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Technical Summary
8-Bit EPROM Microcontroller Unit

The MC68705 (HMQS) Microcontroller Unit (MCU)is an EPROM member of the MC6805 Family of
microcontroliers. The user programmable EPROM allows program changes and lower volume ap-
plications. This high performance MCU has paratlel | O capability with pins programmable as input
or output. This publication contains condensed information on the MCU; for detailed information,
refer to Advance Information 8-Bit Microcontro/ler (ADI997R1) or contact your local Motorola sales
office.

Refer to the biock diagram for the hardware features and to the list betow for additional features
available on the MCU.
® One 7-Bit and One 15-Bit Software Programmable Prescaler e Bootstrap Program in ROM
® On-chip Oscillator ® 3752 Bytes of EPROM
¢ Memory Mapped | O ® 104 Bytes of RAM
® Versatile Interrupt Handling ® Serial Peripheral Interface
® Bit Manipulation o Two 8-Bit and One 16-Bit Timers
. e A D Converter
. e EPROM Read Inhibit Security Bit

Bit Test and Branch Instruction
Vectored Interrupts
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This document contains information on a new product. Specifications and information herein are subject to change without notice
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SIGNAL DESCRIPTION

V¢ and Vgg

Power is supplied to the microcontroller using these
two pins. Ve is +5.25 volts (=0.51) power, and Vgg is
ground.

NUM

This pin is for factory use only. It should be connected
to Vss.

INT1, INT2

These pins provide the capability for asynchronously
applying an external interrupt to the MCU. Refer to IN-
TERRUPTS for more detailed information.

XTAL, EXTAL

These pins provide control input for the on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor
capacitor combination, or an external signal (depending
on setting of the Mask Option Register) is connected to
these pins to provide a system clock.

RC Oscillator

With this option, a resistoricapacitor combination is
connected to the oscillator pins as shown in Figure 1(c).
Refer to Figure 2 for the relationship between R and fogc.
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Figure 2. Typical Frequency vs Resistance for
RC Oscillator Option Only

Crystal

The circuit shown in Figure 1(b) is recommended when
using a crystal. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and startup stabilization time.

External Clock
An external clock should be applied to the EXTAL input
with the XTAL input grounded, as shown in Figure 1{d).

2 | xTAL
ISEE NOTE) T MCu
27| exraL  (CRYSTAL MASK
¢ c OPTION
‘T T
CRYSTAL
XTAL XTAL
mcu MU
(RESISTOR MASK EXTAL  (RESISTOR MASK
EXTAL OPTION o OPTION)

APPROXIMATELY 10% to 25%
ACCURACY
EXTERNAL RESISTOR
(EXCLUDES RESISTOR TOLERANCE)

APPROXIMATELY 25°: to 50°:

ACCURACY
TYPICAL teyc - 125 us
EXTERNAL JUMPER

The recommended Ci value with a 4.0 MHz crystal is 27 pF, maximum, inctuding system distributed capacitance. For crystal

‘'equencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends

on the motional-arm parametes of the crystal used.

Figure 1. Oscillator Connections
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This option may only be used with the crystal oscillator
option selected in the mask option register.

PCO, PC1

This pins allow an external input to decrement the in-
ternal timer/counter circuitry. Refer to TIMERS for addi-
tional information.

RESET/Vpp

This pin has a Schmitt trigger input. The MCU can be
reset by pulling RESET low. The Vpp input is used to
input the programming voitage to the MCU EPROM. A
1K ohm pullup resistor should be used to allow proper
operation of the reset and watchdog timer operations.

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB3, PCO-PC1, PDO-
PD6)

Ports A, B, and C are programmable as either inputs
or outputs under software control of the data direction
registers. Port D is a fixed input port and not controlled
by any data direction register. Port D has up to five analog
inputs, plus two voltage reference inputs when the an-
alog-to-digital {A D) converter is used (PD5/VRH, PD4 VR )
and an INT2 input. If the analog input is used, the voltage
reference pins (PD5:VRH and PD4.VR|) must be used in
the analog mode. Refer to INPUT/QUTPUT PORTS for
additional information.

INPUT/OUTPUT PORTS

INPUT/OUTPUT PROGRAMMING

Ports A, B, and C are programmable as either input or
output under software control of the corresponding data

direction register (DDR). The port -0 programming is
accomplished by writing the corresponding bit in the port
DDR to a logic one for output and a logic zero for input.
On reset, all DDRs are initialized to a logic zero state to
put the ports in the input mode. The port output registers
are not initialized on reset and should be written to before
setting the DDR bits.

Port D provides the multiplexed analog inputs, refer-
ence voltages, and INT2. These lines are shared with the
port D digital inputs. PDO-PD3 may always be used as
digital or analog inputs. The VR and VRH lines are in-
ternally connected to the A D resistor. Analog inputs may
be prescaled to obtain the VR and VRH recommended
input voltage range.

When programmed as outputs, the latched output data
is readable as input data regardless of the logic levels at
the output pin due to output loading. The latched output
data bit may always be written. Therefore, any write to
a port writes all of its data bits, even though the port DDR
is set to input. This port write may be used to initialize
the data registers and avoid undefined outputs. Care must
be exercised when using read-modify-write instructions
since the data read corresponds to the pin level if the
DDR is an input (zero) and, also, to the latched output
when the DDR is an output (one). Refer to Table 1 for |
O functions and to Figure 3 for typical port circuitry.

PORT B TOGGLE CAPABILITY

Port BO and B1 registers have toggle capability at the
timer underflow times. Under the control of the timer
output cross-couple bit in the miscellaneous register
{MRO), the overflow pulses from timer A, B, and C are
directed to port BO and B1 data registers. See Figure 4
for port B configuration flow chart.

An incoming toggle pulse on port BO is allowed to
toggle the data register if port B DCR bit 4 (DCR4) is

DATA
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- 0
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Register Data i Output To ! ¢ ¢ ) o
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i 0 X ‘ High-Z2** Pin J

Figure 3. Typical Port /O Circuitry and Register Configuration
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cleared. This bit is set on reset. An inconiing toggle pulse
on port B1 is allowed to toggle the port B1 data register
under the following conditions governed by control bits
in SPI control register and SPI clock arbitration flip-flop
status.

PB1 toggle enable = (SPICR7)-SPICR4-

{PBC + DDRBO)} + SPICR2.
SPICR4-CLAQ
where: SPICR7 =SPI interrupt request bit
SPICR4 = SPI operation enable bit
SPICR2 = port B1 toggle enable/start bit
CLAQ = clock arbitration flip-flop output

When PB1 toggle enable is asserted, the MCU write to
PB1 data register is inhibited. When SPl is not used, SPICR4
and CLAQ are reset. Therefore, SPICR2 can directly con-
trol the port B1 toggle capability. Port toggle capability
allows action on port BO or B1 or both as a result of timer
overflows. This method speeds up timer overflow to port
service. A write to port BO or B1 data registers is inhibited
while the individual port toggle enable is asserted.

The port B DCR consists of four status bits {DCR4-DCR7)
and four data direction bits (DCR0O-DCR3). DCR4 is a tog-
gle enable control bit for port BO. When cleared, the timer
overflow pulse causes the data register on port BO to
toggle. Port A has an 8-bit and port C has a 2-bit wide
data direction register.

MEMORY

The MCU is capable of addressing 4096 bytes of mem-
ory and IO registers. The memory map is shown in Figure
5. The locations consist of user EPROM, bootstrap ROM,
user RAM, eight timer registers, a mask option register
{MOR), a miscellaneous register, a program control reg-
ister, two A/D registers, two SPI registers, and four 'O
port registers. The interrupt vectors are located from $FF8
to $FFF. The bootstrap is a mask-programmed ROM that
allows the MCU to program its own EPROM.

The stack area is used during processing of an interrupt
or subroutine call to save the CPU state. The stack pointer
decrements during pushes and increments during pulls.
Refer to INTERRUPTS for additional information.

NOTE
Using the stack area for data storage or temporary
work locations requires care to prevent it from being
overwritten due to stacking from an interrupt or
subroutine call.

REGISTERS

The MCU contains the registers described in the fol-
lowing paragraphs.

ACCUMULATOR (A)

The accumulator is a general purpose 8-bit register
used to hold operands and results of arithmetic calcu-
lations or data manipulations.

7 0

| ; |

INDEX REGISTER (X)

The index register is an 8-bit register used for the in-
dexed addressing mode. It contains an 8-bit value that
may be added to an 8- or 16-bitimmediate value to create
an effective address. The index register may also be used
as a temporary storage area.

7 0

B :

PROGRAM COUNTER (PC)

The program counter is a 12-bit register that contains
the address of the next byte to be fetched.

1 8 7 0

[ PCH PCL J

STACK POINTER (SP}

The stack pointer is a 12-bit register that contains the
address of the next free location on the stack. During an
MCU reset or the reset stack pointer (RSP} instruction,
the stack pointer is set at location $07F. The stack pointer
is then decremented as data is pushed onto the stack and
incremented as data is pulled from the stack.

The seven most-significant bits of the stack pointer are
permanently set at 0000011. Subroutines and interrupts
may be nested down to location $061 (31 bytes maxi-
mum), which allows the programmer to use up to 15
levels of subroutine calls (less if interrupts are allowed).

ALLLLLLL

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register in which
four bits are used to indicate the resuits of the instruction
just executed. These bits can be individually tested by a
program and specific actions can be taken as a result of
their state. Each bit is explained in the following para-

graphs.
Lhj - c |

Haif Carry (H)

This bit is set during ADD and ADC operations to in-
dicate that a carry occurred between bits 3 and 4.

Interrupt (1)

_When this bit is set, the timer (A, B, and C), the external
{(INT1 and INT2} interrupts, and the SP! interrupt are
masked (disabled). If an interrupt occurs while this bit is
set, the interrupt is latched and is processed as soon as
the interrupt bit is cleared.

Negative (N}

When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation was negative (bit
7 in the resuit is a logic one).
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BYTES ADDRESS ADDRESS
000 $000 Port A $000
1/0, A/D, SPI,
Timers, RAM, Port 8 $001
Prog. Cont. Reg. Port C $002
(128 Bytes)
127 $O7F Port D $003
128 Port A DOR*® 5004
Page 0 EPROM Port B DCR* 5005
(128 Bytes) Port C DDR* 5006
255 Not Used $007
256 Timer A $008
Main EPROM Timer A Cont. Reg.[ $009
{3614 Bytes) Misc. Register S00A
J
Timer 8 MSB $008
-
—— T $00C
Mirror MOR mer 8 LS8
Timer B Cont. Reg.| $S00D
R — 'A/D Control $00E
Mask Option Reg.
| Mask Detlon Reg. | A/D Result $00F
3871
SP! Data $010
3872
Bootstrap SPI Control son
ROM Prog. Cont. Reg $012
(216 Bytes}
4087 Timer C Capture $013
4088 | Timers (A, B, CI, Timer C Data 014
SPILINT2 Timer C Control $015
8 E }INT? Not Used 010
D= xternal
g3 Not Used 5017 [ADDRESS
g E 5018 $018
EY Swi
I3 User RAM
kS RAM 140 Bytes}
{104 Bytes)
Reset SO3F
0% $07F Standby RAM 5040
{16 Bytes) S04F
User RAM $050
(17 Bytes) $060
* Registers are write only and read as $FF. $061
Shared Stack RAM
(31 Bytes)
$SO7F
Figure 5. Memory Map
Zero (Z) [ I : I I
| MR7 | MR6 | MRS | MR4 | MR3 | MRZ | MR1 | MRO
When set, this bit indicates that the result of the last RESET:
arithmetic, logical, or data manipulation was zero. 0 1 0 1 0 0

Carry/Borrow (C)

When set, this bit indicates that a carry or borrow out
of the arithmetic logical unit (ALU) occurred during the
last arithmetic operation. This bit is also affected during
bit test and branch instructions, and during shifts and
rotates.

MISCELLANEOUS REGISTERS (MR) $0A

This register contains control and status information
related to INT2, auxiliary counter, prescalers 1 and 2, and
timer overflow.

MR7 — INT2 Interrupt Request Bit
If not masked by MRS, it causes an interrupt to the
MCU; if the | bit in the CCR is clear, the MCU will
acknowledge the interrupt.
1=Interrupt requested
0= Interrupt not requested
MR6 — INT2 Interrupt Request Mask
1=Inhibits INT2 interrupt request
0=Does not inhibit INT2 interrupt request
MRS — Auxiliary Counter Status/Preset Bit
If not masked by MR4, it will drive a switch to Vgsg on
the RESET pin causing the MCU to reset. This bit may
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be used as an auxiliary counter preset bit. If MR5 is
clear, a write of logic one will preset the auxiliary counter
{MRS will remain zero), and if set, a write of logic zero
will preset the auxiliary counter.
1= Auxiliary counter overflow
0= Auxiliary counter clear
MR4 — Watchdog Control Bit
This bit cannot be set via software. The watchdog timer
can only be disabled by reset.
1=Watchdog timer disabled
0 = Watchdog timer enabled
MR3 — Prescaler 1 Clear Bit
Presets the contents of prescaler 1 to $7F.
1=Prescaler 1 preset
0="Prescaler 1 not preset
MR2 — Prescaler 2 Clear Bit
Presets the contents of prescaler 2 to $7FFF.
1= Prescaler 2 preset
0= Prescaler 2 not preset
MR1 — Prescaler Cross-Couple Bit
This bit controls the output of prescalers 1 and 2 and
directs them to either timer A or B clock inputs.
1= Prescaler 1 feeds timer B clock input, and pres-
caler 2 feeds timer A input
0 = Prescaler 1 output is used as clock input for timer
A, and prescaler 2 output is used as clock input
for timer B
MRO — Port B Toggle Cross-Couple Bit
This bit controls the overflow pulses of timers A and
B and directs them to either port B0 or B1.
1=Timer A overflow output is directed to port BO,
and timer B or timer C {depending on the status
of MORB) output is directed to port B1

0 = Overflow output pulse of timer A is used as a port
B1 data register toggle clock source, and timer B
or timer C overflow output puise is directed to
port BO toggle clock input

RESETS

The MCU can be reset four ways: {1) by initial power-
up; (2) by the external reset input (RESET); (3) by a forced
reset generated by the “watchdog’ counter; and {4) by
an optional internal low voltage detect circuit. The RESET
input consists mainly of a Schmitt trigger that senses the
line logic level. Figure 6 shows the MCU reset circuit.

POWER-ON-RESET (POR)

An internal reset is generated on power-up that allows
the internal clock generator to stabilize. The power-on
reset is used strictly for power turn-on conditions and
should not be used to detect any drop in the power supply
voltage. A delay of tRHL milliseconds is required before
allowing RESET input to go high. Connecting a capacitor
to the RESET input (Figure 7) typically provides sufficient
delay.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period longer than one machine cycle
{teyc). Under this type of reset, the Schmitt trigger switches
off at VIRES — to provide an internal reset voltage.

FORCED RESET

If the auxiliary counter reset mask bit in the miscella-
neous counter (MR4) is cleared and the auxiliary counter

T T vee vee vee
3-10 k02 I k2
Vi= 220 k2
1-2V TYP RESET
INTERNAL B
RESET
T o
. 1 uF TYP
LOW-VOLTAGE I *
INHIBIT —{ =
CIRCUIT -
II}- - (:
STRONG **OPTION-100 ms DELAY
DISCHARGE TYPICAL DURING POWER UP
“mask oprion  DEVICE
mcu

MISCELLANEOUS REGISTER

Figure 6. MCU

Reset Circuit

MOTOROLA MICROPROCESSOR DATA
3-649

This Material Copyrighted By Its Resp

ecti ve Manuf acturer




This Materia

MC68705S3

—
vee —MA———
RESET T o

Figure 7. Power-Up Reset Delay Circuit

status bit (MR5) is set, as a result of counter overflow, a
switch to Vgg is turned on puliing the RESET pin low. A
consequent voitage drop below VigRgs — on RESET causes
a reset, which in turn sets MR4. Switching to Vgg when
the RESET pin is turned off allows voitage to rise above
VIRES +. after which the reset is released. RESET pin
voltage variation occurring as a result of forced reset may
be amplified externally in order to provide a reset to other
peripheral circuits in the system. The reset output from
the MCU is not TTL compatible.

LOW-VOLTAGE INHIBIT (LVI)

The optional low-voltage detection circuit causes a re-
set of the MCU if the power supply voltage falls below a
certain level (VL y)). The only requirement is that the Ve
must remain at or below the V| y| threshold for one teye
minimum.

In typical applications, the V¢ bus filter capacitor will
eliminate negative-going voltage glitches of less than one
teyc- The output from the low-voitage detector is con-
nected directly to the internal reset circuitry. It also forces
the RESET pin low via a strong discharge device through
a resistor. The internal reset is removed once the power
supply voltage rises above a recovery level (V| yR) at
which time a normal power-on reset occurs.

INTERRUPTS

The MCU can be interrupted eight different ways:
through the external interrupt INT1 input pin, with the
internal timer {either A, B, or C) interrupt request, using
the software interrupt instruction (SWi), SPI interrupt re-
quest, external port D bit 6 (INT2) input pin, or at reset.

Interrupts cause the processor registers to be saved on
the stack and the interrupt mask (I bit) set to prevent
additional interrupts. The RTI instruction causes the reg-
ister contents to be recovered from the stack after which
normal processing resumes. The stacking order is shown
in Figure 8.

Unlike RESET, hardware interrupts do not cause the
current instruction execution to be halted, but are con-
sidered pending until the current instruction is complete.

NOTE
The current instruction is considered to be the one
already fetched and being operated on.

When the current instruction is complete, the processor
checks all pending hardware interrupts and, if unmasked

76 5 43 2 1 9 PULL
o CONDITION B

no4 CODE REGISTER

n o3 ACCUMULATOR n-2

no2 INDEX REGISTER re3

>

IIIIJ PCH* n-4

n PCL" n-5

PUSH
*For subroutine calls, only PCH and PCL are stacked

Figure 8. Interrupt Stacking Order

(I bit clear), proceeds with interrupt processing; other-
wise, the next instruction is fetched and executed. Masked
interrupts are latched for later interrupt service. If the
timer interrupt status bit is cleared before unmasking the
interrupt, then the interrupt is not latched.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the ex-
ternal interrupt is serviced first. The SWt is executed the
same as any other instruction regardless of the setting
of the I bit. Refer to Figure 9 for the reset and interrupt
instruction processing sequence.

TIMER INTERRUPT

Each interrupt, except INT1, has a separate mask bit
which must also be cleared, in addition to the | bit, for
the MCU to acknowledge the interrupt. The INT2, timer
A, timer B, timer C, and SPI interrupts each have their
own independent mask bits contained in MR6, TACRS,
TBCRE, TCOM, TCCM, and SPICR6. The interrupt routine
must determine the source of the interrupt by examining
the interrupt request bits, TACR7, TBCR7, MR7, TCOF,
TCCF, and SPICR7. These bits must be cleared by soft-
ware. The INT1 interrupt has its own vector address.
Therefore, the INT1 interrupt request is cleared auto-
matically, and then the INT1 vector is serviced.

EXTERNAL INTERRUPT

The external interrupt is internally synchronized and
then latched on the falling edge of INT1 and INT2. Clear-
ing the | bit enables the external interrupt. The INT2 in-
terrupt has an interrupt request bit (bit 7) and a mask bit
(bit 8) in the miscellaneous register (MR). The INT2 in-
terrupt is inhibited when the mask bit is set. The INT2 is
always read as a digital input on port D. The INT2 and
timer interrupt request bits, if set, cause the MCU to proc-
ess an interrupt when the condition code | bit is clear.
The following paragraphs describe two typical external
interrupt circuits.

Zero-Crossing Interrupt

Asinusoidal input signal {(fjNT1 maximum) can be used
to generate an external interrupt {see Figure 10a) for use
as a zero-crossing detector (for negative transitions of
the ac sinusoid). This type of circuit allows applications
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RESET

19 1IN CCR)
O7F # SP
09 DDRA
£0 9 DDRB
FC # DDRC
7F ¢ PRESC. 1
TFFFF 9 PRESC. 2
40 SPICR
509 MR SET LBIT
7
50 TRCR
FFo TIMER A
504 TBCR CLEAR ¥
FFFF 9 TIMER B AN TERR STACK
53 TCCR INT1 Y INT1 iNT1 PC.X. A CC
FF# TIMER C EDGE REQUEST
? LATCH
07 RCSR
N 191
CLR INT LOGIC TIMERS A, B, C, \CCR
1 y  INT2, CAPTURE, SPI
LOAD PC FROM
PUT FFE ON SWI: FFC/FFD
ADDRESS BUS N INT1: FFA/FFB
TIMERS A, B, C
FETCH CAPTURE
INSTRUCTION SP OR INT2
FF8'FFY

RESET
PIN = LOW

N RESET
PIN = HIGH
LOAD PC
FROM
FFEEE EXECUTE ALL
l INSTRUCTION
CYCLES
L ¥
*MR7-MR6  +  TRCRI-TRCRE  ~  TBCRITBCR6 -  TCOFTCOM TCCFTCOM - SPICR7-SPICRG
(iNT2) (TIMER A) [TIMER 8) {TIMER C) {CAPTURE) 1SPI)

Figure 9. Reset and Interrupt Processing Flowchart

such as servicing time-of-day routines and engagingdis-
engaging ac power control devices. Off-chip, full-wave
rectification provides an interrupt at every zero crossing
of the ac signal and, thereby, provides a 2f clock.

Digital-Signal Interrupt

With this type of circuit (Figure 10b), the INT1 pin can
be driven by a digital signal. The maximum frequency of
a signal that can be recognized by the TIMER or INT1 pin
logic is dependent on the parameter labeled tw[, tWH.
Refer to TIMER for additional information.

SOFTWARE INTERRUPT (SWI)

The SWI is an executable instruction that is executed
regardless of the state of the | bit in the CCR. If the | bit

is zero, SWI executes after the other interrupts. The SWI
execution is similar to the hardware interrupts.

TIMERS

The MCU has four timers and two programmable pres-
calers. The timers are identified as timer A, B, C, and the
auxiliary counter. Refer to Figure 11 for timers A, B, and
C biock diagram. The following paragraphs described the
different timers.

TIMER A

Timer A is an 8-bit programmablie down counter, which
can be loaded under program control. Timer A also
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Figure 10. External Interrupt

includes a modulus latch which allows the timer to be
“auto-reloaded.” As clock inputs are received, timer A
decrements toward $00. When $00 is reached, bit 7 in the
timer A control register is set and the timer is reloaded
with the contents of the modulus latch. An underflow
condition is also generated when value $00 is reached.
This state can be used to toggle bit 0 or bit 1 of port B
directly under the control of the miscellaneous register
(MRO), the SPi control register, and the port B data di-
rection register. Setting TACR6 or the | bit in the condition
control register will prevent timer interrupts from being
processed. The timer interrupt request bit MUST be
cleared by software. There are three ways of loading data
from the modulus latch into timer A as described in the
following paragrahs.

Direct Loading

When the MCU writes to timer A data register, the data
is latched by the modulus latch, and forced into the timer.
This operation requires that TACR3 be cleared.

Asynchronous External Event Loading

When TACR3 is a logic one, the contents of the mod-
ulus latch are transferred to the timer at the rising edge
of INT2 interrupt request bit (MR7) gated with interrupt
request mask bit (MR6). If this loading is used, care must
be taken in programming as it will start an interrupt serv-
ice routine if the | bit in the CCR is clear. Loading $00 to
timer A allows a countdown of 256 clocks before the next
$00 state is reached.

Auto-Loading

The modulus latch is automatically loaded when the
timer reaches $00. This loading is dependent on the set-
ting of TACR3. Auto-loading also occurs in both the pre-
vious loading modes. Timer A can be read at any time
without affecting the countdown of the timer. The timer
and modulus latch are set to $FF on reset.

NOTE

Loading $01 to timer A should be avoided when
operating with a divide-by-one prescaler. Doing so

will inhibit timer A auto-loading, interrupt genera-
tion, and port B toggie mechanisms.

TIMER A CONTROL REGISTER $09

7 6 5 4 3 2 1 0
T T i T B
l TACR7 I TACR6 J TACRS | TACR4 I TACR3 | TACR2 | TACR! | TACRO
RESET:
0 1 0 0 c 0 0 0

TACR7 — Timer A Interrupt Request Flag
1=Timer A has transition to $00
0= Software or reset cleared
TACR6 — Timer A Interrupt Request Mask
1=Interrupt request inhibited
0=Interrupt request not inhibited
TACR5 — External or Internal Bit
1=External clock source for prescaler 1
0=Internal clock source for prescaler 1
TACR4 — External Enable Bit
Control bit used to enable the external timer pin
(PRESCALER1 PCO).

TACRS | TACR4 Prescaler 1 Clock Source |
0 0 Internal Clock
0 1 AND of Internal Clock and PRESCALER1 PCO*
1 0 Inputs Disabled
1 1 PRESCALER1 PCO* Low-to-High Transition

*The status of PRESCALER1 PCO depends upon the data direc-
tion status of PRESCALER1 PCO. If PRESCALER1/PCO is an out-
put, then the clock source is equal to the port data register
content, independent of the port electrical loading. If an input,
then the clock source is the togic level of PRESCALER1/PCO.

TACR3 — Timer A Load Mode Control .
1= Asynchronous external event loading (INT2 dri-
ven loading is enabled)
0= Aliows direct loading of timer A
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con-
trol Bits
When set, these bits select one of eight possible out-
puts on prescaler 1.
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TACR2 TACR1 TACRO Divide By
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
TIMER B

This is a 16-bit timer which is accessed via two registers
($0B for the most-significant byte (MSB) and $0C for the
least-significant byte (LSB)}). The MSB has a “pipeline”
latch that allows a “‘snap shot”’ value of the entire 16 bits
to be read. Read/write operations to the LSB are direct.
The LSB can be read at anytime without disturbing the
count. When the LSB is read, the contents of the MSB
are loaded into the pipeline latch so a read of the MSB
is actually the contents of the latch.

When writing to the LSB, the contents are immediately
entered into the timer. At the same time the pipeline
contents are forced into the MSB of the timer. This allows
a 16-bit word to be placed into the timer data register
during a LSB write operation. An underflow condition is
also generated when value $00 is reached. This state can
be used to toggle bit 0 or bit 1 of port B directly under
the control of the miscellaneous register (MRO0), the SPI
control register, and the port B data direction register.
: Setting TBCR6 or the | bit in the condition control register
will prevent timer interrupts from being processed. The
timer interrupt request bit MUST be cleared by software.

TIMER B CONTROL AND STATUS REGISTER $0D
7 6 5 4 3 2 1 0

[ 18c7 | echs | TacRs | Tecae [ Tacea | eckz [ TacRi | TeCs |

RESET:
] 1 0 0 0 0 0 0

TBCR7 — Timer B Interrupt Request Flag
1=Timer B has transition to $00
0 = Software or reset cleared
TBCR6 — Timer B Interrupt Request Mask
1=Interrupt request inhibited
0=Interrupt request not inhibited
TBCR5 — External or Internal Bit
1=External clock source for prescaler 2
0=Internal clock source for prescaler 2
TBCR4 — External Enable Bit
Control bit used to enable the external timer pin
(PRESCALER2/PC1).

TBCR5 | TBCR4 Prescaler 2 Clock Source
0 0 Internal Clock
0 1 AND of Internal Ciock and PRESCALER2/PC1*
1 0 Inputs Disabled
1 1 PRESCALER2/PC1* Low-to-High Transition

*The status of PRESCALER2/PC1 depends upon the data direc-
tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out-

put, then the clock source is equal to the port data register
content, independent of the port electrical loading. If an input,
then the clock source is the logic level of PRESCALER2 PC1.

TBCR3, TBCR2, TBCR1, TBCRO — Prescaler 2 Division
Ratio Control Bits
When set, these bits select one of eight possible output
on prescaler 2.

TBCR3 | TBCR2 | TBCR1 | TBCRO Divide By
0 0 0 0 1
0 0 0 1 2
0 0 1 0 4
0 0 1 1 8
0 1 0 | 0 16
0 1 0 | 1 32
0 1 1 0 64 ‘
0 1 1 1 128 |
1 0 0 0 256 |
1 0 0 1 512 'i
1 0 1 o 1024 f
1 0 1 2048
1 1 0 0 4096
1 1 0 1 8192
1 t 1 i o 16384 :
1 1 | 1 ‘ 1 32768
TIMER C

Timer C is an 8-bit programmable down counter. The
timer contains a modulus latch which allows the timer to
be auto reloaded. The timer auto reloads with the con-
tents of the modulus latch upon every $01 to $00 tran-
sition. Timer C contains a capture register. This read-only
register and the contents are refreshed by the contents
of the data register during the capture instance. The timer
can be written to at any time, and the contents of both
the data register and modulus latch are updated imme-
diately. The timer is set to $FF on reset, but the contents
of the capture register are not valid until the first capture
after reset.

TIMER C CONTROL REGISTER $015

7 6 5 4 3 2 i 0
T T
| cor | tcom | Tecr | Teem [ tces | 7ees | reeur | tecio
RESET
0 1 0 0 0 0 0 0

TCOF — Timer C Overflow Flag
1=Timer C has transition to $00
0 = Software or reset cleared
TCOM — Timer C Interrupt Mask
1=Interrupt request inhibited
0=Interrupt request not inhibited
TCCF — Timer C Capture Flag
1=Proper capture occurred on PRESCALER1 or
PRESCALER2. No new capture occurs when set
0 =Software or reset cleared
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TCCM — Timer C Capture Interrupt Request Mask
1=Inhibits interrupt request generated from TCCF
0=Does not inhibit interrupt request generated from

TCCF

TCEG — Timer C Capture Edge Select

1=Selects rising edge of PCO or PC1 to be capture
instance

0= Selects falling edge of PCO or PC1 to be capture
instance

TCCS — Timer C Capture Source Select
1 =Select PRESCALER2/PC1 as capture source
0=Select PRESCALER1/PCO as capture source

TCCL1 and TCCLO — Timer C Clock Source Select

Clock source selection is defined below.

TCCL1 | Timer C Source TCCLO | Timer B Source
0 Internal Clock 0

Internal Clock
MR1 Status*
Internal Clock
MR1 Status*

0 Internal Clock 1
1 MR1 Status* 0
1 1

MR1 Status*

NOTES:

1. *Denotes prescaler 1 or 2 clock source depending on mis-
cellaneous register bit 1 {MR1) status.
2. MR1 bit cleared (logic zero) at reset:
Prescaler 1 clock selected to timer A
Prescaler 2 clock selected to timer B and C
3. MR1 bit set {logic one):
Prescaler 1 clock selected to timer B and C
Prescaler 2 clock selected to timer A
4. Prescaler 1 output determined by the status of Timer A
controi register bits 2, 1, and 0 {TACR2, TACR1, and TACRO).
5. Prescaler 2 output determined by the status of Timer B
control register bits 3, 2, 1, and 0 {TBCR3, TBCR2, TBCR1,
and TBCRO).

PRESCALER 1

Prescaler 1 is a 7-bit binary down counter whose value
is selected by TACR2, TACR1, and TACRO. The selected
output is used as the clock input to either timer A or B,
depending upon the status of the prescaler cross-couple
bit (MR1). The type of clock source to prescaler 1 may be
selected by TACR5 and TACRA4. Prescaler 1 is set to $7F
at reset or under program control when a one is written
to prescaler 1 clear bit (MR3}.

PRESCALER 2

Prescaler 2 is a 15-bit down counter; its value is se-
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se-
lected output is used as the clock input to either timer A
or B, depending upon the status of the prescaler cross-
couple bit (MR1). The type of clock source to prescaler 2
may be selected by TBCR5 and TBCR4. Prescaler 2 is set
to $7FFF at reset or under program control when a one
is written to prescaler 2 clear bit (MR2).

AUXILIARY COUNTER

This register is a fixed counter which is clocked by the
internal clock (foge divided by four). Total count period
is 4095 cycles. The MCU communicates with this counter
via the miscellaneous register {MR5 and MR4). Count-
down may be aborted at any time under program control,

which also resets the counter to 4095 and clears MR5.
When MR4 is clear and MRS is set as a result of counter
time out, the reset pin is internally pulled to ground. If
the MCU loses control of the program, the “watchdog”
timer will bring the MCU back to reset. Refer to Figure
12 for counter operation diagram.

EPROM PROGRAMMING
ERASING THE EPROM

The EPROM can be erased by exposure to high-inten-
sity ultraviolet (UV) light with a wavelength of 2537A. The
recommended integrated dose {(UV intensity x exposure
time) is 25Ws/cm2. The lamps should be used without
software filters, and the MCU should be positioned about
one inch from the UV tubes. Ultraviolet erasure clears all
bits of the EPROM to the ““zero” state. Data can then be
entered by progamming “ones’ into the desired bit lo-
cations.

CAUTION

Be sure that the EPROM window is shielded from
light except when erasing. This protects both the
EPROM and light-sensitive nodes.

MASK OPTION REGISTER {MOR) $F1E

The MOR is implemented in EPROM and contains all
zeros prior to programming. The MOR bits are described
in the following paragraphs. This register is not affected
by reset.

5 4 3 2 1 0

7 8
mimwlpmslmi [T« Tsec]

CLK — Clock (oscillator type)
1= Resistor Capacitor (RC)
0=Crystal
TOPT — Timer Option
1=Enables timer C
0=Disables timer C
PBTS — Port B Toggle Source
This bit is not used on the TJ6 mask set. When cleared
the operation is the same as the TJ6 mask set opera-
tion.
1=Port B toggle source will come from the timer B
overflow even if a write operation is performed
on timer C
0 = After the first write operation to timer C, the tog-
gle source coming from the timer B overflow is
replaced by the timer C overflow. If no write op-
eration is performed on timer C, then timer B is
the port B toggle source.
LVt — Low Voltage Inhibit
1=Enables low-voltage detection circuitry
0=Disables low-voltage detection circuitry
Bits 1-3
User available register bits during normal mode of op-
eration
SEC — Security
For full security, this bit must be set in the MOR and
mirror MOR ($F16).
1=Enables EPROM read protection
0=Disables EPROM read protection
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PROGRAMMING CONTROL REGISTER (PCR) $012

The PCR is an 8-bit register which provides the nec-
essary control bits to program the EPROM. The bootstrap
program manipulates the PCR when programming so the
user need not be concerned with PCR in most applica-
tions.

7 6 5 4 3 2 | 0
Lo Do To [0 T v Jwon | e [ 7 |
RESET:

u u v u u 1 1 1

PLE — Programming Latch Enable
Controls address and data being latched into the
EPROM. Set during reset, but may be cleared anytime.
1=Read EPROM
__ O=Latch address and data on EPROM
PGE — Program Enable
Enables programming of EPROM. Must be set when
changing the address and data. Set during reset.
1= Inhibit EPROM programming -
0 — Enable EPROM programming {(if PLE is low)
VPON — Vpp On
A read-only bit that indicates high voltage at the Vpp
pin. When set to “one”’, disconnects PGE and PLE from
the chip.
1=No high voltage of Vpp pin
0=High voltage on Vpp pin
NOTE
VPON being “zero” does not indicate that the Vpp
level is correct for programming. It is used as a

safety interlock for the user in the normal operating
mode.

[ VPON PGE PLE Programming Conditions
0 0 0 Programming enabled
{program EPROM byte)
. 0 0 | PGE and PLE bits disabled
0 1 1 Programming disabled (latch
address and data in EPROM)
1 1 0 | PGE and PLE disabled
0 0 0 Invalid state
1 0 1 Invalid state
0 1 1 Voltage applied to RESET Vpp
| pin
1 i 1 : 1 PGE and PLE disabled
| i (operating mode)

PROGRAMMING

The MCU bootstrap program can be used to program
the EPROM. The vectors at address $FF6 and $FF7 are
used to start the program. This vector is fetched when
VIHTP is applied to the PRESCALER PCO pin and the RE-
SET pin is allowed to rise above V|RgS . The level on
the PRESCALER PC1 pin, when the RESET Vpp pin rises
above V|RES +. determines which programming mode
is selected. A high level on PRESCALER:PC1 selects the
auto-programming operation.

A M2532/2732 UV EPROM must first be programmed
with the same information that is to be transferred to the
MCU EPROM. Unprogrammed EPROM address locations
shouid contain $00 to speed up the programming oper-
ation. Figure 13 is a schematic diagram for a board and
circuitry that can be used to program the MCU EPROM.

Perform the following steps to program the MCU
EPROM:

1. Insert the programmed EPROM and erased MCU

EPROM into U2 and U3.

2. Programming operation starts when S1 is placed
to the ON position.

a) DS1 and DS2 illuminate.

b) MCU control is transferred to the bootstrap
ROM, and the programming routine executed
by the bootstrap loader program.

c) DS3 blinks during programming. When pro-
gramming is complete, DS3 remains illumi-
nated.

d) After two seconds DS4 will illuminate indicat-
ing the MCU has been programmed and ver-
ified.

3. Remove power by placing S1 to the OFF position
and remove programmed MCU.

NOTE

No programming can be done once the MOR and
mirror MOR security bit has been programmed to
logic one. The only way to proceed from the secure
mode to the non-secure mode is by erasing the
MCU. The MCU must be reset following program-
ming of the SEC bits to enable the security feature.

EMULATION

The MCU is designed to emulate the functions of either
the MC6805S2 or MC6805S3. However, due to pin as-
signments, processing, and mask options, the MCU has
some differences. The differences are listed as follows:

1. Port A output on the MC6805S2S3 is a mask option.
The CMOS pullup option on port A is not imple-
mented on MC68705S3. If this option is required,
pullup resistors must be installed.

2. The RC clock on the MC6805S2:S3 is a mask option.
To enable the MC68705S3 RC clock, MOR bit 7 must
be programmed to a logical one.

3. The LVI on the MC6805S2'S3 is a mask option. To
enable the LVI on MC68705S3, MOR bit 4 must be
programmed to a logical one. -

4. The MC68705S3 RESET Vpp and VSTBY/AN4.INT2;
PD6 electrical characteristics are different for the
MC6805S2 S3.

5. Pin 4 (AN4 and VgTBY!} on MC6805S2 S3 is a mask
option. On the MC68705S3, pin 4 is enabled for
VsTBY AN4'INT2 PD6.

6. On MC6805S2:S3 pin 4, standby RAM contents will
be lost if the voltage drops below 3.0 V. Standby
RAM on the MC68705S3 will not be lost unless volt-
age drops below 4.0 V.

7. Above certain voltages (3.7 V typical), pin 4 will ex-
hibit lower input impedance than the MC6805S2 S3.
This may cause A'D conversion inaccuracies if the
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pin is used as fifth A/D input channel. Pin 4 is always
a high impedance input on the MC680552/S3.

8. Reset and Vpp functions share a common pin (23)
on the MC68705S3. Therefore, electrical character-
istics on this pin may vary from the same pin on
MC6805S2/S3. The input impedance on the
MC68705S3 pin is approximately equivalent to the
1.0 ohm pulidown resistor; whereas, on the
MC6805S2/S3, this pin is a high impedance (220K
ohms) input. Therefore, the MC68705S3 requires a
pullup resistor on the RESET pin to recover from a
reset condition.

SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SPI) has arbitration on
the data and clock lines. The SPI communicates with the
MCU via data and control registers. The SPI data and
clock inputs are always taken from their respective 1/0
ports, regardless of the status of the data direction reg-
isters relative to that port. The SPI can operate in modes
from auto clocked (NRZ), half duplex, and full duplex with
from a one to a four wire combination. Refer to Figure
14 for the SPI block diagram.

SPI CONTROL AND STATUS REGISTER

This 8-bit register contains the status and control bits
relative to SPI operations. The SPI control register op-
eration is shown in Figure 15. The SPt control and status
register bits can be set or cleared under program control.

7 6 5 4 3 2 1
‘ SPICR7j SPICR8 l SPICRS | SPICR4‘ SPICR3 | SPICR2 l SPICR1 i SPICRO
RESET:
0

1 0 0 0 0 0 0

SPICR7 — SP!I Interrupt Request Bit
Set on eighth data input strobe. MCU services this in-
terrupt if | bit is clear in CCR.
1=Interrupt request (if SPICR6 not masked)
0=No interrupt pending
SPICR6 — SPI Interrupt Request Mask Bit
1= Disables interrupt request from SPICR7
0 =Enables interrupt request from SPICR7
SPICR5 — SPI Clock Sense Bit/Bus-Busy Flag
Dual-function bit controlled by the status of SPICR4.
1= Start SPI operation when SPICR4=1. Input data
latched on positive edge and output data changed
on negative edge of SPI clock when SPICR4=0.
0 =Stop SPI operation when SPICR4=1. Input data
latched on negative edge and output data changed
on positive edge of SPI clock when SPICR4 =0.
SPICR4 — SPI Operation Enable Bit
This bit determines the functions of SPICR5 and SPICR2.
1=Enables SP! data register shifting, data and clock
arbitration logic, and slave select input logic
0= Disables SPI data register shifting, data and clock
arbitration logic, and slave select input logic
SPICR3 — SPi Data Output Select Bit
1=COutput of the SPI data register is loaded to port
B3 data register at the appropriate SPI clock edge

selected by SPICR5, during the active transaction
mode
0=~O0utput of the SPI data register is loaded to port
B2 data register at the appropriate SPI clock edge
selected by SPICR5, during the active transaction
mode
SPICR2 — Port B1 Toggle Enable/Start Bit
Dual-function bit controlled by the status of SPICR4.
1=Start bit is set by negative transition of the data
input of the SPI data shift register while the clock
is at the idle level when SPICR4 =1. Start bit set
under program control to enable port B1 data reg-
ister toggle facility when SPICR4=0.
0= Stop SPI operation when SPICR4 = 1. Cieared un-
der program control when SPICR4=0.
SPICR1 — Mode Fauit Flag
1=(a} Mode flag is set when SPI data output arbi-
tration occurs on the SPl data output port {PB3
or PB2) selected by SPICR3. The MCU loses
data mastership, and the SPI data output port
DDR is cleared.

(b) Mode flag is set if a low level is detected on
slave input PBO. Then, the MCU loses clock
mastership switching to the clock slave mode,
and port B1 DDR is cleared.

{c) Mode flag is set during the idle mode when a
negative clock edge is detected on the SPI ciock
input, and the port B1 data register is cleared.

0 =_Cleared under program controi
SPICRO — SPI Input Data Select Bit
1=SPI data from port B3 is latched into the SPI data
register
0 = SPI data from port B2 is routed to the input of the
SPI data register

SPI DATA REGISTER

This register can be written to any time and can also
be read, regardless of serial operations, without disturb-
ing the data. A one bit shift to the left occurs each time
there is a data input strobe while the LSB is loaded with
data from port B2 or B3. The MSB is loaded every time
there is data output strobe. Data input and output strobes
are generated internally only during the active transac-
tion time.

SPI DIVIDE-BY-EIGHT COUNTER

The counter is cleared during SPI deselect or idle modes.
A count occurs at every data input strobe during the ac-
tive transaction mode. At overflow, SPICR7 is set which
puts the SPI in idle mode and blocks all data input and
output strobes. The counter is cleared when PBO is high
if the SPI is in the slave mode or when a “‘start” condition
is detected.

SPI OPERATION

The SPI can operate in a variety of modes. Software
assisted protocols may be defined to upgrade the hard-
ware vetsatility and/or system performance of the MCU.
Some features common to all operating modes are sum-
marized in Table 1 and in the following paragraphs.
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Figure 14. Serial Peripheral Interface Block Diagram
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Figure 15. SPI Control Register Operation

SPI data input and output may be individually routed
to or from PB2 or PB3 (Table 2). These four routings
provide half and full duplex operations, as well as
allowing bidirectional information to flow in daisy-
chained systems.

When data input and output is done on PB2, PB3
is available for any other use and vice versa.
Data input is always relative to the port pin logic
level regardless of the data direction register status
on that pin.

In full duplex operation, 16 bits of information may
be transferred with eight clock pulses between at
least two devices with transmit capability. Both PB2
and PB3 are used for data transfer. The same shift
register is used for data in and data out. The byte
transmitted replaces the byte received. SPICR7 is
used to signify that the 1'O operation is complete.
SPIclock is always provided on port B1. In the clock
slave mode, port B1 DDR is in the input mode
(cleared). In the clock master mode, port B1 DDR
is set; therefore, the MCU imposes the clock level
on PB1 until there is clock arbitration on the clock
line or until the MCU loses clock mastership when
PBO goes low.

No fixed baud rate generation exists. The clock
frequency is dependent on the prescaleer clock
source option, prescaler divide ratio, and timer di-
vide ratio as well as the port C status in case of
external clocking for the timer. Toggling of the port
B1 data register is automatically allowed during
the active transmission mode.

7) All devices connected to the SPI must have their
output and input data strobe on the same clock
edge for correct transfer of data.

During the active transmission mode, the first clock
edge must be the output data strobe. When this
occurs, the MSBs of the data registers of all trans-
mitters are copied onto the data output pins, and
the MCU copies the MSB of its SPI onto the port
B2 or B3 data register.

Port B data direction registers and port B data con-
trol registers are accessible during SPI operation.
During active transaction mode, the PB1 data reg-
ister, PB2 data register {if SPICR3 =0}, and PB3 (if
SPICR3 = 1) are not write accessible under program
control.

Port B lines not used for SPI can be used for other
digital functions.

8

10

SELECT INPUT OPERATION

An external device supplies slave select information
via port BO. If slave select is not used, set port BO to output
mode to inhibit slave select function.

The following paragraphs describe clock master and
clock slave operating modes of the SPI.

Master Mode Slave Select Actions

The MCU monitors slave select input in master mode
to assure that it stays false. If siave select goes true, the
MCU exits master mode and becomes a slave. This im-
plies that a write collision has occurred which means two
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Table 1. Summary of SPI Operations

DEFINITIONS
Transmitter — Data Master: DDRB2 or 3=1
Receiver — Data Slave: DDRB2 or 3=0
Clock Master: DDRB1=1
Clock Slave: DDRB1=0
Transaction Mode: SPICR4 =1
1) Active: SPICR7¢(DDRB0®PBO + DDRBO) if DDRB1- 0 (clock slave mcde) or
SPICR7¢(DDRBOePBO + DDRBO) if DDRB1 =1 (clock master mode)
Clock Pulses allowed, data shifted
2) idle: SPICR7+DDRBOePBO if DDRB1=0 (clock stave mode}
Clock pulses blocked, data output line in high-impedance state
Deselect Mode: SPICR4=0 - No SPi Operations

SLAVE SELECT INPUT
Slave Select Input: SPISS - PBO
If DDRBO =0 then so SPISS action on MCU
1) Master Mode: SPISS=1 DDRB1=1
SPISS 1 — 0: Switch to Slave Mode (DDRB1 1-0)
Set SPICR1 {Mode Fault Flag)
2) Slave Mode: SPISS=0 DDRB1=0
External clock is allowed to shift data in out. If SPISS is pulled high, the external clock input pulses
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3} switched to high-
impedance state.
Used as Chip-Select Input

DATA ARBITRATION
Data master loses data mastership when data collision occurs during internal data strobe time.

If SPID output port {PB2 or PB3) = 1 while actual pin level is pulled low externally — conflict detected at interna:
data strobe time.

Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 1 # 0 (high-impedance statel.

CLOCK ARBITRATION
MCU has clock mastership (DDRB1=1)
1) Via SPISS tine (DDRBO=0). If SPISS is pulled low, then clock mastership lost; DDRB1 1 # 0 (high-imped-
ance state); SPICR1 is set (mode fault flag).
2) Via clock line SPICL (DDRB1=1 and DCRB5 = 0)
Condition: SPICL must have open-drain output (DCRB5=20)

If clock line is held low externally then clock mastership is not lost; minimum tCpH and
tCLK times are guaranteed.

If SPICL goes low during idle mode then SPICR1 =1 and clock line is switched low to
inhibit the system clock. '

MODE FAULT FLAGE OPERATION (SPICR1)
Flag set when any of the following conditions occur:
Data arbitration occurs on SPID output.
Clock arbitration with SPISS during master to slave switching.
Clock arbitration via clock line if SPICL 1 # 0 during idle.

START, STOP, AND CLOCK IDLE CONDITIONS ;
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be
changed is defined as the SPI clock idle state.
SPICR5=0: SPICL Idle =Low State
SPICR5=1: SPICL Idle=High State

These definitions are necessary for determining start and stop conditions.

NOTE
Clock idle state can only be defined if SPICR4 = 0 {Deselect Mode)

Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idie state.
Stop Condition: Any positive transition of the data input line during an SPICL idle state.
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Table 2. Port B Status During SPI Operation

Port
Name Use Input Output Comments
PBO SPISS Yes No Used as slave select input
PBO Data No Yes Used as “busy’ signal or any digital
output
PB1 SPICL Yes No Clock slave
PB1 SPICL No Yes Clock master
PB2 SPID Yes No SPI data input SPICR0O=0
PB2 SPID No Yes SPI data output SPICR3=0
PB2 Data Yes Yes Any digital signal SPICR3=1
P83 SPID Yes No SPI data input SPICRO=1
PB3 SPID No Yes SPi data output SPICR3=1
PB3 Data Yes Yes Any digital signal SPICR3=0

devices attempted to become masters. Write collisions
normally result from a software error, and the default
master must clean up the system. The mode fault flag is
set to signal that clock mastership is lost. Slave select
actions can take place during either active or idle trans-
action modes.

Slave Select Input Actions During Slave Mode

The current clock master generates slave select to en-
able one of several slaves to accept or return data. The
SS signal must go low before serial clock puises occur
and must remain low until after the eighth serial clock
cycle. Individual lines or a daisy chain can be used for
multiple slaves. When SS is high, the following occur:

® Serial data output is forced to a high-impedance state

without affecting the DDR status.

® Serial clock input pulses are inhibited from gener-

ating internal data output and input strobe pulses.
® The eight-bit counter is cleared.

SPI OPERATING MODES

Six methods of operating the SPI are discussed in the
following paragraphs.

One-Wire Autoclocked Mode

Various SPI devices can be connected on a single wire,
with data transmission using an implicit clock, and each
device being its own clock master.

Two-Wire Half-Duplex Mode

In this mode, separate data and clock lines connect the
elements in the system. Data and clock mastership should
be monitored via protocol included in the data patterns.
A transmitter can send all zeros to take all other trans-
mitters off the bus.

Three-Wire Half-Duplex Mode with Slave Select Input

This mode is the same as the half-duplex mode except
that the slave select input allows using the MCU as a
peripheral in a system where clock mastership is passed
through the slave select line. Typically, the slave select
lines can be wired together. The current master sets its
slave select line in the output mode prior to a serial trans-

mission and pulls it low to indicate that the system is
busy. This allows the clock master to retain mastership
until the end of transmission. Software protocol can be
arranged so that slaves do not request mastership until
their slave select lines go high. At the end of a transmis-
sion, the current master pulls SPISS high and puts the
SPISS port (PBO) in the input mode. A slave requesting
clock mastership pulls the SPISS line low, removing the
current master from the line. Time muitiplexed protocols
may be required to avoid simultaneous mastership re-
quests.

Three-Wire Full-Dupiex Mode

This mode allows the MCU to operate simultaneously
as transmitter and receiver. Bus or daisy-chain networks
are feasible. Protocols in the data stream are required to
change:

® Clock masters

® The number of transmitters in the system

® The direction of data flow in daisy-chained systems

with collision

It is possible for the MCU to shift out one byte of data
while receiving another, as illustrated in Figure 16. This
eliminates the need for XMIT EMPTY or REC FULL status
bits.

Three-Wire Full-Duplex Mode with Clock Arbitration

This mode is a mix of the three-wire full-duplex mode
and two-wire half-duplex mode with clock arbitration,
where the SPI clock line operates as a wire-or. Simuita-
neous masters are allowed, and clock arbitration is via
the clock line.

Four-Wire Full-Duplex Mode with Slave-Select input

This mode is similar to the three-wire full-duplex mode
in network construction and to the three-wire half-duplex
mode with slave-select inputin clock arbitration and stave
selection. Refer to Figure 17.

ANALOG-TO-DIGITAL CONVERTER

The chip resident 8-bit analog-to-digital (A/D) converter
uses a successive approximation technique as show in
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Figure 16. Daisy Chain/Cascade Organization

Figure 18. Four external analog inputs can be connected
to the A/D through a multiplexer via port D. Four internal
analog channels (VRH—VRL. VRH— VRL/2, VRH — VRL/4,
and VRL) may be selected for calibration. The accuracy
of these internal channels may not meet the accuracy
specifications of the external channels.

A fifth external analog input (AN4) is available via the
mask option. When selected, it replaces the VRH internal
channel. Due to signal routing, the accuracy of this fifth
channel may be slightly less than ANO-AN3.

Multiplexer selection is controlted by the A/D control
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul-
tiplexer selection. The ACR is shown in Figure 18. The
converter uses 30 machine cycles to complete a conver-
sion of a sampled analog input. When the conversion is

complete, the digital value is placed in the A D result
register (ARR); the conversion flag is set; selected input
is sampled again; and a new conversion begins. When
ACR?7 is cleared, the conversion in progress is aborted
and the selected input, which is held internally, is sam-
pled for five machine cycles.

The converter uses VRH and VR as reference voltages.
An input voltage equal to or greater than VRH converts
to $FF. An input voltage equal to or less than VR, but
greater than Vgg, converts to $00. Maximum and mini-
mum ratings must not be exceeded. Each analog input
source should use VRH as the supply voltage and be
referenced to VRL for the ratiometric conversion. To
maintain full accuracy of the A D, three requirements
should be followed: (1) VRH should be equal to or less

)
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MCU 1 HALF DUPLEX SPICL:PB1
*HALF DUPLEX SPID-PD23
WITH CLOCK ARBITRATION § SPICL:PBI
-
\ALF DUPLEX SPID:PB23
* pu .
MCU 2 Oy WP SPICL:PB1
vee WITH SLAVE SELECT { SPISS:PBO
SPID IN:PB23
*FULL DUPLEX { SPID QUT:PB3/2
L d SPICL:PB1
SPID IN:PB23
c “FULL DUPLEX SPID QUT.PB3/2
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2 g e g
Sz & &
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Figure 17. SPI Operation Bus Organization

MOTOROLA MICROPROCESSOR DATA
3-664

This Material Copyrighted By Its Respective Manufacturer



MC68705S3

Table 3. A/D Input MUX Selection other operand is obtained from memory using one of the
A/D Controf Register Input A/D Output (Hex) _addressmg modt_as. The jump unc_ondmonal (JMP) 'and
Selected - jump to subroutine (JSR) instructions have no register
ACR2 | ACR1 | ACRO Min | Typ | Max operand. Refer to the following instruction list.
0 0 0 ANO
0 0 1 AN1 Function Mnemonic
0 1 0 AN2
0 ] ] AN3 Load A from Memory LDA
1 0 Y VRH** FEx* | FFx* | FF** Load X from Memory LDX
1 0 1 VRL* 00 00 01 K
1 1 0 VRH 4* 3F 40 a1 Store A in Memory STA
1 1 1 VRH 2* 7F 80 81 Store X in Memory STX
*Internal {calibration) levels Add Memory to A ADD

**AN4 may replace the VR calibration channel if selected via

mask option. Add Memory and Carry to A ADC

Subtract Memory . SUB

than Vce, (2) VRLAShou'd be 99”3! to or greater than Vss Subtract Memory from A with Borrow SBC

but less than maximum specifications, and (3) VRH - VRL

should be equal to or greater than 4 volts. AND Memory t0 A AND

The A:D has a built-in 1:2 LSB offset intended to reduce OR Memory with A | ORA
the magnitude of the quantizing error to = 1:2 LSB, rather - f

| Exclusive OR Memory with A EOR

than 0, - 1 LSB with no offset. This implies that, ig- ¢
noring errors, the transition point from $00 to $01 occurs : Arithmetic Compare A with Memory CMP
at 12 LSB above VRL. Similarly, the transition from $FE

h Arithmetic Compare X with Memory CPX
to $FF occurs 1-1 2 LSB below VRH, ideally. —_— - -
i Bit Test Memory with A {Logical Compare) 8IT
E Jump Unconditionat JMP
INSTRUCTION SET ‘ Jump to Subroutine i JSR
The MCU has a set of 59 basic instructions which can
be divided into five different types: register:memory, read- BIT MANIPULATION INSTRUCTIONS
modify-write, branch, bi§ manipuIaFion, and control. The The MCU is capable of setting or clearing any bit which
following paragraphs briefly explain each type. resides in the first 256 bytes of the memory space where
all port registers, port DDRs, timer, timer control, and on-
REGISTER/MEMORY INSTRUCTIONS chip RAM reside. An additional feature allows the soft-
Most of these instructions use two operands. One op- ware to test and branch on the state of any bit within
erand is either the accumulator or the index register. The these 256 locations. The bit set, bit clear and bit test, and
8¢
¥ —7
D/A B
CONTROL
15 k (TYP) come e COUNT
AV, -
[ A
PD5VRH ~——@ VRH?2
PD4:VRL VRf 4
PDO:ANO —
1-0F-8
PDTANT — SELECT -
POZAN2 =4 MULTIPLEXER
P03 AN3 — L
iNTZ PD§ ANa 1s
1A 7 0 7 0
AD ~ ~1 =1 = AD
CONTROL { & SIS|S| RESULT
REGISTER L= =1=l= REGISTER
(S00E} (S00F)

Figure 18. A/D Block Diagram
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branch functions are all implemented with a single in-
struction. For test and branch instructions, the value of
the bit tested is also placed in the carry bit of the condition
code register. Refer to the following list for bit manipu-
lation instructions.

Function Mnemonic

BRSETn{n=0...7)
BRCLRn (n=0...7)
BSETn(n=0...7)

BCLRn(n=0...7)

Branch if Bit n is Set

Branch if Bit n is Clear

Set Bit n

Clear Bit n

CONTROL INSTRUCTIONS

These instructions are register reference instructions
and are used to control processor operation during pro-
gram execution. Refer to the following list for control
instructions.

Function Mnemonic ‘:
Transfer A to X TAX
Transfer X to A TXA
Set Carry Bit SEC
Clear Carry Bit CLC
Set Interrupt Mask Bit SE!
Clear Interrupt Mask Bit CLl
Software Interrupt SWI
Return from Subroutine RTS
Return from interrupt RTI
Reset Stack Pointer RSP
No-Operation NOP

READ-MODIFY-WRITE INSTRUCTIONS

These instructions read a memory location or a reg-
ister, modify or test its contents, and write the modified
value back to memory or to the register. The test for
negative or zero (TST) instruction is an exception to the
read-modify-write sequence since it does not modify the
value. Refer to the following list of instructions.

Function Mnemonic
Increment INC
Decrement DEC
Clear CLR
Complement COM
Negate {2's Complement) NEG
Rotate Left Thru Carry ROL
Rotate Right Thru Carry ROR
Logical Shift Left LSL
Logical Shift Right LSR
Arithmetic Shift Right ASR
Test for Negative or Zero TST

BRANCH INSTRUCTIONS

This set of instructions branches if a particular condi-
tion is met; otherwise, no operation is performed. Branch
instructions are two byte instructions. Refer to the fol-
lowing list for branch instructions.

Function ' Mnemonic
Branch Always : BRA
Branch Never 1 BRN
[ Branch IFF Higher BHI
Branch IFF Lower or Same BLS
Branch IFF Carry Ciear ' BCC
(Branch IFF Higher or Same)} . (BHS)
; Branch IFF Carry Set BCS
(Branch IFF Lower) (BLOY
Branch IFF Not Equal BNE
Branch IFF Equal BEQ
Branch IFF Half Carry Clear BHCC
Branch IFF Half Carry Set BHCS
Branch IFF Plus BPL
Branch IFF Minus BMI
Branch IFF Interrupt Mask Bit is Clear 8MC
Branch IFF Interrupt Mask Bit is Set BMS
Branch IFF Interrupt Line is Low BIL
Branch IFF Interrupt Line is High BIH
Branch to Subroutine BSR

OPCODE MAP SUMMARY

Table 4 is an opcode map for the instructions used on
the MCU.

ADDRESSING MODES

The MCU uses ten different addressing modes to pro-
vide the programmer with an opportunity to optimize the
code for all situations. The various indexed addressing
modes make it possible to locate data tables, code con-
version tables, and scaling tables anywhere in the mem-
ory space. Short indexed accesses are single-byte
instructions, while the longest instructions (three bytes)
permit accessing tables throughout memory. Short and
long absolute addressing is also included. Two-byte direct
addressing instructions access all data bytes in most ap-
plications. Extended addressing permits jump instruc-
tions to reach all memory.

The term "‘effective address’”” (EA) is used in describing
the various addressing modes. Effective address is de-
fined as the address from which the argument for an
instruction is fetched or stored.

IMMEDIATE

In the immediate addressing mode, the operand is con-
tained in the byte immediately following the opcode. The
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immediate addressing mode is used to access constants
that do not change during program execution (e.g., a
constant used to initialize a loop counter).

DIRECT

In the direct addressing mode, the effective address of
the argument is contained in a single byte following the
opcode byte. Direct addressing allows the user to directly
address the lowest 256 bytes in memory with a single
two-byte instruction.

EXTENDED

In the extended addressing mode, the effective address
of the argument is contained in the two bytes following
the opcode byte. Instructions with extended addressing
mode are capable of referencing arguments anywhere in
memory with a single three-byte instruction.

RELATIVE

The relative addressing mode is only used in branch
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset)} following the opcode is added
to the PC if, and only if, the branch conditions are true.
Otherwise, control proceeds to the next instruction. The
span of relative addressing is from —126 to ~ 129 from
the opcode address.

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. Thus, this addressing mode can access the first
256 memory locations. These instructions are only one
byte long. This mode is often used to move a pointer
through a table or to hold the address of a frequently
referenced RAM or | O location.

INDEXED, 8-BIT OFFSET

In the indexed, 8-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the unsigned byte following the
opcode. The addressing mode is useful for selecting the
Kth element in an n element table. With this two-byte
instruction, K would typically be in X with the address of
the beginning of the table in the instruction. As such,

tables may begin anywhere within the first 266 address-
able locations and could extend as far as location 510
($1FE is the last location at which the instruction may
begin).

INDEXED, 16-BIT OFFSET

In the indexed, 16-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the two unsigned bytes following
the opcode. This addressing mode can be used in a man-
ner similar to indexed 8-bit offset except that this three-
byte instruction allows tables to be anywhere in memory.

BIT SET/CLEAR

In the bit set clear addressing mode, the bit to be set
or cleared 1s part of the opcode. The byte following the
opcode specifies the direct addressing of the byte to which
the specified bit is to be set or cleared. Thus, any read
write bit in the first 256 locations of memory, including
1 0, can be selectively set or cleared with a single two-
byte instruction.

BIT TEST AND BRANCH

The bit test and branch addressing mode is a combi-
nation of direct addressing and relative addressing. The
bit to be tested, and its condition (set or clear), is included
in the opcode. The address of the byte to be tested is in
the single byte immediately following the opcode byte.
The signed relative 8-bit offset in the third byte is added
to the PC if the specified bit is set or cleared in the spec-
ified memory location. This single three-byte instruction
allows the program to branch based on the condition of
any readable bit in the first 256 locations of memory. The
span of branching is from — 125to ~ 130 from the opcode
address. The state of the tested bit is also transferred to
the carry bit of the condition code register

INHERENT

In the inherent addressing mode, all the information
necessary to execute the instruction is contained in the
opcode. Operations specifying only the index register or
accumulator as well as the control instruction with no
other arguments are included in this mode. These in-
structions are one byte long.
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MC68705S3

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect the
B inputs against damage due to high static volit-
Supply Voltage Vee 03t0 +7.0 v ages or electric fields; however, it is advised
Input Voltage PCOin| Vijp \4 that normal precautions be taken to avoid
Self-Check Mode -0.3to +15.0 application of any voltage higher than max-
All Other -0.3t0 +7.0 imume-rated voltages to this high-impedance
R circuit. For proper operation, it is recom-
Po‘gfea;tdacﬁﬁ:g)ce Currentper Pin | lout 10 mA mended the Vi and Vgt be constrained to
the range Vgs = (Vin or Vout) = Ve Reli-
Operating Temperature Range Ta C ability of operation is enhanced if unused in-
MC68705S3S 0to 70 puts except EXTAL are tied to an appropriate
MC68705S3CS -40to +85 logic voltage level (e.g., either Vgg or Vcc).
Storage Temperature Range Tstg -55to + 150
Junction Temperature Ty C
Cerdip 175
THERMAL CHARACTERISTICS
Characteristic Symbol Value \ Unit
Thermal Resistance A TWwW
i Cerdip 60
[—

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can
be obtained from:

Ty=Ta+{Pp-8ya) (1)

where:
Ta = Ambient Temperature, °C
LAY = Package Thermal Resistance,
Junction-to-Ambient, °C/W
Pp = PINT + PPORT _
PINT = lcc x Ve, Watts — Chip Internal Power
PpoRrT = Port Power Dissipation,

Watts — User Determined

Vee=475V

TEST MMD6150
POINT OR EQUIV 130
40 pF MMD7000
(TOTAL} OR EQUIV

Figure 19. TTL Equivalent
Test Load (Port B)

For most applications, Ppor7<P|nT @nd can be ne-
glected. PPOQRT may become significant if the device is
configured to drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if
PpoRT is neglected) is:

Pp=K=(Tj+273°C) (2)
Solving equations (1) and (2) for K gives:
K=Pp«(Tp+273°C)+ 64A°PD? (3)

where K is a constant pertaining to the particular part. K
can be determined from equation (3) by measuring Pp
(at equilibrium) for a known Ta. Using this value of K,
the values of Pp and T j can be obtained by solving equa-
tions (1) and (2) iteratively for any value of Tx.

30 pF (TOTALI

TEST POINT 0—1

Figure 20. CMOS Equivalent
Test Low (Port A)
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MC68705S53

ELECTRICAL CHARACTERISTICS
(Ve = +5.25 Vde +0.5 Vdc, Vgg =0 Vde, To=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
RESET Hysteresis Voltages 1.3 — 2.0 Vv
“Out of Reset” VIRES + 15 — 25
“Into Reset"” VIRES - 0.8 — 1.8
Standby Supply Voltage «« Vcc=0V V§TBY 4.0 — Vee 0.7 \
Standby Current (VgTgy=4.0 V) ISTBY — 1.0 5.0 mA
Power Dissipation — No Port Loading Pp mw
(Vcc=5.75V, Tp=0°C) — 800 1006
(Vcec=5.75V, Tp=—-40°C) — 925 1092
Low Voltage Recover VLVR — — 4.75 \
Low Voltage inhibit Vivi — 3.75 — \%
Input Current lin wA
INT
(Vin=2.4 V to V) — i 20 50
EXTAL |
{Vin=2.4 V to V¢ Crystal Option) — — | 10
{Vin=0.4 V Crystal Option) — — - 1600
RESET
(Vin=5.75V) — 2500 3800

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS
{Vge = +5.25 Vde =0.5 Vdc, Vgg =0 Vdc, Ta =20 to 30°C, unless otherwise noted}

Characteristic Symbol Min Typ Max Unit
Programming Voltage Vpp 20.0 21.0 220 A
Vpp Supply Current lpp mA
Vpp=21.0V — — 30
Programming Oscillator Frequency foscp 0.9 1.0 1.1 MHz
Bootstrap Programming Mode Voitage VHTP 9.0 12.0 15.0 \
{PCO Pin) {Cc liyTp = 100 pA Max)

veg=475V

TEST MMD6150 vee=475V
POINT OR EQUIV. 226 k() 136 kQ
TEST
30 pF MMD7000 POINT
(TOTAL) OR EQUIV. T 30 pF (TOTAL)
Figure 21. TTL Equivalent Figure 22. Open-Drain Equivalent
Test Load (Ports A and C) Test Load {PB1, PB2, and PB3)
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MC68705S3

SWITCHING CHARACTERISTICS
(Vee - ~5.25 Vde = 0.5 Vdc, Vgg=0 Vdc, T =T to TH), unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency fosc 0.4 — 4.2 MHz
Cycle time (4 fogc) teye 0.95 — 10 ns
INT, INT2, and TIMER Pulse Width WL tWH | teyc - 250 — — ns
RESET Pulse Width TRWL
RESET Delay Time (External Capacitance = 1 wF} tRHL — 100 — ns
INT Zero-Crossing Detection Input Frequency fINT kHz
(for =5 Accuracy) 0.03 — 1
External Clock Input Duty Cycle {EXTAL) — 40 50 | 60 ; °o
Oscillator Startup Time Crystal B tsy — — | 100 L ms !
SPICL High Time tSPICLH a — — | teye
| SPICL Low Time tSPICHL 4 — — ! teye
SPICL Rise and Fall Time tsr. tSf — — 1 us
)iPID Input Data Setup Time 1SDS 2 — — teyc
i SPID Input Data Hold Time tSDH 2 i — — teye
SPICL to SPISS Lag Time tSStG 4 v‘ — — teye
SPISS to SPICL Lead Time tsSLD 4 — — teye
Start Bit to First Clock Lead Time tSTL 1 i — — teye
External Timer Input to Timer Change Time tPCT 3 — — teye
Timer Change to Port B Toggle Time tTPB 2 — — teye
INT2 to Timer A Load Time UNTL 3 — — teye

A/D CONVERTER CHARACTERISTICS
(Vee - +5.25 Vde ~0.5 Vdc, Vgg =0 Vde, Ta - T to TH, unless otherwise noted)

Characteristic Min Typ Max Unit Comments
1
Resolution X 8 8 8 Bits
T
Non-Linearity* — — ~12 LsB After removing zero-offset and full-scale errors
Quantizing Error — — -12 LSB
Conversion Range | Vee \% A D accuracy may decrease proportionately as
VRH ; — — 0.2 VRH-VRL is reduced below 4.0 V. The sum of
VRL i Vss — VRH and VRL must not exceed V¢
i Conversion Time i 30 30 30 teye Inciudes sampling time
: Monotonicity (Inherent within total error)
il
Sample Time 5 5 5 teye
Sample Hold Capacitance, Input — — 25 pF
Analog Input Voltage i VRL — VRH Vv Transients on any analog lines are not allowed
; at any time during sampling or accuracy may
1 be degraded i

*For VRH-4.0Vto 5.0 Vand VRL =0 V.
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MC68705S3

PORT ELECTRICAL CHARACTERISTICS
(Vee - +5.26 Vde ~0.5 Vdc, Vgg — 0 Vdc, TA = T to T, uniess otherwise noted)

Characteristic i Symbol l Min i Typ Max Unit
Port B "

Output Low Voltage, I gad=3.2 mA ! VoL i — — 0.4 ; v
Output Low Voltage, I gad = 10 mA (Sink} VoL 1 — — : 1.0 :
Output High Voltage, | gad = - 200 pA VOH 2.4 8 . — \
Darlington Current Drive {Source)*, V=15V IOH 1.0 — ! 10 mA
Input High Voltage : ViH ] 2.0 ; — : Vee - 07
Input Low Voltage ‘ ViL ‘ Vsg ; — . 0.8

1
| ITS| — 2 10 HA
Port C and Port A

Hi-Z State Input Current

Output Low Voltage, l{ gad — 1.6 MmA VoL — . — 0.4

Output High Voltage, I pag= 100 nA VOH 2.4 : — —

Input High Voltage VIH 2.0 — Vee - 0.7

Input Low Voitage ViL Vsg — 0.8 \
Hi-Z State Input Current ITsI ; — 2 10 bA

Port D (Digital Inputs Only)

Input High Voltage i ViH 1 2.0 — Vee - 0.7 \
Input Low Voltage ViL : vVss — 0.8 v

Input Current**

lin — 1 10 wA

*Not applicable if programmed to open-drain state.
**PD4'VR| — PD5VRH.
The A'D conversion resistor (15 k() typical) is connected internally between these two lines, impacting their use as digrtal inputs
in some applications.

ORDERING INFORMATION

The following table provides generic information pertaining to the package type, temperature, and MC order numbers
for the MC68705S3.

Table 5. Generic Information

T
Package Type Temperature Order Number
Cerdip 0Cto70C MC68705S3S
(S Suffix) -40Cto -85C MC68705S3CS
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MC68705S3

MECHANICAL DATA

PIN ASSIGNMENTS

vgsl1 e 28 INUM
PRESCALER1/PCO[] 2 27 IEXTAL
PRESCALER2/PC1{] 3 26 fIXTAL
VsTBY/AN4/INT2/PD6[] 4 25 [IINTT
VRH/PD5([ 5 2aflvpp
VRL/PD4all 6 23 [IRESET/Vpp
AN3/PD3([ 7 22 fiPA7
AN2/PD2[} 8 21 flpas
aN1/PD1[] 9 20 fIPAS
ANO/PDO(] 10 19 [IPAs
spPiss/peof] 11 18 [IPA3
spicL/PB1(] 12 17 lPA2
spiD/PB2{ 13 16 I PA1
spiD/PB3[] 14 15 [I PAO
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