HD6805S1
MCU (Microcomputer Unit)

The HD6805S! is the 8-bit Microcomputer Unit (MCU) HD6805S1P
which contains a CPU, on-chip clock,” ROM, RAM, 1/O and
timer. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the HD
6800-based instruction set.

The following are some of the hardware and software
highlights of the M CU.

s HARDWARE FEATURES

® B-Bit Architecture

® 64 Bytes of RAM

® Memory Mapped /O

® 1100 Bytes of User ROM (DP-28}

® [nternal 8-Bit Timer with 7-Bit Prescaler

® Vectored Interrupts — External and Timer = PIN ARRANGEMENT

® 20 TTL/CMOS Compatible I/Q Lines; 8 Lines LED vss [1] B g FES
Compatible INT 2] b7 A,
On-Chip Clock Circuit Vee E .
Self-Check Mode EXTAL E .
Master Reset XTAL E bal A,

2

2q
: 24
Low Voltage inhibit
Easy for Svgstern Development and Debugging NUM E E
6 Vdc Single Supply 3
Compatible with MC6805P2 c 21
SOFTWARE FEATURES 2d
Similar to HDB80O iE}

TIMER
HD&805S1

2]

EE R EREER

()

Byte Etficient Instruction Set c, .
Easy to Program B, b7 8,
T . . .
rue Bit Manipulation _ B, E B,
Bit Test and Branch Instructions B E 8
Versatile Interrupt Function : !
Powerful Indexed Addressing for Tables (Top View)
Ful! Set of Conditional Branches
Memory Usable as Registers/Flags = BLOCK DIAGRAM
Single Instruction Memory Examine/Change XTAL EXTAL AES NUM INT
10 Powerful Addressing Modes TMER ] L (Limer/ J’ !
rescales OunTer
All Addressing Modes Apply to ROM, RAM and 1/O : 2
Timer ntrol inror
Compatible with MC6805P2 e *1 * h r
Agcumuiaiorn - —d :.,
8 A pa—w= 8, Port
cry Oata | Port Lo u: [
Indes Conror — o« B f—eg. 1O
a ] s Regiie: X Reg | A -—-:, Lines
e = e
L”O : -] _‘“ grv; o |o egite e cPu
ey : Stack
Ar - y PO s
Program Oata Port Lo o g' Pont
Counter *—1 O [ c c
B PROGRAM DEVELOPMENT SUPPORT TOOLS 3 Mgh pCH o g | oA D0 "
® Cross assembler software for use with IBM PCs and ogam
compatibles e — —
® |n circuit emulator for use with IBM PCs and compatibles T - I
i
1M100x 8 64x 8B
ROM RAM
Seit chack
ROM
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HD6805S1

s ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Suppty Voltage Vee * -0.3~+7.0 A
Input Voltage (EXCEPT TIMER) Ve * -0.3~+7.0 A
Input Volitage (TIMER) " -0.3~+12.0 v
Operating Temperature T opr 0 ~+70 °c
Storage Temperature Tog - 55~ +150 °c

*  With respect 10 Vgg (SYSTEM GNOD)

(NOTE) Permanent LS1 damage may occuf it maximum ratings are exceeded. Normal operation ;hqqld be under
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI.

» ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vgc=5.25V £ 0.5V, Vsg=GND, Ta=0~+70°C, unless otherwise noted.}

Item Symbol Test Condition min [typ | max | Unit
RES 40 — | Vec!| V
Input “High” Voltage INT 300 - | Vee| V
All Other Vin 20] - | Vee| V
. Timer Mode 20} — | Vec| V
Input **High™ Voltage{Timer}
put- gef Self-Check Made 90| — | 11.0] V
RES 03| -] 08 V
Input “Low"* Vol INT v 03 - | 08 V
" w'’' Vo
put ko 2% EXTAL(Crystal Model| - 03— | 06 v
Ail Other -0.3| - 0g| v
Power Dissipation Po - | = 1700 | mW
Low Voltage Recover LVR -1 - 1475 V
Low Voltage inhibit Lvi - | 4.0 - \'4
TIMER =20 | - 20 | uA
Input Leak Current, INT (" Vin=0.4V~Vee -60 | — 50 | uA
EXTAL(Crystal Mode) 1200 — 0 LA
e AC CHARACTERISTICS {Vge=5.25V ¢ 0.5V, Vgg=GND, Fa=0~ +70°C, unless otherwise noted.)
ltem Symbol Test Condition min  [typ | max [Unit
Clock Frequency fa 0.4 — 4.0} MHz
Cycle Time toye 1.0 - 10 | us
Oscillation Frequency (External Resistor Mode) fexT Rcp=15.0kS2:1% - 34| — | MHz
INT Pulse Width twe e |- L - | s
RES Pulse Width fRwL ‘;g(; = | ns
TIMER Pulse Width — 'gvsg S R
- =22pF+
Oscillation Start-up Time {Crystal Mode) tosc g;:go?z m2ag.%' - - 1100 | ms
Delay Time Reset truL External Cap. = 2.2 puF 100 - - ms
XTAL - - 30 | pF
i Cc Vin=
Input Capacitance J Al Other n n=0V - - 10 | pF
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HD6805S1

o PORT ELECTRICAL CHARACTERISTICS (Ve =5.25V + 0.5V, Vgg = GND, Ta = 0 ~ +70°C, unless otherwise noted.}

Item Symbol Test Condition min typ max Unit
loy = —10pA 3.5 - - \'
Port A OH =
lgn = —100 uA 2.4 - - \'
Output “High” Voltage Port B Vou lgn = —200 uA 24 - - v
lgw = =1 mA 1.5 - — \"
Port C low = =100 A 24 - - Vv
Port Aand C loL = 1.6 mA - - 0.4 v
O " ' Volt v lgL =3.2mA - - 04 v
utput “Low’’ Voltage Port B oL oL m
IOL =10 mA - - 1.0 v
Input “High’" Voltage ViH 20 - Ve v
Port A, B, C
Input “Low” Voltage Vi -03 - 08 v
Vin = 0.8V —-500 - - HA
Port A
tnput Leak Current Iy Vin =2V —300 - - HA
Port B. c Vh =04V~ VCC - 20 - 20 MA
TTL Equiv. (Port B} TTL Equiv. {(Port A and C})
Vee Vee
1.2kQ 2.4k$2
I, = 3.2mA I;=1.6mA
Test Point Test Pant -

{NOTE) 1. Load capacitance includes the floating capacitance of the probe and the jig etc.
2. AH diodes are 152074 (B or equivalent.

Figure 1 Bus Timing Test Loads

= SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in PIN
ARRANGEMENT, are described in the foltowing paragraphs.
® Voo and Vsg

Power is supplied to the MCU using these two pins. VC( is
+5.25 V +0.5 V, Vgg is the ground connection.
® INT

This pin provides the capability for asynchronously applying
an external interrupt to the MCU. Refer to INTERRUPTS for
additional information.
® XTAL and EXTAL

These pins provide connections for the on-chip clock circuit.
A crystal (AT cut, 4 MHz maximum), a resistor or an external
signal can be connected to these pins to provide a system clock
with various stability/cost tradeoffs. Refer to INTERNAL OS-
CILLATOR OPTIONS for recommendations about these inputs.

¢ TIMER

This pin allows an external input to be used to decrement the
internal timer circuitry. Refer to TIMER far additional informa-
tion about the timer circuitry,
¢ RES

This pin allows resetting of the MCU at times other than the
automatic resetting capability already in the MCU. Refer to
RESETS for additional information.

e NUM

This pin is not for user application and should be connected
to Vss.
® Input/Output Lines (A, ~ A,, By, ~ B;,Cq ~ C3)

.These 20 lines are arranged into two 8-bit ports (A and B)
and one 4-bit port (C). All lines are programmable as either
inputs or outputs under software control of the Data Direction
Registers (DDR). Refer to INPUT/OUTPUT for additional
information.
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HD6805S1

= MEMORY

The MCU memory is configured as shown in Figure 2. During
the processing of an interrupt, the contents of the CPU registers
are pushed onto the stack in the order shown in Figure 3. Since
the stack pointer decrements during pushes, the low order byte
(PCL) of the program counter is stacked first: then the high
order three bits (PCH) are stacked. This ensures that the
program counter is loaded correctly as the stack pointer

increments when it pulls data from the stack: A subroutine call
will cause only the program counter (PCH, PCL) contents ta be
pushed onto the stack.

Caution: — Self Test ROM Address Area

Self test ROM locatians can not be used for a user program.
If the user's program is in this location. it will be removed when
manufacturing mask for production,

7 0 7 6 5 4 3 2 1 0
000 10 Ports 3000 0 Port A $000
Ti
912:,; 1 Port B $001
127 (128 Bytes) $07¢ pi 11 1 Port C $002
128 Page Zero 3080 3 Not Used $003
ROM .
4 Port A DDR $004
255 (128 Bytes) $OFF o
5 Port 8 DDR $005*
256 Not Used $100
ROM 6 NotUsed | Port CDDR $006"
950 (704 Bytes) $3BF 7 Not Used $007
960 Main $3C0 8 Timer Data Reg $008
ROM -
T TRLR $009
(964 Bytes) ] imer CTRL Reg
1923 $783 10 $O0A
1924 $784
Self Check Not Used {54 Bytes)
ROM
2039 (116 Bytes) $7F7 63 $03F
F
2040 Interrupt S7¢8 64 RAM (64 Bytes) $040
Vectors Stack
ROM 127 b $07F
(8 Bytes} ‘
2047 $7FF *Write-only registers
Figure 2 MCU Memory Canfiguration
7 Q
7 6 5 4 3 2 o Pull r A J Accumulater
n-4 F1 1 1 Cge"g:;;er n+1 7 0
n-3 Accumulator n+2 [ X J Index Register
10 0]
n-2 Index Register n+3 r PC | Program Counter
1 101 PCH* n+4 10 2.3 9
Al R | IT[ololol 1]1] P JStackPomler
n PCL* n+5 l(

Push
* For subroutme calls, only PCH and PCL are stacked

Figure 3 Interrupt Stacking Order

Candition Code Register

Carry/Borrow

Zero
~-——— Negative
Interrupt Mask

Half Carry

Figure 4 Programming Model
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HD6805S1

2 REGISTERS

The CPU has five registers available to the programmer.
They are shown in Figure 4 and are explained in the following
paragraphs.

& Accumulator {A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.
¢ index Register {(X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit address that may be added
to an offset value to create an effective address. The index
register can also be used for limited calculations and data
manipulations when using read/modify/write instructions. When
not required by a code sequence being executed, the index
register can be used as a temporary storage area.
® Program Counter {PC)

The program counter is an 11-bit register that contains the
address of the next instruction to be executed.

e Stack Pointer (SP}

The stack pointer is an 11-bit register that contains the
address of the next free location on the stack. Initially, the
stack pointer is set to location $07F and is decremented as data
is being pushed onto the stack and incremented as data is being
pulled from the stack. The six most significant bits of the stack
pointer are permanently set to 000011. During a MCU reset or
the reset stack pointer (RSP) instruction, the stack pointer is set
to location $07F. Subroutines and interrupts may be nested
down to location $061 which allows the programmer to use up
to 15 levels of subroutine calls.

* Condition Code Register (CC}

The condition code register is a 5-bit register in which each
bit is used to indicate or flag the results of the instruction just
execuied. These bits can be individually tested by a program
and specific action taken as a result of their state. Each
individual condition code register bit is explained in the
following paragraphs.

Half Carry (H)

Used during arithmetic operations (ADD and ADC) to
indicate that a carry occurred between bits 3 and 4.

Interrupt {))

This bit is set to mask the timer and external interrupt (I_Nf).
If an interrupt occurs while this bit is set it is latched and will be
processed as soon as the interrupt bit is reset.

Negative (N)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was negative (bit 7 in result equal to a
logical one).
2ero (Z)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was zero.

Carry/Borrow {C)

Used to indicate that a carry or borrow out of the arithmetic
logic unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instructions,
shifts, and rotates.

s TIMER

The MCU timer circuitry is shown in Figure 5. The 8-bit
counter, the Timer Data Register (TDR), is loaded under pro-
gram control and counts down toward zero as soon as the clock
input is applied. When the timer reaches zero, the timer inter-
rupt request bit (bit 7) in the Timer Control Register (TCR) is
set. the CPU responds to this interrupt by saving the present
CPU state on the stack, fetching the times interrupt vector from
locations $7F8 and 37F9 and executing the interrupt routine.
The timer interrupt can be masked by setting the timer inter-
rupt mask bit (bit 6} in the TCR. The interrupt bit (I bit) in the
Condition Code Register also prevents a time interrupt from
being processed.

The clock input to the timer can be from an external source
applied to the TIMER input pin or it can be the internal ¢z
signal. When the internal ¢, signal is selected as the input
source, the node a is connected to b (see Fig. 5).

In case of the external source, the node b connects with c.

?, 3_1
{Internal} !
] b Prescater
1
L—+-J 20 2! 21 2] 2l 25 2! 27
» - rp==—fmd=d=-J=F=-9-3-5 TIR; Timer Interrupt Reguest
Timer : H TIM; Timer Interrupt Mask
Input I !
. 1 ]
Pin - - TIR TIM
:’ """ ': Time
1 1 Out 7 I 6 I NOT USED 0
t 1 8B« Counter
l J Timer Oata Regiiter (TDR) Timer Contrel Register (TCR}

Manufacturing
Mask Qptions

Write

| |

Read Write Read

Figure 5 Timer Block Diagram
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HD680551

When the ¢, signal is used as the source, the clock signal is input
to the prescaler while the TIMER input is “High™.

The source of the clock input is one of the options that has
to be specified before manufacture of the MCU. A prescaler
option can be applied to the clock input that extends the timing
interval up to a maximum of 128 counts before decrementing
the counter (TDR). The timer continues to count past zero, fall-
ing through to $FF from zero and then continuing the count.
Thus, the counter (TDR) can be read at any time by monitoring
the TDR. This allows a program to determine the length of time
since a timer interrupt has octurred and not disturb the count-
ing process.

At power-up or reset, the prescaler and counter are initialized
with all logical ones; the timer interrupt request bit (bit 7} is
cleared, and the timer interrupt mask bit (bit 6) is set.

(NOTE) If the MCU Timer is not used, the TIMER input pin
must be grounded.

s SELF CHECK

The self-check capability of the MCU provides an internal
chéck to determine if the part is functional. Connect the MCU
as shown in Figure 6 and monitor the output of port C bit 3 for
an oscillation of approximately 3Hz. ROM, RAM, TIMER, In-
terrupts, 1/O of Port A, B and C are checked by this capability.
8 RESETS

The MCU can be reset three ways; by initial power-up, by
the external reset input (RES) and by an optional internal low
voltage inhibit circuit, see Figure 7. All the 1/0 port are initia-
lized to input mode (DDRs are cleared) during reset,

During power-up, a minimum of 100 milliseconds is needed
before allowing the RES input to go “High™,

This time allows the internal crystal oscillator to stabilize.
Connecting a capacitor to the RES input, as shown in Figure 8,
typically provides sufficient delay.

2 [inT a,l22
Al
28| RES Az
=L 2auf a2a
- 5 |xTAL A2
A, |22
4 |JEXTAL Al 2y
A.|20

+9V 7 JTIMER m:?::?zi:.on)
B,|189
6 |num 8, |18
Vee TJ; B, |17
8.1
| won ec. e |1
J O ®@ o] c. 6.|1a
— A B f13
30 0 o.l12

330 § @11(:,

Veg = Pin3
Vgg = Pin 1

+ Refer to Figure @ about crystal option

Figure 6 Self Check Connections

Vin

tRHL

\4 LV LVR

“Dip’” in Power

REs <REs ) v

— tg | [

Internal
Reset

Figure 7 Power Up and RES Timing
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= INTERNAL OSCILLATOR OPTIONS

28 The internal oscillator circuit is designed to require a mini-
2.2uF mum of exfernal components. A crystal, a resistor, a jumper
m wire, or an external signal may be used to generate a system
clock with various stability/cost tradeoff. A manufacturing

Part of mask option is required to select either the crystal oscillator or
HDE805S1 the RC oscillator circuit, The different connection methods are
MCU shown in Figure 9. Crystal specifications are given in Figure 10.

ST TN A resistor selection graph is given in Figure 11.

Figure 8 Power Up Reset Delay Circuit

5{XTAL 5|XTAL
I
4 MHz P HD680551
max 4lexTAL HDBBOSS1 AIEXTAL MCU
MCU
22pF+20%
Crystal Approximataly 25% Accuracy
tcyc = 1.25 us typ.
External Jumper
Vee
5|xTatL LM\,_S XTAL
R HO6BO5S1
External alexTaL HD6B05S1 4| EXTAL MCU
Clock MCu
Input No
Connection
Externat Ciock Approximately 15% Accuracy
External Resistor
CRYSTAL OPTIONS RESISTOR OPTIONS
Figure 9 Internal Oscillator Options
5
\
CI
4 Vee =5 25V_
— 000 ‘—‘I Ta=25°C
L, R
S EXTAL -
XTsAL < Py c 4 f
° 2, AN
L >
H g
&
3
AT — Cut Parallel Resenance Crystal g \
C, = 7 pF max. w \
f= 4 MHz (C, =22pF=20%)
Rg = B0 §2 max. \
1 N
Figure 10 Crystal Parameters ™~
M~
0 5 10 15 20 25 30 35 40 45 50

Resistance (k§1)
Figure 11 Typical Resistor Selection Graph
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Reset

1-+1
7F —»SP
0 +-DDR's
CLR TNT Logic
FF —-TDR
7F — Prescaier
7F . TCR

Load PC From
Reset: $7FE, $7FF

Date

Direction

Register

Set

Y TIMER

Fetch

instruction

N

Execute
instruction

1

Stack
PC, X, A, CC

¥

11

t

Load PC From

SWI:$7FC, $7FD

TNT.$7FA, $7FB
TIMER:$7F8, $7F9

y

Figure 12 Interrupt Processing Flowchart

Bit

Ouwput
Data Bit

1

Figure 13 Typical Port 1/O Circuitry

Cutput 1/C Pin
Input
/0 Pin
Data
Direction Qutput Output lnput 1o
Register Data Bit State MCU
Bit
1 0 ]
1 1 1 A
o x 3-State Pin
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HD6805S1

® INTERRUPTS

The CPU can be interrupted three different ways: through
the external interrupt (INT) input pin, the internal timer
interrupt request, and a software interrupt instruction (SWI).
When any interrupt occurs, processing is suspended, the present
CPU state is pushed onto the stack, the interrupt bit (I) in the
Condition Code Register is set, the address of the interrupt
routine is obtained from the appropriate interrupt vector
address, and the interrupt routine is executed. Stacking the
CPU registers, setting the I bit, and vector fetching requires
11 cycles. The interrupt service routines normally end with a
return from interrupt (RTI) instruction which allows the CPU
to resume processing of the program prior to the interrupt.
Table 1 provides a listing of the interrupts, their priority, and
the vector address that contain-the starting address of the appro-
priate interrupt routine.

A flowchart of the interrupt processing sequence is given in
Figure 12.

Table 1 Interrupt Priorities
interrupt Priority Vector Address
RES 1 $7FE and $7FF
SwWI 2 $7FC and $7FD
iNT 3 $7FA and $7FB
TIMER 4 $7F8 and $7F9
A, CMOS!
» Load
L]
»
Port A :
. 18] 7T
A, mA| Load

Port A Programmed as outputis), driving CMOS and TTL Load directly.
(a}

o

®

Port B

10 mA max

-]
-

Port B Programmed as outputi(s), driving LED(s) directly.
{cl

Port B

= INPUT/OUTPUT

There are 20 input/output pins. All pins are programmable
as either inputs or outputs under software control of the cor-
responding Data Direction Register (DDR}). When programmed
as outputs, all I/O pins the latched output data is readable as
input data, regardless of the logic ievels at the output pin due to
output loading (see Figure 13). When port B is programmed
for outputs, it is capable of sinking 10mA on each pin (Vg =
1V max). All input/output lines are TTL compatible as both
inputs and outputs. Port A is CMOS compatible as outputs, and
Port B and C are CMOS compatible as inputs. Figure 14 pro-
vides some examples of port connections,

® BIT MANIPULATION

The MCU has the ability to set or clear any single random
access memory or input/output bit (except the data direction
registers) with a single instruction (BSET, BCLR). Any bit in
the page zero read only memory can be tested, using the BRSET
and BRCLR instructions, and the program branches as a result
of its state. This capability to work with any bit in RAM, ROM
or 1/0 allows the user to have individual flags in RAM or to
handle single 1/0 bits as control lines. The example in Figure 15
illustrates the usefulness of the bit manipulation and test
instructions, Assume that bit 0 of port A is connected 1o a zero
crossing detector circuit and that bit 1 of port A is connected to
the trigger of a TRIAC which powers the controlled hardware.

This program, which uses only seven ROM locations,
provides turn-on of the TRIAC within 14 microseconds of the
zero crossing. The timer could also be incorporated to provide
turn-on at some later time which would permit pulse-width
modulation of the controlled power.

£y

o
-

Part B Programmed as output(s), driving Darlington-base directly.
b}

+V

9]
o

Port C CMOS Inverter

O sestneee

Port C Programmed as autput(s), driving CMOS loads, using external
pull-up resistors. {d)

Figure 14 Typical Port Connections
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HD6805S1

SELF 1 BRCLR 0, PORT A, SELF 1
BSET 1, PORT A

BCLR 1, PORT A

Figure 15 Bit Manipulation Example

® ADDRESSING MODES

The CPU has ten addressing modes available for use by the
programmer. They are explained and illustrated briefly in the
following paragraphs.
® |mmediate

Refer to Figure 16, The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.
¢ Direct

Refer to Figure 17. In direct addressing, the address of the
operand is contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, 1/O registers and 128
bytes of ROM are located in page zero to take advantage of this
efficient memory addressing mode.
® Extended

Refer to Figure 18. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.
® Relative

Refer to Figure 19. The relative addressing mode applies only
10 the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents
of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken Rel=0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to -127 of the present instruction. These
instructions are two bytes long.

@ |Indexed (No Offset}

Refer to Figure 20. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and their EA is the contents of the index register.

e Indexed {8-bit Offset)

Refer to Figure 21. The EA is calculated by adding the
contents of the byte following the opcode to the contents of
the index register, In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.

& Indexed (16-bit Offset)

Refer to Figure 22. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memoary space may be
accessed . Instructions which use this addressing mode are three
bytes long.

¢ Bit Set/Clear

Refer to Figure 23. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.
¢ Bit Tast and Branch

Refer to Figure 24. This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00-§FF) and branch to any location relative to the PC. The
byte to be tested is addressed by the byte following the opcode.
The individual bit within that byte to be tested is addressed by
the lower three bits of the opcode. The third byte is the relative
address to be added to the program counter if the branch condi-
tion is met. These instructions are three bytes long. The v.lue of
the bit tested is written to the carry bit in the condition code
register.
® Implied

Refer to Figure 25. The implied mode of addressing has no
EA. All the information necessary to execute an instruction is
contained in the opcode. Direct operations on the accumulator
and the index register are included in this mode of addressing.
In addition, control instructions such as SWI, RTI belong to this
group. All implied addressing instructions are one byte long.

= INSTRUCTICN SET

The MCU has a set of 59 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 iwo opérands. One operand is
either the accumulator or the index register. The other operand
is obtained from memory using one of the addressing modes.
The jump unconditional (JMP) and jump to subroutine (JSR)
instructions have no register operand, Refer to Table 2.
o Read/Modity/Write Instructions

These instructions read a memory location or a register,
modify or test its contents, and write the modified value back
to memory of to the register. The test for negative or zero
(TST) instruction is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
3.
¢ Branch instructions

The branch instructions cause a branch from the program
when a certain condition is met. Refer to Table 4.
e Bit Manipulation Instructions

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer to Table S.
@ Control Instructions

The control instructions control the MCU operations during
program execution, Refer to Table 6.
e Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 7.
o Opcode Map

Table 8 is an opcode map for the instructions used on the
MCU.
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A

o I
Index eg-;

Stack Point
| ] ;
Prog Count
| 05C0 ]
cC

L 1

A
L = ]
Index Reg
Stack Point
L I _J
Prag Count
L 052F B
cc

Memory
¥ L)
1 1
1 1
] ] Adder
' [
] )
PROG LDA #3F8 05BE A&
Q5BF F8
H 1
¢ [ ]
1 1
Figure 16 Immediate Addressing Example
I e
Memory I 0048
' 1 |
' ' 1
' : / Adder
! 1
CAT FC8 32 004B 20 0000
1 1
PROG LDA CAT 052D BB
052E 4B
f
! 1
i
' :
J 1
I '
N |

934

Figure 17 Direct Addressing Example
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0000
A
i '
L = ]
AT 04 C8
PROG LDA C 09 o
0404 06 ]
E
0408 > Stack Point
; , I l l
] ' Prog Count
CAT FCB 64  O6ES 10 [ 040C I
cc

Figure 18 Extended Addressing Example

lea
Memory [ 04Cr ]
| ! A
1
! ! / Adder \ A
J 1
index Reg
oR
1 ,f\ r(_‘ Stack Point
' ' | ] 1
PROG BEQ PROG2 04A7 27 0000 Prog Count '
04A8 18 — 04C1 )
cc
= ]
f ]
] ]
—eeed

Figure 19 Relative Addressing Example
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TABL gcCC/ LI/ 0088

PROG DA X 05Fa

TABL

FC8
FCB
FCa8
FCB

#BF
#86
#DB
#CF

|ea

PROG LDA TABL. X 0758

936

Memary L 00B8 I
i v
1 ]
! ! Adder
] ]
: : k_
A
s = - ]
49 Index Reg
B8
! ! Stack Point
Fe | I ]
Prog Count
| 0SF5 |
CcC
' - C— 1
1 1
S — |
Figure 20 Indexed {No Offset) Addressing Example
| ea
Memory | 008C |
| i
! Adder
0089 BF /\
GO8A 86 A
0088 DB »I CF l
ooac CF I tndex Reg
1 03
1
Stack Point
- [ ] 1
075C 89
Prog Count
| 075D |
CcC
: ]
1
|
—_—

Figure 21
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PROG LDA TABL. X 0692

TABL FCB
FCB
FCB
FCB

PORTB

#BF
#86

#DB
#CF

EQU

ea

PROG BCLR 6. PORT B 058F

Mar-!orv I 0780 ]
t
t :
Adder
I
Iindex Reg
1 ) 02
D6 Stack Point
0693 07 1 | | H
0694 7E J Prog Count
[ 0695 ]
H . cc
071F B6
0780 DB
0781 CF
i 1
] ]
—_—
Figure 22 Indexed (16-Bit Offset) Addressing Example
i IEA
Memory I 0001 ]
—
i
. ! t
! ! Adder
1 0001 8F ¥ _/\
Clear *
Bit | A
s N —
] Index Reg
1 ]
10 Stack Point
0590 o1 F | ]
Prog Count
| 0591 |
: | —
' 1
| 1
I |
S |

Figure 23 Bit Set/Clear Addressing Example
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PORT C EQU 2

PROG BRCLR 2. PORT C. PROG 2 0574

PROG TAX O05BA 97

938

EA
Memory r 0002 ]
: 1
1 1
I 1 Adder
0002 Fo = AN A
o ; 1
2 index Reg
0000
. b Stack Point
' ! L | ]
05 Prog Count
0575 02 0000 0594 |
0576 10 cc
OR :C-__-—_)
i ]
Adder /
' ]
| EE———————

Figure 24 Bit Test and Branch Addressing Example

Memory
| ee————— |
1
]
]

|

L

Figure 25

A

= ]

Index Reg

Stack Point

I ]

Prog Count

0588 ]

implied Addressing Exampie
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Table 2 Register/Memory Instructions

Addressing Modes
) Indexed I indexed indexed
Function Mnemonic Immediate Direct Extended (No Offset) (8-Bit Offsety [16-Bit Offset)
Op # # Op # 3 Op & # Op # % Co # # Op # #
Code | Bytes | Cyches | 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 4 CE 3 s 6 1 4 EB 2 5 06 3 L]
Load X from Memory LDX AE 2 2 BE 2 L CE 3 1 FE 1 4 EE 2 5 DE 3 6
Store A in Memary STA - - - B? 2 5 c? 3 6 F? 1 S E? 2 6 D? 3 7
Store X in Memary STX - - BF 2 5 CF 3 6 FF 1 ] EF 2 6 DF 3 7
Add Memoiy 10 A ADD AB 2 2 [:1:] 2 4 [#1:] 3 5 FB 1 4 EB 2 1) DB 3 B
Add Memory and ADC asl 2 | 2 Jes | 2| 4 |c3| 3 5 | Fo | 1 4 les | 2 | 5 tos| 3 [ ®
Cary to A
Subtract Memory suB AQ 2 2 80 2 4 Cco 3 5 FO 1 4 EOQ 2z 5 DD 3 6
Subtract Memory from | o5 a2t 2| 2 |B21 2| 4 |c2! 3| s [F2] v | a |E2| 2|5 |D2| 3| &
A with Borrow
AND Memory to A AND A4 2 2 B4 2 4 [of ] 3 5 Fa 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory EOR A8| 2 | 2 |ee ] 2 | 4 |c8 | 3 s | €8 | 0 4 |E8 | 2 s |oB| 3 | 8
with A
Asithmetic Compare A | pyp al| 2 2 |81 | 2| 4 |0 3 5 | F1 ] 1 4 |E1 | 2} 5 {p1] 3| s
with Memory
Avithmetic Compare X | ppy as!l 2] 2 lesl 2| &4 |ca] sl s jF3) v | 4 je3| 2|58 |03| 3|6
with Memory
Bit Test Mamory with A| - g7 as| 2| 2 {8s| 2| a |es| a | s |fs| 1| & |€8] 2] 5 |D5| 3 | 6
[Logical Compare}
Jump Unconditional JMP - - - BC 2 3 cC 3 4 FC 1 3 EC 2 4 oCc 3 5
Jump to Subroutine JSR — - - BD 2 7 cD 3 FD 1 7 ED 2 oD 3 9
Table 3 Read/Modify/Write instructions
Addressing Modes
R . indexed Indexed
F i impl Impl
unction Mnemonic mplied {A) mplied {X} Direct {No Otfset) {8 Bi1 Offset)
Op # # Op # # Op # T # Op # # Op # #
Code | Bytes | Cycles | Code | Bytes| Cycles| Code | Bytes | Cycles Code | Bytes | Cycles | Code | Bytes |Cycles
Increment INC 4C 1 4 SC 1 4 3c 2 6 c 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 B TA 1 6 B6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 B 7F 1 6 6F 2 7
Complement COM 43 1 4 52 1 4 33 2 6 73 1 6 63 2 7
Negate
{2's Compiement) NEG 40 1 4 80 ] 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 8 79 1 6 69 2 7
Rotate Right Thru Carry ROR 45 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 43 1 4 58 t 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 ?
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 [ 67 2 7
Arithmetic Shift Left ASL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Test for N i
est for Negative or TST o!| 1+ 1 4 |0 1| 4 (3| 2] 86 {m| 1] 6 |8D] 2|7
Zero
@ HITACHI
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Table 4 Branch Instructions

Relative Addressing Mode
Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch |F Higher BHI 22 2 4
Branch IF Lower or Same BLS 23 2 4
Branch IF Carry Clear BCC 24 2 4
{Branch IF Higher ar Same) (BHS} 24 2 4
Branch IF Carry Set BCS 25 2 4
{Branch IF Ltower) {BLO} 25 2 4
Branch IF Not Equal BNE 26 2 4
Branch IF Equal BEQ 27 2 4
Branch |F Half Carry Clear BHCC 28 2 4
Branch IF Half Carry Set BHCS 29 2 4
Branch IF Plus BPL 2A 2 4
Branch IF Minus BMI 28 2 4
Branch IF interrupt Mask Bit is Clear BMC 2C 2 4
Branch IF Interrupt Mask 8it is Set BMS 20 2 4
Branch |IF Interrupt Line is Low BIL 2E 2 4
Branch IF Interrupt Line is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 5 Bit Manipulation Instructions

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch
Cp # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IF Bit n is set BRSET n (n=0.....7) - — - 2:n 3 10
Branch IF Bit n is clear BRCLR n {(n=0.....7) - - - 01+2+n 3 10
Set Bit n 8SETn (n=0.... 7} 10+2*n 2 7 - - -
Clear bit n BCLR N (n=0....7}) 11+42+n 2 7 - - -
Table 6 Control instructions
‘ v Implied
Function Mnemonic op 4 2
Code Bytes Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 H 2
Clear Carry Bit CLC 98 t 2
Set Interrupt Mask Bit SE| 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt Swi 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 90 1 2
@ HITACHI
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Table 7 Instruction Set

Mnermanic ! Ex- Re- Indexed

Addressing Modes

Condition Code

Indexed
(8 Bits)

Imme- :

diate tNo

Offset)

Implied Direct

tended | lative

Indexed
{16 Bits)

Bit
Set/
Clear

Bit
TFest &
Branch

pa

z
N

C

ADC X

X X X

b

ADD X

X X X

x

AND x

x| = | x

X X X

X

ASL

x
>
x

ASR

" BCC

BCLR

BCS

BEQ

BHCC

x | x| X

BHCS ‘

.3

BHI

BHS

BIH

.
x| X | X

BIL

>

BIT

BLO

BLS

BMC

L

_ BMI

BMS

BNE

BPL

LA O R

BRA

x

BRN

BRC

LR

BRSET

BSET

__BSR

CLC

CLI

CLR

CMP

cCOom X x X x

CPX

DEC

b1
x|
x
x

EOR

INC

JMP

=
x| X i x

JSR

x
x

LDA .

b3
X x{x|x|=x
x

x
>

o oo oo o oo 0o 0o o 0|0 o oo sl e v o o s 0|0 0 0 0|8 0 0 o o e 50 se s " |

o o|o|o|o|(sj(ojeoojels|jcjee eje e e e/elejs|e oo e o 0|0 o e (e 0|0 & (e & é 6 e ¢

A
A
)
A
A
L)
L]
.
L
]
®
]
.
.
[
[
]
°
L
.
]
.
.
]
.
A
A
L)
L
0
L
]
A
]
A
*
L
.
[
[
.
[ ]

Slslelel>(>i>|>>>ic|e eleee|jeleoje|jo|ejeiajeie|> 0|0 sje|e oo o /o & > |5 5 >

LOX | [ x x o x Lox ]

>>..>>>>>>—'...............)..........>>>>>

Canditian Code Symbois

H
!
N
z

Halt Carry {From Bit 3) C  Carry Barrow

Interrupt Mask £ Test and Set if True, Cleared Otherwise

Negative {Sign Bir) L] Not Affected
Zero
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Table 7 instruction Set

Addressing Modes Condition Code
Indexed Bit Bit

Mnemonic | Implied | '"T™e" | pirecy |  Ex | Re Mo pioded bl St | Test& [ H | 1INz fC
LSL X X x x e (& [ AA|A
LSR x x x X ® (@ 0 |A|A
NEG X b3 X X e |® | AL A A
NOP x o |® o]0 (o

+

ORA i X X X X X X e o AN |e@
ROL x x | x x e e AIA|A
ROR x x ! X X e 1o | Al AlA
RSP X e o o |0 |0
RT! X EAN A A I S 4
RTS x | e o|ea o |®
SBC | x 3 X X x X o (& | Al A|A
SEC X e o o 0 1
SEI X e 1 |ee e
STA X X X x x e (& A|A|@
STX X X X X X e (8  A|A |
SuUB X x X X X X o (8| A|AIA
SWI x e (1 |e |0 @
TAX X o (o |9 e |0
TST x x x X o (8| A|A|e
TXA X o (o | 0|0 |e

Condition Code Symbols:
H  Half Carry {From Bit 3} C Carry/Borrow
[} Interrupt Mask A Test and Set if True, Cleared Gtherwise
N Negative (Sign Bit) [ Not Affected
2 Zero ? Load CC Register From Stack

G HITACHI
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Table 8 Opcode Map

Bit Manipulation | Branch Read/Modify Write Control Register/Memaory
;::r:c&h csfe;’f Rel | DIR | A x X I xo | mp | e M | DIR [EXT | X2 | X1 | xo0
o 1 2 3 4 5 6 7 8 9 A B C D E F — HIGH
0 |BRSETO | BSETO | BRA NEG RYI* - sUB 0
1 |BRCLRO ; BCLRO | BAN ~ RTS* - CMP 1
2 |BRSETY | BSET1 | BHI — - - s8C 2
3 |BRCLRt1 | B8CLR1 | BLS COM SW(* - CPX 3 L
4 |BRSET2 | BSET2 | BCC LSR — - AND 4 O
5 |BRCLR2 | BCLR2 | ACS — — - BIT 5 W
6 {BRSET3 | BSET3 | BNE ROR - - LDA 6
7 |BRCLR3 | BCLR3 | BEQ ASR — TAX — STA(+1) 7
8 |BRSET4 | BSET4 | BHCC LSL/ASL — cLC EOQR 8
9 |BRCLR4 | BCLR4 | BHCS ROL - SEC ADC ]
A | BRSETS | BSETS | BPL DEC - CLi ORA A
8 |BRCLRS | BCLAS | AMI - T — TsEl ADD B8
C |BRSET6 | BSET6 | BMC INC - ASP - JMP{-1} C
O |[BRCLR6 | BCLRE | BMS TST - NOP BSR* JSR(+3) o]
E |BRSET? | BSET7 i 8IL - — = LDX E
F [BRCLR?7 | BCLR? | BIH CLR — TXA - STX{+1) F
EL 24 [ 2/6 [ 14 | va |27 Jue | ve [ w2 w2 [ 24 [3s (3 |5 [a
{NOTE} 1. Undefined opcodes are marked with =",
2. The number at the bottom of each column denote the number of bytes and the number of cycles required {Bytes/Cycles).
Mnemonics fallowed by a "« require 3 different number of cycles as foliows:
TS 6
SWI 11
B8SR 8
3. { ) indicate that the number in parenthesis must be added to the cycle count for that instruction.
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