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Technical Summary
8-Bit EPROM Microcontroller Unit

The MC68705U3 (HMOS) Microcontroller Unit {MCU) is an EPROM member of the MC6805 Family
of microcontrollers. The user programmable EPROM allows program changes and lower volume
applications. This low cost MCU has parallet 1 O capability with pins programmable as input or out-
put. This publication contains condensed information on the MCU: for detailed information, refer to
M6805 HMOS, M146805 CMOS Family User’s Manual IM6B0SUM(AD?2)) or contact your local Moto-
rola sales office.

Refer to the block diagram for the hardware features and to the list below for additional features
available on the MCU.

® Internal 8-Bit Timer with 7-Bit
Programmable Prescaler
On-chip Oscillator
Memory Mapped 1 O
Versatile Interrupt Handling
Bit Manipulation

Bit Test and Branch Instruction
Vectored Interrupts

Bootstrap Program in ROM
112 Bytes of RAM

3776 Bytes of EPROM

2410 Pins
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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

Vec AND Vss

Power is supplied to the microcontroller using these
two pins. VoC is + 5.25 volts [ +0.51) power, and VS is
ground.

Vpp
This pin is used when programming the EPROM. In
normal operation, this pin is connected to VCC.

INT
This pin provides the capability for asynchronously ap-

plying on external interrupt to the MCU. Refer to INTER-
RUPTS for more detailed information

EXTAL, XTAL

These pins provide control input for the on-chip clock
oscillator circuit. A crystal, a resistor-capacitor combi-
nation, or an external signal (depending on mask option
register setting) is connected to these pins to provide a
system clock.

L
EXTAL ! As XTAL

5 Co 6
T4
LAY

AT Cut Paraliel Resonance Crystal

Co=7 pF Max

Freq =4 0 MHz @ C| = 24 pF

Rg =50 ohms Max
Piezoalectnc ceramic resonators which
have the equivalent specitications may be
used instead of crystal osciiators Follow
ceramic resonator manufacturer's sug
gestions for Cg, C1 and Rg values

MCU

(-Lr}em‘a\ 5| EXTAL (Crystal Option.

o0

o See Note 1}
External Clock

NOTES:

1. For the MC68705U3 MOR b7 0 for the crystal option and
Vi4TP range (in the bootstrap EPROM programming mode

EXTAL  (RC Option

See Note 1!

Approximately 25% 1o SU% Arcuracy
Typicat teye = ! 25 s
Extednal jumper

RC Oscillator

With this option, a resistor is cannected to the oscillator
pins as shown in Figure 1. The relationship between R
and fosc is shown in Figure 2.

Crystal

The circuit shown in Figure 1 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. Re-
fer to ELECTRICAL SPECIFICATIONS for VccC
specifications.

External Clock

An external clock should be applied to the EXTAL input
with the XTAL input connected to VSs, as shown in Fig-
ure 1. This option may only be used with the crystal
oscillator option selected in the mask option register.

TIMER

This pin is used as an external input to control the
internal timericounter circuitry. This pin also detects a

Mcu
5| ExTAL (Crystal Option
See Note 1}

15pe Note e

Crystal

Mcu
5| EXTAL  IRC Opuon
N See Note 1#

Lo

MCu

Apprommately 10% 10 25% Accuracy
1Excludes Resistor Tolerancel
External Resistor

MOR b7 1 for the RC option. When the TIMER input pin is in the
). the crystal option is forced. When the TIMER input is at or below

Vg, the clock generator option is determined by bit 7 of the mask option register (CLK).
2. The recommended C{ value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on

each pin should be scaled as the inverse of the frequency ratio. For ex

ample, with a 2 MHz crystai, use approximately 50 pF on

EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used.

Figure 1. Oscillator Connections

’
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80
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40}
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Oscrlator Frequency {MHz)

Resistance kGl

Figure 2. Typical Frequency vs Resistance for
RC Oscillator Option Only

higher voltage level used to initiate the bootstrap pro-
gram.
RESET

This pin has a Schmitt trigger input and an on-chip
pullup. The MCU can be reset by pulling RESET low.

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO-
PD7)

These 32 lines are arranged into four 8-bit ports (A, B,
C, and D). Ports A, B, and C are programmable as either
inputs or outputs under software contral of the data di-
rection registers. Port D is a fixed input port. Port D bit 6
may be used for a second interrupt (INT2). Refer to PRO-
GRAMMING for additional information.

PROGRAMMING

INPUT/OUTPUT PROGRAMMING

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

data direction register (DDR). Port D is input only. The
port I/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 the 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.

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, corresponds to the latched
output when the DDR is an output (one). Refer to Table
1for 170 functions and to Figure 3 for typical port circuitry.

NOTE
Read-modify-write instructions should not be used
when writing to the DDRs, because DDRs always
read as ‘one’.

Table 1. /O Pin Functions

Data Latched
Direction Output Input
Register Data Output To
Bit Bit State MCU
1 0 0 0
1 1 1 1
(4 X Hi-Z** Pin

**Ports B and C are three-state ports. Port A has an internal
pullup devices to provide CMOS data drive capability.

Oeta
#—1 Dwection Regerer
Ba®
v
3 § Latched
g - Output
-f— ¥ Data
=8 Ba
S

Input

"o
Iomy { Pin I

Sl

1]
\’

*OOR 1 8 wrte-only regisier and resds as ek 13

Figure 3. Typical Port I/0 Circuitry and
Register Configuration
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MEMORY

The MCU is capable of addressing 4096 bytes of mem-
ory and I/Q registers. The memory map is shown in Figure
4. The locations consist of user EPROM, bootstrap ROM,
user RAM, a mask option register (MOR), a program con-
trol register, and /0. 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 over-
written 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 B-bit register
used to hold operands and results of arithmetic calcu-
lations or data manipulations.

7 0

L A ]

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- bit immediate value to create
an effective address. The index register may also be used
as a temporary storage area.

T
PROGRAM COUNTER (PC)

The program counter is a 12-bit register that contains
the address of the next byte to be fetched.
" B 7 0

PCH PCL

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 {ocation $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).

0

ololofofoln bl s |

7 0 766 4 3 2 10
000
170 Ports Timer $000 0 | PortADataRegster | $000
Page Zero and
Ac With RAM 1 Port B Data Register $001
Short 127 (128 Bytes) $O7F 2 Port C Data Register | $002
Ingtrucuons | 128 Page Zeio 5080 3 [ Port D Data Ragster | 5003
User EPROM
255 (128 Bytes) SOFF 4 Port A DDR* $004
6 $100 5 Port 8 ODR* 5005
6 Port C DDR* $006
User
Main 7 Not Used $007
EPROM 8 [ Timer Data Register | 508
13640 Bytes!
9 Timer Conlrol Register | S009
$F37 10 | Miscellaneous Register | S00A
3806 | Mask Opton Register Zig 11 | Program Controt Register | 5008
g; Not Used SF7F :g Not Used $00C $OOF
3068 Bootstrap $FB0 16 $010
ROM
1120 Bytes) SFF7
“40837 $FF8 fAAM
Timer (nterrupt 1112 Bytes!
4089 | _ . — $FF9
4080 $FFA
\ Externai Interrupt Stack
nterrupt J 4081 | . $FFB 131 Bytes Maximum|
Vectors | 4092 $FFC
SWi
4083 | L _ o — - $FFD
4094 SFFE
o RESET -
SF 127 T $O7F

*Caution Data direction registers IDDRs) are wnite-only. they read as SFF

Figure 4. Memory Map

’
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CONDITION CODE REGISTER (CC)

The condition cods 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.

L)

0
onnBn
Half 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 and external interrupt is
masked (disabled). If an external 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 result is a logic 1).

Zero (2)

When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation was zero.

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,

RESETS

The MCU can be reset two ways: by initial power-up
and by the external reset input (RESET). The RESET input
consists mainly of a Schmitt trigger that senses the line
logic level.

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 voltatge. A delay
of tg4L milliseconds is required before allowing RESET
input to go high. Connecting a capacitor to the RESET
input (Figure 5) typically provides sufficient delay.

1
v wvvill K.

RESET
.

10 uF

(MCU)

\/‘*’—\/

Figure 5. Power-Up RESET Delay Circuit

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.

INTERRUPTS

The MCU can be interrupted four different ways: (1)
through the external interrupt INT input pin, (2) with the
internal timer interrupt request, (3) using the software
interrupt instruction (SWI), or (4) the external Port D {INT2)
input pin.

Interrupts cause the processor registers to be saved on
the stack and the interrupt mask {l bit) set to prevent
additional interrupts. The RTl instruction causes the reg-
ister contents to be recovered from the stack after which
normal processing resumes. The stacking order is shown
in Figure 6.

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

7 6 5 4 3 2 1 o Pult
n-4 1 l 1 I 1 I Condition Code Register n+t
n-3 Accumulator n+2
n-2 Index Register n+3
LS K B N PCH* n+a
n PCL* n+5

Push

* For subroutine calls, only PCH and PCL are stacked

Figure 6. Interrupt Stacking Order
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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 ali pending hardward interrupts and, if unmasked
(I bit clear), proceeds with interrupt processing; other-
wise, the next instruction if 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 SWi is executed the
same as any other instruction regardiess of the setting
of the | bit. Refer to Figure 7 for the reset and interrupt
instruction processing sequence.

TIMER INTERRUPT

If the time mask bit (TCR6) is cleared, then, each time
the timer decrements to zero (transitions from $01 to $00),
an interrupt request is generated. The actual processor
interrupt is generated only if the interrupt mask bit of the

condition code register (CCR} is aiso cleared. When the
interrupt is recognized, the current state of the machine
is pushed onto the stack and the | bit in the CCR is set,
masking further interrupts until the present one is serv-
iced. The contents of the timer interrupt vector, contain-
ing the location of the timer interrupt service routine, is
then loaded into the program counter. At the end of the
timer interrupt service routine, the software normally ex-
ecutes an RT! instruction which restores the machine state
and starts executing the interrupted program. The timer
interrupt status bit can only be cleared by software.

EXTERNAL INTERRUPT

The external interrupt is internally synchronized and
then latched on the falling edge of INT and INT2. Clearing
the | bit enables the external interrupt. The INT2 interrupt
has an interrupt request bit {bit 7) and a_mask bit (bit 6}
in the miscellaneous register (MR). The INT2 interrupt 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 process
an interrupt when the condition code | bit is clear. The

18 n Cloar NT Stack
07f ¢ SP [ A be X e
09 DDRs Request
INT Logi Latch
CLA INT Logic
FF ¢ Timer
TCRE ¢ 1
TCR7 40 {HMER INT} —
(TCR? @ TCREI
MR7 » MRB
y
Put FFE on
Address B Load PC From
SW1 FFC/FFD
Instruction INT FFA/FFB
Timer of
INT2 FF8/FF9
RESE
Pin=Low 1s Felched
Instruction

N RESET
Pin= High

Load Options From
MOR 1$F38) Into

on SWI?

Control Logic

[ ]

Execute
Instruchion

Load PC

From
FFE/FFF

[ E—

Figure 7. Reset and Interrupt Processing Flowchart
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following paragraphs describe two typical external in-
terrupt circuits.

Zero-Crossing Interrupt

A sinusoidal input signal (fiNT maximum) can be used
to generate an external interrupt (see Figure 8a) for use
as a zero-crossing detector {for negative transitions of
the ac sinusoid). This type of circuit allows applications
such as servicing time-of-day routines and engaging/dis-
engaging ac power contro! 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 Intersupt

With this type of circuit {Figure 8b), the INT pin can be
driven by a digital signal. The maximum frequency of a
signal that can be recognized by the TIMER or INT pin
logic is dependent on the parameter labeled Wi, twH.
Refer to TIMER for additional information.

SOFTWARE INTERRUPT (SWI)

The SWl is an executable instruction that is executed
regardless of the state of the | bit in the CCR. The SWi
execution is similar to the hardware interrupts.

MODES OF OPERATION

The MCU has two modes of operations: normal and
bootstrap. The following paragraphs describe these
modes,

NORMAL MODE

This mode is a single-chip mode and is entered if the
following conditions are met: (1) the RESET line is low,
(2) the PCO pin is within its normal operational range,
and (3) the Vpp pin is connected to Vss. The next rising
edge of the RESET pin then causes the part to enter the
normal mode.

BOOTSTRAP

The bootstrap mode is entered if the TIMER pinis equal
to + 12 V. For more information refer to application note,

|8) Zero-Crossing Interrupt

MCE8705P3/R3:U3 8-Bit EPROM Microcomputer Pro-
gramming Module (AN-857:D Rev. 2).

TIMER

The MCU consists of an 8-bit software programmable
counter driven by a 7-bit software programmable pres-
caler. The various timer sources are made via the timer
control register (TCR} and/or the mask option register
(MOR). The 8-bit counter may be loaded under program
control and is decremented toward zero. When the timer
reaches zero, the timer interrupt request bit (bit 7) in the
timer control register (TCR) is set. Refer to Figure 9 for
timer block diagram.

The timer interrupt can be masked (disabled) by setting
the timer interrupt mask bit (bit 6} in the TCR. When the
F'bitin the condition code register is cleared and the TCR
bit 6 is cleared, the processor receives the interrupt. The
MCU responds to this interrupt by (1) saving the present
CPU state on the stack, {2) fetching the timer interrupt
vector, and (3) executing the interrupt routine. The timer
interrupt request bit must be cleared by software. Refer
to RESETS and INTERRUPTS for additional information.

The prescaler is a 7-bit divider which is used to extend
the maximum length of the timer. To avoid truncation
errors, the prescaler is cleared when TCR bit 3 is set to
a logic one; however, the TCR bit 3 always reads as a
logic zero to ensure proper operation with read-modify-
write instructions.

The timer continues to count past zero, talling from $00
through $FF, and continues the countdown. The counter
can be read at any time by reading the timer data register
(TDR). This allows a program to determine the length of
time since a timer interrupt has occurred without dis-
turbing the counting process. The TDR is unaffected by
reset.

SOFTWARE CONTROLLED MODE

This mode is selected when TOPT (bit 6) in the MOR
is programmed to zero. The timer prescaler input can be
configured for three different operating modes plus a
disable mode, depending on the value written to TCR
control bits 4 and 5 (TIE and TIN). The following para-
graphs describe the different modes.

(b) Digitsl-Signal Interrupt

vVee
, ac . 1Current TIL 47k
npu
Limaing! Level J—

HINT Max ) 2 | WY MeL Digital 2| iNT _
Rs1 MO ‘ . Mcu
ac input s " 0110 neu
10Vac pp uF

Figure 8. Typical Interrupt Circuits
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Timer Input Mode 1

When TIE and TIN are both programmed to zero, the
timer input is from the internal clock (phase two) and the
timer input pin is disabled. The internal clock mode can
be used for periodic interrupt generation as well as a
reference for frequency and event measurement.

Timer Input Mode 2

When TIE=1 and TIN =0, the internal clock and the
timer input signals are ANDed to form the timer input.
This mode can be used to measure external pulse widths.
The active high, external pulse gates in the internal clock
for the duration of the external pulse. The accuracy of
the count is +1,

Timer Input Mode 3

When TIE=0and TIN=1, no prescaler input frequency
is applied to the prescaler and the timer is disabled,

Timer Input Mode 4

When TIE and TIN are both ane, the timer input is from
the external clock. The external clock can be used to count
external events as well as to provide an external fre-
quency for generating periodic interrupts. Frequency of
external input must be < fog./8.

MOR CONTROLLED MODE

This mode is selected when TOPT (bit 6) in the MOR
is programmed to logic one. The timer circuits are the
same as described in SOFTWARE CONTROLLED MODE.
The logic levels of TCR bits 0, 1, 2, and 5 ars determined
during EPROM programming by the same bits in the MOR.
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres-
caler division and the timer clock selection. TIE (bit4) and
PSC (bit 3) in the TCR are set to a logic one when in the
MOR controlled mode. TIM (bit 6) and TIR (bit 7} are
controlied by the counter and software.

TIMER CONTROL REGISTER (TCR} $009

This is an 8-bit register that controls various functions
such as configuring operation mode, setting ratio of the
prescaler, and generating timer interrupt request signal.
All bits are read/write except bit 3. The configuration of
the TCR is determined by the TOPT (bit 6) in the MOR.
When TOPT - 1, the TCR emulates the MC6805U2: when
TOPT = 0, the TCR is controlled by software.

TCR with MOR TOPT - 1
2 1 0

7 8 5 4 3 ]
- ™ | - * | psc| - - ]

TCR with MOR TOPT - 0

T8 5 43 1 o
[ [ o | on [ e [rsc [ ps2 | ps1 | pso
RESET:

0 | L T

*The value of corresponding bits in MOR is written during RESET nsing
edge. These bits always read ‘one’.

TIR — Timer Interrupt Request
Used to indicate the timer interrupt when it is logic
one
1= Set when the timer data register changes to all
zeros
0 - Cleared by external reset, power-on reset, or
under program control
TIM — Timer Interrupt Mask
Used to inhibit the timer interrupt
1=Interrupt inhibited
0~ Interrupt enabled
TIN — External or Internal
Selects input clock source
1=Externa! clock sslected
0 =Internal clock selected (fogc/4)
TIE — TIMER External Enable
Used to enable external TIMER pin. When TOPT = 1,
TIE is aiways a logical “one".
1 -Enables external timer pin
0~ Disables external timer pin
PSC — Prescaler Clear
Write only bit. Writing a one to this bit resets the
prescaler to zero. A read of this location always in-
dicates a zero when TOPT=0. When TOPT =1, this
bit will read a logical “one’” and has no effect on the
prescaler.
PS2, PS1, PSO — Prescaler Clear
Decoded to select one of eight outputs of the pres-

caler
Prescaler
| Ps2 | ps1 | pso Divide By
o | o 0 1 ]
e
0 1 0 a
1 1 8 |
‘ 0 16
1 32
0 64
1 i 128 |
NOTES

When changing the PS bits in software, the PSC
bit should be written to a “one” in the same write
cycle to clear the prescaler. Changing the PS bits
without clearing the prescaler may cause prescaler
truncation.

MASK OPTION REGISTER (MOR) $F38

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

(o [ Tas ]

CLK — Clack {oscillator type)
1=Resistor Capacitor (RC)
0= Crystal

[ [ o]
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TOPT — Timer Option
1=MC6805U2 type timer/prescaler. All bits except
6 and 7, of the TCR are invisible to the user.
Bits 5, 2, 1, and 0 of the MOR determine the
equivalent MC6805U2 mask options.
0= All TCR bits are implemented as a software pro-
grammable timer. The state of MOR bits 5, 4,
2, 1, and 0 sets the initial values of their re-
spective TCR bits.
CLS — Timer/Prescaler Clock Scurce
1=External TIMER pin
0=Internal clock
Bit 4
Not used if TOPT = 1. Sets the initial value of TIE in
the TCR if TOPT=0.
1=Not used
0= Sets initial vaiue of TIE in the TCR
Bit 3
Not used
P2, P1, PO
The logical levels of these bits, when decoded, select
one of eight outputs on the timer prescaler.

Prescaler

P2 P1 PO Divide By

0 0 Q9 1

0 Q 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 9] 1 32

1 1 o | 64 |

1 1 1 128

PROGRAMMING CONTROL REGISTER {PCR) $00B

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 § 5 4 3 2 1 0
T [T [ T e [ e |
RESET:
U U U U U u 1 1

PLE — Programming Latch Enable
Controls address and data being latched into the
EPROM. Set during reset, but may be cleared any-
time.
1=Read EPROM
___ 0=Llatch 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 on Vpp pin
0= High voltage on Vpp pin

NOTE

VPON being “zero” does not indicate that the Vpp
level is corraect for programming. It is used as a
safety interlock for the user in the normal operating
mode.

VPON | PGE | PLE
0 0 0

Programming Conditions

Programming mode {program
EPROM byte)

PGE and PLE disabled from
system

1 Q 0

Programming disabled (latch
| address and data in EPROM)

PGE and PLE disabled fram
system

jnvalid state; PGE =0 if PLE- 0
Invalid state; PGE -0 if PLE- 0
"High voltage” on Vpp

PGE and PLE disabled from
L system {operating mode)

(=]

- lo|=|e
ais oo
N R R IO

EPROM PROGRAMMING

ERASING THE EPROM

The EPROM can be erased by exposure to high-inten-
sity ultraviolet (UV} light with a wavelength of 2537 angs-
troms. The recommended integrated dose (UV intensity
x exposure time} is 25WsicmZ2. 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 MCU EPROM to the “zero”
state. Data then can be entered by programming “ones”
into the desired bit locations.

PROGRAMMING

The MCU bootstrap program can be used to program
the MCU EPROM. The alternate vectoring used to imple-
ment the self check is used to start execution of the boot-
strap program.

A MCM2532 UV EPROM (other industry standard
EPROMs may be used) must first be programmed with
the same information that is to be transferred to the MCU
EPROM. Refer to application note, MC68705P3/R3/U3 &-
bit EPROM Microcomputer Programming Module (AN-
857/D Rev.2) for schematic diagrams and instructions on
programming the MCU EPROM.

EMULATION

The MC68705U3 emulates the MC6805U2 and
MC6805U3 “exactly”’. The MC6805U2 and MC6805U3
mask features are implemented in the mask option reg-
ister EPROM byte. The following identify the few minor
exceptions to the exactness of the emuiation.

1. The MC6805U2 “future ROM” areas are imple-

mented in the MC68705U3 and these 1728 bytes

R
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must be left unprogrammed to accurately simulate
the MC6805U2.

2. The reserved ROM areas have different data stored
in them. In the MC6805U?2 this area is used for self
check, and in the MCE8705U3 this area is used for
the bootstrap program.

3. The MC6805U2 reads all ones in the 48 byte “future
RAM” area. This area is not implemented on the
MC6805U2/U3 mask ROM version but is imple-
mented on the MC68705U3.

4. The MC68705U3 Vpp (pin 7) line is tied to Ve dur-
ing normal operations. On MC6805U2, this pin is
grounded during normal operations, and on the
MC6805U3, this pin is not connected.

INSTRUCTION SET

The MCU has a set of 59 basic instructions which can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

REGISTER/MEMORY INSTRUCTIONS

Most of these instructions use two operands. One op-
erand is either the accumulator or the index register. The
other operand is obtained from memory using one of the
addressing modes. The jump unconditional {(JMP) and
jump to subroutine (JSR) instructions have no register
operand. Refer to the following instruction listing.

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
Load A from Memory LDA
Load X from Memory LDX
Store A in Memory STA
Store X in Memory STX
Add Memory to A ADD
Add Memory and Carry to A ADC
Subtract Memory sus
Subtract Memory from A with Borrow SBC
AND Memory to A AND
OR Memory with A ORA
Exclusive OR Memory with A EOR
Arithmetic Compare A with Memory CMP
Arithmetic Compare X with Memory cPX
Bit Test Memory with A {Logical Compare) BIT
Jump Unconditional JMP
Jump to Subroutine JSR

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

Function Mnemonic
Ench Always BRA
Branch Never BRN
Branch if Higher BHI
Branch if Lower or Same BLS
Branch if Carry Clear BCC
{Branch if Higher or Same) (BHS)
Branch if Carry Set BCS
(Branch if Lower) (8LO}
Branch if Not Equal BNE
Branch if Equal BEQ
Branch if Half Carry Clear BHCC
Branch if Half Carry Set BHCS
Branch if Plus BPL
Branch if Minus BMI
Branch if Interrupt Mask Bit is Clear BMC
Branch if Interrupt Mask Bit is Set BMS
Branch if Interrupt Line is Low BIL
Branch if Interrupt Line is High BIH
|_Branch to Subroutine 8SR

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any bit which
resides in the first 256 bytes of the memory space where
all port registers, port DDRs, timer, timer control, and on-
chip RAM reside. An additional feature allows the soft-
ware to test and branch on the state of any bit within
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these 256 locations. The bit set, bit clear and bit test, and
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
Branch if Bit n is Set

Mnemonic
BRSETn (n=0...7)
BRCLRn(n=0...7)

Branch if Bit n is Clear

Set Bit n BSETn(n=0...7)
Clear Bit n BCLRn(n=0...7)
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 SEI|
Clear Interrupt Mask Bit cu
Software Interrupt swi
Return from Subroutine RTS
Return from Interrupt RTI
Reset Stack Pointer RSP
No-Operation NOP
OPCODE MAP SUMMARY

Table 3 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
immediate addressing mode is used to access constants
that do not change during program execution (e.g., 8
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 I/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 256 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 atlows tabies to be anywhere in memory.

e
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BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is 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 wel as the control instruction with no
other arguments are included in this mode. These in-
structions are one byte fong.

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS
Rating Symbol Value Unit These devices contain circuity to protect
the inputs against damage due to high static
Supply Voltage Vee 0310 +7.0 v volitages or electrical fields; however, itis ad-
input Voitage \Y) vised that normal precautions be taken to
EPROM Programming Voltage avoid application of any voitage higher than
(Vpp Pin} Vpp -0.31to +220 maximum rated voltages to this high-imped-
TIMER Pin — Normal Mode Vin -0.31t0 +7.0 ance circuit. For proper operation, it is rec-
TIMER Pin — Bootstrap ommended that Vin and Vgt be constrained
Programming Mode Vin ~0.310 +15.0 to the range Vgg<(Vin and Vgutl=Vce. Re-
All Others Vin -03to0 +7.0 liability of operation is enhanced if unused
. inputs except EXTAL are tied to an appro-
Operating Temperature Range TA TLto TH °C . X .
priate logic voltage level le.g., either Vgg or
MC68705U3 Oto +70 veo).
MC68705U3C -40to +85
Storage Temperature Range Tstg -55to +150 °C
Junction Temperature Ty ‘CwW
Cerdip 175
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance
Cerdip 0JA 60 ‘CW
POWER CONSIDERATIONS For most applications Ppory<P|NT and can be ne-

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

TJ=TA+(PD'9JA) {1
where:
Ta = Ambient Temperature, °C
AT = Package Thermal Resistance,

Junction-to-Ambient, °C/W
Pp = PINT+ PPORT _
PINT = lccx Ve, Watts — Chip Internal Power
PporT = Port Power Dissipation,

Watts — User Determined

glected. PPORT 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 heglected) is:

Pp=K+(Ty+273°C) 2)
Solving equations {1) and (2) for K gives:
K=Pp= (Ta+273°C)+8)aPD? (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 Tp. 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 Tp
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS
(VDD =5.25 Vdc +0.5%, Vgs =0 Vdc, Ta =20 to 30°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Programming Voltage Vpp 20.0 21.0 22.0 \
Vpp Supply Current ipp mA

Vpp=525V — — 8

Vpp=210V — — 30
Programming Oscillator Frequency foscp 0.9 1.0 1.1 MHz
Bootstrap Programming Mode Voltage VIHTP 9.0 12.0 15.0 v

(TIMER Pin) @« l|4Tp = 100 pA Maximum

ELECTRICAL CHARACTERISTICS
(Vec  +5.26 Vde + 0.6 Vdc, Vgg =0 Vdc, Tp = 07C to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH v
RESET (4.99 < Ve - 551) 4.0 - vee
_ veg < 475) Vee - 05 — vee
INT 4.99 - Vee = 5.51) 4.0 . vee
{Vee < 4.75) Vee-05 e vee
All Other 2.0 — vee
Input High Voltage (TIMER Pin) ViH v
Timer Mode 2.0 — Vee+1.0
Bootstrap Programming Mode 9.0 120 15.0
input Low Voltage viL \
RESET Vss — 0.8
INT Vss i 15
All Other Vss — 08
Internal Power Dissipation {No Port Loading, Voo =5.25 V Ta=0°C PINT — 520 740 mw
for Steady-State Operation) Ta=-40C — 580 800
Input Capacitance Cin pF
EXTAL — 25 —
All Other —_ 10 —
INT Zero-Crossing Input Voltage — Through a Capacitor VINT 2.0 — 40 Vac p-p
RESET Hysteresis Voltage
Out of Reset Voltage VIRES + 21 - 4.0 v
Into Reset Voltage VIRES - 08 — 2.0
Programming Voltage (Vpp Pin} Vpp* v
Programming EPROM 20.0 210 220
Operating Mode 475 vee 5.75
Input Current wA
TIMER {Vin =04 V) — — 20
INT (Vi =0.4 V) - 20 50
EXTAL {Vin =2.4 V to V¢ Crystal Option) lin — — 10
{Vin=0.4 V Crystal Option) — —_ - 1600
RESET (Vj,=0.8V) IReS -4.0 - ~-40
(External Capacitor Changing Current)

*Vpp (pin 7} is connected to V¢ in the normal operating mode.
**Due to internal biasing, this input {when not used) floats to approximately 2.0 V.

M—
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SWITCHING CHARACTERISTICS

(Vo= +5.26 Vde 0.5 V, Vgg =0 Vdc, TA =0°C to 70°C, uniess otherwise noted}

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency fosc MHz

Normal 04 — 4.2

Instruction Cycle Time (4/f55c) teye 0.950 — 10 ns
INT, INTZ, or Timer Pulse Width Wi tWH toye +250 — — ns
RESET Pulse Width tRWL toyc + 250 - - ns
RESET Delay Time (External Cap=1.0 pF) tRHL 100 — — ms
INT Zero Crossing Detection input Frequency fINT 0.03 - 1.0 kHz
External Clock Duty Cycle (EXTAL) — 40 50 60 %
Crystal Oscillator Start-Up Time — — — 100 ms

PORT ELECTRICAL CHARACTERISTICS
(Ve = +5.25 Vde =0.5 Vde, Vgg =0 Vdc, TA=0° to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Port A

Output Low Voltage, i gad =16 mA VoL - — 0.4 v

Output High Voltage, I gad = - 100 pA VOH 2.4 — — v

Output High Voltage, 1| gag= — 10 pA VOH Vee 1.0 — — \

input High Voltage, Il pad= ~ 300 nA (Max) VIH 2.0 — vee \%

Input Low Voltage, I gad = — 500 pA (Max) VI Vss — 08 Y

Hi-Z State Input Current (Vjn =2.0 V to V() 4 — — 300 A

Hi-Z State Input Current {Vin=0.4 V) fiL — — -500 uA
Port B

Output Low Voltage, it pag=3-2 mA VoL — - 0.4

Output Low Voltage, I gad= 10 mA (Sink) VoL — — 1.0

Output High Voltage, I gad = — 200 pA VOH 24 — -

Darlington Current Drive {Source), Vo=15V lOH 1.0 — -10 mA

Input High Voltage VIH 20 — Vee '

Input Low Voltage VIL Vss — 0.8

Hi-Z State Input Current TSI — 2 0 | wA |
Port C

Output Low Volitage, I gad = 1.6 mA VoL — — 0.4 l \

Output High Voltage, I gad= - 100 pA VOH 24 — — \

Input High Voltage VIH 2.0 — vVee v

input Low Voitage VIL Vss — 0.8 v

Hi-Z State Input Current ITs1 — -2 l 10 pA

Port D {Input Only)

Input High Voltage I ViH 20 — vee \

Input Low Voltage ViL Vss — 08 \

input Current lin — <1 5 pA
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Vec=575v
Test MMD6150
Point or Equiv. 1.45 k)
O
WpF A
{Total)

—
N 12 k2 MMD7000
or Equiv.

Figure 10. TTL Equivalent Test Load

(Port B)
Vee=575V
Test MMD6150
Point iv.
or Equiv. 291 ki1
1
30 pF 24 kf) MMD7000
{Total) or Equiv.

Figure 12. TTL Equivalent Test Load

(Ports A and C)
Yoo
Port A CMOS

4 Puliup Option

Port C Open-Drain

Option \ Voo oQ

| PAD

Port DOR
Port Data

IP = Input Protection

Figure 14. Ports A and C Logic Diagram

PAD Tol/0 Logic

z
2l

Figure 18. Typical Input Protection

PB DOR
PB Data

Test Point oﬁ
I 30 pF (Total)

Figure 11. CMOS Equivalent Test Load
{Port A)

§ vee=5.75V
3.34 k1t
<
Test !
Point

T'_ 30 pF (Total)

Figure 13. Open-Drain Equivalent Test Load
{Port C)

Voo
()

1-10kTyp

PAD

IP = Input Protection

Figure 15. Port B Logic Diagram

Test Point dl_

Vary V,

Measure |
(D

Figure 17. VO Characteristic
Measurement Circuit
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ORDERING INFORMATION

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

for the MC68705U3.
Tabie 3. Generic Information

Package Type Temperature Order Number

Cerdip 0° to 70°C MC68705U3S

S Suffix ~40°to +85°C MC68705U3CS
MECHANICAL DATA

PIN ASSIGNMENTS

’
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