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Hardware Features
® Typical Full Speed Operating Power @ 5V ..... 35mW

Pinouts

CDP6B0OSE2 40 LEAD DIP  CDP6805E3 40 LEAD DIP

* Typlcal WAIT MOde POWEr ..uvviuiniinrinnnnn. 5mwW TOP VIEW TOP VIEW
* Typical STOP Mode Power....... treeeesaaan vee 250W RESET—{1 ~ aol—voo ey —
TRa—| 2 39— 0sc1 ﬂa:
¢ 112 Bytes of On-Chip RAM D‘é: : gg:gﬁ% o3
¢ 16 BldIrectional I/0 Lines on CDP 6805E2 iy FH ey i
PAT —| — —
¢ 13 Bidirectional I/0 Lines on CDP6805E3 v 4 s At
PAS — 9 a2}—eaa Als —
¢ Internal 8-Bit Timer with Software Programmable vt ¥ o mas
7-Bit Prescaler paz—12 29—Faz raz —
¢ External Timer Input pepomm 1 20| —B2 wd

Ay — —

¢ Full External and Timer Interrupts Ato—] 32 ES—S: e
— —Bs .
* Multiplexed Address/Data Bus N - i

® Master Reset and Power-On Reset

® CDP6805E2 Is Capable of Addressing up to 8K Bytes CDP6805E2 44 PLCC

of External Memory TOP VIEW
* CDP680OSES is Capable of Addressing up to 64K Bytes L e nE
of External Memory g '2 aqE g >3§ ] H ]

/ 6 3 4 3 2 1 44434241 40

¢ Single 3V to 6V Supply

® On-Chip Osclllator

® 40-Pin Dual-In-LIne Package

® 44 Lead Plastic Chip Carrler Package

¢ -400C to +8590C Operation With CDP6805SE2C and
CDPG80O5E3C

Software Features

¢ Efficlent Use of Program Space
® Versatile Interrupt Handling

¢ True Bit Manipulation

® Addressing Modes With Indexed Addressing for
Tables

s Efficient Instruction Set
* Memory Mapped I/O
* Two Power Saving Standby Modes

CDP6805E3 44 PLCC
TOP VIEW

Vop

oscs

oscz
TMER

o
o
o
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Description

The CDP6805E2 and CDP6805E3 Microprocessors Unit
(MPUs) belong to the CDP6805 Family of CMOS Micro-
computers. These 8-bit fully static and expandable
microprocessors contain a CPU, on-chip RAM, 1/0 and Timer.
They are low power, low cost processors designed for mid-
range applications In the consumer, automotive, industrial and
communications markets where very low powsr consumption
constitutes an Important factor. The malor features of
the CDP6805SE2 and CDP680SE3 MPUs are listed under
“Hardware Features” and “Software Features”.
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MAXIMUM RATINGS (voltages referenced to Vgg)

Ratings Symbal Value Unit
Supply Voltage VbD -031to +8.0 \
All Input Voltages Except OSC1 Vin Vss-0.6 to Vpp+0.6 A
Current Drain Per Pin Excluding Vpp and Vgg | 10 . .mA
Operating Temperature Range TLto TH
CDP6805E2, CDP680SE3 TA 0to'70 °c
CDP6805E2C, CDPBBOSEIC —40 to 85
Storage Temperature Range Tstg -85 to +160 °C

DC ELECTRICAL CHARACTERISTICS 3.0 V (Vpp=3 Vdc, Vgs=0, TA=T| to TH, unless otherwise noted)

H4OE D W 4302271 0033235 T ENHAS

Characteristics Symhol Min Max | Unit
VoL - 0.1
Output Voltage I oAD = 10.0 4A Voh VoD —0.1 B A
Total Supply Current [C|_ =50 pF — no DC loads} toyc =5 us
Run (V) =02V, Vjy=Vpp-0.2V) [»]») - 1.3 mA
Want (Test Conditions — See Note Below) Ibp — 200 nA
Stop (Test Conditions — See Note Below) DD — 100 »A
Output High Voltage
(LOAD = 0.25 mA} A8-A15, BO-B7 VOH 2.7 — Vv g
{ILoAD =0.1 mAl PAO-PA7, PBO-PB7 VoH 2.7 - \ 38
lILoAD=0.25 mA} DS, AS, R/W VoH 2.7 - v w
Output Low Voltage ) - a
(ILOAD = 0.25 mA) A8-A15, BO~B7 VoL - 03 | v
{IL0AD =0.25 mA) PAO-PA7, PBO-PB7 VoL — 0.3 v ;
(IL0AD =0.25 mA) DS, AS, R/W Vot - 0.3 Vv S
Input High Voliage ) [
PAO-PA7, PBO-PB7, B0-87 Vi 2.1 _ v .
TIMER, TRQ, RESET VIH 2.5 - \ Lt
0sC1 ViH 2.1 - V._ “
Input Low Voltage (All inputs) VIL - 0.6 vV )
Frequency of Operation . -
Crystal fosc | 0.032 1.0 MHz ac
External Clock fosc DC 1.0 MHz E
Input Current xI
RESET, TRQ, Timer, 0SC1 lin . 1 KA
Three-State Output Leakage
PAQ-PA7, PBO-PB7, BO-B7 fTsL - 10 rA
Capacitance
RESET, iRQ, Timer Cin - 8.0 . PF
Capacitance
DS, AS, R/W, A8-A15, PAG-PA7, PBO-PB7, BO-B7 Cout - 120 _PF
NOTE: Test conditions for Quiescent Current Values are: NOTE: References to PA5-7 pertain to CDP6805SE2 and
Port A and B programmed as inputs. references to A13-15 pertain to CDP680S5ES,

ViL=0.2 V for PAO-PA7, PBO-PB7, and BO-87.

ViIH=VpD - 0.2 V for RESET, TRQ, and Timer.

0OSC1nput is a squarewave from Vgs+0.2V 1o Vpp ~ 0.2 V.
0SC2 output load {including tester) is 35 pF maximum.

Wait mode Ipp is affected linearly by this capacitance.
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DC ELECTRICAL CHARACTERISTICS 5.0 V (Vpp=5 Vdc % 10%, Vgs=0, TA=T|_ to TH, unless otherwise noted)

Characteristics Symbol Min Max Unit
VoL - 0.1 \

Output Voltage | <10.0 uA A
utput Voltage I 0AD » Vo |Vop-01 ~ v

Total Supply Current {C =130 pF — On Bus, C_ =50 pf — On Ports,
No DC Loads, tcyc=1.0 ss

Ibp - 107 ‘mA

Run (V| =0.2V, Vly=Vpp - 0.2V}

Wait (Test Conditions — See Note Below) oD = 1.6 mA

Stop {Test Conditions — See Note Below) Db —~ 200 pA
Output High Voltage ’

ULOAD = 1.6 mA) A8-A15, BO-B7 VoH | 41 - v

llL0AD =0.36 mA) PAC-PA7, PBO-PB7 Vou ot _ v

{ILoAD = 1.6 mA) DS, AS, R/W VoH 4.1 — \
Output Low Voltage

{ILOAD = 1.6 mA) A8-A15, BO-B7 VoL - 0.4 \

(I poAD = 1.6 mA) PAQ-PA7, PBO-PB7 VoL - 0.4 v

{ILOAD = 1.6 MA] DS, AS, R/W VoL — 04 - v

Input High Voltage ~
PAQ-PA7, PB0-P8B7, BO-87

VIH Vpp-2.0 =
TIMER, iRQ, RESET

ViH |Vpp-08 -

<< <<

4OE D BN 4302271 0033236 1 EEHAS

0sc1 Viy Vpp-16 -
Input Low Voltage (Al Inputs) ViL - 0.8
Frequency of Operation - A
Crystal fosc 0.032 5.0 MHz =
External Clock fosc DC 6.0 MHz §
Input Current 8
RESET, iRQ, Timer, OSC1 fin _ _E1 KA &
Three-State Output Leakage ’ c?:
PAQ-PA7, PBO-PBY, 80-B7 ITs1 - 110 #A ‘E‘
Capacitance
RESET. iRQ. Timer Cin I 8.0 pE
Capacitance -
DS, AS, R/W, AB-A15, PAQ-PA7, PBO-PB7, BO-B7 Cout - 12.0 pF

NOTE" Test conditions for Quiescent Current Vatues are: OSCl input is a squarewave from Vgg+0.2 V to Vpp — 0.2V
Port A and B programmaed as inputs. 0SC2 output load {including tester) is 35 pF maximurm.
ViL=0.2 V for PAQ-PA7, PBO-PBL_and B80-B7 Wait mode (Ipp) 1s affected linearly by this capacitance.
ViH=Vpp — 0.2 V for RESET, IRQ. and Timer. -

NOTE: References to PA5-7 pertain to CDPS805E2 and
references to A13-15 pertain to COP6805E3.
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i - - ./p/é .
TABLE 1 — CONTROL TIMING (Vg5=0, TA=Ti_to Tp) 7‘ 7 ? /?

Vpp=3V Vpp=6V % 10%
fosc=1MHz fosc=5 MHz ) :
Characteristics Symbo} Min Typ Max Min Typ |- Max Unit
1/0 Port Timing — Input Setup Time [Figure 3) tpyasy | 600 - - 260 - = ns
Input Hold Time (Figure 3} tasLpx | 100 - -~ 100 | - - ns
Output Delay Time (Figure 3) tASLPV — — 0 - - 0 ns '
Interrupt Setup Time (Figure 6} YLASL 2 - - 0.4 - - us
Crystal Oscillator Startup Time (Figure 5} toxov - 30 300 - 1B | 100 ms
Wait Recovery Startup Time (Figure 7) UVASH - - 10 - = 2 us
Stop Recovery Startup Time (Crystal Oscillator) (Figure 8} YLASH - 30 300 - 16 100 ms
Required Interrupt Release {Figure 6) tDSLIH - - 5 - - 1.0 1S
Timer Pulse Width {Figure 7} tTH. tTL| 05 - - 0.5 - - toye
Reset Pulse Width (Figure 5) 1RL 5.2 - - 1.05 - - - HS -
Timer Period (Figure 7) tTLTL 1.0 - - 1.0 - - icyc
Interrupt Pulse Width Low (Figure 16} YLUH 1.0 - - 1.0 - - toye
Interrupt Puise Pericd {Figure 16) HLL * - - * - - teye
Oscillator Cycle Period (175 of 1oy toLoL | 1000 — - 200 — - ms
0SC1 Pulse Width High tOH 350 - = 7% 1 -~ - ns
0SC1 Pulse Width Low toL 350 - - 7% - - ns

* The minimum period 1§ should not be less than the nurnber of toyc cycles it takes to execute the interrupt service routine plus 20 toye
cycles.

Vpp=4.5V
TTL Equivalent CMOS Equivalent

Rz

% Test Point
Test o [P
Point s
C
Ry I

>
>

(o]
AL
P4

AL o R2 £ C=50 pF, PAG-PA7, PBO-PB7
PAO-PA7, PBO-PB7 | 11. ] F soph e -
80?87 Aai?\w 13k | 21k 1 &0p =130 pF, A8-A12, BO-B7, DS, AS, R/W
R/W, DS, AS ' 25k 2 k 130 pF with Vpp=5V £10%
920S-38016

Flig. 2 - Equivalent test-load clrcults.

3-20
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(VLow=0.8 V, VHiGH=VpD—2'V. VDD=5 +10%

Temp=0° to 70°C, C|_ on Port=80 pF, fogc=5 MHz) 7 - ‘7/?.;,?__.0 ‘é

Address *
Strobe

Port
Input

o lpyASL P ———— A gL pX—— ™

Port 7 / '
Output

——tAsLPY 020838017
*The address strobe of the first cycle of the next instruction as shown in Table 11,

g:)

Flg. 3 - I/0 port timing waveforms, S

@

=

. =

S

TABLE 2 — BUS TIMING (Ta=Ty_ to Ty, Vgg=0 V) Seae Figure 4 g

fosc=5 MHz
fosc=1MHz, | Vpp=6 V +10%,
Num Characteristics Symbol Vpp=3V 1TIL Unit
60 pF Load and 130 pF Load
Min Max Min Max |.

1 Cycle Time toye 5000 DC 1000 oc ns
2 Pulse Width, DS Low PWgL 2800 - 560 - ns
3 Pulse Width, DS High or RD, WR, Low PWey | 1800 | - 375 — ns
4 Clock Transition ) .t - 100 — 30 ns
8 R/W Hold tRWH 0 - 10 - ns
9 Non-Muxed Address Hold tAH 800 - 100 —~ ns
" R/W Delay from DS Fall tAD 500 - 300 ns
16 Non-Muxed Address Delay from AS Rise tADH 0 200 0 100 ns
17 MPU Read Data Setup tDSR 200 - 116 - ns
18 Read Data Hold tDHR 0 1000 0 160 ns
19 MPU Data Delay, Write tDOW - 0 — 120 ns
1 Write Data Hold tDHW 800 - 55 = ns
23 Muxed Address Delay from AS Rise tBHD 0 250 0 120 ns
24 Muxed Address Valid to AS Fall tASL 600 - 55 - ns
25 Muxed Address Hold TAHL 250 750 - 80 180 ns
26 Delay DS Fall to AS Rise tASD 800 - 160 — ns
27 Pulsa Width, AS High PWASH | 850 - 175 = ns
28 Delay. AS Fall 1o DS Rise tASED 800 - 160 - ns
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CDPG8O5E2, CDP6805E2C, CDP6805E3, CDP680O5SE3C

Functional Pin Description

Vpp and Vss - Vpp and Vgg provide power to the chip.
VDD provides power and Vgg is ground.

IRQ (Maskable Interrupt Request) -~ RQ Is a level
sensitive and edge sensitive Input which can be used to
request an interrupt sequence. The MPU completesie
current instruction before it responds to the request. If IRQ
Is low and the Interrupt mask bit (I-bit) in the Condition
Code Register Is clear, the MPU begins an interrupt
sequence at the end of the current instruction. The interrupt
circuit recognizes both a “Wire ORed" level as well as
pulses on the IRQ line (see Interrupt Section for more
detalls). TRQ requires an external resistor to VDD for “Wire
OR” operation.

RESET - The RESET Input is not required for start up but
can be used to reset the MPU's internal state and provide an
orderly software start up procedure. Refer to the RESET
section for a detailed description.

TIMER - The TIMER input Is used for clocking the on chip
timer. Refer to TIMER section for a detailed description.

AS (Address Strobe) - Address Strobe (AS) Is an output
strobe used to indicate the presence of an address on the
8-bit multiplexed bus. The AS line Is used to demultiplex the
eight least significant address bits from the data bus. A
latch controlled by Address Strobe should capture
addresses on the negative edge. This output is capable of
driving one standard TTL load and 130pF and is available at
fosc + 5 when the MPU is not in the WAIT or STOP states.

DS (Data Strobe) - This output is used to transfer data to
or from a peripheral or memory. DS occurs anytime the
MPU does a data read or write. DS also occurs when the
MPU does a data transfer to or from the MPU’s internal
memory. Refer to Table 2 and Figure 4 for timing character-
istics. This output is capable of driving one standard TTL

T-Y9-17-0b

load and 130pF. DS Is a continuous signal at fogg + 5
when the MPU Is not In WAIT or STOP state. Some bus
cycles are redundant reads of op code bytes.

R/W (Read/Write) - The R/W output Is used to Indicate the
direction of data transfer for both internal memory and 170
registers, and external peripheral devices and memories.
This output Is used to indicate to a selected peripheral
whether the MPU Is goling to read or write data on the next
Data Strobe (R/W low = processor write; B/W high = pro-
cessor read). The R/W output Is capable of driving one
standard TTL load and 130pF. The normal standby state is
Read (high).

A8-A15 (High Order Address Lines) - The A8-A15
output lines constitute the higher order non-multiplexed
addresses. Each output line Is capable of driving one
standard TTL load and 130pF.

B0-B7 (Address/Data Bus) ~ The: BO-B7 bidirectional
lines constitute the lower order addresses and data: These
fines are multiplexed, with. address present at Address
Strobe time and data present at Data Strobe time. When In
the data mode, these lines are bidirectional, transferring
data to and from_memory and. peripheral devices as
Indicated by the R/W pin. As outpits In either the data or
address modes, these lines are capable of driving one
standard TTL load and 130pF.

0SC1, 0SC2 - The CDP6805E2/3 provides for two types
of osclllator inputs = crystal circuit or external clock. The
two oscillator plins are used to interface to a crystal circuit,
as shown in Figure 5. If an external clack Is used, it must be
conected to OSC1. The input at these pins is divided by five
to form the cycle rate seen on the AS ahd DS pins. The
frequency range is specified by fogc. The QSC1 to bus
transitions relationships are provided in Figure 9 for system
designs using oscillators slower than 5 MHz, '

0sC1 _l I

AS

L

| -

Ds

N

R/W

B0-B7

MPU *

MPU Read

L Mux. Addr .\w—

Read

\ Data ,

BO-B7

MPU Write Mux. Addr

MPU Write Data

* Read data “latched" on DS fall.

'9205-38023R1

Flg. 9 - OSC1 to bus transitions timing waveforms
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Crystal — The circuit shown in Figure 5 is recom-
mended 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 electrical characteristics
table. An external CMOS oscillator is recommended
when crystals outside the specified ranges are to be
used. The crystat and components should be mounted
as close as possible to the input pins to minimize out-
put distortion and start-up stabilization time.

External Clock — An external clock should be ap-
plied to the OSC1 input with the 0SC2 input not con-
nected, as shown in Figure 10.

0sCt

osca

No
Connection
INC)

CDP6805SE2
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LI {Load Instruction) — This output is used to indicate that
a fetch of the next opcode is in progress. LI remains low dur
ing an External or Timer interrupt, The LI outputis only used
for certain debugging dnd test systems. For normal opera-
tions this pin is not connected. The LI output is capable of
driving one standard TTL load and 50 pF. This signal
overlaps Data Strobe.

PAQ-PA7 — These eight pins constitute Input/Qutput
Port A. Each line is individually programmed to-be either an
input or output under software control via its Data Direction
Register as shown below. An 170 pin is programmed as an
output when the corresponding DDR bit is set to a “’1,"” and
as an input when it is set to a 0", In the output made the
bits are latched and appear on the corresponding output
pins. An MPU read of the port bits programmed as outputs
reflect the last value written to that location. When program-
med as an input, the input data bit(s) are not latched. An
MPU read of the port bits programmed as inputs reflects the
current status of the corresponding input pins. The
Read/Write port timing is shown in Figure 3. See typical I/0
Port Circuitry in Figure 11, During a Power-On Reset or ex-
ternal RESET all lines are configured as inputs (zero in Data
Direction Register}. The output port register is not initiatized
by reset. The TTL compatible three-state output buffers are
capable of driving one standard TTL load and 50 pF. The
DDR is a read/write register.

PBO-PB7 — These eight pins interface to Input/Output

92Cs-38024 Port B. Refer to PAQ-PA7 description for details of opera-
tion. oL .
Fig. 10 - External clock connection. T_, ‘7[ ?‘ I ? o) é
7 6 5 4 3 2 1 0
Data Direction
Register DDA7|DDA6| DDAS|DDA4 | DDA3|DDA2{ DDA1|DDAO! 30004
Port A
Register ) ] 30000
Pin PA7 PA6 PA5 PA4 PA3 PA1 PAl PAO
7 6 5 4 3 2 1 0
Data Direction :
Register DD87 (D086 | DDB5| DDB4|DDB3|DDB2| DDB1|DDBO $0005
Port B -
Register ) y $0001
Pin PB7 PB6 PBS5 PB4 PB3 PB2 PB1 PBO
92CS-38025
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Fig. 11 - Typlecal I/O port circuitry

TABLE 3 I/0 PIN FUNCTIONS

R/W | DDR 1/0 PIN FUNCTIONS

0 0 The I/O pin is In Input mode. Data is written
Into the output data latch.

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

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

1 1 The I/Q pin is in an output mode. The output
data latch is read.

Functional Description

Throughout the following sections references to

CDPB80SE2 Imply both the CDP6805E2 and the
CDP6805SE3. Values in parenthesis refer to the
CDP6805ES.

Memory Addressing

The CDP6805E2 Is-capable of addressing 8192 (65,536)
bytes of memory and 1/O registers. The address space Is
divided Into internal memory space and external memory
space, as shown in Figure 12,

The internal memory space Is located within the flrst 128
bytes of memory (first haif of page zero) and is comprised
of the 1/O port locations, timer locations, and 112 bytes of
RAM. The MPU can read from or write to any of these
locations. A program write to on chip locations Is repeated
on the external bus to permit off chip memory to duplicate
the content of on chip memory. Program reads to on chip
loacations also appear on the external bus, but the MPU
accepts data only from the addressed on chip location. Any
read data appearing on the input bus is Ignored.

The stack polnter 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 setto. $7F
and it Is decremented as .data is pushed onto the stack.
When data Is removed from-the stack, the stack pointer is
incremented. A maximum of 84 bytes of RAM Is available
for stack usage. Since most programs use only a small part
of the allotted stack locations for iInterrupts and/or
subroutine stacking purposes, the unused bytes are usable
for program data storage.

All memory locations above location $007F are part of the
external memory map. In addition, ten locations in the 1/0
portion of the lower 128 bytes of memory space, as shown
in Figure 12, are part of the external memory map. All of the
external memory space Is user definable except the highest
10 locations. Locations $1FF6 to $1FFF ($FFF6 to $FFFF)
of the external address space are reserved for interrupt and
reset vectors (see Figure 12).

Registers

The CDP680SE2 contains five registers as shown in the
programming model In Figure 13. The interrupt stacking
order Is shown In Figure 14.

Accumulator (A) - This Accumulator is an 8-blt general
purpose reglster used for 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-blt operand which Is used to create an
offective address. The index register Is also used for
data manipulations with the Read/Modify/Write type of
Instructions and as a temporary storage register when not
performing addressing operations.

Program Counter (PC) ~ The program-counter Is a 13-bit
(16-bit) register that contains the address of the next
instruction to be executed by the processor.
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Fig. 12a - CDP6BO5E2 address map. o 5
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Fig. 12b - CDP680SE3 address map.
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7 0
| A ] Accumulator
7 0
L X ] Index Register
15 12 0
[ _ 1 PC ] Program Counter
15* _ 12 6 0
|2[QLO|0|0|0|0|0|0|1| SP | Stack Painter
i cC
+CDPBE0SES IHI | |N| Z|C| Condition Code Register
L. Carry/Borrow
Zero
Negative
Interrupt Mask
Half Carry

Stack
<11 [Condition Cods Register n
T

Increasing Memory $ Accumul:-.nor E | Decreasing Memoty
Addresses u Index Register 2 Addresser
RloJofo] PCH h
PCL. ';
Unstack

Fig. 13 - Programming model.

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

Fig. 14 - Stacking order.

STACK POINTER (SP) - The stack pointer Is a 13-bit
(16-bit) register contalning the address of the next free
location on the stack. When accessing memory, the seven
most significant bits are permanently set to 0000001
(00000000Q01). They are appended to the six least-signifi-
cant register bits to produce an address within the range of
$007F to $0040. The 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” instruction, the stack pointer
Is set to its upper limit ($007F). Nested interrupts and/or
subroutines may use up to 64 (decimal) locations, beyond
which the stack pointer “wraps around” and points to its
upper limit thereby losing the previously stored information.
A subroutine call occuples two RAM bytes on the stack,
while an interrupt uses five bytes.

CONDITION CODE REGISTER (CC) - The condition
code register is a 5-bit register in which each bit Is used to
indicate the resuits of the instruction just executed. These

bits can be individually tested by a program and specific
action taken as a result of their state. Each of the five bits is
explained below.

Half Carry Bit (H) - The H~bit is set to a one when a carry
occurs between bits 3 and 4 of the ALU during an ADD or
ADGC Instruction. The H-bit is useful in Binary Coded
Decimal addition subroutines.

Interrupt Mask Bit (I) ~ When the 1-bit is set, both the
external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. if an Interrupt
occurs while the 1-blt is set, the interrupt Is latched and will
be processed when the I-blt is next cleared.

Negative Bit (N) - When set, this bit indicates that the
result of the last arithmetic, logical, or data manipulation
was negative (bit 7 In the result is a logical one).

Zero Bit (Z) -~ When set, this bit indicates that the result
of the last arithmetic, logical, or data manipulation was zéro.
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Carry Bit (C) - The C-bit is set when a carry or a borrow out
of the ALU occurs during an arithmetic Instruction. The
C-bit Is also modified during bit test, shift, rotate, and
branch types of instruction.

Resets

The CDP6805E2 has two reset modes: an active low
external reset pin (RESET) and a Power On Reset function:
refer to Figure 5.

RESET (Pin #1) - The RESET input pin Is used to reset the
MPU and provide an orderly software start up procedure.
When using the external reset mode, the RESET pin must
stay low for a minimum of one tcyc- The RESET pin Is
provided with a Schmitt Trigger to Improve its noise
Immunity capability.

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 a power down reset. The power on
circuitry provides for a 1920 teyc delay from the time of the
first oscillator operation. If the external reset pin is low at the
end of the 1920 tcyc time out, the processor remains In the
reset condition.

Either of the two types of reset conditions causes the
following to occur:

® Timer control register interrupt request bit (bit 7) is
cleared to a "0".

Timer control register interrupt mask bit (bit &) is set to
a"1".

All data direction register bits are cleared to a “0” (in-
puts).

® Stack pointer is set to $007F

The address bus is forced to the reset vector ($1FFE,
$1FFF ($FFFE, $FFFF)

¢ Condition code register interrupt mask bit (I) Is setto a “1”
® STOP and WAIT latches are reset.

o External interrupt latch is reset.

All other functions, such as other registers (including output
ports) the timer, etc., are not cleared by the reset conditions.

Interrupts

The CDPB80SE?2 is capable of operation with three different
Interrupts, two hardware (timer interrupt and external Inter-
fupt) and one software (SWI). When any of these interrupts
occur, normal processing is suspended at the end of the
current instruction execution. All of the program registers
(the machine state) are pushed onto the stack; refer to

Figure 14 for stacking order. The appropriate vector point-

ing to the starting address of the interrupt service routine is
then fetched; refer to Figure 15 for the interrupt sequence.

The priority of the various interrupts from highest to lowest
Is as follows:

RESET - * —» External Interrupt — Timer Interrupt

Timer Interrupt - If the timer mask bit (TCRS6) Is cleared,
then each time the timer decrements to zero (transitions

*Any current instruclion Including SWI

- T-49-19-0b
from $01 to $00) an interrupt request Is generated. The
actual processor Interrupt is generated only if the interrupt
mask bit of the codition code register is also cleared. When
the Interrupt Is recognized, the current state of the machine
Is pushed onto the stack and the I-bit in the condition code
register Is set. This masks further Interrupts until the present
one Is serviced. The processor now vectors to the timer
Interrupts service routine. The address for this service
routine Is specified by the contents of $1FF8 and $1FF9
(BFFF8 and $FFF9). The contents of $1FF6 and $1FF7
(8FFF6 and $FFF7) specify the service routine. Also, soft-
ware must be used to clear the timer interrupt request bit
(TCR7). At the end of the time interrupt service routine, the
software normally executes an RT! instruction which
restores the machine state and starts executing the
Interrupted program.

External Interrupt - If the Interrupt mask bit of the condi-
tion code register Is cleared and the external Interrupt pin
TRQ Is “low", then the external Interrupt occurs. The action
of the external interrupt Is identical to the timer Interrupt with
the exception that the service routine addres is specified by
the contents of $1FFA and $1FFB ($FFFA and $FFFB). The
interrupt logic recognizes both a “wire ORed" level and
pulses on the external interrupt line. Figure 18 shows both a
functional diagram and timing for the interrupt fine. The tim-
Ing diagram shows two different treatments of the Interrupt
line (IRQ) to the processor. The first configuration shows
many Interrupt lines “wire ORed” to form the Interrupts at
the processor. Thus, if after servicing an Interrupt the TRG
remains low, then the next interrupt Is recognlzed. The
second method Is single pulses on the interrupt line spaced
far enough apart to be serviced. The minimum time between
puises Is a function of the length of the Interrupt service
routine. Once a pulse oceurs, the next pulse should not
occur until the MPU software has exited the routine (an RTI
occurs). This time (tiLjL) Is obtalned by adding 20 instruc-
tion cycles (one cycle teye = 5/f0gc) to the total number of
cycles it takes to complete the service routine Including the
RTI Iinstruction; refer to Figure 6.

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 In the condition
code register. The service routine address Is specified by
the contents of memory locations $1FFC and $1FFD
(SFFFC and $FFFD). See Figure 15 for Interrupt and
Instruction Processing Flowchart.

The following three functions are not strictly interrupts;
however, they are tied very clossly to the interrupts. These
functions are RESET, STOP, WAIT.

RESET ~ The RESET input pin and the Internal Power On
Reset function each cause the program to vector to an
Initialization program. This vector Is specified by the
contents of memory locations $1FFE and $1FFF ($FFFE
and $FFFF). The interrupt. mask of the condition code
reglster Is also set. Refer to RESET section for detalls.
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Load Next
Instruction

92GS-36030
*NOTE: The clear of TCR bit 7 must be accomplished with software.

Fig. 15 - Interrupt and Instruction processing flowchart,
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—
—
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—
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Fig. 16 - External interrupt.
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teyc: The period ty . should not be less
than the number of tcyc cycles it takes to
execute the interrupt service routine plus
20 teyc cyeles.
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STOP - The STOP instruction places the CDP680SE2 In a
low power consumption mode. In the STOP function the
internal oscillator is turned off, causing all internal process-
Ing and the timer to be halted; refer to Figure 17. The DS
and AS lines go to a low state and the R/W line goes to a
high state. The multiplexed address/data bus goes to the
data input state. The high order address lines remain at the
address of the next instruction. The MPU remains In the
STOP mode until an external Interrupt or reset occurs; refer

to Figure 8 and 17.
‘ Stop )

Stop Oscillator
And All Clocks
TCR 8t 7—-0
Bit6—~1
Clear | Mask

Reset?

Externat
interrupt?

Turn on Qscillator
Wait for Time
Delay o Stabilize

Fetch External Interrupt
or Reset Vector

Fig. 17 - Stop function flowchart

During the STOP mode, timer control register {TCR) bits 6
and 7 are altered to remove any pending timer Interrupt
requests and to disable any further timer Interrupts. External
Interrupts are enabled In the condition code register. All
other registers and memory remaln unaltered. All I/O lines
remain unchanged.

WAIT - The WAIT instruction places the CDP6805E2 in
a low power consumption mode, but the WAIT mode
consumes somewhat more power than the STOP mode;
refer to Table 1. In the WAIT function, the internal clock is
disabled from all internal circuitry except the Timer circuit,
refer to Figure 18. Thus, all internal processing is halted

except the Timer, which is allowed to count in a normai
sequence. The R/W line goes to a high state, the muiti-
plexed address/data bus goes to the data Input state, and
the DS and AS lines go to the low state. The high order
address lines remaln at the address of the next instruction.
The MPU remains In this state until an external Interrupt,
timer Interrupt, or a reset occurs; refer to Figures 7 and 18.

During the WAIT mode, the I-bit in the condition code
register is cleared to enable interrupts. All other reglsters,
memory, and I/O lines remain In their last state, The timer
may be enabled to allow a perlodic exit from the WAIT
mode. if an external and a timer Interrupt occur at the same
time, the external interrupt Is serviced first; then, if the timer
Interrupt request is not cleared in the external interrupt
routlne, the normal timer Interrupt (not the timer WAIT
Interrupt) is serviced since the MCU is no fonger in the WAIT
mode.

Timer

The MPU timer contains a single 8-bit software program-
mable counter with 7-bit software selectable prescaler. The
counter may be preset under program control and decre-
ments towards zero. When the counter decrements to zero,
the timer interrupt request bit, i.e., bit 7 of the Timer Controt
Register (TCR) is set, Then if the timer interrupt is not
masked, L.e., bit 6 of the TCR and the I-bit in the Condition
Code Register are both cleared, the processor recelves an
Interrupt. After completion of the current Instruction, the
processor procesads to the store the appropriate registers
on the stack, and then fetches the timer vector address from
locations $1FF8 and $1FF9 ($FFF8 and $FFFQ) in order to
begin servicing the Interrupt, unless It was In locations
$1FF6 and $1FF7 ($FFF6 and $FFF7)the WAIT mode.

The counter continues to count after it reaches zero,-
allowing the software to determine the number of internal or
external input clocks since the timer Interrupt request bit
was set. The counter may be read at any time by the
processor without distrubing the count. The contents of the
counter becomes stable prior to the read portion of a cycle
and does not change during the read. The timer Interrupt
request bit remains set until cleared by the software. If this
happens before the timer Interrupt Is serviced, the interrupt
Is lost. TCR7 may also be used as a scannéd status bitin a
non-~interrupt mode of operation (TCR = 1),

The prescaler Is a 7-bit divider which Is used to extend the
maximum length of the timer. Bit 0, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output which is used as the counter input. The processor
cannot write into or read from the prescaler; howsver, its
contengs are cleared to all "0's” by the write operation Into
TCR when bit 3 of the written data equals 1, which allows
for truncation free counting.

The Timer Input can be configured for three different
operating modes, plus a disable mode depending on the
value written to the TCR4, TCR5 control bits. Refer to the
Timer Control Register section.

Timer Input Mode 1 - If TCR4 and TCR5 are both
programmed to a “0”, the Input to the Timer Is from an inter-
nal clock and the Timer input is disabled. The internal clock
mode can be used for periodic Interrupt generation, as well
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$2CS-36033

Fig. 18 - Wait function flowchart.

as a reference in frequency and event measurement. The in-
ternal clock is the instruction cycle clock and is coincident
with Address Strobe {AS) except during a WAIT instruction.
During a WAIT instruction the AS pin goes to a low state but
the internal clock to the Timer continues to run at its normal
rate.

Timer Input Mode 2 — With TCR4=1 and TCR5=0, the
internat clock and the TIMER input pin are ANDed together
to form the Timer input signal. This mode can be used to
measure external pulse widths. The external puise simply
turns on the internal clock for the duration of the pulse. The
resolution of the count in this mode is +1 clock and
therefore accuracy improves with longer input pulse widths.

Timer Input Mode 3 — If TCR4=0 and TCR5=1, then all
inputs to the Timer are disabled.

Timer Input Mode 4 — If TCR4=1 and TCR6=1, the in-
ternal clock input to the Timer is disabled and the TIMER in-
put pin becomes the input to the Timer. The external Timer
pin can, in this mode, be used to count external events
as wellas external frequencies for generating periodic inter-
rupts.

Figure 19 shows a block diagram of the Timer subsystem.
Power-on Reset and the STOP instruction cause the counter
to be set to $FO.
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Interrupt
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Prescalerto + 1
| — /
Software Functions
NOTES:

1. Prescaler and 8-bit counter are clocked falling edge of the internal clock {AS) or external

input.

2. Counter is written to during Data Strobe (DS) and counts down continuously.

92CM-~ 38034/

Fig. 19 - Timer block diagram.

Timer Control Register (TCR}
5
TCRS

7
TCR7

6
TCR6

4
TCR4

3
TCR3

2 1
TCR2| TCR1

Q
TCRO

All bits in this register except bit 3 are Read/Wnite bits.

TCR7 — Timer interrupt request bit: bit used to indicate
the umer interrupt when 1t 1s logic 1",
1 — Set whenever the counter decrements to zero, or un-
der program control.
0 — Cleared on external reset, power-on reset, STOP in-
struction, or program control.

TCR6 — Timer interrupt mask bit: when this bit 1s a logic
"1 1t inhibits the umer interrupt to the processor.
1 — Set on external reset, power-on raset, STOP instruc-
tion, or program control.
0 — Cleared under program control.

TCR5 — External or internal bit: selects the input clock
source 10 be either the external mer pin or the internal
clock. (Unaffected by RESET )

1 — Select external clock source.

0 — Select internal clock source (AS)

TCR4 — External enable bit: control bit used 1o enable the
external umer pin. (Unaffected by RESET.)

1 - Enable external umer pin.

0 — Disable external tmer pin.
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TCR5 TCR4
0 0 linternal clock (AS) to Timer
0 1 |AND of internal clock (AS) and TIMER

pin to Timer
Inputs to Timer disabled
TIMER pin to Timer

1
1

0
i

Refer to Figure 19 for Logic Representation.

TCR3 — Timer Prescaler Reset bit: 'writing a"1" to this bit
resets the prescaler to zero. A read of this location always in-
dicates a "0.” (Unaffected by RESET.)

TCR2, TCR1, TCRO — Prescaler address bits: decoded to

select one of eight taps on the prescaler. {Unaffected by
RESET.) ’

_ Prescaler

TCR2 | TCR1 | TCRO | Result
0 0 0 +1
0 0 1 +2
0 1 0 +4
0 1 1 _+8
1 0 0 +16
i 0 1 +32
1 1 0 +64
1 1 1 +128
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INSTRUCTION SET

The MPU has a set of 61 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
instructions within a given type are presented in individual
tables.

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands. One operand is either the ac-
cumulator or the index register. The other operand is obtain-
ad from memory using one of the addressing modes. The
jump unconditional {JMP} and jump to subroutine (JSR) in-
structions have no register operand. Refer to Table 4.

READ/MODIFY/WRITE INSTRUCTIONS — These in-
structions read a memory location or a register, modify or
test its contents, and write the modified value back to
memory or to the register. The test for negative or zero
{TST) instruction is an exception to the read/modify/write
sequence since it does not modify the value. Refer to
Table 5.

BRANCH INSTRUCTIONS — This set of instructions
branches if a particular condition is met, otherwise no opera-
tion is performed. Branch instructions are two byte instruc-
tions. Refer to Table 6.

BIT MANIPULATION INSTRUCTIONS — The MPU is
capable of setting or clearing any bit which resides in the first
256 bytes of the memory space, where all port registers, port
DORs, timer, timer control, and on-chip RAM reside. An ad-
ditional feature allows the software to test and branch on the
state of any bit within these 256 locations. The bit set, bit
clear and bit test and branch functions are all implemented
with a single instruction. For the test and branch instructions
the value of the bit tested is also placed in the carry bit of the
Condition Code Register. Refer to Table 7 for instruction cy-
cie tming.

CONTROL INSTRUCTIONS — These instructions are
register reference instructions and are used to control pro-
cessor operation during program execution. Refer to Table 8
for instruction cycte timing.

ALPHABETICAL LISTING — The complete instruction set
1S given in alphabetical order in Table 9.

OPCODE MAP SUMMARY — Table 10 is an opcode map
for the instructions used on the MCU.

ADDRESSING MODES

The MPU uses ten different addressing modes to give the
programmer an opportunity to optimize the code to all situa-
tions. The vanous indexed addressing modes make it possi-
ble to locate data tables, code conversion tables and scaling
tables anywhere in the memory space. Short indexed ac-
cesses are single byte instructions, while the longest instruc-
tions (three bytes) permit tables throughout memory. Short
and long absolute addressing is also included. Two byte

direct addressing instructions access all data bytes in most
applications. Extended addressing permits jump instructions
to reach all memory. Table 9 shows the addressing modes
for each instruction, with the effects each instruction has on
the Condition Code Register.’An opcode map is shown in
Table 10.

The term “Effective Address” or EA is used in describing
the various addressing modes, which is defined as the ad-
dress to or from which the argument for an instruction is fet-
ched or stored. The ten addressing modes of the processor
are described below. Parentheses are used to indicate ‘‘con-
tents of,” an arrow indicates "is replaced by" and a colon in-
dicates concatenation of two bytes.

Inherent — In inherent instructions all the .information
necessary to execute the instruction is contained in the op-
code. Operations specifying only the index register or ac-
cumulator, and no other arguments, are included in this
mode.

Immediate — In immediate addressing, the operand is
contained in the byte immediately following the opcode. Im-
mediate addressing is 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 ad-
dress of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to direct-
ly address the lowest 2566 bytes in memory with a single.two
byte instruction. This includes all on-chip RAM and 1/0
registers and up to 128 bytes of off-chip ROM. Direct ad-
dressing is efficient in both memory and speed.

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

Extended — In the extended addressing mode, the effect-
ive 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 —
mode, the effective address of the argument is contained in
the 8-bit index register. Thus, this addressing mode can ac-
cess the first 256 memory locations. These instructions are
only one byte long. This mode is used to move a pointer
through a table or to address a frequently referenced RAM or
170 location.

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

3-37
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TABLE 6 — BRANCH INSTRUCTIONS T_ l* 9‘/7 0é

Relative Addressing Mode .
Function Mnemonic Op ! #
Code Bytes Cycles
Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher 8HI 22 2 3 t
Branch IFF Lower or Same BLS 23 2 3
8ranch {FF Carry Clear 8CC 24 2 3
{Branch |FF Higher or Same} (BHS) 24 2 3
8ranch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (8LO) 5 2 3
8ranch |FF Not Equal BNE 26 2 3
Branch IFF Equal 8EQ 27 2 3
Branch |FF Haif 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 28 2 3
Branch IFF Interrupt Mask Bit is Clear 8MC 2C 2 3
Branch IFF Interrupt Mask Bit is Set 8MS 20 2 3
Branch IFF interrupt Line is Low 8IL 2E 2 3
Branch IFF interrupt Line is High BiH 2F 2 3
8ranch to Subroutine BSR AD 2 6 7
§ .
173
8
g
TABLE 7 — BIT MANIPULATION INSTRUCTIONS =
Addressing Modes g‘
Bit Set/Clear Bit Test and Branch
Function Mnemonic Op I 4 ¥ Op £ I 3
Code Bytas Cycles Code Bytes Cycles
Branch IFF Bit n s Set B8RSET n{n=0...7) - — - 2¢n 3 5
Branch IFF Bit nis Clear | BRCLR n in=0.._7) - - ~ 01+ 2en 3 5
Set Bit n BSET n(n=0...7 10+ 2en 2 5 - - —
Ciear Bit n BCLR n (n=0...7} 11+ 2en 2 5 - - —

TABLE 8 — CONTROL INSTRUCTIONS

Inherent
Function Mnemonic nge By'tes Cyzles
Transfer A to X TAX 97 1 2
Transter X 10 A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 . 2
Set Interrupt Mask Bit SEl 98 1 2
Clear Interrupt Mask Bt cu 9A 1 2
Software Interrupt SWiI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RT{ 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop STOP 8E 1 2
Want WAIT 8F 1 2

3-39




CDP6805E2, CDP6805E2C, CDP6805E3, CDPG8O5E3C
HARRIS SEMICOND SECTOR 4O0E D WM 4302271 0033257 9 EMHAS .

TABLE9 - INSTRUCTION SET . T' L* 9 _I?_,«Dé .
- =

Addressing Modes Condition Codes

) ! ) ve| Indexed | Indexed| Indexed | BT | _Bit
Mnemonic | Inharent | Immediate | Direct Extended | Relative {No Offset} | (8 Bits) | (16 Bita) Set/ | Test &

Clear | Branch

x
4
(2]

ADC X
ADO X
AND X
ASL X
ASR X
8CC
BCLR X
8CS
BEQ
8HCC
BHCS
BHI
BHS
8IH
BIL
BIT X X X X X X
8Lo
BLS
8MC
8Mi
8MS
BNE
8PL
BRA
8RN
BACLA - X
BASET X
BSET X
8SR X
CLC
CLi
CLA
CMP X
COM X
CPX X
DEC X
E£OR X
INC X
JMP
JSR
LDA
LDX
LSL
LSA
NEG
NOP
ORA X
ROL
ROR
RSP
RTL
RTS
S8C X X X X X X
SEC
SEI
STA X X - X X X
STOP X
STX X X
Sus X X X
SWh
TAX
ST
TXA
WAIT

X
X
X

X
X
X

<2< |2 > X
X5 > x| X<
[ x> X X<

x

[ xd x| > [ | >
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H  Halt Carry {From B 3)
Interrupl Mask
Negauve 1Sign Bl
Zeto
Carry: Borrow

Test and Setif True: Cleared Otherwise.
Not Affected

Load CC Register From Stack

Cleared

Set
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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. The operand is therefore located anywhere
within the lowest 511 memory locations. For example, this
mode ot addressing 1s useful for selecting the m-th elementin
an n element table. All instructions are two bytes. The con-
tents of the index register {X) is not changed. The contents
of (PC+ 1) 1s an unsigned 8-bit integer. One byte offset in-
dexing permits look-up tables 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 ad-
dressing mode the effective address is the sum of the con-
tents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode. This addressing mode
can be used in a manner similar to indexed 8-bit offset, ex-
cept that this three byte instruction allows tables to be
anywhere in memory (e.g., jump tables in ROM). The con-
tent of the index register is not changed.

EA=X+[PC+ 1N:APC+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 s only used in branch in-
structions. In relative addressing the contents of the 8-bit
signed byte following the opcode (the offset) is added to the
PC if and only if the branch condition 1s true. Otherwise,
control proceeds to the next instruction. The span of relative
addressing 1s hmited to the range of — 126 10 + 129 bytes
from the branch instruction opcode location.

YOE D B 4302271 0033259 2 BEHAS

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

- T-49-/9-04

Bit Set/Clear — Direct addressing and bit addressing are
combined in instructions which set and clear individual
memory and |/0 bits. In the bit set and clear instructions, the
byte is specified as a direct address in the location following
the opcode. The first 266 addressable locations are thus ac-
cessed. The bit to be modified within that byte is specified
with three bits of the opcode. The bit set and clear instruc-
tions occupy two bytes, one for the opcode lincluding the bit
number! and the second 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 — Bit test and branch is a combina-
tion of direct addressing, bit addressing and relative address-
ing. The bit address and condition {set or clear) to be tested
is part of the opcode. The address of the byte to be tested is
in the single byte immediately following the opcode byte
(EA1). The signed relative 8-bit offset is in the third byte (EA2} and
is added to the PC if the specified bit is set or clear 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 266 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

SYSTEM CONFIGURATION
Figures 20 through 24 show in general terms how the
CDP6805E2 bus structure may be utilized. Specified inter-
face details vary with the various peripheral and memory
devices employed.

Address
Decode

Chip

AB-A12 Address

CDP6805E2
CMOS

Microprocessor
80-87 Address/Data Bus ADO-AD7

Address Strobe

Enable

CE
Typicat CMOS
Penpherat

AS ™ AS

oS Data Strobe »{ps
RI Read/Wrnie o R/W

R Interrupt TTe)
oscipm — — A19MHz - depoyr

92C5-38035

Fig. 20 - Connection to CMOS peripherals.
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Address T- I% G
-
Decode Chip /"’/9-—06
Select
cs
A8-A12 Address
CDP6805E2 Peripherals
. BO-B7 Address/Data Bus Do-D7
Address Address|
Strobe
AS Latch RSO, ETC
DS Data Strobe £
RIW Read/Write RIV
— int t —
e nterrup G
RESET P RESET
NOTE In some cases. pullup resistors or other level
shifung techmques may be required on signats RESET 93CS-38037
going from NMOS to CMOS parts
Fig. 21 - Connection to peripherals.
80-87 Address.Data Sus Data |Q0-Q7
COP6805E2 CMOS
1 Non-Muxed
Address W A0-a7 AOMor
£EPROM
AB-A12 Address A8
Read- Output
RIW Write  Read Address Enable S
Data Strobe Decode
DS >
Address Chip
AS Strobe Enable 3
9205-38038

Fig. 22 - Connection lo latch non-multiplexed CMOS ROM or EPROM.
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— T-Y7-17-0(

CDP6805SE2 CMOS
CMOS Stauc
Microprocessor RAMs
B0-87 Address/ Dala Bus DO-D7
Address N/
Strobe Octal
AS Latch :> AQ-A7
AB-A12 Address A8
TN, b
Chip
Address Enable
Decode
Data Strobe Write
DS |9 _ )
Read/ w
— | Write
R/IW

92C8-38039
Fig. 23 - Connection to static CMOS RAMs.
80-87 Address/ Data Bus Data Q0-Q7
CMQS
Address M A0-A7  Non-Muxed
CDP8805E2 RAM
A8-A12 Address A8
Data Output
Strobe Enable _
DS Address 3
Decode
Read-
| Wnte Wiite
RIW _Do—
Address
Strobe
AS Chip
Enable -
it
92CS-38040

Fig. 24 - Connection to latched non-multiplexed CMOS RAM.
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Table 11 provides a detailed description of the information
present on the Bus, the Read/Write (R/W) pin and the Load
Instruction (LI) pin during each cycle for each instruction.

This information is useful in comparing actual with ex-

CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C

pected results during debug of both software and hardware
as the control program is executed. The information is
categorized in groups ‘according to addressing mode and
number of cycles per instruction.

T-49-19-06

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION

40E D W 4302271 00332b2 2 EMHAS

Aﬁ\iﬁi(ﬁ?\ge Cycles | Cycle £ Address Bus RP/:‘V ;;L Data Bus
Inherent
LSR LSL
ASR NEG 1 Op Code Address 1 1 Op Code
CLR ROL 3 2 Op Code Address + 1 1 0 Op Code Next Instruction
COM ROR 3 Op Code Address +1 1 0 Op Code Next instruction
DEC INC TST
;ﬁgpcéﬁl PN 5 1 | Op Code Address 1 1 | Op Code .
RSP WAIT NOP TXA 2 Op Code Address +1 1 0 Op Code Next Instruction
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Op Code. Next Instruction
RTS 6 3 Stack Po!mer . 1 0 lirelevant Data
4 Stack Pointer +1 1 0 lrrélevant Data
5 Stack Pointer +2 1 o] Irrelevant Data
6 New Op Code Address 1 0 New Op Code
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Op Code Next Instruction
3 Stack Pointer 0 0 Return Address {LO Byte}
4 Stack Pointer — 1 0 0 Return Address {H1 Byte)
SWi 19 5 | Stack Pointer -2 0 0 | Contents of Index Register
[ Stack Pointer —3 o] 0 Contents of Accumulator
7 Stack Pointer —4 Q 0. | Contents of CC. Register
8 Vector Address 1FFC (FFFC) (Hex) 1 0 Address of Int. Routine {HI Byte)
9 Vector Address 1FFD (FFFD) (Hex) 1 0 Address of Int. Routine (LO Byte
10 | interrupt Routine Starting Address 1 0 Interrupt Routine First Opcode
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Op Code Next Instruction
3 | Stack Painter 1 0 | lrrelevant Data
4 Stack Pointer +1 1 Q Irrelevant Data
RTI 9 5 Stack Pointer +2 1 0 Irrelevant Data
6 Stack Pointer +3 1 0 Irrelevant Data
7 Stack Pointer +4 1 0 lirelevant Data
8 | Stack Pointer +5 1 0 | lrrelevant Data
9 New Op Code Address 1 0 New Op Code
Immediate V
ADC EOR CPX
ADD LDA LDX 2 1 Op Code Address 1 1 Op Code
AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data
S8C CMB SuB
Bit Set/Claar
] Op Code Address 1 1 Op Code
BSET n 2 Qp Code Address +1 1 ] Address of Operand
BCLR n 5 3 Address of Operand 1 0 Operand Data
4 Address of QOperand 1 0 QOperand Data
5 Address of Operand 0 0 Manipulated Data
Bit Test and Branch
1 Op Code Address 1 1 Op Code
BRSET n 2 Op Code Address +1 1 0 Address of Operand
BRCLR n 5 3 Address of Operand 1 0 Operand Data
4 Op Code Address +2 1 0 Branch Offset
5 Op Code Address +2 1 0 Branch Offset
Relative
oS pni BIE BEQ 1 | Op Code Address 1 1 [ Op Code
BIL BMC BRN BHCS 3 2 Op Code Address +1 1 0 [ Branch Offset
BIH BMI BMS BRA 3 | Op Code Address + 1 1 0 | Branch Offset
1 Op Code Address 1 1 Op Code
2 | Op Code Address +1 1 0 Branch Offset
BSR 6 3 Op Code Address +1 1 0 Branch Offset
4 Subroutine Starting Address 1 0 First Subroutine Op Code
5 Stack Painter 0 0 Return Address (LO Byte)
6 Stack Pointer —1 0 0 Return Address (H1 Byte)
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CDPGBOSE2, CDP68OSE2C, CDP6805E3, CDP680O5E3C

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

T-42-19-0¢

Address Mode | RIW u
nstructions 7 Cycles | Cycles # Address Bus Pin Pin Data Bus
Direct §
IMP 2 1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 | Jump Address
ﬁgg Figi EPD))(( 1 Op Code Address 1 1 Op Code
AND ORA BIT 3 2 Op Code Address +1 1 0 Address of Operand
SBC CMP SUB 3 Address of Operand 1 0 Operand Data
1 Op Code Address 1 1 Op Cade
ST 4 2 Op Code Address + 1 1 0 Address of Operand
3 Address of Operand 1 0 Operand Data
4 Op Code Address +2 1 0 - | Op Code Next Instruction
1 Op Code Address 1 1 Op Code
STA 4 2 Op Code Adrress + 1 1 0 Address of Operand
STX 3 Op Code Address +1 1 [} Address of Operand
4 Address of Operand 0 0 Operand Data
1 Op Code Address 1 1 Op Code
R DEC 2 |Op Code Address +1 1 0 | Address of Operand
CLR ROL 5 3 Operand Address 1 0 Current. Operand Data
COM ROR 4 Operand Address 1 0 Current Operand Data
5 Operand Address 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 1} Subroutine Address {LO Byte)
JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code
4 Stack Pointer 0 0 Return Address {LO Byte)
5 Stack Pointer —1 0 0 Return Address (HI Byte)
Extended
1 Op Code Address 1 1 Op Code
JMP 3 2 Op Code Address +1 1 0 Jump Address {HI Byte)
3 Op Code Address +2 1 0 Jump Address {LO Bytel
ADC BIT ORA 1 Op Code Address 1 1 Op Code
ADD CMP LDX 4 2 Op Code Address +1 1 0 Address Operand (HI Byte}
AND EOR SBC 3 Op Code Address +2 1 0 Address Operand {LO Byte)
CPX LDA SuB 4 Address of Operand 1 0 QOperand Data
1 Op Code Address 1 R Op Code
STA 2 Op Code Address +1 1 0 Address of Operand (HI Byte)
STX 5 3 Op Code Address +2 1 [} Address of Operand (LO Bytel
4 Op Code Address +2 1 0 Address of Operand {LO Bytel
5 Address of Operand ] [o] Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Address of Subroutine (HI Byte)
JSR 8 3 Op Code Address +2 1 0 Address of Subroutine (LO Bytel
4 Subroutine Starting Address 1 0 1st Subroutine Op Code
5 Stack Painter 0 0 Return Address (LO Bytel
6 Stack Pointer -1 0 0 Return Address {HI Byte)
Indexed, No-Offset )
IMP 2 1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
- i
:gg Egi fD))(( 1 Op Code Address 1 1 Op Code
AND ORA 8IT 3 2 Op Code Address + 1 1 0 Op Code Next Instruction
SBC CMP SUB 3 Index Register 1 0 Operand Dalar
1 Op Code Address 1 ] Op Code
1ST 4 2 Op Code Address +1 1 0 Op Code Next Instruction
3 index Register 1 0 Operand Data
I A 4 Op Code Address +1 RN [} Op Code Next Instruction
1 Op Code Address 1 1 Op Code
STA 4 2 Op Code Address + 1 1 0 Op Code Nex! Instruction
STX 3 Op Code Address + 1 1 0 Op Code Next Instruction
| 4 Index Regsster _9_, Q Operand Data
1 Op Code Address i 1 Op Code .
kg; leEF:S ?:g 2 Op Code Address + 1 1 0 Op Code Next Instruction
CLR ROL 5 3 Index Register 1 0 Current Operand Data
COM ROR 4 Index Register 1 ] Current Operand Data
5 Index Register 0 o] New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Op Code Next Instruction
JSR 5 3 Index Register 1 0 1st Subtoutine Op Code
4 :Stack Ponter 0 o Return Address {LO Byle)
5 Stack Pomnter 1t 0 0 Return Address {Hi Byte)
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CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C

4ge D

4302271 00332L4 & EAHAS

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION {CONTINUED) T
-

¥7-19-0¢

Address Mode

l

Instructions

i

Cycles | Cycles #
1

Address Bus

[ R/W
Pin

LI
Pin

|

Data Bus

Indexed 8-Bit Offset

1 Op Code Address 1 1 Op Code
JMmP 3 2 Op Code Address + 1 1 0 Offset
3 Op Code Address + 1 1 0 Offset
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LDA LDX 4 2 Op Code Address +1 1 0 Offset
AND ORA CMmP 3 Op Code Address + 1 1 0 Offset
SUB BIT SBC 4 Index Register + Offset 1 0 Operand Data
1 Op Code Address 1 1 Op Code
STA 2 | Op Code Address + 1 1 0 | Offset
STX 5 3 Op Code Address +1 1 0 Offset
4 Op Code Address +1 1 0 Offset
5 Index Register + Offset 0 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 o] Offset
TST 5 3 Op Code Address + 1 1 0 Offset ~ R
4 Index Register + Offset 1 0 Operand Data
5 Op Code Address +2 1 0 Op Code Next Instruction
LSL LSR ] Op Code Address 1 1 Op Code
ASR NEG 2 Op Code Address +1 1 0 Offset
" CLR ROL 6 3 Op Code Address +1 1 4] Offset
: COM ROR 4 | Index Register + Offset 1 0 | Current Operand Data
i DEC INC 5 Index Register + Offset 1 0 Current Operand Data
6 Index Register + Offset 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset
JSR 6 3 Op Code Address + 1 1 0 Offset
4 Index Register + Offset 1 0 1st Subroutine Op Code
5 Stack Pointer 0 0 Return Address LO Byte
[] Stack Pointer — 1 0 0 Return Address Hi Byte
Indexed, 16-Bit Offset -
1 QOp Code Address 1 1 Op Code
JMP 4 2 Op Code Address + 1 1 0 Offset (HI Bytel
3 Op Code Address +2 1 0 Offset (LO Bytel
4 Op Code Address +2 1 0 Offset (LO Bytel
+ ADC CMP SuB 1 Op Code Address 1 1 Op Code
ADD EOR SBC 2 Op Code Address +1 1 0 Offset (HI Byte}
AND ORA 5 3 Op Code Address +2 1 0 Offset (LO Byte)
CPX LDA 4 Op Code Address +2 1 0 Offset (LO Byte)
8IT LDX 5 Index Register + Offset 1 0 Operarid Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 (o} Offset {H] Byte}
| STA 6 3 Op Code Address +2 1 0 Offset (LO Byte)
} STX 4 Op Code Address +2 1 0 Offset (LO Byte)
! 5 | Op Code Address +2 1 0 | Offset (LO 8yte!
. 6 Index Register + Offset 0 0 Operand Data
1 Op Code Address 1 1. ] Op Code
2 Op Code Address +1 1 0 Offset (HI Byte}
3 Op Code Address +2 1 0 Offset [LO Byte}
JSR 7 4 Op Code Address +2 1 ] Offset {LO Bytel
5 Index Register + Offset 1 0 1st Subroutine Op Code
6 Stack Pointer 0 0 Return Address (LO Byte)
7 Stack Pointer — 1 0 0 Return Address (HO Byte)
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CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C
HARRIS SEMICOND SECTOR UOE D ER 4302271 00332L5 & EEHAS

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) ; - %9 .'/?__ Dé

Instructions Cycles | Cycles £ Address Bus RE,?nET RF{I::V PL|:1 Data Bus
Other Functions .
$1FFE ($FFFE) 0 1 0 lrrelevant Data
$1FFE ($FFFE) o] 1 0 lirelevant Data
1 $1FFE ($FFFE) 1 1 0 Irrelevant Data
Hardware RESET 5 2 $1FFE ($FFFE) 1 1 0 leeelevant Data
3 $1FFE ($FFFE) 1 1 0"} Vector High
4 $1FFF ($FFFF) 1 1 0 Vector Low
5 Reset Vector 1 1 0 Op Code
1 $1FFE ($FFFE) 1 1 0 Irrelevant Data
. . L 3 ° .
. . - [} [} .
. . . . . .
Power on Reset 1922 -
1919 | $1FFE ($FFFE) 1 1 0 Irrelevant Data
1920 | $1FFE ($FFFE) 1 1 0 Vector High
1921 | $1FFF ($FFFF) 1 1 0 Vector Low
1922 |Reset Vector 1 1 0 Op Code
Instruction Cycles | Cycles # Address Bus I;‘IS RF{i\:I F&;L Data Bus
Last Cycle of Previous
|nslruc\(ion 0 X 0 X
1 Next Op Code Address 0 1 0 Irrelevant Data
2 Next Op Code Address X 1 0 leeelevant Data
3 SP X 0 0 Return Address (LO Byte)
IRQ tnterrupt 10 4 |sp-1 X 0 0 | Return Address (HI Byte}
(Timer Vector $1FF8, $1FF9) 5 SP-2 X 0 0 Contents Index Reg
6 [sP-3 X 0 0 | Contents Accumulator
7 SP-4 X 0 0 | Contents CC Register
8 $1FFA ($FFFA) X 1 0 Vector High
9 $1FFB ($FFFB) X 1 0 Vector Low
10 iI_RT) Vector X 1 0 {Int Routine First
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