DATA SHEET

NEC / MOS INTEGRATED CIRCUIT
| uPD70433

V55pPI™
16-BIT MICROPROCESSOR

DESCRIPTION

The uPD70433 (V55P1} is a microprocessor in which a 16-bit CPU, RAM, serial interface, parallel interface, A/D
converter, timers, DMA controller, interrupt controller, etc., are integrated in a single chip. ‘

The V55PI is software-compatible with the uPD70320 and 70330 (V25™ and V35™) single-chip microcontrollers.
The V55PI provides a migration path from the V25. it offers higher-level functions and higher performance, and is

particularly suitable for control of data processing systems associated with mechanical control, including printer
and facsimile.

Detailed functions are described in the following user's manuals, which should be read when carrying out
design work.
+ V55P1 User's Manual Hardware : [EU-1418
» V55S8C, V55P1 User's Manual Instruction : IEU-1416

FEATURES
¢ Internal 16-bit architecture, selectable external data bus width {16/8 bits)
« Software compatible with V20™ and V30™ (native mode) and V25 and V35 (includes additional instructions)
¢ Minimum instruction cycle: 160 ns/12.5 MHz (external 25 MHz)
125 ns/16 MHz (external 32 MHz)

* Address space: 16M bytes:—: 1-Mbyte basic memory space

: 16-Mbyte extended memory space
+ Register file space (in on-chip RAM) : 512 bytes/16 register banks
* /O space . 64K bytes
* Automatic wait control with memory space divided in variable sizes {(max. 6 blocks)
¢ /O line (input ports: 11 bits, input/output ports: 42 bits)
* DMA controller (DMAC): Max. 4-channel configuration possible

+ Four DMA transfer modes {single transfer, demand release, single step, burst)

* Intelligent DMA modes 1 and 2 n
¢ Serial interface: 2 channels

» Asynchronous mode (UART) or clocked mode {CSl) selectable
» Parallel interface: 8 bits

» Centronics data input/output and general-purpose data input/output
* A/D converter (8 bits): 4 channels
+ Real-time output port: 4 bits x 2 channels or 8 bits x 1 channel
e PMW (Pulse Width Modulation) output function : 8 bits

The information In this document is subject to change without notice.

Document No. 1C-3670
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NEC UPD70433

¢ Interrupt controller

* Programmable priority {4 levels)

» Three interrupt servicing methods

Vectored interrupt function, register bank switching function, macro service function

* 16-bit timer: 4 channels
+ Watchdog timer function
¢ Software interval timer (16 bits)
¢ Address field wait insertion function and RAS/CAS switchover timing generation function
¢ DRAM and pseudo-SRAM refresh functions '
Standby functions (STOP mode, HALT mode)
On-chip clock generator

APPLICATIONS
¢ Control of data processing systems using serial or parallel communication
{Data processing terminals, printer, G3 facsimile, etc.)

ORDERING INFORMATION

Maximum Operating

Part Number Package
Frequency (MHz)

pPD70433GD-5BB: 120-pin plastic QFP (28 x 28 mm) 12.5
uPD70433GD-12-588 120-pin plastic QFP (28 x 28 mm) 12.5
uPD70433GD-16-588 120-pin plastic QFP (28 x 28 mm) 16

uPD70433R-12 132-pin ceramic PGA 12.5

puPD70433R-16 132-pin ceramic PGA 16
uPD70433GJ-12-3EB 120-pin plastic QFP {20 x 20 mm) 12.5
#PD70433GJ-16-3EB 120-pin plastic QFP (20 x 20 mm) 18

B Lu27525 00b310&8 LA0 WN
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PIN CONFIGURATION (TOP VIEW)

{1) 120-Pin Plastic QFP (28 x 28 mm), 120-pin plastic QFP {fine pitch) (20 x 20 mm)

BBl REE 2825053 8

ﬁmmTTWTTTT????%????%??

119 117 115 113 111 109 107 105 103 101 99 §7 95 93 9
20 118 116 114 112 110 108 106 104 102 100 98 94
Voo O— 1 O 90 0O AD6
BUSLOCK 00— 2 89 f~—=0 ADS
RIDAK O~——{ 3 88 |0 AD4
HLDRQ O—— 4 87 f——0 AD3
READY O——~] 5 86 [——O AD2
POLL O— & 85 —0 AD1
cwoutr o~——1 7 84 [=——=O ADO
RESET O——~{ 8 83 QO IC (H)
WOTOUT O~—— 9 82— GND
Voo O— 10 b I 8t p——O0 Voo _
X1 O—={ 1 ® v v 80 j——=O TCE1
x2 O—— 12 g388 79 |——0 TCEo
GND O——— 13 - 78 |——0 DMAAKI
REFRQ O 14 2E8 ” O DMAAKD
P00 O=——=] 15 a8 3 76 f——=O P81/OMARQ1
P01 O-— 16 ey 75 f——O PSH/DMARQO
P02 O~—=f 17 % x o 74 —0 Voo
P03 O=—-e{ 18 X x w 73 p——=0Q PTIMRIPT7
Posa O—— 19 ma® 72 —0 P76MTPTE
PO5 O] 20 o 5 71 =0 PISRTPTS
PO§ O——] 21 70 [~——=0O P74RTPT4
Po7 O—nf 22 69 |~—=0 P73RTPT3
GND O——— 23 68 |=——=O P72RTPT2
PIO/NMI O——=1 24 67 f—0 P7IRTPTI
P11ANTPG O—— 25 66 [~——=O P7O/RTPTO
P12ANTP1 O———=] 26 85 ——CO GNO
PI3ANTP2 O——] 27 64 |——O Avoo
P14ANTPI/TI O—{ 28 63 p—0O AVner
PISANTP4 O——{ 29 62 ——0 pe3/aNI3
P16ANTPS O—{ 30 61 ——0C Pe2ANI2
3132333435363738394041 424344 454647 48495051 525354 555657585960
TQ-Cr-0QQIRIR SR AR s NDYTVERADM> QRO =
§§888Sggﬂﬂgggggg§§g§ggz§gg§z55
SESS%nggaog FITIIVES ;53 ?5
Egggggggémégu daddaaadaa o ®°
g8 g g
52 £
o8

Remark IC: Internally Connected

Notes 1. The IC (H) pin should be connected ta Voo with an external resistor (1 ta 10 kQ).
2, The IC {L) pin should be connected to GND with an external resistor (1 to 10 kQ).
3. No connection should be made to the OPEN pin.
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(2} 132-Pin Ceramic PGA

Bottom View Top View

©®o 0000000000 O00©]1s

0OCO0OO0O0O00O0OO0O0OOOOOC)13

00 000CO000O0O0O0O0OO0O}MN
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©oo ©o0o0y8 #PD70433R-xx

0 0o coo} 7

00 O Locator Pin O 0o 6

000 \ oool s

0 00 ® 000} 4

CO0O0O0OOQCO0O0O0O0O0O0OO0O0O0O]| 3

0Oo0O0OO0ODOCOOOODOODOOO]| 2

©@ocoooocoo0co0oo0o0o00@®] O

PNMIL K JHGFEDTCBA A BCDEFGHUJIUKL MNP

Index Mark
Remark The locator pin is not included in the pin count.

No. Signal Nane Port | No. Signal Name Port | No. Signal Name Port
A1 ANI P61 B5 PD7 P47 cs CTSO P33
A2 AVss — | BS6 PDS P4s C10 TO30 P25
A3 ACK P51 B7 PD2 P42 C11 TO00 P21
A4 DATASTB P50 B8 PDO P40 C12 NC _—
AS PD6 P46 BS RxD1/S11 £35 | C13 INTP4 P15
AS PD4 P44 B10 RxDQ/SB1/S10 P31 C14 INTPO P11
A7 PD1 P41 81N TO21 P24 D1 RTPT2 P72
A8 NC —_ B12 TOO01 P22 D2 ‘GND _—
A9 SCK1/CTS1 P36 | B13 | NC — D3 ANI3 P63
A10 TxD1/S0O1 P34 | B14 INTP3/TI P14 | D12 INTP5 P16
Al1 TxC/SCKO P32 C1 RTPT1 P71 D13 INTP2 P13
A12 | TxD0/SB0/SO0 P30 c2 AVnes — | D14 | NMI P10
A13 | TO20 P23 c3 NC —_ E1 RTPTS P75
Al4 | PWM P20 c4 NC — E2 RTPT3 P73
B1 AVoo - — cs Voo - E3 RTPTO P70
B2 ANI2 P62 C6 | GND - E12 | INTP1 P12
83 ANIO Pso Cc7 PD3 P43 E13 GND —
B84 8uUsYy P52 cs Voo —_— E14 —_ PO6
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No. Signal Nane Port | No. Signal Name Port | No. Signal Name Port
F1 | RTPT? P77 | K3 | AD2 — | N3 | AD9 —_
F2 | RTPTE P76 | K12 | POLL ~— | N4 | ADM1 —_
F3 | ATPT4 P74 | K13 | WDTOUT — |} N5 | AD14 —_
F12 — PO7 | K14 | X1 ‘| — | N8 | A8 , —_
F13 T — Pos | L1 | ADO . — | N7 | A2 —_
F14 _— Po4 | L2 | AD3 — | N8 | A23 —_—
G1 | NC — | 3 | ADs — | N9 | D8DIE —
G2 | DMARQO Pao | L12 | BUSLOCK — | N10 | ASTB —_
G3 | Vmo — | L13 { READY — | N11 | TOWR —
G12 — P03 | L14 | RESET — | N12 | DEX —
G13 — P02 | M1 | AD1 — | N13 | Voo —
G14 —_— P01 | M2 | ADS — | N14 | HLDRQ —_
H1 | DMARQ1 P81 | M3 | NC — | 1 | AD7 —_
H2 | DMAAKC — | M4 | AD8 — | P2 | AD10 —
H3 | DMAAK1 — | M5 | AD12 — | P3 | AD13 —
H12 | REFRQ — | M6 | A6 — | P& | ADIS —
H13 — POO | M7 | A20 — | ps | A17 _—
H1s | NC — | M8 | Voo — | pe | A19 —
J1 | TCEO — | M9 | WRH — | P7 | NC —_
J2 | Tcea — | ™10 | TORD — | P8 | A22 —
J3 | GND — M1 | NC — | ps | GND —
J12 | Voo — {miz| NC — | P10 | ICMWL) . —
3 | x2 — | M13 | FIBAK — | | WRL —
J14 | GND — | M4 | cLkout — | P12 | RD —
K1 | Voo — | N1 | AD4 — | P13 | RAS —
K2 | 1c — | N2 | NC — | P14 | OPEN —

Remark IC: Internally Connected
NC: Non-Connection

Notes 1. The IC (H) pin should be connected to Voo with an external resistor {1 to 10 kQ).
2. The IC (L) pin shouid be connected to GND with an external resistor (1 to 10 k).
3. No connection should be made to the OPEN pin.
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NEC

INTERNAL BLOCK DIAGRAM
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1. PIN FUNCTIONS

1.1 LIST OF PIN FUNCTIONS

1.1.1 Port Pins

Pin Name Input/Qutput Function Alternate Function

Port 0

P00 to PO7 Input/foutput | Input/output specifiable bit-wise —
8-bit input/output port

P10* NMI

P11 INTPO

P12 INTP1
Port 1

P13 Input 7-bit input port INTP2

P14 INTP3/TI

P15 INTP4

P16 INTPS

P20 PWM

P21 TO00

P22 Port 2 TOO01
Input/output specifiable bit-wise

P23 6-bit input/output port TO20

P24 TO21

P25 TO30

P30 TxD0/SB0/S00

P31 RxD0/SB1/SI10

P32 Port 3 TxC/SCKO

Input/output | Input/output specifiable bit-wise —

P33 7-bit input/foutput port CTS0

P34 TxD1/SO1

P35 RxD1/S1

P36 CTS1/SCK1
Port 4

P40 to P47 Input/output specifiable bit-wise PDO to PD7
8-bit input/output port

PS50 Port § DATASTB

P51 Input/output specifiable bit-wise ACK
3-bit i t/output rt i

P52 bit input/output po BUSY
Port 6

P60 to P63 Input input/output specifiable bit-wise ANIO to ANI3
4-bit input/output port
Port 7

P70 to P77 Input/output specifiable bit-wise RTPO to RTP7
8-bit input/output port

Input/output

P8O Port 8 ODMARQO
Input/output specifiable bit-wise

P81 2-bit input/output port DMARQ1

10
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uPD70433
1.1.2 Non-Port Pins
(1) Bus control pins
Pin Name Input/ Function Alternate
Output Function
ASTB External bus cycle address strobe signal output in external bus
I To) External memory cycle data read strobe signal output in
| external bus
WAL Output External memory cycle lower byte data write strobe signal
L output in external bus
—_— External memory cycle upper byte data write strobe signal
WRH output in external bus
READY input External bus cycle ready signal input in external bus
DEX External bus cycle upper byte data enable signal output
Qutput
RAS DRAM low address latch timing signal output
D8/D16 Input External bus data bus width selection signal input
BUSLOCK AOutput External bus bus lock signal output
POLL Input of POLL signal {sampled in POLL instruction execution)
Input
HLDRQ External bus hold request signal input
HLDAK External bus hold acknowledge signal output
Qutput
REFRQ Refresh pulse signal output
ADO to AD1S ) 3-state Fxternal bus cycle address/data multiplex signal input/output
input/output | in external bus
3-state . .
A16 to A23 output External bus cycle address signal output in external bus
TORD External /O cycle data read strobe signal output
—_— Output
IOWR External I/O cycle data write strobe signal output
DMARQO DMA request signal input {channel! 0) PBO
Input
DMARQ1 DMA request signal input {channel 1) P81
DMAAKO DMA acknowledge signal output {channel 0}
DMAAK1 DMA acknowledge signal output (channel 1)
Output —_
TCEO DMA termination signal output (channel 0)
TCE DMA termination signal output {channel 1)
11




NEC uPD70433
{2) Other pins
Pin Name Input/ Function Altern.ate
Output Function
GND GND potential
Voo Positive power supply
AVes A/D converter GND potential
AVoo A/D converter analog pdwer supply
AVaer A/D converter reference voltage input
RESET Input System reset signal input
X1 Connection pins of crystal resonator/ceramic resonator for
system clock generation. In case of external clock supply, input
X2 B to X1 and leave X2 open.
CLKOUT Internal system clock @ output
pre— Output
WDTOUT Watchdog timer overflow signal output
NMI Non-maskable interrupt request input *1 P10
INTPO P11
INTPY P12
INTP2 P13
Input External interrupt request input *2
INTP3 P14/T1
INTP4 P1§
INTPS P16
Ti External event clock input P14/INTP3
PWM PWM output P20
Y000, TO01, TO20 : .
. . s t P21t
7021, T030 Output Timer unit output 2110 P25
TxDO UART transmission data output P30/SB0/SO0
RxDO Input UART reception data input P31/8B1/S10
TxC Output UART transmission clock output P32/SCKO
CTS0 P33
Input UART transmission enable signal input
CcTS1 P36/SCK1
$80 P30/TxD0/SO0
Input/output | SBI transmission/reception data input/output
SB81 P31/RxDO/SI0

reading from port 1, the pin level is read).
2. By masking or disabling (IE = 0) these interrupts, these pins can be used as general-purpose input/output
ports, respectively.

12
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Pin Name input/ Function Alternate
Output Function
SO0 P30/TxD0/SBO
Cutput CSl transmission data output
sO1 P34/TxD1
sio P31/RxD0/SB1
Input CSl reception data input
sh P35/RxD1
SCKo P32/TxC
CSH serial clock input/output
SCK1 P36/CTS1
PDO to PD7 Parallel interface — Data input/output - P40 to P47
Input/output
DATASTB Parallel interface — Data strobe sigaal P50
ACK Parallel interface — Acknowledge signal P51
BUSY Parallel interface — Busy signal P52
ANIO to ANI3 Input Analog input signal to A/D converter P60 to P63
RTPO to RTP?7 Output Real-time output port P70 to P77
13
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2. BLOCK CONFIGURATION

2.1 BUS CONTROL UNIT (BCU)
The BCU performs control of the main bus. The BCU starts the necessary internal/external bus cycle on the basis

of the physical address obtained from the execution unit (EXU).

2.2 EXECUTION UNIT (EXU)

The EXU controls address calculation, arithmetic and logical operations, data transfer, etc., by means of a
microprogram {firmware for controlling the micresequencer on the basis of decoded op code). The EXU contains
512 bytes of RAM (corresponding to the register file space).

2.3 INTERRUPT CONTROLLER (INTC)

The INTC services hardware interrupt requests generated by on-chip peripheral hardware and interrupt requests
generated externally with vectored interrupts, bank switching, or macro service. It can also control the program-
mable 4-level interrupt priority order, and can also perform multiprocessing control for interrupt.

2.4 DMA CONTROLLER (DMAC)

The DMAC is a general-purpose DMA controller, capable of handling the 16M-byte memory space in a linear
fashion. Operating modes comprise memory-to-memory transfer mode, intelligent DMA (ring buffer method and
counter control method) mode, next address specification mode, and 2-channel operation. '

2.5 UART/CLOCKED SERIAL INTERFACE (UART/CSH)

This block supports the asynchronous interface (UART) in which data synchronization is achieved by means of
start/stop bits, and the clocked serial interface (CSl), allowing either to be used.

Forthe clocked'serial interface there is a further choice of serial bus interface mode (SBl) or 3-wire serial I/O mode.

2.6 PARALLEL INTERFACE UNIT (PIU)
This performs input/output using strobe signal synchronization in 8-bit units, and supports the Centronics
interface and general-purpose parallel data communication functions.

2.7 A/D CONVERTER UNIT (8-BIT A/D)
T_his is an A/D converter with 4 analog inputs, and provided with 4 A/D conversion result registers.

2.8 TIMER/COUNTER UNIT (TCU)
The timer/counter unit incorporates a 16-bit timer/counter, and can be used as an interval timer, free-running
counter, or event counter.

29 PWM (PULSE WIDTH MODULATION) UNIT (PWM)
An B-bit precision PWM (pulse width modulation) signal output function.

2.10 WATCHDOG TIMER (WDT)
The WDT incorporates an 8-bit watchdog timer for detection of inadvertent program looping, system errors, etc.
The WDTOUT pin is provided to give external notification of the generation of watchdog timer interrupts.

2.11 PORTS (PORT)
53 port pins are provided, allowing port pin and control pin functions to be selected.

2.12 REAL-TIME OUTPUT PORT (RTOP)
This is a real-time output port which uses an interrupt from timer 0 as a trigger. It can output the contents of the
B-bit buffer register at programmable intervals in 4-bit or 8-bit units.

14
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2,13 CLOCK GENERATOR (CG)

The CG generates a clock at a frequency of 1/2, 1/4, 1/8 or 1/16 that of the crystal and oscillator connected to the‘
X1 and X2 pins and supplies it as the CPU operating clock.

2.14 SOFTWARE INTERVAL TIMER (SIT)
- The SIT incorporates a 16-bit software interval timer as a software timer function and watch function timer.

Interval interrupts can be set by input clock (count clock} selection and software timer/counter compare register
setting.

15
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3. CPU FUNCTIONS
The CPU of the V55P! is software upword compatible with the V20 and V30 (native mode}, and the V25 and V35,

3.1 FEATURES
» Software upward compatible with V20 8 V30 (native mode) and V25 & V35 (includes additional instructions)
* Minimum instruction cycle: 160 ns/12.5 MHz (external 25 MHz clock)
' 125 ns/16 MHz {external 32 MHz clock)
s Address space: 16M bytes —-'l—_—_1M-byte basic memory (program) space
16M-byte extended memory (data) space
+ Register file space (in on-chip RAM): 5612 bytes/16 register banks
» {/O space: 64K bytes
« Register configuration (compared with V20/V30 and V25/V35)

ftem V20, V30 V25, V35 Lo L VeBPILL L
Extended segment register None None DS2, DS3
Register bank None 8 banks {in memory space) 16 banks (in register file space)
Mode flag MD None None
Register bank flags None RBO to RB2 RBO to RB3
PSW ot -
nput/output instruction —m —
trap flag None IBRK IBRK
User flag None FO, F1 None
. . 240 bytes 496 bytes
Special function register area None {memory mapping onto {memory mapping onto
FFFOOH to FFFEFH) FFEOOH to FFFEFH)

« Internal 16-bit architecture, switchable external data bus width (16/8 bits)

» Automatic wait control with memory divided in variable sizes (max. 6 blocks)
- Programmable wait function
« Wait function using READY pin

« Refresh function
» Automatic generation of refresh cycle (RAS only)

» RAS pin functions

RAS pin — DRAM RAS timing
RD, WRH, WRL pins  — DRAM CAS timing
ASTB pin — DRAM row/column address switching timing

16
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3.2 REGISTERS

The V55P1 CPU has general register sets compatible with the V20 and V30 {native mode), and the V25 and V3as.
The general register sets are mapped onto the register file space. These general register sets are also used as on-
chip RAM, and there can be a maximum of 16 register sets in bank form.

In addition, the V55P! has various special function registers for controlling on-chip peripheral hardware. These
special function registers are mapped onto memory space addresses 0FFEOOH to OFFFEFH.

3.2.1 Register Banks

The general register sets are mapped onto the register file space (in on-chip RAM). The general register sets are
used in a bank arrangement; each bank consists of 32 bytes and up to 16 banks can be set.

The CPU normally uses register bank 15 for program execution, and it is possible to switch to another bank
automatically by means of maskable hardware interrupt or software interrupt (BRKCS instruction). It is possible to
return from the switched-to register bank to the original register bank by means of the instruction for returning from
an interrupt (RETRBI).

The register bank configuration is shown in Figure 3-1. The general register sets are mapped onto the area with
an offset of (+08H) to (+1FH) from the start address of each register bank. The word address from the startin a register
bank is the extended segment register (DS2) area. The vector PC/DS3 area is used to set the value to be loaded into
the PC when the register bank is switched, that is, the offset value of the start address of the interrupt service routine.
This area is also used as the extended segment register {DS3) area. The PSW save area is used to save the PSW
when the register bank is switched, and the PC save area is used to save the PC when the register bank is switched.

After a reset, register bank 15 is selected automatically. Also, segment register initialization after a reset is
performed for register bank 15 only.

The register file space onto which these general register sets are mapped can also be accessed as data memory
by addition of a special prefix instruction (IRAM:} to a memory manipulation instruction.

Of the 16 set register banks, banks 0 and 1 have macro service channels (parameter and work area for macro
service) allocated in duplicate.

17
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Figure 3-1. Register Bank Configuration
Register File Space (512 bytes}
+00H 15 87 0
000H jmmmm———- -
Register Bank 0 o Ds2
020H +02H
1 o Vector PC/DS3
040H s +04H
2 ," PSW Save
060H +06H
3 PC Save
080H +08H
s |7 DSO
0AOH ’ +0AH
5 SS
OCOH . +0CH
6 | PS
OEOH \ +0EH
7 \\ DS1
100H +10H
8 \ Iy
\
120H Y +12H
) 1X
140H A +14H
10 8P
160H \ +16H
1M \ sP
180H +18H
) BW
12 S s Fo————————-
\ BH ' BL
1AOH ] +1AH
13 . oW
. T meemeew- | andiadiadenit i
\ DH ' DL
1COH \ +1CH
Y | W .
1 \ cH 1 cL
1EQH N +1EH
' AW
15 LU U ettt | stk
\ AH ! AL
1FFH R
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3.2.2 General Registers (AW, BW, CW, DW)

There are four 18-bit general registers. In addition to being accessed as 16-bit registers, these registers can also
be accessed as 8-bit registers by dividing each register into upper and lower 8-bit halves (AH, AL, BH, BL, CH, CL,

DH, DL).

These registers are used as 8-bit or 16-bit ragisters with a wide range of instructions including transfer, arithmetic

and logical operation instructions,

Each register is also used as the default register for specific instruction processing, as shown below.

AW : Word multiplication/division, word input/output, data conversion
AL : Byte multiplication/division, byte input/output, BCD rotation, data conversion
AH : Byte multiplication/division

BW : Data conversion

CW : Loop control branch, repeat prefix

CL : Shift instructions, rotate instructions, BCD operations

DW : Word multiplication/division, indirect addressing input/output

These registers are mapped onto the register file space (in on-chip RAM). The address is the value obtained by
adding the offset for each register to (register bank number x 32).

Table 3-1. General Register Offsets

Register Offset Register Offset
AL 1EH
AW 1EH
AH 1FH
BL 18H
Bw 18H
BH 19H
CcL 1CH
CwW 1CH
CH 10H
DL 1AH
DW 1AH
DH 1BH

M 427525 00L3125 76T R
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3.2.3 Pointers (SP, BP} and Index Registers {(IX, IV}

These are 16-bit registers used as base pointers or index registers in memory accesses using based addressing
{BP), indexed addressing {iX, 1Y), based indexed addressing (BP, IX, 1Y), etc. The SP is also used as the pointer in
stack operations. As with general registers, these are used with transfer instructions, arithmetic operation
instructions, etc., butin this case they cannot be used as 8-bit registers. Each register is also used as the fixed address
pointer for specific instruction processing, as shown below.

SP : Stack manipulation
IX : Block transfers, BCD operation source side address specification
1Y : Block transfers, BCD operation destination side address specification

These registers are mapped onto the register file space {in on-chip RAM). The address is the value obtained by’
adding the offset for each register to (register bank number x 32}.

Table 3-2. Pointer and Index Register Offsets

Register Offset
SP 16H
BP 14H
IX 12H
Iy 10H

3.2.4 Segment Registers (PS, SS, DS0, DS1)

The CPU manages the 1M-byte basic memory space by dividing itinto 64K-byte units. The CPU specifies the start
address of each segment with asegment register, and uses another register or effective address for the specification
of phyiscal address, with the relative address from the start address as the offset.

The physical address is created as shown below.

Segment Register 4-Bit Fixed
—————

x{x|x|x|0 H ... ‘Segment Start Address
+ Ol x{x]|x|x|H .... Offset Value
X x x x x H ... Physical Address (20 Bits)

There are four segment registers: PS (Program Segment), SS (Stack Segment), DSO (Data Segment 0), and DS1
(Data Segment 1). The respective segments are used in the following cases.

PS : Program fetch

SS : Stack manipulation instructions, addressing using BP as base register

DSO0: General variable accesses, source block data accesses such as block transfer instructions, etc.
DS1: Destination block data accesses such as block transfer instructions, etec.

20
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However, using a segment override prefix instruction makes it possible for access of general variables to change

from DS0 to another segment register. Also, in addressing which uses BP as the base register, another segment
register can be used instead of SS.

Example MOV AW, 1000H
MOV DS1: AW
MOV BL, DS1, BYTE PTR {IX]; DSl : Byte data read from IX

When a reset is performed, PS of register bank 15 is initialized to FFFFH, and SS, DS0 and D31 are initialized to
0000H.

These registers are mapped onto the register file space (in on-chip RAM). The address is the value obtained by
adding the offset for each register to (register bank number x 32).

Table 3-3. Segment Register Offsets

Register Offset
DSo 08H
Ds1 OEH

§S 0AH
PS " OCH

3.2.5 Extended Segment Registers (DS2, DS3)
In addition to the segment registers for accessing the 1M-byte basic memory space, the V55P! is provided with
extended segment registers which specify the start address of each 64K-byte segment of the 16M-byte extended

memory space. There are two extended segment registers, DS2 (Data Segment 2) and DS3 (Data Segment 3), which
are used as shown below.

DS2: Extended memory space general variable accesses (by segment override prefix instructions), source
block data accesses in extended memory space block transfer instructions, etc.

DS3: Extended memory space general variable accesses (by segment override prefix instructions), desti-
nation block data accesses in extended memory space block transfer instructions, etc.

The data access using an extended semgnet register is performed by using the segment override prefix.
Especially, in the block transfer instruction, DS2 and DS3 can be specified simultaneously by segment override
prefix. (In this case, the order for DS2 and DS3 is optional.)

Example REP
DS2:
DS3: MOVBKW ; Word memory block transfer from DS2 : IX to DS3: IY.

The CPU specifies the start address of each segment with an extended segment register, and performs an access

by using another register or effective address forthe specification of physical address, with the relative address from
the start address as the offset value,

The physical address is created as shown in the next page.

21
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Extended Segment Register 8-Bit Fixed

Segment Start Address

Offset Value

x x X %X x x H ...  Physical Address (24 Bits)

When a reset is performed, DS2 and DS3 of register bank 15 are initialized to 0000H.
These registers are mapped onto the register file space {in on-chip RAM). The address is the value obtained by
adding the offset for each register to (register bank number x 32).

Table 3-4. Extended Segment Register Offsets

Register - Offset
DS2 00H
DS3 02H (Also used as vectored PC)

3.2.6 Special Function Registers (SFR)

The V55P1 has a group of registers with the function of contrqllirig on-chip peripheral hardware.

A number of registers are provided according to the type of cotrol for each peripheral hardware unit, and the
actual operation can be set using the individual bits in the registers. These registers are mapped onto the memory
space, and are read and written to using the same method as for ordinary memory {(see 3.5.3 "Special Function
Register Area").

Example MOV AW, OFFEQOH
MOV DS1, AW
MOV BL, DS1:BYTE PTR [1EFH]; OFFEOH : 1EFH (PRC register) Read

There are also two instructions, BTCLR and BTCLRL, which are only valid for special function registers. Of these,
BTCLRL is an instruction newly provided in the V25 or V35.

The BTCLR instruction is valid for registers in the upper 240 bytes (0FFFOOH to OFFFEFH) of the special function
register area, and the BTCLRL instruction is valid for registers in the lower 256 bytes (OFFEOOH to OFFEFFH).

22
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- 3.3 PROGRAM COUNTER (PC)

This is a 16-bit binary counter which holds the offset value of the program memory address on which the CPU
is to perform execution.

The PC is incremented each time an instruction code is fetched from the instruction queue, and is also loaded
with the new location address value when a branch, call, return or break instruction is executed.

When a reset is performed, 0000H is loaded into the PC. Because the PS register is initialized to FFFFH in a reset,
after a reset the CPU begins execution at physical address OFFFFOH.

3.4 PROGRAM STATUS WORDS (PSW)
The PSW consists of 6 status flags and 5 control flags.

- Status flags

+V (Overflow) ...Overflow detection flag

+ S {Sign) ...Sign bit detection flag

«Z (Zero) ...All zero detection flag

* AC (Auxiliary Carry) ...4-bit carry/borrow detection flag
* P (Parity) ... Parity detection flag

-CY (Carry) ...Carry/borrow detection flag

« Control flags
* RBO to RB3 (Register Banks 0 to 3) ...Register bankspecification flags

*» DIR (Direction) ...Block transfer/input/output instruction direction control flag
+ |E (Interrupt Enable) ...Interrupt enabled state control flag

-BRK {Break) ...Singte-step interrupt control flag

-TBRK (I/O Break) ...Input/output instruction trap control flag

The status flags are set (1) or reset (0) automaticaily according to the result (data value) of execution of various
kinds of instructions. The CY fiag can be directly set, reset or inverted by an instruction.
The control flags are set or reset by instructions, and control the operation of the CPU. The IE and BRK flags are
always raset when interrupt servicing is initiated.
The contents of the PSW can be saved to and restored from the stack by the PUSH and POP instructions. However,
~when the contents are restored by the POP PSW instruction, bits 12 to 15 (RBO to RB3) are not returned to the PSW.

The low-order 8 bits of the PSW can also be saved to or restored from the AH register by an MOV instruction.
The PSW bit configuration is shown below.

6 14 13 12 1 0 9 8 7 6 5 4 3 2 1 0
| meslre2 [rer [reo [ v Jom [ e Jeac] s [z [ o [ac o [p [ERR]cr]
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3.5 MEMORY SPACE

The V55P!1 has a 16M-byte memory space. Of this, using lowest 1M bytes (000000H to OFFFFFH) as the basic
memory space, the 16M bytes including the basic memory space (000000H to FFFFFFH) can be accessed as the
extended memory space. The basic memory space can be accessed using the segment registers (PS, SS, DS0, DS 1)
in the same way as in the V25 and V35. The extended memory space can be accessed using the extended segment
registers {DS2, DS3), and has the basic memory space mapped onto the lowest 1M bytes. See 3.2.4 "Segment Registers
{PS, SS, DS0, DS1)" and 3.2.5 "Extended Segment Registers (DS2, DS3)" for the physical addresses.

The 496-byte space 0FFEOOH to OFFFEFH has mapped onto it a group of registers to which specific functions are
allocated such as on-chip peripheral hardware registers, control registers, etc., and these are manipulated by
memory accesses.

In addition, independent of these, there is a 512-byte register file space (in on-chip RAM). In addition to being
accessed by using register manipulation instructions as in the V25 and V35, the register file space can also be
accessed as data memory by adding a special prefix instruction (IRAM:) to a memory manipulation in.

Figure 3-2. Memory Space

000000H [
Vector Area :
003FFH i
]
:
Basic Memory |
Space ;
(1M Bytes) !
i
]
t
E
--------------- ]
OFFFFFH _tr >~ FFEOOH | Extended Memory
100000H / | FFFEFH Space (16M Bytes)
Special Function
Register Area
{On-Chip Area)
FFFFFFH

3.5.1 Basic Memory Space

The memory space comprises a 1M-byte basic memory space and 16M-byte extended memory space. The basic
memory space is mapped onto the lowest 1M bytes (000000H to OFFFFFH) of the extended memory space.

The 1M-byte basic memory space is shown in Figure 3-3.

Conditions for accessing the basic memory space by software are the same as for the V20/V30 and V25/V35.

A basic memory space physical address is specified by the segment start address indicated by the segment
register (PS, SS, DSO, DS1) and the offset value from the segment start position indicated by another register or
immediate data.

The basic memory space has the vectored interrupt vector area and special function register area mapped onto
it. For an area in which special function registers are mapped, data accesses cannot be made to external memory
(program fetches are possible.)
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Figure 3-3. Basic Memory Space

000000H ]}
1M Bytes
OFFFFFH_)

Vector Area

Spaecial Function Register Area

{internal Area)

]

00000H
OO3FFH

FFEOOH

FFFEFH

OFFFOH to OFFFFFH is a program area used for the system boot, and PS and PC become OFFFH and OH,
respectively, therefore the program execution starts from OFFFFOH.

3.5.2 Extended Memory Space

The 16M-byte extended memory space is shown in Figure 3-4.

The only accesses that can be performed on the extended memory space are data accesses.

The basic memory space is mapped onto the lowest 1M bytes (000000H to OFFFFFH) of the extended memory
space, and can be accessed using the segment registers PS, SS, DSO and DS1.
Data accesses can be performed in the extended memory space using the extended segment registers DS2 and
DS3. With DS2 and DS3 it is possible to use a specification as a segment override prefix instruction added to a

memory manipulation instruction.

An extended memory space physical address is specified by the segment start address indicated by the extended
segment register and the offset value from the segment start position indicated by another register or immediate
data. If the generated address indicates the lowest 1M-byte area (000000H to OFFFFFH), the basic memory space

is accessed.
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Figure 3-4. Extended Memory Space

000000H Vector Area ggggg:
1M Bytes
Q FFEOOH
/ FFFEFH
OFFFFFH /
100000H /

Spaecial Function
Register Area
{Interneal Area)

16M Bytes

FFFFFFH

3.5.3 Special Function Register Area

The 496-byte space OFFEOOH to OFFFEFH has mapped onto it a group of registers to which functions such as
on-chip peripheral hardware operation specification', status monitoring, etc., are assigned.

Program fetches cannot be performed from these areas.

Special function register manipulation is performed by accesses by means of memory manipulation instructions.

If the special function register area is accessed, RD, WRH, WRL, IORD, IOWR and other control signals do not
become active.

A list of special function registers is given in Table 3-5. The meaning of the items in the table is explained below.

* SYmbol .eeeivcrcnieninicnine The symbol used to indicate the special function register name. Corresponds to the
operand description format (symbol name) in a memory manipulation instruction.
SR/ it Indicates whether this special function register is read/write enabled.
R/W : Read/write enabled
R . Read only

W : Write only
» Manipulation Method ... indicates which of the following can be used on the register: bit manipulation,
8-bit manipulation, 16-bit manipulation, 32-bit manipulation.
* RESET .ereereeereerenne Indicates the status of the register after RESET input.

Note Addresses which are not listed are the reserved area, therefore, they should not be accessed by the user
program.
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3.5.4 Vector Table Area
The 1K-byte area 00000H to 003FFH in the memory space holds 256 vectors (4 bytes used per vector) for the start

addresses of interrupt routines initiated by interrupt requests, break instructions, etc.

In the initial state, vectors 0to 47 are reserved as V55P! family dedicated on-chip peripheral and software interrupt
vectors. For vectors 8 to 47, the vector address of hardware interrupts except NMI can be changed by means of bits
VO and V1 of the interrupt mode control register (IMC}).

Vector 0
Vector 1
, Vector 2
Vector 3
Vector 4
Vector 5
Vector 6
Vector 7

(00000H)
(00004H)
(00008H})
(0000CH)
{00010H)
(00014H)
{00018H)
{00G1CH)

WhenV1=V0=0:

Vector 8

Vector 8

Vector 10
Vector 11
Vector 12
Vector 13
Vector 14
Vector 15
Vector 16
Vector 17
Vector 18
Vector 19
Vector 20
Vector 21
Vector 22
Vector 23
Vector 24
Vector 25
Vector 26
Vector 27
Vector 28
Vector 29
Vector 30
Vector 31
Vector 32
Vector 33
Vector 34
Vector 35
Vector 36
Vector 37
Vector 38
Vector 39

34

{00020H)
(00024H)
{00028H)
(0002CH)
(00030H)
(00034H)
{00038H)
(0003CH)
(00040H)
{00044H)
(00048H)
(0004CH)
(00050H)
(00054H)
{(00058H)
(0005CH)
{00060H)
{00064H)
(00068H)
{0006CH)
{00070H)
(00074H)
(00078H)
{0007CH)
(00080H)
(00084H)
{00088H)
{0008CH)
{00090H)
(00094H)
(00098H)
{0009CH)

: Divide error .

: Single step

: NMI instruction

: BRK 3 instruction

: BRKV instruction

: CHKIND instruction

: Input/output instruction

: FPO instruction/exception trap

. INTWDT

: INTPO

: INTP

: INTP2

: INTP3

: INTP4

: INTPS

: System reserved

: INTCMO00

: INTCMO1

: INTCM10

: INTCM11

: INTCM21

: INTCM31

: INTDO DMA#0_MAIN
: INTDOS DMAZ#0_SUB
: INTD1 DMA#1_MAIN
: INTD1S DMA#1_SUB
: INTSERO

: INTSER1

¢ INTSRO/INTCSIO

: INTSR1/INTCSI1

: INTSTO

: INTST

: INTSIT

: System reserved

. System reserved

: System reserved

. INTPAI

: INTAD

: System reserved

: System reserved

M Lu27?525 0063140 T7?: HE
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Vector 40 (000AO0H)
Vector 41 (000A4H)
Vector 42 (000ABH)
Vector 43  (QOCACH)
Vector 44  (000BOH)
Vector 45  (000B4H)
Vector 46  (000B8H)
Vector 47 (000BCH)

WhenV1=0,V0=1:
Vector 72 (00120H)
Vector 73  (00124H)

. .

Vector 110 (00188H)
Vector 111 (0018BCH})

WhenV1=1,V0=0:
Vector 136 {(00220H)
Vector 137 (00224H)

Vector 174 (002B8H)
Vector 1756 (002BCH)

WhenV1=1,V0=1;
Vector 200 (00320H)
Vector 201 (00324H)

.

Vector 238 (003B8H)
Vector 233 (003BCH)

M Lu27525 00L314l S02 WA

: System reserved
: System reserved
: System reserved
: System reserved
: System reserved
: System reserved
: System reserved
. System reserved

: INTWODT
: INTPO

. System reserved
: System reserved

: INTWDT
: INTPO

. System reserved
: System reserved

¢ INTWODT
: INTPO

: System reserved
: System reserved
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3.6 REGISTER FILE SPACE

The register file space is shown in Figure 3-5.

The size of the register file space is 512 bytes, and a maximum 16-bank register set can be set.

The register file space is separate from the memory space, and in addition to accesses using a register
manipulation instruction as with the V25 and V35, the register file space can be accessed as data memory by adding
a special prefix instruction {IRAM:) to a memory manipulation instruction. (Access is perfo'rmed asynchronously
independently of the external bus cycle. '

When the IRAM: prefix instruction is added to a memory manipulation instruction, the CPU performs a data access
with the low—order 9 bits of the memory address offset value as the register file address. In this case, segment
register and physical address addition is not performed, and an external bus cycle is not initiated.

Example

Label1: MOV IRAM : [0024H], AW - (D
MOV [00S6H], BW - @

(@ This shows the case where data is transferred to the register file space using an "IRAM:" prefix
instruction. The AW register value is stored in address 24H of the register file.
@ This shows the case where an instruction for data transfer to the memory space is used.

If the IRAM prefix instruction is added to the primitive block transfer instruction and BCD operation instruction,
which specify the source block and destination block, it becomes effective for the destination block.

Also, the macro service conro! word area (008H to 03FH), the macro service work area (000H to 007H), and the
area used by the macro service channel (008H to OFFH) are allocated in overlapping fashion in the file space. If a
specific macro service which requires work area (RTOPTRN) is not used, these work areas can be used as data space.

B Lu27?525 D0bL3Lu2 849 WE
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Figure 3-5. Register File Space
000R
Macro Service Work Area
008H +00H 15 87 0
000H Macro Service Control -
Register Bank 0 Word Area 03FH L DS2
020H I ,’/ +02H
1 _____——"'— ,,’ Vector PC/DS3
040H - S +04H
2 Macro Service /, PSW Save
060H Channel Area /’ +06H
3 . OFFH S PC Save
080H ol S +08H
4 DSO
OAQOH ’ +0AH
5 L7 SS
0COH +0CH
6 /” . PS
OEOH 7 S +0EH
7| S DS1
100H ’ ’ +10H
8 J 1Y
120H S/ +12H
9 IX
140H /' +14H
10 S BP
160H e +16H
1 S SP
180H " //, +18H "-Eg—gﬂwgin-
1AO0H - ,/ +1AH_""“va _______
1COH ,/ s1cH —2H DL
14 ,/’ n---_--P,Vi/ _______
1EOH { +1EH p—CH L CL
15 ‘ __—-—_—A-‘W- -------
VEER b b | Aad ¢ AL

M bLb427525 0063143 745 HE

(Offset from the starting address of each register bank}
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3.7 1/0 SPACE

The V55P| has a 64K-byte I/O space.

The 1/O space map is shown in Figure 3-6.

The I/O space is accessed using address bus/data bus and control signals {IORD, 10WR, etc).

0 is output from the unused high-order 8 bits of the address bus.

Wait cycles can be inserted in an /O cycle by software and the READY pin.

The area FEBOH to FFFFH of the I/O space is a reserved area, in which two V&SP on-chip peripheral DMA input/
output read/write pointers (IOP) are allocated. The address of I0P0 is FF94H, and the address of 10P1 is FFB4H.

When the CPU executes an input/output instruction with an IOP address as an operand, the DMA controller
performs a read/write of data in the DMA controller transfer buffer, with the IOP contents as the address value, and
increments (or decrements) the IOP value automatically in accordance with the contents of the DMA control register.
Therefore, data written by the DMA controller can be referenced by an input/output instruction, and conversely, data
written by an input/output instruction can be transferred by the DMA controller.

Figure 3-6. 1/0 Map (64K Bytes)

0000H

FF8OH 3

FF94H 1OP 0

FFB4H 0P 1 Reserved Area
FFFFH /

Remark 10Pn corresponds to the DMA read/write pointer (DPTCn).

B Ly27525 006314y b1l HE
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4. BUS CONTROL FUNCTIONS

With the V55PI pin, refer to 1.1.2 (1) "Pin function for bus control”.
As regards pins which have an aiternate function as port pins, when that function is used, the corresponding
function must be selected by means of the port mode control register (PMCn).

4.1 WAIT FUNCTION

The V55P] divides'the basic memory space (000000H to OFFFFFH) into a maximum of 4 blocks with a variable
memory size, divides the uppermost extended memory space area (100000H to FFFFFFH) into two areas with a
variable memory size, and performs wait control for each block. The memory size of each block in the basic memory
space is specified by the memory block control register (MBC).

Figure 4-1 shows the memory block configuration when A9H has been set for the MBC register value.

Figure 4-1. Partitioned Memory Control

1 Y] 1 0 1 1 0 1

MBC | MB31{MB30| MB21MB20|M811{MB10|MBO1;MBOO

Main Memory Space
00 e
Block O 128K Bytes
01 ——
00 ——  JQ—— e 256K Bytes
Block 1
o > — b 512K Bytes
00 T 640K Bytes
o1 » 10 P 768K Bytes
Block 2
10— mmmefmm e -] B96K Bytes
Block 3
nMe—e 11— Block 4 1M Bytes
00| e . oK e 2M Bytes
1 1 T ———m oo 4M Bytes
10— ccmceccccmeccccmc e emm—mm————————— 6M Bytes
M ] 8M Bytes
Block 5

16M Bytes

39
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Figure 4-2. Memory Wait Control
7 6 5 4 3 2 1 0
(BLOCK3) (BLOCK?2) (BLOCK1) {(BLOCKO)
PWC1
DWa1 DW3o DW21 I DW20 Dwi1i1 | DW10 DWO01 DWoo
7 6 5 4 3 2 1 0
(BLOCK4)] (BLOCK1) {I/0O Space) (BLOCKS) (BLOCK4)
PWCO
AW1 AWO0 {OW1 l I0Wa DWS51 l DWS50 DW4#1 DW40
Data Wait (DW, IOW)
DWn1/i0W1 | DWnO/IOWO | Wait State
0 [} [V |
0 1 1*2
1 0 2 %2
1 1 32

* 1. READY signal is ighored.
2. Additional control by means of READY signal is also possible.

Address Wait (AW)

Wait State

Naot inserted (block 1)

Inserted (block 1)

Not inserted (block 4)

AWn
0
AWO
1
0
AW1
1

Inserted (biock 4)

W L427525 00b3ILu4b 49y W
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4.2 REFRESH FUNCTION
The following functions are provided to refresh DRAM and pseudo-SRAM.

* Function to insert periodically a refresh cycle in a series of bus cycles
* Refresh address output function to refresh DRAM and pseudo-SRAM
» Function to generate a refresh cycle in hold mode and HALT mode.

- Function to insert a wait state in a refresh cycle

4.2.1 Refresh Mode Register {(RFM)
The RFM register is an 8-bit register to control refresh operation.
A refresh cycle can be selected from the time base counter output tap.
While a refresh request is held by another bus cycle if the next refresh request is generated, only the latter is valid.
The RFM register value after a reset is 77H.

4.2.2 Wait Control in Refresh Cycle
A wait state can be inserted in a refresh cycle. The specified number of wait states is inserted for memory block
4 by the programmable wait control register (PWC0) or READY pin.

4.2.3 Refresh Address

Bus pins ADO to AD15 and A16 to A19 are activated in a refresh cycle.

For each refresh cycle, the count is performed in one-address increments from x00000 to x1FFFFF in the case
of the external 8-bit bus width, and in two-address increments from x00001H to xFFFFF in the case of the external
16-bit bus width (the minimum address is returned to after the maximum address).

After initialization by a reset, count-up is started from x00000H in the case of the external 8-bit bus width and
x00001H in the case of the external 16-bit bus width.

In the case of the external 16-bit bus width, the refresh address minimum address bit (A0) is fixed at “1” and the
DEX pin output is also fixed at “1~.

A20 to A23 are undefined in a refresh cycle.

41
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5. INTERRUPT FUNCTIONS

The V55°P! incorporates a powerful interrupt controller {INTC) which controls multiple-interrupt servicing for a
total of 256 maskable hardware interrupt requests: 19 internal and 6 external. The interrupt controller controls
multiple-interrupt servicing based on programmable priority.

The following functions are provided as interrupt servicing modes: vectored interrupt function, macro service
function, register bank switching function.

5.1 FEATURES
VS55PI interrupt functions offer the following features:

« Comprehensive servicing states for interrupt requests

» Vectored interrupt function : Branch to interrupt service routine specified by vector table
- Register bank switching function : High-speed interrupt response by automatic register bank switching
« Macro service function : High-speed interrupt servicing by microprogram (firmware)

¢ 4-level programmable priority order control
* Interrupt multiprocessing control according to the priority
« Rich variety of macro service functions (following 7 modes) closely tied to V65P! on-chip peripheral hardware

EVTCNT : Event count processing

BLKTRS : Data transfar between special function register and external memory buffer

BLKTRS-C : Data transfer between special function register and external memory buffer (with transfer data
detection function)

DTACMP : Special function register status detection

DTADIF : Time measurement by timer capture function

RTOPTRN : Automatic control of real-time output port

DTACMP-M : Data transfer between external I/O and memory

+ 7 external interrupt request inputs (NMI, INTPO to INTPS)
« Maskable interrupt requests are individually maskable.

A list of interrupt sources is given in Table 5-1.
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5.2 INTERRUPT RESPONSE METHODS

The V55P1 has three interrupt response methods: a vectared interrupt function, register bank switching function,
and macro service function. In the case of a maskable interrupt request, one of these functions can be selected by
means of the interrupt request control register (ICxx) for each interrupt source according to the purpose of the
interrupt. The on-chip interrupt controller handles interrupt requests according to the set response method.

5.2.1 Vectored Interrupts

Avectored interrupt can only be acknowledged in the interrupt enabled state (El state). When a vectored interrupt
is acknowledged, the CPU enters the interrupt disabled state (Dl state), and the current PSW contents and PC and
PS contents are saved to the stack. Then the corresponding vector is selected from the vectortable, and the interrupt
service routine is started at the addrass indicated by that vector. Vector numbers are fixed for each interrupt source.
In the DI state, interrupts are held pending, and are acknowledged when the El state is set again.

The return from the interrupt is performed by an RET! instruction. In the case of a hardware interrupt other than
anon-maskableinterrupt, an FINT instruction must be executed before the return instruction. When a return is made
from an interrupt, the PC, PS and PSW are restored from the stack.

Figure 5-1. Interrupt Acknowledge Operation (Performed in Sequence @ — @)

Vector Table Stack
nx4
SP-6
nx4+2
— SP-4
—=1 SP-2
n: Vector Number ®

~
A\
)

]
d ( ™. ®sPesp-6
L] PC —\,\>
@
PS
PSW
i€ =0
® (BRK:O
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5.2.2 Register Bank Switching Function

in the V55PI, general register sets are mapped onto on-chip RAM, and register sets can be held in up to 16 banks.
Interrupt servicing is performed by automatically switching the register bank when a BRKCS or TSKSW instruction
is executed or when an interrupt is responded to. Because saving of registers to the stack previously performed by
software is not required, high-speed switching of the program execution environment is possible.

The register bank switching sequence is performed as follows (See Figure 5-2).

® The contents of PSW is saved to temporary register.
@ The register bank is switched.
® IE and BRK are sett0 0.
@ The contents of PSW which is saved to the PC and the temporary register are saved to the saving area,
respectivsly.
® The interrupt sarvice routine start address offset value is loaded from the vector PC area in the register bank
to PC.
Figure 5-2. Register Bank Switching Sequence
{in Case of Register Bank Switching by Interrupt)
New Register Bank
Old Register Bank for Interrupt Servicing
AW AW
Ccw cw
DW DW
BW BW
SP SP
8P B8P
X X
Y Y
os1 S j:> o$1
PS PS
Ss (33
DSo DSO
PC Save PC Save
PSW Save ® PSW Save
Vector PC/DS3 Vector PC/DS3
DS2 DS2
l PC |
@
PSW I -——{ Temporary Register }—-
@ Register Bank Switching
@ IE=0,BRK=0
46

B Lu27525 00b3L52 798 HM

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD70433

5.2.3 Macro Service Function

The macro service function performs processing of simple data transfers, etc., by means of a microprogram (CPU
internal dedicated firmware) started by generation of an interrupt request. The simple, standardized interrupt
servicing which was coded and executed by a user program is performed automaticalily.

Macro service processing is caused by an interrupt request and is performed. Macro service is designed to
minimize as far as possible the frequency of generation of interrupts consisting mainly of software processing, hoid
down the software overhead due to a series of processes used in an interrupt {register saving, initialization, register
restoration, return from the interrupt routine), and improve the CPU efficiency.

Processing performed by the macro service is transparent in terms of software, and it is possible to process as
asingle mass of data whatwas previously processed by software byte by byte, aliowing more efficient programming.

The V55PI macro service supports not only the simple data transfers used in the V25 and V386, but also various
operating modes closely linked to the on-chip V55P! peripheral hardware, as shown below.

(a) EVTCNT (EVENT COUNTER)
The counter is updated each time the macro service are generated, and when the counter reaches 0 the macro

service for the corresponding interrupt source is terminated and a vectored interrupt or a register bank switching
is generated.

{b) DTACMP (DATA COMPARE)

The interrupt source specific SFR and preset byte data are compared, and if they match, the macro service

for the corresponding interrupt source is terminated and a vectored interrupt or register bank switching is
generated.

(c} DTADIF (DATA DIFFERENCE)

The difference in using the timer/counter unit capture register is calculated. This is initiated by a timer
interrupt: the value of the capture register latched last time is subtracted from the value of the capture register
latched this time, and the result is stored in the previously specified memory buffer.

When processing has besen performed the previously setnumber of times, the corresponding interrupt source
macro service is terminated, and a vectored interrupt or register bank switching is generated.

(d) BLKTRS (BLOCK TRANSFER)

A data transfer is performed between the previously specified memory buffer and SFR.

When the previously set number of data transfers have been performed, the corrasponding interrupt source
macro service is terminated, and a vectored interrupt or register bank switching is generated.

(e) BLKTRS-C (BLOCK TRANSFER WITH CHARACTER SEARCH)
A data transfer is performed between the previously specified memory buffer and SFR. When the previously
setnumber of datatransfers have been completed, or when the transfer data matches the previously set character

data, the corresponding interrupt source macro service is terminated, and a vectored interrupt or register bank
switching is generated.

{f) RTOPRTN (RTOP TRANSFER)

Data to be output to the real-time cutput port is transferred to the port 7 buffer (P7H, P7L), and data which
specifies interval for output to the real-time output portistransferred to thetimer compare register (CM00, CM01).

(g) DTACMP-M (DATA COMPARE WITH CHARACTER MASK)

The logical product of the status data read from the external I/0 and the previously set mask data is performed.
The previously set byte data is compared with the result. If it matches, a data transfer is performed between the
external |/O and memory. If it does not match, or if the previously set number of data transfers have been

performed, the corresponding interrupt source macro service is terminated, and a vectored interrupt or register
bank switching is generated.
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6. DMA FUNCTION (DMA CONTROLLER)

The V55PI incorporates a 2-channel DMA controller which controls execution of memory-to-1/0O or memory-to-
memory DMA transfers on the basis of DMA requests generated by an on-chip peripheral hardware (serialinterface,
parallel interface, or timer), the external DMARQ pin or a software trigger.

Each channel of the DMA controller further comprises a main channel and a sub-channel: the operating mode
determines whether the main channel and sub-channel are used as a single channel or as separate channels. When
used as separate channels, function for a maximum of 4 channels can be constructed.

6.1 FEATURES
» Two independent DMA channels {max. 4-channel configuration possible)
e Four transfer modes

- Single transfer mode ... One DMA transfer cycle is executed in response to one DMA request.

. Demand release mode ... Consecutive DMA transfer cycles are executed while DMA request is active.

« Single-step mode ... DMA transfer cycles and CPU bus cycles are executed alternately after DMA
request generation.

+ Burst mode ... For each DMA request, the specified number of DMA transfer cycles are executed

consecutively.
¢ Five operating modes
- Intelligent DMA mode-1 {ring buffer system) ... DMA transfers to ring buffer are controlled.
« Intelligent DMA mode-2 {counter control system) ... Transfer data is transferred consecutively, divided into
an arbitrary number of bytes.

« Next address specification mode ... Consecutive transfers are possible between different
transfer buffers. '

» 2-channe! operating mode ... Main channel and subchannel are used asindependent
channels.

+ Memory-to-memory transfer mode ... Two bus cycles are started for one DMA transfer cycle,

and memory-to-memory transfer is executed.
« 3 clocks/1 bus cycle {no wait case)
e Transfer objects

- External |/O «— memory ... 1 DMA transfer cycle/1 bus cycle
« SFR (internal |/0) «— memory ... 1 DMA transfer cycle/1 bus cycle
+ Memory «— memory (memory includes SFR) ... 1 DMA transfer cycle/2 bus cycles

« Byte transfer/word transfer selectable
_e Transfer address increment/decrement/non-update selectable

o DMA transfer end signal (TCEO, TCE1) output

+ 24-bit DMA memory address registers (MARO, MAR1)

« 21-bit terminal counters {TCO, TC1)

« External DMA request signal input pins (DMARQO, DMARQ1: alternate function as port P80 and P81 pins)
« External DMA acknowledge signal output pins (DMAAKO, DMAAK1)
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Table 6-1. Transfer Modes
DMA Start Source
Transfer STOP Method Interrupt
Mode On-Chip Software OMARQ Pin
Peripheral Trigger
Single fleset of EDMA bit of DMAMn
transfer Available Available Available r:;i:tec:' o .Acknowledged
mode
Demand Stops when the DMARQ pin is Not acknowledged
release . . : driven low during the transfer. during transfer.
mode Not Available | Not Available Availeble | o oset of EDMA bit of DMAMn | Acknowledged at
register other times.

Single . Acknowledged
step Available* Available Available Reset of EDMA bit of DMAMnN register ¢
mode
Burst Available* Avaiisble Available None (stop disabled during the Not acknowledged
mode transfer)

»

The DMA start source is an on-chip timer interrupt, and transfer is possible only when the transfer /O

specification is external.

Table 6-2. Correspondence Between Operating Modes and Transfer Modes

Possible Transfer Modes*

Operating Mode Transfer Type
@ @ Q@ @

Intetligent DMA mode-1 I/0 (SFR) - Memory
(ring buffer method) Yes Yes No No
Intelligent DMA mode-2 Memory = 1/O (SFR)
(counter control method) No No Yes Yes
Next address specification mode /0 {SFR) «— Memory Yes Yes No No
2—channel (Stop at end) /O «— Memory Yes Yes Yes Yes
operating.-mode

(Repetition) /O ¢-~» Memory Yes Yes Yes No
Memory-memory (Stap at end) | Memory «-+ Memory Yes No Yes Yes
transfer mode

(Repetition) Memory «—— Memory Yes No Yes No

* Transfer modes
@ Singie transfer mode
@ Demand release mode
@ Single step mode
@ Burst mode

B Lyc?525 003155 477 HA
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7. SERIAL INTERFACE FUNCTIONS

The V55P! is equipped with a 2-channel serial interface unit {ch0, ch1).
The two communication protocols supported by the VE5PI are as follows:

(1) Asynchronous UART
(2) Clocked csi SBI: 2-wire serial bus interface
I0E: /O expansion 3-wire serial interface

7.1 FEATURES
s Two communication protocols supported
+ Two serial channels
» Wake-up function
¢ On-chip dedicated baud rate generator
+ DMA request generated by completion of transmission/reception (transmit/receive data DMA transfer is

capable)

7.2 PROTOCOLS
The UART is an asynchronous serial interface which achieves data synchronization by means of start/stop bits,

and is functionally enhanced UART functions compared with previous single-chip microcontroller.
The CS! (clog:ked serial interface) is a clocked serial interface which achieves synchronization by transmission/

reception of a clock. The CSl is a subset of the standard serial bus interface specification for NEC single-chip
microcontrollers, and I*C functions are not supported, The wake-up release function is implemented by using macro
service.

Table 7-1. Supported Protocols

S{Jpported Protocols
Serial Interface Unit Clocked (CSI) Asynchronous
$Bi I0E (UART)
Channel 0 Yes Yes Yes
Channel 1 No Yes Yes

The UART function or CSI function can be programmably selected for each channel. Protocol selection is
performed by means of the protocol selection register (ASP).
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7.3 UART

7.3.1 Features
» Transfer rate: 95 to 390 Kbps (with 12.6 MHz system clock ¢}
123 to 500 Kbps (with 16 MHz system clock ¢)
o Full-duplex operation capability
¢ On-chip dedicated {transmission and reception) baud rate generators
e Wake-up function
« Zero parity function
» Parity error detection
* Framing error detection
» Overrun error detection
+ Three dedicated UART interrupt sources
+ UART receive error interrupts (INTSERO, INTSER1)
* UART raception interrupts (INTSRQ, INTSR1)
+ UART transmisstion interrupts (INTSTO, INTST1)
* Macro service function
+ UART reception interrupts {INTSRO, INTSR1)
+ UART transmission interrupts (INTSTO, INTST1)

Figure 7-1. UART Block Diagram

7N 7N

INTSRn <—| RxB l TxB INTSTa
I UARTM I

L/
RxDn @b«-{ Shift Register ] [ UARTS FA—S[ Shift Register }—D—-@ TxDn

A : \

Y L

Reception Transmission [
Contro! Parity Control Parity '_q_@) CcTS
Check Addition
ERP \
] ERF
EROQ
Transmit Serial Clock
= D~ wsen.
External . )
TXC* @__ Cloek - Receive Serial Clock
Control

Channel 0 only
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7.4 CLOCKED SERIAL INTERFACE (CSl}

7.4.1 Features

o Transfer speed: Max. 3.125 Mbps (with 12.5 MHz system clock ¢)
Max. 4.0 Mbps (with 16 MHz system clock ¢}

» Haif-duplex communication

Data length: 8-bit unit

External/internal clock selection function

Data MSB-first/LSB-first selection function

SBl mode (2-wire NEC type serial bus) ... chO only

» Address/command/data identification function

» Function for chip selection by address

» Wake-up function

+ Acknowledge signal (ACK) control function

+ Busy signal (BUSY) control function

The V55P! clocked serial interface has the following two operating modes.

(1) 3-wire serial I/0O mode (I0E mode)

In this mode, B-bit data transfer is performed using three lines: the serial clock (SCK), and serial data input
and output (S, SO). This mode is useful when connecting an I/O device, display controller, etc., which
incorporates a conventional clocked serial interface.

The functions of the V25 and V25+™ have been enhanced, and data MSB-first/LSB-first seiection is possible.

(2) Serial bus interface mode {SBI mode)

In the SB! mode, communication is performed with multiple devices by means of two lines: the serial clock
{SCK) and the serial bus interface (SBO or SB1).

This mode conforms to the NEC serial bus format.

In the SBI mode, the sender can output to the serial data bus an address to select the target device for serial
communication, a command which gives a directive to the target device, and actual data. Thus there is no need
for the line for handshaking required when muitiple devices are connected with a conventional clocked serial
interface, allowing input/output ports to be used efficiently.

Iin addition, wake-up release is performed using macro service.
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8. PARALLEL INTERFACE FUNCTIONS

The V55P] incorporates a parallel interface unit for data input on a Centronics specification interface, and general
data input/output.

8.1 FEATURES

The following features are provided as paraliel interfate functions:

» Centronics specification interface compatibility

* Input/output mode switchable by software

» BUSY signal manipulable by software

« BUSY signal and ACK signal output timing settable

» Initialization by external interrupt

+ Dedicated parallel interface interrupt source
= Parallel interface interrupt (INTPAI)

» DMA request signal generation in parallel transmission/raception
+ INTPAI functions as a DMA start trigger.

» Signal pin input/output characteristic is TTL level {Centronics specification interface}
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(a) Input mode

Figure 8-1. Parallel interface Block Diagram

[ ) Input
Dat
— P —
QE
4 -
O DATASTB
Lj BE
S
R BUSY
Control f—————O BUSY
g 80, 1 Circuit
a
o
£
>
]
Request ACK prod
DATA ed Control f——————O ACK
RD Circuit
ACK
Timing
Control O INTPS
1BSY
S
RESET R
I~
(b) Output mode
(A
N Output
A Dae » PDO-PD?
DATA
WR WR
o [PAl Timer] S
@ J —— O DATASTB
g | Counter ]
2
OMA L ——o0 susy
Request INT/
OMA
Request
INTPAI Request Control
L b——0 Ak
I~
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9. TIMER FUNCTION

The V55P! timer unit can be used as an interval timer, free-running timer and event counter. It is also possible
to manipulate P7 as areal-time output port, synchronized with interrupt requests generated by the timer. The normal
timer function and real-time output port function are described here.

9.1 FEATURES

The timer function offers the following features.

e 16-bit-timer x 4

¢ Two count clock sources are selectable
» System clock scaled output selectable (¢/8, ¢/32: system clock ¢)
» External input pulses from Tl pin
* External count output signal (TOn output)

» Three 16-bit capture registers on chip (external interrupt input signals INTPO to INTP2 as triggers)
* Six dedicated timer unit interrupt source (INTCMO0O, INTCMO1, INTCM10, INTCM11, INTCM21, INTCM31)

+ Real-time output port function synchronized with timer interrupts

9.2 TIMER UNIT CONFIGURATION
The timer unit configuration is shown in Figure 9-1, and the function of each timer in Table 9-1.

Table 9-1. Timer Functions.

Timer 0 Timer 1 Timer 2 Timer 3
Count function Available Available Available Available
Captufe function Available Available Not Available | Not Availabie
Compare function Available Available Available Available
Function . Toggle Available Not Available Available Not Available
Timer output
output
function | Setreset| o Available | Not Available | Available Available
output
Cascading Not Availabie | Not Available Available

B L4y27525 00L3LbYL 7TO WA
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9.3 REAL-TIME OUTPUT PORT FUNCTION

Port 7 of the V55PI incorporates a real-time output port function, and can output the contents of the port 7 buffer
(PTH, P7L) at programmable intervals from timer 0 bit-wise.

9.3.1 Real-Time Output Port Configuration
The real-time output port configuration is shown in Figure 9-2. It comprises the foliowing buffer registers, output
and control registers.

(1) Port 7 buffer (PTH, P7L}) '
The buffer registers hold the data to be output next when port 7 is set to the real-time output port mode.
The port 7 buffer contents are not affected by reset input.

(2) Real-time output port (RTP)
Real-time output port output data is held in this port after being taken from the port 7 buffer, and output
from the pins.
RTPcan be read or written to by an 8-bit or single-bit manipulation instruction (unlike the port 7 output port).

{3) Reesl-time output port delay specification regiser (RTPD) and delay counter
This register is set and used when using the mode in which a delay time is inserted in the timing for output
from the real-time output port (RTP) to the output pins.
If the P7L bit is set to "0%, “0" is output to the corresponding output pin bit after the elapse of the delay time
equivalentto the count clock cycle time setinthe real-time output port delay specification register after the time
at which the transfer trigger is generated. The delay time in this case is counted by the delay counter.

(4) Real-time output port control register (RTPC)
RTPC specifiesthe operating mode of the real-time output port. It is possible to specify whether or not a delay
is to be inserted when data is output, the timing for transferring data to the port 7 buffer, the transfer timing
trigger, and so on.
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9.3.2 Real-Time Output Port Operation

Real-time output port specification is performed bit-wise by the port 7 mode contro! register (PCM?7).

Port 7 (P7), the port 7 buffer {PTH, P7L) and the real-time output port can be accessed as real-time output ports.
Data output is performed as described below.
When output data is written in the port 7 buffer (P7H, P7L), the port 7 buffer contents are transferred to the real-
time output port (RTP) and output to the pins in synchronization with the timing of an interrupt request from timer
0 (INTCM00, INTCMO1), or a write to the TRG bit in the control register (RTPC).
An example of the direct control of the output pattern for a real-time output port and the output interval is shown

in Figure 9-3,

Update data is transferred from the two data storage areas set beforehand in the external memory space to the

real-time output function buffer registers (P7H, P7L) and compare registers (CM00, CMO01).

Figure 9-3. Real-Time OQutput Port Stepping Motor Control
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In particular, it is possible to insert a delay time in the timing for output by setting the real-time output port delay
specification register (RTPD) pins. If the PTL bit is changed from *1* to 0%, it is possible to perform output after
inserting a delay time of 2 x the system clock set in the RTPD from the timing at which the transfer trigger is
generated. in this case, “0° is output from the corresponding output pin. This delay is counted by the delay counter.
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10. PWM UNIT

The V55PI is provided with an 8-bit precision PWM (pulse width modulation) signal output function.
PWM output can be used as a digital-to-analog conversion output by connecting a low-pass fiiter, etc., externally.
This is ideal for the actuator control signal for motors, etc.

10.1 FEATURES
The PWM unit offers the following features:
* PWM output puise active level selectable
« Frequency: 25 MHz (with 12.5 MHz system clock ¢)
— PWM cycle: 40.96 us
: 32 MHz (with 16 MHz system clock ¢)
- PWM cycle: 32.00 us
¢ Output pulse width {duty): 0, 1/2586, ....., 255/256
— Resolution: 180 ns {with 12.56 MHz system clock ¢)
125 ns {(with 16 MHz system clock ¢)

10.2 PWM UNIT CONFIGURATION
The configuration of the PWM unit is shown in Figure 10-1.
The PWM unit consists of the PWM register (PWM) and PWM control register (PWMC), and an 8-bit counter.
The PWM ragister controls the pulse width (duty) in the PWM output mode. The 8-bit counter is set to 00H by
reset input. The PWM register is not affected by reset input.
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11. WATCHDOG TIMER FUNCTION

The watchdog timer is a function for preventing inadvertent program looping and deadlocks.

11.1 FEATURES
« Three overflow times settable (8.1, 32.7, 131.0 {ms]: system clock ¢ = 16 MHz) (10.4, 41.9, 167.7 [ms}: system
clock ¢ = 12.5 MHz)
¢ Output pin provided (WDTOUT pin) which can be directly linked to the RESET pin

11.2 WATCHDOG TIMER CONFIGURATION AND OPERATION

Non-generation of a watchdog timer interrupt enables normal operation of the program or system to be
confirmed. To use the watchdog function, an instruction (RSTWDT) to clear the watchdog timer (start the count)
must be included in at fixed intervals in the program execution time, at the start of a subroutine, etc.

If the instruction which clears the watchdog timer is not executed within the set time and the watchdog timer

overflows, a watchdog timer interrupt (INTWDT) is generated and the low-level signal is output to the WDTOUT pin
to report a program error.

The watchdog timer configuration is shown in Figure 11-1.

Figure 11-1. Watchdog Timer Configuration Diagram

¢/2°
¢ " > Frequency | ¢/2" » %/::::'ldog Overfiow
Divider 92" (8 bits)
A

WDTOUT OVF N

Active Timer —®1S Q '@ WOTOUT
{5 bits)
Clear >R

————————— INTWDT

WDTCLR *2
RESET
STOP QOscillation

Stabilizing
Time Control
Circuit

Y

* 1. ¢ System clock
2. WDTCLR: Watchdog timer clearance by instruction
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12. A/D CONVERTER FUNCTION

The V55P1 incorporates a high-speed, high-precision 8-bit analog/digital (A/D) converter with four analog inputs
(ANIO to ANI3). The A/D converter uses the successive approximation method, and is provided with four A/D
conversion result registers (ADCRO to ADCR3)} which hold the conversion results.

12.1 FEATURES
The A/D converter offers the following features:
« Incorporates four B-bit A/D conversion result registers.
« Four analog input pins (ANIO to ANI3)
« Two A/D converter conversion operating modes
« Scan mode : Performs conversion by selecting multiple analog inputs in sequence.
» Select mode: Performs continuous conversion with only one pin used as the analog input.
s Two convarsion start methods
« Hardware start: Started by trigger input (INTP4)
« Software start : Started by A/D converter mode register (ADM) bit setting
+ Generation of conversion end interrupt request {(INTAD)
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13. STANDBY FUNCTIONS

The V55PI has two methods for controlling the operating clock as standby functions designed to reduce power
dissipation. Transition to either of these standby modes is possible by means of a dedicated instruction.

Table 13-1. HALT/STOP Mode Operating Status

Parameter HALT Mode STOP Mode
Clock generator Operating
Internal system ciock Stopped
16-bit timer
Watchdog timer
Hold circuit
Stopped
Serial interface
Operating
Parallel interface
A/D Converter
Interrupt request controlier
DMA controller
110 line High level High level
ADO to AD15S
Bus lines Change accordng to DMAC operating Retained
A16 to A23 status
R/W output High level High level
Refresh operation Operating - Stopped
D X All internal data retained (CPU status, All internal data retained (CPU status,
ata retention RAM contents, etc.) RAM contents, etc.)
« NMI
Rel « INTWDT « NMI
elease method « Maskable interrupt request + RESET input
« RESET input

13.1 HALT MODE

In this mode, the CPU operating clock is halted.

Setting the CPU idle time to the HALT mode enables overall system power dissipation to be reduced. The HALT
mode is entered by executing the HALT instruction.

In the HALT mode the CPU clock and program execution are stopped, and all register and on-chip RAM contents
immediately prior to the stoppage are retained. The status of each hardware unit is shown in Table 13-1.

When the HALT instruction is executed during a DMA transfer, transition to the HALT mode is deferred until the
transfer bus cycle for one DMA request is completed.
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13.2 STOP MODE

In this mode, clock osciliation is stopped.

This is effective when the entire application system is stopped, and offers extremely low power dissipation. The
STOP mode is entered by executing the STOP instruction. in this mode all clocks are stopped. Program execution

is stopped, and all register and on-chip RAM contents immediately prior to the stoppage are retained. The status
of each hardware unit is shown in Table 13-1.

When the STOP instruction is executed during a DMA transfer, transition to the STOP mode is deferred until the
transfer bus cycle for one DMA request is completed. If there is contention between a refresh cycle and STOP
instruction execution, transition to the STOP mode is deferred until the refresh cycle is completed.
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14. CLOCK GENERATOR

The clock generator supplies various clocks to the CPU and peripheral hardware, and controls the CPU operating

mode.

14.1 CLOCK GENERATOR CONFIGURATION AND OPERATION

The clock generator is configured as shown in Figure 14-1.
~ The clock generator clock is generated by a crystal resonator or ceramic resonator connected to the X1 and X2
pins. The clock generator output is subjected to waveform shaping (dividing frequency by 2) and selection of the
scaling factor by means of the processor control register (PRC), and is then used as the system clock ¢.

The system clock ¢ scaling factor is specified by the PCK1 and PCKO bits of the PRC register, and can be selected

as 1/2, 1/4, 1/8 or 1/16 the oscillator frequency (fxx}.
Selecting a low-speed system clock ¢ reduces the current consumption of internal circuit, allowing extended

operation of a battery-driven system even when the voltage drops.
An external clock can be input. In this case, the clock signal should be input to the X1 pin, and leave the X2 pin

open.
Figure 14-1. Clock Generator
Waveform
Shaping
Frequency
Dividers
X1
0] i i
= Clock 5 |oi=£,) Software Interval Timer
_'"I: Oscillator T E ™1 Time Base Refresh Cycle Generator
X2 " Counter | PWM
b Baud Rate Generator
T
~) = Woatchdog Timer
PCKO 9
8 >PCK1
T8O
v
=1
@ TB1
©
(=
& 0 »
= System Clock
ENCLK
1 —————1:>»—4:) CLKOUT
1
./
fxx : Oscillator frequency
¢ . System clock
PRC : Processor control register
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In the VSSPL, the frequency divider (time base counter: TBC) which divides the internal system clock ¢ is shared
by each timer unit.

The TBC cannot be read or written to by an instruction.
The TBC tap output {divide-by-2" clock) is supplied to the units shown below as a count clock.

(1) Refresh cycle generator
(2) Software interval timer
(3) PWM unit

(4) Baud rate generator

The TBC is cleared to 00H only by reset input, after which it is constantly incremanted. TBC operation is stopped
in the STOP mode. The configuration of the TBC is shown in Figure 14-2.

Figure 14-2. Frequency Divider (Time Base Counter, TBC) Configuration

¢ — T8C
2 2 w23 /22
to to to and
mo ml ms m‘l
PWM Baud Rate Refresh Cycle Software Interval
Generator Generator Timer
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15. SOFTWARE INTERVAL TIMER FUNCTION

The VS5PI incorporates a 16-bit software interval timer as a timer for software timer functions and watch
functions.

15.1 SOFTWARE INTERVAL TIMER CONFIGURATION
The configuration of the software interval timer is shown in Figure 15-1.

Figure 15-1. Software interval Timer Configuration

$/14 — Ciear
- Software Timer Counter (STC) -

/128

Y

Software Timer Counter Compare Register (STMC) = |NTSIT
Match Detection
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16. CODEC INSTRUCTIONS

The V55P! has 9 codec instructions.

Using these special instructions on the V55P! enables not only image information MH encoding but aiso MR
encoding which previously required the use of a special device such as an ACEE (advanced compression/expansion
engine) to be implemented by means of a small-scale, high-speed codec.

16.1 FEATURES
The V55P! has the following 9 codec instructions (4 for compression, 5 for expansion):

«Compression instructions
(1) Change point table creation instruction: COLTRP
(2) Data transmission instruction (transmission of EOL *1, FILL, RTC *2, etc.): ALBIT
(3) MH encoding instruction: MHENC
(4} MR encoding instruction: MRENC

«Expansion instructions
{6) EOL detection instruction: SCHEOL
(6) 1-bit (tag) detection instruction: GETBIT
(7} MH decoding change point table creation instruction: MHDEC
(8) MR decoding change point table creation instruction: MRDEC
(9) Pixel data creation instruction: CNVTRP

MH/MR encoding and MH/MR decoding using these instructions are performed as shown in Figures 16-1 and
16-2.

* 1. EOL: End Of Line
2. RTC: Return To Control

Note When compression/expansion processing is performed using the V55P! codec instructions, the following
should be specified as preconditions.
- Compression/expansion is to be performed line by line.
+ Consideration must be given to task switching and interrupt generation during compression processing.
» The number of bits processed per line must not be changed during processing of one page.
- The segment value must be changed for data over 64 Kbytes that straddles segments during processing.
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Figure 16-1. MH/MR Encoding Processing Flow

K=0
L = Number of lines

Data transmission
instruction (EOL + tag
bit "1° transmission]

Data transmission
instruction (EOL + tag
bit *0" transmission)

I

[

Change point table
creation instruction

Change point table
creation instruction

I I

MH encoding MR encoding
instruction instruction
| ]
K = K factor- 1 K=K=-1

Data transmission
instruction
{FILL transmission)

L=L-1

No

Yes
Data transmission
instruction
{ATC transmission)

72
B L427525 0063178 TTH HA

Powered by I Cnminer.com El ectroni c-Li brary Service CopyR ght 2003



NEC uPD70433

Figure 16-2. MH and MR Decoding Processing Flow
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16.2 MEMORY MAP
The data memory areas required by the V55PI's codec instructions are shown below.

{1} Register file space
This is the register bank for parameter setting.

(2) User RAM
Encoding line change point table : Storage areafor change pointinformation required for performing encoding
In the case of n bit/lines, a maximum area of 2n + 4 bytes is required.

Reference line table : Reference line change point information storage area
Image data buffer : Storage area for pixel data read from scannerin encoding, or encoding data
received from modem in decoding
Transmit/receive buffer. : Buffer for transferring encoded data to modem/scanner
Print buffer : Buffer for transferring decoded pixel data to recording system
(3) User ROM
Encoding conversion table : Conversion table for MH/MR encoding
Decoding convarsion table : Conversion table for MH/MR decoding

(4) Access to Expanded Memory Space ‘
The 16-Mbyte expanded memory space can be accessed by using the expanded segment override prefix
instruction {DS2: or DS3:).
However, the segment registers DS2 and DS3 that are used during instruction execution are DS2 and DS3
in the parameter setting register banks of each instruction.

Table 16-1. Instructions to which Expanded Segment Override Prefix Can Be Attached

DS2: | DS3: | CODEC instruction
Yes | Yes COLTRP
Yes | No MHENC
Yes | Yes MHDEC
Yes No MRENC
Yes | Yes MRDEC
Yes No SCHEOL
Yes No GETBIT
Yes | Yes CNVTRP
Example
DS2 : DS3 : COLTRP
DS2 : SCHEOL

The relationship between encoding instructions and data in memory is shownin Figure 16-3, and the relationship
between decoding instruction and data in memory is shown in Figure 16-4.
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Figure 16-3. Encoding instructions and Data in Memory
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Figure 16-4. Decoding Instruction and Data in Memory
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16.3 PROCESSING FLOW

The instructions shown in 16.1 “FEATURES" are used in the order shown in Figures 16-5 and 16-6 in encoding/

decoding procesing.

Figure 16-5. Processing Flow for Encoding of One Line
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Figure 16-6. Processing Flow for Decoding of One Line
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17. INSTRUCTION SET

The V55P! instruction set is upward compatible with the V20/V30 (native mode) and V25/V35 instruction sets.

17.1 INSTRUCTIONS NEWLY ADDED TO V20/V30 AND V25/V35
Instructions which have been added to the V20/V30 and V25/V35 instruction sets, and instructions whose
application range has been extended, are shown below. ’

(1) Instructions added to V20/V30.

Mnemonic Operand Instruction Group
BRKCS reg 16
Register bank switching instruction
TSKSW reg 16
MOVSPA None
Data transfer instruction
MOovsePB reg 16
BTCLR sfr, imm3, short-label Conditional branch instruction
RETRBI None
Interrupt instruction
FINT None
STOP None CPU control instruction
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(2) instructions added to V25/V35.

Mnemonic Operand Instruction Group
tRAM None Register file space access override prefix instrution
DS2 None

Extended segment override prefix instruction
DS3 None
DS2, reg16, mem32
DS3, reg16, mem32
xsreg, rag16
MoV Data transfer instruction
xsreg, mem16
reg16, xsreg -
mem16, xsreg
DSs2
PUSH
DS3nvePC
Stack manipulation instruction
DS2
POP
DSanveC
RSTWDT imm8, immg’ Watchdog timer manipﬁlat'ion instruction
BTCLRL sfrl, imm3, short-labsl Conditional branch instruction
reg8
mam8
BSCH Bit manipulation instruction
reg16
mem16
QHOUT imm16
QouT imm16 Queue manipulation instruction
QTIN imm16
ALBIT None
COLTRP None
MHENC, None
MRENC None
SCHEOL None Dedicated FAX instruction
GETBIT None
MHDEC None
MRDEC None
CNVTRP None
Remark VPC: Vector PC
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17.2 INSTRUCTION SET OPERATIONS

Table 17-1. Operand Type Legend

Identifier Description
reg. 8/16-bit general reagister .
(Destination register in an instruction using two 8/16-bit general registers)
- reg’ Source register in an instruction using two 8/16-bit general registers
regs, 8-bit general register
{Destination register in an instruction using two 8-bit general registers)
reg8’ Source register in an instruction using two B-bit general registers
reg16, 16-bit general register
{Destination register in an instruction using two 16-bit general registers)
reg16' Source ragister in an instruction using two 16-bit general registers
mem 8/16-bit memory address
mem8 8-bit memory address
mem16 16-bit memory address
mem32 32-bit memory address
sfr Special function register location: FFFOOH to FFFEFH
sfrl Special function register location: FFEQOH to FFEFFH
dmem 16-bit direct memory address
imm " B/16-bit immediate data
imm3 3-bit immaediate data
imm4 4-bit immediate data
imm8 8-bit immediate data
imm8'* 8-bit immediate date (1’s compliment of immB8}
imm16 16-bit immediate data
acc Accumulator AW or AL
sreg Segment register
xsreg Extended segment register
src-table Name of 256-byte conversion table
src-block Name of source block addressed by ragister 1X
dst-block Name of destination biock addressed by register Y
src-string Name of source string addressed by register 1X
d_st-sfring Name of destination string addressed by register 1Y
near-proc Procedure start address in current program segment
far-proc Procedure start address in a different program segment
near-label Absolute address in current program segment
short-label Relative address of memory in range —128 to +127 bytes from end of instruction
far-label Absolute address in a different program segment
regptri16 16-bit general register holding call address offset in current program segment
memptri6- 16-bit memory address holding call address offset in current program segment
memptra2 32-bit memory address holding call address offset and segment data in a different program
segment
pop-value Number of bytes removed from stack (0 to 64K, normally an even number)
fp-op Immediate value which identifies external floating point operation coprocessor operation code
repeat Repeat prefix instruction
IRAM Register file space access override prefix instruction
R Register set (AW, BW, CW, DW, SP, BP, IX, IY)
() Omissible
or,/ Or
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Tabie 17-2. Operation Code Legend

Identifier Description
w Word/byte specification bit (1: word, 0: byte). However, when 8 = 1, sign extension byte data is
specifiad as 16-bit operand even if W = 1,
reg, reg’ 8/16-bit general register specification bits (000 to 111)
mod, mem Memory addressing specification bits (mod: 00 to 10, mem: 000 to 111)
(disp-low) Optional 16-bit displacement low byte
(disp-high) Optional 16-bit displacement high byte
disp-low 16-bit displacement low byte for PC relative addition
disp-high 16-bit displacement high byte for PC relative addition
imm3 3-bit immediate data
imm4 4-bit immediate dats
imm8 8-bit immediate data
imm8' 8-bit immediate data (1's complement of imm8)
imm16-low 16-bit immediate data low byte
imm16-high 16-bit immediste data high byte
addr-tow 16-bit direct address low byte
addr-high 16-bit direct address high byte
sreg Segment register specification bits (00 to 11)
xsreg Extended segment register specification bits {10 to 11)
s Sign extension specification bit (1: sign extension, 0: no sign extension)
offset-low Low byte of 16-bit offset data to be loaded in PC
offset-high High byte of 16-bit offset data to be loaded in PC
seg-low Low byte of 16-bit segment data to be loaded in PS
seg-high High byte of 16-bit segment data to be ioaded in PS
pop-value-low Low byte of 16-bit data which specifies number of bytes to be removed from stack
pop-value-high High byte of 16-bit data which spacifies number of bytes to be removed from stack
disp8 8-bit displacement for relative addition to PC
X
XXX . . . .
vy Operation code of an external floating point operation coprocessor
2z
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Table 17-3. Operation Description Legend

Identifisr Description
AW Accumulator {16 bits)
AH Accumulator thigh byte)
AL Accumulator {low byte)
8w Register BW (16 bits)
cw Register CW (16 bits)
cL Register CL (low byts)
bw Register DW
sp Stack pointer {16 bits)
-1 Base Pointer (16 bits)
PC Program counter {16 bits)
PSwW Program status word (16 bits)
IX Index register (source) (16 bits)
Y Index register (destination) (16 bits)
PS Program segment register (16 bits)
DS3 Extended data segment 3 register {16 bits)
DSs2 Extended data segment 2 register (16 bits)
DS1 Data segment 1 register {16 bits)
DSO Data segmaent 0 register (16 bits)
SS Stack segment register (186 bits)
AC Auxiliary carry flag
cY Carry flag
P Parity flag
S Sign flag
4 Zero flag
DIR Direction flag
IE Interrupt enable flag
\ Overflow flag
TBRK IO break flag
BRK Break flag
RBO Register bank 0 flag
RB1 Register bank 1 flag
RB2 Register bank 2 flag
RB3 Register bank 3 flag
VPC Vector PC
(9} Contents of memory indicated by contents of in parenthesis
disp Displacement (8/16-bit)
temp Temporary register (8/16/32 bits)
ext-disp8 16 bits with 8-bit displacament sign-extended
seg immediate segment data (16 bits)
offset immediate offset data (16 bits)
«~ Transfer direction
+ Addition
- Subtraction
x Mulitiplication
+ Division
% Modulo
" Logical product (AND)
v Logical sum (OR)
¥ Exclusive logical sum (exclusive OR)
xxH 2-digit hexadecimal number
xxxxH 4-digit hexadecimal number
/ Alternate function, or
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Table 17-4. Flag Operation Legend

Identifier Description
{Blank) No change
0 Cloared to 0
1 Set to 1
x Set or cleared depending on result
U Undefined
R Previously saved value is restored

Table 17-5. Memory Addressing

mem—mod 00 01 10
000 BW + IX BW + IX + disp8 BW + X + disp16
001 BW + IY BW + IY + disp8 BW + IY + disp16
010 BP +IX BP + IXV+ disp8 BP + IX + disp16
011 BP + 1Y BP + IY + disp8 BP + 1Y + disp16
100 1X IX + disp8 IX + disp16
101 Y Y + disp8 IY + disp16
110 Direct address 8P + disp8 BP + disp16
m BW 8W + disp8 BW + disp16

Note When BP is used in memory addressing other than in a primitive instruction, the defauit segment register
is SS. When BP Is not used, the defauit segment register is DSO0.
In primitive instruction memory addressing, the destination block default segment register is DS1. In
memory addressing, the source block default segment register is DSO0.

Table 17-6. 8/16-Bit General Register Selection Table 17-7. Segment Register Selaction
reg Wa=o0 Wa=1 sreg
000 AL AW 00 DS1
001 CcL cw 01 PS
010 DL ow 10 SS
011 BL BW 11 Dso
100 AH SpP
o cH had Table 17-8. Extended Segment Register Selection
110 DH IX
111 BH Y xsreg
10 DS3/vPC
1 DS2
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Number of Clock Cycles

In the case of a memory operand the number of clock cycles depends on the addressing mode. The following
numbers should be used for “EA” in Table 17-9 “Number of Clock Cycles”

mod

00 Clock 01 Clock 10 Clock

mem Cycles Cycles Cycles
000 BW + IX 3 BW + IX + disp8 3 BW + IX + disp16 3
001 BW + IY 3 BW + 1Y + disp8 3 BW + Y + disp16 3
010 B8P « IX 3 BP + I1X + disp8 3 BP + X + disp16 3
011 BP+IY 3 BP + |Y + disp8 3 BP + lY + disp16 3
100 IX 2 IX + disp8 2 IX + disp16 2
101 34 2 IY + disp8 2 IY + disp16 2
110 Direct address 2 BP + disp8 2 BP + disp16 2
m Bw 2 BW 4+ disp8 2 BW «+ disp16 2

“T” indicates the number of wait states. Any number of wait states from "0" (no wait) up can be used.
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Table 17-9. Number of Clock Cycles {1/20)

L]
§ o £ Byte Processing Word Processing
S 3| Mnémonic| Operands s
28 peran s On-Chip Other On-Chip Other
£ a RAM Access Access RAM Access Access
reg, reg’ —_ 2 2 2 2
mem, reg —_ EA+2 EA+3 EA+2 EA+3
8 EA + 8 + 2T
reg, mem EA +2 EA+5+T EA +2
16 EA+5+T
mem, imm — EA +2 EA+3 EA +2 EA +3
reg, imm —_ 2 2 2 2
8 10+ 27
acc, dmem 4 7+7T 4
16 7+7T
dmem, acc —_ 4 5 4 S
sreg, reg16 -— —_— _ 2 2
» 8
g xsreg, reg16 _ _ 2 2
£ VPC, reg16 1%
2
2 8 EA+8+2T
E MOV sreg, mem16 — — EA +2
@ 16 EA+5+T
[
[ ]
E xsreg,mem16/ 8 EA 42 EA+8+2T
2 — —
a VPC, mem16 16 EA+5+T
reg16, sreg —_ —_— — 2 2
reg16, xsreg/ 8 ___ _ 2 2
reg16, VPC 16
mem16, sreg | — —_ — EA +2 EA +3
mem18, xsreg/ 8
emlb, Xsreg, — — EA E
mem16, VPC 16 +2 A+3
8 EA + 17 + 4T
DSO, — —_ EA+5
reg16, mem32| .o EA+ 11427
8 EA + 17 + 4T
DS2, — —_ EA+S
reg16, mem32| 4q EA+ 114+ 2T
8 EA + 17 + 4T
?9511'6 mem32 - - EA+S
g1s 16 EA + 11+ 2T
8 EA +17 + 4T
?esgB‘I,G mem32 - - EA+5
‘ 16 EA + 11+ 2T
¥ 8:8-bitwidth 16: 16-bit width — : Both 8-bit and 16-bit bus width
85
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Table 17-9. Number of Clock Cycles (2/20)

Remark

16 : 16-bit width
— ! Both 8-bit and 16-bit bus width

n: Number of repetitiohs

Bl Lu27525 00L3192 374 WA

L]
S a g Byte Processing Word Processing
&3 >
28 Mnemonic) Operands | = On-Chip Other On-Chip Other
2 a RAM Access Access RAM Access Access
AH, PSW — 2 2 . —
MOV 8 3 3
PSW, AH _— —
16 2 2
2
.% LDEA reg16, mem16| — —_ — EA+2 EA + 2
2 | TRANS/
E TRANSB src-table —_— 6 9+7T -— -—
k3 reg, reg’ —_ 4 4 4 4
[3
=
= EA+10+ 2T
< | xcH mem, reg/ EA+ 4 EA+7+T EA+4
g reg. mem EA+7+T
AW, reg16/ - —_ 4 4
reg16, AW _
MOVSPA — — -— 8 8
MOVSPB | regi6 — —_ — 9 9
REPC _ Oto 1 0to1 Oto1 Oto1
"
& [ReEPNC - o0to1 0to1 Oto1 0to1
b
& | Rep/
o | REPE/ —_ Oto1 Gto1 Oto 0to 1
8 | pepz
o
REPNE/
REPNZ —_— Oto1 Oto1 Oto 1 Oto 1
dst-block, 21+ 2T 22 4+ 2T
Movex src-block 18+ T 194+T = |[pr===~c==srs-csecooprrocc oo
8 9+ (14 + 2T)n 9+ (18+ 4T)n
@ (rep) 5 5
§ 9+(11+Tin 9+ (12 + 2Tin
S iMoveke/ | | [TTTTTTTooTmmooopesmoTossoooooees 18+7T 19+7T
£ | MOVBKW o0 | premmmmmmmmmescpes-ooooooooooooo
£ 16| (repCW=0l 9+ (11+ Tin 94+ (12 4 2T)n
; ----------------------------------
< 5 5 5 5
[~4
i
< src-block, 23+ 27 28 + 4T
$ | CMPBK | det-block 20+ 7T 22427 fecmmemmmmmmmmme e
= 8 94+ (16 + 2T)n 94+(21+4T)n
(4 T e et L
>
= {rep) 5 5
£ 9+(13+ Tin 9 +(15+ 2T)n
< |cMPBKB/ | 0000 | eeeeememmmmmmme b 20+ T 224+ 2T
el e N e N e
1% (rep CW = 0) 9+(13+Tn 9+ (15 + 2Tin
5 5 5 5
8 : 8-bit width
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Table 17-8. Number of Clock Cycles (3/20)

L ]
§ a g Byte Processing Word Processing
S . —
Mnemonic Operands
.g.-.,g pe E On-Chip Other On-Chip Other
E a RAM Access Access RAM Access Access
CMPM dst-block 20+T
15 17+T 1 preeemecemeccmaao
8 10+(12+27)n
{rep) 5
CMPMB/ 10 + In 10 +(9+ Tin 10+7n
CMPMW | | [ommTomTommessssepmsososocoooooooobessosossommm e 17+7
repCW-0» | !  FTTTmETTooTTecco-s
6| (P 10419 + Tin
5 5 5 e
" 5
s
€ LDM src-bilock 16+T
2 10 13+T 10 peeecccccmcmeao
E’ 8 9+(94+2Tn
% (rep) 5
% | Loms/ 9 +3n 9+ (6+Tn 9+ 3n
= | Lomw "“("';’\;";)’ """"""""""""""""""""""" b--_--jff_f ......
2 16 rep LW = 9+(6+Tn
!l !t v _ 1 _ VM.
5 5 s 1
2 5
E
a | ST™ dst-block 13
12 13 12 peeeemmemeeeeee—-
8 9+(9+2Tin
{rep) 5
STMB/ 9+ 5n 9+ {6+ T)n 9+ 5n
stMw | | Tttt St 13
16| (lrepCW=0) 94+ (6+Thn
§  fremeeeeeme——--
5 5 5
- 8 311072
s reg8, reg8’ - — 22t0 63
s 16 2310 64
g INS
] 8 311072
© reg8, imm4 —_ — 22 to 63
2 16 2310 64
8
a 8 19 + 2T to 48 + 4T
S reg8, reg8’ — — 19 to 41
13 16 19t0 42 + 2T
%' EXT
= 8 19 + 2T to 48 + 4T
a5 regB, immd - — 19 to 41
16 19 to 42 + 27T

* 8

: 8-bit width

16 : 16-bit width
— : Both 8-bit and 16-bit bus width

Remark
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Table 17-9. Number of Clock Cycles {4/20)

s a g Byte Processing Word Processing
2 . S
3 |Mnemonic| Opsrands | On-Chip Other On-Chip Other
8o é RAM Access Access RAM Access Access
8 10 + 27
2acc8, imm8 — 7+T _— -
o 16 7+7T
S |INw2
o 8 10 + 27
E acc, DW — 7+7T —
£ 16 74T
5
& 8
3 .
< imma8, acc -_— 5 _ 5
3 16
2 |oute2
8
DW, acc — 5 -— 5
16
20 + 2T 21427
17+7T 184+T = pecceeccccceccercmoberemmmcmem e
8 94+ (134 2T)n 84+ (17 +4T)n
. (rep) 5 §
S | INme2 dst-block, DW 94+{10+Tin 94+{11+27n
b2 N N O R et E L L PR 17+7T 1B8+T
= J T O [ [ SRR R
H 16| (rePCW=0) 9+(10+Tin 9+ {11+ 2Tn
H 5 5 5 5
3
s 17 + 2T 23 + 4T
a 14+T 17+2T p----=====---c-o-pocccsseccnonnann
© 8 9+(10+2Tn 94+ (16 + 4Tin
-2 N R R D S S SRS
E (rep) 5 5
‘& | OUTM*2 | DW, src-block §4+(7+Tin 94+ (10+2Tn
----------------- L e 14+T 17 +2T
16 (rep CW = 0) 9+(7+Th | 9+(10+2Tn
5 5 . .
* 1. 8 : 8-bit width

16 : 16-bit width
2. When IBRK = 1. As shown in the next page when IBRK = 0.

Remark

n: Number of repetitions
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Table 17-9. Number of Clock Cycles (5/20)

§ a .g Byte Processing Word Processing
S 3| Mnemonic| Operand $
28 ‘e) Operands 1 2 On-Chip Other On-Chip Other
kS a RAM Access Access RAM Access Access
8 60 + 10T 60 + 10T
ace8, imms8 — —
" 16 - 40 + 5T 40 + ST
S |IN
b4 8 B0 + 10T 60 + 10T
g acc, DW — —
£ 16 40 + 5T 40 + 5T
2 8 60 + 10T 60 + 10T
3 imm8, acc —_ —_
] 16 40 + 5T 40 + 5T
2 |our
- 8 60 + 10T 60 + 10T
DW, acc _ -—
16 40 + ST 40 + 5T
[.]
2§ 8 60 + 10T 60 + 10T
2| INm dst-block, DW - -
<2 16 40 + 5T 40 + 5T
22
‘g'.; 8 60 + 10T 60 + 10T
£ 8 ouUT™M DW, src-block - —_
3 16 40 + 5T 40 + 5T

8 : B-bit width
16 . 16-bit width
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Table 17-9. Number of Clock Cycles (6/20)
£ :-E Byte Processing Word Processing
2 g, h-d
IH Mnemonic | Operands | 3 On-Chip Other On-Chip Other
%O 3 RAM Access Access RAM Access Access
£ @
reg, reg’ — 3 3 3 3
8 EA+10+ 2T
mem, reg EA+4 EA+7+T EA+ 4
18 EA+7+T
8 EA+9+2T
reg, mem EA+2 EA+6+7T EA+2
ADD 16 EA+6+T
reg, imm —_ 2 2 2 2
8 EA + 10 + 2T
mem, imm EA+ 4 EA+7+T EA + 4
16 EA+7+T
ace, imm — 2 2 2 2
req, reg' — 3 3 3 3
“n
<
.g 8 EA + 10 + 2T
3 mem, reg EA+ 4 EA+7+T EA+4
*g‘ 16 EA+7+T
.5 8 EA+9+2T
° reg, mem EA +2 EA+6+T EA +2
£ | ApDbC 16 EA+6+T
5
% reg, imm — 2 2 2 2
(2]
g 8 EA + 10 + 2T
< mem, imm EA + 4 EA+7+T EA+ 4
16 EA+7+T
acc, imm —_ 2 2 2 2
reg, reg’ — 3 3 3 3
8 EA+ 10+ 2T
mem, reg EA+ 4 EA+7+T EA+4
16 EA+7+T
8 EA+9+ 2T
reg, mem EA + 2 EA+6+T EA+2
suB 16 EA+6+T
reg, imm — 2 2 2 2
8 EA + 10 + 27
mem, imm EA+ 4 EA+7+T EA + 4
16 EA+7+T
acc, imm — 2 2 2 2

* 8 : 8-bit width
16 : 16-bit width

— : Both 8-bit and 16-bit bus width

90

‘Ml k427525 0063196 TiT IR

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC

uPD70433

Table 17-9. Number of Clock Cycles (7/20)

H a '5 Byte Processing Waord Processing
=g _ 2
S &{Mnemonic| Operands | 2 On-Chip Other On-Chip Other
g“’ é RAM Access Access RAM Access Access
reg, reg’ 3 3 3 3
g 8 EA+10+ 2T
2 mem, reg EA+ 4 EA+7+T EA+4
3 16 EA+7+T
1]
£ 8 EA+9+2T
1 reg, mem EA+2 EA+8+T EA+2
T | SUBC 16 EA+6+T
5 rag, imm — 2 2 2 2
(<
e
2 8 EA + 10+ 27
'g mem, imm EA+4 EA+7+T EA+ 4
< 16 EA+7+T
acc, imm —_ 2 2 2 2
dst-stri 8
ADD4S stesiring, 6+ (15+ Tin 6+ (19 +3T)n - -
src-string 16
g dst-stri 8
2 | suBss st-string, 6+(16+ Tin 6+ (20 + 3T)n - _
5 src-string 16
a
£ . 8
S |cMpag | dststring, 6+(15+ T)n 6+ (18 +2T)n - -
= sre-string 16
[od
g
o reg8 8 [ 5 —_ —_—
8 ROL4
@ mem8 16 EA+S EA+8+T - —
reg8 8 ] 5 — _
ROR4
mem8 16 EA+5 EA+8+T - -—
o reg8 —_ 2 2 — —
s
z 8 EA+ 10+ 2T
2 | INC mem EA +3 EA+7+T EA+3
@ 16 EA+7+T7T
£
.E: reg1é — —_ — 2 2
g
S reg8 - 2 2 — —_
(Y]
T
2 8 EA + 10 + 2T
g | DEC mem EA+3 EA+7+T EA+3
o 16 EA+T7+T
Q0
£
reg1é — — — 2 2
* 8 : 8-bit width
16 : 16-bit width
— : Both 8-bit and 16-bit bus width
Remark  n: Half of number of BCD digits
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Tabie 17-9. Number of Clock Cycles (8/20)

5 o % Byte Processing Word Processing
€3 . [
2 2[Mnemonic| Operends | 2 On-Chip Other On-Chip Other
g"’ o RAM Access Access RAM Access Access
regs - 1 1 15 15
8 EA+21+27
mem8 EA +12 EA+14+T7T EA+ 16
16 EA+18+T
MULU
reg16 - 1 1 15 15
8 EA+21+2T
mem16 EA + 12 EA+144+T EA + 16
16 EA+18+T
" reg8 — 10 10 14 14
=
2 8 EA + 20 + 2T
2 mem8 EA + 11 EA+13+T EA + 15
= 16 EA+17+T
2 reg16 — 10 10 14 14
o
-‘% 8 EA +20+2T
= mem16 EA+ 11 EA+13+T EA + 15
s 16 EA+17+T
reg16, regif’,
MuL imm8/reg16, | — —_ — 14 14
imms8
req16, 8 EA+ 20+ 2T
mem16, —_— — EA + 15
imm8 16 EA+17+T
reg 16, reg 16,
imm16/reg16, | — —_ —_ 14 14
imm16
reg16, 8 . EA + 204+ 27
mem186, - — EA + 15
imm16 16 EA+17+T

* 8 : 8-bit width
16 : 16-bit width
-— : Both 8-bit and 16-bit bus width
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Table 17-9. Number of Clock Cycles (9/20)

'15:; a % Byte Processing Word Processing
3 . 2
™M d
|g&|Mnemeonic| Operands 2 On-Chip Other On-Chip Other
£ a RAM Access Access RAM Access Access
8 15/62 + 10T 16/62 + 10T 23/57 + 10T 23/57 + 10T
regd
16 15/42 + 5T 15/42 + 5T 23/42 + 5T 23/42 + 5T
8 EA+16/63+ 10T |EA+18+T/63+ 10T | EA +24/58 + 10T |EA + 30 + 2T/58 + 10T
mem8
DIVU 16| EA+16/43+5T |EA+18+T/63+5T EA + 24/43 + 5T EA + 26 + T/43 + 5T
8 15/62 + 10T 16/62 + 10T 23/57 + 10T 23/57 + 10T
reg16
16 15/42 + 5T 16/42 + 5T 23/42 + 5T 23/42 + 5T
"
[
2 8 EA +18/83 + 10T [EA+18+T/63+ 10T| EA +24/58 + 10T |EA + 30 + 27/58 + 10T
S mem16
E 16 EA + 16/43 + ST EA +18 + T/43 + 5T EA + 24/43 + 5T EA +26 + T/43 + 6T
§ 8 17/64 + 10T 17/64 + 107 25/59 + 10T 25/59 + 10T
K] reg8
3 16 17/44 + 5T 17/44 + 5T 25/44 + ST 25/44 + 5T
8 EA + 1B/65 + 10T |EA + 20 + T/65 + 10T | EA + 26/60 + 10T |EA + 31 + 2T/60 + 10T]
mem8
oW 16| EA+18/458+5T |EA+20+T/4545T | EA+ 26/45+57 EA + 28 + T/45 + 5T
8 17/64 + 10T 17/64 + 10T 25/59 + 10T 25/59 + 10T
reg16
16 17/44 + ST 17/44 + ST 25/44 + 6T 25/44 + 5T
8 EA + 18/65 + 10T [EA + 20+ T/65+ 10T | EA +26/60 + 10T |EA + 31+ 2T/60 + 10T
mem16
16 EA + 18/45 + 5T EA + 20 + T/45 + 5T EA +26/45 + 6T EA + 28 + T/45 + 5T
L2
g 8 6
s | ADJBA. 9 — —_
2 16 9
]
c
= | ADJ4A - 3 3 — -
c
Q
E 8 6 6
S {ApJes — -
o 16 9 9
o
2 | ADJas — 3 a — —
- |cvTep - 18 18 - -
L ow
$ 5| cvToB - 8 8 - -
S 8| cvTBW - 3 3 - -
i
CVTWL —_ — — 3 3
* 8 : 8-bit width

16 : 16-bit width

— : Both 8-bit and 16-bit bus width

Remark

Figures on right of / {slash) apply in case of a divide error.
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Table 17-9. Number of Clock Cycles (10/20)

8 e = Byte Processing Word Processing
53|m ic| Operands | 3 '
26 nemonic perands % On-Chip Other On-Chip Other
E 2 RAM Access Access RAM Access Access
reg, rag’ — 3 3 3 3
EA+9+2T
@ mem, reg EA + 4 EA+6+T "EA+ 4
s 16 EA+6+7T
]
2 8 EA+94+2T
E CMP reg, mem EA+2 EA+6+T EA+2
e 16 EA+6+T
a
5 reg, imm —_ 2 2 2 2
£
S 8 EA +9+2T
mem, imm EA+4 EA+6+T EA+ 4
16 EA+6+T
ace, imm —_ 2 2 2 2
reg — 2 2 2 2
5
s |wor 8 EA + 10+ 2T
22 mem EA+3 EA+7+T EA+3
o9 16 EA+7+T
=8
s 2
E g reg — 2 2 2 2
2 c
€ [nec 8 EA+ 10 + 2T
S mem EA+3 EA+7+T EA+3
16 ’ EA+7+T
reg. reg’ —_ 3 3 3 3
/ 8 EA+ 9+ 2T
mem, reg EA + 4 EA+6+7T EA+4
reg. mem 16 EA+6+T
TEST reg, imm — 2 2 2 2
8 EA+9+2T
» mem, imm EA+4 EA+6+T EA+ 4
£ 16 EA+6+T
g+
£ ace, imm — 2 2 2 2
0
(=
e reg, reg' —_ 3 3 3 3
=]
g 8 EA + 10 + 2T
a mem, reg EA+ 4 EA+7+T EA+ 4
- 16 EA+T7+T
ki
> 8 EA+9+2T
- AND reg, mem EA + 2 EA+6+T EA +2
16 EA+6+T
reg, imm -_— 2 2 2 2
8 EA+ 10+ 2T
mem, imm EA + 4 EA+7+T EA + 4
16 EA+74+T
acc, imm —_ 2 2 2 2

* 8. 8-bit width 16 : 16-bit width — : Both 8-bit and 16-bit bus width
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Table 17-9. Number of Clock Cycles (11/20)

H a -:C_ Byte Processing Word Processing
5 3 Mnesmoni (o) d 2
:_,:35 n © perands E On-Chip Other On-Chip Other
£ 2 RAM Access Access RAM Access Access
reg, reg’ _— 3 3 3 3
8 EA +10 + 2T
mem, reg EA+4 EA+7+T EA + 4
16 EA+7+T
8 EA+9+2T
reg, mem EA+2 EA+6+T EA+2
OR 16 EA+6+T
reg, imm —_ 2 2 2 2
£ 8 EA+ 104 2T
s mem, imm EA+ 4 EA+7+T EA + 4
2 16 EA+7+T
2
‘= acc, imm —_— 2 2 2 2
(=]
E reg, reg’ _— 3 3 3 3
2
2 8 EA+ 104+ 2T
R3] mem, reg EA + 4 EA+7+T EA + 4
2 16 EA+7+T
-
8 EA+9+2T
reg, mem EA+2 EA+6+T EA+2
XOR 16 EA+6+T
reg, imm —_ 2 2 2 2
8 EA+ 10+ 2T
mem, imm EA+ 4 EA+7+T EA+ 4
16 EA+74+7T
acc, imm —_ 2 2 2 2
reg8, CL - 3 3 3 3
8 . EA+9+2T
memS8, CL EA + 4 EA+6+T EA + 4
16 EA+6+T
@ reg16, CL — 3 3 3 3
Q
g 8 EA+9+2T
5 mem16, CL EA+4 EA+6+T EA+ 4
£ 16 EA+6+T
S [ TESTY
s reg8, imm3 —_ 2 2 2 2
2
g 8 EA+9 +2T
g mem8, imm3 EA +4 EA+6+T EA+ 4
k= 16 EA+6+T
o
reg16, imm4 | — 2 2 2 2
8 EA+9 +2T
mem1i16, imm4 EA+ 4 EA+6+T EA + 4
16 EA+6+T
* 8 8-bit width 16 : 16-bit width — : Both 8-bit and 16-bit bus width
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Table 17-9. Number of Clock Cycles (12/20)

s .5 Byte Processing Word Processing
5 S 3 '
£§|Mnemonic| Operands | = On-Chip Other On-Chip Other
K3 a RAM Access Access RAM Access Access
reg8, CL —_— 3 3 3 3
8 EA+ 10 + 2T
mems8, CL EA+4 EA+7+T EA+ 4
16 EA+7+T
reg16, CL —_ 3 3 3 3
8 EA+10+ 2T
mem16, CL EA+4 EA+7+T EA+ 4
16 EA+7+T
NOT1 reg8, imm3 — 2 2 2 2
8 EA+10+2T
mem8, imm3 EA 4+ 4 EA+7+T EA+ 4
16 EA+7+T
reg16, imm4é — 2 2 2 2
"
S 8 EA+10 + 2T
° mem16, imm4 EA+ 4 EA+7+T EA + 4
£ 16 EA+7+T
H
e cY - 2 2 2 2
2
3 reg8, CL - 3 3 3 3
a
& 8 EA+ 10+ 2T
E mems8, CL EA+4 EA+7+T EA+ 4
o 16 EA+7+T
reg16, CL — 3 3 3 3
8 EA+10+2T
mem1i6, CL EA + 4 EA+7+T EA + 4
16 EA+7+T7T
CLR1 reg8, imm3 —_ 2 2 2 2
8 EA+ 10+ 2T
mems8, imm3 EA + 4 EA+7+7T EA + 4
16 EA+7+T
regl16, imm4 | — 2 2 2 2
8 EA + 10 + 2T
mem16, imm4 EA + 4 EA+7+T EA + 4
16 EA+7+T
cYy —_ 2 2 2 2
DIR — 2 2 2 2

* 8 : 8-bit width
16 : 16-bit width
— : Both B-bit and 16-bit bus width
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Table 17-9. Number of Clack Cycles (13/20)

_E a ‘g Byte Processing Word Processing
) . 2
£§|Mnemonic| Operands | 3 On-Chip Other On-Chip Other
£ a RAM Access Access RAM Access Access
reg8, CL — 3 3 3 3
8 EA+ 10 + 2T
mems8, CL EA+4 EA+7+T EA+4
16 EA+7+T
reg16, CL -_ 3 3 3 3
8 EA+ 10 + 27
v mem16, CL EA+ 4 EA+7+7T EA+ 4
S 16 EA+74+T
‘g
= reg8, imm3 -_— 2 2 2 2
£ |sem
s 8 EA+ 10 +2T
£ mem8, imm3 EA+ 4 EA+7+T EA+4
S 16 EA+7+T
=3
é reg16, imm4 | — 2 2 2 2
3 8 EA+ 10 + 2T
mem16, immad EA+ 4 EA+7+T EA+ 4
16 EA+7+T
cY -— 2 2 2 2
DIR — 2 2 2 2
8 EA+8+3n+7T EA+8+3n+T EA+11+3n+2T EA+114+3n+2T
mem
BSCH 16 EA+84+3n+T EA+8+3n+T EA+8+3n+T EA+8+3n+T
reg —_ 4+ 3n 4 +3n 4+ 3n 4 +3n »
reg, 1 -_ 3 3 3 3
8 EA + 10 + 2T
mem, 1 EA+3 EA+7+T EA +3
- 16 EA+7+T
[=4
'% reg, CL — 5+n S+n 5+n 5+n
2
% | sHL 8 EA+11+2T +n
= mem, CL EA+S5+n EA+8+T4+n EA+6+n
= 16 EA+8+T+n
n
reg. imms — S+n 5+n S+n S+n
8 EA+114+2T +n
mem, imm8 EA+6+n EA+8+T+n EA+6+n
16 EA+8+T+n
* B : 8-bit width

16 : 16-bit width
— . Both 8-bit and 16-bit bus width

Remark

B Lu27525 00L3203 TAT WA

Number of shifts {n in a bit manipulation instruction indicates the bit number searched for)
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Table 17-9. Number of Clock Cycles (14/20)

E o % Byte Processing Word Processing
‘dg M i Operands £
2 S nemonic pe ~ On-Chip Other On-Chip Other
b a RAM Access Access RAM Access Access
reg, 1 —_— 3 3 3 3
8 EA + 10 + 2T
mem, 1 EA+3 EA+7+T EA+3
16 EA+7+T
reg, CL — S+n S+n 5+n S+n
SHR 8 ) EA+11+2T+n
mem, CL EA+5+n EA+8+T+n EA+64+n
16 " EA+8+T+n
reg, imm8 —_ 5+n 5+n 5+n 5+n
2 8 EA+11+2T+n
2 mem, imm8 EA+6+n .EA+8+T+n EA+6+n
g 16 EA+8+T+n
|
®
£ reg, 1 — 3 3 3 3
£
® 8 EA +10 + 2T
mem, 1 EA+3 EA+7+T EA +3
16 EA+7+T
reg, CL - S5+n 5+4n S+n 5+n
SHRA 8 EA+11+2T+n
mem, CL EA+54+n EA+8+T+n EA+64+n
16 EA+8+T+n
reg, imms8 —_ 5+n 5+n S+n S+n
8 EA+11+2T+n
mem, imm8 EA+6+n EA+8+T+n EA+6+n
16 EA+8+T+n
reg, 1 — 3 3 3 3
8 EA +10 + 27
mem, 1 EA+3 EA+7+T7T EA+3
" 16 EA+7+T
5
S reg, CL — 5+n S5+n 5+n S+n
8 .
2 [roL 8 EA+11+2T +n
P mem, CL EA+5+n EA+8+T+n EA+64+n
s 16 EA+8+T+n
<
reg, imm8 — S5+n S+n S+n S+n
8 EA+11+2T +n0n
mem, imm8 EA+6+n EA+8+T+n EA+6+n
16 EA+8+T+n

* 8 : B-bit width
16 : 16-bit width
— : Both 8-bit and 16-bit bus width

Remark Number of shifts (n in a bit manipulation instruction indicates the bit number searched for)
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Table 17-9. Number of Clack Cycles {15/20)

§ a % Byte Processing Word Processing
gg Mnemonic Operands E
£3 P > On-Chip Other On-Chip Other
£ o RAM Access Access RAM Access Access
reg, 1 _— 3 3 3 3
8 EA+ 10 + 2T
mem, 1 EA+3 EA+7+T EA+3
16 EA+7+T
reg, CL — 5+n 5+n 5+n 5+n
ROR 8 EA+11+2T+n
mem, CL EA+S+n EA+8+T+n EA+6+n
16 EA+8+T+n
reg, imm8 —_ 5+n S5+n S+n S+n
8 EA+11+2T +n
mem, imm8 EA+6+n EA+8+T+n EA+6+n
16 EA+B+T+n
reg, 1 — 3 3 3 3
8 EA+ 10+ 2T
mem, 1 EA+3 EA+T7+T EA+3
» 16 EA+7+T
[ =
o
kS reg, CL - 5+n 5+n 5+n 5+n
a
% |ROLC 8 EA+11+2T+n
‘e mem, CL EA+5+n EA+8+T+n EA+6+n
= 16 EA+8+T+n
c
<
reg, imms — 5+n 5+n 5+n 5+n
8 EA+114+2T+n
mem, imm8 EA+6+n EA+8+T+n EA+6+n
16 EA+8+T+n
reg, 1 —_ 3 3 3 3
8 EA+10+ 2T
mem, 1 EA+3 EA+7+T EA+3
16 EA+7+T
reg, CL — 5+n 5+n S5+n S+n
RORC 8 EA+114+2T+n
mem, CL EA+5+n EA+B+T+n EA+6+n
16 EA+8+T+n
reg, imm8§ — S+n S+n 5+n 5+n
8 EA+11+2T+n
mem, imm8 EA+6+n EA+8+T+n EA+6+n
16 EA+8+T+n
* 8 : B-bit width
16 : 16-bit width
— : Both 8-bit and 16-bit bus width
Remark Number of shifts
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Table 17-9. Number of Clock Cycles (16/20)

—
Sa > Byte Processing Word Processing
e 3 . °
S§|Mnemonic| Operands | g On-Chip Other On-Chip Other
£ 3 RAM Access Access RAM Access Access
8 19 + 27
' near-proc - _ -
16 16+7T
8 18 + 2T
regptr16 - - -
16 15+7T
8 EA+ 19+ 2T EA + 24 + 4T
CALL memptri6 —_ ) -_
b 16 EA+ 16+ T EA+18+ 2T
Q
’g 8 29 + 4T
- far-proc — -_ -
£ 16 23+ 2T
e
€ 8 EA + 32 + 4T EA+ 44 + 8T
o memptr32 —_ —
2 1% EA + 26 + 2T EA + 32 + 4T
5
2 8 _ 18 + 2T
3 — — —
@ 16 1547
8 19 + 2T
pop-value - —_ —_—
] 16 16+T
RET
8 - 26 + 4T
.2 a—— o— —_—
16 20+ 27
8 27 + 4T
pop-value*2 — — —
16 21+ 2T
8 EA+13 + 2T
mem16 - —_ EA +7
16 EA+10+T
L3
c
-2 reg16 _— — —_ _ 7
[7]
2
v sreg — — —_ — 7
£
H xsreg/VPC —_ - —_ — 7
% | PUSH
E_ PSW — —_ — — -
[ =
£ 8 57 + 14T
% R - - -
s 16 36+ 7T
(7
imm8 —_ — - — 6
imm16 _ —_ —_ —_ 6

* 1. 8 : 8-bit width
16 : 16-bit width
— : Both 8-bit and 16-bit bus width
2. Segment-external
Remark n: Number of shifts
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Table 17-9. Number of Clock Cycles {17/20)

—
_5 a .'E Byte Processing Word Processing
S 3 . ©
© | Mnemonic QOperands =
£S5 pe 3 On-Chip Other On-Chip Other
£ é RAM Access Access RAM Access Access
8 EA+ 13+ 2T EA+ 14+ 2T
mem16 -—_— —
16 EA+10+T EA+11+T
8 10+ 2T
reg16 —_ —_ —
16 T7+7T
2 8 10 + 2T
2 sreg — — —
§ 16 7+7T
% |POP
£ 8 10+ 27
§ xsreg/VPC - - -
® 16 7+T
s
o
‘c 8 1M+2T
g PSW - - —
.g 16 8+T
b 8 76 + 16T
R — — —_
16 52 + 8T
PREPARE*2| imm16, immB§ — - —_— - 9
8 10 + 27
DISPOSE - —_ —
16 7+7T
near-label —_ —_ — -— 9
short-label — — — — 9
@ -
§ regptri6 —_ — —_ - 8
3 8 EA+ 14+ 2T
g BR memptrié — —_ EA +9
= 16 EA+11+T
2
o far-label —_ — —_ —_ 9
e4]
8 EA + 24 + 4T
memptr32 — — EA + 12
16 EA+18 + 27
* 1. 8 : 8-bit width
16 : 16-bit width
— : Both B-bit and 16-bit bus width
2, When imm8 = 0. As shown below when imm8 2 1.
8 154+2T+({16+4T)n
PREPARE imm16, immB —_ — —
16 14 + (12 + T)n
n:imm8

101
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Table 17-9. Number of Clock Cycles (18/20}

,g s % Byte Processing Word Processing
gg|Mnemonic| Operands | 3 On-Chip Other On-Chip Other
£ a RAM Access Access RAM Access Access
a8V short-label -_ — — 9/3 9/3
8NV short-label - —_ — 9/3 9/3
8C/ABL short-label —_— —_ _ 9/3 9/3
BNC/BNL | short-label — - -— 9/3 9/3
BE/BZ short-label - - — 9/3 9/3
BNE/BNZ | short-label —_ — _ 9/3 9/3
BNH short-label — — — 9/3 9/3
- BH short-label —_ — — 9/3 9/3
-g BN short-label -_ —_ - 9/3 9/3
g BP short-iabel —_ — _ 9/3 9/3
:é BPE short-label _ -— -_— 8/3 93
E BPO short-label —_ — — 9/3 9/3
_5 BLT short-label — - — 9/3 9/3
g BGE short-label -_ —_ —_ 9/3 9/3
BLE short-iabel - — — 9/3 9/3
BGT short-iabel — — — 9/3 9/3
DBNZNE short-label —_ —_ _ 10/5 10/5
DBNZE short-label — _ —_ 10/5 10/5
DBNZ short-iabel —_ — — 10/8 10/5
BCWZ short-label —_ —_ —_ 10/5 10/5
. 8
BTCLR | &frimm3 - - 2114 - -
. 8
BTCLAL ::('";"l‘;;:' - — 20/13 - -

* 8 : B-bit width
16: 16-bit width
—: Both 8-bit and 16-bit bus width
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Table 17-9. Number of Clock Cycles (19/20)

§ a pa Byte Processing Word Processing
53 s -
M [a) d =
%S nemonie perands 4 On-Chip Other On-Chip Other
£ 3 RAM Access Access RAM Access Access
8 50 + 10T
3 — — —
16 36+ 4T+t
BRK*2
8 52 + 10T
imm8 (=3) - - -
16 38+ 4T + ¢t
[}
c
2 8 51+410T
S | BAKV*2 - - -
H 16 37 + 4T+t
£
g 8 28 + 4T
& 1RET — —_ —
g 16 22 + 2T
RETRBI - — — — 9
FINT — 3 3 3 3
8 EA + 21 + 4T
CHKIND*3 —_ -_— EA + 11
16 EA+ 15+ 2T
BRKCS reg16 — - - 12 12
*
TSKSW reg16 — — — 13 13
HALT —_ —_ —_ — —_
£ | STOP —_ - - — —
2
S | IDLE - - - - -
S
£ | POLL - — — - -
2
€ [o — 3 3 3 3
(2]
Z |El - 3 3 3 3
o
BUSLOCK —_ Oto1 Oto1 0to1 Oto
* 1. 8 : 8-bit width
16 : 16-bit width
— : Both 8-bit and 16-bit bus width
2. When BRK =1, add 50 + 10T in case of 8-bit bus width, and 34 + 4T in case of 16-bit bus.
3. When {mem32) > reg16 or (mem32 + 2) < reg16, add 50 + 10T in case of 8-bit bus width, and 34 +
4T + t in case of 16-bit bus width.
4. Register bank switching instructions
Remarks WhenT22,t=T-1
103
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Table 17-9. Number of Clock Cycles (20/20)

-
_é g '5 Byte Processing Word Processing
O
;g Mnemonic Operands 3 On-Chip Other On-Chip Other
£ é RAM Access Access RAM Access Access
8 80 + 10T
fp-op —_ - -
16 36+4T + ¢t
a | FPO1
5 8 EA+50+10T
§ fp-op. mem — - -
,:':. 16 EA+36+ 4T+t
=
3 8 50 + 10T
€ fp-op — - —
] 16 36+ 4T +1t
> | FPO2
5 8 EA+50+10T
fp-op, mem —_ —_— -
16 EA+36+4T +t
NOP - 4 4 4 4
—_ | 8 9/54 + 10T*3
*2 | RSTWDT imms8, immBg' -— —_— —
16 9/40 + 4T + t*3
4 — 0to1 Oto 1 0to 1 Oto1
3 §|aHout | imm1s - — - - -
-E g
g | aouT imm16 - - - - -
["]
° &
8 5] QTIN imm16 _— -— —_ - —
o=
ALBIT -— - — — —
COLTRP — — — —_ —
b .
S | MHENC - - - - -
b1
3
£ | MRENC — -— — J— —_
n
£
5 SCHEOL —_ — —_ -— —_
2 | GeTBIT - - - - -
i
B i MHDEC _ —_ — — _—
o
MRDEC _ — — — —_
CNVTRP — - — — -

* 1.

104

8 : 8-bit width
16 : 16-bit width
— : Both 8-bit and 16-bit bus width

Watchdog timer manipulation instruction

Figure after / (slash) applies when word processing is performed during data error.

WhenT22,t=T-1
Segment override prefix instructions (DS0:, DS1:, PS:, SS2)
Extended segment override prefix instructions (DS2: DS3:)
Register file space access override prefix instruction (IRAM)
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17.3 INSTRUCTION SET TABLE
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NEC

1PD70433

18. ELECTRICAL SPECIFICATIONS

This section shows the electrical specifications of the V55PI™ using the three categories below.

HPD70433GD:

uPD70433

KPD70433GD/R/GJ-12: uPD70433-12
uPD70433GD/R/GJ-16: uPD70433-16

ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C)

PARAMETER SYMBOL TEST CONDITIONS RATINGS UNIT
Voo -0.5to +7.0 v
s | | AVoo -0.5 to Voo + 0.5 v
upply voitage
Y g AVss -0.5to +0.5 )
AVrer -0.5 to AVoo + 0.3 v
Input valtage Vi 0.5 to Voo + 0.5 \
Output voltage Vo -0.5 to Voo + 0.5 v
One pin 4.0 mA
Output current low lov
Total of all pins 100 mA
One pin -1.0 mA
Output current high low
Total of all pins -20 mA
Operating ambient temperature Ta ) =40 to +85 °C
Storage temperature Tug -65 to +150 °C

Notes 1. The IC product output {or input/output) pins shouid not be directly connected hetween Voo, Vcec or GND.
However, direct connection between the open-drain pins or betwen the open collector pins is possible.
Direct connection is also possible for an external circuit via timing design that avoids collision of output

at pins which become high impedance.

2. Exceeding the absolute maximum ratings even in one of the parameters even for an instant may affect the

product quality.

That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering
physical damage, and therefore avoid using the product close to the rated values. The specifications and
conditions shown in the DC characteristics and AC characteristics comprise the normal operation and
guaranteed quality range.
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NEC

uPD70433
DC Characteristics {Ta = 40 to +85 °C, Voo = +5.0 V + 10 %)
(1) uPD70433
PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
input voitage low Vi -1 0 0.8 \
Vi .2 0 0.2Voo \
Input voltage high ‘ Vi 1 2.2 Voo v
ViHz 2 0.8Voo Voo )
Schmitt-triggered input threshold voltage ve* *3, rise a3 v
vr *3, fall 1.6 v
Schmitt-triggered input hysteresis width | Vi’ =Vt | *3 0.5 v
Qutput voltage low Vou lot= 2.0 mA 0.45 \
Output voltage high Vou lok = =0.4 mA Voo -1.0 v
Input leakage current hu 0V <SVisVo +10 HA
Output leakage current Ito 0V < Vo < Voo +10 HA
Voo supply current*4 loos Operating mode*5s 6.4fx + 30 6.4fx + 50 mA
lopz HALT mode*5 4.4 fx |4.4fx+ 20 mA
loos STOP mode*s 10 50 HA
AVoo supply current Aloos Operating mode*s 2 10 mA
Alpoz HALT mode*5 2 10 mA
Aloos STOP mode*5 10 50 HA

*1. Other than *2
RESET, P10/NMI, X1, P11/INTPO to P16/INTP5, P30/TxD0/SO0/SBO, P31/RxD0/SB1/S10, P32/TxC/SCKO,
P33/CTS0, P35/RxD1/S!1, P36/SCK1/CTS1
3. RESET, P10/NMI, P11/INTPO to P16/INTPS

. The unit for the constants is mA/MHz.
Voo = AVbo

a
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NEC uPD70433

(2) yPD70433-12, 70433-16

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Input voitage low Vit 1 0 0.8 \Y
Viz .2 0 0.2Voo \
Input voltage high Vi -1 . 2.2 Voo Y
Vimz 2 0.8Voo Voo A
Schmitt-triggered input threshold voltage vr *3, rise 3.3 \
vr *3, fall 1.6 v
Schmitt-triggered input hysteresis width | Vi'-vr | *3 0.5 v
Output voltage low Vou loL = 2.0 mA 0.45 v
Output voltage high Vou fon = 0.4 mA Voo -1.0 \
Input leakage current Iut 0DV <Vi< Voo +10 LA
Output leakage current fLo 0V < Vo< Voo +10 uA
Voo supply current*4 foo1 Operating mode 5.4fx + 30| 5.4fx + 50 mA
Ioo2 HALT mode 3.7fx [3.79fx+20 mA
looa STOP mode 10 50 HA
AVoo supply current Aloot Operating mode 1.5 2.5 mA
Alooz HALT mode 0.6 1 mA
Aloos STOP mode 10 50 HA

*1. Other than *2
2. RESET, P10/NMI, X1, P11/INTPO to P16/INTPS, P30/TxD0/SO0/SB0, P31/RxD0/SB1/SI0, P32/TxC/SCKO,
P33/CTS0, P35/RxD1/SI1, P36/SCK1/CTS1
3. RESET, P10/NMI, P11/INTPO to P16/INTPS
4. The unit for the constants 5.4 and 3.7 is mA/MHz.

CAPACITANCE (Ta = 256 °C, Voo = 0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
{nput capacitance Ci fc = 1 MHz 10 pF
Unmeasured pins are
Output capacitance Co returned to 0 V. 20 pF
1/O capacitance Cio 20 pF

OPERATING CONDITIONS

PART NUMBER INT. CLOCK FREQUENCY OPERATING TEMPERATURE (Ta) SUPPLY VOLTAGE (Voo)

UPD70433 0.25 MH:z € fx < 12.5 MHz2 _40 to +B5 °C 450V 10 %
uPD70433.12

uPD70433-16 0.25 MHz < fx s 12.5 MHz
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NEC uPD70433

RECOMMENDED OSCILLATION CIRCUIT
The circuit shown below is recommended for a clock input.

(1) pPD70433

(a) Ceramic resonator connection {Ta = -10 to +70 °C £ 10 %, Voo =5 V £ 10 %)

OSCILLATOR RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
fxx (MHZ] C1(pF] C2 [pF]
Murata Mfg. Co., Ltd. 25 CSA25.00MX2040 5 5

Notes 1. The oscillator should be located as close to the X1 and X2 pins as possible.
2. Other signal lines should not cross the shaded area.
3. When matching the 1PD70433 with a resonator, careful evaluation is required.

(b) Crystal resonator connection

(i) Basic wave recommended condition (Ta=~10 to +70 °C, Voo = 5 V £ 10 %)

OSCILLATOR RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
fxx (MHZ] C1 {pF] C2 (pF)
Kinseki 25 HC-49/U-S 10 10’

Notes 1. The oscillator should be located as close to the X1 and X2 pins as possible.
2. Other signal lines should not cross the shaded area.
3. When matching the uPD70433 with a resonator, careful evaluation is required.
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NEC uPD70433

(il) 3rd-overtone recommended condition (Ta = -20 to +70 °'C, Voo = 5V £ 10 %)

OSCILLATOR RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
fxx [MHZ] C1 [pFl C2 [uF) C3 [pF] L [t
Kinseki 25 HC-49/U 20 0.01 18 3.3

Notes 1. The oscillator should be located as close to the X1 and X2 pins as possible.
2. Other signal lines should not cross the shaded area.
3. When matching the (PD70433 with a resonator, careful evaluation is required.

{(c) External clock input

L X1 X2

Open
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NEC HPD70433

(2) uPD70433-12, 70433-16.

(s) Ceramic resonator connection (Ta= -40 to +85 °C + 10 %, Voo = 5 V + 10 %)

OSCILLATOR RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
fxx {MHZ] C1 [pF] C2 (pF)
Murata Mfg. Co., Ltd. 25 CSA25.00MXZ040 5 [
32 CSA32.00MXZ040 3 3

Notes 1. The osciliator should be located as close to the X1 and X2 pins as possibla.
2. Other signal lines should not cross the shaded area.
3. When matching the yPD70433 with a resonator, careful evaluation is required.

(b) Crystal resonator connection

(i) Basic-wave recommended condition {Ta = -10 to +70 'C, Voo =5 V + 10 %)

, OSCILLATOR RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
fxx (MHZ1 C1 {pF] C2 [pF]
Kinseki 25 HC-49/U-S 5 S
10 10

Notes 1. The oscillator should be located as close to the X1 and X2 pins as possible.
2. Other signal lines should not cross the shaded area.
3. When matching the uPD70433 with a resonator, careful evaluation is required.
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NEC uPD70433

{il) 3rd-overtone recommended condition {Ta = -20 to +70 °C, Voo =5 V £ 10 %)

X1 X2

OSCILLATOR RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
fxx [MHZ] C1(pF) C2 [pF} C3 [pF] L [uH]
Kinseki 25 HC-49/V 15 16 1000 3.3
32 10 5 1000 3.3

Notes 1. The oscillator should be located as close to the X1 and X2 pins as possible.
2. Other signal lines should not cross the shaded area.
3. When matching the uPD70433 with a resonator, careful evaluation is required.

{c} External clock input

L X1 X2

Open
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NEC uPD70433

AC CHARACTERISTICS (Ta = 40 to +85 °C, Voo = +5.0 V £ 10 %)

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
X1 input cycle time @ tovx 40 250 ns
X1 input high-level width @ TWXH 15 ns
X1 input low-lave! width @ twie 15 ns
X1 input rise time @ txn 10 ns
X1 input fall time @ txr 10 ns
CLKOUT output cycle time @ teve ’ 80 4000 ‘ns
CLKOUT output high-level width @) twm 0.5T-7 ns
CLKOUT output low-level width twet 0.5T-7 ns
CLKOUT output rise time txn 7 ns
CLKOUT output fall time ter 7 ns
o At | 10 ns
Input rise time @ - o 20 s
_ | e | = 10 ns
Input fall time @ ” - 20 e
Output rise time @ ton 10 ns
Output fall time tor ’ 10 ns
CLKOUT delay time from X171 toxx X2: open 20 ns
Address delay time from CLKOUTT @ toka s 30 ns
. tHKAY 5 ns
Address hold time {from CLKOQUTT) - " ”
Address float delay time from CLKOUTT @ trca trxat 40 ns
Address setup time (to ASTBL) @ tsast {n +0.5)T- 25 ns
Address hoid time {from AST8.) @ twsta | 0.5T - 15 : ns
ASTB{ delaytime from CLKOUTL @ toxsTL 0 25 ns
ASTET delay time from CLKOUTL @4)| toxsm 0 25 )
ASTB high-level width @ twsTx (n+NT-15 ns
RD! delay time from CLKOUTT toxa 0 25 ns
RDT delay time from CLKOUTT @ toxan 0 25 ns
RD low-ievel width tway (N+15T-15 ns
RD. delaytime from address float teant 0 ns
Address delay time from RDT toas 0.5T ns

n Number of address wait states
N : Number of data wait states
T

tevx

*
-

Other than *2

RESET, P10 NMI, X1, P11/INTPO to P16/INTPS, P30/TxD0/SQ0/SBO, P31/RxD0/SB1/SI0, P32/TxC/SKCO, P33/CTSO0,
P35/RxD1/S11, P36/SCK1/CTS

lad

Remark Numbers in the Symbol column correspond to numbers in the timing charts.

135
B Ly2?525 00b324) 893 M

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MiN. MAX. UNIT

ASTBT delay time from RDT, IORDT @ 1ORSTH 0 ns
DT, TOADT delay time from WRLT, WRAHT, IOWRT @ townu 0 ns
DEX delay time from CLKOUT! @ tokox 0 30 ns
DEX hold time (from CLKOUTY) @2)| tucox 0 ns
Data input setup time {to CLKOUT{) @3)| tsox 15 ns
Data input hold time (frem CLKOUT) trkon 0 ns
WRL delay time from CLKOUT @ DrwL 0 25 ns
WRT delay time from CLKOUTL tokwn 0 25 ns
WR low—level width @ twwe | - (N+ 1)T-15 ns
Data output delay time from CLKOUTT oKD 3 30 ns
Data output hold time {from CLKOUTY) tixow 0 ns
ASTB? delay time from WAT towsH 0 ns
RAS! delay time from CLKOUTT TOKAAL nT nT + 25 ns
RAST delay time fram CLKOUTT tokaAH 0 25 ns
RAS high-level width (43)] twnan n+ NT-15 ns
RAST delay time from WRAL. WRLL @ towman (N+0.5T-10 ns
Address setup time (to RASL) @ tsanat nT - 15 ns
READY setup time (to CLKOUTL) tsAYHK twik — 10 ns
READY hald time (from CLKOUTY) trxavL 15 ns
READY setup time (to CLKOUTL) tnx | , twiw — 10 ns
READY hold time {from CLKOUTL) T 15 ns
RESET low-level width twastt | STOP release/power-on reset 30 ms

twrst2 | System reset 1000 + 2T ns
NMI high-level width twnim 5 us
NMI low-level width DR 5 s
INTPm setup time (to CLKOUT!) @ tsiok m=0to 3 30 ns
INTPm high-level width (63)| twan | m=0to3 10T ns
INTPm low-level width twa. | m=0t03 10T ns
POLL setup time {to CLKOUTL) 69| tseux 30 ns
HLDRQ setup time {to CLKOUTY) tswax 30 ns
HLDAKL delay time from CLKOUTT @ tOKHA 0 30 ns
HLDAKL delay time from bus float tECHA 0 ns
Bus output delay time from HLDAKT toHac T~ 40 ns

n : Number of address wait states
N : Number of data wait states
T tex

Remark Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC ©PD70433

PARAMETER SYMB8OL TEST CONDITIONS MIN. MAX. UNIT
HLDAKT delay time from HLDRQ! tomama 2.5T + 80 ns
Bus output delay time from HLORQ! towac 0.5T + 50 ns
HLDRQ low-level width twmat 2T ns
HLDAK low-level width twhar - 3T-10 ns
BUSLOCK delay time from CLKOUTT toest 0 30 ns
DMARQmMm setup time (to CLKOUTL) tsook | Except demand release 30 ns
mode; m =« 0, 1
DMARQm high-level width twoon | Except demand release 27 ns
: mode; m =0, 1
DMARQm low-level width twoat | Except demand release 2T ns
mode; m =0, 1
DMARQm setup time (to CLKOUTT) tskoa | Demand release mode; 5 ns
m=0or1
DMARQm low-level hold time twcoa | Demand release mode; 15 ns
{from CLKOUT!) m=0or1
DMAAKm. delay time from CLKOUTT tocoa | m=0or1 0 30 ns
DMAAKm low-level width @ twoaL | m=0or1 3+n+N)T-10 ns
TCEm! delay time from CLKOUT?T @ toxre | m=0or1 0 30 ns
TCEm iow-level width @ twret | m=Oor1 T-10 ns
TOUT high-level width twron | 8T-10 ns
TOUT iow-ievsl width @ twrolL 8T - 10 ns
WDTOUT low-tevel width twwr 32T - 10 ns
—_— lnput 8T ns
SCK cycle time @ teysk
Output 8T - 10 ns
- Input 4T~ 10 ns
SCK high-level width twswn
Output 4T -10 . ns
- Input 4T - 10 ns
SCK low-level width twskL
Output 4T - 10 ns
Sl, SB setup time (to SCKT) tsssx 50 ns
Sl, SB hold time (from SCKT) tHsKS 150 ns
tosxset | {OE mode (CMOS push-pull 0 90 ns
— output}
SO, SB delay time from SCK! -
tosksez| SBl mode (open-drain 0 180 ns

output, AL = 1 k1)

Q@e®E ® ®eE @

SB high-ievel hold time (from SCKT) tHskss AT ns
SB8i mode

SB low-level setup time (to SCK!) tssesx 4T ns

SB high-level width twsaH 4T ns

SB low-level width twset AT ns

n : Number of address wait states
N : Number of data wait states
T 1 tewx

Remark Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT

CTS high-level width twe 27 ns
CTS low-leve! width twett 2T ns
Transmit/receive data cycle tovo UART 327 ns
TxC output clock cycle tore 32T ns
TxC output clock high-level width twew 16T - 10 ns
TxC output clock low-level width twer UART 16T - 10 ns
TxD delay time from TxCl torero 0 90 ns
TxD delay time from CTS. tocrro 2teve ns
DATASTB setup time tsosx | Input mode 30 ns

twostt | Input mode 27 ns
DATASTB low-level width

twost2 | Output mode 2T-10 5127 ns
PD setup time {to DATASTBJ) tseoost | Input mode 50 ns
PD hold time (from DATASTBL) (0| twosren| (PATASTBL latch mode) o7 ns
BUSY delay time from DATASTBL toossY1 AT ns
PD setup time (to DATASTBT) tsroosz | Input mode 50 ns
PD hold time (from DATASTBT) teosroz (DATASTET latch mode) 4T ns
BUSY delay time from DATASTSBT toossvz 4T ns
DATASTB! delay time from PD toroost 2T -30 512T ns
DATASTB setup time (to ACKJ) tsosax 0 ns
ACK input low-level width twaxt | Qutput mode 2T ns
DATASTB setup time (to BUSYT) tsosey 0 ns
BUSY input high-level width twovn 2T ns
Port output delay time (from CLKOUT{) @ toxe 10 §5 ns
Port input setup time (to CLKOUT!) tsrx 30 ns
Port input hold time (from CLKOUTL) |29 tme 20 ns
OMARQm high-level hoid time ' tustoa | Demand release 0 ns

{(from KSTB-L) mode; m=0or 1

REFRQL delay time from CLKOUTT @ toxReL 0 25 ns
REFRQT delay time from CLKOUTT 29| toxnen 0 25 ns
RAS delay time from REFRQL tomera nT-5 ns

n : Number of address wait states
N : Number of data wait states
T : tox

Remark Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC uPD70433
(2) pPD70433-12
PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
X1 input cycle time @ tevx 40 250 ns
X1 input high-level width @)] tww 15 ns
X1 input low-level width @ twi - 15 ns
X1 input rise time @ txa 10 ns
X1 input fall time )| e 10 ns
CLKOUT output cycle time @ tovx 40 4000 ns
CLKOUT output high-level width @)| twen 05T -5 ns
CLKOUT output low-level width twa 0.5T -5 ns
CLKOUT output rise time @ txa 7 ns
CLKOUT output fall time ter 7 ns
| ) . @ tins *1 10 ns
nput rise time

@ tinz *2 20 ns

\ fall i @ tiFy 1 10 ns
nput fall time

trr | %2 20 ns
Output rise time @ tor 10 ns .
Qutput fall time tos 10 ns
CLKOUT delay time from X17 toxx | X2: open 18 ns
Address delay time from CLKOUTT @ toxa 5 27 ns
Add hold ti (f CLKOUT;T) i 2 . i

ress hold time (from

thkaz 0 ns
Address fioat delay time from CLKOUT?T tFKA tHkas 36 ns
Address setup time (to ASTB{) @ tsasT n+08)T-25 ns
Address hold time (from ASTBL) @ thsTA 0.5T - 15 ns
ASTBL delay time from CLKOUT! @ 1oKksTL 0 22 ns
ASTBT delay time from CLKOUT! toxsth 0 22 ns
ASTB high-leve! width @5)| twsm n+1IT-15 ns
RD. del;ay time from CLKOUTT toxaL 0 22 ns
RDT delay time from CLKOUTT @ tokaw 0 22 ns
AD low-level width twat N+ 15T -15 ns
RDL delay time from address float TFARL 0 ns
Address delay time from RDT tora 0.5T ns

n Number of address wait states
N : Number of data wait states
T tevx

Other than *2

*
N -

P35/RxD1/S11, P36/SCK1/CTS1

Remark Numbers in the Symbol column correspond to numbers in the timing charts.

B Lu27525 0063245 439

RESET, P10 NMI, X1, P11/INTPO to P16/INTP5, P30/TxD0/SO0/SBO, P31/RxD0/SB1/510, P32/TxC/SCKO, P33/CTSO,
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NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MIN, MAX, UNIT
ASTBT delay time from RDT, 1ORDT @ ToASTH 0 ns
RDT, TORDT delay time from WRLT, WAHT, TOWRT {1201 towns , 0 ns
DEX delay time from CLKOUT! @D torox 0 27 ns
DEX hold time (from CLKOUTY) (32)| tuwox 0 ns
Data input setup time (to CLKOUT!) @ tsox 11 ns
Data input hold time (from CLKOUTY) thkon - 0 ns
WRJ. delay time from CLKOUTL @ tokwe 0 22 ns
WRT delay time from CLKOUT. towxws 0 22 ns
WR low-level width @ e N+ 1T-12 ns
Data output delay time from CLKOUTT toko 3 27 ns
Data output hold time (from CLKOUT!} trxow v 0 ns
ASTBT delay time from WRT towsTH 0 ns
RASL delay time from CLKOUTT toxaaL nT nT + 22 ns
RAST delay time from CLKOUTT TOKRAH 0 22 ’ ns
‘RAS high-level width twhan {n+ WT-15 ns
RAST delay time from WRH{, WRLL @ towRaH {N+05T-10 ns
Address setup time (to RAS.) @ tSARAL nT -~ 12 ns
READY setup time (to CLKOUTL) tsavm 18 ns
READY hold time (from CLKOUTY) tican, 12 ns
READY setup time {to CLKOUT!) tsAvik 18 ns
READY hoid time (from CLKOUTY) THRRYH 12 ns
—_ twasty | STOP release/power-on reset 30 ms
RESET low-level width
twesLz | System reset 1000 + 2T ns .

NMI high-leve! width TWNIR 5 us
NM| low-level width @ twhIL 5 Hs
INTPm setup time {to CLKOUTL) G| tsx | m-0t03 25 " ns
INTPm high-leve! width (63| twow | m=0to3 10T ns
INTPm low-level width two. | m=0to3 107 ns
POLL setup time (to CLKOUTL) ©5)| tsmx 25 ns
HLDRQ setup time (to CLKOUTY) tswox 25 ns
HLDAK/ delay time from CLKOUTT )| toxua 0 27 ns
HLDAKL delay time from bus float tecHa ¢ ns
Bus output delay time from HLDAKT toriac T-225 ns

n : Number of address wait states
N : Number of data wait states
T : terx

Remark Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
HLDAKT delay time from HLDRQ! towana 0.5T-15 | 3.5T+35 ns
Bus output delay time from HLDRQJ! tonac 0.5T + 45 ns
HLDRQ low-level width twnat 2T ns
HLDAK low-level width twma 3T-10 ns
BUSLOCK deiay time from CLKOUTT toxsL 0 27 ns
DMARQm setup time (to CLKOUTI) tsook | Except demand release 25 ns

mode; m =0, 1

DMARQmM high-level width twood | Except demand release 2T ns

mode; m =0, 1

DMARQmM low-ievel width twoa. | Except demand relaase ag ns

mode; m =0, 1

@ | 9 PREOERREIC ® ® 9@ @ @B R®

DMARQm setup time (to CLKOUTT) tskoa | Demand release mode; [ ns

m=0or1
DMARQmM low-level hold time tikoa | Demand release mode; 12 ns
{from CLKOUT) m=0or1
DMAAKm! delay time from CLKOUTT toxoa | m=Oor1 0 27 ns
DMAAKmM low-level width twoar | m=0or1 3+n+NIT-10 ns
TCEmi delay time from CLKOUTT toxe | m=Oor1. 0 27 ns
TCEm low-level width twrek | m=0or1 T-10 ns
TOUT high-level width twrou 8T - 10 ns
TOUT low-level width twroL 8T - 10 ns
WDTOUT low-level width twwTL 32T - 10 ns
— Input 8T ns
SCK cycle time tovsk

Output 8T - 10 ns
—_— Input 4T -10 ns
SCK high-level width WSk

Output 4T - 10 ns
—_ input 4T - 10 ns
SCK low-leve! width twsky -

Qutput 4T - 10 ns
Si, SB setup time (to SCKT) tsssx 50 ns
Sl, S8 hold time {(from SCKT) HsKs 150 ns

tosessr | JOE mode (CMOS push-pull 0 90 ns
—_ output)
SO, SB delay time from SCK!
tosesaz | SBI mode (open-drain 0 190 ns

output, RL = 1 kf2)

SB high-level hoid time (from SCKT)

PR ® ®®1® @

tusxse AT ns

po— SB! mode
SB low-level setup time (to SCK{) tssesx 4T ns
SB high-tevel width twseH 4T ns
SB low-level width twssL AT ns

n . Number of address wait states
N : Number of data wait states
T tew

Remark Numbers in the Symboi column correspond to numbers in the timing charts.
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NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT

CTS high-level width twemw 27 ns
CTS low-level width twere 7 ns
Transmit/receive data cycle tevo UART 32T ns
TxC output clock cycle teve 32T , ns
TxC output clock high-level width TWEH 16T-10 | ns
TxC output clock low-level width twet » UART 16T~ 10 ns
TxD delay time from TxCl torcte o 90 ns
TxD delay time from CTS4 @ toctro 2teve ns
DATASTE setup time tsosk Input mode 25 ns

twost1 | Input mode 27T ns
DATASTB low-level width

twostz | Output mode 2T - 10 5127 ns
PD setup time (to DATASTBL) tseoos1| Input mode 45 ns
PD hold time {from DATASTBI) tuosro1 (DATASTB! latch mode) aT ns
BUSY delay time from DATASTB! toosevs aT ns
PD setup time {to DATASTBT) tseoos2| Input mode 45 . ns
PD hold time (from DATASTBT) tHosPO2 (DATASTBT latch mode) 4T ' ns
BUSY delay time from DATASTBT toosevz 4T ns
DATASTB! delay time from PD toroost 2T -30 5127 ns
DATASTB setup time (to ACKL) tsosAK 0 ns
ACK input low-level width twakt | Output mode 2T ns
DATASTB setup time (to BUSYT) tsosey 0 ns
BUSY input high-level width twevn 27 ns
Port output delay time (from CLKOUT!.) @ toxe 8 50 ns
Port inpﬁt setup time {to CLKOUT.) @ tsex 25 ns
Port input hold time (from CLKOUT!) @ thrp 16 ns
DMARQm high-level hold time tustoo | Demand release 0 ns
{from ASTBL) mode; m = 0 or 1
REFRQL delay time from CLKOUTT 2))| toxner 0 25 ns
REFRQT delsy time from CLKOUTT (29| tornen o | 2 ns
mdelay time from REFRQL TORERA .nT~§ ns
RDL delay time from ASTB. 39| tosna 0.5T-5 ns

n : Number of address wait states
N : Number of data wait states
T: tew

Remark  Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC uPD70433
(3} uPD70433-16
PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
X1 input cycle time @ tovx 3128 250 ns
X1 input high-tevel width @ W 12 ns
X1 input low-level width @ ot 12 ns
X1 input rise time @ 3 5 ns
X1 input fall time @ oF 5 ns
CLKOUT output cycle time (®)| ten 62.5 4000 ns
CLKOUT output high-level width @) twen 05T-5 ns
CLKOUT output low-leve! width twit 05T -5 ns
CLKOUT output rise time @ ten g ns
CLKOQUT output fall time t 5 ns
o )] wm |+ 10 ns
Input rise time @ . . 20 ne
. @ tr " 10 ns
Input fall time o . 20 o
Output rise time @ ton 10 ns
Output fall time tor 10 ns
CLKOUT delay time from X11 @8] toxx | X2: open 18 ns
Address delay time from CLKOUTT ()| toxa 5 27 ns
. Thxat 0 ns
Address hold time (from CLKOUTT) - 5 ”
Address float delay time from CLKOUTT txa trocat 36 ns
Address setup time {to ASTBL) @ tsasT {n+0.5IT~25 ns
Address hold time {from ASTB!) @ THSTA 0.5T - 15 ns
ASTB! delay time from CLKOUTL (23)] toxsn 0 22 ns
ASTBT delay time from CLKOUT. toksm 0 22 ns
ASTB high-level width 29| twsme (n+NT=15 ns
RD! delay time from CLKOUT?T toxn. 0 22 ns
RDT delay time from CLKOUTT @ toxan 0 22 ns
RD low-level width twne (N +18)T-15 ns
RD! delay time from address fioat teanL 0 ns
Address delay time from RDT toaa 0.57 ns

Number of address wait states

n
N : Number of data wait states
T

teve

RESET, P10 NMI, X1, P11/INTPO to P16/INTP5, P30/TxD0/SO0/SBO, P31/RxD0/SB1/SI0, P32/TxC/SKCO, P33/CTSO,

* 1. Other than *2
P35/RxD1/S11, P36/SCK1/CTS1
Remark

B Ly27525 00L3249 D&y WM

Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC 1PD70433

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
ASTET delay time from RDT, TORDT @ toasTH 0 ns
“ROT, IGADT delsy time from WALT, WART, IOWRT @ townn 0 ns
DEX delay time from CLKOUTL @)| toeox 0 27 ns
DEX hold time (from CLKOUT) (32)| twox 0 ns
Data input setup time (to CLKOUTY) @ tsox 1 ns
Data input hold time (from CLKOUTL) @ tHkoa 0 ns
WRL delay time from CLKOUTL 39)| toawe 0 22 ns
WRT delay time from CLKOUT! towws 0 22 ns
WR low-level width @ twwi (N+1)T-12 ns
Data output delay time from CLKOUTT toxko 3 27 ns
Data output hold time {from CLKOUT{) tHkow 0 ns
'ASTBT delay time from WRT towsT 0 ns
RAS. delay time from CLKOUTT @ toxmaL nT nT + 22 ns
RAST delay time from CLKOUTT toxman 0 22 ns
RAS high-level width twhAN (n+NT-15 ns
RAST delay time from WRHJ, WRLL @ towRAH (N +05T~10 ns
Address setup time (to RASL) @ tSARAL nT-12 ns
READY setup time (to CLKOUTY) tsavuk 18 ns
READY hold time (from CLKOUTY) teant 12 ns
READY setup time (to CLKOUT) tsan 18 ns
READY hold time (from CLKOUT) f— 12 ns
_— twasL1 | STOP release/power-on reset 30 ms
RESET low-level width
twastz | System reset 1000 + 27T ns
NMI high-level width twaan A 5 us
NMI low-level width )] twan 5 us
INTPm setup time {to CLKOUTL} (2| tsax | m=0t03 25 ns
INTPm high-level width (53| twin | m=0to3 107 ns
INTPm low-level width twiaL m=0to 3 107 ns
POLL setup time (to CLKOUTL) (9)| tsrx . 25 ns
HLDRQ setup time (to CLKOUTY) tsmox 25 ns
HLDAKL detay time from CLKOUTT 6D toom 0 27 ns
HLDAK{ delay time from bus float trcHa 0 ns
Bus output delay time from HLDAKT @ tomac T-225 ns

n : Number of address wait states
N : Number of data wait states
T tew

Remark Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
HLDAKT delay time from HLDRQL tomana 0.5T-15 | 3.6T+35 ns
Bus output delay time from HLDRQL tounac 0.5T + 45 ns
HLDRQ low-level width twHaL 2T ns
'HLDAK iow-level width TWHAL 3T-10 ns
'BUSLOCK delay time from CLKOUTT toxet 0 27 ns
DMARQmMm setup time (to CLKOUT!) tsoax | Except demand release 25 ' ns

mode; m=0or 1

DMARQm high-level width twoan | Except demand release 27T ns

mode; m = 0 or 1

DMARQm low-level width twoaL | Except demand release 27T ns

mode; m =0 or 1

@ | @ IQRPPEREPPE| @ & ® @ AVO®R®

DMARQm setup time (to CLKOUTT) tskoa | Demand release mode; 5 ns

m=0or1
DMARQmM low-level hold time twxoa | Demand release mode; 12 ns
{from CLKOUT) m=0or1
DMAAKmJ! delay time from CLKOUTT tooa | m=0or1 0 27 ns
DMAAKmM low-level width twoa, | m=0or1 3+n+NIT-10 ns
TCEm.l delay time from CLKOUTT toxcte | m=0or1 0 27 . ns
TCEm low-level width twret { m=0or1 T-10 ns
TOUT high-level width twToH 8T - 10 ns
TOUT low-level width twroL 8T - 10 ns
WDTOUT low-leve! width twwTL 32T-10 ns
_ Input 8T ns
SCK cycle time tovsk

Output 8T - 10 ns
—_— Input 4T - 10 ns
SCK high-level width . twskH

Output 4T - 10 ns
_— Input 4T -10 ns
SCK low-level width twskL

Output 4T~ 10 ns
Sl, SB setup time (to SCKT) tsssk 50 ns
Si, SB hold time (from SCKT) tHsKS 150 ns

toskse: | JOE mode (CMOS push-pull 0 0 ns

output}

S0, SB delay time from SCKl
tosksez| SBI mode (open-drain 0 190 ns

output, RL = 1 k2)

SB high-level hold time {from SCKT)

tHskse 4T ns

— S8| mode
SB low-level setup time (1o SCK.) t5585K AT ns
SB high-level width twseH AT ns
SB low-level width twss. a7 ns

PREOE ® Be®E @

n : Number of address wait states
N : Number of data wait states
T . tevx

Remark Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC uPD70433

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT

CTS high-level width twem 27 ns
CTS low-level width twer 2T ns
Transmit/receive data cycle tevo UART 327 ns
TxC output clock cycle tove 327 ns
TxC output clock high-level width twen 16T - 10 ns
TxC output clock tow-level width twer UART 16T - 10 ns
TxD delay time from TxCl toreto 0 920 ns
TxD delay time from CTSL tocrTo 2teve ns
DATASTE setup time tsosk | Input mo_de 25 ns
_— twost1 | Input mode 2T ns
DATASTB low-level width

twost2 | Output mode 2T - 10 512T ns
PD setup time (to DATASTBY) tsroost | Input mode 45 ns
PD hold time {from DATASTBL) taosror | (DATASTBL latch mode) 4T ns
BUSY delay time from DATASTEL toosey 4T ns
PD setup time (to DATASTST) tseoos2 | Input mode 45 ns
PD hold time (from DATASTBT) twosroz | (PATASTBT latch mode) 4T ns
BUSY delay time from DATASTBT toosavs rag ns
DATASTB! delay time from PD toroost 27T - 30 5127 ns
DATASTB setup time {to ACKL) tSDSAK 0 ns
ACK input low-level width twakt [ Output mode 2T - ns
DATASTB setup time (to BUSYT) tsosey 0 ns
BUSY input high-level width twevk 27 ns
Port output delay time (from CLKOUT!) @ toxe 8 50 ns.
Port input setup time (to CLKOUTL) @ tsrx 25 ns
Port input hold time (from CLKOUT!) @ THKe 16 ns
DMARCMgh-IeveI hold time @ tustoo | Demand release 0 ns
(from ASTBJ) mode;: m =0 or 1 :
REFRQ! delay time from CLKOUTT 2| toxner 0 25 ns
AEFRQT delay time from CLKOUTT 129 toxnen 0 25 ns
AAS delay time from REFRQL tonga nT-56 ns
RD! delay time from ASTBL tosTLAL 0.5T-5 ns

n : Number of address wait states
N : Number of data wait states
T . tewx

Remark  Numbers in the Symbol column correspond to numbers in the timing charts.
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NEC HPD70433

A/D CONVERTER CHARACTERISTICS (Ta= —40 to +85 °C, Voo = +5.0 V£ 10 %, AVss = 0 V, Voo — 0.5 V £ AVoo < Vo)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP, MAX. UNIT
Resolution 8 Bit
Totat error *1 -3.4 V S AVaer S AVoo 0.8 %

4.5 V < AVaer € AVoo 0.6 %
Quantization error £1/2 LsB
Conversion time 80 ns < T 5 125 ns (for uPD70433, 70433-12) 160T ns
tconv 65 ns S T £ 125 ns (for uPD70433-16)
125n3sT<250 ns 120T ns
Sampling time 80 ns ST <125 ns (for uPD70433, 70433-12) 32T ns
tsame 65 ns € T < 125 ng (for nPD70433-16)
125ns ST £250 ns 24T ns
Anelog input voltage Vian -0.3 AV + 0.3 v
Analog input impedance Non-sampling 1000 MO
Aax Sampling 2
Reference voltage AVner . 3.4 AVoo v
AVaer current Alngr T=80ns 1.8 5.0 mA
T: tewx

* 1. Excluding quantization error

2. Analog input impedance is identical with the equivalent circuit shown below. {The values in the figure
are not guaranteed, but are TYP, values)

20kQ2
Analog Input Pin O AN
30 pF 5 pF
{Input
;;/ ICapacnance 777
nciuded)

DATA MEMORY STOP MODE LOW SUPPLY VOLTAGE DATA RETENTION CHARACTERISTICS (Ta = -40 to +85 °C}

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
Data retention supply voltage @ Vooonr 25 - 5.5 \Y
Supply voitage rise time tavo 200 us
Supply voltage fall time @ tvo 200 us

Remark Numbers in the Symbol column correspond to number in the timing chart.
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NEC uPD70433

AC Test input Waveform *1

24V
22V > Tgst < 22V
08V Points 0.8V
0.4V
@ D)
* 1. Except*2
AC Test Input Waveform *2
Voo
0.8Voo > Test < 0.8Voo
08V Points 08V
0.4V
(E)

* 2. RESET, P10/NMI, X1, P11/INTPO to P16/INTP5, P30/TxD0/SO0/SBO, P31/RxD0/SB1/S10, P32/TxC/SCKO,
P33/CTS0, P35/RxD1/SI1, P36/SCK1/CTS1

AC Test Output Test Points

22V 22V

> Test <
08V Points 0.8V

Load Conditions

C. =100 pF

1
_

Note If the load capacitance exceeds 100 pF due to the configuration of the circuit, the load capacitance of this
device should be reduced to 100 pF or less by insertion of a buffer, etc.

buT

Remark DUT: Measured device
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NEC

uPD70433
Clock Input/Output Timing
- @ >
X1 Z{ N\ /' 0.8Voo
_7 ® r - X 08V
@ T st @ -
Ok ame
O —e - \at -
CLKOUT /L ﬁ\ / 22V
@_AJ ® ; 7 08V
®
- ©
@ \ ot
Output Waveform (Except CLKOUT}
22V 22V
08V o8V
® ®
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NEC uPD70433

Read Timing

T T2 T3
\( / \ / \
CLKOUT k
| @ -
A16-A23, @ 7 , =] ®
ADB-AD15
With 8-Bit >< Address ,K
External Bus) &) <)
-
T @
ADO-AD7, ” ~\ y 4
ADS-ADIS ooreneeanceaneaanen L I W IO S, S R
With 16-Bit X‘ Address ;} ;} '§ Data ,?' <‘

External Bus)

- > @
1) @
— '\ ) \\_
@ 2,
ASTB \ /
- - —h--—@—<~
@ ol e ® - o
_ y 1\
RAS*1 _/ \'P\ o / \
O — - - S O
@
4
75, 1675 / \ fL ®
- -
WRL, WRH,
TOWA /

4 \§<
DEX*3 x
¥

* 1. Only activated when memory block 1 or 4 (set by the MBS register) is accessed.
2. Applies only to the uPD70433-12, 70433-186.
3. Only valid when the external bus width is 16 bits.

Remark The dotted line indicates high-impedance.
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NEC uPD70433

Write Timing

T T2 T3

cor /N S Y.

A16-A23, @ —» —
ADB-AD15

. . ‘ |
(With 8-Bit
External Bus) X Address

ADO-AD7,
ADB-AD15
(With 16-Bit  cecancacncancvaccees b Address
External Bus)

Data

2
My L
Sl v,

IS 8 I\ \_

RAS*1

/
RD, IORD /
_/

DEX*2

* 1. Only activated when memory biock 1 or 4 (set by the MBC register) is accessed.
2. Only valid when the external bus width is 16 bits,

Remark The dotted line indicates high-impedance.
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NEC uPD70433

Refresh Timing

T T2 T3
ckout  / sk__/ sr_./l_-\__/ !t__/ N‘L.
@ -+ - ® -]
ADBADIS 4
With 8-Bit L Address
External Bus)
~Hl®
i s X\ "
e L o e e e .
(With 16-8it —
External Bus)
e ®—
T C
-—t—@ D) -
@ Ll e
4
= _/ \ / |
O
D,
y
G, IORD /
G
WRL WRH. 4
| @ @ —=
- / \u
€
@— e ®
—
REFRG \K /

*

Only valid when the external bus width is 16 bits.

Remark The dotted line indicates high-impedance.
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NEC uPD70433

Ready Input Timing
{1} 1 data wait inserted
T T2 TWs T3

CLKOUT m

)

READY 7‘ !\ /

(2) 2 data waits inserted

T1 T2 TWh TW2 T3
@
i Y
CLKOUT % /_\_/—_\_
. t @

READY \K 7ZL !\

{3) n data waits inserted (n > 3)

™ T2 TWh-2 TWh TWh T3
3]
| l
! -— @
—_— @ g ——

— | @ =
READY \ [L !\

Remark The READY input becomes valid when the corresponding field of the PWCn register (n = 0 or 1) is other
than “00° (binary).
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NEC 1uPD70433

DMA Timing (External Memory — External 1/0}

T1 T2 T3
A16-A23 O~ : ~® Il‘_l ®
’(o\‘/a?hASDéﬁ X Address X
External Bus)
ADO-AD7, I = @ — T
ADB-AD1E  cececcccccecicans 1 'X Address | peghecprecerespeneeees [em===- - 'Z """"""
(With 16-Bit & T
External Bus) - - @ 69
® -
AsTE 12N / \_
@
@ ol ~e~
RAS*1 _/ \ @ et |
@
Ot e Il
RD _/ - @.z}r JZ
8
ors T/ o
@ =6
iowR / \ /
@ - ‘@ @ > g @
BMARKT ) /
(D) —
reer \ 7

—= —®— —
o T =

Only activated when a DMA transfer is performed on memory block 1 or 4 {set by the MBC register).
Applies only to the uPD70433-12, 70433-16.

The bus is activated at the last transfer in intelligent DMA mode-2, 2-channel operating mode {stop in
termination), or memory-to-memory transfer mode (stop in termination).

4. Only valid when the external bus width is 16 bits.

wn =

Remark The dotted line indicates high-impedance.
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NEC uPD70433

DMA Timing (External I/0O — External Memory)

n T2 T3
CLKOUT /_\_] \ 1 T\ 7'-_—\
A16-A23, @— ; —H@! | - » ®
‘(c\\/\cl)l?i-\ASDéi Address ,L
External Bus)
ADO-AD7, wlled @
ADB-AD1S e _] \f X e I E:——- _ ____
With 16-Bit Address }- ’E- o -i
External Bus) B B 9 @
& & ~T>
ASTE ~— 8N / \_
@ @
@ = @
RAS*1 _/ \‘ /
@ —» -<h?554>-
7. ioWA 7 o=
-t ~— 39
WAL, WRH / \& ;‘
® ®
T ®
- . j @ i ® :
ol B - ® > R
DMAAKOQ, S E
MAAK1
(73>
LSS \ /
@ ~ ~ ) et @ —tH-

o 4
DEX*4 x

Only activated when a DMA transfer is performed on memory block 1 or 4 (set by the MBC register).
Applies only to the pPD70433-12, 70433-16.
The bus is activated at the last transfer in intelligent DMA mode-2, 2-channel operating made (stop in

W

termination), or memory-to-memory transfer mode {stop.in termination).
4. Only valid when the external bus width is 16 bits.

Remark The dotted line indicates high-impedance.
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NEC uPD70433

INRPm Input Timing (m = 0 to 5)

cLKouT , f\J—\_
X
N

—
INTPO-INTPS
—/ e

® 2

>y | s -

NMI Input Timing

NMI

Y - - -~

POLL Input Timing

CLKOUT /_\_/—\_
& &)
POLL /
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NEC uPD70433

DMARQm input Timing {m = 0 or 1)
(1)  In demand release mode (I/O-to-memory transfer)

(a) Address wait not inserted
T T2 T3 T T2 T3

A AVAVAVAV AVAVAVAVAVAY
= ™ L

A

DMAAKO, @ T ® —1®
DMAAKA] !\ /’_'
@
o el ) ~

DMARQO, r [
DMARQ1 / E

. -
(b) Address wait inserted

aR TAW T2 T3 T TAW T2 T3

CLKOUT _}
e | ] \ / \ /

|
:

DMAAKO, — ® =
DMAAK1 /’
-
DMARQO, = @ -
DMARQT / \ /
- €3
(2) In the mode other than demand release mode

‘Tk ® — ®

DMARQQ, 7
DMARON .

&) @

[}
|
1
i

157

B Luy2?525 003263 u5y WA

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC HPD70433

Timer Output Timing

TO00, T001,TO20,
TO21, TO30

WDTOUT Output Timing

WDTOUT \E /

BUSLOCK Output Timing

CLKOUT

-~

BUSLOCK

Data Retention Timing (STOP Mode)

Voo @
@
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NEC uPD70433

Hold Request/Acknowledge Timing

{1} In normal mode

HLDRQ 7 X [
& @
Bus Conteol __ N HiZ o o yo__
Signat*  TTTTT7 < -
- -2 '
—_ —
HLDAK X 1

* ASTB, RD, WRH, WRL, DEX, RAS, BUSLOCK, IORD, IOWR, ADO to AD15, A16 to A23

(2) Release of hold mode for refresh cycle insertion

e AVAVAWAWAVAWAN
68
HLDRQ
@ -
Hi-Z (

Bus Contro] ====p === cee— e et e e
Signal* —| &)

HLDAK

* ASTB, RD, WRH, WRL, DEX, RAS, BUSLOCK, IORD, IOWR, ADO to AD15, A16 to A23
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NEC uPD70433

RESET input Timing

(1} STOP mode releass/power-on reset

cHrouT — e \_gp_/_\_/_-\_/—\_/_\__/—\_

@ I

l -
X Y/

(2) System reset

RESET

CTSm Input Timing (m = 0 or 1)

CTs0, TSt

g ] |t
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NEC uPD70433
Serial Interface Timing
(1)  3-wire serial |/O mode
e—@® ;"‘—'@
SCKO, SCK1 \ L
@
SIO, SI1 === === C:)—---------(:) --------- { Input Data }---
500, 501 X X OuputDeta X

(2) SBlI mode

Bus release signal transfer timing

EC_KO__/

®

|

X

SBO, SB1

—

Command signal transfer timing

/S S S

XK X X

®

ECW_/

/N

B

580, S8t

@

@®

~

'
)@uwutput Daxa)(

M L427525 00L32L7 OTT HE
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NEC 1PD70433

(3) UARY mode

Transmit timing

.
—® @—]
T\ T
® '
DO )r Output Data )h X
TxD1 )' Output Data ) x

Receive timing

RxDO, AxD1 X Input Data X X

Transmission enale timing

CTs0, TTS1 \
@ !
TxDO. TxD1 ' WL Start Bit /< j( X X
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NEC ' uPD70433

Parallel Interface Timing

(1) Input mode

CLKOUT
- s
DATASTB Z
®
's 3
PDO-PD7 ======= g Input Data @- -----------------------
X
@
@

BUSY /

(2) Output mode

DATASTB
|
A .

PDO-PD7 X Qutput Data X

@

- \ /
N
@

4
/ N

BN L427525 0063269 972 A
-
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NEC uPD70433

Port input/Qutput Timing

T2/Tl T3 T

CLKOUT NS J\_

@
A
Input Port
A

Output Port ﬁxr

o
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NEC

1PD70433
19. CHARACTERISTIC CURVES (FOR REFERENCE ONLY)
(1) uPD70433GD
lox vs (Voo ~ Vo)
30 : CA =25°C, Voo =5.0V)
<
£
3 20
§
3
-3
=]
o
S
:", ~1.0
T
/
0
0 0.2 0.4 0.6
Supply Voltage — High-Level Output Voltage Voo = Von [VI
loL vs Vou
6.0 {Ta=25°C, Voo = 5.0V)
: /
5 40 /
§
3
2
5
O
: /
3 20
2
; /
¢}
o} 0.2 0.4 Q.6
Low-Leve! Output Voltage Vo {V]
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uPD70433

(2) uPD70433GD/R/GJ-12, 70433GD/R/GJI-16

-30
<
E
3 -0
£
]
5
(8]
5
a
3
o
K
& -0
p
D
X
0

lon vs (Voo — Vou)

{Ta=25°C, Voo=5.0V)

/

/

/

/

0.2

Supply Volitage - High-Lavel Qutput Voltage

loL vs Vor

0.4

0.6

Voo - Von [V]

(Ta=25°C, Voo=5.0V)

/

/

/

6.0
<
E
2 4.0
€
o
5
(]
s
[= N
5
o
v
3 20
3
[=]
5
0
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0.2

Low-Level O;nput Voltage

Figure 19-2

0.4

Vou [V}
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uPD70433

20. PACKAGE DRAWINGS

120 PIN PLASTIC QFP ((028)

detail of lead end

NOTE

Each lead centerline is located within 0.15
mm {0.006 inch) of its true position (T.P.} at
maximum material condition.

1
© K
&
K
i : s
L
P120GD-80-5B8-3 -
ITEM MILLIMETERS INCHES
A 32.0:0.4 1.260%0.016
B 28.0%0.2 1.102:8:3%8
C 28.0£0.2 1.102:59%2
D 32.0%0.4 1.26020.016
F 2.4 0.094
G 2.4 0.094
H 0.3520.10 0.014235%4
| 0.15 0.006
J 0.8 (T.P.) 0.031 (T.P.)
K 2.0£0.2 0.079:338%
L 0.820.2 0.031:3338
M 0.15:3:83 0.006:33%
N 0.10 0.004
P 3.7 0.146
Q 0.1£0.1 0.00420.004
S 4.0 MAX. 0.157 MAX.

B Lu27525 00L3273 373 MW
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1PD70433

120 PIN PLASTIC QFP (FINE PITCH) (0120)

60

31

NOTE

Each lead centerline is located within 0.10 mm (0.004 inch) of
its true position (T.P.) at maximum material condition.

168
B b427525 00b327H 23T 1R

detail of lead end

Q
R"

ITEM_MILLIMETERS __INCHES
A 22.020.2 0.86620.008
+0.009
] 20.020.2 0.787+3-993
c 20.020.2 0.787+8-893
D 2200s0.2 0.86610.008
F 275 0.108
G275 0.108
+0.05
H  0.22*39%  0.009:0.002
1 0.10 0.004
J 0.5(T.P) _ 0.020 (T.P.)
K 1.0£0.2 0.039+5-393
+0.008
L 0.520.2 0.020%3-398
M 0172383 0.007*8:3%
N 0.10 0.004
P 2.7 0.106
Q  0.12520.075  0.005£0.003
R 5°25° 5°25°
s 3.0 MAX. 0.119 MAX.

$120GJ-50-3EB-2
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NEC uPD70433
132 PIN CERAMIC PGA
A
(Bottom View)
Qooooo0o0000000@|14
00000000000.00013
0O 0000OOODODODOOOGOC]|12
o0 o0 oo ol
o o0 o0 o 0 0]10
o o0 o0 oool| 9
o oo o 0o 8
[a)
o 0 o cC ©c o 7
O O © [« 2 « BN ] 6
o 0o © 0 0 0 8
0 0 © o 0O 0 4
0O 00O0OCOOOOOGOO©0OO| 3
0O 0 0 ¢ OO0 00 0 0 O [ e ] 2
_—1 Q0000000000 o ®@f 1
PNMLKJHGFEDTC\ A
Index mark
T T Orientation pin
[ X
(e}
INERRRRRAN
@l T
e K
F
NERTTN
X132R-100A-1
NOTE : ITEM| MILLIMETERS INCHES
Each lead centeriine is located within 90.5
mm ($0.020 inch) of its true position (T.P.) at A 35.56x0.3 1.400+0.012
maximum material condition. D 35.56+0.3 1.400£0.012
E 1.27 0.050
F 2.54 (T.P.) 0.100 (T.P.)
G 2.8x0.3 0.110+0.012
H 0.9 MIN. 0.035 MIN.
| 2.95 0.1186
J 4.57 MAX. 0.180 MAX.
K $1.20.2 $0.04723:393
L $0.46+0.05 $0.018x0.002
M 0.254 0.010

B LuU27525 00L3275 17L A

e —
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NEC uPD70433

21. -RECOMMENDED SOLDERING CONDITIONS

This product shouid be soldered and mounted under the conditions recommended in the table below.

For details of recommended soldering conditions, refer to the information document “Semiconductor Device
Mounting Technology Manual™ {{Ei-1207).

For soidering methods and conditions other than those recommended, contact our sales personnel.

Table 21-1. Surface Mount Type Soldering Conditions

UPD70433GD-58B : 120-Pin Plastic QFP (28 x 28 mm}
UPD70433GD-xx-588 : 120-Pin Plastic QFP (28 x 28 mm)
uPD70433GJ-xx-3EB : 120-Pin Plastic QFP (Fine Pitch) (20 x 20 mm)

. . - Recommended
Soldering Method Solderring Conditions Condition Symbol

Package peak temperature: 235 °C, Duration: 30 sec. max. (at 210 °C
Infrared reflow or above), Number of times: Within twice, Time limit: 7 days® IR35-367-2
{thereafter 36 hours 125 °C prebanking required)

Package peak temperature: 215 °C, Duration: 40 sec. max. {at 200 °C
VPS or above), Number of times: Within twice, Time limit: 7 days* VP15-367-2
(thereafter 36 hours 125 °C prebanking required)

Solder bath temperature: 260 °C or less, Time: 10 sec. max.,
Wave soldering Number of times: Once, Time limit: 7 days*® (thereafter 35 hours WS60-367-1
125 °C prebanking required), Preheating temperature: 120 °C max.
(Package surface temperature)

Partial heating Pin temperature: 300 °C or below, Duration: 3 sec. max. {per pin row) —_—

* For the storage period after dry-pack decompression, storage conditions are max. 25 °C, 65 % RH.

Note Use of more than one soldering method should be avoided (except in the case of partial heating
method).

Table 21-2. Insertion Type Soldering Conditions

uPD70433R-xx : 132-Pin Ceramic PGA

Soldering Method ) Solderring Conditions

Wave soldering

{lead part only) Solder temperature: 260 °C or less, Duration: 10 sec. max.

Partial heating Pin temperature: 300 °C or less, Duration: 3 sec. max. (per pin row)

Note Wave soldering is used on the lead part only, and care must be taken to prevent solder from coming into
direct contact with the body.
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