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Description

The uPD70325 (V25 Plus) is a high-performance, 16-bit,
single-chip microcomputer with an 8-bit external data
bus. The uPD70325 is fully software compatible with the
HPD70108/116 (V20®30® as well as the uPD70320/330
(v25™/35™). The V25 Plus microcomputer demon-
strates numerous enhancements over the standard V25;
however, it maintains strict pin compatibility with its
predecessor, the V25.

The V25 Plus offers improved DMA transfer rates to 5
megabytes/second, additional serial channel status
flags, improved memory access timing, and enhanced
software control of register bank context switching.

The uPD70325 has the same complement of internal
peripherals as the V25 and maintains compatibility with
existing drivers; however, some modification of DMA
device drivers may be necessary. The uPD70325 does
not offer on-chip ROM or EPROM.

Features

16-bit CPU and internal data paths
Functional and pin compatibiiity with V25
Software compatible with uPD8086

New and enhanced V-Series instructions
6-byte prefetch queue

Two-channel high-speed DMA controller

Minimum instruction cycle
—250 ns af 8 MHz
~—200 ns at 10 MHz
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V20 and V30 are registered trademarks of NEC Corporation.
V25 and V35 are trademarks of NEG Corporation.
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Internal 256-byte RAM memory
1-megabyte memory address space
Eight internal memory-mapped register banks

Four multifunction 1/O ports
— 8-bit analog comparator port
— 20 bidirectional port lines
— Four input-only port lines

0 Two independent full-duplex serial channels

O Priority interrupt controller
— Standard vectored service
— Register bank switching

— Macroservice

Two 16-bit timers

O oo a o

Ordering Information

On-chip time base counter
Programmable wait state generator
Two standby modes: STOP and HALT

Pseudo SRAM and DRAM refresh controller

Part Number Clock (MHz) Package
pPD70325L-8 8 84-pin PLCC
L-10 10
GJ-8 8 84-pin plastic QFP
QJ-10 10
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Pin Configurations
84-Pin PLCC
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Notes:
(1) Pinfunctions are [dentical to pPD70320,
(2) AllIG pins should be tied together and pulled up to V pp with a
10- to 20-k<2 resistor,
(3) EA must be tied low because pPD70325 does not support internal
ROM or EPROM.
R 835166098
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84-Pin Plastic QFP
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{1) Pin functions are Identical to pPD70320. ’
{2) ANl IC pins should be tied together and pulled up to V pp with a
10- to 20-kQ2 resistar.
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Pin Identification

Symbol Functlon

AyAg Address bus outputs

CLKOUT System clock output

TTS0 Clear to send channel 0 input

TSt Clear to send channel 1 Input

Dg-D7 Bldirectional data bus

EA External access

[OSTB 1/0 strobe output

MREQ Mernoty request output

MSTB Mermory strobs output

P0y-POy 1/O port 0

P1g/NMI Port 1 Input lIne; nonmaskable interrupt

P14-P1p/INTPO-  Port 1 input lines; external interrupt Input lines

INTP1

P13/INTP2/INTAK  Fort 1 Input line; external Interrupt Input line;
) Interrupt acknowledge output

P14INT/POLL 1fO port 1; Interrupt request input; /O poll input

P1g/TOUT 1/O port 1; timer cut

P1¢/SCKO 1/O port 1; serial clock output

P1;/READY 1/O part 1; ready input

P2o/DMARQO 1/O port 2; DMA request 0

P2,/DNMAAKD 1O port 2; DMA acknowledgs 0

P2,/TCO 1/O port 2; DMA terminal count 0

P23/DMARQ1 1/O port 2; DMA request 1

P24/ DMAAKT I/O port 2; DMA acknowledge 1

P2y/TGT 1/O port 2; DMA terminal count 1

P2¢/HLDAR 1/O part 2; hold acknowledge output

P27/HLDRQ /O port 2; hold request Input

PT0-PT7 Comparator portinput lines

REFRG Refresh pulse output

RESET Reset Input

AxDO Serlal recelve data channel 0 Input

RxD1 Serlal recetve data channel 1 Input

RW Read/Write output

TxDO Serlal transmit data, channel 0 Input

TxD1 Serial transmit data, channel 1 input

X1, X2 Crystal connection terminals

Voo Positive power supply voltage

Vry Threshold valtage Input

GND Ground reference

1C Internal connection

T-49-19-59

PIN FUNCTIONS
Ag-A1g (Address Bus) .

Ag-Ajg Is the nonmultiplexed 20-bit address bus used to
access all external devices.

CLKOUT (System Clock)

This Is the internal system clock. It can be used to
synchronize external devices to the CPU,

CT%n, Rxbn, TxDn, SCKO (Clear to Send, _
Recelve Data, Transmit Data, Serlal Clock Out)

The two serial ports (channels 0 and 1) use these lines
for transmitting and recelving data, handshaking, and
serlal clock output.

Do-D7 (Data Bus)
Do-D7 is the 8-bit external data bus.

DMARQn, DMAAKn, TCn (DMA Request, DMA
Acknowledge, Terminal Count)

These are the control signals to and from the on-chip
DMA controller.

EA(External Access)

If this pin is low on reset, the uPD70322 (V25) will execute
program cods from external memory instead of internal
ROM.

Because the V25 Plus does not support internal ROM,
the EA pin must be fixed low in hardware.

HLDAK (Hold Acknowledge)

The HLDAK output (active low) informs external devices
that the CPU has released the system bus.

HLDRQ (Hold Request)

The HLDRQ input (active high) is used by external
devices to request the CPU to release the system bus to
an external bus master. The following lines go into a
high-impedance status with internal 4,7-kQ pullup resis-
tors: Ag-Aye, Do-D7. MREQ, R/W, MSTB, REFRQ, and
10STB.

INT (Interrupt Request)

INT is a maskable, active-high, vectored interrupt re-
quest . After assertion, external hardware must provide
the interrupt vector number.

The INT pin allows direct connection of slave uPD71059
interrupt controllers.
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INTAK (Interrupt Acknowledge)

Aiter INT is asserted, the CPU will respond with INTAK
(active low) to inform external devices that the interrupt
request has been granted.

INTPO-INTP2 (External Interrupt)

INTPO-INTP2 allow external devices to generate inter-
rupts. Each can be programmed to be rising.or falling
edge triggered.

10STB (I/O Strobe)

lOSTB is asserted during read and write operations to
external 1/Q.

MREQ (Memory Request)

MREQ (active low) informs external memory that the
current bus cycle is a memory access bus cycle.

MSTB (Memory Strobe)

MSTB (active low) is asserted during read and write
operations to external memory.

NMi (Nonmaskable Interrupt)

NMI cannot be masked through software and is typically
used for emergency processing. Upon execution, the
Interrupt starting address is obtained from interrupt
vector number 2. NM! can release the standby modes
and can be programmed to be either rising or falling
edge triggered.

P0y-P0; (Port 0)

P0o-PO7 are the lines of port 0, an 8-bit bidirectional
parallel /O port.

P1o-P17 (Port 1)

The status of P15-P13 can be read but these lines are
always control functions. P14-P17 are the remaining lines
of parallel port 1; each line is individually programmable
as either an input, an output, or a control function.

P2¢-P2; (Port 2)

P2¢-P2y are the lines of port 2, an 8-bit bidirectional
parallel /O port. The lines can also be used as control
signals for the on-chip DMA controller.

POLL. (Poll)

Upon execution of the POLL instructioh, the CPU checks
the status of this pin and, if low, program execution
continues. If high, the CPU checks the level of the line

every five clock cycles until it is low. POLL can be used
to synchronize program execution to external condi-
tions.

PTO-PT7 (Comparator Port)

PTO-PT7 are inputs to the analog comparator port.

READY (Ready)

After READY is de-asserted low, the CPU synchronizes
and inserts at least two wait states into a read or write
cycle to memory or I/O. This allows the processor to
accommodate devices whose access times are longer
than nominal pPD70325 bus cycles.

REFRQ (Refresh)

This active-low output pulse can refresh nonstatic RAM.
It can be programmed to méet system specifications an
is internally synchronized so that refresh cycles do not
interfere with normal CPU operation.

RESET (Reset)

Alow on RESET resets the CPU and all on-chip periph-
erals. RESET can also release the standby modes. After
RESET returns high, program execution begins from
address FFFFOH.

R/W (Read/Write)

R/W output allows external hardware to determine if the
current operation is a read or a write cycle. It can also
control the direction of bidirectional buffers.

TOUT (Timer Out)

TOUT is the square-wave output signal from the internal
timer.

X1, X2 (Crystal Connections)

The internal clock generator requires an external crystal
across these terminals. By programming the PRC regis-

ter, the system clock frequency can be selected as the -

oscillator frequency (fogc) divided by 2, 4, or 8.

Vpp (Power Supply)

Two positive power supply pins (Vpp) reduce internal
noise.
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VrH (Threshold Voltage) GND (Ground)

The comparator port uses this pin to determine the  Two ground connections reduce internal noise.
analog reference point. The actual threshold to each
comparator line Is programmable to Vyy x n/16 wheren  IC (Internal Connection)

=1to 16. AllC pins should be tied together and pulled up to Vpp
with a 10- to 20-k resistor

pPD70325 Block Diagram
olow
g g o
313
@ ja Ao-Atg
_ Big 'J‘>
P2g/DMARQQ —- 1o slg
P2 /DMAAKO <—3 - elc. A0 /]
pidbag Prc
g :
A AR e [Nc]
P25 MMARQT —> Contraller [T .
P24 /DMAAR] ~+— rsw KN Ll «— RESET
P25/TC1 =+— T A ~— 'HLDAK/P2 g
< — +—» HLDRQ/P2;
re KD T g “a— READY/P1,
TADO — g > MREQ
RxD0 —»i  Serial S i bR
P1./5CRG <>, Interface Internal RAM g MsTB
62 256 Byles Internal ROM = == AW
o M S | e | o T e B A O L
T«D1 Baud Rate . flegisters (Reserved) «— POLLANT/P14
RxD1 —»% | Generator
—_— L Service
CTst —» Channel
P1g/MNMI —]
P1 {/INTPQ —» Instruction Decoder | |
P1,/INTP1 —w] Programmable Micro Sequencer <:_ Queue <:
P1g/INTP2/ mernupt () Micro ROM
3 —p| Controller —
NTAK «— EA
P14 ANT/ — s
POLL
A4 ~
| @ @ @ ﬂ '> "
! Time Base : . Partwith Clock | X
16-Bit Timer Counter Port Comparator Generator }——— X2
l l l @ @ @ ﬁ I ) — Vpp
TOUT/P1g REFRQ PO7/CLKOUT PO P1 P2 PTO-PT7  Viy ~——— GND
Notes:
(1) The pPD70325 (V25 Pius) Is not a masked ROM product.
Internal ROM Is reserved and not accessible.
(2) Shaded blocks are functionally different on V25 Plus and V25,
8IYL-57318
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FUNCTIONAL DESCRIPTION

The following features enable the uPD70325 to perform
high-speed execution of instructions.

e Dual internal data bus

e 16- and 32-bit temporary registers/shifters
¢ 16-bit loop counter '
¢ Program counter and prefetch pointer

Dual Data Bus

The pPD70325 has two internal 16-bit data buses: the
main data bus and the secondary data bus. This reduces
the processing time required for addition/subtraction
and logical comparison Instructions by one third- over
single-bus systems. The dual data bus method allows
two operands to be fetched simultaneously from the
general-purpose registers and transferred to the ALU.

16- and 32-Bit Temporary Registers/Shifters

The 16-bit temporary registers/shifters (TA and TB) allow
high-speed execution of multiplication/division and
shift/rotate instructions. Using the temporary registers,
the uPD70325 can execute multiplication/division in-
structions about four times faster than with the micro-
programmed method.

Loop Counter (LC)

The dedicated hardware loop counter (LC) counts the
number of iterations for string operations and the num-
ber of shifts performed for multiple-bit shift/rotate in-
structions. The loop counter works with internal dedi-
cated shifters ta speed the processing of multiplication/
division instructions.

Program Counter and Prefetch Pointer
(PC and PFP)

The hardware PC addresses the memory location of the
Instruction to be executed next. The hardware PFP
addresses the program memory location to be accessed
by the Instruction queued next. Several clock cycles are
saved for branch, call, return, and break instructions.

Register Set

Figure 1 shows the eight banks of internal registers,
which the xPD70325 has functionally mapped into inter-
nal RAM. Each bank contains general-purpose registers,
pointer and index registers, segment registers, and save
areas for context switching.

Although these memory locations may be accessed as
normal RAM with the full set of memory addressing
modes provided by the V25 family, the capability of
context switching provides superior speed In register
access. When used in the internal memory disabled
state, many instructions execute considerably faster.

Eight macroservice channel control blocks are also
mapped into register banks 0 and 1. The V25 Plus does
not map the DMA channel control blocks into the inter-
nal RAM like the V25; instead, these control blocks are
mapped into the special function register area,

General-Purpose Registers (AW, BW, CW, DW). Four
16-bit general-purpose registers (AW, BW, CW, and DW)
can serve as 16-hit registers or as four sets of dual 8-bit
registers (AH, AL, BH, BL, CH, CL, DH, and DL). The
Instruction classes default to the following general-

purpose registers.

AN Word multiplication/division, word 1/0O, data
conversion,
AL Byte multiplication/division, byte I/O, BCD
rotation, data conversion, translation,
AH Byte multiplication/division.
BW Translation
CW Loop control, branch, and repeat prefixes.
CL  Shift instructions, rotate instructions, BCD
operations. "
DW  Word muttiplication/division, indirect I/O
addressing.
Pointers (SP, BP) and Index Registers (IX, IY). These
registers are 16-bit base pointers (SP, BP) or index
registers (IX, IY) in based addressing, indexed address-
Ing, and based Indexed addressing. They are used as
default registers under the following conditions.

SP Stack operations

IX  Block transfer (source), BCD string operations

IY  Block transfer (destination), BCD string
operations
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Figure 1. Internal RAM Mapping
32-Byte
Reglster Bank
5 )]
r +FH AW
CW
DW
BW
Elght 32.Byte sp
Register Banks BP
IX
18 [ v
XxEFFH Register Bank [ ——— 4 oS
XxEEOH 7
PS
XXECOH 6 sS
XXEAQH 5 DSo
PC Storage
XxxE80H 4 __PSW Storage
~- Vector PC
XXE6OH 3 | +0oH Reserved 8-Byte
XXE4OH 2 Eight 8-Byte Macroservice Channel
Macroservice Channels 15 87 0
15 0
XxE20H 1 ( xXE3FH [ Macrosefvice Channal +7H Mss
- xxE38H i MSP
xxEGOH 1] XYE30H 6 Reserved{ SCHR
+0H | SFRP MSC
xxE28H 5
xxE20H 4
XxE18H 3
XXE10H 2
XxEO8H 1
| XxE0OH 0

835L-66918

Segment Registers, The segment registers divide the
1M-byte address space into 64K-byte blocks. Each seg-
ment register functions as a base address to a block; the
effective address is an offset from that base. Physical
addresses are generated by shifting the associated seg-
ment register left by four binary digits and then adding
the offset address. The segment registers and default
offsets are listed below.

Segment Register Default Offset
PS8 (Program Segment)  PC (Program Counter)

§S (Stack Segment) SP and Effective Address
DSO0 (Data Segment 0)  IX and Effective Address
DS1 (Data Segment 1) 1Y and Effective Address

‘Save Registers (Save PC and Save PSW). Save PG and

save PSW are used as the storage areas during register
bank context-switching operations. The Vector PC save
location contains the effective address of the interrupt
service routine when register bank switching is used to
service Interrupts.

Program Counter (PC).The PC is a 16-bit binary
counter that contains the offset address from the pro-
gram segment of the next instruction to be executed. It
Is incremented every time an instruction is received from
the queue. It is loaded with a new location whenever the
branch, call, return, break, or interrupt is executed.




N E C ELECTRONICS INC

NG

30e D MW L427525 0027110 & M

HPD70325 (V25 Plus)

Program Status Word (PSW). The PSW contains status
and control flags used by the CPU and two general-
purpose user flags. The configuration of this 16-bit reg-
Ister is shown below.

15 8
| + |re2]met[reo| v [or] E | BRK |

7 0
LSIZ'HIAGIFOIP'BRK]ICY'

Status Flags Control Flags
Vv

Overflow bit DIR Direction of string
8 Sign processing
Z Zero IE Interrupt enable
AC Auxiliary carry BRK Break (after every
P  Parity instruction)
CY Carry RBn Current register
bank flags
BRKI /O trap enable
FO, F1  General-purpose
user flags

The elght low-order bits of the PSW can be stored in
register AH and restored using a MOV instruction. The
only way to alter the RBn bits with software is to execute
an RETRBI or RETI instruction.

Memory Map

The uPD70325 has a 20-bit address bus that can directly
access 1 megabyte of memary. Figure 2 shows the
memory map. The Internal data area (IDA) is a 256-byte
internal RAM area followed consecutively by a 256-byte
special function register (SFR) area.

All the data and control registers for on-chip peripherals
and I/O are mapped into the SFR area and accessed as
RAM.

The IDA is dynamically relocatable in 4K-byte increments
by changing the value in the internal data base (IDB)
register. The value In this register is assigned as the
uppermost eight bits of the IDA address. The IDB register
is accessed from two memory locations, FFFFFH and
XXFFFH, where XX is the value in the IDB register.

On reset, the internal data base register is set to FFH,
which maps the IDA into the internal ROM space. How-
ever, since internal ROM is not present on the pPD70325,
this does not present a problem. You can select any of
the elght possible register banks, which occupy the
entire Internal RAM space. Multiple register bank selec-
tion allows faster interrupt processing and facilitates
multitasking.

T-49-19-59

In large-scale systems where internal RAM is not re-
quired for data memory, internal RAM can be removed
completely from the address space and dedicated en-
tirely to register banks and control functions such as
macroservice.You do this by clearing the RAMEN bit in
the processor control register. When the RAMEN bit is
cleared, internal RAM can only be accessed by register
addressing or internal control processes. Many instruc-
tions exscute faster when internal RAM is disabled.

Figure 2. Memory Map

FFFFFH
% /]
XXFFFH Speclal Function
External Registers
Area XXFOOH [256 Bytes] |
XXEFFH
E Internal RAM
(2586 Bytas)
XXE0OH
Vector
Table
(1K Bytes) 00000H
1M Bytes Memory Space
A3YL-6771A
INSTRUCTIONS

The pPD70325 instruction set is fully compatible with the
V20 native mode instruction set. The V25 Plus is a
superset of the xPD8086/8088 instruction set with differ-
ent execution times and mnemonics.

The uPD70325 daes not support the V20 8080 emulation
mode.
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Enhanced Instructions

In addition to the uPD8086/8088 instructions, the
u#PD70325 provides the following enhanced Instructions.

Instruction Description

PUSHIimm  Pushes immediate data onto stack

PUSHR Pushes 8 general registers onto stack

POP R Pops 8 general registers from stack

MUL imm Executes 16-bit multiply of register or
memory contents by immedilats data

SHL imms8 Shitts/rotates reglster or memory by

SHR imms8 immediate data

SHRA Imm8

ROL imm8

ROR imm8

ROLC imms8

RORC Imm8

CHKIND Checks array index against designated
boundaries

INM Moves a string from an I/O port to
memory

OUTM Moves a string from memory to an I/O
port

PREPARE Allocates an area for a stack frame and
coples previous frame pointers

DISPOSE Frees the current stack frame on a

procedure exit

Unique Instructions

The nPD70325 provides the following unique. instruc-
tions.

Instruction  Description

INS Inserts bit fleld

EXT Extracts bit field

ADD4S Parforms packed BCD string addition
suUB4S Performs packed BCD string subtraction
CMP4S Performs packed BCD string comparison
ROL4 Rotates BCD digit left

ROR4 Rotates BCD digit right

TEST1 Tests bit

SET1 Sets bit

CLRi1 Clears bit

NOT1 Complements bit

BTCLR Tests bit; if trus, clear and branch

REPC Repeat while carry set

REPNC Repeat while carry cleared

10

Varlable-Length Bit Field Operation Instructions

Bit fields are a variable-length data structure that can
range from 1 to 16 bits. The uPD70325 supports two
separate operations on bit flelds: insertion (INS) and
extraction (EXT). There are no restrictions on the posi-
tion of the bt field in memory.

Separate segment, byte offset, and bit offset registers
are used for insertlon and extraction. Following the
execution of these Instructions, both the byte offset and
hit offset are left pointing to the start of the next bit field,
ready for the next operation, Bit field operation instruc-
tions are powerful and flexible and are therefore highly
effective for graphics, high-level languages, and
packing/unpacking applications.

Bit field insertion coples the bit field of specified length
from the AW register to the bit fleld addressed by
DS1:IY:reg8 (8-bit general-purpose register). The bit fleld
length can he located In any byte register or supplied as
immediate data. Following execution, both IY and reg8
are updated to polint to the start of the next bit field.

Bit field extraction coples the bit field of specified length
from the bit fleld addressed by DS0:IX:reg8 to the AW
register. If the length of the bit field is less than 16 bits,
the bit field is right justified with a zero fill. The bit field
length can be located in any byte reglster or supplied as
Immediate data. Following execution, both IX and reg8
are updated to point to the start of the next bit field.

Figures 3 and 4 further llustrate bit fleld insertion and
bit fleld extraction, respectively.

Packed BCD Instructions

Packed BCD Instructions process packed BCD data
either as strings (ADD4S, SUB4S, and CMP4S) or byte
format operations (ROR4 and ROL4). Packed BCD
strings may be 1 to 254 digits in length. The two BCD
rotatlon instructions rotate a single BCD digit in the
lower half of the AL register using the register or
thememory operand.

Bit Manipulation Instructions

The uPD70325 provides five unique bit manipulation
instructions that allow you to test, set, clear, or comple-
ment a single bit In a register or memory operand. This
increases code readability as well as performance over
the logical operations traditionally used to manipulate
bit data. These instructions also give you additional
control over on-chip peripherals.
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Figure 3. Bit Field Insertion
Bitlength
15 0
’ ///
l Bitoftset | Byle afiset (IY) |
g 4/ ) B
A
Byte boundary Segment base (DS1)
83-0001068
Figure 4. Bit Field Extraction
< Bit length e Bit offset ol Byte offset (IX) -
[ | /// ] [
~ f A 1u ] > A
Byte boundary Segment base (DS0)
15 ]
w0 / / /
83-0001078
Additional Instructions FINT Finished interrupt; after completion

Besides the V20 instruction set, the pPD70325
the following additional instructions.

provides

Instruction Description

BTCLR Bit test and if trus, clear and
Sfrimma3, branch; otherwise, no operation
short-label

STOP Power-down instruction; stops

(no operand) oscillator

RETRBI Return from register bank context

(no operand) switch interrupt

(no operand) of a hardware interrupt request, this
instruction must be used to reset
the current priority bit in the In-
service priority register, ISPR. Not
for use with NM! or INT interrupt
service routines.

Repeat Prefixes

Two repeat prefixes (REPC and REPNC) allow condi-
tional block transfer instructions to use the state of the
CY flag as the termination condition. This allows inequal-
ities to be used when working on ordered data, thus
increasing performance when searching and sorting
algorithms. :

11
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Bank Switch Instructions

The following instructions allow the effective use of the
register banks for software interrupts and multitasking.

Instruction
BRKCS reg 16

Descriptlon

Performs a high-speed software
interrupt with context switch to
register bank indicated by lower 3
bits of register 16.

Performs a high-speed task switch
to register bank indicated by lower 3
bits of register 16. The PC and PSW
are saved in the old banks. PS and
PSW save registers and the new PC
and PSW values are retrieved from
the new register bank’s save areas.

Transfers both S8 and SP of old
register bank to new register bank
after bank has been switched by an
Interrupt or BRKCS instruction.

Transfers SS and SP of current
register bank before switching to 8§
and SP of new register bank indi-
cated by lower 3 bits of register 16.

TSKSW reg 16

MOVSPA

MGVSPB regi6

INTERRUPT STRUCTURE

The uPD70325 can service interrupts generated by both
hardware and software. Software interrupts are serviced
through vectored Interrupt processing. The following
interrupts are provided.

Interrupt Description

Divide error  The CPU traps if a divide error ocours
as the result of a DIV or DIVU
instruction,

Single step  The interrupt is generated after every
instruction if the BRK bit in the PSW is
set.

Overflow Using the BRKY instruction, an
Interrupt can be generated as the
result of an overflow.

Interrupt The BRK 3 and BRK imm8 instructions

Instructions
Array bounds

can generate interrupts.

The CHKIND instruction generates an
Interrupt if the specified array bounds
are exceeded.

12

Escape trap  The CPU traps in an FP01,2 instruction
to allow software to emulate the
floating-point processor since the
pPD70325 does not support an

external hardware coprocessor,

If the 1/O trap bit in the PSW is cleared,
a trap is generated on every IN or OUT
instruction. Software can then provide
an updated peripheral address. This
feature provides software portability
between-different systems.

When executing software written for another system, it
is better to implement I/O with on-chip peripherals to
reduce external hardware requirements. However, since
uPD70325 internal peripherals are memory mapped,
software conversion may be difficult. The I/O trap fea-
ture allows for easy conversion from external peripherals
to on-chip peripherals.

I/O trap

Interrupt Vectors

Table 1 lists the interrupt vectors beginning at physical
address 00H. External memory Is required to service
these routines. By servicing interrupts via the macroser-
vice function or context switching, this requirement can
be eliminated.

Each interrupt vector is 4 bytes wide. To service a vector-
ed interrupt, the lower addressed word is transferred to
the PC and the upper word to the PS. See figure 5.

Figure 5. Interrupt Vector 0

Vector 0
)
000H : 001H
+
002H : 003H
PS «(003H, 002H)
PC «(001H, 000H)
83-000112A

Execution of a vectored interrupt occurs as follows;

(SP-1, SP-2) « PSW
(SP-3, SP-4) «- PS
(SP-5, SP-6) < PC

8P « SP-6

[E < 0,BRK <0

PS < vector high bytes
PC < vector low bytes
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Table 1. Interrupt Vectors

Address Voctor  Assigned Use

00 0 Divide error

04 1 Broak flag

08 2 NMI

oC 3 BRKS Instruction

10 4 BRKYV Instruction

14 5 CHKIND Instruction

8 6 General purpose

1C 7 FPO instructions

20-2C 8411 General purpose

30 12 INTSERO (Interrupt serlal error, channel 0)
34 13 INTSRO (Intetrupt serlal recelve, channel 0)
88 14 INTSTO (interrupt serlal transmit, channe! 0)
3C 15 Genaral purposs

40 18 INTSER1 {Interrupt serlal error, channel 1)
44 17 INTSR1 (Interrupt serlal recelve, channel 1)
48 18 INTST1 (Intertupt serial transmit, channal 1)
4C 18 1/O trap

50 20 INTDO (nterrupt from DMA, channet 0)

54 21 INTDA {interrupt from DMA, channe! 1)

58 22 General purpose

8C 23 General purpose

60 24 INTPO (interrupt from perlpheral 0)

64 25 INTP1 (interrupt from petlpheral 1)

68 26 INTP2 (Interrupt from peripheral 2)

6C PY General purpose

70 28 INTTUO (Interrupt from timer unit 0)

74 29 INTTU1 (nterrupt from timer unit 1)

78 30 INTTU2 (Interrupt from timer unit 2)

7C 31 INTTB (Interrupt from time base counter)
080-8FF 32-285 Goneral purpose

T-49-19-59

Be careful when assigning the priority of a given inter-
rupt group; the assignment Is done by the three priority
bits in only one interrupt control register In sach group.
If Interrupts from different groups ocour simultansously
and the groups have the same priority level, the priority
is as shown in table 2,

Table 2, Interrupt Sources

Interrupt Source

(Prlority Within Group) Dofault
Group 1 2 3 Priority
Nonmaskable Interrupt NMI - ~- 0
Timer unit INTTUO INTTU1 INTTU2 1
DMA controller INTDO  INTD1 = 2
External peripheral interrupt INTPO  INTP1  INTP2 3
Serlal channel 0 INTSERO INTSRO INTSTO 4
Serlal channel 1 INTSER? INTSR1 INTSTY 5
Time base counter - INTTB - - 6
Interrupt request INT - - 7

The priority of the currently active Interrupt is stored in p

the ISPR speclal function register. Bits PR7-PRq corre- |-
spond to the eight possible interrupt request priorities. &
The ISPR keeps track of the prlority of active interrupts
by setting the appropriate bit of this register. The address
of this 8-bit register Is xxFFCH, and the format is shown
below.

Hardware Interrupt Configuration

The V25 Plus features a high-performance on-chip con-
troller capable of controlling multiple processing for
Interrupts from up to 17 different sources (5 external, 12
Internal). The interrupt configuration includes system
interrupts that are functionally compatlble with those of
the V20/V30 and unique high-performance microcontrol-
ler Interrupts.

Interrupt Sources

The 17 interrupt sources are divided Into groups for
management by the interrupt controller. Using software,
each of the groups can be assigned a priority from 0
(highest) to 7 (lowest). The priority of individual inter-
rupts within a group is fixed in hardware.

| PRy | PRs | PR | PRy | PRy | PR [ PR | PRo |

NMI and INT are system type external vectored inter-
rupts. NMI Is not maskable via software, and is also
recognized by the pPD70325 during DMA demand-
release transfer. INT is maskable by the IE bit in the PSW
and requires that an external device provide the Interrupt
vector number. It Is designed to allow the interrupt
controller to be expanded by the addition of an external
interrupt controller such as the xPD71059.

NMI, INTPO-INTP1 are edge-sensitive inputs. By select-
ing the appropriate bits in the interrupt mode register,
these inputs can be programmed to be either rising- or
falling-edge triggered. Bits ES0-ES2 correspond to
INTPO-INTP2, respectively, as shown In figure 6.

13
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Figure 6. ExternalInterrupt Mode Register (INTM)

The twelve internal interrupts are:

Lo lese[oJes]ofew]oJeswn] Tl TieruntQ e
4 Address xxF40H 0 INTTU2 Timer unit 2 inte.rrupt
NTor Db cpane ¢t
‘1’ g?;'l':g :gg: INTSERO Serial channel 0 error interrupt
INTSRO Serial channel 0 receive interrupt
ES1 INTP1 Input Effective Edge INTSTO  Serial channel 0 transmit interrupt
0 Falling edgs INTSER1 Serial channel 1 error interrupt
1 Rising edge INTSR1  Serial channel 1 receive interrupt
ESO INTPO Input Effective Edge INTST1  Serial channel 1 transmit interrupt
) Falling edge INTTB  Time base counter interrupt
i Rising edge Table 3 shows the various interrupt request control
ESNMI NMI Input Effective Edge registers, the options for service, their relative priorities,
Py Falling edge and the options for multiple control.
1 Rising edge .
The five external interrupts are:
NMI Nonmaskable interrupt
INT Cascaded PIC interrupt
INTPO Interrupt from peripheral 0
INTP1 Interrupt from peripheral 1
INTP2  Interrupt from peripheral 2
Table 3. Interrupt Processing 7
Interrupt Interrupt Macro Bank Priority Priority © Priority Multiple
Source Vector Service Switching Setting Between Groups ~Within Group Process Control
NMI 2 No No Not available 0 - Not accepted
INT External No No Nof available 7 - Not accepted
INTTUO 28 Yes Yes Available 1 1 Accepted
INTTUY 29 2
INTTU2 30 3
INTDO 20 No Yos Available 2 1.
INTD1 21 . 2
INTPO 24 ° Yes Yes Available 3 1
INTP1 25 2
INTP2 2 3
INTSERQ 12 No Yes Available 4 1
INTSRO 13 Yes 2
INTSTO 14 Yes 3
INTSER1 16 No Yes Available 5 1
INTSR1 17 Yes 2
INTST1 18 Yes 3
INTTB 31 No No Not available 6 -

14
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Interrupt Processing Modes

Interrupts, with the exception of NMI, INT, and INTTB
have high-performance capabllity and can be processed
In any of three modes: standard vector method (compat-
Ible with V20/V30), register bank context switching (sup-
ported In hardware), and macroservice (SFR transfers).
The processing mods for a given Interrupt can be chosen
by enabling the appropriate bits in the corresponding
Interrupt request control register. Each interrupt, except
INT and NMI, has its own associated IRC register. The
general format for each of these registers is shown in
figure 7,

All Interrupt processing routines other than those for
NMI and INT must end with the execution of the FINT
Instruction. This instruction informs the interrupt con-
troller that the current Interrupt service routine is com-
plete; If FINT s not executed within the service routine,
subsequently only interrupts of higher priority will be
accepted. :

In the vectored sarvice mode, the CPU traps to a vactor
locatlon.

T-49-19-59

assoclated IRC register. The PC and PSW are automati-
cally sorted in the save areas of the new register bank,
and the address of the interrupt routine is loaded from
the vector PC storage register In the new register bank.

As in the vectored mods, the IE and BRK bits in the PSW
are cleared to zero. After processing, execution of the
RETRBI instruction must be exscuted to return control
to the original register bank and restore the former PG
and PSW. Figures 8 and 9 show register bank context
switching and register bank return.

This method of interrupt service offers a dramatic per-
formance advantage over normal vectored service be-
cause there is no need to store and retrieve data/
registers on the stack. This also allows hardware-based
real-time task switching in high-speed environments.

In additlon to context switching, the uPD70325 has a
task switch opcode (TSKSW) that allows multiple inde-
pendent processes to be internally resident. Figure 10
shows the task switching function.

Figure 8. Register Bank Context Swiitching

Figure 7. Interrupt Request Control Registers RBI RBJ
(IRC)
AW AW
| F | ™K [msant[Encs] o | Pr, | PRy | PRy | pve p-
7 0
) DwW ow
IF Interrupt Flag BW Bw
0 No Interrupt request generated
1 Intertupt request generated sp sP
IMK Interrupt Mask BP BP
] Open (interrupts enabled) X X
1 ~ Closed (interrupts disabled)
MS/INT Interrupt Response Method v @ ¥
0 Vector Interrupt or register bank switching Ds1 Dst
1 Macroservice function
) PS PS
ENCS Reglster Bank Swltching Function
0 Not used ss ss
1 Used DSO DS0
PRx+PRp Interrupt Group Priority (0-7) Save PC »|  saverc
000 Highest (0) .
I3 Save PSW »>{ Save PSW
111 Lowest
west (7) Vector PG —I BC l(-——— Vector PC
Resarved Reserved
Register Bank Switching.
Register bank context switching allows interrupts to be a5L-es21A

processed rapldly by switching register banks. After an
interrupt, the new register bank selected has the same
bank number (0-7) as the priority programmed in the

15
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Figure 9. Register Bank Return Figure 10. Task Snvitgging
RBI RBJ ‘ Current New
AW ' AW AW AW
cw cwW cw cw
DwW - DW bW bW
BW BW BW- BW
SP SP SP sp
BpP BF; BP 7 BP
IX X 4 X
¥ 4 [\ 4 14
DSt ] <:| bS1 DSt l:> Ds1
Ps PS Ps PS
§S ss §8 8s
bSO Dso Dso Dso
Save PC Save PC Save PC ——{ PC I(— Save PC
Save PSW - Save PSW Save PSW Save PSW
Vector PC ->I PG | Vactor PC Vegctor PC Pew (—I—. Veétor 3107
Reserved o Reserved Reserved -RB —i Reg 16 7 Resgerved
RB Reglster bank
83518704 %e:d
835L-6823A

Interrupt Factor Register Figure 11. Interrupt Factor Register (IRQS)

The uPD70325 provides an additional register that stores l v
the Interrupt vector number of the last-serviced interrupt Lofofo] nterrupt Veotor ]
request. The register is located in special-function mem- 7 5 4 Address xFEFH 0
ory and is read only in 8-bit operations. This register Interrupt Factor Interrupt Vector
facllitatesthe use of one register bank to seryioe multiple INTTUO 1GH
Interrupt sources, particularly those within the same N -
. e . TTU IDH
group (interrupts within the same group will all context
switch to the same register bank). INTTU2 IEH
. . . . INTDO 14H
The interrupt vector is stored in the IRQS register as DT "
shown in figure 11, and is retained unti! the next interrupt 15
request is accepted. The value of the IRQS register is not INTPO 18H
altered hy NMI, INT, or macroservice transfers, It is INTP1 19H
generally recommended that the IRQS register be read INTP2 1AR
before the El bit is set within the interrupt service routine -
; \ \ INTSERO 0CH
to assure that its contents will not be altered by multiple INTSRG
processing routines. SR ODH
INTSTO OEH
INTSER{ 10H
INTSR1 11H
INTST1 12H
INTTB 1FH

16
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Macroservice Function

The macroservice function (MSF) is a special micropro-
gram that acts as an internal DMA controller between
on-chip peripheral special-function registers and mem-
ory. The MSF greatly reduces the software overhead and
CPU time that other processors would require for regis-
ter save processing, register returns, and other handling
assoclated with Interrupt processing.

Ifthe MSF [s selected for a particular interrupt, each time
the request is received, a byte or word of data is trans-
ferred between an SFR and memory without interrupting
the CPU. Each time a request occurs, the macroservice
counter is decremented. When the counter reaches zero,
an interrupt to the CPU is generated. The MSF also has
a character search option. When selected, every byte
transferred is compared to an 8-bit search character and
an interrupt is generated if a match occurs or if the
macroservice counter reaches zero.

Like the NMI, INT, and INTTB, the two DMA controller
interrupts (INTDO and INTD1) do not have MSF capabil-
ity.

Eight 8-byte macroservice channels are mapped into
internal RAM from XXEOOH to XXE3FH. Each macro-
service channel contains all necessary information to
execute the macroservice process. Figure 12 shows the
components of each channel.

Figure 12. Macroservice Channels

Upto 3FH
XXEQSH
MSS 7 M.S. Channel 0
Mmsp
Reserved SCHR
SFRP MSC XXEQOH (internal RAM]
f—— 16 Bits ——]

MSS = Macro service segment

MSP = Macro service polnter

SCHR = Search character

SFRP = Special function reglster pointer
MSC = Macro service counter

49-001345A

T-49-19-59

Setting the macroservice mode requires programming
the corresponding macroservice control register. Each
individual interrupt, excluding INT, NMI, serial error,
DMA, and TBC, has its own assoclated register. Figure 13
shows the generic format for all MSC registers.”

Figure 13. Macroservice Control Registers

(M5C)
| MM, | Msmy [MsMo [ DIR | o
7

| cHa | oy [ oo |

0

MSMo-MSMy Macroservice Mode

000 Normal (8-bit transfer)

001 Normal (16-bit transter)

100 Character search (8-bit transfer

Other combinations are not allowed.

DIR Data Transfer Direction

0 Memory to SFR

1 SFR to memory
CHx-CHy Macroservice Channel

000 Channel 0

{

111 Channel 7 )

TIMER UNIT

The uPD70325 {figure 14) has two programmable 16-bit
interval timers (TM0 and TM1) on chip, each with vari-
able input clock frequencies. Each of the two 16-bit timer
registers has an associated 16-bit modulus register
(MDO and MD1). Timer 0 operates in the interval timer
mode or one-shot mode; timer 1 has only the interval
timer mode.

Interval Timer Mode

In this mode, TMO/TM1 are decremented by the selected
input clock, and, after counting out, the registers are
automatically reloaded from the modulus registers and
counting continues. Each time TM1 counts out, inter-
rupts are generated through TF1 and TF2 (timer flags 1
and 2). When TMO counts out, an interrupt is generated
through TFO. The timer-out signal ¢an be used as a
square-wave output whose half-cycle Is equal to the
count time.

Two input clocks derived from the system clock are
SCLK/6 and SCLK/128. Typical timer values shown be-
low are based on fogc = 10 MHz and fggLk = fosc/2.

Clock Timer Resolution Full Count
SCLK/6 1.2 us 78.643 us
SCLK/128 25.6 us 1678 s

17
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Figure 14. Timer Unit Block Diagram

fscLk
divided byl

6| ™I
128 I (16} TFZJ

=
=)

i2 MDO -
123| l (16 " I

G:
} TMO | ,l |
12 {16) TFO

128
' Output
Control

@ [nternal Bus

7
B335L-~6746A

T0

)
-

One-Shot Mode

In the one-shot made, TMC and MDO operate as indepen-
dent one-shot timers. Starting with a preset value, each
is decremented to zero. At zero, counting ceases and an
interrupt is generated by TFO (from TMO) or TF1 (from
MD0).

When TMO is programmed to one-shot mode, TM1 may
still operate in Interval mode.

Two input clocks derived from the system clock are
SCLK/12 and SCLK/128. Typical timer values shown
below are based on fogg = 10 MHz and fggik = fosc/2.

Clock Timer Resolution Full Count
SCLK/12 2.4 ps 157.283 ms
SCLK/128 25.6 us 1.678 s

Timer Control Registers

Setting the desired timer mode requires programming
the timer control register. See figures 15 and 16 for the
TMC register format.

18
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Figure 15. Timer Control Register 0 (TMC0)

[ 7so [toLko| Mso [mcLKo| EnTo | A [map, | Mo, |

7 Address xxF80H
TSO TMO in Either Mode
0 Stop countdown
1 Start countdown
MOD; MOD; TCLKO TMO Register Clock Frequency
0 0 0 fscL/6 (Interval)
] 0 1 fsoLi/128 (nterval)
0 1 0 fsoLi/12 (One-shot)
0 1 1 fsoL/128 (One-shot)
MSso MDO Register Countdown {One-Shot Mode)
0 Stop
1 Start
MCLKO WMDO Register Clock Frequency
o fsoLk/12
1 fscLw/i28
ENTO TOUT Square-Wave Output
0 Disable
1 Enable
ALV TOUT Initial Level When TOUT Disabled by ENT0 = 0
0 Low
1 High
MODy MODy Timer Unit Mode
0 0 Interval timer
0 1 One-shot
1 X Reserved

Figure 16. Timer Control Register 1 {TMC1)

[ 1t Jrowi] o [ o o [ o [ o] o |
7 Address xxF91H
TS1 Timer 1 Countdown
0 Stop
1 Start
TCLK1 Timer 1 Clock Frequency
0 fscLk/®
1 fscLr/128
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TIME BASE COUNTER

The 20-bit free-running time base counter (TBC) controls
internal timing sequences and is available as the source
of periadic Interrupts at lengthy Intervals, One of the four
interrupt perlods can be selected by programming the
TB0 and TB1 bits inthe processor control register (PRC).
The TBC Interrupt is unlike the others because it is fixed
as alevel 7 vectored interrupt. Macroservice and register
bank switching cannot be used to service this interrupt.
See figures 17 and 18.

The RAMEN bit in the PRC register allows the Internal
RAM to be removed from the memory address space to
implement faster instruction execution.

The TBC (figure 19) uses the system clock as the input
frequency. The system clock can be changed by pro-
gramming the PCKO and PCK1 bits In the processor
control register (PRC). Reset initializes the system clock
to fosc/8 (fosc = external oscillator frequency).

Figure 19. Time Base Counter (TBC) Block

) Diagram
Figure 17. Time Base Interrupt Request
Cantrol Register (18IC)
[ter k] o [0 [ o [ v [ 1 ] 1 | sk —p>
7 Address xxFECH 0
TBR Time Base Interrupt Flag i J) i l
0 No Interrupt generated
1 Interrupt generated +210  +213 216 +220
TBMK ~ Time Base Intorrupt Mask 19:0013484
0 Unmasked
1 Masked REFRESH CONTROLLER

Figure 18. Processor Control Register (PRC)

| o [paveN o [ o | ™81 | 80 [ PoK|PcK |
7 .

Address xxFEBH 0

RAMEN Bulit-in RAM

0 Disable

1 Enable
T8¢ TBy Time Base Interrupt Porlod

0 0 2104 ¢

0 | 213461k

1 0 216/t

1 1 22°/fc|_K
PCKy PCK, System Clock Frequency (foLi)

0 0 tw/2

0 1 fx/a

1 b} fx/8

1 1 Resarved

The pPD70325 has an on-chip refresh controller for ==

dynamic and pseudostatic RAM memory. The refresh
controller generates refresh cycles between the normal
CPU bus cycles according to the refresh specifications
programmed.

The refresh controller outputs a 9-bit refresh address on
address bits Ag-Ag during the refresh bus cycle. Address
bits A1g-Ag are fixed to Os during this cycle. The 9-bit
refresh address Is automatically Incremented at every
refresh cycle for 512 row addresses. The 8-bit refresh
mode (RFM) register (figure 20) specifies the refresh
operation and allows refresh during both CPU HALT and
HOLD modes. Refresh cycles are automatically timed to
REFRQ following read/write cycles to mlnlmlze the ef-
fect on system throughput.

As shown In figure 20, the REFRQ output level is deter-
mined by the by the RFLV and RFEN bits of the RFM
register.

19
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Figure 20. Refresh Mode Register (RFM)

| RFwY |HLORF] HLTRF | RFEN | RFW, | RFWo | RFTy | RFT, |
7 Address FETH 0

AFLY RFEN FREFRQA Output Signal Level

0 0 [v]
1 0 1
0 1 0
1 1 Refresh pulse
HLDREF Automatlc Refresh Cycle In HOLD Mode
0 Disabled
1 Enabled
HLIRF Automatic Refresh Cycle in HALT Mode
0 Disabled
1 Enabled
RFEN Automatic Refresh Cycle
0 Refrash pin = RFLV
1 Retresh enabled
RFWy RFWg No. of Walt States Inserted In Refresh Cycle
0 0 0
0 1 1
1 0 2

1 1 2
RFTy RFTg Refresh Perlod
0 0 16/SCLK

0 1 32/SCLK
1 0 64/SCLK
1 1 128/SCLK
SERIAL INTERFACE

The uPD70325 has two full-duplex UARTSs, channels 0
and 1, Each channe! has a transmit line (TxDn), a receive
line (RxDn), and a clearto-send (CTSn) handshaking
line. Communlcation is synchronized by a start bit, and
elther even, add, or no parity may be programmed.
Character length may be programmed to elther 7 or 8
blts, and either 1 or 2 stop hits may be selected.

Each serlal channel of the pPD70325 has a dedicated
baud rate generator, so there Is no need to obligate any
of the on-chip timers to handle this function. The baud
rate generators allow individual transfer rates for each
channsl and support rates up to 1.25 Mbys. All standard
baud rates are available and are not restricted by the
value of the particular external crystal.

Each baud rate generator has an 8-bit data register
(BRGn) that functions as a prescaler to a programmable
Input clock selected by the serial communication control
register (SCCn). Together these must be set to generate
a frequency equivalent to the desired baud rate.

20
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The baud rate generator can be programmed to obtain
the desired transmission rate according to the following
formula:

SCLK x 108
BxG = ?1—‘
where:
B = baud rate

G = baud rate generator register (BRGn) value

n = Input clock specification; the value loaded into
the SCCn register (0 < n < 8)

SCLK = system clock frequency (MHz)

Based on the above formula, the following table shows
the baud rate generator values used to obtaln standard
transmission rates when SCLK = 5 MHz,

Baud Rats n BRGn Error (%)
110 7 178 0.25
150 7 130 0.16
300 6 130 0.16
600 5 130 0.16.
1200 4 130 0.16
2400 3 130 0.16
4800 2 130 0.16
9600 1 130 0.16
19.2k 0 130 0.16
38.4k 0 65 0.16
1.26M 0 2 0.00

In addition to the asynchronous mode, channel 0 has a
synchronous /O interface mode. In this mode, each bit
of data transferred Is synchronized to a serial clock
(SCLKO0). The receive clock may be specified as either
the internal baud rate generator output or an external
signal provided on the CTS0 input pin (the RSCK bit of
the SCMO register must be programmed to 0).

This mode is functionally equivalent to using the serial
channel as a shift register because data Is synchronous
with the SCLK signal. Data bits from consecutive bytes
may directly follow one another since no extra bits
(parity, start, or stop) are added. This mode is compati-
ble with the xCOM75 and pCOM87 series, and allows
direct interfacing to these devices.

Figure 21 detalls the serfal communication mode regls-
ter, which controls the operational mode and data format
of the serlal channel. The serlal communication control
register shown in figure 22 specifies the baud rate
generator input clock frequency.
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Figure 21. Serial Communication Mode Registers  Figure 22. Serial Communication Control
(SCM) Register (SCC)
| xroY | RxB [PRTY1]PRTYO] clrskptrscy Mot [ Mo | [ o [ o | o ] o Jersq | Prs, | Prs; | PR |
7 ) 0 7 - . 0
TxRDY Transmitter Control PRS;,-PRSVO Baud Rate Generator Input Clock Frequency
0 Disabled 0000 fscLi/2 (n = 0)
1 Enabled 0001 tsoLi/4
- 0010 fscLw/@
RxB Rec‘eiver Control 0011 fooLK/16
‘1’ g'sa;’ej 0100 faoLk/32
) napie 0101 fsoLK/64
PRTY1-PRTYO  Parlty Control 0110 fscLi/128
) 0 No parity 0111 fsoLK/286
] 1 0 parity (Note 1) 1000 fscLk/512 (n = §)
1 0 'Odd parity
1 1 Even parity The TxBE and RxBF bits signal the status of the respec-
CLTSK Character Length (Async Mode) tive transmit and rece:ive buffers. These bits are reset
Tx Shift Clock (I/O Intertace Mode) automatically when either the baud rate generator or
— serial control register contents are written. The AS (All
0 7 bits {Async) e A
No effect (/O Inttc) Sent) bit is set when both the transmit buffer and the
1 8 bits (Async) transmit shift register are empty.
Trigger transmit (/O intfc)
SLRSCK Stop Blts (Async Mode) Figure 23. Serial Status Register (SST)
Recelver Clock {//O Interface Mode) -
5 1 stop Bit (roynd] | Rxon| as [wxee [Rxer| o [ EmP | ERF | ERO |
Ext clock input on CTSO (/O intfc) 7 0
1 2 stop blts (Async)
int clock output an CTS1 (/O intfc) RxDn  Recelve Terminal State
MD1-MDO Mode 01 Status of RxD pin
00 1O interface (Note 2) |
01 Asynchronous AS All Sent Flag
i1 x Reserved 0 Data has been written in transmit buffer
1 Data in transmit buffer and shift register has been sent
Notes: . ) . ) TxBE  Transmit Butfer Empty Flag
(1} Parity Is 0 during transmit and Iignored during receive. 0 Data has been wiitten In transmit buffer
(2) Channel enly. i Data In buffer has been sent to shift register
The serial communication error registers of the V25 are ~ RXBF__Recelve Bufer Full Flag
replaced in the uPD70325 with the sérial status registers  © Data has been read from recelve buifer
shown in figure 23. These registers provide error flags 1 Data has been sent from shift register to buffer
and buffer status information. The error bits are auto- ERP  Parlty Error Flag
matically cleared when the next data byte is received; o No error .
otherwise, these flags are persistent. 1 Transmit and receive parity are different
ERF Framing Error Flag
0 No error
1 Stop bit not detected
ERO Overrun Error Flag
0 No error .
1 Data is received before receive buffer outputs previous
data
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Flgures 24 and 256 show the serlal interface block dia-
gram for asynchronous and I/O interface modes, respec-
tively.

Figure 24. Serial Channels 0 and 1; Asynchronous
-Mode

Internal
Bus

S$TFn 4—| TxBn | | SCMn l-|—| RxBn ‘
LL SRFn ﬁ
TXDn Shiit Shift
o 4 Registor Raeglster
RxDn E ‘
CTSh Transmit SEF Recaive
o D Control n4 Control

‘ i

SCKO 4 Baud Rate|, 9/ Time Base

{Note “t Gonerator 7 Counter
PMC1

Notas:

1] Channel 0 only. SCKG outputs high
lgvel In asynchronous mode.

49M-900518

DMA CONTROLLER

The pPD70326 has an on-chip, two-channel DMA con-
troller capable of supporting data transfer at full bus
bandwldth, Although the operating modes of the
1PD70825 DMA unit are Identical to those of the V25, the
programming and data transfer rates are different.

Six I/O pins support the operation of the DMA unit.

¢ Two active-high request inputs

¢ Two activelow acknowledge outputs valid only in
1/0-to-memory and memory-to-1/O transfer modes

e Two terminal count active-low outputs, driven low
when the transfer count reglster Is decremented from
0 (borrow occurs).

Two memory-to-memory transfer modes (single-step
and burst) are supported as well as two 1/0-to-memory
modes (single transfer and demand release). Refer to
table 4.
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Figure 25. Serial Channel 0; I/0 Interface Mode

tnternal
Bus

5
Hgllol ﬁ|
U snrojﬁ

Txbo 4 Shift shift
Register Reglster
RxDO N
V
Transmit Recelve
Controt SEF0 +—— Gontrol
CT80

;S

i ASCK

v

scko Baud Rate 9, Timo Base
Generator 7. Counter
TXE

49M-000§17

Memory-to-Memory DMA Transfers

Single-Step Mode. The single-step mode allows direct
memory access for memory-to-memory transfers. These
transfers take two bus cycles (nominally two clock
cycles each), one to read the data and the other to write
it back to memory. The data is stored inside the
uPD70325 in a dedicated temporary register between
the two bus cycles.

When a DMA request occurs in this mode, DMA and CPU
bus cycles alternate until the transfer count is reached.
This mode Is provided to allow the user program to
continue executing at 50% of its normal speed when
DMA is operational. The single request thus generates a
full block of data transfer; that Is, until terminal count is
reached.

Burst Mode. This mode is also a memory-to-memory
transfer running at full bus bandwldth. Once a request is
recognized, the DMA unit takes contro! of the bus and
continuously transfers data until the terminal count is
reached for that channel, This mode forces all other
lower priority bus masters (Iincluding the CPU) to hold
their bus requests until the specified DMA block is
transferred.
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Table 4. DMA Unit Functional Interaction

Single-Step Mode

Burst Mode

Single-Transfer Mode

Demand Release Mode

Transmission Memory - memory
coverage

Memory - memory

Memory - I/Q

Memory - /O

Functlon Under one time of DMA
request Instruction,
one bus cycle and one DMA
transmission are alternately
exacuted the specified
number of times.

Under one time of DMA
tequest, specified times
of DMA transmission
are executed,

One DMA transmission Is
executed every time DMA
request accurs,

DMA transmission is exscuted
while DMARQ terminal is kept

high-level.

DMA start Rise of DMARQ

Setting TDMA bit of DMA
control register

Rlse of DMARQ

Setting TDMA bit of DMA
control register

Rise of DMARQ

High level of DMARQ

Halt method  Depends on software

None

Depends on software

Halted at low level
during DMA transmission

Interrupt All accepted

Not accepted
durlng DMA transmission

All accepted

All accepted except
during DMA transmission

Durlng halt Specifled times of DMA
transmission are executed .
consecutively

Specified times of DMA
transmission are executed
consecutively

Same as usual

Same as usual

DMA request DMA at channel 1 retained

Other DMA Is retained until

DMA transmission under

during DMA  while DMA
transmission  at channel 0 1s executed

DMA transmission
Is terminated.

DMA at channel 1 is retained
request is executed after one  while DMA
DMA transmission is over at channel Q Is executed,

I/0-to-Memory DMA Transfers

1/O-to-memory (source synchronized) and memory-to-
I/O (destination synchronized) transfers are performed
in one bus cycle (nominally two clock states). These
transfers drive a single memory address and strobe the
IORD or IOWR and DMAAK signals. Thus the appropriate
I/O device and memory location are selected without the
processor driving the data bus. These transfers are
designed for high-speed, /O data transfer reaching 5
megabytes/ second at 10 MHz.

Single Transfer, Single-transfer mode responds with
one DMA transfer per rising edge of the DMA request
line. After one DMA cycle is performed, control is trans-
ferred back to the CPU until another request Is recog-
nized. Transfers continue, one-per-request, until the ter-
minal count is reached.

Care must be taken in the single-transfer mode to ad-
here to the twiqy and twiqL specifications. Although the
DMA request is latched internally, if the above values are
not met, the pPD70325 may not detect the following
rising edge of the request input, and the subsequent
DMA transfer will not take place.

Demand Release. Demand release mode continues to
perform DMA transfers until either terminal count Is
reached or the DMA request is removed. When the

DMARQ is removed during DMA operation, the DMA
channel finishes the current transfer and releases the
bus. '

Note that the twiqq and twiqL parameters must also be
taken into design consideration for the demand release
mode. The twiqH parameter insures that the DMA request
is held past the internal sampling point. When the
DMAAK signal is asserted, the pPD70325 has obviously
accepted the request. Thus, the twiq parameter may
not need to be futly satisfied; that is, the request may be
removed after the DMAAK signal has been asserted. This
should not present a problem because it is specified that
the request must be active until the acknowledge is
output.

Demand Release Termination. The demand release

.mode may be released in one of two ways: the pro-

grammed terminal count is reached; or the DMARQ
signal is removed. These two conditions differ consider-
ably in operational characteristics.

When terminating demand release DMA by the terminal
count method, there are no restrictions placed on the
transfer bandwidth, and the transfer rate will maintain 4
megabytes/second at 8 MHz or 5 megabytes/second at
10 MHz. This rate Is achieved by programming the DMA
to operate at zero walt states and by sustaining the
DMARQ until the terminal count signal Is asserted.
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If demand release mode DMA Is terminated by deasser-
tion of the DMARQ line, then several specifications are at
Issue. The DMAAK signal is triggered from the falling
clock edge in the middle of B1 with a propagation delay
of 80 ns max. The DMA request line Is sampled on the
next rising edge of the CPU clock, which Is ideally 62.5
ns later (minus the 10-ns DMARQ setup time), Therefors,
on a worst-case device, the DMAAK signal Is not as-
serted until after the pPD70325 has already sampled the
DMARQ line. If DMAAK Is used to negate DMARQ, the
request may not be sampled correctly. This situation
may be avoided by inserting wait states in the DMA
transfer to delay the DMARQ sampling point.

A socond Issue s the Internal propagation delay of the
DMAAK signal. If the DMARQ input Is gated with the
DMAAK slignal In a zero wait-state system, DMAAK Is not
held low long enough to allow Internal timing signals to
fully propagate through the davice.

The result of the above situation must be broken into two
cases: zero wait-state systems and two wait-state sys-
temns. The zero walt-state system uslng DMARQ to ter-
minate the transfer may “overrun.” This would produce
" one more DMA transfer than the desired number (unless
terminal count was reached an the transfer during which
DMARQ was removed).

The two wait-state system will function normally in the
above situation since the walt states assure that the
DMARQ line will be sampled and accepted, thereby
terminating the transfer without any slippage. In this
case, the twiqL specification may be taken at 3T (min),
the width of the DMAAK pulse.

Addresses. All DMA addresses are mapped to external
memory space on the xPD70325. When a location cor-
responding to an internal data area is addressed, exter-
nal memory with the same address will be accessed.

Priority. Bus hold and refresh control malntain higher
bus priority than the DMA unit and are active during
DMA transmission. If an HLDRQ or REFRQ signal is
presented during DMA operation, the DMA unit releases
its DMAAK signal and relinquishes contro! of the bus to
the requesting bus master. DMA transmission Is also
temporarily halted during an interrupt acknowledge
cycle,

HALT State. The uPD70325 will acknowledge a DMA
request while the CPU is in the HALT state, and the
processor will return to HALT after the transfer Is com-
pleted. When the DMA terminal count interrupt Is pre-
sented in the HALT state, the processor releases the
HALT state and returns to normal mode.
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Latency. The pPD70325 DMA latency time Is substan-
tially faster than the standard V25. Since the DMA
controller is hardwired, it responds to requests within
instruction execution. The resulting worst-case latency
is 14+2W clocks from request to acknowledge and this
typical value will be 4 system clocks.

DMA Registers

The uPD70325 DMA registers differ from those on the
standard V25. The control blocks for each channel are
located In the special function register area and thus do
not overlap the internal RAM register banks.

DMA mode registers are provided for each DMA channel.
These registers, shown In figure 26, specify the transmis-
sion mode, byte/word data size, and the enable state of
each DMA channel.

Figure 26. DMA Mode Registers (DMAM)

[ MDp [ Moy [ MDo [ w [eoma[7oMA] o | o |
7 0

MD,-MDg Transfer Mode
000 Single-step (memory to memoty)
001 Demand release (/O to memory)
010 Demand release (memory to |/O)
ot1 Reserved .
i00 Burst (memory to memory)
101 Single-transfer (/O to memory)
110 Single-transfer {memory to /0)
111 Reserved

w Transfor Method
0 Byte transfer
1 Word transfer

EDMA TDMA  Transfer Condition
0 0 Disabled
1 0 Maintain condition
1 1 Start DMA transfer

The pPD70325 performs two consecutive 8-bit transfers
to accomplish word data transfers with the lower ad-
dressed byte transferred first. Upon reaching terminal
count, the DMA channel is automatically disabled by the
EDMA bit of the mode register A DMA request to a
disabled channel is ignored. The DMA transfer bit
(TDMA) has meaning only in the single-step and burst
modes and allows software to Initiate the DMA opera-
tion. This software request Is valid only whenthe channel
Is enabled. The TDMA bit Is write only and is always read
asa0,
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The DMA address control registers (figure 27) specify the
method of address pointer update. Two bits specify the
source address and two specify the destination address
update mode. The pPD70325 adjusts the address. point-
ers by 1 for byte transfers and by 2 for word transfers.

Figure 27. DMA Address Control Registers
(DMAC)

[ o ] o |pry[eo] o] o | psy | psg |
0

7

PD4-PDg Deostination Addross Offset

00 No modification

01 Increment

10 Decroment

11 No modiflcation )
P8¢-PSy Source Address Offset

00 No modification

01 Increment

10 Decrement

11 No modification

Flgure 28 shows the address polnter registers that spec-
ify the source and destination of the DMA transfer. Unlike
the standard V25, the address registers are linear. This
allows the 20-bit address to be completely specified in
three byte-wide registers. The SARnL and DARnL regs-
ters contaln the low 8 bits of the address; SARnM and
DARnM contain the middle & bits; and SARnH and
DARNH contain the high 4 bits of the address in the low
nibble (the high nibble is set to 0).

All ofthese registers may be read or written with either 8-
or 16-bit transfers and are updated as specified in the
DMAC registers.

Figure 28, DMA Address Registers

23 20 19 16 15 87 0
Q00O SARnH SARnM SARNL
0000 DARnH DARNM DARnL
[ Applled addresses (20 bits) ——]
n=0,1
QLTI

The terminal count registers (TCnH and TCnL) ate dual
8-bit reglsters that hold the current number of transfers
remaining in the DMA block. These registers are read/
write in 8- or 16-bit operations. They must be initially
programmed to the desired number of transfers minus
one. This is because the terminal count interrupt is
generated by a borrow out of these registers; this borrow
Is generated by the decrement performed after each
DMA transfer.

- DMA Timing

DMA operation on the uPD70325 is considerably faster
than on the standard V25, This speedup I$ realized by
converting the DMA operation from a microcoded pro-
cess to a hardwired one. As a result, the DMA latency
times on the standard V25 do not occur on the
wPD70325. However, bus controller latency Is still
present as s the nominal transfer time: 1 bus cycls for
1/0-to-memory transfers and 2 bus cycles for memory-
to-memory transfers.

Programmable walit state control is active for DMA

- operatlons with the programmed number of states

added to both source and destination addresses even if
these numbers are different. Memory-to-l/O transfers
insert the-number of wait states required by either the IO
device or the memory location (whichever is slower).
I/O-to-memory transfers insert the memory wait states
for the memary write cycle.

Flgures 29 to 32 are examples of cycles for DMA opera-
tions. Figure 33 Is a block diagram of the xPD70325 DMA
controller and Its internal registers.
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Figure 30. DMA Burst Mode Timing
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Figure 31. DMA Single-Transfer Mode Timing

Figure 32. DMA Demand Release Timing
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Figure 33. DMA Unit Block Diagram

Adg\temal
ress Bus
li(_)‘Bus , (20)
DMA Service
Channel 20 Tempoarary
<:> <::> Address
SARO (20) Register (20)
Increment/ %>
DARO {20} Decrement
Address
SART (20) Register
SAR Source Address
DAR Destlination Address
DAR1 (20) TG Terminal Count
TCO (16) Dec
G <::>‘6
Count
TC1(16) Decrement
Terminal Count
= DMARQO
c DNIM | <:> |-» DMARKO
<:> ontrol Loglc . 5
Mode Prority
Timing
[—* DMARQM
Bus Conual 1> GRAAK
r—»lNTno —= TC1
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— MSTB
Tem - AW
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PARALLEL 1/O PORTS

The uPD70325 has three 8-bit parallel /O ports: PO, P1,
and P2, Associated registers are shown in figures 34, 35,
and 36, Special-function register (SFR) locatlons can
access these ports as memory. The port lines are indi-
vidually programmable as inputs or outputs. Many of the
port lines have dual functions as port or control lines.

Use the assoclated port made control (PMC) and port
mode (PM) registers to select the function for a given /O
line,

Figure 34. Port 0 Registers (PMC0, PM0)

[Fie] o [0 oo oo o]
0

7 PMCO Register
|_PMoz | PMog | PMos | PMo, [ PMos EAE PMOp |
7 PMO Reglster ) 0
PMCOp =0
Port Pin PMCO; = 1 PMO, =1 PMO, =0
POy CLKOUT Input port Qutput port
FOg - Input port Output port
P05 - Input port Output port
P04 - Input port Output port
P03 - Input port Output port
PO - Input port Output port
POy - Input port Output port
POp - Input port Output port

Figure 35. Port1 Registers (PMC1, PM1)
| PMC17|PMG16[PMO15[PMCTa[PMCTs] 0 | © | o |
7 PMC1 Reglster
| PMt7 | P16 [ PM1s [ PM1 | 1 ENERE
7 PM1 Reglster

: PMC1, = 0
Port Pln PMCiy = PM1, = 1 PMI, = 0
P1y READY Input Input port Output port
Pig SCKO output Input port Output port
Pig TOUT output Input port Output port
Plg INT Input POLL input Output port
P13 INTAK output INTP2 Input -
Pia - INTP1 input -
P14 - INTPO input -
P1p - NMI Input -

29
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Figure 36. Port2 Registers (PMC2, PM2)
| PM627|PM025IPM025|PMC24[PM023[PM022IPM021lPMCzo |

7 PMC2 Register
| PM27 | PM2 | PM2s | PM2, | PM23 | PM2g | PM2, | PM2¢ | PM2° l

7 PM2 Ragister

PMC2, = 0

Port Pin PMC2, = 1 PM2, = 1 PM2, = 0
P2y HLDRQ Input Input port Output port
P2g HLDAK cutput Input port Output port
P25 TCT output Input port Output port
P2y DMAAKT output input port Output port
P23 DMARQ1 Input Input port Qutput port
P22 TCO output Input port Output port
P24 DMAAKD output Input port Output port
P2y DMARQO Input Input port Output port

The analog comparator port (PT) compares each Input
ling to a reference voltage. The reference voltage can be
programmed to the Vry Input x n/16, where n = 1 to 16.
See figure 37. '

Figure 37. Port T Mode Register (PMT)

ol o o | PMT, | PuT | PMTy | PMT, |
7 0

Comparator Reference

Yoltage (Vrer) PMT3 PMTy PMT4 PMTy
VrHx 16/16 0 0 0 0
116 0 0 0 1
2/16 0 0 1 0
8/16 0 0 1 1
4/16 0 1 0 0
6/16 0 1 0 1
6/16 0 1 1 0
7116 0 1 1 1
8/16 1 0 0 0
9/16 1 0 0 1
10/16 1 0 K 0
11/16 1 0 1 1
12/16 1 1 0 0
13/16 1 1 0 1
14/16 1 1 1 0
15/16 1 1 1 1

T-49-19-59
PROGRAMMABLE WAIT STATES

You can generate walt states internally to further reduce
the necessity for external hardware. Insertion of these
wait states allows direct interface to devices whose
access times cannot meet the CPU read/write timing
requirements.

When using this function, the entire 1 megabyte of
memory address space is divided into 128K blocks. Each
block can be programmed for zero, one, or two wait
states, or two plus those added by the external READY
signal. The top two blocks are programmed together as
one unit,

The appropriate bits In the wait control word (WTC)
control walt-state generation. Programming the upper
two bits in the wait control word sets the wait-state
conditions for the entire I/O address space. Figure 38
shows the memory map for programmable wait-state
generation.,

Figure 39 diagrams the wait control word. Note that
READY pin control is enabled only when two Internally
generated walt states are selected by the “11" option.

Figure 38. Programmable Wait State Generation

FFFFFH
256K

CO000H

LS

31

40000H

128K
20000H

128K

OH
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Figure 39. Wait Control Word (WTC)

101 100 | Block | Block | Block | Block | Block | Block
61 60 51 50 41 40

7 Wait Control, High 0

Block | Block | Block | Block | Block | Block | Block | Block
31 30 21 20 1 10 01 00

7 Wait Control, Low 0
Wait States Block ni Block n0

0 0 - 0

1 0 1

2 1 0

2 or mare {control from READYpin) 1 1
n=0thrué
STANDBY MODES

The two low-power standby modes are HALT and STOP.
Both modes are entered under software control.

HALT Mode

In HALT mode, the CPU is Inactive and thus the chip
consumes much less power than when fully operational.
The external oscillator remains functional and all inter-
nal peripherals are active. Internal status and output
port line conditions are maintained. Any unmasked in-
terrupt can release this mode. In the El state, interrupts
are processed subsequently in vector made. In the DI
state, program execution is restarted with the instruc-
tion following the HALT instruction.

STOP Mode

The STOP mode allows the largest power reduction
while maintaining internal RAM. The oscillator Is
stopped, halting the CPU as well as all internal periph-
erals. Internal status is maintained. Only a reset or NMI
can release this maode.

T-49-19-59

A standby flag in the SFR area is reset by rises in the
supply voltage. lts status is maintained during normal
operation and standby. The STBC register (figure 40) is
not initialized by RESET. Use the standby flag to deter-
mine whether program execution is returning from
standby or from a cold start by setting this flag before
entering STOP mode.

Figure 40. Standby Register (S TBC)

Lo|o|o|o|o|_o|o|ssl=|

7 Address xxFEQOH 0
SBF Standby Flag
0 No changes In Vpp (standby)
i Rising edge on Vpp (cold start)

SPECIAL-FUNCTION REGISTERS

Table § lists the special-function registers . The 8 high-
order bits of each register address (denoted by. xx in
table 5) Is specified by the IDB register. This allows the
special function register bank to be dynamically relo-
cated in memory.

SFR addresses not listed in table 5 are reservad. If read,
the contents of these addresses are undefined and any
write operation is meaningless.

The Read/Write column in table 5 shows the legal data
movement operations used to address these registers.
Data size can be specified as: bit (1), byte (8), and/for
word (16).
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Table 5. Special-Function Registers '
Address Reglster Name Label Read/Write Reset Condition
xxFOOH Port 0 data PO R/W 8/1 Undefined
xxFOTH Port Q mode PMO ws OFFH
axFO2H Port O contro! PMCO ws 00H
X(FQ8H Port 1 data P1 R/W 8/1 Undefined
xxFOSH Port 1 mode PM1 ws OFFH
xxFOAH Port 1 control PMC1 ws 00H
wF 10H Port 2 data P2 R/W 8/t Undefined
xF 11H Port 2 mode PM2 ws OFFH
oF 12H Port 2 control PMC2 ws 00H
xxF3sH Threshold port data PT RS Undefined
xxF3BH Threshold port mode ) PMT R/W 8/1 00H
xxF40H External Interrupt mode INTM R/W 8/1 00H
xF44H External interrupt macroservice control channel 0 (Note 4) EMS0 R/W 8/1 Undefined
xxF45H External interrupt macroservice control channel 1 (Note 4) EMS1 R/W 81 Undefined
xxF46H External interrupt macroservice control channel 2 (Note 4) EMS2 R/W 8/1 Undefined
YoF4CH External interrupt request control 0 {Note 4) EXICO RAW 8/1 47H
xxF4DH External Interrupt request control 1 (Note 4) EXIC1 RW 8/1 47H
xxF4EH - External interrupt request control 2 (Note 4). EXiC2 R/W 8/1 47H
xxF60H Serlal receive buffer channel 0 RxBO R8 Undefined
xxF62H Serial transmit buffer channel 0 TxBO ws Undefined
XxF 65H Serlal receive macraservice reglister 0 (Note 4) SRMSO. R/W 8/1 Undefined
xxF66H Serial transmit macroservice register 0 (Note 4) STMS0 R/W 8/1 Undefined
xxF68H Serial mode register 0 sCMo R/W 8/1 00H
sxF 69H Serial control register 0 §CCo R/W 8/1 O0H
xxF 6AH Baud rate generator 0 BRGO R/W 8/1 COH
xxF6BH Serial status reglster 0 S8Cso R8 60H
xxF6CH Serial error Interrupt request register 0 (Note 4) SEICO R/W 8/1 47H
xxF 6DH Serlal recelve Interrupt request register 0 (Note 4) SRICO R/W 8/1 47H
xFEEH Serial transmit interrupt request register 0 (Note 4) STICO R/W 8/1 47H
xxF70H Setlal receive buffer 1 RxB1 R8 Undefined
¥xF72H Serial transmit buffer 1 TxB1 ws Undefined
xxF75H Serial receive macroservics register 1 {Note 4) SRMSt R/W 8/1 Undefined
xxF76H Serial transmit macroservice reglster 1 (Note 4) STMSt R/W 81 Undsfined
xxF78H Serial mode reglster 1 SCM1 R/W 8/1 0oH
xxF79H Serial control register 1 S§CCH R/W 8/1 00H
xxF7AH Baud rate gensrator channel 1 BRG1 R/W 8/1 0ooH
xxF7BH Serial status register 1 SCs1 R8 60H
xxF7CH Serial error interrupt request register 1 (Note 4) SEIC1 R/W 8/1 47H
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Table 5. Special-Function Registers (cont)
Address Reglster Name Label Read/Write Reset Condition
xxF7DH Serial receive interrupt request reglster 1 (Note 4) SRIC1 RW 8/1 47H
xxF7EH Serlal transmit Interrupt request register 1 (Note 4) STIC1 RAW 8/1 47H
XxF80H Timer register 0 (Note 5) ) ™0 R/W 16 Undefined
xxF82H Timer 0 modulo reglster (Note 5) MDo R/W 16 Undefined
xxF88H Timer register 1 (Note §) ™1 R/W 16 Undefined
xxF8AH Timer 1 modulo register (Note 5) MDi R/W 16 Undefined
xxFOOH Timer 0 control register (Note 5) T™CO R/W 8/1 00H
xxF91H Timer 1 control register (Note 5) T™MCH RAW 81 00H
*xxF94H Timer unit 0 macroservice register (Note 4) TMMSO RAV 81 Undefined
xxF95H Timer unit 1 macroservice register (Note 4) TMMS1 R/W 8/1 Undeflned
xxF96H Timet unit 2 macroservice register (Note 4) T™MMS2 RAW 8/1 Undefined
xxFOCH Tlmer unit 0 Interrupt request reglster (Note 4) T™MICO R/W 8/1 47H
xxFSDH Timer unit 1 Interrupt request register (Note 4) T™IC1 R/W 8/1 47H
xxFOEH Timer unit 2 Intetrupt request register (Note 4) T™MIC2 R/W 8/1 47H
xxFAOH DMA address update control register 0 DMACO R/W 8/t * Undefined
XFASH DMA tode register 0 DMAMO RAW 8/ 47H
wxFA2H DMA address update control tegister 1 DMACH1 R/W 8/1 Undefined
xxFA3H DMA mode register 1 ) DMAM1 R/W 8/1 00H .
xxFACH DMA Interrupt request control register 0 (Note 4) DICO R/W 8/1 47H
xxFADH DMA Interrupt request control register 1 (Note 4) DIC1 RW 8/1 47H
*xFCOH DMA channel 0 source address pointer low SAROL R/W 16/8 Undefined
xxFC1H DMA channel 0 source address polnter mid SAROM R/W 16/8 Undefined
xxFC2H DMA channel 0 source address polnter high SAROH RW S Undefined
xxFC4H DMA channel 0 destination address pointer low DAROL R/W 16/8 Undsfined
xxFC8H DMA channel Q destination address pointer mid DAROM R/W 16/8 Undefined
xxFC6H DMA channel 0 destination address pointer high DAROH RW 8 Undefined
xxFC8H DMA channel 0 count register TCO RAV 16/8 Undefined
xxFDOH DMA channel 1 source address pointer low SAR1L R/W 16/8 Undefined
xxFD1H DMA channel 1 source address pointer mid SARIM R/W 16/8 Undefined
xxFD2H DMA channel 1 source address polnter high SARTH R/W 8 Undefined
*xFD4H DMA channel 1 destination address polriter low DARIL RV 16/8 Undefined
xxFDSH DMA channel 1 destination address polnter mid DARIM R/W 16/8 Undefined
xxFD6H DMA channel 1 destination address pointer high DARTH RW 8 Undefined
xxFD8H DMA channel 1 terminal count register TCH R/W 16/8 Undefined
xxFEQH Standby control register (Notes 1, 2) STBG R/W 8/1 Undefined
xxFE1TH Refresh mode register RFM R/W 811 OFCH
XxFESH Wait state control register wic R/W 16/8 OFFFFH
XFEAH User flag register (Note 3) FLAG R/W 8/1 00H
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Table 5. Special-Function Registers (cont) o
Address Register Name Label Read/Write Reset Condition
xxFEBH Processor control register ) PRC R/W 8/1 4EH
xXFECH Time base Interrupt request control register (Note 4) TBIC R/W 8/1 47H
XxFEFH Interrupt factor register (Note 4) IRQS RS Undefined
xxFFGH Interrupt priority control register (Note 4) ISPR RS8. " 00H
xxFFFH Internal data area base address register (Note 4) DB R/W 81 . OFFH
Notes:

(1) Standby control register can be set by Instruction but not
cleared,

(2) At power-on reset: 00H. Otherwlse not changed.

(3) Bit operations on FLAG reglster bits other than 3 and 5 have no
meaning.

ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings

(4) One walt staté Is Inserted In accesses to these registers,

(8) A maximum of six wait states are added Into accesses to these
registers,

Comparator Characteristics

T = 25°C Ta = -10t0 +70°C; Vpp = +5.0V = 10%
Supply voltage, Vpp -06t0 +70V  Parameter Symbol’ Min ‘Max Unlt
Input voltage, Vi -05t0 Vpp+0.5 = +70V  Accuracy VAgomp - +100 mV
Qutput voltags, Vo -0.5t0 Vpp+0.6 = +7.0V  Threshold voltage VTH 0 Vpp+0.1 \
Threshold voltage, Vty -05t0 Vpp+05 = +7.0V Comparlsen time tcomp 64 65 oYK
Qutput current low, to, Each output pin 4.0 mA (Total 50 mA) PT input voitage VieT 0 Voo v
Output current high, lgy  Each output pin -2.0 mA (Total -20 mA)
Operating temperature range, TopT -10to +70°C Capacitance
s - Ta=25°C;Vpp =0V
¢ mpet: , °

tarag tamparature range: Tsta ~65to +150 C Parameter Symbol Max Unit Conditions
Exposure to Absolute Maximum Ratings for extended periods may  jnput capacitance Q 10 pF  fo = 1 MHz;
affectdevice reliability; exceeding the ratings could cause permanent unmeasu,eé pins
damage. Qutput capacitance Cg 20 pF returned to ground

1/O capagcitance Cio 20 pF
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DC Characteristics; uPD70325-8
Ta ==10t0 +70°C; Vpp = +5.0V £10%
Parameter Symbol Min Typ Max Unlt Conditions
Input voltage, low ViL 0 0.8 v . )
Input voltags, high ViH{ 22 Voo v All except RESET, P1¢/NM|, X1, X2
ViHz 0.8 Vpp Voo \ RESET, P1¢/NMI, X1, X2
Output voltage, low - VoL 0.45 v loL = 1.6 mA
Output voltage, high VoH Vpp~-1.0 v loq = -0.4 mA
Input current ™ 20 BA EA, P1/NM}; 0= Viy < Vpp
Input leakage current I *10 pA All except EA, P1g/NMI; 0 < Viy < Vpp-
Qutput leakage current Lo +10 pA 0=<VosVpp
V1R supply current hH 05 1.0 mA 0= Vry = Vpp
Vop 8upply current Ipby 65 120 mA Oporation mode
Ipp2 25 80 mA HALY mode
Ippa 10 30 uA STOP mode
External System Clock Control Source Recommended Oscillator Components
] Ceramle Resonator {Note 1) Capacltors
Internal Osclllator Manufacturer  Product No. Ci{pF) C2(pF)
Kyocera KBR-10.0M a3 83
ci == X Murata Mfg. CSA.10.0MT a7 a7
.“_I = CSA16.0MX040 30 80
2 TOK FCR10.M28 30 30
= xa FCR16.0M28 15 6
Crystal (Note 2) ) Capacitors
Nate: (F)f;: a zpifﬁ;ﬂse'pg?ggmﬁfzgym- Manufacturer  Product No. C1 (pF) C2 (pF)
Kinseki HC-49/U 15 ]
HC-43/U 16 16
External Clock Notes:
(1) Ceramlc resonator product no. includes the frequency: 10.0 or
Clock X1 16,0 MHz.
28HCH0 (2) Crystal frequencies: 10, 16, 20 MHz,
x2
83SL6718A
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AC Characteristics; pPD70325-8 -
Tp = ~1010 +70% Vpp = +5.0V £10%; C = 100 pF max; T = tgy: n = number of walt states inserted
Paramster Symbot Min Max Unit Conditions |
Input tise, fall times tas b 20 ns  Except X1, X2, RESET, NMI
Input rige, fall times (Schmitt) tra ties 30 ns  RESET, NMI
Output tias, fall times tors tor 20 ns  Except CLKOUT
X{ cycle time toyx 62 250 ns
X4 width, low tw 20 ns
Xy wldth, high twxr 20 ns
Xy rlse, tall times txp txF 20 ns
GLKOUT cycle time toyk 125 2000 ns  CLKOUT = f,/2
CLKOUT width, low twkL 05T-15 ne
CLKOUT wldth, high twkH 05T~ 15 ns
CLKOUT rlse, fall times W KF 15 ns
Address delay time toKa 15 90 ns
Address valld to Input data valld tpADR n+15T-70 ns
MREQ to data delay time tomMRD (hn+1)T-60 ns
MSTE to data delay time tomsp (n+0H5T-60 ns
MAEQ to TG delay time tomATC 0.5T + 50 ns
FREQ to MSTB delay time tDMAMS 05T-35 05T + 35 ns
MREQ width, low twMAL {n+1)T-30 ns
Address hold time thka 0.5T - 30 ns
Input data hold time tHKDR ) ns
Next control setup time tsco T-25 ns
TC wldth, low twroL (n+2)T-30 ns
Address data output toapw 06T + 50 ns
MREQ delay time toamr 0.5T - 30 ns
MSTB delay time toaMs T-30 ns
HMSTE width, low twmsL (n+0.5)T -30 ns
Data output setup time tsom n+1)T-50 ns
Data output hold time thvow 0.5T - 30 ns
TOSTE delay time tpas 05T - 80 ns
[OSTB to data Input toiso {n+1)T-60 ns
[OSTE width, low twistL {n+1)T-30 ns
Addrass hald time thisa 0.5T~ 30 ns
Data input hold time tHisoR 0 ns
Output data setup time tspis {n-+1)T-50 ns
Qutput data hold time tHisow 0.5T - 30 ns
Next DMARQ setup time tspaba T-50 ns  Demand mode
DMARQ hold time tHDARQ 0 ns  Demand mode
DMAAK read wldth, low twomAL (+1.5)T-30 ns
BMAAK to TC delay time thDATG 0.5T + 60 ns
DMAAK wlte width, low twomwe  (R+1)T-30 ns
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AC Characteristics; yPD70325-8 (cont) )
Parameter Symbol Min Max Unit  Conditions
REFAQ delay time tpARF 0.5T - 80 ns
REFRQ width, low twhRFL {(n+1)T-30 ns
Address hold time tHRFA 05T~ 80 ns
FESET width, low twRSL1 30 ms  Crystal osc; STOP/Power-On RESET
RESET width, low 7 twrsL2 5 ps  System reset
MREQ, IOSTE to READY setup time tsCRY 7 h-1)T-100 ns n=x2
MREQ, IO3TB to READY hold time tHeRY (h-1T ne n=x2
HLDAK output delay time toxHA 15 80 ns
BUS control float to HLDAK 1 torHA T-50 ns
HLDAK 1o contrel output time toHAG T-50 ns
HLDRQ ! to contro! output time toHac 3T + 30 ns
HIOAR width, low ' twHAL T ns
HLDRQ setup time tsHak 80 ns
HLDRQ to HLDAR delay time tpHQHA 3T +160 ns
HLDRQ width, low twHaL 1.6T ns
INTP, DMARQ setup time tsiox 80 ns
INTP, DMARQ width, high twian 8T ns
INTP, DMARQ widih, low twiaL 8T ns .
POLL setup time tspik 30 ns
NMI width, high twiiH 5 us
NMI width, low twiL 8 us
TTS width, low tworL 2T ns
INT setup time tsirk 30 ns
INT hold tlime tHalQ 0 ns
TNTAR width, low twiaL 2T-30 ns
TNTAR delay time tDKA 15 80 ns
INTAR width, high twian T-30 ns
INTAK to data delay time toiAD 2T - 130 ns
INTAK to data hold time tHIAD ] 0.5T ns
SCKO cysle time tovik 1000 ns
SCRO (TSCK) width, high ) twsTH 450 ns
SCRO (TSCK) width, low twsTL 450 ns
TxD delay time toTKD 210 ns
TxD hold tima tiTkn 20 ns
CT30 (RSCK) cycle time toYRK 1000 ns
TT30 (RSCK) width, high twaaH 420 ns
TTS0 RSCK) widith, low twshL 420 ns
RxD setup time tsRDK 80 ns
RxD hold time tHKRD 80 ns

220
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STOP Mode Data Retention Characteristics
Ta = ~10to +70°C
Paramoter Symbol Min Max Unit
Data retentlon voltage Voopba 24 55 v
Vpp rise time trvD 200 us
Vop fall time tevD 200 us
Timing Waveforms
Stop Mode Data Retention Timing AC Input 2 ( RESET , NMI)
Vop 90% 0.8 VoD
' 10% VDDDR 08V
tFvo irRVD ' tirs tiFs
83-004333A 33-004306A
AC Input 1 (Except X1, X2, RESET , NMI) AC Output (Except CLKOUT) )

83-004305A 83-004207A

CLKIN1
X1

0.8 Vpp
08V

CLKOUT \

KR tKE

22v
0.8V

WKL 11 tWKH >

teyk

83-0043038
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Memory Read
} B1 ! B2 —
tevk »|
cLKouT zw
e—1DKA —»]

4 R

tHMA
tDADR l«-—'
¥
D7-Do 4
{DMRD ~»! tHMDR [~
_ 4 3
R/W / \
t
DAMR {WMRL tscc »
- X s
MREQ \‘ /
{DMSD
+— IDMRMS —>|
- \ -
MST8 %
fe—————DAMS ————>| j«——twMsL

10STB \
REFRQ \ )
e ) - X
DMAAK1- ‘ .
DMAAKQ
l«—toMRTC
TC1-7C0 /

twreL

83-004303C
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Memory Write

CLKOUT

teyk |

tDKA
] - y
A1g-Ag §<
- b,

D7-Do

le~tDADW-»] l«lHMA_.

{ 3
1(

tsom la— tHMDW I-.I

K

MREQ

«IDAMRj\ IWMAL ———tscC——+

; I

— IDMRMS

MSTB

tDAmMS () twMsL

REFRQ

+— tDMRTC

[ twrcL )‘/_

1
83-004310C
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tDKA

feyk
oreeaT /‘_—\__}—\_/r—\_

A19-Ag

D7-Do

le—lmsA—»

tDIsp

PN

-\
4

7

tHISDR

twisL

<—-lmus—jx

tsce

83-004311C
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I/0 Write
B1 } B2 !
teyk

tDKA
Atg-Ap J
-

D7-Do

tpaDw
> |<—|HISA+

ot

tsDis tHISDW

|

=
D
m
[+]

[e—tDAIS—> twistL tsce
e s
10sTB 2

REFRQ

.

.

1]

17

DMAAK1-
DMAAKO

§3-004312C
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CLKOUT

B §

-
I
|

tevk

1DKA —»]

B2

L

A1g-Ag

X

D7-Do

RIW \

K

je—tDAMR —>

tWMRL

X

N

te—tDMAMS

tDAMS

twMsL—»|

10578

«——1tSDADQ

DMARQQ-
DMARQ1

[«—tHDADQ

DMAAK1-
DMAAKO

\

-

WDMAL

A
/-

fe— lma,u'cj\,t

twreL

83-004313C
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CLKOUT

A1g-Ag

D7-Do

DMARQO

DMAAKOQ

DMARQ1-

DMAAK1-

B1

tCYK

NS

le—tDKA —»]

A

4

_/

«QDAMR—ﬂ twMAL e— tHMA —]
)\ Z(
N A
) tscc
—
tDAMS | twmsL
le—1SDADCQ
le—tHDADQ
B Y

twomwL

e |DDATC~}

twreL

83-004314C
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Refresh
B1 B2-
teyk .
wor NSNS
La— {DKA -
) \
Atg-Ag >§ §<
K 7
D7-Do
_ Y
RIW il N
_ Y
MREQ N
MSTB
o Y
iosTe R
<—QDARF—’| J« WRFL le— tHRFA —]
£
REFRQ ,Z
' tsce
DMAAK]- 3
DMAAKD
- 83-004315C
RESET 1
cLKOUT & /_\__/_\_/—_\_/—
| twRsL1
RESET \‘ | /
83-0043168
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RESET 2 :

oLkouT _/_\_/_\_/—\__/_\_/—\_

[e————IwRsL2
RESET \
3

83.6043:78

READY 1
i I | |
} B1 f BAW { BAW ! B2——|
MREQ /
tosT8
tHCRY ——+
{SCRY |<—
)
READY /¥ \
830043188
READY 2
I | | | | u
— B1 i BAW 1 BAW 1 BW i 82 i
MREQ \ /
108TB K
n=2 n=3
le———1HCRY"
tSCRY*
n=2 n=3
Y
READY \ /F
K ¥,
* tgoRY [READY setup time] and tHCRY [READY hold time] are a function of
T and n. Timings shown are examples forn=2andn =3,
830043198
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HLDRQ/HLDAK 1

tsHaK

cLKouT /_\_/_\_/

tsHaK —»

HLDRQ

\

tDKHA —»; — le———— IWHQL —
"
“
Bus control* 2k

t ,
CPRA IDHQHA toHAC

2@ —_ —

HLDAK
\L . 7/
*A1g-Ag, D7-Do, MREQ, MSTB, 108TB, A/W \WHAL
83-0043208
HLDRQ/HLDAK 2
cLKOUT ;[_\—/_\a
tSHOK
HLDRQ \ /
- A
[e————— tWHQL —————»]
Bus controt*
—»! 1DKHA lo— toHac
-
ALDAR }'
*A1g-Ao, D7-Do, MREG, MSTE, IOSTB, R/W
836043218

INTF, DMARQ Input

| tsiak

i _/_\_;/_\_/_\_/_\__;

isiak

4

INTR,
DMARQ" /

twiaH

S/ /L

—

1\

*INTP2-INTPO, DMARQ1-DMARQOD

* twiaL

830043228
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POLL Input

CLKOUT \
tspLk ispLK
FOLL /

83-6043238

NM! Input
A N 1
< twWNIH - twNIL
) 83-004324B
- CTS Input

CT51-CTSO / \( r

twerl

1
83-0043258
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INTRANTAK
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z
=
=

—’I 1SIRK

}

tokia | tHIAIQ l

Y y————
INTAK \L ) / T , 7
1 t
tWiaL WIAH { DIAD —»4 tHIAD }e—
4 'S
D7-Do % ;>__
sCC tscc
MREQ f
[0STB /
83-0043268
Serial Transmit

toyTk

$CKo /

L

twsTL

;L
twsTH:

T*xD

tHTKD l

tDTKD l

Serial Receive

83-0044418

CTSo \

tcYRK

[¢————IWSRL————»f [ twsrH

J_

RxD

tHKRD }

83-0043328
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INSTRUCTION SET

Instructions, grouped according to function, are de-
scribed In a table near the end of this data sheet.
Descriptions include source code, operation, opgods,
number of bytes, and flag status. Supplementary infor-
mation applicable to the instruction set is contained in
the following tables.

& Symhbols and Abbreviations

® Flag Symbols B

e 8-and 16-Bit Registers. When mod = 11, the register
Is specified in the operation code by the hyte/word
operand (W = 0/) and reg (000 to 111).

e Segment Registers. The segment register Is specified
in the operation code by sreg (00, 01, 10, or 11).

e Memory Addressing. The memory addressing mode Is
specified in the operation code by mod (00, 01, or 10)
and mem (000 through 111).

o Instruction Clock Count. This table gives formulas for
caleulating the number of clock cycles occupled by
each type of instruction. The formulas, which depend
on byte/word operand and RAM enable/disable, have
varlables such as EA (effective address), W (wait
states), and n (jterations or string Instructions).

Symbols and Abbreviations

Identitier Description

reg 8- or 16-blt general-purpose reglster

regs 8-bit general-purpose reglster

teg16 ~ 16-bit general-purpose register

dmem 8- or 16-bit direct memory location

mermn 8- or 16-bit memory location

mems 8-bit memory location

memis 16-bit memory location

mem32 32-bit mernoty lacation

sfr 8-bit special function register location

Imm Constant (0 to FFFFH)

Imm16 Constant (0 to FFFFH)

Imm8 Constant (0 to FFH)

Imrn4 Constant (0 to FH)

Imm3 Constant (0to 7)

ace AW or AL reglster

sreg Segment register

gre-table Name of 256-byte translation table
sre-block Name of block addressed by the IX reglster
dst-block Name of block addrassed by the IY register
near-pro¢ Procedure within the current program segment

50
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Identifler Description

far-proc Procedure located in another program segment

near-label Label In the current program segrnent

short- Label between ~128 and +127 bytes from the end

label of Instruction

far-labe! Label In another program segment

memptris Word contalning the offset of the memory location
within the current program segment to which
control Is to be transferred

memptra2 Double word contalning the offset and segment
base address of the memory locatlon to which
control 13 to be transferred

regptri 16-bit register contalning the offset of the memory

. location within the program segment to which

contro! I8 to be transterred

pop-value Number of bytes of the stack to be discarded (0 to
€4K bytes, usually even addresses)

{p-op Immediate data to ldentify the instruction code of
the external floating-point operation

R Reglster sot

w Word/byte field (0'to 1)

reg Reglster fleld (000 to 111)

mem Memory fleld (000 to 111)

mod Modo tield {00 to 10)

swW When S:W = 01 or 11, data = 16 bits. At all other
times, data = 8 bits,

X, XXX, Data to Identlfy the instructlon code of the external

YYY, 222 floating-point arithmetle chip

AW Accumnulator (16 bits)

AH Accumulator (high byte)

AL Accumulator (lew byte)

BP Base pointer reglster (16 bits)

BW BW register (16 bits)

BH BW register (high byte)

BL BW reglster (low byte)

cw CW register (16 bits)

CH CW register (high byte)

CL CW reglster (low byte)

Dw DW register (16 bits)

DH DW reglster (nigh byte)

DL DW register fow byte)

sp Stack pointer (16 bits)

PC Program counter (16 bits)

PSW Program status word (16 bits)
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Symbols and Abbreviations (cont) Flag Symbols 7
Identitler Descriptlon ldentitler Description
X Index reglster (source) (16 bits) (blank) No changs
Y Index register (destination) (16 bits) 0 Cleared to 0
Ps Program segment reglster (16 bits) 1 Setto 1
ss Stack segment reglster (16 bits) X Set or cleared according to the result
DSg Data segment 0 register (16 bits) u Undefined
DS, Data segment 1 reglster (16 bits) r Value saved earller Is restored
AC Auxiitary earry flag
oY Carry flag 8- and 16-Bit Reglisters (mod = 11) )
P Parity llag feg w=o0 W=1
S Sign fiag 000 AL AW
Z Zeto flag 0ot CL ow
DIR Direction flag o0 oL ow
€ Interrupt enable flag o BL BW
Vv Overflow flag 100 AH Sp
BRK Break flag o1 CH BP
MD Mode flag 1o DH X
[} Values In baremheses are memory contents n BH fy
dlsp Displacement (8 or 16 bits) Segment Registers
oxt-disp8 :l?sg:ta g;i:‘)ict)ementr (slgn-extension byte + 8-bit sreg Reglater
temp Temporary reglster (8/16/32'blts) 0 DS’
tmpoy Ternporary carry tlag (1-bi) o ' FS
seg Immediate segment data (16 bits) 0 S8
offset Immadiate offset data (16 bits) 1 DSo
- Transfer dirsction Memory Addressin, g
+ Addition mem mod=00  mod = 01 mod = 10
- Subtractian 00  BW+IX  BW+IX+disp8  BW+ IX + disple
X Multiplication 001  BW+IY  BW+IY+dispd  BW+IY + disple
t - Diviston o0 BP+IX BP + X + disp8  BP + IX + dispi6
% Modulo ot BP+IY ~ BP+IY+disp8  BP + IV + displo
AND Logloal product 0 X X + disps X + disp16
OR Logleal sum o v IV + disps Y + dispo
XOR Exclusive logloal sum 10 Direct BP + disps BP + disp16
XXH Two-dlgit hexadecimal value m BW BW + dispd BW + displ6
X0OXH Four-dlgit hexadeclmal value
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Instruction Clock Counts
Mnemonlc Operand Clocks Mnemonlc Operand Clocks
ADD reg8, reg8 2 CALL near-proc 22+ 2\ [18+2W]
Teg16, reg16 2 ) regptrié 2242W [18+2W]
reg8, mems EA+6+W memptri6 EA+26+4W [EA+24+4W]
reg16, mem16 EA+8+2W far-proc 36+4W [34+4W] 7
———— EA+8+2W [EAT6W] memptr32 EA+3§+ew [EA+24+8W]
reg16, mem16 EA+12+4W [EA+8+2W] CHKIND EA+26+4W
reg8, Imms 5 CLR1 cY 2
reg16, lrams 5 DIR 2
memis, imm16 6 reg8, OL P
mems,imms EA+9+2W [EA+7+2W] regis, CL 8
mem16, Imm8 EA+9+2W [EA+7+2W] \
mems, CL EA+14+2W [EA+12+W]
memi6, Imm18  EA+14+4W [EA+10+4W] mem16, CL EAH8+4W [EA+14+2W)
AL, imm8 5
H reg8, Imm3 7
AW, Imm18 ° reg16, Imm4 7
ADD4S 22+ (27 +3W)n [22+(25+3W)n] mems, Imm3 _ EA+11+2W [EA+9+W]
ADDC Same as ADD mem16, imm4 EA+15+4W [EA+10+2W]
ADJ4A 9 cMP reg8s, reg8 2
ADJaS 9 ’ reg16, regié 2
reg8, mems EA+6+W
ADJBA 7 reg16, mem16 EA+8+2W
ADJES 17 mems, reg8 EA+6+W
AND regs8, regs 2 mem16, regi6 EA+8+2W
regi6, regi6 2 - 1658, Imma 5
reg8, mems EA+6+W regi6, Imma [
regi6, mem1s EA+8+2W reg16, imm16 (]
mem3, reg8 EA+8+2W [EA+6+W] mems, Imm8 EA+7+W
mem16, ragi6 EA+12+4W [EA+8+2W] memi6, Imms EA+10+2W
tegs, Imms 5 mem16, imm16 EA+10+2W
tegi6, Immi6 4] AL, Imm8 5
mems, Imm8  EA+9+2W [EAF7+2W] AW Imm16 6
memi6, imm16 EA+14-+4W [EA+10+4W] CMP4S 22+(23+2W)n
Beond (conditional branch) 8oris CMPBK mems, mems 23+2W [19+2W]
BOWZ 8or 15 memi6, memi6  27+4W [21+2W]
BR neardabel 12 CMPBKB 16+ (21+2W)n
short-label 12 CMPBKW 16+(25+4W)n
regptri 13 CMPM mems 17+W
memptti6 EA+17+2W mam16 18+2W
far-label 15 CMPMB 16+ (15+W)n
memptra2 EA+25+4W ONPUW et (7TI2Wn
BRK 3 55+ 10W [43+10W]
imm8 56+ 10W [44+10W] Cvred 19
BRKCS 15 cvrew 8
BRKV 55+ 10W [43+10W) Cvioe 2
BTOLR 2 oviwL 8
BUSLOCK 2
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Instruction Clock Counts (cont)
Mnemonle Operand Clocks Mnemonle Operand Clocks
DBNZ 8or17 MOV regs, reg8 2
DBNZE Bor 17 regi6, reg1 2
p ; reg8, mems EA+6+W
DBNZNE 8ort7 reg1s, mem16 EA+8+2W
DEC rege, s mems, reg8 EAT4+W [EA+2)
g memis, regls  EA+6+2W [EA+2)]
mems EA+11+2W [EA+9+2W]
memi6 EA+15+4W [EA+11+4W] ::g?-s"r"':‘r:w :
ol 4 mems, Imma EA+5+W
DISPOSE 12:+2W mem16, Imm16 EA+5+2W
biv AW reg8 46-58 AL, dmems 9+W
AW, mems EA+48+W to EA+58+W AW, dmem18 1+2W
DW:AW, reg16 5464 dmems, AL S 7+W 5]
DW; AW, EA+88+2W to EA+68+2W dmem1s, AW 9+2W [5]
) memi16 sreg, reg16 4
DiVU AW regs 31 sreg, memis EA+10+2W
AW mem8 ) EA+33+W reg16, ereg 3
DW:AW, reg16 39 mem16, sreg EA+7+2W [EA+]]
DW AW mem16  EA+43+2W AH, PSW 2
DSO0: 2 PSW, AH 3
D§1: 2 DS0, reg16, EA+19+4W
B 12 memptr32
DSt reg16, EA+19+4W
EXT regs, reg8 41121 memptr32
reg8, Imm4 42422 MOVEK mems, mem8  20+2W [16+W]
FINT 2 mem16, memi6 16+ (20+4W)n [16+(12+2W)n]
FPO1 60+ 10W [48+ 10W] MOVBKB mem8, mems8 16+ (16+2W)n [16+ (12+W)n]
FP02 60+ 10W [48+10W] MOVBKW rem16; mem16 24+4W [20+2W]
HALT 0 MOVSPA - 16
IN AL, Imm8 14+W MOVSPB 1
AW, Imm8 16+2W MUL AW AL, reg8 _ 31-40
AL, DW 13+W AW AL, mems EA+33+W to EA+42+W
AW, oW 15+aW DWAW, AW, 39-48
INC regs 5 regié
regié 2 DWAW, AW EA+43+2W to EA+52+2W
mems EA+11+2W [EA+9+2W] mem16
memis EA+15+4W [EA+11+4W] reg1s, reg16, 89-49
Imm8
INM mems, DW 19+2W [17-+2W]
mem16, DW 21+4W [17+4W] ;:19"(112, mem16, EA+43+2W to EA+53+2W
mems, DW 18+ (13+2W)n [18+(11+2W)n)
tem16, DW 18+ (16+4W)n [18+(11+4W)n] regte, reg1e, 40-50
INS reg8, reg8 63-155 regi6, EA+44+2W to EA+54+2W
reg8, imm4 64-156 mem16, imm16
LDEA EA+2 MULY reg8 24
LDM mema 12w mems8 EA+-26+W
memié 16+(12+2W)n reg16 32
LDMBE mem16 1a+2W mem16 EA+34+aW
LoMwW mems8 16+ (10+W)n
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Instruction Clock Counts (cont)
Mnemenle Operand Clocks Mnemonic Operand Clocks
NEG reg8 5 PREPARE imm16, imm8 imm8 = 0:27 +2W
reg16 5 imm8 = 1:39+4W
mems EA+11+2W [EA+O+W] ‘(':E’f) Ty et
mem16 EA+16+4W [EA+11+2W]
NOP 3 PS: 2
: PUSH regi6 10+2W [6]
Not reg8 5 mem16 EA+18+4W [EA+14+4W]
regi6é 5
mem8 EA+11+2W [EA+9+W] gg‘ . Igw g}
mem1i6 EA+15+4W [EA+11+2W]
8s 11+2W [7]
NoT oY 2 DSO 11+2W [7]
regs, CL 7 PSW 10+2W [6]
regi6, CL LA R 82-+16W [50]
mems, GL EA+13+2W [EA+11+W]
imm8 13+2W [9]
mem16, CL EA+17+4W [EA+13+2W] Imm16 14+2W [10]
reg8, imm3 6
teg16, imm4 6 . REP 2
mems8, imm3 EA+10+2W [EA+8+W] REPE 2
mem16, imm4 EA+14+4W [EA+10+2W] REPZ 2
OR regs, reg8 2 REPC 2
reg18, reg16 2 REPNG 2
teg8, mems EA+64+W
rogi6, mem16  EA+8+2W REPNE 2
mems, regs EA+8+2W [EA+6+W] REPNZ 2 -
mem16, reg16 EA+12+4W [EA+8+2W)] RET null 20+2W
tog8, Imm8 5 pop-value 20+2W
regi6, imm1i6 6 null 29+4W -
mem8, immé _ EA+9+W [EA+7+W] pop-value 30+4W
memis, lmm16 EA+14+4W [EA+10+4W] RETI 43+4-6W [85+2W]
AL, imm8 5 RETRBI 12
AW, Imm16 5 ROL regs, 1 8
ouTt Imm8, AL 10+W regi6, 1 8
mms, AW fo+2w mem, 1 EA+14+2W [EA+124W]
DW, AL 9+W mem16, 1 EA+18+4W [EA+14+2W]
DW AW 9+2W reg8, OL 11+2n
OuUTM™ DW, mems8 19+2W [17 +2W] regis, CL 11+2n
DW, mem16 21+4W [17+4W] mem8, GL EA+17+2W+2n
DW, mem8s 18+ (13+2W)n [EA+15+W+2n]
[18+ (11+2W)n] memi16, CL EA+21+4W+2n
DW, memi6 18+ (15+4W)n [EA+17 +2W+2n)
[18+ (1 +4W)n] teg8, Imms 9+2n
POLL 0 reg16, imms 9+2n
POP regi6 12+2W memg, Imms  EA+13+2W+2n
memié EA+16-+4W [EA+12+2W] [EA+11+W+2n]
- memi6, imm8 EA+17+4W+2n
o B (EA+13+2W-+2n]
“ROL4 regs 17
P o mems EA+18-+2W [EA+16-+2W]
R 82+ 16W [58]
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Instruction Clock Counts (cont) -
Mnemeonlc Operand ) Clocks Mnemonle Operand Clocks
ROLC Same as ROL TEST1 regs, CL 7
ROR Same as ROL _fegt6, CL 7
8, CL EA+11+W
ROR4 regs 21 mems,
: mems EA-+24+2W [EA+22+2W] memi6, CL EA+13+2W
reg8, Imm3 ]
RORC Same as ROL re g1'6, imma 6
SET EO);I{R : mems, Imm3 EA+8+W
mem16, imm4 EA+10+2W
reg8, CL 7 -
regts, OL. 7 , TRANS 104+W
mems, OL EA+10+2W [EAT11+W] TRANSB _10+W
memi6, CL EA+174+4W [EA+134+2W)] TSKSW 11
reg8, Imm3 6 XCH reg8, reg8 3
reg16, Imm4 6 . regis, regi6 3
mems, imm3 EA+10+2W [EA+8+W] reg8, mems EA+10+2W [EA+8+2W]
memis, imm4 EA-+144+4W [EA+10+2W] reg16, memi6 EA+14+4W [EA+10+4W]
SHL Same as ROL mems, rog8 EA+10-+2W [EA+8+2W]
SHR Same as ROL mem16, regi16 EA+144+4W [EA +10+4W]
AW, regi6 4
SHRA Same as ROL reg16, AW 4
ss: 2 XOR Same as AND
ST™ mems 12+2 [10}
memis 16+ (10+2Wn [16+(6+2Wjn)  Notes:
STMB mems 18+ (8+W)n [16+ (6+W)n] (1) ifthe number of clocks Is notthe same for RAM enabled and RAM
disabled conditions, the RAM enabled value s listed first, fol-
STMW memif 14-+2W [10] lowed by the RAM disabled value In brackets; for example,
STOP 0 EA+8+2W [EA+6+W]
sus Same as ADD (2) Symbols in the Clocks column are defined as follows,
EA = additional clock cycles required for calculation of the
§uB4s 22+(27+3W)n effective address
[22+(26+3W)n] = 3 {mod 00 or 01) or 4 (mod 10)
sUBC Same as ADD W = number of walt states selacted by the WTG register
n = number of iterations or string instructions
TEST reg8, reg8 4 .
regi6, regi6 4
reg8, mems EA+84+W
reg16, memi6 EA+104+2W
mems, regs EA+84W
memi6, regi6 EA+104+W
reg8, imms8 7
_reg16, Imm16 8
mems, Imms EA+11+W
mem16; immi6 EA+114+2W
AL, imm8 5 *
AW, Immi6 6
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Execution Clock Counts for Operations
Byte Word

RAM Enable RAM Dlsable RAM Enable RAM Disable
Gontext switch Interrupt (Note 1) 7 - - 28 28
DMA (Single-step mods) (Note 2) 4+2W 4+2W 844W 8+4W
DMA (Demand release mode) 24+W 2+W 44+W 4+2W
DMA (Burst mode) ) 4+2W)n (4+2W)n (8+4W)n (8+4W)n
DMA (SIngle-transfer mode) 2+W 2+W . 4+2W 442W
Interrupt (INT pin) (Note 3) - - 62+ 10W 50+10W
Macroservice, sfr «— mem (Note 2) 23+W 214W 2742w 25+2W
Macroservice, mem « sft 2+W 204+W 26+2W 24+2W
Macroservice (Search char mode), sft «— mem 37+W a7+W - -
Macroservice (Search char mode), mem « sir 37+W 37+W - - 7
Prierity Interrupt (Vectored) (Nots 1) - —_ 68+ 10W 46+10W

N = number of clocks to complete the Instruction currently exscuting.
Notes:

(1) Everyinterrupt has an additional assoclated latency time of 27 +
N clocks, Durlng the 27 clocks, the Interrupt controller performs
some overhead tasks such as arbitrating priority. This time
should be added to the above listed Interrupt and macroservice
executlon times,

() The DMA and macroservice clock counts listed are the required
number of CPU clocks for each transfer

(3) When an external interrupt Is assertsd, a maximum of 6 clocks Is
required for Internal synchronization before the Interrupt request
flag Is set. For an internal Interrupt, & maximum of 2 clocks Is
required.

Bus Controller Latency
Clocks
Latency Mode Typ Max
Hold request Refresh active 9+3W
Intack actlve 10+2W
No refresh or intack 7+2W
DMA raquest Burst 3 14+2W
(Notes 1, 2) Single-step 3 1442W
Demand release '3 14+2W
Single-transfer 4 14+2W

Notes:

(1) The listed DMA latency times aré the maximum number of clocks
when a DMA request s asserted untll DMAAK or MREQ goss low
In the corresponding DMA cycle.

(2) The test conditions are: no walt states, no Interrupts, no macro-
service raquests, and no hold requests,
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Operation Code
Mnemonic Operand Operation 7 6 5§ 4 3 2 1 0 Bytes AC CY V P S Z
Data Transfer
MoV reg,reg reg « reg 1 0 00 1 i W 2
) 11 reg reg
mem, reg {mem) « reg i 0 0 O 1 [ 2-4
mod reg mem
reg, mem reg + (mem) 1 0 0 0 1 1w 2-4
mod reg mem
mem, imm {mem) + imm f 1 0 0 0 1 W 3-6
mod O O 0 mem
reg, imm reg « imm 10 1 1 w teg 2-3
ace, dmem WhenW = 0:AL ¢ (dmem) 1 0 1 0 0 0w 3
WhenW =1:AH « {dmem + 1),
AL « (dmem)
dmem, ace WhenW = 0: (dmem) « AL 1 0 1t 0 0 1 W 3
WhenW = {:(dmem + 1) « AH,
(dmem) « AL
sreg, reg16 sreg « regi6 sreg:SS, DSO, DSt i1 0 0 0 1 i 0 2
1 0 sreg reg
sreg, memi6 sreg « (mem16)sreg:SS, DSO, DS1 i 0 0 0 1 1.0 2-4
mod O sreg mem .
reg16, sreg reg16 « sreg 1 0 0 O 1 0 0 2
11 0 sreg reg
mem16, sreg (mem16) « sreg 10 0 0 1 00 2-4
mod O  sreg mem
DS0, reg16, reg16 « (mem32), 11 00 0 0 1 2-4
mem32 DSO + (mem32 + 2) mod req mem
DS1,regis, regi6 + (mem33), 1100 O 0 0 24
mem32 DS1 + (mem32 + 2) mod reg mem
AH, PSW AH « 8,Z,%,AC,x,P,x,CY 1 [ | 1 11 1
~ PSW,AH S,2,x,AC,x, P, x,CY « AH 1 0 1 1 1 0 1 X
LDEA reg16, memi6 regi6 « mem16 1 0o 0 1 0 1 2-4
mod reg mem
THANS  src-table AL « (BW +AL) 11 10 11 1
XCH reg, reg reg & reg 1 0 0 0 1 W 2
1 1 reg reg
mem, reg (merﬁ) «reg 1 0 0 O 0 1w 2-4
orreg, mem mod reg merm
AW, regi6 AW o regi6 1t 0 0 1 0 reg 1
orreg16, AW
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Instruction Set (cont)

Operation Code : Flags
Mnemonic Operand Operatlon ) 7 6 5 4 3 2 1 0 Bytess AC CY V P S Z

Repeat Prefixes

REPC While CW = 0, the nextbyte of the o1 10 o0t 0 1 1
primitive block transfer instructionis
executed and CWis decremented (—1).
Ifthere is awaiting interrupt, itis
processed. When CY == 1, exittheloop.

REPNC -While CW # 0, the nextbyte of the 01 10 010 0 1
primitive block transfer instructionis
executed and CWis decremented (—1).
Ifthere is awaiting interrupt, itis
processed. When CY = 0, exitthe loop.

REP While CW # 0, the nextbyte of the i1 11 o0 1 1 1
REPE primitive block transfer instruction s
REPZ executed and CWis decremented (—1).

Ifthereis a waiting Interrupt, itis

processed. If the primitive block transfer

instructionis CMPBK or CMPM and

Z = 1, exitthe loop.

REPNE While CW = 0, the nextbyte of the 1 1 1 1 001 0 1
REPNZ primitive block transfer instructionis

executed and CWis decremented (—1).

Ifthereis a waiting interrupt, itis

processed. If the primitive block transfer

instructionis CMPBK or CMPM and

Z = 0, exittheloop.

Prltﬁltlve Block Transfer

MOVBK  dst-block, WhenW =0: (1Y) « (IX) 1t 010 01 0 W 1
src-block DIR=0:IX &« IX+1,lY « 1Y +1
DIR = 1:IX « IX=1,1Y « IY-1
WhenW = 1;(IY + 1,1Y) + (IX+ 1,1X)
DIR=0:IX «IX+2,lY «IY+2
DIR = 1:IX « IX-2,IY « lY-2

CMPBK  sre-block, WhenW = 0:(IX) - (lY) 1 0 1 0 0 1 1 W 1 X X X X X X
dst-block DIR=0:IX «IX+1,IY «1Y+1
DiR = 1:1X 4 IX=1,1Y « Y -1
WhenW = 1:(IX+ 1, IX)=(IY + 1,1Y)
DIR=0:IX « IX+2,IY Y +2
DIR=1:1X « IX-2,IY « IY-2

CMPM dst-block WhenW =0:AL-(lY) 1 0 1 0 11 1 W 1 X X X X X X
DIR=0:IY «IY+1;DIR=1:1Y «1Y~1
WhenW = 1. AW=(IY +1,1Y)
DIR=0:IY + Y +2;DIR=1:1Y «1Y-2

LDM sre-block WhenW = 0: AL  (IX) i 0 1 0 11 0 W 1
DIR =0:1X + IX+ 1;DIR=1:IX + IX-1
WhenW = 1: AW « (IX + 1,IX)
DIR=0:IX «IX+2;DIR =1:IX « IX-2

ST™ dst-block WhenW =0:(1Y) « AL 1010 1 0 1 W 1
DIR=0:lY « 1Y+ 1;DIR=1:IY « Y-1
WhenW=1:(IY +1,1Y) « AW
DIR=0:1Y « 1Y+ 2;DIR=1:1Y « IY-2
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- Operation Code Flags
Mnemonic Operand Operatlon ) 7 6 5 4 3 2 1 0 Bytts AC CY V P S Z
Bit Fleld Transfer
INS reg8, reg8 16-bitfield + AW o 0 0 O 1 1 1 1 3
0o 0 1 0o 0 0 1
11 reg reg
reg8, imm4 16-bitfield « AW 0000 1t 1 1 1 4
0 0 t 1 1 0 0 f
11 0 0 0 reg
EXT reg8, reg8 AW « 16-bitfield 0 0 0 O 11 1 1 3
0o 0 1 1 o 0 1 1
11 reg reg
teg8, imm4 AW « 16-bitfield 0 0 0 O 1 1 1 1 4
0 0 t 0o 1 1
1 1 0 0 0 reg
110
IN ace,imm8 WhenW = 0: AL « (imm8) 11 1 0 01 0 W 2
WhenW = 1:AH « (imm8 + 1),
AL « (imm8)
acc, DW WhenW = 0: AL « (DW) i1 1 0 11 0 W 1
WhenW = 1:AH « (DW + 1),
) ) AL «+ (DW)
ouT imm8, acc WhenW = 0: (imm8) « AL 1110 0o 1 1 W 2
WhenW = {:(imm8 + 1) « AH,
(imm8) « AL
DW, acc WhenW = 0;(DW) + AL i1 1 0 1 1 1 W 1
WhenW =1;(DW +1) « AH,
7 (DW) « AL
Primitive Block I/O Transfer
INM dst-block, DW  WhenW = 0:(lY) « (DW) o011 0 1t 1 0 W 1

DIR=0:1Y « Y +1

DIR=1:1Y « IY-1
WhenW=1:{Y + 1,1Y) «
(DW + 1,DW)

DIR=0:IY « 1Y +2

DIR=1:lY «1Y-2

OUTM DW, sre-block WhenW = 0:(DW) « (IX) 0 i 1 0 11 1 W 1
: DIR=0:IX « IX+1
DIR = 1:1X + IX--1
WhenW = 1:(DW + 1,DW) «
(X +1,1X)
DIR=0:1X + IX+2
DIR = 1:IX + IX-2
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Mnemonle Operand

~ Operation

Operation Code
7 6 5§ 4 3 2 1 0 Bytess AC CY V P

Flags

Additlon/Subtraction

ADD reg, reg reg + reg +reg 0000 00 1 W 2 X X X X x
11 reg reg
mem, reg (mem) « (mem) + reg 0 0 0 0 0 0 0 W 2-4 X X X X X
mod reg mem
reg, mem reg < reg + (mem) 0 0 0 0 0 0 1 W 2-4 X X X X X
mod reg mem
reg, imm reg + reg +imm 1t 0 0 0 0 0 8 W 3-4 X X X X X
i1 0 0 0 reg
mem, imm (mem) « (mem) + imm 1 0 0 0 0 0 S W 3-6 X X X X x
mod O O 0 mem
ace, imm WhenW=0:AL « AL +imm 00 00 01 0 W 2-3 X X X X X
WhenW = 1:AW « AW -+imm
ADDC reg.reg reg « reg +reg+ CY 6 0 0 1 0 0.1 W 2 X X X X x
11 reg reg
mem, reg (mem) « (mem) + reg + CY 0001 00 0W 24 X X X X X
mod reg mem
reg, mem reg « reg + (mem) + CY 0 0 0 1 0 0 1 W 2-4 X X X X X
mod reg mem -
reg, imm reg « reg +imm+ CY 1 0 0 O 0 0 S W 3-4 X X X X X
7 1t 1 0 1 0 reg
mem, imm (mem) + (mem) + imm + CY 100 0 0 0 8 W 3-6 X X X X X
mod 0 1 0 mem
ace,imm WhenW = 0:AL & AL + imm + CY 0 0 0 1 01 0 W 2-3 X X X X x
WhenW = 1: AW « AW + imm + CY
sus reg.reg reg « reg —reg 001 0 1 0 1 W 2 X X X X X
i1 reg teg
mem, reg (mem) « (mem) —reg 0 0 1 0 1 0 0 W 2-4 X X X X X
mod reg mem
reg, mem reg + reg - (mem) 00 1 0 1 0 1 W 2-4 X X X X X
mod reg “mem
reg, imm ' reg « reg — imm 1 0 0 0 0 0.5 w 3-4 X X X x X
1110 1 reg
mem,imm {mem) « (mem) — imm 1 0 0 0O 000 8 W 3-6 X X X X X
moed 1 0 1 mem
ace, imm WhenW =0: AL « AL —imm 0 0 1 0 1 1 0 W 2-3 X X X x X
WhenW = 1: AW « AW — imm
suBc reg.reg reg « reg—-reg—CY o 0 0 t{ 1 0 1 W 2 X X X X X
1 1 reg reg
mem, reg (mem) « (mem)-reg—CY 0 0 0 1 10 0 W 2-4 X X X X X
mod reg mem
reg, mem reg + reg—{mem)—-CY 0 0 o 1 1 0 1 W 2-4 X X X X X
mod reg mem
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § Z
Additlon/Subtraction (cont)
SUBC teg, imm reg « reg—imm-CY 1 0 0 0 0 0 S W 3-4 X X X X x X
11 0 1 1 reg
mem, imm (mem) « (mem)—imm-CY 1 0 0 0 0 0 8 W 3-6 X X X X X X
mod 0 1 1 mem
acc,imm WhenW =0:AL « AL—imm-CY 0 0 0 1 1 1 0 W 2-3 X . X X X X X
WhenW =1:AW « AW -imm-CY
BCD Operation
ADD4S dstBCD string + dstBCD string 0 0 0 O 1 1 1 1 2 u X u u u x
+ src BCD string 0 0 1 0 0 0 0 O
suB4s dstBCD string « dstBCD string 0 0 0 0 11 1 1 2 u X u u u X
- src BCD string 0 0 1 0 o 0 1 0
CMP4S dst BCD string —src BCD string 0 0 0 O 11 1 1 2 u X U u u X
0 0 1 0 0 1 1 0
ROL4 rag8 AL 0 7 reg8 o 0 0 00 1 1 4 H 3
IEIS7-4 l Bits -0 }<—_-| Bits 7-4 | Bits 3.0 | 0 010 1000
e | Foot o0 0 e
mem8 AL 0 7 mems o 00 00 11 1 1 35
I Bits 7-4 | Bits 3-0 I(—i Bits 7-4 I anail 0 010 t 00O
I T mod 0 O 0 mem -
ROR4  reg8 AL o 7 req8 o 0000 1 1 1 1 3
I Bits 7-4 I Bils 3-0 |———>l gits 7-4 I Bits 3-0 | 0 010 1010
T I 1 1 0 0 0 reg
mem8 7 AL 0 7 memd 0 0 0 0 O 11 1 1 3-5
l Bits 7-4 ’ Bits a-ﬂ-——>| Bits 7-4 | Bits 3-0 | 0 010 1010
T I mod 0 O O mem
BCD Adjust
ADJBA When (ALAND OFH) >90rAC = 1: 00 t 1 01 1 1 1 X X u u u-u

AL « AL+ 6,AH « AH +1,AC « 1,
CY « AC,AL « ALAND OFH

ADJ4A When (ALAND OFH) >90rAC = 1: 0 0 1 O 0o 1 1t 1 1 X X U X X X
AL « AL +6,CY « CYORAC,AC « 1,
WhenAL>9FH,orCY =1:
AL « AL + 60H,CY « 1

ADJBS When{ALANDOFH)>90rAC =1: 0 0 1 1 1 1 1 1 1 X X U u u u
CY « AC,AL « ALANDOFH
ADJ4S When (ALAND OFH) >90rAC = 1: 001 0 t 1 1 1 1 X X u x X X

AL « AL—6,CY + CYORAC,AC « 1,
When AL > 9FH,orCY = 1:
AL « AL + 60H,CY « 1
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytess AC CY V P S 2Z
Increment/Decrement
INC regs reg8 + reg8 + 1 11 11 11 1 0 2 X X X X X
11 00 o0 reg
mem (mem) + (mem) + 1 11 11 i1 1 W 2-4 X X X X X
mod O O 0 mem
reg16 reg16 « regl6 + 1 01 0 0 O reg X X X X X
DEC reg8 reg8 «+reg8 —1 1 1 1 1 11 1 0 2 X X X X X
1 1 00 1 reg
mem (mem) « (mem) — 1 11 1 1 11 1 W 2-4 X X X X X
mod 0 O 1 mem
) reg16 regi6 «reg16 — 1 0 t 0 O 1 reg 1 X X X X X
Multiplication
MULU regd AW « AL xreg8 i1 1 1 1 1 0 2 u X X u u u
AH=0:CY +0,V«0
AH#0:CY «1,V«1 110 0 reg
mem8 AW + ALx (mem8) 1 1 1 1 1 0 2-4 u X X U u u
AH=0:CY«0,V+0 -
AH=0:CY « 1,V 1 mod 1 0 mem
reg16 DW, AW « AWxreg16 1 1 1 11 1 2 U X X u u u
DW=0:CY +0,V«0
DW= 0:CY & 1,V « 1 1o reg
memi6 DW, AW « AW x(mem16) 11 1 1 i1 1 2-4 u X X u u u
DW=0:CY «0,V«0
7 DW= 0:0Y « 1,V « 1 mod 1 0 mem
MUL reg8 AW ¢« AL xreg8 1 1 1 01 1 0 2 u X X u u u
AH = AL sign expansion: CY « 0,V « 0 11 1 0 1 re
AH = AL signexpansion:CY « 1,V « 1 9
mem8 AW « ALx{mem8) 11 11 0 1T 1 0 2-4 U X X U u u
AH = AL signexpansion:CY « 0,V « 0
) AH = AL sign expansion: CY « 1,V « 1 med 10 1 mem
teg16 DW, AW « AWxreg16 1 1 11 o 1 1 1 2 U X X U u u
DW = AW sign expansion:CY « 0,V + 0 1 1 1 0 1 re
DW = AW signexpansion:CY « 1,V + 1 g
mem16 DW, AW « AW x (mem16) 11 1 1 o 1 1 1 2-4 u X X u u u
DW = AW sign expansion:CY «+ 0,V « 0
DW = AWsignexpansion:CY + 1,V « 1 mod 10 1 mem
reg16, reg16 « reg16 ximm8 01t 1 0 1 0 1 1 3 u X X U u u
regi6, Product < 16bits:CY « 0,V « 0 P re r
imma Praduct > 16bits: CY « 1,V « 1 9 €9
regie, regi6 « (mem16)ximm8 o1 1 0 1 0 1 1 3-5 u X X U u u
mem16, Product < 16bits:CY « 0,V « 0 mod "
imm8 Praduct> 16 bits: CY « 1,V « 1 g mem
reg16, reg16 « regi6ximmi6 0 1 1 0 1 0 0 1 4 Uu X X U u u
reg16, Product = 16 bits:CY « 0,V « 0 1 re re
lm16 Product > 16bits: CY « 1,V « 1 9 9
reg16, reg16 « (memi6) ximm16 01 1 0 i 0 0 i 4-6 u X X u u u
memi16, Product < 16 bits:CY « 0,V « 0 rﬁod e mem
imm16 Product > 16 bits: CY « 1,V « 1 9 e
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Instruction Set (cont)

T-49-19-59

Mnemonlc Operand

Operation 7 6

Operation Code Flags

5 4

3 2 1 0 Bytes AC CY.V P

Unsigned Division

DIVU reg8

temp + AW 11

Whentemp + reg8 > FFH:
(SP-1,8P-2) + PSW,

(SP—-3,5P-4) + PS,

(SP—~5,8SP~6) « PC,SP + SP~6,

IE « 0,BRK « 0,PS + (3,2),PC « (1,0)
Allothertimes:

AH « temp %rag8, AL « temp + reg8

mem8

temp « AW 1 1

Whentemp + (mem8) > FFH: mod
(SP~1,8P-2) + PSW,

(SP-3,SP~4) « PS,

(SP~5,8P-6) « PC,SP « SP~6,

IE « 0,BRK « 0,PS + (3,2),PC « (1,0)
Allothertimes;

AH « temp % (mem8), AL « temp + (mem8)

reg16

tomp « AW i1

Whentemp + reg16 > FFFFH: 1 1
(SP-1,8P~-2) «+ PSW,

(SP~3,SP-4) « PS,

(SP-5,8P~6)} « PC,SP « SP-86,

IE + 0,BRK « 0,PS + (3,2),PC « (1,0)
Allothertimes:

AH « temp %reg16, AL « temp +regi6

mem16

temp + AW 11

Whentemp + (mem16) > FFFFH: mod
(SP~1,5P~2) « PSW,

(SP~3,5P-4) « PS,

(SP-5,5P-6) + PC,SP + SP-§6,

IE « 0,BRK + 0,PS « (8,2),PC « (1,0)
Allother times:

AH + temp%(mem16),AL temp + (mem16)

mem

Signed Division

DIV reg8

temp « AW 1 1

Whentemp + reg8> O andtemp +reg8 11
>7FHortemp + reg8 < 0and

temp +reg8 < 0—7FH-1:
(SP-1,8P-2) « PSW,

(SP-3,8P-4) « PS,

(SP-5,5P~6) « PC,SP + SP-6,

IE «+ 0,BRK « 0,PS + (3,2),PC « (1,0)
Allother times:

AH « temp %reg8, AL + temp = reg8

mems

temp « AW 1 1

When temp + (mem8) > Qand (mem8) > od
7FHortemp + (mem8) < Oand m
temp + (mem8) <0~-7FH-1:
(SP-1,5P~2) + PSW,

(SP--3,SP~4) «+ PS,

(SP~5,8P-6) + PC,SP «+ SP-§,

IE « 0,BRK « 0,PS « (3,2),PC « (1,0)
Allothertimes:

AH « temp % (mem8), AL « temp = (mem8)
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Instruction Set (cont) :
Operation Code Flags
Mnemoni¢ Operand Operation 7 6 5§ 4 3 2 1 0 Bytes AC CY V P 8§ 2
Signed Division (cont)
Div reg16 temp « DW, AW 11 1.1 01 1 1 2 U U u u u u
Whentemp + reg16 >0 andreg16
>7FFFHortemp -+ regl6 < e 1 reg
0-7FFFH-1:
(SP-1,5P~-2) « PSW,
(SP-3,SP-4) « PS,
(SP—5,5P-6) « PC, SP « SP-86,
|IE « 0,BRK «+ 0,PS « (3,2),PC « (1,0)
All othertimes:
AH « temp %reg16, AL + temp <+ reg16
mem16 temp « DW, AW i1 11 o1 1 1 2-4 U U u u u u
When temp + (mem16} > 0 and (mem16)
>7FFFHortemp + {(mem16) <0 and mod 1 1 1 mem
temp -+ (mem16) <0-7FFFH-1:
(SP—1,SP-2) « PSW,
(SP-3,8P-4) « PS, .
(SP-5,SP-6) « PC, SP « SP-8, :
IE « 0,BRK « 0,PS « (3,2),PC « (1,0)
All other times:
AH «temp%(mem16),AL + temp + (mem16)
Data Converslon )
CVTBD AH«AL+0AH.AL«AL%OAH 11 0 1 01 0 O 2 u U u x x X
’ 0.0 00 1t 010 :
cvTDB AH « 0, AL « AHX0AH + AL 11 0 1 01 0 1 2 u 4 u X X X
0 0 ¢ O 1 0 1 0
cviBwW When AL <80H:AH « 0 1 0 0 1 1 0 0 0 1
Allother times: AH + FFH
CVTWL When AL < 8000H:DW « 0 i 0 0 1 1 0 0 1 1
Allother times: DW « FFFFH
Comparison
CMP reg.reg reg—reg ) 0011 101 W 2 X X X X x X
1 1 reg reg .
mem, reg (mem)-reg 0 0 1 1 1.0 0 W 2-4 X X X X X X
mod reg mem
reg, mem reg—(mem) 00 1 1 1 0 1 W 2-4 X X X X X X
mod reg mem
reg, imm reg—imm 1 0 0 O 0 0 8 W 3-4 X X X X X X
11 1 1 1 reg
mem, imm (mem)—~imrm 1 0 0 0 0 0 8 W 3-6 X X X X X X
) mod 1 1 1 mem
ace, imm WhenW =0:AL—imm 0 0 1 1 1 1 0 W 2-3 X X X X x X

WhenW = 1: AW-imm
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Operation Code Flags
Mnemonic Operand Operatlon 7 6 5 4 3 2 1t 0 Bytes AC CY V P S§ Z
Complement
NOT reg reg « reg 11 1 1 01 1 W 2
1101 o0 reg
mem (mem) « (mMem) 1111 01 1 W 24
mod O 1 Q mem
NEG reg reg +feg+1 11 11 01t 1 W 2 X X X X X Xx
1 1 0 1 1 reg
mem (mem) + (fmem) + 1 i1t 11 01 1 W 24 X X X X X X
med 0 1 1  mem '
Logical Operation
TEST reg, reg reg ANDreg i1 0 0 0 01t 0 W 2 u 0 0 x x x
1 1 reg reg
mem, reg {mem) AND reg 1 0 0O 0 1t 0 W 244 u 0 0 x x X
orreg, mem mod reg mem
reg, imm reg ANDimm 11 1 1 01 1 W 3-4 u 0 0 x x x
i1 00 0 reg
mem, imm (mem) AND imm 11 1 1 01 1 W 3-6 u 0 0 x x Xx
. mod 0 O 0 mem
ace, imm WhenW = 0: ALAND imm8 1010 10 0 W 23 u 0 0 x x X
WhenW = 1: AWANDimm8
AND reg,reg reg + reg ANDreg 0010 00 1 W 2 u 0 0 x x X
reg reg
mem, rég (mermn) + (mem) AND reg 0 01 0 00 0 W 2-4 u 0 0 X x x
mod reg mem
reg, mem teg « reg AND (mem) o 0 1 0 0 0 1 W 2-4 u 0 0 x X x
mod reg mem
reg, imm reg + reg ANDimm i1 0 0 O 0 0 0 W 3-4 u 0 0 x x x
t 110 0 reg
mern, Imm {mem) « (mem) ANDimm 1 000 00 OMW 36 u 0 0 x x X
mod 1 O 0 mem
ace, imm WhenW = 0: AL + ALANDimm8 0010 01 0 W 2.3 u 0 0 x x X

WhenW = 1: AW « AWANDIimm16
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Instruction Set (cont)
) Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Byts AC CY V. P S Z
Logical Operation (cont) ]
OR reg, reg reg « regORreg 000 0 1 0 1 W 2 u 0 0 x x X
11 reg reg
mem, reg (mem) « (mem)ORreg 0 0 0 O 1.0 0 W 2-4 u 0 0 x x Xx
mod reg mem
reg, mem reg + reg OR (mem) 00 00 1 0 1 W 24 u 0 0 x x X
) mod reg mem
reg,imm ' reg + reg ORimm i 0 0 0O 0 0 0 W 3-4 u 0 0 x x X
1 1 00 1 reg
mem,imm (mem) « (mem) ORimm i 0 0 O 0 0 0 W 3-6 u 0 0 x x X
mad O 0O 1 mem
acc, imm WhenW = 0:AL « ALORIimm8 0 0 0 O i1 0 W 2.3 u 0 0 x x x
WhenW = 1: AW + AWORimm16
XOR reg,reg reg « reg XORreg o 0o 1 1 0 0 1 W 2 u 0 0 x x X
1 1 reg reg
mem, reg {mem) « (mem) XORreg o 0 1 1 0 0 0 W 2-4 u 0 0 x x X
mod reg mem )
reg, mem reg « reg XOR (mem) 0o 0 1 1 00 1 W 2-4 u 0 0 x X X
mod reg mem
reg, imm reg « reg XORimm i 0 0 0 0 0 0 W 3-4 u 0 0 x x x
1 i1 0 reg
mem, imm {mem) « (mem)XORimm 1 0 0 O 0 0 0 W 3-6 u 0 0 x x x
mod 1 1 0 mem
ace,imm WhenW = 0:AL « ALXORIimm8 6 0 1 1 01 0 W 2-3 u 0 0 x X x
WhenW = 1: AW « AW XORimm16
Bit Operation )
TESTH reg8, CL reg8bitno.CL=0:Z « 1 0 0 0 O 11 1 1 3 u. 0 0 u u Xx
reg8bitno.CL=1:Z« 0 o 0 0 1 0 0 0 0
) i1 00 0 reg
mem8, CL (mem8)bitno.CL=0:Z «1 0 0 0 O 1 1 1 3-5 u 0 0 u u X
{(mem8)bitno.CL=1:Z « 0 0 0 0 1 0 0 0 O
med 0 O 0 mem
reg16,CL regi6bitno.CL = 0:Z « 1 0 0 0 O 1 1 1 1 3 u 0 0 u u X
reg16bitno.CL=1:Z « 0 0 0 0 1 0 0 0 1
) 11 0 0 0 reg
mem16, CL (mem186) bitno.CL=0:Z « 1 0 0 0 O LI T | 3-5 u 0 0 u u X
(mem16) bitno.CL=1:Z « 0 0 0 0 1 c o 0 1
med 0 O 0 mem
reg8, imm3 reg8bitno.imm3=0:Z « 1 0o 0 0 0 11 1 1 4 u 0 0 u u x
reg8bitno.imm3=1:Z « 0 0 0 0 1 1 00 0
11 00 0 reg
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Instruction Set (cont)
Operation Code
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P 4
Bit Operation (cont)
TEST1 mem8,imm3 (mem8)bitno.imm3=0:Z « 1 4] 0 0 1 1 1 4-6 b3
(mem8) bitno.imm3 =1:Z + 0 0 o 1 1 0 o
mod 0 O 0 mem
reg16,imm4 regi6bitno.imm4 =0:Z «1 0 0 0 O 1 L 4 X
reg16bitno.immé4 =1:Z + 0 0 6 0 1 1 0 1
11 00 0 reg
met 16, imm4 (memi6) bitno.imm4 =0:Z « 1 0 0 0 0 1 11 4-6 X
(mem16) bitno.imm4 =1:Z « 0 0 0 0 1 1 0 1
) mod 0 O O mem
NOT{ reg8, CL reg8bitno. CL « reg8bitno. CL 0000 1 i1 3
000 1 O 1 0
11 00 0 reg
mem8, GL {mem8)bitno.CL « (mem8}bitro.CL 0 0 0 0 1 11 3-5
00 01 o0 1 0
mod O O 0 mem
regi6,CL regi6bitno. CL « regi6bitno. CL 000 0 1 11 3
) 0001 O 11
) i1 00 0 reg
mem16, CL (mem16)bitno, CL « {memiB)bitno.CL 0 0 0 0 1 1 1 3-5
0 0 0 1 0 1 1
) med 0 O 0 mem
reg8, imm3 reg8 bitno. imm3 « reg8bitno. imm3 000 0 i 11 4
0 0 0 i 1 1 0
7 ) 1 1 00 0 reg
mem8,imm3 (mem8) bitno.imm3 « (memB)bitno.imm3 0 0 0 0 1 11 4-6
00 0 1 1 1 0
mod 0 O 0 mem
reg16, imm4 regi6bitno.imm4 « regi6bitne.immd - 0 0 0 0 1 11 4
00 0 1 1 11
i1 00 0 reg
mem16,imm4  (memi6)bitno.imm4 « {memT6)bitno.mmd 0 0 0 0 1 11 4-6
000 1 1 i1
mod O O 0 mem
cY CY «CY 1t 1 1 1 0 [ 1
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V. P § Z
BIt Operation (cont)
CLRt reg8, CL reg8bitno.CL « 0 o000 1 1 1 1 3
0 0 0 1 o 0 1 0
1 1 0 0 (v} reg
mem8, CL (mem8) bitno,CL « 0 0000 1 1 1 1 3-5
o 0 0 1 0 0 1t 0
mod O O 0 mem
reg16,CL regi6bitno.CL « 0 0 0 0 O 11 1 1 3
0 06 0 1 g 0o 1 1
1t 1 00 0 reg
memi6,CL (mem16) bitno.CL « 0 0 0 0 O 1 1 1 1 3-5
00 0 1 o o0 1 1
mod O 0 O mem
reg8, imm3 reg8hitno.imm3 « 0 0 0 0 O T 1 1 1 4
0o 0 0 1 1 0 1 0
i1 00 0 reg
mem8, imm3 (mem8) bitno.imm3 « 0 6 0 0 0 11 1 1 4-6
0 0 0 1 1 0 1 0
med 0 0O O mem
reg16, imm4 reg16bitno.imm4 +0 00 0 0 11 1 1 4
0 0 0 1 1 0 1t 1
11 0 0 [} reg
mem{6, imm4 (mem16)bitno.imm4 « 0 0 0 0 O i1 1 1 4-6
0 0 0 1 1 06 1 1
med O O O mem
cY CY+«0 1 1 1 1 i1 0 0 0 1 0
DIR DIR « 0 1 1 1 1 11 0
SET1 reg8, CL reg8bitno.CL « 1 0 0 00 11 1 3
0 0 0 1 o1 0 0O
11 0 0 0 reg
mem8, CL (mem8) bitno. CL « 1 00 0 O 1 1 1 1 3-5
0 0 0 1 01 0 0
mod 0 O 0 mem
reg16, CL reg16bitno.CL « 1 0 0 0 O 11t 1 1 3
0 0 0 1 0o 1 0 t
1100 0 reg
mem16,CL (mem186) bitno.CL « 1 0 0 0O 11 1 1 3-5
0 0 0 |1 o1 0 1
mod O O 0 mem
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Instruction Set (cont)

’ Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytess AC CY V P § 2z
Bit Operatlon (cont)

SET1 reg8, imm3 reg8 bitrio. imm3 « 1 6 0 0 O i1 1 4
0 0 0 1 i1 0 0
i 100 o0 reg
mem8, imm3 (mem8) bitno.imm3 « 1 0 0 0 O 1 1 1 4-6
0 0 0 1 i1 0 0
) mod 0 0 0 mem
reg16, imm4 reg16 bitno.imm4 « 1 0 0 0 0 11 1 1 4
0 0 0 1 i 1 0 1
11 00 0 reg -
memi6, imm4 (mem16) bitno.imm4 « 1 00 00 11 1 1 4-6
0 0 0 1 11 0 1
mod 0 O 0 mem
cY CY «1 11 1 1 1 0 0 1 1 1
DIR DIR «1 i1 11 1 1 0 1 1
Shift
SHL reg, 1 CY « MSBofreg,reg « regx2 i1 0 1 0 0 0 W 2 u X X X X X
———Y, 1110 o m
mem, 1 CY « MSBof(mem),(mem) « (mem)x2 1 1 0 1 0 0 0 W 2-4 u X X X X X
fmenissolinam <YVl wes 1 0 0 mam |
reg,CL temp + CL, while temp = 0, 11 0 {1 0 0 1 W 2 u X u x X x
repeatthis operation, CY « MSB ofreg, 1 1 0 reg
reg + regx2,tamp + temp—1
mem, CL temp(-C_:L,while_temp=0. 11 0 1 00 1 W 2-4 u X u X °'x X
e ecpenien Y M, s 0 0 am
reg,imm8 temp«-i.mms,wh_iletempso, 1 1 0 0 0 0 0 W 3 u X U X X X
s opaon O B0 {50 g
mem, imm8 temp « imm8, whiletemp = 0, i1 00 0 0 0w 3-5 u X U X x X
repeatthis operation, CY « MSB of (mem), mod 1 0 0 mem

(mem) « (mem)x 2, temp « temp—1
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P S
Shift (cont)
SHR reg, 1 CY « LSBofreg.reg +reg+2 1 1 0 1 0 0 0 W 2 u X X X X
When.MSB ofreg = bitfollowing MSB 141 0 1 reg
ofreg:V « 1 -
When MSB of reg = bit following MSB
ofreg:V « 0
mem, 1 CY « LSBof(mem), (mem) « {mem}+~2 1 1 0 1 0 0 0 W 2-4 u X X X X
When MSPOf (mem) = bit following MSB mod ° ] mem
of (mem):V « 1
When MSB of (mem) = bitfollowing MSB
of (mem):V « 0
reg, CL temp < CL, whiletemp = 0, 1t 1 0 1 0 0 1 W 2 u X u x x
repeatthis operation, CY « LSBofreg,
reg « reg + 2,temp + temp—1 110 1 reg
mem, CL temp « CL, whiletemp # 0, 1 1 0 1 0 0 1 W 2-4 u X u X X
repeatthis operation, CY « LSB of (mem)},
{mem) « (mem) + 2,temp « temp—1 mod 1 0 1 mem
reg,imma8 temp « imm8, whiletemp =0, 1 1 0 0 0 0 0 W 3 u X u x X
repeat this operation, CY « LSBofreg, -
reg « reg + 2,temp « temp-1 Tt 1o 1 reg
mem, imm8 ternp « imm8, while temp = 0, 1 1 0 0 0 0 W 3-5 u X u X X
repeat this operation, CY « LS8 of (mem),
(mem) « (mem) + 2,temp «+ temp-1 mod 1 0 mem
SHRA reg, 1 CY « LSBofreg,reg «reg+2,V «0 i1 0 1 0 0 0 W 2 u x 0 X x
MSBof operand does notchange 11 1 1 1 reg
mem, 1 CY « LSBof(mem),(mem) + (mem)+2, 1 1 0 1 0 0 0 W 2-4 u X 0 X x
V + 0,MSB of operand doss notchange mod 1 1 1 mem
reg,CL terop « CL, whiletemp =0, 1 1 0 1 00 1 W 2 u X u x X
repeat this operation, CY « LSBofreg,
reg + reg + 2,temp + temp—1 tid 1 red
MSB of operand does notchange
mem, CL temp « CL, whiletemp = 0, 1 1 0 1 0 0 1 W 2-4 u X u X x
repeatthis operation, CY « LSBof{mem),
(mem) « (mem) + 2, temp « temp~1 mod 1 1 1 mem
MS3 of operand does notchange
reg, imm8 temp + imm8, whiletemp = 0, 11 0 0 0 0 0 W 3 u X U X X
repeat this operation, CY « LSBofreg, 11 1 1 re
reg « reg = 2,temp « temp~1 9
MSB of operand does notchange
mem, imm8 temp « imm8, whiletemp = 0, 1 1 0 0 0 0 0 W 3-5 u X U X x
repeatthis operation, CY « LSB.of (mem),
(mem) + (mem) + 2,temp « temp—1 mod ! mem
MSB of operand does not change
Rotation
ROL reg, 1 CY « MSBofreg,reg «+ regx2 + CY 1 1 0 1 0 0 0 W 2 X X
MSBofreg = CY:V « 1 110 0 re
MSBofreg=CY:V « 0 9
mem, 1 CY + MSBof(mem), 1 1 0 1 0 0 0 W 2-4 X X
{mem) + (mem)x2 + CY
MSBof (mem) = CY:V «+ 1 med 0 0 0 mem

MSBof (mem) = CY:V « 0
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Instruction Set (cont) ,
Operation Code Flags
Mnemoni¢ Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § Z
Rotation (cont)
ROL reg, CL temp + CL, whiletemp = 0, 1 1 0 1 00 1 W 2 X U
repeat this operation, CY « MSBofreg,
reg «regx2+ CY, T100 reg
temp «+ temp -1
mem, CL. temp « CL, whiletemp = 0, 11 0 1 0 0 1 W 2-4 X u
repeatthis operation, CY « MSB of (mem), )
(mem) « (mem)x2 + CY, mod 0 0 0 merm
temp « temp—-1
reg, imm8 temp « imm8, whiletemp = 0, 1 1 0 0 0 0 0. W 3 X u
repaatthis operation, CY + MSBofreg, 11 0 T
reg «regx 2+ CY, g
temp « temp—1
mem, imm8 temp « imm8, whiletemp = 0, i1 0°00 0 0 0 W 3-5 X u
repeatthis operation, CY + MSB of (mem),
{mem) « (mem)x2 + CY, mod 0 0 0 mem
temp « temp-1
ROR reg, 1 CY « LSBofreg,reg « reg + 2, 1 1 0 1 00 0 W 2 X X

MSBofreg « CY
MSB of reg = bitfollowing
MSBofreg:V « 1
MSBofreg = bitfollowing
MSBofreg:V « 0

rmem, 1 CY « LSBof(mem), (mem) « (mem)+2, 1 1 0 1 o0 0w 2-4 X X
MSB ot (mem) « CY,
MSB of (mem) = bitfollowing
MSBof (mem): V « 1
MSB of (mem) = bit following
MSBof(mem):V « 0

reg,CL temp « CL, whiletemp =0, 17 1 0 1 0 0 1 W 2 X u
repeat this operation, CY + LSBofreg,

110 0 1 reg

mad 0 O 1 mem

reg + reg + 2, MSBofreg « CY, T 0 1 reg
) temp + temp-1
mem, CL temp « CL, whiletemp = 0, 11 0 1 0 0 1 W 2-4 X U
repeatthis operation, CY « LSB of (mem), med 0 0O mem

(mem) & (mem) + 2, MSB of (mem) « CY,
temp « temp~1

reg,imm8 temp«-immB.whiletempaeo. 1 10 0 00 0 W 3 X u
repeatthis operation, CY « LSBofreg,

reg +reg + 2,MSBofreg + CY, 1100 1 reg
) temp «+ temp—1 )
mem,imm8 temp + imm8, whiletemp = 0, 11 0 0 0 0 0 W 3-5. X u
repeatthis operation, CY « LSBof (mem), mod 0 0O 1 mem

(mem) + (mem) + 2,
temp « temp-—1
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pPD70325 (V25 Plus) 7 N E g

T-49-19-59
Instruction Set (cont)
Operation Code i Flags
Mnemoniec Operand Operation 7 6 6 4 3 2 1 0 Bytes AC CY V P § Z
Rotate
ROLC reg, 1 tmpey « CY,CY « MSBoireg, i1 0 1 00 0 W 2 X X
teg « regx2 + tmpey
MSBofreg = CY:V « 0 tro1 0 g
MSBofreg# CY:V « 1
mem, 1 tmpey « CY, CY « MSBof (mem), 1 1 0 1 0 0 0 W 2-4 . X X
{mem) « (mem)x2 + tmpey
MSBof (mem) = CY:V « 0 o med 0 1 0 mem
MSBof (mem) » CY:V + 1
reg,CL temp + CL,whiletemp # 0, 1t 1 0 1 0 0 1 W 2 X u
repeat this operation, tmpey + CY, 11 1 e
CY « MSBofreg, reg « regx2 + tmpcy, g
temp ¢« temp—1
mem, CL temp « CL, whiletemp = 0, 1t 1 0 1 00 1 W 2-4 X u
repeat this operation, tmpey « CY, .
CY « MSBof(mem), mod 0 1 0 mem
{mem) « (mem)x2 + tmpoy,
temp « temp—1
reg, imm8 temp ¢ imm8, whiletemp = 0, 1t 00 00 0 W 3 X u
repeatthis operation, tmpoey « CY, 1 1 0 14 0 e
CY + MSBofreg, reg + regx2 + tmpoy, 9
temp + temp—1
mem, imm8 temp « imm8, whiletemp = 0, 1100 00 0 W 3-6 X u
repeatthis operation, tmpcy « CY,
CY « MSBof (mem), med 0 1 0  mem

(mem) + (mem)x2 + tmpcy : R
temp « temp—1

RORC reg, 1 tmpcy + CY,CY « LSBofreg, i1 0 1 00 0 W 2 X X
reg « reg + 2,MSBofreg « tmpey, -
MSB ofreg = bitfollowing
MSBofreg:V « 1
MSB of reg = bitfollowing
MSBofreg:V « 0

mem, 1 tmpey + CY,CY « LSBof (mem), 11 0 1 0 0 0 W 2-4 X X
(mem) « (mem) <2,
M$B of (mem) « tmpcy,
MSB of (mem) = bitfollowing MSB
of (mem):V « 1
MSB of (mem) = bitfollowing MSB
of (mem):V « 0

reg,CL temp ¢« CL, whiletemp = 0, i1 01 0 0 1 W 2 X U
repeat this operation, tmpcy « CY,
CY + LSBofreg,reg + reg + 2,
MSBofreg « tmpcy,temp « temp—1

mem, CL temp « CL, whiletemp = 0, 11 0 1 0 0 1t W 2-4 X u
repeat this operation, tmpey « CY,

11 .0 1 1 reg

mod O 1 1 mem

CY « LSBof (mem), (mem) + (mem) =2, ™od 0 1 1 mem
MSB of (mem) « tmpcy, temp « temp—1
reg,imms8 temp « imm8, whiletemp = 0, 1100 00 0 W 3 X u
repeat this operation, trnpcy « CY,
CY «+ LSBofreg, reg « reg + 2, t1ro1 1 reg
 MSBofreg + tmpcy, temp « temp~1
mem, imm8 temp + Imm8, whiletemp # 0, 1t 1 00 0 0 0 W 3-5 X u
repeat this operation, tmpey « CY, mod 1 1 " mem

CY + LSB of (mem}, (mem) « (mem) + 2,
MSB of (mem) ¢ tmpcy, temp « temp -1
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T-49-19-59
Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5§ 4 3 2 1 0 Byts AC CY V P § 2
Subroutine Control Transfer )
CALL near-proc (SP-1,8P-2) « PC,SP « SP-2, f 1 10 1 00 0 3
PC « PC + disp
regptr16 (SP-1,SP~2) « PC, SP + SP-2, i1 1 1 11 1 1 2
PG « regptri6 1 1 0 1 o reg
memptri6 (SP—1,SP~2) «+ PC,SP « SP-2, 1 1 1 1 1t 1 1 1 2-4
PC « (memptri6) mod 0 1 0 mem
far-proc (SP-1,8P~2) « PS, 1001 1010 5

(SP~3,8P-4) « PC,
8P + SP-4,PS « seg, PC + offset

memptr32 (8P-1,8P-2) + PS, 11 1 1 11 1 1 2-4
(SP—3,5P-4) « PC,

SP + SP—4,PS + (memptra2 +2), mod 0 1 % mem
PC « (memptr32)
RET PC + (SP +1,5P), 8P + SP + 2 11 0 0 0 0 1 1 1
pop-value PC « (SP + 1,SP), 11 0 0 0 0 1 0 3

SP « SP +2,S8P + SP + pop-value
PC + (SP+1,8P),PS «+ (SP+3,8P+2), 1 1 0 0 1 0 1 {1 1

SP«SP+4
pop-value PC+«(SP+1,8P),PS«(SP+3,5P+2, 1 1 0 0 1 0 1 0 3
SP « SP + 4, 8P « SP + pop-value
Stack Manipulation
PUSH mem1i6 (SP~1,8P~2) + (mem16), 11 1 1 1 1 1 2-4
SP « SP-2 mod 1 1 mem
regie (SP~1,5P-2) « reg16,SP « SP-2 01 01 o reg 1
sreg (8P—1,8P~-2) + sreg, SP « SP-2 0 0 O sreg 1 1 0 1
PSW (SP-1,5P-2) «+ PSW, SP « SP-2 i 0 0 1 i1 0 0 1
R Pushregisters on the stack o 1 1 00 0 0 1
imm (SP~1,8P-2) «imm, 0 1 1 1 0 s 0 2-3
SP « SP~2,When$ = 1, sign extension
POP mem16 {mem16) « (SP +1,SP),SP « SP +2 i 00 1 1 1 A 2-4
mod O O 0 mem
reg16 16g16 « (SP+1,SP),SP « SP+ 2 0 i reg 1
sreg steg « (SP + 1,SP), sreg: S, DS0, DS 0 0 seg 1 1 A 1
SP «SP+2
PSW PSW « (SP+1,8P),SP « SP +2 10 0 1 T 1 0 1 1 R R R R R R
R Popregisters from the stack 01t 1t 0 0 0 0 1 1
PREPARE imm16,imm8 Prepare new stack frame 1t 1 00 1 0 0 o 4
DISPOSE Dispose of stack frame 1 1 0 0 1t 0 0 1 1
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Instruction Set (cont) -
Operation Code Flags
Mnemonic Operand Operation ) 7 6 5 4 3 2 1 0 Bytes AC CY V P § Z
Branch
BR near-label PC « PC +disp 11 1 0 1 o 1 3
short-label PC + PC + ext-disp8 1 1 10 1 1 2
regptr16 PC « regptri6 11 1 1 1 i 1
11 1 0 0 reg
memptrig PC + (memptri6) 1 1 1 1 1 1 1 1 2-4
e med 1 0 O mem
far-label PS + seg, PC + offset 1110 1 01 0 5
memptr32 PS + (memptr32 + 2), 1 1 1 1 it 11 2-4
PC « (memptr32) mod 1 0 1 mem
Conditional Branch
Bv short-label ifV=1,PC « PC + ext-disp8 o1t 1 1 0 0 0 O 2
BNV short-label ifV=0,PC « PC + ext-disp8 ot 1 1 0 0 o0 1 2
BC, BL short-label itCY =1,PC « PC + ext-disp8 0 1 1 1 o 0 t 0 2
B8NC, BNL short-lahel ifCY =0,PC « PG + ext-disp8 ot 1 1 00 1 1 2
BE,BZ short-label ifZ=1,PC « PG + oxt-disp8 o1 1t 1 o 1 0 O 2
: BNE,BNZ short-labsl ifZ=0,PC + PC + ext-disp8 o1 1 1 o 1 0 1 2
BNH short-label ifCYORZ=1,PC + PC+ oxt-disp8 o 1 1 1 o 1t 1 0 2
BH short-label ifCYORZ =0,PC « PC + ext-disp8 o1 1 1 0 1 1 1 2
BN short-label ifS=1,PC « PC + ext-disp8 o 1 1 1 1 0 0 O 2
BP short-label ifS=0,PC « PC + ext-disp8 o1 1 1 1 0 0 1 2
BPE short-label itP=1,PC « PC +ext-disp8 6o 1 1 1 1 0 1 0 2
BPO short-label ifP =0,PC «+ PG + ext-disp8 o1 1 1 1 0 1 1 2
BLT short-label ifSXORV = 1,PC + PC + ext-disp8 o1 1 1 11 0 0 2
BGE short-label ifSXORV =0,PC « PC +ext-disp8 ¢ 1 1 1 .t 1 0 1 2
BLE short-label if(SXORV)ORZ=1,PC«PC+extdisp8 0 1 1 1 i1 1 0 2
BGT short-label if(SXORV)ORZ=0,PC«PC+extdisp8 0 1 1 1 1 1 1 1 2
DBNZNE  short-label CW « CW-1 11 1 0 0 0 0 O 2
fZ=0andCW = 0, PC « PC + ext-disp8
DBNZE  short-label CW « CW-1 1110 0 0 0 1 2
ifZ=1andCW # 0, PC « PC + ext-disp8
DBNZ short-label CW &« CW-1 i1 10 0 0 1t 0 2
fCW = 0, PC « PC + ext-disp8
BCWZ short-label itCW=0,PC « PC + ext-disp8 1 110 0o 0 1 1
BTCLR sfr, imm3, itbitno.imm3of (sfr) = 1, 0 0 0 O 1 1 i
short-label PC « PC + ext—disp8,

bitno.imm3 or (sfr) + 0
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytess AC CY V P S 2
Interrupt
BRK 3 (SP-1,8P-2) « PSW, 1 1 0 0 1 10 0 1 ~
(SP-3,5P-4) « PS,
(SP-5,8P—6) « PC, SP + SP—6,
|IE « 0,BRK « 0,
PS « (15, 14),PC « (13,12)
imm8 (SP~1,8P-2) « PSW, 1t 1 0 0 1 1 0 1 2
(=3) (SP-3,SP-4) « PS,
(SP~5,5P~6) « PC,SP « SP—6,
IE « 0,BRK « 0,
PC « (nx4 + 1,nx4),
PS « (nx4+3,nx4 +2)n=imms
BRKV WhenV =1 11 0 0 i1 1 0 1
(SP-1,8P-2) « PSW,
(SP-3,8P-4) « PS,
(SP-5,SP—8) « PC, SP « SP-86,
IE + 0,BRK « 0,
P8 « (19, 18),PC « (17, 16)
RETI PC « (SP +1,5P), 11 0 ¢ 11 1 1 1 R
PS « (SP+3,SP +2),
PSW & (SP +5,5P +4),
SP «SP+6
RETRBI PG « Save PC, PSW +« Save PSW 000 0 1 1 1 1 2 R v
1 0 0 1 0 0 0 1
FINT Indicates thatinterrupt service routine 0 0 Q o 11 1 A 2
totheinterrupt controller builtin the N
CPU hasbeen completed oo 06610
CHKIND  regis, When (mem32) >regt6or 01t 1t 0 0 0 1 o 2-4
mem32 (mem32 + 2) <reg16
(SP-1,5P-2) « PSW, mod reg mem
(SP--3,SP-4) « PS,
(SP-5,8P-6) « PC, SP « SP-6,
|IE « 0,BRK « 0,
PS « (23,22),PC « (21,20)
CPU Control )
HALT GPU Hait 1111 01 0 0 1
sTOP CPU Halt 0000 1 1 1 1 i
101t 1110
BUSLOCK Bus Lock Prefix 1 1 1 1 0 0 0 0o 1
FPO1 fp-op No Operation i1 0 1 1 X X X 2
(Note1) 1 1YY Y 2z 2z z
fp-op, mem databus « (mem) i1 0 1 1 X X X 2-4
mod Y Y Y mem
FP02 fp-op No Operation 0 1 1 0 01 1 X 2
(Note ) 1 1YY Y2z 2z 2
fp-op, mem databus ¢ (mem) o1 10 01 1t X 2-4
mod Y Y Y mem
Notes:

(1) Does not execute but does generate an interrupt.
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Instruction Set (cont)
Operation Code Flags

Mnemonlc Operand Operation 7 6 5 4 3 2 1 0 Byts AC CY V P S Z
CPU Control (cont)
POLL Polland Wait 1001 1t 01 1 1
NOP No Operation 1001 0000 1
DI IE «0 1t 111 1010 1 |
El E+1 1111 1011 T |
DS0;DS1; Segment Override Prefix 0 0 1 s,eg 1 1 O 1 i
PS; 88
Register Bank Switching
MOVSPA 0 0 0 0 11 11 2

0010 01 0 1
BRKCS  regi6 o000 1 1 11 3

oo 10 1 1 01
MOVSPB reg16 0 0 0 O 11 1 1 3

i 001 0 1.0

11 1 1 1 reg )
TSKSW  regi6 0000 1 1 1 1 3 X X X X X X

1001 010 0

11 1 1 1 reg
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