PRELIMINARY

NEC MOS Integrated Circuit
-/ N 1PDA481850

8Mb Synchronous Graphics Memory
(128Kword x 32bit x 2 Banks)

pPD481850 is a synchronous graphics memory (SGRAM)
organized as 128Kwords x 32bit x 2 Bank random access port.

This device can operate up to 100MHz by using synchronous
interface. Also, it has 8 column Block Write function and Write per bit
function to improve capability in graphics system.

Features

» 131, 072 x 32 /O x 2 Banks memory

« Synchronous interface (Fully synchronous DRAM with all input signals
are latched at rising edge of clock)

- Pulsed interface

- Automatic precharge and controlled precharge commands

- Ping-pong operation between the two internal memory banks
-up to 100MHz operation frequency

« Byte control using DQMO to DQMS3 signals bdth in read and write cycle
« 8 column Block Write (BW) function

« Persistent write per bit (WPB) function

« Programmable burst length (1, 2, 4, 8 and full - page)

» Programmable CAS Latency (1, 2 and 3)

» Power Down operation and Clock Suspend operation

» Auto refresh (CBR refresh) or self refresh capability

* 3.3V power Supply _

» LVTTL compatible inputs and outputs

+100pin QFP (14 x 20mm?2), 0.65mm pitch plastic package
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uPD481850

Pin Configurations =
- 8858003 8e2o0¥8 ~r2C0owS2ZEcuy
8088888208848 858588£885288035822
SRR O RNRNRRE38 8RB c3RREEBIBBG
DQ29 | 81 50 | A7
VssQ | 82 _ 49 | A6
DQ30 |83 - 48 | A5
DQ31 | 84 - 47 | A4
Vss | 85 46 | Vss
NC |86 B 45 | NC
NC |87 : 44 1 NC
No | 88 100 pin QFP a3 | no
NC | 89 42 | NC
\ NC |90 20 x14 mm2 41 | NC
NC |91 40 | NC
NG |92 0.65 mm pitch 39 | NC
NC 193 38 | NC
NC |94 H H 37 | NC
NG | o5 (Marking side) 36 | NG
VDD |96 35{VvDD
DQO | 97 34| A3
DQ1 {98 33| A2
VssQ |99 O 32| A1
Daz(100 ~ o erupywercegsNRIRSNERS |V
w8esuvwgonforgealleggo Cow =
8828885855 75500 28 REEFRRRT
Pin Identification  Symbol Function =
A0 - A9 Address _inputs
AD - A8 Row address_inputs
A0 - A7 Column address inputs
A9 Bank select
DQO - DQ31 Data_inputs / outputs
CS. Chip _select
RAS Row address _strobe
CAS. Column_address_strobe
WE_ Write enable
DQMO0 - DQM3 DQ.mask_enable
DSF Special _function_enable
CKE Clock _enable
CLK System clock input
vRD Supply voltage
Vss Ground
voDQ Supply_voltage for DQ
VssQ Ground _for DQ
NG No Cormedtion
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uPD481850

Block Diagram

Refresh | __ | i -
Counter ]
256 col. x321/0
- Cell array [
A0 Memory Y 512 Row
Al = Bank A .
A2 — VvDDQ VssQ
Addres Sense Amp. a2
Buif Column decoder
er Random
) 3=> <—>DQ0~31
) 256 col. x321/0 VO butfer
AQ —— S
!
L"{> Memory Cell array f 32 _
Row . 512 Row DQMO-3
decoder | Bank B Color
register
Sense Amp. 32 ( 32 bit )
™ _Column decoder . [Mask
register
(32 bit )
CLK — -
CKE —>
CS —» Timing
e o
g—ﬁ—z generator
WE —>
DSF—»
VDD —>
Vss —»
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uPD481850

Package Outline
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uPD481850

Signal Description

Name 1/0 Function '

CLK | The positive edge of the clock input_intemally, thus
allowing data to remain on the output for several
clock cycles.

CKE | Clock enable disables the clock internally , thus
allowing data to remain on the output for several
clock cycles. Clock enable is also used as part
of the input command to specify self - refresh.

CS l Chip select indicated that the command on the
input lines is for this device. lf chip select is
inactive, the input command will be ignored.

RAS I RAS is part of the input command to the
SGRAM. See truth table for details.

CAS | CAS is part of the input command to the

- SGRAM. See truth table for details.

WE l Wiite enable is part of the input command. See
truth table for details.

DSF | DSF is part of the input command to the SGRAM.
¥ DSF is inactive, SGRAM operates as same as
SDRAM.

AO0-A9 | Address bits A0-A8 are row address when active

command is activated. -
Address bits A0-A7 are column address when CAS
is active. -

Address bit A8, when CAS is active, enables /
disables auto precharge.

Address bit A9 selects which of the two memory
banks is to be used.
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uPD481850

Name 1/0 Function

DQ0-DQ31 VO Data input / output lines transfer data between the
memory array and the system bus.
- These are also input mask bits for Write-per-bit.
When Block-Write command is activated, column address
mask signals are input from these pins.

DQMO-DOM3 | Data output mask tumns off the output buffers during a read.
During a write, DQM active prevents a write to the current
memory location.

DQMO corresponds to the lowest byte (DQ0-7), DQM1
corresponds to DQ8-15, DQM2 corresponds to DQ16-23,
and DQM2 corresponds to DQ24-31.
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uPD481850

Commands
Mode register set command

(CS, RAS, CAS, WE, DSF = Low)

1PD481850 has mode register that define how the device operates. in this command,
AD - A9 are data input pins. ‘
After power-on, the mode register set command must be executed to initialize the device.
The mode register can be set only when both banks are in idle status.
During the two cycles following this command, pPD481850 cannot accept any other commands.

Row active command
(CS. RAS, DSF = Low, CAS, WE = High)

nPD481850 has two banks, each with 512 rows.
This command activates the bank selected by A9 (BS) and row address selected by A0 - A8,
The command corresponds to a conventional DRAM's falling RAS signal.

Row active command with WPB enable
(CS, RAS = Low, CAS, WE, DSF = High)
This command is same as Row active command except WPB enable.
After this command, write per bit function is available. Mask register's data is used as WPB data.

Precharge command

(CS. RAS, WE, DSF = Low, CAS = High)

This command begins precharge operation of the bank selected by A%(BS) and A8.

When A8 is high, both banks are precharged, regardless of AS. When A8 is Low, only the

bank selected by A9 is precharged. A9 low selects bank A and A8 high selects bank B.
After this command, pPD481850 can't accept the active command to the precharging bank

tRP (precharge to active command period).

The command corresponds to a.conventional DRAM's rising RAS signal.

Column address and Write command
(CS, CAS, WE, DSF = Low, RAS = High)

If the mode register is in the burst write mode, this command sets the burst start address
given by the column address to begin the burst write operation. The first write data must be
input with this write operation. The first write data in burst mode can input with this command
with subsequent data on following clocks.

Column address and Read command
(CS, CAS, DSF = Low, RAS, WE = High)

This command sets the burst start address given by the column address.
. Read data is available after CAS Latency requirements have been met.
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uPD481850

CBR(Auto) retresh command ‘
(CS. RAS, CAS, DSF = Low, CKE, WE = High)

This command is a request to begin the CBR refresh operation. The refresh address and
- the bank select address are generated internally.
Before executing CBR refresh, both banks must be precharged. :
After this cycle, both banks will be in the idle (prechage) state and ready for a row active command.
During tRC period (from refresh command to refresh or active command), uPD481850 cannot
accept any other command.

Self - refresh Entry command
(CS. RAS, CAS, DSF, CKE = Low, WE = High)

Atter the command execution, self refresh operation continues while CKE remains low.

When CKE goes high, the uPD481850 exits the self-refresh mode.

During self-refresh mode, refresh interval and refresh operation are preformed intemnally,
so there is no need for external control.

Before executing self-refresh, both banks must be precharged.

Burst stop command
(CS. WE, DSF = Low, RAS, CAS, = High)
This command is stop the current burst operation.
During read cycles, burst data stops after CAS Latency requirements have been met.
No Operation
(CS, DSF = Low, RAS, CAS, WE = High)
This command is not a execution command. No operations begin or terminate by this command.

Speclal register set command

(CS, RAS, CAS, WE = Low, DSF = High )

Color and Mask register is set by this command.
During the two cycles following this command, uPD481850 cannot accept any other commands.

Column address and Masked Block write command

(CS. CAS, WE = Low, RAS, DSF = High)

This command activates 8 column Block write function. This command assumed as burst length=1.
Write data comes from color register, column address mask data is input from DQ.

Rev. 121994 Dec. 6 © 1994 NEC Corporation All Right Reserved ~

E427525 005989 9331

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



uPD481850

COMMAND TRUTH TABLE CKE CKE— _ ADD i
Operation a1l n CS RASCASWEDSF A9 A8 A7-A0 Maemonic
Device Deselect H XH X X X X X X X DESEL
-No Operation- H XL HHHL X X X NOP )
Burst Termination - H XL H HL L X X X~ STOP
Column Address and Read Command H XL H L H L BAL Col READ
Read and Auto Precharge H XL H L H L BAH Cl READA
Column Address and Write Command H XL H L L L BAL Col. WRITE
Write and Auto Precharge H XL H L L L BAH Cl WRITEA
Column Addressand MaskedBlockWrite' H X L H L L H BA L Col BW
Masked Block Write and Auto Precharge H XL H L L H BAH Col BWA
Row Address and Bank Activate H XL L H H L BARowAdd ACT
Row address and Bank Activae WPBenable H X L L H H H BARowAdd ACTWPB
Single Bank Deactivate/Precharge H XL L HL L BAL X PRE
Precharge All Banks H XL L HL L X HX PALL
Mode Register Set H XL L L L. L OPCODE MRS
Special Register Set H XL L L L H OP.CODE SRS
DQM TRUTH TABLE CKE CKE

Operation sl n DQM3-0 Mnemonic

Data Write/Output Enable H X L ENBL

Data Mask/Output Disable H X H MASK

CKE TRUTH TABLE

Current State ‘?,‘;‘fc‘fﬁas-mc-rsﬁ DSF ADD  Function Mnemonic
Activating HLX X X X X X Clock Suspend Mode Entry

Any L L X X X X X X Clock Suspend

ClockSusped L H X X X X X X Clock Suspend Mode Exit

IDLE H HL L L HL X CBR Refresh REF

IDLE H LL L L HL X Self Refresh Entry SREF

Self Refresh L HH X X X X X Self Refresh Exit

L HL H H H X X
IDLE HLX X X X X X Power Down Entry
Power Down L HX X X X X X Power Down Exit
<lLegend> BA : Bank Address: H : Logi High
Col : Column address L : Logic Low

X : Don't care (High or Low)
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— uPD481850

SGRAM FUNCTION TRUTH’TABLE

Current
Suate TS RAS CAS WE DSF ADD COMMAND  ACTION ; -
IDLE H X X X X X DESEL NOP -
LHHHX X NOP NOP
LH HL H X Undefined ILLEGAL
1L H HL L X STOP ILLEGAL 2
LHL HHX Undefined ILLEGAL
L H L H L BACAAS READREADA ILLEGAL2
L H L L H BACAAS BW/BWA ILLEGAL 2
L H L L L BACAAS WRITE/WRITEA ILLEGAL 2
LL H H H BARA ACTWPB Row active; Latch Row Address; Use Mask
L L H H L BARA ACT Row active; Latch Row Address; No Mask
LL HL HX Undefined ILLEGAL
L L H L L BAAS PRE NOP 4
LL L HE X Undefined ILLEGAL
L L L HL X REF Auto Refresh §
L L L L H Opcode SRS Special Register Access 5
L L L L L Opcod MRS Mode Register Access 5
ROW H X X X X X DESEL NOP
ACTIVEL H H H X X .NOP NOP
LH HL H X Undefined ILLEGAL
LH HL L X STOP . ILLEGAL 2
LHL HHX Undefined ILLEGAL
- L H L H L BACAA8 READ/READA Begin Read; Laich CA; Determine AP
L H L L H BACAAS BWBWA Block Write; Latch CA; Determine AP
L HL L L BACAAS WRITE/WRITEA Begin Write; Lach CA; Determine AP
L L H H H BARA  ACTWPB ILLEGAL 2
L' L H H L BARA ACT ILLEGAL 2
LL HL HX Undefined ILLEGAL
L L H L L BAAS PRE " Precharge
LL L HHX Undefined ILLEGAL
L L L HL X REF ILLEGAL
L L L L H Opcode SRS Special Register Access
L L L L L Opcode MRS ILLEGAL
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) uPD481850

SGRAM FUNCTION TRUTH TABLE (continued)

@

Current -
State  CS RAS DSF ADD COMMAND ACTION
READ H X DESEL NOP(Continue Burst 1o End;=>Row Active)

X NOP
X Undefined
X STOP

X Undefined
BA,CA,A8 READ/READA
BA,CA,A8 BW/BWA

BARA ACTWPB
BARA ACT
X . Undefined
BA,A8 PRE

NOP(Continue Burst to End;=>Row Active)
ILLEGAL

NOP(Continue Burst to End)

or Term Burst(only Full Page);=>Row Active
ILLEGAL

Term Burst, New Read; Determine AP 3
“Term Burst,Block Write; Determine AP 3

BA.CA,A8 WRITE/WRITEA Term Burst,Start Write; Determine AP 3

ILLEGAL 2

ILLEGAL 2

ILLEGAL

Term Burst,Precharge Timing for Reads

BA,CA,A8 READ/READA
BA,CA,A8 BW/BWA

BARA ACTWPB
BARA ACT
X Undefined
BA,A8 PRE
X Undefined
X REF
Opcode SRS
Op-code MRS

el sl ol ad ol ol i ol ol of SEEN ol ol af- lslslslsinisiainialinl N ol ol o
FEFFEFREEEEG mmEX| e e e
S L A L L GGG Ll ol gl
S O N BT L L L GGl B
N L L L LR GE L T Tk Tk Lok B R
i
&

X Undefined ILLEGAL
X REF ILLEGAL
Op<ode SRS ILLEGAL

MRS ILILEGAL
X DESEL NOP(Continue Burst to End;=-Write Recovering)
X NOP NOP(Continue Burst to End;=>Write Recovering)
X Undefined ILLEGAL
X STOP NOP(Continue Burst to End)

or Term Burst(only Full Page);=>Row Active

X Undefined ILLEGAL

Term Burst,Start Read; Determine AP 3
Term Burst,Block Write; Determine AP 3

BA.CA,A8 WRITE/WRITEA Term Burst New Write; Determine AP 3

ILLEGAL 2

ILIEGAL 2

ILLEGAL

Ferm Burst Precharge Timing for Writes 3
ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL
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uPD481850

SGRAM FUNCTION TRUTH TABLE (continued)

Current —
State CS RAS CAS WE DSF ADD COMMAND  ACTION
READ H X X X X X DESEL NOP(Continue Burst to End;=>Precharge)
with LHHH X X NOP NOP(Continue Burst to End;=>Precharge)
AUTO L H H L H X Undefined ILLEGAL
Prechargel, H H L L X STOP ILLEGAL
L HL HHX “Undefined ILLEGAL
L H L H L BACAA8S READREADA ILLEGAL
L H L L H BACAAS BWBWA ILLEGAL
L H L L L BACAA8 WRITE/WRITEA ILLEGAL
L L H H H BARA ACTWPB ILLEGAL 2
L L H H L BARA ACT ILLEGAL 2
LL HL HX Undefined - ILLEGAL
L L H L L BAAS PRE ILLEGAL 2
L L L HH X Undefined ILLEGAL
L L L HL X REF ILLEGAL
L L L L H Opcode SRS ILLEGAL
'L L L L L Opcode MRS ILLEGAL
WRITE H X X X X X DESEL NOP(Continue Burst to End;=>Precharge)
with LH HH X .X . NOP NOP(Continue Burst to End;=>Precharge)
AUTO L H H L H X Undefined ILLEGAL
Prechage L H H L L X STOP TLLEGAL
LHL HH X Undefined ILLEGAL
L H L H L BACAAS READREADA ILLEGAL
L H L L H BACAAS BWBWA ILLEGAL
L H L L L BACAAS WRITE/WRITEA ILLEGAL
L L H H H BARA ACTWPB ILLEGAL 2
L L H H L BARA ACT ILLEGAL 2
LL HL H X . Undefined ILLEGAL
L L H L L BAAS PRE ILLEGAL 2
LL L HH X Undefined ILLEGAL
LL L HL X REF ILLEGAL
L L L L H Opcod SRS ILLEGAL
L L L L L Opcod MRS ILLEGAL
Precharging H X X X X X DESEL NOP=>Idle after tRP
LH HH X X NOP NOP=>Idle after tRP
LH HL H X Undefined ILLEGAL
LHHL L X STOP ILLEGAL 2
LHL HHX Undefined ILLEGAL
L H L H L BACAAS READREADA ILLEGAL2
'L H L L H BACAAS BWABWA ILLEGAL 2
L H L L L BACAAS WRITE/WRITEA ILLEGAL2
L L H H H BARA ACITWPB ILLEGAL 2
L L H H L BARA ACT ILLEGAL 2
LL HL HX -Undefined ILLEGAL
L L H L L BAAS PRE NOP 4
LL L HHX Undefined ILLEGAL
LL L HL X REF ILLEGAL
L L L L H Opcode SRS Special Register Access i
L L L L L Opcode MRS - ILLEGAL
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uPD481850

SGRAM FUNCTION TRUTH TABLE (continued)

Curreat e
State CS RAS CAS WE DSF ADD COMMAND ACTION
ROW HX X X X X DESEL NOP=> Row Active after tRCD
Activating L H H H X X NOP *NOP=> Row Active after (RCD
LH HEL H X Undefined ILIEGAL
L H HL L X STOP ILLEGAL 2
L HL H H X Undefined ILLEGAL
L H L H L BACAA8 READREADA ILLEGAL2
L H L L H BACAAS BWABWA ILLEGAL 2
L H L L L BACAA8 WRITE/WRITEA ILLEGAL 2
L L H H H BARA ACTWPB ILLEGAL 2
L L H H L BARA ACT ILLEGAL 2
LL HL HX Undefined ILLEGAL
L L H L L BAAS PRE ILLEGAL 2
LL L H H X Undefined ILLEGAL
L L L H L X REF ILLEGAL
L L L L H Op-c:od::l SRS Special Register Access -
L L L L 'L Opcode MRS ILLEGAL
WRITE H X X X X X DESEL NOP=>Row Active after write recovering time
RecoveringL H H H X X NOP - NOP=>Row Active after write recovering time
LH HL H X Undefined ILLEGAL
L H HUL L X STOP ILLEGAL 2
LHL HH X Undefined ILLEGAL
L H L H L BACAAS READ/READA- Begin Read; Latch CA; Determine AP
L H L L H BACAAS BW/EBWA Block Write; Latch CA; Determine AP
L H L L L BACAAS WRITE/WRITEA Begin Write; Latch CA; Determine AP
L L H H H BARA ACTWPB IL1LEGAL 2
L L H H L BARA ACT ILLEGAL 2
L L HL H X Undefined ILLEGAL
L L H L L BAAS8 PRE ILLEGAL 2
L L L HH X Undefined ILLEGAL
LL L HL1L X REF ILLEGAL
L L L L H Opcode SRS Special Register Access
L L L L L Opcode MRS ILLEGAL
Refreshing H X X X X X ¢ DESEL NOP=> Idle after tRC
LH HHX X NOP NOP=> Idle after tRC
LH HUL HX Undefined ILLEGAL
LH HL L X STOP ILLEGAL
LHL HH X Undefined ILLEGAL
L H L H L BACAAS READREADA ILLEGAL
L H L L H BACAAS BW/BWA ILLEGAL
L H L L L BACAA8 WRITE/WRITEA ILLEGAL
L L H H H BARA ACTWPB ILLEGAL
L L H H L BARA ACT ILLEGAL
L L HL HX Undefined ILLEGAL
L L H L L BAAS PRE - ILLEGAL
LL L HH X Undefined ILLEGAL
LL L HL X REF ILLEGAL
L L L L H Opcod SRS ILLEGAL
L L L L L Opcode MRS ILLEGAL ~
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LPD481850

SGRAM FUNCTION TRUTH TABLE (continued)

Current .

Stae  CS RAS CAS WE DSF ADD COMMAND  ACTION

Mle H X X X X X DESEL NOP

Register L H H H X X NOP NOP

AccessiigL H H L H X Undefined ILLEGAL
LHEHHL L X STOP ILLEGAL -
LHEHL HH X Undefined ILLEGAL
L H L H L BACAAS READREADA ILLEGAL
L H L L H BACAAS BWBWA  ILEGAL
L H L L L BACAAS WRITE/WRITEA ILLEGAL
L L H H H BARA  ACTWPB ILLEGAL
L L H H L BARA ACT ILLEGAL
LL HL HX Undefined ILLEGAL
L L HL L BAAS FPRE ILLEGAL
LL L HH X Undefined ILLEGAL
LL L HL X- REF ILLEGAL
L L L L H Opcod ILLEGAL
L L L L L Opcode MRS ILLEGAL

ABBREVIATIONS:

BA = Bank Address, RA = Row Address, CA = Column Address
Term = Terminate

AP = Auto Precharge

NOP = No Operation

ILLEGAL = Device operation and/or data-integrity are not guaranteed.

NOTES: :
l.AumniwmnneﬂmCKEwasactive(Hledmingthepxeoedhxgclockcycleandﬂwcmmtclockcyclc.
2. lllegal 1o bank in specificd state; ﬁmctionmaybelegnlintbebankindimmdbyBA.dcpmdingonﬂ\cmof
that bank.

3. Maust satisfy the "2n-rule”, bus contention, bus turn around, and/or write recovery requirements.

4. NOP w bank precharging or in idle state. May precharge bank(s) indicated by BA(and A8).
5Illegal if any bank is not idle.

6. Legal only if all banks are in idle or row active state.
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i uPD481850

SGRAM FUNCTION TRUTH TABLE FOR CKE

Current CKE CKE
State n-1

SELF

DSF_ADD ACTION

i

INVALID, CLK(n-1)would exit Self Refresh
Self Refresh Recovery 2

Self Refresh Recovery 2 -

ILLEGAL 2

ILLEGAL 2

Maintain SR.

g

oo | ettt e w34 v i m i T cmmmxX|s

Begin Clock Suspend next cycle 5
Exit Clock Suspend next cycle 2
Maintain Clock Suspend

INVALID, CLK(n-1) would exit Power Down
Exit Power Down -> IDLE2
Maintain Power Down Mode

Refer to Operations in the Turth Table

Refer to Operations in the Turth Table

Refer to Operations in the Turth Table

Refer to Operations in the Turth Table
Refresh :

Refer to Opemations in the Turth Table

Refer to Operations in the Turth Table

Refer to Operations in the Turth Table

Refer to Operations in the Turth Table

Refer to Operations in the Turth Table

Self Refresh 3

Refer to Operatioas in the Turth Table
INVALID, CLK(n-1) would enter Clock Suspend

5
L L L L k- k- R kel oy
xrrr‘r'r-':ur‘r'r'r'r':: MMMIMMMEOOCTT ' off ol oF. - J- % gl
Ba 1 38 IS 04 D4 D¢ 1 I it D D¢ D |54 B4 D¢ |54 ¢ b4 D D¢ 1 ixd im D I D 4 M X X ﬂ
B¢ 5¢ 1 ot 54 3¢ 5¢ D¢ =t Da e B¢ 15424 54 54 D D D da i 1 D |4 M M M ¢ ¢

ba 5 3¢ 5¢ | 3¢ T 1 1 1o 1 b 1 1 1 4 [543 b [ 2 b b om o e [ im0 ¢ ﬂ
5a 50 5 54 | 5 1 1 1 e 3 b 1 e e m be 5 [543 b¢ [ b e b et im i b |3 e i e g

L NENXNNNENXNNN WM XNXNNN%*N MM MMM

or Power Down ;
Any Sute H X X X Refer 1o Operations in the Turth Table
other than H X X X Begin Clock Suspend next cycle. 4
listed L X X X Exit Clock Suspend next cycle
above, L X X X Maintain Clock Suspend.
Notes

1. H: High level, L: Low level, X: High or low level(Don't care)
lCICELowm}Iighmsitionwinm-enablcCLKandothuinputsasynchmnously.Aminimumumpﬁme
must be satisfied before any command other than EXIT.

3. Power Down and Self Refresh can be entered only from then Both Banks IDLE State.

4. Must be legal command as defined in Operative command table 1.

S Nllegal if tSREX is not satisfied.
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uPD481850

Block Write Function

Column Address

———————— note : i is times of 8

o ‘ numeric.
B Q DQ1—p
2 Qre%xDba2--( X))
IEItJ \\\ -0 —DQ3p {
r Qrs-%Dot»
9 Q) O HDQ5» X
8 ':i:’ DQS.» "o‘\’o ’o” ‘.":i:/‘*::::‘.
gl 100000000
DQMO0=0 Column Address Mask
maskreaisTER | | | | | | | | ]
DQ7 ~ DQO TTISSTLS
0100101 1 55883680
sl =-R-N=-R-R-N=
@ ) * This diagram show only for DQO0-7.
® Write Data The other DQ is similar as this.

O Mask Write, keep original Data

Column Mask

DQO0-7 : Column Mask for DQO-7
DQ8-15 : Column Mask for DQ8-15
DQ16-23 : Column Mask for DQ16-23
DQ24-31 : Column Mask for DQ24-31

Write per bit
Mask data = Mask Register + DQMi
DQMi is prior than data of Mask Register.

Rev. 1.2 1994 Dec. 6 © 1994 NEC Corporation All Right Resarved
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uPD481850

Mode Register

9 8 7 6 5 4 3 2 1 0
0 0 LT MODE WT BL
R
Burst Length
_Bil_2_:0 WT=0 WT=1
000 1 R*
001 2 R*
' 010
Burst Length| (14 g g
100 R* R*
101 R* R*
110 R* R*
111 Full Page R*
_ 0 Sequential
Wrap Type 1 Interieave
7 Bit 6~4' CAS Latency
Latency 000 R*
Mode 001 1
010
011 3
1xx R*
(R* : Reserved)
9 6 5 4 3 2 0
Burst Read and Single Write
1 LT MODE WT BL (for write through cache)
JEDEC Standard Test Set
0 (Refresh counter test)
X Vv vivyiyVv ViV Vv Vender Specific
V=Valid
X=Don't care

Rev. 1.2 1994 Dec.6
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uPD481850

Special Register

9 8 7 ® 5 4 3 2 1 0
o]Jolojciwm]jojojojo}o

| BitS Function
Mask Register 0 Not LOAD

1 _LOAD

| Bit6 Function -
Color Register 0 Not LOAD

1 LOAD

Note : If LC and LM are both high (1), data of Mask and Color register will be unknown.

Rev. 121994 Dec. 6 © 1994 NEC Corporation All Right Reserved
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uPDA481850

Auto precharge

During a read or write command cycle, A8 controls whether auto precharge is selected.
A8 high in the read or write command ( Read with Auto precharge command or Write
with Auto precharge command ), auto precharge is selected and begins after the burst

access automatically.
In write cycle, the tDAL must be satisfied to assert the next activate command to the bank

begin precharged. And it is not necessary to know when the precharge starts.

When using auto precharge in read cycle, knowing when the precharge starts is
important because the next activate command to the bank being precharge can not be
excecuted until the precharge cycle ends. Once auto precharge has started, an activate
command to the bank can be asserted after tRP has been satisfied.

The clock that begins the auto precharge cycle is depend on both the CAS latency
programmed into the mode register and whether READ or WRITE cycle.

READ with Auto precharge

During READ cycle, the auto precharge begins on the clock that indicated the last data
wordoutputdmingmebm'stisvalid(CASlatencyofl ) or one clock earlier ( CAS
latency of 2 or 3 ).

Burst Length =4

To 1 T2 T3 Ta Ts Te T7 T8

MA means Iiead wiih Auto precharge )

Rev. 1.2 1994 Dec.6 © 1994 NEC Corporation All Right Reserved
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uPD481850

READ / WRITE Command Interval

Read to Read Command Interval

_During READ cycle, when new Read command is asserted, it will be effective after
CAS Latency, even if the previous READ operation does nottompleted. READ will be
interrupted by another READ. -
The interval between the commands is minimum 1 cycle. Each Read command can be
asserted in every clock without any restriction. '
' - Burst Length = 4, CAS Latency=2

To T1 T2 T3 T4 Ts Té T1 T8

CLK LU

QB2 QEIXQBH——

! 1 1 1 Hi-Z

1 1 ' ) ' '
11 cycle ' ' ] ] [ '
1 1 ' 1 1 '

Write to Write Command Interval

During WRITE cycle, when new Write command is asserted, the previous burst will
terminate and the new burst will begin with at new Write command. WRITE will be
interrupted by another WRITE. '

The interval between the commands is minimum 1. Each Write command can be
asserted in every clock without any restriction.

Burst Length =4, CAS Latency=2
To T1 T2 T3 T4 Ts Te T1 Ts

CLK [} t i 1 [} ) 1 ]
1 [} ] 1 ] ] 1] ] 1
] ] | 1 ] ] 1
Command, ' ) ) ' 1 1
1 § ) ] 1 1 1
[ - s 1 1 ]
DQ —<DAIXDB1XDB2XDB3XDB4)— . .
] ] ] 1 t 1 ] ] 1
1 rali—— 1 | ' ' ] 1
1 11 cycle i ' ' ! ' 1
i 1. ] { ] 1 ] ] 1
Rev. 121934 Dec.6 A © 1994 NEC Corporation All Right Resaerved
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uPD481850

_ Write to Read Command Interval

Write command and Read command interval 1s also 1 cycle.
Only the write data before Read command will be written.
The data bus must be Hi-Z at least one cycle prior to the first Dout.

_Burst Length =4

To T T2 T3 Ts_ Ts Ts  Tr_ Te

_ CLK _| L] | 11
CAS Latency=1 : v

'
]
]
t
1
1
1

1 Q Hi':\ ' ’
DQ  —<DAD——<QBIXQB2XQBIX QB4
1 -l‘->l ]
CAS Latency=2 ! 1cycle, ' ’
Command: AXREADB :
{
]

e - e e m e e e e e e e e - -
- e e e ow owm wm om e e = = e -

- - - - e - -
e - - - - - -

DQ DAl — m_iJQm oB2X QB3XQ

[} [] ]
- MNaC ] ] t ] ]
CAS Latency=3 . ' . : \ |
i 1 ] ] 1 ]
Command ) ' : ) )
] 1 ] t ‘l 1
1 ' 1 1 1
pDQ L —(aB1X0B2XQB3X QB4)~
t i ] ] 1 ]
[} ] ] ] ]
1] 1 ] 1 ] ]
Rev. 1.2 1994 Dec. 6 "~ © 1994 NEC Corporation All Right Reserved
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Read to Write Command Interval

During READ cycle, Read can be interrupted by WRITE. When CAS Latency of 3 and the
burst length is Full page, the burst read can not be interrupted by WRITE. Burst read can be -
interrupted by Burst Stop command (STOP) or Precharge command for CAS latency of 3.

For CAS latency of 1 or 2, the Read and Write command interval is minimum 1 cycle. There is
a restriction to avoid data conflict. The data bus must be Hi-Z using DQM before WRITE.

CASLatency=1;2To . T1_ T2 T3 T4+ Ts T Tr_ T8

-CLK

Commang) @EDEED 1

poM T e

DQ ——<DBIXDB2XDE3XDBY———
1 ll‘c;c’le.' ] [} i t ) 1

In case CAS latency is 1 or 2, READ can be interrupted by WRITE. DQM must be kept being
High from at least 3 clocks to 1 clock before the Write command.
Burst Length = 8, CAS Latency=1, 2 . '
To T1 T2 T3 T4+ Ts5 Te T71_.Ts 19

(o5 s I e O Yy Sy 0y N Iy B

S Lamgl Gy ==

]
] 1 1 1 )
]

DM ——o— \\\?: I

DQ :—'_:—<QA1)®A2)@A3XQA4W
N - W

DQM . ; A

Hi-Z
In case CAS latency is 3 (burst length is not Full page), READ can be interrupted by WRITE.
The minimum command interval is [burst length + 1] cycles. DQM must be High at lcast 3

clocks prior to to the Write command. ¢x €AS Latency=3,Burst Length=4
To T1 T2 T3 T4 Ts Te T7 Ts T9

CILX

] ] ]
Command , ' !

1 1 v S

DQM i | 1 1
] ] ] [}

DQ . .
: LJIO minlmum e'ommn
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uPD481850

Burst Length and Sequence
Burst of Two '

Starting Address Sequential Addressing interleave Addressing -
(Column address-AQ) Sequence (decimal) - Sequence (decimal)
0 ’ 0,1 0,1
1 1,0 1,0
Burst of Four

Starting Address Sequential Addressing Interleave Addressing

(Column address A1-A0) Sequence (decimal) Sequence (decimal)
0 (00B) 0,1,2,3 0,1,2,3
1 (01B) 1,2,3,0 1,0,3,2
2(10B) 2,3,0,1 2.3,0,1
3(11B) 3,0,1,2 3,2,1,0

Burst of Eight

Starting Address Sequential Addressing Interleave Addressing

(Column address A2-A0) Sequence (decimal) Sequence (decimal)
0 (000B) 0,1,2,3,4,5,6,7 | 0,1,2,3,4,5,6,7
1 (001B) 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
2 (010B) 2,3,4,56,7,0,1 | 2,3,0,1,6,7,4,5
3 (011B) 3,4,56,7,0,1,2 3,2,10,7,6,54
4 (100B) 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
5(101B) 56,7,0,1,2,3,4 | 54,7,6,1,0,3,2
6 (110B) 6,7,0,1,23,4,5 6,7,4,5,2,3,0,1
7 (111B) 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

Full page Burst

Full page burst is an extension of the above tables of Sequential Addressing
with the length being 256. :

Rev. 1.2 1994 Dec. 6 © 1994 NEC Corporation All Right Reserved
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LPD481850

Electrical Specifications
ABSOLUTE MAXIMUM RATINGS '

Voltage on Power Supply Pin Relative to GND -1.0t0 +4.6 \Y
Voltage on Input Pin Relative to GND -1.0t0 +4.6 A
Short Circuit Output Current 50 mA
Power Dissipation - 1 w
Operating Temperature 010 +70 °C
Storage Temperature . -55t0 +125 °C
RECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply Voltage vee 3.0 3.3 3.6 Vv
High Level Input Voltage __ VIH 2.0 Vee+0.3 \4
Low Level Input Voltage VIL -0.3 0.8 \4
Ambient Temperature Ta 0 70 °C
DC CHARACTERISTICS (RewﬁmeMed Operating unless otherwise noted)
PARAMETER SYMBOL TEST CONDITION MAX. UNIT NOTE
Burst length=1 -10
Operating Current lect mﬁ%m) -12 TBD mA 3
lo=OmA -13
Precharge Standby Current lec2P CKEs<VIL{MAX) {CK=15ns TBD mA
in Power Down mode Icc2PS  CKE<VIL(MAX) tCKwso TBD mA
P e Standby Current 1cc2N CKE=2VIH(MIN) {CK=15ns TBD mA
| in Non Power Down mode lcc2NS CKEszﬂmN) tCKmeo 8D mA
Active Standby Current lec3P CKE<VIL{MAX) {CK=15ns TBD ‘mA
In Power Down mode 1cc3PS  -CKESVIL(MAX) tCKmeo TBD mA
Active by Current lceaN CKE2VIH(MIN) tCK=18ns T8D mA
in Non Po! Down mode . =0
e o lec3NS - BRI b, TBD  mA
_ ’ casLaency3  J3  18B mA 3
Operating Current lccd  TCKACK(MIN) =13
(Burst Mode) lo=OmA CAS Latency=2 -1 % i’EB mA 3
CAS Latency=1 ;g E@ mA 3
Refresh Current lc5  tRC2ARC(MIN) g ;;Eg mA
Self Refresh Current lect CKE<0.2V TBD mA
ting Current lec? 1CK2tCK(MIN)
ey ey e OmA CAS cycle = 20ns TBD mA

Rev. 1.2 1994 Dec. 6
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 uPD481850

SYNCHRONOUS CHARACTERISTICS (Recommended Operating unless otherwise noted)
=12 -13

PARAMETER SYMBOL MIN.1 (:AAX. MIN. MAX. MIN. MAX. UNIT NOTE
CAS Latency=3  tCK3 10 12 13 ns
Clock Cycle Time CAS Latency=2 tCK2 15 18 _ 19.5 ns
CAS Latency=1  tCK1 30 36 39 ns
CAS Latency=3 tAC3 9 11 12 ns 30pF
Access Time trom CLK CAS Latency=2 tAC?2 12 15 165 ns 30pF
CAS Latencys1_ tAC1 27 33 36 __ns 30pF
CLK High Level Width tCH 3.5 4 5 ns
CLK Low Level Width tCL 3.5 4 5 ns
Data-out Hold Time 10H 4 4 4 ns
Data-out Low Impedance Time 1Lz 0 0 ns
Data-out High Impedance Time tHZ 10 10 - 10 ns___
Data-in Set-up Time tDS 3 35 _35 ns
Data-in Hold Time tDH 1 1.5 1.5 _ns__
Address Set-up Time tAS 3_ 3.5 35 ns
Address Hold Time " 1AH 1 1.5 1.5 ns
CKE Set-up Time tCKS 3 35 _ 3.5 ns
CKE Hold Time CKH 1 1.5 1.5 ns
Command (C8.RAs.CAs,we.DsF.oom) Set-up Time 1CMS 3 3.5 3.5 ns
Command &3, AREXSWE.osr.0om Hold Time t1CMH 1 1.5 1.5 ns
Operating unless otherwise noted)

ASYNCHRONOUS CHARACTERISTICS (Recommend

PARAMETER

=10

-12

-1

SYMBOL _ MIN. MAX. MIN. MAX. MIN. MAX UNITNOTE

REF to REF/ACTIVE Command Period tRC 100 120 130 ns
ACTIVE to PRE Command Period tRAS 70 120,000 84 120,000 91 120,000 ns
PRE to ACTIVE Command Period 1RP 30 36 39 ns
Delay Time ACTIVE to READ/WRITE Command tRCD 30 36 39 ns
ACTIVE(0) to ACTIVE(1) Command Period tRRD 30 _36 39 _ns
CAS Latency=3 {DPL3 1CLK+10 _ 1CLK+12  1CLK+13 __ns
parey 10 PRE Command  —GaS Latencys2_1DPL2 15 18 195 0
CAS Latency=1 tDPL1_ 15 18 196 _ ns
Data-in 10 ACTIVE(REF) __CASLatency=3 1DAI3 2CLK+30 2CLK+36 2CLK+39 NS
Command Period CAS Latency=2 {DAL2 1CLK+30  1CLK+36 _ 1CLK+39 __ ns
(Auto Precharge) CAS Latency=1_tDAL1 1CLK+30  1CLK+36 _ 1CLK+39  ns
Block Write Cycle Time 1BWC 20 24 26 ns
CAS Latency=3 {BPL3 1CLK+20  1CLK+24  1CLK+26 __ns
D iy _CASlaloncys2 {BPL2 30 _ 3s 39 ns
CAS Latency=1 1BPL1____ 30 36 39 ns
Block Write Data-in to CAS Latency=3 {BAL3 2CLK+40 ns
ACTIVE(REF) Command _ CAS Latency=2 1BAL2 1CLK+40 _1CLK 1CLK452 ___ns
Period (Auto Pracharge) ___ CAS Latencys1_ tBAL1 1CLK+40 1CLK+48 1CLKsS2 NS _____
Seli-Refresh Exit Time tSREX 20 24 26 ns
Transttion Time T 130 1 30 1 30.__ns
Refresh Period tREF 16 16 16 __ms1024 rows

Rev. 1.2 1994 Dec. 6
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pPDA481850

DC CHARACTERISTICS (Recommended Operating Conditions uniess otherwise noted)

PARAMETER SYMBOL TEST CONDITION -

MIN. TYP. MAX. UNIT NOTE

input Leakage Current __li (L) Vi=0-to 3.6V.all other pins no under test=0V_-1.0 1.0 uA
Output Leakage Current lo (L) Dout is disabled, Vo=0 to 3.6V -1.0 1.0 pA
Output High Vottage_ VOH _ o= -2mA 2.4
Output Low Voltage VOL ___lo= +2mA 04 V
CAPACITANCE (Ta=25°C,f=1MHz)
PARAMETER SYMBOL MIN. MAX. UNIT TEST CONDITION
input Capacitance Cl1 2 4 QF AQ to A9 I —
P CcI2 2 4  pF___ CLKCKECS.RAS,CAS WE.DSF.DOM
Data Input/Qutput Capacitance __ CI0 2 5§ _pF _ DQOto DA31
NOTES

(1) All Vottages referenced Vss(GND)

(2) an initial pause of 100us is required after power-on followed by Power On Sequence

& Auto Refresh before proper device operation is achieved.

(3) lec1 depends on output loading and cycle rates. Specified values are obtained with
the output open. in addition to this, lccl is msured on condmon that address&s are

changed only one time during tCK(MIN).
(4) AC measurements assume tT=1ns.

(5) Reference level for measuring timing of lnput signals is'1.40V.

(6) An access time is measured at 1.40V.

—{ 110 Timing "l

je———CK
2.0v [€1CH
CLK
0.8V 7
tSetup{ 1Hold
v
INPUT 1.4V
0.8V

CL

14V

l6—AC—>,
¢—tOH
OUTPUT 1.4\% )k.w
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Burst Length=2 CAS Latency =2
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8Mbit Synchronous GRAM

Burst Length=4 CAS Latency =2

CLOCK SUSPENSION during BURST READ (using CKE Function)
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CLOCK SUSPENSION during BURST WRITE (using CKE Function)
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ON JEDEC STANDARD
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Burst Length = 8 CAS Latency =3

Random Row Write with WPB

( Pingpong banks)
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