

Form(s) Expression Operand | Opcode | Operand (s) o |o Cycle* |[SXHINZVC
TXS Transfer X to Stack Pointer | IX ~ 1-SP H 35 3 2-2 |- - - - - - .
TYS Transfer Y to Stack Pointer | 1Y =~ 1—SP H 18 35 214 2-4 |- - - - - C
WAI Wait for Interrupt Stack Regs & H 3E weef 2-16 |- - - - - - < <

WAIT

XGDX Exchange D with X IX—=D, D-IX INH 8F 113 2-2 |-~ - - - o .
XGDY Exchange D with Y IY=D, D-IY INH 18 8F 214 2-4 |- - - - - - -

* 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

*k
wkk

2.4.

Infinity or Until Reset Occurs
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

hh
ii

kk
1l

&=
L T T T I [ I T 1

rr

8-Bit Direct Address ($0000-$00FF) (High Byte Assumed to be $00)
8-Bit Positive Offset $00 (0) to $FF (255) (Is Added to Index)

High Order Byte of 16-Bit Extended Address

One Byte of Inmediate Data
High Order Byte of 16-Bit Inmediate 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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JSR, JUMP TO SUBROUTINE RTI, RETURN FROM INTERRUPT
MAIN PROGRAM INTERRUPT PROGRAM <p STACK
PC $9D-JSR PC $3B-RTI sp
DIRECT ad ]
SP+ 1 |CONDITION CODE
RTN | NEXT MAIN INSTR. SP+2 ACMLTRB
SP STACK SP+3 ACMLTR A
o MAl;l:g?;SRRAM X — SP-2 IMP, JUMP SP + 4 | INDEX REGISTER (X,,)
i SP-1 RTNy SP + 5 | INDEXREGISTER (X,)
INDXD, X -
ff SP RTNp MAIN PROGRAM SP + 6 [ INDEX REGISTER(Y},)
RTN | NEXT MAIN INSTR. PC $6E-IMP SP + 7 | INDEX REGISTER (Y,)
L ] SP+8 RTN
MAIN PROGRAM . N %
pC $18-PRE INDXD, X < : P+9 RTN;
INDXD, Y $AD-JSR
i X+ WETmaTRUCTIoN |
RTN | NEXT MAIN INSTR. ~
vl MAIN PROGRAM
MAIN PROGRAM pC $18-PRE
PC $BD-JSR $6E-JIMP
EXTND hh
i INDXD, ¥ < i
L]
RTN | NEXTMAININST. | _J .
.
BSR, BRANCH TO SUBROUTINE Y e ff
MAIN PROGRAM <p STACK ~ Y
PC $8D =BSR —> SP-2 MAIN PROGRAM
r sP-1 RINy pc[_STEIMP
RTN |__NEXT MAIN INSTR. Sp RTN, h
RTS, RETURN FROM SUBROUTINE EXTENDED I
.
SUBROUTINE P STACK .
PC $39-RTS SP = °
— P+ 1 N hhl
> SP+2 RTN,
SWI, SOFTWARE INTERRUPT LEGEND
MAIN PROGRAM SP STACK RTN = Address of next instruction in Main Program to executed upon return
PC $3F-SWI — SP-9 from subroutine
RINL 1 SP -8 [CONDITION CODE RTNy = Mostsignificant byte of Return Address
SP-7 ACMLTRB RTN. = Leastsignificant byte of Return Address
SP-6 ACMLTR A —> = Stack Pointer After Execution
SP -5 | INDEXREGISTER (X,) | dd = 8-Bit Direct Address ($0000-$00FF) (High Byte Assumed to be $00)
WAI, WAIT FOR INTERRUPT SP— 4 | INDEX REGISTER (X,) ff = 8-Bit Positive Offset $00 (0) to $FF (256) (Is Added to Index)
MAIN PROGRAM SP — 3 | INDEX REGISTER (Y,) hh = High Order Byte of 16-Bit Extended Address
PC SP -2 | INDEX REGISTER(Y,) 1] = Low Order Byte of 16-Bit Extended Address
RINL | SP-1 RTNy r = Signed Relative Offset $80 (- 128) to $7F ( + 127)
sp RTN; (Offset Relative to the Address Following the Machine Code Offset Byte)

Figure 10.2 Special Operations
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Table 10.2 Cycle-by-Cycle Operation — Inherent Mode (Sheet 1 of 4)

Reference | Address Mode Cycle RAW
Number* | and Instructions Cycles {65 Address Bus Line Data Bus
2-1 ABA, ASLA, ASLB, 2 1 Opcode Address 1 Opcode
ASRA, ASRB, CBA, 2 Opcode Address + 1 1 Irrelevant 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,
STOP, TAB, TAP,
TBA, TPA, TSTA,
TST8B
2-2 ABX, ASLD, DEX, 3 1 Opcode Address 1 Opcode
INX, LSLD, LSRD, 2 Opcode Address + 1 1 Irrelevant Data
TXS, XGDX 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 Opcode Address + 1 1 Opcode (Second Byte) ($30)
3 Opcode Address + 2 1 Irrelevant Data
4 Stack Pointer 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 Irrelevant Data
3 Stack Pointer 0 IXL (Low Byte) to Stack
4 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 M(?de Cycle Cycle Address Bus RM Data Bus
Number* | and Instructions # Line
29 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
2-10 PULX 5 1 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) ($38)
3 Opcode Address + 2 1 Irrelevant Data
4 Stack Pointer 1 Irrelevant Data
5 Stack Pointer + 1 1 IYH (High Byte) from Stack
6 Stack Pointer + 2 1 1YL (Low Byte) from Stack
2-12 RTS 5 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 MUL 10 1 Opcode Address 1 Opcode ($3D)
2 Opcode Address + 1 1 Irrelevant Data
3 $FFFF 1 Irrelevant Data
4 $FFFF 1 Irrelevant Data
5 $FFFF 1 Irrelevant Data
6 $FFFF 1 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 1 Condition Code Register from
Stack
5 Stack Pointer + 2 1 B Accumulator 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 1 IXL (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 );% 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 Opcode Adderess 1 Opcode ($3F)
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Byte)
4 Stack Pointer - 1 0 Return Address (High Byte)
5 Stack Pointer - 2 0 1YL (Low Byte) to Stack
6 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 0 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 Byte)
14 Address of Vector + 1 1 SWI Service Routine Address
(Second Location) (Low Byte)
2-16 WAI 14+n 1 Opcode Adderess 1 Opcode ($3E)
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Byte)
4 Stack Pointer - 1 0 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 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 0 B Accumulator to Stack
1" Stack Pointer - 8 0 Condition Code Register to Stack
12to
n+12 | Stack Pointer-8 1 Irrelevant Data
n+13 | Addressof 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 1 Opcode
2 Opcode Address + 1 1 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 Mode Cycle RW
Number* | and Instructions Cycles y# Address Bus Line Data Bus
2-18 Page 1 lllegal 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)
6 Stack Pointer - 2 0 YL (Low Byte) to Stack
7 Stack Pointer - 3 0 IYH (High Byte) to Stack
8 Stack Pointer -4 0 IXL (Low Byte) to Stack
9 Stack Pointer - 5 0 IXH (High Byte) to Stack
10 Stack Pointer ~ 6 0 A Accumulator
1 Stack Pointer -7 0 B Accumulator
12 Stack Pointer - 8 0 Condition Code Register to Stack
13 Stack Pointer - 8 1 Irrelevant Data
14 Address of Vector 1 Service Routine Address
(First Location) (High Byte)
15 Address of Vector + 1 1 Service Routine Address
(Second Location) (Low Byte)
2-19 Pages 2,3,or4 16 1 Opcode Address 1 Opcode (Legal Page Select)
lllegal Opcodes 2 Opcode Address + 1 1 Opcode (lllegal Secand Byte)
3 Opcode Address + 2 1 Irrelevant Data
4 $FFFF 1 Irrelevant Data
5 Stack Pointer 0 Return Address (Low Byte)
6 Stack Pointer - 1 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 0 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 of Vector + 1 1 Service Routine Address
(Second Location) (Low Byte)
2-20 TEST Infinite 1 Opcode Address 1 Opcode ($00)
2 Opcode Address + 1 1 Irrelevant Data
3 Opcode Address + 1 1 Irrelevant Data
4 Opcode Address + 2 1 Irrelevant Data
5-n Previous Address + 1 1 Irrelevant Data

*The reference number is given to provide a cross-reference to Table 10.1.
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Table 10.3 Cycle-by-Cycle Operation — Immediate Mode
Reference | Address Mode Cycle RAW
. Cycles Address Bus . Data Bus
Number* | and Instructions | = # Line
3-1 ADCA, ADCB, 2 1 Opcode Address 1 Opcode
ADDA, ADDB, 2 Opcode Address + 1 1 Operand Data
ANDA, ANDB,
BITA, BITB, CMPA,
CMPB, EORA,
EORB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SBCB, SUBA, SUBB
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 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand Data (High Byte)
3 Opcode Address + 2 1 Operand Data (Low Byte)
4 $FFFF 1 Irrelevant Data
34 LDY 4 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($EC)
3 Opcode Address + 2 1 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 Opcode (Second Byte)
3 Opcode Address + 2 1 Operand 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.

MCU11-98




TOSHIBA

TMP68C711J6

Table 10.4 Cycle-by-Cycle Operation — Direct Mode (Sheet 1 of 2)

Reference | Address Mode Cycle RAW
Number* [ and Instructions Cycles ):64 Address Bus Line Data Bus
4-1 ADCA, ADCB, 3 1 Opcode Address 1 Opcode
ADDA, ADDB, 2 Opcode Address + 1 1 Operand Address (Low Byte)
ANDA, ANDB, (High Byte Assumed to be $00)
BITA, BITB, CMPA, 3 Operand Address 1 Operand Data
CMPB, EORA,
EORB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SBCB, SUBA, SUBB
4-2 STAA, STAB 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Operand 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 Operand 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 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 1 Operand Data (High Byte)
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 Operand Address + 1 0 Register Data (Low Byte)
4-7 ADDD, CPX, SUBD ) 1 Opcode 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 RW
Number* [ and Instructions Cycles y# Address Bus Line Data Bus
4-8 JSR 5 1 Opcode Address 1 Opcode ($9D)
2 Opcode 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 1 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 Irrelevant Data
4-10 BCLR, BSET 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 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 Original 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 Mode Cycle RAW
Number* | and Instructions Cycles );54 Address Bus Line DataBus
5-1 ImpP 3 1 Opcode Address 1 Opcode ($7E)
2 Opcode Address + 1 1 Jump Address (High Byte)
3 Opcode Address + 2 1 Jump Address {Low Byte)
5-2 ADCA, ADCB, 4 1 Opcode Address 1 Opcode
ADDA, ADDB, 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,
ORAB, SBCA,
SBCB, SUBA, SUBB
5-3 STAA, STAB 4 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 0 Accumulator Data
5-4 LDD, LDS, LDX 5 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 1 Operand Data (Low Byte)
5-5 STD, STS, STX 5 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 0 Register Data (High Byte)
5 Operand Address + 1 0 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 Operand 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) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($FF)
3 Opcode Address + 2 1 Operand Address (High Byte)
4 Opcode Address + 3 1 Operand Address (Low Byte)
5 Operand Address 0 Register Data (High Byte)
6 O_perand Address + 1 0 Register Data (Low Byte)
5-8 ASL, ASR, CLR, 6 1 Opcode Address 1 Opcode
COM, DEC, INC, 2 Opcode Address + 1 1 Operand Address (High Byte)
LSL, LSR, NEG, 3 Opcode Address + 2 1 Operand Address (Low Byte)
ROL, ROR 4 Operand Address 1 Original 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 Mode Cycle RAW
Number* | and Instructions Cycles y# Address Bus Line Data Bus
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 Opcode ($7D)
2 Opcode Address + 1 1 Operand Address (High Byte)
3 Opcode Address + 2 1 Operand Address (Low Byte)
4 Operand Address 1 Original Operand Data
5 $FFFF 1 Irrelevant Data
6 $FFFF 1 Irrelevant Data
5-10 ADDD, CPX, SUBD 6 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 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 Opcode (Second Byte)
3 Opcode Address + 2 1 Operand 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)
7 $FFFF 1 Irrelevant Data
5-12 JSR 6 1 Opcode Address 1 Opcode ($8D)
2 Opcode Address + 1 1 Subroutine Address (High Byte)
3 Opcode Address + 2 1 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.
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Table 10.6 Cycle-by-Cycle Operation — Indexed X Mode (Sheet 1 of 2)

Reference | Address Mode Cycle RW
Number* | and Instructions Cycles );# Address Bus Line Data Bus
6-1 Jmp 3 1 Opcode Address 1 Opcode ($6E)
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
6-2 ADCA, ADCB, 4 1 Opcode Address 1 Opcode
ADDA, ADDB, 2 Opcode Address + 1 1 Index Offset
ANDA, ANDB, 3 $FFFF 1 Irrelevant Data
BITA, BITB, CMPA, 4 (1X) + Offset 1 Operand Data
CMPB, EORA,
EORB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SBCB, SUBA, SUBB
6-3 ASL, ASR, CLR, 6 1 Opcode Address 1 Opcode
COM, DEC, INC, 2 Opcode Address + 1 1 Index Offset
LSL, LSR, NEG, 3 $FFFF 1 Irrelevant Data
ROL, ROR 4 (1X) + Offset 1 Original Operand Data
5 $FFFF 1 Irrelevant Data
6 (1X) + Offset 0 Result Operand Data
6-4 TST 6 1 Opcode Address 1 Opcode ($6D)
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 (IX) + Offset 1 Original Operand Data
5 $FFFF 1 Irrelevant Data
6 $FFFF 1 Irrelevant Data
6-5 STAA, STAB 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 (1X) + Offset 0 Accumulator Data
6-6 LDD, LDS, LDX 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 (IX) + Offset 1 Operand Data (High Byte)
S (1X) + Offset + 1 1 Operand Data (Low Byte)
6-7 LDY 6 1 Opcode Address 1 Opcode (Page Select Byte) ($1A)
2 Opcode Address + 1 1 Opcode (Second Byte) ($EE)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 (IX) + Offset 1 Operand Data (High Byte)
6 (IX) + Offset + 1 1 Operand Data (Low Byte)
6-8 STD, STS, STX 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 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 RAW
Number* | and Instructions Cycles y# 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 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
S (IX) + Offset 0 Register Data (High Byte)
6 (IX) + 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 (IX) + Offset 1 Register Data (High Byte)
5 (IX) + 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 $FFFF 1 irrelevant Data
6-12 JSR 6 1 Opcode Address 1 Opcode ($AD)
2 Opcode Address + 1 1 Index Offset
3 $FFFF 1 Irrelevant Data
4 (IX) + Offset 1 First Opcode 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 (1X) + 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 (1X) + Offset 1 Original Operand Data
5 Opcode Address + 2 1 Mask Byte
6 Opcode Address + 3 1 Branch Offset
7 $FFFF 1 Irrelevant 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 Mode Cycle R/W
Number* | and Instructions Cycles ):# Address Bus Line Data Bus
7-1 IMP 4 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($6E)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
7-2 ADCA, ADCB, S 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
CMPB, EORA, S (1Y) + Offset 1 Operand Data
EORB, LDAA,
LDAB, ORAA,
ORAB, SBCA,
SBCB, SUBA, SUBB
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 1 Irrelevant Data
5 (1Y) + Offset 1 Original Operand Data
6 $FFFF 1 Irrelevant Data
7 (1Y) + Offset 0 Result Operand Data
7-4 TST 7 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($6D)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 (1Y) + Offset 1 Original Operand Data
6 $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 Opcode (Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 (1Y) + Offset 1 Operand Data (High Byte)
6 (1Y) + Offset + 1 1 Operand Data (Low Byte)
7-7 STD, STS, STX, STY 6 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 Table 10.1.
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Table 10.7 Cycle-by-Cycle Operation — Indexed Y Mode (Sheet 2 of 2)

Reference | Address Mode Cycle R/W
Number* | and Instructions Cycles ):? Address Bus Line Data Bus
7-7 STD, STS, STX, STY 6 S (1Y) + Offset 0 Register Data (High Byte)
(Continued) 6 (1Y) + Offset + 1 0 Register 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 Irrelevant 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 JSR 7 1 Opcode Address 1 Opcode (Page Select Byte) ($18)
2 Opcode Address + 1 1 Opcode (Second Byte) ($AD)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 (1Y) + Offset 1 First Opcode in Subroutine
6 Stack Pointer 0 Return Address (Low Byte)
7 Stack Pointer - 1 0 Return Address (High Byte)
7-10 BCLR, BSET 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 1 Mask Byte
7 $FFFF 1 Irrevant 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 1 Mask Byte
7 Opcode Address + 4 1 Branch Offset
8 $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
Reference | Address Mode Cycle RW
. Cycles Address Bus . Data Bus
Number* | and Instructions | = # Line
8-1 BCC, BCS, BEQ, 3 1 Opcode Address 1 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 ($8D)
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 provide a cross-reference to Table 10.1.
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104 OPCODE MAP SUMMARY

Table 10-2 is an opcode map for the instructions and addressing modes used by the

TMP68C711J6.
Table 10.9. Opcode Map (Sheet 1 of 2)
DIR
OPCODE MAP PAGE 1 ACCA ACCB
i | N | ReL | v | acca | acc | ino.x | ExT | ivm | iR | inp.x | ext | mm | o | inD.x | exT
ms8| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | o110 |o1110 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
LS8 0 1 2 3 4 5 6 7 8 9 A 8 C D £ F
0000 | 0] TesT | ssa | BRA | Tsx NEG suB 0
0001 | 1] nop | ca | RN | s o , P 1
0010 | 2| v | BrseT | BHi |Pula [ : $BC 2
0011 | 3 | FDIV | BRCLR | BLS | PULB CON SUBD 1 ADDD 3
0100 | 4 | Lsro | BseT | scc | oes LSR AND a
0101 5| asto | Bcr | BCs | Txs ; i BIT 5
0110 | 6| TAP | TAB | BNE | PSHA LAD 6
om1| 7| tPa | TBA | BEQ | PSHB ASR L STA STA 7
10008 mx | pa2 | svc | puix EOR 8
1001 | 9| DEx | DAA | Bvs | RTS ADC 9
10100 |a] av | pe3 | seL | asx ORA A
10118 sev | asa [ swmi [ e - ADD B
1100 | ¢[ cc | sser | sGe [ psHx INC oPx LoD C
1101 | 0| sec | BaR | BLT | muL BSR | 1SR PG4 | STD D
1110 [ e| cu | sRrseT | 8GT | wai MP L0S LOX €
M| F SEI BRCLR BLE swi CLR XGDX STS STOP STX F
0 1 2 3 [ al s s [T 718l o] alslclo] e c¢r
Y
IND. X
OPCODE MAP PAGE 2 (18xx ACCA ACCB
INH INH IND. Y v | oR [ mo.y | ext | mm | DiR | ND. Y | EXT
msa| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | o110 | 0111 | 1000 | 1001 | 1010 | 1011 [ 1100 1110 | 1111
Ls8 0 2 3 4 5 6 7 8 9 A 8 c £ F
o000 |0 f ' - 'mm___-é sus 1o
0001 | 1 E o K
0010 |2 'E
0011 | 3 'E
0100 | 4 [} N
o101 [ 5 |2 5
0110 6 | 6
o111} 7 E T
1000 | 8 'B
1001 | 9 B
1010 | A | Iy
1011 | B [ B
1100 | € Tc
101 | 0 D
1110 | E E
M| F 3
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Table 10.9. Opcode Map (Sheet 2 of 2)

OPCODE MAP PAGE 3 (1Axx) ACCA ACCB
IND. X ExT IND. X
MSB| 0000 0001 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Ls8 5
0000 | 0 . P .
0001 | 1
0010
0011
0100
0101
0110
011
1000
1001
1010
1011
1100
1101
1110
i

nimOlNn|{o|Plolo|{Nw|la|lunu|b|w( ~n

mMImOlNlw|plo|jo|v]|o|lu]ls|lw]|Nn

OPCODE MAP PAGE 4 (CDxx) ACCA ACCB

IND. Y IND. Y
MSB| 0000 0001 0010 | 0011 | 0100 { 0101 0110 0111 1000 | 1001 1010 1011 | 1100 | 1101 1110 1111

LS8 0 1 2 3 a S 6 7 8 9 A 8 C D E F

=3
=]
MmImloln|le|Iplo|lolN]lolulalw]N
MmimlOlNn|@|Plolo|lN]lalu|lslwin
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11. ELECTRICAL SPECIFICATIONS

This section contains the electrical specifications and associated timing information

for the TMP68C711J6 MCU.

11.1 MAXIMUM RATINGS

Raing Symbol Value Unit
Supply Voltage Voo | -0.3t0+7.0 v
Input Voltage Vin -0.3t0+7.0 v
Operating Temperature Range Ta TLtoTH c
TMP68C711J6 - 40to 85
Storage Temperature Range Tstg =55t0 150 c
Current Drain per Pin* I 25 mA
Excluding VDD,VSS

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields ; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum-rated voltages to
this high-impedance circuit. Reliability of
operation is enhanced if unused inputs
are tied to an appropriate logic voltage
level (e.g., either GND or Vpp).

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

11.2 THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit

Thermal Resistance 6,A TW
Plastic 68-Pin Quad Pack (PLCC) TBD
Plastic 64-Pin SDIP TBD
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11.3 DC ELECTRICAL CHARACTERISTICS (Vpp=>5.0 Vdc£10%,Vgg=0 Vdc,Tpo =Ty, to
Ty, unless otherwise noted)

Characteristic Symbol Min Max Unit
Output Voltage (see Note 1) All Outputs VoL - 0.1 Vv
ILoad = + 10.0pA All Outputs Except RESET and MODA Vou | Vop-0.1 -
Output High Voltage All Outputs Except RESET, VoH Vpp-0.8 - \'
lLoad =-0.8mA, Vpp = 4.5V (see Note 1) XTAL, and MODA
Output Low Voltage All Outputs Except XTAL VoL - 0.4 \Y
lLoad = 1.6mA
Input High Voltage All Inputs Except RESET VIH 0.7xVpp Vpp \
RESET 0.8 xVpp Vpp
Input Low Voltage All Inputs ViL Vsg 0.2xVpp \
1/0 Ports, Three-State Leakage PAOQ-PA7, PBO-PB7,PCO-PC7, loz - +10 RrA
PDO-PD5,PF0-PF7,PGO-PG7
Vin=ViHor Vi, MODA LIR, RESET
Input Current (see Note 2) lin
Vin=Vppor Vss PEO-PE7 +400 nA
Vin=Vpp or Vsg TRQ XIRQ - *1 pA
Vin=Vpp or Vss MODB/NsT1Y - +10
RAM Standby Voltage Powerdown Vsg 40 Vpp Vv
RAM Standby Current Powerdown Isg - 20 BA
Total Supply Current (see Note 3)
RUN: Ipp
Single Chip - 20 mA
Expanded Multiplexed - 27 mA
WAIT: Wiop
All Peripheral Functions Shut Down
Single-Chip Mode - 8 mA
Expanded Multiplexed Mode - 10 mA
STOP: SibD
No Clocks, Single-Chip Mode - 100 pA
Input Capacitance PE0-PE7,TRQ, XIRQ, EXTAL, PAO-PA7, Cin - 8 pF
PBO-PB7, PCO-PC7, PDO-PD5, PFO-PF7, PGO-PG7, MODA/LIR, RESET - 12
Power Dissipation Single Chip Mode Pp - 110 mw
Expanded Multiplexed Mode - 150
Notes:

1. Von specification for RESET and MODA is not applicable because they are open-drain pins.
Vou specification not applicable to ports C, D and G in wire-OR mode.
2. All ports configured as inputs,
ViL=0.2V,
Vi Vpp ~0.2V,
No dc loads,
EXTAL is driven with a square wave, and
teye=476.5 ns.
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Vpp
Equivalent Test Load!
R2 Pins R1 R2 Cc1
) PAO-PA7 3.26KQ 2.38KQ 90pF
TEST PBO-PB7
POINT PCO-PC7
PDO, PD5
L ¢ S R PFO-PF7
T > PGO-PG7
E, RIW
PD1-PD4 3.26KQ 2.38KQ 200pF
cLocks, —— ~Voo A Vo5-0.8Volts
STROBES Noavolts v, 0avoltsy| °°
~NOM~| [<NOM~
— 70%0fVpp
INPUTS
— 20%0fVpp
<— NOMINAL TIMING —
~Veo Vpp-0.8Volt
OUTPUTS DOB-EVOTS
0.4Volts
~Vss
D.C. TESTING
1
CLOCKS, ~Vpp 3
STROBES N 20%of Vpp ~Ves —20%0fVop 70%of Voo
<—SpEC-> <—-SpEc—> (SEE NOTE 2)
/4 70%o0f Voo —X — Vpp-0.8Volfs
INPUTS g el
N\ 20%0f Voo —#__ 4 avolfs
< SPEC TIMING —
~Voo 70%of V
OUTPUTS 6ot Voo
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.
measurements are taken at the 20% and 70% of Vpp points.

Figure 11.1 Test Methods

8 volts while timing
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11.4 CONTROL TIMING (Vpp=5.0 Vdc+10%, Vss=0 Vdc, Ta =Ty, to Tg)

L 21MHz | 3.15MHz
Characteristic Symbol Unit
Min | Max | Min | Max

Frequency of Operation fo dc | 2.1 | dc |3.15 [MHz
E Clock Period teye 476 317 ns
Crystal Frequency fxTAL - | 84| - |126|MHz
External Oscillator Frequency 41, dc | 84 | dc | 126 |MHz
Processor Control Setup tpcs = 1/4 teyc =50 ns tpcs 69 - 29 | - ns
Time(see Figures 11.3, 11.5, and 11.6)
Reset Input Pulse Width (To Guarantee External PWgsTL teye
(see Note 1 and Figure 11.3) Reset Vector) 8 - 8 -
(Minimum Input Time;
May be Preempted by 2 - 2 -

Internal Reset)

Mode Programming Setup Time tmps 2 - 2 - teye
(see Figure 11.3)

Mode Programming Hold Time tviPH 0 - 0 - | ns
(see Figure 11.3)

Interrupt Pulse Width, PW|rQ =tcyc +20 ns PWIRQ | 496 | - | 337 ] - ns
TRQ Edge Sensitive Mode
(see Figures 11.4 and 11.6)

Wait Recovery Startup Time twRs - 4 - 4 | teye
(See Figure 11.5)
Timer Pulse Width PWTIM = teyc +20 ns PWrm | 496 | - |337| - | 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 5 RESETS, INTERRUPT, AND LOW
POWER MODES for details.

2. All timing is shown with respect to 20% Vpp and 70% Vpp unless otherwise noted.
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PAQ-PA31

N

PA7 1.3

< PWpy —

_/
PA0-PA32 —\
_
N Y N

PA7 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.

vy N N
77777777

<— 4064 teyc —>

EXTAL

e— (LWL LT LT LT L L LT L L L L

l ‘PCS-’“I | <€——— PWRSTL ———>
RESET Ne #

l

< tmps >~ tMPH
MODA, /‘ S— S——
MODB N N

ADDRESS

Note : RESET Timing may be changed from 4 cycles high to new PC to 8 cycles high to
new PC.

Figure 11.3 POR and External Reset Timing Diagram
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N RN AL ] RO

IRQ1 —————N—\ N N

PWIRQ

RQ2 A

XIRQ “'\
as LT

. |

K N N
N N

——— —_—
tsropoeLaY?

ES |

Ny N
ADDRESS4 Ao Keosieinn N a8 X e X X XXX
l

Resume program with instruction which follows the STOP instruction.

N N
ADDRESSS AdbREss Keoowhe 1 N 203108 o 1 Yoo )er S8 Xrs XEERXERXE

IRQ VECTOR
(XIRQ VECTOR)

Notes:

. Edge sensitive IRQ pin (IRQE bit=1)

. Level sensitive IRQ pin (IRQE bit=0)

. tSTOPDELAY =4064 tcycif DLY bit=1or 4 tcyc if DLY=0.
. XIRQ WITH X bit CCR=1.

IRQ, or (XIRQ with X bitin CCR=0).

Refer to Table 5.7 for pin states during STOP.

- = N O

Figure 11.4 STOP Recovery Diagram

SRR EREENEEREEN SRR RN R NN

_ tpes—>|  |<—
IRQ, XIRQ. Ne A
OR INTERNAL \
INTERRUPTS S
s |
k L

PRI G 65 D €20 CRINETD €2 CIINETY €23 €2) €2 (5 i i

PCL PCH YL, YH, XL XH,
A.B,CC

STACK REGISTERS

R/IW _.__....\ / N

N

Notes:
1 Refer to Table 5.7 for pin states during WAIT,
2 RESET will also cause recovery from WAIT.

Figure 11.5 WAIT Recovery from Interrupt Timing Diagram
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’_q- LAST CYCLE OF AN INSTRUCTION

LFL.FLJ"\W

E
o —’I ~ tcps I
—\ -/
PW|RQ
1RQ2, XIRQ,
OR INTERNAL -\(
INTERRUPTS
ADDRESS

0ATAS { HEHEHEHEHEREHEHEH OHEHEHEOHEHENE)
TN /

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

Figure 11.6 Interrupt Timing Diagram
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11.5 PERIPHERAL PORT TIMING (Vpp=5.0 Vdc+10%, Vgg=0 Vdc, To =Ty, to Tx)

2.1MHz 3.15MHz
Characteristic Symbol - - Unit
Min Max Min Max
Frequency of Operation (E Clock Frequency) o 21 2.1 3.15 3.15| MHz
E-Clock Period teye 476 - 317 - ns
Peripheral Data Setup Time thosy 100 _ 100 _ ns

(MCU Read of Ports A, C, D, E and G)

Peripheral Data Hole Time

t 50 - 50 -
(MCU Read of Ports A, C, D, E, F and G) POH ns
Delay Time, Peripheral Data Write tpwo ns
(MCU Writes to Port A) - 200 - 200
(MCU Writes t o Ports B, C, Dand G) - 219 - 169

tppw = 1/4 teyc + 100 ns

Notes:
1. Port C,D and G timing is valid for active (DWOM bit not set in SPCR register and CWOM and
GWOM bits not set in OPT2 register).
2. All timing is shown with respect to 20% Vpp and 70% Vpp unless otherwise noted.

,(———— MCU WRITE TO PORT ______,1

- X /

tPwD —>

PORTS PREVIOUS PORT DATA X)(X)OZ‘ NEW DATA VALID
B,C,D,F,G X

le—— tpwD —>
C4
PORTA PREVIOUS PORT DATA ><><><X><* NEW DATA VALID

Figure 11.7 Port Write Timing Diagram

i(—_—_ MCU WRITE TO PORT _—___,.I

: U

| tPOSU ——PI l<_iPDH —>
PORTS VAR T\
A,B,C,D,F,G _J X £/
l< tPDSU l<—tppx —>
" 4 1oy
PORTE ———-Q—< )
X £/

Figure 11.8 Port Read Timing Diagram
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11.6 EXPANSION BUS TIMING (Vpp=5.0 Vde#+10%, Vgg=0 Vdc, Tp =Ty, to Tx)

2.1MHz 3.15MHz
Number Characteristic Symbol i Mok i Viox Unit

1 Cycle Time teye 476 - 318 - ns
2 Pulse Width, E Low (1/2t¢yc-23ns) PWg,L 215 - 140 - ns
3 Pulse Width, E High (1/2tcyc-28ns) PWey 210 - 135 - ns
4 E Rise and Fall Time t,, t5 - 20 - 15 ns
9 Address Hold Time taH 30 - 20 - ns
11 | Address Delay Time (1/8tcyc + 65ns) tap - 125 - 100 ns
12 Address Valid Time (PWg_-tap) tav 90 - 40 - ns
17 Read Data Setup Time tpsr 30 - 25 - ns
18 | Read Data Hold Time toHR 5 - 5 - ns
19 Write Data Delay Time toow - 45 - 50 ns
21 Write Data Hold Time toHw 30 - 30 - ns
29 MPU Address Access Time (tcyc-tap-ts-tosg) tacca 301 - 178 - ns
39 | Write Data Setup Time (PWgy-tppw) tosw 165 - 85 - ns
52 | Chip Select Hold Time ten 0 20 0 20 ns
54 | Address Valid Chip Select Delay Time (1/4tcy + 40ns) tacso 130 160 85 120 ns
55 | Address Valid Chip Select Access Time (teyc-tacso-tt-tosg) tacsa 266 - 163 - ns
56 | Address Valid To Chip Select Time taves 10 - 10 - ns
57 | Address Valid To Data Three-State Time tavpz - 10 - 10 ns

Notes:

1. All timing is shown with respect to 20% Vpp and 70% Vpp.
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O ® <~@®
e\ Ao N
D— ®- ®
RAN ADDRESS XXXX XX
® @=T [©@
READ DATA —"_T'—\: ) < g‘L :Z—>
@
WRITE DATA i :§<X>
>~ <@
EXCS l/—
.

Note : Measurement points shown are 20% and 70% Vpp

Figure 11.9 Expansion Bus Timing Diagram
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11.7 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Vpp=5.0 Vdct10%, Vggs=0
Vde, Tpo=Ty, to Ty, see Figure 11.10)

f=2.1MHz f=3.15MHz .
Num. Characteristic Symbol Unit
Min | Max | Min | Max

Operating Frequency

Master fOP (m) dc 0.5 dc 0.5 | fop

Slave fOP (s) dc 2.1 dc 3.15 { MHz
1 | Cycle Time

Master feye (m) 2.0 - 2.0 - teye

Slave feye (s) 480 - 320 - ns
2 |Enable Lead Time

Master tiead (M) * - * - ns

Slave tlead (s) 240 - 160 - ns
3 |Enable Lag Time

Master tlag (M) * _ * _ ns

Slave tlag (s) 240 - 160 - ns
4 | Clock (SCK) High Time

Master tw (SCKH)m| 340 - 227 - ns

Slave tw (SCKH)s | 190 - 127 - ns
5 |Clock (SCK) Low Time

Master tw (SCKL)m | 340 - 227 - ns

Slave tw (SCKL)s 190 - 127 - ns
6 |Data Setup Time (Inputs)

Master tsu (M) 100 - 100 - ns

Slave tsu (s) 100 - 100 - ns
7 |Data Hold Time (Inputs)

Master th (m) 100 - 100 - ns

Slave th (s) 100 - 100 - ns

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

Slave ta 0 120 0 80 ns
9 |Disable Time (Hold Time to High-Impedance State)

Slave tdis - 240 - 160 ns
10 |Data Valid (After Enable Edge)** tyv (S) - 240 - 160 ns
11 |Data Hold Time (Outputs) (After Enable Edge) | tho 0 - 0 - ns
12 |[Rise Time (20% Vpp to 70% Vpp, CL = 200pF)

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

SPI Inputs (SCK, MOSI, MISO, and S5) trs - 2.0 - 20 | ps
13 |FallTime (70% Vpp to 20% Vpp, CL = 200pF)

SPl outputs(SCK, MOSI, and MISO) tfm - 100 - 100 ns

SPI Inputs(SCK, MOSI, MISO, and SS) tfs - 2.0 - 2.0 s

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

Note: All timing is shown with respect to 20% Vpp and 70% Vpp, unless otherwise
noted.
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55

(INPUT) SS is Held High on Master
B 5 ® ~||=@
| —-)\ - |
sse\_ f xl / 3
SCK(CPOL =0, / \
(OUTPUTT™ L NoTE ~—(@— 0
oS
SCK(CPOL=1) SEE ~—0O— . s
(ou(rpur) )NOTE/ Sr l’ 0 \n 12
N
MISO y e -
(INPUT) A 5—_< BT l:>_
- ~ |~ ® ~ —~

N

©

.

MOSI
(OUTPUT)

o

MASTER MSB OUT

~N
BIT6- - - -1

N

~

X MASTER LSB OUT
—

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

a) SPI MASTER TIMING (CPHA =0)

o

53 Ne
(INPUT)
- o @—||~— @< -
o/
SCK(CPOL = 0) ¥ 3@ ® .7‘ \ SEE
(INPUT) NOTE
(-—-—@——)
SCK(CPOL =1 \“ @ > X SEE
(mp(un ) L Z{__@_,\ X 3 \“ﬁ“
MISO R y
(INPUT) _{ MS8 IN }_'—( BT l‘._/ p S
< 19 11 (ref
@D N B O >
%?J?I_IPUT) ‘]& MASTER MSB OUT BIT6- - - -1 X MASTER LSB OUT ]‘L
®— -

le—

@—

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

b) SPI MASTER TIMING (CPHA = 1)

Figure 11.10 SPITiming Diagrams (Sheet 1 of 2)
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3
(INPUT)

& l«@
SCK(CPOL = 0) V—K——ﬂ__;@ \
(INP(UT) ~ N\ -
2)- \, ~(
SCK(CPOL=1) S @ o ]L
(INPUT) X # @ \ A 4 1( e
N
MISO o SEE
( OUTPUT)—i SLAVE | | MmsB ouT )] BIT6- N 1 K SLAVE LSB OUT _X NOTE E—
(-@—> 4—@—) - N @—> et @-——P —
MOSI MSB IN BIT6-- - -1 LSB IN
o ) e R e T

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

¢) SPI SLAVE TIMING (CPHA =0)

53
(INPUT)_\ Y
. N
(1) N — <——@ — <—@
s =~ ‘_®"" r N H
SCK(CPOL = 0) Y N A N\ . Y
(INPUT) 3 @) v |
r “@ N\ £
e N o N
-—» - — <— N g <-—® g <_63 @_)
mso — o5k N stave || wmssour )< BIT6- - - -1 [( SLAVE LSB OUT
(OUTPUT) B\ I 5 N o)
— — <—
MOsI

)

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

d) SPI SLAVE TIMING (CPHA = 1)

Figure 11.10 SPI Timing Diagrams (Sheet 2 of 2)
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11.8.1 EPROM PROGRAM/Verify OPERATION (PROG MODE) |
(Vpp=6.0Vdc+0.25Vde, Vgg=0Vdc, Vpp=12.5Vdc+0.5Vde, Ta=25+5°C) |

Num. Characteristic Symbol Min Max Unit
1 | Address Setup Time tav 2 - Bs
2 |Program Pulse Width tppw 1 80 ms
3 |CE Hold Time tceH 0 - s
4 |CESetup Time tees 0 - ns
5 |Address Hold Time taH 2 - us |
6 |[DataSetup Time tov 2 - Bs
7 |DataHold Time tpH 2 - us
8 | OE to Output Data Valid tps - 200 ns
9 |OE to Output Data High-Z tpHZ - 130 ns
10 |OE Setup Time toEs 2 - Bs
11 | Vpp Setup Time tvps 2 - ps

oo i
N

O O <@
e X ]
> - (__@
4
OE
® X /
<»@—> <> @ — <—@
DATA { Input ) Output AE
L@, — T )
Vep /
Program Program Verify

Figure 11.11 EPROM Timing Diagram (Program/Verify)

MCU11-123



TOSHIBA TMP68C711J6

11.8.2 EPROM READ OPERATION (PROG MODE)
(Vpp=5.0Vde+10%, Vgg=0Vdc, Vpp=Vpp+0.6V, To =Ty, to Tr)

Num. Characteristic Symbol Min Max Unit
20 [Address Access Time trAC - 250 ns
21 |Output Data Hold Time tROH 0 - ns
22 | CE to Output Data Valid trRoCv - 250 ns
23 | CE to Output Data High-Z tRDCH 0 90 ns
24 | OE to Output Data Valid trRDOV - 200 ns
25 |CE to Output Data High-Z tRDOH 0 - ns

i fam
-

® ; @ —
DATA <Xxxx>§r i P
® —5—
@ @®

o XXX XXX XXX

/l
I~y

Figure 11.12 EPROM Timing Diagram (Read)
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12. MECHANICAL DATA AND ORDERING INFORMATION

The following section contains the pin assignments, package dimensions and ordering
information for the TMP68C711J6 MCU.

12.1 ORDERING INFORMATION

Package Type Temperature . Mc OrderNun?ber
Ceramic (EPROM) Plastic (OTPROM)
68 - Pin PLCC -40°Cto 85C TMP68C711J6T
64 - Pin SDIP -40°Cto 85°C TMP68C711J6N
64 - Pin SDIC (Window) | -40°Cto 85°C TMP68C711J6E
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12.1 PIN ASSIGNMENTS

The TMP68C711J6 is available in a 64-pin plastic shrink dual-in-line package (S-
DIP) a 68-pin plastic lead chip carrier (PLCC) package. The following paragraph
provide pin assignments.

N SUFFIX E SUFFIX

64 PIN S-DIP 64 PIN SDIC
(oyowect O 1 64 0 PC0/D0(DO) (onoirct O 1 64 1 pCo/DO (DO)
(p2)p2rc2 O 2 630 vss (02)p2/PC2 [ 2 630 vss
(03)p3PC3 O 3 620 xvAL (03)p3rC3 [ 3 62 1 xTAL
(DayDapca [ 4 61 EXTAL (D4)yparca O 4 61 (1 EXTAL
(osypsecs O 5 60 E (DS)DsPCs O 5 60 E
(D6)06/PC6 O 6 590 vdd (06)D6/PC6 T 6 59 P vdd
o7)omecy O 7 s8 0 PE1 (o7yo7ecy O 7 S8 0 pe1

pe2 0 8 5700 peo pe2 0 8 570 peo _

PE3 O 9 56 0 IRQ(CE) Pe3 O 9 56 0 IRQ(CE)
RxO/PDO [ 10 55 ] XIRQ(vPP) RxD/PDO [ 10 55 0 'XIRQ (VPP)
T™<0/PD1 O 11 540 vdd  __ TXD/PD1 5 n 540 vdd  __
misopp2 [ 12 531 PB7/A15 (OF) misorp2 O 12 53[0 pe7/A1S (OF)
moswvpp3 O 13 52 1 PB6/A14(A14) MOSIPD3 E 13 52 1 pB6/A14(A14)
sckppa [ 14 stg PBS/A13 (A13) sckpoa [ 14 510 PpBS/A13(A13)

ss/pps O 15 S0 0 PBA/A12(A12) sspps O 15 50 I pBa/at12(A12)
RESET [ 16 49 0 PB3/A11 (A1) RESET [ 16 49 1 pB3/A11(A11)
Vss E 17 48 0 PB2/A10(A10) vss O 17 48 1 PB2/A10(A10)
moD8/vstdy [ 18 470 PB1/A9(A9) MoDBNstdy [ 18 47 1 PB1/A9 (A9)
MODA/LIR O 19 46 1 PBO/AB (A8) MODALIR [ 19 46 1 PB0/AB (A8)
(a0)Ao/PFO [ 20 a5 1 pazpal (a0)Ao/PF0 [ 20 45 [0 pa7PAl
(an)AaeF O 21 441 PA6/OC2 (anaver O 21 44 0 pas/oC2
(a2)A2pr2 O 22 43 pasioc3 (a2)a2rF2 [ 22 43 1 pasioc3
(A3)Aa3/pF3 [0 23 4211 pas/oca (A3)a3rF3 O 23 42 pasioca
(ag)aapra [ 24 41 1 PA3/OC5/CA (ag)AapFa [ 24 41 1 pa3/0csACa
(As)as/pFs [ 25 40 0 pa2nci (As)Asprs [ 25 40 0 pa21C
(a6) A6/PF6 [ 26 390 pawIC2 (a6)a6rre [ 26 3900 pauic2
(A7) A7PE7 Q27 380 paonc3 (A7) A7/PF7 O 27 38 [0 paoiC3

PGo [ 28 370 vss pGo [ 28 370 vss

pG1 O 29 360 vdd __ PG1 [ 29 360 vdd __

pG2 {30 350 PG7TRW. pG2 {30 350 PG7TRW.

PG3 O 31 340 PG6/EXCS PG3 { 31 34 1 PG6/EXCS

pGa [ 32 33 pGs PGa [ 32 3300 pGs

Note: ( ) EPROM Mode

Note: ( ) EPROM Mode
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TMP68C711J6

T SUFFIX
68 PIN PLCC
RBBI"T
f8808888
NOinemN ~O
VVLUUVUULU VY -
afaaaaaa g
NeN e RSN x 38a
a00000000>xX ww>8aa
28
PE3Q PEO
PE7Q 59 D PE4
RxD/PDO [ 58 PIRQ (CE)
TxO/PD1Q H XIRQ (Vpp)
MIsO/PD2 G Hvdd —
MOSIPD3 0 [ PB7/A15 (OE)
SCK/PDAT 0 PBE/A14 (A14)
$S/PDSQ K PBS/A13 (A13)
RESETO P PB4/A12 (A12)
vss O B PB3/A11 (A11)
MODBNstd! 0 PB2/A10 (A10)
MODALIR G H PB1/A9 (A9)
(A0) AO/PFO H PBO/AS (A8)
(A1) AV/PFI O H PA7/PAL
(a2) A2/PF20 0 PAG/OC2

(A3) A3/PF3
(A4) A4/PFA T

Note:

"

L g a=nsa s
—Nm NODwmN <
Se3838B8B3200G 0
CAAGaall sy
> N
gl #238

=
]
Q
a

( )EPROM Mode
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12.3 PACKAGE DIMENSIONS

N SUFFIX 64PIN S-DIP (UNIT : mm)

64 33

o Wme I e B e B e B s s B e B e B B e B B B e B e B B o W B W B o W W _

Y
17 -840 -2
19.05

LS S vy [ S [ S S [ S [ O O N J D O J O [ g J 0 o e

| 57.5%0.2 |

™
3 |
1.19TYP 1.0£0.1 0.46 %0.1 o
H H @lFo.em]
1.78
T SUFFIX 68PIN PLCC
25.1840.2 |
24202
OO OOO0nOOOonoon
9 1 61 ) Y
100 60
g O 5
0 u|
0 0
O ul
N~ E j
o3 : :
H O ul -
214 g il s ¥
wlal O 0 H -
~ ( u] < o
O u| =
0 B
O 5|
0 ul
O ul
26 (] Naa
PR SV N U [ A IO O D ‘A—
27 43 - o
o d
~ + |
T 3 o
bt 4 1=
ain m
<

.71£0.1 1
071200 Lo l

| 1.27 23.4+0.2
l |
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The products described in this document are strategic products subject to COCOM regulations. They should
not be exported without authorization from the appropriate governmental authorities.

The products described in this document contain components made in the United States and subject to export
control of the U.S. authorities. Diversion contrary to the U.S. law is prohibited.
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TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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