PRELIMINARY DATA SHEET

NEC MOS INTEGRATED CIRCUIT
ELECTRON DEVICE uP D 7 0 2 8 0

V51™ 16-BIT MICROPROCESSOR

DESCRIPTION

The uPD70280 (V51) is a 16-bit microprocessor containing a CPU equivalent to the uPD70116H (V30HL™) and
peripheral functions for the PC/XT™ on a single chip.

uPD70280 employs a uPD70116H equivalent circuit as the core of the CPU, enabling you to build a high-speed,
low-voltage, and power-saving PC/XT-compatible system. In addition, it also contains a memory control unit
{MCU) so that DRAM, SRAM, or pseudo SRAM can be easily connected.

The uPD70270 (V41™) is identical to the uPD70280, except that it is provided with an 8-bit external data bus.

FEATURES
o Built-in peripheral units for PC/XT o uPD70116H equivalent CPU
« Clock generator o Operating voltage:
» Bus cycle generator 3V (maximum operating frequency 8MHz)
* Bus interface unit 5V (maximum operating frequency 16MHz)
+ Timer/counter unit {equivalent to uPD71054) o Minimum instruction execution time:
+ DMA control unit {equivalent to uPD71037) 125 ns (16MHz, 5V)
~+ Interrupt control unit 250 ns (8MHz, 3V)
{equivalent to uPD71059) o High-speed multiplication/division instructions:
« Speaker interface unit 1.2 to 3.5us (16MHz, 5V)
- Keyboard control unit 2.4 to 7.0us (8MHz, 3V)
(PC/XT mode, IBM PS/2™ model 30 mode o Shadow RAM supported
(selectable)) o Low power consumption
*+ Memory control unit (DRAM, SRAM, or + Power consumption at 3V is approximately
pseudo-SRAM can be directly connected) 1/3 of that of at 5V {at the same frequency)
« ROM decoder (for BIOS ROM, expansion + Clock supply can be stopped
" ROM) « External bus operation can be disabled
8 + External I/O decoder (six different kinds of /O o Software compatible with 16-bit V series™
devices can be directly controlled) o 160-pin plastic QFP (Quad Flat Rgckage)

« LIM EMS Ver.4.0 support circuit (EMS circuit)
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NEC uPD70280

APPLICATIONS

o OA related devices {portable terminals, personal computers, word processors, electronic typewriters,

multi-function telephones, etc.)
o Control equipment {robotic control, NC control, communication control, etc.)

ORDERING INFORMATION

Part Number Package Quality Grade

#PD70280GD-5BD 160-pin plastic QFP {Quad Flat Package) Standard

Please refer to "Quality Grade on NEC Semiconductor Devices® (Document number IEI-1209) published by
NEC Corporation to know the specifications of quality grade on the devices and their recommended applications.

2 M L427525 D0L&L4) 4LY EE

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



NEC 1PD70280

PIN CONFIGURATION : 160-PIN PLASTIC QFP (TOP VIEW)

AD14
GND
Voo
AD1§
A16
Al
Alg
A9
GND
Voo

160158158157 156155154153 152151 19014914814 7146 145144 147142141140133138137136 135134 13132131 130129128127 126125124

=

—— OPEN
PCS1 2 OPEN
PCS2 3 OPEN
PCS3 4 BS2
PCSY4 5 BS)
PCSE 6 BSO
AEN 7 OPEN
TC 8 OPEN
OPEN 9 IC {H)
DMAAKD 10 OPEN
DMARG1 1 OPEN
DMAAK1 12 INTROUT
DMARQ2 13 1C (H)
DMAAK2 14 OPEN
DMARQ3 15 ™ OPEN
DMAAK3 16 < 105pe——C) NMIIN
Voo 17 o 104 GND
GND 18 ~ 103 Vol
INTP2 19 S 102) sA19
INTP3 20 @ 101 saig
INTP4 21 =] 100 SA17
INTPS 22 o 5A16
INTPE O——423 © sA15
INTP7 24 o 97 SA14
RESOUT 25 8 5A13
GND 26 sA12
X1 27 94 sAN
x2 28 93 SA10
Voo 29 92! 5A9
PWRGOOD 30 9 SA8
SYSCLK 3 90 SA7
ROMCED 32 89 SAG
ROMCE a3 SAS
Voo 34 87 SA4
GND 35 SA3
SMCO 35 SA?
SMC1 37 84] SA1
SMC2 38 89 SAO
SMC3 39 82 GND
SMC4 40 81— Voo
Note: 1.  Connect each IC(H) pin to a Vob through an external pull-up resistor,
2. Connect each IC(L} pin to a GND through an external pull-down resistor.
3. Do not connect anything to the OPEN pin.
B Lu27?525 00L&l42 3TS WA 3
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1PD70280

PIN IDENTIFICATIONS

ADO-AD15

A16-A19

ADBIOS

AEN

ALE

BS0-BS2 :
DMAAKO-DMAAK3 :
DMARQ1-DMARQ3 :
EMSA16, EMSA1Y :
EXTBUFDIR
EXTBUFEN

GND

HDINS

IC(H), IC{L)
INTP2-INTP7
INTROUT

TOCHCK

IOCHRDY

KCLK

KDAT

KEYLOCK

MCLK

MDAT

NMIIN

NMIOUT

OPEN

PCS0-PCSS
PWRGOOD
RESOUT :
ROMCEO, ROMCE1 :
SA0-SA19

SMC0-SMC15
SMRD
SMWR
SPEAKER
SYSCLK

TC

TCLK

Voo

X1, X2

Address/Data Bus

Address Bus

Address of BIOS

Address Enable

Address Latch Enable

Bus Status

DMA Acknowledge

DMA Request

EMS Address

External Buffer Direction
External Buffer Enable
Ground

Hard Disk Install

Internally Connected
Interrupt Request from Peripheral
Interrupt Request Out

I/0 Channel Check

I/0 Channel Ready
Keyboard Clock

Keyboard Data

Keyboard Lock

Mouse Clock

Mouse Data

Non-Maskable Interrupt Input
Non-Maskable Interrupt Out
Open

Programmable Chip Select
Power Good

Reset Out

ROM Chip Enable

System Address Bus
System Data Bus

System |/O Read Strobe
System /O Write Strobe
System Memory Control
System Memory Read Strobe
System Memory Write Strobe
Speaker

System Clock

Terminal Count

Timer Clock

Power

Crystal

M Lu2?525 00LAL43 231 WA
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NEC uPD70280

INTERNAL BLOCK DIAGRAM

> SAD-SA19
[ > SDO
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o o
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< g

c c . IOCHRDY
SMCO0-SMC15 ¢
> 5 ———= SYSCLK
ADBIOS g > —— EXTBUFDIR
EMSA16 o —— EXTBUFEN
EMSA17 =——] Q ——— SMWR
ﬁ SMRD
- — SIOWR
33 - S0RD
w =
= K= G— ALE
—_— = INTROUT
IGCHCK — 88 .
==
NMIIN S8° CT‘/‘\ fe——— INTP2
=
wiour —
N— 2  —
K iy o
1 2 = b—— vtPs
X2 [ INTP&
moms — 8 K2 — INTP?
RESOUT
PWRGOOD —— 5
[ fe—— TCLK
PCS0 ~—— K—]
PCST—oA & 5 2 -+ SPEAKER
pcs2-—— SE3
— TE28
PCS3 +—— 330 <
PCSa~— & = S § 2 —— AEN
PCSE =—— z 3 ——TC
O |~ Mo M = N [l B e T =
58 gggdlg 288%%%¢
313 R 333333
2R v Fa) % % 080D
CPU : Central Processing Unit DMAPGR DMA Page Register
CG ¢ Clock Generator IcU : Interrupt Control Unit
BCG : Bus Cycle Generator SPU . Speaker Interface Unit
BiU : Bus Interface Unit KCU : Keyboard Control Unit
TCU ¢ Timer/Counter Unit MCU : Memory Control Unit
DMAU : DMA Control Unit
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Power ed by | Cm ner

FUNCTIONAL OUTLINE

Item Function
CPU Equivalent to the V3OHL
internal Data Bus Width 16 bits
External Data Bus Width 16 bits

Operating Temperature

-40 to +85°C (tentative)

Power Supply

Voo = § V+10% (tentativel: maximum frequency of 16MHz

Voo = 3 V+10% (tentative): maximum frequency of 8MHz

Maximum Operating Vpp = BV | 16MHz {at 32MHz, externally supplied)
Frequency Voo = 3V | 8MHz {at 16MHz, externally supplied)
Minimum Instruction| VoD = 5V | 125ns
. Ti 1
Execution Time Voo = 3V | 250ns
Multiply/Division Voo =5V | 1.2-3.5us
Instruction Execu-
tion Time "™ Vop = 3V | 2.4-7.0us

Memory Space

16 Mbytes (with internal EMS circuit)

I/O Space 64K bytes (32K words)™

Number of Instructions 101

Number of Registers 12

Wait Control 0 to 3 wait states can be inserted into the following cycles:
» CPU eycle
- DMA cycle

+ Refresh cycle

Clock Generator {CG)

Maximum input frequency: 32MHz

Timer/Counter Unit {TCU}

Equivalent to the uPD71054 (all 3 channels are fixed-use)

Interrupt Control Unit {ICU)

Equivalent to the uPD71059 (vector mode only. 2 of 8 interrupt sources are fixed-use)

DMA Control Unit (DMAU)

Equivalent to the uPD71037
» Address bus: 20 bits
+ DMA channel: 4 channels (1 channel is fixed-use)

Memory Control Unit (MCU)

DRAM, SRAM, or pseudo SRAM can be directly connected

Keyboard Control Unit (KCU)

PC/XT mode, or PS/2 model 30 mode (selectable)

External YO Decoder

'CS signal generation for external I/O device (6 lines)

ROM Decoder

'CS signal generation for extended ROM and BIOS ROM

Interrupt Function

External: 6, internal: 2

NMI Function

2 input pins ({OCHCK, NMIIN)

Supply Current with Clock
Input Stopped

loo (MAX.) = 50 uA (tentative)

Package 160-pin plastic QFP (Quad Flat Package}
Others « Bus cycle generator (BCG)
« Bus interface unit (BIU)
- Speaker interface unit (SPU)
Note *1 : At maximum operating frequency

*2.  :2904 bytes of 64K-byte I/O space are reserved.

B Luy27525 00LAL45 OO4 WA

.com El ectronic-Library Service CopyRi ght 2003



NEC 1PD70280
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1PD70280

1. PIN FUNCTIONS

1.1 PIN IDENTIFICATION

Symbol 7o) Function
X1 Input When using internal CG : Crystal is connected
X2 - When using external CG : Inputs external clock
PWRGOOD Input System reset input
RESOUT Qutput | System reset output
SMC0-SMC15 QOutput | Address signal and control signal output to system memory.
EMSA16,EMSA17 Qutput | EMS address bit output
ADO-AD15 3-state I/O| Address signal output/Data input (time division multiplex)
A16-A19 Output | Address signal output
ADBIOS Input BIOS ROM connection bus selection
ROMCEO QOutput | BIOS ROM chip enable output
ROMCE1 QOutput | Extended ROM chip enable output
PCS0-PCSS Output | I/O chip select output
KCLK 3-state /0| Channel A keyboard clock input/output
KDAT 3-state /0| Channel A keyboard data input/output
MCLK 3-state I/0 | Channel B keyboard clock input/output {for mouse)
MDAT 3-state /0| Channel B keyboard data input/output (for mouse)
TCLK Input Timer clock input
SPEAKER Output | Speaker data output
HDINS Input Hard disk connection status (connected/unconnected) input
m Input Keyboard lock status (locked/unlocked) input
SYSCLK Output | SD bus system clock output
SA0-SA19 Output | SD bus address output
SD0-SD7 3-state /0| SD bus data input/output
ALE Output | SD bus address latch output
BS0-BS2 Output | Bus status signal output
SMWR Output | Memory write strobe output for memory connected to SD bus.
SMRD Output | Memory read strobe output for memory connected to SD bus.

M 427525 00LAL4? 987 W
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NEC uPD70280
Symbol /0 Function
SIOWR Output | I/O write strobe output for I/Q device connected to SD bus.
SIORD Output | 1/O read strobe output for /O device connected to SD bus.
IOCHRDY Input SD bus ready input
TOCHCK Input SD bus parity check output
NMIIN Input lhéo&;rg:sl:apt:jls interrupt request signal input from external source {internally ORed with
NMIOUT Output | Signal output to external device to notify generation of NMI request to internal CPU
INTP2-INTP?7 Input Interrupt request input for ICU
INTROUT Output Signal output to external device to notify generation of maskable interrupt request

{from ICU) to internal CPU

DMARQ1-DMARQ3 Input DMA transfer request input for DMAU

DMAAKO0-DMAAK3 Output | DMA transfer acknowledge output from DMAU

AEN Output | DMAU bus control status (control is given /not given) output

TC Output | Terminal count output from DMAU

EXTBUFEN Output | External data bus buffer control output

EXTBUFDIR Output | External data bus buffer direction output

Voo - Positive power supply

GND - Ground

iC(L), IC(H) - Internal connection; leave unconnected

OPEN - Reserved for function expansion

I Lu27?525 00LALHE 413 IH 9
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NEC 1PD70280

1.2 SMC PIN FUNCTIONS

The functions for SMC pins (SMC0-SMC15) change, depending on the kind of memory connected.

Table 1-1 lists the SMC pin functions, the maximum number of memory banks, and the maximum memory
size for three different DRAM sizes, two different SRAM sizes, and two different pseudo-SRAM sizes.

Table 1-1 SMC Pin Functions (1/2)

(a) Relationship of SMC Pins and Memory

Memory DRAM SRAM Pseudo-SRAM
g Configuration® 256Kx1|256Kx4| 1Mx1 | 1Mx4 | 4Mx1 | 4Mx4 32K x 8 128K x 8 32K x 8 128K x 8
£ Maximum number of banks 4 3 2 10 10 10 9
é Maximum size 2Mbytes 6Mbytes 16Mbytes 640Kbytes | 2.5Mbytes | 640Kbytes |2.25Mbytes|
SMCo MAO cso
sMC1 MA1 cs1
SMC2 MA2 cs2
SMC3 MA3 Cs3
SMC4 MA4 Tsa
SMC5 MAS TSS
SMCE MAB ‘csé
SMC7 MA? cs7
SMmcs MAS css
SMC9 CAS3 ] MAg ‘csg RFSH
sSMC10 ‘CAS2 J MA10 NC EMSA14| NC EMSA14
SMC11 CAS1 NC EMSA15 NC EMSA1S
sMCi2 CASO OEH OERFSHH| OEH
SMC13 RASH OEL OE/RFSHL|  OEL
SMC14 RASL WEH
SMC15 WE WEL

*: Words x bits

10 B L427525 00L&1LY4T 757 WA
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I

EMSA14, EMSA15

Upper address when using EMS

NC

No connection

B 427?525 00LALSD 471 WA
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NEC ©PD70280
Tabie 1-1 SMC Pin Functions (2/2)
{b} Outline for each function
Item Functional outline
MAO-MA9 DRAM address signal. Row address and column address are multiplexed
CASO0-CAS3 DRAM CAS signél. Selects bank
RASL, RASH DRAM RAS signal. Selects upper memory, lower memory
WE DRAM write enable signal
CSo0-Cs9 SRAM, pseudo-SRAM chip select signal
RFSH Pseudo-SRAM refresh signal
‘OEL, OFEH SRAM, pseudo-SRAM OE signal
‘OE/RFSHL, OE/RFSHH Pseudo-SRAM OE/RFSH signal
-VTEL, WEH SRAM, pseudo-SRAM write enable signal

1"



NEC uPD70280

1.3 PIN STATUS UNDER SPECIFIC CONDITIONS
Table 1-2 shows the pin statuses in the DMA cycle and bus hold state and on execution of the HALT instruction.

Table 1-2 Pin Status Under Specific Conditions

Pin name Bus hold state On execution of HALT instruction
RESOQUT No change
SMC0-SMC15
EMSA16, EMSA17
ADO-AD15
A16-A19 Depends on DMA operation No change {except during DMA operation)
ROMCEO
ROMCE1
PCS0-PCS5
SYSCLK Low level {except during DMA operation)
SA0-SA19
Depends on DMA operation No change {except during DMA operation)
sD0-sD7
ALE Low level
SMWR
SMRD
— Depends on DMA operation
SIOWR
SIORD _ )
DMAAKO-DMAAK3 Depends on DMARQ No change {except during DMA operation)
AEN High level
TC Output at count completion
EXTBUFEN
Depends on DMA operation
EXTBUFDIR
12 B L427525 00LB151 308 HE
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NEC 1PD70280

1.4 PROCESSING OF UNUSED PINS
Table 1-3 shows the processing {recommended connections) of pins not used.

Table 1-3 Processing of Unused Pins

Pin name 1/0 Recommended connections
RESOUT Qutput
SMC0-SMC15 Output Open
EMSA1€, EMSA17 Output
ADO-AD15 3-state /O Connect to Vbb through resistor
A16-A19 Output Open
ROMCEQ Qutput
ROMCE1 Output Open
PCS0-PCSS Output
KCLK 3-state /O
KDAT 3-state /O
MCLK 3-state /0O Connect to Vop or GND through resister
MDAT 3-state IO
TCLK Input
SPEAKER Output
SYSCLK Output Open
SA0-SA19 Qutput
SDO-SD7 3-state /O Connect to Vop or GND through resister
ALE Output
BS0-BS2 Output
SMWR Output Open
SMRD Qutput
SIOWR Output
SIORD Output
IOCHRDY Input Connect to Voo through resistor
IOCHCK Input
NMIIN Input Connect to GND through resister
NMIOUT Output Open
INTP2-INTP7 Input Connect to Voo or GND through resister
INTROUT Qutput Open
DMARQ1-DMARQ3 Input Connect to GND through resister
DMAAKO-DMAAK3 Output
]
AEN Output
TC Output Open
EXTBUFEN Output
EXTBUFDIR Qutput
B Ly27525 00kA&LSZ 244 WA 13
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NEC 1PD70280

2. MEMORY AND /0 CONFIGURATION

2.1 MEMORY MAPPING

The memories connected to the two buses {SD bus, AD bus) of the uPD70280 are managed by the memory
control unit (MCU).

Fig. 2-1 shows the mapping for the SD bus and the AD bus.

FFFFFH FFFFFFH
{Max.)

ROM

FOOOOH
EFFFFH

Extended ROM

AOCOOH
OFFFFH |

S EMS page frame

80000H |7
7FFFFH

00000H 0C000H

*: Either addresses CO000H-CFFFFH, DO00O0OH-DFFFFH, or EO000H-EFFFFH can be selected by the program.

Remarks 1 : Connected to SD bus
: Connected to AD bus
2 : The bus used to connect the ROM can be selected by the hardware.

3 : The bus and the address used to connect the extended ROM can be selected by the software.

Fig. 2-1 Memory Mapping

" M Lu42?525 00L&L53 1480 WN
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1PD70280

I —

22 1/O SPACE

The register for the internal peripheral unit is allocated in the /0 space, and read/written by the input/output
instruction. 64K byte (16-bit address) /O space is provided in the uPD70116H (V30HL) architecture. However,
the upper side of the I/O address is not decoded in the IBM PC series, so that anly 1K byte (10-bit address) of
the I/O space can be distinguished and used.

The uPD70280 contains all the registers necessary to make it compatible with the PC/XT. In addition, extra
registers are added to expand its features. The registers compatible with PC/XT registers will be allocated to
the same address, in order to maintain the compatibility. However, the extra registers are allocated in the 2-
byte I/O area, so as not to eat up the remaining /O space. 1 byte of this I/O space is also referred to as the index
register. Another byte of the I/O space is referred to as the data register. The index register selects the extra
registers, and the selected register is accessed through the data register. When accessing the data register, first
write the index value to the index register, then write the data to the data register.

Fig. 2-2 shows the 1/0 map, and Table 2-1 indicates the relationship for index values and the data registers.

Caution: Only the lower 10 bits of the internal 1/O address are decoded while the upper 6 bits are not
decoded. Therefore, on the software, the same internal I/O operates on two or more addresses.

B L427?525 00L8LSY 017 HN
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NEC uPD70280
00AZH-FFFFH External IO
00ATH {nterrupt request mask register
00AOH -
0084H-009FH External {/O
0081H-0083H DMA page register
0070H-0080H External I/O
006FH EMS dat ist
006EH ata register
006DH External /O
006CH EMS address register
0068H External /O
0066H-006AH Keyboard interface
0065H E 1 /O
0064H xterna
0063H ICW2 retention register
Keyboard interface
0060H-0062H {PPIA, PPIB. PPIC)
0044H-005FH External /O
0040H-0043H TCU
0028H-003FH External /O
0027H Data register
0026H index register
0022H-0025H External /O
0021H
. ICU
00204
DO10H-001FH External /O
0000H-000FH DMAU
*: Read mode : Interrupt status register
Write mode : NMI mask register
Fig. 2-2 1/0 Map
16 I Luy2?525 00LAL55 T53 WA
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NEC #PD70280
Table 2-1 Relationship for index Values and Data Registers
index value Register name (Data register)
FFH
| Unused
12H
11H BIOS time base register
10H Shadow RAM control register
OFH Keyboard trap vector register
0EH Extended ROM control register
ODH PCS5 address register
OCH PCS4 address register
0BH PCS3 address register
OAH PCS2 address register
09H PCS1 address register
08H PCSO0 address register
07H PCS4, PCS5 control register
06H PCS0-PCS3 control register
05H System switch register
04H DMAU control register
03H CPU wait state register
02H BCG control register
01H Memory control register
00H Unused
B L42?525 OOLALSEL 99T HE i
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NEC uPD70280

3. INTERNAL PERIPHERAL UNIT FUNCTIONS

3.1 CPU

The CPU is functionally equivalent to the uPD70116H {(V30HL). Although its hardware functions are partly
changed due to restrictions of use of the buses by other internal peripheral units, all software functions are
compatible with that written for the uPD70116H.

3.2 CG (CLOCK GENERATOR)
The uPD70280 has the following two different clocks:

® CPUCLK {(clock for CPU operation)
® SYSCLK (clock for SD bus operation)

CPUCLK is generated by the CG, and the SYSCLK is generated by the BCG.
Fig. 3-1 shows the relationship for the CG and BCG.

PWRGODOD O——
» RESOUT
X1 O— cG
+ CPUCLK
X2 O—
BCG ————— SYSCLK

Fig. 3-1 Relationship for CG and BCG

The CG divides the clock input from the X1 and X2 pins by 2 to generate 50% duty CPUCLK. In addition, the
CG synchronizes the signal input to the PWRGOOD pin and the CPUCLK to generate the reset signal (RESOUT)*.
Fig. 3-2 shows an internal block diagram for the CG.

PWRGOOD O »
Synchronization |—— RESOUT
circwut
X! 12
Oscillati .
i > "3?\,‘{22? » CPUCLK
X2 O—
Fig. 3-2 CG Internal Block Diagram
18 B L427525 00b&L57 826 WM
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NEC 1PD70280

The CG has the following functions:
® Clock oscillation
® CPUCLK generation

® Reset signal (RESOUT) generation
*: The CPU and internal peripheral units are reset when a low-level signal is input to the P?WRGOOD pin

and when this pin is kept at a low level for 4 clock cycles or longer after the falling edge of the low-level
input signal.

3.3 BCG (BUS CYCLE GENERATOR)

The BCG generates SYSCLK, bus control signal, etc., for interfacing the CPU with the internal bus, and SD
bus.

Fig. 3-3 shows an internal block diagram for the BCG.

CPUCLK O » Frequency > SYSCLK
3
> » ALE
Bus cycle
CPU status = » generation » SA
circuit
Address data > - » SD
Y
Internal register Wait -+ CPU

Fig. 3-3 BCG Internal Block Diagram

The BCG has the following functions:

® Generation and division of SYSCLK

® Bus control signal generation
® Wait control

3.4 BIU (BUS INTERFACE UNIT)

The BIU has the following functions:
® Address signal latching
® Address/data separation

® Data sizing control

B 42?525 00L&158 762 A 19
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3.5 SPU (SPEAKER INTERFACE UNIT}
The SPU is the PC/XT compatible speaker interface.

PPIB
Bit 1
CPU ——»
Bit0 1 GATE2
TCU
{equivalent to
#PD71054) |
 —
'—ﬁ-——( ) SPEAKER
PPIC TOUT2 ‘
Bit 5+
CPU +——
Bit 4 e o ¢ ‘
System switch
register
M30KBD bit

Fig. 3-4 Speaker Interface

20
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3.6 TCU (TIMER/COUNTER UNIT)

The TCU is equivalent to the uPD71054, and has three counters (TCT#0-TCT#2). However, the purposes of

these counters are limited, as follows;

® TCT#0 (TOUTO output) :
e TCT#1 {TOUT1 output) :
® TCT#2 (TOUT2 output) :

Can output periodic interrupt request to the CPU.

Can output DMA transfer request from the DMAU for refreshing.
Can be used as the source for the speaker.

IcU e————») KCLK,
(equivalent to KCU KDAT
H#PD71059)
] 1 le———») MCLK,
NTP MDAT
INTPO
INTP2- —Q INTP2-
INTP? INTP?
DMAU
{equivglent to
5 HPD71037)
é DMARQO
177}
. DMARQ1- [¢———- DMARQI1-
8 DMARQ3 DMARQ3
SPU ——»{) SPEAKER

Fig. 3-5 Relationship for TCU and Internal Peripheral Units
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3.7 ICU (INTERRUPT CONTROL UNIT}

The ICU arbitrates up to eight interrupt requests {maskable interrupts) generated inside and outside of the
p#PD70280, and transfers one of them to the CPU. The ICU function is identical to the 4PD71059, except that
functions, not necessary for the uPD70280, are not provided.

Caution: Cascade connection is not supported by the ICU.

The main features of ICU are as follows:
® Eight interrupt inputs
® Edge or level trigger request input
{However, the input from the internally connected TCU is fixed to the edge trigger)
® Interrupt request can be individually masked
® Programmable interrupt request priority-setting
® Polling operation possible

< TOUTO

INT «————

{to CPU) TCU

{equivglent to
HPD71054)

INTAK ——»:

{from CPU)

-+ KCU

le————————( INTP2
: «———— (O INTP3
IINTP4 e O INTP4
INTPS f¢————————Q INTPS
INTPE [+————— O INTPS
INTP7 |#———— O INTP7’

> From external pins

Fig. 3-6 Interrupt Request to ICU
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3.8 NMI MASK CONTROL UNIT

There are two conditions that are to be input to the CPU to generate an NMI: IOCHCK and NMIN®. These
two conditions are mask-ORed by the NMI mask control unit and input to the CPU.

In addition, mask control functions are also available.,

*: Toallowthe CPU to accurately recognize the rising edge of NMI, input a signal to the NMIIN pin in either
of the following ways:
® Input a low-level signal for a duration of three clock cycles or more (CPUCLK) and then input a high-
level signal for a duration of 6 clock cycles or more.
® |nput a low-level signal for a duration of 2 clock cycles or more (CPUCLK) and then input a high-level
signal for a duration of & clock cycles or more while remaining within the setup and hold times of the
NMIIN pin.

3.9 DMAU (DMA CONTROL UNIT)

The DMAU has 4 DMA channels, and has the same functions as those of the uPD71037.

Of the four DMA channels for the DMAU, channel 0 is reserved for refreshing, and the refreshing request
signal is periodically input from the TCU. In addition, for slow refreshing, DMARQO request puises can be
reduced down to 1/8 by the software.

The remaining three channels are released for the SD bus, and can be arbitrarily used.

Caution 1 : Channel 0 in the DMAU is the PC/XT architecture, and is reserved for DRAM refreshing.
Therefore, even if no DRAM is used as the system RAM, memory-to-memory transfer is not
supported.

2 : DMAU cascade connection is not supported.
3 : Channel 0 is used for refreshing. When using other channels, the bus must not be occupied
for such a long time that channel 0 refreshing would be interfered with.

SYSCLK O—

DMAU
{equivalent to ..~ f«—0O DMARQ1
TOUT: . - H#PD71037) . -DMARQ3

S IR

TCU 3 » DMARQO .
{equivglent to 3 _ L —0 DMAAKOD
#PD71054) 8 > o -DMAAK3

IOCHRDY O——# Wait control
DMAU control register
HLDRO‘ HLDAK
RQ/AK ROQ/AK
CPU generator

Fig. 3-7 Relationship for DMAU and CPU, and TCU
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3.10 DMAPGR (DMA PAGE REGISTER)

The DMA page register sets the expansion DMA addresses (A16-A19) of channels 1 through 3.

During the DMA cycle, the uPD70280 generates 20-bit addresses as shown in Fig. 3-8,

As shown, the lower 16 bits of the address are supplied by the DMAU, while the higher 4 bits are supplied
by the page register.

DMA
page register
Al

I
Al6

ALE >

D7 D7 Al5 20 bits

| ] |
Do 00 A8l address

Latch

A7

DMAU |
{equivglent to  AD
HPD71037)

DMAAKO DMAAKO

|
DMAAK3 DMAAK3

Fig. 3-8 Address Generation during DMA Cycle
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3.11 KCU (KEYBOARD CONTROL UNIT)
The PC/XT or PS/2 model 30 key board can be connected to the KCU (set by the system switch register).

{a) Connection with PC/XT keyboard (b) Connection with PS/2 keyboard
PC/XT PSr2
keyboard keyboard
A Mouse
‘MDAT

Fig. 3-9 KCU and Keyboard Connection

3.12 ROM DECODER
The ROM decoder generates the following two chip selection signals when connecting ROM:

¢ ROMCEO
This is the chip selection signal for BIOS ROM. It is activated whenever an address from FOOOOH to
FFFFFH is accessed.

® ROMCE1
This is for expansion ROM. It may be used to program the start address and capacity of the ROM,

3.13 EXTERNAL I/0 DECODER
The external 1/O decoder generates six programmable chip selection signals: PCS0 through PCSS5.

B L427525 00LALLY ThbL HE
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3.14 MCU (MEMORY CONTROL UNIT)

The uPD70280 can be easily interfaced with the system memory by the MCU. DRAM, SRAM, or pseudo-SRAM
can be selected as the system memory. The memory category and the size can be selected by the software.
The functions for the memory interface pins (SMC0-SMC15) differ, depending on the memory selected.

Table 3-1 indicates possible memory configurations and their relationship with maximum size.

Table 3-1 Possible Memory Configurations and Maximum Sizes

Memory Configuration (word x bits) Maximum size (bytes)
256K x 1/ 256K x 4 M
DRAM TMx1/1Mx 4 6M
4Mx1/4M x4 16M
32K x 8 640K
SRAM

128K x 8 2.5M
32K x 8 640K

Pseudo-SRAM
128K x 8 2.25M

Note that the parity generation and check functions, which are provided in the PC/XT, are not supported in
the uPD70280.

3.15 EMS CIRCUIT

The uPD70280 can support up to 16 Mbytes of EMS memory {with a DRAM of 4M words x 4 bits).

The EMS memory can use up to 12 EMS page frames.

Of the 12 page frames, eight are mapped (fixed) to within the 128 Kbytes (addresses 80000H-9FFFFH) from
the highest address of the 640 Kbyte system memory.

The remaining four page frames may be mappedto any of three 64 Kbyte areas of CO000H-CFFFFH, DOO0OOH-
DFFFFH, and EOOOOH-EFFFFH (set by the memory control register).

The EMS expansion address is set by the EMS address register and EMS data register. The EMS address
register specifies a page frame, and the expansion address (higher 10 bits: A14-A23) is written to the EMS data
register.

Fig. 3-10 shows the relations between the EMS address register and EMS data register, and Fig. 3-11 shows
an example of memory space allocation.
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Memory space EMS space
FOOOOH
EOOOOH
Expansion address
Enable bit of storage register.
EMS page frame (10 bits of A14-A23)
[ DOooOH
----- 3 —
o : COOO0H
o : ? BOOOOH
L : : AOOOOH
S :

I -y  S0CO00H
I : | - §0000H

L L ]

EMS data register
I 00000H
EMS address register
Fig. 3-10 Relations between EMS Address Register and EMS Data Register
B L427525 00LALLL 439 mA 27
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{a) With DRAM of 1M words x 4 bits
T 3\
6 Mbytes ¥ Bank 2 F
4 Mbytes 3= Bank 1 ==L
Used as EMS space
2 Mbytes Bank O
- P
-t FFFFFH } Used as shadow RAM
1 Mbytes
T E
640 Kbytes Used as system memory
Y L v l 00000H | -
(b} With DRAM of 4M words x 4 bits
Y 3\
16 Mbytes a Bank 1 3
> Used as EMS space
8 Mbytes
Bank O
o J
f FFFFFH 3 } Used as shadow RAM
1 Mbytes
A0QOOH
640 Kbytes Used as system memory
! 00000H
Fig. 3-11 Example of Memory Space Allocation
28
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4. INSTRUCTION SET

Table 4-1 Operand Types

Symbol

Meaning

reg

reg

reg8

reg8’

reg16

regi6’
dmem
mem
mem8
mem16
mem32
imm
imm3
imm4
imm8
imm16
acc

sreg
src-table
src-block
dst-block
near-prdc
far-proc

near-label

far-label

memptr16
memptr32
regptri

pop-value
fp-op
R

short-label

8/16-bit general-purpose register .
(Destination register, when instruction-uses two 8/16-bit general-purpose registers}

Source register, when instruction uses two 8/16-bit general-purpose registers

8-bit general-purpose register
{Destination register, when instruction uses two 8-bit registers)

Source register, when instruction uses two 8-bit general-purpose registers

16-bit general-purpose register
{Destination register, when instruction uses two 16-bit general-purpose ‘registers)

Source register, when instruction uses two 16-bit general-purpose registers
8/16-bit memory location

8/16-bit memory location

8-bit memory location

16-bit memory location

32-bit memory location

Constant (0 to FFFFH)

Constant (0 to 7)

Constant (0 to FH)

Constant (0 to FFH)

Constant (0 to FFFFH)

Register AW or AL

Segment register

256-byte translation table

Block name addressed by register IX

Block name addressed by register IY

Procedure within the current segment

Procedure within a different program segment

Label within the current segment

Label between -128 and +127 bytes from the end of the current instruction

Label within a different program segment

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

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

16-bit general-purpose register containing the offsat of the memory location in another segment to which control
is to be transferred.

Number of bytes to discard from the stack (0-64K, normally an even number)
Immediate data to identify the OP code for the external floating-point operation

Register set
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Table 4-2 Operation Codes

Symbol Meaning
w Word/byte field (0-1)
reg Register field (000-111)
reg’ Register field (000-111) (Source register when two registers are used)
mem Memory field (000-111)
mod Mode field (00-10)
S:W When S:W=01, data=16 bits; otherwise, data=8 bits

When S:W=11, the byte data sign is expanded to 16-bit operand

X,XXX,YYY, ZZZ Data to identify the OP code for the external floating-point operation

Table 4-3 Symbols Used for Operation

Identifier Meaning Identifier Meaning

AW Accumulator (16 bits) \ Overflow flag

AH Accumulator {high byte) BRK Break flag

AL Accumulator {low byte) MD Mode flag

BW Register BW (16 bits) (...) Memory contents indicated by parentheses
cw Register CW (16 bits) disp Displacement (8/16 bits)

CL Register CW ({low byte) ext-disp8 8-bit displacement sign expanded to 16-bit
DW Register DW (16 bits) temp Temporary register {(8/16/32 bits)
BP Base pointer (16 bits) TA Temporary register A {16 bits)

SP Stack pointer (16 bits) TB Temporary register B (16 bits)

PC Program counter (16 bits} TC Temporary register C {16 bits)
PSW Program status word (16 bits) tmpcy Temporary carry flag (1 bit)

I1X Index register (source) {16 bits) seg { Immediate segment data (16 bits)
Y Index register (destination) {16 bits) offset immediate offset data (16 bits)
PS Program segment register {16 bits) — Transfer direction

SS Stack segment register (16 bits} + Addition

Dso Data segment 0 register (16 bits) - Subtraction

DS1 Data segment 1 register (16 bits) X Multiplication

AC Auxiliary carry flag + Division

cYy Carry flag % Modulo

P Parity flag A AND

S Sign flag v OR

Zz Zero flag v XOR

DIR Direction flag xxH Two-digit hexadecimal value

IE Interrupt enable flag xxxxH Four-digit hexadecimal value

30
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Table 4-4 Fiag Operation
Identifier Meaning
{blank) No change
0 Cleared to 0
1 Setto 1
x Set or cleared, according to result
Undefined
R Restored to previous state
Table 4-5 Memory Addressing Mode
mod 00 01 10
men
000 BW+IX BW+IX+disp 8 BW4+IX+disp 16
001 BWa+lY BW+iY+disp 8 BW+lY+disp 16
010 BP+IX BP+IX+disp 8 BP+IX+disp 16
011 BP+lY BP+lY+disp 8 BP+IY+disp 16
100 IX 1X+disp 8 IX+disp 16
101 Y IY+disp 8 IY+disp 16
110 DIRECT ADDRESS BP+disp 8 BP+disp 16
1M BW BW-disp 8 BW.disp 16
Table 4-6 Table 4-7

8/16-Bit General-Purpose Register Selection

Segment Register Selection

B Lu2?525 0068170 26T WE
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The instruction set is shown on the following pages in table form.
In the clocks column, for an instruction which can accomplish operation in both byte and word units {with
W bit}, the left side of the slash (/) indicates the value for byte processing or word processing at an even address.
The right side indicates the value for word processing for an odd address.
However, for block transfer related instructions, refer to Table 4-8.
The number of clocks includes the time period for the following processing:
® Decoding
® EA generation
@ Operand fetching
® Execution
Assuming that the instruction byte has already been prefetched.

Table 4-8 Number of Clocks for Block Transfer Related Instructions (1/2)

Number of clocks
Instruction Byte processing Word processing (W=1)
{W=0) 0dd, odd address 0Odd, even address Even, even address
MOVBK 11+8/rep (11) 11+16/rep (19) 11+12/rep (15) 11+8/rep {11}
CMPBK 7+14/rep (13) 7+22/rep (21} 7+18/rep (17} 7+14/rep (13)

Remarks :

Value indicated by parentheses applies only for one processing.

Table 4-8 Number of Clocks for Block Transfer Related Instructions (2/2)

Number of clocks
Instruction Byte processing Word processing (W’=1)

{(W=0) Odd address: Even address
CMPM 7+10/rep (7} 7+14/rep (11) 7+10/rep (7)
LDM 7+9/rep (7} 7+13/rep (11) 7+9/rep (7)
STM. 7 +4frep (7) 7+8/rep (11) 7 +4/rep (T)
INM 9+8/rep (10) 9+16/rep {18) 9+8/rep (10)
QUTM 9+8/rep (10) 9+16/rep {18) 9+8/rep (10)

Remarks : Value indicated by parentheses applies only for one processing.

32
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5.

5.1

60

PRELIMINARY ELECTRICAL SPECIFICATIONS

WHEN SUPPLY VOLTAGE Voo = 5V+10%

Absolute Maximum Rating (T« = 25°C)

Parameter Symbol Conditions Rating Units
Power supply Voo -05to0 +7.0 \
Input voltage Vi ~0.5 to Voo+0.3 v
Clock input volitage Vk Vop = 5 V+10% -0.5 to Vop+1.0 v
Output voltage Vo -0.5 to Vob+0.3 v
Operating temperature Topt —40 to +85 °C
Storage temperature Tstg —65 to +150 °C

DC Characteristics (Ta = —40 to +85°C, Voo = 5 V+10%)
Parameter Symbol Conditions MIN. TYP. MAX. Units
ViHy | *1 2.2 »
High-level input voltage Vi | -2 0.7V00 Vop+0.3 \Y
Vit -1 +0.8
Low-level input voltage -0.5 \%
Viiz | *2 0.2Vop
High-level clock input voltage | Vkx 3.9 Voo+1.0 Vv
Low-level clock input voltage | Vi -05 +0.6 \Y
High-level output voltage Vor | lox = ~100uA 0.7Voo v
Low-leve! output voltage VoL loL = 1.6mA 0.4 \%
High-level input leakage current| luH Vi = Voo 10 HA
Low-level input leakage current | luL Vi =0V =10 HA
High-level output leakage current( ltoH | Vo = Voo 10 LA
Low-level output leakage.current | lo. | Vo =0V -10 HA
When operating 150 mA
Power supply current Iop ‘zg:; After HALT instruction executed 50 BA
ﬂg‘:::d Other than the above 5 mA

*1 : Each pin of AD0-AD15, SD0-SD7, DMARQ1-DMARQ3, INTP2-INTP7, ADBIOS, HDINS, KEYLOCK, TCLK.

*2 : Pins other than the above

Capacitance (Ta = 25°C, Voo = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. " Units
Input capacitance C fc=1MHz 15 pF
I/O capacitance Cio | Other than measurement 15 pF
Output capacitance Co pins : 0V 15 pF

I L4y27525 0064199 245 IR
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NEC uPD70280
AC Characteristics {Ta = —40 to +85°C, Voo =5 V+10%)
{1} CPU Timing (1/3)
Parameter Symbol | Conditions MIN. MAX. Units
X1 input cycle @ tovx 31.25 DC ns
X1 input width, high @ txxH 12 ns
X1 input width, low @ Troxe 12 ns
X1 input rise @ txr 1 ns
X1 input fall @ 1xrF s ns
CPUCLK output cycle @ fevex 62.5 DC ns
CPUCLK output width, high o, tevek/2-15 ns
CPUCLK output width, low tekexL tever/2-15 ns
CPUCLK output rise @ {ckr 15 ns
CPUCLK output fall tckr 15 ns
CPUCLK output delay (for X1) ()| toxex 20 ns
SYSCLK output cycle (12)|tevsx 62.5 DC ns
SYSCLK output width, high @ tsxkskH tevsx/2-15 ns -
) 3-time division 2tevsk-15

SYSCLK output width, low @ tsxskL 12 bt cvon] Tovera 18 ns
SYSCLK output rise @ Isxr 15 ns
SYSCLK output fall tskr 15 ns
SYSCLK output delay (for X1) @ toxsx 20 ns
TCLK input cycle tevrk 62.5 bC " ns
TCLK input width, high trerkn 30 ' ns
TCLK input width, low treTkL 30 ns
TCLK input rise @ trkr 25 ns
TCLK input fall (22)|tree 25 ns
PWRGOOD set {for CPUCLKL) (23)| tsacx 20 ns
PWRGOOD hold {for CPUCLKL) (29)| trerro 15 ns
CPUCLKL—RESOUT output delay (25)| tockrso 5 30 ns
CPUCLKT—MA address delay tockma 25 ns
X1T—MA address hold (27) trxwa 0 ns
X1T-MA address delay toxma 25 ns
CPUCLKT—MA address hold tHekma 0 ns
X1T—WR active delay toxwrL 40 ns
CPUCLKL—WR inactive delay @ tockwaH 35 ns
X1T—RAS active delay @ toxRastL 25 ns

Remarks : Figures in the symbol column correspond to figures in the timing chart.
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(1) CPU Timing (2/3)

Parameter Symbol Conditions MIN. MAX. Units
CPUCLKL—RAS inactive delay {DCKRASH 25 ns
X1T—CAS active delay tDxcasL 25 ns
CPUCLKT—CAS active delay tbckeasL 25 ns

X1,—CAS inactive delay
CPUCLK{—CAS inactive delay

toxcasH 25 ns

tOCKCASH i 5 25 ns

CPUCLKJ{—AD data output delay tockp 5 30 ns

CPUCLKT—AD data floating delay treko 5 30 ns
AD data input set (for CPUCLK{) tsbck 20 ns
AD data input hold {for CPUCLK!) tHekD 10 ns
CPUCLKT—BSldelay toket 0 55 ns
CPUCLK!—BSTdelay tokaH 0 55 ns
SYSCLK—MA address delay toskMA 25 ns
SYSCLK—MA address hold {HsKMA 0 ns
SYSCLKTWRldelay toskwL | 25 ns
SYSCLKT—WRTdelay tDSKWRH 40 ns
SYSCLKT-*RASidelay DSKRASL 25 ns
SYSCLKT—RASTdelay 1DSKRASH 40 ns
SYSCLKT—CASldelay toskcasL 25 ns
SYSCLKT—CASTdelay DSKCASH 40 ns

AD data set (for SYSCLKT)

AD data hold {for SYSCLKT)
SYSCLKT—AD data output delay
SYSCLK!—AD data valid output delay
SYSCLKT—AD data floating delay
CPUCLK—SA address delay
CPUCLK.-?SA address hold

tsosk 15 ns

tHskD 10 ns

toskoo 10 ns

tosko 15 ns

trskD 10 ns

tbcksa ' 25 ns

tHcksA 0 ‘ns

CPUCLK—3control output delay tocker 25 ns

X1T—control output delay
SYSCLKT=*SA address delay
SYSCLKT—SA address hold
SYSCLK.—*SA address delay
SYSCLKL—SA address hoid
SYSCLKI—PCS delay
SYSCLK{—PCS hold
Address set (for ALEL)

toxcr 25 ns

tosksa 25 ns

tHsKsA 0 ns

tDsKsA 30 ns

tHsKsA 0 ns

toskes 35 ns

tHsKCs 0 ns

tosasT tskskL-10 ns

CEEEBEEEEEEEEEEEEEEEOBEOEREEE®EE®®EE)

Remarks : Figures in the symbol column correspond to figures in the timing chart.
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(1) CPU Timing (3/3)

Parameter Symbol Conditions MIN. MAX. Units
SYSCLK!—ALETdelay , tosksTHI 25 ns
SYSCLKT—ALETdelay tosksTz 35 ns
SYSCLKT—ALE ldelay tosksTL 25 ns
SYSCLK—control 11 delay @ toskem 5 25 ns
SYSCLK—control 2*1 delay @ toskor2 . 40 ns
SD data set {for SYSCLK!) @ tssosk 30 ns
SD data hold (for SMRD, SIORDT) @ tHRDSD 0 ns
SYSCLKT—SD data output delay @ toskspo 25 ns
SYSCLKT—SD data valid output delay toskso 25 ns
SYSCLKT—SD data floating delay @ trsksp 5 30 ns
IOCHRDY set (for SYSCLKT) tsavsk 15 ns
IOCHRDY hold (for SYSCLKT) tHskAY 5 ns
DMARQn set (for SYSCLKL) tspask 15 ns
SYSCLK—AEN output delay toskae 5 13 ns
SYSCLKI{—DMAAKnN output delay @ toskioa | 5 55 ns
SYSCLKT-TC active output delay toskrem 35 ns
SYSCLKTTC inactive output delay toskrct 35 ns
TC width, high torcrc {skskL-20 ns
NMIIN set (for CPUCLKL) tsnick 20 ns
NMIIN hold (for CPUCLKL) trckm 20 ns
NMIOUT output delay {for CPUCLKL) tockno 25 ns
IOCHCK—NMIOUT output delay tocin : 20 ns
JOCHCK set (for CPUCLK) tsicx 20 ns
INTPn width, low e _ 80 ns
KCLK input cycle tovex ' 100 ' ns
KCLK input width, low trrkrxL 45 ns
KCLK input width, high TTRKKKH 45 ns
Keyboard data*2 set (for keyboard clock®3 T) tsxDKK 15 ns
Keyboard data®2 hold (for keyboard clock®3 T) tHKKKD 10 ns
Keyboard data®2 delay {for keyboard clock*3 T) tokkko ] 35 ns

*1 : SMRD, SMWR, SIORD, and SIOWR signals when other than DMA transfer
*2 : Keyboard data indicate KDAT or MDAT.
*3 : Keyboard clocks indicate KCLK or MCLK,

Remarks 1 : Relationships between keyboard data and keyboard clocks are as follows.
® When checking KDAT, KCLK is used
® When checking MDAT, MCLK is used
2 : Figures in the symbol column correspond to figures in the timing chart.
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(2) DRAM Access Timing (Other Than DMA Transfer)

Parameter ymbol Conditions MIN. MAX. Units
Random readiwrite cycle tre 4(1+nNcvek-25 ns
RAS access trac 2.25(1+nMtcvex-35) ns
CAS access tcac 1.25(1+n)tcvex-35| ns
Access from column address taa 1,75( 1+nltcvek-35] ns
Output buffer turn-off delay torr tevex-25 ns
RAS precharge tre 1.75tevex-20 ns
RAS pulse width {when random readfwrite cycle) tras 2.25(1+n)tcvex-25 . ns
RAS hold tRsH (1+n)tcycx-25 ns
CAS pulse width tcas 1.25(1+nitcvex-25 ns
CAS hold tosH 2.25(1+nMcvex-26 ns

RAS-CAS delay width
CAS-RAS precharge

trCD tcvek-25 ns

tcrp 1.25tcvex-45 ns

CAS precharge ) (o] 2.25tcvex-45 ns

Low address set-up tasr 0 ns

Low address hold tRAH 0.5tcvek-15 ns

Column address set-up tasc 0.5tcvck-25 ns

Column address hold

Column address hold for RAS

tcau 2.5{1+n)tcvex-25 ns

tar 3.75(1+nltcvex-25 ns

Column address delay for RAS traD . ' 0.5tcvex-25 ns

Column address read for RAS thaL 1.758(1+njtcvex-25 ns

Read command set-up tres 2.75%cvex-55 ns

Read command hold for RAS 1RRH 1.75tcvck-45 ns

Read command hold trReH .| 1.75tcvex-45 ns

Write command hold twer {1+n)tcvex-25 . ns

Write command hold for RAS twer 2.25{1+n}tcvex-25 ns

twe 2.25(1+n)tcvcx-40 ns

0/006090,600,6666660,00006000P

Write command pulse width

Data input set-up 227)|tos tcvek-30 ns

Data input hold toH 2(1+n)tcvck-25 ns

Data input hold for RAS 1OHR 3.25(1+nltcvex-25 ns

BE®

WE command set-up twes 1.25tcvex-40 ‘ ns

Remarks : Figures in the symbol column correspond to figures in the timing chart.
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(3) DRAM Access Timing (DMA Transfer)

Parameter Symbol Conditions MIN. MAX. Units

Random readwrite cycle tRe 3.5(1+n)tcysk-25 ns
RTS access tRAC 2(1 +n)tc~_/sx-25 ns
CAS access ) tcac {(1+njtcysk-35 | ns
Access from column address taa 1.5(1+n}tcysk-35 ns
Output buffer turn-off delay torF 1.5tcysx ns
RAS precharge tRP 1.5tcysx ns
RAS pulse width (when random readiwrite cycle) tras 2(1+n)tcvysk-25 ns
. read cycle (1+n)tcysx-25

RAS hold oo [ —— ns
_ read cycle (1+n)tcysk-25

CAS pulse width tcas wiite oyele —— ns
CAS hold tosu 2{1+n)tevsx-25 ns
RAS-CAS delay width (21 trco tevsk-25 | ns
CAS-RAS precharge @ tcrp 2tcysx-40 ns
CAS precharge @ tcen 1.5tcysk ' ns
Low address set-up @ tasr . tevek-25 ns
Low address hold @ TRAH 0.5tcysk-16 ns
Column address set-up tasc 0.5tcysk-25 ns
Column address hold @ tcan A 2{1+n)tcrsk-25 ns
Column address hold for RAS taR 3(1+n)tcysk-25 ns
Column address delay for RAS trRAD 0.5tcysk+25 ns
Column address read for RAS trRAL 1.5(1+n)tcvsk-25 ns
Read command set-up @ trcs ' 3tcysk-40 | ns
Read command hold for RAS @ tRRH . 1.5tcysk ns
Read command hold @ tReH 1.5tcysk ns
Write command hold @ tweH tcvsk-28 ns
Write command hold for RAS @ twer 2(1+n)tcrsk-25 ns
Write command pulse width twe 2(1+n)tcysk-28 ns
Data input set-up @ tos (1+n)tcysx-30 ns
Data input hold tow 2tevsk-25 ns
Data input hold for RAS toHR 3(1+n}oysk-25 ns
‘WE command set-up twes (1+n)tcvsx-25 ns

Remarks : Figures in the symbol column correspond to figures in the timing chart.
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{4) DRAM Access Timing (Refresh Cycle)

Parameter ‘ Symbol

Conditions

MIN.

MAX.

Units

Random read/write cycle

®

trRe

3.5(1+n)tcrsk-25

ns

RAS precharge

-
N

tRP

2tcvsk-40

ns

RAS puise width {when random readiwrite cycle time) @ tras 2{(1+n)tcysx-26 ns
RAS precharge/CAS hold trec tovsk-40 ns
CAS set-up @ tesn tevsk-25 ns
TAS hold (CAS before RAS refresh) tcHR 2(1+n)tcysx-25 ns

Remarks : Figures in the symbol column correspond to figures in the timing chart.
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5.2 WHEN SUPPLY VOLTAGE Voo =3 V+10%

Under evaluation

Clock Timing
le— O ——] © :—@-»
xaew /N /N TN ) |/ \_/_
<+
©® —>He
> @
—® e— @ —>
(internglps?g%'lg li .‘? )g i__/__\_
- ®
- lt— @) —+
® wHe-® o
~—® - ® .
SYSCLK loutput) \ z &
—
> ®
»lle ® ® @ )
Timer Clock Timing

ot ) ——>

TCLK (input) / \ / ‘S I\_

Reset Timing

16 xtevex —»

CPUCLK ‘\ ’ !

_.I @
PWRGOOD a
{output) ﬁ

: 3
RESOUT H
{output)
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1/0 Channel Interface Timing (Other Than DMA Transfer)

le—————— Read cycle »le Write cycle
TSI | Tsz | Ts3 | Tsa ' TS1 | Ts2 | Ts3 | TwW | Ts4
syscikowpuy foN N £ N/ A 0 4 VW S v \S
® ®
SAO-SA19 (output) _|oce] X[ Valid ;o( Vaid e
ND‘ ® _
N IPR
PCSO0-PCSS5 loutput) _| tmea| X Valid XX Vald X%
® (@
P
ALE {output) 2
®. D
SMRD loutput) \
SIORD {output) &, D
SMWR {output) \
SIOWR (output) ) ®
- ® 2 ~
SDO-SD7 (/O ====m====d e LT oo e H--=2 SD0-SD7 loutput) | Pp-HE&.
® @+ > ®
@ @ | @
IOCHRDY (input)  Arbitrary |7\ Arbitrary ) SR AR Arbitrary
D, RO D) ROW
EXTBUFEN (output) N\ 7 \ J
SO, @
EXTBUFDIR (output) 7 \

*1 : High-level only when cycles of SYSCLK are the same as those of CPUCLK. -
*2 : May become high-level! half a clock before, unless bus cycles are continuous.
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1/0 Channel interface Timing (DMA Transfer)

| S1 | s2 | s3 | S4 | s2 | S3 SW | sS4 l |
sysckowod Y/ X A\ RS \_/ A\ A\
BMARQS linput Adtitrary
Lel o
SAO'SA19 (Output) | Undefined | X Veid 0( oo —
"l@"- +€I
AEN (Output) J

> @)L—
DMAAKO- :"\i@l
DMAAKS3 (Input}

—® @
SMRD (Output) J
SIORD (Output} / \; /-
— (D 0] Al |
SMWH (Output) . .
SIOWR (Output) 3 h N\ ] /|
1@ ||.® A @'__ ®,., o,
SDO-SD7 (I/0) umnm.,>--’.*.‘:l.. ...... b4 500 5070m0un = 4= T2 1. Tnee _)&*&_D‘LE.--WZ---.
® ® ®
® ® @
IOCHRDY (Input) Arbitrary 7\ Arbitrery X | Lons | N vy

2

) Jo.. o
EXTEUFEN (Output )[' F_
o o

EXTBUFDIR (Output] Vi Sl 7 O\

TC (Output}

* : Outputs low level when extended write.
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BS0-B8S2 Output Timing

Tzlr:;'ul

| T4
CPUCLK
)]
BS0-852 loutput) \

INTP2-INTP7 Input Timing

INTP2- \I I/
INTP7 (Input)

IOCHCK Input Tirhing

CPUCLK

—®

TOCHCK finput) X

NMIOUT Output Timing (2)

CPUCLK

®
NMIIN (input)

More than 2 CPUCLK —# +«——More than 5 CPUCLK —#]

NMIIN Sumple Timing

- X

CPUCLK SE

® (.9,

NMIIN (input) x )

NMIOUT Output Timing (1)

IOCHCK (input)

NMIOUT (output)

—

i)

r SN

i«

) N

NMIOUT (output)

{C

h) 1

T

[44
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NEC

3q doig uq uelg
3 :
INdINo)
[ Mwea Y cve X ovg Y sva X vus X eve ¥ cva X tv8 X owe / K inding Ty
B> 6
N (indun 10N
(nGu) X 10X
® e
@ —

(43jsueay :adA] 0f 13pOW Z/Sd) 33 HajU| pieoqAad)

1q doig . . : uq uerg
4 } d
anduy vaw
[ dua X svg X ove X sua X vus X eva X cva X 18 X o / (ndu] Tvay
®||® (] e ||® ®|e
! (nduy XTOW
(nduy Y7193
— @

(uondasay :adA] O ISPOW 2/Sd) @deHalu| pieoqAay

1 findino) 1yQx
uq ey
o s

4

/ v X 9ug x sg x '3 w £ g ﬂ zvg x L ng x 0318 / \ andu) 1vay

58 _Ta_e ®

®©®

\l./l pndun Y103

(uonndagay :adAL 1X) adeaju| pieogAay
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DRAM Write Timing

@ >
- @ il
RAS (output) N I \
) ® - ®
[—® — @ DA |
P X
CAS (output) f N
- @
@ | le— @B —» @ ® -
:. @l ja—— @ —»{|
N
MAO-MA10 (output) Undefined XM Column address J}--
- @ >
@ >
WR {output) \ i[
- @
- @ @
ADO-AD1S foutput) ===========nnmn=== {) DO-D15 foutput] K-~
* : Undefined
Remarks : Broken lines indicate high impedance.
DRAM Read Timing
< @ -
| ® .
RAS (output) S Z
®
- ®
|-—®———*——®——" Bl |—®—
—_— p | 4
CAS {output) 2' N -ﬁ \__
. _ @ .
B |l @ — @ L@
il ®l"_ he— @) —»
MAOQ-MA10 (output) Undefinedx adeor:Iss * Column address J>"
- @ @
A i le— @ —»
WR (output) A K
e @ —
@ - re— & —|
- @
ADO-ADI1S (output) s===meomemammam e m e e cemc e e s e ————— -{'r DO-D1S linput)  Jr======-=-

* : Undefined
Remarks : Broken lines indicate high impedance.
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DRAM Refresh Cycle

@ .
@
RAS (output) s Z
—— @ — — ®
‘ ® . >
C_A_S.(OUtpUl) \ ' . [——!\—-—
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6. PACKAGE DRAWINGS

160 Pin Plastic QFP ( [] 28) (Units: mm)

78

32.0£0.4

28.0:0.2

nnnnnnnnnnnngH

sietutnlnlalaisteistatolulnis

siutaivislulaiotolntalels

AR AR R R ERRRR
81

80

R R

ARG SRR

3.7

[neialnialalelsis)n alsiess;

Glo]

28.0£0.2

Detail of pin shape

4.0 MAX,

le-
Ind

gi:::::>§i§§a_
A 4

0.1x0.1 —»

5'25°

32.0£0.4
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