HCMOS Microcomputer

6805-Series Microprocessors and Microcomputers

CDP68HCO05D2

introduction

General

The CDP68HC05D2 Microcomputer Unit (MCU) belongs to
the CDP6805 Family of Microcomputers This 8-bit MCU
contains on-chip oscillator CPU, RAM, ROM, I/O, and
Timer The fully static design allows operation at frequen-
cies down to DC, further reducing its already low-power
consumption. Itis a low-power processor designed for low-
end to mid-range applications in the telecommunications,
consumer, automotive, and industrial markets where very
low power consumption constitutes an important factor.

The CDP68HCO05D2 is supplied in a 40-lead hermetic dual-
in-line side brazed ceramic package (D suffix), a 40-lead
dual-in-line plastic package (E suffix), and a 44-lead Plastic
Chip Carrier (Q suffix).

Specific Features

m Typical power:
Operating, 26 mW
WAIT, 7.6 mW
STOP, 5 uw
Fully static operation
96 bytes of on-chip RAM
2176 bytes of on-chip ROM
31 1/0 lines
12 programmable open-drain output lines
On-chip oscillator for Timer
2.1 MHz internal operating frequency
Internal 16-bit timer
Serial Peripheral Interface (SPI)
External (TRQ), timer, Port B, and Serial Interrupts
Self check mode
Single 2.5 to 6 volt supply (2-V data retention mode)
RC or crystal on-chip oscillator
8x8 multiply instruction
True bit manipulation
Indexed addressing for tables
Memory mapped 1/0

Functional Pin Descriptions

Voo and Vss

Power is supplied to the MCU using these two pins Vop is
power and Vss is ground.

N.C.
The pin labelled N.C. should be left disconnected.

iRQ (Maskable Interrupt Request)

IRQ 1s a programmable option which provides two different
choices of interrupt triggering sensitivity. These options
are. 1) negative edge-sensitive triggering only, or 2) both
negative edge-sensitive and level-sensitive triggering. In
the latter case, either type of input to the IRQ pin will pro-
duce the interrupt. The MCU completes the currentinstruc-
tion before it responds to the interrupt request. When the
IRQ pin goes low for at least one tiLin, a logic one is latched
internally to signify that an interrupt has been requested.
When the MCU completes its current instruction, the inter-
rupt latch is tested. If the interrupt latch contains a logic
one, and the interrupt mask bit (1 bit) in the condition code
register is clear, the MCU then begins the interrupt se-
quence. If the option is selected to include level-sensitive
triggering, then the IRQ input requires an external resistor
to Voo for “wire-OR” operation. See the INTERRUPTS sec-
tion for more detail.

RESET

The RESET inputis not required for startup but can be used
to reset the MCU internal state and provide an orderly soft-
ware startup procedure. Refer to the RESETs section for a
detailed description

TSM-204A
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Fig. 1 — CDP68HC05D2 CMOS microcomputer block diagram.
TCAP CERAMIC RESONATOR

The TCAP input controls the input capture feature for the
on-chip programmable timer system Refer to the INPUT
CAPTURE REGISTER section for additional information

TCMP

The TCMP pin (35) provides an output for the output com-
pare feature of the on-chip timer system. Refer to the OUT-
PUT COMPARE REGISTER section for additional informa-
tion.

0SC1,08C2

The CDP68HC05D2 can be configured to accept either a
crystal input or an RC network to control the internal oscil-
lator. This option is mask selectable. The internal clocks are
derived by a divide-by-two of the internal oscillator fre-
quency (fosc).

CRYSTAL.

The circuit shown In Fig. 2(b) is recommended when using
a crystal. The internal oscillator is designed to interface
with an AT-cut parallel resonant quartz crystal resonator in
the frequency range specified for fosc in the control timing
charts. Use of 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
startup stabilization time. Refer to the Electrical Character-
istics Table.
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A ceramic resonator may be used in place of the crystal in
cost-sensitive applications. The circuit in Fig. 2(b) is
recommended when using a ceramic resonator. Fig. 2(a)
lists the recommended capacitance and feedback resistance
values. The manufacturer of the particular ceramic resonator
being considered should be consulted for specific in-
formation.

RC.

If the RC oscillator option is selected, then a resistor is
connected to the oscillator pins as shown in Fig. 2(d).

EXTERNAL CLOCK.

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Fig. 2(e). An
external clock may be used with either the RC or crystal
oscillator option. The toxov or ticn specifications do not
apply when using an external clock input. The equivalent
specification of the external clock should be used in lieu of
toxov or TiLch.

PAO-PA7

These eight I/0 input comprise port A. The state of any pin
is software programmable and all port A lines are config-
ured as input during power-on or reset. These lines are
open-drain software programmable. Refer to INPUT/OUT-
PUT PROGRAMMABLE paragraph below for a detailed
description of 1/0 programming.
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Crystal Ceramic Resonator
2MHz | 4 MHz | Units 2.4 MHZ Units
Rsmax 400 75 Q RS (typical) 10 0
Co 5 7 pF Co 40 pF
C 0.008 0.012 uF Cy 4.3 pF
Cosc 15-40 | 15-30 | pF Cosc 30 pF
Cosce 15-30 | 15-25 | pF Cosca 30 pF
R 10 10 MQ Re 1-10 MQ
= Q 1250 —
Q 30 40 K
(a) Crystal/Ceramic Resonator Parameters
SN
v A
68HC
CDP68MHCO5D2 0sc 2 osc |
39
osci osc2 38 L.
39 38 Co
0—'\/\/\’—{' It
R
P
38 Nl 39
iy
b IDI 1 (c) Equivalent Crystal Circuit

Cosc1 i :Lcoscz

(b) Crystal Oscillator Connections

CDP68HCOS5D2 CDP68HCO502
0SC1 0scC2 0scC1 0sc2
39 38
39 38
AN—
R UNCONNECTED
<
< EXTERNAL
(d) RC Oscillator Connections CLOCK
(e) External Clock Source Connections
92CS-39366

Fig. 2 — Oscillator Connections
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PBO-PB7

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. These lines may be
configured to generate interrupts. Refer to port B interrupt
section. Refer to INPUT/OUTPUT PROGRAMMING par-
agraph below for a detailed description of 1/0 program-
ming

PCO0-PC7

These eight lines comprise port C. The state of any pin is
software programmable and all port C lines are configured
as input during power-on or reset. Refer to INPUT/OUT-
PUT PROGRAMMING paragraph below for a detailed de-
scription of 1/0 programming.

PDO-PD5, PD7

These seven lines comprise Port D. Four pins (PD2-PD5)
are individually programmable as either inputs or outputs.
PD7 isalways aninputline. PDO-PD5 lines are setas inputs
on power-on or reset. The enabled Timer and SPI special
functions listed below affect the pins on this port. PD0-PD1
(referred to as TOSC1, TOSC2) are used to control the
oscillator for the timer in the external clock mode. If the
external clock mode is not used, these pins are configured
as inputs only. See sections EXTERNAL TIMER OSCILLA-
TOR and SPECIAL PURPOSE PORT. MOSI is the SPI Serial
Data Output (in Master Mode) MISO is the SPI Serial Data
Input (in Master Mode). SCK is the clock for the SPI (con-
figured as outputin the Master Mode). SS is the Slave Select
input for the SPI.

Note: Itisrecommended that all unused inputs (except OSC2) and
170 ports configured as inputs be tied to an appropriate logic level
(e.g. either Vop or Vss).

Parallel I/0

The 1/0 register section is found in the first 32 bytes of

memory and includes the following.

* Three programmable parallel ports (Ports A, B, and C).

¢ One port (Port D) with three input lines and four pro-
grammable lines which share its external pins with Serial
Peripheral Interface (SPI) and Timer functions.

The general memory arrangement for each system has a
control register, followed by a status register, followed by a
dataregister. A CPU read of any undefined/unused bits will
obtain avalue of “0”. The register assignment may be found
in Table II.

Input/Output Programming

Parallel Ports

Ports A, B, and C may be programmed as an input or an
output under software control. The direction of the pins is
determined by the state of the corresponding bit in the port
data direction register (DDR). Each 8-bit port has an asso-
ciated 8-bit data direction register. Any port A, port B, or
port C pin is configured as an output if its corresponding
DDRbitissettoalogic one. A pinis configured asan input if
its corresponding DDR bit is cleared to a logic zero. At
power-on or reset all DDRs are cleared, which configure all
port A, B, and C pins as inputs. The data direction registers
are capable of being written to or read by the processor.
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Refer to Fig. 3 and Table |. During the programmed output
state, a read of the data register actually reads the value of
the output data latch and not the iI/0 pin.

As an option for Port A, the eight Port A outputs (PA0-PA7)
can be programmed to be open drain outputs when bit 0 in
the Special Port Control/Status register is set and their DDR
bits are set. Also, the setting of the “Wired-OR” Mode
(WOM) bitin the SPI Control Register will cause Port D lines
2-5 (when programmed as outputs) to be open drain

SPECIAL PURPOSE PORT

Port D contains four individually programmable bi-direc-
tional lines (PD2-PD5) and three input lines (PDO, PD1, and
PD7). The direction of the four bi-directional lines is deter-
mined by the state of the data direction register (DDR).
Each of these four lines has an associated DDR bit. The
validity of a port bit is determined by whether the SPI sys-
tem and external timer oscillator are enabled or disabled.
When the SPI system is disabled, lines PD2-PD5 behave as
normal I/0 lines and the corresponding DDR bits determine
whether the lines are inputs or outputs. Lines PD0and PD1
are inputs when the external timer oscillator is not used.
However, once the external timer oscillator has been
enabled, PD1 will become an output-only line until the
processor is reset.

A write to bits 0, 1, 6, and 7 of the Port D Data Direction
Register will have no effect. A read of DDR bits 0, 1,6,and 7
will always return zeros.

Note: When using the Serial Peripheral Interface (SPI), bit 5 of Port
D is dedicated as the Slave Select (SS) input when the SPI system is
enabled In SPI Slave Mode, DDR bit 5 has no meaning or effect In
SPI Master Mode, DDR bit 5 determines whether Port D bit 51s an
error detect input to the SPI (DDR bit clear) or a general purpose
output line (DDR bit set)

For bits 2, 3, and 4 (MISO, MOSI, and SCK), If the SPI is
enabled and expects the bit to be an input, it will be an input
regardless of the state of the DDR bit. If the SPI is enabled
and expects the bit to be an output, it will be an output ONLY
if the DDR bit is set.

Memory
The CDP68HC05D2 has a total address space of 8192 bytes.
The address map is shown in Fig. 4. The CDP68HCO05D2 has
implemented 2550 bytes of the address locations.

The first 256 bytes of memory (page zero) is comprised of
the 1/0 port locations, timer locations, 128 bytes of ROM
and 96 bytes of RAM. The next 2048 bytes comprise the user
ROM. The 16 highest address bytes contain the reset and
interrupt vectors.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to
$00FF and it is decremented as data is pushed on the stack.
When data is removed from the stack, the stack pointer is
incremented. A maximum of 64 bytes of RAM is available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts and/or subrou-
tine stacking purposes, the unused bytes are usable for
program data storage. See Fig. 4 for details on stacking
order.
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DATA DIRECTION

Prm— REGISTER
BIT
INTERNAL LATCHED

CDOP6BHCOSD2 4| —| OUTPUT DATA OUTPUT 170
CONNECTIONS BIT / PIN

INPUT

REG

BIT

INPUT
170
~N
92Cs -39367

TYPICAL PORT 7 6 5 4 3 2 1
DATA DIRECTION rnon 7 | DDR 6 | DDR5 |non 4 | DDR 3 | DDR 2 | DDR 1 ] DDR 0 |

REGISTER | I I | l | l
T I ——
Pty

PORT DATA :D_|

PORT DDR

NOTES:
1. *DENOTES DEVICES HAVE SAME
PHYSICAL SIZE, AND ARE

ENHANCEMENT TYPE.
2. IP = INPUT PROTECTION.
INTERNAL 3. LATCH-UP PROTECTION NOT SHOWN.

LoGIC
92CS-42289

Fig. 3 - Typical Parallel Port I/O Circuitry

Table I - 1/0 Pin Functions

R/W* | DDR 1/0 Pin Function
0 0 The I/0 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 1/0 pin.

1 0 The state of the I/0 pin is read.
1 1 The I/0O pin is in an output mode. The output data latch is read.

*R/W is an internal signal.
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$0000 0000 0000 Port A Data Register $00
Ports
170 8 Bytes Port B Data Regster $01
32 Bytes Port C Data Register $02
SOOTF Port D Data Register $03
0031 Unused
$0020 0032 2 Bytes Port A Data Direction Register $04
g;e'; \ Port B Data Direction Register $05
128 Bytes \\ Port C Data Direction Register $06
:ggiz g:gg Senal Perpheral Port D Data Direction Register $07
Interface
Unused
\ 3 Bytes u $08
RAM \ Unused $09
96 Bytes Seral Peripheral Control Register $OA
oo \\ Unused Serial Peripheral Status Register $0B
SO0BF L — 3 Bytes Serial Peripheral Data I/ 0 Regist
<0000 0192 y! enal Penpher: ta 1/ O Register $0C
Stack Unused $00
64 Bytes
SOOFF o\ Timer Unused SOE
50100 026\ 10 Bytes Unused SOF
User \ " Py Unused $10
ROM nuses ytes
. 1
2048 Bytes \ Unused $
Special Port Control/ Time+ Control Register $12
$S08FF 2303 \ Stat Register -
$0900 2304 imer Status Register $13
input Capture High Regrster $14
Unused
5632 Bytes Unused Input Capture Low Register $15
1 Byte o] High
S1EFF 79356 R o0t utput Compare High Register $16
$1F00 7936 Qutput Compare: Low Register $17
\ Counter High Register $18
Self Check \
Counter Low Register $19
SIFDF o 0 e — \\ Alternate Counter High Register $1A
$1FEO Alternate Counter Low Register $18
Self-Check 256 Bytes \
Vectors \ Unused $1C
SIFEF 8175 \ Unused $1D
$1FFO User 8176 \ Special Port Contrnl/Stat Register S1E
Vectors \
1 Unused $1F
SIFFF 6 Bytes 8191 J
92CS-38118R2
Fig. 4 - Address Map
Table Il — CDP68HCO05D2 I/O Registers
ADDRESS DATA DATA
$001F 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
00 Port A Data 10 Unused — - — — — — - —
01 Port B Data 11 Unused — — — — - — — —
02 Port C Data 12 Timer Control | ICIE | OCIE [ TOIE | EOE | ECC el IEDG | OLVL
03 Port D Data ’ 13 Timer Status ICF_| OCF | TOF - — — — —
04 Port A DDR 14 Capture High
05 Port B DDR 15 Capture Low
06 Port C DDR 16 Compare High
07 Port D DDR — — —_ — 17 Compare Low
08 Unused — — — — — — — — 18 Counter High
09 Unused - - — — — — — - | 19 Counter Low
0A SPI Control | SPIE | SPE_|DWOM| MSTR | CPOL | CPHA | SPR1 | SPRO | 1A Dual TM High
0B SPi Status SPIF_|WCOL| — |[MODF| — - - — | 18 Dual TM Low
0C SP! Data 1C Unused — - — - - — — -
0D Unused - — — — — — — — ]| 1D Unused — — - — — — — —
OE Unused — — — — — — — — 1E Special Port PBIF - — —_ — DLY | PBIE |PAOD
Cntli/STAT
OF Unused — — —_ — _— - — — 1F Unused — — - — —_ — — —_
" = dedicated as TCMP output
— = unused bits
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0
I Accumulator

i~

Index Register

12

L

PC

Program Counter

12 6
[ofofofofo]1]1] sP

Stack Pointer

)
;
J

CcC

(w1 InTz]c]

Condition Code Register

Njz|c
L

Carry/Borrow
Zero

Negative
Interrupt Mask
Half Carry

Fig. 5 - Programming model.

7

0 Stack

1 I1 ] 1 [Condition Code Register

|

R N

E Accumulator T

Increasing Memory | 1 ) : E | Decreasing Memory
ndex Register
Addresses U x7edl 2 Addresses

RloJo]o] PCH u

N P

PCL T

Unstack

Note: Since the Stack Pointer decrements during pushes, the PCL
i1s stacked first, followed by PCH, etc Pulling from the stack i1sin the

reverse order

Fig. 6 - Stacking order.

CPU Registers
The CDP68HC05D2 CPU contains five registers, as shown

in the programming model of Fig. 5. The interrupt stacking
order is shown in Fig. 6.

Accumulator (A)

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

Index Register (X)

The x register is an 8-bit register which is used during the
indexed modes of addressing. It provides an 8-bit value
which is used to create an effective address. The index
register is also used for data manipulations with the read-

modify-write type of instructions and as a temporary stor-
age register when not performing addressing operations.

Program Counter (PC)

The program counter is a 13-bit register that contains the
address of the next instruction to be executed by the
processor.

Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address
of the next free locations on the push-down/pop-up stack.
When accessing memory; the seven most significant bits
are permanently configured to 0000011. These seven bits
are appended to the six least significant register bits to
produce an address within the range of $00FF to $00CO0. The
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stack area of RAM is used to store the return address on
subroutine calls and the machine state during interrupts
During external or power-on reset, and during a reset stack
pointer (RSP), instruction, the stack pointer is set to its
upper limit ($00FF) Nested interrupt and/or subroutines
may use up to 64 (decimal) locations. When the 64 locations
are exceeded, the stack pointer wraps around and points to
its upperlimit ($00FF), losing the previously stored informa-
tion. A subroutine call occupies two RAM bytes on the
stack, while an interrupt uses five RAM bytes.

Condition Code Register (CC)
The condition code register is a 5-bit register which indi-
cates the results of the instruction just executed as well as
the state of the processor These bits can be individually
tested by a program and specified action taken as a result of
their state. Each bit 1s explained in the following para-
graphs.

HALF CARRY BIT (H).

The H bit s set to a one when a carry occurs between bits 3
and 4 of the ALU during an ADD or ADC instruction. The H
bit is useful in binary-coded decimal subroutines.

INTERRUPT MASK BIT (I).

When the | bitis set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the | bit 1s set, the interruptis latched and is processed
after the | bitis next cleared; therefore, no interrupts are lost
because of the | bit being set An internal interrupt can be
lost if it 1s cleared while the | bit is set (refer to PROGRAM-
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and
PORT B INTERRUPT sections for more information.

NEGATIVE (N).

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is negative (bit 7 in the

result 1s a logic one).

ZERO (2).

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is zero.

CARRY/BORROW (C).

Indicates that a carry or borrow out of the arithmetic logic
unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instruc-

tions, shifts, and rotates.

200

+ovV
RESET
CDP6BHCOSD2
, 1.0uF
1TRQ RESET
ok =
NG vpo 2 +5v
20pF
osc 1 |22 —
TCAP IoM ©3 4 MHz
PA7 osc 2 |2 TALLL
PAG { SEENOTE) =
PAS po7 25— +sv
35 =
PA4 Temp 2 a1k
PA3 PD5/58 |22
33 M
PA2 PD4/SCK 22 AAA—
= 10K
PAY PD3/Mos | 32 AN 2N3904|
. N
PAO PD2 /MISO R
30 10K =
PDI/TOSC2 [P AAA—O +5V
29
PDO/TOSC 1 ~
2 ” -~ 7K +5V
[ PBO pco T
4.7K
< B pe1 pc4 27
10K 14 26 = 47K
PB2 pC2 "—{\N\/——J
L 4.7 K
5l b3 pc3 22 jQ——/\N\,—J
L'i PB4 pca |22
7 pes pes |22
18
PBS pee 2
12 ppy v pcr |2
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NOT!

E
THE RC OSCILLATOR OPTION MAY ALSO BE USED IN THIS CIRCUIT

Fig. 7 - Self-Check Circuit Schematic Diagram




Self-Check

The CDP68HCO05D2 contains in mask ROM address loca-
tions $1F00 to $1FEF, a program designed to check the
part’s integrity with a minimum of support hardware The
self-check capability of the CDP68HC05D2 MCU provides
an internal check to determine if the device Is functional.
Self-check is performed using the circuit shown in the
schematic diagram of Fig. 7. As shown in the diagram, port
C pins PCO-PC3 are monitored (light-emitting diodes are
shown but other devices could be used) for the self-check
results The self-check mode is entered by applying a 9Vdc
input (through a 4 7 kilohm resistor) to the pin (2), a
5Vdc input (through a 10-kilohm resistor) to the TCAP pin
(37), a 5Vdc input (through a 10K resistor) to Port B, bit 2
(pin 14), and then depressing the reset switch to execute a
reset After reset, the following six tests are performed au-
tomatically

1/0 — Functionally exercises ports A, B, and C

RAM — Counter test for each RAM byte

Timer — Tracks counter register and checks OCF flag

ROM — Exclusive OR with odd ones parity result

SPI — Transmission test with check for SPIF, WCOL,
and MODF flags

INTERRUPTS — Tests external, timer, Port B and SPI

interrupts

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

Table lll. Self-Check Results

PC3|PC2|PC1|PCO Remarks

1 0 0 1 | Bad /O

110] 1|0 |BadRAM

1 0|1 1 | Bad Timer

1 1 0 | 0 | Bad Port D and/or Timer Oscillator

111 o[ 1 ]BadrOM T

1 1 1 0 | Bad SPI

1|1 | 1| 1 | BadInterrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED on; 1 indicates LED is off

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This 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 count-
ing. The test tracks the counter until the timer wraps
around, triggering the output compare flag in the timer
status register. RAM locations $00A0 and $00A1 are over-
written. Upon return to the user’'s program, 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. This subroutine is
called at location $1F93 with RAM location $00A3 equal to
$01and A=0. Ashort routine is set up and executed in RAM

6805-Series Microprocessors and Microcomputers
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to compute a checksum of the entire ROM pattern. Upon
return to the user’s program, X=0 [f the test passed, A=0
RAM locations $00A0 through $00A3 are overwritten

RESETS

The CDP68HCO05D2 has two reset modes* an active low
external reset pin (RESET) and a power-on reset function,
refer to Fig. 8.

RESET Pin
The RESET input pin s used to reset the MCU to provide an
orderly software startup procedure When using the exter-
nal reset mode, the pin must stay low foraminimum
of one and cne-half teye. The RESET pin containsaninternal
Schmitt Trigger as part of its input to improve noise immuni-
ty

Power-On-Reset

The power-on reset occurs when a positive transition is
detected on Vpp. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage There is no provision
for power-down reset. The power-on circuitry provides fora
delay from the time that the oscillator becomes active upon
power-up or when exiting the STOP mode.

Assoclated with the mask programmable CPU oscillator
option inthe D2 is a mask option for controlling the timeout
which occurs at power-on or when exiting the STOP mode.
The user has a mask option of selecting a 4064 t.,. delay
(meant for use with the crystal oscillator option) ora2 cycle
timeout permitting faster startups with the RC oscillator
mask option or external oscillator.

To permit use of an external oscillator with crystal mask
option and a two cycle delay when exiting from STOP, bit 2
(DLY) of the Specia! Port Control/Status Register (memory
location $001E), when set, will override the 4064 cycle
mask-programmable delay and force a two cycie timeout
Since this bit is reset at power-on, the power-on delay will
remain as mask-programmed.

If the external RESET pin is low at the end of the delay
timeout, the processor remains in the reset condition until
the RESET goes high. Table IV shows the actions of the two
resets on internal circuits, but not necessarily in order of
occurrence.

Interrupts

Systems often require that normai processing be interrupt-
ed so that some external event may be serviced. The
CDP68HC05D2 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(TRQ, SPI, PBINT, or Timer) and one non-maskable soft-
ware interrupt (SWI). Interrupts such as Timer and SPI have
several flags which will cause the interrupt. Generally, inter-
rupt flags are located in read-only status registers, while
their equivalent enable bits are located in associated con-
trol registers If the enable bit is a logic zero it blocks the
interrupt from occurring but does not inhibit the flag from
being set Reset clears all enable bits to preciude interrupts
during the reset procedure

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag 1s set, followed by a read or write of an asso-
ciated register When any of these interrupts occur, and if
the enable bit is a logic one, normal processing is sus-
pended at the end of the current instruction axecution.
Interrupts cause the processor registers to be saved on the
stack (see Fig. 6) and the interrupt mask (I bit) set to prevent
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Fig. 8 - Power-On Reset and RESET

Table IV. Reset Action on Internal Circuit

Condition

Timer Prescaler reset to zero state

Timer counter configured toc $FFFC

Timer output compare (TCMP) bit reset to zero

All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts.
The OLVL timer bit is also cleared by reset.

All data direction registers cleared to zero (input)

Configure stack pointer to $00FF

Force internal address bus to restart vector ($1FFE-$1FFF)

Set | bit in condition code register to a logic one

Clear STOP latch*

Clear external interrupt latch

Clear WAIT latch

Disable SPI (serial output enable control bit SPE=0). Other SPI bits cleared by reset include:
SPIE, MSTR, SPIF, WCOL, and MODF.

Clear serial interrupt enable bit

Place SPI system in slave mode (MSTR=0)

Timer oscillator disabled and 3-stated

CPU oscillator connected to timer

Reset Port B interrupt enable

DWOM bit reset

PAQOD bit reset

Reset DLY bit in special control/status register

*Indicates that timeout still occurs with RESET pin
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additional interrupts. The appropriate interrupt vector then
points to the starting address of the interrupt service routine
(refer to Fig. 4 for vector location). Upon completion of the
interrupt service routine, the RTI instruction (which is nor-
mally a part of the service routine) causes the register con-
tents to be recovered from the stack followed by a return to
normal processing. The stack order is shown in Fig. 6.
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Note: The interrupt mask bit (I bit) will be cleared upon returning
from the interrupt if and only if the corresponding bit stored in the
stack 1s zero The priority of the various interrupts is as follows
(highest priority to lowest priority

RESET — * — EXT INT — TIMER — SPI — Port B
*1s any instruction or the SWI service routine

A discussion of interrupts, plus a table listing vector addresses for
all interrupts including reset, in the CDP68HCO05D2 is provided in
Table V

Table V. Vector Address for Interrupts and Reset

Flag CPU Vector
Register Name Interrupts Interrupt Address
N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software SWI $1FFC-$1FFD
N/A N/A External Interrupt 1RQ $1FFA-$1FFB
Timer Status ICF Input Capture TIMER $1FF8-$1FF9
OCF Output Compare
TOF Timer Overflow
SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF Mode Fault
Special
Port c/s PBIF Port B PB $1FF2-$1FF3

Hardware Controlled Interrupt Sequence
The following three functions (RESET, STOP, and WAIT)
are notin the strictest sense an interrupt; however, they are
acted upon in a similar manner. Flowcharts for hardware
interrupts are shown in Fig. 9, and for STOP and WAIT are
provided in Fig. 10. A discussion is provided below:

« Alowinputonthe RESET input pin causes the program to
vector to its starting address which is specified by the
contents of memory locations $1FFE and $1FFF. The | bit
in the condition code register is also set. Much of the
MCU is configured to a known state during this type of
reset as previously described in the RESET paragraph.
STOP — The STOP instruction causes the oscillator to be
turned off and the processor to “sleep” until an external
interrupt (TRQ), Port B interrupt, Timer interrupt (if using
an external timer clock), or RESET occurs.

WAIT — The WAIT instruction causes all processor
clocks to stop, but leaves the Timer and SPI clocks run-
ning. This “rest” state of the processor can be cleared by
reset, an external interrupt (TRQ), Timer interrupt, SPI
interrupt, or Port B interrupt. There are no special wait
vectors for these individual interrupts.

Software Interrupt (SWI)
The software interrupt is an executable instruction. The
action of the SWI instruction is similar to the hardware
interrupts. The SWI is executed regardless of the state of
the interrupt mask (I bit) in the condition code register. The
interrupt service routine address is specified by the con-
tents of memory location $1FFC and $1FFD.

External Interrupt
Ifthe interrupt mask (I bit) of the condition code register has
been cleared and the external interrupt pin (IRQ) has gone
low, then the external interrupt is recognized. When the
interrupt is recognized, the current state of the CPU is
pushed onto the stack and the | bitis set. This masks further
interrupts until the present one is serviced. The interrupt
service routine address is specified by the content of memo-
ry location $1FFA and $1FFB. Either a level-sensitive and
negative edge-sensitive trigger, or a negative edge-sensi-
tive only trigger are available as a mask option. Fig. 11
shows both a functional and mode timing diagram for the
interrupt line. The timing diagram shows two different
treatments of the interrupt line ( ) to the processor. The
first method shows single pulses on the interrupt line
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spaced far enough apart to be serviced. The minimum time
between pulses is a function of the number of cycles re-
quired to execute the interrupt service routine plus 21 cy-
cles. Once a pulse occurs, the next pulse should not occur
until the MCU software has exited the routine (an RTI oc-
curs). The second configuration shows several interrupt
lines “wire-ORed” to form the interrupts at the processor.

FROM
RESET

Thus, if after servicing one interrupt the interrupt line re-
mains low, then the next interrupt is recognized.

Note: The internal interrupt latch is cleared in the first part of the
service routine, therefore, one (and only one) external interrupt
pulse could be latched during ti.w and serviced as soon as the | bitis
cleared

! AR TRQ
EXTERNAL CRLEEQUEST
INTERRUPT LATCH

SPI
INTERNAL
INTERRUPT

YES

PORT B YES
INTERNAL

INTERRUPT

FETCH
NEXT
INSTRUCTION

Y

EXECUTE
INSTRUCTION

STACK
PC, X, A, CC
TIMER YES
INTERNAL
INTERRUPT SET
I BIT

_LOAD PC FROM
iRQ: $1FFA-$1FFB
TIMER: $1FF8-$1FF9
PB: $1FF2-$1FF3
SPI: $1FF4-$1FF5

COMPLETE
INTERRUPT
ROUTINE
AND EXECUTE
RTI

92CM-39385

Fig. 9 - Hardware Interrupt Flowchart
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Fig. 10 - STOP/WAIT Flowcharts

Timer Interrupt

There are three different timer interrupt flags that will cause
atimer interrupt whenever they are set and enabled. These
three interrupt flags are found in the three most significant
bits of the timer status register (TSR, location $13) and all
three will vector to the same interrupt service routine
($1FF8-$1FF9). The three timer interrupt conditions are
timer overflow, output compare, and input capture.

All interrupt flags have corresponding enable bits (ICIE,
OCIE, and TOIE) in the timer control register (TCR, loca-
tion $12). Reset clears all enable bits, thus preventing an
interrupt from occurring during the reset period. The actual
processor interrupt is generated only if the I bit in the condi-
tion code register is also cleared. When the interrupt is
recognized, the current machine state is pushed onto the
stack and | bit is set. This masks further interrupts until the
present one is serviced. The interrupt service routine ad-
dress 1s specified by the contents of memory location $1FF8

and $1FF9. The general sequence for clearing an interrupt
is a software sequence of accessing the status register
while the flag is set, followed by a read or write of an
associated register. Refer to the PROGRAMMABLE TIMER
section for additional information about the timer circuitry.

Serial Peripheral Interface (SPI) Interrupts
An interrupt in the serial peripheral interface (SPI) occurs
when one of the interrupt flag bits in the serial peripheral
status register (Location $0B) is set, provided the | bitin the
condition code register is clear and the enable bit in the
serial peripheral control register (location $0A) is enabled
When the interrupt is recognized, the current state of the
machine is pushed onto the stack and the | bit in the condi-
tion code register is set. This masks further interrupts until
the present one is serviced. The SPI interrupt causes the
program counter to vector to memory location $1FF4 and
$1FF5 which contains the starting address of the interrupt
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Edge-Sensitive Trigger Condition
The minimum pulse width (tiuw) is
either 125 ns (Voo =5V) or250 ns (Voo
=3 V). The period ti.. should not be
less than the number of tc,. cycles it
takes to execute the interrupt service
routine plus 21 te,c cycles.

Level-Sensitive Trigger Condition
If after servicing an interrupt the IRQ
remains low, then the next interruptis
recognized.

NORMALLY
USED WITH
WIRE-ORED
CONNECTION

(b) Interrupt Mode Diagram

Fig. 11 - External Interrupt

service routine. Software in the serial peripheral interrupt
service routine must determine the priority and cause of the
SPl interrupt by examining the interrupt flag bits located in
the SPI status register. The general sequence for clearing
an interrupt is a software sequence of accessing the status
register while the flag is set, followed by a read or write of an
associated register. Refer to SERIAL PERIPHERAL INTER-
FACE section for a description of the SPI system and its
interrupts.
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Port B Interrupt

A Port B interrupt will occur when any one of theeight port
lines (PB0-PB7) is puiled to a low level, provided the inter-
rupt mask bit of the condition code register is clear and the
enable bit (Bit 1) in the Special Port control register (Memo-
ry location $001E) is enabled. Before enabling Port B inter-
rupts, PBO through PB7 should be programmed as inputs,
i.e., their corresponding DDR bits must be 0.




A Port B interrupt will set the Port B interrupt flag (PBIF)
located in the Special Port Control/Status register (bit 7),
cause the current state of the machine to be pushed onto
the stack, and set the I-bit in the condition code register.
This masks further interrupts until the present one Is ser-
viced. The Port B interrupt causes the Program Counter to
vector to memory locations $1FF2and $1FF3 which contain
the starting address of the interrupt service routine. Toclear
a Port B interrupt, the user must read the Special Port
Control/Status register followed by a read of Port B.

The purpose of this interrupt is to provide easy use of the
PBO0-PB7 lines as sensor inputs, such as in keyboard scan-
ning. For systems where the keyboard response is not inter-
rupt driven, this interrupt can be disabled. Programming
any of these lines as outputs inhibits them from generating
an interrupt.

Port B interrupts will cause an exit from the stop mode
provided that the Port B interrupt enable bit is set. Port B
interrupt vector is located at $1FF2, $1FF3.

! +
PORT als
A M BEEE OPEN DRAIN
2 < BIEEE SOFTWARE
1T N N NN PROGRAMMABLE
> N N N X OUTPUTS
o> N AN Xy
PORT
B Al
2«
11—
KEYBOARD or—<
INTERRUPT 92CS-37512R1

Fig. 12 - Keyboard interface.
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STOP Instruction

The STOP instruction places the CDP68HC05D2 in its low-
est power consumption mode. In the STOP mode the inte-
nal oscillator is turned off, causing all internal processing to
be halted; refer to Fig. 10. During the STOP mode, the | bitin
the condition code register is cleared to enable external
interrupts. All other registers and memory remain unaitered
and all input/output lines remain unchanged. This con-
tinues until an external interrupt (TRQ), port B interrupt,
external timer oscillator interrupt, or reset is sensed, at
which time the internal oscillator is turned on. These inter-
rupts cause the program counter to vector to their respec-
tive interrupt vector locations ($1FFA and $1FFB, $1FF2
and $1FF3, $1FF8 and $1FF9, and $1FFE and $1FFF, re-
spectively) which contain the starting addresses of the in-
terrupt service routines.

WAIT Instruction

The WAIT instruction places the CDP68HCO05D2 in a low
power consumption mode, but the WAIT mode consumes
somewtl.at more power than the stop MODE In the WAIT
mode, the internal clock remains active, and all CPU pro-
cessing is stopped; however, the programmable timer and
serial peripheral interface systems remain active. Refer to
Fig. 10. During the WAIT mode, the | bit in the condition
code register I1s cleared to enable all interrupts. All other
registers and memory remain unaltered and all parallel in-
put/output lines remain unchanged. This continues until
any interrupt or reset is sensed. At this time the program
counter vectors to the memory location ($1FF2 through
$1FFF) which contains the starting address of the interrupt
or reset service routine

Data Retention Mode

The contents of RAM and CPU registers are retained at
supply voltages as low as 2 Vdc. This is referred to as the
data retention mode, where the data is held, but the device
is not guaranteed to operate.

PROGRAMMABLE TIMER

The programmable timer, which is preceded by a fixed
divide-by-four prescaler, can be used for many purposes,
including input waveform measurements while simultane-
ously generating an output waveform. Pulse widths can
vary from several microseconds to many seconds. A block
diagram of the timer is shown in Fig. 15 and timing diagrams
are shown in Figs. 16 through 19.

Because the timer has a 16-bit architecture, each specific
functional segment (capability) is represented by two regis-
ters. 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 accessed.

Note: The | bit in the condition code register should be set while
manipulating both the high and low byte register of a specific timer
function to ensure that an interrupt does not occur. This prevents
interrupts from occurring between the time that the high and low
bytes are accessed

The programmable timer capabilities are provided by using
the following ten addressable 8-bit registers (note the high
and low represent the significance of the byte). A descrip-
tion of each register is provided in the following pages.

Timer Control Register (TCR) location $12,

Timer Status Register (TSR) location $13,

Input Capture High Register location $14,

Input Capture Low Register location $15,

Output Compare High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and
Alternate Counter Low Register location $1B.

External Timer Oscillator

In addition to clocking the CDP68HC05D2’s internal 16-bit
timer with the CPU clock, a separate oscillator circuit may
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be used by connecting an RC or crystal circuit to pins 29
and 30 (TOSC1 and TOSC2). The circuits shown in Figs.
13(b) and 13(c) are recommended when using a crystal.
This oscillator is designed to interface with an AT-cut paral-
lel resonant quartz crystal resonator in the frequency range
specified for fisc in the Control Timing Tables at the end of
this specification. See Fig. 13(a) for the RC circuit.

When not using the external timer oscillator feature these
pins function as input lines. However, once the external
timer oscillator has been enabled, PD1 will become an out-
put only line until the processor is reset.

The EOE (External Oscillator Enable bit4) and ECC (Exter-
nal Clock Connect bit 3) bits in the Timer Control Register
control the external timer oscillator. If bit 3 (ECC) in the
timer control register is set, the internal clock input to the
timer is disabled and the clock to the timer is connected to
the external timer oscillator This clock can be either a
crystal or RC oscillator. Since this mode of operation per-
mits the timer to continue running when the CPU is in the
stop mode, timer interrupts, if enabled, will still occur and
can be used to exit from the stop mode. Fig. 14 shows the
timer oscillator controls. The frequency of the external os-
cillator must be less than one-quarter the CPU oscillator
frequency.

The procedures for using this circuit are:

¢ Crystal Oscillator Operation — First set the EOE bit to
start the crystal oscillating. When oscillation has stabi-
lized, the ECC bit can be set to begin clocking the timer
with the external timer oscillator. This time delay may
vary depending upon crystal frequency and manufac-
turer.

RC Oscillator Operation — When it is desired to clock the
timer from an RC timer oscillator, set both the EOE and
the ECC bits at the same time in order to keep power
consumption minimal.

No external timer oscillator being used — If the EOE bit is
néver set, the oscillator will remain in its high impedance
state allowing its pins to be used as PD0 and PD1 input
lines. In this case, these pins function as normal inputs
and should not be left floating.

Timer Oscillator used for event counting — Set both the
EOE and ECC bits and drive the timer oscillator input pin
with the event signal which is to be counted. If EOE
remains reset and only ECC is set, the event signal can be
connected to the timer oscillator output pin, and the input
can be used as a Port D input line.

s

.

Fig. 13 - External Timer Oscillator Connections

(a) RC Oscillator Connections
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(b) Crystal Oscillator connections for crystal speeds above
approx. 400 KHz. The C.» and Cou values may vary depend-
ing upon crystal manufacturer.
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(c) Crystal Oscillator connections for crystal speeds below
approx. 400 KHz. The C.n, Cyand R1values shown work well
for most 32.768 KHz crystals; however, sizes may vary de-
pending upon crystal frequency manufacturer.
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Fig. 14 - External Timer Oscillator Controls
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Fig. 15 - Programmable Timer Block Diagram
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Fig. 18 - Timer State Timing Diagram For Output Compare
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Fig. 19 - Timer State Diagram For Timer Overflow
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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 micro-
seconds If the internal processor clock I1s 2.0 MHz. The
counter is clocked to increasing values during the low por-
tion of the internal processor 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 (called counter register at
this location), or $1A-$1B (counter alternate register at this
location) A read sequence containing only a read of the
leastsignificant byte of the free-running counter ($19, $1B)
will receive 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 ($18, $1A) it causes
the least significant byte ($19, $1B) to be transferred to a
buffer. This buffer value remains fixed after the first most
significantbyte “read” even if the user reads the most signif-
icant byte several times. This buffer is accessed when read-
ing the free-running counter or counter alternate register
least significant byte ($19 or $1B), and thus completes a
read sequence of the total counter value. Note that in read-
ing either the free-running counter or counter alternate
register, if the most significant byte is read, the least signifi-
cant byte must also be read in order to complete the se-
quence.

The free-running counter is configured to $FFFC during
resetand is always a read-only register. During a power-on-
reset (POR), the counter is also configured to $FFFC and
begins running after the oscillator startup 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 MPU internal processor
clock cycles. When the counter rolls over from $FFFF to
$0000, the timer overflow flag (TOF) bit is set. An interrupt
can also be enabled when counter rollover occurs by set-
ting its interrupt enable bit (TOIE).

Output Compare Register

The output compare register Is a 16-bit register, which is
made up of two 8-bit registers atlocations $16 (most signifi-
cantbyte) and $17 (least significant byte). The output com-
pare register can be used for several purposes, such as,
controlling an output waveform or indicating when a period
of time has elapsed The output compare register is unique
in that all bits are readable and writeable and are not altered
by the timer hardware Reset does not affect the contents of
this register and if the compare function is not utilized, the
two bytes of the output compare register can be used as
storage locations.

The contents of the output compare register are compared
with the contents of the free-running counter once during
every four internal processor clocks. If amatch is found, the
corresponding output compare flag (OCF) bit is set and the
corresponding output level (OLVL) bit is clocked (by the
output compare circuit pulse) to an output level register.
The values in the output compare register and the output
level bit should be changed after each successful compari-
son in order to control an output waveform or establish a
new elapsed timeout An interrupt can also accompany a
successful output compare provided the corresponding in-
terrupt enable bit, OCIE, is set.

Afteraprocessor write cycle to the output compare register
containing the most significant byte ($16), the output com-
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pare function is inhibited until the least significant byte
($17) is also written. The user must write both bytes (loca-
tions) if the most significant byte is written first A write
made only to the least significant byte ($17) will not inhibit
the compare function The free-running counter is updated
every four internal processor clock cycles due to the inter-
nal prescaler. The minimum time required to update the
output compare register is a function of the software pro-
gram rather than the internal program

A processor write may be made to either byte of the output
compare register without affecting the other byte. The out-
put level (OLVL) bit 1s clocked to the output level register
regardless of whether the output compare flag (OCF) is set
or clear.

Because neither the output compare flag (OCF bit) nor
output compare register is affected by reset, care must be
exercised when initializing the output compare function
with software. The following procedure is recommended:

(1) Wnite the high byte of the output compare register to
inhibit further compares until the low byte is written.

(2) Read the timer status register to arm the OCF if it is
already set.

(3) Write the output compare register low byte to enable
the output compare function with the flag clear.

The advantage of this procedure is to prevent the OCF bit
from being set between the time it is read and the write to
the output compare register. A software example is shown
below.

B7 16 STA OCMPHI INHIBIT OUTPUT COMPARE
B6 13 LDA TSTAT ARM OCF BIT IF SET
BF 17 STX OCMPLD READY FOR NEXT COMPARE

Input Capture Register

The 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 a defined transition
is sensed by the corresponding input capture edge detec-
tor. 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 processor clock preceding the external
transition (refer to timing diagram shown in Fig. 17). This
delay is required for external synchronization. Resolution is
affected by the prescaler allowing the timer to only incre-
ment every four internal processor clock cycles

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

After a read of the most significant byte of the input capture
register ($14), counter transfer is inhibited until the least
significant byte ($15) of the input capture register is also
read. This characteristic forces the minimum pulse period
attainable to be determined by the time used in the capture
software routine and its interaction with the main program.
A polling routine using instructions such as BRSET, BRA,
LDA, STA, INCX, CMPX, and BEG might take 34 machine
cycles to complete The free-running counter increments




every four internal processor clock cycles due to the pre-
scaler. A read of the least significant byte ($15) of the input
capture register does not inhibit the free-running counter
transfer. Again, minimum pulse periods are ones which
allow software to read the least significant byte ($15) and
perform the needed operations. There is no conflict be-
tween the read of the input capture register and the free-
running counter since they occur on opposite edges of the
internal processor clock.

Timer Control Register (TCR)

The timer control register (TCR, location $12) is an 8-bit
read/write register which contains seven control bits. Three
of these bits control interrupts associated with each of the
three flag bits found in the timer status register (discussed
below). The other four bits control: 1) which edge is signifi-
cant to the input capture edge detector (i.e., negative or
positive), 2) the next value to be clocked to the output level
register in response to a successful output compare, 3) the
source of the timer clock, and 4) whether the external timer
oscillator is enabled. The timer control register and the
free-running counter are the only sections of the timer af-
fected by reset. The TCMP pin is forced low during external
reset and stays low until a valid compare changes it to a
high. The timer control register isillustrated below followed
by a definition of each bit.

7 6 5 4 3 2 1 0
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BO, OLVL The value of the output level (OLVL) bit is
clocked into the outputlevel register by the next
successful output compare and will appear at
pin 35. This bit and the output level register are
cleared by reset.

0 = low output
1 = high output

Timer Status Register (TSR)

The timer status register (TSR) 1s an 8-bit register of which
the three most significant bits contain read-only status in-
formation. These three bits indicate the following:

1. A proper transition has taken place at pin 37 with an
accompanying transfer of the free-running counter con-
tents to the intput capture register, ’

2. Amatch has been found between the free-running coun-
ter and the output compare register, and

3. A free-running counter transition from $FFFF to $0000
has been sensed (timer overflow)

The timer status register is illustrated below followed by a
definition of each bit. Refer to timing diagrams shown in
Fig.16,17,and 18 fortiming relationship to the timer status
register bits.

7 6 5 4 3 2 1 0

[iIcFlocF[ToF[ o [ o Jo ] o | o |si3

[1cie|ocie[ToiE[ECEJECC] 0 [IEDG[OLVL] $12

B7,ICIE Iftheinputcapture interruptenable (ICIE) bitis
set, a timer interrupt 1s enabled when the ICF
status flag (in the timer status register) is set. If
the ICIE bit is clear, the interrupt is inhibited.

The ICIE bit is cleared by reset.

if the output compare interrupt enable (OCIE)
bit is set, a timer interrupt is enabled whenever
the OCF status flag is set. If the OCIE bitis clear,
the interruptisinhibited. The OCIE bitis cleared
by reset.

B6, OCIE

B5, TOIE Ifthe timer overflow interrupt enable (TOIE) bit
is set, a timer interrupt is enabled whenever the
TOF status flag (in the timer status register) is
set Ifthe TOIE bitis clear, the interruptis inhib-

ited. The TOIE bit is cleared by reset.

External Oscillator Enable — If set, the external
timer oscillator is enabled. If it is then cleared,
the inverter between pins 29 and 30 is prevented
from switching and cannot be used in a crystal
or RC oscillator. This bit is cleared by reset
which configures both TOSC1 and TOSC2 as
inputs.

B4, EOE

B3, ECC If the external clock connect (ECC) is set, the
internal clock input to the timer is disabled and
the timer oscillator is connected to the input to
the timer It s cleared by reset. Accuracy of the
timer count is not guaranteed while this bit is

switched.

The value of the input edge (IEDG) bit deter-
mines which level transition on pin 37 will
trigger a free-running counter transfer to the
input capture register. Reset clears the IEDG
bit.

0 = negative edge

1 = positive edge

B1, IEDG

B7, ICF The input capture flag (ICF) is set when a proper
edge has been sensed by the input capture edge
detector. Itis cleared by a processor read of the
timer status register (with ICF set) followed by
reading the low byte ($15) of the input capture
register. Reset does not affect the input com-
pare flag.

B6, OCF The output compare flag (OCF) is set when the
output compare register contents matches the
contents of the free-running counter. The OCF
is cleared by reading the timer status register
(with the OCF set) and then writing to the low
byte ($17) of the outputcompare register. Reset
does not affect the output compare flag.

The timer overflow flag (TOF) bit is set by a
transition of the free-running counter from
$FFFF to $0000 It is cleared by reading the
timer status register (with TOF set) followed by
a read of the free-running counter least signifi-
cant byte ($19). Reset does not affect the TOF
bit.

Reading the timer status register satisfies the first condition
required to clear any status bits which happened to be set
during the access. The only remaining step is to provide an
access of the register which is associated with the status bit.
Typically, this presents no problem for the input capture
and output compare functions.

B5, TOF

A problem can occur when using the timer overflow func-
tion 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 regis-
ter is read when TOF is set, and 2) the least significant byte
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
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alternate register can be read at any time without affecting
the timer overflow flag in the timer status register.

During STOP and WAIT instructions, the programmable
timer functions as follows if using the CPU clock: during the
wait mode, the timer continues to operate normally and may
generate an interrupt to trigger the CPU out of the wait

state; during the stop mode, the timer holds at its current
state, retaining all data, and resumes operation from this
point when an external interrupt is received. If using an
external timer oscillator the timer will continue to countand
generate interrupts.

Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) is a four wire syn-
chronous serial communication system with separate
wires for input data, output data, clock and slave select. A
master MCU, which produces the clocking signal, initiates
the exchange of data bytes with a slave MCU or peripheral
devicesuch asan LCD display driver oran A/D converter.
A diagram of the control, status, and data registers may be
found in the section labelled “Registers”. The SPI system
registers are found at addresses $000A-$000C. The SPI
output drivers may be switched off to allow the user ac-
cess to external pins for use as parallel inputs to Port D.
Upon power-up or reset the SPI output drivers will be
initialized in the off state. The serial system enable bit
which controls the output drivers and other functional
inhibits is the SPE bit found in the serial control register.

Fig. 20illustrates two different system configurations Fig.
20a represents a system of five different MCUs in which
there are one master and four slaves (0, 1, 2, 3). In this
system four basic lines (signals) are required for the MOSI
(master out, slave in), MISO (master in, slave out), SCK
(serial clock), and (slave select) lines. Fig. 20b repre-
sents a system of three MCUs in which each MCU is
capable of being a master or a slave. The SPI interface is
well-suited for multiprocessor communications.

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 53) dis-

cussed above are described in the following paragraphs.

Each signal function is described for both the master and

slave mode.

Master Out Slave In (MOSI)

The MOSI pin is configured as a data oulput in a master
(mode) device and as adatainput in a slave (mode) device.
Inthis manner data is transferred serially from a master to
a slave on this line; most significant bit first, least signifi-
cant bitlast. The timing diagrams of Fig. 21summarize the
SPI timing diagram and show the relationship between
data and clock (SCK). As shown in Fig. 21 four possible
timing relationships may be chosen by using controi bits
CPOL and CPHA. The master device always allows data to
be applied on the MOSI line a half-cycle before the clock
edge (SCK) in order for the slave device to latch the data.

Note: Both trzne slave device(s) and a master device must be pro-
grammed to similar timing modes for proper data transfer
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When the master device transmits data to a second (slave) device
via the MOSI line, the slave device responds by sending data to
the master device via the MISO line. This implies full duplex
transmission with both data out and data in synchronized with the
same clock signal (one which i1s provided by the master device).
Thus, the byte transmitted Is replaced by the byte received and
eliminates the need for separate transmit-empty and receiver-full
status bits. A single status bit (SPir) is used to signify that the I/0
operation is complete.

Configuration of the MOSI pin is a function of the MSTR
bit in the serial peripheral control register (SPCR, loction
$0A). Setting the MSTR bit will place the device in the
Master mode and cause the MOSI pin to be an output.

Note: The Port D Data Direction Register bit 3 must be set for the
MOSI pin to transfer data in the Mastsr mode

Master In Slave Cut (MISO)

The MISO pinis configured as an input in a master (mode)
device and as an output in a slave (mode) device In this
manner data is transferred serially from a slave to a master
on this line; most significant bit first, least significant bit
last. The MISO pin of a slave device is placed in the high-
impedance state if it is not selected by the master; i.e., its

pinis a logic one. The timing diagram of Fig. 21 shows
the relationship between data and clock (SCK) As shown
in Fig.21, four possible timing relationships may be
chosen by using control bits CPOL and CPHA. The master
device always allows data to be applied on the MOSI line a
half-cycle befcre the clock edge (SCK) in order for the
slave device to latch the data.

Note: The slave device (s) and a master device must be pro-
grammed to similar timing modes for proper data transfer

When the master device transmits data to a slave device
via the MOSI line, the slave device responds by sending
data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in
synchronized with the same clock signal (one which is
provided by the master device). Thus, the byte transmitted
is replaced by the byte received and eliminates the need
for separate transmit-empty and receiver-full status bits. A
single status bit (SPIF) in the serial peripheral status regis-
ter (SPSR, location $0B) is used to signify that the 1/0
operation is complete.

In the master device, the MSTR control bit in the serial
peripheral control register (SPCR, location $0A) issettoa
logic one (by the program) to allow the master device to
receive data on its MISO pin. In the siave device, its MISO
pin is enabled by the logic level of the SS pin; 1.e., If SS=1
then the MISO pin is placed in the high-impedance state,
whereas, if S5=0 the MISO pin is an output for the slave
device

Note: The Port D Data Direction Register bit 2 must be set for the
MISO pin to transfer data in the slave mode
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Fig. 20 - Master-Slave System Configuration
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MSB 6 5 3 2 ! LsB
INTERNAL STROBE FOR DATA CAPTURE (ALL MODES)
92CM-39376
Fig. 21 - Data Clock Timing Diagram
Slave Select (§5) flag bit in the serial peripheral status register (location $0B)

In the slave mode the slave select (SS) pin is an input (PD5,
pin 34), which receives an active low signal that is generated
by the master device to enable slave device(s) to accept
data. To ensure that data will be accepted by a slave device,
the SSsignal line must be a logic low prior to occurrence of
SCK (system clock) and must remain low until after the last
(eighth) SCK cycle. Fig. 21 illustrates the relationship be-
tween SCK and the data for two different level combinations
of CPHA, when SSis pulled low. These are: 1) with CPHA=1
of 0, the first bit of data is applied to the MISO line for
transfer, and 2) when CPHA = 0the slave device is prevent-
ed from writing to its data register. Refer to the WCOL status
flag in the senal peripheral status register (location $0B)
description for further information on the effects that the SS
input and CPHA control bit have on the I/O data register. A
high level SS signal forces the MISO (master in, slave out)
line to the high-impedance state. Also, SCK and the MOSI
(master out, slave in) line are ignored by a slave device
when its SS signal is high.

When a device is a master, it monitors its SS signal for a
logic low, provided that Port D bit 5 is cleared. See Note.
The master device will become a slave device any time its
SSsignal is detected low. This ensures that there is only one
master controlling the SS line for a particular system. When
the SS line is detected low, it clears the MSTR controi bit
(serial peripheral control register, location $0A). Also, con-
trol bit SPE in the serial peripheral control register is
cleared which causes the serial peripheral interface (SP1) to
be disabled (port D SPI pins become inputs). The MODF
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is also set to indicate to the master device that another
device is attempting to become a master. Two devices at-
tempting to be outputs are normally the result of a software
error; however, a system could be configured which would
contain a default master which would automatically “take
over” and restart the system.

Note: In the master mode Port D DDR bit 5 determines whether Port
D bit 5 (8S) is an error detect input to the SPI (DDR bit 5 clear) or a
general-purpose output line (DDR bit 5 set), that can be used to
strobe the lines of slaves

Serial Clock (SCK)

The serial clock is used to synchronize the movement of
data both in and out of the device through its MOSI and
MISO pins. The master and siave devices are capable of
exchanging a data byte of information during a sequence of
eight clock pulses. Since the SCK is generated by the mas-
ter device, the SCK line becomes an input on all slave
devices and synchronizes slave data transfer. The type of
clock and its relationship to data are controlled by the
CPOL and CPHA bits in the serial peripheral control regis-
ter (location $0A) discussed below. Refer to Fig. 21 for
timing.

The master device generates the SCK through a circuit
driven by the internal processor clock. Two bits (SPRO and
SPR1) in the serial peripheral control register (location
$0A) of the master device select the clock rate. The master
device uses the SCK to latch incoming slave device data on




the MISO line and shifts out data to the slave on the MOSI
line. Both master and slave devices must be operated in the
same timing mode as controlled by the CPOL and CPHA bit
in the serial peripheral control register. In the slave device,
SPRO and SPR1 have no effect on the operation of the Serial
Peripheral Interface. Timing is shown in Fig. 21.

Note: The Port D Data Direction Register bit 4 must be set for the
SCK pin to generate (output) a SCK signal

Functional Description
A block diagram of the sernal peripheral interface (SPI) is
shown in Fig. 22. In a master configuration the master start
logic receives an input from the CPU (in the form of a write
to the SPI rate generator) and originates the system clock
(SCK) based on the internal processor clock. This clock i1s
also used internally to control the state controller as well as
the 8-bit shift register. As a master device, data is parallel
loaded into the 8-bit shift register (from the internal bus)
during a write cycle and then shifted out serially to the
MOSI pin for application to the slave device(s). During a
read cycle, datais applied serially from a slave device via the
MISO pin to the 8-bit shift register After the 8-bit shift
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register is loaded, its data is parallel transferred to the read
buffer and then 1s made available to the internal data bus
during a CPU read cycle

In a slave configuration, the slave start logic receives a logic
low (from a master device) at the §3 pin and a system clock
input (from the same master device) at the SCK pin Thus,
the slave is synchronized with the master Data from the
master 1s received serially at the slave MOSI pin and loads
the 8-bit shift register After the 8-bit shift register s loaded,
its data is parallel transferred to the read buffer and then is
made available to the internal data bus during a CPU read
cycle. During a write cycle, data is parallel loaded into the
8-bit shift register from the internal data bus and then shift-
ed out serially to the MISO pin for application to the master
device

Fig. 23 illustrates the MOSI, MISO, and SCK master-slave
interconnections. Note that in Fig. 23 the master 55 pin is
tied to a logic high and the slave 58 pin is a logic low. Fig
21a provides a larger system connection for these same
pins. Note that in Fig. 20(a), all SS pins are connected to a
port pin of a master/slave device. In this case any of the
devices can be a slave.

SEE NOTE
14 \
NTERNAL
PROCESSOR 33| sck 32| wmosi 2 m
- — |
RATE oAty READ
GENERATOR toaa
4,8 INTERNAL
READ BUFFER  (LOAD) |—7 »  DATA
BUS
SPIF
soc 8 (END TX)
8-BIT SHIFT Fi
3 reisTen U
B P
S Loaic
WRITE
(SEE NOTE)
2
CONTROL STATE
SPCR BITS CONTROLLER
SO0A
3
sP.
7
/ -
7
NOTES

THE §8, SCK, MOSI. AND MISO ARE EXTERNAL PINS WHICH PROVIDE THE

FOLLOWING FUNCTIONS

(a) MOSI-PROVIDES SERIAL OUTPUT TO SLAVE UNIT(S) WHEN DEVICE IS
CONFIGURED AS A MASTER RECEIVES SERIAL INPUT FROM MASTER
UNIT WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT

(b) MISO-RECEIVES SERIAL INPUT FROM SLAVE UNIT(S) WHEN DEVICE IS
CONFIGURED AS A MASTER PROVIDES SERIAL OUTPUT TO MASTER
WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT

(c) SCK -PROVIDES SYSTEM CLOCK WHEN DEVICE IS CONFIGURED AS A
MASTER UNIT RECEIVES SYSTEM CLOCK WHEN DEVICE IS CON-

__ FIGURED AS A SLAVE UNIT
() §8

-PROVIDES A LOGIC LOW TO SELECT A SLAVE DEVICE FOR A

TRANSFER WITH A MASTER DEVICE

92CM-39390

Fig. 22 - Serial Peripheral Interface Block Diagram
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Fig. 23 - Serial Peripheral Interface Master-Slave Interconnection
Registers B4, MSTR The master bit determines whether the device

There are three registers in the serial parallel interface
which provide control, status, and data storage functions
These registers, which include the serial peripheral control
register (SPCR, location $0A), serial peripheral status regis-
ter (SPSR, location $0B), and serial peripheral data I/O
register (SPDR, location $0C) are described below.

Note: Inaddition, the Port D Data Direction Register (DDR) must be
properly configured See note in the section labelled “Input/Output
Programming-Special-Purpose Port”

Serial Peripheral Control Register (SPCR)
7 6 5 4 3 2 1 0
[sPiE[sPE [pwom|[msTR [cPOL[cPHA[SPR1]SPRO] $0A

The serial peripheral control register bits are defined as
follows.
B7, SPIE When the serial peripheral interrupt enable bit
is high, it allows the occurrence of a processor
interrupt, and forces the proper vector to be
loaded into the program counter if the serial
peripheral status register flag bit (SPIF and/or
MODF) 1s set to a logic one. It does not inhibit
the setting of a status bit. The SPIE bit I1s
cleared by reset.

B6, SPE When the serial peripheral output enable con-
trol bit is set, all output drive is applied to the
external pins and the system is enabled. When
the SPE bit is set, it enables the SPI system by
connecting it to the external pins thus allowing
it to interface with the external SPI bus. The
pins that are defined as output depend on
which mode (master or slave) the device is in
Because the SPE bit is cleared by reset, the
SPI system is not connected to the external
pins upon reset.

The Port D Wire-OR Mode bit controls the
output buffers for Port D bits 2 through 5 If
DWOM=1, the four Port D output buffers be-
have as open-drain outputs. If DIWOM=0, the
four Port D output buffers operate as normal
CMOS outputs. DWOM is cleared by reset.

B5, DWOM
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is a master or a slave. If the MSTR bit is a logic
zero it indicates a slave device and a logic one
denotes a master device. If the master mode 1s
selected, the function of the SCK pin changes
from an input to an output and the function of
the MISO and MOSI pins are reversed. This
allows the user to wire device pins MISO to
MISO, and MOSI to MOSI and SCK to SCK
without incident. The MSTR bit is cleared by
reset, therefore, the device is always placed in
the slave mode during reset.

B3, CPOL The clock polarity bit controls the normal or
steady state value of the clock when datais not
being transferred. The CPOL bit affects both
the master and slave modes It must be usedin
conjunction with the clock phase control bit
(CPHA) to produce the wanted clock-data re-
lationship between a master and a slave de-
vice. When the CPOL bit 1s a logic zero, it
produces a steady state low value at the SCK
pin of the master device If the CPOL bitis a
logic one, a high value is produced at the SCK
pin of the master device when datais not being
transferred. The CPOL bit is not affected by
reset. Refer to Fig. 21.

B2, CPHA The clock phase bit controls the relationship
between the data on the MISO and MOSI pins
and the clock produced or received at the SCK
pin. This control has effect in both the master
and slave modes. It must be used in conjunc-
tion with the clock polarity control bit (CPOL)
to produce the wanted clock-data relation.
The CPHA bitin general selects the clock edge
which captures data and allows it to change
states. It has its greatest impact on the first bit
transmitted (MSB) in that it does or does not
allow a clock transition before the first data
capture edge. The CPHA bit is not affected by
reset. Refer to Fig. 21.

B1, SPR1
B0, SPRO

These two serial peripheral rate bits select one
of four baud rates to be used as SCK if the
device is a master; however, they have no ef-
fect in the slave mode. The slave device I1s




capable of shifting data in and out at a maxi-
mum rate which is equal to the CPU clock
(maximum = 2.1 MHz). A rate table I1s given
below for the generation of the SCK from the
master The SPR1 and SPRO bits are not af-
fected by reset

Internal Processor
SPR1 SPRO Clock Divide By
0 0 2
0 1 4
1 0 16
1 1 32

Serial Peripheral Status Register (SPSR)

7 6

5 4 3 2 1 0

[sPiFJwcoL] — JmooF] — [ — [ — [ — |sos

The status flags which generate a serial peripheral interface
(SPIly interrupt will not be blocked by the SPIE control bitin
the serial peripheral control register; however, the interrupt
will be blocked The WCOL bit does not cause an interrupt.
The sernal peripheral status register bits are defined as

follows:
B7, SPIF

B6, WCOL

The serial peripheral data transfer flag bit noti-
fies the user that a data transfer between the
device and an external device has been com-
pleted. With the completion of the data
transfer, SPIF is set, and if SPIE is set, a serial
peripheral interrupt (SPI) is generated. During
the clock cycle that SPIF is being set, a copy of
the received data byte in the shift register is
moved to a buffer When the data register is
read, it I1s the buffer that is read. During an
overrun condition, when the master device has
sent several bytes of data and the slave device
has not responded to the first SPIF, only the
first byte sent is contained in the receiver
buffer and all other bytes are lost.

The transfer of data i1s initiated by the master
device writing its serial peripheral data
register.

Clearing the SPIF bit is accomplished by a
software sequence of accessing the seral pe-
ripheral status register while SPIF is set and
followed by a write to or a read of the serial
peripheral data register. While SPIF is set, all
writes to the serial peripheral data register are
inhibited until the proper clearing sequence is
followed. This occurs in the master device. In
the slave device, SPIF can be cleared (using a
similar sequence) during a second transmis-
sion, however, it must be cleared before the
second SPIF in order to prevent an overrun
condition The SPIF bit is cleared by reset

The function of the write collision status bit is
to notify the user that an attempt was made to
write the serial peripheral data register while a
data transfer was taking place with an external
device The transfer continues uninterrupted;
therefore, a write will be unsuccessful. A “read
ccllision” will never occur since the received
data byte is placed in a buffer in which access
is always synchronous with the MCU opera-
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tion. If a “write collision” occurs, WCOL is set
but no SPI interrupt is generated. The WCOL
bit is a status flag only.

Clearing the WCOL bit is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while WCOL is set, fol-
lowed by 1) a read of the serial peripheral data
register prior to the SPIF bit being set, or 2) a
read or write of the serial peripheral data regis-
ter after the SPIF bit is set. A write to the serial
peripheral data register (SPDR) prior to the
SPIF bit being set, will result in generation of
another WCOL status flag. Both the SPIF and
WCOL bits will be cleared in the same se-
quence. If a second transfer has started while
trying to clear (the previously set) SPIF and
WCOL bits with a clearing sequence contain-
ing a write to the serial peripheral data regis-
ter, only the SPIF bit will be cleared.

A collision of a write to the serial peripheral
data register while an external data transfer is
taking place can occur in both the master
mode and the slave mode, although with the
proper programming the master device should
have sufficient information to preclude this
collision.

Collision in the master device is defined as a
write of the serial peripheral data register
while the internal rate clock (SCK) is in the
process of transfer. The signal onthe SS pin is
always high on the mastegr' device.

A collision in a slave device is defined in two
separate modes. One problem arises in a slave
device when the CPHA control bit is a logic
zero. When CPHA is a logic zero, data is
latched with the occurrence of the first clock
transition. The slave device does not have any
way of knowing when that transition will occur;
therefore, the slave device collision occurs
when it attempts to write the serial peripheral
data register after its S3 pin has been pulled
low. The SS pin of the slave device freezes the
data in its senal peripheral data register and
does not allow itto be altered if the CPHA bitis
a logic zero. The master device must raise the
58S pin of the slave device high between each
byte it transfers to the slave device

The second collision mode is defined for the
state of CPHA control bit being a logic one.
With the CPHA bit set, the slave device will be
receiving a clock (SCK) edge prior to the latch
of the first data transfer. This first clock edge
will freeze the data in the slave device I/0 reg-
ister and allow the MSB onto the external
MISO pin of the slave device. The SS pin low
state enables the slave device but the drive
onto the MISO pin does not take place until the
first data transfer clock edge. The WCOL bit
will only be set if the I/O register is accessed
while atransfer is taking place. By definition of
the second collision mode, a master device
might hold a slave device SS pin low during
a transfer of several bytes of data without a
problem.

A special case of WCOL occurs in the slave
device. This happens when the master device
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starts a transfer sequence (an edge of SCK for
CPHA=1; or an active SS transition for
CPHA=0) at the same time the slave device
CPU is writing to its serial peripheral interface
dataregister. In this case it is assumed that the
data byte written (in the slave device serial
peripheral interface) is lost and the contents of
the slave device read buffer become the byte
that is transferred. Because the master device
receives back the last byte transmitted, the
master device can detect that a fatal WCOL
occurred.

Because the slave device is operating asynch-
ronously with the master device, the WCOL bit
may be used as an indicator of a collision oc-
currence. This helps alleviate the user from a
strict real-time programming effort The
WCOL bit 1s cleared by reset.

Bit 4 MODF The function of the mode fault flag (MODF) is
defined for the master mode device. If the de-
vice is a slave device, the MODF bit will be
prevented from toggling from a logic zero to a
logic one; however, this does not prevent the
device from being in the slave mode with the
MODF bit set The MODF bit is normally a
logic zero and_is set only when the master
device has its SS pin pulled low. Toggling the
MODF bit to a logic one affects the internal
serial peripheral interface (SPI) system in the
following ways.

1. MODF is set and SPI interrupt is generated
if SPIE=1

2. The SPE bit is forced to a logic zero This
blocks all output drive from the device, dis-
abled the SPI system.

3 .The MSTR bit is forced to a logic zero, thus
forcing the device into the slave mode.

Clearing the MODF is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while MODF is set fol-
lowed by a write to the serial peripheral control
register. Control bits SPE and MSTR may be
restored to their original set state during this
clearing sequence or after the MODF bit has
been cleared. Hardware does not allow the
user to set the SPE and MSTR bit while MODF
is a logic one unless it is during the proper
clearing sequence. The MODF flag bit indi-
cates that there might have been a multi-mas-
ter conflict for system control and allows a
proper exit from system operation to a reset or
default system state. The MODF bit is cleared
by reset.

Serial Peripheral Data I/0 Register (SPDR)

7 6 5 4 3 2 1 0
L Serial Peripheral Data 1/0 Register I

The serial peripheral data 1/O register is used to transmit
and receive data on the serial bus. Only a write to this
register will initiate transmission/reception of another byte
and this will only occur in the master device. A slave device
writing to its data I/0 register will not initiate a transmission.
At the completion of transmitting a byte of data, the SPIF
status bit is set in both the master and slave devices. A write
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or read of the serial peripheral data 1/0 register, after ac-
cessing the senal peripheral status register with SPIF set,
will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy
of the recelved data byte in the shift register is being moved
to a buffer. When the user reads the serial peripheral data
1/0 register, the buffer is actually being read. During an
overrun condition, when the master device has sent several
bytes of data and the slave device has not internally re-
sponded to clear the first SPIF, only the first byte is con-
tained in the receive buffer of the slave device; all others are
lost The user may read the buffer atany time The first SPIF
must be cleared by the time a second transfer of data from
the shift register to the read buffer is initiated or an overrun
condition will exist.

A write to the serial peripheral data I/O register is not buf-
fered and places data directly into the shift register for
transmission

The ability to access the serial peripheral data 1/O register is
limited when a transmission 1s taking place. It is important
to read the discussion defining the WCOL and SPIF status
bits to understand the limits on using the serial peripheral
data 1/0 register.

Serial Peripheral Interface (SPI)
System Considerations

There are two types of SP| systems: single master system
and multi-master systems. Figure20 illustrates both of
these systems and a discussion of each Is provided below.

Figure20a illustrates how a typical single master system
may be configured, using a CDP6805 CMOS Family device
as the master and four CDP6805 CMOS Family devices as
slaves As shown, the MOSI, MISO, and SCK pins are all
wired to equivalent pins on each of the five devices. The
master device generates the SCK clock, the slave devices all
receive it. Because the CDP6805 CMOS master device is the
bus master, it internally controls the function of its MOSI
and MISO lines, thus writing data to the slave devices on the
MOSI and reading data from the slave devices on the MISO
hines. The master device selects the individual slave devices
by using four pins of a parallel port to control the four 3§
pins of the slave devices. A slave device is selected when the
master device pulls its SS pin low. The SS pins are pulled
high during reset because the master device ports will be
forced to be inputs at that time, thus disabling the slave
devices. Notice that the slave devices do not have to be
enabled in a mutually exclusive fashion except to prevent
bus contention on the MISO line. For example, three slave
devices enabled for a transfer are permissible if only one
has the capability of being read by the master. An example
of this is a write to several display drivers to clear a display
with a single 1/0 operation. To ensure that proper data
transmission is occurring between the master device and a
slave device, the master device may have the slave device
respond with a previously received data byte (this data byte
could be inverted or at least be a byte that is different from
the last one sent by the master device). The master device
will always receive the previous byte back from the slave
device if all MISO and MOSI lines are connected and the
slave has not written to its data I/O register. Other transmis-
sion security methods might be defined using ports for
handshake lines or data bytes with command fields.

A multi-master system may also be configured by the user.
A system of this type is shown inFigure 20b. An exchange of




master control could be implemented by an exchange of
code messages through the serial peripheral interface sys-
tem. The major device control that plays a part in this sys-
tem is the MSTR bit in the serial peripheral control register
and the MODF bit in the serial peripheral status register.
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Note that the DWOM bit would also be set to prevent bus
contention. For additional information on this configura-
tion and SPIin general, refer to RCA Application Note ICAN
7264 entitled “Versatile Serial Protocol for a Microcom-
puter-Peripheral Interface.”

Effects of Stop and Wait Modes on the
Timer and Serial System

The STOP and WAIT instructions have different effects on
the programmable timer and serial peripheral interface
(SPI1) system These different effects are discussed sepa-
rately below

Stop Mode

When the processor executes the STOP instruction, the
internal oscillator is turned off This halts all internal CPU
processing and the serial peripheral interface The pro-
grammable timer will only continue to count if an external
timer oscillator 1s used. The only way for the MCU to “wake
up” from the stop mode is by receipt of an external interrupt
(logic low on IRQ pin), an external timer oscillator interrupt,
a Port B interrupt or by the detection of a reset (logic low on
RESET pin or a power-on reset). The effects of the stop
mode on each of the MCU systems (Timer and SPI) are
described separately.

Timer During Stop Mode

When the MCU enters the STOP mode, the timer will con-
tinue to count and generate interrupts if using an external
timer oscillator. If using the CPU clock to clock the timer,
the timer counter stops counting (the internal processor
clock is stopped) and remains at that particular count value
until the stop mode is exited by an interrupt (if exited by
reset the counter is forced to $FFFC). If the stop mode is
exited by an external low on the TRQ pin, then the counter
resumes from its stopped value as if nothing had happened.
Another feature of the programmable timer, in the stop
mode, 1s that if at least one valid input capture edge occurs
atthe TCAP pin, the iInput capture detect circuitry is armed
This action does not set any timer flags or “wake up” the
MCU, but when the MCU does “wake up” there will be an
active input capture flag (and data) from that first valid edge
which occurred during the stop mode If the stop mode is
exited by an external reset (logic low on RESET pin), then
no such input capture flag or data action takes place even if
there was a valid input capture edge (at the TCAP pin)
during the MCU stop mode

SPI During Stop Mode

When the MCU enters the stop mode, the baud rate gener-
ator which drives the SP1 shuts down. This essentially stops

all master mode SPI operation, thus the master SPI is un-
able totransmit or receive any data If the STOP instruction
1s executed during an SPI transfer, that transfer i1s halted
until the MCU exits the stop mode (provided 1t 1s an exit
resulting from a logic low on the TRQ pin) If the stop mode
is exited by a reset, then the appropriate control/status bits
are cleared and the SPI is disabled If the device is in the
slave mode when the STOP instruction is executed, the
slave SPI will still operate. It 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 SPl in the
STOP mode, no flags are set until a logic low TRQ input
results in an MCU “wake up”. Caution should be observed
when operating the SPI (as a slave) during the stop mode
because none of the protection circuitry (write collision,
mode fault, etc.) is active.

It should also be noted that when the MCU enters the stop
mode all enabled output drivers (TDO, TCMP, MISO, MOSI,
and SCK ports) remain active and any sourcing currents
from these outputs will be part of the total supply current
required by the device

Wait Mode

When the MCU enters the wait mode, the CPU clock is
halted All CPU action is suspended; however, the timer and
SPI systems remain active. In fact an interrupt from the
timer or SPI (1n addition to a logic low on the or RESET
pins or a Port B interrupt, if enabled) causes the processor
to exit the wait mode. Since the three systems mentioned
above operate as they do in the normal mode, only a general
discussion of the wait mode is provided below.

The wait mode power consumption depends on how many
systems are active. The power consumption will be highest
when all the systems (timer, TCMP and SPI) are active. The
power consumption will be the least when the SPI system is
disabled (timer operation cannot be disabled in the wait
mode). If a non-reset exit from the wait mode is performed
(i.e., timer overflow interrupt exit), the state of the remain-
ing systems will be unchanged. If a reset exit from the wait
mode is performed all the systems revert to the disabled
reset state.
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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. All the in-
structions within a given type are presented in individual
tables.

All of the instructions used in the CDP6805 CMOS Family
are used in the CDP68HC05D2 MCU, plus an additional
one; the muitiply (MUL) instruction. This instruction allows
for unsigned multiplication of the contents of the accumula-
tor (A) and the index register (X). The high order product is
then stored in the index register and the low order product
is stored in the accumulator. A detailed definition of the
MUL instruction is shown below.

Z: Not affected

C: Cleared
Source
Form(s): MUL
Addressing
Mode Cycles Bytes Opcode
Inherent 11 1 $42

Register/Memory Instructions

Most of these instructions iise two operands. The first oper-
and is either the accumulator or the index register. The
second operand is obtained from memory using one of the
addressing modes. The operand for the jump unconditional
(JMP) and jump to subroutine (JSR) instructions I1s the

Operation: XA < X*A program counter Refer to Table VI.
Description: Multnphgs the.elght bits in the index register Ready-Modify-Write Instructions
by the eight bits in the accumulator to obtain These Instructions read a memory location or a register
a 16-bit unsigned number in the concate- 0 TR G TR ontents, and write the modified valus
nated accumulator and index register. odity o contents, and wri moaitied valu
back to memory or to the register. The test for negative or
Condition zero (TST) instruction is an exception to the read/modi-
Codes: H: Cleared fy/write sequence since it does not modify the value. Refer
I Not affected to Table VII.
N Not affected . .
Table VI — Register/Memory Instructions
Addressing Modes
Indexed Indexed Indexed
Direct Exte (No Offset) (8-Bit Offset) (16-Bit Offset)
Op # # Op # # Op # # Op # # Op # # oP # #
Function Mnem | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles
Load A from Memory | LDA AB 2 2 B6 2 3 Ccé 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory | LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory. STA — - — B7 2 4 cr7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX — — — BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 cB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and
Carryto A ADC A9 2 2 B9 2 3 c9 3 4 F9 1 E9 2 4 D9 3 5
Subtract Memory suB A0 2 2 BO 2 3 Cco 3 4 FO 1 EO0 2 4 DO 3 5
Subtract Memory from|
A with Borrow SBC A2 2 2 B2 2 3 c2 3 4 F2 1 3 €2 2 4 b2 3 5
AND Memory to A AND A4 2 2 B4 2 3 Cc4 3 4 Fa4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusive OR Memory
with A EOR AB 2 2 B8 2 3 Cc8 3 4 F8 1 3 E8 2 4 D8 3 5
Anthmetic Compare A
with Memory CMP A1 2 2 B1 2 3 C1 3 4 F1 1 3 E1 2 4 D1 3 5
Anthmetic Compare X
with Memory CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5
Bit Test Memory with
A (Logical Compare) | BIT AS 2 2 B85 2 3 Cs5 3 4 F5 1 3 ES 2 4 D5 3 5
Jump Unconditional | JMP — — — BC 2 2 cC 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine | JSR - - - BD 2 5 CcD 3 6 FD 1 5 ED 2 6 oD 3 7
Table VII — Read-Modify-Write Instructions
Addressing Modes
Indexed Indexed
Inherent (A) Inherent (X) Direct (No Oftset) (8-Bit Offset)
Op # # Oop # # Op # # Op # # Op 4 #
Function Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 BA 2 6
Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6
Complement com 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate
(2's Complement) NEG 40 1 3 50 1 3 30 5 70 1 5 60 2 6
Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 5 79 1 5 69 2 6
Rotate Right Thru /
Carry ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative
or Zero TST 4D 1 3 5D 1 3 3D 2 4 70 1 4 6D 2 5
Multiply MUL 42 1 1 — — - - - - - — - - - -
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Most branch instructions test the state of the condition
code register and, if certain criteria are met, a branch is
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executed. This adds an offset between -127 and +128 to the
current program counter. Refer to Table VIII.

Table VIIl — Branch Instructions
Relative Addressing Mode
Op # #
Function Mnemonic Code Bytes Cycles

Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 2B 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit 1s Set BMS 2D 2 3
Branch IFF Interrupt Line is Low BIL 2E 2 3
Branch IFF Interrupt Line is High BIH 2F 2 3
Branch to Subroutine BSR AD 2 6

Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which
resides in the first 256 bytes of the memory space except for
ROM, port D data location ($03) bits 0, 1, 6, 7, serial peripher-
al status register ($0B), timer status register ($13), and timer
Input capture register ($14, $15). All port registers, DDRs,
timer, serial system, on-chip RAM, and 128 bytes of ROM

reside in the first 256 bytes (pages zero). An additional
feature allows the software to test and branch on the state of
any bit within the first 256 locations. The bit set, bit clear,
and bit test and branch functions are allimplemented with a
single instruction. For the test and branch instructions, the
value of the bit tested is automatically placed in the carry bit
of the condition code register. Refer to Table IX.

Table XI — Bit Manipulation Instructions

Addressing Modes
Bit Set/Clear Bit Test and Branch
Op # # Op # #
Function Mnemonic Code Bytes | Cycles Code Bytes | Cycles
Branch IFF Bit n is Set BRSET n (n=0...7) — — — 2en 3 5
Branch IFF Bit n is Clear BRCLR n (n=0...7) — — — 01+ 2¢n 3 5
Set Bit n BSET n (n=0...7) 10 + 2¢n 2 5 — — —
Clear Bitn BCLR n (n=0...7) 11+ 2¢n 2 5 — — —
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Control Instructions
These instructions are register reference instructions and

are used to control processor operation during a program
execution. Refer to Table X.

Table X — Control Instructions

Inherent
Op # #
Function Mnemonic | Code | Bytes | Cycles

Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWi 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

Alphabetical Listing

The complete instruction set is given in alphabetical order
in Table XI.

Opcode Map

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

Addressing Modes
The MCU uses ten different addressing modes to provide
the programmer with an opportunity to optimize the code to
all situations. The various indexed addressing modes make
it possible to locate data tables, code conversion tables, and
scaling tables anywhere in the memory space. Short in-
dexed accesses are single byte instructions, while the long-
est instructions (three bytes) permit accessing tables
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throughout memory. Short absolute (direct) and long abso-
lute (extended) addressing are also included. One and two
byte direct addressing instructions access all data bytes in
most applications. Extended addressing permits jump in-
structions to reach all memory. Table XlI shows the ad-
dressing modes for each instruction, with the effects each
instruction has on the condition code register.

The term “effective address” (EA) is used in describing the
various addressing modes, and is defined as the byte ad-
dress to or from which the argument for an instruction is
fetched or stored. The ten addressing modes of the proces-
sor are described below. Parentheses are used to indicate
“contents of” the location or register referred to; e.g., (PC)
indicates the contents of the location pointed to by the PC.
An arrow indicates “is replaced by”, and a colon indicates
concatenation of two bytes.
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Table XI — Instruction Set

Condition Codes

N|zZ|C
AlA]A
AlA]A
A A

AlA]A
A|A[A

A A

AlA|A

A|AA

Al|A

AlA

AlA]A

AlA|A

AlA

AlA]|A
A|lA|A

A|A|A

Al A

Al A

Aj{A|A

AjA| e

Addressing Modes

Bit
Test &

Branch | H

Bit

Set/
Clear

Indexed
(16 Bits)

Indexed

(8 Bits)

Indexed
(No Offset)

Relative

Extended

Direct

X

ADC
ADD
AND

ASL

ASR

BCC
BCLR

BCS
BEQ
BHCC
BHCS
BHI
BHS
BIH
BIL
BIT
BLO
BLS
BMC
BMI
BMS
BNE
BPL
BRA
BRN
BRCLR
BRSET
BSET
BSR
CLC
CLI
CLR
CMP
COoM

CPX

DEC
EOR
INC

JMP
JSR

LDA
LDX
LSL
LSR
MUL
NEG

NOP
ORA
ROL
ROR

RSP
RTI
RTS
SBC

SEC
SE|

STA
STOP

STX
suB
Swi
TAX
TST

TXA
WAIT

Condition Code Symbols:

H  Half Carry (From Bt 3)

Set

0 Cleared

1

Load CC Register From Stack

Not Affected

3
2

Z Zero

A Testand Set if True Cleared Otherwise

C Carry/Borrow

Interrupt Mask
N Negate (Sign Bit)
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Table XIl — CDP68HC05D2 HCMOS Instruction Set Opcode Map

Bit Branch Read/Modity/Write Control Register/Memory
[30) BSC REL DIR INH INH X1 [ INH INH MM DIR EXT X2 X1 x
Hi| 0 1 2 3 4 5 6 7 [ 9 A B c D E F (Wi
Low 0000 0001 0010 0011 0100 0101 0110 o111 1000 1001 1010 1011 1100 1101 110 11 Low
5 5 3 5 3 6 5 2 3 4 5 a 3
0 | BRSETO | BSETO | BRA NEG NEG NEG NEG NEG RT1 sus suB suB sus suB sus 0
0000 |3 BTB |2 BSC|2 REL[2 DIR|1 INW|1 INH|2 x1|1  ix[|1 INH 2 IMM |2 DIR |3 EXT X2 |2 IX1 |1 x| 0000
5 5 3 6 2 3 4 5 4 3
1| BRCLRO | BCLRO | BRN RTS cMp cmp [ cMP cMP cmP 1
0001 |3 BTB |2 BSC |2 REL 1 INH 2 IMM |2 DIR[3 EXT |3 ix2|2 ix1 |1 x| o001
5 5 3 1 2 3 4 5 4 3
2 | BRSETY | BSET1 BHI MUL sBC sBC sBC SBC sBC sBC 2
0010 |3 BTB|2 BSC|2 REL 1 INH 2 MM |2 DIR[3 EXT|3 ix2|2 Ix1[1 _ Ix| oot
5 5 3 5 3 6 5 10 2 3 4 5 4 3
3 | BRCLR1 | BCLR1 BLS CoM | COMA | comx | com com swi CPX CPX CPX cPX CPX CPX 3
0011 |3 BTB|2 BSC|2 REL[3 DIR|1 INH|1 INH|2 ix1 |1 X |1 INH 2 MM |2 DIR[3 EXT[3 Ix2|2 ix1 |1 x| 0011
5 5 3 5 3 3 6 5 2 3 4 5 4 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 DTR|1 INH[1 INH|2 1Xx1]|1 IX 2 MM [2 DIR|3 EXT[3 ix2|2 1x1|1 x| 0100
5 5 3 2 3 4 5 3
5 | BRCLR2 | BCLR2 | BCS BIT BIT BIT 8IT BIT BIT 5
0101 |3 BTB|2 BSC |2 REL 2 IMM |2 DIR|3 EXT|3 Ix2[2 X1 |1 Ix| 0101
5 5 3 5 3 3 6 5 2 3 4 5 4 3
6 | BRSET3 | BSET3 | BNE ROR | RORA | RORX | ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 |3 BTB |2 BSC|2 REL|2 DIR|1 INH|1 INH|2 ix1 |1 1x 2 MM |2 DIR[3 EXT[3 Ix2|2 IX1|1 1x| 0110
5 5 3 5 3 3 6 5 2 4 5 6 5 4
7 | BRCLR3 | BCLR3 | BEQ ASR ASRA | ASRX ASR ASR TAX STA STA STA STA STA 7
0111 3 BTB[2 BSC|2 REL |2 DIR |1 INH | 1 INH | 2 IX1 |1 1% 1 INH 2 DIR |3 EXT |3 IX2 12 IX1 |1 1X 0111
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
8 | BRSET4 | BSET4 | BHCC LSt LSLA LSLX LsL LsL cLe EOR EOR EOR EOR EOR EOR 8
1000 |3 BTB |2 BSC |2 REL[2 DIR{1 INH|1 INH|2 1|1 X 1 INH|2 MM |2 DIR|3 EXT |3 ix2|2 1x1|1 x| 1000
5 5 3 5 3 3 6 5 2 2 3 4 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 DIRIT INWH|1 INH|2 IX1|1 X 1 INH |2 IMM |2 DIR |3 EXT[3 ix2 |2 X1 |1 ix| 1001
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
A | BRSETs | BSETs | BPL DEC | DECA | DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
1010 [3 BTB |2 BSC |2 REL[2 DIR|[1 INH|1 INH|2 IXx1|1 X 1 INH|2 MM |2 DIR |3 EXT|3 ix2|2 1|1 x| 1010
5 5 3 2 2 3 4 5 4 3
8 | BRCLRs | BCLRS | BMI SEI ADD ADD ADD ADD ADD ADD 8
1011 [3 BTB [2 BSC |2 REL 1 INH |2 MM |2 DIR|3 EXT |3 IX2|2 IX1|1 x| 10m1
5 5 3 5 3 5 5 5 2 2 3 4 3 2
C | BRSET6 | BSET6 | BMC INC INCA | INCX INC INC RSP IMP IMP JMP JMP JMP [
1100 |3 BTB |2 BSC |2 REL[2 DIR[1 INH|1 INHj2 X1 |1 X 1 INH 2 DIR[3 EXT[3 ix2|2 1xi|1 x| 1100
5 5 3 4 3 3 5 4 2 6 5 6 7 6 5
D |BRCLR6 | BCLRe | BMS TST TSTA | TSTX TST TST NOP BSR JSR JSR JSR JSR JSR 5}
1101 |3 BTB |2 BSC |2 REL |2 DIR[1 INH|[1 INH|2 1x1]|1 IX 1 INH|2 REL |2 DIR|3 ExT|3 ixe|2 xi|1 x| 101 |
5 5 3 2 2 4 5 4 3
€ | BRSET7 | BSET7 BIL sToP LDX LDX LDX LDX LDX LOX
1110 |3 BTB |2 BSC |2 REL 1 INH 2 MM |2 DIR|3 EXT|3 ix2|2 X1 |1 IX| 1110
5 5 3 5 3 3 6 2 2 4 5 6 5 4
F | BRCLR7 | BCLR7 | BIH CLR CLRA | CLRX CLR CLR WAIT TXA STX STX STX STX STX F
111 |3 BTB |2 BSC|2 REL[2 DIR|1 INH |1 INH{2 IX1{1 IX|1 INH|[1 INH 2 DIR|3 EXT (3 X2 |2 Ix1|1 x| 10
Abbreviations for Address Modes LEGEND
INH Inherent REL Relative
A Accumulator BSC Bit Set/Clear
X Index Register BT8 Bit Test and Branch F - OPCODE IN HEXADECIMAL
IMM Immediate 1X Indexed (No Offset) nn
DIR Direct X1 Indexed 1 Byte (8-Bit) Offset
EXT Extended 1X2 Indexed 2 Byte (16-Bit) Offset 3 OPCODE |N BINARY
MNEMONIC — 1 *SUB [ ™
BYTES ——op 1 i1x] 0000
CYCLES ADDRESS MODE
Inherent EA = (PC +1); PC— PC + 2

In inherent instructions, all the information necessary to
execute the instruction is contained in the opcode. Opera-
tions specifying only the index register or accumulator, and
no other arguments, are included In this mode.

Immediate

In immediate addressing, the operand is contained in the
byte immediately following the opcode immediate ad-
dressing s used to access constants which do not change
during program execution (e.g., a constant used to initialize
a loop counter).

EA =PC +1; PC — PC + 2

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. This includes all on-chip RAM and 1/O regis-
ters, and 128 bytes of on-chip ROM. Direct addressing is
efficient in both memory and time
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Address Bus High — 0; Address Bus Low — (PC+1)

Extended

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

EA = (PC +1):(PC+2); PC~PC+3
Address Bus High — (PC + 1); Address Bus Low — (PC+2)

Indexed, No Offset

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. Thus, this addressing mode can access the first
256 memory locations. These instructions are only one byte
long. This mode 1s used to move a pointer through a table or
to address a frequently referenced RAM or I/O location.

EA=X,PC—PC+1
Address Bus High — 0; Address Bus Low — X




Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte
following the opcode to that of the index register; therefore,
the operand is located anywhere within the lowest 511 mem-
ory locations. For example, this mode of addressing is use-
ful for selecting the mth element in a n element table. All
instructions are two bytes. The content of the index register
(X) is not changed. The content of (PC+1) is an unsigned
8-bit integer. One byte offset indexing permits look-up ta-
bles to be easily accessed in either RAM or ROM.

EA =X+ (PC +1); PC — PC +2
Address Bus High — K; Address Bus Low — X + (PC + 1)

where;
K = The carry from the addition of X + (PC +1)

Indexed, 16-Bit Offset

In the indexed, 16-bit offset addressing mode, t- 2 effective
address is the sum of the contents of the unsigned 8-bit
index register and the two unsigned bytes following the
opcode. This addressing mode can be used in a manner
similar to indexed 8-bit offset, except that this three byte
instruction allows tables to be anywhere in memory (e.g.,
jump tables in ROM). The content of the index register is not
changed

EA =X+ [(PC +1):(PC +2))]; PC — PC +3
Address Bus High — (PC + 1) + K;
Address Bus Low — X + (PC +2)

where:
K = The carry from the addition of X + (PC + 2)

Relative

Relative addressing is used only in branch instructions. In
relative addressing, the content of the 8-bit signed byte
following the opcode (the offset) is added to the PC if and
only if the branch condition is true. Otherwise, control pro-

6805-Series Microprocessors and Microcomputers

CDP68HCO05D2

ceeds to the next instruction. The span of relative address-
ing is limited to the range of -126 to +129 bytes from the
branch instruction opcode location.

EA =PC + 2+ (PC +1); PC — EA if branch taken;
otherwise, EA =PC — PC + 2

Bit Set/Clear

Direct addressing and bit addressing are combined in In-
structions which set and clear individual memory and 1/0
bits. In the bit setand clear instructions, the byte is specified
asadirect addressin the location following the opcode. The
first 256 addressable locations are thus accessed The bitto
be modified within that byte is specified in the first three bits
of the opcode. The bit set and clear instructions occupy two
bytes, one for the opcode (including the bit number) and
the other to address the byte which contains the bit of
interest.

EA = (PC +1); PC—PC -+ 2
Address Bus High — 0; Address Bus Low — (PC +1)

Bit Test and Branch
Bittestand branch is a combination of direct addressing, bit
set/clear addressing, and relative addressing. The actual bit
to be tested, within the byte, is specified within the low order
nibble of the opcode. The address of the data byte to be
tested is located via a direct address in the location follow-
ing the opcode byte (EA1). The signed relative 8-bit offset is
inthe third byte (EA2) and 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 bit in the first 256 locations of
memory.
EA1=(PC+1)
Address Bus High — 0; Address Bus Low ~ (PC + 1)
EA2 =PC + 3 + (PC + 2), PC — EA2 if branch taken;
otherwise, PC—PC + 3
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Device Characteristics

MAXIMUM RATINGS (Voltages Referenced to Vss)

Ratings Symbol Value Unit
Supply Voltage Voo -0.5t0 +7.0 \
Input Voltage Vin Vss -0.5 to Vpp +0.5 \
Current Drain Per Pin Excluding Vpp and Vss | 25 mA
Operating Temperature Range Ta _40to +125 °c
Storage Temperature Range Tstg -65 to +150 °C

THERMAL CHARACTERISTICS

Characteristics | Symbol | Value | Unit
Thermal Resistance
Ceramic 6JA 50 | °C/W
Plastic 100
Plastic Chip Carrier 70
VDD =45V
Pins R1 R2 C
PAO-PA7, | 3.26 kQ | 2.38kQ | 50 pF
PBO0-PB?7,
PCO0-PC7,
PD6
PD1-PD4 | 1.9kQ [2.26 kQ | 200 pF TEST
POINT
Vop =3.0V
Pins R1 R2 C
PAO-PA7, |10.91kQ | 6.32kQ | 50 pF
PB0-PB7,
PCO0-PC7,
PD6
PD1-PD4 6 kQ 6 kQ 200 pF

This device contains circuitry to protect the inputs against
damage due to high static voltages of electric fields; how-
ever, itis advised that normal precautions be taken to avoid
application of any voltage higher than maximum rated volt-
ages to this high impedance circuit. For proper operation it
is recommended that V., and V.u: be constrained to the
range Vss= (Vin or Vou)<Vpp. Reliability of operation is en-
hanced if unused inputs except OSC2 are connected to an
appropriate logic voltage level (e.g., either Vss or Vopp).

Voo
R2
(SEE TABLE)
o—
c
(SEE Rl
92Cs-39387

Fig. 24 - Equivalent Test Load

Power Considerations
The average chip-junction temperature, Ty, in °C can be
obtained from:
Ts=Ta+ (Po* 8a)
Where-
Ta = Ambient Temperature, °C
6sa = Package Thermal Resistance, Junction-
to-Ambient, °C/W
Po =Pt + Pio
P int = lcc X Vee, Watts — Chip Internal Power
P10 = Power Dissipation on Input and Output
Pins — User Determined

For most applications P,,0 < Pvt and can be neglected.

(1)
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An approximate relationship between Pp and T, (if Pio is
neglected is:
Po =K+ (T, + 273°C) (2)

Solving equations 1 and 2 for K gives:
K= PD'(TA + 273°C) + 0_|A°P|32 (3)

Where Kis a constant pertaining to the particular part. K can
be determined from equation 3 by measuring Po (atequilibri-
um) for a known Ta. Using this value of K the values of Pp
and T, can be obtained by solving equations (1) and (2)
iteratively for any value of Ta.
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DC ELECTRICAL CHARACTERISTICS (Vop = 5.0 Vdc + 10%, Vss = 0 Vdc,
Ta = -40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Min Typ Max Unit
Output Voltage, lLoao < 10 0 A Vou — - 01 '
Von Vpp-0.1 — — Vv
Output High Voltage
(loas = 0.8 mA) PAO-PA7, PB0O-PB7, PCO-PC7, TCMP Von Vop-0 8 — — \"
(lLoas = 1.6 mA) PD1-PD4 Vou Vop-0 8 — — \
Output Low Voltage
(lLosa = 1 6 mA) PAO-PA7, PB0O-PB7, PC0-PC7, PD2-PD5, TCMP Vo — — 04 Vv
Input High Voltage
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, RESET, OSC1 Viu 0.7 x Voo — Voo \
Input Low Voltage
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PDS5, PD7, TCAP, IRQ, RESET, OSC1 \ Vss — |02xVoo| V
Total Supply Current (C. = 50 pF on Ports, no dc Loads, teyc = 500 ns,
(Vie=10.2V, Vi = Vpp - 0.2V) No external timer oscillator
RUN loo — 4 TBD mA
WAIT (See Note) loo — 15 TBD mA
STOP (See Note) loo — 10 TBD uA
Total Supply Current (C. = 50 pF on Ports, no dc Loads, te,c = 500 ns,
(Viw=10.2V, Vin = Voo - 0 2V) 32 768 KHz external timer
crystal oscillator for circuit as shown in Fig. 13(c).
RUN loo — 45 TBD mA
WAIT (See Note) loo - 2.0 TBD mA
STOP (See Note) loo — 500 TBD uA
/0O Ports Hi-Z Leakage Current
PAO0-PA7, PB0-PB7, PC0-PC7, PD1-PD5 Iy — — +10 LA
Input Current
, IRQ, TCAP, OSC1, PDO, PD7 In — — +1 A
Capacitance
Ports #as input or output) Cout — — 12 pF
, IRQ, TCAP, OSC1, PD0-PD5, PD7 Cin — — 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, Vic = 0.2V, Viu = Vpp-02 V.
2. No load on TCMP, C. = 20 pF on OSC2
3. OSC1 is asquare wave with Vit =02V, Viu=Vpp - 0.2V
4.SPE=0
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DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vdc + 10%, Vss = 0 Vdc,

Ta =-40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Min Typ Max Unit
Output Voltage, lLoap = 10.0 uA Voo - — 01 \
Vow Voo-0 1 — — \
Output High Voltage
(lLoas = 0 2 mA) PAQ-PA7, PB0-PB7, PCO-PC7, TCMP, PD5 Vor Vop-0.3 - — v
(loas = 0 4 mA) PD1-PD4 Vor Vpo-0.3 — — \
Output Low Voltage
(lLoad = 0.4 mA) PAO-PA7, PB0-PB7, PC0-PC7, PD2-PD5, TCMP Voo — — 03 Vv
Input High Voltage
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, TRQ, RESET, OSC1 Vin 07xVoo | — Voo v
Input Low Voltage
PA0-PA7, PBO-PB7, PCO-PC7, PD0-PD5, PD7, TCAP, IRQ, RESET, OSC1 Vi Vss — 0.2 x Voo \
Total Supply Current (C. = 50 pF on Ports, no dc Loads, teyc = 1000 ns,
(Vi,=10.2 V, Vis = Vpp - 0 2V) No external timer oscillator
RUN loo — 14 TBD mA
WAIT (See Note) loo - 500 TBD A
STOP (See Note) loo — 1 TBD HA
Total Supply Current (C. = 50 pF on Ports, no dc Loads, tc,c = 1000 ns,
(ViL=10.2V, Viu = Vpo - 0 2V) 32 768 KHz external timer
crystal oscillator circuit as shown in Fig. 13(c).
RUN loo — 1.5 TBD mA
WAIT (See Note) loo — 600 TBD MA
STOP (See Note) loo — 100 TBD pA
1/0 Ports Hi-Z Leakage Current
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD5 I — — +10 LA
Input Current
, IRQ, TCAP, OSC1, PD0, PD7 lin — — +1 HA
Capacitance
Ports (as input or output) Cout — — 12 pF
ET, IRQ, TCAP, OSC1, PD0-PDS5, PD7 Cin — — 8 pF

NOTE" Measured under the following conditions:
1. All ports are configured as input, Vi =02V, Viu = Vpp-02 V.
2. No load on TCMP, C. = 20 pF on OSC2.
3. OSC1 is a square wave withV,, =02V, Viy =Vpp-0.2V
4.SPE=0
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CONTROL TIMING (Voo = 6.0 Vdc £ 10%, Vss = 0 Vdc, Ta = -40°C to +125°C)

Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc — 4.2 MHz

External Clock Option fosc dc 42 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop — 21 MHz

External Clock (fosc + 2) fop dc 2.1 MHz
Cycle Time (See Figu ) teye 480 — ns
Crystal Oscillator Startup Time (See Figure 8) toxcv — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 25) ticen — 100 ms
RESET Pulse Width (See Figure 9) taL 1.5 — teye
Timer

Resolution** tresL 4.0 — teye

Input Capture Pulse Width (See Figure 26) trm, toe 125 — ns

Input Capture Pulse Period (See Figure 26) trone o — teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tiun 125 — ns
Interrupt Pulse Period (See Figure 11) tiu * — teye
OSC1 Pulse Width ton, tor 90 — ns
External Timer Oscillator frequency of operation frosc — fosc — 4 fosc

*The minimum period tiu. should not be less than the number of cycle times it takes to execute the interrupt service
routine plus 21 teyec.

**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this 1s the limiting minimum factor in
determining the timer resolution
***The minimum period tr.re should not be less than the number of cycle times it takes to execute the capture interrupt
service routine plus 24 teyc

ot N7 A

trL—>

RESET

tiLin —=

I E tiLcH 4064 to ™
INTERNAL
cLock

o

0o
o

INTERNAL:
ADDRESS
sus W 'FrE
——
NOTES: RESET OR INTERUPT
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.
92CM-39375

Fig. 25 - Stop Recovery Timing Diagram
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CONTROL TIMING (Voo = 3.0 Vdc £ 10%, Vss =0 Vdc, Ta = -40°C to +125°C)

Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc — 2.0 MHz

External Clock Option fosc dc 2.0 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop — 1.0 MHz

External Clock (fosc + 2) fop dc 1.0 MHz
Cycle Time (See Figure 8) teye 1000 — ns
Crystal Oscillator Startup Time (See Figure 8) toxov — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 25) tiLcH —_ 100 ms
RESET Pulse Width - Excluding Power-Up (See Figure 8) tRL 1.5 — teye
Timer

Resolution** tresL 4.0 — teye

Input Capture Pulse Width (See Figure 26) trm, tr 250 — ns

Input Capture Pulse Period (See Figure 26) trome e — toye
Interrupt Puise Width Low (Edge-Triggered) (See Figure 11) tiLH 250 — ns
Interrupt Pulse Period (See Figure 11) tiLe * — teye
OSC1 Pulse Width ton, tor 200 — ns
External timer oscillator frequency of operation frosc — fosc + 4 fosc

*The minimum period .. 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 is the limiting minimum factor in
determining the timer resolution.
***The minimum period trLr should not be less than the number of cycle times it takes to execute the capture interrupt
service routine plus 24 teye.

f——tTLT L— —» tTH jt— —» tTL |&—
EXTERNAL
SIGNAL
(TCAP _] L
PIN 37)
92Cs-39382

Fig. 26 - Timer Relationships
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 5.0 Vdc & 10%, Vss = 0 Vdc, Ta = -40°C to +125°C)

Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency e

Master fopm dc 0.5 fop

Slave fopisr dc 2.1 MHz
1 Cycle Time

Master teycim 2.0 — teye

Slave teyets) 480 — ns
2 Enable Lead Time

Master tiead(m) * —

Slave tieads) 240 — ns
3 Enable Lag Time

Master tiagim * —

Slave tiagis) 240 — ns
4 Clock (SCK) High Time

Master twisckHim 340 — ns

Slave twisckris 190 — ns
5 Clock (SCK) Low Time

Master twisckum 340 — ns

Slave twisckus 190 — ns
6 Data Setup Time (Inputs)

Master tsuim 100 — ns

Slave tsuts) 100 — ns
7 Data Hold Time (Inputs)

Master thim 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 tais — 240 ns
10 Data Valid

Master (Before Capture Edge) tum) 0.25 — teyem)

Slave (After Enable Edge)** tus) — 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) thotm 0.25 — teyem

Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Voo, CL = 200 pF)

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

SP! Inputs (SCK, MOSI, MISO, SS) tes — 2.0 us
13 Fall Time (70% Vop to 20% Vpp, CL = 200 pF)

SPI Outputs (SCK, MOSI, MISO) tim — 100 ns

SPI Inputs (SCK, MOSI, MISO, §S5) ts — 2.0 us

*Signal production depends on software
**Assumes 200 pF load on all SPI pins
***Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore
1.05 MHz maximum.
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 3.3 Vdc + 10%, Vss =0 Vdc, Ta=-40°C to +125°C)

Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency e
Master foptrm dc 0.5 fop
Slave fop(s) dc 1.0 MHz
1 Cycle Time
Master teycim 2.0 — teye
Slave teyets) 1.0 — us
2 Enable Lead Time
Master tiead(m * —
Slave tiead(s) 500 — ns
3 Enable Lag Time
Master tiagm * —
Slave tiag(s) 500 - ns
4 Clock (SCK) High Time
Master twisckHIm 720 — uS
Slave twisckHis 400 —_ ns
5 Clock (SCK) Low Time
Master twisckuim 720 — us
Slave twisckus 400 — ns
6 Data Setup Time (Inputs)
Master tsum 200 — ns
Slave tsuts) 200 — ns
7 Data Hold Time (Inputs)
Master them 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 tas — 500 ns
10 Data Vald
Master (Before Capture Edge) tuem 0.25 - teyem
Slave (After Enable Edge)** tvs —_ 500 ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) thotm) 0.25 — teyem
Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Voo, C. = 200 pF)
SPI Outputs (SCK, MOSI, MISO tim — 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) trs — 2.0 us
13 Fall Time (70% Voo to 20% Voo, C. = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tim — 200 ns
SPI Inputs (SCK, MOSI, MISO, 53) trs — 2.0 us

*Signal production depends on software
**Assumes 200 pF load on all SPI pins.
***Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore
0.5 MHz maximum.
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Branding:

The packages (DIC, DIP, or PCC) in which the RCA custom
Microcomputers are supplied are branded with both the
basic type number and an RCA custom part number. Please
refer to both numbers when discussing a custom Micro-
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computer order with RCA representatives. RCA can ac-
commodate special requirements of customers. The stan-
dard format is as follows:

BASIC PART — | cppgaHCosD2 [®— cushon XXXXXXXX ~ fe— "CUSTOMER
SPECI
NUMBER RCA XXXXX CUSTOM P/N RCA XXXX CIAL BRAND
415 l@— DATE CODE —» 415

*CUSTOMER SPECIAL BRAND (UP TO 10 CHARACTERS FOR DIC. 13 CHARACTERS

FOR DIP).

Mechanical Data

Terminal Assignments

RESET — | =~ 40— vpp
TRQ — 2 39— 0sCt
NC — 3 38— osc2
PA7 — 4 37— TCAP
PA6 — 5 36— PD7
PAS ——‘ 6 35— TCMP
PAG — 7 34 — PD5/5S
PA3 — 8 33 — PD4/SCK
PA2 — 9 32 — PD3/MoS|
PAI — 10 31 — PD2/MISO
PAO — 11 30 — PD1/TOSC2
PBO — 12 29 — PDO/TOSC!
pBI — 13 28 — PCO
PB2 — 14 27— PCl
PB3 — I5 26 — PC2
PB4 — 16 25 — pPC3
PBS —— 17 24 — PC4
PBe —| I8 23 |— PCS
PB7 — 19 22— PC6
Vgg —1 20 21 PCT

40-LEAD DIC AND DIP
PACKAGES
92CS-39391R1

D Suftix - 40-Lead Dual-In-Line Side-Brazed
Ceramic Package
E Suffix - 40-Lead Dual-In-Line Plastic Package

RESET

Q
o
>

IRQ

o~
o © (2]
:szz z

/ 6 5 4 3 2 1 44 43 42 41 40 |

oscC1
osc2
TCAP

PAS PD7

PA4 TCMP

PA3 PD5/5S
PA2 PIN 1IDENT- PD4/SCK
Pa1 Top Istw PD3/MOS!
PAO - - PD2/MISO
. FILE 1NO 1557 PD1/TOSC2
PB1 PDO/TO SC1
PB2 Pco

PB3 PC1

PB4 PCc2

20 21 22 23 24 25

[2) 5 @
(] o
=z a Pz

PCS

FS S 8
22 & & o
92CS-40949

N C = no connection

Q Suffix - 44-Lead Plastic Chip-Carrier Package
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6805-Series Microprocessors and Microcomputers

CDP68HCO05D2A

Product Preview

CMOS High-Performance Silicon-Gate

s Separate external timer oscillator
m External (IRQ), timer, and
Port B interrupts
u Self-check mode
» Single 2.5 to 6-volt supply
m RC or crystal on-chip oscillator
s 8 x 8 multiply instruction
a True bit manipulation

RESET 1~ 28— vpp
TRQ—{ 2 27— osct
Nc—t 3 26— 0SC2 H H
SO DA 8-Bit Microcomputer
PB1—| 5 24— pD7 Features:
PB2— 6 23 —TcMP u Typical power:
PB3 — 7 22— pD1/TOSC2 Operating, 25 mW
PB4 —] 8 21— PDO/TOSC1 WAIT, 7.5 mW
PB5—] 9 20— PCO STOP, 5 uWw
PB6E—{10 19 {— pPC1 = Fully static operation
PB7 —{11 18— PC2 m 96 bytes of on-chip RAM
PC7 — 12 17— PC3 u 2176 bytes of on-chip ROM
PC6 — 13 16— PC4 ® 16 //0 and 3-input lines
Vss — 14 15 PC5

92CS-42603

TOP VIEW
TERMINAL ASSIGNMENT

The CDP68HCO05D2A Microcomputer Unit (MCU) is a 28-
pin version of the 40-pin CDP68HCO05D2. In order to
accomplish the lower pin count, Port A and lines 2 to 5 of
Port D (the SPI bus) are removed in the CDP68HCO05D2A,
resulting in 12 fewer 1/O lines. All other features and
functions are identical to those of CDP68HCO05D2. Refer to
GE publication TSM-204A, “Technical Specifications for
the RCA HCMOS Microcomputer CDP68HCO05D2.” This
8-bit MCU contains on-chip oscillator CPU, RAM, ROM,
1/0, and Timer. The fully static design allows operation at
frequencies down to DC, further reducing its already iow-
power consumption. It is a low-power processor designed
for low-end to mid-range applications in the telecom-
munications, consumer, automotive, and industrial markets
where low cost and very low power consumption constitute
important factors.

The CDP68HCO5D2A is supplied in a 28-lead dual-in-line
plastic package (E suffix) and a 28-lead plastic chip-carrier
package (Q suffix).

m 2.1-MHz internal operating frequency
w [nternal 16-bit timer

» Indexed addressing for tables
s Memory mapped 1/0

TERMINAL ASSIGNMENT
B

© ~ o ® o0 O %

f3ceBR S8 ¢

z
[/ 6 5 4 3 2 1 444342 41 40 )
7

PD?
TCMP
PD5/53
PD4/SCK
PD3/MOSI
PD2/MISO
PD1/TDO
PDO/RDI

PIN 1 1DENT

TOP (VIEW

0w o~ n v
2258830
>z ea

92C5-40549
NC = NO CONNECTION

28-Lead Plastic Chip-Carrler Package

(Q Suftix)
TCMP :g:.ro osci1 0sc2
zsf 27y zsf
[oscitiaTor]» PROGESSOH
s PROCESSOR
Tear —23, RN o| AND cLock . =
INTERNAL -2 RESET
7 —
cLock —l J'———— 1Ra
AccuMULATOR [=22> pco
8 A cpu PC1
le2 o pc2
INDEX CONTROL D&;A P%ﬂf le1T > pcy PORTC
REGISTER — 1/0 LINES
8 X REG | REG 1-%— PC4
CONDITION (13> Pes
CODE [ Pce
5 REGISTER CC j&—> PC7
ALY T= 5 TO TIMER SYSTEM
A STACK —] 2 PD7
PBO < & POINTER 24
PB1 le-21_ TOSC1(PDO)  TIMER
po2 PROGRAM 1 P%T [ez=, Tosc2(Po1) osciLLaTOR
ORTE P83 =L PORT oATA COUNTER REG
IR |—¢ HIGH
pas <—2f oe; | Reg 5 Py cpu -
PB5 2l PROGRAM
PB6 w19 COUNTER
PB7 o113 8 LOW PCL
2176 %8 % x8
ROM STATIC
RAM
240x8
ELF-CHECK
92CM-42608

Fig. 1 - CDP68HC05D2A CMOS microcomputer block diagram.
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