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This book is intended to provide the design engineer with the technical data needed
to completely and successfully design a microcomputer-based system. The Technical
Summary and Advance Information data sheets for Motorola’s microcontroller, micro-
processor, and peripheral components are included.

The information in this book has been carefully checked; no responsibility, however,
is assumed for any inaccuracies. Furthermore, this information does not convey to the
purchase of microelectronic devices any license under the patent rights of the
manufacturer.

Additional information on Motorola’s new products and system development products
are also included. For further marketing and application information, please contact:

Motorola Inc.

Microprocessor Products Group
Microcontroller Division

6501 William Cannon Drive West
Austin, Texas 78735-8598

Applications 512-891-2034
EVB/EVM/Development Systems 512-891-2034
Literature — Literature Distribution Center 602-994-6561
Marketing Information — Pricing Local Sales Office
Marketing Information — Availability 512-891-2990

Motorola reserves the right to make changes without further notice to any products
herein to improve reliability, function or design. Motorola does not assume any liability
arising out of the application or use of any product or circuit described herein; neither
does it convey any license under its patent rights nor the rights of others. Motorola
products are not authorized for use as components in life support devices or systems
intended for surgical implant into the body or intended to support or sustain life. Buyer
agrees to notify Motorola of any such intended end use whereupon Motorola shall
determine availability and suitability of its product or products for the use intended.
Motorola and ® are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Employment Opportunity/Affirmative Action Employer.

Series A
Second Printing

©MOTOROLA INC., 1988
Printed in U.S?A. “All Rights Reserved"”



DATA CLASSIFICATION

Product Preview

Data sheets herein contain information on a product under development. Motorola re-
serves the right to change or discontinue these products without notice.

Technical Summary

Data sheets herein contain information on new products. Specifications and information
are subject to change without notice.

Advanced Information

Data sheets herein contain information on new products. Specifications and information
are subject to change without notice.
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MOTOROLA
B SEMICONDUCTOR

TECHNICAL DATA MC68HCO05C9

Product Preview
8-Bit Microcontroller Unit

The MC68HC05CS is an advanced 8-bit microcontroller unit {(MCU) with highly sophisticated on-
chip peripheral capabilities. It is similar to the MC68HC705C8 with some differences including 15720
bytes of ROM and 352 bytes of RAM.

The following are some of the hardware and software features of the MC68HCO05C9.

® HCMOS Technology
Power Saving STOP, WAIT, and Data Retention Modes
Fully Static Operation
15720 Bytes of User ROM
352 Bytes of RAM
240 Bytes of Bootstrap ROM
24 Bidirectional /O Lines
16-Timer Subsystem
Serial Communications Interface System (SCI) ‘ 3
Serial Peripheral Interface System (SPl)
Interrupts: External, Timer, SCI, and SPI
Master Reset and Power-On Reset
2.1 MHz Internal Operation Frequency at 5 Volts; 1.0 MHz at 3 Volts
Single 3- to 6-Volt Supply (2-Volt Data Retention Mode)
On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Option
8x 8 Unsigned Multiply Instruction
True Bit Manipulation
Addressing Mode with Indexed Addressing for Tables
Two Power-Saving Standby Modes, Software Initiated
Computer Operating Properly (COP) Watchdog Timer
40-Pin DIP, 44-Pin PLCC Package

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MC68HC05C9

BLOCK DIAGRAM
CRY.
fEsan :Ig;' OSCILLATOR BIDIRECTIONAL
OR RC M6HCO5 1/0 PORT BIDIRECTIONAL
FAMILY PINS 110 PINS
PROCESSOR
370 6 VOLTS @ POWER
INPUT | <et————— INPUT PORT PIN
PORT PIN
RESET AND MODE l_—L> CONTROL SERIAL
352 BYTES PERIPHERAL SPI OR INPUT
RAM INTERFACE PORT PINS
INTERRUPT OR EXTERNAL (SPY
INPUT DATA PIN - INTERRUPT
WATCHDOG 15720 BYTES SERIAL SCI OR INPUT

TIMER USER ROM COMMUNICATIONS PORT PINS

INPUT CAPTURE =i 'NT(ES%FlfCE
16-BIT
OUTPUT COMPARE  ~etf—————o TIMER 240 BYTES

SUBSYSTEM BOOTSTRAP BAUD-RATE
ROM GENERATOR
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MOTOROLA

EE SEMICONDUC T TOR /50
TECHNICAL DATA

MIC68HCO5L6

Technical Summary
8-Bit Microcontroller Unit

The MC68HCO05L6 (HCMOS) microcontroller unit {(MCU) is a member of the M68HC05 Family of
microcontrollers. This high-performance, low-power MCU has parallel I/0 capability with pins pro-
grammable as input or output. This publication contains condensed information on the MCU; for
more detailed information, contact your local Motorola sales office.

The following block diagram depicts the hardware features; additional features available on the
MCU are shown on page 2.

BLOCK DIAGRAM

TCMP 0SC1  0SC2
INTERNAL
o
TCAP TIMER CLOCK OSCILLATOR
— ™ SYSTEM AND =+ 2 GLock —
ESET
[——"
PAD PCO
Y ACCUMULATOR PC1
-
PA2 CPU
PORT e PC2
O ——
A PORT | DATA NDEX CONTROL OATA | PORT Pe3 PORT
i PAS A DR |—4 | om t fe—2— ¢
-— REGISTER Rec | Reg fe—tCt o 0
LINES <—FAS | REG | REG le—FPC5 o NEs
PAG CONDITION
< PC6
PA7 CODE PCT
- REGISTER
]
PBO STACK
T POINTER
PB2 PROGRAM SPI
PORT ~——=5p RA
<831 PORT | DATA COUNTER MISO
PB4 B DR o HIGH [ oz > PO
0
PBS REG REG ALU [ ———— PD1
LINES ~<—TtB3 ] PROGRAM *— SPI DT
PB6 COUNTER 58
T LoW 35 pp3
- BAUD RATE
o o GENERATOR
6208 x 8 176 %8 INTERNAL
ROM STATIC PROCESSOR
T RAM CLOCK
SELF-CHECK
ROM
TONE LD Lo
GENERATOR ADDRESS DATA
REGISTER REGISTER
BACKPLANE VOLTAGE
GENERATOR LCD DATA LATCHES GENERATOR
- - bl -4
3 E 8§

BP4

1k

S

This document contains information on a new product Specifications and information herein are subject to change without notice.
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MC68HCO5L6

Hardware Features
HCMOS Technology
8-Bit Architecture

Power-Saving Stop and Wait Modes

RAM and CPU Register Contents Valid at Vgc=2.0 Volts (CPU Halted)
Independent Power Supplies (CPU - LCD) 3- to 6-Volt Operation

176 Bytes of On-Chip RAM
6208 Bytes of On-Chip ROM
24 Bidirectional I/0 Lines

Internal 16-Bit Timer Similar to MC6801 Timer

Serial Peripheral Interface System
Self-Check Mode

External, Timer, and Serial Peripheral Interface Interrupts

Master Reset and Power-On Reset

On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options
LCD 2/3, 1/3 VL Divider Circuitry Included

Tone Generator :
68-Pin Quad Package

Software Features
® Similar to MC6800
® 8x8 Unsigned Multiply Instruction
o Efficient Use of Program Space
® Versatile Interrupt Handling
® True Bit Manipulation
o Indexed Addressing for Tables
o Efficient Instruction Set
o Memory Mapped I/O
[ ]

Programmable LCD Driver Circuitry
96 Pixels in x4 Mode
72 Pixels in X3 Mode

.
)
]
°
.
.
.
.
® 4.0 MHz Internal Operating Frequency at 5 Volts
.
.
.
.
°
.
.
.
.

® Low-Cost Development Support with Evaluation Module

'

SIGNAL DESCRIPTION

The signal descriptions of the MCU are discussed in

the following paragraphs.

VpD. VLL AND Vss

Power is supplied to the microcontroller using these
pins. Vpp is the positive supply for the processor, VL is
power for the LCD driver circuits, and Vsg is ground.

irRQ

This pin is a programmable option that provides two
different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detail.

0SC1, 0SsC2

These pins provide control input for an on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor/
capacitor combination, or an external signal connects to

these pi'ns providing a system clock. A mask option se-
lects either a crystal/ceramic resonator or a resistor/ca-
pacitor as the frequency determining element. The
oscillator frequency is two times the internal bus rate.

RC Oscillator

With this option, a resistor Is connected to the oscillator
pins as shown in Figure 1(d}). The relationship between
R and fggc is shown in Figure 2.

Crystal

The circuit shown in Figure 1(b) is recommended when
using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and start-up stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vpp
specifications.

MOTOROLA MICROPROCESSOR DATA
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MC68HCO5L6

CRYSTAL CERAMIC RESONATOR

2 MHz | 4 MHz | UNITS ‘ 2-4 MHz | UNITS
Rsmax | 400 | 75 Q Rg (TYPICAL) 10 Q
Co 5 7 pF Co 40 oF |
€ 0.008 | 0.012 | uF ) 4.3 pF
Cosct | 15-40|15-30| pF Cosct 30 oF '
Cosc2 | 15-30  15-25 | pF Cosc2 30 pF
Rp 10 10 MQ Rp 1-10 M
] 30 | 40 K [} 1250 -

{a) CRYSTAL/CERAMIC RESONATOR PARAMETERS

1
MC68HCO5L6 L Rg
0sC1 0sC2 — | A
4 5 — >~
Re oo T Co 05€2
AA- 4 11 5
it
*— [] —e
Cosc1 :f %E Cosc2 2 ﬂ[] = 5
= = (c) EQUIVALENT CRYSTAL CIRCUIT
(b) CRYSTALICERAMIC RESONATOR ‘
OSCILLATOR CONNECTIONS
MCBBHCO5LE MC68HCO5LE
0s1 0sC2 0sC1 0sC2
4 | 5 I 4 5
UNCONNECTED
R
(d) RC OSCILLATOR CONNECTIONS < EXTERNAL CLOCK

{e) EXTERNAL CLOCK SOURCE CONKECTIONS
(EITHER CRYSTAL OR RC MASK OPTIONS)

Figure 1. Oscillator Connections

0.5 N

01

OSCILLATOR FREQUENCY (MHz)
A

0.05

0.02
001

1 2 5 10 20 50 100 200 500 1000
RESISTANCE (k@)

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

MOTOROLA MICROPROCESSOR DATA
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MC68HCO05L6

Ceramic Resonator

A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 1{b) is
recommended when using a ceramic resonator. Figure
1(a) lists the recommended capacitance and resistance
values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation.

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal os-
cillator mask option.

INPUT CAPTURE (TCAP)

This pin controls the input capture feature for the on-
chip programmable timer.

QUTPUT COMPARE (TCMP)

This pin provides an output for the output compare
feature of the on-chip timer.
RESET

This pin is used to reset the MCU and provide an or-
derly start-up procedure by pulling RESET low.

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PCO-PC7)

These 24 lines are arranged into three 8-bit ports (A,
B, and C). These ports are programmable as either inputs
or outputs under software control of the data direction
registers. Refer to PROGRAMMING for additional infor-
mation.

FIXED INPUT PORT (PD0-PD3)

These four lines comprise port D, a fixed input port.
Any special functions that are enabled (SPI) affect this
port. Refer to PROGRAMMING for additional information.

BP1-BP4

These four output lines provide the backplane drive
signals to the liquid crystal display unit.

FP1-FP24

These 24 output lines provide the frontplane drive sig-
nals to the liquid crystal display unit.

ALRT
This pin provides the tone generator output signal.

PROGRAMMING

Input/output port programming, fixed input port pro-
gramming, and serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin is programmable as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
initialized on reset but may be written to before setting
the DDR bits to avoid undefined levels.

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. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the 1/0 pin functions.

Table 1. I/O Pin Functions

RW* DDR 10 Pin Functions

0 0 The I/0O pin 1s in input mode. Data 1s
written into the output data latch.

0 1 Data 1s written into the output data latch
and output to the /0 pin.

1 0 The state of the /0 pin Is read

1 1 The I/0 pin is 1n an output mode. The
output data latch is read.

*R/W is an internal signal

e OUTPUT 0

DATA DIRECTION
-¢—p{  REGISTER
BIT
LATCHED
INTERNAL —={ OUTPUT DATA
MCGE8HCO5L6 BIT
CONNECTIONS

Figure 3. Typical Port I/0 Circuit

MOTOROLA MICROPROCESSOR DATA
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MC68HCO5L6

FIXED INPUT PORT PROGRAMMING

Port D is a fixed input port (PD0-PD3) that monitors the
external pins whenever the SPI is disabled. After reset,
all four bits become valid inputs because the special func-
tion drivers are disabled. For example, with the SPI en-
abled, PDO-PD3 inputs will read zero. With the SPI
disabled, PD0-PD3 will read the state of the pin at the
time of the read operation.

NOTE

Any unused inputs and I/Q ports should be tied to
an appropriate logic level (e.g., either Vpp or Vss).

SERIAL PORT (SPl) PROGRAMMING

The SPI uses the port D pins for its functions. The SPI
function requires four of the pins (PD0-PD3) for its serial
data input/output (MISO), serial data output/input (MOSI),
serial clock (SCK), and slave select (SS), respectively.

MEMORY

The MCU is capable of addressing 8192 bytes of mem-
ory and I/O registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check ROM, control
registers, LCD drivers, and /0. The user-defined reset and
interrupt vectors are located from $1FF0 to $1FFF.

The shared 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 infor-
mation.

NOTE

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

$oooo 0000 PORT A DATA REGISTER $00
110 PORTS PORT B DATA REGISTER $01
32 BYTES 7 BYTES
RAM) PORT C DATA REGISTER $02
803
“001F oom ONUSED PORT D FIXED INPUT REGISTER
$0020 2032 1 BYTE PORT A DATA DIRECTION REGISTER $04
USER ROM PORT B DATA DIRECTION REGISTER $05
48 BYTES pry—
s004F 0078 Lo DATA DIRECTION REGISTER $06
$0050 0080 2 BYTES NOT IMPLEMENTED $07
LCD DATA REGISTER 108
USER RAM
176 BYTES sl LCD ADDRESS REGISTER $09
3 BYTES SERIAL PERIPHERAL CONTROL REGISTER $0A
sooBf | _lom " SERIAL PERIPHERAL STATUS REGISTER $08
$00C0 STACK 0192 UNUSED SERIAL PERIPHERAL DATA 1/0 REGISTER s0c
S00FF 64 BYTES 0255 5 BYTES NOT IMPLEMENTED $0D
$0100 0256 NOT IMPLEMENTED $0E
TIMER NOT IMPLEMENTED $OF
USER ROM 10 BYTES
6144 BYTES NOT IMPLEMENTED #10
, NOT IMPLEMENTED $1
‘155 6399 s TIMER CONTROL REGISTER $12
$1800 o 6400 TIMER STATUS REGISTER $13
1516 BYTES INPUT CAPTURE HIGH REGISTER $14
SEE TEXT) INPUT CAPTURE LOW REGISTI
‘1568 Jors URE LOW REGISTER $15
$1EEC 7916 OUTPUT COMPARE HIGH REGISTER $16
SELF CHECK
244 BYTES OUTPUT COMPARE LOW REGISTER $17
e PM g COUNTER HIGH REGISTER $18
$1FEO SELF CHECK 8160 COUNTER LOW REGISTER $19
VECTORS ALTERNATE COUNTER HIGH REGISTER $1A
16 BYTES ALTERNATE COUNTER LOW REGISTER s18
$1FEF Fow 8175 NOT IMPLEMENTED $1C
$1FFO 8176
USER VECTORS NOT IMPLEMENTED ] s
‘Gnmfs NOT IMPLEMENTED $1E
S1FFE a191 NOT IMPLEMENTED $IF

Figure 4. Memory Map
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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 calculations
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-bit immediate value to create
an effective address. The index register may also be used
as a temporary storage area.

7 0

PROGRAM COUNTER (PC)

The program counter is a 13-bit register that contains
the address of the next byte to be fetched.

12 0
PC

STACK POINTER (SP)

The stack pointer is a 13-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 to location $00FF. The stack pointer
isthen decremented as data is pushed onto the stack and
incremented as data is pulled from the stack.

When accessing memory, the seven most significant
bits are permanently set to 0000011. These seven bits are
appended to the six least significant register bits to pro-
duce an address within the range of $00FF to $00CO.
Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer
wraps around and loses the previously stored informa-
tion. A subroutine call occupies two locations on the stack;
an interrupt uses five locations.

nnnnnnn -

CONDITION CODE REGISTER (CCR)

The CCR is a 5-bit register in which four bits are used
to indicate the results 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 paragraphs.

CCR

(o[ [n]z]c]

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 interrupt occurs while this bit is
set, the interrupt is latched and 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 one).

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.

SELF-CHECK

The self-check capability provides the ability to deter-
mine if the device is functional. Self-check is performed
using the circuit shown in Figure 5. Port C pins PC0O-PC3
are monitored for the self-check results. After reset, the
following seven tests are performed automatically:

/0 — Exercise of ports A, B, and C

RAM — Counter test for each RAM byte

ROM — Exclusive OR with odd ones parity result

Timer — Tracks counter register and checks OCF flag

Interrupts — Tests external, timer and SPl interrupts

LCD — Displays the SC number

SPI — Transmission test; checks SPIF, WCOL, and
MODF flags

Self-check results (using the LEDs as monitors) are
shown in Table 2. The following subroutines are available
to the user and do not require any external hardware.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The timer
test subroutine is called at location $1FOE. The output
compare register is first set to the current timer state.
Because the timer is free running and has only a divide-
by-four prescaler, each timer count cannot be tested. The
test reads the timer once every 10 counts (40 cycles) and
checks for correct counting. The test tracks the counter
until the timer wraps around, triggering the output com-
pare flag in the timer status register. RAM locations $0050
and $0051 are overwritten. Upon return to the user’s pro-
gram, X=40. If the test passed, A=0.
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Figure 5. Self-Check Circuit Schematic Diagram
Table 2. Self-Check Results ROM CHECKSUM SUBROUTINE
pc3 | pc2 | Pc1 | Pco Remarks This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The ROM
! 0 0 1 |Bad O checksum subroutine is called at location $1F7D with RAM
1 0 1 0 |[Bad RAM ' location $0053 equal to $01 and A=0. A short routine is
1 0 1 1 |Bad Timer set up and executed in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0050 through
! 1 0 0 |Bad ROM $0053 are overwritten. Upon return to the user’s program,
1 1 0 1 |Bad SPI X=0. If the test passed, A=0.
1 1 1 0 | Bad Interrupts or IRQ Request
Flashing Good Device RESETS
All Others Bad Device, Bad Port C, etc.
.The MCU can be reset two ways: by initial power-up
0 indicates LED is on; 1 indicates LED is off. and by the external reset input (RESET). The RESET input

.|
MOTOROLA MICROPROCESSOR DATA

2.Q47



MC68HCO5L6

consists mainly of a Schmitt trigger that senses the RE-
SET line logic level.

POWER-ON RESET (POR)

An internal reset is generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and should
not be used to detect a drop in the power supply voltage.
There is a 4064 internal processor clock cycle {tcyc) delay
after the oscillator becomes active. If the RESET pin is
low at the end of 4046 teye, the MCU will remain in the
reset condition until RESET goes high.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period of one and one-half machine
cycles (teyc)-

INTERRUPTS

The MCU can be interrupted four different ways: the
three maskable hardware interrupts {IRQ, SPI, and timer)
and the nonmaskable software interrupt instruction (SWI).

Interrupts cause the processor to save register contents
on the stack and to set the interrupt mask (| bit) to prevent
additional interrupts. The RTI instruction causes the reg-
ister contents to be recovered from the stack and normal
processing to resume. The stacking order is shown in
Figure 6.

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 the one already fetched
and being operated on.

When the currentinstruction is complete, the processor
checks all pending hardware interrupts. If unmasked (I
bit clear) and if the corresponding interrupt enable bit is
set, the processor proceeds with interrupt processing;
otherwise, the next instruction is fetched and executed.

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, regardless of the |-bit state.

Refer to Figure 7 for the reset and interrupt instruction
processing sequence.

TIMER INTERRUPT

There are three different timer interrupt flags that cause
atimer interrupt whenever they are set and enabled. The
interrupt flags are in the timer status register (TSR), and
the enable bits are in the timer control register (TCR).
Refer to TIMER for more information.

EXTERNAL INTERRUPT

If the interrupt mask bit (I bit) of the CCR is set, all
interrupts are disabled. Ciearing the | bit enables the ex-
ternal interrupt. The external interrupt is internally syn-
chronized and then latched on the falling edge of IRQ.
The action of the external interrupt is identical to the timer
interrupt_with the exception that the interrupt request
input at IRQ is latched internally and the service routine
address is specified by the contents of $1FFA and $1FFB.

Either a level-sensitive and edge-sensitive trigger, or
an edge-sensitive-only trigger are available as a mask
option. Figure 8 shows both a functional internal diagram
and a mode timing diagram for the interrupt line. The
timing diagram shows two treatments of the interrupt
line to the processor. The first method shows a single
pulse on the interrupt line spaced far enough apart to be
serviced. The minimum time between pulses is a function
of the length of the interrupt service. Once a pulse occurs,
the next pulse should not occur until an RTl occurs. This
time (tj|L) is obtained by adding 21 instruction cycles to
the total number of cycles it takes to complete the service
routine (not including the RTI instruction). The second
method shows many interrupt lines “wire-ORed" to form
the interrupts at the processor. If the interrupt line re-
mains low after servicing an interrupt, then the next in-
terrupt is recognized.

NOTE

The internal interrupt latch is cleared in the first part
of the interrupt service routine; therefore, one ex-
ternal interrupt pulse could be latched and serviced
as soon as the | bit is cleared.

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

7 0 STACK
al 1] ] 1] conomon cooe reaister rl¢
E * ACCUMULATOR T
INCREASING MEMORY | T ¢ | DECREASING MEMORY
ADDRESSES v INDEX REGISTER R ADDRESSES
Rlofafo] PCH R
N el v
UNSTACK :

—

NOTE: Since the Stack Pointer decrements during pushes, the
PCL is stacked first, followed by PCH, etc. Pulling from
the stack is in the reverse order.

Figure 6. Interrupt Stacking Order
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FROM
RESET

e CLEAR IO
EXTERNAL REQUEST
INTERRUPT LATCH

SPI
INTERNAL
INTERRUPT

STACK
PC X, A, CC
TIMER l
INTERNAL
INTERRUPT SET
18T

:

LOAD PC FROM:
TRO: $1FFA-$1FFB
TIMER: $1FF8-$1FF3
SPI: $1FF4-$1FF5

'

> COMPLETE
y INTERRUPT
FETCH ROUTINE
NEXT AND EXECUTE
INSTRUCTION 8Tl
EXECUTE
INSTRUCTION

Figure 7. Reset and Interrupt Processing Flowchart
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LEVEL SENSITIVE TRIGGER

INTERRUPT PIN

o1

EXTERNAL
INTERRUPT
REQUEST

1 BIT (CC)

/_r_r— POWER-ON RESET
EXTERNAL RESET

\—LL EXTERNAL INTERRUPT

BEING SERVICED (READ OF VECTORS)

{a) INTERRUPT FUNCTION DIAGRAM

Edge-S

Trigger Conditi

L} —q_j-— UK

e

T

fiuL

g
The minimum pulse width (t ) is either
125n8 (Vpp=5V) or250 ns (Vpp =3 V).
The period tj || should not be less than
the number of teyc cycles it takes to
execute the interrupt service routine plus
21 teyc cycles.

Level-S Trigger C

m e i ——f

If after servicing an interrupt the TRQ
remains low, then the next interrupt is
recognized.

I“ NORMALLY
L Useo wiTH

wo L

WIRE-ORed
CONNECTION

[

{b) INTERRUPT MODE DIAGRAM

Figure 8. External Interrupt

is zero, SWI executes after the other interrupts. The SWI
operation is similar to the hardware interrupts. The in-
terrupt service routine address is specified by the con-
tents of memory locations $1FFC and $1FFD.:

SPI INTERRUPTS

An interruptin the SPl occurs when one of the interrupt
flag bits in the serial peripheral status register is set,
provided the | bit in the CCR is clear and the enable bit
in the serial peripheral control register is set. Software
in the serial peripheral interrupt service routine must de-
termine the cause and priority of the SPI interrupt by
examining the interrupt flag bits in the SPI status register.

LOW-POWER MODES
STOP

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode, the internal os-

cillator is turned off, halting all internal processing in-
cluding timer, LCD, and SP| operation (refer to Figure 9).

During the STOP mode, the TCR bits are altered to
remove any pending timer interrupt request and to dis-
able any further timer interrupts. The timer prescaler is
cleared. The | bit in the CCR is cleared to enable external
interrupts. All other registers and memory remain unal-
tered. All input/output lines remain unchanged. The pro-
cessor can be brought out of the STOP mode only by an
external interrupt or reset.

SPI during Stop Mode

When the MCU enters the STOP mode, the baud rate
generator stops, terminating all master mode SPI oper-
ations. If the STOP instruction is executed during an SPI
transfer, that transfer halts until the MCU exits the STOP
mode by a low signal on the IRQ pin. If reset is used to
exit the STOP mode, then the SPI control and status bits
are cleared, and the SPI is disabled. If the MCU is in the
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slave mode when the STOP instruction is executed, the
slave SPI continues to operate and can still accept data
and clock information in addition to transmitting its own
data back to a master device.

At the end of a possible transmission with a slave SPI
in the STOP mode, no flags are set until a low on the IRQ
pin wakes up the MCU. Caution should be observed when
operating the SPI as a slave during the STOP mode be-
cause the protective circuitry (WCOL, MODF, etc.) is in-
active.

LCD during Stop Mode

When the MCU enters the STOP mode, the LCD is dis-
abled. The rate generator stops, the internal voltage gen-
erator is shut down, and all LCD pins are pulled to Vss.'
All LCD data is retained. If the IRQ pin is used to exit the
STOP mode, the LCD display can be re-enabled with a
bit in the LCD address register. If a reset is used to exit
the STOP mode, the LCD logic must be reconfigured be-

fore it can be used.
( sTOP )

STOP OSCILLATCR
AND ALL CLOCKS

CLEAR ) BIT

RESET

YES

EXTERNAL
INTERRUPT
(L]

/
TURN ON OSCILLATOR
WAIT FOR TIME
DELAY TO STABLIZE

(1) FETCH RESET VECTOR OR
{2) SERVICE INTERRUPT
a. STACK
b. SET I BIT
¢. VECTOR TO INTERRUPT
ROUTINE

Figure 9. STOP Function Flowchart

WAIT

The WAIT instruction places the MCU in a low-power
consumption mode, but the WAIT mode consumes more
power than the STOP mode. All CPU action is suspended,
but the timer, LCD, and SPI remain active (refer to Figure
10). An interrupt from the timer, or SPI can cause the
MCU to exit the WAIT mode.

During the WAIT mode, the | bit in the CCR is cleared
to enable interrupts. All other registers, memory, and
input/output lines remain in their previous state. The timer
may be enabled to allow a periodic exit from the WAIT
mode.

DATA RETENTION MODE.

The contents of RAM and CPU registers are retained
at supply voltages as low as 2.0 Vdc. This is called the
data retention mode where the data is held, but the device
is not guaranteed to operate. The MCU should be in RESET
during data retention mode.

TIMER

The timer consists of a 16-bit, software-programmable
counter driven by a fixed divide-by-four prescaler. This
timer can be used for many purposes, including input
waveform measurements while simultaneously gener-
ating an output waveform. Pulse widths can vary from
several microseconds to many seconds. Refer to Figure
11 for a timer block diagram.

Because the timer has a 16-bit architecture, each spe-
cific functional segment {capability) is represented by two
registers. These registers contain the high and low byte
of that functional segment. Generally, accessing the low
byte of a specific timer function allows full control of that
function; however, an access of the high byte inhibits
that specific timer function until the low byte is also ac-
cessed.

NOTE

The | bit in the CCR should be set while manipu-
lating both the high and low byte register of a spe-
cific timer function to ensure that an interrupt does
not occur.

COUNTER

~ The key element in the programmable timer is a 16-
bit, free-running counter or counter register, preceded by
a prescaler that divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0
microseconds if the internal bus clock is 2.0 MHz. The
counter is incremented during the low portion of the in-
ternal bus clock. Software can read the counter at any
time without affecting its value.

The double-byte, free-running counter can be read from
either of two locations, $18-$19 (counter register) or
$1A-$1B (counter alternate register). A read from only
the least significant byte (LSB) of the free-running counter
($19, $1B) receives the count value at the time of the read.
If a read of the free-running counter or counter alternate
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< WAIT ’

)

OSCILLATOR ACTIVE
TIMER, LCD, AND SPI
CLOCKS ACTIVE
PROCESSOR CLOCKS STOPPED

RESET

YES EXTERNAL

INTERRUPT
(IR

RESTART
PROCESSOR CLOCK

(1) FETCH RESET VECTOR OR
{2) SERVICE INTERRUPT

8. STACK

b. SET I BIT

¢. VECTOR TO INTERRUPT
ROUTINE

TIMER
INTERRUPT

SPI
INTERRUPT

Figure 10. WAIT Function Flowchart

register first addresses the most significant byte (MSB)
($18, $1A), the LSB ($19, $1B) is transferred to a buffer.
This buffer value remains fixed after the first MSB read,
even if the user reads the MSB several times. This buffer
is accessed when reading the free-running counter or
counter alternate register LSB ($19 or $1B) and, thus,
completes a read sequence of the total counter value. In
reading either the free-running counter or counter alter-
nate register, if the MSB is read, the LSB must also be
read to complete the sequence.

The counter alternate register differs from the counter
register in one respect: a read of the counter register MSB
can clear the timer overflow flag (TOF). Therefore, the
counter alternate register can be read at any time without
the possibility of missing timer overflow interrupts due
to clearing of the TOF.

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-
on reset, the counter is also preset to $FFFC and begins

running after the oscillator start-up delay. Because the
free-running counter is 16 bits preceded by a fixed divide-
by-four prescaler, the value in the free-running counter
repeats every 262,144 internal bus clock cycles. When the
counter rolls over from $FFFF to $0000, the TOF bit is set.
An interrupt can also be enabled when counter rollover
occurs by setting its interrupt enable bit (TOIE).

OUTPUT COMPARE REGISTER

The 16-bit output compare register is made up of two
8-bit registers at locations $16 (MSB) and $17 {LSB). The
output compare register is used for several purposes,
such as indicating when a period of time has elapsed. All
bits are readable and writable and are not altered by the
timer hardware or reset. If the compare function is not
needed, the two bytes of the output compare register can
be used as storage locations.

The output compare register contents are compared
with the contents of the free-running counter continually,

. _____________________________________________________________________________________|
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Figure 11. Timer Block Diagram

and if a match is found, the corresponding output com-
pare flag (OCF) bit is set and the corresponding output
level (OLCL) bit is clocked to an output level register. The
output compare register values and the output level bit
should be changed after each successful comparison to
establish a new elapsed timeout. An interrupt can also
accompany a successful output compare provided the
corresponding interrupt enable bit (OCIE) is set.

After a processor write cycle to the output compare
register containing the MSB ($16), the output compare
function is inhibited until the LSB {$17) is also wrnitten.
The user must write both bytes (locations) if the MSB is
written first. A write made only to the LSB ($17) will not
inhibit the compare function. The free-running counter is
updated every four internal bus clock cycles. The mini-
mum time required to update the output compare reg-
ister is a function of the program rather than the internal
hardware.

The processor can write to either byte of the output
compare register without affecting the other byte. The
output level (OLVL) bit is clocked to the output level reg-
ister regardless of whether the output compare flag (OCF)
is set or clear.

INPUT CAPTURE REGISTER

Two 8-bit registers, which make up the 16-bit input
capture register, are read-only and are used to latch the
value of the free-running counter after the corresponding
input capture edge detector senses a defined transition.
The level transition which triggers the counter transfer is
defined by the corresponding input edge bit (IEDG). Reset
does not affect the contents of the input capture register.

The result obtained by an input capture will be one
more than the value of the free-running counter on the
rising edge of the internal bus clock preceding the external
transition. This delay is required for internal
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synchronization. Resolution is one count of the free-

running counter, which is four internal bus clock cycles. -

The free-running counter contents are transferred to
the input capture register on each proper signal transition
regardless of whether the input capture flag (ICF) is set
or clear. The input capture register always contains the
free-running counter value that corresponds to the most
recent input capture. '

After a read of the input capture register ($14) MSB, .

the counter transfer is inhibited until the LSB ($15) is also
read. This characteristic causes the time used in the input
capture software routine and its interaction with the main
program to determine the minimum pulse period.

A read of the input capture register LSB ($15) does not
inhibit the free-running counter transfer since they occur
on opposite edges of the internal bus clock.

TIMER CONTROL REGISTER (TCR) $12

The TCR is a read/write register containing five control
bits. Three bits control interrupts associated with the timer
status register flags ICF, OCF, and TOF.

7 6 5 4 3 2 1 0
Lo Joce [roe [ o [ o [ o [iens] ot |
RESET:

0 0 0 0 0 0 u 0

ICIE — Input Capture Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
OCIE — Output Compare Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
TOIE — Timer Overflow Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
IEDG — Input Edge
Value of input edge determines which level transition
on TCAP pin will trigger free-running counter transfer
to the input capture register
1=Positive edge
0=Negative edge
Reset does not affect the IEDG bit (U =unaffected).
OLVL — Qutput Level
Value of output level is clocked into output level reg-
ister by the next successful output compare and will
appear on the TCMP pin
1=High output
0=Low output
Bits 2, 3, and 4 — Not used
Always read zero

TIMER STATUS REGISTER (TSR) $13

The TSR is a read-only register containing three status
flag bits.

1 5 5 4 3 2 1 0
Lok Joce [ror [ o [ o [ o] o o]
RESET.

u u u 0 0 0 0 0

ICF — Input Capture Flag
1=Flag set when selected polarity edge is sensed by
input capture edge detector
0=Flag cleared when TSR and input capture low reg-
ister ($15) are accessed
OCF — Output Compare Flag
1=Flag set when output compare register contents
match the free-running counter contents
0=Flag cleared when TSR and output compare low
register ($17) are accessed
TOF — Timer Overflow Flag
1=Flag set when free-running counter transition from
$FFFF to $000G occurs
0=Flag cleared when TSR and counter low register
($19) are accessed '
Bits 0-4 — Not used
Always read zero

Accessing the timer status register satisfies the first
condition required to clear status bits. The remaining step
is to access the register corresponding to the status bit.

A problem can occur when using the timer overflow
function and reading the free-running counter at random
times to measure an elapsed time. Without incorporating
the proper precautions into software, the timer overflow
flag could unintentionally be cleared if:

1) The timer status register 1s read or written when

TOF is set, and

2) The LSB of the free-running counter is read but not

for the purpose of servicing the flag.

The counter alternate register at address $1A and $1B
contains the same value as the free-running counter (at
address $18 and $19); therefore, this alternate register
can be read at any time without affecting the timer ov-
erflow flag in the timer status register.

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, but the
timer remains active. An interrupt from the timer causes
the processor to exit the WAIT mode.

TIMER DURING STOP MODE

In the STOP mode, the timer stops counting and holds
the last count value if STOP is exited by an interrupt. if
RESET is used, the counter is forced to $FFFC. During
STOP, if at least one valid input capture edge occurs at
the TCAP pin, the input capture detect circuit is armed.
This does not set any timer flags nor wake up the MCU,
but when the MCU does wake up, there 1s an active input
capture flag and data from the first valid edge that oc-
curred during the STOP mode. If RESET is used to exit
STOP mode, then no input capture flag or data remains,
even if a valid input capture edge occurred.

LIQUID CRYSTAL DISPLAY DRIVER
AND TONE GENERATOR

This MCU contains liquid crystal driver (LCD) circuits
and a tone generator.
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LCD DRIVER

Figure 1z is afunctional block diagram of the LCD driver
circuit. The LCD address selects one of the 12 LCD data
latches which the processor can read or write. The LCD
data register will contain the data that is in the addressed
latch. The data can either be read by the processor, or
new data can be written.

The first write to the LCD address register sets the con-
figuration register. This data must contain the following
information:

Fast charge on or off

Selection of x3 or x4 multiplexing

Selection of voltage generator

Selection of crystal/LCD operating frequency ratio
After the first write, the LCD address register retains only
address information, and the configuration register is not
modified.

The LCD address register data is a binary number rang-
ing from zero to eleven. A pointer associated with the
address register selects the LCD data latch for each digit.
As soon as a latch is selected, the data in that latch 1s
available at the LCD data register ($08) for use by the
processor. The LCD data latches are dual port, accessible
from both the LCD data register and the scan logic. While
the processor is reading or writing the LCD data register,
the data in the addressed latch is also being read by the
scan logic circuits. The circuits read the contents of the
LCD data latches and move that data to the LCD driver
circuit where the proper frontplane (FPx) and backp!ane
(BPx) outputs are generated to select the desired pixels.

Figure 13 is a map of the relationship of the individual
backplane/frontplane pins to the individual LCD data latch

bit positions. This is shown for x4 multiplexing. in X3
multiplexing, each BP4 position is not available.

Voltage Generator

The voltage generator divides the LCD voltage (V| [)
into the 2/3, 1/3 voltage components required by multi-
plexed LCDs. These voltage levels are supplied to the
driver circuits. This MCU has two voltage generators (high
and low power) for use with large or small displays. Ad-
ditional circuits supply even higher current for the fast-
charge option.

The fast-charge option is used to quickly charge the
capacitance of very large displays by using an extra high-
current voltage generator for a very short period after
each backplane or frontplane signal edge. The voltage
generator also contains additional supplies that are used
for larger displays. The fast-charge option is available for
both the high- and low-power voltage generators.

Tone Generator

The tone generator is a counter that uses the crystal
frequency input to produce an audio frequency square
wave at the ALRT pin. (The ratio between the processor
clock frequency and the tone frequency is determined by
a user mask option.) The controls for the tone generator
are located in the LCD address register. Figure 14 is a
simplified diagram of the tone generator. The crystal fre-
quency table shown in Figure 14 provides a list of the
tone output frequencies provided by some of the more
common crystal frequencies and the four divider options
available.

INTERNAL DATA BUS
Lco LD
ADDRESS DATA
REGISTER REGISTER
12 =
POINTER LCD SCAN g
LOGIC DATA L0GIE w
LATCHES g
o
[ 2
VOLTAGE -
GENERATOR
ViL
23 Vi
JEKTY
V
ss &
i/ L N\
TONE BACKPLANE [ CONFIGURATION
™| GENERATOR LCD DRIVERS GENERATOR PRESCALER REGISTER
CRYSTAL
FREQUENCY g Z|8] o 0 oF|8 P BN g INTERNAL
INPUT =< e = PROCESSOR
= ! CLoeK

Figure 12. LCD Driver Circuits — Functional Block Diagram
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LCD DATA LATCH 00 7 8 § 4 3 2 1 0
($00)( BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FPO2 FPO1
* LCD DATA LATCH 01 7 8 5 4 3 2 1 0
($01)} BP4 BP3 BP2 8P1 BP4 BP3 BP2 BP1

FPO4 FPO3
LCD DATA LATCH 02 7 § 5 4 3 2 1 0
($02) BP4 BP3 BP2 8P1 8P4 BP3 BP2 BP1

FPO6 FPOS
LCD DATA LATCH 03 7 6 5 4 3 2 1 0
($03)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FPO8 FPO7
LCD DATA LATCH 04 7 6 5 4 3 2 1 0
($04)| BP4 BP3 BP2 BP1 BP4 BP3 B8P2 BP1

FP10 FPO9
LCD DATA LATCH 05 7 6 5 4 3 2 1 0
($05)( BP4 BP3 BP2 BP1 BP4 B8P3 BP2 | 8P

P12 FP11
LCD DATA LATCH 08 7 6 5 4 3 2 1 0
($06)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP14 FP13
LCD DATA LATCH 07 7 6 5 4 3 2 1 0
($07)| BP4 BP3 B8P2 BP1 BP4 BP3 BP2 BP1

FP16 FP15
LCD DATA LATCH 08 7 6 5 4 3 2 1 0
($08)( BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP18 P17
LCD DATA LATCH 09 7 6 5 4 3 2 1 0
($09)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP20 FP18
LCO DATA LATCH 10 7 6 5 4 3 2 1 0
($0A)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP22 FP21
LCD DATA LATCH 11 7 6 5 4 3 2 1 0
($0B)| BP4 8P3 BP2 BP1 BP4 B8P3 BP2 BP1

FP24 FP23

Figure 13. Relationship of Backplane/Frontplane Pin to LCD Data Latch Bit

___________________________________________________________________________________|
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CRYSTAL FREQUENCY | LCO ADDRESS REG. l
OPTION - —
8.383 MHz | 4.184 MHz | 2.097 MHz | 0.528 MH: = e
AN=1024| 2048 1024 512 128 2 @
BN=512 | 4096 2048 1024 512
CN=256 | 8192 4096 2048 1024 CONTROL LOGIC
DN=54 32768 | 16384 8192 4096
CRYSTAL
FREQUENCY

INPUT I

ALRT
DIVIDE BY 2 l—.[ DIVIDE BY N ]——bl OIVIDE BY 2

Figure 14. Tone Generator Simplified Diagram

LCD Address Register $0009

The LCD address register points to one of the twelve
data latches.

7 § 5 4 3 2 1 0
| on [ wor [ 1on [ vor [ ars [ ame | ami | awo |

RESET
0 0 0 0 0 0 0 0

LON — LCD Drivers On
Writing a one to this bit turns on the LCD drivers.
This bit always reads zero.

LOF — LCD Drivers Off
Writing a one to this bit turns off the LCD drivers.
Reset also disables the LCD drivers. This bit always
reads zero.

TON — Tone Generator On
Writing a one to this bit turns on the tone generator.
This bit always reads zero.

TOF — Tone Generator Off
Writing a one to this bit turns off the tone generator.
Reset also turns off the tone generator. This bit al-
ways reads zero.

AR3-AR0 — Address Register Select
A binary number from zero to 11 written in these bits
selects the data latch to be used.

LCD Configuration Register $0009
The LCD configuration register i1s available only for the
first write after a reset at the same address as the LCD
address register.
7 6 5 4 3 2 1 0

[ erc | x3 [von [ rme [ rma [ fm2 [ #m1 [ R0 |

RESET
0 0 0 0 0 0 0 0

EFC — Enable Fast Charge
1="Fast charge enabled
0="Fast charge disabled

x 3 — Times 3 Multiplexing Mode
1=Times 3 multiplexing enabled
0=Times 4 multiplexing enabled
VGN — Voltage Generator Select
1 =High-current voltage generator selected
0=Low-current voltage generator selected
FR4-FRO — Operating Frequency Ratio
A binary number in these bits selects the operating
frequency ratio as shown in Table 3.

LCD Data Register $0008

The LCD data register accepts data from the processor
that goes to the LCD data latch selected by the LCD ad-
dress register. The LCD data register also contains the
data present in the LCD data latch addressed by the LCD
address register for reading by the processor. This reg-
ister is initialized whenever a write to the LCD address
register occurs.

LCD Driver and Tone Generator During WAIT Mode

The LCD driver circuits and tone generator are not af-
fected by the WAIT instruction.

LCD Driver and Tone Generator During STOP Mode

The LCD driver circuits and tone generator are disabled
by the STOP instruction.

Determining Proper Levels for V|

The VL supply, which is the operating voltage for LCD
drive circuits, can range from 3 to 6 V, as required by the
display in use. The MCU has internal level transiators so
that the LCD driver voltage {V[ |} is independent of the
MCU operating voltage (Vpp). Either voltage may be
higher than the other.

Figure 15 shows a circuit that can be used to determine
the optimum V|| level. The final design could use two
fixed resistors in place of the potentiometer.

Most LCD displays have a temperature coefficient of
-8 mV/°C. A temperature compensated V|| supply is
shown in Figure 16.

To determine which voltage generator to use and
whether the fast-charge feature is needed, connect the
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Table 3. Operating Frequency Ratio

FR4 FRO | Xtal/LCD Bus/LCD | FR4 FRO | Xtal/LCD | Bus/LCD
00000 512 256 10000 2048 1024
00001 1024 512 10001 4096 2048
00010 2048 1024 10010 8192 4096
00011 4096 2048 10011 16348 8192
00100 8192 4096 10100 32768 16348
00101 16384 8192 10101 65536 32768*%
00110 32768 16384 10110 131072 65536
00111 65536 32768% 1011 262144 131072
01000 1536 768 11000 6656 3328
01001 3072 1536 11001 13312 6656
01010 6144 3072 11010 26624 13312
01011 12288 6144 11011 53248 26624
01100 24576 12288 11100 106496 53248
01101 49152 24576 11101 212992 106496
01110 98304 49152 11110 425984 212992
01111 196608 98304 11111 851968 425984

Example; ¥60-Hz LCD with a 4-MHz crystal.
voe vee
. 10 k2
:g I';‘IIRNS ET Vi 10 TURNS VL
R
0.1 uf

I {BYPASS)

Figure 15. Test Circuit for Determining
VLL Drive Level

MCU and LCD as it will be in the final product (using the
final printed circuit board, crystal, etc., if possible) and
examine the LCD driver waveform with an oscilloscope
and low-capacitance probe. Choose the combination that
yields the best waveforms (least noise).

Most displays can be driven with the fast charge dis-
abled. Fast charge is usually required for only very large
displays.

LCD Software Examples

The following software segments are examples of load-
ing the registers to perform a total display change, to
scroll left, and to scroll right.

Total Display Change

I {BYPASS)

Figure 16. Test Circuit for Incorporating Temperature
Compensation in the VL Supply

NOTE

The parenthetical number in the comment column
of the listing represents the number of machine
cycles that it takes to execute the given line of code.
This information is provided to assist you in deter-
mining the time required to execute the examples.

Seven-Segment Display Connections

Figures 17 and 18 provide correlation between the
frontplane and backplane outputs of the MCU and a typ-
ical seven-segment LCD. Both the x3 and x4 multiplex-
ing modes are covered.

LDX #1 {2) Initialize the pointer
LOOP STX ADDREG {4) Point to the desired data register
LDA DATA, X (4) Fetch the data
STA DATREG  {4) Store the data
DEX (3) Update the data pointer
BPL LooP

11 Bytes, 218 Cycles

(3) Branch unless finished
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Scroll Left
LDX #1 (2) Initialize the pointer
LOOP1 STX ADDREG (4} Point to the desired data register
LDA DATREG  (3) Fetch the data
DEC ADDREG (5) Point to the previous data register
STA DATREG  (3) Store the data

INX (5) Update the data pointer

CMPX  #12 (2) Are we finished?
BNE LOOP1 (3) Branch if no
15 Bytes, 302 Cycles
Scroll Right
LDX #10 (2) Initialize the pointer
LoOP2 STX ADDREG (4) Point to the desired data register
LDA DATREG  (3) Fetch the data
INC ADDREG (5) Point to the next data register
STA DATREG  (4) Store the data
DEX (3) Update the data pointer
BPL LOOP2 (3} Branch unless finished

13 Bytes, 266 Cycles

SEGMENT TRUTH TABLE*
e b FP1 FP2
BP1 BP1 al el
f BP2 bt fl
BP2 BP3 cl q!
BP4 d1 h1
g c
BP3 *Since there 1s no standard for back-
h -d plane and frontplane connections on
BP4 || multiplexed displays, this truth table may
be used for this example only.
FP1 FP2 FP3 FP4 FP23 FP24
BP1 al el a2 e2 al2 el2
BP2 b1 f1 b2 f2 b12 f12
BP3 cl gl c2 g2 .. c12 gi2
BP4 d1 h1 d2 h2 di2 hi2
DIGIT 1 DIGIT 2 DIGIT 12

Figure 17. Frontplane and Backplane Connections to a Multiplexed-by-Four Seven-Segment LCD
{Includes Decimal Point)

Multiplexed Segmented Display Waveforms

Figure 19 shows examples of the waveforms generated
by the LCD driver circuits for application to multiplexed
displays.

SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SP} is an interface built
into the MCU which allows several MCUs or MCUs plus
peripherals to be interconnected within the same black
box. In the SPI format, the clock is not included in the

data stream and must be furnished as a separate signal.
An SPI system may consist of one master MCU and sev-
eral slaves (Figure 20) or MCUs that can be either masters
or slaves.

Features:

Full-duplex, three-wire synchronous transfers
Master or slave operation

1.05 MHz (maximum) master bit frequency
2.1 MHz (maximum) slave bit frequency

Four programmable master bit rates
Programmable clock polarity and phase

o 0 00
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FP1 FP2  FP3
a a
T
BP1 L
f b SEGMENT TRUTH TABLE*
BP2 f
FP1 FP2 FP3
g g
BP1 T al b1
BP2 fl gl cl
BP3 el d1 DP1
BP3 £ ¢ e
d 0P d DP *Since there 1s no standard for backplane and front-
plane connections on multiplexed displays, this truth
table may be used for this example only
FP1 FP2 FP3 |[FP4 FP23 FP24
BP1 T al b1 T2 e a8 e8
BP2 f1 gl cl f2 . b8 8
BP3 el d1 DP1 |e2 c8 g8
DIGIT 1 DIGIT 2 DIGIT 8

Figure 18. Frontplane and Backplane Co’nnections to a Multiplexed-by-Three Seven-Segment LCD
{Includes Decimal Point and Annunciator)

® End-of-transmission interrupt flag
® Write collision flag protection
® Master-master mode fault protection capability

SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, and SS) are
described in the following paragraphs. Each signal func-
tion is described for both master and slave mode.

Master Out, Slave In

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

Master In, Slave Out

The master in, slave out (MISO) line is configured as
an input in a master device and as an output in a slave
device. The MISO is one of two lines that transfer serial
data in one direction with the most significant bit sent
first. The MISO line of a slave device is placed in a high-
impedance state if slave is not selected {SS=1).

Serial Clock

The serial clock (SCK) is used to synchronize both data
in and out of a device via the MOSI and MISO lines. The
master and slave devices can exchange a byte of infor-
mation during a sequence of eight clock cycles. Since
SCK is generated by the master device, this line becomes
an input on a slave device.

As shown in Figure 21, four possible timing relation-
ships may be chosen by using control bits CPOL and
CPHA in the serial peripheral control register (SPCR). Both
master and slave devices must operate with the same
timing. '

Two bits (SPRO and SPR1) in the SPCR of the master
device select the clock rate. In a slave device, SPR0O and
SPR1 have no effect on SPI operation.

Slave Select

The slave select (SS} input line selects a slave device.
The SS line must be low prior to data transactions and
must stay low for the duration of the transaction. The SS
line on the master must be tied high; if the SS line goes
low, a mode fault error flag (MODF) is set in the serial
peripheral status register (SPSR). .

When CPHA =0, the shift clock 1s the OR of SS with
SCK. In this clock phase mode, SS must go high between
successive characters in an SPl message. When CPHA=1,
SS must go high between successive characters in an
SPl message. When CPHA =1, SS may be left low for
several SP| characters. In cases where there is only one
SPI siave MCU, the slave MCU SS line could be tied to
Vgg as long as CPHA =1 clock modes are used.

FUNCTIONAL DESCRIPTION

A block diagram of the SPI is shown in Figure 22. In a
master configuration, the CPU sends a signal to the mas-
ter start logic, which originates an SPI clock (SCK) based
on the internal processor clock. As a master device, data
is parallel loaded into the 8-bit shift register from the
internal bus during a write cycle and then serially shifted
via the MOSI pin to the slave devices. During a read cycle,
data is applied serially from a slave device via the MISO
pin to the 8-bit shift register. Data is then parallel trans-
ferred to the read buffer and made available to the in-
ternal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives
a logic low at the SS pin and a clock input at the SCK
pin. This synchronizes the slave with the master. Data
from the master is received serially at the slave MOSI pin
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Figure 19. Multiplexed Segmented Display Waveforms (Sheet 1 of 2)
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Figure 19. Multiplexed Segmented Display Waveforms (Sheet 2 of 2)
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MB805 HCMOS SLAVE 0

MISO  SCK |
|_Most S8
&

- o
WO

—

| [=

MOSI 85
MISO  SCK

M6805 HCMOS SLAVE 3

MosI

MISO  SCK

55 |

MOSI
MISC  SCK

MG6B05 HCMOS SLAVE 2

M6805 HCMOS SLAVE 1

DATA OUT (CPHA=1)

DATA 0UT (CHPA =0}

(s) SINGLE MASTER, FOUR SLAVES

Figure 20. Master-Slave System Configuration

SCK (CPOL=0) I l | l I I I l I |
SCK (CPOL=1) l I l I l 4 I l l | I

$S* (SLAVES) |

A

-

SAMPLE INPUT

SAMPLE INPUT

SB
]

¥

¥
XX )

)

{
B
1

IT6

|
b

MSB
[

Y 14 ¥
Xj(slr X _ss X O~

Figure 21. Data Clock Timing Diagram

MISO
INTERNAL
PROCESSOR SCK (PD2)  (PDO) MOS! (PD1}
CLOCK A
[
READ
MASTER >
RATE START o [ 8 INTERNAL
GENERATOR o [ > READ BUFFER  (0ap) J7l—_)_<_> DATA
BUS
s0C ? 8 *"
5 8-BIT SHIFT (FULL)
_ SLAVE REGISTER i;z <
55 (PD3) (SEE NOTE) e n
LoGIC < WRITE
2
STATE
CONTROL '._Mnuum
SPCR BITS
$0A

SPSR
$0B

3
FLAGS

Figure 22. SPI Block Diagram
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and shifted into the 8-bit shift register for a parallel trans-
fer to the read buffer. During a write cycle, data is parallel
loaded into the 8-bit shift register from the internal data
bus, awaiting the clocks from the master to shift out se-
rially to the MISO pin and then to the master device.

Figure 23 illustrates the MOSI, MISO, SCK, and SS
master-slave interconnections.

REGISTERS

There are three registers in the SPI that provide control,
status, and data storage functions. These registers, the
serial peripheral control register (SPCR), serial peripheral
status register (SPSR), and serial peripheral data /O reg-
ister (SPDR), are described in the following paragraphs.

Serial Peripheral Control Register $0A

The SPCR provides control of individual SPI functions
such as interrupt and system enabling/disabling, master/
slave mode select, and clock polarity/phase/rate select.

7 § 5 4 3 2 1 0
[ spie | se | — [mstr| cro [ ceua | seri | seao |
RESET:

0 o - 0 U u U u

SPIE — Serial Peripheral Interrupt Enable
1=SPI interrupt enabled
0=SPI interrupt disabled
SPE — Serial Peripheral System Enable
1=SPI system on
0=SPI system off
MSTR — Master Mode Select
1=Master mode
0=Slave mode
CPOL — Clock Polarity
Clock polarity bit controls the clock value and is used
in conjunction with the clock phase (CPHA) bit.
1=SCK line idles high
0=SCK line idles in low state
CPHA — Clock Phase
Clock phase bit along with CPOL controls the clock-
data relationship between the master and slave de-
vices. CPOL selects one of two clocking protocols.
1=S8S is an output enable control.

0=Shift clock is the OR of SCK with SS.
When SS is low, first edge of SCK invokes first
data sample.
SPRO, SPR1 — SPI Clock Rate Bits
Two clock rate bits are used to select one of four clock
rates to be used as SCK in the master mode. In the
slave mode, the two clock rate bits have no effect. Clock
rate selection is shown in the following table.
Bit 5 - Not used
Can read either one or zero

SPI Clock Rate Selection

SPR1 SPRO Internal Processor
Clock Divided By

0 0 2

0 1 4

1 0 16

1 1 32

Serial Peripheral Status Register $0B
The SPSR contains three status bits.

7 6 5 4 3 2 10
spr Jwool [ — [moor| — [ - [ = [ — |
RESET

o o — o - - - -

SPIF — Serial Peripheral Data Transfer Flag
1=Indicates data transfer completed between pro-
cessor and external device.
(If SPIF=1 and SPIE=1, SPI interrupt I1s ena-
bled.)
0=_Clearing is accomplished by reading SPSR (with
SPIF=1) followed by SPDR access.
WCOL — Write Collision
1=Indicates an attempt i1s made to write to SPDR
while data transfer is in process.
0=_Clearing is accomplished by reading SPSR (with
WCOL= 1), followed by SPDR access.
MODF — Mode Fault Flag
1=Indicates multi-master system control conflict.
0=_Clearing 1s accomplished by reading SPSR (with
MODF = 1), followed by a write to the SPCR.

MASTER . | SLAVE
| 1
‘ | 1 MISO MISO |
| 8 BIT SHIFT REGISTER - . 8-BIT SHIFT REGISTER
l
f . \ )
{ Mos! MoS!
o 1 1
1 1
| |
SPI ! scx SCK !
CLOCK GENERATOR > > ' .
1 1
1§ §s 1

Figure 23. SPI Master-Slave Interconnections
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Bits 0-3, and 5 — Not used
Can read either zero or one

Serial Peripheral Data /O Register $0C

The SPDR is a read/write register used to receive and
transmit SPI data.

7 6 5 4 3 2 1 0
r SPD7 | SPD6 | SPD5 ] SPD4 | SPD3 | SPD2 | SPD1 | SPDO I
RESET

U U u u u U U U

A write to the SPDR places data directly into the shift
register for transmission. Only a write to this register will
initiate transmission/reception of another byte and will
only occur in the master device. On completion of byte
transmission, the SPIF status bit is set in both master and
slave devices.

A read to the SPDR causes the buffer to be read. The
first SPIF status bit must be cleared by the time a second
data transfer from the shift register to the read buffer
begins, or an overrun condition will exist. In overrun cases,
the byte causing the overrun is lost.

INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

This MCU uses all the instructions available in the
M146805 CMOS Family plus one more: the unsigned
multiply (MUL) instruction. This instruction allows un-
signed multiplication of the contents of the accumulator
(A) and the index register (X). The high-order product is
then stored in the index register, and the low-order prod-
uct is stored in the accumulator. A detailed definition of
the MUL instruction is shown below.

Operation X:A X*A

Description | Multiplies the eight bits in the index register
by the eight bits in the accumulator to obtain
a 16-bit unsigned number in the concatenated
accumulator and index register

Condition H: Cleared

Codes I. Not affected
N. Not affected
Z: Not affected
C: Cleared

Source MUL

Form(s) Addressing

Mode Cycles Bytes Opcode
Inherent 1 1 $42

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 list.

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 SuB
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
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 (Twos 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
Multiply MUL

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit which resides in the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions are all implemented
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with a single instruction. 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 manipulation instructions.

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

Function

Branch if Bit n is Set

Branch if Bit n is Clear
Set Bit n

Clear Bit n

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 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 BLO
Branch if Not Equal BNE
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 i1s 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 BSR

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 [o{R}

Function Mnemonic

Software Interrupt SwWI
Return from Subroutine RTS
Return from Interrupt RTI

Reset Stack Pointer RSP
No-Operation NOP
Stop STOP
Wait WAIT

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; the longest instructions (three bytes) permit
accessing tables throughout memory. Short and iong ab-
solute addressing 1s also included. One- or two-byte di-
rect addressing instructions access all data bytes in most
applications. 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., 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. When using
the Motorola assembler, the user need not specify whether
an instruction uses direct or extended addressing. The
assembler automatically selects the shortest form of the
instruction.
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Table 4. Opcode Map

Bit Manipulation Branch Read/Modify/Write Control Register/Memory
BTB BSC REL DIR INH INH 1X1 1X INH [ INH IMM DIR EXT 1X2 1X1 1X
Hi 0 1 2 3 4 5 6 7 8 9 A 8 [ D E F Hi
Low 0000 0001 0010 0011 0100 0101 0110 01 1000 1001 1010 w1 1100 101 110 um Low
5 5 3 5 3 3 6 5 9 2 0 5 3 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI SuB sus sus SuB SuB SuB 0
o000 |3 BTB{2 BSC|2 REL |2 DR (1 INH {1 INH | 2 1x1|1 x|t INH 2 mm(2 DIR{3 £XT x2(2 1|1 x| 0000
5 5 3 6] 2 3 3 5 4 3
1 BRCLRO { BCLRO BRN RTS cmp CMmP CMP CMP CMP CMP 1
o001 |3 BTB{2  BSC|2 REL 1 INH 2 IMMm|2 DIR |3 EXT |3 1X2|2 1x1]1 x| o001
5 5 3 n 3 3 ] 5 q 3
2 BRSET1 | BSET1 BHI MUL SBC SBC SBC SBC SBC SBC 2
oot |3 BTB|2  BSC|2 REL 1 INH 2 iMm|2 DIR [3 EXT |3 1x2|2 X141 x| o010
5 B 3 5 3 3 3 5 0 2 3 O 5 a 3
3 BRCLR1 BCLR1 BLS coMm COMA COMX CcoM COM sSwi CPX CPX CPX CcPX CcPX CPX 3
oot f3 " BTBl2  BSc|2 REL |2 DIR|1 INH {1 INH [2 Ix1]1 Ix{1 INH 2 Imm|2 OIR (3 7|3 xz|2 iX1|1 x| oon
5 5 3 5 3 3 3 5 2 3 0 S 2 3
4 BRSET2 | BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 |3 BTB|2  Bsc|2 REL |2 DIR{1 INH |1 INH |2 xij1 X 2 IMM[2 DIR |3 7|3 x2|2 X1 |1 X[ 0100
5 5 3 3 4 5 0 3
5 BRCLAR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
0100 |3 BTB|2  BSC|2 REL 2 imm|2 DR |3 ExT |3 2|2 1x1]1 X[ oiot
5 3 3 5 3 3 3 5 2 3 0 5 ] 3
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
oo |3 8T8|2  BSC|2 REL |2 DIR |1 INH [ 1 INH | 2 xi[1 1X 2 IMM|[2 DIR |3 EXT|3 2|2 1|1 x| oo
5 5 3 5 3 3 3 5 4 5 3 B 4
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
ot |3 BTB{2  BSC|2 REL |2 DIR|1 INH |1 INH |2 ixi]1 1X 1 INH 2 DIR |3 EXT [3 2|2 X1 [1 x| om
5 5 3 5 3 3 3 5 F3 2 3 3 5 0 3
8 BRSET4 BSET4 BHCC LsL LSLA LsSLx LsL LsL - cLe EOR EOR EOR EOR EOR EOR 8
1000 |3 " BTB|2  Bsc|2 REL |2 DIR |1 INH |1 INH |2 xi|1 1x 1 INH|2 MM |2 DIR |3 EXT |3 1x2|2 x1]1 x| 1000
5 5 3 5 3 3 3 5 E2 3 3 a 5 4 3
9 BRCLR4 | BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 |3 BTB|2  BSC|2 REL |2 DIR {1 INH {1 INH | 2 x1[1 X 1 INH[2 MM |2 DIR | 3 EXT |3 x2|2 X1 1 x| 1001
5 5 3 5 3 3 3 5 2 3 3 0 5 q 3
A BRSETS | BSETS BPL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
010 |3 BTBj2  BSC|2 REL[2 DR |1 INH |1 INH |2 x1]1 X 1 INH[2 MM |2 DIR 3 7|3 1x2|2 X1t x| 1010
5 5 F3 F3 3 T 5 q 3
B BRCLR5 | BCLR5 BMI SEI ADD ADD ADD ADD ADD ADD B
1ot |3 BTB|2  BSC|2 REL 1 INH|[2 MM |2 DIR {3 EXT |3 x2|2 1x1]1 x| 1o
5 5 3 5 3 3 6 5 2 3 3 D 3 2
[ BRSET6 | BSET6 BMC INC INCA INCX INC INC RSP JMP JMP Jmp JmP JMP [
100 |3 8TB|2  BSC|2 REL |2 DIR |1 INH |1 INH | 2 x1]1 X 1 INH 2. DR|3 EXT[3 2|2 X1 1 x| 1100
5 5 3 0 3 3 5 4 3 3 5 € 7 G 5
D BRCLR6 | BCLR6 BMS TST TSTA TSTX TsT TST NOP BSR JSR JSR JSR JSR JSR D
101 |3 BTB|2  BSC|2 REL|2 DIR|1 INH |1 INH |2 X1 |1 1X 1 INH |2 REL |2 DIR|3 EXT|3 x2|2 ix1[1 x| ot
5 3 3 2 3 3 ) 5 0 3
E BRSET7 BSET7 BIL STOP LDX LDX LOX LDX LDX LDX E
110 (3 BTB|2  BSC|2 REL 1 INH 2 iMmf2 DIR|3 EXT |3 x2|2 X1{1 O x| 1o
5 5 3 5 3 3 3 5 2 F3 0 5 € 5 )
5 BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
1M (3 BTB|2  BSC|2 REL|2 DIR {1 INH | 1 INH | 2 ix1]1 x| 1 INH |1 INH 2 DIR |3 EXT |3 x2|2 1x1{1 X{ 1n
Abbreviations for Address Modes
INH Inherent .
A Accumulator Legend
X index Register
IMM  Immediate F Opcode 1n Hexadecimal
DIR  Direct Ml
EXT Extended 3
REL Relative Mnemonic - > SUB 0 :
BSC Bit Set/Clear Bytes ———————t 1 IX{ 0000 - Opcode in Binary
BTB Bit Test and Branch / \ -
X Indexed (No Offset) Cycles Address Mode
iX1  Indexed, 1 Byte (8-Bit) Offset
IX2  Indexed, 2 Byte (16-Bit) Offset
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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. The programmer need not calculate
the offset when using the Motorola assembler, since it
calculates the proper offset and checks to see that it Is
within the span of the branch.

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. 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/0 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 address mode can be used in a manner
similar to indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode, and the byte following
the opcode specifies the direct addressing of the byte in
which the specified bit is to be set or cleared. Any read/
write bit in the first 256 !ocations 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 that is to be tested and i1ts 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 specified 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 1s
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 1s 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.

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS (Voltages referenced to Vsg)

Rating Symbol Value Unit This device contains circuitry to protect the in-
puts against damage due to high static voltages
Supply Voltage Vpp | -03t0 +70 | V or electric fields; however, it 1s advised that nor-
Input Voltage Vin Vgg —0.3 to Y mal precautions be taken to avoid application of
Vpp +03 any voltage higher than maximum-rated voltages
— to this high-impedance circuit. For proper oper-
e ation, it 1s recommended that an e
Self-Check Mode ({IRQ Pin Only) Vin VS\S/ 03(;0 \Y ded that V, and Vout b
2xVpp+03 constrained to the range Vgg = (Vin or Vout) <
Current Drain Per Pin Excluding | 25 mA Vpp. Reliability of operation is enhanced if un-
Vpp and Vsg used inputs are connected to an appropniate logic
1t. level ., either V \
Operating Temperature Range TA TLto TH °C voltage level (e ., either Vss or Vpp)
MC68HCO5L6 Oto +70
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance 0JA °C/W
Plastic Leaded Chip Carrier {PLCC) 70
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POWER CONSIDERATIONS

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

Ty=Ta+{Pp-6ja) (1)

For most applications P;o<P|NT and can be neglected.
The following is an approximate relationship between
Pp and T (if P, is neglected):

where: Pp=K— (T +273°C) (2)
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives:

0jA = Package Thermal Resistance, K=Pp* (Tp+273°C) + 0 APD? 3)

Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K

Pp =PINT*+Pro can be determined from equation (3) by measuring Pp

PINT = lcc X Ve, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K,

Plo = Power Dissipation on Input and Output the values of Pp and T j can be obtained by solving equa-

Pins — User Determined

DC ELECTRICAL CHARACTERISTICS

tions (1) and (2) iteratively for any value of Tp.

(Vpp =5.0 Vdc +10%, Vg5 =0 Vdc, TA=T| to TH, unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Output Voltage, I gad<100 pA VoL - — 0.1 \
VoH Vpp-0.1 — -
Output High Voltage VOH \
(ILoad =0.8 mA) PA0O-PA7, PB0-PB7, PCO-PC7, TCMP (see Figure 25) Vpp-0.8 — —
Output Low Voltage (see Figure 26) VoL _ — 04 \
{ILoad= 1.6 mA) PA0-PA7, PB0O-PB7, PCO-PC7, TCMP
Input High Voltage . VIH 0.7 xVpp — VoD \
PA0-PA7, PB0-PB7, PCO-PC7, PDO-PD3, TCAP, IRQ,
RESET, 0SC1
Input Low Voltage — ViL Vss — 0.2xVpp \
PAQ-PA7, PB0O-PB7, PCO-PC7, PDO-PD3, TCAP, IRQ,
RESET, 0SC1
Data Retention Mode (0° to 70°C) VRM 2.0 —_ — \
Supply Current (see Notes) IpD
Run (see Figures 27 and 28) — 35 7.0 mA
Wait (see Figures 27 and 28) — 1.6 40 mA
Stop (see Figure 28)
25°C — 2.0 50 A
0°to 70°C - - 140 nA
1/0 Ports Hi-Z Leakage Current L — — =10 wA
PAQ-PA7, PB0-PB7, PCO-PC7, PDO-PD3
Input Current lin — — +1 nA
RESET, IRQ, TCAP, OSC1, PD3
Capacitance pF
Ports (as Input or Output} Cout — — 12
RESET, IRQ, TCAP, PD3 Cin — — 8
NOTES.
1. All values shown reflect average measurements.
2. Typtcal values at midpoint of voltage range, 25°C only.
3 Wait Ipp: Only timer system active (SPE=TE=RE=0). If SPI, active (SPE=TE=RE=1) add 10% current draw
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source {foge=4.2 MHz), all inputs 0.2 V from rail;

no dc loads, less than 50 pF on all outputs, C|_ =20 pF on OSC2.
. Wat, Stop Ipp: All ports configured as inputs, V). =0.2 V, V|y=
Stop Ipp measured with 0SC1=Vgs.

o~NOO O,

Wait Ipp 1s affected hnearly by the OSC2 capacitance.

Vpp-0.2V.

. Standard temperature range 1s 0° to 70°C. A 25°C only version Is also available.

e ___________________________________________________________________|
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DC ELECTRICAL CHARACTERISTICS
(Vpp=3.3 Vdc+0.3 Vg5 =0 Vdc, TA=TL to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage, I 0ad<10.0 pA VoL - — 0.1 \
VOH Vpp-0.1 — -
Output High Voltage VOH \'
(ILoad =0.2 mA) PAQ-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 25) Vpp-0.8 — —
Vpp-0.3 — —
Output Low Voltage {see Figure 26 VoL — — 0.3 \
(ILoad=1.6 mA) PAQ-PA7, PB0-PB7, PCO-PC7, TCMP
Input High Voltage —_ VIH 0.7xVpp — Vpp \
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PD3, TCAP, IRQ,
RESET, 0SC1
Input Low Voltage viL Vss — 0.2xVpp \"

PAQ-PA7, PBO-PB7, PCO-PC7, PD0-PD3, TCAP, IRQ,
RESET, 0SC1

Data Retention Mode (0° to 70°C) VRM 2.0 — — v
Supply Current {see Notes) IbD
Run (see Figures 27 and 29) — 1.0 2.5 mA
Wait (see Figures 27 and 29} — 0.5 1.4 mA
Stop (see Figure 29) o .
25°C — 1.0 30 pA
0°to 70°C — — 80 pA
I/0 Ports Hi-Z Leakage Current I8 — — =10 nA
PA0-PA7, PB0-PB7, PCO-PC7, PD1-PD3
Input Current hin —_ —_ +1 nA
RESET, IRQ, TCAP, OSC1, PD3
Capacitance pF
Ports (as Input or Output) Cout — - 12
RESET, IRQ, TCAP, PD3, 0SC1 Cin — — 8
NOTES:
1. All values shown reflect average measurements.
2. Typical values at midpoint of voltage range, 25°C only.
3. Wart Ipp: Only timer system active (SPE = TE=RE =0). If SPI, SCl active (SPE =TE=RE = 1) add 10% current draw.
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (foge =4.2 MHz), all inputs 0 2 V from rail;

no dc loads, less than 50 pF on all outputs, Cy =20 pF on OSC2
. Wait, Stop Ipp: All ports configured as inputs, V| =0.2 V, Vi4=Vpp-0.2 V.
. Stop Ipp measured with 0SC1=Vgg.
. Standard temperature range is 0° to 70°C. A 25°C only version is also available.
. Wait Ipp is affected linearly by the OSC2 capacitance.

WO O

Vpp=45V
Pins R1 R2 c
Voo
PAO-PA7, 326k | 2.38k) | 50 pF Q
PBO-PB7, $ R
PCO-PC7 tesT < (SEE TABLE)
PDO-PD3 1.9kQ | 2.26 kQ | 200 pF POINT P (
‘ (SEE :E (SEE RT‘AaLE)
Vpp=3.0V TAsLE)-L_._jL
Pins R1 R2 c
PAQ-PA7, 1091k | 632kQ | 50 pF
PBO-PB7,
PCO-PC7

Figure 24, Equivalent Test Load
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Figure 25. Typical VgH vs IgH for Ports A, B, C, and TCMP 3

/
/
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0 01 02 03 04
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Figure 26. Typical VgL vs !gL for All Ports
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Figure 27. Typical Current vs Internal Frequency for Run and Wait Modes

(70 mA)
Vpp=5V +10%
6.0 /
50 /] 25 : (25 ma)
Vpp=33V £10%
4.0 20 b
/ (40 mal
g &
=] N O,
<30 & s \\%\\Q Sy
N W, = D {1.4 mA)
S, » E S
8 S
20 “ 10 < | //
A & W
1.0 < 05 //
STOP Ipp {140 A, 0° - 70°C) STOP Ipp (80 A, 0°-70°C)
T
0 1 0 f t
0 s 10 15 20 0 02 04 06 08 10
INTERNAL FREQUENCY (MHz) INTERNAL FREQUENCY (MHz)

Figure 28. Maximum Ipp vs Frequency for Vpp=5.0 Vdc  Figure 29. Maximum Ipp vs Frequency for Vpp=3.3 Vdc

MOTOROLA MICROPROCESSOR DATA
3-972



MC68HCO5L6

CONTROL TIMING
(Vpp=5.0 Vdc*10%, Vgg=0 Vdc, TA=T to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option — 42
External Clock Option dc 42
Internal Operating Frequency fop MHz
Crystal (fogc—2) - 21
External Clock (fosc—2) dc 2.1
Cycle Time (see Figure 33) teye 480 - ns
Crystal Oscillator Startup Time (see Figure 33) toXov — 100 ms
Stop Recovery Startup Time (Crystal Osciliator) (see Figure 30) tILCH —_ 100 ms
RESET Pulse Width (see Figure 33) tRL 1.5 —_ teye
Timer
Resolution** tRESL 4.0 — teye
Input Capture Pulse Width (see Figure 31) tTH, tTL 125 - ns
Input Capture Pulse Period (see Figure 31) tTLTL *rx — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tILIH 125 — ns
Interrupt Pulse Period (see Figure 8) tiLIL * — teye
OSC1 Pulse Width tOH: toL 30 — ns 3

*The minimum period t) ). should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye-
**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the
timer resolution.
***The minimum period tT 7| should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

o N\ 77 77T TN TTTTT777777

tpL —»

RESET

HLH >

RA2

Ra3 k

INTERNAL
CLock
INTERNAL
BUS

HLCH € 4064 tcyc —'l

o
NOTES: RESET OR INTERRUPT
1. _Rﬂaresents the internal gating of the OSC1 pin. VECTOR FETCH

2. !El pin edge-sensitive mask option.
3. IRQ pin level and edge-sensitive mask option.
4. RESET vector address shown for timing example.

Figure 30. Stop Recovery Timing Diagram
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CONTROL TIMING
(Vpp=3.3 Vdc£0.3 Vdc, Vg5 =0 Vdc, TA=TL to Ty)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option — 2.0
External Clock Option dc 2.0
Internal Operating Frequency fop MHz
Crystal {fggc+2) - 1.0
External Clock {fogc = 2) dc 1.0
Cycle Time (see Figure 33) teye 1000 —_— ns
Crystal Oscillator Startup Time (see Figure 33) tOXOV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 30) tiLcH — 100 . ms
RESET Pulse Width — Excluding Power-Up (see Figure 33) tRL 1.5 — teye
Timer
Resolution** tRESL 4.0 - teye
Input Capture Pulse Width (see Figure 31) tTH. tTL 250 —_ ns
Input Capture Pulse Period (see Figure 31) tTLTL *rx - . teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tLIH 250 — ns
Interrupt Pulse Period (see Figure 8) tLIL * — teye
0SC1 Pulse Width tOH, tOL 200 — ns

*The minimum period tj || should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye.
**8ince a 2-bit prescaler in the timer must count four internal cycles (teyc), this 1s the hmiting minimum factor in determining the
timer resolution.

***The minimum period tT_T( should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

EXTERNAL I‘_ i —‘. “’. m |'—
SIGNAL

s
mIL L L LT L

Figure 31. Timer Relationships

T
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MC68HCO5L6

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=5.0 Vdc+10%, Vgs=0 Vdc, TA=T to TH) {see Figure 27)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fopim) dc 0.5 fop

Slave fopls) dc 21 MHz
1 Cycle Time

Master teye(m) 2.0 — teyc

Slave toyels) 480 — ns
2 Enable Lead Time

Master tiead(m) * — ns

Slave tlead(s) 240 — ns
3 Enable Lag Time

Master tlag(m) * — ns

Slave tlag(s) 240 — ns
4 Clock {SCK) High Ttme

Master tw{SCKH)m 340 — ns

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

Master tw(SCKL)m 340 — ns

Slave tw(SCKL)s 190 — ns
6 Data Setup Time (inputs)

Master tsu(m) 100 — ns

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

Master th(m) 100 — ns

Slave th(s) 100 — ns
8 [Access Time (Time to Data Active from High-Impedance State)

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

Slave tdis — 240 ns
10 |Data Vahd

Master (Before Capture Edge) ty{m) 0.25 — teye(m)

Slave {After Enable Edge)** ty(s) — 240 ns
11 | Data Hold Titme (Outputs)

Master (After Capture Edge) tho(m) 0.25 - * teyc(m)

Slave (After Enable Edge) tho(s) 0 — ns
12 | Rise Time (20% Vpp to 70% Vpp. Ct =200 pF)

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

SPI Inputs {SCK, MOSI, MISO, and SS) trs — 2.0 us
13 | Fall Time (70% Vpp to 20% Vpp, C =200 pF)

SPI Outputs (SCK, MOSI, and MISO) _ tfm — 100 ns

SPI Inputs (SCK, MOSI, MISO, and SS) tfs — 2.0 us

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

|
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=3.3 Vdc 0.3 Vdc, Vgg=0 Vdc, TA=T| to Ty) (see Figure 27)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fop(m) dc 0.5 fop

Slave fopls) dc 1.0 MHz
1 Cycle Time

Master teyc(m) 20 — teye

Slave teye(s) 1.0 — ws
2 Enable Lead Time

Master tiead(m) * — ns

Slave tlead(s) 500 — ns
3 Enable Lag Time

Master tlag(m) * — ns

Slave tlag(s) 500 — ns
4 | Clock (SCK) High Time

Master tw(SCKH)m 720 — us

Slave tw(SCKH)s 400 — ns
5 |Clock {SCK) Low Time

Master tw{SCKL}m 720 —_ us

Slave tw(SCKL)s 400 — ns
6 |Data Setup Time (Inputs}

Master tsu(m) 200 —_ ns

Slave tsu(s) 200 — ns
7 | Data Hold Time (Inputs)

Master th{m) 200 — ns

Slave th(s) 200 — ns
8 |Access Time (Time to Data Active from High-Impedance State)

Slave ta 0 250 ns
9 | Disable Time (Hold Time to High-Impedance State)

Slave tdis - 500 ns
10 ([Data Valid

Master (Before Capture Edge) tv(m) 0.25 — teye(m)

Slave (After Enable Edge)** ty(s) — 500 ns
11 | Data Hold Time {Outputs)

Master (After Capture Edge) tho{m) 025 — teycim)

Slave (After Enable Edge) tho(s) 0 — ns
12 |Rise Time (20% Vpp to 70% Vpp, C =200 pF)

SPI Outputs (SCK, MOSI, and MISQ) _ trm — 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS} trs = 2.0 1S
13 |Fall Time (70% Vpp to 20% Vpp, C{ =200 pF)

SPI Outputs (SCK, MOSI, and MISO) _ tfm — 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS) tfs — 2.0 us

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

. ___________________________________________________________________________________|
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LCD DRIVER DC ELECTRICAL CHARACTERISTICS (Vgn=0)

Vi -55°C 25°C 125°C i
Characteristics Symbol Unit
v Min | Max [ Min | Typ | Max | Min | Max

RMS Voltage Across a Segment “ON" VON 3.0 - - - 1.73 - - - v
{BPi-FPj) Segment 5.0 — - — 2.88 — — -

“OFF" VOFF 3.0 - — - 1.00 - - — \"
Segment 5.0 - - — 1.67 - — -

Average dc Offset Voltage vdc 3.0 - 30 - 10 30 - 30 mVv
5.0 — 50 — 17 50 — 50

Output Current, Backplanes and Frontplanes A
High-Current State* Vo=285V IgH 3.0 - - ~100 | —240 - - -
Vpo=1.85V — - -15 -35 - - -
Vo=1.15V - - 15 35 - - —
Vp=0.156V - — 100 240 — — —
Vo=4.85V 5.0 - — —200 | —400 - - -
Vo=3.18V - - -50 | —-110 — — -
Vo=18V — — 50 110 - - -
Vp=0.15V - — 200 | 400 - — -
Low-Current State* Vo=2.85V IBL 3.0 - - -100 | -240 - - -
Vo=1.85V - - | -025| -10] - - -
Vpo=1.15V - - 0.25 1.0 - - -
Vp=0.15V — — 100 240 — — —
Vpo=4.85V 5.0 - — —200 | —400 - — -
Vo=3.18V - - -1.0 | -3.0 - - -
Vpo=18V - - 1.0 3.0 - - -
Vp=0.15V — — 200 400 — — —

*For time 1/(256 x fy ¢ p) after the backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high-current
state to allow the load capacitors to charge quickly. Then the circuit is returned to the low-current state unti the next voltage level change
occurs.

LCD DRIVER DC ELECTRICAL CHARACTERISTICS (Vgn=1)

\T -55°C 25°C 126°C
Characteristics Symbol Unit
v Min | Max | Min | Typ | Max | Min | Max

RMS Voltage Across a Segment “ON” | VON 3.0 = - - 1.73 - - - \
(BPi-FPj) Segment 5.0 - — - 2.88 - — -

“OFF" | VOFF 3.0 - - - 1.00 - - - \Y
Segment 5.0 - - - 1.67 — - —

Average dc Offset Voltage vde 3.0 — 30 - 10 30 - 30 mVv
5.0 - 50 - 17 50 — 50

Output Current, Backplanes and Frontplanes A
High-Current State* Vo=285V 3.0 - —- -100 | —240 - - -
Vo=18V | IgH - - -24 | -75 - - -
Vp=1.16V - - 24 75 - — -
Vo=0.15V - — 100 240 — — —
Vo=4.85V 5.0 - - -200 | -400 | - - -
Vp=3.18V - — -80 —-250 - - -
Vo=1.8V - - 80 250 - - -
Vp=0.15V - - 200 | 400 - - —
Low-Current State® Vp=285V IBL 3.0 - - -100 [ —240 - - -
Vo=1.85V - - -05 | -2.0 - - -
Vpo=115V - - 0.5 2.0 - — —
Vo=0.15V — - 100 | 240 - — —
Vo=4.85V 5.0 - - -200 | —400 | -— - -
Vp=3.18V - - -20 | -7.0 - - -
Vo=1.82V - - 20 | 70 - - -
Vo=0.15V — — 200 | 400 — - —

*For time 1/(256 x fl cp) after the backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high-current
state to allow the load capacitors to charge quickly. Then the circuit is returned to the low-current state until the next voltage fevel change
occurs.

L _______________________________________________________________________|
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(NPUT) TS is Held High on Master

SCK (CPOL=0) SEE ‘
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NOTE: This first clock edge is generated internally but is not seen at the SCK pin.

a) SPI MASTER TIMING (CPHA=0)

(ﬁPUT) T3 is Held High on Master

SCK (CPOL=0 ] SEE
LI e /3
SCK (CPOL= \ E ‘yt i SEE
(ourkur) ! \ ; \ NOTE

MISO — ] 1 ITG----1 I BN )
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@J ) @

NOTE: This last clock edga is generated intemally but is not seen at the SCK pin.

1

b) SPI MASTER TIMING (CPHA=1)

Figure 32. SPI Timing Diagrams (Sheet 1 of 2)
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c) SPI SLAVE TIMING (CPHA=0)
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d) SPI SLAVE TIMING (CPHA=1)

Figure 32. SPI Timing Diagrams (Sheet 2 of 2)
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Figure 33. Power-On Reset and RESET
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ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to Mo-
torola in the following media:

MDOS®, disk file
MS®-DOS/PC-DOS disk file (360K)
EPROM MCM68766

To initiate a ROM pattern for the MCU, it 1s necessary
to first contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS/PC-DOS disk file), pro-
grammed with the customer’s program (positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

In addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS i1s Microsoft’s Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format Is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines.

EPROMs

A 68766 type EPROM, programmed with the custom-
er's program (positive logic sense for address and data),
may be submitted for pattern generation. Since all pro-
gram and data space information will fit on one 68766
EPROM device, the EPROM must be programmed as de-
scribed in the following paragraphs.

Start the page zero, user ROM at EPROM address $0020
through $004F. Start the user ROM at EPROM address
$0100 through $19FF with vectors from $1FF4 to $1FFF.
All unused bytes, including the user’s space, must be set
to zero. For shipment to Motorola, EPROMs should be
placed in a conductive IC carrier and packed securely.

MDOS 1s a trademark of Motorola Inc.
MS s a trademark of Microsoft, Inc.

Styrofoam is not acceptable for shipment.

/]
XXX

$0020

xxx = Customer 1D

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer listing of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’s ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quality
Assurance.

ORDERING INFORMATION

The following table provides ordering information per-
taining to the package type, temperature, and MC order
numbers for the MC68HCO5L6 device.

Package Type Temperature MC Order Number
pLCC? 0°C to +70°C MC68HCO5L6FN
(FN Suffix)

1. PLCC packaging is available for samples and evaluation mod-
ule support only.

IBM 1s a registered trademark of International Business Machines Corporation.
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PIN ASSIGNMENTS

68-PIN PLCC PACKAGE

& o o = |5 (7] g § g_
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PAS (] 10 01 60[] BP3
ras ) BP4
pa3 [ FP24
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Product Preview
8-Bit Microcontroller Unit

The MC68HCO5M4 is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on-
chip peripheral capabilities. This device contains 4096 bytes of ROM, a 16-bit free-running timer
subsystem and a 8-bit countdown timer subsystem. In addition, 24 of the /O lines can drive
vacuum fluorescent (VF) grids and anodes directly.

The following are some of the features of the MC68HCO5M4.

® HCMOS Technology
Fully Static Operation
4096 Bytes of User ROM
128 Bytes of RAM
240 Bytes of Self-Check ROM
32 Bidirectional I/0 Lines
24 1/0 Lines Mask Selectable as High Voltage VF Drivers
16-Bit Timer Subsystem
8-Bit Timer Subsystem
8-Bit A/D Converter
6 Analog Inputs
Self-Check Mode
Interrupts: External, 16-Bit Timer, and 8-Bit Timer
Watchdog System
Single 3- to 6-Volt Supply
2.1 MHz Internal Frequency at 5 Volts; 1.0 MHz at 3 Volts
Power Saving STOP, WAIT, and Data Retention Modes
Versatile Interrupt Handling
True Bit Manipulation Set
Addressing Modes with Indexed Addressing for Tables
Efficient Instruction Set
Memory Mapped /0
Multiply Instruction
52-Pin PLCC Package

This document contains information on a product under development Motorola reserves the right to change or discontinue this product without notice
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BLOCK DIAGRAM
CRYSTAL,
RESONATOR, OSCILLATOR
OR RC BIDIRECTIONAL BIDIRECTIONAL
1/0 PORT HIGH VOLTAGE
3706 VOLTS POWER M68HC05 PINS 1/0 PINS
FAMILY
PROCESSOR
RESET AND MODES CONTROL
BIDIRECTONAL BIDIRECTIONAL
INTERRUPT OR EXTERNAL PINS 110 PINS
INPUT DATA PIN ] INTERRUPT
128 BYTES
INPUT CAPTURE RAM
OR INPUT DATA PIN = 16-BIT
TIMER 8-BIT AID ANALOG OR
SUBSYSTEM DIGITAL INPUTS
OUTPUT COMPARE g 4096 BYTES CONVERTER
OR OUTPUT DATA PIN USER ROM
TIMER INPUT PIN ANALOG ANALOG
OR INPUT DATA PIN 8-BIT REFERENCE REFERENCES
TIMER 240 BYTES
TIMER QUTPUT PIN_ SUBSYSTEM SELF ChECK WATCHDOG
OR OUTPUT DATA PIN TIMER
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Technical Summary
8-Bit Microcontroller Unit

The MC68HCO5P1 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers.
This high-performance, low-cost MCU has parallel I/0 capability with pins programmable as input or output. This
publication contains condensed information on the MCU; for more detalled information, contact your local Motorola

sales office.
The following block diagram depicts the hardware features; addittonal features available on the MCU are as
follows:
e On-Chip Oscillftor with RC or Crystal/Ceramic e Self-Check Mode
Resonator Mask Options e Power-Saving STOP, WAIT, and Data Retention
o Memory-Mapped I/0 Modes
e 128 Bytes of On-Chip RAM e Single 3.0- to 5.5-Volt Supply (2-Volt Data
e 2112 Bytes of User ROM Retention Mode)
® 20 Bidirectional I/O Lines and One Input-Only ® Fully Static Operation ]
Line ® 8x8 Unsigned Multiply Instruction
BLOCK DIAGRAM
TCMP 0SC1  0sc2
T INTERNAL *
PROCESSOR
TIMER cLOCK OSCLL'{]/STDR
SYSTEM - =9 ——————————————— RESET
IRQ
—l A
PAO PCO
| e
PA1 ACCUMULATOR PC1
PA2 cPU PC2
v e
PORT <pa3 > porT | DATA INDEX CONTROL DATA | PORT [¥e3 PR
A PAL A | DR |4 REGISTER — DR | ¢ PCa o
110 € PAS | REG REG REG REG PC5
LINES % PAG > CONDITION <—————>PC6 LINES
PA7 | CODE PCT
-— fe————
REGISTER cPU
STACK DATA | PORT et Q/ICAP
POINTER ;EEIZ R[E)G POS
PORT PBS PROGRAM
<——P—B-8-—'> PORT | DATA COUNTER
B <> & | DR | HIGH ALY
V0 ~<——=—> Re6 | REG PROGRAM
LINES
COUNTER
LOW
| [
21128 128 %8
e
2408
SELF-CHECK
ROM

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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SIGNAL DESCRIPTION
The signal descriptions of the MCU are discussed in
the following paragraphs.
Vpp AND Vgs
Power is supplied to the microcontroller using these
two pins. Vpp is the positive supply, and Vsg is ground.
IRQ

This pin is a programmable option that provides two
different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detail.

0SC1, 0sC2

These pins provide control input for an on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor/
capacitor combination, or an external signal connects to

Crystal
2 MHz | 4 MHz | Units
RsMAX 400 75 [¢]
Co 5 7 pF
Cq 0008 | 0012 wF

Cosc 15-40 | 15-30 pF
Cosc2 15-30 | 15-25 pF
Rp 10 10 | mo
Q 30 40 K

these pins, providing a system clock. A mask option selects
either a crystal/ceramic resonator or a resistor/capacitor
as the frequency determining element. The oscillator
frequency is two times the internal bus rate.

RC Oscillator

With this option, a resistor s connected to the oscillator
pins as shown in Figure 1{d). The relationship between
R and fggc is shown in Figure 2. '

Crystal

The circuit shown in Figure 1(b) is recommended when
using a crystal. Using an external CMOS oscillator is
recommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to minimize
output distortion and start-up stabilization time. Refer to
ELECTRICAL SPECIFICATIONS for Vpp specifications.

Ceramic Resonator

2-4 MHz | Units

Rg (typical) 10 4}

Co 40 pF
C1 43 pF
Cosct 30 pF
Cosc2 30 pF
Rp 1-10 | Mo
Q 1250 —

(a) Crystal Ceramic Resonator Parameters

Mcu
0sCt 0sc2

27 Rp 2%

AAA
W

$+—0—

Cosci =-[=

Il

= Cosc2

(b} Crystal Ceramic Resanator
Oscillator Connections

MCU
0sc1 0sC2

27 2%

(d) RC Oscillator Connections

L Ci R
0sC2 —rrrr] .,.S, 0sc1
26 27
— [
Co
Im
L]
26 27
[
(c) Equivalent Crystal Circuit
MCU
0sC1 0sc2
27 26
UNCONNECTED
———————< EXTERNAL CLOCK

(e) External Clock Source Connections
{For Crystal Mask Option Only)

Figure 1. Oscillator Connections
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05

02

01

OSCILLATOR FREQUENCY (MHz)

005

002

001

1 2 5 0 2

50 100 200 500 1000

RESISTANCE (k1)

Figure 2. Typical Frequency vs. Resistance for
RC Oscillator Option Only (Accuracy = +50%)

Ceramic Resonator

A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 1({b) is
recommended when using a ceramic resonator. Figure
1(a) lists the recommended capacitance and resistance
values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation.

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal
oscillator mask option.

INPUT CAPTURE (TCAP)

This pin controls the input capture feature for the on-
chip programmable timer.

OUTPUT COMPARE (TCMP)

This pin provides an output for the output compare
feature of the on-chip timer.
RESET

This pin is used to reset the MCU and provide an orderly
start-up procedure by pulling RESET low.

INPUT/OUTPUT PORTS (PA7-PAO0, PB7-PBS5, PC7-PCO0)

These 19 lines are arranged in two 8-bit ports and one
3-bit port (A, C, and B). These ports are programmable
as either inputs or outputs under software control of the
data direction registers. Refer to PROGRAMMING for
additional information.

SPECIAL-FUNCTION PORT (PD5-PD7)

These three lines comprise port D, a special-function
port. Bit 7 is an input-only pin that is shared with TCAP
(refer to TIMER for information on TCAP). Bit 6 is an
output-only pin that serves as TCMP (refer to TIMER for

more information on TCMP). Bit 5 is a normai 1/0 pin. All
other bits are not implemented and read as zeros.

NOTE

Any unused inputs and I/O ports should be tied to
an appropriate logic level (e.g., either Vpp or Vgs).

PROGRAMMING

Input/output port programming, fixed input port
programming, and serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin Is programmable as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
imtialized on reset but may be written to before setting
the DDR bits to avoid undefined levels.

When programmed as outputs, the latched output data
1s 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
1s set to input. This port write may be used to initialize
the data registers and avoid undefined outputs. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the I/O pin functions.

SPECIAL-FUNCTION PORT PROGRAMMING

Port D is a special-function port consisting of three bits,
PD7-PD5. Bit 7 is an input-only bit shared with TCAP.
This bit can be read at any time, even if the TCAP function
is enabled. Bit 6 is an output-only pin that serves as TCMP.
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DATA DIRECTION

/ «—»] REGISTER

BIT

LATCHED
INTERNAL —»{ OUTPUT DATA

> QUTPUT o

MCU BIT
CONNECTIONS

‘/ PIN

INPUT

1/0

Figure 3. Typical Port 1/O Circuit

Table 1. /O Pin Functions

RW* DDR 1/0 Pin Functions

0 0 The I/0 pin 1s 1n input mode. Data 1s
written 1nto the output data latch.

0 1 Data is written into the output data latch
and output to the I/O pin.

1 0 The state of the /0 pin is read.

1 1 The /0 pin s in an output mode The
output data latch is read.

*R/W 1s an internal signal.

It cannot be used as a normal output, only as TCMP, and
always reads as zero. Bit 5 is a normal I/O pin with a
corresponding DDR bit at address $0007. All other DDR
bits are not implemented and read as zeros. Bits 4-0 of
the port D data register are not implemented. Bit 4 always
reads as one; the other bits always read as zeros.

MEMORY

The MCU is capable of addressing 8192 bytes of memory
and /O registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check ROM, control
registers, and 1/O. The user-defined reset and interrupt
vectors are located from $1FFO-$1FFF.

The shared 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
following paragraphs.

ACCUMULATOR (A)

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

7 0

INDEX REGISTER (X)

The index register is an 8-bit register used for the
indexed 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.

7 0

L X l

PROGRAM COUNTER (PC}

The program counter is a 13-bit register that contains
the address of the next byte to be fetched.

12 0
PC

STACK POINTER (SP)

The stack pointer is a 13-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 to location $00FF. The stack pointer
is then decremented as data is pushed onto the stack and
incremented as data is pulled from the stack.

When accessing memory, the seven most significant
bits are permanently set to 0000011. These seven bits are
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0000 — — —

PORT A DATA REGISTER S0
PORTS
!
o 3 Bv1es PORT B DATA REGISTER 50
32 BYTES PORT C DATA REGISTER 502
PORT D FIXED INPUT REGISTER 503
S001F 0031_ UNUSED o
$0020 USER 0022\ 10 BYiES PORT A DATA DIRECTION REGISTER
ROM \ PORT B DATA DIRECTION REGISTER | S05
S004F 48 BYTES 007 PORT C DATA DIRECTION REGISTER | S06
0050 UNUSED e TIMER PORT D DATA DIRECTION REGISTER | SO7
$007F 48 BYTES 127 \ 10 BYTES
50080 M 128 UNUSED 508
sooF | IBBYIES  [gigr UNUSED UNUSED 508
$00C0 K Stack | 0192 \ 3 BYTES UNUSED S0A
SOOFF 64 BYTES | 0255 TEST REGISTER INUSED 8
$0100 0256 \_ 1 BYTE 0031 -
USER \ UNUSED
ROM \ UNUSED %D
2048 BYTES
UNUSED SOE
SOBFF 2303 \
$0900 2304 \ UNUSED SOF
UNUSED \ UNUSED $10
5632 BYTES
s
S1EFF 7935 \ UNUSED
$1F00 7936 TIMER CONTROL REGISTER $12
\ TIMER STATUS REGISTER 513
SELF-CHECK \ INPUT CAPTURE HIGH REGISTER $14
SIFDF 8159 \ INPUT CAPTURE LOW REGISTER $15
STFED 8160 255 BYTES OUTPUT COMPARE HIGH REGISTER | $16
SELF-CHECK
VECTORS \ OUTPUT COMPARE LOW REGISTER | §17
SIFEF 8175 \ COUNTER HIGH REGISTER $18
S1FFO USER 8176 \ COUNTER LOW REGISTER 519
Y;%Tﬁg ALTERNATE COUNTER HIGH REGISTER | S1A
SIFFF 8191
\ ALTERNATE COUNTER LOW REGISTER | SIB
\ UNUSED sic
\ UNUSED $1D
UNUSED SIE
\ TEST REGISTER SIF

Figure 4. Memory Map

appended to the six least significant register bits to
produce an address within the range of $00FF-$00C0.
Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer
wraps around and loses the previously stored information.
A subroutine call occupies two locations on the stack; an
interrupt uses five locations.

\ilﬂmﬂ‘ﬂl:]l[ SP

CONDITION CODE REGISTER (CCR)

The CCR is a 5-bit register in which four bits are used
to indicate the results of the instruction just executed.

0

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 paragraphs.

CCR

Lali[w]z]c]
Half Carry (H)

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

Interrupt (I)

When this bit is set, the timer and external interrupt
are masked (disabled). If an interrupt occurs while this
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bit is set, the interrupt is latched and 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 one).

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.

SELF-CHECK

The self-check capability provides the ability to
determine if the device is functional. Self-check is

performed using the circuit shown in Figure 5. Port C pins
PC3-PCO are monitored for the self-check results. After
reset, the following seven tests are performed
automatically:

/0 — Exercise of ports A, B, and C

RAM — Counter test for each RAM byte

ROM — Exclusive OR with odd ones parity result

Timer — Tracks counter register and checks OCF bit

Interrupts — Tests external and timer interrupts

Self-check results {using the LEDs as monitors) are

shownin Table 2. The following subroutines are available
to the user and do not require any external hardware.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The timer
test subroutine is called at location $1FOE. The output
compare register is first set to the current timer state.
Because the timer is free running and has only a divide-
by-four prescaler, each timer count cannot be tested. The
test reads the timer once every 10 counts (40 cycles) and
checks for correct counting. The test tracks the counter

RESET
—1 10 uf
| [
0k =
Vpp |2 +5V
27 1y 20 pF
MCU 0sc1 _T_ |
25 =
TCAP/PDT Siom 3 ¢ Mhe
d [
e osc2 k2 = 20 pF
PAG (SEE NOTE) ' ==
5
2%
] e Toe
7 PD5
L {PA3
8
PA2
ear
10
PAD
) A 1k
IOK:: PCO ﬁ\l‘—-‘\lw—ﬁr—‘*fyv
‘[_ pe1 [ Ne— i
= 20 “ 1k
PC2 ¢ ]
I I ‘f; Tk
pea o
i1 Pc: ’
=1 P85 m
| 13 P86 il I
PB7 PC7
. Vss
L

NOTE The RC Oscillator option can also be used in this circuit.

Figure 5. Self-Check Circuit Schematic Diagram
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until the timer wraps around, triggering the output
compare flag in the timer status register. RAM locations
$0080-$0081 are overwritten. Upon return to the user’s
program, X=40. If the test passed, A=0.

Table 2. Self-Check Results

PC3 | PC2 | PC1 | PCO Remarks
1 0 0 1 |Badl/O
1 0 1 0 |Bad RAM
1 0 1 1 |Bad Timer
1 1 0 0 |Bad ROM
1 1 0 1 | Bad Interrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED 1s on; 1 indicates LED is off.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any
error 1s detected; otherwise, the Z bit is set. The ROM
checksum subroutine is called at location $1F8A with RAM
location $0083 equal to $01 and A=0. A short routine is
set up and executed in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0080 through
$0083 are overwritten. Upon return to the user’s program,
X=0. If the test passed, A=0.

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 RESET
line logic level.

POWER-ON RESET (POR)

An internal reset 1s generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and should
not be used to detect a drop in the power supply voltage.
There 1s a 4064 internal processor clock cycle (tcyc) delay

7

after the oscillator becomes active. If the RESET pin is
low at the end of 4064 tcyc, the MCU will remain in the
reset condition until RESET goes high.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero ts applied to the
RESET input for a period of one and one-half machine
cycles (teyc)-

INTERRUPTS

The MCU can be interrupted three different ways: the
two maskable hardware interrupts (IRQ and timer) and
the nonmaskable software interrupt instruction (SWI).

Interrupts cause the processor to save register contents
on the stack and to set the interrupt mask (I bit) to prevent
additional interrupts. The RTI instruction causes the
register contents to be recovered from the stack and
normal processing to resume. The stacking order 1s shown
in Figure 6.

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

NOTE
The current instruction 1s the one already fetched
and being operated on.

When the current instruction 1s complete, the processor
checks all pending hardware interrupts. If unmasked (1
bit clear) and if the corresponding interrupt enable bit is
set, the processor proceeds with nterrupt processing;
otherwise, the next instruction s fetched and executed.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the external
interrupt 1s serviced first The SWI is executed the same
as any other instruction, regardiess of the I-bit state. Refer
to Figure 7 for the reset and interrupt instruction
processing sequence.

TIMER INTERRUPT

There are three different timer interrupt flags that cause
a timer interrupt whenever they are set and enabled. The
interrupt flags are in the timer status register (TSR), and

0 STACK

111 [ 1 [conpimion cooe ResISTER

ACCUMULATOR

INCREASING MEMORY

INDEX REGISTER

DECREASING MEMORY
ADDRESSES

o o]

PCH

R
E
T
ADDRESSES U
R
N

UNSTACK

Do mIDM A Z —

NOTE Since the stack pointer decrements during pushes,
the PCL 1s stacked first, followed by PCH, etc. Pull-
ing from the stack 1s in the reverse order.

Figure 6. Interrupt Stacking Order
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FROM
RESET

TR0
EXTERNAL
INTERRUPT,

CLEAR TRQ
REQUEST
LATCH

-

TIMER
INTERNAL
INTERRUPT

In

Y

FETCH NEXT
INSTRUCTION

N

EXECUTE
INSTRUCTION

\ 4

STACK
PC, X, A, CC

:

SET
| BIT

y
LOAD PC FROM

SWI SIFFC-SIFFD
IRQ SIFFA-SIFFB
TIMER $1FF8-S1FF9
RESET S1FFE-$1FFF

.

COMPLETE
INTERRUPT
ROUTINE
AND EXECUTE
RTI

Figure 7. Reset and Interrupt Processing Flowchart

the enable bits are in the timer control register (TCR).
Refer to TIMER for more information.

EXTERNAL INTERRUPT

If the interrupt mask bit (i bit) of the CCR is set, all
interrupts are disabled. Clearing the | bit enables the
external interrupt. The external interrupt 1s internally
synchronized and then latched on the falling edge of IRQ.
The action of the external interrupt is identical to the timer
interrupt, except that the interrupt request input at IRQ
is latched internally and the service routine address is
specified by the contents of $1FFA and $1FFB.

Either a level-sensitive and edge-sensitive trigger or an
edge-sensitive-only trigger are available as a mask option.
Figure 8 shows both a functional internal diagram and a
mode timing diagram for the interrupt line. The timing
diagram shows two treatments of the interrupt line to

the processor. The first method shows a single pulse on
the interrupt line spaced far enough apart to be serviced.
The minimum time between pulses is a function of the
length of the interrupt service. Once a pulse occurs, the
next pulse should not occur until an RTl occurs. This time
(tiLIL) is obtained by adding 21 instruction cycles to the
total number of cycles it takes to complete the service
routine (not including the RTI instruction). The second
method shows many interrupt lines “‘wire-ORed" to form
the interrupts at the processor. If the interrupt line remains
low after servicing an interrupt, then the next interrupt
is recognized.
NOTE

The internal interrupt latch is cleared in the first part

of the interrupt service routine; therefore, one

external interrupt pulse could be latched and

serviced as soon as the | bit is cleared.
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LEVEL-SENSITIVE TRIGGER

MASK OPTION
VoD

L o

INTERRUPT PIN —————&———0>C

=]}

EXTERNAL
INTERRUPT
REQUEST

I BIT (CC)

/}_‘— POWER-ON RESET
EXTERNAL RESET

N EXTERNAL INTERRUPT

BEING SERVICED (VECTOR FETCH)

(a) Interrupt Internal Function Diagram

Edge-Sensitive Trigger Condition
The minimum pulse width (tj |H) is

IRQ —»f YLIH | l

(——-——I]U[_—bl

either 125 ns (Vpp=5 V) or 250 ns
(VDp =3V) Theperiod tj || should not
be less than the number of teyc cycles
It takes to execute the interrupt service
routine plus 21 teyc cycles

Level-Sensitive Trigger Condition
If after servicing an interrupt the IRQ

remains low, then the next interrupt is
recognized

NORMALLY
> USED WITH

WIRE-ORed
CONNECTION

-

/

(b} Interrupt Mode Diagram

Figure 8. External Interrupt

SOFTWARE INTERRUPT (SWI)

The SWI 1s 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
operation is similar to the hardware interrupts. The
interrupt service routine address is specified by the
contents of memory locations $1FFC and $1FFD.

LOW-POWER MODES

STOP

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode, the internal
oscillator is turned off, halting all internal processing
including timer operation (refer to Figure 9).

During the STOP mode, the TCR bits are altered to
remove any pending timer interrupt request and to disable
any further timer interrupts. The timer prescaler is cleared.
The | bit in the CCR is cleared to enable external interrupts.
All other registers and memory remain unaltered. All input/
output lines remain unchanged. The processor can be
brought out of the STOP mode only by an external
interrupt or reset.

WAIT

The WAIT instruction places the MCU in a low-power
consumption mode, but the WAIT mode consumes more
power than the STOP mode. All CPU action is suspended,
but the timer remains active (refer to Figure 10). An
interrupt from the timer can cause the MCU to exit the
WAIT mode.
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STOP

STOP OSCILLATOR
AND ALL CLOCKS

CLEAR | BIT

>
e

RESET
EXTERNAL
INTERRUPT
(iR YES
Y
TURN ON OSCILLATOR
WAIT FOR TIME

DELAY TO STABILIZE

'

(1) FETCH RESET VECTOR OR
{2) SERVICE INTERRUPT
a STACK
b SET I BIT
¢ VECTOR TO INTERRUPT
ROUTINE

Figure 9. STOP Function Flowchart

During the WAIT mode, the | bit in the CCR Is cleared
to enable interrupts. All other registers, memory, and
input/output lines remain in their previous state. The timer
may be enabled to allow a periodic exit from the WAIT
mode.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained
at supply voltages as low as 2.0 Vdc. This is called the
data retention mode where the data is held, but the device
is not guaranteed to operate. The MCU should be in RESET
during data retention mode.

TIMER

The timer consists of a 16-bit, software-programmable
counter driven by a fixed divide-by-four prescaler. This
timer can be used for many purposes, including input

waveform measurements while simultaneously gener-
ating an output waveform. Pulse widths can vary from
several microseconds to many seconds. Refer to Figure
11 for a timer block diagram.

Because the timer has a 16-bit architecture, each spe-
cificfunctional segment (capability) is represented by two
registers. These registers contain the high and low byte
of that functional segment. Generally, accessing the low
byte of a specific timer function allows full control of that
function; however, an access of the high byte inhibits
that specific timer function until the low byte is also ac-
cessed.

NOTE

The | bit in the CCR should be set while manipu-
lating both the high and low byte register of a spe-
cific timer function to ensure that an interrupt does
not occur.

COUNTER

The key element in the programmable timer is a 16-
bit, free-running counter or counter register, preceded by
a prescaler that divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0
microseconds if the internal bus clock 1s 2.0 MHz. The
counter is incremented during the low portion of the in-
ternal bus clock. Software can read the counter at any
time without affecting its value.

The double-byte, free-running counter can be read from
either of two locations, $18-%$19 (counter register) or
$1A-$1B (counter alternate register). A read from only
the least significant byte (LSB) of the free-running counter
($19, $1B) receives the count value at the time of the read.
If a read of the free-running counter or counter alternate
register first addresses the most significant byte (MSB)
($18, $1A), the LSB ($19, $1B) is transferred to a buffer.
This buffer value remains fixed after the first MSB read,
even if the user reads the MSB several times. This buffer
is accessed when reading the free-running counter or
counter alternate register LSB ($19 or $1B) and, thus,
completes a read sequence of the total counter value. In
reading either the free-running counter or counter alter-
nate register, if the MSB is read, the LSB must also be
read to complete the sequence.

The counter alternate register differs from the counter
register in one respect: a read of the counter register LSB
can clear the timer overflow flag (TOF). Therefore, the
counter alternate register can be read at any time without
the possibility of missing timer overflow interrupts due
to clearing of the TOF.

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-
on reset, the counter is also preset to $FFFC and begins
running after the osciilator start-up delay. Because the
free-running counter is 16 bits preceded by a fixed divide-
by-four prescaler, the value in the free-running counter
repeats every 262,144 internal bus clock cycles. When the
counter rolls over from $FFFF to $0000, the TOF bit is set.
An interrupt can also be enabled when counter rollover
occurs by setting its interrupt enable bit (TOIE).
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Figure 10. WAIT Function Flowchart

OUTPUT COMPARE REGISTER

The 16-bit output compare register is made up of two
8-bit registers at locations $16 (MSB) and $17 (LSB). The
output compare register is used for several purposes,
such as indicating when a period of time has elapsed. All
bits are readable and writable and are not altered by the
timer hardware or reset. If the compare function i1s not
needed, the two bytes of the output compare register can
be used as storage locations.

The output compare register contents are compared
with the contents of the free-running counter continually,
and, if a match is found, the corresponding output com-
pare flag (OCF) bit is set and the corresponding output
level (OLCL) bit is clocked to an output level register. The
output compare register values and the output level bit
should be changed after each successful comparison to
establish a new elapsed time-out. An interrupt can also
accompany a successful output compare provided the
corresponding interrupt enable bit (OCIE) is set.

After a processor write cycle to the output compare
register containing the MSB ($16), the output compare
function is inhibited until the LSB ($17) is also written.
The user must write both bytes (locations) if the MSB is
written first. A write made only to the LSB ($17) will not
inhibit the compare function. The free-running counter is
updated every four internal bus clock cycles. The mini-
mum time required to update the output compare reg-
ister is a function of the program rather than the internal
hardware.

The processor can write to either byte of the output
compare register without affecting the other byte. The
output level (OLVL) bit is clocked to the output level reg-
ister, regardless of whether the output compare flag (OCF)
is set or clear.

INPUT CAPTURE REGISTER

Two 8-bit registers, which make up the 16-bit input
capture register, are read-only and are used to latch the
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Figure 11. Timer Block Diagram

value of the free-running counter after the corresponding
input capture edge detector senses a defined transition.
The level transition which triggers the counter transfer is
defined by the corresponding input edge bit (IEDG). Reset
does not affect the contents of the input capture register.

The result obtained by an input capture will be one
more than the value of the free-running counter on the
rising edge of the internal bus clock preceding the ex-
ternal transition. This delay is required for internal syn-
chronization. Resolution is one count of the free-running
counter, which is four internal bus clock cycles.

The free-running counter contents are transferred to
the input capture register on each proper signal transi-
tion, regardless of whether the input capture flag (ICF) is
set or clear. The input capture register always contains

the free-running counter value that corresponds to the
most recent input capture.

After a read of the input capture register ($14) MSB,
the counter transfer is inhibited until the LSB ($15) is also
read. This characteristic causes the time used in the input
capture software routine and its interaction with the main
program to determine the minimum pulse period.

A read of the input capture register LSB ($15) does not
inhibit the free-running counter transfer since they occur
on opposite edges of the internal bus clock.

TIMER CONTROL REGISTER (TCR) $12

The TCR is a read/write register containing five control
bits. Three bits control interrupts associated with the timer
status register flags ICF, OCF, and TOF.
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7 6 5 4 3 2 1 0
[ e Joce [roe [ o [ o | o [0 | o]
RESET.

0 0 0 0 0 0 U 0

ICIE — Input Capture Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
OCIE — Qutput Compare Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
TOIE — Timer Overflow Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
IEDG — Input Edge
Value of input edge determines which level transition
on TCAP pin will trigger free-running counter transfer
to the input capture register
1=Positive edge
0=Negative edge
Reset does not affect the IEDG bit (U = unaffected).
OLVL — Output Level
Value of output level is clocked into output level reg-
ister by the next successful output compare and will
appear on the TCMP pin
1=High output
0=Low output
Bits 2, 3, and 4 — Not used
Always read zero

TIMER STATUS REGISTER (TSR) $13

The TSR is a read-only register containing three status
flag bits.

7 6 5 4 3 2 1 0
IICFIOCF’TOF|0|0|0|D]0|
RESET

U U u 0 0 0 0 0

ICF — Input Capture Flag
1=Flag set when selected polarity edge is sensed by
input capture edge detector
0=Flag cleared when TSR and input capture low reg-
ister ($15) are accessed
OCF — Output Compare Flag
1=Flag set when output compare register contents
match the free-running counter contents
0=Flag cleared when TSR and output compare low
register ($17) are accessed
TOF — Timer Overflow Flag
1="Flag set when free-running counter transition from
$FFFF to $0000 occurs
0=Flag cleared when TSR and counter low register
($19) are accessed
Bits 0-4 — Not used
Always read zero

Accessing the timer status register satisfies the first
condition required to clear status bits. The remaining step
is to access the register corresponding to the status bit.

A problem can occur when using the timer overflow
function and reading the free-running counter at random

times to measure an elapsed time. Without incorporating
the proper precautions into software, the timer overflow
flag could unintentionally be cleared if:

1) The timer status register I1s read or written when

TOF is set, and

2) The LSB of the free-running counter is read but not

for the purpose of servicing the flag.

The counter alternate register at address $1A and $1B
contains the same value as the free-running counter (at
address $18 and $19); therefore, this alternate register
can be read at any time without affecting the timer ov-
erflow flag in the timer status register.

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, but the
timer remains active. An interrupt from the timer causes
the processor to exit the WAIT mode.

TIMER DURING STOP MODE

In the STOP mode, the timer stops counting and holds
the last count value If STOP is exited by an interrupt. If
RESET is used, the counter is forced to $FFFC. During
STOP, if at least one valid input capture edge occurs at
the TCAP pin, the input capture detect circuit is armed.
This does not set any timer flags nor wake up the MCU,
but when the MCU does wake up, there Is an active input
capture flag and data from the first valid edge that oc-
curred during the STOP mode. If RESET is used to exit
STOP mode, then no input capture flag or data remains,
even if a valid input capture edge occurred.

INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

This MCU uses all the instructions available in the
M146805 CMOS Family plus one more: the unsigned
multiply (MUL) instruction. This instruction allows un-
signed multiplication of the contents of the accumulator
(A) and the index register (X). The high-order product is
then stored in the index register, and the low-order prod-
uct is stored in the accumulator. A detailed definition of
the MUL instruction is shown below.

Operation X:AqXxA

Description | Multiplies the eight bits in the index register
by the eight bits in the accumulator to obtain
a 16-bit unsigned number in the concatenated
accumulator and index register

Condition H: Cleared

Codes I Not affected
N: Not affected
Z Not affected
C: Cleared

Source

Form(s) MUL

Addressing

Mode Cycles Bytes Opcode

Inherent 1 1 $42

. __________________________________________________________________________|
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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

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.

operand. Refer to the following instruction list. Function Mnemonic
Branch Always BRA
Function Mnemonic

Branch Never BRN
Load A from Memory LDA

Branch if Higher BHI
Load X from Memory LDX

Branch if Lower or Same BLS
Store A in Memory STA

Branch if Carry Clear BCC
Store X in Memory STX

Branch if Higher or Same BHS
Add Memory to A ADD

Branch if Carry Set BCS
Add Memory and Carry to A’ ADC -

Branch if Lower BLO
Subtract Memory suB

Branch if Not Equal BNE
Subtract Memory from A with Borrow SBC -

Branch if Equal BEQ
AND Memory to A AND -

Branch if Half Carry Clear BHCC
OR Memory with A ORA

- Branch if Half Carry Set BHCS

Exclusive OR Memory with A EOR

Branch if Plus BPL
Arithmetic Compare A with Memory CMP -

Branch if Minus BMI
Arnthmetic Compare X with Memory CPX R

Branch if Interrupt Mask Bit is Clear BMC
Bit Test Memory with A {Logical Compare) BIT -

Branch if Interrupt Mask Bit is Set BMS
Jump Unconditional JMP N

Branch if Interrupt Line 1s Low BIL
Jump to Subroutine JSR

Branch if Interrupt Line i1s High BIH

Branch to Subroutine BSR

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

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.

value. Refer to the following list of instructions.
Function Mnemonic

Function | Mnemonic Transfer A to X TAX
Increment INC Transfer X to A TXA
Decrement DEC Set Carry Bit SEC
Clear CLR Clear Carry Bit CLC
Complement COM Set Interrupt Mask Bit SEI
Negate (Twos Complement) NEG Clear Interrupt Mask Bit cLl
Rotate Left Thru Carry ROL Software Interrupt SWI
Rotate Right Thru Carry ROR Return from Subroutine RTS
Logical Shift Left LSL Return from Interrupt RTI
Logical Shift Right LSR Reset Stack Pointer RSP
Arithmetic Shift Right ASR No-Operation NOP
Test for Negative or Zero TST Stop STOP
Multiply MUL Wait WAIT

L ____________________________________|
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BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit which resides in the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions are all implemented
with a single instruction. 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 manipulation instructions.

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

Function
Branch if Bit n is Set
Branch if Bit n 1s Clear
Set Bit n
Clear Bit n

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; the longest instructions (three bytes) permit
accessing tables throughout memory. Short and long ab-
solute addressing is also included. One- or two-byte di-
rect addressing instructions access all data bytes in most
applications. 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., a
constant used to Initialize a loop counter).

DIRECT

In the direct addressing mode, the effective address of
the argument 1s 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. When using
the Motorola assembler, the user need not specify whether
an instruction uses direct or extended addressing. The
assembler automatically selects the shortest form of the
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. The programmer need not calculate
the offset when using the Motorola assembler, since 1t
calculates the proper offset and checks to see that it i1s
within the span of the branch.

INDEXED, NO OFFSET

Inthe indexed, no offset addressing mode, the effective
address of the argument i1s contained in the 8-bit index
register. 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 I1s 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 address mode can be used in a manner
similar to indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode, and the byte following
the opcode specifies the direct addressing of the byte in
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Table 3. Opcode Map

000L-€

V1va H0SS300UdOHIIA VIOHOLOW

Bit Manipulation Branch Read-Modify-Write Controt Reg y
BTB BSC REL OIR INH INH X1 1X INH INH MM DIR EXT X2 X1 X
W [] 1 2 3 4 5 6 7 8 9 A B C D € F W
Low 0000 0001 0010 0011 0100 0101 0110 o 1000 1001 1010 1011 1100 101 110 1n Low
0 10 7 4 6 a 4 7 6 9 2 a4 5 6 5 a 0
wow | BRSETO BSETO BRA NEG NEG NEG NEG NEG RTI sus sus suB SuB sus suB 0w
3 BTB|2 B8SC|2 REL{2 DIR|2 INH| 1 INH[2 IXtH1 x| INH 2 IMM|2 DIR[3 EXT|3 ix2{2 1X1{1 1X
1 10 7 4 6 2 a 5 6 5 a 1
o0 BRCLRO BCLRO BRN RTS cMP cMP cmp cmp cMP cmP e
3 B8T8|2 BSCl2 REL 1 INH 2 IMM |2 DIR|3 EXT|3 1X2]2 X141 X
2 0 7 a 2 4 5 6 5 4 2
oo |, BRSET1 BSETY BHI SBC SBC SBC SBC SBC SBC a0
3 BTB|2 BSC|2 REL 2 IMM | 2 DIR{3 EXT|3 1X2[2 X1 1 1X
3 10 7 4 6 4 4 7 € 1n 2 4 5 6 5 a4 3
o BRCLR1 BCLR1 BLS coM COMA COMX com com swi CPX CPX CPX CPX cPX cPX o
3 BTB[2 B8SC|2 REL[2 DIR| 1 INH[1 INH |2 X1 x| INH 2 IMM|2 DIR|3 EXT|3 1X2|2 X1 X
a4 10 7 4 6 4 a 7 6 2 aq 5 6 5 4 a4
oneo BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND orto
3 BTB|2 BSC{2 REL[2 DIR|1 INH|1 INH|2 X111 X 2 IMM[2 DIR|{3 EXT|3 1X2]2 X1} 1 X
5 10 4 2 a 5 6 5 4 5
oo BRCLR2 BCLR2 BCS BIT BIT 8IT BIT 8IT BIT oo
3 BTB{2 BSC|2 REL 2 IMM |2 DIR|3 EXT|3 x2{2 X1t X
6 10 7 4 6 4 4 7 6 2 a 5 6 5 4 6
oo BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA o
3 BTB|2 BSC|2 REL[2 DiR[1 INH|1 INH| 2 1X1]3 X 2 IMM ]2 DIR|3 EXT|3 1X2|2 IX1]1 1X
7 0 4 ] 4 7 6 2 5 6 7 6 5 7
o BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA ot
3 BTB[2 BSC|2 REL[2 DIR|1 INH |1 INH[2 IX1]1 1X 1 INH 2 DIR[3 EXT[3 1X2{2 x| 1X '
8 10 7 4 6 a a 7 6 2 2 a 5 6 5 a 8
o, | BRSETa BSET4 BHCC Lst LSLA LSLX st LsL cLe EOR EOR EOR EOR EOR EOR .
3 BTB|2 BSC|2 REL DIR{1 INH|1 INH|2 1X1{1 13 1 INH|2 IMM |2 DIR3 EXT|3 x2|2 1xif1 X
9 0 4 6 4 aq 7 6 2 2 a 5 [ 5 4 9
- BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC -
3 BTB|2 BSC|2 REL[2 DIR|1 INH] T INH|2 X1)1 1X 1 INH|2 IMM|2 DIR|3 EXT!3 1X212 xi X
A 10 7 4 6 a 4 7 6 2 2 4 5 6 5 4 A
oo BRSET5 BSETS BPL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA oo
3 B8TB|2 BSC|2 REL[2 DIRjT INH| 1 INH|2 X311 1X 1 INH|2 IMM |2 DIR|3 EXT|3 1X2]|2 IX1]1 1X
8 10 7 4 2 2 4 5 6 5 a B
ot BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD o
3 BTB|2 BSC|2 REL 1 INH| 2 IMM |2 DIR{3 EXT|3 1X212 1X1)1 X
c 10 7 q 6 4 4 7 1 2 3 4 5 a 3 c
5o BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP e
3 BTB|2 BSC|2 REL|[2 DIR|1 INH|1 INH {2 1X111 1X 1 INH 2 DIR[3 EXT|3 1X2]|2 IX1{1 1X
D 10 7 4 6 4 a 7 6 2 8 7 8 9 8 7 D
e BRCLRE BCLR6 BMS TST TSTA TSTX TST ST NOP BSR JSR JSR JSR JSR JSR e
3 BTB|2 BSC|2 REL[2 DIRj1 INH| 1 INH | 2 IX1(1 X 1 INH |2 REL{2 DIR|3 EXT|3 1X2]2 xift X
E 10 7 4 2 4 5 6 5 4 E
o BRSET? BSET7 BIL LDX LDX LDX LDX LDX LDX o
3 BT8|2 BSC|2 REL 2 IMM | 2 DIR{3 EXTI3 1X2{2 Xt X
F 10 7 4 6 4 4 7 6 2 5 6 7 6 5 [3
o BRCLR7 BCLR? _ BH CLR CLRA CLRX CLR CLR TXA STX STX STX STX STX B
3 BTB[2 BSC|2 REL{2 DIR{1 INH |1 INH |2 1X1{1 1X 1 INH 2 DIR|3 EXT|3 1X2|2 xi1 1X
Abbreviations for Address Modes Legend
INH Inherent
IMM Immediate F - OPCODE IN HEXADECIMAL
DIR Direct N ]
EXT Extended NUMBER OF CYCLES ————»¢ 4 OPCODE IN BINARY
REL  Relati gl
elative MNEMONIC ————> SUB -«
0000
BSC Bit Set/Clear BYTES — 4 | IX
BTB Bit Test and Branch ADDRESS MODE
X Indexed (No Offset)
IX1 Indexed, 1 Byte (8-Bit) Offset

1X2 Indexed, 2 Byte {16-Bit) Offset
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MC68HCO5P1

which the specified bit is to be set or cleared. Any read/
write bit in the first 256 locations of memory, including
I/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 that is 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 specified 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 - 125 to +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.

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS (Voltages referenced to Vsg)

Rating Symbol Value Unit This device contains circuitry to protect the in-
puts against damage due to high static voltages
Supply Voltage VDp | -03t0 +70 | V or electric fields; however, it I1s advised that nor-
Input Voltage Vin Vsg —0.3to v mal precautions be taken to avoid application of
Vpp +0.3 any voltage higher than maximum-rated voltages
pram— to this high-impedance circuit. For proper oper-
Self-Check Mode (IRQ Pin Only) Vin 2\/53'0'3(;% v ation, it I1s recommended that V, and Vgt be
xVpD+ constrained to the range Vsg =< (Vi or Vout) <
Current Drain Per Pin Excluding | 25 mA Vpp Rehability of operation 1s enhanced if un-
Vpp and Vgg used Inputs are connected to an appropriate logic
N | | .g, either V .
Operating Temperature Range TA TLtoTH °C voltage level (2., either Vss or VpD)
MC68HCO5P1P, DW 0to +70
Storage Temperature Range Tstg -65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance 6JA CW
Plastic 60
SOIC 60
Vpp=45V
Pins R1 R2 C
V
bo PA7-PAD, | 326 k(} | 238 k() 50 pF
PB7-PBS,
R2 PC7-PCO
(SEE TABLE) PD5, TCMP
TEST
POINT Vpp=3.0V
¢ R1 Pins R1 R2 c
(SEE TABLE) (SEE TABLE}
PA7-PAQ, {1091 k()| 632 k() 50 pF
PB7-PBS,
= PC7-PCO
PD5, TCMP

Figure 12. Equivalent Test Load
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POWER CONSIDERATIONS
The average chip-junction temperature, T, in °C can For most applications P|;o<P;NT and can be neglected.
be obtained from: The following is an approximate relationship between
TJ=TA+(PD'9JA) (1) Pp and TJ (if P|/0 is neglected):
where: Pp=K=(T +273°C) (2)
Ta = Ambient Temperature, °C Solving equations {1) and (2) for K gives:
0)A = Package Thermal Resistance, K=Pp*(Tp+273°C) + 6 APD? (3)
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K
Pp =PINT+PlO can be determined from equation (3) by measuring Pp
PINT  =lcc X Ve Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K,
P10 = Power Dissipation on Input and Output the values of Ppy and Ty can be obtained by solving equa-
Pins — User Determined tions (1) and (2} iteratively for any value of Tx.

DC ELECTRICAL CHARACTERISTICS
(VDD =5.0 Vdc=10%, Vg5 =0 Vdc, TA=T[ to Ty, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage, || gad<100 pA VoL —_ —_ 0.1 "
VoH Vpp-01 — —
Output High Voltage (see Figure 13) VOH A
(ILoad = 0.8 mA) PA7-PAOQ, PB7-PB5, PC7-PCO, PD5, TCMP Vpp-0.8 — —
Output Low Voltage (see Figure 14) VoL — — 04 \
{ILoad = 1.6 mA) PA7-PAQ, PB7-PBS, PC7-PCO, PD5, TCMP
Input High Voltage _ VIH 0.7xVpp — Vop \%
PA7-PA0, PB7-PB5, PC7-PCO, PD5, PD7/TCAP, IRQ,
RESET, OSC1
Input Low Voltage - ViL Vss — 0.2xVpp \
PA7-PA0, PB7-PB5, PC7-PCO0, PD5, PD7/TCAP, IRQ,
RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — \
Supply Current (see Notes) Ibp
Run {see Figures 15 and 16) —_ 35 7.0 mA
Wait {see Figures 15 and 16) — 1.6 4.0 ‘mA
Stop (see Figure 16)
25°C — 2.0 50 nA
0° to 70°C (Standard) — — 140 rA
I/0 Ports Hi-Z Leakage Current I —_ —_ =10 pA
PA7-PAO, PB7-PB5, PC7-PCO, PD5
Input Current Iin — — +1 A
RESET, IRQ, OSC1, PD5, PD7/TCAP
Capacitance pF
Ports {as Input or Output) Cout — — 12
RESET, IRQ, PD5, PD7/TCAP Cin — — 8

NOTES.
1. All values shown reflect average measurements.
2. Typical values at midpoint of voltage range, 25°C only.
3. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C| =20 pF on OSC2.
. Wait, Stop Ipp: All ports configured as inputs, V). =0.2 V, Viy=Vpp-0.2 V.
. Stop Ipp measured with 0SC1=Vgg.
. Standard temperature range is 0° to 70°C.
. Wait Ipp is affected linearly by the OSC2 capacitance.

Noohs

. ______________________________________________________________________________ |
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DC ELECTRICAL CHARACTERISTICS
(Vpp=33Vdc=10%, Vg5=0 Vdc, TA=T|_ to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage, l| gad=100 pA VoL . — 01 v
VoH | Vpp-01 - -
Output High Voltage (see Figure 13) VOH \
{ILoad =0.2 mA) PA7-PAD, PB7-PB5, PC7-PCO0, PD5, TCMP Vpp-03 — —
Output Low Voltage (see Figure 14) VoL — — 03 \
(ILoad =04 mA) PA7-PA0, PB7-PB5, PC7-PCO, PD5, TCMP
Input High Voltage o VIH 0.7xVpp — Vpp v
PA7-PA0, PB7-PBS, PC7-PCO0, PD5, PD7/TCAP, IRQ,
RESET, 0SC1
Input Low Voltage o VIL Vgs — 0.2xVpp \
PA7-PAO, PB7-PB5, PC7-PCO, PD5, PD7/TCAP, IRQ,
RESET, 0SC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — Vv
Supply Current {see Notes) IbD
Run (see Figures 15 and 17) — 10 25 mA
Wait (see Figures 15 and 17) — 0.5 1.4 mA
Stop (see Figure 17)
25°C — 10 30 A
0° to 70°C (Standard) — — 80 pA
/O Ports Hi-Z Leakage Current 1L — - =10 A
PA7-PA0, PB7-PB5, PC7-PCO, PD5
Input Current hn — — 1 nA
RESET, IRQ, OSC1, PD5, PD7/TCAP
Capacitance pF
Ports {as Input or Output) Cout — — 12
RESET, IRQ, PD5, PD7/TCAP Cin — — 8
NOTES:

1 All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C only.

3 Run {Operating) Ipp, Wait Ipp Measured using external square wave clock source (foge=4.2 MHz), all inputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C|_ =20 pF on OSC2

Wait, Stop Ipp All ports configured as inputs, V| =0.2V, Vjy=Vpp-02 V.

Stop Ipp measured with 0SC1=Vgs.

Standard temperature range 1s 0° to 70°C.

Wait Ipp ts affected linearly by the OSC2 capacitance.

No o
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DC ELECTRICAL CHARACTERISTICS
(Vpp =5.0 Vdc £ 10%, Vg5 =0 Vdc, TA=T| to T, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage, I gad=10 0 pA VoL — — 0.1 \
VoH Vpp - 0.1 — —
Output High Voltage (see Figure 13) VOH \
(ILoad = 0.8 mA) PA7-PAQ, PB7-PB5, PC7-PCO0, PD5, TCMP Vpp-0.8 — —
Output Low Voltage {see Figure 14) VoL . — 04 \Y
{ILoad = 1.6 mA) PA7-PAO, PB7-PB5, PC7-PCO, PD5, TCMP
Input High Voltage _ VIH 07xVpp - VDD \
PA7-PAO, PB7-PB5, PC7-PCO0, PD5, PD7/TCAP, IRQ,
RESET, 0SC1
Input Low Voltage . ViL Vgs — 0.2xVpp \
PA7-PAO, PB7-PB5, PC7-PCO, PD5, PD7/TCAP, IRQ,
RESET, 0SC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — v
Supply Current (see Notes) Ibb
Run (see Figures 15 and 16) — 35 70 mA
Wait {see Figures 15 and 16) — 1.6 4.0 mA
Stop (see Figure 16)
25°C — 20 50 pA
0" to 70°C (Standard) — — 140 pA
1 O Ports Hi-Z Leakage Current L - — =10 HA
PA7-PA0, PB7-PB5, PC7-PCO, PD5
Input Current. hn —_ —_ =1 pA
RESET, IRQ, OSC1, PD5, PD7/TCAP
Capacitance pF
Ports (as Input or Output) Cout — —_ 12
RESET, IRQ, PD5, PD7/TCAP Cin — — 8
NOTES:
1 All values shown reflect average measurements.

2 Typical values at midpoint of voltage range, 25°C only
3 Run (Operating) Ipp, Wait Ipp. Measured using external square wave clock source (fgge=4.2 MHz), all inputs 02 V from rail;
no dc loads, less than 50 pF on all outputs, C|_=20 pF on 0SC2
Wait, Stop Ipp: All ports configured as inputs, V|L=0.2 V, Vjy=Vpp-02 V.
Stop Ipp measured with OSC1=Vgg.
Standard temperature range 1s 0° to 70°C.
. Wait Ipp 1s affected linearly by the OSC2 capacitance.

~Noe o s

|
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Figure 15. Typical Current vs Internal Frequency for Run and Wait Modes
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70
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Vpp 5V ¢ 10% (70 ma)
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Figure 16. Maximum Ipp vs Frequency for Vpp=5.0 Vdc
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Figure 17. Maximum Ipp vs Frequency for Vpp =3.3 Vdc
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MC68HCO5P1

CONTROL TIMING
(Vpp=5.0 Vdc +10%, Vgg =0 Vdc, TA=TL to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option - 4.2
External Clock Option dc 4.2
Internal Operating Frequency fop MHz
Crystal (fogc—2) —_ 2.1
External Clock (fogc—2) dc 2.1
Cycle Time (see Figure 20) toyc 480 — ns
Crystal Oscillator Startup Time (see Figure 20) tOXoV — 100 ms
Stop Recovery Startup Time (Crysta!l Oscillator) (see Figure 18) tILCH —_ 100 ms
RESET Pulse Width (see Figure 20) tRL 1.5 — teye
Timer
Resolution** tRESL 4.0 — teye
Input Capture Pulse Width (see Figure 19) tTH. tTL 125 — ns
Input Capture Puise Period {see Figure 19) tTLTL xxx — toye
Interrupt Pulse Width Low (Edge-Triggered} {see Figure 8) HLIH 125 — ns
Interrupt Pulse Period (see Figure 8) tLIL * — toye
0OSC1 Pulse Width tOH, toL 90 — ns

*The minimum period t|( || should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye.
**Since a 2-bit prescaler in the timer must count four internal cycles {teyc). this 1s the hmiting minimum factor in determining the
timer resolution.
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

o NN 777777 TTTTTT X TTT 777777

|€— tRL —>

—_—
RESET \ /-

€= tLIH =

__ =
1RQ2 \ 7

-« tiLCH 1 4064 toyc —

CIELN
INTERNAL I | | | I N | | | I | | | I
CLocK
INTERNAL
BUS

NOTES: RESET OR INTERRUPT
1. Represents the internal gating of the OSC1 pin VECTOR FETCH
2 IRQ pin edge-sensitive mask option
3 IRQ pin level- and edge-sensitive mask option.
4 RESET vector address shown for timing example

Figure 18. Stop Recovery Timing Diagram
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CONTROL TIMING
(VDD =3.3 Vdc £ 10%, Vgg =0 Vdc, TA=T( to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option — 2.0
External Clock Option dc 2.0
Internal Operating Frequency fop MHz
Crystal (fogc—2) — 1.0
External Clock (fogc—2) dc 10
Cycle Time (see Figure 20) teye 1000 — ns
Crystal Oscillator Startup Time (see Figure 20) tOXOV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 18) tiLCH — 100 ms
RESET Pulse Width — Excluding Power-Up {see Figure 20) tRL 15 — teye
Timer
Resolution** tRESL 4.0 - teye
Input Capture Pulse Width (see Figure 19) tTH. tTL 250 —_ ns
Input Capture Pulse Period (see Figure 19) tTLTL xx —_ teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) HLIH 250 — ns
Interrupt Pulse Period {see Figure 8) tLIL * — teye
0SC1 Pulse Width tOH. toL 200 — ns

*The minimum period t| | should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye.
**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the
timer resolution.
***The minimum period tT 7L should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

EXTERNAL |1—‘TLTL—>| —Dl tTH I<— —Pl L li—-

SIGNAL

KA I e I S I O I N

Figure 19. Timer Relationships
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tVDDR

VoD [#" vpp THRESHOLD (1-2 V TYPICAL)

oserx |27 71X TTTT 7177777777777 T T T T T

toxov | 4064 teye

- - .y

[eleye ~>{
INTERNAL

PROCESSOR I | I I | | l | I I I | I I I I I I I I | | I | I

CLOCK*

INTERNAL o
ADDRESS 1FFE e X NEW PC 1FFE 1FFE 1FFE 1FFE 1FFF
* PC
BUS
lNTEg%\k % @ . . ' . . ﬂ ﬂ
BUS* CODE CODE

[e— Rl —]

RESET
\ * % *

*Internal timing signal and bus information not available externally.
*%¥0SC1 hne is not meant to represent frequency It 1s only used to represent time
*%*The next nsing edge of the internal processor clock following the rising edge of RESET initiates the reset sequence

Figure 20. Power-On Reset and RESET
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ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to Mo-
torola in the following media:

MDOS®, disk file

MS®-DOS/PC-DOS disk file {360K)

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM
MC68HC805C4

To initiate a ROM pattern for the MCU, it is necessary
to first contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS/PC-DOS disk file}), pro-
grammed with the customer’s program (positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

In addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS is Microsoft’s Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines.

EPROMs

A 2764, 68764, or 68766 type EPROM, programmed
with the customer’s program (positive logic sense for
address and data), may be submitted for pattern gener-
ation. Since all program and data space information will
fit on one 2764, 68764, or 68766 EPROM device, the EPROM
must be programmed as described in the following par-
agraphs.

For an MC68HC805C4 MCU start the page zero, user
ROM at EEPROM address $0020 through $004F. Start the
user ROM at EEPROM address $0100 through $08FF with
vectors from $1FFO0 to $1FFF. All unused bytes, including
the user’s space, must be set to zero. For shipment to
Motorola, EPROMs should be placed in a conductive IC

MDOS is a trademark of Motorola Inc.
MS 1s a trademark of Microsoft, Inc.

carrier and packed securely. Styrofoam is not acceptable
for shipment.

$0020

xxx=CUSTOMER ID

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer hsting of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’s ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quality
Assurance.

ORDERING INFORMATION

The following table provides ordering information per-
taining to the package type, temperature, and MC order
numbers for the MC68HCO5P1 device.

Package Type Temperature MC Order Number
Plastic 0°C to +70°C MC68HCO5P1P
(P Suffix)
SOIC 0°C to +70°C MC68HCO5P1DW
{DW Suffix)

IBM is a registered trademark of International Business Machines Corporation.
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PIN ASSIGNMENTS

28-PIN DUAL-IN-LINE PACKAGE AND
28-PIN SOIC PACKAGE

RESET[J1 @ 28 {] Voo
ma {2 27 posm
Pa7[} 3 26 {J osc2
pas [ 4 25 ;TCAP/PD7
pas [l 5 24 (} Teme
PA4ﬁ 6 23 [1 Pos
pasf} 7 22 [l Pco
pa2[] 8 21 ng
PA1q 9 20 I pc2
pao [l 10 19 [] pc3
Pes ] 1 18 [] Pca
pes ] 12 17 [l Pcs 3
PB7[] 13 16 EPCG
vss[] 14 15 ] pc7

. ________________________________________________________________________________________|
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TECHNICAL DATA MC68HCL05C4

Technical Summary
8-Bit Microcontroller Unit

The MC68HCL05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of
microcontrollers. This high-performance, low-power MCU has parallel /O capability with pins pro-
grammable as input or output. This publication contains condensed information on the MCU; for
more detailed information, contact your local Motorola sales office.

The following block diagram for depicts the hardware features; additional features available on
the MCU are as follows:

® On-Chip Oscillator with RC or Crys‘taI/Ceramic Resonator Mask Options
Memory Mapped I/0

176 Bytes of On-Chip RAM

4156 Bytes of User ROM

24 Bidirectional 1/0 Lines and 7 Input-Only Lines

Serial Communications Interface (SCI) System

Serial Peripheral Interface (SPI) System

Self-Check Mode

Power-Saving STOP, WAIT, and Data Retention Modes
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode)
Fully Static Operation

8x8 Unsigned Multiply Instruction

BLOCK DIAGRAM

TCMP 0sC1 0sc2
Internal Internal
P
Tcap Timer 'E‘Ifcssm Oscillator Processor
I System and Clock ATEET
-2 RESET
; ! iRQ
PAQ > « PCO >
PA1 Accumulator PCI
——
PA2
Port LA g cPU le—PC2
' PA3 o Port | Data Index Control Data | Port PC3 Pg”
Vo PAZ__| A | Dn |—o Register — Dr RC PCa o
Lines =«—EAS .l Reg | Reg Reg [Reo 1L 6 0 | ines
PAG Condition PC6
PA7 Code
- Register fe—FEL
CPU PD7
Stack p— PortD
<80 Pointer
PB1 L o |eRDLPDO
Port —E82 5l Program IO (PD1)
8 «EB3 .| Port | Data Counter SO (PD2)
10 B4 B | Dr —4 High ALU OS1PD3!
Lines 285 Reg | Reg Program — sP SCK(PDA)
= PB6 Counter SS (PD5)
< PB7 Low
Baud Rate
T l Generator
4156+ 8 176 x 8 Internal
ROM SR'E‘P\I/(I: Processor
240 x 8 Clock
Self-Check
ROM

This document contains information on a new product Specifications and information herein are subject to change without notice.

L ______________________________________________________________________________________|
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SIGNAL DESCRIPTION

The signal descriptions of the MCU are discussed in
the following paragraphs.

VDD AND Vss
Power is supplied to the microcontroller using these
two ptns. Vpp 1s the positive supply, and Vss is ground.

iRQ
This pin 1s a programmable option that provides two

different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detal.

0SC1, 0sc2

These pins provide control input for an on-chip clock
oscillator circut. A crystal, a ceramic resonator, a resistor
capacitor combination, or an external signal connects to
these pins providing a system clock. A mask option se-
lects either a crystal/ceramic resonator or a resistor/ca-
pacitor as the frequency determining element. The
osciliator frequency 1s two times the internal bus rate.

RC Oscillator

With this option, a resistor is connected to the oscillator
pins as shown in Figure 1(d). The relationship between
R and fogc 1s shown in Figure 2.

Crystal

The circuit shown in Figure 1(b) 1s recommended when
using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and start-up stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vpp
specifications.

Ceramic Resonator

A ceramic resonator may be used in place of the crystal
In cost-sensitive applications. The circuit in Figure 1(b) 1s
recommended when using a ceramic resonator. Figure
1(a) lists the recommended capacitance and resistance

Ceramic Resonator

2-4 MHz| Units
Rg (typical) 10 Q
Co 40 pF
C1 43 pF
Cosci 30 pF
Cosc?2 30 pF
Rp 1-10 MO
Q 1250 =

(a) Crystal/ Ceramic Resonator Parameters

Crystal
2 MHz | 4 MHz Units
RsMAX 400 75 Q
Co 5 7 pF
Cq 0008 | 0012 uF
Cosc1 15-40 15-30 pF
Cosc2 15-30 15-26 pF
Rp 10 10 MQ
Q 30 40 K
MCcu
osci 0sc2
33 Rp 38
0—][“-—1»
Coscr== f Cosc2

{b) Crystal/ Ceramic Resonator
Oscillator Connections

(d) RC Oscillator Connections

08C2 — Y| —MA—— 05C1

B 3
-~ 4

38 :D! 39

{c) Equivalent Crystal Circuit

Mcu

0SC1 0SC2
39 38

Unconnected
< External Clock

(e) External Clock Source Connections
(For Crystal Mask Option Only)

Figure 1. Oscillator Connections
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10
5
~.‘
= 2 I
I
= 1
>
o
e
g 05 ~ ]
g 02 N
S
2 0 S5
g
© 005
002
001
1 2 5 10 20 50 100 200 500 1000

Resistance (kQ)

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

values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation.

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal os-
cillator mask option.

INPUT CAPTURE (TCAP)

This pin controls the input capture feature for the on-
chip programmable timer.
OUTPUT COMPARE (TCMP)

This pin provides an output for the output compare

feature of the on-chip timer.
RESET

This pin is used to reset the MCU and provide an or-
derly start-up procedure by pulling RESET low.

INPUT/QUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7)

These 24 lines are arranged into three 8-bit ports (A,
B, and C). These ports are programmable as either inputs
or outputs under software control of the data direction
registers. Refer to PROGRAMMING for additional infor-
mation.

FIXED INPUT PORT (PD0-PD5, PD7)

These seven lines comprise port D, a fixed-input port.
All special functions that are enabled (SPI, SCI) affect this
port. Refer to PROGRAMMING for additional information.

PROGRAMMING

Input/output port progrmming, fixed input port pro-
gramming, and serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin I1s programmable as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
initialized on reset but may be written to before setting
the DDR bits to avoid undefined levels.

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. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the I/0 pin functions.

Table 1. I/0O Pin Functions

R/W* DDR 1/0 Pin Functions

0 0 The /0 pin is in input mode. Data 1s
written into the output data latch.

0 1 Data is written into the output data latch
and output to the /O pin.

1 0 The state of the I/O pin 1s read.

1 1 The I/0 pin1s in an output mode. The
output data latch is read.

*R/W is an internal signal.

FIXED INPUT PORT PROGRAMMING

Port Dis a fixed input port (PD0-PD5, PD7) that monitors
the external pins whenever the SCI or SPI is disabled.
After reset, all seven bits become valid inputs because
all special function drivers are disabled. For example,
with the SCI enabled, PD0 and PD1 inputs will read zero.

MOTOROLA MICROPROCESSOR DATA
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Data Direction
/<l Register
Bit
Latched /0
Internal ~———»{ Output Data Output o
MCB8HC05C4 Bit n
Connections
Input
170
Figure 3. Typical Port /O Circuit
With the SPI disabled, PD2 through PD5 will read the state 7 0

of the pin at the time of the read operation.

NOTE
Any unused inputs and )/O ports should be tied to
an appropriate logic level (e.g., either Vpp or Vss).

SERIAL PORT (SCI AND SPl) PROGRAMMING

The SCI and SPI use the port D pins for their functions.
The SCI requires two pins (PD0-PD1) for its receive data
input (RDI) and transmit data output (TDO), respectively.
The SPI function requires four of the pins (PD2-PD5) for
its serial data input/output (MISO), serial data output/
input (MOSI), serial clock (SCK), and slave select (SS),
respectively.

MEMORY

The MCU is capable of addressing 8192 bytes of mem-
ory and I/0 registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check ROM, control
registers, and /0. The user-defined reset and interrupt
vectors are located from $1FF4 to $1FFF.

The shared 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 infor-
mation.

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 calculations
or data manipulations.

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.

7 0

X |

PROGRAM COUNTER (PC)

The program counter is a 13-bit register that contains
the address of the next byte to be fetched.

12 0
PC

STACK POINTER (SP)

The stack pointer is a 13-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 to location $00FF. The stack pointer
is then decremented as data 1s pushed onto the stack and
incremented as data Is pulled from the stack.

When accessing memory, the seven most significant
bits are permanently set to 0000011. These seven bits are
appended to the six least significant register bits to pro-
duce an address within the range of $00FF to $00CO.
Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer
wraps around and loses the previously stored informa-
tion. A subroutine call occupies two locations on the stack,
while an interrupt uses five locations.

12 7
Lofofolofe]s]i] s |
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$0000 0000 0000 Port A Data Register $00
Ports
/o 7 Bytes Port B Data Register $01
32 Bytes Port C Data Register $02
Port D Fixed Input Register $03
$001F 0031 Unused
$0020 0032 3 Bytes Port A Data Direction Regrster $04
:Si/’l \ Port B Data Direction Register 505
48 Bytes \ Port C Data Direction Register 506
$004F 0079
$0050 0080 Senial Penpheral Unused $07
\ Interface
Unused
\ 3 Bytes $08
RAM \ Unused $09
176 Bytes
Y \ Serial Penipheral Control Register $0A
Serial P s
SOOBF| 0191y Communications Seral Peripheral Status Register $08
$00C0O Stack—T 0192 Interface Senal Penpheral Data 1/ O Register s0C
5 Bytes
SOOFF 64 Bytes 0255 \ vie Senial Communications Baud Rate Register $0D
$0100 0256 \ Timer Serial Communications Control Register 1 $OE
User \ 70 Bytes Senal Communications Control Register2 | $OF
409%08'\3185 \ Seral Communications Status Register $10
S10FF 4351 \ Unused Senal Communications Data Register $1
$1100 4352 \ 4 Bytes Timer Control Register $12
Unused Timer Status Register $13
3584 Bytes 0031
\ Input Capture High Register $14
$IEFF 7935 \ Input Capture Low Regist
S1F00 7036 ) \ nput Capture Low Register $15
\ Output Compare High Register $16
Self Check \ Output Compare Low Register $17
$1FDF | _ _ _ \\ Counter High Register $18
$1FEO \ Counter Low Register $19
Self-Check
s/ectgresc 256 Bytes \ Alternate Counter High Register S1A
SIFEF 8175 \ Alternate Counter Low Register $1B
$1FFO Unused 8176 \ Unused $1C
STFF3 4 Bytes 8179 \ Unused $10
S1FF4 User 8180 \ Unused $1E
Vectors \
S1FFF 12 Bytes 8191 Unused $1F

Figure 4. Memory Map

CONDITION CODE REGISTER (CCR)

The CCR I1s a 5-bit register in which four bits are used
to indicate the results 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 paragraphs.

nnnan
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 ()

When this bit is set, the timer and external interrupt is
masked (disabled). If an interrupt occurs while this bit is

set, the interrupt is latched and 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 I1s a logic one).

Zero (2Z)

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 anthmetic logical unit {ALU) occurred during the

MOTOROLA MICROPROCESSOR DATA
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last arithmetic operation. This bit is also affected during Table 2. Self-Check Results
bit test and branch instructions, and during shifts and pc3 | pe2 [ pe1 | peo Remarks
rotates.
1 0 0 1 [Bad1lO
1 0 1 0 |[Bad RAM
SELF-CHECK 1 0 1 1 |Bad Timer

1 1 0 0 |[Bad SCi
The self-check capability provides the ability to deter-
mine if the device is functional. Self-check is performed 0 ! |Bad ROM
using the circuit shown in Figure 5. Port C pins PC0-PC3 1 1 1 0 |Bad SP!
are monitored for the self-check results. After reset, the
following seven tests are performed automatically:

I/0 — Exercise of ports A, B, and C Flashing Good Device

RAM — Counter test for each RAM byte All Others Bad Device, Bad Port C, etc

ROM — Exclusive OR with odd ones panty result 0 indicates LED 1s on; 1 indicates LED is off

Timer — Tracks counter register and checks OCF flag

Interrupts — Tests external, timer, SC! and SPI in-

-

1 1 1 1 |Bad Interrupts or IRQ Request

TIMER TEST SUBROUTINE

terrupts ) .
SCl — Transmission test; checks RDRF, TDRE, TC, This subroutine returns with the Z bit cleared if any
and FE flags error is detected; otherwise, the Z bit is set. The timer
SPI — Transmission test; checks SPIF, WCOL, and test subroutine 1s called at location $1FOE. The output
MODF flags compare register 1s first set to the current timer state.
Self-check results (using the LEDs as monitors) are Because the timer is frec_a running and has only a divide-
shown in Table 2. The following subroutines are available by-four prescaler, each timer count cannot be tested. The
to the user and do not require any external hardware. test reads the timer once every 10 counts (40 cycles) and
RESET
— F
RESET | “q 0
310k =
VDD 40 +5V
20 pF
osct 2 1 =
MCU $OM 3 amm:
—21 pa7 oscz | ]- | 20 eF
5 PAG % (See Note) =
6 PD7 1 +5V
PAS 35 —
7 TCMP — = 47K
PA4 — |34
8 PD5/SS
L—=1 pA3 33 IM
o) onz PD4/SCK —-»wv-:lsz 1 o0 N394
10 PD3/MOSI =

PA1 31
1 PD2/MISO
PAO 20
PD1/TDO

29 I
PDO/RDI
2

L\ 1k
12 PBO PCO 8 ¢ AN +5V
13 27 X ok
| PB1 pCt N —w
< 1k
0k g 4] pay pc2 |28 e v
15 25 X AL
1 PB3 PC3 ~ P WA
L 16! pga pCa
171 pes pes P2
181 pes pce |2
21
90 pa7 PC7
Vss
L 20

NOTE The RC Oscillator Opticn may also be used in this circuit

Figure 5. Self-Check Circuit Schematic Diagram

L _________________________________________________________________________|
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checks for correct counting. The test tracks the counter
until the timer wraps around, triggering the output com-
pare flag in the timer status register. RAM locations $0050
and $0051 are overwritten. Upon return to the user’s pro-
gram, X=40. If the test passed, A=0.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The ROM
checksum subroutine is called at location $1F93 with RAM
location $0053 equal to $01 and A=0. A short routine is
set up and executed in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0050 through
$0053 are overwritten. Upon return to the user’s program,
X=0. If the test passed, A=0.

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 RE-
SET line logic level.

POWER-ON RESET (POR)

An internal reset is generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and should
not be used to detect a drop in the power supply voltage.
There is a 4064 internal processor clock cycle (teyc) delay
after the oscillator becomes active. If the RESET pin is
low at the end of 4046 teyc, the MCU will remain in the
reset condition until RESET goes high.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period of one and one-half machine
cycles (teyc).

INTERRUPTS

The MCU can be interrupted five different ways: the
four maskable hardware interrupts (IRQ, SPI, SCI, and

timer) and the nonmaskable software interrupt instruc-
tion (SWI).

Interrupts cause the processor to save register contents
on the stack and to set the interrupt mask (I bit) to prevent
additional interrupts. The RTl instruction causes the reg-
ister contents to be recovered from the stack and normal
processing to resume. The stacking order is shown in
Figure 6.

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 the one already fetched
and being operated on.

When the currentinstruction is complete, the processor
checks all pending hardware interrupts. If unmasked (I
bit clear) and if the corresponding interrupt enable bit is
set, the processor proceeds with interrupt processing;
otherwise, the next instruction is fetched and executed.

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, regardless of the |-bit state.
Refer to Figure 7 for the reset and interrupt instruction
processing sequence.

TIMER INTERRUPT

There are three different timer interrupt flags that cause
a timer interrupt whenever they are set and enabled. The
interrupt flags are in the timer status register (TSR), and
the enable bits are in the timer control register (TCR).
Refer to TIMER for more information.

EXTERNAL INTERRUPT

If the interrupt mask bit (I bit) of the CCR is set, all
interrupts are disabled. Clearing the | bit enables the ex-
ternal interrupt. The external interrupt is internally syn-
chronized and then latched on the falling edge of IRQ.
The action of the external interrupt is identical to the timer
interrupt with the exception that the interrupt request
input at IRQ is latched internally and the service routine
address is specified by the contents of $1FFA and $1FFB.

7 0 Stack
R I 1 l Condition Code Register t!l
€ Accumulator T
Increasing Memory T E Decreasing Memory
Addresses U Index Register R Addresses
z oJofo] PCH R
u
PCL p
Unstack T

NOTE Since the Stack Pointer decrements during pushes, the PCL 1s
stacked first, followed by PCH, etc Pulling from the stack s
in the reverse order

Figure 6. Interrupt Stacking Order
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;
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interrupt
Routine
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Figure 7. Reset and Interrupt Processing Flowchart
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Either a level-sensitive and edge-sensitive trigger, or
an edge-sensitive only trigger are available as a mask
option. Figure 8 shows both a functional internal diagram
and a mode timing diagram for the interrupt line. The
timing diagram shows two treatments of the interrupt
line to the processor. The first method shows a single
pulse on the interrupt line spaced far enough apart to be
serviced. The minimum time between pulses is a function
of the length of the interrupt service. Once a pulse occurs,
the next pulse should not occur until an RTI occurs. This
time (t|).) is obtained by adding 21 instruction cycles to
the total number of cycles it takes to complete the service

Level-Sensitive Tngger

L

> c

Interrupt Pin

o1

routine (not including the RTI instruction). The second
method shows many interrupt lines “wire-ORed"’ to form
the interrupts at the processor. If the interrupt line re-
mains low after servicing an interrupt, then the next in-
terrupt is recognized.

NOTE

The internal interrupt latch is cleared in the first part
of the interrupt service routine; therefore, one ex-
ternal interrupt pulse could be latched and serviced
as soon as the | bit is cleared.

External
Interrupt
Request

-

1 Bit{CC)

Power-On Reset

V=l

External Reset

N

External Interrupt
Being Serviced (Read of Vectors)

(a) Interrupt Function Diagram

Edge-Sensitive Trigger Condition
The minimum pulse width (tj| |4} Is either
125 ns {Vpp=5V) or250 ns (Vpp=3 V)
The pernod tj ) should not be less than
the number of tgyc cycles it takes to ex-
ecute the interrupt service routine plus 21
teyc cycles

Level-Sensitive Trigger Condition

If after servicing an interrupt the IRQ re-
mains low, then the next interrupt s
recognized

Normally
Used with

(MCU)

Wire-ORed
Connection

{b) Interrupt Mode Diagram

Figure 8. External Interrupt
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SOFTWARE INTERRUPT (SWI)

The SWI is an executable instruction that is executed
regardless of the state of the | bit in the CCR. If the I bit
is zero, SWI executes after the other interrupts. The SWI|
operation is similar to the hardware interrupts. The In-
terrupt service routine address is specified by the con-
tents of memory locations $1FFC and $1FFD.

SCI INTERRUPTS

An interrupt in the SCI occurs when one of the interrupt
flag bits in the serial communications status register is
set, provided the | bit in the CCR s clear and the enable
bit in the serial communications control register 2 is set.
Software in the serial interrupt service routine must de-
termine the cause and priority of the SCI interrupt by
examining the interrupt flags and status bits in the SCI
status register.

SPI INTERRUPTS
An interrupt in the SPl occurs when one of the interrupt
flag bits in the serial peripheral status register is set,

provided the | bit in the CCR is clear and the enable bit
in the serial peripheral control register is set. Software
in the serial peripheral interrupt service routine must de-
termine the cause and priority of the SPI interrupt by
examining the interrupt flag bits in the SPI status register.

LOW-POWER MODES

STOP

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode, the internal os-
cillator is turned off, halting all internal processing in-
cluding timer, SCI, and SPI operation (refer to Figure 9).

During the STOP mode, the TCR bits are altered to
remove any pending timer interrupt request and to dis-
able any further timer interrupts. The timer prescaler is
cleared. The | bit in the CCR is cleared to enable external
interrupts. All other registers and memory remain unal-
tered. All input/output lines remain unchanged. The pro-
cessor can be brought out of the STOP mode only by an
external interrupt or reset.

‘ Stop ’

Stop Oscillator
And All Clocks

Clear | Bit

External
Interrupt
(IRQ)

Reset

A

Turn On Oscillator
Wait for Time
Delay to Stabilize

y

(1) Fetch Reset Vector or
(2) Service Interrupt

a Stack

b Setl|Bit

c Vector to Interrupt
Routine

Figure 9. STOP Function Flowchart
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SCI During STOP Mode

When the MCU enters the STOP mode, the baud rate
generator stops, halting all SCI activity. If the STOP in-
struction is executed during a transmitter transfer, that
transfer is halted. If a low input to the IRQ pin is used to
exit STOP mode, the transfer resumes. If the SCl receiver
is receiving data and the STOP mode is entered, received
data sampling stops because the baud rate generator
stops, and all subsequent data is lost. For these reasons,
all SCl transfers should be in the idle state when the STOP
instruction is executed.

SPI During STOP Mode

When the MCU enters the STOP mode, the baud rate
generator stops, terminating all master mode SPI oper-
ations. If the STOP instruction is executed during an SPI
transfer, that transfer halts until the MCU exits the STOP
mode by a low signal on the IRQ pin. If reset is used to
exit the STOP mode, then the SPI control and status bits
are cleared, and the SPI is disabled. If the MCU is in the
slave mode when the STOP instruction is executed, the
slave SP| continues to operate. It can still accept data and
clock information in addition to transmitting its own data
back to a master device.

WAIT

The WAIT instruction places the MCU in a low-power
consumption mode, but the WAIT mode consumes more
power than the STOP mode. All CPU action is suspended,
but the timer, SCI, and SPI remain active; refer to Figure
10. An interrupt from the timer, SCI, or SPI can cause the
MCU to exit the WAIT mode.

During the WAIT mode, the | bit in the condition code
register is cleared to enable interrupts. All other registers,
memory, and input/output lines remain in their previous
state. The timer may be enabled to allow a periodic exit
from the WAIT mode.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained
at supply voltages as low as 2.0 Vdc. This is called the
data retention mode where the data is held, but the device
is not guaranteed to operate. The MCU should be in RESET
during data retention mode.

TIMER

The timer consists of a 16-bit, software-programmable
counter driven by a fixed divide-by-four prescaler. This
timer can be used for many purposes, including input
waveform measurements while simultaneously gener-
ating an output waveform. Pulse widths can vary from
several microseconds to many seconds. Refer to Figure
11 for a timer block diagram.

Because the timer has a 16-bit architecture, each spe-
cific functional segment (capability) is represented by two
registers. These registers contain the high and low byte
of that functional segment. Generally, accessing the low
byte of a specific timer function allows full control of that
function; however, an access of the high byte inhibits

that specific timer function until the low byte is also ac-
cessed.

NOTE

The 1 bit in the CCR should be set while manipu-
lating both the high and low byte register of a spe-
cific timer function to ensure that an interrupt does
not occur.

COUNTER

The key element in the programmable timer is a 16-
bit, free-running counter or counter register, preceded by
a prescaler which divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0
microseconds if the internal bus clock is 2.0 MHz. The
counter I1s incremented during the low portion of the in-
ternal bus clock. Software can read the counter at any
time without affecting its value.

The double-byte, free-running counter can be read from
either of two locations $18-$19 (counter register) or
$1A-$1B, {counter alternate register}. A read from only
the least significant byte (LSB) of the free-running counter
($19, $1B) receives the count value at the time of the read.
If a read of the free running counter or counter alternate
register first addresses the most significant byte (MSB)
($18, $1A), the LSB ($19, $1B) is transferred to a buffer.
This buffer value remains fixed after the first MSB read,
even if the user reads the MSB several times. This buffer
is accessed when reading the free-running counter or
counter alternate register LSB ($19 or $1B) and, thus,
completes a read sequence of the total counter value. In
reading either the free-running counter or counter alter-
nate register, if the MSB is read, the LSB must also be
read to complete the sequence.

The counter alternate register differs from the counter
register in one respect: a read of the counter register MSB
can clear the timer overflow flag (TOF). Therefore, the
counter alternate register can be read at any time without
the possibility of missing timer overflow interrupts due
to clearing of the TOF.

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-
on reset, the counter is also preset to $FFFC, and begins
running after the oscillator start-up delay. Because the
free-running counter is 16 bits preceded by a fixed divide-

- by-four prescaler, the value in the free-running counter

repeats every 262,144 internal bus clock cycles. When the
counter rolls over from $FFFF to $0000, the TOF bit is set.
An interrupt can also be enabled when counter rollover
occurs by setting its interrupt enable bit (TOIE).

OUTPUT COMPARE REGISTER

The 16-bit output compare register is made up of two
8-bit registers at locations $16 (MSB) and $17 (LSB). The
output compare register is used for several purposes,
such as indicating when a period of time has elapsed. All
bits are readable and writable and are not altered by the
timer hardware or reset. If the compare function is not
needed, the two bytes of the output compare register can
be used as storage locations.
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‘ Wait ’

Oscillator Active
Timer, SCI, And SP!
Clocks Active
Processor Clocks Stopped

Reset

External
Interrupt
(IRQ)

y

Restart
Processor Clock

(1) Fetch Reset Vector or
{2) Service Interrupt
a Stack
b Set! Bt
¢ Vector to Interrupt
Routine

Timer
Interrupt

Figure 10. WAIT Function Flowchart

The output compare register contents are compared
with the contents of the free-running counter continually,
and if a match is found, the corresponding output com-
pare flag (OCF) bit is set and the corresponding output
level (OLCL) bit is clocked to an output level register. The
output compare register values and the output level bit
should be changed after each successful comparison to
establish a new elapsed timeout. An interrupt can also
accompany a successful output compare provided the
corresponding interrupt enable bit (OCIE) is set.

After a processor write cycle to the output compare
register containing the MSB ($16), the output compare
function is inhibited until the LSB ($17) is also written.
The user must write both bytes (locations) if the MSB is
written first. A write made only to the LSB ($17) will not

inhibit the compare function. The free running counter is
updated every four internal bus clock cycles. The mini-
mum time required to update the output compare reg-
ister is a function of the program rather than the internal
hardware.

The processor can write to either byte of the output
compare register without affecting the other byte. The
output level (OLVL) bit is clocked to the output level reg-
ister regardless of whether the output compare flag (OCF)
is set or clear.

INPUT CAPTURE REGISTER

Two 8-bit registers, which make up the 16-bit input
capture register, are read-only and are used to latch the
value of the free running counter after the corresponding
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A A
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Counter | 1A A4
Alternate
Register | 31B
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|
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RESET
Timer RESE
Control
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J $12
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Interrupt Output Edge
Circuit Level Input
| (TCMP (TCAP

Figure 11. Timer Block Diagram

input capture edge detector senses a defined transition.
The level transition which triggers the counter transfer is
defined by the corresponding input edge bit (IEDG). Reset
does not affect the contents of the input capture register.

The result obtained by an input capture will be one
more than the value of the free-running counter on the
rising edge of the internal bus clock preceding the ex-
ternal transition. This delay is required for internal syn-
chronization. Resolution is one count of the free-running
counter, which is four internal bus clock cycles.

The free-running counter contents are transferred to
the input capture register on each proper signal transition

regardless of whether the input capture flag (ICF) is set
or clear. The input capture register always contains the
free-running counter value which corresponds to the most
recent input capture.

After a read of the input capture register ($14) MSB,
the counter transfer is inhibited until the LSB ($15) is also
read. This characteristic causes the time used in the input
capture software routine and its interaction with the main
program to determine the minimum pulse period.

A read of the input capture register LSB ($15) does not
inhibit the free-running counter transfer since they occur
on opposite edges of the internal bus clock.
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TIMER CONTROL REGISTER (TCR) $12
The TCR is a read/write register containing five control

bits. Three bits control interrupts associated with the timer
status register flags ICF, OCF, and TOF.

7 § 5 4 3 2 1 0
L e Jooe [roe ]| o [ o [ o [ios [ o |
RESET.

0 0 0 0 0 0 v 0

ICIE — Input Capture Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
OCIE — Output Compare Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
TOIE — Timer Overflow Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
IEDG — Input Edge
Value of input edge determines which level transition
on TCAP pin will trigger free running counter transfer
to the input capture register
1=Positive edge
0=Negative edge
Reset does not affect te IEDG bit (U = unaffected).
OLVL — Output Level
Value of output level is clocked into output level reg-
ister by the next successful output compare and will
appear on the TCMP pin
1=High output
0=Low output
Bits 2, 3, and 4 — Not used
Always read zero

TIMER STATUS REGISTER (TSR) $13

The TSR is a read only register containing three status
flag bits.

7 6 5 4 3 2 1 0
[w [ow [ o [ o oo o]
RESET:

U U U 0 0 0 0 0

ICF — Input Capture Flag
1=Flag set when selected polarity edge is sensed by
input capture edge detector
0=Flag cleared when TSR and input capture low reg-
ister ($15) are accessed
OCF — Qutput Compare Flag
1=Flag set when output compare register contents
match the free running counter contents
0=Flag cleared when TSR and output compare low
register ($17) are accessed
TOF — Timer Overflow Flag
1=Flag set when free running counter transition from
$FFFF to $0000 occurs
0=Flag cleared when TSR and counter low register
($19) are accessed
Bits 0-4 — Not used
Always read zero

Accessing the timer status register satisfies the first
condition required to clear status bits. The remaining step
is to access the register corresponding to the status bit.

A problem can occur when using the timer overflow
function and reading the free running counter at random
times to measure an elapsed time. Without incorporating
the proper precautions into software, the timer overflow
flag could unintentionally be cleared if:

1) The timer status register is read or written when

TOF is set, and

2) The LSB of the free-running counter is read but not

for the purpose of servicing the flag.

The counter alternate register at address $1A and $1B
contains the same value as the free-running counter (at
address $18 and $19); therefore, this alternate register
can be read at any time without affecting the timer ov-
erflow flag in the timer status register.

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, but the
timer remains active. An interrupt from the timer causes
the processor to exit the WAIT mode.

TIMER DURING STOP MODE

In the STOP mode, the timer stops counting and holds
the last count value if STOP is exited by an interrupt. If
reset is used, the counter is forced to $FFFC. During STOP,
if at least one valid input capture edge occurs at the TCAP
pin, the input capture detect circuit 1s armed. This does
not set any timer flags nor wake up the MCU, but when
the MCU does wake up, there is an active input capture
flag and data from the first valid edge that occurred dur-
ing the STOP mode. If reset is used to exit STOP mode,
then no input capture flag or data remains, even if a vahd
input capture edge occurred.

SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous SCI is provided with a
standard NRZ format and a variety of baud rates. The SCI
transmitter and receiver are functionally independent but
use the same data format and baud rate. The terms baud
and bt rate are used synonymously in the following de-
scription.

SCl TWO-WIRE SYSTEM FEATURES

e Standard NRZ (mark/space) format

® Advanced error detection method includes noise de-
tection for noise duration of up to one-sixteenth bit
time

Full-duplex operation (simultaneous transmit and re-
ceive)

Software programmable for one of 32 different baud
rates

Software selectable word length (eight or nine bit
words)

® Separate transmitter and receiver enable bits

e SCl may be interrupt driven

® Four separate interrupt conditions
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SCI RECEIVER FEATURES
® Receiver wake-up function (idle or address bit)
o |dle line detect

Framing error detect

Noise detect

Overrun detect

Receiver data register full flag

SCI TRANSMITTER FEATURES

® Transmit data register empty flag
® Transmit complete flag '
® Break send

Any SCI two-wire system requires receive data in (RDI)
and transmit data out (TDO).

DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the
serial data which is presented between the internal data
bus and the output pin (TDO}, and between the input pin
(RDI) and the internal data bus. Data format is as shown
for the NRZ in Figure 12.

WAKE-UP FEATURE

In a typical multiprocessor configuration, the software
protocol will usually identify the addressee(s) at the be-
ginning of the message. In order to permit uninterested
MPUs to ignore the remainder of the message, a wake-
up feature is included, whereby all further SCI receiver
flag (and interrupt) processing can be inhibited until its
data line returns to the idle state. An SCl receiver is reen-
abled by an idle string of at least ten (or eleven) consec-
utive ones. Software for the transmitter must provide for
the required idle string between consecutive messages
and prevent it from occurring within messages.

A second wake-up method is available in which sleep-
ing SCI receivers can be awakened by a logic one in the
high order bit of a received character.

RECEIVE DATA IN

Receive data in (RDI) is the serial data which is pre-
sented from the input pin via the SCI to the receive data
register (RDR). While waiting for a start bit, the receiver
samples the input at a rate which is 16 times higher than
the set baud rate. This increased rate is referred to as the
RT rate. When the input (idle) line is detected low, it is
tested for three more sample times. If atleasttwo of these

three samples detect a logic low, a valid start bit is as-
sumed to be detected. If in two or more samples, a logic
high is detected, the line is assumed to be idle. The re-
ceive clock generator is controlled by the baud rate reg-
ister (see Figure 13); however, the SCI is synchronized
by the start bit independent of the transmitter. Once a
valid start bit is detected, the start bit, each data bit, and
the stop bit are each sampled three times. The value of
the bit is determined by voting logic which takes the value
of a majority of samples. A noise flag is set when all three
samples on a valid start bit, data bit, or stop bit do not
agree. A noise flag is also set when the start verification
samples do not agree.

START BIT DETECTION FOLLOWING A FRAMING ERROR

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

If the receiver detects that a break (RDRF=1, FE=1,
receiver data register =$00) produced the framing error,
the start bit will not be artificially induced and the receiver
must actually receive a logic one before start.

TRANSMIT DATA OUT

Transmit data out (TDO) is the serial data which is pre-
sented from the transmit data register (TDR), via the SCI,
to the output pin. The transmitter generates a bit time by
using a derivative of the RT clock, producing a transmis-
sion rate equal to 1/16 that of the receiver sample clock.

FUNCTIONAL DESCRIPTION

A block diagram of the SCI is shown in Figure 13. The .
user has option bits in the serial communications control
register 1 (SCCR1) to determine the SCI wake-up method
and data word length. Serial communications control
register 2 (SCCR2) provides contro! bits which individ-
ually enable/disable the transmitter or receiver, enable
system interrupts, and provide wake-up enable and send
break code bits. The baud rate register bits allow the user
to select different baud rates which are used as the rate
control for the transmitter and receiver.

Control bit "M"”
Selects 8 or 9 bit data

IdleLine

- .0

*Stop bit s always high

TOo~w
_,-—_ o,

Figure 12. Data Format
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Figure 13. SCI Block Diagram

Data transmission is initiated by a write to the serial
communications data register (SCDAT). Provided the
transmitter is enabled, data stored in the SCDAT is trans-
ferred to the transmit data shift register. This data transfer
sets the SCI status register (SCSR) transmit data register
empty (TDRE) bit and generates an interrupt if the trans-
mitinterrupt is enabled. Data transfer to the transmit data
shift register is synchronized with the bit rate clock. All
data is transmitted LSB first. Upon completion of data
transmission, the transmission complete (TC) bit is set
(provided no pending data, preamble, or break code is
sent), and an interrupt is generated if the transmit com-
plete interrupt is enabled. If the transmitter is disabled,

and the data, preamble, or break code has been sent, the
TC bit will also be set. This will also generate an interrupt
if the TCIE bit is set. If the transmitter is disabled in the
middle of a transmission, that character will be com-
pleted before the transmitter gives up control of the TDO
pin.

When the SCDAT is read, it contains the last data byte
received, provided that the receiver is enabled. The SCSR
receive data register full (RDRF) bit is set to indicate that
a data byte is transferred from the input serial shift reg-
ister to the SCDAT, which can cause an interrupt if the
receiver interrupt is enabled. Data transfer from the input
serial shift register to the SCDAT is synchronized by the
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receiver bit rate clock. The SCSR overrun (OR), noise flag
(NF), or FE bits are set if data reception errors occur.

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

REGISTERS

There are five registers used in the SCI; the internal
configuration of these registers is discussed in the fol-
lowing paragraphs.

Serial Communications Data Register (SCDAT) $11

The SCDAT is a read/write register used to receive and
transmit SCI data.

7 6 5 4 3 2 1 0
| sco7 | scos [ scos | scos | scos [ scoz [ scor | scoo |
RESET

u U u U U U u u

As shown in Figure 13, SCDAT functions as two sep-
arate registers. The transmit data register (TDR) provides
the parallel interface from the internal data bus to the
transmit shift register. The receive data register (RDR)
provides the interface from the receive shift register to
the internal data bus.

Serial Communications Control Register 1 (SCCR1) $OE

The SCCR1 provides control bits which determine word
length and select the wake-up method.

7 6 5 4 3 2 1 0
Les [ oo | — [ w Jwme[ - [ -] -]
RESET

u [T U v - - -

R8 — Receive Data Bit 8
R8 bit provides storage location for the ninth bit in the
receive data byte (if M=1).
T8 — Transmit Data Bit 8
T8 bit provides storage location for the ninth bit in the
transmit data byte (if M=1).
M — SCI Character Word Length
1=one start bit, nine data bits, one stop bit
0=one start bit, eight data bits, one stop bit
WAKE — Wake-Up Select
Wake bit selects the receiver wake-up method.
1=Address bit (most-significant bit)
0=Idle line condition
Bits 0~2, and 5 — Not used
Can read either one or zero

The address bit is dependent on both the wake bit and
the M-bit level. Additionally, the receiver does not use

the wake-up feature unless the RWU control bitin SCCR2
is set.

Wake M
0 X

Receiver Wake-Up

Detection of an idle line allows the next data
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag.

Detection of a received one in the eighth
data bit allows an RDRF flag and associated
error flags.

Detection of a received one in the ninth data
bit allows an RDRF flag and associated error
flags.

Serial Communications Control Register 2 (SCCR2) $OF

The SCCR2 provides control of individual SCI functions
such as interrupts, transmit/receive enabling, receiver
wake-up, and break code.

1 § 5 4 3 2 1 0
[7e [roe [ e [ we [ e [ re [ mwu | s ]
RESET:

0 0 0 0 0 0 0 0

TIE — Transmit Interrupt Enable
1=SCl interrupt enabled
0=TDRE interrupt disabled
TCIE — Transmit Complete Interrupt Enable
1=SCl interrupt enabled
0=TC interrupt disabled
RIE — Receive Interrupt Enable
1=SCl interrupt enabled
0=RDRF and OR interrupts disabled
ILIE — Idle Line Interrupt Enable
1=SCl interrupt enabled
0=Idle interrupt disabled
TE — Transmit Enable
1=Transmit shift register output applied to the TDO
line. Depending upon the SCCR1 M bit, a pream-
ble of 10 (M =0) or 11 (M= 1) consecutive ones is
transmitted.
0="Transmitter disabled after last byte loaded in the
SCDAT and TDRE set. After last byte is transmit-
ted, TDO line becomes a high-impedance line.
RE — Receive Enable
1=Receiver shift register input applied to the RDI line
0=Receiver disabled and RDRF, IDLE, OR, NF, and
FE status bits inhibited
RWU — Receiver Wake Up
1="Places receiver in sleep mode and enables wake-
up function
0=Wake-up function disabled after receiving data
word with MSB set (if WAKE = 1)
Wake-up function also disabled after receiving 10
{(M=0)or 11 (M=1) consecutive ones (if WAKE =0)
SBK — Send Break
1=Transmitter continually sends blocks of zeros (sets
of 10 or 11) until cleared. Upon completion of
break code, transmitter sends one high bit for rec-
ognition of valid start bit.
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0="Transmitter sends 10 (M=0) or 11 (M=1) zeros
then reverts to an idle state or continues sending
data. If transmitter is empty and idle, setting and
clearing the SBK bit may queue up to two char-
acter times of break because the first break trans-
fers immediately to the shift register and the
second is queued into the parallel transmit buffer.

Serial Communications Status Register (SCSR) $10

The SCSR provides inputs to the SCI interrupt logic
circuits. Noise flag and framing error bits are also con-
tained in the SCSR.

7 6 5 4 3 2 1 0

ore | 1c [nome [ e | or [ e | R [ — |
RESET.
1 1 0 0 0 0 0 -

TDRE — Transmit Data Register (TDR) Empty
1=TDR contents transferred to the transmit data shift
register
0=TDRstill contains data. TDRE is cleared by reading
the SCSR (with TDRE =1) followed by a write to
the TDR.
TC — Transmit Complete
1=Indicates end of data frame, preamble, or break
condition has occurred
0=TC bit cleared by reading the SCSR (with TC=1)
followed by a write to the TDR
RDRF — Receive Data Register (RDR) Full
1=Receiver data shift register contents transferred
to the RDR '
0=Receiver data shift register transfer did not occur.
RDRF cleared by reading the SCSR (with RDRF=1)
followed by a read of the RDR
IDLE — Idle Line Detect
1=Indicates receiver has detected an idle line
0=IDLE cleared by reading the SCSR (with IDLE=1)
followed by a read of the RDR. Once cleared, IDLE
cannot be set until RDI line becomes active and
idle again.
OR — Overrun Error
1=Indicates receive data shift register data sent to a
full RDR (RDRF=1). Data causing the overrun is
lost and RDR data is not disturbed.
0=0R cleared by reading the SCSR (with OR=1) fol-
lowed by a read of the RDR

NF — Noise Flag
1=Indicates noise present on the receive bits, in-
cluding the start and stop bits. NF is not set until
RDRF=1.
0=NF cleared by reading the SCSR (with NF =1) fol-
lowed by a read of the RDR
FE — Framing Error
1=Indicates stop bit not detected in received data
character. FE is set the same time RDRF 1s set. If
received byte causes both framing and overrun
errors, processor will only recognize the overrun
error. Further data transfer into the RDR is inhib-
ited until FE is cleared.
0=NF cleared by reading the SCSR (with FE=1) fol-
lowed by a read of the RDR
Bit 0 — Not used
Can read either one or zero

Baud Rate Register $0D

Tables 3 and 4 tabulate the divide chain used to obtain
the baud rate clock {transmit clock). The actual divider
chain is controlled by the combined SCP0-SCP1 and SCRO-
SCR2 bits in the baud rate register. All divided frequen-
cies shown in Table 3 represent the final baud rate re-
sulting from the internal processor clock division shown
in the divided by column only (prescaler division only).
Table 4 lists the prescaler output divided by the action
of the SCl select bits (SCR0-SCR2). For example, assume
that a 9600 Hz baud rate is required with a 2.4576 MHz
external crystal. In this case, the prescaler bits {SCPO-
SCP1) could be configured as a divide-by-one or a divide-
by-four. If a divide-by-four prescaler is used, then the
SCRO-SCR2 bits must be configured as a divide-by-two.
Using the same crystal, the 9600 baud rate can be ob-
tained with a prescaler divide-by-one and the SCR0-SCR2
bits configured for a divide-by-eight.

SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SPI) is an interface built
into the MCU which allows several MCUs or MCUs plus
peripherals to be interconnected within the same black
box. In the SPI format, the clock is not included in the
data stream and must be furnished as a separate signal.
An SP| system may consist of one master MCU and sev-
eral slaves (Figure 14), or MCUs that can be either mas-
ters or slaves.

Table 3. Prescaler Highest Baud Rate Frequency Output

SCP Bit Clock* Crystal Frequency MHz

1 0 Divided By 4.194304 2.4576 2.0 1.8432
0 0 1 131.072 kHz 125.000 kHz 76.80 KkHz 6250 KkHz 57.60 kHz
0 1 3 43.691 kHz 41.666 kHz 25.60 KkHz 20.833 kHz 19.20 kHz
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz

*Refers to the internal processor clock.

NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing
a further division using the SCI rate select bits as shown below for some representative prescaler outputs.
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Table 4. Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divided Representative Highest Prescaler Baud Rate Output
2 1 0 By 131.072 kHz 32,768 kHz 76.80 kHz 19.20 kHz 9600 Hz
"0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz

NOTE: Table 4 illustrates how the SCl select bits can be used to provide lower transmitter baud rates by further dividing the prescaler
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud
rates (transmit clock) and the receive clock is 16 times higher in frequency than the actual baud rate.

Features:

Full-duplex, three-wire synchronous transfers
Master or slave operation

1.05 MHz (maximum) master bit frequency

2.1 MHz (maximum) slave bit frequency

Four programamble master bit rates
Programmable clock polarity and phase
End-of-transmission interrupt flag

Write collision flag protection

Master-master mode fault protection capability

SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, and SS) are
described in the following paragraphs. Each signal func-
tion is described for both master and slave mode.

Master Out, Slave In

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

Master In, Slave Out

The master in, slave out (MISO) line is configured as
an input in a master device and as an output in a slave
device. The MISO is one of two lines that transfer serial
data in one direction with the most-significant bit sent
first. The MISO line of a slave device is placed in a high-
impedance state if slave is not selected (SS=1).

Serial Clock

The serial clock (SCK) is used to synchronize both data
in and out of a device via the MOSI and MISO lines. The
master and slave devices can exchange a byte of infor-
mation during a sequence of eight clock cycles. Since
SCK is generated by the master device, this line becomes
an input on a slave device.

As shown in Figure 15, four possible timing relation-
ships may be chosen by using control bits CPOL and
CPHA in the serial peripheral control register (SPCR). Both
master and slave devices must operate with the same
timing.

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

MISO M6805 HCMOS Slave 0
MOSI
SCK MISO SCK
SS|— VoD MOSI_SS
M6805 HCMOS
Master
P 0
o 1
R 2|
T 3
MOS! Ss MOSI §s§ MOSI ss
MISO SCK MISO SCK MISO ScK
M6805 HCMOS Slave 3| |M6805 HCMOS Slave 2| |M6805 HCMOS Slave 1

Figure 14. Master-Slave System Configuration
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Data out (CHPA=0) ‘,( MSB ) I
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Figure 15. Data Clock Timing Diagram

Slave Select

The slave select (SS) input line selects a slave device.
The SS line must be low prior to data transactions and
must stay low for the duration of the transaction. The SS
line on the master must be tied high; if the SS line goes
low, a mode fault error flag (MODF) is set in the serial
peripheral status register (SPSR). o

When CPHA=0, the shift clock 1s the OR of SS with
SCK. In this clock phase mode, SS must go high between
successive characters in an SPl message. When CPHA =1,
SS must go high between successive characters in an
SPI message. When CPHA =1, SS may be left low for
several SP| characters. In cases where there is only one
SPI slave MCU, the slave MCU SS line could be tied to
Vgs as long as CPHA =1 clock modes are used.

Internal

FUNCTIONAL DESCRIPTION

A block diagram of the SPli1s shown in Figure 16. In a
master configuration, the CPU sends a signal to the mas-
ter start logic, which originates an SPI clock (SCK) based
on the internal processor clock. As a master device, data
is parallel loaded into the 8-bit shift register from the
internal bus during a write cycle and then senally shifted
via the MOSI pin to the slave devices. During a read cycle,
data is applied serially from a slave device via the MISO
pin to the 8-bit shift register. Data 1s then parallel trans-
ferred to the read buffer and made available to the in-
ternal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives
a logic low at the SS pin and a clock input at the SCK
pin. This synchronizes the slave with the master. Data

Processor SCK (PD4) MISO (PD2) MOSI (PD3}
Clock y
[
Read
Master -
Geﬁ::{or > Start - 8 Internal
Logic gl Read Buffer (Load) a > <> Data
Bus
SPIF
$0C 8 (End Tx)
8-Bit Shift (Full)
— Slave Register
SS (PDS) > Start 8
Loge Write
2
> > State
Control ’___uroller
SPCR Bits
$0A

y

SPSR f 3
08 ags

Figure 16. SPI Block Diagram
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from the master is received serially at the slave MOSI pin
and shifted into the 8-bit shift register for a parallel trans-
fer to the read buffer. During a write cycle, data is parallel
loaded into the 8-bit shift register from the internal data
bus, awaiting the clocks from the master to shift out se-
rially to the MISO pin and then to the master device.

Figure 17 illustrates the MOSI, MISO, SCK, and SS
master-slave interconnections.

REGISTERS

There are three registers in the SPI that provide control,
status, and data storage functions. These registers, the
serial peripheral control register (SPCR), serial peripheral
status register (SPSR), and serial peripheral data I/O reg-
ister (SPDR), are described in the following paragraphs.

Serial Peripheral Control Register (SPCR) $0A

The SPCR provides control of individual SPI functions
such as interrupt and system enabling/disabling, master/
slave mode select, and clock polarity/phase/rate select.

7 5 5 43 2 1 0
[ spie [ see | — [ wmsa [ cro [ cena | spar [ sero |
RESET

o 0 - 0 U U U v

SPIE — Serial Peripheral Interrupt Enable
1=SPl interrupt enabled
0=SPI interrupt disabled
SPE — Serial Peripheral System Enable
1=SPI system on
0=SPI system off
MSTR — Master Mode Select
1=Master mode
0=Slave mode
CPOL — Clock Polarity
Clock polarity bit controls the clock value and is used
in conjunction with the clock phase (CPHA) bit.
1=SCK line idles high
0=SCK line idles in low state

Master

CPHA — Clock Phase
Clock phase bit along with CPOL controls the clock-
data relationship between the master and slave de-
vices. CPOL selects one of two clocking protocols.
1=S8§ is an output enable control.
0=Shift clock is the OR of SCK with SS.
When SS is low, first edge of SCK invokes first
data sample.
SPRO, SPR1 — SPI Clock Rate Bits
Two clock rate bits are used to select one of four clock
rates to be used as SCK in the master mode. If in the
slave mode the two clock rate bits have no effect. Clock
rate selection is shown in the following table.
Bit 5 — Not used
Can read either one or zero

SPI Clock Rate Selection
SPRO

SPR1 Internal Processor

Clock Divide By

2
4
16
32

- ao0o
—_-O = O

Serial Peripheral Status Register (SPSR) $0B
The SPSR contains three status bits. :
7 6 5 4 3 2 1 0

[spie Jweo| — [moor| — | — [ — [ — |
RESET-
o o — 0 - - - -

SPIF — Serial Peripheral Data Transfer Flag
1 =Indicates data transfer completed between pro-
cessor and external device
(If SPIF=1 and SPIE=1, SPI interrupt is ena-
bled.)
0=_Clearing accomplished by reading SPSR (with
SPIF=1) followed by SPDR access
WCOL — Write Collision
1=Indicates an attempt made to write to SPDR
while data transfer is in process
0=Clearing accomplished by reading SPSR (with
WCOL=1) followed by SPDR access

8-Bit Shift Regsster

1
1
[}
1 MISO
8-Bit Shift Register ~ T Mmis
'
[}
L MOS!
1
|
|
SPI Isck
Clock Generator [~ —> 1
!
I

a

—_——

5V

Figure 17. SPI Master-Slave Interconnections
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MODF — Mode Fault Flag
1 =Indicates multi-master system control conflict
0=_Clearing accomplished by reading SPSR (with
MODF = 1) followed by a write to the SPCR
Bits 0-3, and 5 — Not used
Can read either zero or one

Serial Peripheral Data I/O Register (SPDR) $0C

The SPDR is a read/write register used to receive and
transmit SPI data.

7 6 5 4 3 2 1 0
| spo7 | spos | spos [ spos | spos | spoa | seor [ seoo |
RESET-

u u u U u U u u

A write to the SPDR places data directly into the shift
register for transmission. Only a write to this register will
initiate transmission/reception of another byte and will
only occur in the master device. On completion of byte
transmission, the SPIF status bit is set in both master and
slave devices.

A read to the SPDR causes the buffer to be read. The
first SPIF status bit must be cleared by the time a second
data transfer from the shift register to the read buffer
begins, or an overrun condition will exist. In overrun cases,
the byte causing the overrun is lost.

INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

This MCU uses all the instructions available in the
M146805 CMOS Family plus one more: the unsigned
multiply (MUL) instruction. This instruction allows un-
signed multiplication of the contents of the accumulator

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 list.

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 SuB
Subtract Memory from A with Borrow SBC
AND Memory to A AND
OR Memory with A ORA
Exclusive OR Memory with A EOR
Anthmetic Compare A with Memory CMP
Arnthmetic 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
read-modify-write sequence since 1t does not modify the
value. Refer to the following list of instructions.

(A) and the !ndex register Q(). The high-order product is Function Mnemonic
then stored in the index register, and the low-order prod-
uct is stored in the accumulator. A detailed definition of Increment INC
the MUL instruction is shown below. Decrement DEC
Operation | X:A X*A Clear CLR
Description | Multiplies the eight bits in the index register Complement coM
by the eight bits in the accumulator to obtain . NE
a 16-bit unsigned number in the concatenated Negate (2's Complement) G
accumulator and index register Rotate Left Thru Carry ROL
Condition H: Cleared Rotate Right Thru Carry ROR
Codes I: Not affected ;
N: Not affected Logical Shift Left LSt
Z: Not affected Logical Shift Right LSR
C: Cleared Anthmetic Shift Right ASR
Source MuL Test for Negative or Zero TST
Form(s) Addressing
Mode Cycles Bytes Opcode Multply MuL
Inherent 1" 1 $42

REGISTER/MEMORY INSTRUCTIONS

Most of these instructions use two operands. One op-
erand is either the accumulator or the index register. The

BRANCH INSTRUCTIONS

This set of instructions branches if a particular condi-
tion is met; otherwise, no operation is performed. Branch

|
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instructions are two-byte instructions. Refer to the fol-
lowing list for branch instructions.

Function Mnemonic
Branch 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 BLO
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 i1s Set BMS
Branch if Interrupt Line 1s Low BIL
Branch if Interrupt Line 1s High BIH
Branch to Subroutine BSR

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit which resides in the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions are all implemented
with a single instruction. 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 manipulation instructions.

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

Function
Branch if Bit n is Set

Branch if Bit n 1s 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 CcLC
Set Interrupt Mask Bit SEI
Clear Interrupt Mask Bit CcLt
Software Interrupt Swi
Return from Subroutine : RTS
Return from Interrupt RTI
Reset Stack Pointer RSP
No-Operation NOP
Stop STOP
Wait WAIT

OPCODE MAP SUMMARY

Table 5 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; the longest instructions (three bytes) permit
accessing tables throughout memory. Short and long ab-
solute addressing is also included. One- or two-byte di-
rect addressing instructions access all data bytes in most
applications. 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., 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.
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" Table 5. Opcode Map

814 Manipulstion 8ranch Read/Modity/ Wrne Control Regster/ Memory
= Bgﬁ E$§ st. DIR INH !%! I;( ! U at DIR T 1X2 lé1
)
Low 0000 - 0001 0010 o011 01 101 on ont 1000 100 1010 1011 1100 101 110 un " Low
5 T 3 3 5 3 5
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI suB sus sus sus sus sus 0
0000 3 818 12 BSC {2 Rzni 2 DR | INKCE Y INH | 2 X1 {1 X {1 w»; |wg 2 [MRJ 3 EXT {3 x2 2 X111 1X 0000
4
1 BRCLRO B8CLRO BRN RTS N CMmP CMP CMP CMpP CMP CMP 1
0001 381812 Bsg 2 Mli 1 INH 2. meg 2 Dma 3 ExT 13 w2 |2 DANMI 0 oot
m 0 )
2 BRSET! BSET! BHI MuUL s8C SBC SBC SBC SBC K19} 2
0010 3 BYg 2 BSC 12 REL o Ll ‘N: 3 5 = IMM | 2 DIR I3 EXT |3 X2 X111 X 0010,
)l 4
3 BRCLR1 BCLR1 BLS com COMA COMX COoM coMm SWI CPX CPX CPX CPX CPX CPX
oon k] 81812  BSC NE; 2 D% 1 AP; 1 IN»; x1 ] o L IN 2 MM ] 2 va; 3 ExT |3 X2 X u; 011
5 2 4 4
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
Al 3 BYE 2 BSC 12 an 2 QIR [ INH | 1 INH, X1 ] x 2 \Mh; 2 DIH 3 EXT} 3 X212 X111 0 9100
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
101 3 BIB‘ 2 BS% R < 3 3 5 < 2 IMMI 2 DIR3 3 £x¥ 13  x2(2 lx: 1 5 o0 ) I
6 BRSET3 | BSET3 BNE ROR RORA RORX ROR ROR LDA LbA LDA LDA LDA LDA
Qg 3 BT 12 Bsg 2 R(I5 2 Dlﬁs 1 | rac 1 IND-; |xé 1 n; 2 VM | 2 DIR {3 EXT| 3 X212 wxg A] 13 0110
2 4
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
o K] BYBS 2 Bs?> 2 RE\J. 2 Dlg 1 INP; A} 1N»; |)(é 1 né 1 INH 2 DIRI3 X113 2 X111 X [11hA}
2 7 ]
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL CcLc EOR EOR EOR EOR EOR EOR 8
1 3 srg 2 ssg A b Du; 1 |N>; 1 |Ng ué 1 n; m% 2 th; 2 Dn; 3 ExT] 3 X212 X1 1X 1000
4 4 3
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 avg 2 esc|2 Rié 2 Dw; ' INI-; 1 |m; x|y né ' iNH | 2 ] R |3 ExT] 3 x2] 2 X1 13 1001
7 3 5
A BRSETS BSETS BPL DEC DECA DECX DEC DEC Cut ORA ORA ORA ORA RA ORA A
1010 3 BY% 2 Bsg R DIR |1 INH |1 INH X1 x 3 |N>; 2 IMM | 2 Dlg 3 Ex: 3 llg 2 l)(; 1 X 1010
8 BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
won}3 a’v% 2. esg 2 ns; . 5 5 - - 1 2 MM 2 DR |3 Exy 3 X2 |2 X1 1x 1011
4
[ BRSET6 | BSET6 8MmC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP
1100 3 B1B 12 Bsc {2 REL 12 le} 1 INb; 1 |m; i 1x ] |N>; 5 2 Dlg 3 EXT{ 3 w2} 2 xy e X 1100
4 7
D BRCLRE BCLR6 BMS 187 TSTA TSTX ST ST NOP BSR JSR JSR JSR JSR ° JSR N o]
11Q) 3 BT% 2 asg 2 RE; 2 DR |1 INH Y INH ix1f X 5 1 INH | 2 REE 2 DR 13 ExT |3 x2 |2 X119 ,XT 1ot
7 3
E BRSET? BSET? BIL STOP LDX LDX LOX LDX LDX LOX E
111 k] BYBl2 " Bscl2 Rﬂi . 5 . - ! INH 5 M| 2 (m‘_[ ExT| 3 03 xif X 1o
7 T
F BRCLR7 BCLR7 BiH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
m 3 BTB [ 2 BSC [2 REL |2 DR |1 INH | 1 INH X119 X |1 INH |1 INH 2 OR{3 EXT| 3 X2 {2 X111 X nn
Abbreviations for Address Modes LEGEND
INH Inherent P
A Accumulator ”F" = Opcode in H
X Index Register 3
IMM Immediate Mnemomc suB 7‘ Opcode in Binary
DIR Direct 0NIC —
EXT Extended Bytes ————— 1 IX 0000
REL Relative /
{ ode
BSC Bt Set/Clear Cycles Address M,
8T8 Bit Test and Branch
IX Indexed (No Offset)
X1 Indexed, 1 Byte (8-Bit) Otfset
1X2 Indexed, 2 Byte (16-Bit) Offset
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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. The using
the Motorola assembler, the user need not specify whether
an instruction uses direct or extended addressing. The
assembler automatically selects the shortest form of the
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. The programmer need not calculate
the offset when using the Motorola assembler, since it
calculates the proper offset and checks to see that it is
within the span of the branch.

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. 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/0 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 address mode can be used in a manner
similar to indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode, and the byte following
the opcode specifies the direct addressing of the byte in
which the specified bit is to be set or cleared. 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 that is 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 specified 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 —125 to +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 contro! instruction with no
other arguments are included in this mode. These in-
structions are one byte long.
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MC68HCL05C4

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS (Voltages referenced to Vgs)

Rating Symbol Value Unit This device contains circuitry to protect the in-
_ puts against damage due to high static voltages
Supply Voltage Vbb 0310 +70 v or electric fields; however, it is advised that nor-
Input Voltage Vin Vgg —0.3to Vv mal precautions be taken to avoid application of
Vpp +0.3 any voltage higher than maximum-rated voltages
5 P— _ to this high-impedance circuit. For proper oper-
Self-Check Mode (IRQ Pin Only) Vin ;/33 03803 v ation, 1t 1s recommended that V,p and Vgt be
DD constrained to the range Vg < (Vi or Vgyt) <
Current Drain Per Pin Excluding | 25 mA Vpp. Reliability of operation is enhanced if un-
Vpp and Vsg used inputs are connected to an appropriate logic
Operating Temperature Range TA TLto TH °C voltage level {e g., either Vss or Vpp).
MC68HCLO5C4 (Standard) 0to +70
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance 0JA °CIW
Plastic 60
Plastic Leaded Chip Carrier (PLCC) 70
Vpp=45V
Pins R1 R2 C
PAOQ-PA7, 3.26 kQ | 2.38kQ2 50 pF
PBO-PB7,
PCO-PC7,
PD1-PD4 VoD
PDO, PD5,PD7 | 1.9k | 2.26 k2 | 200 pF
R2
(See Table)
Vpp=3.0V Test _
Pins R1 R2 c Point _L
R1
PAO0-PA7, 10.91 kQ | 6.32 k2 50 pF C
PBO-PB7, (See {See Table)
PCO-PC7, Table)
PD1-PD4
PDO, PD5,PD7| 6 kQ 6 kQ 200 pF -
Figure 18. Equivalent Test Load
POWER CONSIDERATIONS

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

Ty=Ta+(Pp*6ya) (1)
where:
Ta = Ambient Temperature, °C
CATN = Package Thermal Resistance,

Junction-to-Ambient, °C/W
Pp =PINT+P1O )
PINT  =lecXx Ve, Watts — Chip Internal Power
Pio = Power Dissipation on Input and Output
Pins — User Determined

For most applications Pj;o<<P|NT and can be neglected.
The following is an approximate relationship between
Pp and T (if P, is neglected):

PD:KT(TJ+273°C) (2)
Solving equations (1) and (2) for K gives:
K=Pp+(Tp+273°C) +0A-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 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 Ta.

|
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MC68HCL05C4

DC ELECTRICAL CHARACTERISTICS
(Vpp=5.5 Vdc £ 10%, Vgg=0 Vdc, TA=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Output Voltage, l| 0ad<10.0 pA VoL - — 0.1 \

VoH Vpp-—0.1 — —

Output High Voltage VoH . . 3
(ILoad =0.8 mA) PA0-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Vpp-0.8 — —
{lLoad = 1.6 mA) PD1-PD4 (see Figure 20) Vpp-0.8 — —

Output Low Voltage (see Figure 21) VoL — —_ 0.4 \
(ILoad = 1.6 mA) PA0-PA7, PBO-PB7, PC0-PC7, PD1-PD4, TCMP

Input High Voltage VIH 0.7xVpp — Vpp v
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ,

RESET, 0SC1

Input Low Voltage VIL Vss — 0.2xVpp \
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, IRO
RESET, OSC1

Data Retention Mode (0° to 70°C) VRM 2.0 — — \Y

Supply Current (see Notes) IbD
Run (see Figures 22 and 23) — — 5.0 mA
Wait (see Figures 22 and 23) —_ - 2.75 mA
Stop (see Figure 23)

25°C — — 15 pA
0° to 70°C - — 25 pA

}/0 Ports Hi-Z Leakage Current TR - - +1.0 A
PAQ-PA7, PB0-PB7, PCO-PC7, PD1-PD4

Input Current lin — — *1 A
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7

Capacitance pF
Ports (as Input or Output) Cout — — 12
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin — — 8

NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C only.

3. Wait Ipp: Only timer system active (SPE=TE =RE =0). If SPI, SCI active {SPE=TE=RE =1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fogc=2.1 MHz), all inputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C| =20 pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V). =0.2 V, V|y=Vpp-0.2 V.

. Stop Ipp measured with OSC1=Vgs.

7 Wait Ipp is affected linearly by the OSC2 capacitance.

[e2K %3]
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MC68HCL05C4

DC ELECTRICAL CHARACTERISTICS
(VDD=2.4 Vdc-3.6 Vdc, Vgg =0 Vdc, TA=T to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage, I gad<10.0 pA VoL — — 01 \
VOH Vpp-0.1 - -
Output High Voltage VOH \
{ILoad = 0.2 mA) PAQ-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) Vpp-0.3 — —
{ILoad =0.4 mA) PD1-PD4 (see Figure 20) Vpp-03 — —
Output Low Voltage (see Figure 21) VoL - - 03 \Y
{lLoad =0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP
Input High Voltage ._ VIH 07xVpp — VoD \
PAQ-PA7, PB0-PB7, PC0-PC7, PDO-PD5, PD7, TCAP, IRQ,
RESET, 0SC1
Input Low Voltage . ViL Vss — 02xVpp %
PAQ-PA7, PB0-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ,
RESET, 0SC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — v
Supply Current (3.6 Vdc at 1.0 MHz) DD
Run (See Figures 22 and 24) —_ — 1.75 mA
Wait (See Figures 22 and 24) — — 900 RA
Stop (See Figure 24)
25°C — — 50 pA
0°C to 70°C — — 10 wA
Supply Current (2.4 Vdc at 500 kHz) IbD
Run (See Figures 22 and 25) - — 750 pA
Wait (See Figures 22 and 25) — — 400 pA
Stop (See Figure 25}
25°C — — 20 rA
0° to 70°C — — 5.0 pA
1/0 Ports Hi-Z Leakage Current e — — =1.0 pA
PAO-PA7, PB0-PB7, PC0-PC7, PD1-PD4
Input Current hin — — =1 uA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capacitance pF
Ports (as Input or Output) Cout - - 12
RESET, IRQ, TCAP, PD0-PD5, PD7 Cin — — 8
NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C only.

3. Wait Ipp: Only timer system active (SPE=TE=RE =0). If SPI, SCI active (SPE=TE=RE=1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source all inputs 0.2 V from rail, no dc loads, less
than 50 pF on all outputs, C|_=20 pF on 0SC2.

5. Wait, Stop Ipp: All ports configured as inputs, V| =0.2 V, V4=Vpp-0.2 V.

6. Stop Ipp measured with OSC1=Vgs.

7. Wait Ipp is affected linearly by the OSC2 capacitance.
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Figure 19. Typical VgH vs IQH for Ports A, B, C, and TCMP
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Figure 20. Typical VoH vs IgH for PD1-PD4 Figure 21. Typical VgL vs IgL for all Ports
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Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes
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MC68HCLO05C4

70
Vpp=5V =10%
60
(5.0 mA)
50
40 7
) /
9 {2.75 mA)
Q,\\Q/
X
9
20 y /
OO
/ \NN‘ >
10
Stop Ipp (25 pA 0°-70°C)
0 i
05 10 15 20

IpD (MA}

Internal Frequency (MHz)

Figure 23. Maximum Ipp vs Frequency for Vpp=5.5 Vd¢
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Figure 24. Maximum Ipp vs Frequency for Vpp =3.6 Vdc
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Figure 25. Maximum Ipp vs Frequency for Vpp=2.4 Vdc
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MC68HCL05C4

CONTROL TIMING
(Vpp=5.0 Vdc+10%, Vg5 =0 Vdc, TA=TL to TR}
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option — 4.2
External Clock Option dc 4.2
Internal Operating Frequency fop MHz
Crystal (fogc—2) — 2.1
External Clock (fogc—2) dc 2.1
Cycle Time (see Figure 29) teye 480 — ns
Crysta! Oscillator Startup Time (see Figure 29) tOXOV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) {see Figure 26) tHLCH — 100 ms
RESET Pulse Width (see Figure 29) tRL 15 — teye
Timer
Resolution** tRESL 4.0 — teye
Input Capture Pulse Width (see Figure 27) tTH, tTL 125 —_ ns
Input Capture Pulse Period {see Figure 27) tTLTL il — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tLIH 125 — ns
Interrupt Pulse Period (see Figure 8) LI * — teye
0SC1 Pulse Width tOH. tOL 90 — ns

*The minimum period t| i should not be less than the number of cycle times it takes to execute the interrupt service routine plus

21 tgyc

**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the

timer resolution.

***The minimum period t1 7| should not be less than the number of cycle times it takes to execute the capture interrupt service

routine plus 24 teyc.

oscﬂ_%///////ﬁ//::///////////

tRL —»]
RESET
ULIH
1RQ2
tLCH > 4064 tcyc —
RQ3 k
Internal |
Clock

Internal
Bus

TFFE X 1FFE x 1FFF4

NOTES
1 Represents the internal gating of the OSC1 pin
2 TRQ pin edge-sensitive mask option
3 RQ pin level and edge-sensitive mask option
4 RESET vector address shown for timing exampie

[ —
RESET or Interrupt
Vector Fetch

Figure 26. Stop Recovery Timing Diagram
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MC68HCL05C4

CONTROL TIMING
{(VDD=2.4 Vdc-3.6 Vdc, Vgg =0 Vdc, TA=T| to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option — 2.0
External Clock Option dc 2.0
Internal Operating Frequency fop MHz
Crystal (fosc—2) — 1.0
External Clock (fogc—2) dc 1.0
Cycle Time (see Figure 29) toye 1000 — ns
Crystal Oscillator Startup Time (see Figure 29) toxov — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) tILCH — 100 ms
RESET Pulse Width — Excluding Power-Up (see Figure 29) tRL 15 — teye
Timer
Resolution** tRESL 4.0 — teye
Input Capture Pulse Width (see Figure 27) tTH. tTL 250 — ns
Input Capture Pulse Period (see Figure 27) tTLTL xrx — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tILIH 250 — ns
Interrupt Pulse Period (see Figure 8) tLIL * — teye
0SC1 Pulse Width tOH. toL 200 — ns 3

*The minimum period t)| | should not be less than the number of cycle times 1t takes to execute the interrupt service routine plus
21 teye.
**8ince a 2-bit prescaler in the timer must count four internal cycles {tgyc), this 1s the imiting minimum factor in determining the
timer resolution.
***The minimum period tT|TL should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

E—tTLTL — —» TH |e— ——)4 L je—
External

Signal
(TCAP J I
Pin 37)

Figure 27. Timer Relationships

]
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MC68HCL05C4

SERIAL PERIPHERAL INTERFACE (SPI} TIMING
(VDD =5.0 Vdc+10%, Vgg =0 Vdc, TA=TL to TH) (see Figure 28)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fop(m) dc 0.5 fop

Slave fopls) dc 2.1 MHz
1 Cycle Time

Master toyc{m) 2.0 — teye

Slave teyels) 480 - ns
2 | Enable Lead Time

Master tiead(m) * — ns

Slave tiead(s) 240 - ns
3 Enable Lag Time

Master tlag(m) * — ns

Slave tiag(s) 240 - ns
4 Clock (SCK} High Time

Master tw(SCKH)m 340 — ns

Slave tw{SCKH)s 190 - ns
5 |[Clock (SCK) Low Time .

Master tw(SCKL)m 340 — ns

Slave tw(SCKL)s 190 —_ ns
6 | Data Setup Time (Inputs)

Master tsu{m) 100 - ns

Slave tsu(s) 100 — ns
7 | Data Hold Time (inputs)

Master th(m) 100 — ns

Slave ' th(s) 100 — ns
8 | Access Time (Time to Data Active from High-Impedance State)

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

Slave tdis — 240 ns
10 | Data Valid

Master (Before Capture Edge) ty(m) 0.25 — teycim)

Slave (After Enable Edge)** ty(s) — 240 ns
11 [ Data Hold Time (Outputs)

Master (After Capture Edge) ' . tho(m) 0.25 — teyeim)

Slave (After Enable Edge) thols) 0 — ns
12 | Rise Time (20% Vpp to 70% Vpp, C =200 pF)

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

SPI Inputs (SCK, MOSI, MISO, and SS) trs - 2.0 us
13 | Fall Time {70% Vpp to 20% Vpp, C =200 pF)

SPI Outputs (SCK, MOSI, and MISO) tfm — 100 ns

SPI Inputs (SCK, MOS!, MISO, and SS) tfs - 2.0 ns

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

L ________________________________________________________ |
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MC68HCL05C4

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(VDD =2.4 Vdc-3.6 Vdc, Vgg =0 Vdc, TA=T[ to TH) (see Figure 28)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fop(m) dc 0.5 fop

Slave fop(s) dc 10 MHz
1 Cycle Time

Master teye(m) 2.0 — teye

Slave teyels) 1.0 — us
2 Enable Lead Time .

Master tiead(m) * - ns

Slave tiead(s) 500 — ns
3 Enable Lag Time

Master tlag(m) * - ns

Slave Yag(s) 500 — ns
4 [Clock (SCK) High Time

Master tw(SCKH)m 720 — us

Slave tw(SCKH)s 400 — ns
5 | Clock (SCK) Low Time

Master tw(SCKL)m 720 - us

Slave twi{SCKL}s 400 — ns
6 [Data Setup Time (Inputs)

Master tsu(m) 200 — ns

Slave tsu(s) 200 — ns
7 Data Hold Time (Inputs)

Master th(m) 200 — ns

Slave this) 200 - ns
8 | Access Time (Time to Data Active from High-Impedance State)

Slave ta 0 250 ns
9 Disable Time (Hold Time to High-Impedance State) )

Slave tdis — 500 ns
10 |Data Valid

Master (Before Capture Edge) ty(m) 0.25 — teycim)

Siave {After Enable Edge)** ' ty(s) — 500 ns
11 | Data Hold Time (Outputs) ‘

Master (After Capture Edge) tho(m) C25 — teycim)

Slave (After Enable Edge) thols) 0 - ns
12 [Rise Time (20% Vpp to 70% Vpp, CL =200 pF)

SPi Outputs (SCK, MOSI, and MISO) trm - 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS) trg — 20 us
13 |Fall Time (70% Vpp to 20% Vpp, C|_=200 pF)

SPI Outputs (SCK, MOSI, and MISO) _ tfm — 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS) tfs — 20 us

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
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5
INPUT) Sis Hold High on Master _
SCK_(CPOL=0) SEE ‘
(outPuT) NOTE % P
—7)
o/
SCK (CPOL=1) SEE £ Y
(oursﬁur) NOTE / / /
G 4@
X / “
MISO 2
(NPUT) { MmN N )——< LSBIN >___
Al
s - @ -~ @ -
A
MOS| y ¥
{oUTPUT) MASTER MSB OUT BTG -1 )g MASTER LsB OUT
po— M -

NOTE: This first clock edge is generated internally but is not seen at the SCK pin.

a) SPI MASTER TIMING (CPHA=0)

= ) )
(NPUT) T3 is Hold High on Master _
O ® ®@
SCK (CPOL=0) SEE
(OUTPUT) / \ £ NoTE
SCK (CPOLa1) \ © SEE
(OUTPUT) @ N - \ NOTE
@ O - +7
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:g%STLUT) MASTER MSB OUT 1[( BIT6----1 )g MASTER LSB OUT (L

'y

Al

@J k- @

NOTE: This last dock edge is generated intemally but is not seen at the SCK pin.

b) SPI MASTER TIMING (CPHA=1)

Figure 28. SPI Timing Diagrams (Sheet 1 of 2)
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NOTE  Not defined but normally MSB of character just received.
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Figure 28. SPI Timing Diagrams (Sheet 2 of 2)

d) SPI SLAVE TIMING (CPHA=1)
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Figure 29. Power-On Reset and RESET
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MC68HCLO5C4

ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to
Motorola in the following media:

MDOS, disk file

MS-DOS/PC-DOS disk file (360K)

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM
MC68HC805C4

To initiate a ROM pattern for the MCU, it is necessary
to first contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS®/PC-DOS disk file), pro-
grammed with the customer’s program (positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

In addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS is Microsoft’s Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines.

EPROMs

A 2764, 68764, or 68766 type EPROM, programmed
with the customer’s program (positive logic sense for
address and data), may be submitted for pattern gener-
ation. Since all program and data space information will
fit on one 2764, 68764, or 68766 EPROM device, the EPROM
must be programmed as described in the following par-
agraphs.

MDOS is a trademark of Motorola Inc.
MS is a tragemark of Microsoft, Inc.

For an MC68HCL805C4 MCU, start the page zero, user
ROM at EEPROM address $0020 through $004F. Start the
user ROM at EEPROM address $0100 through $10FF with
vectors from $1FF4 to $1FFF. All unused bytes, inctuding
the user's space, must be set to zero. For shipment to
Motorola, EPROMs should be placed in a conductive IC
carrier and packed securely. Styrofoam is not acceptable
for shipment.

XXX

$0020

xxx = Customer D

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer listing of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer suppled blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer's ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quality
Assurance.

IBM is a registered trademark of International Business Machines Corporation.
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ORDERING INFORMATION

The following table provides ordering information pertaining to the package type, temperature, and MC order numbers
for the MC68HCLO5C4 device.

Package Type Temperature MC Order Number
Plastic 0°C to 70°C MC68HCLO5C4P
(P Suffix)
PLCC 0°C to 70°C MC68HCLO5CAFN
(FN Suffix)
PACKAGE DIMENSIONS
40-PIN DUAL-IN-LINE PACKAGE 44-LEAD PLCC PACKAGE
53t R 40flvpp B e
RQ ©~ ale 00V O«
'R°E2 o osc SE2gBle 28809
Nnell 3 38f] 0SC2
C [0 2 = n
Pa7l 4 37Q TCAP pas(7 1 39[7 PD7
PA60 5 36[] PD7 PA4( nTeme
pas( 6 35[3 TCMP Pa3(] 1 PD5/SS
_ pA2( N PD4/SCK
PAs 7 3411 PDS/SS pald 1 PD3/MOSI
PA3(] 8 331 PD4/SCK pAO[12 340 PD2/MISO
pazl] 9 32[1 PD3/MOSI PBO[] gPDVTDO
PA1Q 10 31[] PD2/MISO gg;g jiggmm
PAOT M 30[1 PD1/TDO PB3 [ i
PBOQ 12 29 [] PDO/RDI P4 17 29[3PC2
18 23 28
P10 13 28] PCoO oo o UoOOoOOw
OW O~ VMO N QLW T M
PB2[] 14 27f1pPct z22202FQRER
PB3[] 15 261 PC2
P4 ] 16 251 PC3
pe5 17 24 [1PC4
pBe [] 18 23 [1PC5
PB7 [ 19 22(1pPCs
Vss [} 20 219pc7

______________________________________________________________________________________|
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TECHNICAL DATA MC68HCL05CS

Technical Summary
8-Bit Microcontroller Unit

The MC68HCL05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of
microcontrollers. This high-performance, low-power MCU has parallel /0 capability with pins pro-
grammable as input or output. This publication contains condensed information on the MCU; for
more detailed information, contact your local Motorola sales office.

The following block diagram depicts the hardware features; additional features available on the
MCU are as follows:

On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options

Memory-Mapped 1/0

176 Bytes of On-Chip RAM

7740 Bytes of User ROM

24 Bidirectional I/O Lines and 7 Input-Only Lines

Serial Communications Interface (SCI) System

Senal Peripheral Interface (SPI) System

Self-Check Mode 3
Power-Saving STOP, WAIT, and Data Retention Modes
Single 3.0- to 5.5-Volt Supply {2-Volt Data Retention Mode)
Fully Static Operation

8x 8 Unsigned Multiply Instruction

BLOCK DIAGRAM

TCMP 0SC1 0scC2
Internal Internal
Processor Oscillator  |—=p
TCAP Timer Clock rocessor
> System and Clock J—
—2 RESET
l | A— iRQ
«PR0 ] Accurmulator PCO
Eﬁ; ccumulato “— e =
Port «t———=—p=| CPU PC2 Port
A PA3 Port | Data Index Control Data | Port : PC3 : o
PA4 A Oir — D c PCa
110 -<—A—>4 Register a A - > 1/0
Lines <P—5> Reg Reg 0 &9 4—“05 Lines
PAS Cogdnuon PC6
PA7 ode [————
A B Regster l«e—FC7 o
CPU
PBO Stack — Port D v<——PD7
4———>PB1 Pointer
-~ - scl RDI (PDO)
POM g Program TDO (PD1)
B PB3 | Port [ Data Counter ISO (PD2)
10 w—bBi 5l B Dir o High ALU 031 (PD3 >
Lines <P_BB__> Reg | Reg Program ’—1 SPI ‘EK (PD4)
<—Eg§—> Counter S (PDS)
- ow Baud Rate
l Generator
7740 8 176 x 8 Internal
ROM Sﬂ‘g“wf Processor
240 x 8 Clock
Self Check
ROM

This document contains information on a new product Specifications and information herein are subject to change without notice

L ________________________________________________________________________________|
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SIGNAL DESCRIPTION

The signal descriptions of the MCU are discussed in
the following paragraphs.

Vpp AND Vss

Power is supplied to the microcontroller using these
two pins. Vpp is the positive supply, and Vgg is ground.

IRQ

This pin is a programmable option that provides two
different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detail.

0SC1, 0SC2

These pins provide control input for an on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor/
capacitor combination, or an external signal connects to

these pins providing a system clock. A mask option se-
lects either a crystal/ceramic resonator or a resistor/ca-
pacitor as the frequency determining element. The
oscillator frequency is two times the internal bus rate.

RC Oscillator

With this option, a resistor is connected to the oscillator
pins as shown in Figure 1(d). The relationship between
R and fggc is shown in Figure 2.

Crystal ' '

The circuit shown in Figure 1(b} is recommended when
using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and start-up stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vpp
specifications.

Crystal Ceramic Resonator

2MHz | 4 MHz | Units 2-4 MHz| Units
RgMAX 400 75 1] Rg (typical) 10 2
Co 5 7 pF Co 40 pF
Cy 0008 | 0012 uF Cy 43 pF
Cosci 15-40 15-30 pF Cosc 30 pF
Cosc2 15-30 15-25 pF Cosc? 30 pF
Rp 10 10 Mo Rp 1-10 MR
[4] K1) 40 K Q 1250 =

{a} Crystal/Ceramic Resonator Parameters

MCU
0scCi 0scz2
39 Rp 38
10—
Coscxﬁ'— == Cosc2

1}

(b) Crystal/Ceramic Resonator
Oscillator Connections

MCuU
0SC1 05C2

|39 |38

R

{d) RC Oscillator Connections

08C2 — YN[ —AM— 05C1
38 39
p *—
0
1L
If
38 Tall 39
10

(c) Equivalent Crystal Circuit

MCU
0OSC1 0SC2
39 38

Unconnected

——————< External Clock

(e} External Clock Source Connections
(For Crystal Mask Option Only)

Figure 1. Oscillator Connections
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T

10
5
™
z 2 i
I
2
=
Q
<
g 05
g
L 02
s
= o1
3
© o0
002
001

1 2 5 10

20

50 100 200 500 1000

Resistance (k)

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

Ceramic Resonator

A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 1(b} is
recommended when using a ceramic resonator. Figure
1(a) lists the recommended capacitance and resistance
values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation.

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal os-
cillator mask option.

INPUT CAPTURE (TCAP)
This pin controls the input capture feature for the on-
chip programmable timer.

OUTPUT COMPARE (TCMP)

This pin provides an output for the output compare
feature of the on-chip timer.

RESET

This pin is used to reset the MCU and provide an or-
derly start-up procedure by pulling RESET low.

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PCO-PC7)

These 24 lines are arranged into three 8-bit ports (A,
B, and C). These ports are programmable as either inputs
or outputs under software control of the data direction
registers. Refer to PROGRAMMING for additional infor-
mation.

FIXED INPUT PORT (PDO-PD5, PD7)

These seven lines comprise port D, a fixed.input port.
All special functions that are enabled (SP, SCI) affect this
port. Refer to PROGRAMMING for additional information.

PROGRAMMING

Input/output port programming, fixed input port pro-
gramming, and serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin is programmable as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
initialized on reset but may be written to before setting
the DDR bits to avoid undefined levels.

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. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the /O pin functions.

Table 1. I/O Pin Functions

RW* DDR /O Pin Functions

0 0 The /O pin is in input mode. Data is
written into the output data latch.

0 1 Data 1s written into the output data latch
and output to the I/O pin.

1 0 The state of the 1/0 pin is read.

1 1 The I/0 pin 1s I1n an output mode. The
output data latch is read.

*R/W 1s an internal signal.
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Data Direction

/ «—» Regster

Bit

Latched

7o}

Internal —>{ Output Data
MCU Bit

Connections

Output
‘p/ P
A\ﬂ

Figure 3. Typical Port I/O Circuit

FIXED INPUT PORT PROGRAMMING

Port Dis a fixed input port (PD0-PDS, PD7) that monitors
the external pins whenever the SCI or SPI is disabled.
After reset, all seven bits become valid inputs because
all special function drivers are disabled. For example,
with the SCI enabled, PDO and PD1 inputs will read zero.
With the SPI disabled, PD2 through PD5 will read the state
of the pin at the time of the read operation.

NOTE

Any unused inputs and /0 ports should be tied to
an appropriate logic level (e.g., either Vpp or Vss).

SERIAL PORT (SCI AND SPl) PROGRAMMING

The SCl and SPI use the port D pins for their functions.
The SCI requires two pins (PD0-PD1) for its receive data
input (RDI) and transmit data output {TDO), respectively.
The SPI function requires four of the pins (PD2-PD5) for
its serial data input/output {MISO), serial data output/
input (MOSI), serial clock {SCK), and slave select {SS),
respectively.

MEMORY

The MCU is capable of addressing 8192 bytes of mem-
ory and I/O registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check ROM, contro!
registers, and 1/0. The user-defined reset and interrupt
vectors are located from $1FF4 to $1FFF.

The shared 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 infor-
mation.

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 calculations
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

PROGRAM COUNTER (PC)

The program counter is a 13-bit register that contains
the address of the next byte to be fetched.

12 0

L Pe ]

STACK POINTER (SP)

The stack pointer is a 13-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 to location $00FF. The stack pointer
is then decremented as data is pushed onto the stack and
incremented as data is pulled from the stack.

When accessing memory, the seven most significant
bits are permanently set to 0000011. These seven bits are
appended to the six least significant register bits to pro-
duce an address within the range of $00FF to $00CO.
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$0000 o0 0000 PortA Data Register $00
o 7P:yr::5 Port B Data Register $01
32 Bytes Port C Data Register $02
Port D Fixed Input Register $03
$001F 0031
$0020 0032 g'éuyslzg Port A Data Direction Regtster $04
’_L:éi; \ Port B Data Direction Register $05
SO04F 48 Bytes 0})79 Port C Data Direction Register $06
$0050 0089 Senal Peripheral Unused $07
Interface
\ 3 Bytes Unused $08
RAM Unused $09
176 Bytes \
\ Senal Peripheral Control Register $0A
Senal
SO0BF | _ __ o \ Communications Senal Peripheral Status Register $08B
s00co Stack 0192 Ig(erface Serial Peripheral Data I/ O Register $0C
Bytes
SOOFF 64 Bytes 0255 \ Senial Communications Baud Rate Register $0D
$0100 0256 Sernial Communications Control Register 1 $OE
\ Timer g
\ 10 Bytes Serial Communications Control Register 2 $OF
\ Senal Communications Status Register $10
SST\Z \ Unused Senal Communications Data Register N1
7680 Bytes \ 4 Bytes Timer Control Register $12
0031 Timer Status Register $13
\ Input Capture High Register $14
Z:Egg ;ggz 5 \\ Input Capture Low Register $15
Output Compare High Register $16
Self \ :
elf Check \ Output Compare Low Register $17
S1FDF \ Counter High Register $18
$1FEO \\ Counter Low Register $19
S?/';'c{';gfsc ) 256 Bytes \ Alternate Counter High Register $1A
S1FEF 8175 \ Alternate Counter Low Register $1B
$1FFO Unused 8176 \ Unused $1C
SIFF3 4 Bytes 8179 \ Unused $10
$1FF4 User 8180 \ Unused $1E
Vectors
S1FFF 12 Bytes 8191 \ Unused $1F

Figure 4. Memory Map

Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer
wraps around and loses the previously stored informa-
tion. A subroutine call occupies two locations on the stack;
an interrupt uses five locations.

nnBnnan

CONDITION CODE REGISTER (CCR)

The CCR is a 5-bit register in which four bits are used
to indicate the results 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 paragraphs.

CCR
#[w]e]c]

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 interrupt occurs while this bit is
set, the interrupt is latched and 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 one).

Zero (2)

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

SELF-CHECK

The self-check capability provides the ability to deter-
mine if the device is functional. Self-check is performed
using the circuit shown in Figure 5. Port C pins PC0-PC3
are monitored for the self-check results. After reset, the
following seven tests are performed automatically:

SPI — Transmission test; checks SPIF, WCOL, and
MODF flags
Self-check results {using the LEDs as monitors) are
shown in Table 2. The following subroutines are available
to the user and do not require any external hardware.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The timer
test subroutine is called at location $1FOE. The output
compare register is first set to the current timer state.
Because the timer is free running and has only a divide-
by-four prescaler, each tirner count cannot be tested. The
test reads the timer once every 10 counts (40 cycles) and
checks for correct counting. The test tracks the counter

until the timer wraps around, triggering the output com-
pare flag in the timer status register. RAM locations $0050
and $0051 are overwritten. Upon return to the user’s pro-
gram, X=40. If the test passed, A=0.

/0 — Exercise of ports A, B, and C

RAM — Counter test for each RAM byte

ROM — Exclusive OR with odd ones parity result
Timer — Tracks counter register and checks OCF flag
Interrupts — Tests external, timer, SC| and SPI in-

terrupts ROM CHECKSUM SUBROUTINE
SCl — Transmission test; checks RDRF, TDRE, TC, This subroutine returns with the Z bit cleared if any
and FE flags error is detected; otherwise, the Z bit is set. The ROM

RESET
— Ito FI
_ RESET - t
RO S L
$10k
NC voo 2 +5V W0oF
osct P2 I =’
TCAP 210M
MCU 3 3 4MH:z
— Pa7 oscz |2 I — 206
5 PA6 % (See Note) =
R PO7 P +5V
PAS » L
7 Temp 2 47K
PA4 — |34
8 PD5/SS
PA3 poassck P2
S paz 2 L 10k 2N3904
10 PD3/MOSI AAA-
PAL 3
¥ PD2/MISO
PAO ' 30
el 1
29 -
PDO/RDI
12 28 % A 5V
PBO PCO o +
13 27 N n
PBI PCI W
«
10k 14| pgy pc2 |26 T N
2 1k
L 5] pg3 PC3 " ¢ WA
L8] PB4 PCa
3
7] pes pes b2
181 pge pes }22
L] pe7 2L
Vss
L 20

NOTE The RC Oscillator Option may also be used in this circuit

Figure 5. Self-Check Circuit Schematic Diagram
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Table 2. Self-Check Results

PC3 | PC2 | PC1 | PCO Remarks

1 0 0 1 [Bad /O

1 0 1 0 |Bad RAM

1 0 1 1 |Bad Timer

1 1 0 0 |BadSCl

1 1 0 1 |Bad ROM

1 1 1 0 [Bad SPI

1 1 1 1 | Bad Interrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED 1s on, 1 indicates LED s off.

checksum subroutine is called at location $1F93 with RAM
location $0053 equal to $01 and A=0. A short routine 1s
set up and executed in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0050 through
$0053 are overwritten. Upon return to the user’s program,
X=0. If the test passed, A=0,

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 RE-
SET line logic level.

POWER-ON RESET (POR)

An nternal reset is generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and should
not be used to detect a drop in the power supply voltage.
There is a 4064 internal processor clock cycle (teyc) delay
after the oscillator becomes active. If the RESET pin is
low at the end of 4046 teye the MCU will remain in the
reset condition until RESET goes high.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period of one and one-half machine
cycles (teyc)-

INTERRUPTS

The MCU can be interrupted five different ways: the
four maskable hardware interrupts (IRQ, SPI, SCI, and
timer) and the nonmaskable software interrupt instruc-
tion (SWI).

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

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 the one already fetched
and being operated on.

When the current instruction is complete, the processor
checks all pending hardware interrupts. If unmasked (I
bit clear) and if the corresponding interrupt enable bit is
set, the processor proceeds with interrupt processing;
otherwise, the next instruction is fetched and executed.

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, regardless of the |-bit state.
Refer to Figure 7 for the reset and interrupt instruction
processing sequence.

TIMER INTERRUPT

There are three different timer interrupt flags that cause
a timer interrupt whenever they are set and enabled. The
interrupt flags are in the timer status register (TSR), and
the enable bits are in the timer control register (TCR).
Refer to TIMER for more information.

EXTERNAL INTERRUPT

If the interrupt mask bit (I bit) of the CCR is set, all
interrupts are disabled. Clearing the | bit enables the ex-
ternal interrupt. The external interrupt is internally syn-
chronized and then latched on the falling edge of IRQ.
The action of the external interrupt is identical to the timer

7 0 Stack
R 1 I 1 I 1 l Condition Code Register ’L
E Accumulator T
Increasing Memory | T E Decreasing Memory
Addresses U Index Register R Addresses

Rlofofo] PCH R

N U

PCL P

Unstack T

NOTE Since the Stack Pointer decrements during pushes, the PCL 1s
stacked first, followed by PCH, etc Puliing from the stack s

in the reverse order

Figure 6. Interrupt Stacking Order
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From
RESET
Y
Is
I Bnt
Set
N
RG Clear IRQ
External Y Reguest
Interrupt Latch
N >
A
Stack
PC, X, A, CC
Timer Y ¢
Internal
Interrupt Set
1 Bit
) !
Load PC from
SWI $1FFC-$1FFD
SCI v IRQ $1FFA-$1FFB
Internal Timer $1FF8-$1FF9
Interrupt SCl $1FF6-$1FF7
SPl_$1FF4-$1FF5
N ;
Complete
Interrupt
Routine
SPI % and Execute
Internal RTI
Interrupt
N
y
Fetch
Next
Instruction
Y
N
Execute
Instruction

Figure 7. Reset and Interrupt Processing Flowchart
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interrupt_with the exception that the interrupt request
input at IRQ is latched internally and the service routine
address is specified by the contents of $1FFA and $1FFB.

Either a level-sensitive and edge-sensitive trigger, or
an edge-sensitive-only trigger are availlable as a mask
option. Figure 8 shows both a functional internal diagram
and a mode timing diagram for the interrupt line. The
timing diagram shows two treatments of the interrupt
line to the processor. The first method shows a single
pulse on the interrupt line spaced far enough apart to be
serviced. The minimum time between pulses is a function
of the length of the interrupt service. Once a pulse occurs,
the next pulse should not occur until an RTl occurs. This
time (t||L} is obtained by adding 21 instruction cycles to
the total number of cycles it takes to complete the service
routine (not including the RTI instruction). The second
method shows many interrupt lines “wire-ORed" to form
the interrupts at the processor. If the interrupt line re-
mains low after servicing an interrupt, then the next in-
terrupt Is recognized.

Level-Sensitive Trigger

LD Q

Interrupt Pin > (o}

NOTE

The internal interrupt latch is cleared in the first part
of the interrupt service routine; therefore, one ex-
ternal interrupt pulse could be latched and serviced
as soon as the | bit is cleared.

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
operation is similar to the hardware interrupts. The in-
terrupt service routine address is specified by the con-
tents of memory locations $1FFC and $1FFD.

SCI INTERRUPTS

An interrupt in the SCl occurs when one of the interrupt
flag bits in the serial communications status register is
set, provided the | bit in the CCR is clear and the enable
bit in the serial communications control register 2 is set.

External
Interrupt
Request

=

1Bit(CC)

/7__1— Power-On Reset
External Reset

\—\_L External Interrupt

Being Serviced (Vector Fetch)

(a) Interrupt Internal Function Diagram

Edge-Sensitive Trigger Condition
The minimum pulse width (tj |H) 1s either
126 ns{Vpp=5V) or 260 ns (Vpp =3 V)
The period | should not be less than
the number of teyc cycles it takes to ex-
ecute the interrupt service routine plus 21
teye cycles

Level-Sensitive Trigger Condition
If after servicing an interrupt the TRQ re-

mains low, then the next interrupt I1s
recognized

r Normally
Used with

RG
MCU)

Wire-ORed
Connection

r

J

{b) Interrupt Mode Diagram

Figure 8. External Interrupt
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Software in the serial interrupt service routine must de-
termine the cause and priority of the SCI interrupt by
examining the interrupt flags and status bits in the SCI
status register.

SPI INTERRUPTS

An interrupt in the SPl occurs when one of the interrupt
flag bits in the serial peripheral status register is set,
provided the | bit in the CCR is clear and the enable bit
in the serial peripheral control register is set. Software
in the serial peripheral interrupt service routine must de-
termine the cause and priority of the SPI interrupt by
examining the interrupt flag bits in the SPI status register.

LOW-POWER MODES

STOP

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode, the internal os-
cillator is turned off, halting all internal processing in-
cluding timer, SCI, and SPI operation (refer to Figure 9).

During the STOP mode, the TCR bits are altered to
remove any pending timer interrupt request and to dis-
able any further timer interrupts. The timer prescaler is
cleared. The | bit in the CCR is cleared to enable external
interrupts. All other registers and memory remain unal-
tered. All input/output lines remain unchanged. The pro-
cessor can be brought out of the STOP mode only by an
external interrupt or reset.

SCI during STOP Mode

When the MCU enters the STOP mode, the baud rate
generator stops, halting all SCI activity. If the STOP in-
struction is executed during a transmitter transfer, that
transfer is halted. If a low input to the IRQ pin is used to
exit STOP mode, the transfer resumes. If the SCl receiver
is receiving data and the STOP mode is entered, received
data sampling stops because the baud rate generator
stops, and all subsequent data is lost. For these reasons,
all SCl transfers should be in the idle state when the STOP
instruction is executed.

SPI during Stop Mode

When the MCU enters the STOP mode, the baud rate
generator stops, terminating all master mode SPI oper-
ations. If the STOP instruction is executed during an SPI
transfer, that transfer halts until the MCU exits the STOP
mode by a low signal on the IRQ pin. If reset is used to
exit the STOP mode, then the SPI control and status bits
are cleared, and the SPI is disabled. If the MCU is in the
slave mode when the STOP instruction is executed, the
slave SPI continues to operate and can still accept data
and clock information in addition to transmitting its own
data back to a master device.

At the end of a possible transmission with a slave SPI
in the STOP mode, no flags are set until a low on the IRQ
pin wakes up the MCU. Caution should be observed when
operating the SPI as a slave during the STOP mode be-
cause the protective circuitry (WCOL, MODF, etc.) is in-
active.

‘ Stop ’

Stop Oscillator
And All Clocks

Clear | Bit

Reset

Yes

External
Interrupt
(IRQ)

Turn On Oscillator
Wait for Time
Delay to Stabilize

(1) Fetch Reset Vector or
(2) Service Interrupt
a Stack
b Setl Bit
¢ Vector to Interrupt
Routine

Figure 9. STOP Function Flowchart

WAIT

The WAIT instruction places the MCU in a low-power
consumption mode, but the WAIT mode consumes more
power than the STOP mode. All CPU action is suspended,
but the timer, SCI, and SPI remain active (refer to Figure
10). An interrupt from the timer, SCI, or SPI can cause
the MCU to exit the WAIT mode.

During the WAIT mode, the | bit in the CCR is cleared
to enable interrupts. All other registers, memory, and
input/output lines remain in their previous state. The timer
may be enabled to allow a periodic exit from the WAIT
mode.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained
at supply voltages as low as 2.0 Vdc. This is called the
data retention mode where the data is held, but the device
is not guaranteed to operate. The MCU should be in RESET
during data retention mode.
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‘ Wait ’

Oscillator Active
Timer, SCI, And SPI
Clocks Active
Processor Clocks Stopped

Reset

External
interrupt
(IRQ)

Timer
Interrupt

Restart
Processor Clock

(1) Fetch Reset Vector or
(2) Service Interrupt
a Stack
b SetlBit
¢ Vector to Interrupt
Routine

Figure 10. WAIT Function Flowchart

TIMER

The timer consists of a 16-bit, software-programmable
counter driven by a fixed divide-by-four prescaler. This
timer can be used for many purposes, including input
waveform measurements while simultaneously gener-
ating an output waveform. Pulse widths can vary from
several microseconds to many seconds. Refer to Figure
11 for a timer block diagram.

Because the timer has a 16-bit architecture, each spe-
cific functional segment (capability) is represented by two
registers. These registers contain the high and low byte
of that functional segment. Generally, accessing the low
byte of a specific timer function allows full control of that
function; however, an access of the high byte inhibits
that specific timer function until the low byte is also ac-
cessed.

.NOTE

The | bit in the CCR should be set while manipu-
lating both the high and low byte register of a spe-
cific timer function to ensure that an interrupt does
not occur.

COUNTER

The key element in the programmable timer is a 16-
bit, free-running counter or counter register, preceded by
a prescaler that divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0
microseconds if the internal bus clock is 2.0 MHz. The
counter is incremented during the low portion of the in-
ternal bus clock. Software can read the counter at any
time without affecting its value.

The double-byte, free-running counter can be read from
either of two locations, $18-$19 (counter register) or
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l Internal Bus I

A A 4
Internal
Processor 8-Bit
Clock Buffer
| +4 I
High | Low
Byte | Byte High Low High | Low
Byte Byte Byte | Byte
s16 | Output 16-Bit Free| s1g Input $14
Compare Running Capture
$17 | Register Counter | $19 Register | $15
Counter | §1A A
Alternate
Register | $1B
Y
Output Overflow Edge
Compare Detect Detect
Circurt Circuit Circuit
|
o] (o)
D> CLK
y Output
Timer Level
Status | ICF I 0CF| TOF l $13 Reg ¢
Reg
Tumer RESET
l ICIE I OCIE I TOIE IIEDG lole cg"‘""
] l $12
[ —— »
Interrupt Output  Edge
Circuit Level Input
(TCMP) (TCAP)

Figure 11. Timer Block Diagram

$1A-$1B (counter alternate register). A read from only
the least significant byte (LSB) of the free-running counter
($19, $1B) receives the count value at the time of the read.
If a read of the free-running counter or counter alternate
register first addresses the most significant byte (MSB)
($18, $1A), the LSB ($19, $1B) is transferred to a buffer.
This buffer value remains fixed after the first MSB read,
even if the user reads the MSB several times. This buffer
is accessed when reading the free-running counter or
counter alternate register LSB ($19 or $1B) and, thus,
completes a read sequence of the total counter value. In
reading either the free-running counter or counter alter-
nate register, if the MSB is read, the LSB must also be
read to complete the sequence.

The counter alternate register differs from the counter
register in one respect: a read of the counter register MSB
can clear the timer overflow flag (TOF). Therefore, the
counter alternate register can be read at any time without
the possibility of missing timer overflow interrupts due
to clearing of the TOF.

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-
on reset, the counter is also preset to $FFFC and begins
running after the oscillator start-up delay. Because the
free-running counter is 16 bits preceded by a fixed divide-
by-four prescaler, the value in the free-running counter
repeats every 262,144 internal bus clock cycles. When the
counter rolls over from $FFFF to $0000, the TOF bit is set.
An interrupt can also be enabled when counter rollover
occurs by setting its interrupt enable bit (TOIE).

OUTPUT COMPARE REGISTER

The 16-bit output compare register is made up of two
8-bit registers at locations $16 (MSB) and $17 (LSB). The
output compare register is used for several purposes,
such as indicating when a period of time has elapsed. All
bits are readable and writable and are not altered by the
timer hardware or reset. If the compare function is not
needed, the two bytes of the output compare register can
be used as storage locations.
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The output compare register contents are compared
with the contents of the free-running counter continually,
and if a match is found, the corresponding output com-
pare flag (OCF) bit is set and the corresponding output
level (OLCL) bit is clocked to an output level register. The
output compare register values and the output level bit
should be changed after each successful comparison to
establish a new elapsed timeout. An interrupt can also
accompany a successful output compare provided the
corresponding interrupt enable bit (OCIE) is set.

After a processor write cycle to the output compare
register containing the MSB ($16), the output compare
function is inhibited until the LSB ($17) is also written.
The user must write both bytes (locations) if the MSB is
written first. A write made only to the LSB {$17) will not
inhibit the compare function. The free-running counter s
updated every four internal bus clock cycles. The mini-
mum time required to update the output compare reg-
ister is a function of the program rather than the internal
hardware.

The processor can write to either byte of the output
compare register without affecting the other byte. The
output level (OLVL) bit is clocked to the output level reg-
ister regardless of whether the output compare flag (OCF)
is set or clear.

INPUT CAPTURE REGISTER

Two 8-bit registers, which make up the 16-bit input
capture register, are read-only and are used to latch the
value of the free-running counter after the corresponding
input capture edge detector senses a defined transition.
The level transition which triggers the counter transfer is
defined by the corresponding input edge bit (IEDG). Reset
does not affect the contents of the input capture register.

The result obtained by an input capture will be one
more than the value of the free-running counter on the
rising edge of the internal bus clock preceding the ex-
ternal transition. This delay is required for internal syn-
chronization. Resolution is one count of the free-running
counter, which is four internal bus clock cycles.

The free-running counter contents are transferred to
the input capture register on each proper signal transition
regardless of whether the input capture flag (ICF) is set
or clear. The input capture register always contains the
free-running counter value that corresponds to the most
recent input capture.

After a read of the input capture register ($14) MSB,
the counter transfer is inhibited until the LSB ($15) is also
read. This characteristic causes the time used in the input
capture software routine and its interaction with the main
program to determine the minimum pulse period.

A read of the input capture register LSB {$15) does not
inhibit the free-running counter transfer since they occur
on opposite edges of the internal bus clock.

TIMER CONTROL REGISTER (TCR) $12

The TCR is a read/write register containing five control
bits. Three bits control interrupts associated with the timer
status register flags ICF, OCF, and TOF.

1 § 5 4 3 2 1 0
[ice Joce [roe [ o [ o [ o [ o]
RESET

0 0 0 0 0 0 U 0

ICIE — Input Capture Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
OCIE — Output Compare Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
TOIE — Timer Overflow Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
IEDG — Input Edge
Value of input edge determines which level transition
on TCAP pin will trigger free-running counter transfer
to the input capture register
1="Positive edge
0=Negative edge
Reset does not affect te IEDG bit (U =unaffected).
OLVL — Output Level
Value of output level is clocked into output level reg-
ister by the next successful output compare and will
appear on the TCMP pin
1=High output
0=Low output
Bits 2, 3, and 4 — Not used
Always read zero

TIMER STATUS REGISTER (TSR) $13

The TSR is a read-only register containing three status
flag bits.

7 6 5 4 3 2 1 0
(e Joce [ror [ o [ o [ o [ o [ o]
RESET:

U u U 0 0 0 0 0

ICF — Input Capture Flag
1=Flag set when selected polarity edge is sensed by
input capture edge detector
0=Flag cleared when TSR and input capture low reg-
ister ($15) are accessed
OCF — Output Compare Flag
1=Flag set when output compare register contents
match the free-running counter contents
0=Flag cleared when TSR and output compare low
register ($17) are accessed
TOF — Timer Overflow Flag
1=Flag set when free-running counter transition from
$FFFF to $0000 occurs
0=Flag cleared when TSR and counter low register
($19) are accessed
Bits 0-4 — Not used
Always read zero

Accessing the timer status register satisfies the first
condition required to clear status bits. The remaining step
is to access the register corresponding to the status bit.
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A problem can occur when using the timer overflow
function and reading the free-running counter at random
times to measure an elapsed time. Without incorporating
the proper precautions into software, the timer overflow
flag could unintentionally be cleared if:

1) The timer status register is read or written when

TOF is set, and

2) The LSB of the free-running counter is read but not

for the purpose of servicing the flag. )

The counter alternate register at address $1A and $1B
contains the same value as the free-running counter {at
address $18 and $19); therefore, this alternate register
can be read at any time without affecting the timer ov-
erflow flag in the timer status register.

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, but the
timer remains active. An interrupt from the timer causes
the processor to exit the WAIT mode.

TIMER DURING STOP MODE

In the STOP mode, the timer stops counting and holds
the last count value if STOP is exited by an interrupt. If
RESET is used, the counter is forced to $FFFC. During
STOP, if at least one valid input capture edge occurs at
the TCAP pin, the input capture detect circuit is armed.
This does not set any timer flags nor wake up the MCU,
but when the MCU does wake up, there is an active input
capture flag and data from the first valid edge that oc-
curred during the STOP mode. If RESET is used to exit
STOP mode, then no input capture flag or data remains,
even if a valid input capture edge occurred.

SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous SCl is provided with a
standard NRZ format and a variety of baud rates. The SC|
transmitter and receiver are functionally independent but
use the same data format and baud rate. The terms baud
and bit rate are used synonymously in the following de-
scription.

SCI TWO-WIRE SYSTEM FEATURES

o Standard NRZ (mark/space) format

® Advanced error detection method includes noise de-
tection for noise duration of up to one-sixteenth bit
time

o Full-duplex operation {simultaneous transmit and re-
ceive)

o Software programmable for one of 32 different baud
rates

o Software-selectable word length (eight- or nine-bit
words) .

® Separate transmitter and receiver enable bits

@ SCI may be interrupt driven

® Four separate interrupt conditions

ScCl

RECEIVER FEATURES

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

Framing error detect

Noise detect

Overrun detect

Receiver data register full flag *

SCI TRANSMITTER FEATURES

® Transmit data register empty flag
® Transmit complete flag
® Break send

Any SCI two-wire system requires receive data in (RDI)
and transmit data out (TDO).

DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the
serial data presented between the internal data bus and
the output pin {TDO} and between the input pin (RDI) and
the internal data bus. Data format is as shown for the
NRZ in Figure 12.

WAKE-UP FEATURE

In a typical multiprocessor configuration, the software
protocol will usually identify the addressee(s) at the be-
ginning of the message. To permit uninterested MPUs to
ignore the remainder of the message, a wake-up feature
is included, whereby all further SCI receiver flag (and
interrupt) processing can be inhibited until its data line
returns to the idle state. An SCI receiver is re-enabled by
an idle string of at least ten (or eleven) consecutive ones.
Software for the transmitter must provide for the required
idle string between consecutive messages and prevent
it from occurring within messages. '

A second wake-up method is available in which sleep-
ing SCl receivers can be awakened by a logic one in the
high-order bit of a received character.

Control bit “M"
Selects 8 or 9 bit data

IdleLine

-~ D~

*Stop bit is always high

VO ~ W
PN

Figure 12. Data Format
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RECEIVE DATA IN

Receive data in (RDI) is the serial data which is pre-
sented from the input pin via the SCI to the receive data
register (RDR). While waiting for a start bit, the receiver
samples the input at a rate 16 times higher than the set
baud rate. This increased rate is referred to as the RT
rate. When the input (idle) line is detected low, it is tested
for three more sample times. If at least two of these three
samples detect a logic low, a valid start bit is assumed
to be detected. If in two or more samples, a logic high is
detected, the line is assumed to be idle. The receive clock
generator is controlled by the baud rate register (see Fig-
ure 13); however, the SCl is synchronized by the start bit
independent of the transmitter. Once a valid start bit 1s
detected, the start bit, each data bit, and the stop bit are
each sampled three times. The value of the bit is deter-
mined by voting logic, which takes the value of a majority
of samples. A noise flag is set when all three samples on
a valid start bit, data bit, or stop bit do not agree. A noise
flag is also set when the start verification samples do not
agree.

START BIT DETECTION FOLLOWING A FRAMING ERROR

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

If the receiver detects that a break (RDRF=1, FE=1,
receiver data register =$00) produced the framing error,
the start bit will not be artificially induced, and the re-
ceiver must actually receive a logic one before start.

TRANSMIT DATA OUT

Transmit data out (TDO) is the serial data presented
from the transmit data register (TDR) via the SCI to the
output pin. The transmitter generates a bit time by using
a derivative of the RT clock, producing a transmission
rate equal to one-sixteenth that of the receiver sample
clock.

FUNCTIONAL DESCRIPTION

A block diagram of the SCl is shown in Figure 13. The
user has option bits in the serial communications control
register 1 (SCCR1) to determine the SCl wake-up method
and data word length. Serial communications control
register 2 (SCCR2) provides control bits that individually
enable/disable the transmitter or receiver, enable system
interrupts, and provide wake-up enable, and send break
code bits. The baud rate register bits allow the user to
select different baud rates, which are used as the rate
control for the transmitter and receiver.

Data transmission is initiated by a write to the serial
communications data register (SCDAT). Provided the
transmitter is enabled, data stored in the SCDAT is trans-
ferred to the transmit data shift register. This data transfer

sets the SCI status register (SCSR) transmit data register
empty (TDRE) bit and generates an interrupt if the trans-
mitinterrupt is enabled. Data transfer to the transmit data
shift register is synchronized with the bit rate clock. All
data is transmitted LSB first. Upon completion of data
transmission, the transmission complete (TC) bit is set
(provided no pending data, preamble, or break code is
sent), and an interrupt is generated if the transmit com-
plete interrupt is enabled. If the transmitter is disabled,
and the data, preamble, or break code has been sent, the
TC bit will also be set, which will also generate an inter-
rupt if the TCIE bit is set. If the transmitter is disabled in
the middle of a transmission, that character will be com-
pleted before the transmitter gives up control of the TDO
pin. .

When the SCDAT is read, it contains the last data byte
received, provided that the receiver is enabled. The SCSR
receive data register full (RDRF) bit is set to indicate that
a data byte is transferred from the input serial shift reg-
ister to the SCDAT, which can cause an interrupt if the
receiver interrupt is enabled. Data transfer from the input
serial shift register to the SCDAT is synchronized by the
receiver bit rate clock. The SCSR overrun (OR), noise flag
(NF), or FE bits are set if data reception errors occur.

An idle line interrupt i1s generated if the idle line inter-
rupt is enabled and the SCSR IDLE bit {which detects idle
line transmission) is set. This allows a receiver that is not
in the wake-up mode to detect the end of a message, the
preamble of a new message, or to resynchronize with
the transmitter. A valid character must be received before
the idle line condition for the IDLE bit to be set and for
an idle line interrupt to be generated.

REGISTERS

There are five registers used in the SCI; the internal
configuration of these registers is discussed in the fol-
lowing paragraphs.

Serial Communications Data Register (SCDAT) $11

The SCDAT is a read/write register used to receive and
transmit SCI data.

7 § 5 4 3 2 1 0
[ 'sco7 [ scos [ scos | scoa | scos | scoz | scor | scoo |

RESET"
U U U U U u u u

As shown in Figure 13, SCDAT functions as two sep-
arate registers. The transmit data register (TDR) provides
the parallel interface from the internal data bus to the
transmit shift register. The receive data register (RDR)
provides the interface from the receive shift register to
the internal data bus.

Serial Communications Control Register 1 (SCCR1) $OE

The SCCR1 provides control bits that determine word
length and select the wake-up method.

7 6 5 4 3 2 1 0
(e [ [ — [ m [wae] - [ — [ = |
RESET"

U U - U u . - — —
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$11|Data Register| Notel € Note) Register $11

ransmit Data
l—‘shlﬂ Register T

PDV/TDO
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NOTE The Senial Communications Data Register (SCDAT) 1s controlled by the internal R/W signal It is the transmit data register when
written and receive data register when read

Figure 13. SCI Block Diagram

R8 — Receive Data Bit 8 WAKE — Wake-Up Select
R8 bit provides storage location for the ninth bit in the Wake bit selects the receiver wake-up method.
receive data byte (if M=1). 1=Address bit {(most significant bit)
T8 — Transmit Data Bit 8 0=Idle line condition
T8 bit provides storage location for the ninth bit in the Bits 0-2, and 5 — Not used
transmit data byte (if M=1). Can read either one or zero
M — SCI Character Word Length
1=one start bit, nine data bits, one stop bit The address bit is dependent on both the wake-bit and
0=one start bit, eight data bits, one stop bit the M-bit level. Additionally, the receiver does not use

- _________________________________________ |
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the wake-up feature unless the RWU control bitin SCCR2
is set.

Wake M
0 X

Receiver Wake-Up

Detection of anidle line allows the next data
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag.

Detection of a received one in the eighth
data bit allows an RDRF flag and associated
error flags.

Detection of a recerved one in the ninth data
bit allows an RDRF flag and associated error
flags.

Serial Communications Control Register 2 (SCCR2) $OF
The SCCR2 provides control of individual SCl functions
such as interrupts, transmit/receive enabling, receiver
wake-up, and break code.
7 6 5 4 3 2 1 0
| me | 7oe | me | ILIE ] TE | RE I RWU ] SBK J

RESET
0 0 0 0 0 0 0 0

TIE — Transmit Interrupt Enable
1=SCl interrupt enabled
0=TDRE interrupt disabled
TCIE — Transmit Complete Interrupt Enable
1=S8Cl interrupt enabled
0=TC interrupt disabled
RIE — Receive Interrupt Enable
1=_S5Cl interrupt enabled
0=RDRF and OR interrupts disabled
ILIE — idle Line Interrut Enable
1=SCl interrupt enabled
0=Idle interrupt disabled
TE — Transmit Enable
1=Transmit shift register output is applied to the TDO
line. Depending upon the SCCR1 M bit, a pream-
ble of 10 (M =0) or 11 (M= 1) consecutive ones is
transmitted.
0=Transmitter disabled after last byte is loaded in
the SCDAT and TDRE is set. After last byte is
transmitted, TDO line becomes a high-impedance
line.
RE — Receive Enable
1=Receiver shift register input is apphed to the RDI
line.
0=Receiver disabled and RDRF, IDLE, OR, NF, and
FE status bits are inhibited.
RWU — Receiver Wake-Up
1="Places receiver in sleep mode and enables wake-
up function
0=Wake-up function disabled after receiving data
word with MSB set (if WAKE =1)
Wake-up function also disabled after receiving 10
(M=0) or 11 {M=1) consecutive ones (if WAKE =0}
SBK — Send Break .
1=Transmitter continually sends blocks of zeros (sets
of 10 or 11) until cleared. Upon completion of

break code, transmitter sends one high bit for rec-
ognition of valid start bit.

0=Transmitter sends 10 (M=0) or 11 (M=1) zeros
then reverts to an idle state or continues sending
data. If transmitter is empty and idle, setting and
clearing the SBK bit may queue up to two char-
acter times of break because the first break trans-
fers immediately to the shift register, and the
second is queued into the parallel transmit buffer.

Serial Communications Status Register {SCSR) $10

The SCSR provides inputs to the SCI interrupt logic
circuits. Noise flag and framing error bits are also con-
tained in the SCSR.

7 § 5 4 3 2 1 0
[vore [ tc [ore [ [ or [ we [ /e [ — |

RESET
1 1 0 0 0 0 0 -

TDRE — Transmit Data Register (TDR) Empty
1=TDR contents transferred to the transmit data shift
register
0=TDR still contains data. TDRE iscleared by reading
the SCSR (with TDRE = 1), followed by a write to
the TDR.
TC — Transmit Complete
1=Indicates end of data frame, preamble, or break
condition has occurred
0=TC bit cleared by reading the SCSR (with TC=1),
followed by a write to the TDR
RDRF — Receive Data Register (RDR) Full
1=Receive data shift register contents transferred to
the RDR
0=Receive data shift register transfer did not occur.
RDRF is cleared by reading the SCSR (with
RDRF=1) followed by a read of the RDR
IDLE — Idle Line Detect
1=Indicates receiver has detected an idle line
0=IDLE is cleared by reading the SCSR (with IDLE=1),
followed by a read of the RDR. Once IDLE is
cleared, IDLE cannot be set until RDI line becomes
active and idle again.
OR — Overrun Error
1=Indicates receive data shift register data is sent to
a full RDR (RDRF=1). Data causing the overrun
is lost, and RDR data is not disturbed.
0=O0R is cleared by reading the SCSR {(with OR=1),
followed by a read of the RDR.
NF — Noise Flag
1=Indicates noise is present on the receive bits, in-
cluding the start and stop bits. NF is not set until
RDRF=1.
0=NF is cleared by reading the SCSR (with NF=1),
followed by a read of the RDR.
FE — Framing Error
1=Indicates stop bit not detected in received data
character. FE is set the same time RDRF is set. If
received byte causes both framing and overrun
errors, processor will only recognize the overrun
error. Further data transfer into the RDR is inhib-
ited until FE is cleared.
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0=NF is cleared by reading the SCSR (with FE=1),
followed by a read of the RDR.
Bit 0 — Not used
Can read either one or zero

Baud Rate Register $0D

The baud rate register is used to select the SCI trans-
mitter and receiver baud rate. SCPQ and SCP1 prescaler
bits are used in conjunction with the SCRO through SCR2
baud rate bits to provide multiple baud rate combinations
for a given crystal frequency. Bits 3, 6, and 7 always read
zero.

7 [ 5 4 3 2 1 0
| — I — l SCP1 I SCPO | — I SCR2 | SCR1 I SCRO
RESET:

_ — 0 0 — u 1] 1}

SCPO — SCI Prescaler Bit 0

SCP1 — SCI Prescaler Bit 1
Two prescaler bits are used to increase the range of
standard baud rates controlled by the SCRO-SCR2
bits. Prescaler internal processor clock division ver-
sus bit levels are listed in Table 3.

SCRO — SCI Baud Rate Bit 0

SCR1 — SCI Baud Rate Bit 1

SCR2 — SCI Baud Rate Bit 2
Three baud rate bits are used to select the baud rates
of the SCI transmitter and SCI receiver. Baud rates
versus bit levels are listed in Table 4.

Tables 3 and 4 tabulate the divide chain used to obtain
the baud rate clock {transmit clock). The actual divider
chain is controlled by the combined SCP0-SCP1 and SCRO-
SCR2 bits in the baud rate register. All divided frequen-
cies shown in Table 3 represent the final baud rate re-
sulting from the internal processor clock division shown
in the divided-by column only {prescaler division only).
Table 4 lists the prescaler output divided by the action
of the SCl select bits (SCR0-SCR2). For example, assume
that a 9600-Hz baud rate is required with a 2.4576-MHz
external crystal. In this case, the prescaler bits (SCPO-
SCP1) could be configured as a divide-by-one or a divide-
by-four. If a divide-by-four prescaler is used, then the
SCRO0-SCR2 bits must be configured as a divide-by-two.
Using the same crystal, the 9600 baud rate can be ob-
tained with a prescaler divide-by-one and the SCR0-SCR2
bits configured for a divide-by-eight.

SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SPI) is an interface built
into the MCU which allows several MCUs or MCUs plus
peripherals to be interconnected within the same black
box. In the SPI format, the clock 1s not included in the
data stream and must be furnished as a separate signal.
An SPI system may consist of one master MCU and sev-
eral slaves (Figure 14) or MCUs that can be either masters
or slaves.

Table 3. Prescaler Highest Baud Rate Frequency Output

SCP Bit Clock* Crystal Frequency MHz

1 0 Divided By 4.194304 2.4576 20 1.8432
0 0 1 131.072 kHz 126.000 kHz 76.80 KHz 62.50 KkHz 57.60 kHz
0 1 3 43.691 kHz 41.666 kHz 2560 kHz 20.833 kHz 19.20 kHz
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15 625 kHz 14.40 kHz
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz

*Refers to the internal processor clock.

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

Table 4. Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divided Representative Highest Prescaler Baud Rate Output
2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 1] 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz
0 1 0 4 32.768 kHz 8.192 kHz 19 20 kHz 4800 Hz 2400 Hz
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz
1 1 1 128 1.024 kHz 256 Hz 600 Hz ' 150 Hz 75 Hz

NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate.
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MISO M6805 HCMOS Slave 0
MOSH
SeK MISO  SCK__
SS [~—VoD most SS
M6805 HCMOS
Master
PO
o 1
R 2
T3
MOSI 55 MOSI  SS MOSI SS
MISO  SCK MISO  SCK MISO  SCK

ME805 HCMOS Stave 3

M6805 HCMOS Slave 2

MB805 HCMOS Slave 1

Figure 14. Master-Slave System Configuration

Features:

Full-duplex, three-wire synchronous transfers
Master or slave operation

1.05 MHz (maximum) master bit frequency

2.1 MHz (maximum) slave bit frequency

Four programmable master bit rates
Programmable clock polarity and phase
End-of-transmission interrupt flag

Write collision flag protection

Master-master mode fault protection capability

SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, and SS) are
described in the following paragraphs. Each signal func-
tion is described for both master and slave mode.

Master Out, Slave In

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

Master In, Slave Out

The master in, slave out (MISO) line is configured as
an input in a master device and as an output in a slave
device. The MISO is one of two lines that transfer serial
data in one direction with the most significant bit sent
first. The MISO line of a slave device is placed in a high-
impedance state if slave is not selected (SS=1).

Serial Clock

The serial clock (SCK) is used to synchronize both data
in and out of a device via the MOSI and MISO lines. The
master and slave devices can exchange a byte of infor-
mation during a sequence of eight clock cycles. Since
SCK is generated by the master device, this line becomes

an input on a slave device.

As shown in Figure 15, four possible timing relation-
ships may be chosen by using control bits CPOL and
CPHA in the senal peripheral control register (SPCR). Both
master and slave devices must operate with the same
timing.

ng bits (SPRO and SPR1) in the SPCR of the master
device select the clock rate. In a slave device, SPR0O and
SPR1 have no effect on SPI operation.

SCK (CPOL =0) I | I l I | I I I |
SCK (CPOL=1) | I | I l A I l I l I

| ]
o
sS* (Slavesl | | |

A [

Sample Input
Data out (CPHA=1)

Sample Input |
Data out (CHPA=0}
|

1 M
0@0.@

|
o XX X e X0
[ |

Figure 15. Data Clock Timing Diagram
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Slave Select

The slave select (SS) input line selects a slave device.
The SS line must be low prior to data transactions and
must stay low for the duration of the transaction. The SS
line on the master must be tied high; if the SS line goes
low, a mode fault error flag (MODF) is set in the serial
peripheral status register (SPSR). .

When CPHA =0, the shift clock is the OR of SS with
SCK. In this clock phase mode, SS must go high between
successive characters in an SPl message. When CPHA=1,
SS must go high between successive characters in an
SPl message. When CPHA =1, SS may be left low for
several SPI characters. In cases where there is only one
SPI slave MCU, the slave MCU SS line could be tied to
Vgs as long as CPHA =1 clock modes are used.

FUNCTIONAL DESCRIPTION

A block diagram of the SPI is shown in Figure 16. In a
master configuration, the CPU sends a signal to the mas-

Internal

ter start logic, which originates an SPI clock (SCK) based
on the internal processor clock. As a master device, data
is parallel loaded into the 8-bit shift register from the
internal bus during a write cycle and then serially shifted
via the MOSI pin to the slave devices. During a read cycle,
data is applied serially from a slave device via the MISO
pin to the 8-bit shift register. Data is then parallel trans-
ferred to the read buffer and made available to the in-
ternal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives
a logic low at the SS pin and a clock input at the SCK
pin. This synchronizes the slave with the master. Data
from the master is received serially at the slave MOSI pin
and shifted into the 8-bit chift register for a parallel trans-
fer to the read buffer. During a write cycle, data is parallel
loaded into the 8-bit shift register from the internal data
bus, awaiting the clocks from the master to shift out se-
rially to the MISO pin and then to the master device.

Figure 17 illustrates the MOSI, MISO, SCK, and SS
master-slave interconnections.

Processor SCK (PD4) MISO (PD2)} MOSI (PD3)
Clock 1
—
Read
Master -~
Rate L Start N YL 8 Internal
Generator Logic > Read Butfer (Load) ]7L_>__<_.> Data
Bus
SPIF
$0C 8 (End Tx)
8-Bit Shift (Ful)
== Slave a3 Register
SS (PDS5) Start 8
Logie Write
2
| State
Control ,_;|__(_:o_nlvoller
SPCR Bits
$S0A
SPSR 3
$0B Flags
;7 »
va »
Figure 16. SPI Block Diagram
Master

8-Bit Shift Regrster

—_——

1
1
[}
1 MISO
8-Bit Shift Regrster - T
ﬁ] 1
1
, MOSI
1
1
I
SPi I'sck
Clock Generator =¥ > T
1 |
'S5 S5

5V OV———

Figure 17. SPI Master-Slave Interconnections
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REGISTERS

There are three registers in the SPI that provide control,
status, and data storage functions. These registers, the
serial peripheral control register {SPCR), serial peripheral
status register (SPSR), and serial peripheral data 1/O reg-
ister (SPDR), are described in the following paragraphs.

Serial Peripheral Control Register $0A

The SPCR provides control of individual SPI functions
such as interrupt and system enabling/disabling, master/
slave mode select, and clock polarity/phase/rate select.

7 6 5 4 3 2 1 0
Lspie [ spe | — [msta] ceou [ ceua | sear [ seo |
RESET

0 0 - 0 u u U u

SPIE — Serial Peripheral Interrupt Enable
1==S5Pl interrupt enabled
0=SPl interrupt disabled
SPE — Serial Peripheral System Enable
1=SPI system on
0=SPI system off
MSTR — Master Mode Select
1=Master mode
0=Slave mode
CPOL — Clock Polarity
Clock polarity bit controls the clock value and is used
in conjunction with the clock phase (CPHA) bit.
1=S8CK line idles high
0=SCK line idles in low state
CPHA — Clock Phase
Clock phase bit along with CPOL controls the clock-
data relationship between the master and slave de-
vices. CPOL selects one of two clocking protocols.
1=SS is an output enable control.
0=Shift clock is the OR of SCK with SS.
When SS is low, first edge of SCK invokes first
data sample.
SPRO, SPR1 — SPI Clock Rate Bits
Two clock rate bits are used to select one of four clock
rates to be used as SCK in the master mode. In the
slave mode, the two clock rate bits have no effect. Clock
rate selection is shown in the following table.
Bit 5 — Not used
Can read either one or zero

SPR1 SPRO Internal Processor
Clock Divided By
0 0 2
0 1 4
1 0 16
1 1 32

Serial Peripheral Status Register $0B
The SPSR contains three status bits.

7 5 5 4 3 2 | 0
[spr [weo] — Jmoor] — [ =] = [ =]
RESET

0 ° - 0 - - - -

SPIF — Serial Peripheral Data Transfer Flag
1=Indicates data transfer completed between pro-
cessor and external device.
(If SPIF=1 and SPIE=1, SPI interrupt is ena-
bled.)
0=Clearing is accomplished by reading SPSR (with
SPIF=1) followed by SPDR access.
WCOL — Write Collision
1=Indicates an attempt is made to write to SPDR
while data transfer is in process.
0=Clearing is accomplished by reading SPSR (with
WCOL =1}, followed by SPDR access.
MODF — Mode Fault Flag
1=Indicates multi-master system control conflict.
0=_Clearing is accomplished by reading SPSR (with
MODF = 1), followed by a write to the SPCR.
Bits 0-3, and 5 — Not used
Can read either zero or one

Serial Peripheral Data I/0 Register $0C

The SPDR is a read/write register used to receive and
transmit SPI data.

7 8 5 4 3 2 1 0
[ spo7 [ soe [ spos | spos | seos [ spoz | spor [ seoo |
RESET

U U u U U U U U

A write to the SPDR places data directly into the shift
register for transmission. Only a write to this register will
initiate transmission/reception of another byte and will
only occur in the master device. On completion of byte
transmission, the SPIF status bit is setin both master and
slave devices.

A read to the SPDR causes the buffer to be read. The
first SPIF status bit must be cleared by the time a second
data transfer from the shift register to the read buffer
begins, or an overrun condition will exist. In overrun cases,
the byte causing the overrun is lost.

INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

This MCU uses all the instructions available in the
M146805 CMOS Family plus one more: the unsigned
multiply (MUL) instruction. This instruction allows un-
signed multiplication of the contents of the accumulator
(A) and the index register (X). The high-order product is
then stored in the index register, and the low-order prod-
uct is stored in the accumulator. A detailed definition of
the MUL instruction is shown below.

Operation [ X:A X*A

Description | Multiplies the eight bits in the index register
by the eight bits in the accumulator to obtain
a 16-bit unsigned number in the concatenated
accumulator and index register

— Continued —
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Operation | X:A X*A
Condition H: Cleared
Codes I: Not affected
X N: Not affected
Z: Not affected
C: Cleared
Source MUL
Form(s) Addressing .
Mode Cycles Bytes Opcode
Inherent 11 1 $42

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 list.

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 SuB
Subtract Memory from A with Borrow SBC
AND Memory to A AND
OR Memory with A ORA
Exclusive OR Memory with A o EOR
Anthmetic 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

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit which resides in the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions are all implemented
with a single instruction. 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 manipulation instructions.

Function Mnemonic

BRSET n (n=0...7)
BRCLRn (n=0...7)
BSETn (n=0 ..7)

BCLR'n (n=0...7)

Branch if Bit n is Set

Branch if Bit n s Clear
Set Bit n
Clear Bit n

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 1t does not modify the
value. Refer to the following list of instructions.

Function Mnemonic
Increment INC
Decrement DEC
Clear ‘ CLR
Complement COM
Negate (Twos Complement) NEG
Rotate Left Thru Carry ROL
Rotate Right Thru Carry . ROR
Logtcal Shift Left ' LSL
Logical Shift Right . - LSR
Arithmetic Shift Right ASR
Test for Negative or Zero ' TST
Multiply MUL

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 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 . 8CS
Branch if Lower BLO
Branch if Not Equal BNE
Branch if Equal BEQ
— Continued —
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Function Mnemonic
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 1s Clear BMC
Branch if Interrupt Mask Bit 1s Set BMS
Branch if Interrupt Line 1s Low BIL
Branch if Interrupt Line 1s High BIH
Branch to Subroutine BSR

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 CLI
Software Interrupt SWI
Return from Subroutine RTS
Return from Interrupt RTI
Reset Stack Pointer RSP
No-Operation NOP
Step STOP
Wait WAIT
OPCODE MAP SUMMARY

Table 5 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; the longest instructions (three bytes) permit
accessing tables throughout memory. Short and long ab-
solute addressing is also included. One- or two-byte di-
rect addressing instructions access all data bytes in most
applications. 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 immed:ately following the opcode. The
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 1s 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. When using
the Motorola assembler, the user need not specify whether
an instruction uses direct or extended addressing. The
assembler automatically selects the shortest form of the
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) foliowing the opcode is added
to the PC if, and only if, the branch conditions are true.
Otherwise, control proceéeds to the next instruction. The
span of relative addressing is from —126 to +129 from
the opcode address. The programmer need not calculate
the offset when using the Motorola assembler, since it
calculates the proper offset and checks to see that it is
within the span of the branch.

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. 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,
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Table 5. Opcode Map

Bt M. L Branch Read/Moddy/Write Control Register/ Memory
_B7B T_;c_ ] DiR INH INH X1 | X INH. INH IMM DIR EXT ¢} X1 X
H 0 3 4T 5 [ 7 8 9 A B C D E F
Low 0000 0001 010 0011 0100 0101 0110 ouy 1000 1001 1010 1011 1100 1o 110 1 Low
5 3 I 3 3 3 5 3 3 T
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG 1 RTI suB suB SuB sus sus SuB 0
o000 3 BTR |2 BSC |2 LI OR |1 Wh | 1 Nk w1 w ot N MM | 2 oR |3 Ext |3 X, xy [ ot Q000
5 s 3 6 H 3 g 0
1 BRACLRO | BCLRO BRN RTS cMP cMP cmP cmP CcMP cme 1
0001 k] BTSS 2 B g 2 ﬂ[5 1 INMH 2 IMB; yi DR |3 ex1 3 X2 IXL ! IX3 0001
n
2 BRSET1 BSET1 BHI MUL S8C S8C s8C SBC SBC SBC 2
0010 3 8T8 |2 BSC |2 REL Al INH 2 IMM | 2 DR |3 EXT |3 1X2 X1l X 010
5 s 3 5 3 € 5 0 H 3 T g 0 3
3 BRCLR1 BCLR1 BLS COM COMA COMX coMm coM sSwi CPX cPx CPX CPX CPX CPX 3
011 3 BB (2 BsC 12 REL [ 2 DR |1 INH | 1 INM LA L3 1 N 2 leg 2 Dlg 3 EX: 3 sxg X1} 1 i§ Qo1
5 5 3 5 3 3 3 5
4 BRSET2 BSET2 8CC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 8T8 | 2 BSC 12 REL 12 DIR L1 INH | Y NA x1 x 2 IMM | 2 O |3 EXT |3 \xg Ix: 1 IX 0 |
5 3 2 3 0
5 BRCLR2 BCLR2 BCS BIT 8IT BIT BIT BIT BIT 5
| 001 3 BTQ |2 BSC }2 REL. 2 MM | 2 pR |3 EXT |3 1X2 1 1X 0101
£ 5 3 B 3 3 3 5 2 3 & 5 4 3
6 BRSET3 | BSET3 BNE ROR RORA RORX ROR ROR LDA tDA LDA LDA LDA LDA [}
o110 k] B1g 12 BSe {2 LU DR [ 1 e s xi x AWMl LLEE ExT |3 X2 o 1 ono
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
om 3 B1g (2 BS% 2 Rila Vi Dn; 1 m»; 1 w»; o[ n; Al IN»; 5 2 DR 3 EXT |3 <x§ |xl 1 |); om
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL cLc £OR EOR EOR EOR EOR EOR 8
| 1000 3 BTg 2 ﬂsc5 2 RE:L’ 2 Dl»; 1 lm; ] vN»; o by n; ] INH | 2 MM ] 2 ou; 3 ExT} 3 |x§ ;x: 1 |>; 1000
2
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 Big 12 esclz AELL2 DR [ 1 et 1 it R 1 ' sty )2 LR Ex13 1x2 L3RS % 1001
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
1010 3 atp 12 25012 LIS o8 | 1 e W v | x 1 e fo w2 LA ex1]3 x2 LSRR 1y 1010
B8 BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
1011 k] BTg 2 C |2 RE% = 3 5 = 5 1 INr; 2 MM | 2 DWZ( 3 Ex1 [ 3 1X2 X1l (Xz on
[ BRSET6 | BSETE BMC INC INCA INCX INC INC aSP mP JMP JMP JmP JMP C
1100 3 8795 Z ssg 2 RE|3, 2 Dﬁ; 1 m»; 1 m»; L3 ) |): 1 INH - 2 DR |3 (ns 3 wxg X101 ‘; 1
D BRCLR6 BCLR6 BMS ST TSTA TSTX 187 ST NOP 8SA JSR JSR JSR JSR JSR D
Ho1 3 evg 2 BSE 2 R% 2 DR L INH ] 1 INH X140 X 5 1 INH |2 RE; 2 D»g 3 EXT[3 wxé lx: 1 l); 10
E BRSET? BSET? BIL STOP LDX LDX LD: LDX LDX LDX E
RRAIY] kI BYB [2 BSC 12 REL Al INH 2 MM | 2 DR |3 EXT | 3 xg X1l X ARAL)
5 g 3 B 3 3 5 5 H 7 T 5 5 T
F BRCLR? | BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STx 4
nn 3 BTB | 2 BSC | 2 REL | 2 DIR 1 INH 1 INH X1 1 X 1 INH 1 INH 2 DR [3 EXT 3 1X2 X1 1 X 1M1t
Abbrevistions for Address Modes LEGEND
INH Inherent F < Opcode in Hexadecimal
A Accumulator 1mmn
X Index Register . 5
IMM Immediate » Opcode in Bina
Mnemonic > SUB 0 pc Y
DIR Drrect 8 \ X 0000 <1
—
EXT Extended yles /
REL Relative
Cycles Address Mode
8SC  Bit Set/Clear v adress Mod
BTB Bit Test and Branch
1X indexed (No Offset)
X1 Indexed, 1 Byte (8-Bit) Offset
X2 Indexed, 2 Byte {16-Bit) Offset
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tables may begin anywhere within the first 2566 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 address mode can be used in a manner
similar to indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode, and the byte following
the opcode specifies the direct addressing of the byte in
which the specified bit is to be set or cleared. Any read/
write bit In the first 256 locations of memory, including
I/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 that is to be tested and its condition (set or clear), is
included in the opcode. The address of the byte to be
tested I1s 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 specified 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 —125 to +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.

ELECTRICAL SPECIFICATIONS
MAXIMUM RATINGS (Voltages referenced to Vgg)
Rating Symbol Value Unit This device contains circuitry to protect the in-
puts against damage due to high static voltages
Supply Voltage Vob —03t0 +7.0 v or electric fields, however, it is advised that nor-
Input Voltage Vin Vgs —-0.3 to Vv mal precautions be taken to avoid application of
Vpp +0.3 any voltage higher than maximum-rated voltages
— to this high-impedance circuit. For proper oper-
Self-Check Mode (IRQ Pin Only) Vin ZVS\S/QO 3t v ation, 1t ts recommended that V|, and Vgt be
*Vpp+03 constrained to the range Vgg =< (Vi or Vout) <
Current Drain Per Pin Excluding | 25 mA Vop Relability of operation 1s enhanced if un-
Vpp and Vss used inputs are connected to an appropnate logic
. v .
Operating Temperature Range TA TLto TH °C voltage level (e g., either Vg or Vpp)
MC68HCLO5C8P, FN Oto +70
Storage Temperature Range Tstg | —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance 0JA ‘CW
Plastic 60
Plastic Leaded Chip Carrier (PLCC) 70
POWER CONSIDERATIONS

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

Ty=Ta+(Pp-0ya) (1)
where:
Ta = Ambient Temperature, °C
LAY = Package Thermal Resistance,
Junction-to-Ambient, °C/W
Pp =PINT+P1O ,
PINT = lcc X Ve, Watts — Chip Internal Power
Pio = Power Dissipation on Input and Output

Pins — User Determined

For most applications P|;o<Py\T and can be neglected.
The following is an approximate relationship between
Pp and T (if Pyg is neglected):

Pp=K—(T+273°C) (2)
Solving equations (1) and (2} for K gives:
K=Pp* (Ta+273°C) + 6 A-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 Ta.
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Vpp=45V
Pins R1 R2 C
PA0-PA7, 3.26 k() | 2.38k) 50 pF v
PBO-PB7, oo
PC0-PC7,
PD1-PD4 R2
{See Table)
PDO, PD5,PD7| 1.9kQ | 2.26 kQ2 | 200 pF Test
Point
Vpp=3.0V c R1
- (See 1See Table!
Pins R1 R2 C. Table)
PAQ-PA7, 10.91 k§2 | 50 pF —
PB0-PB7, 6.32 kQ -
PCO-PC7, '
PD1-PD4
PDO, PD5, PD7| 6 kQ 6 k(2 200 pF
. Figure 18. Equivalent Test Load
DC ELECTRICAL CHARACTERISTICS
(Vpp=5.0 Vdc £ 10%, Vgg =0 Vdc, TA=T| to TH, unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Output Voltage, I 0ad<10.0 pA' VoL — —_— 01 \Y
VoH Vpp-0.1 — —
Output High Voltage VoH v
{ILoad =0.8 mA) PA0-PA7, PB0-PB7, PCO-PC7, TCMP (see Figure 19) Vpp-0.8 . —
{lLoad =1.6 mA) PD1-PD4 (see Figure 20) Vpp-0.8 — —
Output Low Voltage (see Figure 21) VoL - - 04 v
(ILoad= 1.6 mA) PAQO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP
Input High Voltage _ VIH 07xVpp . VpD \%
PAQ-PA7, PB0-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ,
RESET, OSC1 .
Input Low Voltage ‘ _ ViL Vss — ‘02xVpp \
PAQ-PA7, PB0-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ,
RESET, 0SC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — \
Supply Current (see Notes) IbD
Run (see Figures 22 and 23) — — 50 mA
Wait (see Figures 22 and 23) - — 275 mA
Stop (see Figure 23)
25°C — — 15 nA
0° to 70°C — — 25 nA
I/0 Ports Hi-Z Leakage Current T8 — — +1.0 A
PAQ-PA7, PB0-PB7, PCO-PC7, PD1-PD4
Input Current in — — +1 rA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capacitance pF
Ports (as Input or Output) Cout - - 12
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin - - 8
NOTES:

1. All values shown reflect average measurements.

. Typical values at midpoint of voltage range, 25°C only.

. Wait Ipp. Only timer system active (SPE=TE =RE=0). If SPI, SCI active (SPE =TE=RE = 1) add 10% current draw.
Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fogc=2 1 MHz), all inputs 02 V from ratl,
no dc loads, less than 50 pF on all outputs, C|_=20 pF on OSC2.

. Wart, Stop Ipp: All ports configured as inputs, V|L=02 V, V|y=Vpp-02 V

. Stop Ipp measured with 0SC1=Vgg

. Standard temperature range is 0° to 70°C. A 25°C only version s available.

. Wait Ipp is affected linearly by the OSC2 capacitance.

E AN N

o~NOO
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MC68HCLO05C8

DC ELECTRICAL CHARACTERISTICS
(VDD =2.4 Vdc-3 6 Vdc, V§g =0 Vdc, To=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage, | gag<10 0 pA VoL — - 0.1 \
VoH Vpp-0.1 - -
Output High Voltage . VoH \
(ILoad = 0.2 mA) PAQ-PA7, PB0-PB7, PCO-PC7, TCMP (see Figure 19) Vpp-0.3 — —
{ILoad =04 mA) PD1-PD4 (see Figure 20) Vpp-03 — —
Output Low Voltage (see Figure 21) VoL — — 0.3 \
{lt oad =0.4 mA) PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP
Input High Voltage _ VIH 0.7xVpp — Vbp \
PAQ-PA7, PB0-PB7, PCO-PC7, PD0-PD5, PD7, TCAP, IRQ,
RESET, 0SC1
Input Low Voltage _ ' ViL Vss — 02xVpp v
PA0-PA7, PBO-PB7, PCO-PC7, PD0-PD5, PD7, TCAP, IRQ,
RESET, 0OSC1
Data Retention Mode (0° to 70°C) ) VRM 2.0 — — \"
Supply Current (3.6 Vdc at 1 0 MHz) IDD
Run (See Figures 22 and 24) — - 1.75 mA
Wait (See Figures 22 and 24) — — 900 A
Stop (See Figure 24)
25°C — — 5.0 pA
0°C to 70°C — — 10 pA
Supply Current (2.4 Vdc at 500 kHz) DD
Run (See Figures 22 and 25) — — 750 nA
Wait (See Figures 22 and 25) — — 400 pA
Stop (See Figure 25)
25°C — — 2.0 A
0° to 70°C — — 5.0 nA
1/0 Ports Hi-Z Leakage Current ] L e — +1.0 A
PA0-PA7, PBO-PB7, PCO-PC7, PD1-PD4
Input Current. hin — — +1 nA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capacitance pF
Ports (as Input or Output) Cout —_ —_ 12
RESET, IRQ, TCAP, PD0-PD5, PD7 Cin — — 8
NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C only.

3. Wait Ipp: Only timer system active (SPE=TE =RE =0). If SPI, SCI active (SPE=TE =RE =1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source all inputs 0.2 V from rail; no dc loads, less
than 50 pF on all outputs, C| =20 pF on 0SC2

. Wait, Stop Ipp: All ports configured as inputs, V|| =0.2 V, V|y=Vpp-0.2 V.
Stop Ipp measured with 0SC1=Vgs. .

7. Wait Ipp is affected linearly by the OSC2 capacitance.

o o,

L ____________________________________________________________________________|
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50

40 /|

30 4/
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Figure 19. Typical VOH vs IgH for Ports A, B, C, and TCMP
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Figure 20. Typical VQH vs loH for PD1-PD4 Figure 21. Typical VgL vs lgL for All Ports
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a5 (35 mA) 35
30 30
29 mA)
RUN
(OPERATING)
MODE
25 25
WAIT
MODE
20 20
z —
E £
S a 116 mA)
15 - s
(10 mA)
10 = 10
PO (09 mA)
3
\\QO 0
oL 3
05 A0 05 o105 mA
{04 mA)
Z50o
NOO
0 T 0 T
0 05 10 15 20 0 05 10 15 20
nternal Frequency 1/tcycle (MHz) internal Frequency 1/tcycle (MHz)

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes
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70
{70mA)
VDD=5V# 10%
60 /
50 /
40
z (4 0 mAl
E
[a]
o
30
20
10 =
Stopipp (140 A, 0° - 70°C)
0 —
0 05 10 15 20

Internal Frequency (MHz)

Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc

(25 mA)
25 T
Vpp=33V+10% VDD:IZA
0
: / 750 pA (750 pA)
M
Q
&) /
~ 15 \\o@ (14 mA)
<E( Q“@ /
= 500 pA = (400 nA) ]
a N \)
o < / ' \\(\Q\\O /
10 I > OQe""’
a\\\OO Qy \N/N‘(V
W 250 pA
/ =
05 / |
Z R 60 5 0 70761 STOP Ipp (5 0 pA 0'-70 C)
4 1 1
1 1
0
T A o e s AN 100 200 300 400 500

Internal Frequency {(MHz}

Figure 24. Maximum Ipp vs Frequency for Vpp =3.3 Vdc Figure 25. Maximum Ipp vs Frequency for Vpp=2.4 Vdc
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MC68HCLO05C8

CONTROL TIMING
(VDD =5.0 Vdc = 10%, Vg5 =0 Vdc, TA=T[ to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option —_ 4,2
External Clock Option dc 4.2
Internal Operattng Frequency fop MHz
Crystal {fogc—2) —
External Clock {fogc—2) dc
Cycle Time (see Figure 28) teye 480 — ns
Crystal Oscillator Startup Time (see Figure 28) tOX0V —_ 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) t|ILCH — 100 'ms
RESET Puise Width (see Figure 28) tRL 15 - teye
Timer
Resolution** tRESL 40 — teye
Input Capture Pulse Width (see Figure 27) tTH. tTL 125 - ns
Input Capture Pulse Period (see Figure 27) tTLTL *Ex — teye
Interrupt Pulse Width Low (Edge-Trniggered) {see Figure 8) tILIH 125 —_ ns
Interrupt Pulse Period {see Figure 8) yLIL * — teye )
0OSC1 Pulse Width tOH: tOL 90 — ns 3

*The mintmum period tj; | should not be less than the number of cycle times 1t takes to execute the interrupt service routine plus
21 teye.
yC
**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this 1s the imiting minimum factor in determining the
timer resolution '
***The mimimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc. '

s N N7 77T TN TTTTT 77T

le— tRL —

A
RESET \ 7

€ ULIH

YLCH » 40641, —]

Internal
Clock

Internal
Bus
emremg—

RESET or Interrupt
Vector Fetch

NOTES
1 Represents the internal gating of the OSC1 pin
2 TRQ pin edge-sensitive mask option
3 TRQ pin level and edge-sensitive mask option
4 RESET vector address shown for timing example

Figure 26. Stop Recovery Timing Diagram
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CONTROL TIMING
(VDD =3.3 Vdc+0.3 Vdc, Vgg =0 Vde, TA=T to TR)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Option — 2.0
External Clock Option dc 2.0
Internal Operating Frequency fop MHz
Crystal (fosc -2) — 1.0
External Clock {fogc—2) dc 1.0
Cycle Time (see Figure 29) teye 1000 — ns
Crystal Oscillator Startup Time (see Figure 29) toxXovV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) tILCH — 100 ms
RESET Pulse Width — Excluding Power-Up (see Figure 29) tRL 1.5 — teye
Timer
Resolution** tRESL 4.0 — teye
Input Capture Pulse Width (see Figure 27) tTH. tTL 250 — ns
Input Capture Pulse Period (see Figure 27) tTLTL e — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tILIH 250 — ns
Interrupt Pulse Period {see Figure 8) tILIL * — teye
3 0SC1 Pulse Width ) toH. toL 200 - ns

*The minimum period tj || should not be less than the number of cycle times 1t takes to execute the interrupt service routine plus
21 teye.
**Since a 2-bit prescaler in the timer must count four internal cycles {teyc), this 1s the limiting minimum factor in determining the
timer resolution.
***The minimum period tT T should not be less than the number of cycle times 1t takes to execute the capture interrupt service
routine plus 24 teyc.

o o Amb b
(?‘322'_] l r l l [ r l I L l

Pin 37

L

Figure 27. Timer Relationships

R
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MC68HCLO05C8

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=5.0 Vdc£10%, Vg5 =0 Vdc, TA=T| to TH) (see Figure 28)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fop(m) dc 0.5 fop

Slave fop(s) dc 2.1 MHz
1 Cycle Time

Master teye(m) 2.0 - teye

Slave teyels) 480 — ns
2 |Enable Lead Time

Master tiead(m) * — ns

Slave tiead(s) 240 — ns
3 |Enable Lag Time

Master tlag(m) * - ns

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

Master tw(SCKH)m 340 — ns

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

Master tw(SCKL)m 340 — ns

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

Master tsu(m) 100 — ns

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

Master th(m) 100 — ns

Slave this) 100 — ns
8 |Access Time (Time to Data Active from High-Impedance State)

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

Slave tdis — 240 ns
10 | Data Vald

Master (Before Capture Edge) tv(m) 0.25 — teye(m)

Slave (After Enable Edge)** ty(s) — 240 ns
11 | Data Hold Time (Outputs)

Master (After Capture Edge) tho(m) 0.25 - | teyeim)

Slave (After Enable Edge) tho(s) 0 — ns
12 |Rise Time (20% Vpp to 70% Vpp, CL =200 pF)

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

SPI Inputs (SCK, MOSI, MISO, and SS) trs — 2.0 us
13 | Fall Time {70% Vpp to 20% Vpp. CL =200 pF)

SPI Qutputs (SCK, MOSI, and MISO) _ tfm — 100 ns

SPI Inputs (SCK, MOSI, MISO, and SS) tfs — 2.0 us

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

___________________________________________________________________________________|
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(VDD=3.3 Vdc+0.3 Vdc, Vg =0 Vdc, TA=T| to TH) (see Figure 28)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fop(m) dc 0.5 fop

Slave fopl(s) dc 1.0 MHz
1 Cycle Time

Master teycim) 2.0 — teye

Slave , teyels) 1.0 - " ous
2 Enable Lead Time

Master tiead(m) * — ns

Slave tiead(s) 500 — ns
3 |Enable Lag Time

Master tlag(m) * - ns

Slave Yag(s) 500 — ns
4 [ Clock (SCK) High Time

Master tw(SCKH)m 720 — us

Slave tw(SCKH)s 400 —_ ns
5 | Clock (SCK) Low Time

Master tw(SCKL)m 720 - us

Slave tw(SCKL)s 400 — ns
6 | Data Setup Time (Inputs)

Master tsu(m) 200 — ns

Slave tsu(s) 200 — ns
7 | Data Hold Time {Inputs)

Master th(m) 200 —_ ©ons

Slave th(s) 200 — ns
8 | Access Time (Time to Data Active from High-Impedance State)

Slave ta 0 250 ns
9 |[Disable Time (Hold Time to High-Impedance State)

Slave . tdis — 500 ns
10 |Data Valid

Master (Before Capture Edge) ty(m) 025 — teycim)

Slave (After Enable Edge)** ty(s) —_ 500 ns
11 | Data Hold Time (Outputs)

Master {After Capture Edge) tho(m) 0.25 — teyc(m)

Slave (After Enable Edge) thol(s) 0 - ns
12 |Rise Time (20% Vpp to 70% Vpp. CL =200 pF)

SPI Outputs (SCK, MOSI, and MISQ) _ trm — 200 ns

SP) Inputs (SCK, MOSI, MISO, and SS) trs — 2.0 us
13 | Fall Time (70% Vpp to 20% Vpp, CL =200 pF) .

SPI Outputs (SCK, MOSI, and MISO) _ tfm — 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS) tfs — 2.0 us

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

(§1§PUT) T3 is Hold High on Master

SCK (CPOLs0)  SEE \
(OUTPUT) NOTE ¥ :w
| ®
=/
SCK (CPOL-1)  SEE 3
{OUTPUT) Nors/

1

-
f A
4 {Cwon (o ) —
A A
A
T -~ ® . ~ -
Mos| MASTER MSB OUT [( BIT6----1 >g MASTER LSB OUT
(OUTPUT) N A
bo— -

NOTE: This first clock edge Is generated internally but is nol seen at the SCK pin.

a) SPI MASTER TIMING (CPHA =0)

“
(ngPur) TS is Held High on Mastar
- Py -
0 @ @@

K

SCK (CPOLa0
(ourgur) ) /
SCK (CPOLa1 \
(OUTPUT) )

®

©
®
@

@ - |6

A

MISO —-—< Msa|r>_—< BT6----1 ) LSBIN

(INPUT) 5 / X

s - }@ - .

A

Mos! MASTER MSB OUT ’E( BIT6--- 1 X MASTER LS8 OUT

(OUTPUT) N |

- ®

NOTE: This last clock edge is generated intemally but 1s not seen at the SCK pin.

b) SPI MASTER TIMING (CPHA=1)

Figure 28. SPI Timing Diagrams (Sheet 1 of 2)
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MOTOROLA MICROPROCESSOR DATA

R-1087



MC68HCL05C8

—
USENPQT) —\ Z

SCK (CPOL0) w
(INPUT) ) P
O O]

D

®

SCK (CPOL«1} \ ’f }
(INPUT) & Z
i 8 e
\ - Y ® &) . © |
MISO f s SEE
(OUTPUT)_-g SLAVE | | MSBOUT X BIT6 N 1 JK SLAVE LSB OUT A NOTE ‘E—
. A N
-@- 4-@-4 — 10

pe— @-ﬁ le—
A
MOSI f 3 L
i —— MW ] BIT6 “1 LSBIN

NOTE"  Not defined but normally MSB of character just received

c) SPI SLAVE TIMING (CPHA =0)

< —
53 \
(INPUT) N JZ
Al
SCK (CPOL=0) \ ﬁ“_)
{NPUT) P
'—@——-
SCK (CPOL=1) i
(NPUT) ! )
- ‘ % j o adr
MISO { SEE N
{OUTPUT) L noTe M SLAVE || MsBouT >§ B'TG-;--1 SLAVE LSB OUT }_
Al
Dol D+ = (@

(hlﬁr?r’sdn MSB IN ’}--( BITG-- ).—_( LSBIN >__

NOTE  Not defined but normally LSB of character previcusly transmitted

d) SPI SLAVE TIMING (CPHA=1)

Figure 28. SPI Timing Diagrams (Sheet 2 of 2)
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**0OSC1 hine 1s not meant to represent frequency It s only used to represent time
** % The next nsing edge of the internal processor clock following the nsing edge of RESET initiates the reset sequence

Figure 29. Power-On Reset and RESET
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MC68HCL05C8

ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to Mo-
torola in the following media:

MDOS®, disk file

MS®-DOS/PC-DOS disk fite (360K)

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM
MC68HC805C4

To initiate a ROM pattern for the MCU, it is necessary
tofirst contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS/PC-DOS disk file), pro-
grammed with the customer’s program (positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

In addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS is Microsoft's Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines.

EPROMs

A 2764, 68764, or 68766 type EPROM, programmed
with the customer’s program (positive logic sense for
address and data), may be submitted for pattern gener-
ation. Since all program and data space information will
fit on one 68766 EPROM device, the EPROM must be
programmed as described in the following paragraph.

Start the page zero, user ROM at EEPROM address
$0020 through $004F. Start the user ROM at EEPROM
address $0100 through $1EFF with vectors from $1FF4 to
$1FFF. All unused bytes, including the user’s space, must
be set to zero.

To use a 2764 or 6874 EPROM or the EEPROM in an
MC68HC805C4, two are required. Start the page zero user
ROM data at EPROM or EEPROM address $0020 through
$004F in the first device. Start the user ROM data at ad-
dress $0100 through$10FF in the first device. The re-
mainder of the user ROM data should go from $0100

MDOS s a trademark of Motorola Inc.
MS is a trademark of Microsoft, Inc.

through $10FF in the second device, with vectors from
$0004 through $000F. For shipment to Motorola, EPROMs
should be placed in a conductive IC carrier and packed
securely. Styrofoam is not acceptable for shipment.

XXX

$0020

xxx = Customer |D

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer listing of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS {RVUs)

Ten MCUs containing the customer’s ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quahty
Assurance.

ORDERING INFORMATION

The following table provides ordering information per-
taining to the package type, temperature, and MC order
numbers for the MC68HCLO5C8 device.

Package Type Temperature MC Order Number
Plastic 0°Cto +70°C | MCBBHCLOSCEP
(P Suffix)
PLCC 0°C to +70°C MC68HCLO5C8FN
{FN Suffix)

IBM 1s a registered trademark of International Busingss Machines Corporation.
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PIN ASSIGNMENTS

MC68HCLO05C8

40-PIN DUAL-IN-LINE PACKAGE

1
2
3
4
PAS[ 5
6
7
8
9

-\

flvpp

[ 0sc1

[ 0sC2

H TCAP

] PD?

[ TcmP

[ PD5/SS

p PD4/SCK
1 PD3/MOSI
1 PD2/MISO
1 PD1/TDO
[1 PDO/RDI
[1pPco

1PC1

[1pPc2

[ ec3

[ pca

hpcs

[1PCe

pc7

44-LEAD PLCC PACKAGE

o~ g" Qo O %

f3gglBles8gey

6 40
PAS[7 1 39[] PD?
PA4(] 3 TcmP
PA3(] PD5/SS
PA2(] g PD4/SCK
pa1(g PD3/MOSI
Pa0Q12 34[1 PD2/MISO
Peo (] §PD1/TDO
PB1 PNO/RDI
PB2 NPLO
P83 (] Dect
Pea7 28 Pc2

18 23 28

PR 2oYRRYY

ZEEE 92208080

NOTE Bulk substrate tied to Vgs.
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MOTOROLA
EE SEMICONDUCTOR I

TECHNICAL DATA MC68HSC05C4

Technical Summary
8-Bit Microcontroller Unit

The MC68HSC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HCO5 Family of
microcontrollers. This high-performance, low-power MCU has parallel I/0 capability with pins pro-
grammable as input or output. This publication contains condensed information on the MCU; for
more detailed information, contact your local Motorola sales office.

The following block diagram depicts the hardware features; additional features available on the
MCU are as follows:

® On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options
o Memory-Mapped /0

® 176 Bytes of On-Chip RAM

® 4156 Bytes of User ROM

® 24 Bidirectional I/0 Lines and 7 Input-Only Lines

o Serial Communications Interface (SCI) System

® Serial Peripheral Interface (SPI) System

o Self-Check Mode

® Power-Saving STOP, WAIT, and Data Retention Modes

® Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode)
e Fully Static Operation

e 8x8 Unsigned Multiply Instruction

BLOCK DIAGRAM
TCMP 0SC1 osC2
Internal Internal
TCAP Timer Prg?:cskso’ Osaillator  (—#-Processor
—_—d System a‘nd Clock
-2 RESET
£ | EEeEEe— iRQ
PAD PCO
iﬁ; Accumulator ‘____>‘—P51__>
Port -——=5—pm{ CPU le—PC2___y
A PA3 Port | Data Index Control Data [ Port PC3 Port
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SIGNAL DESCRIPTION

The signal descriptions of the MCU are discussed in
the following paragraphs.

Vpp AND Vss

Power is supplied to the microcontroller using these
two pins. Vpp is the positive supply, and Vg is ground.
IRQ

This pin is a programmable option that provides two
different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detail.

0SC1, 0SC2

These pins provide control input for an on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor/
capacitor combination, or an external signal connects to

Crystal
2MHz | 4 MHz | Units

RSMAX 400 75 Q

5 7 pF
Cq 0008 | 0012 xF
Coscit 15-40 15-30 pF
Cosc2 15-30 15-25 pF
Rp 10 10 Mo
[o] 30 40

these pins providing a system clock. A mask option se-
lects either a crystal/ceramic resonator or a resistor/ca-
pacitor as the frequency determining element. The
oscillator frequency is two times the internal bus rate.

RC Oscillator

With this option, a resistor is connected to the oscillator
pins as shown in Figure 1(d). The relationship between
R and fgsc is shown in Figure 2.

Crystal

The circuit shown in Figure 1(b) is recommended when
using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and start-up stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vpp
specifications.

Ceramic Resonator

2-4 MHz| Units

Rg (typical) 10 Q

Co 40 pF
G 43 oF
Cosct 30 of
Cosc2 30 pF
Rp 1-10 MR
Q 1250 -

(a) Crystal/Ceramic Resonator Parameters

MCU
0SC1 0SC2
39 Rp 38

AAA,
W

..__{Dl._.‘.

Cosc1 ==
L

LI

Cosc2

it

(b} Crystal/Ceramic Resonator
Oscillator Connections

MCU
0SC1 0SC2

|39 |38

R

{d) RC Oscillator Connections

L C1 Rg
0sc2 __z-vvv\_{}.—w»—j oscl
38 39
e J *—
Co
It
—r

38 ‘{D} 39

{c) Equivalent Crystal Circuit

Unconnected

L——————< External Clock

(e) External Clock Source Connections
(For Crystal Mask Option Only)

Figure 1. Oscillator Connections
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Figure 2. Typical Frequency vs Resistance for
RC Oscillator Option Only

Ceramic Resonator

A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 1(b) is
recommended when using a ceramic resonator. Figure
1(a) lists the recommended capacitance and resistance
values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation.

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal os-
cillator mask option.

INPUT CAPTURE (TCAP)

This pin controls the input capture feature for the on-
chip programmable timer.

OUTPUT COMPARE (TCMP)

This pin provides an output for the output compare
feature of the on-chip timer.
RESET

This pin is used to reset the MCU and provide an or-
derly start-up procedure by pulling RESET low.

INPUT/OUTPUT PORTS (PAO-PA7, PB0-PB7, PC0-PC7)

These 24 lines are arranged into three 8-bit ports (A,
B, and C). These ports are programmable as either inputs
or outputs under software control of the data direction
registers. Refer to PROGRAMMING for additional infor-
mation.

FIXED INPUT PORT (PD0-PD5, PD7)
These seven lines comprise port D, a fixed input port.

All special functions that are enabled (SPI, SCI) affect this
port. Refer to PROGRAMMING for additional information.

PROGRAMMING

Input/output port programming, fixed input port pro-
gramming, and serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin is programmable as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
initialized on reset but may be written to before setting
the DDR bits to avoid undefined levels.

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. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the I/0 pin functions.

Table 1. I/O Pin'Functions

RW* DDR 1/O Pin Functions

0 0 The /O pin is in input mode. Data is
written into the output data latch.

0 1 Data is written into the output data latch
and output to the I/O pin.

1 0 The state of the I/0 pin is read.

1 1 The I/O pin is in an output mode. The
output data latch is read.

*R/W is an internal signal.
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Data Direction
/4——4 R '
Bit

Latched

1170

Internal Output Data
MCU Bit

Connections

Output

Figure 3. Typical Port I/O Circuit

FIXED INPUT PORT PROGRAMMING

Port Dis afixed input port (PD0-PD5, PD7) that monitors
the external pins whenever the SCI or SP| is disabled.
After reset, all seven bits become valid inputs because
all special function drivers ate disabled. For example,
with the SCI enabled, PD0 and PD1 inputs will read zero.
With the SPI disabled, PD2 through PD5 will read the state
of the pin at the time of the read operation.

NOTE

Any unused inputs and I/0 ports should be tied to
an appropriate logic level {e.g., either Vpp or Vgs).

SERIAL PORT (SCI AND SPl) PROGRAMMING

The SCl and SPI use the port D pins for their functions.
The SCI requires two pins (PD0-PD1) for its receive data
input (RDI) and transmit data output (TDO), respectively.
The SPI function requires four of the pins (PD2-PD5) for
its serial data input/output {MISO), serial data output/
input (MOS]I), serial clock (SCK), and slave select (SS),
respectively.

MEMORY

The MCU is capable of addressing 8192 bytes of mem-
ory and I/O registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check ROM, contro!
registers, and /0. The user-defined reset and interrupt
vectors are located from $1FF4 to $1FFF.

The shared 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 infor-
mation.

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 géneral-purpose 8-bit register used
to hold operands and results of arithmetic calculations
or data manipulations.

7 ' 0

l A J

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.

7 0

| X

PROGRAM COUNTER (PC)

The program counter is a 13-bit register that contains
the address of the next byte to be fetched.

12 0

" ]

STACK POINTER (SP)

The stack pointer is a 13-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 to location $00FF. The stack pointer
is then decremented as data is pushed onto the stack and
incremented as data is pulled from the stack.

When accessing memory, the seven most significant
bits are permanently set to 0000011. These seven bits are
appended to the six least significant register bits to pro-
duce an address within the range of $00FF to $00CO.
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$0000 00 0000 Port A Data Register 500
Ports
170 7 Bytes Port B Data Register $01
32 Bytes Port C Data Register $02
Port D Fixed Input Register $03
$001F 0031 Unused
50020 ser 0032 3 Bytes Port A Data Direction Register $04
ROM \ Port B Data Direction Register $05
s00aF 48 Bytes 0\079 Port C Data Direction Register $06
$0050 0080 Senal Peripheral Unused $07
\ Interface
Unused
\ 3 Bytes " 08
RAM \ Unused $09
176 Bytes
Y \ Senal Penpheral Control Register $0A
Senal
$O0BF —— ] 0191 \ Communications Serial Penpheral Status Register $08
$00CO Stack 0192 \ Interface Seral Penpheral Data I/0 Register $0C
6 Bytes
SOOFF 64 Bytes 0255 \ Sernal Communications Baud Rate Register | $0D
$0100 0256 \ Timer Serial Communications Control Register 1 | $OE
User \ 10 Bytes Serial Communications Control Register2 | $OF
ROM
4096 Bytes \ Senal Communications Status Register $10
$10FF 4351 \ Unused Senal Communications Data Register $11
$1100 4352 \ 4 Bytes Timer Control Register $12
Unused Timer Status Register $13
3584 Bytes 0031
\ Input Capture High Register $14
S$1EFF 7935 \
$1F00 7036 ) \ Input Capture Low Register $15
\ Output Qompfare High Register $16
Self Check \ Output Compare Low Register $17
SWOF | _ _ _ \\ Counter High Register $18
$1FEO T \ Counter Low Register $19
Self-Check
Vectors 256 Bytes \ Alternate Counter High Register $1A
SIFEF 8175 \ Alternate Counter Low Register $18
S1FFO Unused 8176 \ Unused s1C
STFF3 4 Bytes 8179 \ Unused $1D
$1FF4 User 8180 \ Unused S1E
Vectors
$1FFF 12 Bytes 8191 ) \ Unused $1F

Figure 4. Memory Map

Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer
wraps around and loses the previously stored informa-
tion. A subroutine call occupies two locations on the stack;
an interrupt uses five locations.

nopnnnne

SP

CONDITION CODE REGISTER (CCR)

The CCR is a 5-bit register in which four bits are used
to indicate the results 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 paragraphs.

CCR

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 interrupt occurs while this bit is
set, the interrupt is latched and 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 one).

Zero (Z) .

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

SELF-CHECK

The self-check capability provides the ability to deter-
mine if the device is functional. Self-check is performed
using the circuit shown in Figure 5. Port C pins PC0-PC3
are monitored for the self-check results. After reset, the
following seven tests are performed automatically:

I/0 — Exercise of ports A, B, and C

RAM — Counter test for each RAM byte

ROM — Exclusive OR with odd ones parity result
Timer — Tracks counter register and checks OCF flag
Interrupts — Tests external, timer, SCl and SPI in-

Self-check results (using the LEDs as monitors} are
shown in Table 2. The following subroutines are available
to the user and do not require any external hardware.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The timer
test subroutine is called at location $1FOE. The output
compare register is first set to the current timer state.
Because the timer is free running and has only a divide-
by-four prescaler, each timer count cannot be tested. The
test reads the timer once every 10 counts (40 cycles) and
checks for correct counting. The test tracks the counter
until the timer wraps around, triggering the output com-
pare flag in the timer status register. RAM locations $0050
and $0051 are overwritten. Upon return to the user’s pro-
gram, X=40. If the test passed, A=0.

terrupts
SCl — Ta'r::sFrE\lfsiz;): test; checks RDRF, TDRE, TC, ROM CHECKSUM SUBROUTINE
SPI — Transmission test; checks SPIF, WCOL, and This' subroutine returns with the Z bjt cleared if any
MODF flags error is detected; otherwise, the Z bit is set. The ROM
RESET
— |1 11 0uF
_ RESET 1
IRQ < ==
310k
NC vpp 2 +5V
39 | 20 pF
osct I i
TCAP ey EEmM I ammz
[_4 PA7 oscz |38 I { 20 pF
5 {See Note) l 1
A6 =
6 P PD7 L—l +5V
PAS 35 —
7 TCMP — = 47K
PA4 il Y
8 PD5/SS
PAS PDA/SCK P2 WA
Sl pa2 b4 2 1 10k 2N3904
10 PD3/MOSI =AM
PA1 31
1 PD2/MISO
PAD 20
PD1/TDO -————-l
PDO/RDI P =
12 28 ‘.&} 1k
PBO PCO W +5V
13 27 wR 1k
| PB1 PC1 w 1€ VWA
0k 2 4] pg2 pc2 128 e
L 15 % XX ALK
== PB3 PC3 " ¢ W
L_16] pgy pc4
7 pas pes 12
18] pas P (22
190 pay pe7 (2
Vss
L2

NOTE The RC Oscillator Option may also be used in this circuit

Figure 5. Self-Check Circuit Schematic Diagram
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Table 2. Self-Check Results

PC3 | PC2 | PC1 | PCO Remarks

1 0 0 1 |Bad /O

1 0 1 0 |Bad RAM

1 0 1 1 |Bad Timer

1 1 0 0 |Bad SCI

1 1 0 1 |Bad ROM

1 1 1 0 |(Bad SPI

1 1 1 1 |Bad Interrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED is on; 1 indicates LED s off.

checksum subroutine is called at location $1F93 with RAM
location $0053 equal to $01 and A=0. A short routine is
set up and executed in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0050 through
$0053 are overwritten. Upon return to the user’s program,
X=0. If the test passed, A=0.

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 RE-
SET line logic level.

POWER-ON RESET (POR)

An internal reset is generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and should
not be used to detect a drop in the power supply voltage.
There is a 4064 internal processor clock cycle (tcyc) delay
after the oscillator becomes active. If the RESET pin is
low at the end of 4064 tcyc, the MCU will remain in the
reset condition until RESET goes high.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period of one and one-half machine
cycles (tcyc).

INTERRUPTS

The MCU can be interrupted five different ways: the
four maskable hardware interrupts {IRQ, SPI, SCI, and
timer) and the nonmaskable software interrupt instruc-
tion 