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CDP6805E2, CDP6805E2C 
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CMOS 8-Bit Microprocessor 
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.a • 
• a. Hardware Fealures: 
.a • 
• a. • Typical full speed operating power of • Full external and timer interrupts 

• Multiplexed address/data bus .aT 35mW@5V .. 
a, • Typical WAIT mode power of 5 mW • Master reset and power-on reset 

• Capable of addressing up to BK bytes a. 
a. • Typical STOP mode power of 25pW 

of external memory .. a. .. a • • 112 bytes of on-chip RAM 
• Single 3- to 6-volt supply .. .. ae • 16 bidirectional I/O lines 

v's .. 21 aT 
TOP VIEW 

tiCS-Hut 

TERMINAL ASSIGNMENT 

• InternalB-bit timer with software 
programmable 7-bit presca/er 

• External timer input 

• On-Chip oscillator 
• 40-pin dua/-In-line package 
• 44-/ead plastic chip-carrier package 

The CDP6805E2 Microprocessor Unit (MPU) belongs to the 
CDP6805 Family of CMOS Microcomputers. This 8-blt fully 
static and expandable microprocessor contains a CPU, on
chip RAM, I/O, and Timer. It is a low-power, low-cost 
processor designed for mid-range applications in the 
consumer, automotive, Industrial, and communications 
markets where very low power consumption constitutes an 
Importantiactor. The following are the major features ofthe 
CDP6805E2 MPU. 
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Software Features: 
• Efficient use of program spece 
• Versatile interrupt handling 
• True bit manipulation 
• Addressing modes with Indexed addressing for tables 
• Efficient instruction set 
• Memory mapped I/O 
• Two power saving standby modes 
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Fig. 1 - Block diagram. 
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CDP6805E2, CDP6805E2C 
MAXIMUM RATINGS Ivoltages referenced to VSS) 

Ratings Symbol Value 

Supply Voltage VOO -03to+BO 

All Input Voltages Except OSCI V,n VSS-0.5 to VOO+0.5 

Current Drain Per Pin Excluding VOO and VSS I 10 

Operating Temperature Range lL to TH 
COP6805E2 TA o to 70 
CoP6805E2C -40 to as 

Storage Temperature Range Tstll -55 to + 150 

DC ELECTRICAL CHARACTERISTICS 3.0 V (Voo=3 Vdc, VSs=O, TA=TL to TH, unless otherwise noted) 

Characteristics 

Output Voltage ILOAOS to.O "A 

Total Supply Current ICL =50 pF - no DC loads) tcyc=5 "s 

Run IV)L = 0.2 V, VIH = VOO - 0.2 V) 

W811 flest Conditions - See Note Below) 

Stop ITest Condillons - See Note Below) 

Output High Voltage 

ULOAO=O 25 rnA) AB·A12.BO·B7 

ULOAD-O 1 rnA) PAO·PA7. PBO-PB7 

ULOAO = 025 rnA) OS, AS, R/W 

Output Low Voltage 

ULOAo=0.25 rnA) AB-AI2, BO-B7 

ULOAO-0.25 rnA) PAO-PA7, PBO-PB7 

ULOAO=0.25 mAl OS, AS. R/W 

Input High Voltage 

PAO-PA7. PBO-PB7. BO-B7 

TIMER. TIm. RErn" 
OSCI 

Input Low Voltage IAII Inputs) 

Frequency of Operation 

Crystal 

External Clock 

Input Current 

~. TIm. Timer. OSCl 

Three-State Output Leakage 

PAO·OA7. PBO-PB7. BO-B7 

Capacitance 

~. iRQ. Timer 

Capacitance 

OS. AS. R/W. AB-AI2. PAO-PA7. PBO-PB7. BO-B7 

NOTE Test conditions for QUiescent Current Values are' 
Port A and B programmed as Inputs. 
VIL =02 V for PAO-PA7. PBO-PB7. and BO-B7 
VIH = VOO - 02 V for ~. TIm. and Timer. 
OSCl Input IS a squarewave from VSS+0.2 V to VOO - 0.2 V. 
OSC2 output load Ilncludlng tester) IS 35 pF maximum. 
Walt mode 100 IS affected linearly by thiS capacitance 

Symbol Min Max 

VOL - 01 

VOH VOO-O.l -

100 - 13 

iOO - 200 

100 - 100 

VOH 27 -
VOH 2.7 -
VOH 27 -

VOL - 03 

VOL - 03 

VOL - 03 

VIH 21 -
VIH 25 -
VIH 2.1 -
VIL - 05 

fose 0.032 10 

fOSC OC 10 

lin - ±1 

ITSL - ±10 

Cin - BO 

Caut - 120 

Unit 

V 

V 

rnA 

·C 

·C 

Unit 

V 

rnA 

"A 
/loA 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

MHz 

MHz 

"A 

"A 

pF 

pF 
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________________ 6805-Series Microprocessors and Microcomputers 

CDP6805E2, CDP6805E2C 
DC ELECTRICAL CHARACTERISTICS 50 V (VDD;5 Vdc ± 10%, Vss;O, TA;TL to TH, unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Output Voltage ILOAOS 10 0 p,A VOL - 01 V 

VOH VOO-O 1 - V 
Total Supply Current ICL -130 pF - On Bus, CL -50 pF -- On Ports, 
No DC Loads, tcyc= 10 p,s 100 - 10 mA 

Run IVIL = 02 V, VIH = VDO - 0.2 VI 

Walt IT est ConditIOns - See Note Belowl IDO - 15 mA 

Stop ITest ConditIOns - See Note Belowl 100 - 200 1A 
Output High Voltage 

IlLOAO = 1.6 mAl AS-A 12, BO-B7 VOH 41 - V 

IILOAO=O 36 mAl PAO-PA7, PBO-PB7 VOH 41 - V 
IILOAO-l 6 mAl OS, AS, R/W VOH 41 V 

Output Low Voltage 

II LOAD = 1.6 mAl AS-A12, BO-B7 VOL - 04 V 
IlLOAO = 1.6 mAl PAO-PA7, PBO-PB7 VOL - 04 V 

IILOAO-l.6 mAl OS, AS, R/W VOL - 04 V 
Input High Voltage 

PAD-PA7, PBO-PB7, BO-B7 VLH VOD-20 - V 
TIMER, iRQ, RESET VIH VOO -0 S - V 
OSCl VIH VOO-15 - V 

Input Low Voltage IAII Inputs) VIL - OS V 
Frequency of Operation 

Crystal fOSC 0032 50 MHz 

External Clock fOSC OC 50 MHz 

Input CurrAnt 

RESET, iRQ, Timer OSCI lin - ± 1 p,A 

Three-State Output Leakage 

PAO-PA7, PBO-PB7, BO-B7 ITS I - ± 10 p,A 

Capacitance 

RESET, IRQ. Timer C,n - SO pF 

Capacitance 

OS, AS. R/W. AS-A12, PAO-PA7, PBO-PB7, BO-B7 Cout - 120 pF 

NOTE Test conditions for QUiescent I":urrent Values are 
Port A and B programmed as Inputs 

osel Input IS a squarewave from VSS + 02 V to VOO - 02 V 
OSC2 output load Iincluding tested IS 35 pF n,axlmum 

VIL =02 V for PAO-PA7, PBO-PB7, and QO-B7 
VIH = VOO - 02 V lor RESET, i'RQ, and Timer 

Walt mode 11001 IS affected linearly by thIS capacitance 
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NC 

NC 

TERMINAL ASSIGNMENT 
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44-Lead Plastic Chip-Carrier (PCC) Package 
(Q suffix) 
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680S-Serles Microprocessors and Mlcrocomputers _______________ _ 

CDP6805E2, CDP6805E2C 
TABLE 1 - CONTROL TIMING (VSs=D. TA=TL to TH) 

VOO=3 V VOO=5V ± 10% 
10SC= 1 MHz IOSC=5 MHz 

Characteristics Symbol Min Typ Max Min Typ Max Unit 
1/0 Port Timing - Input Setup Time (Figure 31 tPVASL 500 - - 250 - - ns 
Input Hold Time IFIgure 31 tASLPX 100 - - 100 - - ns 
Output Oelay Time (Figure 31 tASLPV - - 0 - - 0 ns 
Interrupt Setup Time (Figure 61 tlLASL 2 - - 0.4 - - ~s 

Crystal OSCillator Startup Time (Figure 51 tOXOV - 30 300 - 15 100 ms 
Walt Recovery Startup Time (Figure 71 WASH - - 10 - - 2 ~s 

Stop Recovery Startup Time (Crystal OSCillator I (Figure 81 tlLASH - 30 300 - 15 100 ms 
Required Interrupt Release (Figure 61 tOSLIH - - 5 - - 10 ~s 

Timer Pulse Width (Figure 71 tTH, tTL 0.5 - - 0.5 - - tcyc 
Reset Pulse Width (Figure 51 tRL 5.2 - - 105 - - ~s 

Timer Penod (Figure 71 tTLTL 1.0 - - 10 - - teye 
Interrupt Pulse Width Low (Figure 161 tlLlH 10 - - 10 - - teye 
Interrupt Pulse Pen ad (Figure 161 tlLlL " " t£t9 
OSCillator Cycle Penod (1/5 of teyel tOLOL 1000 - - 200 - - ms 
ascI Pulse Width High t()~ 350 - - 75 - - ns 
ascI Pulse Width Low taL 350 - - 75 - - ns 

* The minimum penod tlLlL should not be less than the number of tcyc cycles It takes to execute the Interrupt service routine plus 20 tcyc 
cycles. 

TTL Equivalent 

Test 
Point 

C 

Pin 

~ 

-= 

PAO-PA7, PBO-PB7 

80-B7, AB-A12, 
Riiiii OS AS 

Rl 
113 k 

2.5 k 

-= 
R2 

2.1 k 

2 k 

VOO=4.5 V 

C 

50 pF 

130 pF 

CMOS Equivalent 

Test Point 

C=50 pF. PAO-PA7, PBO-PB7 
= 130 pF, A8-A12, BO-B7, OS, AS, R/W 

with VOO=5 V ± 10% 

92CS~38016 

Fig. 2 - Equivalent test-load circuits. 

244 _______________________________________________________________ __ 



_________________ 6805-Series Microprocessors and Microcomputers 

Num 

1 

2 

3 

4 

8 

9 

11 

16 

17 

18 

19 

21 

23 

24 
25 

26 

27 

28 

CDP6805E2, CDP6805E2C 
IVLOW=O.8 V. VHIGH= VDD-2 V. VDD=5 ± 10% 
Temp=O· to 70·C. CL on Port=50 pF. fOSC=5 MHzl 

Address 
Strobe 

Port 
Input -----< 

14-----tpVASL----~ .... ---tASLPX 

Port 
Output 

*The address strobe of the first cycle of the next Instruction as shown In Table 11 

Fig. 3 - I/O port timing ivaveforms. 

TABLE 2 - BUS TIMING (TA=TL to THo Vss=O VI See Figure 4 

fOSC=l MHz. 
Characteristics Symbol VOO=3 V 

50 pF Load 

Min Max 
Cycle Time tcyc 5000 DC 
Pulse Width. DS Low PWEL 2800 
Pulse Width. OS High or AD. WA. Low PWEH 1800 -

Clock T ranSlllon tr.t - 100 

A/W Hold tRW. 10 -
Non-Muxed Address Hold tAH 800 -

A/W Delay from OS Fall tAD - 500 
Non-Muxed Address Delay from AS A,se tADH 0 200 
MPU Aead Data Setup tDSA 200 -

Aead Data Hold tDHR 0 1000 
MPU Data Delay. Write tDDW - 0 
Write Data Hold tDHW 800 -
Muxed Address Delay from AS A,se tBHD 0 250 
Muxed Address Valid to AS Fall tASL 600 -
Muxed Address Hold tAHI 250 750 

Delay OS Fall to AS Aise tASD 800 -

Pulse Width. AS High PWASH 850 -
Delay. AS Fall to OS A,se tASED 800 -

92CS-38017 

fOSC=5 MHz 
VOD=5 V ± 10%. 

1 TTL Unit 
and 130 pF Load 

Min Max 

1000 DC ns 

560 ns 

375 - ns 

- 30 ns 

10 - ns 

100 - ns 

- 300 ns 

0 100 ns 

115 - ns 

0 160 ns 

- 120 ns 

55 - ns 

0 120 ns 

55 - ns 
60 180 ns 

160 - ns 

175 - ns 

160 - ns 

_______________________________________________________________ 245 



II) • Q) 

AS 

os 

RiVii 

A8-A12 

BO-B7 
MPU Wflte 
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;::::,. 

VH1GH = VOO -2 V. VLOW = 0_8 V lor VOO = 5 V ± 10% 
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I I I I 

Fig. 4 - Bus timing waveforms. 
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Oscillator Waveform 

~tOL----b=:}OH_ 
05C1 Pin J 

t---tOLOL 

Crystal Oscillator Connecttons 

CDP6805E2 

38~39 
OSC2.,t-10r--t OSCl 

ICOSC2 I COSCl 

Fig. 5 - Power-on reset and i'6ffi timing waveforms. 

Crystal Parameters Representative Frequencies 

5 MHz 4 MHz , MHz 
AS max 50\} 7511 400!l 

CO 8 pF 7 pF 5 pF 
Cl 002 pF 0012 pF 0008 pF 
Q 50k 40k 30k 

COSCl 15-30 pF 15-30 pF 15-40 pF 
COSC2 15-25 pF 15-25 pF 15-30 pF 

Crystal Circuit 

L Cl AS 

OC~ 
0~C2 101 O~Cl 
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*tDSllH - The Interruptmg deVice must release the IRO line wlthm ttllS time to prevent subsequent recognition of the same Interrupt 

lmmux 
AS-A12 

DS 

Fig_ 6 - IRQ and fCi!i7 int9rrupt timing wav9forms_ 

Address Bus - Addr + 1 ,----- SP SP - 1 SP - 4 

Int Routine Starting Addr 

IF 

Mux BO-B7 PCL PCH '--I,--_.A'J'-.J'~ 
Addr~s~:Data Walt Op Code New PCrl New PCl 1st Op COdeR~t"tlne 

RiW 71m7!Tii/// ,." \ " 
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Fig. 7 - Tim9r int9rrupt aft9r WAIT instruction timing wav9forms. 
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AS 

OS 

Op Code Address Unmux 
A8·A12 

Address Bus --" ~(" .' 
Mux BO.B7 ~Addr+ 1 ~ ~ .... 'r";----~;;-::~--~-:;-----:--------1=:J:C= 

Address! Data ~ / 
Addr+ t SP-l 

PCl X X PCH 
Bus Stop Op Code 

R/W 

.: Represents the Internal gating of the OSC1 mput pin. 
tcyc IS one instruction cycle Ifor fOSC= 5 MHz, tcyc= 1 !'5) 

Fig. B - Interrupt recovery from STOP instruction timmg waveforms. 
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6aOS-Serles Microprocessors and Microcomputers ________________ _ 

CDP680SE2, CDP680SE2C 
FUNCTIONAL PIN DESCRIPTION 

VDD and VSS - VDD and VSS provide power to the 
chip VDD provides power and VSS IS ground 

IRQ (Maskable Interrupt Request) - iRCi IS a level
senSitive and edge sensitive Input which can be used to re
quest an Interrupt sequence The MPU completes the cur
rent Instruction before It responds to the request IF IRQ IS 
low and the Interrupt mask bit (I-bill 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 Isee Interrupt Section for more detallsl iiiO 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 descrtptlon 

,TIMER - The TIMER Input IS used for clocking the on
chip timer, Refer to TIMER seClion for a detailed deSCription 

AS (Address Strobe) - Address Strobe IASI,s an output 
strobe used to indicate the presence of an address on the 
S-blt 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, Thlso~tput IS capable of dnvtng one stan
dard TTL load and 130 pf and IS available at fOSC + 5 when 
the MPU IS not 10 the WAIT or STOP states, 

OS (Data Strobe) - ThiS output IS used to transfer data to 
or from a pertpheral or memory, OS occurs anylime the MPU 
does a data read or wrtte, DS also occurs when the MPU 
does a data transfer to or from the MPU's tnternat memory 
Refer to Table 2 and Figure 4 for tlmtng charactertstlcs ThiS 
output IS capable of drtvlng one standard TTL load and 

OSCI 

AS 

OS 

R/W 

80-87 
MPU Read ----of 

80-87 
MPUWrite 

• Read data "latched" on OS fall. 

Mux_ Addr 

Mux, Addr 

130 pF, DS IS a continuous Signal at fOSC ~ 5 when the 
MPU IS not 10 WAIT or STOP state, Some bus cycles are 
redundant reads of op code bytes 

R/IN (Read/Write) - The R/W output IS used to tnd,cate 
the direction of data transfer for both Internal memory and 
I/O registers, and external pertpheral deVices and memones, 
ThiS output IS used to tndlcate to a selected penpheral 
whether the MPU IS gOing to read or wrtte data on the next 
Data Strobe (R/W low = processor wflte; R/Vil 
high = processor readl, The Riw output IS capable of dnvlng 
one standard TTL load and 130 pF, The normal standby state 
IS Read (hlghl 

AS-A 15 (High Order Address Lines) - The A8-A 15 
output lines constitute the higher order non-multiplexed 
addresses Each output line IS capable of driVing one standard 
TTL load and 130 pF 

80-B7 (Address/ Data Bus) - The BO-B7 bldlfectlonal 
lines conslitute the lower order addresses and data, These 
lines are multiplexed, With address present at Address 
Strobe lime and data present at Data Strobe lime When 10 

the data mode, these lines are bidirectional, transfefflng data 
to and from memory and pe'tpheral deVices as Indicated by 
the R/W pin As outputs In either the data or address 
modes, these lines are capable of drtvtng one standard TTL 
load and 130 pF 

OSC1, OSC2 - The CDP6805E3 provides for two types of 
oscillator inputs - crystal circuit or external clock, The two 
oscillator ptnS are used to Interface to a crystal Clfcult, as 
shown In Figure 5, If an external clock is used, It must be 
connected to OSCI The Input at these pins IS diVided by five to 
form the cycle rate seen on the AS and DS pins The frequency 
range IS speCified by fOSC The OSCI to bus transitions 
relationships are prOVided In Figure 9 for system deSigns uSing 
OSCillators slower than 5 MHz 

MPU Write Data 

92CS-38023Rl 

Fig. 9 - OSCI to bus transitions timing waveforms. 
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________________ 6805-Serles Microprocessors and Microcomputers 

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 10SC In the electrical characteristics 
table 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 out
put distortion and start-up stabilization time. 

External Clock - An external clock should be ap
plied to the OSCI input with the OSC2 Input not con
nected, as shown In Figure 10 

OSCI 39 

OSC2 38 
No 

Connection 
INCI 

;;uP6805E2 

Fig, 10 - External clock connection. 

Data Direction 
Register 

Port A 
Register 

CDP6805E2, CDP6805E2C 
LI (Load Instruction) - This output IS uSfld to indicate that 

a felch of the next opcode IS In progress. LI remainS low dur 
Ing an External or Timer Interrupt Tile LI output IS only used 
for certain debugging and test systems For norma! 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 

PAO-PA7 - These eight pins constitute Input/Output 
Port A. Each line IS Individually programmed to be either an 
Input or output unde, software control via ItS Data Direction 
Register as shown below. An I/O 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 mode the 
bits are latched and appear on the corresponding output 
pins. An MPU read of the port bits programmed as outputs 
retlect the last value written to that location. When program
med as an Input, the Input data bltls) are not latched An 
M PU 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/O 
Port Circuitry In Figure 1,. DUring a Power-On Reset or ex
ternal RESET all lines are configured as Inputs Izera In Data 
Direction Register) The output port register IS not Initialized 
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 
Port B Refer to PAO-PA7 description for details of opera
tion 

$0004 

$0000 

Pin PA7 PA6 PA5 PA4 PA3 PAl PAl PAO 

Data Direction 
Register 

Port B 
Register 

Pin PB7 PB6 PB5 PB4 PB3 PB2 PB 1 PBO 

$0005 

$0001 

92CS-38025 
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680S-Series Microprocessors and Microcomputers _______________ _ 

CDP6805E2, CDP6805E2C 

To 
And 
From 
CPU 

92CS·38026 
Fig. 11 - Typical 110 port circuitry. 

TABLE 3 - 1/0 PIN FUNCTIONS 

R/W DDR 1/0 Pin Functions 

0 0 
The 110 pin IS In Input mode Data IS wntten 
Into the output data latch 

0 1 
Data IS wrttten Into the output data latch and 
output to the 1/0 pin 

1 0 The state 01 the 110 pin IS read 

1 1 
The 1/0 pin IS In an output mode The output 
data latch IS read 

MEMORY ADDRESSING 

The CDP6805E2 is capable of addressing 8192 bytes of 
memory and 1/0 registers. The address space is divided Into 
rnternal memory space and external memory space, as 
shown In Figure 12. 

The Internal memory space IS located within the frrst 128 
bytes of memory (frrst half of page zero) and IS comprrsed of 
the 1/0 port locations, timer locations, and 112 bytes of 
RAM. The MPU can read from or wrrte to any of these loca
tions. A program wrrte 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 loca
tions also appear on the external bus, but the MPU accepts 
data only from the addressed on-chip location. Any read 
data appearrng on the rnput bus IS Ignored. 

The stack pOInter IS used to address data stored on the 
stack. Data IS stored on the stack durrng Interrupts and 
subroutrne calls At power up, the stack pOinter IS set to $7F 
and It IS decremented as data IS pushed onto the stack 
When data IS removed from the stack. the stack pornter IS In
cremented A maxImum of 64 bytes of RAM IS avaIlable for 
stack usage. Since most programs use only a small part of 
the allotted stack locatIons for Interrupts andlor subroutine 
stackIng purposes, the unused bytes are usable for program 
data storage 

All memory locatIons above locatIon $OO7F are part of the 
external memory map. In addition, ten locations rn the 1/0 
portIon of the lower 128 bytes of memory space, as shown 

rn 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 of the external ad
dress space are reserved for Interrupt and reset vectors (see 
Figure 121. 

REGISTERS 

The CDP6805E2 contains five regIsters as shown In the 
programming model rn FIgure 13 The Interrupt stacking 
order IS shown In Figure 14 

ACCUMULATOR (A) - ThIS Accumulator IS an 8-blt 
general purpose register used for arrthmetlc calculations and 
data manipulations. 

INDEX REGISTER (X) - The X register IS an S-blt register 
which IS used durrng the Indexed modes of addreSSIng It 
proVides an 8-blt operand which IS used to create an effective 
address The Index register IS also used for data manIpula
tions wIth the Read/Modlfy/Wrtte type of InstructIons and 
as a temporary storage register when not performrng ad
dressing operatIons 

PROGRAM COUNTER (PC) - The program counter IS a 
13-blt regIster that contains the address of the next instruc
tion to be executed by the processor 
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Fig. 12 - Address map. 

_______________________________________________________________ 253 



6805-Series Microprocessors and Microcomputers ________________ _ 

CDP6805E2, CDP6805E2C 
/ 

[ A 

X 

12 

PC 

12 6 

1010101010101 

0 

] 
0 
I 
0 
I 
0 

SP I 
CC 

Accumuldtor 

Index Register 

Program Counter 

Stack POinter 

Condition Code Register 

Carry! Borrow 

Zero 

"----Negatrvt-1 

~----Interrupt Mask. 

"-------Haif CalfY 
92CS·38028 

Fig. 13 - Programming model. 

Stdck 

Increasing Memory 1 ~ 
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n Accumulator 

Addresses U 
Index Register 
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R 
N 

Unstack 
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NOTE Since the Slack POirrier decrem.af1t~ (lUflllY pu~tle~, the pel 1'-, 

stacked frrst. followed by PCH, etc PulilfHJ from lht~ ">Idc.k 1'-,111 

the reverse order 

Fig. 14 - Slacking order. 

STACK POINTER (SP) - The stack pOinter is a 13-blt 
register containing the address of the next free location on 
the stack When accessing memory. the seven most
significant bits are permanently set to 0000001. They are ap
pended to the SIX least-significant register bits to produce an 
address within the range of $OO7F to $0040. The stack area of 
RAM IS used to store the return address on subroutine calls 
and the machine state dUring Interrupts. During external or 
power-on reset. and dUring a "reset stack pOinter" instruc
tion, the stack pOinter IS set to Its upper limit ($OO7FI. Nested 
Interrupts andlor subroutines may use up to 64 (declmall 
locations, beyond which the stack pOinter "wraps around" 
and POints to ItS upper limit thereby lOSing the previously 
stored Information A subroutine call occupies two RAM 
bytes on the stack, while an Interrupt uses five bytes 

CONDITION CODE REGISTER (CCI - The condition 
code register IS a 5-blt register In which each bit IS used to In
d,cilte the results of the Instruction lust 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 explain
ed below 

Half Carry Bit (HI - The H-bit IS set to a one when a carry 
occurs between bits 3 and 4 of the ALU dUring an ADD or 
ADC Instruction. The H-blt is useful In Binary Coded DeCimal 
addition subroutines. 

Interrupt Mask Bit (I) - When the I·bit is set, both the ex
ternal interrupt and the timer Interrupt are disabled Clearing 
thiS bit enables the above Interrupts. If an Interrupt occurs 
while the I-bit IS set, the Interrupt IS latched and Will be pro
cessed when the I-bit 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 onel 

Zero Bit (Z) - When set, thiS bit Indicates that the result 
of the last arithmetiC, logical, or data manipulation was zero 
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Carry Bit (CI - The C-bit is set when a carry or a borrow 
out of the ALU occurs during an arithmetic instruction. The 
C-blt IS also modified during bit test, shift, rotate, and branch 
types of instruction 

RES~TS 

The COP6805E2 has two reset modes: an active low ex
ternal reset pin (RESET) and a Power-On Reset function, 
refer to Figure 5 

RESET (Pin #11 The RESET input pin IS used to reset 
the MPU and provide an orderly software sta!:!:!:!E...Pro
cedure. 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 ImmUni
ty capability. 

Power-On Reset - The Power-on Reset occurs when a 
positive transition is detected on VOO. 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 tcyc 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 71 
IS cleared to a "0". 

- Timer control register Interrupt mask bit (bit 61 IS 
set to a "1". 

- All data direction register bits are cleared to a "0" 
(Inputs!. 

- Stack pOinter is set to $007F. 
The address bus IS forced to the reset vector 

($lFFE, $lFFFI. 
ConditIOn code register Interrupt mask bit (I) IS set to 

a "1". 
STOP and WAIT latches are reset. 
External Interrupt latch is reset. 

All other functions, such as other registers (Including out
put portsl the timer, etc., are not cleared by the reset condi
tions. 

INTERRUPTS 

The COP6805E2 IS capable of operation with three dif
ferent Interrupts, two hardware (timer Interrupt and external 
interrupti and one software (SWII. When any of these inter
rupts occur, normal processing IS suspended at the end of 
the current instruction execution. All of the program 
registers (the machine statel 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 (TCR61 IS 
cleared, then each time the timer decrements to zero (transI
tions from $01 to $001 an Interrupt request IS generated The 
actual processor Interrupt IS generated only If the Interrupt 

*Any cumint instruction including SWI. 
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mask bit of the condition 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 in
terrupt service routine. The address for thiS service routine IS 
specified by the contents of $1 FF8 and $1 FF9. The contents 
of $1 FF6 and $1 FF7 specify the service routine. Also, 
software must be used to clear the timer Interrupt request bit 
(TCR7). At the end of the timer Interrupt service routine, the 
software normally executes an RTI instruction which restores 
the machine state and starts executing the Interrupted 
program. 

EXTERNAL INTERRUPT - If the Interrupt mask bit of the 
condition code register IS cleared and the external Interrupt 
pin IRO IS "low," then the external Interrupt occurs The ac
tion of the external Interrupt IS Identical to the timer Interrupt 
With the exception that the service routine address IS 
speCified by the contents of $1 FFA and $1 FFB The Interrupt 
logic recognizes both a "wire ORed" level and pulses on the 
external interrupt line Figure 16 shows both a functional 
diagram and timing for the Interrupt line The timing diagram 
shows two different treatments of the Interrupt line liROl 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 IRO remains low, 
then the next interrupt IS recognized The second method IS 
Single pulses on the Interrupt line spaced far enough apart to 
be service. The minimum time between pulses IS a function 
of the length of the interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU 
software has exited the routine (an RTI occurs) This time 
(tIULI is obtained by adding 20 instruction cycles (one cycle 
tcyc=5/fOSC) to the total number of cycles It takes to 
complete the service routine including the RTI instruction; 
refer to Figure 6. 

SOFTWARE INTERRUPT (SWII - The software Interrupt 
IS an executable Instruction The action of the SWI instruc
tion IS Similar to the hardware Interrupts The SWI IS ex
ecuted 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 $1 FFC and 
$1 FFD See Figure 15 for Interrupt and Instruction Process
Ing Flowchart 

The follOWing three functions are not strictly Interrupts, 
however, they are tied very closely 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 In
Itialization program ThiS vector IS speCified by the contents 
of memory locations $1 FFE and $lFFF The interrupt mask 
of the condition code register is also set Refer 10 RESET 
section for details 
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Force Interrupt 
Execution, Set 
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Vector * Note 

* NOTE: The clear of TeR bit 7 must be accomplished with software. 

Force Interrupt 
Execution, Set 
Interrupt Mask, 

Fetch Ext Int 
Vector, Reset 
Interrupt Latch 

Fig. 15 -Interrupt and instruction processing flowchart. 
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Interrupt Pin 
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(a) Interrupt Functional Diagram 
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>'-'---ClI C 

(bl Interrupt Mode Diagram 

I Bit ICCRI 

Power·On Reset 

External Reset 

External Interrupt 
Being Serviced 

External 
Interrupt 
Request 

I~al-----'~ _______ -J } 

Wile OR'ed Condition 
III alter servIcing an Interrupt the rna reo 
mains low, then the next Interrupt IS re
cognlzedl • 

• 
IRQn 

,...---

iRQ IMPUII~ ______________ ...J 

(2) 

ilm~IILIH U 
~ tILtL----I·~1 

Fig, 16 - EII/ema/lnterrupt. 

Pulse Condition 

The minimum pulse Width !tILtHI IS one 
tCYC The penod tlLIL should not be less 
than the number of tcyc cycles It takes to 
execute the Interrupt service routine plus 
20 tcyc cycles 
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STOP - The STOP instruction places the CDP6805E2 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 hnes go to a low state and the R/W hne goes to a high 
state. The multiplexed address/data bus goes to the data m
put state. The high order address lines remain at the address 
of the next mstruction. The MPU remams In the STOP mode 
until an external interrupt or reset occurs; refer to Figure 8 
and 17 

DUring the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pendmg timer mterrupt re
quests and to disable any further timer interrupt~. External 
interrupts are enabled In the condition code register. All 
other registers and memory remain unaltered. All I/O hnes 
remain unchanged. 

Yes 

S top OSCillator 
And All Clocks 
TCR Bit 7-0 

Bit 6-1 
Clear I Mask 

Fig. 17 - Stop function flowchart. 

WAIT - The WAIT Instruction places the CDP6805E2 m 
a low power consumption mode, but the WAIT mode con-

92CS-38032 

sumes 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 normal sequence The 
R/W hne goes to a high state, the multiplexed address/data 
bus goes to the data Input state, and the DS and AS hnes go 
to the low state The high order address hnes remain at the 
address of the next Instruction The MPU remains In this 
state until an external Interrupt, timer mterrupt, or a reset oc
curs, refer to Figures 7 and 18 

DUring the WAIT mode, the I-bit m the conditIOn code 
register IS cleared to enable Interrupts All other registers, 
memory, and I/O hnes remain In their last state The timer 
may be enabled to allow a periodiC eXit from the WAIT 
mode. If an external and a timer mterrupt occur at the same 
time, the external mterrupt IS serviced first, then, If the timer 
Interrupt request IS not cleared In the external Interrupt 
routme, the normal timer Interrupt (not the timer WAIT mter
rupt) is serviced since the MCU IS no longer In the WAIT 
mode 

TIMER 

The MPU timer contams a Single 8-blt software program
mable counter With 7-blt software selectable prescaler. The 
counter may be preset under program control and 
decrements towards zero. When the counter decrements to 
zero, the timer interrupt request bit, Ie, bit 7 of the Timer 
Control Register (TCR) IS set Then If the timer mterrupt IS 
not masked, I.e., bit 6 of the TCR and the I-bit m the Condi
tIOn Code Register are both cleared, the processor receives 
an Interrupt. After completion of the current instruction, the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca
tions $IFF8 and $IFF9 In order to begin servIcing the inter
rupt, unless It was In locations $IFF6 and $IFF7 the WAIT 
mode. 

The counter continues to count after 1\ reaches zero, 
allOWing the software to determine the number of Internal or 
external mput clocks since the timer mterrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing 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 mterrupt request bit 
remains set until cleared by the software If thiS happens 
before the timer Interrupt IS serviced, the mterrupt IS lost 
TCR7 may also be used as a scanned status bit m a non
Interrupt mode of operation (TCR6= 11 

The prescaler IS a 7-blt diVider which IS used to extend the 
maximum length of the timer Bit 0, bit I, 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 mto or read from the prescaler, however, ItS 
contents are cleared to all "O's" by the wnte operallon mto 
TCR when bit 3 of the written data equals I, which allows for 
truncation-free counting 

The Timer mput 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 pro
grammed to a "0", the Input to the Timer IS from an Internal 
clock and the Timer Input IS disabled. The internal clock 
mode can be used for periodiC mterrupt generation, as well 
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No 

No 
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Fig. 18 - Walt 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 
internal 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 pulse 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 TCR5= 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 well as 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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I 
Softw.,. Function. 

NOTES: 
1. Preecater and "'~t counter.I'II clocked fa"lng edge of the Internal Clock (AS) or externa' 

2. d:;, I ••• "Ion 10 during om Sirolle (OS) and counll down cont'nuou.'y. 

12C"- 380,.,U 

Fig. 18- Tlmerblockdlegrem. 

Timer Control Register (TCR) 

765432' 0 

ITCR7ITCR6ITCR5ITCR4ITCR3/TCR2ITCR,ITCROI 

All bits In thiS register except bit 3 are Read/Wnte bits. 

TCR7 - Timer Interrupt request bit: bit used to Indicate 
the timer Interrupt when It 15 logiC "'''. 

, - Set whenever the counter decrements to zero, or un· 
der prognlill control. 

o - Cleared on external reset, power-on reset, STOP In
structoon, or program control. 

TCR6 - Timer Interrupt mask bit: when thiS bit 15 a logiC 
"'" It Inhibits the tomer Interrupt to the processor. 

, - Set on external reset, power-on reset, STOP Instruc
tion, or program control. 

o - Cleared under program control. 

TCR6 - External or Internal bit: selects the Input clock 
source to be 8Ither the external timer Pin or the Internal 
clock. I Unaffected by IITSTI ) 

, - Select external clock source 
o - Select Internal clock source lAS), 

TCR4 - External enable bot· control bit used to enable the 
externailimer pin. IUnaffecled by RESET.) 

, - Enable eXlernal tomer pin. 
o - Disable external timer pin . 

TCR6 TCR4 

~
o Internal clock lAS) to Timer 

o , AND of Internal clock (AS) and TIMER 
pin to Timer 

, 0 Inputs to Timer disabled 
, , TIMER pin to Timer 

Refer to Figure '9 for LogiC Representation. 

TCR3 - Timer Prescaler Reset bit: writing a "'" to this bit 
resets the presealer to zero. A read of this location always in
dicates a "0" IUnaffected by ~.) 

TCR2, TCR1, TCRO - Prescaler address bits: decoded to 
select one of eight taps on the presca)er. (Unaffected by 
RESET.) 

Pl'8IC8ler 

TCR2 TCRI TCRO Reeult 

0 0 0 +1 

0 0 , +2 

0 , 0 +4 

0 , 1 +8 , 0 0 +16 , 0 I +32 , , 0 +64 , I , +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
ed from memory uSing one of the addressing modes. The 
jump unconditional (JMPI 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 
(lST) 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 
DDRs, 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 InstrucllOn cy
cle timing. 

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 cycle timing. 

ALPHABETICAL LISTING - The complete instruction set 
IS given in alphabetical order In Table 9. 

OPCOOE 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 various 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
lIOns (three bytes I permit tables throughout memory. Short 
and long absolute addreSSing is also included. Two byte 
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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 111-

d,cates concatenation of two bytes. 

Inherent - In inherent instructions all the II1formatlon 
necessary to execute the Instruction IS contained 111 the op
code. Operations speclfYll1g only the Index register or ac
cumulator, and no other arguments, are II1cluded 111 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+l; PC-PC+2 

Direct - In the direct addressing mode, the effective ad
dress of the argument is contained in a single byte followll1g 
the opcode byte. Direct addressll1g allows the user to direct
ly address the lowest 256 bytes In memory With a Single two 
byte II1struction. ThiS Includes all on-chip RAM and I/O 
registers and up to 128 bytes of off-chip ROM. Direct ad
dreSSing IS efficient In both memory and speed. 

EA=(PC+ll; PC-PC+2 
Address Bus High-O; Address Bus Low-(PC+ 11 

Extended - In the extended addressll1g mode, the effect
ive address of the argument is contained In the two bytes 
following the opcode. Instructions with extended addressll1g 
modes are capable of referencll1g arguments anywhere In 
memory With a Single Ihree byte instruction. 

EA=(PC+ 1);(PC+21; PC-PC+3 
Address Bus H,gh-(PC + 11; Address Bus Low-(PC + 21 

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 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 
I/O 10callOn. 

EA=X, PC-PC+l 
Address Bus Hlgh-O; Address Bus Low-X 
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N :: 
TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended Indexed Indexed Indexed I (No 0fIeet1 (8-Bit 0fIeet1 (l8-Bit 0fIeet1 

Op I I Op I , Op I I Op I , Op , I Op I , 
Function Mnemonic Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

Load A from Memory LOA A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 D6 3 5 

Load X from Memory LOX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

Store A on Memory STA B7 2 4 C7 3 5 F7 1 4 E7 2 5 07 3 6 

Store X on Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 OF 3 6 

o :I 
C i 
"1J I 

U) 
0) • C» ~ • 0 • en !!I: 
m n 
N a 

.. '0 
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 

ADC A9 2 2 B9 2 3 C9 3 4 F9 3 E9 Carry to A 1 2 4 D9 3 5 

Subtract Memory SUB AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

Subtract Memory from SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 02 3 5 
A wIth Borrow 

AND Memory to A AND A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 D4 3 5 

o ~ 
C CD 

"1J I 
0) iii 
C» CD 

::11 
0 a. 

OR Memory wIth A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 b 

ExcluSIve OR Memory 
EOR AS 2 2 B8 2 3 C8 3 4 FB 1 3 E8 2 4 08 3 5 

wIth A 

en 11: m n 
N a 

Anthmetlc Compare A 
CMP Al 2 2 Bl 2 3 Cl 3 4 Fl 1 3 El 2 4 01 3 5 

wIth Memory 
Arothmetlc Compare X 

CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 03 3 5 Wllh Memorv 

o g 
3 
'0 
C -BII Test Memory wIth 

i A 1 LogIcal Compare) 
BIT A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 D5 3 5 • iii 

Jump UncondItIonal JMP - - - BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 

L Jump to Subroutine JSR - ~ - - BD 2 5 CD 3 6 FD 1 5 EO 2 6 DO 3 -~ 
TABLE 5 - READ/MODIFY/WRITE INSTRUCTIONS 

Addressing Modes 

Inherent (AI Inherent (XI Direct 
Indexed Indexed 

(No Offsetl (8-Bit Offsetl 

Op I I Op I I Op I , Op , , Op I , 
Function Mnemonic 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 6A 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 
NEG 

12'5 Complementl 
40 1 3 50 1 3 30 2 5 70 1 5 60 2 6 

Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 

Rotate RIght Thru 
ROR 46 , 

Carry 
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 1 5 68 2 6 I 

LogIcal ShIft RIght LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 

Arothmetlc ShIft R,ght ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6 

Test for Negative TST 40 1 3 50 1 3 3D 2 4 70 1 4 60 2 5 
or Zero -- -
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TABLE 6 - BRANCH INSTRUCTIONS 

Relative Addressing Mode 

Function Mnemonic 
Op # I 

Code Bytes Cycles 

Branch Always BRA 20 2 3 

Branch Naver 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 

IBranch IFF Higher or Same) IBHS) 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF Lower) IBlO) 25 2 3 

Branch IFF Not Equal BNE 26 2 3 

Branch IFF Equal BEQ 27 2 3 
Branch IFF Hall Carry Clear BHCC 2B 2 3 

Branch IFF Hall 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 IS Set BMS 20 2 3 III 
Branch IFF Interrupt line IS low Bil 2E 2 3 

Branch IFF Interrupt line IS High BIH 2F 2 3 

Branch to Subroutine BSR AO 2 6 

TABLE 7 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 

Function Mnemonic Op I # Op # I 
Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n IS Set BRSH n In=O ,7) - - - 2-n 3 5 

Branch IFF Bit n IS Clear BRClR n In=O 7) - - - 01 + 2-n 3 5 

Set Bit n BSET n In=O ,7) 10+ 2-n 2 5 - - -
Clear BII n BClR n In=O 7) 11 + 2-n 2 5 - - -

TABLE 8 - CONTROL INSTRUCTIONS 
--------

Inherent 

Function Mnemonic 
Op # # 

Code Bytes Cyclas 

Transter A to X TAX 97 1 2 -
Transfer X to A TXA 9F 1 2 --Set Carry Bit SEC 99 1 2 

Clear Carry BII 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 Subroullne RTS 81 1 6 

Return from Interrupt RT! 80 1 9 

Reset Stack POinter RSP 9C 1 2 --
No-Operation NOP 90 1 2 

Stop STb~ -8E 1 2 

Walt WAIT 8F 1 2 
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CDP6805E2, CDP6805E2C 

Mnemonic Inherent Immediate 

AoC X 
AUU X 
AND X 
ASl X 
ASR X 
BCC 
BClR 
BCS 
BEC 

BHCC 
BHCS 

BHI 
BHS 
BIH 
Bil 
BIT X 
BlO 
BLS 
BMC 
BMI 
BMS 
BNE 
BPl 
BRA 
BRN 

BRClR 
BRSEl 
BSET 
BSR 
CLC X 
CLI X 
CLR X 
CMP X 
COM X 
CPX X 
DEC X 
EOR X 
INC X 
JMP 
JSR 
LOA X 
LOX X 
LSl X 
LSR X 
NEG X 
NOP X 
ORA X 
ROL X 
ROR X 
RSP X 
Rli X 
RTS X 
SBC X 
SEC X 
SEI X 
STA 

STOP X 
STX 
SUB X 
SWI X 
TAX X 
TST X 
TXA X 

WAIT X 

Condition Code Symbols 

H Hall Carry (From Bit 31 
I Interrupt Mask 
N Negative (Sign Bill 
Z Zero 
C Carry/Borrow 

Direct 

X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

TABLE 9 - INSTRUCTION SET 

Addressing Modes 

Indexed Indexed Extended Relative INo Offseti 18 Bitli 

X X X 
X 

X X X 
X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
J( x X 

X X 
X X X 
X X X 
X X X 
X X 

X X 
X X 
X X 

X X X 
x X 

X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set If True Cleared OtherWise 
• Not A tfeeted 
., Load CC Register From Slack 
o Cleared 
1 Set 

Condition Codes 

Indexed Bit Bit 

118 Bitsi Setl Test & H I N Z C 
Clear Branch 

X " " " " x 
X " " • " " " " " " • • 

X • · • .1. 
• • • • • • • • • • 

I- ·1-• • X " • • • • • --- -• • • x • " X " X • -• 
0 

0 • • 
X " " " " " 1 

" " • X " " • " " • X · -• 
X • • • 
X " " • • " 1\ ~ 

" " " 0 " " -I- A A A 

I- --I-
x -I- 1\ A I-

• " " " • • • • 
• • • • 

X • " A 
A 

• • • 1 
1 • • • 

X • " " • 0 • • • 
X • " " • X • " " " • • • 

• " " • • • • • 
u · -• 
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B~ M ",,"!ation Ik.nch 

~I ~ ..:" ao'\. .t., 
5 5 3 5 

,2" BRSEJ~. I, BSE!~r BRA"EL 1 2 NEGOJR 
5 5 3 

.J" BRCLRO 
12 BCL~~e 2 BRNAEl .T. 

o· , . 3 
2 3BRSEJ~. 1 2 BSE~le 2 BHIRFI 00'0 • • 3 5 

J., BRCL~iR I , BCL~~c , BLSREl I, COMnlA 
5 5 3 • 

0;:" 
BRSET2 1 2 BSE~~e 2 BCCAEl 12 LSROIA .T. 

.' 5 3 
5 BRCL~l. I 2 BCL~~e 2 BCSRH 0' , 

--' 5 3 5 
6 

3BRSEJfR ' ,BSE!~c , BNE.FI I, RORnlA 0110 • 5 3 5 

o~, BRCL~f. 12 BCL~~e 2 BECAEl 12 ASROIR .. , . 3 5 ,:.. BRSEJ:. 12 BSE~~e 2 BHC~El 1 2 LSLOIA 
5 • 3 • 9 BRCLR4 I, BCL~~c , BHC~FI I, ROLnlR '00' 3 8T8 

-' • 3 5 

,~n BRSEJi. 12 BSE1~e 2 BPLAEL 1 2 DECOlA 

• • 3 
B BRCLR5 BCL~~e 2 BMI 

1011 3 .T. AE 

BRSET~: ' . 3 • ,lim , BSE~~c " BM~FI INC 
.T OIR 

5 5 3 4 

,g, ,BRCL~~R , BCL~~e 12 BM~El TSTOIR 
5 5 3 

11~0 3BASEJl. 2 BSE1~e 12 BIL REl • BCLR7 • BIH J 
5 

F BRCLR7 CLR 
1111 3 .T. 2 .se 2 REl 2 OIR 

Abbreviations for Address Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
D"ecl 
Extended 
RelatIVe 
Bll Set! Clear 
Bit Test and Branch 
Indexed I No Offsell 
Indexed, 1 Byte IB-Blll Offset 
Indexed, 2 Byte (16-Bltl Offset 
CMOS Versions Only 

TABLE 10 - CDP6805E21NSTRUCTION SET OPCODE MAP 

Read/Modify/Write Control Reg_/M........, 
IN I DIR 1 

.:.. • 1:" .:\ . .[" ,:.. ,:" ,t.O ,.\\ ,lim ,~, 11~. 1111 H~ 
3 3 6 5 9 2 

SUB' 
4 5 . 

SUB J NEGA , NEGX,NH LL NEGI., NEG .. RTI IN" SU? .. ~ 13 SUB 3 SUB x' SUB ,2" INH I , IR XT IX' , I 
6 2 3 4 • 4 3 

RTS CMP CMP CMP 3 CMP CMP CMP , , INH IMM 2 OIA 3 EXT <X2 IX' I OX 000' 
2 

SBC J 
4 

SBC ' SBC 4 SBC 3 SBC SBC 2 
IMM 2 OIA 3 EXT ::t _x2 2 IX' , IX 00'0 

3 3 6 5 '0 3 4 
CPX ' 

4 
CPX J COMA COMX COM .. , COM , SW:NH 

CPX 2 CPXOIA 13 CP\XT --'- CPX 3 , I 'NH , IX 2 IMM 3 .X2 IX' , IX 0011 
3 3 6 5 

AND' 
4 5 4 

AND J LSRA LSRX 12 LSR LSR AND 13 AND 3 ANDIK2 2 AND 
0;:" INH 1 INH IX' , IX IMM -OIA XT IX' , IX 

2 3 4 5 4 
BIT 3 BIl;~M BIT noA I, BIT"T 3 BIT IX> 2 BIT o~, IX' , IX 

3 3 6 5 2 3 4 5 4 3 
, ROR~H , ROR~ " ROR ROR LOA LOA LOA LOA , LOA LOA 6 

IX' , IX IMM 2 OIA 3 EXT 3 IX2 IX' , 'x 0110 
3 3 6 5 2 4 6 5 

ASRA ASRX 1 2 ASR ASR TAX STA 
3 STP;XT 3 STA 2 STA STA 01~' , INH , INH IX' I IX , INH 2 OIR IK2 IXI , 'X 

3 3 6 • CLC 2 
2 3 4 • 4 3 

LSLA , LSL~NH ~SLIXI , LSL IX EOR , EOROIA EOR EOR 2 EOR EOR B 
I NH -INH 12 LMM 3 EXT 3 IX IXI I ,x '000 

3 3 6 • 2 2 3 4 • 4 
ROLA RCLX RCL ROL SEC AOC ADC ADC AOC ADC ADC 9 , INH , INH IX' , IX , INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI I ox 1001 

3 3 6 • 2 
ORA 2 ORA' ORA 4 

4 
ORA J DECA DECX DEC DEC Cli ORA ORA A , INH , INH 2 IX' I IX , INH 2 IMM 2 O1A 3 EXT 3 IX2 2 IXI , 'x IG1C 

SEI " ADD 2 ADD 3 
4 

ADD 4 ADD J ADD ADD B , INH 12 IMM 2 OIA 3 EXT 3 <X2 2 IX' I IX '011 
3 3 6 5 2 2 

JMP J 
4 2 

INCA INCX INC INC RSP 2 JMP JMP JMP JMP C , INH , INH 2 IX' IX INH O1R 3 EXT 3 IX2 2 IX' I , .. oc 
3 

TSTX J 
5 4 2 6 

JSR b 
, 

TSTA 2 TST TST NOP BSR JSR JSR JSR JSR D , INH 1 INH IXI I IX , INH 2 REL 2 OIR 3 EXT 3 IX2 2 IX' 
, X 11Jl 

STOP 2 
2 

LDX • 
4 

LDX J I, LDX LDX LDX LDX E , INH IMM 2 01. 3 EXT 3 IX2 IXI I " "I( 
3 3 6 5 2 2 4 

STX ' 
6 5 

CLRA CLRX CLR CLR WAIT TXA STX STX STX STX F , INH , INH 2 IXI I IX , INH , INH 2 OIR 3 EXT 3 <X2 2 IXI , , ,'" 

LEGEND 

F 0( :::>" Opcode In Hexadecimal 

Opcode In Binary 

MnemOniC 4 r Zx! <XXX);.1 
Bytes ) 

# of Cycles ------- " Address Mode 

II 

g: , 
(J) 

o !t 
c I: 
"til i: 
CJ) n-
CD a o 'U a U'I n 

m • I\) I 
o ~ 
C a 
"til i: 
CJ) n
CD a o n 
U'I 0 

m ~ 
I\) S 
O • ;; 
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CDP6805E2, CDP6805E2C 
Indexed, S-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 of addreSSing IS useful for selectlnq the m-th element In 
an n element table All Instructions are two bytes The con
tents of the Index register IX) IS not changed The contents 
of I PC + 1) IS an unsigned a-bit Integer One byte offset in
dexing permits look-up tables to be easily accessed In either 
RAM or ROM 

EA= X + IPC+ 11, PC-PC+ 2 
Address Bus H,gh-K; Address Bus Low-X+ IPC+ 11 
Where' K = The carry from the additIOn of X + IPC + 11 

Indexed, 16-Bit Offset - In the Indexed, 16-blt offset ad
dressing mode the effective address IS the sum of the con 
tents of the unsigned 8-blt Index register and the two un
Signed bytes follOWing the opcode, ThiS addreSSing mode 
can be used In a manner Similar to Indexed 8-blt offset, ex
cept that thiS three byte instruction allows tables to be 
anywhere In memory Ie g , lump tables In ROM) The con
tent of the Index register IS not changed, 

EA=X+((PC+ 1) IPC+2)1. PC-PC+3 
Address Bus Hlgh-IPC+ 1) + K, 
Address Bus Low-X+IPC+2) 

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

Relative - Relative addreSSing IS only used In branch in
structions In relative addreSSing the contents of the 8-blt 
Signed byte follOWing the opcode (the offset) IS added to the 
PC If and only If the branch condition IS true OtherWise, 
control proceeds to the next Instruction The span of relative 
addreSSing IS limited to the range of - 126 to + 129 bytes 
from the branch instruction opcode location 

A8-A t21--__ --I 

CDP6805E2 
CMOS 

EA= PC+ 2+ (PC+ 1); PC-EA If branch taken; 
otherWise PC-PC+2 

Bit Set/Clear - Direct addreSSing and bit addreSSing are 
combined In Instructions which set and clear ,nd,v,dual 
memory and 1/0 bitS, In the bit set and clear InstruCtions, the 
byte IS speCified as a direct address In the location follOWing 
the opcode The first 256 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 !Including the bit 
number) and the second to address the byte which contains 
the bit of Interest. 

EA=IPC+I), PC-PC+2 
Address Bus High-O, Address Bus Low-IPC+ 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 Iset 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 
(EA 1) The signed relatIVe S-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 256 locations of memory, 

EAl = IPC+ 1) 
Address Bus H,gh-O; Address Bus Low- (PC + 1) 

EA2= PC +3+ (PC+ 2); PC-EA2 If branch taken; 
otherWise PC-PC+3 

SYSTEM CONFIGURATION 

Figures 20 through 25 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, 

Chip 
Enable 

TYPical CMOS 
Peripheral 

Microprocessor 
BO-B7 AddresslData Bus ADO-AD7 

~--~A~d~dr~e~ss~S~t~ro~b~e~~~AS 

r-____ ~D~a~ta~S~t~ro~o~e ____ ~DS 

R/Vil 1-____ -!Rl!el!!a.!o!.d!.!/W~rlt!.!le~ __ __t R/W 

iRO Interrupt iRO 

OSCt ~t9~H~ CKOUT 

RESET RESET 

92C8-38035 

Fig. 20 - Connection to CMOS peripherals. 
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CDP6805E2 CMOS 
Multiplexed 

AB·A12 Memory 
CDP65516 

BO·B7 Addressl Data Bus ADQO·ADQ7 

AS 
Address Strobe 

M 

OS 
Data Strobe 

G 

RiW 
Read/Wnte 

W 

Fig. 21 - Connect/on to CMOS multiplexed memories. 

CDP6805E2 

DS~ ____ ~D~a~ta~S~tr~o~be~ __ ~ 

R/W ~ ____ -!R.!!e:!!a~d!.:.IW=rI:!!te'--__ ~R/W 

IRQ Interrupt IRQ 

RESET RESET 

NOTE In some cases. pullup resistors or other level 

shifting techniques may be reqUired on signals 
gOing from NMOS to CMOS parts 

Fig. 22 - Connection to peripherals. 

Peripherals 

9208-38038 

9205-38037 
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Address/Data Bus 

CDP6805E2 

AS-A12 1-----......., 

Read/ 
R/W Write Read 

OS Data Strobe 

Address 
AS Strobe 

Data QO-Q7 

Output 
Enable 5 

Chip 
Enable E 

CMOS 
Non·Muxed 

ROM or 
EPROM 

Fig. 23 - Connection to latch non-multiplexed CMOS ROM or EPROM. 

CDP8805E2 
CMOS 

Microprocessor 

00-07 

A8 
A9 

I----IE 

DS~~----~~ 
Read/ 

R/W Wnte 

Fig. 24 - Connection to static CMOS RAMs. 

CMOS 
Static 
RAMs 

92C8-38038 

92CS·38039 
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Addressl Data Bus 00-07 

CMOS 

CDP8805E2 AO-A7 Non Muxed 

RAM 

AB-A12 AS 

Data Output 

Strobe Enable 
OS ~ 

Readl 

R/VIi 
Write Wriie 
Address 

AS 
Strobe 

ChIp 
Enabte 

E 

82CII-StItMO 

Fig. 25 - Connection to latched non-multiplexed CMOS RAM. 

__________________________________________________________ 289 



6805-Serles Microprocessors and Microcomputers _______________ _ 

CDP6805E2, CDP6805E2C 
Table 11 provides a detailed description of the information 

present on the Bus, the Read/Write IR/W) pin and the Load 
Instruction Ill) pin during each cycle for each instruction. 

This information is useful in comparing actual with ex-

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. 

TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION 

Address Mode I Cycles Cycle I Addreas Bus 
RiW LI 

Data Bus Instructions Pin Pin 

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 

TAX ClC SEC 
1 Op Code Address 1 1 Op Code STOP CLI SEI 2 

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 Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 Irrelevant Data 
5 Stack Pointer + 2 1 0 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 ILO By tel 
4 Stack Pointer - 1 0 0 Return Address (HI By tel 

SWI 10 5 Stack POinter - 2 0 0 Contents of Index Register 
6 Stack POinter - 3 0 0 Contents of Accumulator 
7 Stack Pointer - 4 0 0 Contents of CC Register 
8 Vector Address 1 FFC (Hexl 1 0 Address of Int Routine (HI By tel 
9 Vector Address 1 FFD (Hexl 1 0 Address of Int. Routine (LO By tel 
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 Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 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 Irrelevant Data 
8 Stack Pointer + 5 1 0 Irrelevant Data 
9 New Op Code Address 1 0 New Op Code 

Immediate 

ADC EOR CPX 
ADD lOA lOX 

2 
1 Op Code Address 1 1 Op Code 

AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data 
SBC CMB SUB 

Bit Setl Clear 

1 Op Code Address 1 1 Op Code 

BSH n 
2 Op Code Address + 1 1 0 Address of Operand 

BClR n 5 3 Address of Operand 1 0 Operand Data 
4 Address of Operand 1 0 Operand 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 

BCC BHI BNE BEQ 
1 Op Code Address 1 1 Op Code BCS BPL BHCC BLS 

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 POinter 0 0 Return Address (lO By tel 
6 Stack POinter -1 0 0 Return Addless (HI By tel 
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TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

Address Mode 
I Cycles Cycles' Address Bus R/W LI 

Instructions Pin Pin Data Bus 

Direct 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Jump Address 

ADC EOR CPX 
1 Op Code Address 1 1 Op Code 

ADD LOA LOX 
AND ORA BIT 3 2 Op Code Address + 1 1 a Address of Operand 

SBC CMP SUB 
3 Address of Operand 1 a Operand Data 

1 Op Code Address 1 1 Op Code 

TST 4 
2 Op Code Address + 1 1 a Address of Operand 
3 Address of Operand 1 a Operand Data 
4 Op Code Address + 2 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 2 Op Code Adrress + 1 1 a Address of Operand 
STX 3 Op Code Address + 1 1 a Address of Operand 

4 Address of Operand a a Operand Data 

LSL LSR DEC 
1 Op Code Address 1 1 Op Code 

ASR NEG INC 
2 Op Code Address + 1 1 a Address of Operand 

CLR ROL 
5 3 Operand Address 1 a Current Operand Data 

COM ROR 4 Operand Address 1 a Current Operand Data 
5 Operand Address a a New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Subroutine Address (LO Byte! 

JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code 
4 Stack POinter a a Return Address (LO Byte! 
5 Stack POinter - 1 a a Return Address (H( Byte! 

Extended 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 a Jump Address (HI Byte! 

3 Op Code Address + 2 1 a Jump Address (LO Byte! 

ADC B(T ORA 1 Op Code Address 1 1 Op Code 
ADD CMP LOX 

4 
2 Op Code Address + 1 1 a Address Operand (H( Byte! 

AND EOR SBC 3 Op Code Address + 2 1 a Address Operand (LO Byte! 
CPX LOA SUB 4 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 2 Op Code Address + 1 1 a Address of Operand (HI Byte! 

STX 
5 3 Op Code Address + 2 1 a Address of Operand (LO Byte! 

4 Op Code Address + 2 1 a Address of Operand (LO Byte! 
5 Address of Operand a a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Address of Subroutine (HI Byte! 

JSR 6 
3 Op Code Address + 2 1 0 Address of Subroutine (LO Byte! 
4 Subroutine Starting Address 1 0 1st Subroutine Op Code 
5 Stack POinter a 0 Return Address (LO Byte! 
6 Stack POinter - 1 0 a Return Address (HI Byte! 

Indexed, No-Offset 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

----
ADC EOR CPX 
ADD LOA LOX 

1 Op Code Address 1 1 Op Code 

AND ORA BIT 
3 2 Op Code Address + 1 1 0 Op Code Next Instruction 

SBC CMP SUB 3 Index Register 1 0 Operand Data 
-~ ---

1 Op Code Address 1 ,1 Op Code 

TST 4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Index Register 1 0 Operand Data 
4 Op Code Address + 1 1 I~ Op Code Next Instruction --- -----
1 Op Code Address 1 1 Op Code 

STA 
4 2 Op Code Address + 1 1 0 Op Code Next Instruction 

STX 3 Op Code Address + 1 1 0 Op Code Next Instruction 
4 Indt:!x Register 0 0 Operand Data 

---- - - ,~ 

LSL LSR DEC 
1 Op Code Address 1 Op Code 

ASR NEG INC 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 0 Current Operand Data 
5 Index Register 0 0 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 Subroutine Op Code 
4 Stack POinter 0 0 Return Address (LO Byte) 
5 Stack POinler - 1 0 0 Return Address ~HI Byte} 
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CDP6805E2, CDP6805E2C 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

Address Mode I Cycles Cycles' Address Bus TRt:l- LI 
Instructions Pin 

Data Bus 

Indexed 8·Bit Offset 

1 Op Code Address 1 1 Op Code 
JMP 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 LOA LOX 

4 
2 Op Code Address + 1 1 0 Offset 

AND ORA CMP 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 0 Offset 

TST 5 3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 Operand Data 
5 Op Code Address + 2 1 0 Op Code Next Instruction 

LSL LSR 1 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 0 Offset 

I COM ROR 
4 Index Register + Offset 1 0 Current Operand Data 

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 
6 Stack POinter - 1 0 0 Return Address HI Byte 

Indexed, 16·Bit Offset 

1 Op Code Address 1 1 Op Code 

JMP 4 2 Op Code Address + 1 1 0 Offset (HI By tel 
3 Op Code Address + 2 1 0 Offset (LO Byte) 
4 Op Code Address + 2 1 0 Offset (LO Byte) 

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 LOA 4 Op Code Address + 2 1 0 Offset (LO Byte) 
BIT LOX 5 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 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 Cade Address + 2 1 0 Offset (LO Byte) 
6 Index Register + Offset 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset I HI Byte) 
3 Op Code Address + 2 1 0 Offset I LO Byte) 

JSR 7 4 Op Code Address + 2 1 0 Offset (LO B'Ite) 
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 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUEDI 

Instructions Cycles Cycles # Address Bus 
RESET R/W LI Data Bus 

Pin Pin Pin 

Other Functions 
$lFFE 0 1 0 Irrelevant Data 

$lFFE 0 1 0 Irrelevant Data 

1 $1 FFE 1 1 0 Irrelevant Data 
--

Hardware RESET 5 2 $1 FFE 1 1 0 Irrelevant Data 

3 $1 FFE 1 1 0 Vector High 

4 $1 FFF 1 1 0 Vector Low 

5 Reset Vector 1 1 0 Op Code 

1 $1 FFE 1 1 0 Irrelevant Data 

• • • • • • 
• • • • • • 
• • • • • • 

Power on Reset 1922 
1919 $lFFE 1 1 0 Irrelevant Data 

1920 $lFFE 1 1 0 Vector High 

1921 $lFFF 1 1 0 Vector Low 

1922 Reset Vector 1 1 0 Op Code 

Instruction Cycles Cycles # Address Bus iRa R/W LI Data Bus 
Pin Pin Pin 

I 
Last Cycle of PrevIous 

0 X 0 X 
Instruction 

I 1 Next Op Code Address 0 1 0 Irrelevant Data 

2 Next Op Code Address X 1 0 Irrelevant Data 

3 SP X 0 0 Return Address (LO By tel 

IRO Interrupt 
10 

4 SP-l X 0 0 Return Address (HI By tel 

ITImer Vector $lFF8, $lFF91 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 $lFFA X 1 0 Vector High 

9 $lFFB X 1 0 Vector Low 

10 ii'iTI Vector X 1 0 Int Routine First 
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CDP6805E3,CDP6805E3C 
II!ID .0 '00 

""' .. CMOS 8-Blt Microprocessor L% .. OSC2' 
O. " ,," Hardware Features: • Multiplexed address/data bus • 64K address space version of CMOS 

6805E2 • Master reset and power-on reset .. 
Capable of addressing up to 64K bytes .. • Typical full speed operating power of • 

" of external memory 50 35mW@5V 
'" • Single 3- to 6-volt supply .. • Typical WAIT mode power of 5 mW 

" " • Typical STOP mode power of 25 pW • On-chip oscillator 
" " " .. " • 112 bytes of on-chip RAM 

" .. .. • 13 bidirectional 1/ 0 lines Software Features: " IS .. .. • Interna/8-bit timer with software • Similar to the CDP6805E2, F2, and G2 'so " " programmable 7-bit prescaler TOP VIEW • Efficient use of program space IIcs-".n 

TERMINAL ASSIGNMENT • External timer input • Versatile interrupt handling 
• Full external and timer interrupts • Memory mapped I/O 

The CDP6805E3 Microprocessor Unit (MPU) belongs to the 
COP6805 Family of CMOS Microcomputers. This8-bit fully 
static and expandable microprocessor contains a CPU, on
chip RAM, I/O, and Timer. It is a low-power, low-cost 
processor designed for mid-range applications in the 
consumer, automotive, industrial, and communications 
markets where very low power consumption constitutes an 
important factor. The major features of the C0P6805E3 are 
listed under "Hardware Featu res" and "Software Features". 

• True bit manipulation 

PAO 

Port PAl 

A PA2 Port Data 
I/O A D" 

lines PA3 Reg Reg 

PA4 

PBO 

PBl 
Port Data 

Port 
P82 B D" 

Reg Reg 
B P83 

I/O PB4 
lines 

PB5 

P86 

P87 

Accumulator 

8 A 

Index 
Register 

Condition 
Code 

• Addressing modes with indexed addressing for tables 
• Efficient instruction set 
• Two power savings standby modes 

The COP6805E3 is supplied in a 40-lead hermetic dual-in
line ceramic package (0 suffix). a 4Q-lead dual-in-line 
plastic package (E suffix), and a 44-lead plastic chip-carrier 
package (Q suffix). 

RESET LI 

BO 

Mu, 
Bl 

Bus 82 
Multiplexed 

Drive CPU 83 Address! 
Control Data 

84 
Bus 

85 

86 

Register CC CPU 87 

Stack 

6 
POinter SP A8 
logram 

A9 Address Counter 
8us Hlgt'l PCH ALU 

AlO 
Program Address All 
Counter Drive 15 

Low pel A12 

A13 

Al. 

A1S 

AS Address Strobe 
112x B 8us 

DS Data Strobe 1.21 
RAM Control 

R/W Read/Wrtte 

Fig. 1 - Block diagram. 92CS-37185R1 

File Number 1503 
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CDP6805E3,CDP6805E3C 
MAXIMUM RATINGS Ivoltages referenced to VSSI 

Ratings Symbol Value Unit 

Supply Voltage VDD -03to+~ V 

All Input Voltages Except ascI V,n VSs-O 5 to VDD+0.5 V 

Current Drain Per Pin Excluding VDD and VSS I 10 mA 

Operating Temperature Range h to TH 
CDP6805E3 TA o to 70 ·C 
CDP6805E3C -40 tol+85 

Storage Temperature Range T stg -55to +150 ·C 

DC ELECTRICAL CHARACTERISTICS 3 \I (VDD=3 Vdc, V88=0, T A=TL to TH, unless otherwise noted) 

Characteristics 

Output Voltage ILOAD" 1 OpA 

Total Supply Current ICL - 50 pF - no DC loadsl tcyc ~ 5 ~s 

RunIVIL~02V,VIH~VDO-02VI 

Walt (Test Conditions - See Note Below) 

Stop (Test Conditions - See Note Below) 

Output High Voltage 

IILOAO~O 25 mAl A8-A15, BO-B7 

IILOAO~O 1 mAl PAO-PA4. PBO-PB7 

IlLOAO~O 25 mAl OS, AS, R/W 

Output Low Voltage 

II LOAO ~ 0 25 mAl A8-A 15, BO-B7 

IILOAO-O 25 mAl PAO-PA4. PSO-PB7 

IlLOAD~O 2b mAl OS, AS, R/W 

Input High VOltage 

PAO-PA4, PBO-PB7, BO-B7 

TIMER, IRQ, RESET 

ascI 

Input Low Voltage IAII Inputsl 

Frequency of Operation 

Crystal 

External Clock 

Inp'..!t Current 

RESET, IRQ, Timer, ascI 

Three-State Output Leakage 

PAQ-PA4, PBO-PB7, BO-B7 

Capacitance 

RESET, IRQ, Timer 

Capacitance 

OS, AS, R/W, A8-A 15, PAO-PA4, PBO-PB7,80-B7 

NOTE Test conditions for QUiescent Current Values are 
Port A and B programmed as Inputs 

VIL ~ 02 V for PAQ-PA4, P80-PB7, and 80-87 
VIH ~ VDO - 02 V for RESET, IRQ, and Timer 
ascI Input IS a squarewdve from VSS +0 2 V to VOD - 02 V 
OSC2 output load [Including testerl IS 35 pF moxlmum 

Walt mode I DO IS affected linearly by thiS capacitance 

Symbol 

VOL 

VOH 

IOD 

IDD 

IOD 

VOH 

VOH 

VQH 

VOL 

VOL 

VOL 

VIH 

VIH 

VIH 

VIL 

fOSC 

fOSC 

lin 

ITSL 

C,n 

Cout 

Min Max Unit 

01 
V 

VDD-O 1 -

- 13 mA 

- 200 p.A 

- 100 p.A 

27 - V 

27 - V 

27 - V 

- 03 V 

- 03 V 

- 03 V 

21 - V 

25 - V 

21 - V 

- 05 V 

0032 1 MHz 

DC 1 MHz 

- ±1 p.A 

- ±10 p.A 

- 8 pF 

- 12 pF 
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CDP6805E3,CDP6805E3C 
I 

DC ELECTRICAL CHARACTERISTICS 5 V ,(VOo=5 Vdc ± 10%, VSs=O, TA=TL to TH, unless otherwise noted) 

Cheracteristics Symbol Min Ma. Unit 

Output Voltage ILOAOS 10/iA VOL - 0' V 

VOH VOo-O' - V 

Total Supply Current ICL ='30 pF On Bus, CL - 50 pF - On Ports, 
No OC Loads, tcyc = 1 /IS 100 - '0 rnA 

Run IVIL = 02 V, VIH = VOO - 02 VI 

Walt lTest Conditions - See Note Belowl 100 - '5 rnA 

Stop IT est Conditions - See Note Belowl 100 - 200 MA 
Output High Voltage 

!lLOAO=' 6 mAl AS-A' 5, BO-B7 VOH 4' - V 

!lLOAO=O 36 mAl PAD-PM, PBO-PB7 VOH 4' - V 
(lLOAO=' 6 mAl OS, AS, R/W VOH 4' - V 

Output Low Voltage 

(lLOAO=' 6 mAl AS-A' 5, BO-B7 VOL - 04 V 
!lLOAO = , 6 mAl PAD-PM, PBO-PB7 VOL - 04 V 
!lLOAO=' 6 mAl OS, AS, R/W VOL - 04 V 

Input High Voltage 

PAo-PA4, PBO-PB7, Bo-B7 VIH Voo-2 V 
TIMER, nm, Irrm VIH Voo-OS - V 
OSC, VIH VOO-'5- - V 

Input Low Voltage IAII Inputsl VIL - OS V 
Frequency of Operatoon 

Crystal fose 0032 5 MHz 
External Clock fose OC 5 MHz 

Input Current 

RESET rna Timer OSC, lin - ±' pA 

Three-State Output Leakage 
PAO-PM, PBO-PB7, BO-B7 ITSI - ±'O pA 

Capacitance 

1iESEi', iRQ, Timer C,n - S pF 

Capacitance 

OS, AS, R/W, AS-A' 5, PAD-PM, PBO-PB7, BO-B7 Cout - '2 pF 

NOTE Test conditions for QUiescent Current Values are 
Port A and B programmed as Inputs 
VIL = 02 V for PAO-PM, PBO-PB7. and BO-B7 
VIH=VOO - 02 V for mIT, iRQ, and Timer 

OSC, Input IS a squarewave from VSS + 02 V to VOO - 0 2 V 
OSC2 output load Iincluding testerl IS 35 pF Il,axomum 

AS 

AU 
A,4 

A,3 

PA4 

PA3 

PA2 

PA, 

PAD 

NC 

NC 

Walt mode 11001 IS affected linearly by thiS capacitance 

TERMINAL ASSIGNMENT 

u I~ 
z a: 

40 

,,,,,,$ 
TOP VIEW 

39 

37 

PB' 

PB2 

PB3 

PB4 

PB5 

---+- - ----34 PB6 

FILE NO 1503 53 PB7 

32 BO 

I 3' B' 

I 30 B2 

B3 

It 20 2' 

29 

22 23 24 25 26 27 2B 

92C5-40941 

Plutlc Chip-Carrier Package 
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CDP6805E3,CDP6805E3C 
TABLE 1 - CONTROL TIMING (Vss=o, TA=TL to TH) 

VOO=3 V Voo=5 vI ± 1O"" 
IOSC=l MHz IOSC=6 MHz 

Characteristics Symbol Min Typ Max Min Typ Max UnIt 
1/0 Port Timing - Input Setup Time (Figure 3) tPVASl 500 - 250 - - 11. 
Input Hold Time IF,gure 31 tASLPX 100 - - 100 - - ns 
Output Delay Time IFlgure 31 tASLPV - - 0 - 0 ns 
Interrupt Setup Time IF,gure 61 t;LASL 2 - - 04 - - J!s 
Crystal Oscillator Startup Time IF,gure 51 tOlSQV - 30 300 - 15 100 ms 

WBit Recovery Startup Time IF,gure 71 WASH - 10 - - 2 .. 5 

Stop Recovery Startup Time (Crystal Oscillator) (Figure 8) t;LASH - 30 300 - 15 100 ms 

ReqUIred Interrupt Release IFlgure 61 tDSLIH - - 5 - - 1 ,.S 
Timer Pulse Width (Figure 71 tTH, tn 05 - - 0.5 - - leye 
Reset Pulse Width (Figure 51 tAL 52 105 /IS 
Timer Penod (Figure 7) tnTL 1 - - 1 - - teye 
Interrupt Pulse Width low (Figure 161 t;LlH 1 1 tcye 
Interrupt Pulse Penod (Figure 16) tlLlL " " tcye 
Oscillator Cycle Period 11/5 of tCYCI tOLOl 1000 200 ms 
OSCI Pulse Width High ~ 350 - - 75 -- ns 
OSCI Pulse Width low tOl 350 - - 75 - - ns 

*The minimum period tlLlL should not be less than the number of teye cycles It takes to execute the Interrupt serVice routine plus 20 tcyc 
cycles 

TTL Equivalent 

Test 
Point o--~~-~ ...... -----t ... ,-~ 

C 

.--
~ -=-

Pin Rl R2 

PAO-PA4. PBO-PB7 11 3 k 2 1 k 

80-87, AS-A 15, 
25 k 2 k 

R/W DS AS 

VOO=4.5 V 

C 

50 pF 

130 pF 

CMOS Equivalent 

Test Point 

C=50 pF, PAO-PA4, PBO-PB7 
= 130 pF, AS-A15, 80-87, DS, AS, ~/W 

with VOD = 5 V ± 10% 

92CS-38351 

Fig. 2 - Equi~a/ent test-load circuits, 

__________________________________________________________ 2n 



6805-Serle. Microprocessors and Microcomputers ________________ _ 

CDP6805E3,CDP6805E3C 

Hum 

1 
;t 

3 
4 

8 
9 

11 
16 

17 
18 

19 
21 

23 
24 

25 

26 
27 
28 

IVLOW=08V, VHIGH=VDD-2V,:VDD=5 ±10% 
Temp=OO to 70°C, CL on Port=50pF, fOSC=5 MHzl 

Address 
Strobe 

Port 
Input -----< 

t-----tPVASL----l~----tASLPX 

Port 
Output 

*The address strobe of the first cycle of the next Instruction as shown In Table 11 

Fig, 3 - I/O port timing waveforms, 

fOSC=1 MHz, 
Charactaristics Symbol VDO=3'V 

50 pF Load 

Min Max 
Cycle Time leye 5000 DC 
t'ulse ¥VIClh, u:s Low PWEL 2800 
Pulse Width, OS High or AD, ii\m, Low PWEH 1800 -
Clock TranSition t ,t - 100 
A/W Hold IRWH 10 -
Non-Muxed Address .!i_old tAH 800 -

A/W Delay from OS Fall tAD - 500 

Non-Muxed Address Delay from AS Alse tADH 0 200 
MPU Aead Data Setup tDSR 200 
Read Data Hold tDHR 0 1000 

MPU Data Delay, Wnte tDDW - 0 
Wnte Dala Hold IDHW 800 -

Muxad Address Delay from AS Alse tBHD 0 250 
Muxad Address Valid to AS Fall tASL 600 -
M uxed Address Hold tAHI 250 750 
Delay OS Fall 10 AS Rise tASD 800 -
Pulse Width AS Hloh PWASH 850 -
Delay, AS Fall to OS Rise tASED 800 -

92CS~38017 

fOSC=5 MHz 
VOO=5 V ± 10,*" 

1 TTL Unrt 
and 130 pF Load 

Min Max 

1000 DC ns 
560 ns 
375 - ns 
- 30 ns 
10 - ns 
100 - ns 
- 300 ns 
0 100 ns 

115 - ns 
0 150 ns 
- 120 ns 
55 - ns 
0 120 ns 
55 - ns 
60 180 ns 
160 - ns 
175 - ns 
160 - ns 
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I\) 

;if 

AS 

OS 

R/W 

A8-A15 

BO-B7 
MPU Wrote 

BO-B7 
MPU Read 

• VHIGH = -2 V. VLOW = 0.5 V for VOO = 3 V 

VH1GH = VOO -2 V. VLOW = 0.8 V for VOO = 5 V ± 10 % 

92CS-38352R 1 

Fig. 4 - Bu .. timing waveform .. 
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ml/llflllllJZVI/TlI!!flIIIIlOl/IZVlllll/1lll!VOlWi :':~177lllL7~ ~ 
RESET toxov 1920 tCYC--------\ n n n n n n n . 
~n __ AS 

DS _____ ...J 

Unmux 

Ad~~~:Sl~us!lJl/lJ77/A( FF ~ FF -X New PCH X X ~ FF X FF x::::::::EL=XNew PCH x::::::= 
MuxBO-B7 ~zz~~zx~ezzz~~xz~~XF=EJc====)[F:Fx:~==~F~or)stcl=nS!t=ru=c~tl~on)c====)(:)=====X:)C===:J~e0~~C=X2ZZ~~)NCe=w=p=C=H)c)(N=ew~P=CjL~)[~==x::x= Address/ Data .t. 

Bus FE FE New PCH New PCL FE FE FE FF Forst Instruction 

R/W maaall \ 'CJ 

OSCillator Waveform 

i=tOL~:}-OH 
OSCl Pin J 

t-------IOLOL 

Crystal Oscillator Connections 

CDP6805E3 

10 Mil 
38~39 

OSC2L--.lnI-------lOSCl 

ICOSC2 I COSCl 

Fig. 5 - Power-on reset and ;;;;i timmg waveforms. 

Crystal Parameters Representative Frequencies 

5 MHz 4 MHz 1 MHz 
RS max 500 750 =1 CO 8 pF 7 pF 5 pF 

Cl 002 pF 0012 pF 0008 pF 
Q 50k 40k 30k 

COSCl 15-30 pF 15-30 pF 15-40 pF 

COSC2 15-25 pF 15-25 pF 15-30 pF 

Crystal ClfCUIt 

L Cl RS 

oCcY 
0~C2 101 O~Cl 

92CS-38353 

n 8: 
C i 
"u' 
G) :» 
Q) :1 
o :: 
en ~ m n 
CA) a 

~ n g 
C :: 
"U ! 
G) ; 
Q) • 
o a 
en II: m n 
CA) a n g 

3 

i 



~ 

~n __ ----+-- rl+l--+-- n-t-2 +- fl+3-+- -fl+4 -+ rl+5-----+--- n+6---+ n+7 -+---n+8---t---n+9-----t 

AS 

os 

Mux BO~B7 
Address! Data _-J,~"__ __ J'_-J'~_~,, __ ,,_=____''_____' 

Bus 
BO 
RTI 

Op Code 

RWlll/ \ / "I '-

*tOSLIH 

os 
LJnmux 
A8~A-f5 

The Interrupting deVice must release the IRO line WI!t11rl ttliS time iO prevent subsequent recognltlun 01 the same Interrupt 

Fig. 6 - IRQ and TCR7 interrupt timing waveforms. 

---.., ?f Cope Add:, .... r--------~ 
AddressBus-- SP-2 SP-3 SP-4 
M~B~~. X A IT 

-FF 

F6 F7 

92CS-38354 

Int Routine S ~gAddr 

Addressl Data WBII Op Code New PCH New PCL 1st Op Code Int 
Bus ~ Roullne 

R/W 'Til7///llllU ' \ I 

92CS-38355 

Ffg. 7 - Timer Interrupt alter WAIT inatructlon timing wa".forms. 
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Unmux 
A8-A15 

AS 

DS 

Op Code Address 

1J1! Routine 
Starting Addr 

Address Bus --fi t ,I A .,; 'I.' /I "-+f--
MuxBO-B7 Addr+l Add,. 1 5P SP-I SP-2 SP-3 SP-4 

Address/Data PCl PCH X A '--A-.:C~C"-J\~IL __ AJ''-_-'''-./\.4-
Bus Stop Op Code a. ... 

R/VV W" ~''-____________________ ~ 

*: Represents the Internal gating of the 05C1 Input pin 
teye IS one Instruction cycle (for fOSC = 5 MHz, tcyc= 1 #,5) 

Fig. 8 - Interrupt recovery from STOP instructIOn tlmmg waveforms. 
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CDP6805E3,CDP6805E3C 
FUNCTIONAL PIN DESCRIPTION 

VDD and VSS - VOO and VSS provide power to the 
chip VOO provides power and VSS IS ground 

IRQ (Maskable Interrupt Request! - I RQ IS a level
senSitive and edge sensitive Input which can be used to re
quest an Interrupt sequence The MPU completes the cur
rent InstructIOn before It responds to the request IF IRQ IS 
low and the Interrupt mask bit (I-bltl 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 Isee Interrupt Section for more detailsl IRQ requires 
an external resistor to VOO for "Wire OR" operation 

RESET - The RESET Input IS not reqUired for startup 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 descCiptlon 

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 !ASI,s an output 
strobe used to indicate the presence of an address on the 
S-blt 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 d"vlng one stan
dard TTL load and 130 pF and IS available at fOSC - 5 when 
the MPU IS not In the WAIT or STOP states 

OS (Data Strobe! - This output IS used to transfer data to 
or from a peCipheral or memory OS occurs anytime the MPU 
does a data read or wCite OS 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 characteCistlcs This 
output IS capable of drIVIng one standard TTL load and 

OSCl 

AS 

DS 

R/W 

80-87 
MPU Read -----I Mux. Addr 

130 pF OS IS a continuous signal at fose ~ 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 
1/0 registers, and external peripheral devices and memories, 
ThiS output IS used to ,nd,cate to a selected peripheral 
whether the MPU IS gOing to read or wnte data on the next 
Data Strobe (R/W low = processor write: R/W 
high = processor read! The R/Vii output IS capable of driving 
one standard TTL load and 130 pF The normal standby state 
IS Read (hlghl 

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 130 pF 

BO-B7 (Address/Data Bus) - The BO-B7 bidirectional 
lines constitute the lower order addresses and data, These 
lines 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/Vii Pin As outputs In either the data or address 
modes, these lines are capable of driVing one standard TTL 
load and 130 pF 

OSC1, OSC2 - The COP6805E3 provides for two types of 
oscillator inputs - crystal CirCUit or external clock, The two 
OSCillator pinS are used to interface to a crystal circuit, as 
shown In Figure 5 If an external clock is used, it must be 
connected to OSC1 The Input at these pins is divided by five to 
form the cycle rate seen on the AS and OS pins The frequency 
range IS speCified by fOSC The OSC1 to bus transitions 
relationships are prOVided In Figure 9 for system designs using 
oscillators slower than 5 MHz 

80-87 ------~~---------+J_---------------------------3--
MPU Write Mux. Addr MPU Write Data 

• Read data "latched" on DS fall. 

92CS-38023Rl 
Fig. 9 - OSC! 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 crystal 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 OSC2 Input not con
nected, as shown In Figure 10 

OSCI 39 

05C2 38 
No 

Connection 
INCi 

CDP6805E3 

Fig. 10 - External clock connection. 

Data Direction 
Register A 

Port A 
Register 

Pin 

Data Direction 
Register B 

Port B 
Register 

LI (Load Instruction) - ThiS output IS Usp.d to ,nd,cate that 
a fetch of the next opcode IS In progress LI remains low dur 
Ing an External or Timer Interrupt The LI output IS only used 
for certain debugging and 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 

PAO-PA4 - These five pins constitute Input/Output 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 I/O 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 mode 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 programmed as an Input, the Input data blt(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 1/0 Port Circuitry In Figure 11 DUring a Power-On 
Reset or external RESET all lines are configured as Inputs 
(zero In Data Direction Register) The latched output data IS not 
initialized 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 Bits 7-5 of the DDR "A" 
will be always read as "1" and bits 7 -5 of the Port "A" Register 
will be read as "0" 

PBO·PB7 - These eight PinS Interface to Input/Output 
Port B Refer to PAO-PA4 deSCription for details of opera
tion 

$0004 

$0000 

PA4 PA3 PAl PAl PAD 

$0005 

$0001 

PB7 PB6 PB5 PB4 PB3 PB2 PB 1 PBO 
92CS-38357 
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To 
And 
From 
CPU 

CDP6805E3, CDP6805E3C 

92CS-3802tI 
Fig. 11 - Typica//IO port circuitry. 

TABLE 3 - liD PIN FUNCTIONS 

A/W DDA I I 0 Pin Functions 

T h~) I o pin I~ In Input mode Ddtd IS written 
U 0 

Into ttw output ddta latch 

0 1 
D~ta I~ written Into the output data latch and 
output to trw 110 pm 

1 0 The state of \tle 1/0 pin I~ read 

1 1 
The 110 pm IS If) dn output mode The output 

dale! Idtch h wdd 

MEMORY ADDRESSING 

The CDP6805E3 is capable of addressing 65536 bytes of 
memory and 110 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 first 128 
bytes of memory If,rst half of page zerol and IS compnsed of 
the 1/0 port locations, timer locations, and 112 bytes of 
RAM The MPU can read from or write to any of these loca
tions 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 loca
tions also appear on the external bus, but the MPU accepts 

'data only from the addressed on-Chip location Any read 
data appeanng on the Input bus IS Ignored 

The stack pOinter IS used to address data stored on the 
stack Data IS stored on the stack dunng Interrupts and 
subroutine calls At power up, the stack pOinter IS set to $7F 
and It IS decremented as data IS pushed onto the stack 
When data IS removed from the stack, the stack pOinter IS In
cremented A maximum of 64 bytes of RAM IS available for 
stack usage Since most programs use only a small part of 
the allotted stack locations for Interrupts andlor subroutine 
stacking purposes, the unused bytes are usable for program 
data storage 

All memory locations above location $OO7F 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 1 0 
locations. Locations $FFF6 to $FFFF of the external address 
space are reserved for interrupt and reset vectors (see Figure 
12). 

REGISTERS 

The CDP6805E3 contains five registers as shown in the 
programming model in Figure 13. The Interrupt stacking order 
IS shown In Figure 14. 

ACCUMULATOR (AI - ThiS Accumulator IS an 8-bIt 
general purpose register used for aflthmetlc calculations and 
data manipulations 

INDEX REGISTER (XI - The X register IS an 8-blt register 
which IS used dUring the Indexed modes of addreSSing. It 
provides an 8-blt operand which IS used to create an effective 
address The Index register IS also used for data manipula
tions With the Read/Modlfy/Wnte type of instructIOns and 
as a temporary storage register when not performing ad
dreSSing operations 

PROGRAM COUNTER (PCI - The program counter IS a 
16-bit register that contains the address of the next instruction 
to be executed by the processor. 
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0 -{ Via 127 
Page 0 128 
Direct 

AddreSSing 

255 
256 ~-

1/0 Ports 
Timer 
RAM 

--------

External 
Memory 
Space 

(65408 Bytes) 

{ 

~r;.,m_-;r l;;;'er;ptFro; w:'t ;;;'t;-O; 
~-------

Timer Interrupt 
---- -

Interrupt External Interrupt 
Vectors r- - - - - - - -

SWI 
~-------

85535 RESET 

$0000 o 
1 

$007F 
2 

$0080 

\ 
$ooFF 

3 

4 

$0100 5 

6 

7 

8 

9 

0 

5 
6 

31-6 
64 

$FFF6-$FFF7 
\ 

$FFF8-$FFF9 
I 

SFFFA-$FFFB 
I 

$FFFC-$FFF,D 

$FFFE-$FFFF 
12 71.; ./ 

Fig. 12 - Address map. 

00 oJPort A Data Raglster 

Port B Data Register 

External Memory Space 

External Memory Space 

1 1 1 L Port A DDR 

Port B Data DirectIOn Register 

External Memory Space 

External Memory Space 

Timer Data Register 

Timer Control Register 

External Memory 
Space 

RAM 
1112 Bytesl 

,,>" 
"" , 

"" "" "" /" 

"" ./ "" Stack 164 Bytes Maxi 

"" , 

$ 0000 

0001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 
OOOA 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$OOOF 

0010 $ 

$003F 
$0040 

$OO7F 
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CDP6805E3, CDP6805E3C 
0 

A I Accumulator 

0 

X I Index Register 

15 0 

I PC I Program Counter 

15 6 0 

SP I Stack POinter 

Condillon Code Register 

Carr V I Borrow 

Zero 

Negative 

Interrupt Mask 

Half Carry 

92CS-38380 

Fig. 13 - Programming model. 

Stack 

IncreaSing Memc}ry 1 ~ 
1 11 I 1 I Condillor[ Code Register 

11 
Accumulator 

Addre~ses U 
Index Register 

DecreaSing Memcry 
Addresse~ I 

R 
N 

UnSlack 

PCH 

PCl T 

NOTE Since the Stack POinter decremant5 during pushes, the peL IS 

stacked firs!, followed by PCH, etc Pulling hom the std .... k IS In 

the reverse order 
92CS-38361 

Fig. 14 - Stacking order. 

STACK POINTER (SP) - The stack pOinter IS a 16-blt 
register containing the address of the next free location on the 
stack When accessing memory. the ten most-significant bits 
are permanently set to 000 000 0001 They are appended to 
the SIX least-significant 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 be use up to 64 (deCimal) locations. 
beyond which the stack pOlntel "wraps around" and POints to 
ItS upper limit thereby lOSing the preViously stored information 
A subroutine call occupies two RAM bytes on the stack. wMe 
an Interrupt uses five bytes 

CONDITION CODE REGISTER (CC) -- The condition 
code register IS a 5-blt register In which each bit IS used to in

dlCdtP. the results of the instruction lust 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 explain
ed below 

Half Carry Bit (H) - The H-blt IS set to a one when a carry 
occurs betwee~ bits 3 and 4 of the ALU during an ADD or 
ADC instructIOn The H-blt IS useful In Binary Coded Decimal 
addition subroutines. 

Interrupt Mask Bit (I) - When the I-bit is set, both the ex
ternallnterrupt and the timer Interrupt are disabled. Clearing 
thiS bit enables the above Interrupts. If an interrupt occurs 
while the I-bit IS set, the Interrupt IS latched and will be pro
cessed when the I-bit 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 onel. 

Zero Bit (Z) - When set, thiS bit Indicates that the result 
of the last arithmetiC, logical, or data manipulation was zero. 
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Cany Bit (e) - The C-blt 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 CDP6805E3 has two reset modes' an active low ex
ternal reset pin (RESET) and a Power-On Reset function, 
refer to Figure 5 

RESET (Pin 11) The RESET Input Pin IS used to reset 
the MPU and prOVide an orderly software start-up pro
cedure. 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 Schmlll Trigger to Improve ItS nOise ImmUni
ty capability. 

Power-On R~ - The Power-on Reset occurs when a 
positive transition IS detected on VDD 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 tcyc 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 Iblt 71 
IS cleared to a "0" 

Timer control register Interrupt mask bit Iblt 61 IS 
set to a "1". 

All data directIOn register bits are cleared to a "0" 
(inputs) - except Port "A" DDR Bits 7-5. 

Stack pOinter IS set to $007F 
The address bus IS forced to the reset vector 

($FFFE, $FFFF). 
Condition code register Interrupt mask bit Iii IS set to 

a "1". 
STOP and WAIT latches are reset 
External Interrupt latch IS reset 

All other functions, such as other registers Iincluding out
put ports) the timer, etc, are not cleared by the reset condi
tions. 

INTERRUPTS 
The CDP6805E3 IS capable of operation With three dlf· 

ferent Interrupts, two hardware (timer Interrupt and external 
Interrupt) and one software ISWII When any of these inter
rupts 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 !TCR6) IS 
cleared, then each time the timer decrements to zero (transl' 
tlons from $01 to $00) an Interrupt request IS generated The 
actual processor Interrupt IS generated only If the Interrupt 

*Any current instruction Including SWI 

mask bit of the condition 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 
interrupt service routine. The address forthis service routine is 
specified by the contents of $FFF8 and $FFF9. The contents of 
$FFF6 and $FFF7 specify the service routine if the processor is 
in the WAIT mode. Also, software must be used to clear the 
timer interrupt request bit (TCR7). At the end of the timer 
interrupt service routine, the software normally executes an 
RTI instruction which restores the machine state and starts 
executing the interrupted program. 

EXTERNAL INTERRUPT - If the Interrupt mask bit of the 
condition code register IS cleared and the external Interrupt 
Pin IRO IS "low," then the external Interrupt occurs The ac
tion of the external Interrupt IS Identical to the timer Interrupt 
With the exception that the service routine address IS 
speCified by the contents of $FFFA and $FFFB. The interrupt 
logic recognizes both a "wire ORed" level and pulses on the 
external Interrupt line Figure 16 shows both a functional 
diagram and timing for the Interrupt line The timing diagram 
shows two different treatments of the Interrupt line (iROl to 
the processor The first configuration shows many Interrupt 
lines "wlre ORed" to form the Interrupts at the processor 
Thus, If after servIcing an Interrupt the IRO remains low, 
then the next Interrupt IS recognized The second method IS 
single pulses on the Interrupt line spaced far enough apart to 
be service. The minimum time between pulses IS a function 
of the length of the Interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU 
software has eXited the routine (an RTI occurs). ThiS time 
(tIUL) is obtained by adding 20 InstrucliOn cycles (one cycle 
tcyc=5/fOSC) to the total number of cycles it takes to 
complete the service routine Including the RTI instruction; 
refer to Figure 6. 

SOFTWARE INTERRUPT (SWI) - The software Interrupt 
IS an executable Instruction The action of the SWI Instruc
tion IS Similar to the hardwaf€ Interrupts The SWI IS ex
ecuted 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 $FFFC and 
$FFFD See Figure 15 for Interrupt and Instruction Process
ing FlOWChart. 

The follow,ng three functions are not strictly Interrupts, 
however, they are tied very closely 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 In
Itialization program ThiS vector IS speCified by the contents 
of memory locations $FFFE and $FFFF The interrupt mask of 
the condition code register IS also set. Refer to RESET 
selection for details 
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Force Interr upt 
Execution, Set 
Interrupt Mask, 

Fetch Timer 
* Vector Note 

* NOTE The clear of TeR bit 7 must be accomplished with software 

CDP6805E3, CDP6805E3C 

Force Interrupt 
Execution, Set 
Interrupt Mask, 

Fetch Ext I rt 
Vector, Reset 

Interrupt Latch 

92C~ 

Fig. 15 -Interrupt and instruction processing flowchart. 
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(a) Interrupt Functional Diagram 

VDD 

D 0t-----L_/ 

Interrupt Pin >-__ --~c 
o 

~b) Interrupt Mode Diagram 

I BII leeRI 

Power-On Reset 

External Reset 

External interrupt 
Being Serviced 

External 
Interrupt 
Request 

111 

IR.Ol------,~ ______________ __J 

• 
• 

IRQn 

...---} 
Wire OR'ed Condilion 

jlt after servIcing an Interrupt the i'RO re· 
mains low, then the next Interrupt IS re
cognized) 

iRQ IMPUII ... ______________ --' 

12) 

iR1i~tILIH u 
~.....--tILIL----1 

Fig. 16 - External interrupt. 

Pulse Condition 

The minimum pulse Width (tILiHI 15 one 

teye The period tlLlL should not be less 
than the number of teye cycles It takes to 
execute the interrupt service routme plus 
20 teye cycles 

92CS-38031 
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STOP - The STOP InstrucllOn places the CDP6805E3 in a 
low power consumption mode In the STOP function the 
internal oscillator is turned off, causing all Internal processing 
and the timer to be halted; refer to Figure 17, The OS and AS 
lines go to a low state and the R/W line goes to a high state 
The multiplexed addressldata 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, 

DUring the STOP mode, timer control register ITCR) bits 6 
and 7 are altered to remove any pending timer Interrupt re
quests and to disable any further timer Interrupts External 
Interrupts are enabled In the condition code register All 
other registers and memory remain unaltered All 110 lines 
remain unchanged 

Yes 

Stop OSCillator 
And All Clocks 
TCR Bit 7-0 

Bit 6-1 
Clear I Mask 

Fig. 17 - Stop function flowchart. 

WAIT - The WAIT Instruction places the CDP6805E3 In 
a low power consumption mode, but the WAIT mode con-

92C5-38032 

CDP6805E3, CDP6805E3C 
sumes somewhat more power than the STOP mode; refer to 
Table 1 In the WA IT function, the Internal clock 15 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 normal sequence. The 
R/W line goes to a high state, the multiplexed addressldata 
bus goes to the data Input state, and the OS and AS lines go 
to the low state The high order address lines remain at the 
address of the next Instruction, The MPU remains In thiS 
state until an external Interrupt, timer Interrupt, or a reset oc
curs, 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 registers, 
memory, and 1/0 lines remain In their last state The timer 
may be enabled to allow a periodiC 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 
routine, the normal timer Interrupt Inot the timer WAIT Inter
rupt) IS serviced since the MCU IS no longer In the WA)T 
mode 

TIMER 
The MPU timer contains a Single 8-blt software program

mable counter With 7-blt software selectable prescaler. The 
counter may be preset under program control and 
decrements towards zero When the counter decrements to 
zero, the timer Interrupt request bit, Ie, bit 7 of the Timer 
Control Register ITCR) IS set Then If the timer Interrupt IS 
not masked, Ie, bit 6 of the TCR and the I-bit In the Condi
tion Code Register are both cleared, the processor receives 
an Interrupt After completion of the current instruction, the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca
tions $FFF8 and $FFF9 In order to begin servIcing the Interrupt, 
unless It was In locations $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 disturbing 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 scanned status bit In a non
Interrupt mode of operation ITCR6= 1) 

The prescaler IS a 7-blt diVider which IS used to extend the 
maximum length of the timer Bit 0, bit I, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which IS used as the counter Input The processor 
cannol write Into or read from the prescaler, however, Its 
contents are cleared to all "O's" by the write operation into 
TCR when bit 3 of the written data equals I, which allows for 
truncation-free counting 

The Timer Input can be conftgured 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 pro
grammed to a "0", the Input to the Timer IS from an internal 
clock and the Timer Input IS disabled. The internal clock 
mode can be used for periodic Interrupt generation, es well 
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Oscillator Active 
Clear I-Bit 

Timer Clock Active 
All Other Clocks 

Stop 

No 

No 

92CS-38033 

Fig. 18 - Wait function lIowchart. 

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 pm 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 
Internal 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 pulse 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 TCR5= 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 well as 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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Internal 
Clock 

CDP6805E3, CDP6805E3C 

Write Read Interrupt 

'~---------------------------r--------------------J/ 
Software Functions 

NOTES 
1 Prescaler and a-bit counter are clocked faIling edge of the Internal clock (AS) or external 

Input 
2 Counter IS wntten to dUring Data Strobe (OS) and counts down continuously 

92CM- 38034R1 

Fig. 19 - Timer block diagram. 

Timer Control Register (TCRI 

76543210 

All bits In this register except bit 3 are Read/Write bits 

TCRl - Timer Interrupt request bit bit used to indicate 
the timer Interrupt when It IS logic" 1" 

1 - Set whenever the counter decrements to zero, or un· 
der progr""l control 

o - Cleared on external reset, power·on reset, STOP In
struction, or program control 

TCR6 - Timer Interrupt mask bit when this bit IS a logiC 
"1" It Inhibits the timer Interrupt to the processor 

1 - Set on external reset, power-on reset, STOP instruc
tion, or program control 

o - Cleared under program control 

TCR5 - External or Internal bit selects the Input clock 
source to be either the external timer pin or the Internal 
clock (Unaffected by RESET ) 

1 - Select external clock source 
o - Select Internal clock Source (AS) 

TCR4 - External enable bit control bit used to enable the 
external timer pin (Unaffected by RESET) 

1 - Enable external timer pin 
o - Disable external timer pin 

TCR5 TCR4 mo Internal clock (AS) to Timer 

o 1 AND of Internal clock (ASI and TIMER 
Pin to Timer 

1 0 Inputs to Timer disabled 

1 1 TIMER pin to Timer 

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 TCRl TCRO Result 
0 0 0 -1 

0 0 1 -2 
0 1 O' -4 
0 1 1 -8 
1 0 0 -16 
1 0 1 ~32 

1 1 0 ~64 

1 1 1 -128 
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CDP680SE3,CDP680SE3C 
INSTRUCTION SET 

The MPU has a set of 61 basIc instructions, They can be 
divided Into five different types: register/memory, 
read/modlfy/wrtte, 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
ed 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 wrtte the rTlodlfled value back to 
memory or to the register The test for negative or zero 
ITSTllnstructlon IS an exception to the read/modlfy/wnte 
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 cleanng any bit which resides In the first 
256 bytes of the memory space, where all port registers, port 
DDRs, timer, timer control, and on-chip RAM reside An 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 Instructlcn 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 'nstructlon cy
cle timing 

CONTROL INSTRUCTIONS - These Instructions are 
register reference instructions and are used to control pro
cessor operation dunng program execution Refer to Table S 
for instruction cycle timing 

ALPHABETICAL LISTING - The complete instruction set 
IS 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 opportuntty to optimize the code to all situa
tions The various 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 lump 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 tlsed In descnblng 
the vanous 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 descnbed 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 dunng program execution (e,g , a constant used to 
initialize a loop counted 

EA=PC+l, 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 256 bytes In memory With a Single two 
byte InstrUCtion, ThiS Includes all on-cnlp RAM and I/O 
registers and up to 128 bytes of off-chip ROM Direct ad
dreSSing IS effiCient In both memory and speed 

EA=(PC+1I, PC-PC+2 
Address Sus High-a, Address Bus Low-IPC+ 11 

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+l) (PC+2), PC-PC+3 
Address Bus H,gh-(PC+l), Address Bus Low-(PC+21 

Indexed, No-Offset - In the Indexed, no offset addreSSing 
mode, the effective address of the argument IS contained In 
the S-blt 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 
I/O location 

EA=X, PC-PC+l 
Address Bus High-a, Address Bus Low-X 
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Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A In Memory STA 

Store X In Memory STX 

Add Memory to A ADD 
Add Memory ~nd 

AOC 
Carry 10 A 

Subtract Memory SUB 

Subtract Memory from 
SBC A with Borrow 

AND Memory 10 A AND 

OR Memory with A ORA 

Exclusive OR Memory 
EOR 

with A 

Arithmetic Compare A 
CMP 

with Memory 

Arithmetic Compare X 
CPX with Memory 

Bit Test Memory with 
BIT 

A (Logical Compare) 

Jump Unconditional JMP 

Jump to Subroutine JSR 

Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
12'5 Complement) 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Lell 

Logical Shill Right 

Anthmetlc Shift Right 

Test for Negative 
or Zero 

TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended 
Indexed Indexed Indexed 

(No Offset) (8-B~ Offset) (16-B~ Offset) 

Op # # Op , # Op # # Op , I Op I I Op I , 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 06 3 5 

AE 2 2 BE 2 I 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

- - - B7 2 4 C7 3 5 F7 1 4 E7 2 5 07 3 6 
- - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 OF 3 6 

AB 2 ' 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 

A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 09 3 5 

AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 02 3 5 

A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 04 3 5 

AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 OA 3 5 

A8 2 2 B8 2 3 C8 3 4 F8 1 3 E8 2 4 08 3 5 

Al 2 2 Bl 2 3 Cl 3 4 Fl 1 3 El 2 4 01 3 5 

A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 03 3 5 
0) 

A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 05 3 5 
CD 
CI 
OJ 

- - - BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 I en 
- - - BD 2 5 CD 3 6 FD 1 5 ED 2 6 DO 3 7 

TABLE 5 - READ/MODIFY/WRITE INSTRUCTIONS 

CD 
0 :L 

CD C In 
Addressing Modes I 

Inherent (A) Inherent IX) Direct 
Indexed Indexed I 

INo Offset) (8-Blt Offset) I 
Op # # Op # # Op # # Op # # Op # # 

MnemOniC Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

"U i: 
en c;-
eo ;; 

" 0 ;; (II n 
INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6 i 
CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6 ' 

COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6 I 

NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6 

m CD 
In 

W In 
0 
iil 

0 III 
::I C Co 

ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 .-f----t--
ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6 

"U i: 
en c;-
eo ;; 

LSL 46 1 3 b8 1 3 38 2 5 78 1 5 66 2 6 

LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 

ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6 

TST 4D 1 3 50 1 3 3D 2 4 70 1 4 60 2 5 I 

0 n 
0 

(II 3 m " c: W -CD 
0 iil 

I 
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CDP6805E3, CDP6805E3C 
TABLE 6 - BRANCH INSTRUCTIONS 

Relative Addressing Mode 

Function Mnemonic 
Op # , 

Code Bytes Cycles 

Branch Always BRA 20 2 3 

Branch Never BAN 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 

IBranch IFF Higher or Samel IBHSI 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF lowerl IBlOI 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 I FF Interrupt M3Sk Bit IS Set BMS 2D 2 3 

~~ IFF Interrupt Line IS Low Bil 2E 2 3 

Branch I FF Interrupt Line IS High BIH 2F 2 3 

Branch to Subroutine BSA AD 2 6 

TABLE 7 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

I Brt Setl Clear B~ Test and Branch 

Function Mnemonic Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

Branch I FF Bit n IS Set BRSETnln~O 71 - - - 2-n 3 5 
Branch IFF Bit n IS Clear BAClR n In~O 71 - - - 01 + 2-n 3 5 

Set Bit n BSET,n In=O 71 10+ 2-n 2 5 - - -

Clear Bit n BClA n In=O 71 11 + 2-n 2 5 - - -

TABLE 8 - CONTROL INSTRUCTIONS 

Inherent 

Function Mnemonic 
Op # # 

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 9B 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear I'lterrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 10 

Return from Subroutine ATS 81 1 6 
Return from Interrupt ATI 80 1 9 

Reset Stack POinter RSP 9C 1 2 

No-Operation NOP 9D 1 2 

Stop STOP 8E 1 2 

Walt WAIT 8F 1 2 
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Mnemonic Inherent Immediate 

ADC X 
A x 
AND X 
ASl X 
ASR X 
BCC 

BClA 
BCS 
BEO 

BHCC 
BHCS 
BHI 
BHS 
BIH 
Bil 
BIT X 
BlD 
BlS 
BMC 
BMI 
BMS 
BNE 
BPl 
BAA 
BAN 

BRClR 
BRSH 
BSH 
BSR 
ClC X 
CLI X 
ClR X 
CMP X 
COM X 
CPX X 
DEC X 
EOR X 
INC X 
JMP 
JSR 
lOA X 
lOX X 
lSl X 
lSR X 
NEG X 
Nap X 
OAA X 
ROl X 
ROR X 
ASP X 
RTI X 
ATS X 
SBC X 
SEC X 
SEI X 
STA 

STOP X 
STX 
SUB X 
SWI X 
TAX X 
TST X 
TXA X 

WAIT X 

Condlllon Code Symbols 

H Half Carry (From Bll 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 
C Carry/Borrow 

Direct 

X 
x 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

CDP6805E3, CDP6805E3C 
TABLE 9 -INSTRUCTION SET 

Addreosing Mod .. 

Indexed Indexed 
Extended Relative (No Offaat) (8 Bits) 

X X X 
x X X 
X X X 

X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
X X X 

X X 
X X X 
X X X 
X X X 
X X X 

X X 
X X 
X X 

X X X 
X X 
X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set II True Cleared OtherWise 
• Not Affected 

load CC Register From Stack 
Cleared 
Set 

Indexed 
116 Bits) 

X 
X 
X 

X 

X 

X 

X 

X 
X 
X 
X 

X 

X 

X 

X 
X 

Condition Codes 

Bit Bit 
Setl Test & H N Z C 
Clear Branch 

A A A A 
.1\ 

A A • 
A A A 
A A A 

• • 
X • • • • • • • • • • • • • • • • • • 

A A 

:~ 7-

X 
X A 

X • • 
0 

0 • • 0 I • • " A A 

• A A I 

• A A A 

• A A • • A A • • A A • • • • • • • • • • A A • 
• A 

A • 

• A A A 

• 0 A A . . 1\ 1\ 

• • • • • A A • 
• 1\ 

1\ 1\ 

• A A A 

• • • • 
• • • • • A A A 

• • • I 
I • • • • " A • 
0 • • • • A A • • A A A 
I • • • • • • .. • • A A • • • • • u • • • 
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N 
CD 
011 

Bit Mlnioulltion Branch 
BTB -'IS!: R 

~' Low ~ ,ri" ..;;. 
5 5 3 

~ BRSEJ~B I 2 BSE~~e . 2 BRAREL 

5 5 3 , BRClRO BCl~~e 2 BRNREL 
00)' BTB 

5 5 3 
2 BRSEJiR BSE11r I, BHIRF< 

0010 
5 5 3 

3 
3BRCl:T'B BCl~~r , BlSRF< 

00" 
5 5 3 

4 BRSET2 BSE~~r I, BCCRF< 
0100 3 BTB 

5 5 3 

D'~' BRCl:;. BCl~C 2 BCSRB. 

5 5 3 
6 BRSW. BSE~~e 2 BNEREL 0110 

5 5 3 
7 BRCl:iB BCl~~e BEQREL 

0111 
5 5 3 

B 
13BRSEJ;'. I 2 BSE~~e BHC~EL 

100) 
5 5 3 

9 
3BRCL:;'. I ,BCl~~e BHC~F< 

1001 
5 5 3 

,tiD 13BRSEJf. i2BS~ ~ BPlREL 
5 5 3 

B 
3BRCl:iB 2 BCL~~e BMI 

1011 2 R' 

I 3BRSEJ~: 
5 3 

,foo 2 BSE~~e BMC 
2 REL 

5 5 3 
0 I,BRClR~R I ,BCl~~r BM~EL ", 5 5 3 

l1~n I,BRSEJIR ,BSET~c 2 
Bil 

REL 
5 5 3 

F BRClR7 BClR7 BIH 
1111 3 BTB 2 BSe 2 REL 

AbblllViationl for Addreu Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXI 
IX2 

Inherent 
ImmedIate 
Direct 
Extended 
RelatIve 
BIt Set! Clear 
Bit Test and Branch 
Indexed (No Offsell 
Indexed. I Byte (8-B,1l Offset 
Indexed. 2 Byte I18-Bltl Offset 
CMOS Versions Onlv 

R 
~, 

5 

I 2 NEGDIR , 

5 
. , COMnlR , 

5 

LSRf)lR , 

5 

2 RO~'R , 
5 

2 ASR 
DIR , 

5 

2 lSlDIR , 
5 

ROl 
2 DIR , 

5 
2 DEC 

DIR , 

5 
INC 

2 0," , 
4 

2 TSTDIR , 

5 
ClR 

2 O1R , 

TABLE 10 - CDP6805E3 INSTRUCTION SET OPCODE MAP 

ReadlModofylWnle Control Register I Memory 
A INH{XI IXI IX INH I H IMM DIR EXT 1X2 X, IX 

.:'00 .;'., .~. 7 ,~ ,~, ,t; B ,f.. 0 E F HI~W 

" 
,,, " , 1110 1111 

3 3 6 5 9 2 J 4 5 4 3 
NEGA NEGX NEG NEG 

IX, " 

RTI SuB SUB SUB SuB SUB SUB ck I INH , ONH '" I ,NH 'MM DIR J EXT J Ix2 2 ox, ,x 
6 2 J 4 5 4 J 

RTS CMP CMP CMP CMP CMP CMP 1 , ONH 2 'MM 2 DIR J U' J ,)<.2 2 ," x 000' 
2 J 4 5 4 3 

SBC SBC SBC SBC SBC SBC 2 
2 IMM 2 DIP J "T J 1~,2 2 ox, , 

" 0010 
3 3 6 5 '0 J 4 5 4 3 

COMA COMX COM COM SWI CPX CPX CPX CPX CPX CPX 3 
INH , INH 2 OX, , ox , ,NH 2 'MM 2 DIP J t, T 3 "2 2 ,x 1 ,x :lJ" 

J J 6 5 2 J 4 5 , J 
lSRA lSRX lSR lSR AND AND AND AND AND AND 4 

INH , INH 2 OX, , ox 2 IMM 2 DIR J EXT J '.2 2 ," 'x 0100 
2 J , 5 4 J 

12 BIT BIT BIT BIT BIT BIT 5 
IMM 2 OIR ExT ,x2 2 ," , 'x :11 

3 3 6 5 2 J 4 5 , 3 
RORA RORX ROR ROR lOA lDA lOA lDA lOA lOA 6 

INH , INH ox, , IX 2 ,MM 2 D'R J EXT J "2 2 ," x '-:"C 
3 J 6 5 2 , 5 6 5 4 

ASRA ASRX ASR ASR TAX STA STA STA STA STA 7 
INH , INH 2 OX, , 

" 
, INH 2 D,R 3 EXT J 'Xl 2 ," , x '" 3 3 6 5 2 2 ] , 5 , 3 

lSlA lSlX lSl lSl ClC LL EOR EOR EOR EOR EOR EOR B 
INH , INH 2 OX, , IX , INH IMM 2 D'R J EXT J "2 2 ," x XI:; 

3 3 6 5 2 2 J 4 5 , 3 
ROlA ROlX ROl ROl SEC ADC ADC ADC ADC ADC ADC 9 

INH , INH 2 IX' , 
" , INH 2 IMM 2 DIR 3 EXl 3 "2 2 ox, , x ':x' 

3 3 6 5 2 2 , , 
DECA DECX DEC DEC CLI ORA ORA ORA ORA ORA ORA A 

INH , INH 2 OX, , 
" 

, ONH 2 IMM 2 DIR J ExT J ,x2 2 ox, , x , , 
2 2 3 , , 

SEI ADD ADD ADD ADD ADD ADD B , INH 2 IMM 2 DIR J EXT J ,Xl 2 ," 'x 
3 J 6 5 2 2 1 4 J 

INCA INCX INC INC RSP JMP JMP JMP JMP JMP C 
'NH , INH 2 IX' , 

" 
, INH 2 DIR J EXT J "2 2 ox, , , X 

3 3 5 4 2 6 5 6 , 
TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR 0 

INH , INH 2 IX' , 
" 

, INH 2 REL 2 DIR J EXT J ,x2 2 'Xl , , "':;1 

2 2 
lOX ' 

, J 
STOP lOX lDX lOX lOX lOX E , INH 2 IMM 2 D,R J EXl J 'Xl 2 ox, , 

" 
"I L 

3 J 6 5 2 2 4 6 5 4 
ClRA ClRX ClR ClR WAIT TXA STX STX STX STX , STX , F 

INH , INH 2 IX' , IX , INH , INH 2 OIR J EXl 3 'Xl 2 ox, 
'--------

LEGEND 

r-F::;;;::::~------~ Opcode In Hexadecimal F ~ ~ 

Mne~~~~ ~:- y;x~ CXXXl ;.:1 
Opcode In BInary 

, of Cycles ------- " Address Mode 

o 
C 
"tJ 
CJ) 
CO o 

. CIt 
m 
(,) 

o 
C 
"tJ 
CJ) 
CO o 
U1 
m 
(,) 

o 

0) 
CIII 
CI en 
I en 

CD .. :-
3: 
n a 
'g 

i 
iii 
I» 
:::J 
a. 
3: 
n 
g 
o 
3 
'g 
c 
CD 
iii 
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Indelled, 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 of addreSSing IS useful for selectln\! the m-th element In 
an n element table All Instructions are two bytes The con
tents of the Index register IXI IS not changed The contents 
of IPC+ 11 IS 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+IPC+11, PC-PC+2 
Address Bus Hlgh- K, Address Bus Low- X + IPC .. 1) 
Where K = The carry from the additIOn of X + IPC + 1) 

Indelled, 16-Bit Offset - In the Indexed, 16-blt 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-blt offset, ex
cept that thiS three byte Instruction allows tables to be 
anywhere In memory Ie g , Jump tables In ROMI The con
tent of the Index register IS not changed 

EA= X + IIPC + 1) IPC+ 211. PC- PC + 3 
Address Bus Hlgh-IPC+ 1)+ K, 
Address Bus Low-X+IPC+2) 

Where K = The carry from the additIOn of X + (PC + 2) 

Relative - Relative addreSSing IS only used In branch in
structions In relative addreSSing the contents of the 8-blt 
signed byte follOWing the opcode (the offset) IS added to the 
PC If and only If the branc.h conditIOn IS true OtherWise, 
control proceeds to the next instruction The span of relative 
addreSSing IS limited to the range of - 126 to + 129 bytes 
from the branch Instruction opcode location 

A8-A15 

CDP6805E3 
CMOS 

Microprocessor 

CDP6805E3, CDP6805E3C 
EA= PC+ 2+ IPC+ 1), PC-EA If branch taken, 

otherWise PC - PC + 2 

Bit Set! Clear - Direct addreSSing and bit addreSSing are 
combined In Instructions which set and clear IndiVidual 
memory and 1/ 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 256 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 Ilncludlng the bit 
number) and the secQnd to address the byte which contains 
the bit of Interest 

EA=IPC+1I, PC-PC+2 
Addres~ Bus Hlgh-D, Address Bus Low-IPC+ 11 

Bit Test and Branch - Bit test and branch IS a combina-
tion of direct addreSSing, bit addreSSing and relative address- III 
Ing The bit address and cond'1ion Iset 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 
lEA 1) The signed relativeS-bit offset IS In the third byte IEA21 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 256 locations of memory 

EA1 = IPC+ 1) 
Address Bus Hlgh-D, Address Bus Low-IPC+ 11 
EA2= PC + 3+ IPC + 21, PC-EA2 If branch taken, 

otherWise PC- PC + 3 

SYSTEM CONFIGURATION 
Figures 2D through 25 show In general terms how the 

CDP68D5E3 bus structure may be utilized, Specified Interface 
details vary With the various peripheral and memory deVices 
employed 

1 vplcal CMOS 
Penpheral 

ADO-AD7 

Address Strobe 
AS 

Dala Strobe 
OS 

A/W 
Read/Write A/IN 

iiiCi 
Interrupt 

iiiCi 
ascI .!19~H!... CKOUT 

AESET RESET 

92CS-38362 

Fig. 20 - Connection to CMOS pe,lphe,a/s. 
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CDP6805E3 

A8-A15 

80-87 

ASr--___ A..:d:..:d'-re:..:s:..:s...;S;..t'-ro:..:b:.:e'-_~ M 

DS Data Strobe G 

R/Vi Read/Write W 

CMOS 
Multiplexed 

Memory 

CDP65516 

Fig. 21 - Connection to CMOS multiplexed memories. 

92CS-38363 

A8-A15 

CDP6805E3 Peripherals 

AS 

DSr--___ ~D~a~ta~S~tr~ob~e~ ___ ~ 

R /w r--___ "'R"'e"'ad"','-" W=rI-"te'--___ ~R (Vi 

IRO Interrupt IRO 

RESET RESET 

NOTE In some cases, pullup resistors or other level 

Shlftlr"lg techniques may be required on signals 

gOing from N MaS to CMOS parts 

Fig. 22 - Connection to peripherals. 

92CS-38364 

300 ________________________________________________________________ _ 



________________ 6805-Serles Microprocessors and Microcomputers 

CDP6805E3, CDP6805E3C 

CDP6805E3 

A8-A15 

AddressiData Bus 

1-------, 

Readl 

CMOS 
Non-Muxed 

ROM or 
EPRDM 

R/W Write Read 
Data Strobe 1-----1 S 

DSr----~ ___ ~ 

Address 
AS Strobe 

Chip 

Enable E 

Fig. 23 - Connection to latch non-multiplexed CMOS RDM or EPROM. 

CDP6805E3 
CMOS 

Microprocessor 

A8-A15 

DS~~--------~--~ 

Read"/ 

R/W Wrtte 

Fig. 24 - Connection to static CMOS RAMs. 

CMOS 
Static 
RAMs 

92C5-38385 

92C5-38387 
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Address/ Data Bus 

CDP6B05E3 

AB-A15 

Data 
Strobe 

DS 1----_.-.001 

Readl 
Wnte 

A/Vii t--------f 
Address 

AS Strobe 

Data 00-07 

Chip 

CMOS 
AO-A7 Non Mu.ed 

RAM 

A8 

~ _________ E_n_a_bl_e~E 

92C5-38366 

Fig. 25 - Connection to latched non-multiplexed CMOS RAM. 
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CDP6805E3,CDP6805E3C 
Table 11 provides a detailed description of the Information 

present on the Bus. the Read/Wnte (R/W) Pin and the Load 
Instruction (LI) Pin dUring each cycle for each instruction. 

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. ThiS Information IS useful In comparing actual with ex-

TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION 

Address Mode 
Cycles Cycle # Address Bus 

RIW LI Date Bua 
Instructions Pin Pin 

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 

TAX CLC SEC 
1 Op Code Address 1 1 Op Code 

STOP CLI SEI 2 
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 POinter 1 0 I rrelevant Data 
4 Stack POinter + 1 1 0 I rrelevant Data 
5 Stack POinter + 2 1 0 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 By tel 
4 Stack POinter - 1 0 0 Return Address (HI Byte) 

SWI 10 
5 Stack POinter - 2 0 0 Contents of Index Register 
6 Stack POinter - 3 0 0 Contents of Accumulator 
7 Stack POinter - 4 0 0 Contents of CC Register 
8 Vector Address FFFC (Hex) 1 0 Address of Int Routine (HI Byte) 
9 Vector Address FFFD (Hex) 1 0 Address of Int. Routine (LO Byte 
10 Interrupt Routine Starting Address 1 0 Interrupt Routine Fllst Opcode 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack POinter 1 0 Irrelevant Date 
4 Stack POinter + 1 1 0 Irrelevant Date 

RT! 9 5 Stack POinter + 2 1 0 Irrelevant Data 
6 Stack POinter + 3 , 0 Irrelevant Data 
7 Stack POinter + 4 1 0 Irrelevant Data 
8 Stack POinter + 5 1 0 Irrelevant Data 
9 New Op Code Address , 0 New Op Code 

Immediate 

ADC EOR CPX 
ADD LDA LDX 

2 
, Op Code Address , 1 OpCode 

AND ORA BIT 2 Op Code Address + 1 , 0 Operand Data 
SBC CM8 SUB 

Bit Setl Clear , Op Code Address , , Op Code 

BSET n 
2 Op Code Address +' , 0 Address of Operand 

5 3 Address of Operand , 0 Operand Date 
BCLR n 4 Address of Operand , 0 Operand Date 

5 Address of Operand 0 0 Manipulated Date 

Bit Test and Branch , Op Code Address , 1 Op Code 

BRSET n 
2 Op Code Address +' , 0 Address of Operand 

5 3 Address of Operand , 0 Operand Date 
BRCLR n 4 Op Code Adpress + 2 , 0 Branch Offset 

5 Op Code Address + 2 , 0 Branch Offset 

Relative 

BCC BHI BNE BEO , Op Code Address , 1 Op Code BCS BPL BHCC BLS 
BIL BMC BRN BHCS 

3 2 Op Code Address +' 1 0 Branch Offset 

BIH BMI BMS BRA 3 Op Code Address +' , 0 Branch Offset , Op Code Address , 1 OpCode 
2 Op Code Address + 1 , 0 Branch Offset 

BSR 6 3 Op Code Address + 1 1 0 Branch Offset 
4 Subroutine Starting Address , 0 Fllst SubrOUline Op Code 
5 Stack POinter 0 0 Return Address (LO Bytel 
6 Stack POinter -, 0 0 Return Address (HI Bytel 
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TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

~Mode 
I Cydea Cycles , Add ..... Bus R/W LI Data BUI lI18Iruc:tiona Pin Pin 

Direct 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Jump Address 

ADC EOA CPX 
1 Op Code Address 1 1 Op Code ADD LOA LOX 

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 Code 

TST 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 0 Address of Operand 

4 Address of Operand 0 0 Operand Data 

LSL LSA DEC. 
1 Op Code Address 1 1 Op Code 

ASA NEG INC 2 Op Code Address + 1 1 0 Address of Operand 

CLA ROL 5 3 Operand Address 1 0 Current Operand Data 

COM ROA 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 0 Subroutine Address (LO By tel 

JSA 5 3 Subroutine Starting Address 1 0 1 st Subroutine Op Code 
4 Stack Pomter 0 0 Return Address (LO By tel 
5 Stack Pomter - 1 0 0 Return Address (HI By tel 

Extended 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 0 Jump Address (HI By tel 

3 Op Code Address + 2 1 0 Jump Address (LO By tel 

ADC BIT ORA 1 Op Code Address 1 1 Op Code 
ADD CMP LOX 

4 
2 Op Code Address + 1 1 0 Address Operand IHI By tel 

AND EOA SBC 3 Op Code Address + 2 1 0 Address Operand (LO By tel 
CPX LOA SUB 4 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 2 Op Code Address + 1 1 0 Address of Operand (HI Byte) 

STX 5 3 Op Code Address + 2 1 0 Address of Operand (LO Byte) 
4 Op Code Address + 2 1 0 Address of Operand (LO Byte) 
5 Address of Operand 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Address of Subroutine (HI Byte) 

JSR 6 
3 Op Code Address + 2 1 0 Address of Subroutine (LO Byte) 
4 Subroutine Starting Address 1 0 1 st Subroutine Op Code 
5 Stack POinter 0 0 Retuln Address (LO Byte) 
6 Stack POinter - 1 0 0 Return Address (HI By tel 

Indexed, No-Offset 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address ; 1 1 0 Op Code Next Instruction 

ADC EOR CPX 
1 Op Code Address 1 1 Op Code ADD LOA LOX 

AND ORA BIT 3 2 Op Code A~dress + 1 1 0 Op Code Next Instruction 

SBC CMP SUB 
3 [ndell. Register 1 0 Operand Data 

1 Op Code Address 1 ) Op Code 

TST 4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Index Register 1 0 Operand Data 
4 Op Code Address + 1 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
STX 3 Op Code Address + 1 1 0 Op Code Next Instruction 

4 Index Register 0 0 Operand Data 

LSL LSA DEC 
1 Op Code Address 1 1 Op Code 

ASR NEG INC 2 Op Code Address + 1 1 0 Op Code Next Instruction 

CLA ROL 5 3 Index Register 1 0 Current Operand Data 

COM ROR 4 Index Register 1 0 Current Operand Datd 
5 Index Register 0 0 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 Subroutine Op Code 
4 Stack POinter 0 0 Return Address 11.0 By tel 
5 Stack POinter - 1 0 0 Return Address {HI By tel 
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TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

AddreuMode 
Cycles Cycles , AddreuBua R/W LI 

0II1II Bue In.ructlon. Pin Pin 
Indexed 8-Bit Offoet 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 a Offset 

3 Op Code !,-ddress + 1 1 a Offset 

ADC EOR CPX 1 Op Code Address 1 1 Op Code 
ADD LOA LOX 

4 
2 Op Code Address + 1 1 a Offset 

AND ORA CMP 3 Op Code Address + 1 1 a Offset 
SUB BIT SBC 4 Index Register + Offset 1 a Operand Data 

1 Op Code Address 1 1 Op Code 

STA 
2 Op Code Address + 1 1 a Offset 

STX 5 3 Op Code Address + 1 1 a Offset 
4 Op Code Address + 1 1 a Offset 
5 Index Register + Offset a a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Offset 

TST 5 3 Op Code Address + 1 1 a Offset 
4 Index Register + Offset 1 a Operand Data 
5 Op Code Address + 2 1 a Op Code Next Instruction 

LSL LSR 1 Op Code Address 1 1 Op Code 

ASR NEG 2 Op Code Address + 1 1 a Offset 

CLR ROL 6 3 Op Code Address + 1 1 a Offset 

COM ROR 
4 Index Register + Offset 1 a Current Operand Data 

DEC INC 
5 Irdex Register + Offset 1 a Current Operand Data 
6 Index Register + Offset a a New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Offset 

JSR 6 
3 Op Code Address + 1 1 a Offset 
4 Index Register + Offset 1 a 1st Subroutine Op Code 
5 Stack Pomter a a Return Address LO Byte 
6 Stack POinter - 1 a a Return Address HI Byte 

Indexed, 16-Bit Offoet 
1 Op Code Address 1 1 Op Code 

JMP 4 2 Op Code Address + 1 1 a Offset (HI Byte) 
3 Op Code Address + 2 1 a Offset (LO Byte) 
4 Op Code Address + 2 1 a Offset (LO Byte) 

ADC CMP SUB 1 Op Code Address 1 1 Op Code 
ADD EOR SBC 2 Op Code Address + 1 1 a Offset (HI By tel 
AND ORA 5 3 Op Code Address + 2 1 a Offset (LO Byte) 
CPX LOA 4 Op Code Address + 2 1 a Offset (LO Byte) 
BIT LOX 5 Index Register + Offset 1 a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Offset (HI By tel 

STA 
6 3 Op Code Address + 2 1 a Offset (LO Byte) 

STX 4 Op Code Address + 2 1 a Offset (LO Byte) 
5 Op Code Address + 2 1 a Offset (LO Byte) 
6 Index Register + Offset a a Operand Data 

I Op Code Address I I Op Code 
2 Op Code Address + 1 I a Offset (HI Byte) 
3 Op Code Address + 2 I a Offset (LO Byte) 

JSR 7 4 Op Code Address + 2 I a Offset (LO Byte) 
5 Index Register + Offset 1 a 1 st Subroutine Op Code 
6 Stack POinter a a Return Address (LO Byte) 
7 Stack POinter - 1 a a Return Address (HO Byte) 
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TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUEDI 

Instructions 

Other Functions 

Hardware RESET 

Power on Reset 

Instruction 

IRQ Interrupt 

NOTE: Interrupt Cycles. 

Cycle #8 
Cycle #9 

Cycles 

5 

1922 

Cycles 

10 

Cycles # Address Bus 

$FFFE 

$FFFE 

I $FFFE 

2 $FFFE 
3 $FFFE 
4 $FFFF 
5 Reset Vector 

I $FFFF 

• • 
• • 
• • 

1919 $FFFE 

1920 $FFFE 

1921 $FFFF 
1922 Reset Vector 

Cycles' Address Bus 

Las! Cycle of PrevIous 
Instruction 

I Next Op Code Address 

2 Next Op Code Address 

3 SP 

4 SP- I 

5 SP-2 

6 SP-3 

7 SP-4 

8 See Note Below 

9 See Note Below 

10 iRQ Vector 

Ext. In! 
Address 

Timer In! 
Address 

$FFFA 
$FFFB 

$FFF8 
$FFF9 

RESET 
Pin 

0 

0 

I 

I 

I 

I 

I 

I 

• 
• 
• 
1 

I 

I 

I 

ilm 
Pin 

0 

0 

X 

X 

X 
X 

X 

X 

X 

X 

X 

R/VIi LI Data Bus Pin Pin 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

I 0 Vector High 

I 0 Vector Low 

I 0 Op Code 

I 0 Irrelevant Data 

• • • 
• • • 
• • • 
I 0 Irrelevant Data 

I 0 Vector High 

I 0 Vector Low 

I 0 Op Code 

R/W LI Data Bus 
Pin Pin 

X 0 X 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

0 0 Return Address (LO Byte) 

0 0 Return Address (HI Byte) 

a 0 Contents Index Reg 

0 0 Contents Accumulator 

0 0 Contents CC Register 

I 0 Vector High 

I 0 Vector Low 

I 0 Int Routine First 

Timer In! From 
Wal! Address 

$FFFB 
$FFF7 
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'iiEffi 2B VDD 
::rRa" 27 TIMER 

NUM 26 pco CMOS High-Performance Silicon-Gate OSCI • 2. PCl 

05C2 • 2. PC2 8-Bit Microcomputer PAO 2. PC, 

PAl 7 22 PBO Hardware Features: 
PA2 B 21 PBl 
PA. 20 PB2 • Typical full speed operating power • Internal 8-bit timer with software 
PA. 10 

" 
PB' of10mWat5 V programmable 7-bit prescaler 

PA, " IB PB' • Typical WAIT mode power of 3 mW • External timer input 
PA6 12 17 PBS • Typical STOP mode power of 5 /iW • External and timer interrupts 
PA7 I. 16 PB6 • 64 bytes of on-Chip RAM • Master reset and power-on reset 
V55 I. 

" 
PB7 • 1089 bytes of on-Chip ROM • Single 3 to 6 volt supply 

TOP VIEW 92CS·3!5031 • 16 bidirectional I/O lines • On-chip oscillator 
TERMINAL ASSIGNMENT • 4 input-only lines 

The CDP6805F2 Microcomputer Unit (MCU) belongs to the 
CDP6805 Family of CMOS Microcomputers. This a-bit 
MCU contains on-chip oscillator CPU, RAM, ROM, 1/0, and 
Timer. Fully static design allows operation at frequencies 
down to DC, further reducing its already low-power 
consumption. It isa low-power processor designed for low
end to mid-range applications in the consumer, automotive, 
industrial, and communications markets where very low 
power consumption constitutes an important factor. 

PAD 

Port PAl Port Data 

A PA2 A .reetlo 

I/O PA3 Register 

Lines ~~~ 
PA6 
PA7 

Accumulator 
A 

Index 
Register 

Condition 
Code 

Regl<;ter CC 

Stack 
POinter 

Program 
Counter 

High PCH 

Program 
Counter 

low PCl 

1089 x B 
ROM 

Self· Check 
ROM 

• 1 /is cycle time 

Software Features: 
• Versatile interrupt handling 
• True bit manipulation 
• 10 addressing modes 
• Efficient instruction set 
• Memory-mapped I/O 
• User-cal/able self-check routines 
• Two power-saving standby modes 

CPU 

CPU 
Control 

AlU 

Data Port 
Direction B 
Regl!ter Register 

92CS-37994 

Fig. 1 - CDP6B05F2 CMOS microcomputer block diagram 

PBD 
PBl 
PB2 Port 
PB3 B 
PB4 110 
PB5 Lines 
PB6 
PB7 

File Number 1369 
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c( 
25 E 

I 
Q 
,g 
t-
Z 
W 
II: 
II: 
::J 
(J 

Cl z 
i= 
c( 
II: 
W 
Q. 

0 
...J 
c( 
(J 

ii: 
> t-

MAXIMUM RATINGS IVoltages Referenced to VSS) 

Ratings 

Supply Voltage 

All Input Voltages Except OSCl 

Current Drain per Pin Excluding VDD and VSS 

Operating Temperature Range 

CDP6805F2 
CDP6805F2C 

Storage Temperature Range 

Test POint 

I Load -
50 pF 

Symbol 

VDD 

Y,n 

I 

TA 

TstQ 

20 5 k 

Fig. 2 - Equivalent test load. 

Value 

-03to +8 

VSS-O 5 to VDD+O 5 

10 

TL to TH 

o to 70 
-40 to +85 

-55 to +150 

VDD=45V 

4.27 k 

92C5-37995 

INTERNAL FREQUENCY (1/1c.,.)-MHz 

Fig. 3 - Typical operating current vs. Internal frequency. 

Unit 

V 

V 

mA 

·C 

·C 

6V 

5V 

92C8-37996 

308 ________________________________________________________ __ 



__________________ 6805-Serle. Microprocessors and Microcomputers 

CDP6805F2,CDP6805F2C 
DC ELECTRICAL CHARACTERISTICS IVoo=5 Vdc ± 10%, VSs=O Vdc, TA= TL to TH, unless otherwise notedllSee Note 11 

Characteristics 

Output Voltage, ILoad s 10 0 p.A 

Output High Voltage IILoad 200 p.AI PAO PA7, PBO PB7 

Output Low Voltage, IILoad-BOO p.AI PAO-PA7, PBO-PB7 

Input High Voltage 
Ports PAO-PA7, PBO-PB7, PCO-PC3 
TIMER, nm, REm 
OSCI 

Input Low Voltage, All Inputs 

Total Supply Current ICL =50 pF on Ports, No dc Loads, tcyc= 1 p.sl 
RUN IMeasured OUring Self-Check, VIL=O 2 V, VIH=VOO-O 2 VI 
WAIT ISee Note 21 
STOP ISee Note 21 

I/O Ports Input Leakage - PAO-PA7, PBO-PB7 

Input Current - lrrm, TIm, TIMER, OSC1, PCO-PC3 

Output Capacitance Ports A and B 

Input Capacitance - RESET, IRQ, TIMER, OSC1, PCO-PC3 

NOTES 
1 Electrical Characteristics for VOO = 3 V available soon 
2 Test Conditions for 100 are as follows 

All ports programmed as Inputs 
VIL =02 V IPAO-PA7, PBO-PB7, PCO-PC31 
VIH = VOO - 02 V for RESET, TRQ, TIMER 
OSCI Input IS a square wave from a 2 V to VOO - 02 V 
OSC2 output load = 20 pF IWAIT 100 IS affected linearly by the OSC2 capacltancel 

Symbol 

VOL 
VOH 

VOH 

VOL 

VIH 

VIL 

100 

IlL 

lin 

Cour. 
C,n 

Min Max Unit 

- 01 
VOO-Ol - V 

41 V 
- 04 V 

VOO-2 VOO V 
VOO-08 VOO 
Vrm-15 VOO 

VSS 08 V 

- 4 mA 
- 1.5 mA 
- 150 J,A 
- ±10 p.A 

- ±1 p.A 

12 pF 
- 8 pF 

TABLE 1 - CONTROL TIMING CHARACTERISTICS IVOO=5 Vdc ± 10%, VSS=O, TA= TL to TH, losc=4 MHz, tcyc= 1 p.sl 

Characteristics Symbol Min Max Unit 
Crystal OSCillator Startup Time ISee Figure 51 tOXOV - 100 ms 
Stop Recovery Startup Time - Crystal OSCillator I See Figure 61 tlLCH - 100 ms 
Timer Pulse Width I See Figure 41 tTH, tTL 05 - tcyc 
Reset Pulse Width ISee Figure 51 tRL 15 - tcyC 

Imer t'erlod I ::iee Igure 41 tTLTL 1 tcyc 
Interrupt Pulse Width ISee Figure 15) tlLlH 1 tcyc 
Interrupt Pulse Period ISee Figure 151 tlLlL * tcyc 
OSCI Pulse Width ISee Figure 71 tOH, tOL 100 - ns 
Cycle Time tcyc 1000 - ns 
Frequency of Operation 

Crystal fosc - 4 MHz 
External Clock dc 4 

*The minimum period, tlLlL, should not be less than the number of tcyc cycles It takes to execute the Interrupt service routines plus 20 tcyc 
cycles 

OSC2 

PAO 

PAl 

PA2 

PA3 

PA4 

PA5 

TERMINAL ASSIGNMENT 

~ ~ I~ I~ Jl ~ ~ 

7 PIN, 8---+-
9 TOP V,IEW 

10 FILE INO.'369 

.... cn .... -., ... 
::::::~f~ 

pc, 

PC2 

PC3 

PBO 

PB' 

PB2 

PB3 

92CS-40952 

28-Lead Pla.tlc.Chlp-Carrler Package 
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External 
Clock 

VDD 

OSC1 

</>2* 

Internal 
Address 

Bus* 

Internal 
Data 
Bus* 

RESET 

j.-tTLTL--1 --l tTH /.+- -../ tTL k-
( Timer) 

Pin 27 

92CS-37997 

Fig. 4 - Timer relationships. 

I 
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I I 
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I 1 I I 1920 teye I 
1 101{ ·1 
I 1 I J 
~toxOV i teye I 

FtRL=? ~ 92CS-37998 

* Internal timing signal not available externally 

Fig. 5 - Power-on RESET and RESET. 
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OSC2** -----~ ---r-1 .../' 
~ IIIIIIIIIII ; III 

IRQ 
or 

RESET v"-tltof--_____ IILCH -------J.~14 .. --1920 Icye -----l.~1 
~~--------------------~--------------~~-----

* Internal timing Signals not available externally 
92CS-37999 

**RepresenIS Ihe Inlernal gallng of Ihe ascI Inpul pin 

FIg. 6 - Stop rflcovflry. 

FUNCTIONAL PIN DESCRIPTION 

VDD and VSS 
Power IS supplted to the MCU UStng these two ptnS VOO 

IS power and VSS IS ground 

IRQ (MASKABLE INTERRUPT REQUEST) 
IRO IS photomask optton selectable With the chOice of tn

terrupt sensitivity betng both level and negative edge or 
negative edge only The MCU completes the current Instruc
tton before It responds to the request If iRO IS low and the 
Interrupt mask bit (I bit) In the condition code register IS 
clear, the MCU begins an tnterrupt sequence at the end of 
the current Instruction 

If the photomask option IS selected to Include level sen
SltlVlty, then the IRO Input requires an external resistor to 
VOO for "Wire-OR" operation See the Interrupt sectton for 
more detail 

RESET 

The RESET tnput IS not reqUired for start-up but can be 
used to reset the MCU's tnternal state and proVide an order
ly software start-up procedure Refer to the Resets section 
for a detailed deSCription 

TIMER 

The TIMER tnput may be used as an external clock for the 
on-chip timer Refer to the Timer sectton for a detailed 
deSCription 

NUM (NON-USER MODE) 

ThiS pin IS Intended for use In self-check only User ap
pltcatlons should leave thiS ptn connected to ground through 
a 10 kilohm resistor 

OSC1, OSC2 
The CDP6805F2 can be configured to accept either a 

crystal Input or an RC network Addlttonally, the Internal 
clocks can be derived from either a dlvlde-by-two or dlvlde
by-four of the external frequency (foscl Both of these op
tions are photomask selectable 

RC - If the RC OSCillator option IS selected, then a resistor 
IS connected to the OSCillator pins as shown tn Figure 71bl 
The relationship between Rand f osc IS shown tn Figure 8 

CRYSTAL - The circuit shown tn Figure 7(al IS recom
mended when uSing a crystal The Internal OSCillator IS 
deSigned to Interface With an AT-cut parallel resonant quartz 
crystal resonator tn the frequency range speCified for fosc In 
the electlcal characteristics table UStng an external CMOS 
OSCillator IS suggested when crystals outSide the speCified 
ranges are to be used The crystal and components should 
be mounted as close as pOSSible to the Input pins to minimize 
output distortion and start-up stablltzatlon time Crystal fre
quency ItlnttS are also affected by VOO Refer to Table 1, 
Control TIming CharacteristIcs, for Itmlts 

EXTERNAL CLOCK - An external clock should be ap
plIed to the OSC1 Input WIth the OSC2 Input not connected, 
as shown tn FIgure 71c1 An external clock may be used WIth 
eIther the RC or crystal oscillator mask optIon toxOV or 
tlLCH do not apply when uSIng an external clock tnput 

PAD-PA7 
These eIght I/O Itnes comprrse Port A The state of any pin 

IS software programmable Refer to the'lnput/Output Pro
grammIng sectIon for a detaIled deSCriptIon 
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Crystal Parameters Oscillator Waveform 

1 MHz 4 MHz Units 

RSMAX 400 75 0 

Co 5 7 pF 

Cl 0008 0012 pF 

COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 MO 

a 30k 40 k -

la) Crystal Oscillator ConneclIOns and EqUivalent Crystal CirCUit 

CDP6805F2 

aSCl OSC2 

4 Rp 5 

......;5~---I\D ..... \ __ ~4 
CaSCI 'I" CaSC2 

Ib) RC Oscillator Connection Ic) External Clock Source Connections 

OSCl 

4 

R Unconnected 

External Clock 

Fig. 7 - Oscillator connections. 92CIh1SOOO 
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PBO-PB7 

These eight lines comprise Port B The state of any pin IS 
software programmable Refer to the Input/Output Pro
gramming section for a detailed deSCription 

PCO-PC3 

These four lines comprise Port C, a fixed Input port When 
Port C IS read, the four most-significant bits on the data bus 
are "'s" There IS no data direction register associated with 
Port C 

INPUT/OUTPUT PROGRAMMING 

10 100 
4 ,. 

1000 

Any Port A or B pin may be software programmed as an 
Input or output by the state of the corresponding bit In the 
port data direction register IDDRI A Pin IS configured as an 
output If ItS corresponding DDR bit IS set to a logiC "'" A 
pin IS configured as an Input If ItS corresponding DDR bit IS 
cleared to a logiC "0" At reset, all DDRs are cleared, which 
configures all port PinS as Inputs A port Pin configured as an 
output will output the data In the corresponding bit of ItS 
port data latch Refer to Figure 9 and Table 2 

RESISTANCE(Kn) 

R (kO) 

Fig. 8 - Typical frequency VS. resistance 
for RC oscillator option only. 

Internal 
CDP6805F2 
Connections 

TYPical Port 
Data Direction 

Register 

TYPical Port 
Register 

Pin P-l 

lal 

Ibl 

6 5 4 3 

P-6 P-5 P-4 P-3 

Fig. 9 - Typical I/O port circuitry. 

TABLE 2 - 1/0 PIN FUNCTIONS 

R/W DDR 1/0 Pin Function 

0 

P-2 P-' P-o 

92CS·38001 

0 0 The I/O pm IS In Input mode Data IS wntten Into the output data latch 

0 , Data IS written Into the output data latch and output to the 1/0 pin 

1 0 The state of the 110 pin IS read , , The II 0 pin IS In an output mode The output data latch IS read 
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SELF-CHECK 

The CDP6805F2 self-check IS performed uSing the CirCUit 
In Figure 10 Self-check IS Initiated by tYing NUM and TIMER 
pinS to a logic "1" then executing a reset After reset, the 
following five tests are executed automatically 

1/0 - Functionally Exercise Ports A, B, C 
RAM - Walking Bit Test 
ROM - Exclusive OR with ODD "1s" Panty Result 
Timer - Functionally Exercise Timer 
Interrupts - Functionally Exercise External and Timer In

terrupts 
Self-check results are shown In Table 3 The following 

subroutines are available to user programs and do not re
qUire any external hardware 

TABLE 3 - SELF-CHECK RESULTS 

PB3 PB2 PBl PBO Remarks 

1 0 1 1 Bad Timer 

1 1 0 0 Bad RAM 

1 1 0 1 Bad ROM 

1 1 1 0 Bad Interrupt or Request Flag 

All Cycling Good Part 

All Others Bad Part 

RAM SELF-CHECK SUBROUTINE 

Returns with the Z bit clear If any error IS detected, other
wise. the Z bit IS set 

+5V+5V 

10 k • 
~ 

~ . ~ 10 k 

1 
RESET 

1
6 :-1 2 

IRQ 

0 -----2 NUM 

XTAL --i ascI -
XTAL.2 - OSC2 

~ PAO 
7 

PAl CDP6805F2 8 
PA2 

9 
PA3 

.12 PA4 

t..-..2.2 PA5 
12 

PA6 
13 

PA7 

GND~ VSS 

The RAM test must be called with the stack pointer at $7F 
and the accumulator zeroed When run, the test checks 
every RAM cell except for $7F and $7E which are assumed to 
contain the return address. 

A and X are modified. All RAM locations except the top 2 
are modified. (Enter at location $78B.) 

ROM CHECKSUM SUBROUTINE 

Returns with Z bit cleared If any error was found; other
wise Z = 1, X = 0 on return, and A IS zero It the test passed. 
RAM locatlonsl$41-$44 are overwntten (Enter at location 
$7A4 ) 

TIMER TEST SUBROUTINE 
Return With Z bit cleared If any error was found; otherWise 

Z=1 
ThiS routine runs a Simple test on the timer In order to 

work correctly as a user subroutine, the Internal clock must 
be the clocking source and Interrupts must be disabled. 
Also, on eXit, the clock Will be running and the Interrupt 
mask Will not be set, so the caller must protect himself from 
Interrupts If necessary 

A and X register contents are lost, thiS routine counts how 
many times the clock counts In 128 cycles. The number of 
counts should be a power of two since the prescaler IS a 
power of two If not, the timer probably IS not counting cor
rectly The routine also detects If the timer IS running at all. 
(Enter at location $7BE ) 

VOO 

TIMER 

pco 
PCl 

PC2 

PC3 

PBO 

PBl 

PB2 

PB3 

PB4 

PB5 

PB6 

PB7 

+5 V +5 V 

~ 
10 k 

~ 
27 

~ 
~ -
24 

23 

~ 
,!.L -20 

19 

18 

17 

16 

15 

} ,~ "" .. ,-~" 
92CS-3llOO2 

Fig. 10 - Self-check pinout configuration.' 
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MEMORY 

The CDP6805F2 has a total address space of 2048 bytes 
of memory and I/O registers. The address space IS shown in 
Figure 11. 

The first 128 bytes of memory (first half of page zerol is 
comprised of the I/O port locations, timer locations, and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and Interrupt 
vectors 

Access 
Via 

Page 0 
Direct 

Addressmg 

I User 
Defined 
Interrupt 
Vectors 

{ :~ 
255 
256 

1206 
1207 

1279 
1280 

1919 
1920 

2037 

2038 

2047 

1/0 Ports 
Timer 
RAM 

1079 Bytes 
User ROM 

73 Bytes 
Self· Check ROM 

640 Bytes 
Unused* 

118 Bytes 
Self· Check ROM 

f-------------
Timer Interrupt From Walt State Only 1----------:.....-

___ ~Imer Interrupt 

External Interrupt ----
SWI ----

RESET 

* Reads of unused locations undefined 

CDP6805F2, CDP6805F2C 
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 $7F 
and It is decremented as data is pushed on the stack. When 
data IS removed from the stack, the stack pOinter IS in
cremented. A maximum of 32 bytes of RAM are available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for Interrupts and/ or subroutine 
stacking purposes, lhe unused bytes are available for pro
gram data storage 

SOOOO 

S007F 

S0080 
I 

SOOFF 
SOl00 

S04B6 
S04B7 

S04FF 
S0500 

S077F 
S0780 

S07F5 

0 

1 

2 

3 

4 

5 

6 

9 

10 

63 
64 

95 
96 

S07F6 S07F7 
I 

S07F8 S07F9 

S07FA S07FB , 
S07FC S07FD 

S07FE S07FF 
127 

f--

./ 
V 

Port A Data Register 

Port B Data Register 

1 1 1 1 I Port C 

Unused * 

Port A Data Direction Register 

Port B Data Direction Register 

Unused* 

Unused * 

Timer Data Register 

Timer Control Register 

54 Bytes 
Unused* 

RAM 
164 Bytesl 

.,./ 
..-

" .,. 
" " .,. 

/' 

.,. ./ Stack 132 Bytes Maxi 
./ 

• 

SOOOO 

SOOOl 

S0002 

S0003 

SOOO4 

S0005 

SOOO6 

S0007 

SOOO8 

SOOO9 

SOOOA 

S003F 
S0040 

S005F 
SOO6O 

S007F 

Fig. 11 - Address map. 
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CDP6805F2, 'CDP6805F2C 
REGISTERS 

The CDP6805F2 contains five registers as shown In the 
programming model (Figure 12) The Interrupt stacking order 
IS shown In Figure 13 

ACCUMULATOR (A) 

This accumulator IS an 8-blt general purpose register used 
to hold operands and results of the arithmetic calculations 
and data manipulations 

INDEX REGISTER (X) 

The X register IS an S-blt register which IS used dUring the 
Indexed modes of addreSSing It provides the 8-blt operand 
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 storage 
register when not performing addreSSing operations 

7 

I A 

7 

I X 

10 

I PC 

10 5 4 

10 10 10 I 0 I 11 I SP 

PROGRAM COUNTER (PC) 

The program counter IS an 11-blt register that contains the 
address of the next instruction to be executed by the pro
cessor. 

STACK POINTER (SP) 

The stack pOinter IS an 11-btt register containing the ad
dress of the next free location on the stack. When accessing 
memory, the SIX most-significant bits are appended to the 
five least-significant register bits to produce an address 
within the range of $7F to $60. The stack area of RAM IS 
used to store the return address on subroutine calis 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 ($7FI. Nested Interrupts 
and/ or subrouttnes may use up to 32 (decimal) locations 
beyond which the stack pOinter "wraps around" and POints 
to ItS upper limit thereby lOSing the preViously stored infor
mation A subroutine cali occupies two RAM bytes on the 
stack, while an Interrupt uses !tve bytes. 

0 

I 
0 

I 
0 

~ 
0 

I 

Accumulator 

I ndex Register 

Program Counter 

Stack POinter 

Condition Code Register 

Carry/ Borrow 

Zero 

'---- Negative 

'------ Interrupt Mask 

'-------- Half Carry 
92CS-38004 

Fig. 12 - Programming model. 

o Stack 

1 I 1 I 1 I Condition Code Register 

Accumulator 
IncreaSing Memory 

Addresses 
Index Register n DecreaSing Memory 

Addresses 
0101010101 PCH 

PCl T 
Unstack 

NOTE SIOce the Stack POinter decrements dUring pushes, the PCl IS 
stacked first, followed by PCH, etc Pulling frQm the stack IS In 
the reverse order 

Fig. 13 - Stacking order. 

92C5-38OO5 
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CONDITION CODE REGISTER (CC) 

The condition code register IS a 5-blt register which in
dicates the results of the Instruction Just executed These 
bits can be individually tested by a program and specific ac
tion taken as a result of their state Each bit IS explained In 
the follOWing paragraphs. 

HALF CARRY BIT (H) - The H bit IS set to a "1" 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 I 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 I bit IS set, the Interrupt IS latched and IS 
processed when the I bit IS next cleared 

NEGATIVE (N) - Indicates that the result of the last 
arithmetiC, logical, or data manipulation IS negative (bit 7 In 
the result IS a logical "1"1 

ZERO (Z) - Indicates that the result of the last arithmetic, 
logical, or data manipulation IS zero 

CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetiC logic unit (ALUI occurred dUring the 
last arithmetiC operation ThiS bit IS also affected dUring bit 
test and branch instructions, ShiftS, and rotates 

RESETS 

The CDP6805F2 has two reset modes an active low ex
ternal reset pin (RESETI and a power-on reset function, refer 
to Figure 5 

RESET 
The RESET Input pin IS used to reset the MCU to provide 

an orderly software start-up procedure When uSing the ex
ternal reset mode, the RESET pin must stay low for a 
minimum of one tR L The RES ET Pin IS provided With a 
Schmitt Trigger Input to Improve ItS nOise Immunity. 

POWER-ON RESET 

The power-on reset occurs when a positive transition IS 
detected on VDD 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 

CDP6805F2, CDP6805F2C 
for a power-down reset The power-on circuitry proVides for 
a 1920 tcyc delay from the time of the first OSCillator opera
tion If the external RESET Pin IS low at the end of the 1920 
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 (TCR71 IS 
cleared to a "0" 

• Timer control register Interrupt mask bit (TCR61 IS set 
to a "1" 

• All data direction register bits are cleared to a "0" All 
ports are defined as Inputs 

• Stack pOinter IS set to $7F 
• The Internal address bus IS forced to the reset vector 

($7FE, $7FFI. 
• Condition code register Interrupt mask bit (II IS set to a 

"1" 
• STOP and WAIT latches are reset 
• External Interrupt latch IS reset 
All other functions, such as other registers (Including out

put portsl, the timer, etc, are not cleared by the reset condi
tions 

INTERRUPTS 

Systems often require that normal processing be Inter
rupted so that some external event may be serViced The 
CDP6805F2 may be Interrupted by one of three different 
methods, either one of two maskable Interrupts (external in
put or tlmerl or a non-maskable software Interrupt (SWII 

Interrupts cause the processor registers to be saved on the 
stack and the Interrupt mask set to prevent additional Inter
rupts The RTllnstructlon causes the register contents to be 
recovered from the stack and return to normal processing 
The stacking order IS shown In Figure 13 

Unlike RESET, hardware Interrupts do not cause the cur
rent instruction execution to be halted, but are conSidered 
pending until the current I~structlon execution IS complete 

When the current instruction IS complete, the processor 
checks all pending hardware Interrupts and If unmasked, 
proceeds With Interrupt processing, otherWise, the next in
struction IS fetched and executed Note that masked inter
rupts are latched for later Interrupt service 

If both an external Interrupt and a timer Interrupt are pend
Ing at the end of an instruction execution, the external in
terrupt IS serViced first The SWI IS executed as any other in
struction Refer to Figure 14 for the Interrupt and Instruction 
processing sequence 
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CDP6805F2, CDP6805F2C 
TIMER INTERRUPT 

Each time the timer decrements to zero Itransitlons from 
$01 to $00), the timer Interrupt request bit ITCR?) IS set The 
processor IS interrupted only If the timer mask bit ITCR6) and 
Interrupt mask bit II bit) are both cleared When the Interrupt 
IS recognized, the current state of the machine IS pushed on
to the stack and the interrupt mask bit In the condition code 
register IS set. This mask prevents further interrupts until the 
present one IS serviced. The processor now vectors to the 

1-1 Bit (,n CCRI 
07F-SP 
O-DDRs 

CLR IRO LogiC 
FF-Tlmer 

7F--Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

And 
TCR7= 1 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

timer interrupt service routine. The address for this service 
routine is specified by the contents of $7F8 and $7F9 unless 
the processor IS In a WAIT mode, in which case the contents 
of $7F6 and $7F? specify the timer service routine address. 
Software must be used to clear the timer interrupt request 
bit ITCR?). At the end of the timer interrupt service routine, 
the software normally executes an RTI instruction which 
restores the machine state and starts executing the inter
rupted program. 

Timer 

PC_PC+ll-.:.SW=I ..... 

Stack 
PC, X, A, CC 

Load PC From 
SWI 7FC17FD 
IRQ: 7FA17FB 

'TIMER 7F817F9 
Timer Walt 7F617F7 

92C5-38008 

Fig, 14 - RESET and INTERRUPT processing flowchart. 
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EXTERNAL INTERRUPT 
Either level- and edge-sensitive or edge-sensitive only in

puts are available as mask options. If the Interrupt mask bit 
of the condition code register IS cleared and the external In
terrupt pin (~) IS "low" or a negative edge has set the In
ternal Interrupt flip-flop, then the external Interrupt occurs 
The action of the external Interrupt IS Identical to the timer 
except that the service routine address IS specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func
tional diagram and timing for the Interrupt line. The timing 
diagram shows two different treatments of the Interrupt hne 
IrnTI) to the processor The first method IS single pulses on 
the Interrupt line spaced far enough apart to be serviced The 
minimum time between pulses IS a function of the length of 
the Interrupt service routine Once a pulse occurs, the next 
pulse should not occur until the MPU software has eXited the 
routine Ian RTI occurs) ThiS time ItIUL) IS obtained by ad
ding 20 instruction cycles Itcyc) to the total number of cycles 
It takes to complete the serVice routine Including the RTI In-

CDP680SF2, CDP6805F2C 
structlon; refer to Figure 15 The second configuration 
shows many Interrupt lines "wire ORed" to form the inter
rupts at the processor. Thus, If after servicing an Interrupt 
the IRQ remains low, then the next Interrupt IS lecognlzed 

SOFTWARE INTERRUPT (SWIl 
The software Interrupt IS an executable Instruction The 

action of the SWllnstructlon IS Similar to the hardware Inter
rupts. The SWI IS executed regardless of the state of the in
terrupt mask In the condition code register The service 
routine address IS specified by the contents of memory loca
tions $7FC and $7FD 

The follOWing three functions are not strictly Interrupts, 
however, they are tied very closely to the Interrupts These 
functions are RESET, STOP, and WAIT 

RESET - The RESET Input pin and the Internal power-on 
reset function each cause the program to vector to an In
Itialization program ThiS vector IS specified by the contents 

lal Interrupt Functional Diagram 

Level SenSitive 

r -'::'''~~-t------'L __ / r---I External 
Interrupt 
Request 

Interrupi Pm -----... ----QC 

Q 

Ibl Interrupt Mode Diagram 

111 

iRQ~tlLIH U 
~ tILlL~1 

~ IMPUI-----,~ ________________________________ ~ 

121 

• 
iROn 

Fig. 15 - External interrupt. 

I Bit (CCRI 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced 

Edge Condition 
The minimum pulse Width (tILlH) IS one 

tcyc The period 1iLlL should not be less 
than the number of teye cycles It takes to 
execute the Interrupt service routine plus 
20 tcye cycles 

Mask Optional Level Sensitive 
If after servIcing an Interrupt the IRQ re
mains low, then the next Interrupt IS 

recognized 

92CS-38007 
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CDP6805F2, CDP6805F2C 
of memory locations $7FE and $7FF The Interrupt mask of 
the condition code register IS also set. See preceding section 
on Reset for details. 

STOP - The STOP instruction places the CDP6805F2 In 
ItS lowest power consumption mode In the STOP function, 
the Internal oscillator IS turned off causing all Internal pro
cessing and the timer to be halted; refer to Figure 16 

DUring the STOP mode, timer control register ITCR) bits 6 
and 7 are altered to remove any pending timer Interrupt re
quests and to disable any further timing Interrupts. External 
Interrupts are enabled In the condition code register. All 
other registers and memory remain unaltered All I/O lines 
remain unchanged The processor can only be brought out 
of the STOP mode by an external IRQ or RESET. 

320 

Yes 

Stop Oscillator 
And All Clocks 
TCR Sit 7-0 

S,,6-1 
Clear I Mask 

Fig. 16 - Stop function flowchart. 

WAIT - The WAIT instruction places the CDP6805F2 in 
a low-power consumption mode, but the WAIT mode con
sumes somewhat more power than the STOP mode. In the 
WAIT mode, the Internal clock IS disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
Internal processing is halted, however, the timer continues 
to count normally. 

DUring the WAIT mode, the I bit in the condition code 
register IS cleared to enable Interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex
ternal and a timer Interrupt occur at the same time, the exter
nal Interrupt IS serviced first; then, If the timer Interrupt re
quest IS not cleared In the external Interrupt routine, the nor
mal timer Interrupt Inot the timer WAIT Interrupt) is serviced 
since the MCU IS no longer In the WAIT mode. 

TIMER 

The MCU timer contains an 8-blt software programmable 
counter With a 7-blt software selectable prescaler. Figure 18 
contains a block diagram of the timer. The counter may be 
preset under program control and decrements towards zero. 
When the counter decrements to zero, the timer interrupt re
quest bit Il.e , bit 7 of the timer control register (TCR)) is set. 
Then, If the timer Interrupt is not masked (i.e., bit 6 of the 
TCR and the I bit In the condition code register are both 
cleared) the processor receives an interrupt. After comple
tion of the current instruction, the processor proceeds to 
store the appropriate registers on the stack and then fetches 
the timer vector address from locations $7F8 and $7F9 (or 
$7F6 and $7F7 If In the WAIT mode) In order to begin servic
Ing 

The counter continues to count after It reaches zero allow
Ing the software to determine the number of internal or ex
ternal Input clocks since the timer Interrupt request bit was 
set The counter may be read at any time by the processor 
Without disturbing the count The contents of the counter 
become stable, prior to the read portIOn of a cycle, and do 
not change dUring the read. The timer Interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
used as a scanned status bit In a non-Interrupt mode of 
operation ITCR6= 11. 

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 Within the range of + 1 to + 128 which is used as the 
counter Input. The processor cannot write into or read from 
the prescaler, however, ItS contents are cleared to all "Os" by 
the write operation Into TCR when bit 3 of the written data 
equals one. ThiS 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 and TCR5 control bits. Refer to the 
Timer Control Register section. 

TIMER INPUT MODE 1 
If TCR5 and TCR4 are both programmed to a "0", the in

put to the timer is from an internal clock and the TIMER in
put pin IS disabled. The Internal clock mode can be used for 
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Oscillator Active 
Clear I-Bit 

Timer Clock Active 
All Other Clocks 

Stop 

Fetch External 
Interrupt, Reset, 

or Timer Interrupt 
Vector (from Watt 

Mode onlyl 

CDP6805F2, CDP6805F2C 

No 

No 

92CS·38009 

Fig. 17 - WAIT function flowchart. 

perrodlc Interrupt generation as well as a reference In fre
quency and event measurement The Internal clock IS the In
struction cycle clock DUring a WAIT instruction, the Internal 
clock to the timer continues to run at ItS normal rate 

TIMER INPUT MODE 2 

With TCR5=O and TCR4= 1, the Internal clock and the 
TIMER Input pin are ANDed to form the timer Input signal. 
This mode can be used to measure external pulse Widths 
The external timer Input pulse simply turns on the Internal 
clock for the duration of the pulse The resolution of the 
count In this mode IS ± one Internal clock and therefore, ac
curacy Improves With longer Input pulse Widths 

TIMER INPUT MODE 3 
If TCR5= 1 and TCR4=O, all Inputs to the timer are diS

abled 

TIMER INPUT MODE 4 
If TCR5= 1 and TCR4= 1, the Internal clock Input to the 

timer IS disabled and the TIMER Input pin becomes the Input 
to the timer The timer can, In this mode, be used to count 
external events as well as external frequencies for generating 
periodic Interrupts The counter IS clocked on the failing 
edge of the external signal 

Figure 18 shows a block diagram of the timer subsystem 
Power-on reset and the STOP instruction Invalidate the con
tents of the counter 
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CDP6805F2, CDP6805F2C 

Write Read Interrupt 

~----------------------.-----------------~/ 
Software Functions 

NOTES 
1 Prescaler and a-bit counter are clocked failing edge of the Internal clock (AS) or external 

Input 
2 Counter IS written 10 dUring Data Strobe (OS) and counts down continuously 

92CM- 38034R1 

Fig. 18 - Programmable timer/counter block diagram. 

TIMER CONTROL REGISTER (TCR) 

76543210 

I TCR71TCR61TCR51TCR41TCR31 TCR21 TCR11 TCRO I 
All bits In thiS register except bit 3 are read/write bits 

TCR7 - Timer Interrupt request bit bit used to ,nd,cate 
the timer Interrupt when It IS logic" 1" 

1 - Set whenever the counter decrements to zero or 
under program control 

0- Cleared on external RESET, power-on reset, STOP 
Instruction, or program control 

TCR6 - Timer Interrupt mask bit when thiS bit IS a logiC 
"1", It inhibits the timer Interrupt to the processor 

1 - Set on external R'tStT, power-on reset, STOP In
struction, or program control 

o - Cleared under program control 

TCR5 - External or Internal bit selects the Input clock 
source to be either the external timer pin or the Internal 
clock (Unaffected by RESET I 

1 - Select external clock source 
o - Select Internal clock source 

TCR4 - External enable bit control bit used to enable the 
external TIMER pin (Unaffected by RESET I 

1 - Enable external TIMER pin 
o - Disable external TIMER pin 

TCR5 TCR4 

0 0 Internal Clock to Timer 

0 1 AND of Internal Clock and TIMER 
Pin to Timer 

1 0 Inputs to Timer Disabled 
1 1 TIMER Pin to Timer 

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

TCR2, TCR1, TCRO - Prescaler select bits' decoded to 
select one of eight outputs on the prescaler. (Unaffected by 
'I1'tSE'i" ) 

Prescaler 

TCR2 TCRl TCRO Result 

0 0 0 ~l 

0 0 1 +2 

0 1 0 +4 

0 1 1 ~8 

1 0 0 +16 

1 0 1 ~32 

1 1 0 ... 64 

1 1 1 +128 

INSTRUCTION SET 

The MCU 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 brtefly explain each type. All the in
structions within a given type are presented In Individual 
tables. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these Instructions use two operands. One 
operand IS either the accumulator or the index register. The 
other operand IS obtained from memory uSing one of the ad
dreSSing modes. The operand for the Jump unconditional 
(JMP) and Jump to subroutine (JSR) instructions IS the pro
gram counter. Refer to Table 4. 
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READ-MODIFY-WRITE INSTRUCTIONS 

These Instructions 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 ITST) instruction IS an exception to the read-modify
write sequence Since It does not modify the value Refer to 
Table 5 

BRANCH INSTRUCTIONS 

Most branch instructions test the state of the condition 
code register and, If certain criteria are met. a branch IS ex
ecuted. ThiS adds an offset between - 127 and + 128 to the 
current program counter. Refer to Table 6 

BIT MANIPULATION INSTRUCTIONS 

The MCU IS capable of setting or clearing any bit which 
reSides In the first 128 bytes of the memory space where all 
port registers, port DDRs, timer, timer control, and on-chip 
RAM reSide. 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 func
tions are 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 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions and 
are used to control processor operation dUring program ex
ecution. Refer to Table 8. 

OPCODE MAP 

Table 9 IS an opcode map for the instructions used on the 
MCU 

ALPHABETICAL LISTING 

The complete instruction set IS given In alphabetical order 
In Table 10 

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 Indexed 
accesses are Single-byte Instructions while the longest in
structions Ithree 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 in
structions to reach all memory. Table 10 shows the address
Ing modes for each Instruction With the effects each instruc
tion has on the condition code register An opcode map IS 
shown In Table 9 

The term" Effective Address" I EA) IS defined as the byte 
address to or from which the argument for an instruction IS 
fetched or stored The ten addreSSing modes of the pro
cessor are described below Parentheses are used to indicate 
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"contents of," an arrow ,nd,cates "IS replaced by," and a 
colon ,nd,cates "concAtenation of two bytes." 

INHERENT 

In Inherent Instructions, all the information necessary to 
execute the Instruction IS contained In the opcode. Opera
tions specifYing only the Index registers 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 address
Ing IS used to access constants which do not change dUring 
program execution Ie g , a constant used to initialize a loop 
counterl. 

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 In
struction. ThiS Includes all on-chip RAM and 1/0 registers 
and 128 bytes of on-chip ROM Direct addreSSing IS effiCient 
In both memory and time 

EA=IPC+1), PC+PC+2 

Address Bus Hlgh-O, Address Bus Low-IPC + 1) 

EXTENDED 

In the extended addreSSing mode, the effective address of 
the argument IS contained In the two bytes follOWing the op
code Instructions With extended addreSSing modes are 
capable of referenCing arguments anywhere In memory With 
a Single three-byte Instruction 

EA= IPC+ 1)·IPC+2); PC-PC+3 
Address Bus Hlgh-IPC+ 1), Address Bus Low-IPC+21 

INDEXED, NO-OFFSET 

In the Indexed, no-offset addreSSing mode, the effective 
address of the argument IS contained In the 8-blt Index 
register Thus, thiS addreSSing mode can access the first 256 
memory locations These Instrul Ions are only one byte 
long. ThiS mode IS used to move a pOinter through a table or 
to address a frequently referenced RAM or 1/0 location. 

EA=X, PC-PC+1 
Address Bus Hlgh-O; 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 
memory locations For example, thiS mode of addreSSing IS 
useful for selecting the mth element In an n element table. All 
Instructions are two bytes. The content of the Index register 
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(X) IS not changed The content of (PC+ 1) IS an unsigned 
B-bIt Integer One-byte offset Indexing permits look-up tables 
to be easily accessed In either RAM or ROM. 

EA=X+(PC+l); PC-PC+2 
Address Bus H,gh-K, Address Bus Low-X+IPC+l) 

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

INDEXED, 16-BIT OFFSET 
In the Indexed, 16-blt offset addressing Inode, the effec

tive address IS the sum of the contents of the unsigned B-blt 
Index register and the two unsigned bytes following the op
code This addressing mode can be used In a manner similar 
to Indexed B-blt 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+[lPC+1) (PC+2)]; PC-PC+3 
Address Bus Hlgh-IPC+ll+K, 
Address Bus Low-X+(PC+2) 

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

RELATIVE 

Relative addressing IS only used In branch Instructions. In 
relative addressing, the contents of the B-blt signed byte 
following the opcode (the offset) IS added to the PC If and 
only If the branch condition IS true Otherwise, control pro
ceeds to the next Instruction The span of relative addressing 
IS limited to the range of - 126 to + 129 bytes from t"e 
branch Instruction opcode location 

EA= PC + 2+ (PC + 1); PC- EA if branch taken; 

otherwise, PC - PC + 2 

BIT SET/CLEAR 

Direct addressing and bit addressing are combined in in
structions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address In the location following the opcode. The 
first 12B addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes: 
one for the opcode (including the bit number) and the sec
ond for addressing the byte which contains the bit of in
terest. 

EA= IPC+ 1); PC-PC+2 
Address Bus Hlgh-O; Address Bus Low- IPC+ 1) 

BIT TEST AND BRANCH 
Bit test and branch IS a combination of direct addressing, 

bit addressing, and relative addressing. The bit address and 
condition Iset or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im
mediately following the opcode byte (EA 1), The signed 
relative B-blt offset IS In the third byte IEA2) 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+l) 

Address Bus Hlgh-O; Address Bus Low-IPC+l) 
EA2= PC + 3+ IPC+ 2); PC- EA2 If branch taken; 

otherwise, PC - PC + 3 
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Co) 
I\) 
en 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A In Memory STA 

Store X In Memory STX 

Add Memory to A ADD 
Add Memory and 

ADC Carry to A 

Subtract Memory SUB 

Subtract Memory from 
SBC A With Borrow 

AND Memory to A AND 

DR Memory With A ORA 

ExclUSive OR Memory 
EOR 

With A 

Arithmetic Compare A 
CMP 

With Memory 
ArithmetiC Compare X 

CPX With Memorv 

Bit Test Memory With 
BIT 

A I Logical Compare I 

Jump Unconditional JMP 

Jump to Subroutine JSR 

Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
12's Complementl 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

ArithmetiC Shift Right 

T est for Negative 
or Zero 

TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended Indexed Indexed Indexed 
INa Offset I IS-Bit Offsetl I1S-Bit Offsetl 

Op # # Op # # Op # # Op I I Op , , Op , , 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 D6 3 5 

AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

- - - B7 2 4 C7 3 5 F7 1 4 E7 2 5 D7 3 6 

- - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6 

AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 

A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 D9 3 5 

AD 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5 

A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 04 3 5 

AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5 

A8 2 2 B8 2 3 C8 3 4 F8 1 3 E8 2 4 D8 3 5 

A1 2 2 Bl 2 3 Cl 3 4 Fl 1 3 E1 2 4 D1 3 5 

A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5 CJ) 
CIII 
0 

A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 D5 3 5 (II 
I 
tn 

- - - Be 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 

- - - 8D 2 5 CD 3 6_ '--~. 1 5 ED 2 6 DD 3 7 
-

TABLE 5 - READ-MODIFY-WRITE INSTRUCTIONS 

Addressing Modes 

Inherent IAI Inherent IXI Direct 
Indexed Indexed 

INa Offset! IS-Bit Offsetl 

Op # # Op # # Op # # Op # , Op # # 
MnemOniC Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

DEC 4A 1 3 5A 1 1 3A 2 5 7A 1 5 6A 2 6 

CLR 4F 1 3 5r 1 3 3F 2 5 7F 1 5 6F 2 6 

COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6 

0 
CD 

li-e fII 

"'U 31: 
0') n 
CD a 
0 

'tJ ... 
(II 0 

." a 
I\) :: 

0 

0 
iil 
II) 

e :J 
Q. 

NEG 40 1 3 50 1 3 30 2 5 70 , 5 60 '2 6 

ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 

ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6 

LSL 48 1 3 56 1 3 38 2 5 78 1 5 68 2 6 

LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 

ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6 

"'U 31: 
0') n 
CD a 
0 n 
(II 

0 
3 

." 'tJ 

I\) C -0 
CD 
iil 

TST 4D 1 3 5D 1 3 3D 2 4 7D 1 4 6D 2 5 
.. --- - - - - _. ,_. - --

II 
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TABLE 6 - BRANCH INSTRUCTIONS 

Relative Add,_ing Mode 

Function Mnemonic 
Op I I 

Code Bytes Cycles 

Branch Always BAA 20 2 3 
Branch Never BAN 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 

IBranch IFF Higher or Samel IBHSI 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF Lowerl IBLOI 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 IS 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 BSA AD 2 6 

TABLE 7 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

Bit Set/ Clear Bit Test and Branch 

Function Mnemonic Op # # Op # , 
Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n IS Set BASET n In=O 71 - - - 20 n 3 5 

Branch IFF Bit n IS Clear BRCLR n In=O 71 - - - 01 + 20 n 3 5 
Set Bit n BSET n In-O 71 10+20 n 2 5 - - -
Clear Bit n BCLR n In=O 71 11 + 20 n 2 5 - - -

TABLE 8 - CONTROL INSTRUCTIONS 

Inherent 

Function Mnemonic 
Op , , 

Code Bytes Cycles 

Transfer A to X TAX 97 1 2 
T ransler X to A TXA 9F 1 2 

~et Carry Bit SEC 99 1 2 
Clear Carry Bit CLC 98 1 2 
Set Interrupt Mask Bit SEI 9B 1 2 
Clear Interrupt Mask Bot CLI 9A 1 2 
Soltware Interrupt SWI 83 1 10 

Aeturn Irom Subroutine ATS 81 1 6 
Return Irom Interrupt RTI 8J 1 9 

Reset Steck Pointer RSP 9C 1 2 
No-Operation NOP 90 1 2 
Stop STOP 8E 1 2 
Wait WAIT 8F 1 2 
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Co) 
N ..... 

Bit Mempulatton Branch 
T R 

~ .;;., .ri" ';'0 

BASEJf: 
BAA 3 .;;., BSE1~e REl 

5 5 3 , BACLRO ,BCL~~e , BRN 
0001 3 BTB RE 

BRSET1' 
5 3 

2 BSE1~e BHIREL 
0010 3 BTB 

5 , 3 
3 BRCLR' BCL~~e BLSREL 0011 3 BT 

5 5 3 
4 

3BRSEJJB I, BSE1~e 
BCCREL 0100 

5 5 3 
S 3BRCL~J. I, BCL~~e BCSREl 0101 

BRSEJ1: 
5 3 

6 
1 , BSE~~e BNEREl 0110 

5 5 3 
} BRCl~lB I 2 BCl~~e BEOREl 0111 

BRSET45 5 3 

1~ BSE~1e BHC~El -BTB 
5 5 3 

9 3BRCl~:' BCL~~c BHC~FI 
1001 

5 5 3 

1~ BRS~rB BSE~~c BPlRFI 
5 5 3 

B BRClRS BClRS BMI 
1011 3 BTB , Bse , REL 

.' , ' 3 
C BRSE~~B , BSE~~, BMC 

1100 , R l 
5 5 3 

~, BRC~~B BCl~~r BM~FI 
5 5 3 

l1~O_ BRSE~{B BSE~~C 2 Bil 
REL 

5 5 3 
F BRClR} BClR} BIH 

1111 3 BTB , Bse , REL 

AbbnIvietione for Add ... Modes 

INH Inherent 
IMM ImmedIate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Setl Clear 
BTB Bit Test and Branch 
IX Indexed (No Offsetl 
IXl Indexed, 1 Byte (8-Bltl Offset 
IX2 Indexed, 2 Byte (l8-Bltl Offset 

IR 

~1 
5 

NEG 
IR 

5 
COMOIR I 

5 
LSR 

OTR I 

5 
ROR 

OIR I 
5 

ASR 
DIR I 

5 
LSL 

DIR 1 
5 

ROL 
OIR I 

5 
DEC , OIR I 

5 
INC , OIR I 

4 
TSTnlR I 

5 
ClR 

2 OIR I 

TABLE 9- INSTRUCTION SET OPCODE MAP 

Read-Modify-Write I ContrOl RegISter I Memory 
INH INH IX' IX INH lliH IMM DIR I , 
oi"oo O~, 01~0 

} 8 9 A B C 0 E ~ 0111 1000 1001 1010 1011 1100 1101 1110 1111 
3 3 

NEG 5 NEG' SUB j 

, 
SUB' SUB' SUB' NEG NEG ATI SUB 

1 3 SUBEXT r2., INH I lNH '" I IX I INH' IMM -.l DIR IX' IXl 1 I 
6 2 3 4 5 4 3 

RTS CMP CMP CMP CMP CMP CMP , 
I INH , IMM , DIA 3 EXT 3 IX' , IXI I IX 0001 

2 3 4 
SBC ' 

4 
SBC ' SBC SBC SBC SBC 2 

2 IMM 2 DIA 3 EXT 3 IX' , IXI 1 IX 0010 
3 3 6 5 10 2 3 4 

CPX ' 
4 

COMA COM X COM COM SWI CPX CPX CPX CPX CPX 3 
INH I INH 'Xl I " I INH 2 IMM 2 DIA 3 EXT 3 IX' , IXI I IX 0011 

3 3 6 5 2 3 4 5 4 3 
LSRA LSRX LSR LSR AND AND AND AND AND AND o~ INH I INH , IXI I IX 2 IMM 2 DI" 3 EXT 3 IX' , IXI I IX 

2 J 4 5 4 
BIT 3 BIT 2 BIT DIR BIT BIT BIT O,~, IMM 3 ExT IX2 IXI 1 IX 

3 3 6 5 2 3 4 5 4 3 
RORA RORX ROR ROR LOA LOA LOA LOA LOA LOA 6 

INH I INH IXl I IX 2 IMM , DIR 3 EXT 3 IX' , IXI I IX 0110 
3 3 6 5 2 4 

STA ' STA ' 
4 

ASRA ASRX ASR ASR TAX STA STA STA } 
INH I INH 2 IXI I IX I INH , DIR 3 EXT 3 IXl 2 IXI I IX 0111 

3 3 6 5 , 2 3 4 5 4 3 
LSLA LSLX LSL LSL CLe EOR EOR EOR EOR EOR EOR B 

INH I INH 2 IXI I IX INH I'} IMM , OIA 3 EXT 3 IXl , IXI 1 IX 1000 
3 3 6 5 , , 3 4 5 4 

ADC 3 ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC 9 
INH I INH 2 IXI I IX I INH , IMM 2 OIR 3 EXT 3 IX2 , IXl 1 IX 1001 

3 3 6 5 2 2 
ORA ' ORA' DECA DECX DEC DEC CLI ORA ORA ORA ORA A 

INH I INH 2 IXI I IX I INH , IMM 2 OIR 3 EXT 3 IX2 , IXI I IX 1010 

ADD' 
4 

ADD 3 SEI ADD ADD ADD ADD B 
I INH 2 IMM 2 OIR 3 ExT 3 IX' , IXI 1 IX 1011 

3 3 6 5 2 2 3 4 
INCA INCX INC INC RSP JMP JMP JMP JMP JMP C 

INH I INH 2 IXI I IX I INH 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1100 
3 3 5 4 2 6 5 

JSR 0 JSR ' TSTA TSTX TST TST NOP BSR JSR JSR JSR 0 
INH I INH 2 IXI I IX I INH 2 REL 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1101 , 2 

LOX' 
4 4 3 

STOP LOX lOX lOX lOX lOX E 
I INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1110 

3 3 6 5 , 2 4 6 5 4 
ClRA ClRX CLR ClR WAIT TXA STX STX STX STX STX F 

INH I INH 2 IXI I IX I INH I IN~ 2 OIR 3 EXT 3 IX2 , IXI I IX 
-

1111 

LEGEND 

r--F"----:;;::+----------:7 Opcode In Hexadecimal F • ~ 
1111 

Opcode In Binary 
Mnemonic ~. ~ l ~ 

Bytes 1 J~X__ 0000 ~ 

Cycles --_____ -' " Address Mode 

92CS-38011 

I 

o 
C 
"'U 
0) 
CD o 
(II 
." 
I'\) 

o 
C 
'tJ 
0) 
CD o 
(II 
." 
I'\) 

o 

G) 
CII) 
CI en 
~ 
CD 
::::!. 

:: 
i: n a 
'a a 
n 

i 
iil 
II 
:::J 
a. 
i: 
(;' 

§ 
3 
'a 
c:: 
i' 
iil 
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Mnemonic Inherent Immediate Direct 

ADC X X 
ADD X X 
AND X X 
ASl X X 
ASR X X 
BCC 

BClR 
BCS 
BEO 

BHCC 
BHCS 

BHI 
BHS 
BIH 
Bil 
BIT X X 
BlO 
BlS 
BMC 
BMI 
BMS 
BNE 
BPl 
BRA 
BRN 

BRClR 
BRSET 
BSET 
BSR 
ClC X 
CLI X 
ClR X X 
CMP X X 
COM X X 
CPX X X 
DEC X X 
EaR X X 
INC X X 
JMP X 
JSR X 
lOA X X 
lOX X X 
lSl X X 
lSR X X 
NEG X X 
Nap X 
ORA X X 
ROl X X 
ROR X X 
RSP X 
RTI X 
RTS X 
SBC X X 
SEC X 
SEI X 
STA X 

STOP X 
STX X 
SUB X X 
SWI X 
TAX X 
TST X X 
TXA X 

WAIT X 

Condll10n Code Symbols 

H Half Carry IFrom Bll 31 
I Interrupt Mask 
N Nega(lve 1519r1 81tl 

Z Zero 
Carry I Borrow 

TABLE 10 - INSTRUCTION SET 

Addressing Modes 

Indexed Indexed 
Extended Relative (No Offsetl (8 Bits) 

X X X 
X X X 
X X X 

X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
X X X 

X X 
X X X 
X X X 

,X X X 
X X X 

X X 
X X 
X X 

X X X 
X X 
X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set If True Cleared Otherwise 
• Not Affected 

Load CC Regl~ler From Stack 
Cleared 
Set 

Condition Codes 

Indexed Bit Bit 

(16 Bits) Setl Test & H I N Z C 
Clear Branch 

X A A A A 
X A I. IX fA IX 
X A A • 

A A A 
A A A 

• • 
X • • • • • • • • • • • • • • • • • • • • 

X • A A 

• • 

I. I. 

X 
X A 

X • • • 
0 

0 • 
0 • 

X A A A 
A A , 
A A A 
A A • 

X A A • 
A A • 

X • • • 
X • • • 
X A A • 
X if TK IT 

A A A 
0 A A 

• • A A A 

• • • • • 
X • • A A • 

• • A A A 

• • • • • 
• • • • 

X • A A A 

• • • , , • • • 
X • A A • 

0 • • • 
X • A A • 
X • A A A 

1 • • • 
• A A • • • • • 

10 • .,. 
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