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Description

The uPD70320 and uPD70322 (V25™) are high-per-
formance, 16-bit, single-chip microcomputers with an
8-bit external data bus. They combine the instruction
set of the uPD70108 (V20™) with many of the on-chip
peripherals in NEC's 78000 series.

A2
The uPD70320/322 processor has software compati-
bility with the V20 (and subsequently the 8086/8088),
faster memory accessing, superior interrupt processing
ability, and enhanced control of internal peripherals.

A variety of on-chip components, including 16K bytes

of mask programmable ROM (uPD70322 only), 256
bytes of RAM, serial and paraliel 1/0, comparator port
lines, timers, and a DMA controller make the uPD70320/
322 a sophisticated microsystem.

Eight banks of registers are mapped into internal RAM
below an additional 256-byte special function register
(SFR) area that is used to control on-chip peripherals.
" Internal RAM and the SFR area are togetherrelocatable
to anywhere in the 1M-byte address space. This
maintains compatibility with existing system memory
maps. :

TheuPD70322is the mask ROM version, the uPD70320
Is the ROM-less version, and the uPD70P322 is the
EPROM version.

Features

O Complete single-chip microcomputer
— 16-bit ALU
— 16K bytes of ROM (uPD70322)
— 256 bytes of RAM
0 6-byte instruction prefetch queue
3 24 parallel 1/0 lines
O Eightanalog comparator inputs with programmablg
threshold level
O Two independent DMA channels
0O Two 16-bit timers
0 Programmable time base counter
O Two full-duplex UARTs
O Programmable interrupt controller
— Eight priority levels
— Five external, 12 internal sources
— Register bank (eight) context switching
— Eight macro service function channels
V20 and V25 are trademarks of NEG Corporation.

60002-1 (NECEL-583)

T-H4-(9-59
O DRAM refresh pulse output
O Two standby modes
— HALT
— 8TOP
O Internal clock generator
— 5-MHz maximum CPU clock frequency (0.4-us
instruction cycle time)
— 8-MHz maximum CPU clock frequency (0.25-us
instruction cycle time)
O Programmable wait state generation
0 Separate address/data bus interface
[0 CMOS technology

Ordering Information

Part Number Clock (MHz) Package Type ROM
#PD70320L 5 _ 84-pin PLCC ROM-less
L-8 8
GJ 5 84-pin plastic QFP
GJ-8 8
pPD70322L-xxx 5 84-pin PLCC Mask ROM
L-8-xxx 8
GJd-xxx 5 94-pin plastic QFP
GJ-8-xxx 8
‘uPD70P322KE-8 8 84-pin LCC EPROM
) ~ (UV erasable)

PLCC = plastic leaded chip carrier
LCC = ceramic leadless chip carrier (with window)
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Pin No. Symbot Function
3 Vi? Write power supply input
45 OE Output enable signal
. Input
46 CE Chip enable signal input
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94-Pin Plastic QFP
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Pin ldentification

Symbot Function

Ag-Ag Address bus outputs
CLKOUT System clock output

GT_S'O Clear to send channel 0 input
(WE]) Clear to send channe! 1 input
Dg-D7 Bidirectional data bus

EA External access

i0STB 110 strobe output

MREQ Memory request output
MSTE Memory strobe output
P0g-PO7 1/0 port 0

Plg/NMI Port 1 input line/Nonmaskable

interrupt input

P1y-Plo/
mheo-fre

Port 1 input lines/External
interrupt input lines

P13/INTP2/INTAK

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

P14/INT/POLL 110 port 1/Interrupt request input/
1/0 poll input

P15/TOUT - /0 port 1/Timer out

P1g/SCKO 1/0 port 1/Serial clock out

P17/READY 1/0 port 1/Ready input

P29/ DMARQO 110 port 2/DMA request 0

P21/DMAAKO 170 port 2/DMA acknowledge 0

P2,/TCO 170 port 2/DMA terminal count 0

P24/DMARQ1 1/0 port 2/DMA request 1

P24/DMAAK1 110 port 2/DMA acknowledge 1

P25ﬁ'ﬁ 1/0 port 2/DMA terminal count 1

P26/HLDAK 110 port 2/Hold acknowledge output

P27/HLDRQ 1/0 port 2/Hold request input

PT0-PT7 Comparator port input lines

REFRQ Refresh pulse output

RESET Reset input

RxDO Serlal receive data, channel 0 input

RxD1 Serial receive data, channel 1 input

RIW Read/Write output

Tx00 Serial transmit data, channel 0 output

TxD1 Serial transmit data, channel 1 output

X1, X2 Grystal connection terminals

Voo Positive power supply voltage

Viu Threshold voltage input

GND Ground

IC Internal connection

T-49-19-07
T-49-19-59

Pin Functions
Ag-A4g [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.

ﬁﬁ, 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.

Do-D7 [Data Bus]

Dg-Dy is the 8-bit external data bus.

DMARQnN, DMAAKnN, 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 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 10STB.
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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) to inform external devices that the interrupt
request has been granted.

A4

INTPO-INTP2 [External Interrupt]

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

IOSTB [I/0 Strobe]

{OSTB 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 emergericy 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-P0 [Port 0]

P0g-P07 are the lines of port 0, an 8-bit bidirectional
parallel I/0 port.

P1o-P17 [Port 1]

The status of P19~P13 can be read but these lines are
always control functions. P14-P17 are the remaining
lines of parallel port 1, each line individually program-
mable as elther an input, an output, or a control
function.

P2¢-P27 [Port 2]

P20-P27 are the lines of port 2, an 8-bit bidirectional I/0
port. The lines can also be used as control signals for
the on-chip DMA controller.

POLL [Poll] T-49-19-59

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.

PT0-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/0. 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 {4"*

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 oufput 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 PRG register, the system clock
frequency can be selected as the oscillator frequency
(fosc) divided by 2, 4, or 8.

Vpp [Power Supply]

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

The comparator port uses this pin to determine the
analog reference point. The actual threshold to each
comparator line is programmable to Vyy x n/16, where

n=1to 16.

Voltage}

Block Diagram

GND

IC [Internal Connection]
AllIC pins should be together and pulled up to Vpp with

a 10K-20K resistor.

NEC

T-49-19-07

T-49-19-59

Two ground connections reduce internal noise.

P20/DMARQO
p21/DMAAKO «—{ Program-
P22/TCO 4| manPE:A
P23/DMARQ1 —>{ cantroller
P24/DMAAKT +—
P25/TC1 «—
Tx00
RxDO —» Serlal
P1g/5CKO —>| Comm
750 —» Interface
TxD1 <+
ReD1 —

CTs1 —»

Baud Rate
Generafor

Lc
etc

PSW

PC

ALU

Stag- | Stag-

g
Latch | Latch

ADM

\

Ll 0

TA
TB
v TC

—

PFP :

INC

1

le— RESET

K Int ROM l«—— HLDAK/P2g
P1o/NMI —] - . 16K Bytes | |21 5 HLDROQ/P27
P . int RAM Q
P11/INTPG—»| Program- 256 Bytes 3 [«— READYP17
Pip/iNTRL—] Dt * GR S |— MSTB
A Interrupt M £ WREG
P13/INTPZ/INTAK—| Conlroller ¢ s::;ge 5 {— MRE
P14/INT/POLL —»] L Sentee Ol RAW
— 2 |— 08T
le— EA
Instruction Decoder
X1 — Micro Sequencer
Micro ROM R
Clock l«—— POLL/INT/P14
Generator L
X2 Queue K
4
| > D7-Dg
16-BIt Timer Time Base Counter Port Port with
Comparator
TOUT/P1s REFRQ CLKOUT/PO7 Po P1 P2 PTC-PT7 VTH

82-001993C

A19-Ap
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Functional Description
Architectural Enhancements

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

¢ Dual data bus

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

¢ 16-bit loop counter (LC)

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

¢ Internal ROM pass bus (uPD70322 only)

Dual Data Bus. The uPD70320/322 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 4uPD70320/322 can execute multiplication/division
instructions about four times faster than with the
microprogramming method.

Figure 1. Register Banks in Internal RAM

T-49-19-07  1_49-19-59

Loop Counter [LC]. The dedicated hardware loop counter
counts the number of loops for string operations and
the number of shifts performed for muitiple 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 cycle
(200 ns at 5 MHz); it also makes it passible for opcode
fetches to be performed while the external data bus is
busy. This feature gives the V25 a 10-20% performance
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
XXFeOH / XXEFEH
cw
Bank 7 CH Data Register
32bytes DW
AH
XXEEOH BW
XXEF8H
SP
Bank 6 6H
BP
XXECOH 4H Index Register
X
2H
Y
XXEFOH
v >~ DSt
EH
PS
CH Segment Regi:
S§S
XXE40H AH g
XXEESH 030
Bank1 Save PC
6H
XXE20H Save PSW
4H
Vector PC
Bank 0 2H
XXEGOH XXEEOH Reserved
- 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 muitiplication/division, word I/0, data
conversion

AL  Byte multiplication/division, byte I/O, 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, indirectaddress-
ing /0

Pointers [SP, BP] and Index Registers [IX, tY]. 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

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

IY 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:

Segment Register Default Offset

PS (Program segment) PC

S8 (Stack segment) SP, Effective address
DS0 (Data segment-0) IX, Effective address

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

Save Registers. 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 nextinstruction 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
[ " [re2]mei[reo] v [om] iE | BRK]

7 : 0
[ sT z[rmJa]r ][ P [sra| o |
Status Flags " Control Flags

V  Overflow bit DIR  Direction of string
s sign processing

7 Zero IE Interrupt enable

. BRK Break (after every

AC Auxiliary carry instruction)

P  Parity RBn  Current register
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 A4 register and restored by a MOV instruction
execution. The only way to alter the RBn bits via
software is to execute one of the bank switch
instructions.

T-49-19-07 T-49-19-59
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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)
arelocated 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 peripherdls and
1/0 are mapped into the SFR area and accessed as
RAM. For a description of these functions, see table 6.
The IDA is dynamically relocatable 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 IDB 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
FCGO0H
,I—_—————_;;
XXFFFH Special Function
Registers L _
XXFOOH {256 Bytes] 4
External XXEFFH fnternal RAM
2 -
Area XXEQOH {256 Bytes) A
00000H
1 Mbyte Memory Space
49-001343A

T-49-19-07 T-49-19-59

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 bitis 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 4PD70320/322 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 uPD70320/322 in- 3

struction set.

Enhanced Instructions

In addition to the uPD8086/88 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

POPR Pops eight general registers from stack

MUL imm Executes 168-bit muitiply of register or
memory contents by immediate data

SHL imm8  Shifts/rotates register or memory by
SHR imm8 immediate value

SHRA imm38

ROL imm8

ROR imm8

ROLC imm8

RORC imm8

CHKIND Checks array index against designated
boundaries

INM Moves a string from an 1/0 port to
memory

OUTM Moves a string from memory to an 1/0
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 uPD70320/322 has the following unique
instructions.

Instruction Function

INS Inserts bit field

EXT Extracts bit field

ADDA4S Performs packed BCD string addition

sSuB4S Performs packed BCD string subtraction

CMP4S Performs packed BCD string
comparison

ROL4 Rotates BCD digit left

ROR4 Rotates BCD digit right

TESTH Tests bit

SET1 Sets bit

CLR1 Clears bit

NOT1 Complements bit

BTCLR Tests bit; if true, ¢lear and branch

REPC Repeat while carry set

REPNC Repeat while carry cleared

Variable Length B;t 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
for insertion 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

T-49-19-59

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 DS0:!X:reg8 to
the AW register. If the length of the bit field is less than
16 bits, the bit fleld i$ 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
IX and 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 weli as performance over
the logical operations traditionally used to manipulate
bit data. This feature further enhances control over
on-chip peripherals.

Bitlength _ |
15 0
“W ///
l Bitofiset | _ Byte offset (IY)
! ! ) .
: | / H i Memory
d N
! } i
Byte boundary Segment base (DS1)

83-0001068

10
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Figure 4. BIt Fleld Extraction T-49-19-59
Bitlength Bit offset Byte offset (1X)
N T ) AN .
I N .
( | /// | { 2
T A ’ A
Byte boundary Segment base (DS0)
15 0
W Y/ ‘
83-0001078

Additional Instructions

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

Table 2. Bank Switch Instructions

Instruction

Functlon

BRKCS reg 16 Performs a high-speed software interrupt with
table 1. context switch to the register bank indicated by the
lower 3-bits of reg 16. This operation is identical to
Table 1. Additlonal Instructions the interrupt aperation shown in figure 9,
Instruction Function TSKSW reg 16 PerfO(ms a high-speed task swi_tch to the register
BTCLR var,imm8, Bit test and if true, clear and branch; gzgl;:snv%";?teegatz/%shiﬁ lt%‘:%rlg tl));t:kgf ;’%g;r?& Lge\‘fc
short label otherwise, no operation save registers and the new PC and PSW values are
STOP (no operand) Power down instruction, stops oscillator retrieved from the new register bank's save areas.
RETRBI (no operand)  Return from register bank context switch See figure 10.
interrupt MOVSPA Transfers both the SS and SP of the old register
— - " bank to the new register bank after the bank has
FINT (no operand) Finished interrupt. After completion of a h f p f
hardware interrupt request, this instruction bggn switched by an interrupt or BRKCS instruction.
must be used to reset the current priority MOvsPr8 Transfers the SS and the SP of the current register

bit in the in-service priority register (ISPR).*
*Do not use with NMi or INTR interrupt service routines.

Repeat Prefixes

Two new repeat prefixes (REPC, REPNC) allow con-
ditional block transfer 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 interru pts
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.

bank before the switch to the SS and SP of the new

register bank indicated by the lower 3-bits of reg 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 s 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.

1/0 trap

If the 170 trap bit in the PSW is cleared, a trap
will be generated on every IN or OUT instruction.
Software can then provide an updated peripheral
address. This feature allows software inter-
changeability between different systems.

1
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When executing softwars 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
1/0 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

000H 001H

002H

PS «(003H, 002H)
PC < (001H, 000H)

83-000112A

Execution of a vectored interrupt occurs as follows:
(8P-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 Contiguration

The V25 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 intetrupts that are functianally compatible with
those of the V20/V30 and unique high-performance
microcontroller interrupts.

12
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Table 4. Interrupt Vectors T-49-19-59

Address  Vector No. Assigned Use

00 0 Divide error

04 1 Break flag

08 2 NME

0c 3 BRK3 instruction

10 4 BRKYV instruction

14 5 CHKIND instruction

18 6 General purpose

16 7 FPO instructions

20-2C 8-11 General purpose

30 12 INTSERO (Interrupt serial error, channel 0)

3 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 INTSTH {interrupt serial transmit, channel 1)
4C 18 110 trap -

50 20 INTDO {Interrupt from DMA, channel 0)

54 21 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 INTTU2 (Interrupt from timer unit 2)

7 K}l 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 0 (highest) to 7 (lowest), The priority of
individual interrupts within a group is fixed in hardware.
Ifinterrupts from different groups occur simultaneously

T-49-19-07  T_49-19_59

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. ESy-ES, corre-
spond to INTPO-INTP2, respectively. See figure 6.

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 G l.""“";\' Within g‘“"m : 39'?‘;:‘
Priority column of table 5. . roup rorty
The ISPR 8-bit ial functi ister: bit Non-maskable interrupt ~ NMI - - 0
© is an 8-bit special function register; bits - - -
PRg-PR7 correspond to the eight possible interrupt Timer unit ‘N_TTUO INTTUT_INTTU2 !
request priorities. The ISPR keeps track of the priority  DMA controller, INTOO INTD1 — 2
of the interrupt currently being serviced by settingthe  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 -INTSERO INTSRO  INTSTO 4
[P“? I PRg I PRs I PR; | PRs I PRa l PRy I PRo Serial channel 1 INTSER1T INTSRT INTST1 5
Time base counter INTTB  — - 6
NMI and INTR are system-type external vectored  jnterrupt request INTR — - 7
Interrupts. NMI is not maskable via software, INTR is
maskable (1E bit in PSW) and requires that an external
device provide the interrupt vector number, It allows
expansion by fhe addition of an external interrupt
controller (uPD71059),
Figure 6. Interrupt Mode Register (INTM)
7 8 5 4 3 2 1 0
S
INTM 0 ES; 0 Es; |. o ESg 0 N
Trigger Mode
0 | Falling Edge
1 | Rising Edge
_| 0 | FallingEdge
1 | Rising Edge
0 | Falling Edge
1 | Rising Edge
0 Falljng Edge
1 | Rising Edge
49-0013828
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Interrupt Processing Modes

Interrupts, with the exception of NMI, 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 assogiated 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,

T-49-19-59
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 interruptroutine is
loaded from the vector PC storage location in the new
register bank. Asin the vectored mode, the IEand BRK
bits in the PSW are cleared to zera. 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 Msy
FLAG MASK INT ENCS 0 PR3 PRy PRy
’ 1

PR

2 1 Priority

0 0 0] Highest
N
. .

1 1 1| Lowest

ENCS | Context Switch
1} Vectored Interrupt Mode
1 Bank Switching

MS/INT| Macro Service or Interrupt
0 Interrupt
1 Macro Service

xxMKn | Interrupt Mask

| ° Mask Open: Interrupts Enabled

1 Mask Closed: Interrupts Disabled

xxFn | Interrupt Request Flag

A 0 No Request ]

1 interrupt Requested

49-0013838
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Figure 8. Register Bank Context Switching

RBI

AW

cwW

DW

BW

SP

SS

DSo

Save PC

Save PSW

RBj

AW

cwW

DwW

BW

Sp

8p

1X

1Y

DS1

PS

SS

DS0

—>

Save PC

Vector PC

Reserved

Save PSW

Vector PC

Reserved

49-001344A
Figure 9. Register Bank Return
RBI RBj
AW AW
cwW cwW
DW DW
BW Bw
SP SP
BP BpP
X <:| X
Y Y
DSt DS1
PS PS
S$S s$
DS0 DS
Save PC —{ SavePC
Save PSW Save PSW
Vector PC Vector PC
Reserved Reserved
49-001346A

uPD70320/322 (V25)
T-49-19-07

Macro Service Function

The macro service function (MSF) is a special micro-
program that acts as an internal DMA controller be-

T-49-19-59

tween on-chip peripherals (special function registers,
SFR) and memory. The MSF greatly reduces the
software overhead and CPU time that other processors
would require for register save processing, register
returns, and other handling associated with interrupt

processing.

If the MSF is selected for a particular interrupt, each
time the request is received, a byte or word of data will
be transferred between the SFR and memory without
interrupting the CPU. Each time a request occurs, the
macro service 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 will be
compared to an 8-bit search character and an interrupt
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.

There are eight 8-byte macro service channels mapped
into internal RAM from XXEOOH to XXE3FH. Each
macro service channel contains all of the necessary
information to execute the macro service process.

Figure 11 shows the components of each channel.

Figure 10. Task Switching

CURRENT

AW

CwW

oW

BW

SP

1X

Y

DS1

PS

S8

DS0

N

PC Save

PSW Save

VPC

Reserve

BPV D

- NEW

88
DSo
PC Save
PSW Save
VPC
Reserve

VPC: Vactor PC

RB: Register bank fleld

83-MBOOS27IA
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Figure 11. Macro Service Channels

Upto3FH
: XXEQ8H
MSS M.S. Channel 0
MsP
Reseived | SCHR -
SFRP l MSC | XXEOOH [Internal RAM]

|+—— 16 Bits ——»|

MSS = Macro service segment

MSP = Macro service pointer

SCHR = Search character

SFRP = Special function register pointer
MSC = Macro service counter

49-001345A

Setting the macro service mode for a given interrupt
requires programming the corresponding macro ser-
vice control register. Each individual interrupt, exclud-
ing INTR, NMI and TBG, 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)

On-Chip Peripherals T-49-19-59

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 automaticaily 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 = fogc/2; fosc = 10 MHz).

7 6 5 4 3 2

xxMSn ﬂiSMZ I MSM, l MSMo I DIR I 0 | CHp I CH4 I CHyp J
I 1

* All other comblnatlons are reserved

Clock Timer Resolution Fuil Count
SCLK/6 1.2us .78.643 ms
SCLK/128 25.6 us 1.678s
1 0
2 1 0 | Macro Service Channel
0 0 0] Channel0
1 1 1] Channel?
Transfer Direction
0 From Memory to SFR
1 From SFR to Memory
Transfer Mode
000 8-bit Transfer
0 0 1| 16-bitTransfer
«+]1 0 0 8-bit Transfer with Character Search
49-0013848
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Flgure 13. Timer Unit Block Diagram T-49-19-59

r—— """ " "="”""”""”"¥"”""”"/"¥"”—-"""—"—"—"—7'—— — ]

[ MD1

I L (16) 1 :

| L |

I f 1] ) I

Tl S ey = ,

| ) |

| fose/12 I

| fogztl:m I“—'I '(111%;’ TF1 | |

| L |

| foscre T™O Output !

el W e e —on

| |

T —ﬁ ______________ )

L 7 Internal Bus ) ‘?
49-0013478B
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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 TFO
(from TMO) or TF1 (from MDO0). One-shot mode allows
two selectable input clocks (fogg = 10 MHz).

T-49-19-0

7 T-49-19-59
Clock Timer Resolution Full Count
SCLK/12 2.4 us 157.283 ms
SCLK/128 25.6 us 1.678s

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

format.
Figure 14. Timer Control Reglster 0
7 6 5 4 3 2 1 0
[ ts0 [ toko | mso | moix | exo } awv | moor | woo |
1
MOD1 { MODO | Timer Mode
0 0 Interval Timer Mode
0 1 One-shot Timer Mode
1 X Reserved
> Active Level of Tout
0 Tour Initial level = 0
1 Tour Initial tevel = 1
Enable Timer-Out Signal
0 Disable Timer Qut
1 Enable Timer Qut
One-shot Mode Modulus Register Clock
R SCLK/12
~ 1 SCLK/128
) Modulus Start (One-shot Mode)
S0 Stop Modulus Register Count
1 Start Modulus Regi: Count
TM Register Clock Select
MOD1 | MODO | TCLK
0 0 0 SCLK/6 Interval Timer Mode
» 0 0 SCLK/128
0 1 0 SCLK/12 One-shot Mode
0 1 1 SCLK/128
Timer Start Bit
N 0 Stop Timer*
1 Start Timer*
*Starts and stops TMO in one-shot mode
eyt i878
Figure 15. Tlmer Control Register 1
7 6 5 4 3 2 1 0
lTs1|rcu(1|oro|o|oIo|o|
TM1 Clock Select
> 0 | SCLK/6
1 | SCLK/128
Timer Start Bit
»I 0 | Stop TM1 counting
1 | Start TM1 counting
49-0013698
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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
as the 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.

T-49-19-07  1_49-19-59

The TBC (figure 18) uses the system clock as the input
frequency. The system clock can be changed by
programming the PCK0 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 (TBCj Block Diagram

L)

+210 288 +216 +220

sctk —>

49-001348A

Figure 16. TIme Base Interrupt Request Control Register

7 6 5 4 3 2

L TBF I TBMK I 0 | 0 I 0 I 1

Time Base Interrupt Mask Bit
0 | Unmasked
1 | Masked

Time Base [nterrupt Flag

0 { NoInterrupt Generated

1 | Interrupt Generated

49-0013938

Figure 17 Processor Control Register (PRC)

7 6 5 4 3 2 1 0
PRCI 0 IRAMENI 0 | 0 l 81 | TBO Ipcm I Pcm
. L ] L |
l—> System Clock Select
PCK1 PCKO
0 0 fosc/2
0 1 fosc/4
1 | o fosc/s
1 1 Reserved
> Time Base Interrupt Period
TB1 TBO
0 0 210/tc
[ 1 2¥/101
1 [] 218/1c1 ¢
1 1 220/tcii
> _Internal RAM Enable
Q Disabled
1 Enabled

49-0013958
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Refresh Controller

The uPD70320/322 has an on-chip refresh controller
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-Ajg 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 cycies 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 puise output

Serlal Interface

The uPD70320/322 has two full-duplex UARTSs, channel
0 and channel 1. Each serial port channel has a
transmit line {TxDn), a recelive 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 for even, 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 ali 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= on+1

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 BRGn Value 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
19,200 0 130 0.16
38,400 0 65 0.16
1.25M 0 2 0
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Flgure 19, Refresh Mode Register (RFM)

T-49-19-59

19-07

7 6 5 4 3 2 1

RFMI AFLY |HLDRF I HLTRF I RFEN I RFW1 | RFWO I RFT1

RFTO ]

Refresh Cycle Speed

RFT1

RFTO

Refresh Period

0

16/SCLK

1

32/SCLK

0

64/SCLK

- l=lolo

1

128/SCLK

- Refresh Cycle Wait States

RFW1

RFWO

Number of Wait States

0

0

1

2

alafo

1
0
1

2

Refresh Enable

Refresh Pin = RFLV

Refresh Enabled

Halt Refresh Enable

Refresh During Halt Disabled

Refresh During CPU HALT

Hold Refresh Enable

0

Hold Refresh Disabled

1

Refresh During Hold

Bof;
F

h level output

to RFSH pin when RFEN = 0

49-0013928
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In addition to the asynchronous mode, channel 0 has a T-49-19-59
synchronous I/0 interface mode. {n this mode, each bit
of data tranferred is synchronized to a serial clock
(SCKO). This is the same as the NEC yCOM75 and
‘uCOMB87 serles, 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 D ﬁ

TxBO RxB0

TxDO O—q— Serial Register Serlal Register

RXDO O—D

CTS0 O—->— Transmit Control Receive Contro}

Lmeo |
TXCO Gael:'nera?o?' —O scko
Channel { U ﬂ
TxB1 RxB1

TxD1 O—Q—— Serial Register Serial Regist

RxD1 O—[>

cTst O—D— Transmit Control Recelve Controt

t AxC1
Baud Rate
TxCt P N

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

7 6 ] 4 3 2 1 0

SCM TxRDYI RxE [PRTY‘I l PRTY0 ICL/TSK ISL/RSCKI MD1 | MDOj

|Mpi|mod]  mode
0 | 0] 1O Interface [Note 1]

ol 1 Asynchronous
1 | X | Reserved
Stop Bt Length/Rev Clk {Note 3]
] I 1.Stop Bit/Ext Cik [input on CTS0]

1 |2 Stop Bits/Int Clk [output on CTS0]
Char Length/Trans Shift Clk [Note 3]
0 7 Bits/No Effect

1 8 Bits/Trigger Transmit
PRTY
1

Parlty Control

No Parity
0 Parity [Note 2}

Odd Parity
Even Parity

“lmlolo
—lo|l=|o|O

Receiver Control
Disable

1 Enable

Transmitter Control
0 Disable

Notes:

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

[2] When 0 parity Is selected, the parity is 0
during transmit and Is ignored duting receive,

[3] Applies only to /O interface mode.

1 Enable

49-0013858

Figure 22. Serlal Communication Error Reglsters (SCE)

7 6 5 4 3 2 1 0
scsnLnxDI 0 | 0 | 0 | 0 IERP l EHFIERO\I

Overrun Error Flag

Overrun has occurred

Overrun has not occurred

Framing Error

Stop bit not detected

Framing error has not occurred

Parity Error

Parity error has occurred

No parity error has occurred

RxD Line Status

RxDLine =1

RxD Line =0

49-001386A
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Figure 23. Serlal Communication Control Reglster (SCC) T-49-19-59
7 8 5 4 3 2 1 0
sce ro I 0 [ 0 | 0 Ipnsalpnszlpnm |PR50|
[ ]
PRS input clock for baud
3210 rate generator
0000| SCLK/2
0001 sCLK/4
. 0010] SCLK/8
0011} SCLK/E
0100| SCLK/32
010 1| SCLK/64
0110] sCLK/28
0111] SCLK/256
*All other combinations after 1000 are illegal 1000} SCLK/512®
49-0012888

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-
troller 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.

Flgure 24. DMA Channels

© 161 XXEOEH
SARH1 | DARH1
DAR1
SAR1 Channei 1
7C0 Channel 0
SARH0 | DARHO
DARO
SARO XXEOOH
}e——18Bits ——]
49-001350A
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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
puise low and 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 Mods Registers (DMAM)

T-49-19-59

7 6 5 2 1 (4]
| wo, | wog | wo [ w | EDMA I TOMA | 0 | oj gmm
| I |
Trigger DMA {Note 1]
0 | No Effect )
1 { Trigger DMA
Enable DMA {Note 2]
M 0 | Disable DMA
1 | Enable DMA
. Word/byte
0 | Byte Transfers
1| Word Transfers
DMA Mode
MDy | MDy MDg
0 0 0 Single Step (Mem to Mem)
0 0 1 Demand Release (1/0 to Mem)
0 1 ] Demand Release (Mem to 1/Q)
0 1 1 Reserved
1 0 0 Burst Mode {Mem to Mem)
:ql?ltlsallid only during single-step and burst 1 0 1 Single Transter (1/0 to Mem)
modes, 1 1 0 Single Transfer (Mem to 1/0)
e o e CMA T T reseres
490013908
Flgure 26. DMA Address Control Registers (DMAC)
7 6 5 2 1 ]
L 0 I 0 | DA l PDO | 0 ] I 253 l PSO | DMACO
[___‘ |_4 DMAC1
Source Address Increment/Decrement Control
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/Becremented
D ion Address Inc /Decrement Control
PD1 | PDO
0 ] Destination Address not
Incremented/Decremented
0 1 Increment Destination
Address
1 0 Decrement Destination
Address
1 1 Destination Address not
Incremented/Decremented
49.0013918
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Parallel Ports

The uPD70320/322 has three 8-bit parallel /0O ports:
PO, P1, and P2, Refer to figures 27 through 31. Spegcial
function register (SFR) locations can access these
ports, The port lines are individually programmable as
inputs or outputs. Many of the port lines have dual
functions as port or control lines.

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

T-49-19-07

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

NEG

T-49-19-59

+

7 6 § 4 3 2 1 0
PMO
[ ey | pws | ems NS Nz | emo Ipmzx
Input or 0 | Output Port Mode
Output Bit
Selection Input Port Mode
49-0013778
Figure 28. Port Mode Reglster 1 (PM1)
7 6 5 4 3 2 1 0
PM1 EPM11 I PM1g I PMis l PM1s [ 1 I 1 I 1 T 1 j

|

PMC1, PM1, Port P1p
0 1] Output
0 1 Input
n=176,6,0r4
83-0045378
Flgure 29. Port Mode Control Register 0 (PMCO0)
7 6 5 ) 4 3 2 1 0

lewewr | = | - | - [ -1 -T-1

Port or Control 0

*1 Bit Selection

Port Mode

CLKOUT

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

7 6 5 4 3 2 1 0
| PMCI7 l PMC1s | PMC1s I PMC14 [Pmc13 I PMC, | PMC14 I Pmcﬂ

T-49-19-07
T-49-19-59

Port/Cantrol Bit Selection

NMI/P1g Input

INTPO/P11 Input

INTP#/P12 Input

INTP2/P13 Input

INTAK Output

P14)/0 or POLL Input

INT Input

P1510

TOUT Output

Pigli0

SCKO Output

P171/0

- lojsjo|la]al=]oi=]ax]x]|x

READY input

49-0013798
Figure 31. Port Mode Control Register 2 (PMC2)
7 6 5 4 3 2 1 1]
pMCz | pMc2r | Pmezs | PMc2s | Mz | emcz; | ez, | pmc2y [ emez |
Port/Contro! Bit Selection
0 ) 1/OPort
1 | DMARQO Input
0 | O Port
1 | DMAAKD Output
0 | /OPort
11| 760 output

0 | OPort
1 | DMARQ1 input

. 0 | 1/0Port
1 DMAAK1 Output
0 | 1/OPort
1 | TC1 output
0 | 1/0Port
1 | HLDAK input
0 | /O Port
1 | HLDRQ Output

49-0013808
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The analog comparator port (PT) compares each input Figure 33. Programmable Wait State Generation

line to a reference voltage. The reference voltage is

programmable to be the Vyy input x n/16, where n =1 —

to 16. See figure 32. .

A U 256K

Programmable Wait State Generation CO000H

You can generate wait states internally to further L

reduce the necessity for external hardware. Insertion : b ﬁi

of these wait states allows direct interface to devices 40000H

whose access times cannot meet the CPU Jead/write

timing requirements, ' 20000H 128K

When using this function, the entire 1M-byte memory 128K

address space is divided into 128K-blocks. Each block ot

can be programmed for zero, one, or two wait states, or 49-001361A

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 I/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 Reglster T (PMT) )

7 6 § 4 1 0
L o [ o | o | o [ ewrs] emme] pumy [ omrg | omr
L Comparator Port Threshold Selection

0|lo0jojo VTH x 16/16
ojojo|1 VTH x 1/16
ojol1]0o] Vrux2/ié
0jo]1]1 VTH x 3/16
o]1]0|o{ VrHx4/16
e{110|1] VIHxS5/16
o|tj1]0 VTH x 6/16
ofjt1]1]t VTH x7/16
1)jojojo VTH x 8/16
1]0]oj1 VTH x 9/16
110{1]o Ve x 10/16
1101 1|1 VTH x 11/16
1{1|lolo VTH x 12/16
1{1]0 |1 VTH X 13/16
1{1]1]0o]| Vrux14/18
1{1]1]1 VTH x 15/16

49-0013818
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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 osciliator 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, intet-
rupts subsequently will be processed in vector mode.
In the DI state, program execution is restarted with the
instruction following the HALT instruction.

Flgure 34. Walt Control Word

T-49-19-07
STOP Mode. T-49-19-59

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 STBG 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.

Walit Controt High
6 5 4 3 2

1 0

100 l BLK61 I BLK60 | BLKS1 I BLK50 [ BLK41 | BLK40—|

7
[ o1 |
Walt Control Low
7 6 5 q 3 2

1 0

LBLK31 LBLKSO I BLK21 I BLK20 lBLKﬂ I BLK10 I 8LKo01 I BLKOO I

L

» BLKni BLKnO Moade
0 0 No Waits
0 1 1 Walt
1 0 2 Wait
1 1 2 Walts + Ext, Ready

49-001394B
Figure 35. Standby Register
7 [ g 4 3 2 1 0
I 0 l Q I o I Q I 0 I 0 | 0 ‘ SBF I STBC

L Standby Flag

No changes in supply voltage (standby)
Rising edge on supply voltage (cold start)

-

o

49-0013968
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Special Function Registers

Table 6 shows the special function register mnemonic,
type, address, reset value, and function. The 8 high-
order bits of each address (xx) are specified by the IDB
register.

SFR area addresses not listed in table 6 are reserved. If
read, the contents of these addresses are undefined,
and any write operation will be meaningless.

Table 6. Speclal Function Registers

Reset
Byte/ Value R/W

Name Word Address  (Nole2)  {Notel) Function

PO B xxFOOH RIW  Port0

PMO B xxFOIH  FFH w Port mode 0

PMCO B XxFO2H  QOH w Port mode control 0

P1 B XXFQ8H R/W  Porti

PMt B XXFOOH  FFH w Port mode 1

PMC1 B xxFOAH  OOH w Port mode control 1

P2 B xxF10H RIW  Port2

M2 B xxFi1lH  FFH w Port mode 2

PMG2 B xxFi2H  00H w Port mode control 2

T B xxF3sH R PortT

PMT B xxF3BH  O0H R/W  Portmode T

INTM 8 xXF40H  OOH RIW  Interrupt mode

EMSO B xxF44H R/W  External interrupt
macro service 0

EMS1 B XxF45H " R/W  External interrupt
macro service 1

EMS2 B XxF46H R/W  External interrupt
macro service 2

EXICO B XxFACH  47H R/W  External interrupt
control 0

EXIC1 B XXFADH  47H R/W  External interrupt
control 1

EXIC2 B xXFAEH  47H R/W  External interrupt
control 2

Notes:

(1) Indicates if register is available for read/write operations.
(2) Resst values not specified are undefined.

30
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Byte/ Value R/W

Name Word Address  (Note2) {Notel} Function

RXBO B XxF60H R Receive buﬁe; 0

TXBO B xxF62H w Transfer buffer 0

SRMSO B XXF85H R/W  Serial receive
macro service 0

STMS1 B XxF66H R/W  Serial transmit
macro service 1

SCM0 - B XXF68H 00H R/W  Serial communication
mode 0

SCCO0 B xxF69H 00H R/W  Serial communication
control 0

BRGO B xxF6AH  00H R/W  Baud rate generator 0

SCE0 B xxF6BH 0H R Serial communication
error 0

SEICO B xxFBCH  47H  R/W  Serial error interrupt
control 0

SRICO B xxF6DH  47H  R/W  Serial receive interrupt
control 0

STICO B XxF6EH 47H  R/W  Serial transmit interrupt
control 0

RXB1 B xxF70H R Receive buffer 1

TXBt1 B XXF72H w Transmit buffer 1

SRMS1 B XxF75H R/W  Serial receive macro
service 1

STMS1 B XXF76H R/W  Serial transmit macro
service 1

SCM1 B XXF78H 00H R/W  Serial communication
mode 1

SCC1 B  xxF79H O00H R/W  Serial communication
control 1

BRG1 B xxF7AH  00H R/W  Baud rate generator
register 1

SCE1 B XXF7BH 00H R Serial communication
error 1

SEIC1 B XxxFICH  47H  R/W  Serial error interrupt
control 1

SRIC1 B XXF7DH 47H  R/W  Serial receive interrupt
control 1

STiCi B XxF7EH  47H  R/W  Serial transmit interrupt
control 1

™0 W xxF80H R/IW  Timer register 0

T™MOL B XXF80H R/W  Timer register 0 [ow

TMOH B XxF81H R/W  Timer register 0 high

MDO W xxF82H R/W  Modulo register ¢
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T-49-19-07
Table 6. Special Functlon Registers (cont) Absolute Maximum Ratings T-49-19-59
Ta=25°C
Reset
Byte/ Valug  R/W Supply voltage, Vpp -05t0+7.0V
:m:. \:ard Adi::; (Hole2) g‘;:x “M ” Flf":“u: l Input voltage, —05t Vpp+05V(s+7.0V)
0o ke ocuo register 2 ow Output voltage, Vo 0510 Vpp + 05V (< +7.0V)
MDOH B XxF83H R/W  Modulo register 0 high Threshold voltage v BV 105V (=T0V
e, -0. 5V (< +7.
™ W xxreeH RIW Timer register 1 bl ? 'T” Ll ¢ )
TMIL B xxF88H RIW  Timer register 1 low OUtggéﬂr{ng& Si\:' oL 40 mA
TMiH B xxF89H RIW_ Timer register 1 high Total 50 mA
MD1 W xxF8AH R/W Modulo register 1 Qutput current, hi'gh; lon
MDIL B xxFBAH RIW_Modulo register 1 low Sach output pin . Zoma
MDHH B XXF8BH R/W  Modulo register 1 high Operating temperature range, Topr 4010 185°G
T™MCO B xxF9OH  00H R/W Timer control 0
Storage temperature range, Tg1g —65to +150°C
MCT B XXFO1H 00H R/W Timer control 1
" ; Comment: Exposure to Absolute Maximum Ratings for extended
TMMS0 8 XxF9aH R/W _Timer macro service 0 periods may affect device reliability; exceeding the ratings could
TMMST B xxF95H R/W Timer macro service 1 cause permanent damage.
TMMS2 B XXF96H R/W Timer macro service 2 .
— DC Characteristics
TMICO B xxFOCH  47H  R/W Timer interrupt control 0 Vbp = +5 V £10%; Ta = —10 to +70°C (Note 1)
TMIC1 - B xxFODH  47H R/W  Timer interrupt control 1 Limits
TMIC2 B xxF9EH  47H R/W Timer interrupt control 2 Parameter Symbol M Ty Wax Unit Uon?i?ltuns
DMACO B XxFAQH R/W DMA control 0 Supply curcent, Ippy 43 100 mA fo=5MHz
DMAMO B xxFATH  00H R/W DMA mode0 operating ) 58 120 mA fo g =8MHz
DMAC1 8 XxFA2H R/W DMA control 1 Supply current,  lpp2 17 40 mA fog=5MHz
HALT mode 21 80 mA fgg=8MHz
DMAMiI B xxFASH  OOH RIW DMA mode 1 Supply current, Ipps 0 30 A
DICO B xXFACH  47H  R/W DMA interrupt control 0 STOP mode -
DICI B xxFADH 47H R/W DMA interrupt control Threshold current Iy 05 10 mA Vmi=0tVpp
S8 B xxFEOH R/W Standby control :galm voltage, v"_- 0 08 v
RFM B XKFETH 10H R/W Refresh mode Inbut voltage, Ving 22 Vpp V  Allinputs except
WTC W  xxFE8H FFH R/W Wait control high RESET, P1g/NMI,
WICL 8  xxFESH  FFH R/W Wait control low X1, X2
WICH B  x«FEQH FFH R/W Waitcontrol high Vit ‘{,g X YooV RESELPlo/NMM
FLAG B XXFEAH ~ 00H RIW Flag register Output voltage, VoL 045 V. I =16mA
PRC B XXFEBH  4EH  R/W Processor control low
TBIC B XXFECH  47H  R/W Time base IRC register Output voltage, ~ Voy Vpp V. loy=-04mA
ISPR B XxFFCH R In service priority register high . —10 —
0B B xxFFFH RIW Internal data area base Input current Iy 20 uhER, Plo/N;
FFFFFH 1=~ 2 "o
Input leakage M +10 #A Al except EA,
current P1o/NMI;
Vi=0to Vpp
Output leakage I g 10 pA Vg=0to Vpp
current
Data retention Vooor 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

150
TA=25°C
140 Vpp =5V
Typ. Sample
130 Spec. |
Point
120
110 Spec.
Point -
100 -
80
E 80
ERU
60
50
40
30
20
10
0
o 1 2 3 4 5 6 T 8 9
foLk [MHz]
83-004331A
Comparator Characteristics
Vpp = +5 V £10%; Tp = —10 to +70°C
Limits . Test
Parameter Symbol Min  Max  Unit Conditlens
Accuracy VAcome +£100 mv
Threshold voltage Viy 0 Vpp v
7 +01
Comparison time  tgome 64 65 tovk
PTinputvoltage  Vipr 0 Vpp v
Capacitance Characteristics
Vpp=0QV; TA=25°C
Limits Test
Parameter Symbol Min  Max Unit Conditlons
Input capacitance  Cj 10 pF fg=1MHz;
Qutput capacitance Cg 20 pF :i’t‘m";f,”tfg ue
110 eapacitance Cio 20 pF

32
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AC Characteristics T-49-19
Vpp =+5 V £10%; Ta =10 to +70°C; C_ = 100 pF (max)
Limits Tast
Parameter Symbal Min Max  Unit  Conditions
Vpp rise, trvo: tFvp 200 us STOP mode
fall time
Input rise, YR, iF 20 ns Except X1, X2,
fall time RESET, NMI
Input rise, tRs: tiFs 30 ns RESET, NMI
fall time (Schmitt)
Output rise, tor. toF 20 ns Except CLKOUT
fall time
Xlcycle time  toyx 98 250  ns Note3
62 280 ns Noted
X1 width, low  twx % ns Note3
20 ns Note 4
X1 width, high  twxn 35 ns Note3
2 ns Noted
X1 rise, txn, ter 20 ns
fall time
C_LKOUT cycle toyk 200 2000 ns Note3
time 125 2000 ns Noted
CLKOUT width, twke 0.5T—15 ns Note1
low
GLKOUT width, twku 05T—-15 ns
high
CLKOUT rise, g, tr 5 ns
fall time
Address delay tpga 15 90 ns
time
Address hold  tyma 0.5T—30 ns
time
Address valid to tpapp T(n+1.5) ns Note2
input data valid —-90
MREQ to data  tpmmp Tn+1) ns
delay -75
MSTBto data  tppmsp T(n+0.5) ns
delay —-75
MREQ to MSTB  tpmaMms 0.5T 05T ns
delay —-35 +35
MREQwidth, twmaL  T(0+1) " ns
low -3
input data hold tymop 0 ns
time
Nextcontrol  tggg T-25 ns
setup time
Notes:

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

(2) n=number of wait states inserted.
(3) For &6 MHz parts (uPD70320/322).
(4) For 8 MHz parts (uPD70320/322-8).
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AC Characteristics (cont) AC Characteristics (cont) T-49-19-59
Limits Test Limits Test
Parameter Symbal  Min  Max Uit  Conditions Parameter Symbol  Min_ Max Unit Conditions
MREQ to TC toMATG 05T +50 ns RESET width low twastt 30 ms STOP/
. POR
defay time
(Power-

Address data toaow 05T +50 ns on reset)
output twasL? 5 us System
MREQ delay time  tpayr  0.5T —3005T +30 ns reset
MSTB delay time tpams T-30 T+30 ns MREQ, 10STB to READY  tggpy Tn—1) ns n=2
MSTBwidth,  tyys, Tn+05) ns setup time 1%
low -30 MREO: 10ST8 to READY thery T(n—1) ns n=2
Data qutput tsow T+1) ns hold time :
setup time —-50 HLDRQ setup time tsHak 30 ns
Data output tumow 05T 30 ns HLDAK output delay toKHA 80 ns
hold time Bus control float to terna T-50 ns
10STB delay time  tpps  0.5T —30 ns HLDAK }
10STB to data toisp Tn+1) ns HLDAK ! to controf output tonac T-50 ns
input -90 time
10STB width, twist  Tin41) ns HLDRQ to HLDAK delay  tpuana 3T+160 ns
low % HLDRQ! to control float  tpygg 3T + 30 ns
e'%(lress hold thisn  0.5T ~ 30 e HLDRQ width, low twaor 15T ns
Input data tHISOR 0 s H_L[_)AK width, low twHAL T ns
hold time INTP, DMARQ setup tsiok 30 ns
Output_data fsis T(n+1) ns TNTP. DMARQ width, high  twion 8T ns
setup lime ~5%0 INTR, DMARQ width, low  tyqL 8T ns
Output data § 05T -30 S == N
holg time HISDW . n POLL setup time tspLk 30 ns
Next DMARQ tspapa T ns Demand mode NMI width, high twNi 5 s
setup time ) NMI width, fow twaiL 5 us
DMARQ hold tHDADQ 0 ns Demand mode GTS width, low twerL 2T ns
lime INTR setup time tSIRK 30 ns
DMAAK read twomaL T(n + 1.5) ns == -
width, low —-30 INTAK dela)./ time tokia 80 ns
DMAAR write. tyomwL T(+1) ns INTR hald lime twag 0 ns
width, low . -30 INTAK width, low twiaL 2T —30 ns
DMAAK to TC tpparc 05T +50 ns INTAK width, high twian T30 ns
Getay time INTAK to data delay o1 T—130 ns
TOwidth low  twrg,  27-30 ns INTAK to data hold o 0 05T ns
g Ay loapr 05730 s SCKO (TSCK) cycle time_ toyrx 1000 s
REFRQ width, twrrL T+ 1) ns SCKO (TSCK) width, high  twsry 450 ns
low -30 SCKO (TSCK) width, low  twst, 450 ns
Address hold tHRFA 05T —30 ns TxD delay time toTko 210 ns
lime TxD hold time ko 20 ns

CTS0 (RSCK) cycle time teyrk 1000 ns

CTS0 (RSCK) widih, high  twsay 420 ns

CTSO (RSCK) width, low  tyga, 420 ns

RxD setup time tSROK. 80 ns

RxD hald time tHKRD 80 ns
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Figure 36. External System Clock Control Source
Recommended Crystal Contiguration
10 pF
1
1
10 pF
X2
Parallel-
= resonant
Note: crystal +
When using a quartz ¢rystal, it is recommended that 15 pF ¢apacity be used.

External Oscillator Configuration

Osc X1

7T4HC10

X2

83-0045748

Recommended Ceramic Resonator and Capacitance Requirements

Recommended CGonstants Recommended Constants
Manufacturer Praduct Number C1 (pF} G2 [pF) Product Number C1 (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 Dafa Retention Timing

AC Input Waveform 2 (RESET, NMI)

10% VDDDR

trvD
83-004333A

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

83-004306A

AC Output Test Point (Except CLKOUT)

24V

83-0043C5A

83-004307A

CLKIN?
x1]

CLKOUT N

0.8Vpp
08V

le— tKR —»] e IKF
4 !\ 22V
\ k 08V
twiL o | twkH
oYk

£3-004208A
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Timing Waveforms (cont)

Memory Read

tovk :
le—tDKA + .
Y
Atg-Ap 2(
7 e A

D7-Dg d

IDAMR
[¢-——————tWMRL tsce
— 4 b
MREQ Z
K -

tbMsD

[+~ IDMRMS —»

Y

i
MSTE N
’ e toAMs ———»] e twmst

«iumarcjx
TciTco L

twrcL

83-004303C
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Timing Waveforms (cont) T-49-19-59
Memory Write
51 ! B2 |
tey——
toKA _ - |
+tDADW-+] : |<—'HMA->
L S
1sDM e~ tHMOW L.'

MREQ

MSTB

108TB

REFRQ

DMAAKH1-

DMAAKO

- /

- tDAMR tWMRL tsCC v
] X 3
[ / N\
Lé— IDMRMS '
4
- /
toams +| [e——tWMsL —»
—
\_
3
A\
N\
e toMRTC

I+ twTeL

83-004310C

36




N E C ELECTRONICS INC 30E D I L427525 -DDEI:'H?D 9 M

NEQ . uPD70320/322 (V25)

T-49-19-07
Timing Waveforms (cont) T-49-19-59
{/0 Read
B t B2 |
tevk !
oKy .

Iy -
Afg-Ag >§ §<
A Y
tDADR l-—tms;\—»

4 Y

D7-Do 4

X £

tDISD tHISDR

MREQ
MSTE _ ]
: (+—tDAIS —»| |+ twist, tsce
- : Y
fGSTE / 7
- - 7
REFAG !\-
DMARKI- 3
DMAAKG \_
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Timing Waveforms (cont) T-49-19-59
1/0 Write
.l 1
] -+ tovk
.| toka
Atg-Ap g —
- .
tDADW h !-—'Hls A
{ —
e tsDIS— | L tHISDW
o \ /
MREQ )<
ST
le—tDAIS twisL tscc .
REFRG X
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Timing Waveforms (cont) T-49-19-59
DMA, 1/0 to Memory
— 81 } B2 —]
! toyk
CLKOUT w
toKA —»] . '
A1g-Ag ‘><‘L j}k ’
D7-Dg

R

[e—tDAMR — twMRL fe—tHMA —»
—Y Y/ Y -
RE
MREG \‘; ;j N\
[+ tDMAMS tscC—-—»
MSTB
tpams twMmsL —s|
— Y
10sT8B X
le——tSDADQ
DMARQQ-
DMARQ1
le—tHDADQ
DMAAK]- j\ / 3
DMAAKQ K A
tWDMRL
TCi-TCo

a

je— |nnA~rc:h:

twreL

83-004313C
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Timing Waveforms (cont)

DMA, Memory to 1/0

T-49-19-07
T-49-19-59

CLKOUT 2

A19-Ag

- D7-Dg

«—DAMR —] tWMRL | Jo—tHmA —»]
— X .
MREG \ J[
N
. tsce
—_— 4
MSTB
tpams | twmsL
iosTB
le—tspaba
DMARQO
DMARQ1- )
le-tHDADQ
DMAAKI- ‘\ ZF_
DMAAKO X 7
twomwL »
TCi-TCO /
le—tDDATC twrcL

83-004314C
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Timing Waveforms (cont) T-49-19-59
Refresh
B1 B2
- toyx
cLkouT  \ /l__—\—/!_—\_/l__\_/_
le—{DKA —]
et N\ )
A
D7-D9
AW /’ ]
MREG N\
MSTB
iosTe N
«—tDARF——I } WRFL e tHRFA —]
‘
AEFRQ ’X‘
tscc
T \
a3-004315C
RESET 1
twRSLt
RESET \_l / )
A
83-00421€B
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Timing Waveforms (cont)

RESET2

wer /S N/ N\

[¢———IWRSL2 ——»

RESET \ - {

83-0043178

READY 1 ’ *

} B1 { BAW f BAW ! B2 |

MREQ /
10ST8 i

tHCRY ————

tSCRY lo—
Y
READY /F N

83-0043128
READY 2
— B1 } BAW I BAW ] Bw ! B2 i
MREQ \ /
[0OSTB X _
n=2 n=3
tHeRy*
tSCRy*
n=2 n=3
4 X
READY / / \
N 2 .
* tscRy [READY setup time] and tHcRy [READY hold time] are a function of
T and n. TimIngs shown are examples forn =2 and n=3.
83-0043198
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Timing Waveforms (cont) T-49-19-59
HLDRQ/HLDAK 1
6LKOUT /'\_/‘\-/{-\_/
—-l tsHaK 1SHQK —]
HLDRQ /‘ ) \
+
tDKHA —»] le— te———tWHaQL
Bus confrol™ N % -
B ICFHA
tDHQHA tDHAC
t ) e
HLDAR \L } ) %
*A1g-Aq, D7:Do, MREQG, MSTB, 10878, R/W e wHAL——

83-0043208

HLDRQ/HLDAK 2

cLKouT /_\—-/_\—)
tsHax

HLDRQ

Bus control*

.
=\

K

/

twHaL

—»

tDKHA Io—
ALDAK }I

*A19-Ao, D7-Dg, MREQ, MSTB, [OSTB, R/W

toHac

83-0043218

INTP, DMARQ Input

isiak

M _/_\_;/_—\_/_\__/__\__;

SN\ /L

isiak

INTR,
DMARQ*

—/

—

R
ﬁ]\
WIoH —

*INTP2-INTPO, DMARQ1-DMARQO

twiaL

83-0043228
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Timing Waveforms (cont)

POLL Input

CLKOUT ’
tsPLK tspPLK -
POLL y /
+*

83-0043228

NMI Input

oo _/_\_/_\_/_\_/_m
4
NMI / |\ /
A
tWNIH

i WL {

83-0043248

CTS Input

CTS1-CTS0 / \ /
N

- twert

1
83-0043258
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Timing Waveforms (cont) - T-49-19-59
INTR/INTAK - : . _
-.I tSIRK .
INTR Y. ) 1L
Jtokia, e
) - . ] —
iNTAK \L /) /
fe——IWIAL ——»] IWIAH !DiAD —»{ tHIAD
(
D7-Dg a3 L L
tsce tsce
MREQ [ L
1058 2 /
83-0042268
Serial Transmit .
tovTK -
- 4
§CKO / \L ’/ \
¢ tWsTL tWsTH —»f | HTKD )
TxD ' )(‘L
tDTKD
83-0044418
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Serial Recelve

-— {CYRK

—
CTS0 \ ’
K JZ R
-
. twSRL lWSRH
Y ~
RxD )(
K )
’ tHKRD

{SRDK -

83-0043328
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T-49-19-07
Instruction Set Identifier Deseriplion 7 ] T-49-19-59
Instructions, grouped according to function, are  dst-block Name of block addressed by the IY register
described in a table near the end of this data sheet.  pear-proc Progedure withir the current program segment
Descriptions include source code, operation, opcode, far-proc Procedure located in another program segment
number of bytes, and flag status. Supplementary -
information applicable to the instruction set is con-  Neéar-label Label in the current program segment
tained in the following tables. short-label Label between ~128 and +127 bytes from the end
. of instruction
* Symbols and Abbreviations far-label Label in another program segment
¢ Flag Symbols * memptri6  Word containing the offset of the memory location
_ Qi : - : within the current program segment to which control
. 8 and 16 Bit Reglsters.V\{hen mod =11, the register Is to be transferred
is specified in the operation code by the byte/word o Dotbie werd s i o offeatand o
= memptr ouble word containing the offset and segment base
operand (W= 0/1) and reg (000 to 111). address of the memary location to which control is to
¢ Segment Registers. The segment register is speci- be transferred
fied in the operation code by sreg (00, 01, 10, or 11). regptrie 16-bit register containing the offset of the memory
; R locati ithin th ¢ i t
o Memor};'Agc'iréi'S‘Smg.Thte_ memgrysddregs('&? 3110de i‘s)icaJ Loentrlalnglfgne%program segment to which contro!
Is specified in the operation code by mo , 01, or -
pop-value Number of bytes of the stack to be discarded (Oto
10) and mem (000 through 111). 64K bytes, usually even addresses)
¢ Instruction Clock Count. This table gives formulas fp-op Immediate data to identify the instruction code of the
for calculating the number of clock cycles occupied external floating point operation
gy eac:jh tyge o/f ins;ruction.dThZ ft?;&ulasi)lw/hdi;:h R Register set
epend on byte/word operand and RAM enable/dis- el
able, have variables such as EA (effective address), w Wor.dlbyt.e field (01 1)
W (wait states), and n (iterations or string instruc- e Register field (000 to 111)
tions). mem Memory field (000 to 111)
mod Mode field (00 to 10) )
Symbols and Abbreviations SW When S:W = 01 or 11, data = 16 bits. At

Identifler Deseription other times, data = 8 bits, 7
reg 8- or 16-bit general-purpose register X, XXX, YYY, ZZZData to identify the instruction code of the

— - external floating point arithmetic chip
regs 8-bit general-purpose register -

- - AW Accumulator (16 bits)
reg16 16-bit general-purpose register ™ r ator e -
dmem 8- or 16-bit direct memory location m ccumula or (nig b yie)
mem 8- or 16-bit memory location o :ccumuiator (IOYJ yte1)6 "
mem8 8-bit memory location ase polnter register (16 bits)

" - BW BW register (16 bits)
mem16 16-bit memory location o B roafstor (AN G
mem32 32-bit memory location i oW reg!s il (I 9 ; yte)
§ir B-bit specal function register location - -~ register ‘1‘;“;_ vie)
imm Constant (0 to FFFFH) o - reglster (16 bits)
imm16 Constant (0 o FFFFH) a W register (nigh byte)
imm8 Constant (0 to FFH) oW ga regfster (ljowb'byte)
imm4 Constant (0 to FH) o oW regfster (h('s h'ts)
imm3 Constant {0 to 7) 5 oW reg!ster (high byte)
ace AW or AL register SIF: s regls'ter (low b\‘(te)
steg Segment register tack pointer (16 bItS)-
src-table Name of 256-byte translation table :CW Program pounter (16 bits) .
src-block Name of block addressed by the IX register S Program status word (16 bits)

47



N E C ELECTRONICS INC

uPD70320/322 (V25)

30E D M Ly27525 0026981 3 M

NEC

T-49-19-07
Symbols and Abbreviations (cont) Flag Symbols T-49-19-59
[dentifier Description Identifier Dascription
IX Index register (source) (16 bits) (blank) No change
Y Index register (destination) (16 bits) 0 Cleared to 0
BS Program segment register (16 bits) ] Setto 1
8s Stack segment register (16 bits) X Set or cleared according to the result
DSg Data segment O register (16 bi}s) U Undefined
D$1 Data segment 1 register (16 bits) R Value saved earller is restored
AC Augxiliary carry flag N
d Carry flag 8- and 16-Bit Registers (mod = 11)
P Parity flag o~ =0 o
S Sign flag 0 m o
Z Zero flag o0 m W
DIR Direction flag 50 oL oW
IE Interrupt enable flag o o W
v Overflow flag 0 o S
BRK Break flag o oH o
MD Mode flag 0 o X
(o) Values in parentheses are memory contents ey B m
disp Displacement (8 or 16 bits)
ext-disp8 fablt:fldslgmi?:lgtrm g)mgn extension byte Segment Regsters
temp Temporary register (8/16/32 bits) §reg Reglster
tmpey Temporary carry flag (1-bit) 00 DSy
seq Immediate segment data (16 bits) 01 PS
offset Immediate offset data (16 bits) 10 88
- Transfer direction 1 DSg
+ Addition
- Subtraction Memory Addressing
X Multiplication mem mod =00 mmod = 01 mod = 10
- Division 000 BW + X BW <+ IX + disp8 BW + IX + disp16
% Modulo 001 BW -+ 1Y BW +1Y + disp8 BW + 1Y + disp16
AND Logical product 010 BP +IX BP +1X + disp8 BP +IX + disp16
OR Logical sum 011 B8P+ Y BP + 1Y + disp8 BP +1Y + disp16
XOR Exclusive logical sum 100 X IX + disp8 IX + disp16
XXH Two-digit hexadecimal value 101 Iy Y + disp8 1Y + dispi6
XXXXH Four-digit hexadecimal value 110 Direct BP -+ disp8 BP + disp16

BW 4+ disp16

48

111 BW BW +- disp8




N E C ELECTRONICS INC

NEC

30E ) WM Luy27525 002L982 5 W

uPD70320/322 (V25)

T-49-19-07
Instruction Clock Count T-49-19-59
Mnemonic  Operand Clocks Mnemonic  Operand Clocks
ADD reg8, reg8 2 BRK 3 55+10W [43+10W]
reg16, reg16 2 - fmm8 56-+10W [44-+10W]
reg8, mem8 EA+6+W BRKCS 15
regi6, mem16 EA+8+2W BRKV BSHI0W [43+10W]
mems, reg8 EA+8+2W [EA+6+W] BTCLR 29
men16, reg16 EA+12+4W [EA+8+2W]
regs, imm8 5 N BUSLOCK 2
reg16, imm8 5 + CALL near-proc 2242W [18+2W]
reg16, imm16 6 regptrie 224+2W [184+2W]
mem8, imm8 EA+9+2W [EA+7+2W) memptri6 EA+26+4W [EA+24+4W]
mem16, imm8 EA+9+2W [EAHTH2W)] far-proc 36+4W  [34-+4W]
mem16, imm16 EA-+14+4W [EA+H10+4W)] memptr32 EA436+8W [EA+24+8W)
AL, imm8 5 CHKIND EA+26+4W
AW, imm16 6 CLR1 oY 2
ADD4S 22+(27+3W)n  [22+(25+3W)n) DIR 2
ADDC Same as ADD reg8, CL 8
ADJAA 9 reg16, CL 8
ADJAS Y mem8, CL EA+14+2W [EA+H124W)
mem16, CL EA+18+4W [EA+H14+2W]
ADJBA Ll reg8, imm3 7
ADJBS 17 reg16, imm4 7
AND reg8, reg8 2 mem8, imm3 EA+11+2W [EAHO+W]
reg16, reg16 2 mem16, imm4 EA+15+4W [EA+10+2W]
regs, mems EA+6+W CMP regs8, reg8 2 :
reg16, mem16 EA+-8+2W reg16, reg16 2
mem8, reg8 EA+84+2W [EA+6+W) reg8, mems EA+6+W
mem16, reg16 EA+12-++4W [EA+842W] reg16, mem16 EA+8+2W
reg8, imm8 5 mem8, reg8 EA+6+W
reg16, imm16 6 mem16, reg16 EA+8+2W
mem8, imm8 EA+9+2W [EA+742W] reg8, imm8 5
mem16, imm16 EA+14-+4W [EA-H0+4W)] reg16, !mmB 5
Beond (conditional branch) 8or15 reg16, imm16 8
mem8, Imm§ EA+74+W
Bowz 8or 15 memib, Imm8  EA+10+2W
BR near-label 12 mem16, imm16 EA-H10-+2W
short-label 12 AL, imm8 5
regptri6 13 AW, imm16 [}
memptri6 EA-+1T4H2W CMP4S 22+(23+2W)n
farlabl, L CMPBK  mems,mem8  23+2W [19+2W]
, P memis, memis  27HAW [21+2W]
Notes:

(1) If 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 detined 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) T-49-19-59
Mnemonlc  Operand Clocks Mnemonic  Operand Clocks -
CMPBKB 16+(21+2W)n INM mem8, DW 19+2W {17+2W)
CMPBKW 16+(25+4W)n mem16, DW 21+4W  [1744W]
mem8, DW 18+(13-+2W)n  [184-(114+2W)n]
CMPM memé ging mem16, DW 1B+{15+4W)n _ [18-+(11+4W)n]
INS regs, reg8 63-155
CMPMB 16+(15+W)n reg8, imm4 64-156
CMPMW 16+{1742W)n LDEA EATZ
OVTED 19 : LM memd 12+W
OvTEBw 3 mem16 16+(12:F2W)n
0vIDg 2 LOMB___ memls 12W
CVTL 8 LMW mems 1610+ W)n
DBNZ 8ort7 MoV reg8, reg8 2
DBNZE 8or 17 reg16, reg16 2
DBNZNE 8ort7 reg8, mem8 EA+6+W
DEC reg8 5 reg16, mem16 EA+8+2W
regi6 2 mem8, reg8 EA+4+W [EA+2)
mem8 EAHITH2W [EATO+2W) mem16, regi6 EA+6+2W [EA+2]
mem16 EA+15+4W [EA4+114+4W)] reg8, imm8 5
ol 1 reg16, imm16 6
mem8, imm8 EA+5+W
DISPOSE 12420 mem16, imm16 EA+5+2W
Div AW, reg8 46-56 AL dmems W
AW, mem8 ~ EAH48+W to EAH58HW AW, dmem16 40w
pw: AW, regis 5464 dmems, AL 7+W 5]
DW: AW, mem16 EA+58-+2W to EA+68+2W dmem16, AW H42W [5]
DIVU AW, reg8 3
, sreg, regi6 4
AW, mem8 EAH33+W sreg, mem16 EAHI0+2W
DW:AW, reg16 39 re
. 916, sreg 3
OW:AW, memis _EA+43+2W mem16, sreg EA+T+2W [EA+3]
050: e AH, PSW 2
DSt: 2 PSW, AH 3
El 12 DSO0, reg16, memptrd2 EA+H134+4W
EXT reg8, regs 2 DS1, reg16, memptr32 EA+19+4W
reg8, imm4 424122 MOVBK mem8, mem8 204+2W [164+W]
FINT 2 ) mem16, mem16 16-+-(204+4W)n  [16-+(124-2W)n]
FPD‘I 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 W+W MOVSPB L
AW, imm8 16+-2W MUL AW, AL, reg8 31-40
AL DW BHW AW, AL, mem8 EA+33+W to EA+42+W
AW, DW 15+2W DW: AW, AW, reg16 3948
INC reg8 5 DW:AW, AW, mem16 EA+43-+2W to EA-+52+2W
reg16 2 reg16, reg16, imm8 39-49
memd EAHII42W [EATS+2W] regi6, mem16, imm8  EA-+43+2W to EA-+53+2W
mem1id EA+15+4W [EA+11+4W] reg16, reg16, imm16 40-50
reg16, mem16, imm16  EA+44+2W to EA+54+2W
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Instruction Clock Count (cont) : T-49-19-59
Mnemonlc  Operand Clocks Mnemenic  Operand Clacks -
MULU Teg8 2 PREPARE  imm16, imm8 imm8 = 0: 27+2W
imm8 = 1; 38-+4W
mems ;‘:*26”“’ immB = 0> 1: 46+19 (n—1)+4W
reg16 X i
mem16 EA+34+2W PS: _ 2
PUSH regi6 1042w [6]
NEG ::g?e g mem16 EAHIB+AW [EA+144+4W]
DS1 1142w [7]
mem8 EAH114+2W [EA+S+W)
mem16 EAHI5HAW [EA+T142W) P8 2w [
S5 1+2w [7]
Nop 8 DS0 1H42W [7]
NOT :29‘1’6 : PSW 10+2W [6]
g R 82+16W [50]
mem8§ EA+114+2W [EA+9+W] :
imm8 13+2W [9]
memi6 EA+I5+4W [EA-+11+2W] imm1s WioW [10]
NoT1 oY 2
REP 2
reg8, CL. 7
reg16, CL 7 REPE 2
mems, CL EAHTTHW REPZ 2 -
mem16, CL EA+13+2W REPC 2 4&
reg8, imm3 6 REPNC 2 -
reg16, imm4 6 REPNE 2
mem8s, imm3 EA+8+W
mem16, imm4 EAH0+2W REPNZ 2
RET null 20+2W
OR ﬁgg?srﬁggm g pop-value 20+2W
, i 20+H4W
reg8, mems EA+G+W nu
reglh, memts EA4B+oW pop-valug 0-+4W
mem8, reg8 EA+B+2W [EA+G42W] RETI AW [35+2W]
mem16, reg16 EA+H12:H4W [EA+8+4W] RETRBI 12
reg8, imm8 5 ROL regs, 1 8
regi6, imm16 6 regls, 1 8
mem, imms EA+G+W [EA+THW] mems, 1 EAH14+2W [FA+12+W)
mem16, imm16 EAH14+4W [EA+10+4W)] mem16, 1 EA+1BH4W {EA+14+2W]
AL, imm8 5 reg8, CL 1+2n
AW, imm16 6 reg16, CL 114+2n
ouT imms, AL 10+W mems, CL EA+I7+2W+2n [EA+15+W-2n]
imms, AW 1042w mem16, CL EA+21+4W+2n [EA-+17+2W-2n]
DW, AL 9+W reg8, imms8 94+2n
DW, AW SH2W " reg16, imm8 942n
oUT™M DW, mems 1042W [17+2W] mems, immg EA+13+2W+2n [EA+11+W-2n]
DW, mem16 2144W [17+4W] mem16, imms EAHI7-HAW+2n [EA+13+2W+2n]
DW, mems8 1BH{1342W)n  [18+(11+2W)n) ROL4  reg8 B R
DW, mem16 1B+(15+4Win  [18+11-+4W)n] mems EAH1B+2W [EA+16+2W]
POLL 0 ROLC Same as ROL
POP regi6 1242W ROR Same as ROL
memie EAHIG+H4W [EA-+12+2W) RORA — P
221 1§+§W mems EA+2442W [EA+22+2W]
+
. RORC ~ Same as ROL
DS0 1B+2W
PSW 1442w SET 48 2
R 82+16W [58)
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T-49-19-07
Instruction Clock Count (cont) T-49-19-59
Mnemonlc  Operand Glocks Mnemonic  Operand Clocks
SET1 (cont) reg8, CL 7 XCH reg8, reg8 3
reg16, CL 7 reg16, reg16 3
mem8, CL EA+13+2W [EAH114W] reg8, mem8 EA+10+2W [EA+84-2W]
mem16, CL EAHI7+4W [EA+1342W] reg16, mem16 EAH14+H4W * [EA-104+4W]
reg8, imm3 6 mem8, reg8 EA+104-2W [EA+8+2W)
reg16, imm4 6 mem16, reg16 EA+14+4W [EA+104+-4W]
mem8, Imm3 EA+10+2W [EA+B+W] AW, regi6 4
mem16, imm4 EA+H14-HW [EAH104+2W] reg16, AW 4
SHL ~ Same as ROL XOR Same as AND
SHR Same as ROL
SHRA Same as ROL
§S: B 2
ST™ mems - 1242 [10]
mem16 16-+(104+2W)n  [16--(6-+2W)n]
STMB mems 16+(8+W)n [164(6+W)n]
STMW mem16 14+2W [10]
" sTOP 0
suB Same as ADD
SuB4S 224+27+3W)n  [224(25+3W)n]
SUBC Same as ADD
TEST reg8, reg8 4
reg16, reg16 4
reg8, mems EA+84+W
reg16, mem16 EA+10+2W
mem8, reg8 EA+8+W
mem16, reg16 EAHI0+2W
reg8, imm8 7
reg16, imm16 8
mem8, imm$ EAHI1+W
menis, imm16 EA+1142W
AL, imm8 5
AW, imm16 6
TESTH regs, CL 7
reg16, CL 7
mem8, CL EA+114+W
mem16, CL EA+13+2W
reg8, imm3 6
reg16, imm4 6
mem8, imm3 EA+8+W
mem16, imm4 EA+10+2W
TRANS 104+W
TRANSS 104+W
TSKSW 11
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Execution Clock Counts for Operations T-49-19-59
Byte Word

RAM Enable RAM Disable RAM Enable RAM Disable
Context switch interrupt (Note 1) - - 28 28
DMA (Single-step mode) (Note 2) 2042w 20+ 2w 244 4W 24 +4W
DMA {Demand release mode) 15+W 15+W 17 +2W 17+2W
DMA (Burst moda) (12 +2W)n (12 +2W)n (12 + 4W)n (12 + 4W)n
DMA (Single-transfer mode) B+WHN B+W+N B+2W+N B+2W+N
Intarcupt (INT pin) ~" - 62+ 10W 50 + 10W
Macro service, sfr — mem {Note 2) 28+W 21+ W 27 +2W 25+2W
Macro service, mem — sfr 2+W 20+W 26+ 2W 24+2W
Macrae service (Search char mode), sfr — mem 37+W T+W — —
Macro service (Search char mode), mem « sfr T+ W 37+ W - -
Priority vectored interrupt (Note 1) - - 58 + 10w 46 + 10W

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

Notes:

(1) Every Interrupt 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.

Bus Controller Latency

(2) The DMA and macro service clock counts listed are the required

Mode Clocks

HLORQ fatency 74+2W
DMA request fatency (Note 1) Burst 29+ N
Single step 29+N
Demand release 29+N
Single transfer 31+N

Notes:

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

requests.

number of CPU clocks for each transfer.

(3) When an external interrupt is asserted, a maximum of6clocksis &
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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