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TERMINAL ASSIGNMENT

External timer input

The CDP6805E2 Microprocessor Unit (MPU) belongs to the
CDP6805 Family of CMOS Microcomputers. This 8-bit fully
static and expandable microprocessor containsa CPU, on-
chip RAM, 1/0, 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
importantfactor. The following are the major features of the
CDP6805E2 MPU.

Typical full speed operating power of

Typical WAIT mode power of 5 mW
Typical STOP mode power of 25 uW
112 bytes of on-chip RAM
16 bidirectional 1/0 lines
Internal 8-bit timer with software
programmable 7-bit prescaler
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CMOS 8-Bit Microprocessor

Full external and timer interrupts

Multiplexed address/data bus

Master reset and power-on reset

Capable of addressing up to 8K bytes
of external memory

Single 3- to 6-volt supply

On-chip oscillator

40-pin dual-in-line package

44-lead plastic chip-carrier package

Software Features:

Efficient use of program space

Versatile interrupt handling

True bit manipulation

Addressing modes with indexed addressing for tables
Efficient instruction set

Memory mapped /0

Two power saving standby modes
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Fig. 1 - Block diagram.
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MAXIMUM RATINGS (voltages referenced to Vgg)

. Ratings Symbol Value Unit
Supply Voltage VbD -03to +80 Y
All Input Voltages Except OSC1 Vin Vgs—-0.5to Vpp+0.5 \
Current Drain Per Pin Excluding Vpp and Vss 1 10 mA
Operating Temperature Range TLtoTH

CDP6805E2 TA 0to70 °Cc
CDP6805E2C —40 t0 85
Storage Temperature Range Tstg —55to +150 °C
DC ELECTRICAL CHARACTERISTICS 3.0 V (Vpp=3 Vdc, Vgg=0, TA=T| to TH, unless otherwise noted)
Characteristics Symbol Min Max Unit
Output Voltage I pAD = 10.0 A VoL - 01 \
VoH Vpp-0.1 —
Total Supply Current (C_ =50 pFf — no DC loads) teyc=5 ps
Run (Vi =0.2V, Viy=Vpp-0.2V) DD - 13 mA
Wait (Test Conditions — See Note Below) DD - 200 A
Stop (Test Conditions — See Note Below) IbD — 100 A
Output High Voltage
(ILoAD=0 25 mA) A8-A12,B0-B7 VoH 27 — \
{ILOAD=0 1 mA) PAO-PA7, PBO-PB7 VoH 2.7 — v
(ILoaD=0 25 mA) DS, AS, R/W VoH 27 — v
Output Low Voltage
(ILoAD=0.25 mA) A8-A12, BO-B7 VoL - 03 \
(lLoAD=0.25 mA) PAO-PA7, PBO-PB7 VoL - 03 \
(ILoAD=0.25 mA) DS, AS, R/W VoL — 03 vV
Input High Voltage
PAO-PA7, PBO-PB7, BO-B7 ViH 21 - \
TIMER, TRQ, RESET ViH 25 - v
0sCi VIH 2.1 - Vv
Input Low Voltage (All inputs) ViL — 05 \
Frequency of Operation
Crystal fosc 0.032 10 MHz
External Clock fosc DC 10 MHz
Input Current
RESET, 1RO, Timer, 0SC1 in - 1 KA
Three-State Output Leakage
PAQ-OA7, PBO-PB7, BO-B7 ITsL - 10 A
Capacitance
RESET, IRQ, Timer Cin B 80 PF
Capacitance
DS AS, R/W, A8-A12, PAO-PA7, PBO-PB7, BO-B7 Cout - 120 PF

NOTE Test conditions for Quiescent Current Values are*
Port A and B programmed as inputs.
ViL=02V for PAO-PA7, PBO-PB7, and B0O-B7
ViH=VpDp — 02 V for RESET, TRQ, and Timer.
OSC1 input is a squarewave from Vgg+0.2V to Vpp — 0.2 V.
0OSC2 output load (including tester) 1s 35 pF maximum.
Wait mode Ipp s affected linearly by this capacitance

242




6805-Series Microprocessors and Microcomputers

CDP6805E2, CDP6805E2C

DC ELECTRICAL CHARACTERISTICS 6.0 V (Vpp=5 Vdc + 10%, Vgg=0, TA=T|_ to TH, unless otherwise noted)

Characteristics Symbol Min Max Unit
VoL - 01 \
Output Voltage I oD s 10 0 4A Voh VD01 ~ v
Total Supply Current (C| =130 pF — On Bus, C =50 pF - On Ports,
No DC Loads, teyc=10pus 10D - 10 mA
Run (Vi =02V, Vjy=Vpp — 0.2 V)
Wait (Test Conditions — See Note Below) Ipp - 15 mA
Stop (Test Conditions — See Note Below) 10D — 200 sA
Ou(tlpul High Voltage Vo a1 B v
LOAD= 1.6 mA) AB-A12, BO-B7
(ILoAD =0 36 mA) PAO-PA7, PBO-PB7 VoH 41 - \
(ILoaD =16 mA) DS, AS, R/W VoH 41 - \
Output Low Voltage
(ILOAD = 1.6 mA) A8-A12, BO-B7 VoL - 04 v
(ILOAD = 1.6 mA) PAQ-PA7, PBO-PB7 VoL = 04 v
(IlLoaD=1.6 mA) DS, AS, R/W VoL - 04 v
Input High Voltage
PA0-PA7, PBO-PB7, B0-B7 ViH | Vvpp-20 — v
TIMER, iRQ, RESET VIH Vpp-08 - v
0scCi VIH Vpp-15 - \
Input Low Voltage (All Inputs) ViL - 08 Vv
Frequency of Operation
Crystal fosc 0032 50 MHz
External Clock fosc DC 50 MHz
Input Current
RESET, iIRQ, Timer, 0SC1 in _ 1 A
Three-State Output Leakage
PAQ-PA7, PBO-PBY, BO-B7 TSI - *10 KA
Capacitance
RESET, IRQ, Timer Cin — 80 pF
Capacitance
DS, AS, R/W, A8-A12, PAQ-PA7, PBO-PB7, BO-B7 Cout _ 120 PF
NOTE Test conditions for Quiescent Current Values are OSC1nput 1s a squarewave from Vgg+02Vto Vpp — 02V
Port A and B programmed as inputs 0SC2 output load (including tester) i1s 35 pF maximum
ViL=02V for PAQ-PA7, PBO-PB7, and R0-B7 Wait mode (Ipp) 1s affected linearly by this capacitance
ViH=Vpp — 02V for RESET, IRQ, and Timer
TERMINAL ASSIGNMENT
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44-Lead Plastic Chip-Carrier (PCC) Package ,
(Q suffix) -
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TABLE 1 — CONTROL TIMING (Vgg=0, To=T| to Tyy)

Vpp=3V Vpp=5V £ 10%
fosc=1MHz fosc=5 MHz
Characteristics Symbol Min Typ Max Min Typ Max Unit
1/0 Port Timing — Input Setup Time (Figure 3) tPVASL 500 - - 250 = — ns
Input Hold Time (Figure 3) tASLPX 100 — - 100 — — ns
Output Delay Time (Figure 3) tASLPV — — 0 - - 0 ns
Interrupt Setup Time (Figure 6) HLASL 2 — - 0.4 - — #S
Crystal Oscillator Startup Time (Figure 5) tOX0V - 30 300 - 15 100 ms
Wait Recovery Startup Time (Figure 7) YVASH = - 10 - - 2 us
Stop Recovery Startup Time (Crystal Oscillator) (Figure 8)] ) ASH — 30 300 — 15 100 ms
Required Interrupt Release (Figure 6) tDSLIH - - 5 - - 10 #S
Timer Pulse Width (Figure 7) tTH. tTL| 0.5 - - 0.5 - - teyc
Reset Pulse Width (Figure 5) tRL 5.2 - — 105 - - §S
Timer Period (Figure 7) tTLTL 1.0 - - 10 - - teye
Interrupt Pulse Width Low (Figure 16) tILIH 10 - - 10 - - teyc
Interrupt Pulse Period (Figure 16) HLIL * - = * - - teye
Oscillator Cycle Period (1/5 of tcyc) tOLOL 1000 - - 200 - - ms
0SC1 Pulse Width High tOH 350 - — 75 = - ns
0SC1 Pulse Width Low oL 350 - - 75 - - ns

* The minimum period tj | should not be less than the number of teyc cycles it takes to execute the interrupt service routine plus 20 teye

cycles.

TTL Equivalent

Test
Point

Vpp=4.5V

PAO-PA7, PBO-PB7 | 113k 2.1k 50 pF

B0-B7, AB-A12,
R/W, DS, AS

25k 2k 130 pF

CMOS Equivalent

Test Point o_—J
I (o]

C=50 pF, PAO-PA7, PBO-PB7

=130 pF, A8-A12, BO-B7, DS, AS, R/W

with Vpp=5V +£10%

Fig. 2 - Equivalent test-load circuits.
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Address
Strobe
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(VLow=0.8V, VHiGH=VpD~-2 V. VDD=5 +10%
Temp=0° to 70°C, C|_ on Port=50 pF, fogc =5 MHz)

/ ;

Port
Input

[@—————tpyaS | ——— BB ——— (A5 px———

e

[@—ASLPY 9205-38017
*The address strobe of the first cycle of the next instruction as shown in Table 11
Fig. 3 - 1/O port timing waveforms.
TABLE 2 — BUS TIMING (Ta=T| to T, Vgg=0 V) See Figure 4
fosc=5 MHz
fosc=1MHz, | Vpp=5 V 1 10%,
Num Characteristics Symbol Vpp=3V 17TL Unit
50 pF Load and 130 pF Load
Min Max Min Max
1 Cycle Time teyc 5000 bC 1000 DC ns
2 Pulse Width, DS Low PWEL 2800 — 560 ns
3 Pulse Width, DS High or RD, WR, Low PWEH | 1800 - 375 - ns
4 Clock Transition tr, tf - 100 - 30 ns
8 R/W Hold tRWH 10 — 10 ~ ns
9 Non-Muxed Address Hold tAH 800 - 100 = ns
1 R/W Delay from DS Fall tAD 500 - 300 ns
16 Non-Muxed Address Delay from AS Rise tADH 0 200 0 100 ns
A7 MPU Read Data Setup tDSR 200 — 116 - ns
18 Read Data Hold tDHR 0 1000 0 160 ns
19 MPU Data Delay, Wnte tDDW ~ 0 — 120 ns
21 Wiite Data Hold tDHW 800 - 56 - ns
23 Muxed Address Delay from AS Rise tBHD 0 250 0 120 ns
24 Muxed Address Vahid to AS Fall tASL 600 = 55 — ns
25 Muxed Address Hold TAHL 250 750 60 180 ns
26 Delay DS Fall to AS Rise tASD 800 = 160 - ns
27 Pulse Width, AS High PWASH | 850 - 175 - ns
28 Delay, AS Fall to DS Rise tASED 800 - 160 - ns
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Fig. 4 - Bus timing waveforms.
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A /.
ddrgsuss/Da\a FE FE New PCH  New PCL FE FE FE FF First Instruction
RW 77777777777 \ X/
Oscillator Waveform Crystal Oscillator Connections Crystal Parameters Representative Frequencies
5 MHz 4 MHz 1 MHz
1oL 10H CDP6805E2 RS max 500 750 4002
e co 8 pF 7 pF 5 pF
osc1 7 o] G| ogpr |oozer | oomr
0sc2¢—| | osc1 Cosct 15-30 pF | 1530 pF | 15-40 pF
‘oLot L ["‘1_ Cosco | 1525pF | 1525 pF | 1530 pF
ICoscz ICosm
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L Cl1 RS
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17
B el 39
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92CS-38019

VA 74

Fig. 5 - Power-on reset and reset timing waveforms.
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*
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Mux B0-B7 SP SP-1 sP-2 sP-3 SP-4 New,PCH _ New PCL
Address/Data __X_ X XX XD( PeL X XPeH XX x XX A XX cc 80
Bus Next Op Code FA (IRQ)  FB (IRQ) 1st Op Code RTI
F8 (Timer)  F9 (Timer) Int Routine Op Code
A
RW 77 \ / A \_
92CS-38020

*DSLIH — The interrupting device must release the IRQ line within this time 0 prevent subsequent recognition of the same Interrupt

Fig. 6 - IRQ and TCRy interrupt timing waveforms.
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rgs\fs ata Wait Op Code N New PCH  New PCL 1st Op Code Fli?:)lunne
RW LTI N \ /

92CS-38021

Fig. 7 - Timer interrupt after WAIT instruction timing waveforms.
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92CS-38022
. : Represents the internal gating of the OSC1 input pin.
teyc 1s one instruction cycle (for fo§C =5 MHz, tcyc=1 ps)
Fig. 8 - Interrupt recovery from STOP instruction timing waveforms.
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FUNCTIONAL PIN DESCRIPTION

VDD and Vsg —~ Vpp and Vss provide power to the
chip Vpp provides power and Vs§ 1s ground

IRQ (Maskable Interrupt Request) — IRQ 1s a level-
sensitive and edge sensitive iInput 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-bit) in the Condition Code
Register is clear, the MPU begins an interrupt sequence at
the end of the current instruction The interrupt circuit
recognizes both a “Wire ORed"’ level as well as pulses on the
IRQ line (see Interrupt Section for more details) IRQ requires
an external resistor to Vpp for “"Wire OR" operation

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

_TIMER — The TIMER input 1s used for clocking the on-
chip timer. Refer to TIMER section for a detailed description

AS (Address Strobe) — Address Strobe (AS) is an output
strobe used to indicate the presence of an address on the
8-bit multiplexed bus. The AS line 1s 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 1s capable of driving one stan-
dard TTL load and 130 pf and 1s available at fosC + 5 when
the MPU is not in the WAIT or STOP states.

DS (Data Strobe) — This output 1s used to transfer data to
or from a pernipheral or memory. DS occurs anytime the MPU
does a data read or wnte. DS also occurs when the MPU
does a data transfer to or from the MPU's internal memory
Refer to Table 2 and Figure 4 for uiming characterstics This
output I1s capable of driving one standard TTL load and

130 pF. DS 1s a continuous signal at fosc ~5 when the
MPU s not in WAIT or STOP state. Some bus cycles are
redundant reads of op code bytes

R/W (Read/Write) — The R/W output is used to indicate
the direction of data transfer for both internal memory and
170 registers, and external peripheral devices and memories.
This output 1s used to indicate to a selected pernpheral
whether the MPU 1s going to read or write data on the next
Data Strobe (R/W low=processor write; R/W
high = processor read). The R/W output is capable of driving
one standard TTL load and 130 pF. The normal standby state
1s Read (high)

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

B0-B7 (Address/Data Bus) — The B0-B7 bidirectional
hnes constitute the lower order addresses and data. These
hnes are multiplexed, with address present at Address
Strobe time and data present at Data Strobe time When in
the data mode, these lines are bidirectional, transferring data
to and from memory and peripheral devices as indicated by
the R/W pin As outputs in either the data or address
modes, these lines are capable of driving one standard TTL
load and 130 pF

0SC1, 0SC2 — The CDP6805E3 provides for two types of
oscillator inputs — crystal circuit or external clock. The two
oscillator pins are used to interface to a crystal circutt, as
shown in Figure 5. If an external clock is used, it must be
connectedto OSC1 The input at these pinsis divided by five to
formthe cycle rate seenonthe AS and DS pins The frequency
range I1s specified by fogc The OSC1 to bus transitions
relationships are provided in Figure 9 for system designs using
oscillators slower than 5 MHz

osci _I [

AS

DS

— <

R/W

MPU Read

N

B0-B7 ¥ Mux. Addr

[T

B80-B7

MPU Write Mux. Addr

MPU Write Data

* Read data “latched” on DS fall.

92CS-38023R1

Fig. 9 - OSC1 to bus transitions timing waveforms.
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Crystal — The circuit shown in Figure 5 1s 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 1s 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

0sc2)
No

Connection
(NC)

CLP6B0SE2

92CS-38024

Fig. 10 - External clock connection.
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LI (Load Instruction) — This output 1s used to indicate that
a fetch of the next opcode is in progress. LI remains low dur
ing an External or Timer interrupt  The LI output is only used
for certain debugging and test systems For norma! opera-
tions this pin 1s not connected. The LI output 1s 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 1s individually programmed to be either an
input or output unde: software control via its Data Direction
Register as shown below. An /0 pin is programmed as an
output when the corresponding DDR bit 1s set to a “'1," and
as an input when 1t 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 program-
med as an input, the input data bit(s) are not latched An
MPU read of the port bits programmed as inputs reflects the
current status of the corresponding input pins The
Read/Write port timing 1s shown in Figure 3 See typical I/0
Port Circuitry in Figure 11. During a Power-On Reset or ex-
ternal RESET all lines are configured as inputs (zero in Data
Direction Register) The output port register is not initialized
by reset The TTL compatible three-state output buffers are
capable of driving one standard TTL load and 50 pF The
DDR 1s 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

43 2
Dota eg::z:m |£A7| DDAGTDDASTDDAAt ] DDAﬂ DDA2] DDA—[DDA—I $0004

[ [ 1

]
L

Port A s
Regmtttitttf
Pin PA7 PA6 PAS PA4 PA3 PA1 PA1 PAO
7 3 2 1
Data Direction
Register DDB7lDDBEﬂ DDBﬂDDB4IDDBSlDDBZJDDB1 IDDBO] $0005
Port B
Regnsterl_{!tli :I:I:T; 3]50001
Pin PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
92CS-38025
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Data Direction
/ Register

Bit

T Latched
o
— Output
And
Data Bit

Output

92CS-38026

From
CcPU
1/0
N‘
Fig. 11 - Typical 1/O port circuitry.
TABLE 3 — 1/0 PIN FUNCTIONS
R/W |DDR 1/0 Pin Functions
0 0 The I/0 pin 1s in iInput mode Data 1s written
Into the output data latch
1 Data 1s wnitten into the output data latch and
0 output to the I/0 pin
1 0 [ The state of the 170 pin 1s read
1 The 1/0 pin i1s In an output mode The output
! data latch is read
MEMORY ADDRESSING

The CDP6805SE2 is capable of addressing 8192 bytes of
memory and |/O registers. The address space is divided into
internal memory space and external memory space, as
shown in Figure 12.

The internal memory space Is located within the first 128
bytes of memory (first half of page zero) and 1s comprised 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 1s 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 appearing on the input bus is ignored.

The stack pointer 1s used to address data stored on the
stack. Data 1s stored on the stack during interrupts and
subroutine calls At power up, the stack pointer 1s set to $7F
and 1t 1s decremented as data i1s pushed onto the stack
When data 1s 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 and/or subroutine
stacking purposes, the unused bytes are usable for program
data storage

All memory locations above location $007F are part of the
external memory map. In addition, ten locations in the I1/0
portion of the lower 128 bytes of memory space, as shown

252

in Figure 12, are part of the external memory map All of the
external memory space 1s 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 12).

REGISTERS

The CDP6805E2 contains five registers as shown in the
programming model in Figure 13 The Iinterrupt stacking
order is shown in Figure 14

ACCUMULATOR (A) — This Accumulator is an 8-bit
general purpose register used for anthmetic calculations and
data manipulations.

INDEX REGISTER (X) — The X register is an 8-bit register
which i1s used dunng the indexed modes of addressing It
provides an 8-bit operand which 1s used to create an effective
address The index register 1s also used for data manipula-
tions with the Read/Modify/Write type of instructions and
as a temporary storage register when not performing ad-
dressing operations

PROGRAM COUNTER (PC) — The program counter is a
13-bit register that contains the address of the next instruc-
tion to be executed by the processor
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0 1/0 Ports $0000 0| Port A Data Register $0000
Access Timer ] Port B Data Register 50001
Via 127 RAM 5007F
Page 0 128 h 2 External Memory Space $0002
Drrect 3 External Memory Space $0003
Addressing
255r— e _SOOF_F 4 Port A Data Direction Register $0004
256 $0100 5 Port B Data Direction Register $0005
6 External Memory Space $0006
7 External Memory Space $0007
8 Timer Data Register $0008
External 9 Timer Control Register $0009
Memory
Space 10 $000A
(8064 Bytes) External Memory
Space
15 $000F
16 $0010
RAM
63 (112 Bytes) $003F
eal™ _ 7150040
7
e - - - - - — —— //
Timer Interrupt From Wait State Only $1FF6-$1FFl7 /
e o — —— - — e — c— — /
Timer Interrupt $1FrS-$1FF9 Ve
— - - - - —— — \ s
Interrupt — B
Vectors = — — Extir.\al_lme_rruﬁ [ -$1FFA $‘FF|B // Stack (64 Bytes Max)
SWI S1FFC-$1FFD P
IR, |/ . ?
8191 RESET MY $007F
92CS-38027

Fig. 12 - Address map.
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] Accumulator

0

—~ —~

] Index Register

12

0

| PC

] Program Counter

SP

nopnonn

0
J Stack Pointer

CcC

I H I | | N I z IC I Condition Code Register

I—Carry/Borrow

Zero
Negative
Interrupt Mask

Half Cairy 92CS-38028

Fig. 13 - Programming model.

Stack
1 ] 1 l l—[ Condition Code Regrster ri‘
fg Accumulator T
Increasing Memary | 7 E Decreasing Memety
Addresses U Index Register FF: Addresses
Rlofofol PCH 0
N P
PCL T
Unstack
NOTE Since the Stack Pointer decremants duning pushes, the PCL 15
stacked first, followed by PCH, etc Pulling from the stack is m
92C§-38029

the reverse order

Fig. 14 - Stacking order.

STACK POINTER (SP) — The stack pointer is a 13-bit
register containing the addréss 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 $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'” instruc-
tion, the stack pointer is set to its upper hmit ($007F). Nested
interrupts and/or subroutines may use up to 64 (decimal)
locations, beyond which the stack pointer “‘wraps around’’
and points to its upper hmit 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 (CC) — The condition
code register is a 5-bit register in which each bitis used to in-
dicate the results of the instruction just executed. These bits
can be individually tested by a program and specific action
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taken as a result of their state Each of the five bits is explain-
ed below

Half Carry Bit (H) — The H-bit 1s set to a one when a carry
occurs between bits 3 and 4 of the ALU during an ADD or
ADC instruction. The H-bit is useful in Binary Coded Decimal
addition subroutines.

Interrupt Mask Bit () — 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 |-bit 1s 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
resqlt of the last anthmetic, logical, or data manipulation was
negative (bit 7 in the result is a iogical one)

Zero Bit (Z) — When set, this bit indicates that the result
of the last arithmetic, logical, or data manipulation was zero




Carry Bit (C) — The C-bit is set when a carry or a borrow
out of the ALU occurs during an arithmetic instruction. The
C-bit1s also modified during bit test, shift, rotate, and branch
types of instruction

RESETS

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

RESET (Pin #1) — The RESET input pin 1s 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 teyc. The RESET pin 1s
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 Vpp. The Power-on Reset
1s used strictly for power turn-on conditions and should not
be used to detect any drops In the power supply voltage.
There is no provision for a power-down reset. The power-on
circuitry provides for a 1920 teyc delay from the time of the
first oscillator operation. If the external reset pin is low at the
end of the 1920 tcyc time out, the processor remains in the
reset condition.

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

— Timer control register interrupt request bit (bit 7)

1s cleared to a 0.
— Timer control register interrupt mask bit (bit 6) is
settoa “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
($1FFE, $1FFF).
Condition code register interrupt mask bit (1) 1s set to
a1,

— STOP and WAIT latches are reset.

— External interrupt latch is reset.

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

INTERRUPTS

The CDP6805E2 1s capable of operation with three dif-
ferent interrupts, two hardware (timer interrupt and external
interrupt) and one software (SWI). 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 I1s
then fetched, refer to Figure 15 for the interrupt sequence.

The prionity of the various interrupts from highest to
lowest 1s as follows"

RESET — *— External Interrupt— Timer Interrupt
TIMER INTERRUPT — If the timer mask bit (TCR6) s
cleared, then each time the timer decrements to zero (transi-

tions from $01 to $00) an interrupt request 1s generated The
actual processor interrupt 1s generated only if the interrupt

*Any current instruction including SWI.
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mask bit of the condition code register 1s also cleared When
the interrupt 1s recognized, the current state of the machine
1s pushed onto the stack and the I-bit in the condition code
register 1s set This masks further interrupts until the present
one 1s serviced The processor now vectors to the timer in-
terrupt service routine. The address for this service routine is
specified by the contents of $1FF8 and $1FF9. The contents
of $1FF6 and $1FF7 specify the service routine. Also,
software must be used to clear the timer interrupt request bit
(TCR7). Atthe end of the timer interrupt service routine, the
software normally executes an RTl 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 IRQ 1s “low,"”” then the external interrupt occurs The ac-
tion of the external interrupt 1s identical to the timer interrupt
with the exception that the service routine address 1s
specified by the contents of $1FFA and $1FFB 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 hine The timing diagram
shows two different treatments of the interrupt line (IRQ) to
the processor The first configuration shows many interrupt
lines “‘wire ORed"’ to form the mterruptsithe processor
Thus, if after servicing an interrupt the IRQ remains low,
then the next interrupt 1s recognized The second method i1s
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 shouid not occur until the MPU
software has exited the routine (an RTI occurs) This time
(tiLIL) is obtained by adding 20 instruction cycles (one cycle
tcyc=5/f0sc) to the total number of cycles it takes to
complete the service routine including the RTI instruction;
refer to Figure 6.

SOFTWARE INTERRUPT (SWI1) — The software interrupt
1s an executable instruction The action of the SWI instruc-
tion 1s 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 s
specified by the contents of memory locations $1FFC and
$1FFD 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 $1FFE and $1FFF The interrupt mask
of the condition code register 1s also set Refer to RESET
section for details
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*NOTE: The clear of TCR bit 7 must be accomphished with software. 92C5-380

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

Vobp
|_ External
D Q Interrupt
Request

Interrupt Pin Cc

| Bit (CCR)

ol

/_I__‘-—Power-On Reset
External Reset
\&_'L_Exlernal Interrupt

Being Serviced

(b) Interrupt Mode Diagram

(1 Wire OR’ed Condition
RQ1 l I (If after servicing an interrupt the TRQ re-
° mains low, then the next interrupt Is re-
° cognized)
L]
iRQn | l
(MPU) | I

IRQ
2) Pulse Condition
iRQ — YLIH The minimum pulse width (t|; j4) 1s one
teyc The period tjj should not be less
than the number of teye cycles 1t takes to
j—
ULiL— — execute the interrupt service routine plus
20 teyc cycles

92CS-38031

Fig. 16 - External interrupt.
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STOP — The STOP instruction places the CDP6805E2 in
a low power consumption mode. In the STOP function the
internal oscillator 1s turned off, causing all internal process-
ing and the timer to be halted, refer to Figure 17. The DS and
AS hines go to a low state and the R/W line goes to a high
state. The multiplexed address/data bus goes to the data in-
put 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 (TCR) 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 I/0 lines

remain unchanged.

Stop Oscillator
And All Clocks
TCR Bt 7-0
Bit6—1
Clear | Mask

No
Reset?

External
No Interrupt?

Yes

Turn on Oscillator

Wait for Time
Delay to Stabihize

Fetch External Interrupt
or Reset Vector

Fig. 17 - Stop function flowchart.
WAIT — The WAIT instruction places the CDP6805E2 in

a low power consumption mode, but the WAIT mode con-
92CS-38032
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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 i1s halted except the
Timer which is allowed to count In a normal sequence The
R/W line goes to a high state, the multiplexed address/data
bus goes to the data input state, and the DS and AS lines go
to the low state The high order address lines 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 1s cleared to enable interrupts All other registers,
memory, and I/O lines remain in therr last state The timer
may be enabled to allow a periodic exit from the WAIT
mode.lf an external and a timer interrupt occur at the same
time, the external interrupt i1s serviced first, then, if the imer
interrupt request is not cleared In the external interrupt
routine, the normal timer interrupt (not the imer WAIT inter-
rupt) is serviced since the MCU 1s no longer in the WAIT
mode

TIMER

The MPU timer contains a single 8-bit software program-
mable counter with 7-bit software selectable prescaler. The
counter may be preset under program control and
decrements towards zero. When the counter decrements to
zero, the timer interrupt request bit, 1 e , bit 7 of the Timer
Control Register (TCR) is set Then if the timer interrupt is
not masked, 1.e., 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 $1FF8 and $1FF9 1n order to begin servicing the inter-
rupt, unless 1t was in locations $1FF6 and $1FF7 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 1s lost
TCR7 may also be used as a scanned status bit in a non-
interrupt mode of operation (TCR6=1)

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

The Timer input can be configured for three different
operating modes, plus a disable mode depending on the
value written to the TCR4, TCR5 control bits Refer to the
TIMER CONTROL REGISTER section

Timer Input Mode 1 — If TCR4 and TCR5 are both pro-
grammed to a 0", the input to the Timer is from an internal
clock and the Timer input 1s disabled. The internal clock
mode can be used for periodic interrupt generation, as well
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Fig. 18 - Wait function flowchart.

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

Timer Input Mode 2 — With TCR4=1 and TCR5=0, the
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 puise widths.

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

Timer Input Mode 4 — If TCR4=1and 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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Ext
Timer Timer Clk Counter
(Pin 37) P("r:::f (:‘g:n)
2-to-1
n MUX
Inty
B
Enable/Disable |
Write  Read Interrupt
Tnternal/External
e,
Internal
Clock  [1cR4 [TcRs|  |ToRs|Tcaz|Tomi|Tcro]
Setting
TCR3 Clears
Prescalerto + 1
\ /
Software Functions
NOTES:
1. Prescaler and 8-bit counter are clocked falling edge of the internal clock (AS) or external
input.
2 c:up:m is written to during Data Strobe (DS) and counts down continuously.
92CM-38034R1
Fig. 19 - Timer block diagram.
Timer Control Register (TCR) TCR5 TCR4
7 0 0 linternal clock (AS) to Timer
0 1 |AND of internal clock (AS) and TIMER
hcm [TCR6|TCR5 I TCR4 l TCR3 ITCRZ , TCR1 ITCRO] pin to Timer
1 0 |Inputs to Timer disabled
Al hi .
| bits in this register except bit 3 are Read/Write bits ] T | TIMER pin to Timer

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

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

TCRS — 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

0 — Select internal clock source (AS).

TCR4 — External enable bit* control bit used to enable the
external tmer pin. (Unaffected by RESET.)

1 — Enable external umer pin.

0 — Disable external timer pin.

Refer to Figure 19 for Logic Representation.

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

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

Prescaler

TCR2 | TCR1 | TCRO | Result
0 0 0 +1
0 0 1 +2
0 1 0 +4
0 1 1 +8
1 0 0 +16
1 0 1 +32
1 1 0 +64
1 1 1 +128




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 (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 wnte the modified value back to
memory or to the register. The test for negative or zero
(TST) instruction 1s 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 1s also placed in the carry bit of the
Condition Code Register. Refer to Table 7 for nstruction 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
1s given in alphabetical order in Table 9.

OPCODE MAP SUMMARY - Table 10 i1s 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-
tions (three bytes) 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 1s used in describing
the various addressing modes, which i1s defined as the ad-
dress to or from which the argument for an instruction s fet-
ched or stored. The ten addressing modes of the processor
are described below. Parentheses are used to indicate *‘con-
tents of,” an arrow indicates "'is replaced by’ and a colon in-
dicates concatenation of two bytes.

Inherent — In inherent instructions all the information
necessary to execute the instruction 1s contained in the op-
code. Operations specifying only the index register or ac-
cumulator, and no other arguments, are included in this
mode.

Immediate — In immediate addressing, the operand is
contained in the byte immediately following the opcode. Im-
mediate addressing Is used to access constants which do not
change during program execution (e g , a constant used to
initiahze a loop counter).

EA=PC+1; PC—PC+2

Direct — In the direct addressing mode, the effective ad-
dress of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to direct-
ly address the lowest 266 bytes in memory with a single two
byte instruction. This includes all on-chip RAM and 1/0
registers and up to 128 bytes of off-chip ROM. Direct ad-
dressing s efficient in both memory and speed.

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

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

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

Indexed, No-Offset — 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 266 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
1/0 location.

EA=X, PC—PC+1
Address Bus High—0; Address Bus Low—X
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TABLE 4 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes

. Indexed Indexed Indexed
Immediate Direct Extended iNo Offset) {8-Bit Offset) {16-Bit Offset)
Op ! ’ Op 14 H Op # 1 Op L4 14 Op # # Op + L4
F M Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - B7 2 4 c7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - — BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 B8 2 3 CcB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and ADC
Carry to A A9 2 2 89 2 3 9 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory sus A0 2 2 BO 2 3 Cco 3 4 FO 1 3 EO 2 4 DO 3 5
Subtract Memory from
A with Borrow SBC A2 2 2 B2 2 3 Cc2 3 4 F2 1 3 E2 2 4 D2 3 5
AND Memory to A AND A4 2 2 B4 2 3 Cca4 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusve OR Memoty | gon | a8 | 2 2 || 2 3 | | 3 4 | | 1 3 | s | 2 4 |08 | 3 5
Arthmetc Compare A | c\p | A1 | 2 2 | 81| 2 3 | al 3 4 | m 1 3 || 2 4 | o1 | 3 5
with Memory
A aomPaeX | cpx | a3 | 2 | 2 |8 | 2 | 3 [c3| 3| a | rm| 3 |8 | 2| 4 |03 | 3| s
Bit Test Memory with
A (Logical Compare) BIT A5 2 2 B5 2 3 c5 3 4 F5 1 3 E5 2 4 D5 3 5
Jump Unconditional JMP -, - - BC 2 2 cC 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine JSR - [ - — BD 2 5 CcD 3 6 FD 1 5 ED 2 6 DD 3 7
TABLE 5 — READ/MODIFY/WRITE INSTRUCTIONS
Addressing Modes
. Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) (8-Bit Offset)
Op ’ H Op + 1 Op # # Op # # Op # ¥
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 63 1 3 33 2 5 73 1 5 63 2 6
Negate NEG | 40 | 1 3 | s | 1 3 | % | 2 5 | 70 | 1 5 | 60 | 2 6
(2's Complement)
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 | 1 3 | s | 1 3 | 3% | 2 5 | 7 | 1 5 | e | 2 6
Carry
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Anthmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6
Test for Negative
| or Zero TST 4D 1 3 5D 1 3 3D 2 4 70 1 4 6D 2 5

0235089400 ‘235089400

si9indwod0.9||y pue s10882904d0IoJ SO1I0S-5089




6805-Series Microprocessors and Microcomputers

CDP6805E2, CDP6805E2C

TABLE 6 — BRANCH INSTRUCTIONS

Relative Addressing Mode

Function Mnemonic Cooze By‘t'es Cv!:les
Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 28 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit i1s Set BMS 2D 2 3
Branch IFF Interrupt Line is Low BIL 2E 2 3
Branch IFF Interrupt Line 1s High BIH 2F 2 3
Branch to Subroutine BSR AD 2 6

TABLE 7 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes
Bit Set/Clear Bit Test and Branch
Function Mnemonic Op * t Op # #
Code Bytes | Cycles Code Bytes Cycles
Branch IFF Bit n s Set BRSET n (n=0 .7) - - - 2en 3 5
Branch IFF Bit n is Clear BRCLR n (n=0 7) — - - 01+ 2en 3 5
Set Bit n BSET n (n=0 .7) 10+ 2en 2 5 - - -
Clear Bit n BCLRn (n=0 7) | 11+2en 2 5 -~ - -

TABLE 8 — CONTROL INSTRUCTIONS

Inherent

Function Mnemonic C?;ze Bvl! s Cyf:l s
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 Bit CLC 98 1 2
Set Interrupt Mask Bit SEl 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWiI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop sTOP 8E 1 2
Wait WAIT 8F 1 2
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TABLE 9 - INSTRUCTION SET

Addressing Modes Condition Codes

Bit Bit
] | Indexed |1
Mnemonic | inherent | Immediate | Direct | Extended | Relative | 0:1 sot) "&d;::‘)’ :;‘gg‘;’) Set/ | Test &

Clear | Branch

x
z
N
(2]

ADC X

X

X X
ADD X X
AND X X X

ASL X

X< ||| > X
X | X< X[ > X
< | || > X

ASR X

>

BCC

BCLR X

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

P P B Pad b d Pad bad bl

BIL

BIT X X X X X X

8LO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

DI Bad Pt Bad d Bl bod P g g

BRN

BRCLR

x|

BRSET

O
[
x| x|

x
x

x| x
x| X< >
X X| X< x|

(=
<l
|
Do Dadbad Pt d b bad d Dad Bod b4 bd bd Py
3 3] X<f X< X X< ><h > | XX f X XX < | X
X X X)Xt XXE XX X< X | x| X< | x| X< | X< | X

Z

m

(2]
x| XX

x| x| x|
x| x|
x| X

]
w
©
Pad Bt Bad Pad Pt

(%3
m
x[x

x|
o|o/ojojo/0|0/0/0/0/0 00100000 oeo oo oeoseooeoeoeooooeoeooeeeoesooeooooeeooosoeeeo o0 >
Oleje|e—j0|e|O|e|—-0/0ec/~10/0/00 0 000 e oo oeeoeee oo oo eoe oo oo ee00e0060eooe0oo000eeeo0oeoee
ol o> o> |>| 0> 00> 0|~ @|>|> > 6 > O|>| > >|e|e|>|>>>|>>0| eje|/ e e/e|e/o/oje/e e/e/jeje|0> 060 oo e e e el >>>>
ol o[>0 o> > 0> 0| 0|>| 0]~ o|>|> > o > >>|>| > e|e|>|>|>|>|>|>| - 0|e|/eje|e/e/e|/e|e/ e/ e|e|j0|e|e> 00 000 060 e ei>>I>>>
olo|o|ef o|>|0 0|0 0|—|>| 6|~ 0|>|> @ 8> >|>| 0 0| 0|0 0| 0| 0> ~|>| 0| ®|ClO| ®|>|> 6| 0|0| 0l @l0|0|0|0|0| 0 3 G 00 G006 ¢ O|>|> 0> >

.
-
X X X< | >
x
x
x

Condition Code Symbols

H Halt Carry (From Bu 3) A Testand Set i True Cleared Otherwise
I Interrupt Mask ® Not Affected

N Negauve (Sign Bit) ?  Load CC Regsster From Stack

Z Zero 0 Cleared

C i

Carry/Botrow Set
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TABLE 10 — CDP6805E2 INSTRUCTION SET OPCODE MAP

Bit Manipulation Branch Read/Modify/Write Control Register/Memory
BYB E§§ BE]. Q!P |Nq‘jm lNH‘}Z'} |zé1 1X INH INH IMM_ [o]] EXT |¥ X1 1X
Hi 0 7 8 9 A EB C E F H
Low 9001 2010 1110] 200 0101 Q110 1 1000 1001 1010 011 5 100 [ 0% LRk A1), 3 Low
5 5 3 5 3 3 3 5 9 2 3 B 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI sus sus suB suB suB SuB 0
| 0000 3 BTg 2 a.s_g__z_.asg_z__mg 1 INH |1 INH | 2 X141 x | JN."G‘ 2 le; 2 DIS; 3 Ex: 3 |x§ 2 4!: 1 n; 0000 |
1 BRCLRO BCLRO BRAN RTS CMP CMmP CMmP CMP CMmP CmpP 1
| 0001 3 BT% 2 R 1 _INH 2 |MM2 2 D% 3 Ex'; 3 |xg 2 IX: [l n; 0001
2 BRSET1 BSET1 BHI SBC SBC sBC N1 s8C SBC 2
|_0010 3 81812 B8SC 12  REL 2 IMM | 2 DR |3 ExT |3 X212 X141 1x 0010 |
5 5 3 5 3 3 3 5 0 2 3 3 5 a 3
3 BRCLR1 BCLR1 BLS COM COMA COMX COM COoM SWI CPX CPX CPX CPX CPX CPX 3
oon 3 ET% 2 u_SL 2 RE,|3 2 Qﬁs 1Nl th; 2 -xé 1 ué 1 INH 2 uws,; 2 ol |3 ﬂ: 3 lxg 2 CIRE] 1y 0011
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 BT% 2 15_(5;'_‘_2____155 2 DR INH | 1 INH | 2 X111 1X 2 Ing 2 on; 3 EXI 3 |x§ 2 vxl 1 |); 0100
‘50‘ 3BRCLEI!RT2B , BCLR2 B8CS , BIT , BIT 5 B”E s BIT ., BIT A B8IT D‘S‘
0101 BSC 12  REL IMM 1R iX AX 1X )
5 5 3 5 3 3 3 5 2 L 3 % 5 a 3
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 ang 2 j_&% 2 REL B um; 1 IN!; 2 nx:s 1 n; . 2 MM | 2 IR 13 EXT|3 lxé 2 nx% 1 3 o110
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
ont 3 BT% 2 2 D"; 1 IND% 1 INP; 2 |)(é 1 I); 1 INI; 5 2 Dlg 3 E)(I 3 IX% 2 l)(:l 1 ):(’ o
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL CcLC EOR EOR EOR EOR EOR EOR 8
Al 3 BTg 2 Bsg 2 ﬂﬂé 2 Dlg 1 AMD; 1 |Ni; 2 I)(é 1 I)E(, 1 INH 12 th; 2 DIE 3 4()(: 3 IX% 2 IX; 1 \):(’ 1000
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ’ ADC ADC ADC ADC 9
1001 BT?’ 2 Esrs_ 2 Rﬁj.a 2 Dlg 1 L) iy 2 lxé 1 B 1 L] 2 iang 2 D'% 3 ExTl3 n(é 2 x| % 1001
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
| 1010 |3 BTB | 2 5_5%_ 2 Eﬂa 2 DR |1 INH | 1 INH | 2 x| X ' mr; 2 nw,; 2 Df; 3 Ex\; 3 |Xg 2 il % 1T1C
B BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD 8
1011 3 BTB | 2 B 2 REL 1 INH | 2 IMM | 2 DIR [ 3 EXT |3 X2 | 2 X111 X 2
5 3 5 3 3 © 5 2 2 3 a 3 2
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMp JMP JMP C
1100 3 BT8 | 2 Bj_g_ R 2 DR |1 INH | 1 INH | 2 X1t iX 1 INH 2 OIR |3 EXT} 3 x2] 2 o % e
5 3 3 3 5 a 2 3 5 7 © 5
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 BTBS 2 Jsg_ 2 a53 2 DIR | 1 INH | 1 NH | 2 x| X . 1 INH | 2 RE; 2 Dl% 3 Extla -xg 2 i X AR
HE|0 3BRSE;?B zBSET? BILR sToP LDX LDX LD)(E . LDX LDX \ LDX £
1 1X: X1 LY N
2 J_s_g__z_aa. 5 5 5 - . INH 5 2 IMM | 2 Dwz 3 )(j 3 g 2 XL x <
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
RRAR} 3 878 | 2 BSC | 2 REL | 2 DIR [ 1 K | 1 INH | 2 X1 x [ e |1 INH 2 DR |3 EXT| 3 x2| 2 x| x v
Abbreviations for Address Modes LEGEND
INH Inherent F < Opcode in Hexadecimal
IMM Immediate 1 ‘
DIR Direct 3
EXT Extended Opcode in Binary
REL Relative Mnemonic j—) SUB/ 0 -
BSC Bit Set/Clear Bytes t 1 / IX 0000
BTB Bit Test and Branch
X indexed (No Offset) # of Cycles Address Mode
1X1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit) Offset
A CMOS Versions Only

$19IndWO20IN PUE $10859904d0II SOUIS-G089

0235089400 ‘235089d4A0
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Indexed, 8-bit Offset — Here the EA is obtained by adding
the contents of the byte following the opcode to that of the
index register The operand Is therefore located anywhere
within the lowest 511 memory locations For example, this
mode of addressing 1s useful for selecting the m-th elementin
an n element table All instructions are two bytes The con-
tents of the index regster (X) 1s not changed The contents
of (PC+1) 1s an unsigned 8-bit integer One byte offset in-
dexing permits look-up tables to be easily accessed in either
RAM or ROM

EA=X+(PC+1), PC~PC+2
Address Bus High—K; Address Bus Low— X+ (PC+1)
Where' K = The carry from the addition of X+ (PC+ 1)

Indexed, 16-Bit Offset — In the indexed, 16-bit offset ad-
dressing mode the effective address i1s 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 @ manner similar to indexed 8-bit offset, ex-
cept that this three byte instruction allows tables to be
anywhere in memory (e g , jump tables in ROM) The con-
tent of the index register 1s not changed.

EA=X+[(PC+1) (PC+2)], PC~PC+3
Address Bus High—(PC+ 1) + K,
Address Bus Low—X+(PC+2)
Where K =The carry from the addition of X+ (PC +2)

Relative — Relative addressing 1s only used in branch in-
structions In relative addressing the contents of the 8-bit
signed byte following the opcode (the offset) i1s added to the
PC if and only if the branch condition 1s true Otherwise,
control proceeds to the next instruction The span of relative
addressing 1s hmited to the range of — 126 to + 129 bytes
from the branch instruction opcode location

Address
Decode

AB-A12 Address

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 individual
memory and I/0 bits. In the bit set and clear instructions, the
byte 1s 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 1s 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=(PC+1), PC~PC+2
Address Bus High—0, Address Bus Low—(PC+ 1)

Bit Test and Branch — Bt test and branch i1s a combina-
tion of direct addressing, bit addressing and relative address-
ing The bit address and condition (set or clear) to be tested
1s part of the opcode The address of the byte to be tested is
in the single byte immediately following the opcode byte
(EA1) The signed relative 8-bit offset is in the third byte (EA2) and
1s added to the PC if the specified bit i1s 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=(PC+1)
Address Bus High—0; Address Bus Low—(PC + 1)
EA2=PC+3+(PC+2); PC—EA2 f branch taken;
otherwise PC—PC+3

SYSTEM CONFIGURATION
Figures 20 through 25 show in general terms how the
CDP6805E2 bus structure may be utiized. Specified inter-
face details vary with the various peripheral and memory
devices employed.

Chip
Enable

CE
Typical CMOS
Peripheral

266

Microprocessor
BO-B7 Address/Data Bus ADO-AD7

Address Strobe

AS AS
oS Data Strobe DS
RIW Read/Write i R/W
RO Interrupt G
oscipm— — L19MHz __ Jecour
RESET RESET
RESET 92CS-38035

Fig. 20 - Connection to CMOS peripherals.
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Address
Decode Chip
Enable
E
CDP6805E2 CMOsS
Multiplexed
AB-A12 Address A8 Memory

A0 cppessie

BO-B7 Address/Data Bus ADQO-ADQ7
AS Address Strobe M
DS Data Strobe s
Read/Write —_
RIW W

92CS-38036

Fig. 21 - Connection to CMOS multiplexed memories.

Address
Decode Chip
Select
Cs
A8-A12| Address
CDP680SE2 Penipherals
BO-B7 Address/Data Bus D0-D7
Address Address|
Strobe
AS Latch RSO, ETC
DS Data Strobe £
RIW Read/Write R/W
o) Interrupt )
RESET "RESET

NOTE In some cases, pullup resistors or other level

shifing techniques may be required on signals RESET 92CS-38037
going from NMOS to CMOS parts

Fig. 22 - Connection to peripherals.
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BO-B7 Address/Data Bus Data |Q0-Q7
CDP6805E2 CMOS
Non-Muxed
Address A0-A7 ROM or
EPROM
AB-A12 Address A8
Read/ Output
R/Wte  Read Address Enable | =
Data Strobe Decode
DS >
Address Chip
A Strobe Enable | =

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

CDP6805E2 CMOSs
CMOS Static
Microprocessor RAMs
B0-87 Address/Data Bus DO-D7
Address v
Strobe Octal
AS Latch ;> AQ-A7
AB-A12 Address A8
. A9
Chip
Address Enable
Decode
Data Strobe Write
DS -8 _
Read/ W
— | Wnite
R/W

Fig. 24 - Connection to static CMOS RAMSs.

92CS-38038

92CS-38039
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80-87 Address/Data Bus Data |Q0-Q7
CMOS
CDP6805E2 Address A0-A7 Non Muxed
‘ RAM
AB-A12 Address A8
Data Output
Strabe Address Enable
DS 3
Decode
Read/
Wrnite b.,__ o Winte
R/W nte
Address
AS Strobe
Chip
Enable -
1 E
92CS-38040

Fig. 25 - Connection to latched non-multiplexed CMOS RAM.
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Table 11 provides a detailed description of the information
present on the Bus, the Read/Write (R/W) pin and the Load
Instruction (LI} pin during each cycle for each instruction.

This information is useful in comparing actual with ex-

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION

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.

A:::‘mr::? Cycles | Cycle # Address Bus R,,/i;‘w ;::\ Data Bus
Inherent
LSR LSL
ASR NEG 1 Op Code Address 1 1 Op Code
CLR ROL 3 2 Op Code Address + 1 1 0 Op Code Next Instruction
COM ROR 3 Op Code Address + 1 1 0 Op Code Next Instruction
DEC INC TST
TAX CLC SEC 1 Op Code Address 1 1 Op Code
STOP CLI SEI 2 2 | Op Code Address +1 1 0 | Op Code Next |
RSP WAIT NOP TXA p Code ress + p Code Next Instruction
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
RTS 6 3 Stack Po@mer 1 [] 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 (LO Byte)
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 1FFC (Hex) 1 0 Address of Int Routine (HI Byte)
9 | Vector Address 1FFD (Hex) 1 0 Address of Int. Routine (LO Byte)
10 | Interrupt Routine Starting Address 1 0 Interrupt Routine First Opcode
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
3 Stack 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
IADD LDA LDX 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 Set/Clear
1 Op Code Address 1 1 Op Code
BSET 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
g((::(s: gg:- %':‘%g E;.LS 1 Op Code Address 1 1 Op Code
BIL BMC BRN BHCS 3 2 Op Code Address +1 1 0 Branch Offset
3 Op Code Address + 1 1 0 Branch Offset
BIH BMI BMS BRA
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 Byte)
6 | Stack Pointer -1 0 0 | Return Address (HI Byte)
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Address Mode i W 1
Instructions 1 Cycles | Cycles 'I Address Bus ] RP/i‘rJ‘V ;}n Data Bus
Direct
JMP 2 1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Jump Address
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LDA LDX
3 2 Op Code Address + 1 1 0 Address of Operand
oD DRA B 3 [Address of Operand 1 0 | Operand D
SBC CMP SUB ress of Operan perand 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
1 Op Code Address 1 1 Op Code
LSL LS DEC 2 |Op Code Address +1 1 0 | Address of Operand
ASR NEG INC
5 3 Operand Address 1 0 Current Operand Data
CLR ROL
COM ROR 4 Operand Address 1 0 Current Operand Data
5 Operand Address 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Subroutine Address (LO Byte)
JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code
4 Stack Pointer 0 0 Return Address (LO Byte)
5 Stack Pointer —1 0 0 Return Address (HI Byte)
Extended
1 Op Code Address 1 1 Op Code
JMP 3 2 Op Code Address +1 1 0 Jump Address (HI Byte)
3 Op Code Address +2 1 0 Jump Address (LO Byte)
ADC BIT ORA 1 Op Code Address 1 1 Op Code
ADD CMP LDX 4 2 Op Code Address + 1 1 0 Address Operand (HI Byte)
AND EOR SBC 3 Op Code Address +2 1 0 Address Operand (LO Byte)
CPX LDA SuB 4 Address of Operand 1 0 Operand Data
1 Op Code Address 1 1 Op Code
STA 2 Op Code Address +1 1 0 Address of Operand (H! 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 1st Subroutine Op Code
5 Stack Pointer 0 0 Return Address (LO Byte)
6 Stack Pointer — 1 0 0 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
P
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LDA LDX
3 2 Op Code Address + 1 1 0 Op Code Next Instruction
AND ORA BIT 3 Index R 1 0 0 4D
SBC CMP SUB ndex Register perand 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 0 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 o | 0 Operand Data
1 Op Code Address 1 1 Op Code
LSL LSR DEC 2 Op Code Address + 1 1 0 Op Code Next Instruction
ASR NEG INC
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 Subrouune Op Code
4 Stack Pointer 0 0 Return Address (LO Byte)
5 Stack Pointer -1 0 0 Return Address (HI Byte)
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

Address Mode

Instructions

—{ Cycles —|7Cycles lL

Address Bus

l RIW |
Pin

LI
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 LDA LDX 4 2 Op Code Address + 1 1 0 Offset
AND CRA 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
1 Op Code Address 1 1 Op Code
kSS%LNSERG 2 Op Code Address + 1 1 0 Offset
CLR ROL 6 3 Op Code Address + 1 1 0 Offset
i COM ROR 4 Index Regfsxer + 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
IMP 4 2 Op Code Address + 1 1 0 Offset (HI Byte)
3 Op Code Address +2 1 0 Offset (LO Byte)
4 Op Code Address +2 1 0 Offset (LO Byte)
ADC CMP SuUB 1 Op Code Address 1 1 Op Code
ADD EOR SBC 2 Op Code Address + 1 1 0 Offset (HI Byte)
AND ORA 5 3 Op Code Address +2 1 0 Offset (LO Byte)
CPX LDA 4 Op Code Address +2 1 0 Offset (LO Byte)
BIT LDX 5 Index Register + Offset 1 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Offset (HI Byte)
STA 6 3 | Op Code Address +2 1 0 | Offset (LO Byte)
STX 4 Op Code Address +2 1 0 Offset (LO Byte)
5 Op Code Address +2 1 0 Offset (LO 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 (HI Byte)
3 Op Code Address +2 1 0 Offset (LO Byte)
JSR 7 4 Op Code Address +2 1 0 Offset (LO Byte)
5 index Register + Offset 1 0 1st Subroutine Op Code
6 Stack Pointer 0 0 Return Address (LO Byte)
7 Stack Pointer —1 0 4] Return Address (HO Byte)
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

Instructions 1Cyclesl Cycles #r Address Bus I RE,?’_‘E T RP/i\r(V ;'IL Data Bus
Other Functions ]
$1FFE 0 1 0 Irrelevant Data
$1FFE 0 1 0 Irrelevant Data
1 $1FFE 1 1 0 Irrelevant Data
Hardware RESET 5 2 $1FFE 1 1 0 Irrelevant Data
3 $1FFE 1 1 0 Vector High
4 $1FFF 1 1 0 Vector Low
5 Reset Vector 1 1 0 Op Code
1 $1FFE 1 1 0 Irrelevant Data
° . o L] [ .
° . . ° . [
° . o . ° .
Power on Reset 1922
1918 [$1FFE 1 1 0 Irrelevant Data
1920 |[$1FFE 1 1 0 Vector High
1921 |[$1FFF 1 1 0 Vector Low
1922 |Reset Vector 1 1 0 Op Code
Instruction Cycles | Cycles # Address Bus fs RP/i:V ;‘.:1 Data Bus
Last Cycle of Previous
Instruc\(lon 0 X 0 X
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 Byte)
IRQ Interrupt 10 4 |SP-1 X 0 0 | Return Address (H! Byte)
(Timer Vector $1FF8, $1FF9) 5 SP-2 X 0 0 Contents Index Reg
6 SP-3 X 0 0 Contents Accumulator
7 SP-4 X 0 0 Contents CC Register
8 $1FFA X 1 0 Vector High
9 $1FFB X 1 0 Vector Low
10 |TRQ Vector X 1 0 | Int Routine First
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Hardware Features:
6805E2
BMW@5V

W
s2cs-3nrs

TERMINAL ASSIGNMENT :

External timer input

The CDP6805E3 Microprocessor Unit (MPU) belongs to the
CDP6805 Family of CMOS Microcomputers. This 8-bit fully
static and expandable microprocessor containsa CPU, on-
chip RAM, 1/0, 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 CDP6805E3 are
listed under “Hardware Features” and “Software Features”.

® 64K address space version of CMOS
= Typical full speed operating power of

Typical WAIT mode power of 5 mW

Typical STOP mode power of 25 uW

112 bytes of on-chip RAM

13 bidirectional I/0O lines

Internal 8-bit timer with software .
programmable 7-bit prescaler

Full external and timer interrupts

CMOS 8-Bit Mlcroprocessor

» Multiplexed address/data bus
m  Master reset and power-on reset
® Capable of addressing up to 64K bytes
of external memory
Single 3- to 6-volt supply
s On-chip oscillator

Software Features:

Similar to the CDP6805E2, F2, and G2
s Efficient use of program space

w Versatile interrupt handling

s Memory mapped I/O

True bit manipulation

Addressing modes with indexed addressing for tables
Efficient instruction set

Two power savings standby modes

The CDP6805E3 is supplied in a 40-lead hermetic dual-in-
line ceramic package (D suffix), a 40-lead dual-in-line
plastic package (E suffix), and a 44-lead plastic chip-carrier
package (Q suffix).

OSC1 0scC2 RESET LI IRQ
37 Timer/ 39 38 1 3 2
TIMER 7Pvesca|el lg Counter
Timer Control -_[ Osciltator ].__‘
28 g 30
14 ‘ﬂ__. 81
PAQ @t—8 Mux %
13 Bus jo——o B2 Mul
PA1 @8 Accumulator Drive 2% ultiplexed
Port 12 s A CPU e=e82 Address/
A PA2 @liem| Port Data Controt 24 Data
0 A Dir Index -4 Bus
L Pa3 - le Reg Reg Register 23
nes 10 === B5
PA4 @—0nf — 22
Condition =8 B6
Code 21
5 Register ¢ cpU o7
Stack
Pointer sp 19g A8
rogram 8
Counter *r— A9 Ad:ress
% 8 High pCH 7 At0 us
PBO ALU
- Program Address |G A1t
PB1 @ Counter Drive 15
3 Port Data Low PCL ——o A12
pon PB2W® g [ 9 o At
g Pe3@Sa Reg Reg l 8
0 pgsaile ¢ —7' A4
Lines | g A15
PBS5 @il
30
PB6 W@-——8
86 » ——.6 AS Address Strobe
PB7 @@= 12x8 Bus 4
RAM — Control —=0s Data Strobe (¢2)
|5 ewR/W Read/Wiite
Fig. 1 - Block diagram. 92CS-37185R1
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MAXIMUM RATINGS (voltages referenced to Vgsg)

Ratings Symbol Value Unit

Supply Voltage Vpp -03to +d \
All Input Voltages Except OSC1 Vin Vgs-05to Vpp+0.5 \
Current Drain Per Pin Excluding Vpp and Vsg [ 10 mA
Operating Temperature Range TLto TR

CDP6805E3 TA 0to70 °C

CDP6805E3C —40 t0[+85
Storage Temperature Range Tstg -65to +160 °C

DC ELECTRICAL CHARACTERISTICS 3 V (Vpp=3 Vdc, Vgg=0, TaA=T| to TH. unless otherwise noted)

Characteristics Symbol Min Max Unit
VoL - 01

Output Voltage I oAD= 10 uA Von VDD-01 ~ \%
Total Supply Current (C| =50 pF — no DC loads) tcyc=5us

Run (Vi =02V, Viy=Vpp-02V) DD - 13 mA

Wait (Test Conditions — See Note Below) DD = 200 A

Stop (Test Conditions — See Note Below) DD — 100 A
Output High Voitage

(ILoAD =0 25 mA) A8-A15, B0-B7 VoH 27 — 1

{ILOAD=0 1 mA) PAO-PA4, PBO-PB7 VOH 27 - v

(ILoAD=0 256 mA) DS, AS, R/W VOH 27 — v
Output Low Voltage

(ILoOAD=0 25 mA) A8-A15, B0-B7 VoL - 03 \]

{ILOAD =0 25 mA) PAO-PA4, PBO-PB7 VoL — 03 v

(ILoaD =025 mA) DS, AS, R/W VoL - 03 \
Input High Voltage

PAO-PA4, PB0O-PB7, B0O-B7 ViH 21 - \2

TIMER, TRQ, RESET ViH 25 - v

0SC1 ViH 21 - \
Input Low Voltage (All inputs) ViL - 05 \
Frequency of Operation

Crystal fosc 0032 1 MHz

External Clock fosc DC 1 MHz
Input Current

RESET, TRQ, Timer, 0SC1 hn _ 1 kA
Three-State Output Leakage

PAO-PA4, PBO-PB7, BO-B7 ITsL = +10 kA
Capacitance

RESET, [RQ, Timer Cin - 8 ok
Capacitance

DS, AS, R/W, A8-A15 PA0-PA4, PBO-PB7, BO-B7 Cout - 12 pF

NOTE Test conditions for Quiescent Current Values are
Port A and B programmed as inputs
ViL=02V for PAO-PA4, PB0-PB7, and B0-B7
ViH=Vpp — 02V for RESET, TRQ, and Timer
OSC1 input 1s a squarewave from Vgg+02Vto Vpp — 02V
0SC2 output load (including tester) 1s 35 pF maximum
Wait mode Ipp 1s affected linearly by this capacitance
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DC ELECTRICAL CHARACTERISTICS 5 V ((Vpp=5 Vdc + 10%, Vss=0, TA=T|_to T, unless otherwise noted)

Characteristics Symbol Min Max Unit
VoL - 01 v
Output Voltage | s 10pA
g€ ILOAD M Von |vop-01 B v

Total Supply Current (C|_ =130 pF — On Bus, C|_ =50 pF — On Ports,

No DC Loads, teyc= 1 s 10D - 10 mA
Run (V) =02V, Vjy=Vpp - 02 V)
Wat (Test Conditions — See Note Below) [5)5) - 15 mA
Stop (Test Conditions — See Note Below) DD - 200 sA
Output High Voltage
(ILOAD=16 mA) AB-A15, BO-B7 VoH 41 - v
(ILOAD =0 36 mA) PAO-PA4, PBO-PB7 VOH 41 - v
(ILoAD =16 mA) DS, AS, R/W Vor 21 . v
Output Low Voltage
(ILOAD =16 mA) A8-A15, B0-B7 VoL = 04 \
LOAD =16 mA) PAQ-PA4, PBO-PB7 VoL _ 04 v
(ILoaAD =16 mA) DS, AS, R/W VoL - 04 v

Input High Voltage
PA0O-PA4, PBO-PB7, B0O-B7

ViH | Vpp-2 - v
TIMER, iRQ, RESET ViH | Vpp-08 - \
0scCi ViH Vpp-15 - v
Input Low Voltage (All Inputs) ViL - 08 \
Frequency of Operation
Crystal fosc 0032 5 MHz
External Clock fosc DC 5 MHz
Input Current
— | - +1 rA
RESET, IRQ, Timer, OSC1 n
Three-State Output Leakage
PAQ-PA4, PB0-PB7, B0-B7 TSI - +10 #A
Capacitance
RESET, IRG, Timer Cin - 8 PF
Capacitance
DS, AS, R/W, A8-A15, PAO-PA4, PB0-PB7, BO-B7 Cout - 12 pF
NOTE Test conditions for Quiescent Current Values are
Port A and B programmed as inputs 0OSC1 input is a squarewave from Vgg+02VtoVpp — 02V
ViL=02V for PAO-PA4, PB0-PB7. and B0-B7 0SC2 output load (including tester) 1s 356 pF maximum
VIH=Vpp - 02V for RESET, iRQ, and Timer Wait mode (Ipp) 1s affected linearly by this capacitance
TERMINAL ASSIGNMENT
= «
= v a5 O W oo
ez anE S8z

6 5 4 3 2 4 44 43 42 41 40

as PB1
A1s PB2
Ate PB3
A3 PIN 1IDENT; PB4
PA4 P8BS
TOP |VIEW
PA3 - PBE
PA2 FILE | NO 1503 PB7
PA1 80
PAO | 81
NC 82
NC 83

21 22 23 24 25 26 27 28

A10

¥z o A~ 0@ -
2 3 ng"nnnnzgzcs‘“"

Plastic Chip-Carrier Package
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TABLE 1 — CONTROL TIMING (Vss=0, TA=T|_to Tp)

Vpp=3V Vpp=5V) £ 10%
fosc=1MHz fosc=56 MHz
Characteristics Symbol Min Typ Max Min Typ Max Unit
1/0 Port Timing — Input Setup Time (Figure 3) tpyAasy | 500 - = 250 = e ns__|
Input Hold Time (Figure 3) tasLpx | 100 - — 100 - = ns
Output Delay Time (Figure 3) 'ASLPV - = 0 - - 0 ns
Interrupt Setup Time (Figure 6) tILASL 2 - — 04 = = BS
Crystal Oscillator Startup Time (Figure 5) toxov - 30 300 - 15 100 ms
Wait Recovery Startup Time (Figure 7) tVASH — - 10 - = 2 BS
Stop Recovery Startup Time (Crystal Oscillator) (Figure 8)| L ASH - 30 300 - 15 100 ms
Required Interrupt Release (Figure 6) tDSLIH - - 5 - - 1 #S
Timer Pulse Width (Figure 7) tTH. tTL| 05 - - 05 - - teye
Reset Pulse Width (Figure 5) tRL 52 - - 105 = - 4S
Timer Penod (Figure 7) tTLTL 1 - - 1 - - teye
Interrupt Pulse Width Low (Figure 16) tLIH 1 - - 1 - - tcyc
Interrupt Pulse Period (Figure 16) HLIL * - - * - - teye
Oscillator Cycle Period (1/5 of tcyc) 1OLOL 1000 - - 200 - = ms
OSC1 Pulse Width High 1OH 350 - - 75 - = ns___|
0SC1 Pulse Width Low toL 350 - - 75 - - ns
* The minimum period 1) || should not be less than the number of tcyc cycles it takes to execute the interrupt service routine plus 20 teye
cycles
Vop=45V CMOS Equivalent
TTL Equivalent
g Ra Test Point
Tgst o ¢
Point I
C
N :t R1 % I
*)
Pin Rq R2 Cc
PAO-PA4 PBO-PB7 | 113k | 21k | 50 pF C:?anp;'r F;:‘?:’Z“-:ggf‘gs AS. A/
2‘/’;_/\/@'7'0/;*.3':;5' 25k | 2k | 130pF with Vpp=5V +10%

Fig. 2 - Equivalent test-load circuits.

92CS-38351
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VLow=08V, VijigH=Vpp—2 V. VDD =5 +10%
Temp=0° to 70°C, C_ on Port=50 pF, fogc=5 MH2)

Address
Strobe

/ ;

Port
Input

[&—————lpyas|——

———— A5 px——8™

S

wi

[*—'ASLPY 92CS-38017
*The address strobe of the first cycie of the next instruction as shown in Table 11
Fig. 3 - 1/0 port timing waveforms.
TABLE 2 — BUS TIMING (Ta=T| to T, Vgg=0 V) See Figure 4
fosc=5MHz
fosc=1MHz, | Vpp=5 V +10%,

Num Characteristics Symbol Vpp=3V 17TTL Unit

50 pF Load and 130 pF Load

Min Max Min Max
1 Cycle Time teye 5000 DC 1000 DC ns
2 Pulse Width, DS Low PWEL 2800 — 560 — ns
3 Pulse Width, DS High or RD, WR, Low PWEH | 1800 - 375 — ns
4 Clock Transition t, U — 100 — 30 ns
8 R/W Hold tRWH 10 - 10 — ns
9 Non-Muxed Address Hold tAH 800 — 100 - ns
11 R/W Delay from DS Fall tAD - 500 - 300 ns
16 Non-Muxed Address Delay from AS Rise tADH 0 200 0 100 ns
17 MPU Read Data Setup tDSR 200 — 115 — ns
18 Read Data Hold IDHR 0 1000 0 160 ns
19 MPU Data Delay, Write tDDW — 0 — 120 ns
21 Write Data Hold tDHW 800 — 55 — ns
23 Muxed Address Delay from AS Rise tBHD 0 250 0 120 ns
24 Muxed Address Valid to AS Fall tASL 600 - 55 — ns
25 Muxed Address Hold tAHL 250 750 60 180 ns
26 Delay DS Fali to AS Rise tASD 800 — 160 — ns
27 Pulse Width, AS High PWASH | 850 - 175 - ns
28 Delay, AS Fall to DS Rise tASED 800 - 160 - ns
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Viow
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R/W
> > r— O
A8-A15
al |
e @»I — @ e @—»l > < @*I > ®
80-87 Vahd Addr \\,/\7[.:‘1 Data
MPU Write ] | = i
f— —
—» | ~.‘ 4—4 7 - (25) > < ® < — ﬂ
E_—_'< Vald Addr L J Valid Read Data —<
MPU Read ] l \ ‘

. o - - 52R1
VHIGH =2 V. V ow = 0.5 V forVpp =3V 92CS-383

VHIGH = VDD -2V, VLOW= 08 VforVDD =5V+10%

Fig. 4 - Bus.timing waveforms.
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RESET N ﬁt‘lm -
mﬂ-—\szo oye—=] -
AS M [ AL M M 1 I 1 1 1 m R 1 I

DS 1 [T Wh—d 1 1 1 | 1 1 e rrr
Unmux .
ik Bus ZZZZZZZ7ITX PP XX XRew pen X X XXX R X X X P XNewpei X

Mux BO-B7 FE FF First Ingtruction New PCH _ New PCL
Address/Data WWQ XX XXX X
Bus FE FE New PCH  New PCL FE FE FE FF First Instruction

RIW 77777777777 \ X/

Oscillator Waveform

Crystal Oscillator Connections

Crystal Parameters Representative Frequencies

0€35089d00 ‘€35089dA0

s10)ndw 02010y pPue si08s8201d0IdN SeLB8S-S089

5 MHz 4 MHz 1 MHz

oL tOH CDP6805E3 RS max 500 75Q 4000

Co 8 pF 7 pF 5 pF
0SC1 Pin 384 1o M@ cl 002pF | 0012pF | 0008 pF

& Q 50 k 40k 30 k
— toL0L 0sC2¢— osc1 Cosci 1530 pF | 15-30 pF | 15-40 pF
1 0 Cosc2 1525 pF | 15:25 pF | 15-30 pF

ICoscz ICosm
- Crystal Circunt
L Cl RS
38 39
0sc2 co 0SC1
11
1

38 1nt 39

0sc2 wr 0sC1
92CS-38353

Fig. 5 - Power-on reset and reset timing waveforms.
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jo— e Nt afm N+2 - N+3- e N4 el N+ 5-we N +6-wfe Nt e N+ e N+ e

.o i e
Ds__iJ—T__r——lf_—ll—lmr—lﬁf_ll_lW

Unmux
0 € S G / X X1 TX
ress Bus Next Op Code Address FF FF Int Routine Int Rout’nne *
- F-tILASL Slarlmg Addr Last Addr 'DSLIH
IRQ or TCRy
SP-1 SP-2 SP-3 SP- 4 New PCH PCL Xﬁ(
Mux BO-B7
Address/Data DD( X:X XD( PCL PCH )D( X )D( A D( cc )dr 80 U t
Bus Next Op Code FA (IRQ)  FB (IRQ) 1st Op Code
F8 (Timer.  F9 (Timer) Int Rouune Op Code
RW 77/ T\ / —\ -
92CS-38354
*‘DSLIH The interrupting device must release the IRQ hne within this time 10 prevent subsequent recognition o1 the same interrupt

Fig. 6 - IRQ and TCRy interrupt timing waveforms.

Timer
L [Coumer:SOOb'_(TLTL__

Rl e I e I | o W e Y e N s NN e IS s I s (N e Y e

TCRp7

P—‘lIVASH‘;‘iﬁn———-*—n* ]n*ﬁ+27 *»H+3~*—H\+44*ﬁ1+5—*—n+6~*—n+7——|

ST B I R S . L

_unmux. Op Code Addr R Int Routine Starting Addr
AB-A15 3 B
"\ﬁddfegg g;s SP-4 F6 F7
ux BO-B7 . A cC X X
Address/Data W
Bus ait Op Code \ New PCH  New PCL 1st Op Code Int
Routine

L/ 111111174 N \ /

92C5-38355
Fig. 7 - Timer Interrupt after WAIT instruction timing waveforms.
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Int Routine
Xg";‘i”é Op Code Address Starting Addr
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Address/ Data
Bus Stop Op Code . R New PCH New PCL
RIW Y v N v 1st Op C/ode

Int Routine
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“:Represems the internal gating of the OSC1 input pin
teyc 1s one instruction cycle (for fogc =5 MHz, teyc=1us)

Fig. 8 - Interrupt recovery from STOP instruction timing waveforms.
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FUNCTIONAL PIN DESCRIPTION

Vpp and V§s — Vpp and Vsg provide power to the
chip Vpp provides power and VS§g I1s ground

IRQ (Maskable Interrupt Request) — IRQ 1s 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 1t responds to the request IF IRQ is
low and the interrupt mask bit (I-bit) in the Condition Code
Register 1s 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
RQ Iine (see Interrupt Section for more details) iRQ requires
an external resistor to Vpp for “Wire OR" operation

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

TIMER — The TIMER input 1s used for clocking the on-
chip timer Refer to TIMER section for a detailed description

AS (Address Strobe) — Address Strobe (AS) i1s an output
strobe used to indicate the presence of an address on the
8-bit multiplexed bus The AS line i1s used to demultiplex the
eight least significant address bits from the data bus A latch
controlled by Address Strobe should capture addresses on
the negative edge This output is capable of driving one stan-
dard TTL load and 130 pF and is available at fosC — 5 when
the MPU is not in the WAIT or STOP states

DS (Data Strobe) — This output is used to transfer data to
or from a peripheral or memory DS occurs anytime the MPU
does a data read or wrnte DS also occurs when the MPU
does a data transfer to or from the MPU's internal memcry
Refer to Table 2 and Figure 4 for tming charactenistics This
output I1s capable of driving one standard TTL load and

130 pF DS is a continuous signal at fosc —5 when the
MPU 1s 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 1s used to indicate to a selected peripheral
whether the MPU Is going to read or write data on the next
Data Strobe (R/W low=processor write; R/W
high = processor read) The R/W output is capable of driving
one standard TTL load and 130 pF  The normal standby state
1s Read (high)

A8-A15 (High Order Address Lines) — The A8-A15
output lines constitute the higher order non-multiplexed
addresses Each output line 1s capable of driving one standard
TTL load and 130 pF

B0-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 ttime. When in
the data mode, these lines are bidirectional, transferring data
to and from memory and peripheral devices as indicated by
the R/W pin As outputs in either the data or address
modes, these lines are capable of driving one standard TTL
load and 130 pF

0SC1,0S8C2 — The CDP6805E3 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
connectedto OSC1 The input at these pinsis divided by five to
formthe cycle rate seenonthe AS and DS pins The frequency
range I1s specified by fogc The OSC1 to bus transitions
relationships are provided in Figure 9 for system designs using
oscillators slower than 5 MHz

osCt _l I

N ~
\
AS F—
DS J
R/W
’ .‘ MPU *
B0-87 Mux. Addr Read
MPU Read Bead
B0-B7 -
MPU Write Mux. Addr x MPU Write Data
* Read data “latched” on DS fall.

92CS-38023R1

Fig. 9 - OSC1 to bus transitions timing waveforms.
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Crystal — The circuit shown in Figure 5 is recom-
mended when using a crystal The internal oscillator 1s
designed to interface with an AT-cut parallel resonant
quartz crystal resonator in the frequency range
specified for fosC in the electrical charactenstics
table. An external CMOS oscillator 1s 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-
pled to the OSC1 input with the OSC2 input not con-
nected, as shown in Figure 10

osc1

osca

No

Connection CDP6805E3
(NC)

92CS-38358

Fig. 10 - External clock connection.

LI (Load Instruction) — This output is used to indicate that
a fetch of the next opcode 1s in progress LI remains low dur
ing an External or Timer interrupt  The LI output 1s only used
for certain debugging and test systems For normal opera-
tions this pin 1s not connected The LI output i1s capable of
driving one standard TTL load and 50 pF This signal
overlaps Data Strobe

PAO0-PA4 — These five pins constitute Input/Output Port A
Each line 1s individually programmed to be either an input or
output under software control via its Data Direction Register as
shown below An/O pinis programmed as an output when the
corresponding DDR bitissettoa 1", and as an inputwhen itis
settoa 0" Inthe 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 bit(s)
are not latched An MPU read of the port bits programmed as
inputs reflects the current status of the corresponding input
pins The Read/Write port timing 1s shown in Figure 3 See
typical I/0 Port Circuitry in Figure 11 During a Power-On
Reset or external RESET all lines are configured as inputs
(zeroin 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"

PB0-PB7 — These eight pins interface to Input/Output
Port B Refer to PAO-PA4 description for details of opera-
tion

2

6 3 1 0
l 1 ] 1 lEDAATDDAEl]DDAZ[DDA'IlDDA(ﬂ$0004

[ [ T 1

| -

5
Data Direction
Register A L
Port A r 0 I [ 0 ]
Register | 0
Pin
7 6 5

l
R

PA3  PA1 PA1 PAO

3 2 1

Data Direction

Register 8 [Doeimeal DDBﬂBDB‘tlDDleDDBjDDB'. lDDBO] $0006

[ |

L1

L]
[ [ [ [ Jow

[
RPe(;rnlst?er l J [
i

Pin PB7 PB6 PB5
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Output

Data Direction
/1—- Register
Bit
To Latched
And — Output
From Data Bit
CPU

Input

110
w

92CS-38026

Fig. 11 - Typical 1/O port circuitry.

TABLE 3 — 1/0 PIN FUNCTIONS

R/W |DDR 1/0 Pin Functions

The 120 pin 15 in nput mode Data is written
v 0 into the output data latch

Data 1s written into the output data latch and
0 ! output to the 170 pin
1 0 The: state of the 170 pin s read

The 170 pin 1S in an output mode The output
! ! data latch s read

MEMORY ADDRESSING

The CDP6805E3 is capable of addressing 65536 bytes of
memory and I/0O 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 (first half of page zero) and 1s comprised of
the 1/0 port locations, tmer 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 appearing on the input bus I1s ignored

The stack pointer I1s used to address data stored on the
stack Data 1s stored on the stack during interrupts and
subroutine calls At power up, the stack pointer is set to $7F
and 1t 1s decremented as data i1s pushed onto the stack
When data i1s removed from the stack, the stack pointer is in-
cremented A maximum of 64 bytes of RAM is availabie for
stack usage Since most programs use only a small part of
the allotted stack locations for interrupts and/or subroutine
stacking purposes, the unused bytes are usable for program
data storage

All memory locations above location $007F are part of the
external memory map In addition, ten locations in the 1/0
portion of the lower 128 bytes of memory space, as shown

In Figure 12, are part of the external memory map. All of the
external memory space is user definable except the highest 10
locations. Locations $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
1s shown in Figure 14.

ACCUMULATOR (A) — This Accumulator I1s an 8-bit
general purpose register used for arithmetic calculations and
data manipulations

INDEX REGISTER (X) — The X register 1s an 8-bit register
which is used during the indexed modes of addressing. It
provides an 8-bit operand which i1s used to create an effective
address The index register I1s also used for data manipula-
tions with the Read/Modify/Write type of instructions and
as a temporary storage register when not performing ad-
dressing operations

PROGRAM COUNTER (PC) — The program counter is a

16-bit register that contains the address of the nextinstruction
to be executed by the processor.
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Fig. 13 - Programming mode|.
Stack
1
1 ] 1 l 1 l Condition Code Regster N
E Accumulator T
Increasing Memary T 3 Decreasing Memcry
Addresses U Index Register : Addressesc
s PCH U
P
PCL T
Unstack
NOTE Since the Stack Pointer decremants during pushes, the PCL1s
stacked first, tollowed by PCH, etc Pulling from the stack 1sin
the reverse order
92CS-38361

Fig. 14 - Stacking order.

STACK POINTER (SP) — The stack pointer is a 16-bit
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 mit ($007F) Nested Interrupts
and/or subroutines may be use up to 64 (decimal) locations,
beyond which the stack pointer “wraps around” and points to
its upper imitthereby losing the previously stored information
A subroutine call occuples two RAM bytes on the stack, white
an interrupt uses five bytes

CONDITION CODE REGISTER (CC) - The condition
code register 1s a 5-bit register in which each bitis used to in-
dicate the results of the instruction just executed These bits
can be individually tested by a program and specific action

taken as a result of their state Each of the five bits i1s explain-
ed below

Half Carry Bit (H) — The H-bit 1s set to a one when a carry
occurs between bits 3 and 4 of the ALU during an ADD or
ADC instruction The H-bit is useful in Binary Coded Decimal
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 I1s set, the interrupt 1s 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 anthmetic, logical, or data manipulation was
negative (bit 7 1n the result is a logical one).

Zero Bit (Z) — When set, this bit indicates that the result
of the last anthmetic, logical, or data manipulation was zero.
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Carry Bit (C) — The C-bit I1s set when a carry or a borrow
out of the ALU occurs during an anthmetic 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 #1) — The RESET input pin 1s 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 8 minimum of one tcyc The RESET pinis
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 Vpp The Power-on Reset
is used strictly for power turn-on conditions and should not
be used to detect any drops in the power supply voltage
There is no provision for a power-down reset The power-on
circuitry provides for a 1920 tcyc delay from the tume of the
first oscillator operation. If the external reset pin is low at the
end of the 1920 tcyc time out, the processor remains in the
reset condition.
Either of the two types of reset conditions causes the
following to occur:
— Timer control register interrupt request bit (bit 7)
1s cleared to a ‘0"

— Timer control register interrupt mask bit (bit 6) 1s
settoa 1"

— All data direction register bits are cleared to a "'0"
(inputs) - except Port “A” DDR Bits 7-5.

— Stack pointer 1s set to $007F

— The address bus 1s forced to the reset vector
($FFFE, $FFFF).

— Condition code register interrupt mask bit (1) 1s set to

a1,

— STOP and WAIT latches are reset

— External interrupt latch 1s reset

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

INTERRUPTS

The CDP6805E3 is capable of operation with three dif-
ferent interrupts, two hardware (timer interrupt and external
interrupt) and one software (SWI) When any of these inter-
rupts occur, normal processing I1s 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 I1s
then fetched; refer to Figure 15 for the interrupt sequence

The prionty of the various interrupts from highest to
lowest 1s as follows

RESET — %—External Interrupt— Timer Interrupt

TIMER INTERRUPT — If the timer mask bit (TCR6) I1s
cleared, then each time the timer decrements to zero (transi-
tions from $01 to $00) an interrupt request is generated The
actual processor interrupt 1s generated only if the interrupt

*Any current instruction including SW!
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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
interrupt service routine. The address for this 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 1s cleared and the external interrupt
pin IRQ 1s “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 fine The timing diagram
shows two different treatments of the interrupt line (IRQ) to
the processor The first configuration shows many interrupt
lines ““wire ORed"’ to form the interrupts at the processor
Thus, If after servicing an interrupt the RQ remains low,
then the next interrupt is recognized The second method 1s
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
(tiL1L) is obtained by adding 20 instruction cycles (one cycle
tcyc=5/f0SC) 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
1s an executable instruction The action of the SWI instruc-
tion 1s similar to the hardware interrupts The SWI I1s ex-
ecuted regardiess 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 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 $FFFE and $FFFF The interrupt mask of
the condition code register I1s also set. Refer to RESET
selection for details
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Fig. 15 - Interrupt and instruction processing flowchart.
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Fig. 16 - External interrupt.
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STOP — The STOP instruction places the CDP6805E3ina
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 DS and AS
lines go to a low state and the R/W line goes to a high state
The multiplexed address/data bus goes to the data input state
The high order address lines remain at the address of the next
instruction The MPU remains in the STOP mode until an
external interrupt or reset occurs; refer to Figure 8 and 17.

During the STOP mode, timer control register (TCR) 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 unaitered All 1/0 lines

remain unchanged

Stop Oscillator
And Ali Clocks
TCR Bt 7—0
Bit 6—1
Clear | Mask

Reset?

External
Interrupt?

Turn on Oscillator
Wait for Time
Delay to Stabilize

Fetch External interrupt
or Reset Vector

Fig. 17 - Stop function flowchart.

WAIT — The WAIT instruction places the CDP6805E3 in
a low power consumption mode, but the WAIT mode con-

92CS-38032
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sumes somewhat more power than the STOP mode; refer to
Table 1 In the WAIT function, the internal clock I1s disabled
from all internal circuitry except the Timer circuit; refer to
Figure 18 Thus, all internal processing is halted except the
Timer which 1s allowed to count in a normal sequence. The
R/W line goes to a high state, the multiplexed address/data
bus goes to the data input state, and the DS and AS lines go
to the low state The high order address lines 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 s serviced first, then, if the timer
interrupt request I1s not cleared In the external interrupt
routine, the normal timer interrupt (not the timer WAIT inter-
rupt) 1s serviced since the MCU 1s no longer in the WAIT
mode

TIMER

The MPU timer contains a single 8-bit software program-
mable counter with 7-bit software selectable prescaler. The
counter may be preset under program control and
decrements towards zero When the counter decrements to
zero, the timer interrupt request bit, 1 e , bit 7 of the Timer
Control Register (TCR) 1s set Then if the timer interrupt is
not masked, 1 e , 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 proczeds to store the appropriate registers on the
stack, and then fetches the timer vector address from loca-
tions $FFF8 and $FFF9 1n 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 statle 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 1s serviced, the interrupt 1s lost.
TCR7 may also be used as a scanned status bit in a non-
interrupt mode of operation (TCR6=1)

The prescaler i1s a 7-bit divider which 1s used to extend the
maximum length of the timer Bit O, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output which is used as the counter input The processor
cannot write Into or read from the prescaler, however, its
contents are cleared to all “0's"” by the write operation into
TCR when bit 3 of the written data equals 1, which allows for
truncation-free counting

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

Timer Input Mode 1 — If TCR4 and TCR5 are both pro-
grammed to a ‘0", the input to the Timer 1s from an internal
clock and the Timer input is disabled. The internal clock
mode can be used for periodic interrupt generation, as wel
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Fig. 18 - Wait function flowchart.

as a reference in frequency and event measurement The In-
ternal clock 1s the instruction cycle clock and 1s coincident
with Address Strobe (AS) except during a WAIT instruction.
Dunng 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 1s +1 clock and
therefore accuracy improves with longer input pulse widths.

Timer Input Mode 3 — If TCR4=0 and TCR6= 1, then all
inputs to the Timer are disabled

Timer Input Mode 4 — |f 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 wellas external frequencies for generating periodic inter-
rupts.

Figure 19 shows a block diagram of the Timer subsystem
Power-on Reset and the STOP instruction cause the counter
to be set to $FO
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Fig. 19 - Timer block diagram.

Timer Control Register (TCR)

7 6 5 4 3 2 1 0
[TCR7]ER6 hCRS, TCR4 l TCR3 l TCR2 l TCﬂTCRO]

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

TCR7 — Timer interrupt request bit bit used to indicate
the timer interrupt when 1t is logic “'1”
1 — Set whenever the counter decrements to zero, or un-
der prograrn control
0 — Cleared on external reset, power-on reset, STOP in-
struction, or program control

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

0 — 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

0 — Disable external timer pin

TCR5 TCR4
0 0 lInternal clock (AS) to Timer
0 1 |AND of internal clock (AS) 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 writinga 1" to this bit
resets the prescaler to zero A read of this location always in-
dicates a '0 " (Unaffected by RESET )

TCR2, TCR1, TCRO — Prescaler address bits decoded to
select one of eight taps on the prescaler (Unaffected by

RESET )
Prescaler

TCR2 | TCR1 | TCRO | Result
0 0 0 -1
0 0 1 -2
0 1 [ -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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INSTRUCTION SET

The MPU has a set of 61 basic instructions. They can be
divided into five different types: register/memory,
read/modify/wrte, 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 wnte the modified value back to
memory or to the register The test for negative or zero
(TST) instruction 1s 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 1s met, otherwise no opera-
tion 1s performed. Branch instructions are two byte instruc-
tions Refer to Table 6

BIT MANIPULATION INSTRUCTIONS — The MPU 1s
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 266 locations The bit set, bit
clear and bit test and branch functions are all implemented
with a single instructicn For the test and branch instructions
the value of the bit tested 1s also placed in the carry bit of the
Condition Code Register Refer to Table 7 for instruction 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
1s given In alphabetical order in Table 9

OPCODE MAP SUMMARY — Table 10 1s 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-
tions (three bytes) permit tables throughout memory Short
and long absolute addressing s 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 I1s shown In
Table 10.

The term "'Effective Address” or EA 1s 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 "‘i1s replaced by'’ and a colon in-
dicates concatenation of two bytes

Inherent — In inherent instructions all the information
necessary to execute the instruction 1s 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 iImmediately following the opcode Im-
mediate addressing is used to access constants which do not
change during program execution (e.g , a constant used to
initialize a loop counter)

EA=PC+1, PC—=PC+2

Direct — In the direct addressing mode, the effective ad-
dress of the argument is contained in a single byte following
the opcode byte Direct addressing allows the user to direct-
ly address the lowest 256 bytes in memory with a single two
byte instruction. This includes all on-chip RAM and 1/0
registers and up to 128 bytes of off-chip ROM Direct ad-
dressing 1s efficient in both memory and speed

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

Extended — In the extended addressing mode, the effect-
Ive address of the argument Is contained In the two bytes
following the opcode Instructions with extended addressing
modes are capable of referencing arguments anywhere in
memory with a single three byte instruction

EA=(PC+1) (PC+2), PC—PC+3
Address Bus High—(PC+ 1), Address Bus Low—(PC +2)

Indexed, No-Offset — In the indexed, no offset addressing
mode, the effective address of the argument i1s contained in
the 8-bit index register Thus, this addressing mode can ac-
cess the first 266 memory locations These Instructions are
only one byte long This mode 1s used to move a pointer
through a table or to address a frequently referenced RAM or
170 location

EA=X, PC—PC+1
Address Bus High—0, Address Bus Low~— X
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TABLE 4 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes

Indexed Indexed Indexed
Immediate Drrect Extended {No Offset) (8-Bit Offset) (16-Bit Offset)
Op t # Op ¥ # Op # # Op H t Op ] 1 Op * H
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles

Load A from Memory LDA A6 2 2 B6 2 3 Cé 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - B7 2 4 Cc7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 - 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and

Carry to A ADC A9 2 2 B89 2 3 c9 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory SuUB A0 2 2 BO 2 3 Cco 3 4 FO 1 3 EO 2 4 [o]0] 3 5
Subtract Memory from

A with Borrow SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5
AND Memory to A AND A4 2 2 B84 2 3 c4 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Excluswe OR Memory | gor | A8 | 2 2 | s | 2 3 | 8| 3 a | | 3 | e | 2 4 | o8 | 3 5
Arthmetc Compare A | \yp Al 2 2 B1 2 3 cl 3 4 F1 1 3 E1 2 4 D1 3 5

with Memory
Anthmetic C X

"with Memory - cPx A3 | 2 2 B3 | 2 3 | 3| 3 4 F3 1 3 B | 2 4 | 03| 3 5
Bit Test Memory with .

A (Logical Compare) BIT A5 2 2 B5 2 3 Cc5 3 4 F5 1 3 ES 2 4 D5 3 5
Jump Unconditional JMP - - - BC 2 2 cC 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine JSR - - - BD 2 5 CcD 3 6 FD 1 5 ED 2 6 0D 3 7

TABLE 5 — READ/MODIFY/WRITE INSTRUCTIONS
Addressing Modes
Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) (8-Bit Offset)
Op # ] Op ] [ Op # ] Op ] t Op t t
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 CcoOM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6
(2's Complement)
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 1 3 56 1 3 36 P 5 76 1 5 66 2 6
Carry
Logical Shift Left LSL 48 1 3 b8 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Anthmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6
Tes: '°'rg‘ega“ve ST 4D 1 3 | s0 1 3 |3 | 2 4 70 1 4 | e 2 5

w
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TABLE 6 — BRANCH INSTRUCTIONS

Relative Addressing Mode

Function Mnemonic Cgt';e B y'tas Cvt’:le s
Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 2B 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF interrupt Mask Bit 1s Set BMS 20 2 3
Branch IFF Interrupt Line 1s Low BiL 2E 2 3
Branch IFF Interrupt Line 1s High BiH 2F 2 3
Branch to Subroutine BSR AD 2 6

TABLE 7 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes
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Bit Set/Clear Bit Test and Branch
Function Mnemonic Op # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IFF Bit n s Set BRSET n(n=0 7 - - - _2en 3 5
Branch IFF Bit n1s Clear BRCLR n(n=0 7) — — - 01+ 2en 3 5
Set Bit n BSET n(n=0 7) 10+ 2en 2 5 — — =
Clear Bit n BCLR n(n=0 7) 11+ 2en 2 5 - - -
TABLE 8 — CONTROL INSTRUCTIONS
Inherent
Function Mnemonic Cc;ze By:es Cvf:kas
Transter A to X TAX 97 1 2
Transfer X t0 A TXA 9F 1 2
Set Carry Bnt SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SE! 98 1 2
Clear Interrupt Mask Bit cu 9A 1 2
Software Interrupt SWI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop STOP 8E 1 2
Wat WAIT 8F 1 2
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TABLE 9 - INSTRUCTION SET

Addressing Modes Condition Codes
] _ . Indexed | Indexad | Indavad | Bt Bit

Direct | Extended | Relative [ \ Offset) | (8 Bits) | (16 Bits) Set/ | Test &

Clear | Branch

x
Z
N
(9]

X
X
X

ADC
ADD
AND
ASL X
ASR X
8CC
BCLR X
BCS
BEQ
BHCC
BHCS
BH
BHS
BIH
BiL
BIT X X X X X X
BLO
BLS
BMC
8mi
BMS
BNE
BPL
BRA
BRN
BRCLR
BRSET
BSET X
BSR X
CLC
[¥]
CLR
CMP X
COM X
CPX X
DEC X
EOR X
INC X
JMP
JSR
LDA
LDX
LSL
LSR
NEG
NOP
ORA X
ROL
ROR
RSP
RTI
RTS
SBC X X X X X X
SEC
SE!
STA X X X X X
STOP X
STX X
SUB X X
SwWi

x| < X

X
X
X

< [ >< > [ >q X
<1< | X< | X<t >
x> ><| x| >

>

X | > X<t > > | X

XXX X XX X | >

x| x|

x| x>

x
X

x| <[> |>x
X X[ > >

x| x

X[ ) XX XXX 3| X XX | XX| XXX | X
P> Xf > > | X< > X< X< f X< X f x| X|
X XXX XX XK XK X XXX XX | X

x| X x| x

o o/ o0 000000000060 0000 0000OOOGOGGOGOGEGOOGOGOGOGOGECGOGOGOGOGEGCOGOSOGES
00> >>0 000000 —>006OC0606:>>00¢0O00 0000600000800 00> :>> 00>

XX} >
x| x|
x| x| x|

o> (> >| 8| >|>|>| >| o] 8> >|> > >|>|-[ 0| 0| 0| 0| 0|0 @[ 0| 0|0 0| @ [0] |0 [>| 0] 0} 6 /0| 0| @[ 0] & @|>[>[>|>{>

o>

x| x| x| x|

x|

x|x

>
x|x
x|

o|>>le|>l0l0 > 0
o|>|e|® 6|0~ > @

AX
ST
TXA

>
(9|00 060 000000 00l0coo0eoe oo eooeoee oo oeoooeeeooeooseoooooooooooooeoeeooe>
0| 0|>|0 8> >0 00> 6 1 6> > 6> o> > >e el >>>>>o e e e ee e e e eo e 0o o000 00000 el>>>>

O|®|e|8—~|9/0|O|6|—|0 o6 ele

X)X 1<) x|
x
>
x
o] 9>
LI

WAIT

Condition Code Symbols
H Half Carry (From Bit 3)
I Interrupt Mask
N Negative {Sign Bit)
Z Zero
C Carry/Borrow

Test and Set if True Cieared Otherwise
Not Affected

Load CC Register From Stack

Cleared

Set

—o v e
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TABLE 10 — CDP6805E3 INSTRUCTION SET OPCODE MAP

Bit Manipulation Branch Read/Modify/Write [ Control Register/ Memory
BB §§§ B;_L Q!ﬂ INH(A) INH(X) 1X1 1X INH MM DIR EXT 1X2 1X1 X
Hi 0 4 5 [ 7 8 9 A B [ [} E Hy
Low 2010 2011 0100 2101 0110 01 1000 1001 1010 1011 1100 1101 1110 AREL] Low
5 3 3 H 5 9 2 3 a 3 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI sus sus suB sus sus sus 0
0000 3 818 [2 BSC |2 RE3 IR | 1 INH | 1 INH | 2 ix1 ix |0 ersq' 2 uwv; DlR} 3 Exz X2 \xl : ;; 2000
5 5
1 BRCLRO BCLRO BRN RTS CMP CMP CMP CMP CMP CMP 1
0001 3 BTg 2 ES&S R 4 ! INH 2 \M'vz1 2 DIR] 3 Ex; X2 .x; . ); 0001
2 BRSET! BSET! BHI SBC SBC SBC SBC s8C ssC 2
0010 3 BTB [ 2 1&% R 5 < 3 3 - = = IMM | 2 DIR |3 ExT |3 1x2 wx; 1 |)§ 0010
3 BRCLR1 BCLR1 BLS COM COMA COMX COM COM Swi CPX ‘ CPX CPX CPXx CPX CPX
0011 3 BTB [ 2 a_sgs_ 2 R§3 Dng 1 IND-; 1 \N»—; 2 »x% |>; 1 INH 2 IMM | 2 DR [ 3 Ex; 3 %2 ‘x; i )5 001
5
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 ET% 2 BS% &LT Ol INH |1 INH | 2 X1 X 2 IMM | 2 DR |3 ExT [ 3 ‘xg X1 -); 2100
4
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
101 3 BTg 2 is_g__z__B_E% = 3 3 5 = 2 IMM DR |3 Exl 3 xxs m; 1 ; 2101
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA
ong 3 BT% 2 a_gcs_ R & Dltg 1 INr:1z 1 lNg lxg’ n; . 2 MM | 2 Dtﬂd 3 Ex; 3 X2 -x; . x e
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA
0111 3 BTg 2 BS% 2 A 0 DR | 1 |Nr; 1 INr; 2 \Xé X 1 INH 5 2 DR |3 Ex; 3 1X2 ”(4' Ll )§ MALL
5
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL CcLC EOR EOR EOR EOR EOR EOR 8
1000 3 BT% 2 15_%_ A L DIR | 1 INl-:; 1 \Nr; 2 wxé 1X 1 INH IMM | 2 DR |3 EXT| 3 2 |x; ki 3 200
. 5 2 5 T
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ’ ADC ADC ADC ADC 9
1001 3 BTg 2 ﬁES_% 2 R 5 Dllz’ 1 INP; 1 INP; 2 X1 1x 1 INH |2 IMM | 2 DIR | 3 ExT| 3 1X2 mj‘ ! ; Rl
3 5 T
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cti ORA RA ORA ORA ORA ORA A
1010 3 BT% 2 B_S% DR |1 INH | 1 INH | 2 X1 X 1 !N!; 2 er\g 2 DlR3 3 ExT 13 12 'X; | ! ; oo
7
B BRCLRS BCLRS BMmI SEI ADD ADD ADD ADD ADD ADD 8
1011 3 BTg 2 B: REL = 3 3 s 1 INH [ 2 IMM | 2 DR |3 F.)(T7 3 lli ll; N 13 <
5 V] = 5
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP C
1100 3 81’% 2 ﬁ%_ REL DIR |1 lN’; 1 !Nr; 2 \x% IX 1 INH 2 OR |3 Exg 3 X2 x| % X
3
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP 8S JSR JSR JSR JSR JSR N
1o 3 BTg 2 & L IR | 1 INH | 1 INH | 2 X1 X 5 1 INH | 2 REL | 2 DIF; 3 ExT| 3 iX2 n\; 1 3 b
E BRSET? BSET7 BIL STOP LDX LDX LDX LDX LDX LDX E
110 3 818 | 2 RI 1 INH 2 MM | 2 OIR |3 EXT | 3 X2 x1 iy AL
5 5 3 5 3 3 6 5 2 S B
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
11 3 8T8 | 2 BSC REL DIR | 1 INH [ 1 INH | 2 1X1 1X 1 INH |1 INH 2 DIR | 3 EXT | 3 1X2 X141 x s
Abbreviations for Address Modes LEGEND
INH Inherent F < Opcode in Hexadecimal
IMM Immediate 111 -
DIR Drrect 3
EXT Extended 7 Opcode in Binary
REL  Relatve Mnemonic > SUB/ gl
—_—
BSC Bit Set/Clear Bytes 1 1X 0000
BT8 Bit Test and Branch 4
X Indexed (No Offset # of Cycles Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit) Offset
. CMOS Versions Only
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Indexed, 8-bit Offset — Here the EA is obtained by adding
the contents of the byte following the opcode to that of the
index register The operand Is therefore located anywhere
within the lowest 511 memory locations. For example, this
mode of addressing is useful for selecting the m-th elementin
an n element table All instructions are two bytes The con-
tents of the index register (X) 1s not changed The contents
of (PC+ 1) 1s an unsigned 8-bit integer One byte offset in-
dexing permits look-up tables to be easily accessed in either
RAM or ROM

EA=X+(PC+ 1), PC—PC+2
Address Bus High—K, Address Bus Low—X+ (PC+ 1)
Where K=The carry from the addition of X+ (PC+ 1)

Indexed, 16-Bit Offset — In the indexed, 16-bit offset ad-
dressing mode the effective address 1s the sum of the con-
tents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode This addressing mode
can be used in a manner similar to indexed 8-bit offset, ex-
cept that this three byte instruction allows tables to be
anywhere in memory (e g , jump tables in ROM) The con-
tent of the index register i1s not changed

EA=X+[(PC+1) (PC+2)], PC~PC+3
Address Bus High—(PC+ 1) + K,
Address Bus Low— X+ (PC+2)
Where K= The carry from the addition of X+ (PC+2)

Relative — Relative addressing is only used in branch in-
structions In relative addressing the contents of the 8-bit
signed byte following the opcode (the offset) 1s added to the
PC 1if and only if the branch condition 1s trie Otherwise,
control proceeds to the next instruction The span of relative
addressing 1s imited to the range of — 126 to + 129 bytes
from the branch instruction opcode location

6805-Serles Microprocessors and Microcomputers
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EA=PC+2+(PC+1), PC—EA If branch taken,
otherwise PC—~PC +2

Bit Set/Clear — Direct addressing and bit addressing are
combined n instructions which set and clear individual
memory and |/0 bits In the bit set and clear instructions, the
byte is specified as a direct address in the location following
the opcode The first 256 addressable locations are thus ac-
cessed The bit to be modified within that byte I1s 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 secqnd to address the byte which contains
the bit of interest

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

Bit Test and Branch — Bt test and branch 1s a combina-
tion of direct addressing, bit addressing and relative address-
ing The bit address and condtion (set or clear) to be tested
1s part of the opcode The address of the byte to be tested is
In the single byte immediately following the opcode byte
(EA1) The signed relative 8-bit offset i1s 1n the third byte (EA2) and

- 1s added to the PC if the specified bit is set or clear in the

specified memory location This single three byte instruction
allows the program to branch based on the condition of any
bit in the first 266 locations of memory
EA1=(PC+1)
Address Bus High—0, Address Bus Low—(PC+ 1)
EA2=PC+3+(PC+2), PC—EA2 f branch taken,
otherwise PC—PC+3

SYSTEM CONFIGURATION
Figures 20 through 25 show in general terms how the
CDP6805E3 bus structure may be utilized. Specified interface
details vary with the various peripheral and memory devices
employed

Microprocessor

Address Strobe

Address

Decode
Chip
Enable

CE
A8-A15 A
ddress Typical CMOS
CDP6805E3 Pernipheral
CMOS

AS AS
DS Data Strobe DS
RIW Read/Write o{r/W
TR he—— Interrupt "G
oscij@— — &19MHz __ Jevour
RESET RESET
RESET 92CS-38362

Fig. 20 - Connection to CMOS peripherals.

299




6805-Series Microprocessors and Microcomputers

CDP6805E3, CDP6805E3C

Address
Decode Chip
Enable
CDP6805E3 E cMOS
Multiplexed
A8-A15 Address AB- Memory
A0 CDPE5516
B0-87 Address/Data Bus ADQO-ADQ7
AS Address Strobe M
S Data Strobe G
— Read/Write —
R/W W

92CS-38363
Fig. 21 - Connection to CMOS multiplexed memories.
Address
Decode Chip
Select
ICS
A8-A15 Address
CDP680SE3 Peripherals
B0-87 Address/Data Bus DO0-D7
Address Address|
Strobe
AS Latch RSO, ETC
oS Data Strobe 3

R/W Read/Write R/

— Interrupt —

"G mEnp "G

RESET RESET
NOTE In some cases, pullup resistors or other level
shifting techniques may be required on signals RESET 92C5-38364
going from NMOS to CMOS parts

Fig. 22 - Connection to peripherals.
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BO-B7 Address/Data Bus Data |Qo-Q7
CMOS
CDP6805E3 Non-Muxed
Address Y A0-A7 ROM or
EPROM
AB-A15 Address A8
Read/ Output
RIW Wnte  Read Address Enable S
Data Strobe Decode
DS -
Address Chip
AS| Strobe Enable £

92CS-38365
Fig. 23 - Connection to latch non-multiplexed CMOS ROM or EPROM.
CDP6805E3 CMOS
CMOS Static
Microprocessor RAMs
BO B7 Address/Data Bus DG-D7
Address N
as | Strobe Octal :> AO-A7
Latch
A8-A15 Address A8
. A9
Chip
Address Enable |_
Decode E
Data Strobe
DS —
W
R/W
92CS-38367

Fig. 24 - Connection to static CMOS RAMs.
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B0-B7

CDP6805E3

A8-A15

DS

AS

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

Address/Data Bus Data |QO0-Q7
CMOS
Address A0-A7 Non Muxed
RAM
Address A8
Data Output
Strobe Address Enable 3
Decode
Read/
Write Write
Address
Strobe
Chip
Enable -
E
92CS-38366




Table 11 provides a detailed description of the information
present on the Bus, the Read/Wnite (R/W) pin and the Load
Instruction (LI) pin during each cycle for each instruction.

This information 1s useful in comparing actual with ex-
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION

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.

Address Mode

R/W

L

Instructions Cycles | Cycle # Address Bus Pin Pin Data Bus
Inherent
LSR LSL
ASR NEG 1 Op Code Address 1 1 Op Code
CLR ROL 3 2 Op Code Address +1 1 0 Op Code Next instruction
COM ROR 3 Op Code Address + 1 1 0 Op Code Next instruction
DEC INC TST
LS Sk 5 1| op Code Address 1 1 | opCode
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 (LO Byte)
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 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
ADC EOR CPX
ADD LDA LDX 2 1 Op Code Address 1 1 Op Code
AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data
SBC CMB SUB
Bit Set/Clear
1 Op Code Address 1 1 Op Code
BSET 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 Opgrand 1 0 Operand Data
4 | Op Code Addréss +2 1 0 | Branch Offset
5 | Op Code Address +2 1 0 Branch Offset
Relative
BCS BPL BHCC BLS 1| 0p Code Adaress | 1 [ opcose
3 2 Op Code Address +1 1 0 Branch Offset
BIL BMC BRN BHCS 3 | Op Code Address +1 1 0 | Branch Off
BIH BMI BMS BRA p Code ress + ranch Offset
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Branch Offset
8SR 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 Byte)
6 Stack Pointer — 1 0 0 Return Address (HI Byte)
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

Address Mode R/IW Ll
—W—l Cycles | Cycles # Address Bus Pin Pin Data Bus
Direct
JMP 2 1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Jump Address
AD R
C EOR CPX 1 Op Code Address 1 1 Op Code
ADD LDA LDX
3 2 |Op Code Address +1 1 0 | Address of Operand
AND ORA BIT 3 |Add f O d 1 0|0 d Dat,
SBC CMP SUB ress of Operan perand Data
1 Op Code Address 1 1 Op Code
1sT 4 2 Op Code Address + 1 1 0 Address of Operand
N 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
1 Op Code Address 1 1 Op Code
;SSLR LNSSGE::% N 2 Op Code Address +1 1 0 Address of Operand
CLR ROL 5 3 Operand Address 1 0 Current Operand Data
COM ROR 4 Operand Address 1 0 Current Operand Data
5 Operand Address 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address +1 1 0 Subroutine Address (LO Byte)
JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code
4 Stack Pointer 0 0 Return Address (LO Byte)
5 Stack Pointer —1 0 0 Return Address (HI Byte)
Extended
1 Op Code Address 1 1 Op Code
JMP 3 2 Op Code Address + 1 1 0 Jump Address (HI Byte)
3 Op Code Address +2 1 0 Jump Address (LO Byte)
ADC BIT ORA 1 Op Code Address 1 1 Op Code
ADD CMP LDX 4 2 Op Code Address + 1 1 0 Address Operand {HI Byte)
AND EOR SBC 3 Cp Code Address +2 1 0 Address Operand (LO Byte)
CPX LDA 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 1st Subroutine Op Code
5 Stack Pointer 0 0 Retutn Address (LO Byte)
6 Stack Pointer — 1 0 0 Return Address (H| 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
P
ﬁgg EgRA fD))(( 1 Op Code Address 1 1 Op Code
3 2 Op Code Address + 1 1 0 Op Code Next Instruction
AND ORA BIT 3 |index R 1 0 | Operand Dat
SBC CMP SUB ndex Register perand Data
1 Op Code Address 1 1 Op Code
1ST 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 4] 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 Q Operand Data
1 |Op Code Address 1 1 | Op Code
LSL LSR DEC 2 Op Code Address + 1 1 0 Op Code Next Instruction
ASR NEG INC
5 3 Index Register 1 0 Current Operand Data
CLR ROL
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 Regster 1 0 1st Subroutine Op Code
4 Stack Pointer 0 0 Return Address (LO Byte)
5 Stack Pointer -1 0 0 Return Address (HI Byte)
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

A:‘d';e"s‘:txg:e ]I Cycles | Cycles II Address Bus l RP/':V ;":‘ 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 LDA LDX 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
1 Op Code Address 1 1 Op Code
;Sé';-‘ LNSERG 2 Op Code Address + 1 1 0 Offset
CLR ROL 6 3 Op Code Address + 1 1 0 Offset
COM ROR 4 Index Register + Offset 1 0 Current Operand Data
DEC INC 5 Index Register + Offset 1 [¢] 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 Cffset
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 Hl Byte
Indexed, 16-Bit Offset
1 Op Code Address 1 1 Op Code
IMP 4 2 Op Code Address + 1 1 0 Offset (HI Byte)
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 LDA 4 Op Code Address +2 1 0 Offset (LO Byte)
BIT LDX 5 Index Register + Offset 1 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset (HI Byte)
STA 6 3 Op Code Address + 2 1 0 Offset (LO Byte)
STX 4 Op Code Address +2 1 0 Offset (LO Byte)
5 Op Code Address +2 1 0 Offset (LO 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 (HI Byte)
3 Op Code Address +2 1 0 Offset (LO Byte)
JSR 7 4 Op Code Address + 2 1 0 Offset (LO Byte)
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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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED)

Instructions Cycles | Cycles #l Address Bus l R%?"ET RP/i:V ;;L Data Bus
Other Functions
$FFFE 0 1 0 Irrelevant Data
$FFFE 0 1 0 Irrelevant Data
1 $FFFE 1 1 0 Irrelevant Data
Hardware RESET 5 2 $FFFE 1 1 0 Irrelevant Data
3 |$FFFE 1 1 0 | Vector High
4 $FFFF 1 1 0 Vector Low
5 Reset Vector 1 1 0 Op Code
1 $FFFF 1 1 0 Irrelevant Data
° [ L] ° °
° ° . ° ° ]
'Y (] L] L] [ ] )
Power on Reset 1922
1919 | $FFFE 1 1 0 Irrelevant Data
1920 |$FFFE 1 1 0 Vector High
1921 | $FFFF 1 1 0 Vector Low
1922 {Reset Vector 1 1 0 Op Code
Instruction Cycles | Cycles # Address Bus 'E? RP/inW PLu:\ Data Bus
Last Cycle of Previous
Ins(ruc\:lon 0 X 0 X
1 Next Op Code Address 0 1 0 Irrelevant Data
2 Next Op Code Address X 1 0 Irrelevant Data
3 spP X 0 0 Return Address (LO Byte)
iRQ Interrupt 10 4 |sP-1 X 0 0 | Return Address (HI Byte)
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 See Note Below X 1 0 Vector High
9 See Note Below X 1 0 Vector Low
10 |IRQ Vector X 1 0 | Int Routine First
NOTE: Interrupt Cycles. Ext. Int Timer Int Timer Int From
Address Address Wait Address
Cycle #8 $FFFA $FFF8 $FFF6
Cycle #9 $FFFB $FFF9 $FFF7
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RESET— T

1 — Voo
IRe—2 27— TIMER
. aps
B SO s CMOS High-Performance Silicon-Gate
0sc2—5 24— PC2 H H
oo as_res 8-Bit Microcomputer
::; —] ; :f — ::‘° Hardware Features:
PA3 — 9 20— pB2 s Typical full speed operating power w Internal 8-bit timer with software
Pa4 — 10 19 —rp83 of 10 mWat5V programmable 7-bit prescaler
PAS — 11 18 — PB4 u Typical WAIT mode power of 3 mW ® External timer input
pa6 — 12 17 (— PBS s Typical STOP mode power of 5§ uW s External and timer interrupts
PA7—13 16 [— PB6 s 64 bytes of on-chip RAM s Master reset and power-on reset
Vss —11* 15 pe? = 1089 bytes of on-chip ROM a Single 3 to 6 volt supply
TOP VIEW  92¢s-3503) w16 bidirectional 1/0 lines = On-chip oscillator
TERMINAL ASSIGNMENT ® 4input-only lines a1 yus cycle time

The CDP6805F2 Microcomputer Unit (MCU) belongs to the Software Features:

CDP6805 Family of CMOS Microcomputers. This 8-bit Versatile interrupt handling

MCU contains on-chip oscillator CPU, RAM, ROM, I/0, and True bit manipulation

Timer. Fully static design allows operation at frequencies 10 addressing modes

down to DC, further reducing its already low-power Efficient instruction set
consumption. Itis alow-power processor designed for low- Memory-mapped 1/0

end to mid-range applications in the consumer, automotive, User-callable self-check routines
industrial, and communications markets where very low Two power-saving standby modes
power consumption constitutes an important factor.

0sC1  0SC2 RESET NUM TRQ
27 Timer/
TIMER =3 Prescaler 4 5 1 3 2
7 g Counter
s Timer Control 4—[ Oscillator I—l
22
5> PBO
Accumulator D P d—ZL)-Pel
ata ort 20 Port
A =>»PB2
CPU Direction| B E19' p3 B
Index Control — Register {Regrster !1Bi pg4 1/0
Register <-}%>pa5 Lines
PAD €S> S X e >P86
port PAl <=3 Port Data Condition l«—2-PB7
A PA2<g A [Direction} Code
/0 PA3€ Register |Register—@ |5 Register ¢
PA4 CPy
Lines pag Stack
PA6 Pointer
PA7 5 s Port f&—22pco
Program C 1—71PC1
Counter Register WPCZ
3 High  pCH ALU [P
Program
Counter
le Low  pcL
I
1089x 8 64x8 92CS-37994
ROM RAM
Self-Check
ROM

Fig. 1 - CDP6805F2 CMOS microcomputer block diagram

File Number 1369
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MAXIMUM RATINGS (Voltages Referenced to Vgg)

Ratings Symbol Value Unit
Supply Voltage Vpp -03to +8 \"
All Input Voltages Except OSC1 Vin |Vss—-056to Vpp+05| V
Current Drain per Pin Excluding Vpp and Vss | 10 mA
Operating Temperature Range TetoTH
CDP6805F2 TA 0to 70 °C
CDP6805F2C -40to +85
Storage Temperature Range Tstg -55 to + 150 °C
Vpp=45V
|
Load 4.27 k
-
TestPoint ©
. S
50 pF == 2 205k
= 92CS-37995
Fig. 2 - Equivalent test load.
E 25f
L
8
= 6V
5 20
I
g
2 5V
g 15p
z
=
S
w 10F
a
[¢]
- 4V
3
T O5F |
z |
= 3v |
01 . N , 1 . , , - .
0 01 02 03 04 05 06 07 08 0.9 1.0
INTERNAL FREQUENCY (1/teyc)—MH2z 62GS-37206

Fig. 3 - Typical operating current vs. internal frequency.
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DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc +10%, Vgs=0Vdc, TA=TL to TH, unless otherwise noted) (See Note 1)

Characteristics Symbol Min Max | Unit
Output Voltage, || gad=<100 pA VoL - 01
Vo | Vop-01 | - [V
Output High Voltage (I ggd= —200 pA) PAQ-PA7, PBO-PB7 VoH 41 — Vv
Output Low Voltage, (Il oad =800 uA) PAO-PA7, PBO-PB7 VoL — 04| Vv
Input High Voltage
Ports PAO-PA7, PBO-PB7, PCO-PC3 Vpp -2 \
TIMER, TRO. RESET ViH vgg—os VBB v
osc1 Vbp-15 |VDD
Input Low Voltage, All Inputs ViL Vss 08 \
Total Supply Current (C| =50 pF on Ports, No dc Loads, teyc=1ps)
RUN (Measured During Self-Check, V| =02V, ViHy=Vpp-02V) oD - 4 | mA
WAIT (See Note 2) - 1.5 | mA
STOP (See Note 2) — 150 | wA
1/0 Ports Input Leakage — PAO-PA7, PB0-PB7 U — +10| pA
Input Current — RESET, TRQ, TIMER, OSC1, PCO-PC3 lin - +1 | pA
Output Capacitance — Ports A and B Cout — 12 | pF
Input Capacitance — RESET, IRQ, TIMER, OSC1, PCO-PC3 Cin - 8 pF
NOTES

1 Electrical Characternistics for Vpp =3 V available soon
2 Test Conditions for Ipp are as follows
All ports programmed as inputs
ViL=02V (PAO-PA7, PB0-PB7, PCO-PC3)
VIH=Vpp =02V for RESET, TRQ, TIMER
OSC1 input 1s a square wave from 02V to Vpp-02 V
0SC2 output load = 20 pF (WAIT Ipp 1s affected linearly by the OSC2 capacitance)

TABLE 1 — CONTROL TIMING CHARACTERISTICS (Vpp=5 Vdc +10%, Vgs=0, TA=T| to TH, fosc=4 MHz, tcyc=1 ps)

Characteristics Symbol Min Max | Unit

Crystal Oscillator Startup Time (See Figure 5) tOXOV - 100 [ ms
Stop Recovery Startup Time — Crystal Oscillator (See Figure 6) YLCH - 100 | ms
Timer Pulse Width (See Figure 4) tTH, tTL 05 = | teye
Reset Pulse Width (See Figure 5) tRL 15 — | teye
Timer Period (See Figure 4) tTLTL 1 - | teyc
Interrupt Pulse Width (See Figure 15) tILIH 1 = | teye
Interrupt Pulse Period (See Figure 15) LI * = | teye
0OSC1 Pulse Width (See Figure 7) tOH. toL 100 — ns
Cycle Time teyc 1000 - ns
Frequency of Operation

Crystal fosc - 4 MHz

External Clock de 4

*The minimum period, t)jL, should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 toyc
cycles

TERMINAL ASSIGNMENT
I «
SO 2 ol oW
o z ©
g2l $28
4 3 1 2827 26
0sc2 5 25 PC1
PAO 6 24 PC2
PAl 7  PIN 1 IDENT 23 PC3
PA2 8 - - 22 PBO
PA3 9 2 PBY

TOP VIEW

10 FILE |no.|3ss 20

"

12 13 14 15 16 17 18

o~ o~ © 0 <
4 4 O o ® @ @
a a > o o a a
92CS-40952
28-Lead Plastic Chip-Carrier Package

(Q Suffix)
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oLe

— tTLTL—>|

—>| TH l<— ——>| L

|—

L

External Timer I
Clock Pin 27

Fig. 4 - Timer relationships.

92Cs-37997

[ I S I N A I A e O

Internal New
Address 7FE 7FF New PC 7FE 7FE 7FE 7FE 7FF PC
Bus %

Internal
Data New New Op
Bus¥ PCH PCL Code

HO-O- OO OH-EHEHE

l€e—— tRL ——>

peser . —/\

*|nternal timing signal not available externally

7

Fig. 5 - Power-on RESET and RESET.

92CS-37998
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@///////////j///
iRQ
or
RESET YLCH It 1920 1oy ¢ ——————3]
— N\
$2% | |
%* Internal timing signals not available externally 92C8-37999
*%* Represents the internal gating of the OSC1 input pin
Fi1g. 6 - Stop recovery.
FUNCTIONAL PIN DESCRIPTION 0SC1, 0sC2

Vpp and Vss

Power 1s supplied to the MCU using these two pins Vpp
1s power and Vs§s I1s ground

TRQ (MASKABLE INTERRUPT REQUEST)

TRQ1s photomask option selectable with the choice of in-
terrupt sensitivity being both level and negative edge or
negative edge only The MCU completes the current instruc-
tion before it responds to the request |f TRQ is low and the
interrupt mask bit (I bit) in the condition code register s
clear, the MCU begins an interrupt sequence at the end of
the current instruction

If the photomask option I1s selected to include level sen-
sitivity, then the TRQ Input requires an external resistor to
Vpp for “wire-OR’ operation See the Interrupt section for
more detail

RESET

The RESET input is not required for start-up but can be
used to reset the MCU's internal state and provide an order-
ly software start-up procedure Refer to the Resets section
for a detailed description

TIMER

The TIMER input may be used as an external clock for the
on-chip timer Refer to the Timer section for a detailed
description

NUM (NON-USER MODE)

This pin i1s intended for use in self-check only User ap-
plications should leave this pin connected to ground through
a 10 kilohm resistor

The CDP6805F2 can be configured to accept either a
crystal input or an RC network Additionally, the internal
clocks can be derived from either a divide-by-two or divide-
by-four of the external frequency (fosc) Both of these op-
tions are photomask selectable

RC — If the RC oscillator option 1s selected, then a resistor
is connected to the oscillator pins as shown in Figure 7(b)
The relationship between R and fogc 1s shown in Figure 8

CRYSTAL — The circuit shown in Figure 7(a) 1s recom-
mended when using a crystal The internal oscillator 1s
designed to Interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fogc in
the electical characteristics table Using an external CMOS
oscillator 1s 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 stabilization time Crystal fre-
quency linits are also affected by Vpp Refer to Table 1,
Control Timing Characteristics, for limits

EXTERNAL CLOCK — An external clock should be ap-
plied to the OSC1 input with the OSC2 input not connected,
as shown in Figure 7(c) An external clock may be used with
either the RC or crystal oscillator mask option toxOQvV or
tjLCH do not apply when using an external clock input

PAO-PA7

These eight I/0 lines comprise Port A The state of any pin
1s software programmable Refer to the Input/Output Pro-
gramming section for a detailed description
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Crystal Parameters Oscillator Waveform

1 MHz 4 MHz Units
RSMAX 400 75 Q -
Co 5 7 pF ;
Cy 0 008 0012 uF
Cosci 15-40 15-30 pF 1OL —€—— 10OH ——>
Cosc2 15-30 15-25 pF
Rp 10 10 MQ
Q 30 k 40k -

(a) Crystal Oscillator Connections and Equivalent Crystal Circuit
L Cq Rs
CDP6805F2 0SC2 HWV\_‘ '_,VW_‘ 0sc1
0sC1 0SC2 5 & L 4
4 Rp 5 1%
AAA- "
1 q 5 Tall 4
0 01—
Cosct 3 == Cosc2

(b) RC Oscillator Connection (c) External Clock Source Connections
CDP6805F2 CDP6805F2
0SC1 0SC2 0SCi1 0SC2
‘ 4 l 5 4 ls
R Unconnected
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Fig. 7 - Oscillator connections.
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10g PBO-PB7
These eight lines comprise Port B The state of any pin 1s
3 ™N software programmable Refer to the Input/Output Pro-
3 | gramming section for a detailed description
> 1 N Il
g ~ - PCO-PC3
é N N These four lines comprise Port C, a fixed input port When
<, N Port C is read, the four most-significant bits on the data bus
g, i\ { are "1s” There i1s no data direction register associated with
<% Port C
-
é 4 INPUT/OUTPUT PROGRAMMING
Any Port A or B pin may be software programmed as an
ool Input or output by the state of the corresponding bit in the

R (kQ)

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

1
RESISTANCE (K Q)

%00 2 ° 1000 port data direction register (DDR) A pin is configured as an
output If its corresponding DDR bit is set to a logic 17 A
pin is configured as an input If its corresponding DDR bit 1s
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

92Cs-42274

(a)
Data Direction
/ < Register
Bit
Output
Internal — Data Output
CDP6805F2 Latch
Connections

(b)
Typical Port 7 6 5 4 3 2 1 0
Data Direction | ppg 7 ] DDR6 [ DDR5 [ DDR 4] DDR 3 l DDR2 l DDR 1| DDRO
Register

Typical Port
Register

Pin

a
N

[ [ T T 1

1
[ 11
Ty 7

||
Vo

- P-4 P-3 P- P-1 P-0
Fig. 9 - Typical 1/0 port circuitry. 92Cs-38001
TABLE 2 — 1/0 PIN FUNCTIONS
R/IW DDR 1/0 Pin Function

0 0 The I/0 pin 1s in input mode Data is written into the output data latch
0 1 Data 1s written into the output data latch and output to the I/0 pin
1 0 The state of the I/0 pin i1s read
1 1 The 1/0 pin is 1n 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 1s 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" Parity 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 | PB1 | 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 i1s detected, other-
wise, the Z bit is set

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 i1s zero 1t the test passed.
RAM locations|$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 1f 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 i1s a
power of two If not, the timer probably i1s not counting cor-
rectly The routine also detects If the timer 1s running at all.
(Enter at location $7BE )

+5V +5V +5V +5V
10 k 10k 10 k
<
L] — 28
& < RESET VoD
w 2| — 27
=== L RQ TIMER
RESET 44 ~=F 3 -
°© NUM PCO b=
} XTAL =4 0sc1 pct f2
- xTAL = 0sc2 pca (24
Sl pao pca (2
7 22
PBO =4
ol 4! copesosr2 P80 [
PA2 PB1
H pas pa2 |2
100 pas pe3 |2
L] [P pa 18
12 17
13 PAG PBS 16 Test Status Indication
PA7 PB6
GND 24 Vss pa7 2
92CS-38002

Fig. 10 - Self-check pinout configuration.
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MEMORY

The CDP6805F2 has a total address space of 2048 bytes
of memory and 1/0 registers. The address space Is shown in
Figure 11.

The first 128 bytes of memory (first half of page zero) is
comprised of the /0 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

6805-Series Microprocessors and Microcomputers

CDP6805F2, CDP6805F2C

The stack pointer 1s 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 1t is decremented as data is pushed on the stack. When
data 1s 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, the unused bytes are available for pro-

vectors

gram data storage

$0000 Port AD
Access 170 Ports 0 or ata Register $0000
Via Timer 1 Port B Data Register $0001
RA
"D"’I?:c? 127 M $007F 2 1111 | Ponc $0002
Addressing | 12 $0080 3 Unused ¥ $0003
255 $00Fl|= 4 Port A Data Direction Register $0004
256 $0100 5 Port B Data Direction Register $0005
1079 Bytes
User ROM 6 Unused * $0006
7 Unused ¥ $0007
8 Timer Data Register $0008
9 Timer Control Register $0008
1206 $04B6 10 $000A
1207 $0487
73 Bytes 54 Bv‘e;
- Ul
1270 Self-Check ROM SOAFF nused
1280 $0500 63 $003F
o 64 $0040
64 Byte’: RAM
Unused (64 Bytes)
:g;g $077F
18 Bytes $0780 %o ] $005F
. - $0060
w07 Self-Check ROM_ | so7rs -7
2038 | Timer Interrupt From Wait State Only $07F6 $07F7 P e
b = A 7
User Timer Interrupt $07F8 $07F9 P
Defined [~ T T Textermal interrupt SO7FA $07FB <
Interrupt L = \ _ 7 Stack (32 Bytes Max)
Vectors SwWi $07FC $07FD P
2047 RESET sorre so7FF | 7~ ’ S007F
127

* Reads of unused locations undefined 92C5-38003

Fig. 11 - Address map.
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REGISTERS

The CDP8805F2 contains five registers as shown in the
programming model (Figure 12) The interrupt stacking order
1s shown in Figure 13

ACCUMULATOR (A)

This accumulator 1s an 8-bit general purpose register used
to hold operands and results of the arithmetic calculations
and data manipulations

INDEX REGISTER (X)

The X register i1s an 8-bit register which is used during the
indexed modes of addressing It provides the 8-bit operand
which 1s used to create an effective address The index
register 1s also used for data manipulations with the read-
modify-write type of instructions and as a temporary storage
register when not performing addressing operations

PROGRAM COUNTER (PC)

The program counter is an 11-bit 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-bit 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 s
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 1ts upper limit ($7F). Nested interrupts
and/or subroutines 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 call occupies two RAM bytes on the
stack, while an interrupt uses five bytes.

7 0

I A I Accumulator

7 0

I X l Index Register
10 0

[ PC

~| Program Counter

08 3 N

l Stack Pointer

H

Condition Code Register

C
- Carry/Borrow
Zero

Negative

Interrupt Mask
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Fig. 12 - Programming model.

Half Carry

92CS-38004

7 0 Stack
1 [1 l 1 l Condition Code Register ’L
E Accumulator T
Increasing Memory T | R E Decreasing Memory
Addresses U ndex Register S Addresses
RloJoJoo]o] PCH v
N
PCL 7
92CS-38005
Unstack

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

Fig. 13 - Stacking order.




CONDITION CODE REGISTER (CC)

The condition code register I1s a 5-bit 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 bitissettoa 1" when a
carry occurs between bits 3 and 4 of the ALU during an ADD
or ADC instruction The H bit 1s useful in binary coded
decimal subroutines

INTERRUPT MASK BIT (I) — When the | 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 | bit 1s set, the interrupt Is latched and s
processed when the | bit is next cleared

NEGATIVE (N) — Indicates that the result of the last
anthmetic, logical, or data manipulation I1s negative (bit 7.in
the result 1s a logical 1)

ZERO (2Z) — Indicates that the result of the last arithmetic,
logical, or data manipulation 1s zero

CARRY/BORROW (C) — Indicates that a carry or borrow
out of the anthmetic logic unit (ALU) occurred during the
last anthmetic operation This bit 1s 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 (RESET) and a power-on reset function, refer
to Figure 5

RESET

The RESET input pin 1s 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 tg. The RESET pin 1s provided with a
Schmitt Trigger input to improve its noise iImmunity.

POWER-ON RESET

The power-on reset occurs when a positive transition is
detected on Vpp The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops In the power supply voltage There is no provision

6805-Series Microprocessors and Microcomputers
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for a power-down reset The power-on circuitry provides for
a 1920 teyc delay from the time of the first oscillator opera-
tion If the external RESET pin 1s 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 (TCR7) is
cleared to a "'0”
® Timer control register interrupt mask bit (TCR6) 1s set
toa"1”
® All data direction register bits are cleared to a ‘0" All
ports are defined as inputs
® Stack pointer Is set to $7F
® The internal address bus 1s forced to the reset vector
($TFE, $7FF).
® Condition code register interrupt mask bit (1) 1s set to a
Y
® STOP and WAIT latches are reset
® External interrupt latch is reset
All other functions, such as other registers (including out-
put ports), 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 timer) or a non-maskable software interrupt (SWI)

Interrupts cause the processor registers to be saved on the
stack and the interrupt mask set to prevent additional inter-
rupts The RTIinstruction causes the register contents to be
recovered from the stack and return to normal processing
The stacking order i1s 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 instruction execution 1s complete

When the current instruction 1s complete, the processor
checks all pending hardware interrupts and if unmasked,
proceeds with interrupt processing, otherwise, the next in-
struction 1s 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 i1s serviced first The SWI i1s executed as any other in-
struction Refer to Figure 14 for the interrupt and instruction
processing sequence
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TIMER INTERRUPT

Each time the timer decrements to zero (transitions from
$01 to $00), the timer interrupt request bit (TCR7) is set The
processor Is interrupted only if the timer mask bit (TCR6) and
interrupt mask bit (I bit) are both cleared When the interrupt

timer interrupt service routine. The address for this service
routine is specified by the contents of $7F8 and $7F9 unless
the processor 1s in a WAIT mode, in which case the contents
of $7F6 and $7F7 specify the timer service routine address.
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 inter-
rupted program.

Is recognized, the current state of the machine I1s 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

»|N
\
Set | Bit
?
T=1 B1t (in CCR) Clear ¥
07F=SP
0—DDRs i"a Clear — Stack
CLR TRQ Logic ' Edge A IRQ INT PC. X, A, CC
FF-=Timer ) Request
7F=Prescaler Latch "{
7F-=TCR
N
1| Bit
TCR6=0 Y Timer *
And >
Put 7FE on TCR7=1 Load PC From
Address Bus SWI 7FC/7FD
N IRQ: 7FA/7FB
‘TIMER 7F8/7F9
Timer Wait 7F6/7F7
Fetch
Instruction
RESET }
Pin=Low N{ RESET swi
Load PC
from
TFE/TFF
Execute All
t Instruction
Cycles
|
L—“_* 92CS-38006

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 avallable as mask options. If the interrupt mask bit
of the condition code register 1s cleared and the external in-
terrupt pin (TRQ) 1s “low’’ or a negative edge has set the in-
ternal interrupt flip-flop, then the external interrupt occurs
The action of the external interrupt ts i1dentical to the timer
except that the service routine address i1s 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 line
(TRQ) 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 1s 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 (tj|L) 1s obtained by ad-
ding 20 instruction cycles (tcyc) to the total number of cycles
1t takes to complete the service routine including the RTI in-
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struction; 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 iecognized

SOFTWARE INTERRUPT (SWI)

The software interrupt i1s an executable instruction The
action of the SWI instruction i1s similar to the hardware inter-
rupts. The SWi 1s 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-
1itialization program This vector s specified by the contents

(a) Interrupt Functional Diagram

Level Sensitive

Interrupt Pin l —QIC

[e]]

External
Interrupt
Request

| Bit (CCR)

/7_I—Power'0n Reset

External Reset

\J'_\_Exlernal Interrupt

Being Serviced

(b) Interrupt Mode Diagram

IRQ  —of tLIH

L ————

iRQ (MPU) |

Edge Condition
The minimum pulse width (tj|H) I1s one
teyc The period tiL|L should not be less
than the number of teyc cycles it takes to
execute the interrupt service routine plus
20 teyc cycles

—

Mask Optional Level Sensitive

If after servicing an interrupt the iRQ re-
mains low, then the next interrupt 1s

@ R e ]
[ ]

2
IRQn l

recognized

I 92CS-38007

Fig. 15 - External interrupt.
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of memory locations $7FE and $7FF The interrupt mask of
the condition code register is also set. See preceding section
on Reset for detalls.

STOP — The STOP instruction places the CDP6805F2 in
its lowest power consumption mode In the STOP function,
the internal oscillator 1s turned off causing all internal pro-
cessing and the timer to be halted; refer to Figure 16

During the STOP mode, timer control register (TCR) 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 1/0 lines
remain unchanged The processor can only be brought out
of the STOP mode by an external TRQ or RESET.

Stop Oscillator
And All Clocks
TCR Bit 7=0
Bit 61
Clear | Mask

Reset?

External
Interrupt?

Turn on Oscillator
Wait for Time
Delay to Stabilize

Fetch External
interrupt or
Reset Vector

92CS-38008

Fig. 16 - Stop function flowchart.
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WAIT — The WAIT instruction places the CDP6805F2in
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 1s 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 | bit in the condition code
register 1s cleared to enable interrupts. All other registers,
memory, and |/0 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 I1s serviced first; then, if the timer interrupt re-
quest 1s not cleared in the external interrupt routine, the nor-
mal timer interrupt (not the timer WAIT interrupt) is serviced
since the MCU 1s no longer in the WAIT mode.

TIMER

The MCU timer contains an 8-bit software programmable
counter with a 7-bit 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 (1.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 | 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 (TCR6=1).

The prescaler i1s 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 ‘0s”’ 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




Wait

Oscillator Active
Clear I-Bit
Timer Clock Active
All Other Clocks
Stop
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Reset?

External
Interrupt?

Restart
Processor Clocks

Fetch External
Interrupt, Reset,
or Timer Interrupt
Vector (from Wait
Mode only)

Timer
Interrupt?
(TCR Bt
7=1

TCR
Bit 6=0?

92CS-38009

Fig. 17 - WAIT function flowchart.

periodic 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 imer continues to run at its normal rate

TIMER INPUT MODE 2

With TCR5=0 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=0, 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 1s 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 1s clocked on the falling
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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Ext

Timer Timer Prescaler Counter
(Pin 37) (7 Bits) (8 Bits)
2-to-1
MUX
Interrupt
Control
Enable/Disable I
Write Read Interrupt
nternal/External
Internal
clock [tora]rcms|  [roa[rcme]rcmi]rero]
Setting
TCR3 Clears
Prescaler to — 1
\ /
Software Functions
NOTES

1
input

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

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

92CM- 38034R1

Fig. 18 - Programmable timer/counter block diagram.

TIMER CONTROL REGISTER (TCR)

7 6 5 4 3 2 1 0

TCR7|TCR6|{TCR5|TCR4|TCR3| TCR2| TCR1{TCRO

All bits In this register except bit 3 are read/wrte bits

TCR7 — Timer interrupt request bit bit used to indicate
the timer interrupt when 1t 1s 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 1s a logic
1", 1t inhibits the timer interrupt to the processor
1 — Set on external RESET, power-on reset, STOP in-
struction, or program control
0 — 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

0 — Select internal clock source

TCR4 — External enable bit control bit used to enable the
external TIMER pin (Unaffected by RESET )

1 — Enable external TIMER pin

0 — Disable external TIMER pin

TCR5 | TCR4
0 0 |Internal Clock to Timer
0 1 |AND of Internal Clock and TIMER

Pin to Timer
Inputs to Timer Disabled
TIMER Pin to Timer

1 0
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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 RESET )

TCR2, TCR1, TCRO — Prescaler select bits' decoded to
select one of eight outputs on the prescaler. (Unaffected by

RESET )
Prescaler

TCR2 | TCR1 | TCRO | Result
0 0 0 -1
0 0 1 +2
0 1 0 +4
0 1 1 -8
1 0 0 +16
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 briefly 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 1s either the accumulator or the index register. The
other operand i1s 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.




READ-MODIFY-WRITE INSTRUCTIONS

These instructions read a memory location or a register,
modify or test its contents, and wnite the modified value
back to memory or to the register. The test for negative or
zero (TST) instruction 1s 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 1s 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 I1s 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 i1s 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 (three bytes) permit tables throughout memory
Short and long absolute addressing s 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’ (EA) is defined as the byte
address to or from which the argument for an instruction 1s
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 indicates "“is replaced by,” and a
colon indicates ‘‘concatenation of two bytes.”

INHERENT

In inherent instructions, all the information necessary to
execute the nstruction I1s 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 I1s used to access constants which do not change during
program execution (e g , a constant used to intialize a loop
counter).
EA=PC+1, PC+—PC+2

DIRECT

In the direct addressing mode, the effective address of the
argument I1s 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 s efficient
In both memory and time

EA=(PC+1), PC+PC+2
Address Bus High<—0, Address Bus Low=—(PC + 1)

EXTENDED

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

EA=(PC+1)(PC+2); PC+—PC+3
Address Bus High<—(PC+ 1), Address Bus Low <—(PC +2)

INDEXED, NO-OFFSET

In the indexed, no-offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register Thus, this addressing mode can access the first 266
memory locations These instruc 1ons 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/0 location.

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

INDEXED, 8-BIT OFFSET

Here the EA i1s 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 I1s
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) 1s not changed The content of (PC+ 1) I1s an unsigned
8-bit integer One-byte offset indexing permits look-up tables
to be easily accessed in either RAM or ROM.
EA=X+(PC+1); PC—PC+2
Address Bus High+— K, Address Bus Low+=X+(PC+1)
where K= The carry from the addition of X+ (PC+ 1)

INDEXED, 16-BIT OFFSET

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

EA=X+[(PC+1) (PC+2)]; PC~—PC+3
Address Bus High+——(PC+ 1) +K,
Address Bus Low+= X+ (PC+2)
where K= The carry from the addition of X+ (PC+2)

RELATIVE

Relative addressing is only used in branch instructions. In
relative addressing, the contents of the 8-bit signed byte
following the opcode (the offset) i1s added to the PC if and
only if the branch condition 1s true Otherwise, control pro-
ceeds to the next instruction The span of relative addressing
1s imited to the range of —126 to + 129 bytes from the
branch instruction opcode location

EA=PC+2+(PC+1); PC+—EA if branch taken;
otherwise, PC+—PC+2
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BIT SET/CLEAR

Direct addressing and bit addressing are combined in in-
structions which set and clear individual memory and 1/0
bits. In the bit set and clear instructions, the byte is specified
as a direct address In the location following the opcode. The
first 128 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=(PC+1), PC—PC+2
Address Bus High+—0; Address Bus Low <+ (PC+ 1)

BIT TEST AND BRANCH
Bit test and branch I1s a combination of direct addressing,
bit addressing, and relative addressing. The bit address and
condition (set or clear) to be tested is part of the opcode.
The address of the byte to be tested is in the single byte im-
mediately following the opcode byte (EA1). The signed
relative 8-bit offset 1s in the third byte (EA2) and is added to
the PC if the specified bit is set or cleared in the specified
memory location. This single three-byte instruction allows
the program to branch based on the condition of any bit in
the first 266 locations of memory.
EA1=(PC+1)
Address Bus High+—0; Address Bus Low+(PC+ 1)
EA2=PC+3+ (PC+2); PC—EA2 f branch taken;
otherwise, PC—PC+3
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TABLE 4 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes

Immediate Direct Extended (No Offest (©.B Offeet (16 8% Offot)
Op ] ] Op ¥ # Op # * Op ’ ¥ Op t ] Op + 4
Function Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 3 Cc6 3 4 F6 1 3 E6 2 4 D6 3 5
Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - B7 2 4 C7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 CcB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and
Carry 1o A ADC A9 2 2 B9 2 3 c9 3 4 F9 1 3 9 2 4 D9 3 5
Subtract Memory suBs A0 2 2 BO 2 3 Co 3 4 FO 1 3 EO 2 4 DO 3 5
Subtract femory from | sgc A2 | 2 2 B2 | 2 3 c2| 3 4 F2 1 3 £2 2 4 [ o2 | 3 5
AND Memory to A AND A4 2 2 B4 2 3 Ca 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
E"Sl‘:;“’: OR Memory EOR A8 2 2 B8 2 3 c8 3 4 F8 1 3 €8 2 4 D8 3 5
Anthmetic Compare A
with Memorvp CMP Al 2 2 B1 2 3 ci 3 4 F1 1 3 E1 2 4 D1 3 5
Anthmetic Compare X
with Memory CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5
Bit Test Memory with
A (Logical Co\:npare) BIT A5 2 2 BS 2 3 C5 3 4 F5 1 3 ES 2 4 D5 3 [
Jump Unconditional JMP — — - BC 2 2 cC 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine JSR - - - BD 2 5 CD 3 6 FD 1 5 ED 2 6 DD 3 7
TABLE 5 — READ-MODIFY-WRITE INSTRUCTIONS
Addressing Modes
Inherent (A) Inherent (X) Direct N i
Op # # Op # # Op t t Op ] ¥ Op * t
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 B6A 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 40 1 3 50 1 3 30 2 5 70 i 5 60 2 6
(2's Complement)
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 1 3 | 6 1 3 % | 2 5 76 1 5 | 66 2 6
Carry
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 4 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Anthmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6
Te;: 'Z‘:'rc')“ega"ve ST 4D 1 3 | s 1 3 |3 | 2 4 D 1 4 |60 | 2 5

w
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TABLE 6 — BRANCH INSTRUCTIONS
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Relative Addressing Mode
Function Mnemonic C?;go By'! os Cyzl es
Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 28 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit 1s Set BMS 2D 2 3
Branch IFF Interrupt Line 1s Low BIL 2E 2 3
Branch IFF Interrupt Line 1s High BIH 2F 2 3
Branch to Subroutine BSR 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 nis Set BRSET n(n=0 7) - - - 2en 3 5
Branch IFF Bit nis Clear BRCLR n (n=0 7) - - - 01+ 2en 3 5
Set Bit n BSET n(n=0 7) 10+ 2en 2 5 - — -
Clear Bit n BCLR n (n=0 7) 114 2en 2 5 — = -

TABLE 8 — CONTROL INSTRUCTIONS

Inherent
Function Mnemonic c?»s. Bytu Cy:lu
Transfer A to X TAX 97 1 2
Transfer X to A TXA OF 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 98 1 2
Clear Interrupt Mask Bit cu 9A 1 2
Software Interrupt SWI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP ED) 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2
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TABLE 9— INSTRUCTION SET OPCODE MAP

Bit Manipulation Branch Read-Modify-Write - X Control R /Memory
BIB R INH INH ) INH I T_1MMm DIR EXT [ X1
Hr 0 B‘?‘c—‘ '5‘ 3 [ T 9 A B C [} W
Low 0000 0001 0010 0011 0100 0101 0110 o1 1000 1001 1010 1011 1100 1101 110 nn Low
K 3 —— 5 3 3 3 T 7 K] T 1] 7
0 BRSETO BSETO BRA NEG NEG NEG NEG NEG RTI | SUB SUB sSuB suB sus sSuB 0
{0000 BB |2 BSC |2 REL | 2 DIR | 1 INH ] 1 INH | 2 X111 X |1 |N2 1Mr»g 2 Dlg 3 Exl 3 gg 2 |x: 1 J% _0000
5 5 3
1 BRCLRO BCLRO BRN g RTS CmP CMP CMP CMP CMP CMP 1
0001 3 srg 2 as_g 2 Ri L ) INA 2 m,m; 2 OB |3 Exl 3 X2 | 2 IX: 1 u; 0001
2 BRSET1 BSET1 BHI SBC sSBC sBC sBC sBC SBC 2
0010 3 8T8 B 2 REL 2 MM | 2 DIR | 3 EXT | 3 1x2 ] 2 x1 | 1X 0010
5 3 5 3 3 6 5 10 2 3 4 4 3
3 BRCLR1 BCLR1 BLS COM COMA COMX COM CcoM SWI CPX CPX CPX CPX CPX CPX 3
Q011 3 B% 2 Bsg 2 RE; 2 DII; 1 IN>; 1 >N!; X1l |>; 1 INH 2 IMI\; 2 DR |3 Ex} 3 ﬁg 2 |x1 1 |)§ 0011
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 ﬂas 2 ES% 2 &Ji 2 DTR [ 1 INH | 1 INH | 2 x1 1 X 2 |Mr\; 2 DIF; 3 gxl 3 X2 ] 2 X111 |)§ 0100
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
0101 3 BTB | 2 E_S(é 2 ﬁla 5 3 B 5 5 2 IMN; DIP3 3 EXT“ 3 X212 Jx; 1 I):(‘ 0101
6 BRSET3 | BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 B'H; 2 ﬂ§§5 R 5 2 DII; 1 M} 1 1Nr—§ 2 |xé 1 |>5(> 5 2 IMM | 2 DlR4 3 EXT {3 X212 |x; 1 l): 0110
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
om 3 5135 ES_%_ 2 Rfa 2 ng 1 |Nr; 1 lNr—é 2 ixg 1 I); 1 le»; 5 2 D|R3 3 Ex: 3 |x§ 2 |x: 1 |); ot
8 BRSET4 BSET4 BHCC LSt LSLA LSLX LSL LSL CcLC EOR EOR EOR EOR EOR EOR 8
1000 3 aTg 2 ES_%_ R L 2 Dm5 1 INb; 1 INP; 2 Ixé ) I)é INH \th 2 DH; 3 EXI 3 |x§ 2 :x; 1 u; 1000
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTB {2 REL | 2 DIR | 1 INH | 1 INH | 2 1x1 ] 1 X 1 INH | 2 IMM | 2 DR |3 EXT |3 X2 | 2 X1t 1X 1001
5 5 5 3 3 3 5 H 2 3 7 5 KJ 3
A BRSETS BSETS BPL DEC DECA DECX DEC DEC Cui ORA ORA ORA ORA ORA ORA A
1010 3 B1B | 2 BS% 2 R53 2 DR [ INH | 1 INH | 2 X1 X 1 1N|; 2 1M~2| 2 D% 3 EXL 3 |x§ 2 |x; 1 1X 1010
5
B BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
1011 3 8T8 Cl2 REL ) INH | 2 MM | 2 DIR | 3 ExT| 3 ix2] 2 X1l 1X 1011
5 5 3 3 3 5 2 2 3 4 3
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP Jmp JMP JMP JMP
1100 3 BTB REL |2 OIR | 1 )Ng 1 INr; 2 lx% 1 i 1 INP; s 2 OR |3 Exé 3 ix2 | 2 lXé 1 ué 1100
5
D BRCLR6 BCLR6 BMS 18T TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 BTB | 2 BsC |2 REL | 2 DIR |1 INH | 1 INH | 2 x1 ] ix . 1 INH | 2 REL| 2 oIR |3 EX: 3 X2 | 2 IX; 1 X 1101
5 5 3
E BRSET7 BSET? BIL STOP LDX LDX LDX LDX LDX LDX E
1110 3 818 [ 2 2 REL 1 INH 2 MM | 2 OIR |3 EXT| 3 X2 | 2 1] 1 1110
5 3 5 3 3 6 5 2 2 4 5 6 5 4
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
m 3 BTB | 2 BSC | 2 REL | 2 DIR | 1 INH | 1 INH | 2 IX1]1 X j1 INH |1 INH 2 DR |3 EXT| 3 1X2] 2 IX1j1 X 1
Abbreviations for Address Modes LEGEND
INH Inherent F < Opcode in Hexadecimal
IMM Immediate mm <
DIR Direct 3
EXT  Extended N= Opcode in Binar
REL  Relative Mnemonic > SUB/‘ 0 Y
BSC  Bit Set/Clear Bytes ———>¢ 1 IXJ 0000 <]
BTB Bit Test and Branch Cyal
X Indexed (No Offset) ycles Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset
92CS-38011
1X2 Indexed, 2 Byte (16-Bit) Offset

s191ndw02040) pue $1085990.4d0IdJN S9149S-5089

2245089d0dD ‘245089dAD



6805-Series Microprocessors and Microcomputers

CDP6805F2, CDP6805F2C

TABLE 10 — INSTRUCTION SET

Mnemonic

Addressing Modes

Condition Codes

Inherent | Immediate

Direct

Extended | Relative

Indexed | Indexed
(No Offset) | (8 Bits)

Indexed
(16 Bits)

Bit
Set/
Clear

Bit
Test &
Branch

x

N
o

ADC

X

ADD

X
X
X

X
X
X

X

> >
o[> >

AND

X

ASL

ASR

< | X

X< | X< | X< [ > >

| XX X | X} X
< X X[ X X

BCC

x

BCLR

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

X[ | X< | X< X [ x| >

BIL

BIT

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

DX X X XXX XX | X

BRCLR

BRSET

x|

BSET

BSR

CLC

>

Cul

CLR

CMmP

coM

CPX

DEC

EOR

x

x|

INC

JMP

JSR

LDA

..........OO...Q..O................0...

LDX

x| x

x| x| >|x

x| XXX

LSL

LSR

NEG

D ad Pad B P Pod Bad Bl g P g B Bl

X[ K| X[ XK XXX | X | X XX X | X [ X | X<
X[ X X[ XX X XX X[ XX f XX XXX XX f X [ X

NOP

x| x| x| >

> 8| > O >| > >| @] @|>|>| > >(>|o| o0/ 0| o|e|0| 0| 0@/ 0/0(0j0/0|> 0 0 o 0/l0 0 00 e

ORA

ROL

ROR

X |X| X

x| x| x|
x| x|

>[ol ol ol >| o 0| 0| 0| 0| 0| o|> —|>| o] 8| O 8| ][] 0| ®{ @| @ 0| @ [@| @] @[ 0| ®| 0| | 3| 0| 0| 0| 6| &) &[>

RSP

RTI

XXX XX | >

RTS

SBC

SEC

SEI

x>

STA

STOP

X

uB

x>

x>

x>
x([x

x>

LU EUL L

WI

TAX

TST

TXA

2| XX [X| >

o{o/o/e{o/0/e|e/e|e|e(e/e|-{e|e|/e] e e e e oo e eeeeee oo oo oo oeoeoeoeeseeeoemesooseseseeeeeeoee>>

o|o|>|0 o|>|>|0|>| 0 0|> 0| 1 0|>

..>..>>.>..>.Nv‘r>ﬂ>>>>>..>>>>>>—-...............>....O....=r

0..1.>....->.\4

WAIT

ojeje|e

Condition Code Symbols

328

H

I
N
Z
C

Half Carry (From Bit 3)
Iinterrupt Mask
Negaive (Sign Bit)
Zero

Carry/ Borrow

—~o v e

Test and Set if True Cleared Otherwise
Not Affected

Load CC Register From Stack

Cleared

Set




