NEC uPD70320/70322 (V25)

16-Bit Microcomputers:

NEC Electronics Inc. Single-Chip, CMOS
Description [ DRAM refresh pulse output
O Two standby modes
The yPD70320 and puPD70322 (V25™) are high-per- — HALT
formance, 16-bit, single-chip microcomputers with an — STOP
8-bit external data bus. They combine the instruction [ Internal clock generator
set of the uPD70108 (V20®) with many of the on-chip — 5-MHz maximum CPU clock frequency (0.4-us
peripherals in NEC's 78000 series. instruction cycle time)

— 8-MHz maximum CPU clock frequency (0.25-us

The uPD70320/322 processor has software compati- instruction cycle time)

bility with the V20 (and subsequently the 8086/8088), O Programmabie wait state generation

faster memory accessing, superior interrupt processing O Separate address/data bus interface
ability, and enhanced control of internal peripherals. 0O CMOS technology

A variety of on-chip components, including 16K bytes
of mask programmable ROM (uPD70322 only), 256
bytes of RAM, serial and paraliel /O, comparator port  Part Number Clock (MHz) Package Type ROM

Ordering Information

lines, timers, and a DMA controlier make theuPD70320/  ,pp70320L 5 84-pin PLCC ROM-less
322 a sophisticated microsystem. e 8

Eight banks of registers are mapped into internal RAM GJ 5 94-pin plastic QFP

below an additional 256-byte special function register GJ-8 8

(SFR) area that is used to control on-chip peripherals. PD70322L 5 84-0in PLCC Mask ROM
internal RAM and the SFR area are together relocatable “ X2 o

to anywhere in the 1M-byte address space. This L-8uxx 8

maintains compatibility with existing system memory GJ-xxx 5 94-pin plastic QFP

maps. GJ-8-xxx 8

The uPD70322 is the mask ROM version, the uPD70320  “PDTOPS22KE-8 8 84-pinlCC  EPROM

(UV erasable)

is the ROM-less version, and the uPD70P322 is the
EPROM version. PLCC = plastic leaded chip carrier

LCC = ceramic leadiess chip carrier (with window)
Features

0 Compilete single-chip microcomputer
— 16-bit ALU
— 16K bytes of ROM (uPD70322)
— 256 bytes of RAM
O 6-byte instruction prefetch queue
O 24 parallel I/0 lines
0O Eight analog comparator inputs with programmable
threshold level
O Two independent DMA channels
O Two 16-bit timers
0O Programmable time base counter
O Two full-duplex UARTs
O Programmable interrupt controller
— Eight priority levels
— Five externai, 12 internal sources
— Register bank (eight) context switching
— Eight macro service function channels
V20 is a registered trademark and V25 is a trademark of NEC Corporation.

50002-2 (NECEL-583)
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Pin Configurations

84-Pin PLCC and LCC
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*Pin functions for normal operation of the uPD70P322
are changed as follows for programming.
Pin No. Symbol Function
3 vep Write power supply input
a5 OE Output enable signal
input
46 CE Chip enable signal input

83-0039608
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C

94-Pin Plastic QFP

O (@ o m i
seogssefisllot Bl 55,8800k
sBalnicinlalialiaSslalsialsiasialisislalalalalaEnln]
TR2B58L8IT2RESIIBLLBIBTRNSRER

%0d ({2t w0l
ANOXM1D/40d [] €L oy [0 L1d
0a []ve sy [191d
ta s ve [JON
Za ]9 ev[J51d
L« lm P73 v[vid
va 8. wlleLd
sar]sz ov{lzid
%a Cjos se[]tid
la]e ge [ 0Ld
Oy )28 L€ [ AQv3d/iid
lv Jes 9t [] ONDS/9id
Ty Jve se [ LnoL/Sid
ey (]se ve [3 110d/LNI/PLd
v 98 €€ [ NVLANI/ZdLNI/ELd
sv]ze ze [ LANIZLD
9y ] es LE [ 0dLNI/HLd
iy [Jen (i1 m.:z\fa
8y ] 06 6z [ DHAH/L2d
sy ]1s 8z |1 ¥vaiH/sed
Oy [} z6 & 1oa/sed
ON [] €6 9z [11MvvIa/ted
Hy ] v6 sz [] Lo"YWa/t2d
vz [101
/ FN e wmoe N e SERERTRRRER QD 88
TOogoooogoooogououggoouinaguty
NSO ezewere 2900 QonT 000203
ANAAAAAAAmm‘mmm_mmmlW..WWN_W
3 g ©
2 z
a EN

83-0044918




uPD70320/322 (V25)

NEC

Pin Identification

Symbol Function

Ag-Aqg Address bus outputs

CLKOUT System clock output

CTS0 Clear to send channel 0 input

751 Clear to send channel 1 input

Dg-D7 Bidirectional data bus

EA External access

i0STB 110 strobe output

MREQ Memory request output

MSTB Memory strobe output

POg-PO7 170 port 0

P1g/NMI Port 1 input line/Nonmaskable
interrupt input

P1y-P1a/ Port 1 input lines/Externat

INTPO-INTP1 interrupt input lines

P13/INTP2/INTAK

Port 1 input line/External
interrupt input line/Interrupt
acknowledge output

P14/INT/POLL

170 port 1/interrupt request input/
1/0 poll input

P15/TOUT 170 port 1/Timer out

P15/5CKO /0 port 1/Serial clock out
P17/READY 170 port 1/Ready input
P2/DMARQO 1/0 port 2/DMA request 0
P21/DMAAKO 1710 port 2/DMA acknowledge 0
P2,/TCO 1/0 port 2/DMA terminal count 0
P24/DMARQ1 170 port 2/DMA request 1
P24/DMAAKT 110 port 2/DMA acknowledge 1
P25/T—C1 1/0 port 2/DMA terminal count 1
P26/HLDAK 1/0 port 2/Hold acknowledge output
P27/HLDRQ 1/0 port 2/Hold request input
PTO-PT7 Comparator port input lines

REFRQ Refresh pulse output

RESET Reset input

RxDO Serial receive data. channel 0 input
RxD1 Serial receive data. channel 1 input
RIW Read/Write output

TxDO Serial transmit data, channel 0 output
TxD1 Serial transmit data. channel 1 output
X1, X2 Crystal connection terminals

Vop Positive power supply voltage

VTH Threshold voltage input

GND Ground

IC Internal connection

Pin Functions

Ag-A1g [Address Bus]

Ag-Aqg is the 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.

CTSn, RxDn, TxDn, SCKO [Clear to Send,
Receive Data, Transmit Data, Serial Clock Out]

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

Dg-D7 [Data Bus]

Do-D7 is the 8-bit external data bus.

DMARQnN, DMAAKN, TCn [DMA Request, DMA
Acknowledge, Terminal Count]

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

EA [External Access]

i this pin is low on reset, the uPD70322 will execute
program code from external memory instead of from
internal ROM.

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 state with internal 4.7-kQ pullup
resistors: Ag-Aqg, Dg-D7, MREQ, R/W, MSTB, REFRQ,
and IOSTB.
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INT [Interrupt Request]

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

INTAK [Interrupt Acknowledge]

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

INTPO-INTP2 [External Interrupt)]

INTPO-INTP?2 allow external devices to generate inter-
rupts. Each can be programmed to be rising or falling
edge triggered.

10STB [I/0 Strobe]

I0STB is asserted during read and write operations to
external I/0.

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 typi-
cally used for emergency processing. Upon execution,
the interrupt starting address is obtained from interrupt
vector number 2. NMI can release the standby modes
and can be programmed to be either rising or falling
edge triggered.

P0g-PO; [Port 0]

P0g-P0; are the lines of port 0, an 8-bit bidirectional
parallel I/0 port.

P1o-P1; [Port 1]

The status of P1p-P15 can be read but these lines are
always control functions. P14-P1; are the remaining
lines of parallel port 1, each line individually program-
mable as either an input, an output, or a control
function.

P2y-P27 [Port 2]

P2¢p-P27 are thelines of port 2, an 8-bit bidirectional 17O
port. The lines can also be used as control signals for
the on-chip DMA controller.

POLL [Poll}

Upon execution of the POLL intruction, the CPU
checks the status of this pin and, if low, program
execution continues. If high, the CPU will check the
level of the line every five clock cycles until it is low.
POLL can be used to synchronize program execution
to external conditions.

PTO0-PT7 [Comparator Port]
PTO-PT7 are inputs to the analog comparator port.

READY [Ready]

After READY is de-asserted low, the CPU will synchro-
nize and insert at least two wait states into a read or
write cycle tomemory or I/O. This allows the processor
to accommodate devices whose access times are
longer than normal execution allows.

REFRQ [Refresh]

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

RESET [Reset]

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

R/W [Read/Write]

An R/W output allows external hardware to determine
if the current operation is a read or 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 as shown in figure 36.
By programming the PRC register, the system clock
frequency can be selected as the osciliator frequency
{fosc) divided by 2, 4, or 8.

Vpp [Power Supply]

Two positive power supply pins (Vpp) reduce internal
noise.




uPD70320/322 (V25) NEC

V1H [Threshold Voltage] GND

The comparator port uses this pin to determine the  Two ground connections reduce internai noise.
analog reference point. The actual threshold to each .

comparator line is programmable to V7 x n/16, where  1C [Internal Connection]

n=1to 16.

AllIC pins should be together and pulled up to Vpp with
a 10K-20K resistor.
Block Diagram

I Stag- | Stag-
P2p/DMARQO — ing |ing A1g-Ap
Latch | Laich

P21/DMAAKO «— Program- Le

P2/TC0.«—| "‘;‘;‘:A ete
P23/DMARQT —=1  conyrolier

P24/DMAAKT «—

P25/TC1 +—]
PSW
PFP
TxDO +—]
RxD0 —{ Serial PC
P16/SCKO —= Comm NG
TS interface <:>
TxD1 +—
RxD1 —{| Baud Rate ]
CTS1 —=|| Generator TA v
< i L esw
Int ROM re—— HLDAK/P2¢
P1o/NMI 16K Bytes £ — HLDRQ/P27
o Int RAM 1
P11/INTPO—»{ Program- 256 Bytes S le— READY/P17
P1o/iNTPI —o] M2DIe + GR ! S — MSTB
Interrupt " H MREQ
P13/INTP2/INTAK —| Controlier . S:riri::)e — 5— MARE
P14/INT/POLL — Chamnst 3 I R/W
— ‘g —— 10578
|e— EA
instruction Decoder
X1 —— Micro Sequencer
Micro ROM
Clock l«—— POLL/INT/P14
Generator

x2 Queue [
AN
> D7-Do

i

16-Bit Timer Time Base Counter Port Port with
Comparator
TOUT/P1s5 REFRQ  CLKOUT/PO7 Po P1 P2 PTO0-PT7 VTH

83-001992C
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Functional Description
Architectural Enhancements

The following features enable the uPD70320/322 to
perform high-speed execution of instructions:

e Dual data bus

s 16-/32-bit temporary registers/shifters (TA, TB,
TA + TB)

s 16-bit loop counter (LC)

e Program counter (PC) and prefetch pointer (PFP)

» [nternal ROM pass bus (uPD70322 only)

Dual Data Bus. The ¢PD70320/322 has two internal
16-bit data buses: the main data bus and a subdata 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 simulta-
neously from the general-purpose registers and
transferred to the ALU.

16-/32-Bit Temporary Registers/Shifters. The 16-bit
temporary registers/shifters (TA, TB) allow high-speed
execution of multiplication/ division and shift/rotation
instructions. By using the temporary registers/shifters,
the uPD70320/322 can execute multiplication/division
instructions about four times faster than with the
microprogramming method.

Figure 1. Register Banks in Internal RAM

Loop Counter [LC]. The dedicated hardware loop counter
counts the number of loops for string operations and
the number of shifts performed for mulitiple bit shift/
rotation instructions. The loop counter works with
internal dedicated shifters to 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
next. Several clocks are saved for branch, call, return,
and break instructions compared with processors
having only one instruction pointer.

internal ROM Pass Bus. The uPD70322 features a
dedicated data bus between the internal ROM and the
instruction pre-fetch queue. This allows internal ROM
opcode fetches to be performed in a single clock cycie
(200 ns at 5 MHz); it also makes it possible for opcode
fetches to be performed while the external data bus is
busy. This feature gives the V25 a 10-20% pertormance
increase when executing from the internal ROM.

Register Set

Figure 1 shows the uPD70320/322 has eight banks of
registers functionally mapped into internal RAM. Each
bank contains general-purpose registers, pointer and
index registers, segment registers, and save areas.

AW
XXFOOH XXEFEH
cw
Bank 7 CH Data Register
32 bytes ow
AH
XXEEOH BW
XXEF8H
sP
Bank 6 6H
BpP
XXECOH 4H Index Register
X
2H
Y
] XXEFOH
> g DS1
EH
PS
CH Segment Register
SS
XXE40H AH
X DSo
XXEE8H
Bank 1 Save PC
6H
XXE20H Save PSW
4H
Vector PC
Bank 0 2H
Reserved
XXEEOH
XXE0OH Internal RAM
49-0013428
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General-Purpose Registers AW, BW, CW, DW]. There
are four 16-bit general-purpose registers that can each
serve as individual 16-bit registers or two independent
8-bit registers (AH, AL, BH, BL, CH, CL, DH, DL). The
following instructions use the general-purpose registers
for default:

AW  Word multiplication/division, word I/0, data
conversion

AL  Byte multiplication/division, byte I/0, BCD
rotation, data conversion, translation

AH  Byte multiplication/division
BW  Translation
CW  Loop control branch, repeat prefix

CL  Shiftinstructions, rotation instructions, BCD
operations

DW  Word multiplication/division, indirect address-
ing 170

Pointers [SP, BP] and Index Registers [IX, IY]. These
registers are used as 16-bit base pointers or index
registers in based addressing, indexed addressing,
and based indexed addressing. The registers are used
as default registers under the following conditions:

SP  Stack operations

I1X Block transfer (source), BCD string opera-
tions

Y Block transfer (destination), BCD string
operations

Segment Registers. The segment registers divide the
1M-byte address space into 64K-byte blocks. Each
segment 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 asso-
ciated segment register left four binary digits and then
adding the effective address. The segment registers
are:

Default Offset

PS (Program segment) PC

SS (Stack segment) SP, Effective address
DS0 (Data segment-0) I1X, Effective address

DS1 (Data segment-1) 1Y, Effective address

Segment Register

Save Regislers. Save PC and Save PSW are used as
save areas during register bank context switching. 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
program 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 a branch, call, return, break, or interrupt is
executed.

Program Status Word [PSW]. The PSW contains the
following status and control flags.

15 PSW 8
[ 7 [rez] mret | RBO] v | DR IE | BRK]

7 0
| " ac | Fo [ P ]8R] cv |

Status Flags Control Flags

V  Overflow bit DIR Direction of string
S Ssign processing
|
z Zero IE Interrupt enable
BRK Break (after every

AC Auxiliary carry
P Parity

instruction)

RBn  Currentregister
CY Carry bank flags
BRKI! 1/0 trap enable (see
software interrupts)
FO, F1 General-purpose

user flags (accessed
through the Flag
special function
register)

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



NEC

uPD70320/322 (V25)

Memory Map

The uPD70320/322 has a 20-bit address bus that can
directly access 1M bytes of memory. Figure 2 shows that
the 16K bytes of internal ROM (uPD70322 only)
are located at the top of the address space from FCO00H
to FFFFFH.

Figure 2 shows 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/0 are mapped into the SFR area and accessed as
RAM. For a description of these functions, see table 6.
The IDA is dynamically relocatabie in 4K-byte incre-
ments by changing the value in the internal data base
(IDB) register. Whatever value is in this register will be
assigned as the uppermost eight bits of the IDA
address. The IDB register can be accessed from two
different memory locations, FFFFFH and XXFFFH,
where XX is the value in the |DB register.

On reset, the internal data base register is set to FFH
which maps the IDA into the internal ROM space.
However, since the uPD70322 has a separate bus to
internal ROM, this does not present a problem. When
these address spaces overlap, program code cannot be
executed from the IDA and internal ROM locations
cannot be accessed as data. You can select any of the
eight possible register banks, which occupy the entire
internal RAM space. Multiple register bank selection
allows faster interrupt processing and facilitates multi-
tasking.

Figure 2. Memory Map

FFFFFH
Internal
ROM
FCO00H
A A
4 /
XXFFFH Special Function
Registers -4
XXFOOH [256 Bytes] 4
External XXEFFH Internal RAM
Area 256 Bytes} -~
XXE0OH (256 Bytes)  I'°4

00000H

1 Mbyte Memory Space

49-001343A

In larger-scale systems where internal RAM is not
required for data memory, the internal RAM can be
removed completely from the address space and
dedicated entirely to registers and control functions
such as macro service and DMA channels. Clearing the
RAMEN bit in the processor control register achieves
this. When the RAMEN bit is cleared, internal RAM can
only be accessed by register addressing or internal
control processes. Many instructions are executed
faster when the internal RAM is disabled.

Instruction Set

The uPD70320/322 instruction set is fully compatible
with the V20 native mode instruction set. The V20
instruction set is a superset of the uPD8086/8088
instruction set with different execution times and
mnemonics.

The 4PD70320/322 does not support the V20 8080
emulation mode. All of the instructions pertaining to
this have been deleted from the yPD70320/322 in-
struction set.

Enhanced Instructions

In addition to the uPDB8086/88 instructions, the
4PD70320/322 has the following enhanced instructions.

Instruction Function

PUSH imm  Pushes immediate data onto stack

PUSH R Pushes eight general registers onto
stack

POP R Pops eight general registers from stack

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

SHL imm8  Shifts/rotates register or memory by

SHR imm8 immediate value

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8

RORC imm8

CHKIND Checks array index against designated
boundaries

INM Moves a string from an 1/O port to
memory

OUT™M Moves a string from memory to an I/0
port

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

DISPOSE Frees the current stack frame on a

procedure exit
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Unique Instructions

The wPD70320/322 has the following unique
instructions.

Instruction Function

INS Inserts bit field

EXT Extracts bit field

ADD4S Performs 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

CLR1 Clears bit

NOT1 Complements bit

BTCLR Tests bit; if true, clear and branch

REPC Repeat while carry set

REPNC Repeat while carry cleared

Variable Length Bit Field Operation Instructions

Bit fields are a variable length data structure that can
range in length from 1 to 16 bits. The uPD70320/322
supports two separate operations on bit fields: insertion
(INS) and extraction (EXT). There are no restrictions
on the position of the bit field in memory. Separate
segment, byte offset, and bit offset registers are used
forinsertion and extraction. Following the execution of
these instructions, both the byte offset and bit offset
are left pointing to the start of the next bit field, ready
for the next operation. Bit field operation instructions
are powerful and flexible and are therefore highly

Figure 3. Bit Fleld Insertion

effective for graphics, high-level languages, and packing/
unpacking applications.

Bit field insertion copies the bit field of specified length
from the AW register to the bit field addressed by
DS1:1Y:reg8 (8-bit general-purpose register). The bit
field length can be located in any byte register or
supplied as immediate data. Following execution, both
the IY and reg8 are updated to point to the start of the
next bit field.

Bit field extraction copies the bit field of specified
length from the bit field addressed by DSO0:1X:reg8 to
the AW register. If the iength 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 register or
supplied as immediate data. Following execution, both
IXand reg8 are updated to point to the start of the next
bit field.

Figures 3 and 4 show bit field insertion and bit field
extraction.

Packed BCD Instructions

Packed BCD instructions process packed BCD data
either as strings (ADD4S, SUB4S, CMP4S) or byte
format operands (ROR4, ROL4). Packed BCD strings
may be 1 to 254 digits in length. The two BCD rotation
instructions perform rotation of a single BCD digit in
the lower half of the AL register through the register or
the memory operand.

Bit Manipulation Instructions

The uPD70320/322 has five unique bit manipulation
instructions. The ability to test, set, clear, or comple-
ment a single bit in a register or memory operand
increases code readability as well as performance over
the logical operations traditionally used to manipulate
bit data. This feature further enhances control over
on-chip peripherals.

Bit length

AW

/777

Bit offset Byte offset IY)

) Memory

——,

[
T
Segment base (DS1)
83-0001068

+

Byte boundary

10
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Figure 4. Bit Field Extraction

Bitlength | Bitoffset =J‘ Byte offset (IX) _»'
3\ " : l' a Y
< % ? Y

Byte boundary Segment base (DS0)
15 0
AW} 0 / /
83-000107B

Additional Instructions

Besides the V20 instruction set, the uPD70320/322
has the four additional instructions described in

table 1.

Table 1. Additional Instructions

Instruction Function

BTCLR var,imm8, Bit test and if true, clear and branch;
short abel otherwise, no operation

STOP (no operand)
RETRBI (no operand)

Power down instruction, stops oscillator

Return from register bank context switch
interrupt

FINT (no operand) Finished interrupt. After completion of a
hardware interrupt request, this instruction
must be used to reset the current priority

bit in the in-service priority register (ISPR).*

*Do not use with NM{ or INTR interrupt service routines.

Repeat Prefixes

Two new repeat prefixes (REPC, REPNC) allow con-
ditional block transter instructions to use the state of
the CY flag as the termination condition. This allows
inequalities to be used when working on ordered data,
thus increasing performance when searching and
sorting algorithms.

Bank Switch Instructions

The V25 has four new instructions that allow the
effective use of the register banks for software interrupts
and multitasking. These instructions are shown in
table 2. Also, see figures 8 and 10.

Interrupt Structure

The uPD70320/322 can service interrupts generated
both by hardware and by software. Software interrupts
are serviced through vectored interrupt processing.
Seetable 3 for the various types of software interrupts.

Table 2. Bank Switch Instructions
instruction
BRKCS reg 16

Function

Pertorms a high-speed software interrupt with
context switch to the register bank indicated by the
lower 3-bits of reg 16. This operation is identical to
the interrupt operation shown in figure 9.

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

See figure 10.

MOVSPA Transfers both the SS and SP of the old register
bank to the new register bank after the bank has
been switched by an interrupt or BRKCS instruction.

MOVSPB Transfers the SS and the SP of the current register

bank before the switch to the SS and SP of the new
register bank indicated by the lower 3-bits of req 16.

Table 3. Software Interrupts

Interrupt Description

Divide error The CPU will trap if a divide error occurs 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 By using the BRKV instruction, an interrupt can be
generated as the result of an overflow.

Interrupt The BRK 3 and BRK imm8 instructions can gene-

instructions rate interrupts.

Array bounds The CHKIND instruction will generate an interrupt if

specified array bounds have been exceeded.

Escape trap The CPU will trap on an FP01,2 instruction to allow

software to emulate the floating point processor.

1 the 1/0 trap bit in the PSW is cleared, a trap
will be generated on every IN or QUT instruction.
Software can then provide an updated peripheral
address. This feature allows software inter-
changeability between different systems.

110 trap

1
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When executing software written for another system, it
is better to implement 1/0 with on-chip peripherals to
reduce external hardware requirements. However,
since uPD70320/322 internal peripherals are memory
mapped, software conversion could be difficult. The
I/0 trap feature allows easy conversion from external
peripherals to on-chip peripherals.

Interrupt Vectors

The starting address of the interrupt processing
routines may be obtained from table 3. The table
begins at physical address 00H, which is outside the
internal ROM space. Therefore, external memory is
required to service these routines. By servicing inter-
rupts via the macro service function or context
switching, this requirement can be eliminated.

Each interrupt vector is four bytes wide. To service a
vectored interrupt, the lower addressed word is trans-
ferred to the PC and the upper word to the PS.
See figure 5.

Figure 5. Interrupt Vector 0
Vector 0
T
000H ! 001H
t
002H : 003H

PS - (0O3H. 002H)
PC - (DOTH, DOOH)

Execution of a vectored interrupt occurs as follows:
(SP-1, SP-2) < PSW
(SP-3, SP-4) — PS
(SP-5, SP-6) — PC
SP — SP-6
IE—0,BRK—0
PS « vector high bytes
PC « vector low bytes

Hardware Interrupt Configuration

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

12

Table 4. Interrupt Vectors

Address  Vector No. Assigned Use

00 0 Divide error

04 1 Break flag

08 2 NMI

0c 3 BRK3 instruction

10 4 BRKV instruction

14 5 CHKIND instruction

18 6 General purpose

1€ 7 FPO instructions

20-2C 8-11 General purpose

30 12 INTSERO (Interrupt serial error, channel 0)
kY] 13 INTSRO (Interrupt serial receive, channel 0)
38 14 INTSTO (Interrupt serial transmit, channel 0)
3C 15 General purpose

40 16 INTSER1 {Interrupt serial error, channel 1)
44 17 INTSR1 (Interrupt serial receive, channel 1)
48 18 INTST1 (Interrupt serial transmit, channel 1)
4C 19 110 trap

50 20 INTDO (Interrupt from DMA, channel 0)

54 2 INTD1 (Interrupt from DMA, channel 1)

58 22 General purpose

5C 23 General purpose

60 24 INTPO (Interrupt from peripheral 0)

64 25 INTP1 (Interrupt from peripheral 1)

68 26 INTP2 (Interrupt from peripheral 2)

6C 27 General purpose

70 28 INTTUO (Interrupt from timer unit 0)

74 29 INTTUT {(Interrupt from timer unit 1)

78 30 INTTUZ (Interrupt from timer unit 2)

7C 31 INTTB (Interrupt from time base counter)
080-3FF 32-255 General purpose
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Interrupt Sources

The 17 interrupt sources (table 5) are divided into
groups for management by the interrupt controller.
Using software, each of the groups can be assigned a
priority from O (highest) to 7 (lowest). The priority of
individual interrupts within a group is fixed in hardware.

NMI, INTPO, and INTP1 are edge-sensitive interrupt
inputs. By selecting the appropriate bits in the interrupt
mode register, these inputs can be programmed to be
either rising or falling edge triggered. ES-ES; corre-
spond to INTPO-INTP2, respectively. See figure 6.

Ifinterrupts from different groups occur simultaneously Table 5. Interrupt Sources
and the groups have the same assigned priority level, interrupt Source
the priority followed will be as shown in the Default , "’""";V Within g’”“"l :?i?rl:l"
Priority column of table 5. roup y
The ISPR i B-bit ial § " ist bit Non-maskable interrupt NM! - — 0
e is an B-bit special function register; bits - -
PRg-PR7 correspond to the eight possible interrupt Timer unit INTTUO INTTUT INTTU2 !
request priorities. The ISPR keeps track of the priority ~ DMA controller INTDO INTD1  — 2
of the interrupt currently being serviced by setting the  External peripheral INTPO  INTP1  INTP2 3
appropriate bit. The address of the ISPR is XXFFCH. interrupt
The ISPR format is shown below. Serial channel 0 INTSERD INTSRO  INTSTO 4
1 PR; l PRGL PRs [ PR, [ PR3 I PRy ] PR l PRy I Serial channel 1 INTSER1 INTSR1 INTST1 5
Time base counter INTTB  — — 6
NMI and INTR. are system-typg external vectorgd interrupt request INTR — _ 7
interrupts. NMI is not maskable via software. INTR is
maskable (IE bit in PSW) and requires that an external
device provide the interrupt vector number. it aliows
expansion by the addition of an external interrupt
controller (uPD71059).
Figure 6. Interrupt Mode Register (INTM)
7 6 5 4 3 2 1 0
ES
INTM 0 ES, 0 ES, 0 ESo 0 NMI
Trigger Mode
0 | Falling Edge
1 | Rising Edge
0 | Falling Edge
1 | Rising Edge
0 | Falling Edge
1 Rising Edge
0 | Falling Edge
1 Rising Edge
49-0013828
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Interrupt Processing Modes

Interrupts, with the exception of NM!, INT, and INTTB,
have high-performance capability and can be pro-
cessed in any of three modes: standard vector inter-
rupt, register bank context switching, or macro service
function. The processing mode for a given interrupt
can be chosen by enabling the appropriate bits in the
corresponding interrupt request control register. As
shown in table 6, each individual interrupt, with the
exception of INTR and NMI, has its own associated IRC
register. The format for all IRC registers is shown in
figure 7.

All interrupt processing routines other than those for
NMI and INT must end with the execution of an FINT
instruction. Otherwise, subsequently, only interrupts
of a higher priority will be accepted.

In the vectored interrupt mode, the CPU traps to the
vector location shown in table 4.

Register Bank Switching

Register bank context switching allows interrupts to be
processed rapidly by switching register banks. Afteran
interrupt, the new register bank selected is that which
has the same register bank number (0-7) as the priority
of the interrupt to be serviced. The PC and PSW are
automatically stored in the save areas of the new
register bank and the address of the interrupt routine is
loaded from the vector PC storage location in the new
register bank. As in the vectored mode, the IE and BRK
bits in the PSW are cleared to zero. After interrupt
processing, execution of the RETRBI (return from
register bank interrupt) returns control to the former
register bank and restores the former PC and PSW.
Figures 8 and 9 show register bank context switching
and register bank return.

Figure 7. Interrupt Request Control Registers (IRC)
7 6 5 4 3 2 1 0
IRC M5/
FLAG MASK INT ENCS 0 PR3 PR, PRg
L
PR
2 1t 0| Priority
0 0 0| Highest
1 1 1] Lowest
ENCS | Context Switch
1] Vectored Interrupt Mode
1 Bank Switching
MS/INT| Macro Service or Interrupt
0 Iinterrupt
1 Macro Service
xxMKn | Interrupt Mask
0 Mask Open: Interrupts Enabled
1 Mask Closed: Interrupts Disabled
xxFn Interrupt Request Flag
0 No Request
1 Interrupt Requested

49-0013838
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Figure 8. Register Bank Context Switching Macro Service Function

The macro service function (MSF) is a special micro-
A8 RBj program that acts as an internal DMA controller be-
AW AW tween on-chip peripherals (special function registers,
cw cw SFR) and memory. The MSF greatly reduces the
bW bw software overhead and CPU time that other processors
BW BW would require for register save processing, register
SP SP returns, and other handling associated with interrupt

BP E:> BP processing.
X X If the MSF is selected for a particular interrupt, each
v v time the request is received, a byte or word of data will
oSt bs1 be transferred between the SFR and memory without
PS PS interrupting the CPU. Each time a request occurs, the
Ss ss macro service counter is decremented. When the
Dso DSo counter reaches zero, an interrupt to the CPU is
Save PC —*|__SavePC generated. The MSF also has a character search
Save PSW Save PSW option. When selected, every byte transferred will be
Vector PC Vector PC compared to an 8-bit search character and an interrupt
Reserved Reserved will be generated if a match occurs or if the macro

service counter counts out.

Like the NMI, INT and INTTB, the two DMA controller
interrupts (INTDO, INTD1) do not have MSF capability.
| Psw | There are eight 8-byte macro service channels mapped

49-001344A into internal RAM from XXEOOH to XXE3FH. Each

macro service channel contains all of the necessary
Figure 9. Register Bank Return information to execute the macro service process.
Figure 11 shows the components of each channel.

RBi RBj
o W Figure 10. Task Switching

za ga CURRENT NEW
ow — AW AW
SP SP ow oW
BP BP ow ow

X <::I X BW BW
SP sSP

PS PS X X
SS SS A4 [\
DSO DS0 Ds1 DSt
Save PC —] SavePC PS PS
Save PSW Save PSW ss SS
Vector PC Vector PC Dso DSo
Reserved Reserved |—> PC Save PC Save
PSW Save PSW Save
vPC VPC
Reserve Reserve

VPC: Vector PC
RB: Register bank field

49-001346A

83-MB005273A
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Figure 11. Macro Service Channels

Up to 3FH
XXEO8H
MSS M.S. Channel 0
MSP

Reseived ‘ SCHR

SFRP MSC

le—— 16 Bits —»|

MSS = Macro service segment

XXEOOH [Internal RAM]

MSP = Macro service pointer
SCHR = Search character
SFRP = Special function register pointer
MSC = Macro service counter
49-001343A

On-Chip Peripherals
Timer Unit

The uPD70320/322 (figure 13) has two programmable
16-bit interval timers (TMO, TM1) on-chip, each with
variable input clock frequencies. Each of the two 16-bit
timer registers has an associated 16-bit modulus
register (MDO, 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, interrupts are generated
through TF1 and TF2 (Timer Flags 1, 2). When TMO
counts out, an interrupt is generated through TFO.
The timer-out signal can be used as a square-wave
output whose half-cycle is equal to the count time.
There are two selectable input clocks (SCLK: system
clock = fosc/2; fosc = 10 MHz).

Setting the macro service mode for a given interrupt Clock Timer Resolution  Full Count
requires programming the corresponding macro ser- SCLK/6 1.2 us 78.643 ms
vice control register. Each individual interrupt, exclud- SCLK/128 25.6 us 1.678s
ing INTR, NMI and TBC, has its own associated MSC
register. See table 6. Format for all MSC registers is
shown in figure 12.
Figure 12. Macro Service Control Registers (MSC)
7 6 5 4 3 2 1 [
XXMSn I MSM; | MSM, [ MSMg ] DIR l [ ] CHy l CHy [ CHyg I
I I
2 1 0 | Macro Service Channel
0 0 0| Channel0
1 ; 1 C.hannel7
Transfer Direction
0 From Memory to SFR
1 From SFR to Memory
Transfer Mode
000 8-bit Transfer
«[0 0 1 16-bit Transfer
10 0 8-bit Transfer with Character Search

*Ali other combinaticns are reserved

49-0013848
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Figure 13. Timer Unit Block Dlagram

r- " - T T T T T T T T T T 7
| l MD1 j |

(16)
I 1
| l/ l
I fosc/6 ™1 ’
| tosc/128 l_’l (16) TF2 | l
| |
] fosc/12 [
| tosa/128 I_’I ) T I |
I 1
| |

fosc/6
T™O 1 | 1 Output
—O
: r:;z%;: | 'l (16) | ] T Control ' To
e
A Internal Bus Y
49-0013478
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One-Shot Mode. In the one-shot mode, TMO and MDO
operate as independent one-shot timers. Starting with
a preset value, each is decremented to zero. At zero,
counting ceases and an interrupt is generated by TFQ
(from TMO) or TF1 (from MDO). One-shot mode allows
two selectable input clocks (fosc = 10 MHz).

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

Setting the desired timer mode requires programming
the timer control register. See figures 14 and 15 for

format.
Figure 14. Timer Control Register 0
7 6 5 4 3 2 1 0
r TS0 I TCLKO ] MSO [ MCLK I ENTO | ALV ‘ MOD1 I MOD¢ l

MOD1 | MODO | Timer Mode
0 0 interval Timer Mode
0 1 One-shot Timer Mode
1 X Reserved

> Active Level of Toyt
0 Toyr initial level = ¢
1 Toyr initial level = 1
Enable Timer-Out Signal
0 Disable Timer Qut
1 Enable Timer Qut
One-shot Mode Modulus Register Clock
0 SCLK/12
1 SCLK/128
Modulus Start {(One-shot Mode)
0 Stop Modulus Register Count
1 Start Modulus Register Count
TM Register Clock Select

MOD1 | MODO | TCLK
0 0 0 SCLK/6 Interval Timer Mode
0 0 1 SCLK/128
0 1 0 SCLK/12 One-shot Mode
0 1 1 SCLK/128

Timer Start Bit
[} Stop Timer”
1 Start Timer”
*Starts and stops TMO in one-shot mode
B
Figure 15. Timer Control Register 1
7 ] 5 4 3 2 1 0
I TS1 l TCLK1 I 0 | 0 ] 0 ] [ ] 0 ] 0 l
TM1 Clock Select
| 0 | SCLK/6
1 SCLK/128
Timer Start Bit
»1 0 | Stop TM1 counting
1 Start TM1 counting
43-0013898
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Time Base Counter/Processor Control Register

The 20-bit free-running time base counter controls
internal timing sequences and is available to the user
asthe source of periodic interrupts at lengthy intervals.
One of four interrupt periods can be selected by pro-
gramming the TBO and TB1 bits in the processor
control register (PRC). The TBC interrupt is unlike the
others in that it is fixed as a level 7 vectored interrupt.
Macro service and register bank switching cannot be
used to service this interrupt. See figures 16 and 17.

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

Figure 16. Time Base Interrupt Request Control Register

The TBC (figure 18) uses the system clock as the input
frequency. The system clock can be changed by
programming the PCK0Q and PCK1 bits in the processor
control register (PRC). Reset initializes the system
clock to fosc/8 (fosc = external oscillator frequency).

Figure 18. Time Base Counter (TBC) Block Diagram

SCLK ——‘>

=~ 210 +~ 213 = 216 <+ 220

49-001348A

7 6 5 4 3 2

I TBF I TBMK | 0 | 0 l 0 l 1

Time Base Interrupt Mask Bit
0 | Unmasked
1 Masked

Time Base Interrupt Flag

0 | Nonterrupt Generated

1 Interrupt Generated

49-0013938

Figure 17 Processor Control Register (PRC)

5 4 3

7 6
Pﬂcr o rRAMEN l 4] l 0 l T81 |

2 1 0
T80 I PCK1 l cho—|
| 1 I

L

System Clock Select
PCK1 PCKO

0 0 fosc/2

0 1 fosc/4

1 0 fosc/8

1 1 Reserved

Time Base Interrupt Period
TB1 T80

0 0 20/1cLk

0 1 283/tc1k

1 0 218/tcLk

1 1 220/fcLi
> internal RAM Enable

0 Disabled

1 Enabled

438-0013958
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Refresh Controller

The uPD70320/322 has an on-chip refresh controlier
for dynamic and pseudostatic RAM mass storage
memories. The refresh controller generates refresh
addresses and refresh pulses. it inserts refresh cycles
between the normal CPU bus cycles according to
refresh specifications.

The refresh controller outputs a 9-bit refresh address
on address bits Ag-Ag during the refresh bus cycle.
Address bits Ag-Aig are all 1's. The 9-bit refresh
address is automatically incremented at every refresh
timing for 512 row addresses. The 8-bit refresh mode
(RFM) register (figure 19) specifies the refresh opera-
tion and allows refresh during both CPU HALT and
HOLD modes. Refresh cycles are automatically timed
to REFRQ following read/write cycles to minimize the
effect on system thoughput.

The following shows the REFRQ pin level in relation to
bits 4 (RFEN) and 7 (RFLV) of the refresh mode
register.

RFEN RFLV REFRQ Level

0 0 0

0 1 1

1 0 0

1 1 Refresh pulse output

Serial Interface

The uPD70320/322 has two full-duplex UARTSs, channel
0 and channel 1. Each serial port channel has a
transmit line (TxDn), a receive line (RxDn), and a clear
to send (CTSn) input line for handshaking. Communi-
cation is synchronized by a start bit, and you can
program the ports foreven, odd, or no parity, character
lengths of 7 or 8 bits, and 1 or 2 stop bits.

The uPD70320/322 has dedicated baud rate generators
for each serial channel. This eliminates the need to
obligate the on-chip timers. The baud rate generator
allows a wide range of data transfer rates (up to 1.25
Mb/s). This includes all of the standard baud rates
without being restricted by the value of the particular
external crystal.

20

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

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

_ SCLK x 108
BxG=—""ns1
where B = baud rate
G = baud rate generator register (BRGn)
value

n = input clock specifications (n between
0 and 8) This is the value that is loaded
into the SCCn register (see figure 23).

SCLK = system clock frequency (MHz)

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

Baud Rate n BREGn Value Error (%}
10 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 0.18
19,200 0 130 0.16
38.400 0 65 0.16
1.25M 0 2 0
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Figure 19. Refresh Mode Register (RFM)

7 6 5 4 3 2 1 0
RFM I RFLV I HLDRF l HLTRF ] RFEN l RFW1 l RFWO l RFT1 RF?I
Refresh Cycle Speed
RFT1 | RFTO | Retresh Period
0 0 16/SCLK
0 1 32/SCLK
1 0 84/SCLK
1 1 128/SCLK
Refresh Cycle Wait States
RFW1 | RFWO | Number of Wait States
0 0 0
1 1
1 0 2
1 1 2
Refresh Enable
0 Refresh Pin = RFLV
1 Refresh Enabled
Halt Refresh Enable
) Refresh During Halt Disabled
1 Refresh During CPU HALT
Hold Refresh Enable
0 Hold Refresh Disabied
1 Refresh During Hold

Refresh level output
to RFSH pin when RFEN = 0

49-0013928
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In addition to the asynchronous mode, channel O has a
synchronous I/Q interface mode. In this mode, each bit
of data tranferred is synchronized to a serial clock
(SCKO). This is the same as the NEC uCOM75 and
uCOMB87 series, and allows easy interfacing to these
devices. Figure 20 is the serial interface block diagram;
figures 21, 22, and 23 show the three serial communica-
tion registers.

Figure 20. Serlal Interface Block Diagram

Channel 0

U

ﬂ

TxBO RxBO
00 O—Q— Serial Register Serial Register

Transmit Control

Receive Control

| RxC0

——CQ scKko

Baud Rate
TxCO Generator
Channel 1 Q ﬂ
TxB1 RxB1
TxD1 O-—q——— Serial Register Serial Regi
AxD1 o-{>
CTS1 O—D— Transmit Control Receive Control
l RxCt
Baud Rate
TxC1 Generator

43-0013498
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Figure 21. Serlal Communication Mode Register (SCM)

6 5 4 3 2 1 0

7
SCM I:xRDYl RxE l PRTY1 l PRTYO ]CL/TSK lSL/HSCK MD1 l MDO l

MD1|mpo]  Mode
4] 0 1/0 Interface [Note 1]
[:] 1 Asynchronous

1 X Reserved

Stop Bit Length/Rcv Clk [Note 3]

0 [ 1 Stop Bit/Ext Clk [input on CTS0]
1 |2 Stop Bits/Int Clk [output on CTS0)
Char Length/Trans Shift Clk [Note 3]

1] 7 Bits/No Effect

1 8 Bits/Trigger Transmit

PRTY .
p 5 Parity Control
1] 0 No Parity
4] 1 0 Parity [Note 2]
1 [ Odd Parity
1 1 Even Parity
Receiver Controt
] Disable
1 Enable
Transmitter Control
0 Disable
1 Enable

Notes:

[1] Only Channel 0 has I/0 interface mode.

[2) When 0 parity is selected, the parity is 0
during transmit and is ignored during receive.

[3] Applies only to 1/0 interface mode.

459-0013858
Figure 22. Serial Communication Error Registers (SCE)
7 6 5 4 3 2 1 0
SCEn | RxD | ] l 0 ! 0 I 0 l ERP | ERF l ERO l
Overrun Error Flag
1 | Overrun has occurred
0 { Overrun has not occurred
Framing Error
1 Stop bit not detected
0 | Framing error has not occurred
Parity Error
Parity error has occurred
0 | No parity error has occurred
gl RxD Line Status
1 RxD Line = 1
0 | RxDLine =0
49-001386A
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Figure 23. Serlal Communication Control Register (SCC)

7 6 5 4 3 2

1 0

sCC I 0 ] ] | 0 I 0

I PRS3 | PRS, I PRS; l PRS, l

* All other combinations atter 1000 are illegal

PRS Input clock for baud
3210 rate generator

0000
0001

SCLK/2
SCLK/4

0010
0011
0100
0101
0110
0111
1000

SCLK/8
SCLK/16
SCLK/32
SCLK/64
SCLK/128
SCLK/256
SCLK/5127

49-0013888

DMA Controller

The uPD70320/322 has a two-channel, on-chip DMA
controller. This allows rapid data transfer between
memory and auxiliary storage devices. The DMA con-
trofler supports four modes of operation, two for
memory-to-memory transfers and two for transfers
between I/0 and memory. See figures 24, 25, and 26 for
a graphic representation of the DMA registers.

Memory-to-Memory Transfers. In the single-step mode,
when one DMA request is made, execution of one
instruction and one DMA transfer are repeated alter-
nately until the prescribed number of DMA transfers
has occurred. Interrupts can be accepted while in this
mode. In burst mode, one DMA request causes DMA
transfer cycles to continue until the DMA terminal
counter decrements to zero. Software can also initiate
memory-to-memory transfers.

Figure 24. DMA Channels

TC1 XXEOEH
SARH1 | DARH1
DAR1

SAR1 Channei 1

TCO Channel 0
SARHO l DARHO
DARO

SAR0

je——168Bits —]

XXECOH

43-001350A
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Transfers Between 1/0 and Memory. In single-transfer
mode, one DMA transfer occurs after each rising edge
of DMARQ. After the transfer, the bus is returned to the
CPU. in demand release mode, the rising edge of
DMARQ enables DMA cycles, which continue as long
as DMARQ is high.

In all modes, the TC (terminal count) output pin will
pulselowand a DMA completion interrupt request will be
generated after the predetermined number of DMA
cycles has been completed.

The bottom of internal RAM contains all the necessary
address information for the designated DMA channels.
The DMA channel mnemonics are as follows:

TC Terminal counter
SAR Source address register

SARH Source address register high
DAR Destination address register
DARH Destination address register high

The DMA controller generates physical source
addresses by offsetting SARH 12 bits to the left and
then adding the SAR. The same procedure is also used
to generate physical destination addresses. You can
program the controller to increment or decrement
source and/or destination addresses independently
during DMA transfers.

When the EDMA bit is set, the internal DMARQ flag is
cleared. Therefore, DMARQs are only recognized after
the EDMA bit has been set.

See Execution Clock Counts for Operation and Bus
Controller Latency tables for DMA latency and transfer
rate information.
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Figure 25. DMA Mode Registers (DMAM)

7 6 5 4 3 2 1 (1]
DMAMO
I MDy l MD, I MDgy | w ] EDMA [ TDMA [ ¢ r 0 |
DMAM1
Trigger DMA [Note 1}
0 No Effect
1 | Trigger DMA
Enable DMA [Note 2]
0 Disable DMA
1 Enable DMA
Word/byte
0 | Byte Transfers
1| Word Transfers
DMA Mode
MD, MD, MDg
o 0 0 Single Step (Mem to Mem)
0 0 1 Demand Reiease (I/0 to Mem)
0 1 0 Demand Release (Mem to i/0)
0 1 1 Reserved
1 0 0 Burst Mode (Mem to Mem)
Notes: 1 0 1| Single Transter (10 to M
[1] Valid only during single-step and burst ingle Transfer { 0 Mem)
modes. 1 1 0 Singie Transfer (Mem 1o 1/0})
[2] Cleared when TC = 0;cieared when DMA 1 1 5 Reserved
transfer is aborted by NMI. kil
49-0013908
Figure 26. DMA Address Control Registers (DMAC)
7 3 5 4 3 2 1 4]
DMA
o T o [ [ rm [ o [ o ] e |2
DMACH

Source Address Increment/Decrement Contro!

PS1 | PSO
0 0 Source Address not
Incremented/Decremented
0 1 Increment Source Address
1 0 Decrement Source Address
1 1 Source Address not

Incremented/Decremented

Destination Address increment/Decrement Control

PD1 | PDO
0 0 Destination Address not
Incremented/Decremented
[ 1 Increment Destination
Address
1 0 Decrement Destination
Address

Destination Address not
Incremented/Decremented

49-001391B
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Parallel Ports

The PD70320/322 has three 8-bit parallel I/0 ports:
PO, P1, and P2. Refer to figures 27 through 31. Special
function register (SFR) locations can access these
ports. The port iines are individually programmable as
inputs or outputs. Many of the port lines have dual
functions as port or control lines.

Figure 27. Port Mode Registers 0 and 2 (PM0, PM2)

Use the associated port mode and port mode control
registers to select the mode for a given 1/0 line.

7 6 5 4 3 2 1 [
PMO
| PM; ] PMg | PMsg l PM, ] PM3 l PMy [ PM, ] PMg [
l PM2
input or 0 | Output Port Mode
Output Bit
Selection 1 input Port Mode
43-0013778
Figure 28. Port Mode Register 1 (PM1)
7 6 5 4 3 2 1 0
PM1I PM17 l PM1g l PM1s l PM1, I 1 l 1 ] 1 l 1 l
PMC1, PM1, Port P1p
0 Q Output
0 1 input
n=76,50r4
83-0045378
Figure 29. Port Mode Control Register 0 (PMCO)
7 6 5 4 3 2 1 o
[eweor | - [ - ] - [ -T-T-T-1
Pgrt or Control 0 Port Mode
Bit Selection 1 CLKOUT

49-0013788
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Figure 30. Port Mode Control Register 1 (PMC1)

7 [ 5 4 3 2 1 0

l PMC1i7 | PMC1g I PMCis I PMC14 l PMC13 l PMC12 I PMC1q I PMC1p I

Port/Control Bit Selection
NMI/P1g Input
INTPO/P14 Input
INTP1/P12 Input
INTP2/P13 Input
INTAK Output
P14 1/0 or POLL Input
INT Input
P151/0
TOUT Output
P1g /O
SCKO Output
P171/0
READY Input

w O jlw o= |lo|=|o]|«|Oo|xX|x|Xx

438-001379B

Figure 31. Port Mode Control Register 2 (PMC2)

7 6 5 4 3 2 1 0

PMC2I PMC27 l PMC2¢ I PMC2s l PMC24 ] PMC23 l PMC2; [ PMC24 ] PMC20[

Port/Control Bit Selection
1/0 Port
DMARQO Input
1/Q Port
DMAAKO Output
110 Port
TCO Qutput
1/0 Port
DMARQ1 Input
1/0 Port
DMAAK1 Output
1/0 Port
TC1 Output
/O Port
HLDAK input
/0 Port
HLDRAQ Output

= o~ ]|O|«w]o|=|Jlo|«s|o|=|o|w]o]-]|o

49-0013808B
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The analog comparator port (PT) compares each input
line to a reference voltage. The reference voltage is
programmable to be the V1 input x n/16, where n =1
to 16. See figure 32.

Programmable Wait State Generation

You can generate wait states internaily 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 1M-byte 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 extenal READY signal.
The top two blocks are programmed together as one
unit.

The appropriate bits in the wait control word (WTC)
control wait state generation. Programming the upper
two bits in the wait control word will set the wait state
conditions for the entire {/O address space. Figure 33
shows the memory map for programmable wait state
generation; see figure 34 for a graphic representation
of the wait control word.

Figure 32. Port Mode Register T (PMT)

Figure 33. Programmable Walit State Generation

FFFFFH
256K
C0000H
L L
40000H
128K
20000H
oH 128K
48-001351A

7 6 5 4 3 2 1 [
I 0 [ 0 l 0 ] o l PMT3 I PMT2 | PMTy l PMTq ] PMT
Comparator Port Threshold Selection
0JOJO]O| VrHx1616
0jJ0}jo0 |1 VTH x 1/16
ola|1]o VTH x 2/16
ofo|1]1]| VIiHx3/16
ol1]o|o]| VYrHxé4nse
ol1]o|1 VTH x 5/16
ot t]o0 VTH x 6/16
ol1]1]1 VTH X 7/16
1]o]Jo]o VTH x 8/16
1]o0jo]1 VTH x 9/16
1]ofl1]o0 VrH x 10/16
1]o0]11]1 VTH x 11/16
1 1]o]o VTH x 12/16
1{1]o]1 VTR x 13/16
1]1]11]¢0 VTH x 14/16
1111 ]1 VTH X 15/16
43-0013818
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Standby Modes

The two low-power standby modes are HALT and
STOP. Software causes the processor to enter either
mode.

HALT Mode.

in the HALT mode, the processor is inactive and the
chip consumes much less power than when opera-
tional. The external oscillator remains functional and
all peripherals are active. Internal status and output
port line conditions are maintained. Any unmasked
interrupt can release this mode. In the El state, inter-
rupts subsequently will be processed in vector mode.
In the DI state, program execution is restarted with the
instruction following the HALT instruction.

Figure 34. Walt Control Word

STOP Mode.

The STOP mode allows the largest power reduction
while maintaining RAM. The oscillator is stopped,
halting all internal peripherals. Internal status is main-
tained. Only a reset or NMi can release this mode.

A standby flag in the SFR area is reset by rises in the
supply voltage. Its status is maintained during normal
operation and standby. The STBC register (figure 35)
is not initialized by RESET. Use the standby flag to
determine whether program execution is returning
from standby or from a cold start by setting this flag
before entering the STOP mode.

Wait Control High
7 6 5 4 3 2

1 0

| 101 [ 100 l BLK&1 ] BLK60 l BLKS1

[ BLK50 l BLK41 l BLK40 [

Wait Control Low

7 € 5 4 3 2

1 0

l BLK31 l BLK30 l BLK21 l BLK20 I BLK11

| BLK10 l BLKO1 ] BLKGO |

L

BLKn1 | BLKnO | Mode
0 0 No Waits
0 1 1 Wait
1 0 2 Wait
1 1 2 Waits + Ext. Ready
49-001394B
Figure 35. Standby Register
7 6 5 4 3 2 1 0
Io]ololo]o]o OISBF]STBC

L.

Standby Flag
No changes in supply voltage (standby)

-

L~1

Rising edge on supply voltage (cold start)

43-0013968
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Special Function Registers

Reset
. . . : Byte/ Value R/W
Table 6 shows the special function register mnemonic, — \.ne wird address  (Note2) (Note) Function
type, address, reset value, and function. The 8 high- -
order bits of each address (xx) are specified by the DB~ AXBO B xxF60H R Receive buffer 0
register. TXB0 B xxF62H W Transfer buffer 0
SFR area addresses not listed in table 6 are reserved. |f ~ SAMS0 B xxFG5H RIW  Serial receive
: macro service 0
read, the contents of these addresses are undefined, - :
and any write operation will be meaningless. STMST B xxF6eH R/W  Serial transmit
macro service 1
Table 6. Special Function Registers SCMO B xxF68H 00H R/W  Serial communication
mode 0
Reset .
Byte/ Value R/W SCCo B xxFBH 00H R/W  Serial cgmmumcatnon
Name Word Address  (Note2)  (Notel) Function control
PO B xxFOOH RIW  Port0 BRGO B xxFBAH 00H R/W  Baud rate generator 0
PMO B xxFOTH FFH W Port mode 0 SCED B xxF6BH 00H R S:errgflocommunication
PM B FO2H
e xxFo 00H w Port made control 0 SECO B xxFBCH 47H  R/W  Serial error interrupt
P1 B xxFO8H R/W  Port1 control 0
PM1 B xxFOSH  FFH w Port mode 1 SRICO B xxF6DH  47H  R/W  Serial receive interrupt
PMC1 B xxFOAH  OOH W Port mode control 1 controf 0
P2 B xxF10H R/W  Port2 STiCO B xxFGEH  47H  R/W ggrr]itz:lmtr;nsmit interrupt
PM2 B xxF11H FFH w Port
S o " P°' m°3e 2 = RXBI B xxFTOH R Receive buffer 1
XX 1 t
91 mode contro TXBI B xxFT2H W Transmit bufter 1
PT B xxF38H R Port T - -
SRMS1 B xxF75H R/W  Serial receive macro
PMT B xxF3BH 00K R/IW  Port mode T service 1
INTM B xxF40H  OOH R/W  Interrupt mode STMS1 B xxF76H R/W  Serial transmit macro
EMSO B xxF44H R/W  External interrupt service 1
macro service 0 SCM1 B xxF78H 00H R/W  Serial communication
EMS1 B xxF45H R/W  External interrupt mode 1
macro service 1 SCCH B xxF79H 00H R/W  Serial communication
EMS2 B xxF46H R/W  External interrupt controt 1
macro service 2 BRG1 B xxF7AH  00H R/W  Baud rate generator
EXICO B xxFACH  47H R/W  External interrupt register 1
control 0 SCEt B xxF7BH  00H R Serial communication
EXIC1 B xxFADH  47H R/W  Externalinterrupt error |
controf 1 SEICY B xxF7CH  47H  R/W  Serial error interrupt
EXIC2 B XxF4EH  47H R/W  External interrupt control 1
control 2 SRICT B xxF7DH  47H  R/W  Serial receive interrupt
Notes: control 1
(1) Indicates if register is available for read/write operations. STICT B XxF7EH 47H Riw Egrr‘lglo:r?nsmlt interrupt
(2) Reset values not specified are undefined.
™0 W xxF80H R/W  Timer register 0
TMOL B xxF80H R/W  Timer register 0 low
TMOH B xxF81H R/W  Timer register 0 high
MDO w xxF82H R/W  Modulo register 0
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Table 6. Special Function Registers (cont) Absolute Maximum Ratings
Tp =25°C
Reset
Byte/ Value R/W Supply voltage, Vpp —05t0+7.0V
Name Word Address [Note2) (Note1) Function Input voltage V; 0510 Vpp + 05V (= +7.0V)
i l
MDOL B xxF82H R/W Modulo register 0 low Qutput voltage, Vo 0510 Vpp + 05V (=470 V)
MDOH B xxF83H R/W  Modulo register 0 high
- - Threshold voltage, VTy ~05toVpp +05V(=+70V)
™1 w xxF88H R/W  Timer register 1 A o]
tput current, .
™IL B xxF88H R/W  Timer register 1 low ! E:chlﬁtput gi:’ o 4.0 mA
TMIH B xxF89H R/W Timer register 1 high Total 30 mA
MD1 W xxF8AH R/W  Modulo register 1 Output current, high; Igy
- i —2.0mA
MDIL B xxF8AH R/W  Modulo register 1 low ngahl output pin —Zg :A
MDIH B xxF8BH R/W  Modulo register 1 high Operating temperature range, Topr 4010 +85°C
T™MCO B H 00H R/W Ti trol 0
xxFS0 mer contro Storage temperature range, Tstg —65 to +150°C
T™MC1 B xxF91H 00H  R/W Timer control 1
. : Comment: Exposure to Absolute Maximum Ratings for extended
TMMSO B XXFO4H R/W _Timer macro service 0 periods may affect device reliability; exceeding the ratings could
TMMS1 B xxF95H R/W  Timer macro service 1 cause permanent damage.
TMMS2 B xxF96H R/W  Timer macro service 2 .
m —— DC Characteristics
T™ICO B xxFOCH  47H  R/W Timer interrupt control 0 Vpp = <5V +10%; Tp = 10 to +70°C (Note 1)
TMICt B xxF8OH  47H  R/W Timer interrupt control 1 Limi
imits Test
TMIC2 B xxFIEH 47H  R/W Timer interrupt control 2 Parameter Symbol Min Typ Max Unit Conditions
DMACO B8 xxFAQH R/W DMA control 0 Supply current,  Ippy 43 100 mA fgk=5MHz
OMAMO B xxFATH 00H R/W DMA mode 0 operating 58 120 mA fgxk =8 MHz
DMAC1 B xxFA2H R/W  DMA control 1 Supply current,  Ippp 17 40 mA fgx=5MHz
HALT mode 21 50 mA fgx=8MHz
DMAM1 B xxFASH  00H R/W DMA mode1 Supply current,  Ippg 0 30 uA
DICO B xXxFACH ~ 47H  R/W DMA interrupt control 0 STOP mode
DIC B xxFADH 47H A/W DMA interrupt control 1 Threshold current Ity 05 10 mA Viy=0toVop
STBC B xxFEOH RIW  Standby control nputvoltage. Vit 0 08 Vv
RFM B XxFEIH  OFCH R/W _Refresh mode Input voltage, Vi1 22 Vpp V  Allinputs except
WTC W xxFE8H  FFH R/W Wait contro! high RESET, P1p/NMI,
WICL B xxFE8H FFH  R/W Wait control fow X, X2_
WICH B xxFESH FFH R/W Wait control high Vike ng;‘ VooV RESET Plo/NML
FLAG B xxFEAH ~ 00H  R/W Flag register Output voltage, VgL 045 V g =16mA
PRC B xXFEBH 4EH  R/W Processor control low
TBIC B xxFECH ~ 47H  R/W Time base IRC register Output voltage,  Voy Voo V gy =-04mA
ISPR B xxFFCH R Inservice priority register high —10 _
DB B xxFFFH R/W Internal data area base Input current iy 20 uhEA Flo/ML
FFFFFH - Do
Input leakage I +10  wA  All except EA,
current P1o/NMI;
Vi=0to Vpp
Output leakage I +10 pA Vg=0toVpp
current
Data retention Voopr 25 55 ¥V
voltage
Notes:

(1) The standard operating temperature range is —10 to +70°C.
However, extended temperature range parts (—40 to +85°C) are
available
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Supply Current vs Clock Frequency

AC Characteristics

Vpp = +5 V £10%; Tp = —10 to +70°C; C_ = 100 pF (max)
150
Ta=25°C _ [Lmits Test
140 Vpp =5V Parameter Symbol Min Max  Unit  Conditions
Typ. Sample
130 Spec. ™ Vpp rise, tvp trvp 200 us STOP mode
Point fall time
2 Inputrise, g, tF 2 ns ExceptXi, X2,
110 Spec fall time ESET, NMI
Point Input rise, tirs. tiFs 30 ns RESET, NMI
10 fall time (Schmitt)
80 Output rise, tor. tor 20 ns Except CLKOUT
— fall time
< 80
% X1cycletime tgyy 98 250  ns Note3
8 62 250 ns Noted
60 X1 width, low  twx 35 ns Note 3
50 20 ns Noted
a0 X1 width, high  twxy 35 ns Note3
20 ns Note4
30
X1rise, xR, txF 20 ns
20 fall time
10 QLKOUT cycle  foyk 200 2000 ns Noted
, time 25 200 ns Noted
¢ 1 2 3 4 5 & 7 8 9 CLKOUT width, tyi 05T—15 ns Note 1
fcLk [MHz] tow
Sl CLKOUT width, twky | 05T~ 15 ns
high
Comparator Characteristics CLKOUT rise, kg, e B s
Vpp = +5V £10%; T = —10 to +70°C fall time !
Limits Test Address delay tpga 15 N ns
Parameter Symbol Min  Max  Unit Conditions time
Accuracy VAcomp +100 mv Address hold  tyma 0.5T - 30 ns
i
Threshold voltage Vrn 0 vpp V ‘me
+ 0.1 Address valid to tpapp T(n+15) ns Note2
i dat li -
Comparison time  toomp 84 B85 vk ;:pm ata valid - 901
REQ to dat + ns
PTinput voltage  Vipr 0 Vpp v delfe 0data tomro (2 75 )
PTn leakage e 0 4A MSTBto data towsp T +05) ns
current delay 75
i Lo MREQ 10 MSTB tomams 05T 05T ns
Capacitance Characteristics delay -3 435
Vop “O0ViTa = 25°C MREQ width, twmal  T(0+ 1) ns
Limits Test low -30
Parameter Symbol Min  Max  Unit Conditions Input data hold  tympr 0 ns
Input capacitance G 10 pF e =1MHz; time
Output capacitance Gy 20 pfF i:g:ﬁzsdutfg one ’sq:tfjtpct?:nt :’I tsce =% ns
1/0 capacitance Cio 20 pF
Notes:

32

(1) T = CPU clock period (tcyk).

(2) n = number of wait states inserted.
(3) For 5 MHz parts (uPD70320/322).
(4) For 8 MHz parts (uPD70320/322-8).
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AC Characteristics (cont)

AC Characteristics (cont)

Limits

Limits Test . Te.s.t
Parameter Symbol Min Max  Unit  Conditions Paramoter Symbol __Min Max__ Unit Conditions
WREQ fo TC TOMATC 05T +50 ns RESET width low twRsL1 30 ms Sggp/
delay time (Power-
Address data tDADW 0.5T +50 ns on reset)
output twRsL2 5 us System
MREQ delay time  tpayg  0.5T—300.5T+30 ns reset
MSTB delay time tpays T-30 T+30 ns MREQ, 10STB to READY tscRy Tn—1) ns n=2
m width, twmst  T(n +0.5) ns setup time - 100
low -30 MREQ, I0STB to READY thery T(n—1) ns n=2
Data output tspm T(n+1) ns hold time
setup time =50 HLDRQ setup time tSHaK 30 ns
Data output tumpow 05T —30 ns HLDAK output delay tDKHA 80 ns
hold time Bus control float to terva T 50 ns
I0STB defay time  tpas 0.5T - 3005T+30 ns HLDAK |
10STB 1o data tDISD Tn+1) ns HLDAK! to control output tpyag T — 50 ns
input - 90 time
10STB width, twst  T(n+1) ns HLDRQ to HLDAK delay toHQHA 3T+ 160 ns
low -3 HLDRQ! to control float  tpuge 9T + 30 ns
podressold — thisa  0.5T - 30 ns HLDRQ width, low twaL 15T ns
Input data tHSOR 0 ns EAK width, low tWHAL T ns
hold time INTP. DMARQ setup tsiaK 30 ns
Output data tsps T+ 1) ns INTP DMARQ width, high  tyig 8T ns
setup time — % INTP DMARQ width. low  tygL 8T ns
Output data t 0.5T - 30 ns S -
holg ime HISOW POLL setup time 1SPLK 30 ns
Next DMARQ 1spADQ T ns Demand mode NMI width, high twnid 5 pS
setup time NMi width, low twNIL 5 us
DMARQ hold tHpaDG 0 ns Demand mode CTS width, low twer, 2T ns
lime INTR setup time tSIRK 30 ns
DMAAK read t Tn+15 ns = ;
width. low womRL T(- 0 ) INTAK delay time tokia 80  ns
DMAAK write twomwl 00+ 1) ns INTR hold time tHiaQ 0 ns
width, low ~30 INTAK width. low twiaL 2T - 30 ns
DMAAK to TC tppaTC 05T +50 ns INTAK width, high twiap T30 ns
delay time _
= INTAK to data delay 16T 2T—-130 ns
TC width, low twrer  2T-30 ns INTAK to data hold tHIAD 0 0.5T ns
REFR I 5T — ===
time 0 delay foarr 05T =30 ns SCKO (TSCK) cycle time  tgyrk 1000 ns
REFRG width. twrrL T+ 1) s SCKO (TSCK) width, high  twsty 450 ns
low —30 SCKO (TSCK) width, low  twsTL 450 ns
Address hold tHRFA 05T — 30 ns TxD delay time tpTKD 210 ns
time TxD hold time tHTkD 20 ns
CTS0 (RSCK) cycle time tcyrg 1000 ns
CTSO (RSCK) width, high  twgpw 420 ns
TS0 (RSCK) width, low  tygp 420 ns
RxD setup time tSRDK 80 ns
RxD hold time tHKRD 80 ns
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Figure 36. External System Clock Control Source
Recommended Crystal Configuration External Oscillator Configuration
10 pF
|—I— X1 Osc X1
= 74HC10
10 pF
X2 X2
Parailel-
= resonant
Note: crystal
When using a quartz crystal, it is recommended that 15 pF capacity be used. 83.0045748

Recommended Ceramic Resonator and Capacitance Requirements

Recommended Constants Recommended Constants
Manufacturer Product Number Ct (pF) C2 [pF) Product Number Cl [pF) G2 [pF)
Kyocera KBR-10.0M 33 3
Murata Manufacturing CSA.10.0MT 47 47 CSA16.0MX040 30 30
TDK FCR10.0M2S 30 30 FCR16.0M2S 15 6

Timing Waveforms

Stop Mode Data Retention Timing

AC input Waveform 2 (RESET, NMI)

VDDDR

10%

tRYD

83-004333A

83-004306A

AC Input Waveform 1 (Except X1, X2, RESET, NMI)

AC Output Test Point (Except CLKOUT)

830043054

83-004307A

Clock In and Clock Out

CLKIN1
[x1]

CLKOUT !

KR iKF

22v
0.8V

twkL

1| tWkH 1

tcyk

83-004308A
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Timing Waveforms (cont)

Memory Read

tcyk
CLKOUT

tDKA —|

4 |
A19-Ap
K A
tHmA
tDADR "__.

D7-Dg ;
tOMRD —»| tHMDR
— 4 \
R/W ] \
tDAMR
twMRL tscc

— 3 s X
MREG N [

K

tDMSD

[*— IDMRMS —>
. -
MSTB

tDams ! twmsL

0STB \
REFRQ \
OMAAK1-
DMAAKO

[+ tDMRTC

TC1-TCO '

twTCcL

83-004309C
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Timing Waveforms (cont)

Memory Write

CLKOUT

A13-Ag

D7-Do

R/W

MREQ

MSTB

10878

REFRQ

DMAAK1-

DMAAKO

TCI1-TCO

B1 } B2 !

tcyk |

toka
]K
K 7
[+ tDADW->] “—lHMA -
‘ }
A
K
tsom le— tHMDW |—>‘
5'&
re-1DAMR tWMRL tscc
/t
\N
[+— tDMRAMS
/L
K
tDAMS | twMsL
[+ tDMRTC

twrcL

83-004310C
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Timing Waveforms (cont)

1/0 Read

B1

|

CLKOUT —\_/

tDKa

A1s-Ao

X

Dz7-Do

tDADR

T~—!H|5A——

tDI1sp

y

R
,l

{HISDR

R/W

MREQ

MSTB

twisL

tscc

108TB

*—‘DAISi

REFRQ

\

DMAAK1-
DMAAKO

\

83-004311C
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Timing Waveforms (cont)

1/0 Write

B1

teyk

CLKOUT M

tOKA

A19-Ag

tDADW

D7-Do

R/W

V.

}*!ms‘a—»
y

7

tspis

tHISOW

/

MREQ

MSTB

.

10STB

le—IDAIS—» |

twisL

tscc

v

REFRQ

DMAAKI1-
DMAAKD

]

ririr

83-004312C
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Timing Waveforms (cont)

DMA, 1/0 to Memory
| ] |
} B1 i B2 |
| tcvk |
CLKOUT
{DKA —»f
4 A8
A19-Ag
K 7
Dz-Do
R/W \ /
K
|e—IDAMR —»| tWMRL le— tHMA —
Y Y
MREQ N /
- /
[+— {DMRMS tscc
MsTB
tDAMS i F—MMSL——
— b
10STB N
le—tspADG
DMARQO-
DMARQ1
le—tHDADO
DMAAKI- \ /
DMAAK?D - 7 \
tWDMRL

.76 T/'
[e—IDDATC twrCcL

1
83-004313C
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Timing Waveforms (cont)

DMA, Memory to 1/0

CLKOUT

A1g-Ag

D7-Dg

RW

MSTB

10STB

DMARQO

DMARQ1-

DMAAK1-

DMAAKO

B1 B2
tcyk
l«— tDKA —

X X
R 7
4 )\
le—tDAMR—»] | IWMRL | fo— tHma —|

!Jﬂ 4
tscc
1
tDAMS twmsL
le—tspAaDQ
[+ tHDADQ
)\ Z:
K 2
twDmMwL
[+ tDDATC twrcL

83-004314C
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Timing Waveforms (cont)

Refresh
B1 B2
tcyk
r
CLKOUT  \ }l_\_/ \ jl_\_—/_
la— tDICA —»
A1g-Ag >§‘ ‘5(
K

07-Do

MSTB

i0sTB K
‘_tDARF‘.‘"{ tWRFL le—tHRFA —»

— 4
REFRQ

tscc

DMAAK1-
DMAAKO \

83-004315C

RESET 1

twRSL1
RESET \ /

83-0043168
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Timing Waveforms (cont)

RESET 2
' twRsL2 '
RESET
830043178
READY 1
| B1 + BAW } BAW } B2 |

MREQ /
10STB

tHCRY ————»

ISCRY }—— ‘
READY / \

83-0043188
READY 2
} 81 { BAW | BAW ] BW | B2 |
MREG \ /
iOSTB K
n=2 n=3
tHCRY"
tSCRY"
n=2 n=3
7 Y
READY / \
X ,

" tsCRY [READY setup time] and tycRyY [READY hold time] are a function of
T and n. Timings shown are examples forn=2and n = 3.

83-0043198
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Timing Waveforms (cont)

HLDRQ/HLDAK 1

creouT /W l‘\_/’

HLDRQ

IDKHA —»

Bus control

le——twHaL

tCFHA

HLDAK

*A19-Ag, D7-Dg, MREG, MSTB, IGSTB, R/W

tOHQHA

Ny

tWHAL

tDHAC

83-0043208

HLDRQ/HLDAK 2

CLKOUT /[_—\_/—\_.

HLDRQ

Bus control *

tsHaK

l——— twHQL ———

—»| tDKHA rf

toHac

HLDAK /

“A19-Ap, D7-Dg, MREQ, MSTB, i0STB, R/W

83-0043218

INTP, DMARQ Input

CLKOUT

tsiaK

tsiok

INTP,
DMARQ™ /

twioH

.

/N L

v

*INTP2-INTPO, DMARQ1-DMARQO

twiaL

83-004322B
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Timing Waveforms (cont)

POLL Input

CLKOUT

tsPLK tSPLK

POLL /

83-0043238

NM! input

i _/_\_/_\__/_\_/_\__/_\_/_\_/—\_

“— ! g

I twNIH |t twNIL

83-004324B

CTS Input

crwou _/_\_/_\_/_\_/_\_/_\_/—\_/_\_
CTS1-CTSC / \T /
A

I tweTL

83-0043258B
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Timing Waveforms (cont)

INTR/INTAK

crwour f\_/—\L/_\/_\_/_\/_\_/_\_/—\/_\

1SIRK

INTR
tDKIA tHiAIQ

—_— X
INTAK N /
twiAH tplap
twiaL —s{1HIAD

|

D7-Do 3

tscc tscc

83-0043268

Serial Transmit

e —\_/—\_/_\_/—\_/_\_/_\_/_\_/_\_

tcyTK

o/ \ /T \

twsTL {} WSTH————+

HTKD

tDTKD

83-0043478
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Timing Waveforms (cont)

Serial Recelve

CLKOUT

CTso

tCYRK

tWSRH

tHKRD

83-0043328
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Instruction Set

Instructions, grouped according to function, are
described in a table near the end of this data sheet.
Descriptions include source code, operation, opcode,
number of bytes, and flag status. Supplementary
information applicable to the instruction set is con-
tained in the following tabies.

Symbols and Abbreviations
Flag Symbols

8-and 16-Bit Registers. When mod = 11, the register
is specified in the operation code by the byte/word
operand (W = 0/1) and reg (000 to 111).

Segment Registers. The segment register is speci-
fied in the operation code by sreg (00, 01, 10, or 11).

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

Instruction Clock Count. This table gives formulas
for calculating the number of clock cycles occupied
by each type of instruction. The formulas, which
depend on byte/word operand and RAM enable/dis-
able, have variables such as EA (effective address),
W (wait states), and n (iterations or string instruc-
tions).

Symbols and Abbreviations

Identifier Description

reg 8- or 16-bit general-purpose register
reg8 8-bit general-purpose register

regi16 16-bit general-purpose register

dmem 8- or 16-bit direct memory location
mem 8- or 16-bit memary location

mem8 8-bit memory location

mem16 16-bit memory location

mem32 32-bit memory location

sfr 8-bit special function register location
imm Constant (0 to FFFFH)

imm16 Constant (0 to FFFFH)

imm8 Constant (0 to FFH)

imm4 Constant (0 to FH)

imm3 Constant (0 to 7)

acc AW or AL register

sreg Segment register

src-table Name of 256-byte translation table
src-block Name of block addressed by the IX register

uPD70320/322 (V25)

|dentifier Description

dst-block Name of block addressed by the IY register

near-proc Procedure within the current program segment

tar-proc Procedure located in another program segment

near-label Label in the current program segment

short-label Label between —128 and +127 bytes from the end
of instruction

far-label Label in another program segment

memptrié Word containing the offset of the memory location
within the current program segment to which control
is to be transferred

memptr32 Double word containing the offset and segment base
address of the memory location to which control is to
be transferred

regptrié 16-bit register containing the offset of the memory
location within the program segment to which control
is to be transferred

pop-value Number of bytes of the stack to be discarded (0 to
64K bytes, usually even addresses)

fp-op Immediate data to identify the instruction code of the
external floating point operation

R Register set

W Word/byte field (0 to 1)

reg Register field (000 to 111)

mem Memory field (000 to 111)

mod Mode field (00 to 10)

S:W When S:W =01 or 11, data = 16 bits. At all

other times, data = 8 bits.

X, XXX. YYY. 2ZZ Data to identify the instruction code of the
external floating point arithmetic chip

AW Accumulator (16 bits)

AH Accumulator (high byte)

AL Accumulator (low byte)

BP Base pointer register (16 bits)
BW BW register (16 bits)

BH BW register (high byte)

BL BW register (low byte)

cw CW register (16 bits)

CH CW register (high byte)

CL CW register (low byte)

Dw DW register (16 bits)

DH DW register (high byte)

DL DW register (low 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
Identifier Description Identifier Description
IX Index register (source) (16 bits} (blank) No change
1Y Index register (destination) (16 bits) 0 Cleared to 0
PS Program segment register (16 bits) 1 Setto 1
S5 Stack segment register (16 bits) X Set or cleared according to the result
DSy Data segment O register (16 bits) U Undefined
1 reqi -
DS Data segment 1 register (16 bits) R Value saved earlier is restored
AC Auxiliary carry flag
cY Carry fl
oy A 8- and 16-Bit Registers (mod = 11)
P Parity flag
- reg wW=0 w=1
S Sign flag
000 AL AW
z Zero flag
- 001 CL cw
DIR Direction flag
010 DL DwW
IE Interrupt enable flag
011 BL BW
v Overflow flag
100 AH SP
BRK Break flag
101 CH BP
MD Mode flag
- 110 DH 1X
(...) Values in parentheses are memory contents
- - - 111 BH 1Y
disp Displacement (8 or 16 bits)
ext-disp8 16-bit displacement (sign-extension byte
+ 8-bit displacement) Segment Registers
temp Temporary register (8/16/32 bits) sreg Register
tmpcy Temporary carry flag (1-bit) 00 DSy
seg Immediate segment data (16 bits) 01 PS
offset Immediate offset data (16 bits) 10 SS
has Transfer direction 11 DSp
+ Addition
_ Subtraction Memory Addressing
X Multiplication mem mod = 00 mod = 01 mod =10
N Division 000 BW +IX BW + IX + disp8 BW + IX + disp16
9, Modulo 001 BW + 1Y BW + 1Y + disp8 BW + 1Y + disp16
AND Logical product 010 BP + IX BP + IX + disp8 BP + IX + disp16
OR Logical sum on BP + 1Y BP + 1Y + disp8 BP + 1Y + disp16
XOR Exclusive logical sum 100 IX IX + disp8 IX + disp16
XXH Two-digit hexadecimal value 101 1Y IY + disp8 1Y + disp16
XXXXH Four-digit hexadecimal value 110 Direct BP + disp8 BP + disp16
m BW BW + disp8 BW + disp16
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Instruction Clock Count

Mnemonic  Operand Clocks Mnemonic  Operand Clocks
ADD reg8, reg8 2 BRK 3 55+10W [43+10W]
reg16, reg16 2 imm8 56+10W [44+10W]
reg8, mem8 EA+6+W BRKCS 15
reg16, mem16 EA+8+2W BRKV 55410W [43+10W]
mems8, reg8 EA+8+2W [EA+6+W) BTCLR 29
mem16, reg16 EA+12+4W [EA+8+2W]
reg8, imm8 5 BUSLOCK 2
reg16, imm8 5 CALL near-proc 22+2W [18+2W]
reg16, imm16 6 regptri6 2242W [18+2W]
mem8, imm8§ EA+9+2W [EA+7+2W) memptri6 EA+26+4W [EA+24+4W]
mem16, imm8 EA+9+2W [EA+7+2W) far-proc 36+4W  [34+4W)]
mem16, imm16 EA+14+4W [EAH10+4W] memptr32 EA+36+8W [EA+24+8W]
AL, imm8 5 CHKIND EA+26+4W
AW, imm16 6 CLR1 cY 2
ADD4S 224+(27+3W)n  [22+(25+3W)n] DIR 2
ADDC Same as ADD reg8, CL 8
ADJAA 9 reg16, CL 8
ADJ4S 9 mem8, CL EA+1442W [EA+12+W]
mem16, CL EA+18+4W [EA+14+2W)
ADJBA 7 reg8, imm3 7
ADJBS 17 reg16, imm4 7
AND reg8, reg8 2 mem8, imm3 EA+11+2W [EA+3+W]
reg16, reg16 2 mem16, imm4 EA+15+4W [EA+10+2W]
reg8, mems EA+6+W CMmp reg8, reg8 2
reg16, mem16 EA+8+2W reg16, reg16 2
mem8, reg8 EA+8+2W [EA+6+W] reg8, mems8 EA+6+W
mem16, reg16 EA+12+4W [EA+8+2W] reg16, mem16 EA+8+2W
reg8, imm8 5 mem8, reg8 EA+6+W
reg16, imm16 6 mem16, reg16 EA+8+2W
mem8, imm8 EA+3+2W [EA+7+2W) regs, imm8 5
mem16, imm16 EA+14+4W [EA+10+4W] reg16, imm8 5
Boond (conditional branch)  8.or 15 reg’6, imm16 6
mem8, imm8 EA+7+W
BOWZ Bor 5 memt6, imm8  EA+10+2W
BR near-label 12 mem16, imm16 EA+10+2W
short-label 12 AL, imms 5
regptri6 13 AW, imm16 6
memptrié EA+174+2W CMP4S 2+(23+2W)n
far-label 15
memptr32 EA+25+4W CMPBK mem8, mem8 2342W  [1942W]

mem16, mem16

27+H4W [21+2W]

Notes:

(1) It the number of clocks is not the same for RAM enabled and
RAM disabled conditions, the RAM enabled value is listed first,
followed by the RAM disabled value in brackets; for example,
EA+8+2W [EA+6+W].

{2) Symbols in the Clocks column are defined as follows.

EA = additional clock cycies required for calculation of the
effective address

=3 (mod 00 or 01) or 4 (mod 10)
W = number of wait states selected by the WTC register

n = number of iterations or string instructions
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Instruction Clock Count (cont)

Mnemonic  Operand Clocks Mnemonic  Operand Clocks
CMPBKB 16+(21+2W)n INM mem8, DW 1942W [1742W]
CMPBKW 16+25-+4W)n mem16, DW 2+4W  [17+4W]
mem8, DW 184+(13+2W)n  [18+(1142W)n]
CMPM mems 174+W
mem16 1949W mem16, DW 18+(15+4W)n  [18-+(11+4W)n]
INS reg8, reg8 63-155
CMPMB 16+(15+W)n reg8, immd 64-156
CMPMW 16+(1742W)n LDEA EA+2
CVTBD 9 LOM mems 124W
cvrBw 8 mem16 B+(12+2W)n
CvToB 2 LDMB  memi6 1a+2w
CVTWL 8 LOMW  mems 16+(10+W)n
DBNZ 8or®7 Mov reg8, reg8 2
DBNZE 8or17 reg16, reg16 2
DBNZNE 8or17 reg8, mem8 EA+6+W
DEC reg8 5 reg16, mem16 EA+8+2W
reg16 2 mem8, reg8 EA+4+W [EA+2]
mems EAHT+2W [EA+9+2W] mem1, reg16 EAY6+2W [EA+2]
mem16 EA+15+4W [EA+11+4W] reg8, imm8 5
reg16, imm16 6
DI 4
mem§, imm§ EA+5+W
DISPOSE 12420 mem16, imm16 EA+5+2W
Div AW, reg8 46-56
AL, dmem8 MW
AW, mem8 EA+48+W to EA+58+W AW, dmem16 142w
DW:AW, reg16 54-64
. dmem8, AL 7+W [5)
DW: AW, mem16 EA+58+2W to EA+68+2W dmem1B, AW 942w [5]
DIVU AW, reg8 Kil
) sreg, reg16 4
AW, mem3 EA+33+W sreg, mem16 EA+10+2W
DW: AW, reg16 39
. reg16, sreg 3
DW: AW, mem16 EA+43+oW mem16, sreg EA+7+2W [EA+3]
Dso: 2 AH, PSW 2
DS1: 2 PSW, AH 3
El 12 DSO, reg16, memptr32 EA+19+4W
EXT reg8, reg8 11121 DS1, reg16, memptr32 EA+19+4W
reg8, imm4 42122 MOVBK mem8, mem8§ 2042W [164+W]
EINT 5 mem16, mem16 16+(20+4W)n  [16+(124+2W)n]
FPO1 60+10W [48+10W) MOVBKB ~ mem8, mem8 16+(16+2W)n  [16-+(124+W)n]
FPO2 60+10W [48+10W) MOVBKW  mem16, mem16 24+4W  [20+2W)]
HALT 0 MOVSPA 16
IN AL, imm8 a+W MovsPB "
AW, imm8 16+2W MUL AW, AL, reg8 3140
AL DW B+W AW, AL, mem8 EA+33+W to EA+424+W
AW, DW 194+2W DW: AW, AW, reg16 39-48
ING reg8 5 DW:AW, AW mem16  EA+43+2W to EA+52+2W
reg16 2 reg16, reg16, imma8 39-49
mem8 EA+T1+2W [EA+G+2W] regi6, mem16, imm8  EA+43+2W to EA+53+2W
mem16 EA+15+4W [EA-+11+4W] reg16, reg16, imm16 40-50
reg16, mem16, immi6  EA+44+2W to EA+54+2W
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Instruction Clock Count (cont)

Mnemenic  Operand Clocks Mnemonic _Operand Clocks
MULU 008 24 PREPARE  imm16, imm8§ imm8 = 0: 27+2W
imm8 = 1: 39+4W
mem8 EA+26+W imm8 = n > 1: 46+19 (n—1)+4W
regi6 32 .
mem16 EA+34+2W PS: 2
PUSH reg1é 10+2W [6]
NG et : mem16 EAT1B+4W [EA+14+4W]
mem8 EA+TI42W [EA+9+W] ! HaEw g}
mem16 EA+15+4W [EA+11+2W]
SS 1+2W (7]
NOP 4 DS0 1+2W (7]
NoT '99?6 ‘g' PSW 0+2W [8]
reg R 82+16W ([50]
mem16 EA+15+4W [EA+1142W) immi6 HU+2W [10]
NOT1 CY 2 REP 2
reg8, CL 7
reg16, CL 7 REPE 2
mem8, CL EA+13+2W [EA+11+W] REPZ 2
mem16, CL EA+17+4W [EA+13+2W] REPC 2
reg8, imm3 6 REPNC 2
reg16, imm4 6 REPNE 2
mems8, imm3 EA+10+2W [EA+8+W] REPNZ 2
mem16, imm4 EA+14+4W [EA+10+2W)
OR roa8. o0 2 RET null 20+2W
reg1é rgg16 > pop-value 204+2W
null 29+4W
reg8, mems EA+6+W )
reg16, mem16 EA+8+2W pop-value S0+4W
mems, reg8 EA+B+2W [EAT6+W] RET! A3H6W _[35+2W]
memi6, reg16 EA+12+4W [EA+8+2W] RETRBI 12
reg8, imm8 5 ROL reg8, 1 8
reg16, imm1i6 6 reg16, 1 8
mem8, imm8 EA+3+2W [EA+7+2W] mems3, 1 EA+1442W [EA+12+W)
mem16, imm16 EA+14+4W [EA+10+4W) mem16, 1 EA+184+4W [EA+14+2W]
AL, imm8 5 reg8, CL 11+2n
AW, imm16 6 reg16, CL 11+2n
ouT imm§, AL 10+W mem8§, CL EA+17+2W+2n [EA+15+W+2n]
imm8§, AW 10+2W mem16, CL EA+21+4W+2n [EA+17+2W+2n]
DW, AL 9+W reg8, imm8 9+2n
DW, AW 9+2W reg16, immg 94+2n
0UT™™ DW, mem8 19+2W [17+2W] mem8, imm8 EA+13+2W+2n [EA+11+W+2n]
DW, mem16 21+H4W  [17+4W] mem16, imm8 EA+17+4W+2n [EA+13+2W+2n]
DW, mem8 1B+(13+2W)n  [18+(11+2W)n) ROL4 reg8 17
DW, mem16 18+(15+4W)n  [18+11+4W)n) mem8 EA+18+2W [EA+16+2W)
POLL 0 ROLC Same as ROL
PP reg16 1242w ROR Same as ROL
mem16 EA+16+4W [EA+12+2W] ROR4 reg8 2
DS1 13+2W mems EA+24+2W [EA+22+2W]
32 13+2W RORC Same as ROL
DSO 13+2W
SET1 cy 2
PSW 14+2W DIR 5
R 82+16W [58]
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Instruction Clock Count (cont)

Mnemonic  Operand Clocks Mnemonic  Operand Clocks
SET1 (cont) reg8, CL 7 XCH reg8, reg8 3
regis, CL 7 reg16, reg16 3
mem8, CL EA+13+2W [EA+114+W] reg8, mem8 EA+10+2W [EA+8+2W]
mem16, CL EA+17+4W [EA+13+2W] reg16, mem16 EA+14+4W [EAH10+4W]
reg8, imm3 6 mem8, reg8 EA+10+2W [EA+8+2W]
reg16, imm4 6 mem16, reg16 EA+14+4W [EA+10+4W]
mem8, imm3 EA+10+2W [EA+8+W] AW, reg16 4
mem16, imm4 EA+14+4W [EA+10+2W] reg16, AW 4
SHL Same as ROL XOR Same as AND
SHR Same as ROL
SHRA Same as ROL
SS: 2
ST™M mem§ 1242 [10]
mem16 16+-(104+2W)n  [16+(6+2W)n]
STMB mem8 16+(8+W)n [16+(6+W)n]
STMW mem16 14+2W [10]
STOP 0
SuB Same as ADD
SUB4S 22+(27+3W)n  [22+(25+3W)n]
SUBC Same as ADD
TEST reg8, reg8 4
reg16, reg16 4
reg8, mem8 EA+8+W
reg16, mem16 EA+1042W
mem8§, reg8 EA+8+W
mem16, reg16 EA+10+2W
regB, imm8 7
reg16, imm16 8
mem8, imm8 EA+114+W
mem16, imm16 EA+11+2W
AL, imm8 5
AW, imm16 6
TESTH reg8, GL 7
reg16, CL 7
mem8, CL EA+11+W
mem16, CL EA+134+2W
reg8, imm3 6
reg16, imm4 6
mem8, imm3 EA+8+W
mem16, imm4 EA+10+2W
TRANS 10+W
TRANSB 10+W
TSKSW n"
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Execution Clock Counts for Operations

Byte Word

RAM Enable RAM Disable RAM Enable RAM Disable
Context switch interrupt (Note 1) — — 27 27
DMA (Single-step mode) (Note 2) 20 + 2W 20 +2W 24 + 4W 24+ 4W
DMA (Demand release mode) 15+ W 15+W 17 +2W 17 + 2W
DMA (Burst mode) (12 + 2W)n (12 + 2W)n (12 + 4W)n (12 + 4W)n
DMA (Single-transfer mode) B+W+N 3B+W+N 3B+2W+N 3B5+2W+N
Interrupt (INT pin) — - 62 + 6W 62 + 6W
Macro service, str — mem (Note 2) 24-+W 19+W 26 +2W 21+ 2W
Macro service, mem ~ sfr 2+W 20+W 2+2W 22 +2W
Macro service (Search char mode), sfr — mem 21T+ W 27+ W — -
Macro service (Search char mode), mem - sfr 37+ W MU+ W — —
Priority vectored interrupt, including NMI (Note 1) — - 58 + 10W 58 + 10W

N = number of clocks to complete the instruction currently executing.
Notes:

(1) Every interrupt (except NMI) has an additional associated
latency time of 27 + N clocks. During 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 macro service execution times. NMi latency time is 18 + N
clocks.

Bus Controller Latency

Mode Clocks

HLDRQ latency 7+2W
DMA request latency (Note 1) Burst 29+ N
Single step 29+N
Demand release 29+ N
Single transter 31+N

Notes:

(1) Thelisted DMA latency times are the maximum number of clocks
when a DMA request is asserted until DMAAK or MREQ goes low
in the corresponding DMA cycles. The test conditions are no
wait states, no interrupts, no macro service requests, and no hold
requests.

(2) The DMA and macro service clock counts listed are the required
number of CPU clocks for each transfer.

(3) When anexternal interrupt is asserted, a maximum of 6 clocks is
required for internal synchronization before the interrupt request
flag is set. For an internal interrupt, a maximum of 2 clocks
is required.
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