B 5427525 0049123 534 WA
PRELIMINARY DATA SHEET

x PD4516421,4516821,4516161

N &LC/ MOS INTEGRATED CIRCUIT

‘ 16M bit Synchronous DRAM

Description

The uPD4516421, uPD4516821, uPD 4516161 are high-speed 16 777 216-bit
synchronous dynamic random-access memories, each organized as 2 097 152-word x
4-bit x 2 banks,1 048 576-word x 8-bit x 2 banks and 524 288-word x16-bit x 2 banks.

The synchronous DRAMs acheive high-speed data transfer using the pipeline
architecture.

All inputs and outputs are syncronized with the positive edge of clock.

The synchronous DRAMSs conpatible with Low Voltage TTL (LVTTL). :

The synchronous DRAMs are available in 400-mil ,44-pin TSOP il (x4,x8) and 400-mil,
50-pin TSOP 1I(x16).

Features

- Fully Synchronous Dynamic RAM,with all signals referenced to a positive clock edge
- Pulsed interface )

- Possible 10 assert random column address in every cycle

- Dual Intemal Banks controlled by All ( Bank Select )

- Programmable burst-length ( 1,2,4,8 Full Page)

- Programmable wrap sequence ( Sequential / Interieave )

- Programmable CAS latency (1,2,3)

- Automatic precharge and conwrolled Precharge

- CBR(Auto) refresh and self refresh

- x4, x8, x16 organization

- Single +3.3 £ 0.3V power supply

- LVTTL compatible

- Byte control ( x16) by LDQM and UDQM

- 2048 refresh cycles / 32ms

- Burst termination by Burst Stop command and Precharge command

The information in this document is subject to change without notice. V@If.4°@ .
Document No., ID-3394 .
Data Published March 1994 M © NEC Corporation 1994
Printed in Japan
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N Ec 16Mbit Synchronous DRAM

Ordering information

Organization MAX.

Part number (word x bit x bank) Clock Frequency Package
uPD4516421G5-A10-7JF 100MHz
uPD4516421G5-A12-7IF IMx4x2 83MHz 44-pin Plastic TSOP(IT)
uPD4516421G5-A13-7JF 75MHz (400mil )
uPD4516421G5-A15-7JF 66MHz
uPD4516821G5-A10-7JF 100MHz
uPD4516821G5-A12-7JF IMx8x2 83MHz 44-pin Plastic TSOP(II)
uPD4516821G5-A13-7JF xex 75MHz (400mil )
uPD4516821G5-A15-7JF 66MHz
uPD4516161G5-A10-7JF 100MHz
uPDASI6161GS-AIZTIE s ov 1612 83MHz 50-pin Plastic TSOP(IL)
uPD4516161G5-A13-7JF 75MHz (400mil)
uPD4516161G5-A15-7IF 66MHz

Mar. 31 1994 © NEC Corporation 03
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N Ec 16Mbit Synchronous DRAM

Part Numbers
[ x4, x8 ]

uPD451

NEC Memory ——

N

821G5 - A10L

Synchronous
DRAM

Memory Density—————-—-
16 . 16Mbit

Organization
4 : x4
8 : x8

Num. of Banks

R(1 : 1Bank)
2 : 2Bank

Interface

1 : LVITL

ORISRy NIV IS ISR | © ) J

[x16 ] & 61

Organization
16 : x16

Num. of Banks
& Interface

1 : 2Bank ,LVTTL

Low Power

Minimum Cycle Time
10 : 10ns ( 100MHz )
12: 12ns ( 83MHz)
13: 13ns( 75MHz)
15: 15ns ( 66MHz)

Low Voltage
A : 3.3%0.3V

Package
G5 : TSOP(Il)

R:Reserved

Mar. 31 1994 ©NEC Corporation 04

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




B L427525 0049127 18T EENECE

N Ec 16Mbit Synchronous DRAM

Symbol Function

CLK(input pin) CLK is the master clock input . Other inputs signals are referenced
to the CLK rising edge .

CS(input pin) CS low starts the command input cycle. When CS is high, commands
are ignored but operations continue.

RAS CAS WE(input pins) RAS CAS and WE .have the same symbols on conventional DRAMs
but different functions. For details, refer to the command table.

Row Address is determined by AO - A10 at the CLK(clock) rising edge in
the activate command cycle. And it docs not depend on the bit organization.

A0 - All(input pins)

Column Address is determined by AO - A9 at the CLK rising edge in the
read or write command cycle. It depend on the bit organi- zation. A0 - A9 for
X4 device, A0 - A8 for X8 devices and A0 - A7 for X16 devices.

A10 defines the precharge mode. When A10 is high in the precharge
command cycle, both banks are precherged ; when A10 is low, only
the bank selected by A1l is precharged.

When A10 high in read or write command cycle, the precharge start
automatically after the burst access.

All(input pin) Al1 is the bank select signal(BS). In command cycle, A11 low selects bank
A and A11 High selects bank B.

CKE determine validity of the next CLK(clock). If CKE is high ,the next
CLK rising edge is valid ; otherwise it is invalid. If the CLK rising edge is
invalid, the internal clock is not asserted and the pPD4516XXX suspends
operation.

When the uPD4516XXX is not in burst mode and CKE is negated, the
device enter power-down made,during power down mode CKE must
remain_low.

DQM , DQMU, DQML DQM controls I/O buffers .In X16 products ,.DQMU and DQML control
(input pin) upper byte and lower byte 1/O buffers,respectively.

In read mode, DQM control the output buffers the same as a conventional
OE pin. Respectively , DQM high and DQM low turn the output buffers off
and on.

The DQM latency for the read is two clocks.

In write mode,DQM controls the word mask. Input data is written to

the memory cell if DQM is low but not if DQM is high.

The DQM latency for the write is zero.

CKE(input pin)

g%)u;/ggtglsn pins) I/O pins have the same function as I/O pins on a conventional DRAM.

Vee, Vss, VecQ, VssQ Vcc and Vss are power supply pins for intemal circuits.VecQ and
(power supply) VssQ are power supply pins for the output buffers.

Mar. 31 1994 ©NEC Corporation 05
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RNEC

16Mbit Synchronous DRAM

PIN OUT (4Mx4)
LVTTL
Vce 1 u 44 | Vss
NC 2 43 NC
VssQ 3 42 | VssQ
DQO 4 41 DQ3
VeeQ 5 40 | VeeQ
NC 6 39 | NC
VssQ 7 38 VssQ
DQ1 8 37 DQ2
VeeQ 9 36 VeecQ
NC |10 351 NC
NC | 11 34| NC
WE | 12 33| DQM
CAS |13 32| CLK
RAS |14 31 | CKE
CcS |15 30 | NC
All | 16 291 A9
Al10 | 17 281 A8
A0 |18 27 A7
Al |19 261 A6
A2 |20 25| AS
A3 |21 24 Ad
Vee | 22 23 Vss
400mil 44Pin 0.8mmTSOP(Il)
Pin Identification
Name Function Name Function
AOto All Address Inputs WE Write Enable
(AOto All Row Address Inputs) DQM DQ Mask Enable
(AOto A9, A1l  Column Address Inputs) Vce Supply Voltage
DQO to DQ3 Data Inputs/Outputs Vss Ground
CLK System Clock Input VecQ Supply Voltage for DQ
CKE Clock Enable VssQ Ground for DQ
CS Chip Select NC No connection
RAS Row Address Strobe
CAS Col Address Strobe

Mar. 31 1994 ONEC Corporation
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16Mbit Synchronous DRAM

PIN OUT (2Mx8)

LVTTL

Vce 1 u
DQO | 2
VssQ 3
DQ1 4
VeeQ 5
DQ2 | 6
VssQ 7
DQ3 8
VeeQ 9
NC | 10
NC |11
WE |12
CAS |13
RAS |14
cS |15
All 16
Al10 | 17
A0 |18
Al 19
A2 |20
A3 | 21
Vee |22

44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24

23

Vss
DQ7
VssQ
DQ6
VeeQ
DQ5
VssQ
DQ4
VeeQ
NC
NC
DQM
CLK
CKE
NC
A9
A8
A7
A6
AS
A4
Vss

400mil 44Pin 0.8mmTSOP(II)

Pin Identification
Name Function Name Function
A0to All Address Inputs WE Write Enable
(AOto A1l Row Address Inputs) DQM DQ Mask Enable
(AOto A8, A1l  Column Address Inputs) Vce Supply Voltage
DQO to DQ7 Data Inputs/Outputs Vss Ground
CLK System Clock Input VeeQ Supply Voltage for DQ
CKE Clock Enable VssQ Ground for DQ
CS Chip Select NC No connection
RAS Row Address Strobe
CAS Col Address Strobe

Mar.31 1994 ©NEC Corporation 07
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RNEC

. 16 Mbit Synchronous DRAM
PIN CONFIGURATION
X4/X8/X9/

44pin 400mil TSOP (Typell)  (unit:mm)

Normal Bend
44 | 'O.S(T.P. 23
g
~N
T g e
N b v
D _ 8
0.3+0.1
11.7692 .
18.81 MAX. . - 0165 > g goe
~ = ot — el
i 4.
~ sh>s,
1.13 MAX 0.5%
Reverse Bend
g
B
[~]
><. (]
gix
a Ny
- _ §
1 l oatoq 22
0.5x91
By >
M ‘gx— """""""""""" T
h 18.81 MAX = e < 10.16™" >| 0.8%°%
11.76%°2
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N E£ 16Mbit Synchronous DRAM

PIN OUT (1Mx16)

LVTTL
Vee 1 u 50 | Vss
DQO | 2 49 | DQIS
DQ1 | 3 48 | DQI4
VssQ 4 47 | VssQ
DQ2 5 46 DQ1i13
DQ3 6 45 DQ12
VeeQ 7 4 | VccQ
DQ4 | 8 43 | DQII
DQ5 9 42 | DQIO
VvssQ | 10 41 VssQ
DQ6 | 11 40 | DQY
DQ7 |12 39 | DQS
VeeQ |13 38 | VeeQ
LDQM | 14 37| NC
WE |15 36 | UDQM
CAS |16 35 | CLK
RAS |17 34 | CKE
CS |18 33| NC
All |19 32 A9
Al0 |20 31 A8
A0 |21 30 A7
Al |22 29 A6
A2 |23 28| AS
A3 | 24 27 Ad
Vee | 25 26 Vss

400mil S0Pin 0.8mmTSOP(Il)

Pin Identification
Name Function Name Function
A0 to All Address Inputs WE Write Enable
(AOto All Row Address Inputs) LDQM, UDQM  DQ Mask Enable
(AOto A7, A11  Column Address Inputs) Vce Supply Voltage
DQO to DQ15 Data Inputs/Outputs Vss Ground
CLK System Clock Input VeeQ Supply Voltage for DQ
CKE Clock Enable VssQ Ground for DQ
CS Chip Select NC No connection
RAS Row Address Strobe
‘CAS Col Address Strobe
Mar. 31 1994 ©NEC Corporation 09 )
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16 Mbit Synchronous DRAM
PIN CONFIGURATION
X16/X18
50pin 400mil TSOP (Typell) ( unit : mm )
Normal Bend
50
N LLLLLLLELLLT %@_
_k _ b -
es ) :(1):2:: “ 0.8*°2
Ty LB =n
<Lt
K _
D q
4 .
Poe—
" e
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NECT

16Mbit Synchronous DRAM

Commands

Mode register set command

(CS, RAS, CAS, WE = Low)

HPD4516XXX has a mode register that define how the device operates.
In this command,AQ - A11 arc the 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 state.

During the two cycles following this command, pPD4516XXX cannot accept
any other commands.

Row activate command
(CS, RAS = Low, CAS, WE = High)

pPD4516XXX has two banks, each with 2048 rows .

This command activates the bank selected by A11(BS) and a row
address selected by A0 - A10.

_The command corresponds to a conventional DRAM's falling
RAS signal.

Precharge command
(CS, RAS, WE = Low, CAS = High)

This command begins precharge operation of the bank selected by
Al1(BS) and A10. When A10 is High , both banks are precharged,
regardless of A11. When A10 is Low, only the bank selected by A1l
is precharged. A11 low selects bank A and A11 high selects bank B.

After this command, pPD4516XXX can't accept the activate command
to the precharging bank during tre (precharge to activate command period) .

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

Add ZBX O
DQ ———

Fig.1 Mode register set com-

mand

CLK LI 4
CKE High

S N/
RAS & ___£&%
CAS &7 &8
WE B &
575 S 7
LK RoOwXZES
SZXK Row)ZR

All

(Bank select)
Al0
Add

DQ

Fig.2  Row address strobe
and bank active command

CLK LI
CKE ——&2
S —~_r—
CAS By &
WVE =3
(Bmélleclt)
A10 BT OHER

(Precharge slect)

Fig.3 Precharge command

Mar. 31 1994 O©ONEC Corporation 11
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N Ec 16Mbit Synchronous DRAM

Column Address and Write command CLK T
— S ig
(CS, CAS, WE = Low, RAS = High) CKE ——
If the mode register is in the burst write mode, this command sets CS N
the burst start address given by the column address 1o begin the burst RAS &% &2
write operation. The first write data must be input with this CAS 22
write operation. The first write data in burst mode can input with WE
this command with subsequent data on following clocks. —— -
All YRR
(Bank select)
A10 B XEE
Add
DQ —CC3XTZ
Fig.4 Column Address and Write
command
Column address and Read command CLK
(CS, CAS = Low, RAS, WE = High) CKE —gh__
This command sets the burst start address given by the CS T \_
column address. SAC TS 22
Read data is available after CAS Latency requirements have R_ﬁ§ a N
been met . CAS 28 _£&&
WE B &

Bank AL
A10 XX
Add

DQ
Fig.5 Column address and Read
command
CBR (Auto) refresh command
( Iresh command _ CLK M1
(CS,RAS, CAS = Low, WE, CKE = High) CKE High
This command is a request to begin the CBR refresh operation. The
refresh address and the bank select address are generated internally. s
Before executing CBR refresh, both banks must be precharged. RAS g2 (222
After this cycle , both banks will be in the idle (precharge) state and CAS 2B &
ready for a row activate command. WE B CE
During trc period ( from refresh command to refresh or activate com- T
mand ) , uPD4516XXX cannot accept any other command. (Bank élcl-clt) B l
Al0 S22
Add SRR
DQ
Fig.6  Auto refresh command
Mar. 31 1994 ©NEC Corporation 12
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16Mbit Synchronous DRAM

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

After the command execution, self refresh operation continues
while CKE remains low. When CKE goes high , the pPD4516XXX
exits the self-refresh mode.

During self- refresh mode , refresh interval and refresh operation
are preformed internally, so there is no need for extemal control.
Before executing self - refresh , both banks must be precharged.

Burst stop command
(CS, WE = Low, RAS, CAS = High)
) This command terminates the current burst operation .

No Operation
(CS = Low, RAS, CAS, WE = High)

This command is not a execution command. No operations begin
or terminate by this command.

CLK LI 14

Fig.7 Self refresh Entry
command

CLK ML 11

CKg —High—

S "~
RAS B &

All

XX R XX XX L )
R

!

Fig.8 Burst stop command

in Full Page mode

T EEETEX 0
R RRRIITE

..... KRS

Fig.9 No Operation

Mar. 31 1994 ©NEC Corporation 13
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N Ec 16Mbit Synchronous DRAM

Simplified State Diagram i

Self-
Refresh

Mode
Register

CBR
Refresh

—]-  Automatic sequence
=~ Manual input

Mar. 31 1994 © NEC Corporation 14
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N Ec 16Mbit Synchronous DRAM

Command truth table

Function Symbol ICKE CS | Ras | CAs | WE |an1faio] 47
n- n
Device Deselect DESL H X H X X X XX X
No Operation NOP H X L H H H X| X} X
Burst stop BST H X L H H L XX X
Read READ H X L H L H ViL v
Read .vith Auto Precharge READA H X|L H L H V|IH}Y
Write WRIT H X L H L L Vi]L v
Write with Auto Precharge WRITA H X |L H L L{V]H]|V
Bank Activate ACT H X|L L H H vV|iVv]y
Precharge select Bank PRE H|] X |L L H LIVv]L |X
Precharge All Banks PALL H X L L H L X} H]X
Mode register set MRS H XiL L L L{L}L}]V
DQM truth table
Function Symbol CKE DM
n-1 n U l L
Data Write / Output Enable ENB H X L
Data Mask / Output Disable MASK H X H

Upper byte Write Enabie / Output Enable ENBU H X L X

Lower byte Write Enable / Output Enable ENBL H X X L

Upper byte Write Inhibit / Output Disable MASKU H X H X

Lower byte Write Inhibit / Output Disable MASKL H X X H

CKE truth table
G . Sym CKE | s | e |
urrent state Function bol CS | RAS | CAS | WE | Add
n-1 n

Activating Clock Suspend Moede Entry H L X X X X X
Any Clock Suspend L L X X X X X
Clock suspend Clock Suspend Mode Exit L H X X X X X
Idle CBR Refresh Command REF H H L L L H X
Idie Self Refresh Entry SELF | H L L L L H X
Self Refresh Self Refresh Exit L H L H H H X
L H H X X X X
Idle Power Down Entry H L X X X X X
Power Down Power Down Exit L H X X X X X

H : High level, L : Low level
X : High or Low level (Don't care) , V: Valid Data input

Mar. 31 1994 ©NEC Corporation 15
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16Mbit Synchronous DRAM

Operative command table 1

g;'::m Cs |Ras |cas | WE Add Command Action Note

Idle H X X X |x DESL Nop or Power Down 5
L H H X X NOPor BST Nop or Power Down 5
L H L H BA.CA,A10| READ/READA |ILLEGAL 3
L H L L BA,CAA10| WRIT/WRITA |ILLEGAL 3
L L H H BARA ACT Row Active
L L H L BA,A10 PRE/PALL Nop
L L L H X REF/SELF Refresh or Sclf Refresh 6
L L L L Op-Code MRS Mode Register Access

Row H X X X X DESL Nop

Active L |H |H |x |x NOPor BST _ |Nop
L H L H BA,CA,A10{ READ/READA |Begin Read:Determine AP 1
L H L L BA,CA,A10] WRIT/WRITA |Begin Write:Determine AP 11
L L H H BARA ACT ILLEGAL 3
L L H L BA,A10 PRE/PALL Precharge 8
L L L H X REF/SELF ILLEGAL
L L L L Op-Code | MRS ILLEGAL

Read H X X X X DESL Continue Burst to End->Row Active
L H H H X NOP Continue Burst to End->Row Active
L H H L X BST Burst Stop ->Row Active
L H L H BA.CA,A10] READ/READA | Term Burst,New Read: Determine AP 9
L H L L BA,CA,A10] WRIT/WRITA | Term Burst,Start Write: Determine AP 49
L L H H BARA ACT ILLEGAL 3
L L H L BA,ALQ PRE/PALL Term Burst,Precharging
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL

Write H X X X X DESL Continue Burst to End->Write

Recovering
L H H H X NoP Continue Burst to End->Write
Recovering
L H H L X BST Burst Stop ->Row Active
L H L H BA,CA,A10] READ/READA | Term Burst,Start Read: Determine AP 49
L H L L BA.CA,A10] WRIT/WRITA | Term BurstNew Write: Determine AP 9
L L H H BA,RA ACT ILLEGAL 3
L L H L BA,A10 PRE/PALL Term Burst,Precharging 10
L L L H X REF/SELF ILLEGAL
L L L L Op-Code | MRS ILLEGAL
Mar. 31 1994 ©ONEC Corporation 16
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16Mbit Synchronous DRAM

Operative command table 1 (Continued)

Current

State CS | RAS |Cas | WE Add Command Action Note
Read with jH X X X X DESL Continue Burst to End->Precharging
Procnrge |L_[H JH JH Ix NOP Continue Burst 1o End->Precharging
L H H L X BST ILLEGAL
L H L H BACA,A10] READ/READA | ILLEGAL
L H L L BA,CAA10] WRIT/WRITA |ILLEGAL
L L H H BARA ACT ILLEGAL 3
L L H L BA,A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write with | H X X X X DESL Continue Burst to End->Write
Auto Recovering with Auto Precharge
Prechargee T TH |u |H |x NOP Continuc Burst to End->Write
Recovering with Auto Precharge
L H H L X BST ILLEGAL
L H L H BA,CA,A10| READ/READA |ILLEGAL
L H L L BA.CAA10] WRIT/WRITA |ILLEGAL
L L H H BARA ACT ILLEGAL 3
L L H L BA A0 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L | | |r |opcCode |MRrs ILLEGAL
Precharg- | H X X X X DESL Nop->Enter Idle after tRP
ing L |n |H |H [X NOP Nop->Enter Idle after tRP
L H H L X BST Nop->Enter Idle after tRP
L H L H BA,CA,A10| READ/READA |ILLEGAL 3
L H L L BA,CAAI0] WRIT/WRITA |ILLEGAL 3
L L H H BARA ACT ILLEGAL 3
L L H L BA A0 PRE/PALL Nop->Enter Idle after tRP
L L L H X REF/SELF ILLEGAL
L L L L Op-Code |MRS ILLEGAL
Row H X X X X DESL Nop->Enter Row Active after tRCD
Activating L H |H H X NOP Nop->Enter Row Active after t(RCD
L H H L X BST Nop->Entcr Row Active afier tRCD
L H L H BA.CA,A10] READ/READA |ILLEGAL 3
L H L L BA,CAAI0] WRIT/WRITA |ILLEGAL 3
L L H H BARA ACT HLLEGAL 37
L L H L BA.A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Mar. 31 1994 ©NEC Corporation 17
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N Ec 16Mbit Synchronous DRAM

Operative command table 1 (Continued)

gurrcm CS | RAS |CAs | WE Add Command Action Note
tate
Write H X X X X DESL Nop->Enter Row Active after tDPL
2‘;“’"“' L |H |H |H |X NoP Nop->Enter Row Active after tDPL
L H H L X BST Nop->Enter Row Active after tDPL
L H |L H |BA,CAA10|READ/READA |Start Read, Determine AP 4
L H L L BA.CAA10| WRIT/WRITA |New Write, Detemine AP
L L H H BA.RA ACT ILLEGAL
L L H L BA,A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write H X X X X DESL Nop->Enter Precharge after tDPL
ﬁe;:‘:;:_ L H H H X NOP Nop->Enter Precharge after tDPL
Auto L H H L X BST Nop->Enter Precharge after tDPL
Precharge
L H L H BACA,A10| READ/READA | ILLEGAL 34
L |H |L L {BACAAIO|WRIT/WRITA |ILLEGAL 3
L L H H BARA ACT ILLEGAL 3
L L H L BA,A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L Op-Code  |MRS ILLEGAL
Refresh- H X X X X DESL Nop->Enter Idle after tRC
g L |H |H [x [x NOP/BST Nop->Enter Idle after tRC
L H L X X READ/WRITE |ILLEGAL
L L H X X ACT/ ILLEGAL
PRE/PALL
L L L X X REF/SELF/ ILLEGAL
MRS
Mode H X X X X DESL Nop->Enter Idle after 2Clocks
Rei
Acessing |1 |H [ [u [x NOP Nop->Enter Idle after 2Clocks
L H H L X BST ILLEGAL
L H L X X READ/WRITE |ILLEGAL
L L X X X ACT/PRE/ ILLEGAL
PALL/REF/
SELF/MRS

Notes for "Operative command table 1,2,3"
1.H:High level, L:Low level, X:High or low level(Don't care),V:Valid data input
2.All entries assume that CKE was active(High level) during the preceding clock cycle!
3.Illegal to bank in specified states; Function may be legal in the bank indicated
by Bank Address(BA), depending on the state of that bank.
4 Must satisfy bus contention, bus turn around, and/or writc recovery requirements.
5.If both banks are idle, and CKE is inactive(Low level), pPD4516XX will
enter Power Down Mode. All input buffers except CKE will be disabled.
6.If both banks are idle, and CKE is inactive(Low level), uPD4516XXX will enter
Self-Refresh mode. All input buffers except CKE will be disabled.
7Illegal if wrb is not satisfied.
8.Illegal if tras is not satisfied.
9.Must satisfy burst interrupt condition.
10.Must mask preceding data which don't satisfy toee.
11.1legal if Row is not satisfied.

Mar. 31 1994 ©NEC Corporation 18
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Command truth table for CKE

Qurrent CKE | CKE | c5 | AAS |CAS | WE | Add Action Note
Self- H X X X X X X INVALID,CLK(n-1) would exit S.R
ggf’fh Lt |n [# [x [x [x Ix S.R. Recovery 2
L H L H H X X S.R. Recovery 2
L H L H L X X ILLEGAL 2
L H |L L X X X ILLEGAL 2
L L X X X X X Maintain S.R.
Self- H H H X X X X Idie after tRC
Rosowey [H_[H_[U W |0 |x Ix Idle after tRC
H H L H L X X ILLEGAL
H H L L X X X ILLEGAL
H L H X X X X Begin Clock Suspend next cycle 5
H L L H H X X Begin Clock Suspend next cycle 5
H L L H L X X ILLEGAL
H L L L X X X ILLEGAL
L H X X X X X Exit Clock Suspend next cycle 2
L L X X X X X Maintain Clock Suspend
Power H X X X X X INVALID,CLK(n-1) would exit P.D.
S O O E9 E S E A B EXIT P.D.->Idle 2
L L X X X X X Maintain Power Down Mode
Both H H H X X X Refer to Operations in Table 1
Banks Idie H H L H X X Refer to Operations in Table 1
H H L L H X Refer to Operations in Table 1
H H L L L H X Refresh
H H L L L L Op-Code | Refer to Operations in Table 1
H L H X X X Refer to Operations in Table 1
H L L H X X Refer to Operations in Table 1
H L L L H X Refer to Operations in Table 1
H L L L L H X Self Refresh 3
H L L L L L Op-Code |Reterto Operations in Table 1
L X X X X X X Power-Down 3
Any State |H H X X X X X Refer to Operations in Table 1.
ﬁg‘:& than H L X X X X X Begin Clock Suspend next cycle 4
above. L H X X X X X Exit Clock Suspend next cycle
L L X X X X X Maintain Clock Suspend.

Notes for "Command truth table for CKE"

1.H:High level, L:Low level, X:High or low level(Don't care)

2.CKE Low to High transition will re-enable CLK and other inputs
asynchronously.A minimum setup time must be satisfied before any command
other than EXIT.

3.Power-Down and Self-Refresh can be entered only from the Both Banks idle
State.

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

S.lllegal if tsrex is not satisfied.
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Command truth table for 2-bank operation
Cs |RAS | CAS | WE | BA | A10 [ A9-0 Action "FROM-" State | “TO" State
H X X X X X X NOP Any Any
L H H H X X X NOP Any Any
L H H L X X X BST (RAW/A)O(VA)1 AO(I/A)1
10(/A)1 10(VA)1
(RAW/A)1(VA)O A1({/A)0
(/A0 11(I/A)0
L H L H H H CA Read (RAWIA)1(VA)O RP1(VA)O
H H CA A1{R/W)0 RP1A0
H L CA (R/W/A)1 (VA0 R1(VA)O
H L CA A1(RW)0 R1A0
L H CA (R/W/A)O(VA) RPO(VA)1
L H CA AO(R/W)1 RPOA1
L L CA (RAW/A)O(VA)1 RO(I/A)1
L L CA AOG(R/W)1 ROA1
L H L L H H CA Write (RAWIA)1(VA)O WP1(I/A)0
H H CA A1(R/W)0 WP1AO
H L CA (RAW/A)1(VA)O W1(VA)O
H L CA A1(RW)0 W1A0
L H CA (RAW/AYO(VA) WPO(I/A)1
L H CA AO(R/W)1 WPOA1
L L CA (RAW/AYO(VA)1 WO(VA)1
L L CA AO(RW)1 WOA1
L L H H H RA Activate Row 11Any0 A1Any0
L RA 10Any1 AOAny1
L L H L X H X Precharge (RW/A/NO(AYT | 10l
X H X (RIW/AN)1(IFAY0 | 1110
H L X (RW/ADT(VAYO | H(I/A)0
H L X (VAYLRAW/ANO | I1(RAW/A/I)O
L L X (RAW/A/O(IVA)T | TO(I/A)1
L L X (VAYO(R/W/A/)T | 10(RAW/AN)1
L L H X X X Refresh on 1011
L L L Op-Code Mode Register 1011 ol
Access

1.Logic level abbreviations
H:High level, L:Low level, X:High or low level(Don't care)

Notes for "Command truth table for 2-bank operation”

Pin name abbreviation
BA:Bank address (A11)
2.State abbreviations

A

An

33

dle

Row active

Read with No precharge (No precharge is posted)
Write with No precharge (No precharge is posted)
Read with auto precharge (Precharge is posted)
vaes with auto precharge (Precharge is posted)
= Any State

X0oY1 = Y1X0 = Bank0 is in state "X",Bank1 is in state "Y"

affthg

0Z1 = Z1(X/Y)0 = Banko0 is in state "X"or"Y",Bank{1 is in state "Z"
pPD4516XXX is in a state other than above listed in the *From State” -

column, the command is illegal.
4.The states listed under “To" might not be entered on the next clock cycle.
Timing restrictions apply.

Mar. 31 1994 ©NEC Corporation
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Initialization

Synchronous DRAM must be initialized in the power-on sequence, like conventional DRAMs.
Once power has been applied, a 100 ps delay must precede any signals being toggled.

During this delay, CKE and DQM must be held high.

After the 100 ps delay, both banks must be precharged using the All Banks Precharge command. Once
Precharge is completed and the minimum tee is satisfied, the Mode Register can be programmed.

Two clocks after the Mode Register Set command, two CBR Refresh command that satisfy the tec on
on each CBR Refresh cycle must be performed.

Programming the mode Register

The mode register is programmed by the Mode Register Set command using address bits A11 - A0 as
data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;
Options A11-A7

CAS latency A6 - A4

Wrap type A3

Burst length A2 - A0

After Mode Register programming, any command can not be asserted for at least two clocks.

CAS Latency

CAS Latency is the most critical of the parameters being set. It tells the device how many clocks
must elapse befor the data will be available. The NEC SDRAM is capable of reconfiguring its
internal architecture based on the value of CAS Latency. '

The valueis determined by the frequency of the clock and the speed grade of the device. Table of

page 39 shows the relationship of CAS Latency to the clock period and the speed grade of the
device.

Burst Length

Burst Length is the number of words that will be output or input in read or write cycle. Aftera
read burst has completed, the output bus will become high impedance.
The burst lengthis programmable as 1, 2, 4, 8 or full page.

Wrap Type(Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed . This order is
programmable as either "Sequential” or "Interleave”. The method chosen will depend on the
type of CPU in the system.

Some microprocessor cache system are optimized for sequential addressing and othrs for
interleaved addressing. Table of the page 23 shows the addressing sequense for each burst

length using them. Both sequences support burst of 1, 2, 4 and 8. Additionally ,sequential
sequence supports the full page length.
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Mode-Register
11 10 9 8 7 6 5 4 3 2 1 0
r() l olo l 0 l 1 r ]| JEDEC Standard Test Set (refresh counter test)
11 10 9 8 7 6 5 4 3 2 1 _0
xTxT1lo]o] LTMODE jwt]l BL | Burst Read and Single Write
(for Write Through Cache)

11 10 9 8 7 6 5 4 3 2 1 0
L 1 Jifol | Use in future

11 10 9 8 7 6 5 4 3 2 1 0
XTxTxT T i vI vl vl vl vIv]Vv ] VenderSpecific

V = Valid
11 10 9 8 7 6 5 4 3 2 1 0 o,
[oToToTolol tTmone Iwi] BL | Mode Register Set X = Don't care
Bits2-0 | WT=0 Wi=1
o - ‘
2
Burst Length 010 a 4
011 8 8
100 R" R’
101 R " R*
110 R* R ¢
111 | Full Page R
o[ Sequential
Wrap Type 11_Interleave
1
Mode-Register write timing Bits6-4 | CAS Latency
Lab 000 R*
CLK ] | atency | 001 1
ot = MODE |010 2
CKE 011 3
— 100 Rr*
Cs 101 R
— 110 R*
RAS 111 R
CAS
WE
AO-A11
Y Mode Register Write
Mar. 31 1994 ONEC Corporation 22
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Burst Length and Sequence

Burst of Two

Starting Address
( column address

Sequential Addressing

Interleave Addressing

AQ, binary ) Sequence ( decimal ) Sequence ( decimal)
0 0,1 0,1
1 1,0 1,0

Burst of Four.

Starting Address
( column address | Sequential Addressing Interleave Addressing
Al-AQ, binary ) Sequence ( decimal ) Sequence ( decimal )
00 0,1,2,3 0,123
01 1,2,3,0 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3v0' 112 3121 110

Burst of Eight

Starting Address
( column address | Sequential Addressing Interleave Addressing
A2-AQ, binary ) Sequence ( decimal) Sequence ( decimal )
000 0.1.2,3,4,5.6,7 0,1,2,34,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,54,7,6
010 2,3.4,5,6,7,0,1 23,0,1,6,74,5
o1 3.4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5,6,7,0,1,2,34 54,7,6,1,0,3,2
110 6,7,0,1,234,5 6,7,4,5,2,3,0,1
111 7,0.1,2,3.4,5,6 7.6,54,3,2,1,0

Full page burst is an extension of the above tables of Sequential Addressing, with

the length being 512 ( for 2M x8 /9 devices ), 1024 ( for 4M x4 device )
and 256(for 1Mx16/18 devices).

Mar. 31 1994 ©NEC Corporation
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Address bits of Bank-Select and Precharge

0 disables precharge
command for all Banks

1 enables precharge
command for all Banks

0 enables Active/precharge
commands for Bank 0

enables Active/precharge
Row [xo[ x1[x2] xa[ x4l x5 x6[ x7[ x8 xe!x1g|x11|—| 1| commands for Bank 1
( BAS strobes )

Col LYoIY1IY2|Y31Y4IY5IYelv7lY8JY9Iv1dv1j—L
( CAS strobes)

0 enables Read / Write
commands for Banks 0

1 enables Read / Write
commands for Banks 1

0 disables Auto-Precharge
( End of Burst)

1 enables Auto-Precharge
( End of Burst)

Y

Precharge for Bank 0 Precharge for Bank 1 Precharge for All Banks

ok [T ok LI ok LI
CKE L CKE L CKE L

TSN/ TS TN\ /T TN/
I\ I\ \NY/////
S 7y SN S 7 NN TS 777 W
AN/ A\ /4
o W 0 N\ A0 7T S
vt W At W A1 TN
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Auto precharge

During a read or write command cycle, A10 controls whether auto precharge is selected.

A10 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 toa. must be satisfied to assert the next activate command to the bank being
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 executed until the precharge
cycle ends. Once auto precharge has started, an activate command to the bank can be asserted after
tre 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 indicates the last
data word output during the burst is valid (CAS latency of 1) or one clock earlier

(CAS latency of 2 or 3).
Burst length=4

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK [ l | L] 1 | L l | f [ | l l | [ |
CAS Latency =1
. : : : Auto precharge starts :
Command T et e A
P T AR
CAS Latency =2 :
: : : : Auto prepharge starts : :
Command R
DQ (qm QB2 QB3 XQB}/
CAS Latency =3 5 A:uto prepharge fs‘.tarts ;
Command A Vo
pQ Bl XQBz QB3 XQB} ——
' ' . "READA means Read with Auto prccharge '
Mar. 31 1994 ©NEC Corporation 25
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Write with Auto precharge

During WRITE cycle, the auto precharge begins one clock after the last data
word input to the device (CAS latency of 1 or 2 ) or two clocks after ( CAS latency

of 3).
Burst length=4
TO Tl T2 T3 T4 TS5 T6 T7 T8
cx — L L b b4 b L L1 [ 1
CAS Latency =1 . ' ‘ ' ' :
Comman d @ A'uto prepharg .sarts :

DQ ——<DB1 XD32XDB)Q)B4 > +

emae
.- eseenmnne
anas

cesaas
encanmns
ceaanana
cesssas
escaccccnsand

CAS Latency =2
Command - : *
DQ '——<DB1 Xmsz XDB3 ><DB4 )

Auto prebharge Starts

CAS Latency =3 : A:uto precharge starts
Command |

DQ b DB1 XA DB2 X DB3 DB4 P

emmasae
caveamns
camnmn
cansmne
canas
cammanesh
smasens

WRITA méans Write with Alito precharge

In summary, the auto precharge cycle begins relative to a reference clock that
indicates the last data word is valid.

In the table below, minus means clocks before the reference; plus means
clocks after the reference.

CAS latency Read Write
1 0 +1
2 -1 +1
3 -1 +2
Mar. 31 1994 ©NEC Corporation 26
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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 not completed. 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 T T2 T3 T4 TS5 T6 T1 T8

cax | LI L 4 L b L b4 L1

Commanci .

DQ i B2 W oB3 X Qe p-1H-2
: : leycle ; : : : : : :

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
T6

3
=

R e
TR
3

r~

—
Q--.I-.-‘-DII——T !
o

-/

.
/e
/cL
>
3
=
5
| S
5
8
g
N
/

:

lcycle

iemsmessansadusvnenensananss e e e dummm—m
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NEC

Write to Read command interval

Write command and Read command interval is 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.

=4

Burst length

T8

T4 TS T6

T3

CLK

CAS Latency =1

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

0000000000000000

lllllll

sesmcsssssvnsnscassechooqrrricassssne

llllllllll

CAS Latency =2

YB3 X QB4

B2

Xa

lllllllllllllllllll

CAS Latency =3

28
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Read to Write Command Interval

During READ cycle, READ can be interrupted by WRITE. When the CAS Latency is 3 and then
the burst length is Full page, the burst read can not be interrupted by WRITE. (A Burst Stop
command(BST) or a Precharge command can interrupt).

When the CAS latency is 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.

CAS Latency=1,2

T1 T4 TS T T7
CLK
Commandi @
DQ GG
; Pt E : : : ' :

1 cyclé

In case CAS latency is 1 or 2, READ can be interrupted by WRITE. DQM must be High
at least 3 clocks prior to the Write command. Burst Length=8, CAS Latency=1, 2

S T T T T Y T e Y e Y O

CAS Latency=1 :

Command :

DQM - \i\\
Hi-Z' is D1 D.2
nec?ssary

cevacfana
-

Q
@

DQ
CAS Latency=2

Command

N
PPN bocf SRP P

QO
cesmmmns] Rlee

avajesanadevennacanna

DQM +— AW 5
DQ

necessary
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 least 3
clocks prior to the Write command. ex.) CAS Latency=3 Burst length=4

CLK— 4 ; , ! ! ; ; 4 -
Command }
DQM i/ \}:\\ S
DQ <O 70 X02 Xpa X
. H ' H + neckbssary . H H H
The minimum command interval = (4+1) cycles
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Burst termination

There are two methods to terminate a burst operation other than using a read or a write command.
One is the burst stop command and the other is the precharge command.

Burst stop command

During the READ cycle, when the burst stop command is asserted, the burst read data are
terminated and the data-bus goes to High-Z after the CAS latency from the burst stop command.

Burst length=X, CAS Latency=1,2,3

TO T T2 T3 T4 TS5 T6 T7
8 S N A O g B 1

[ |

Command - TN
CAS latency =1 E E : : : 'Hi_z 5 E :
DQ XU X@2X@ )

CAS latency =2 3 i é : : : }f‘{i-z § i
DQ : —— Q1 X 02 XQ3 )— : .

CAS latency =3 5 E E E : : : E 3
DQ : : : :

P
-e

* BST: Burst stop command

o)
X
Q
X
2
’

During the WRITE cycle, when the burst stop command is asserted, the burst read data are
terminated and data-bus go to High-Z at the same clock with the burst stop command.

Burst length=X, CAS Latency=1,2,3

TO T] T2 T3 T4 TS _T6 T7
cak— LI LT LT L7
Command @i | i
CAS latency = l,2,3ri : : : ; H:i-Z § é §
DQ ——<Q1 X2 XQ3 X Q4 p———+———
. : : . BS’I:‘: Burs:t stop cc:)mmand
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Precharge termination

During the READ cycle, the burst read operation is terminated by a precharge command.

When the precharge command is asserted,the burst read operation is terminated and precharge starts.
The same bank can be activated again after tRP from the precharge command.

The DQM must be high to mask the invalid data.

When CAS latency is 1, the read data will remain valid until the precharge command is asserted.
Invalid data may appear one clock after valid data out.
The DQM may be high to mask the invalid data.

Burst length=X, CAS Latency=1

T0 T T T3 T4 TS5 _T6 T7
ok LML L L i iy
Command; b P
pem { i L 1/ \\
N Vs SR
PQ T\ AR AR AR

' IRP
When CAS latency is 2, the read data will remain valid until one clock after the precharge
command. Invalid data may appear one clock after valid data out.
The DQM may be high to mask the invalid data . -
Burst length=X, CAS Latency=2

TO T1 T2 T3 T4 TS5 Té6 _T7
LT LT

S0 o Iy By I
Command @ed | | | @D | G&D |
poM i i i i /‘\\
DQ XX @ X Xet

—tRp—

When CAS latency is 3, the read data will remain valid until one clock after the precharge
command. Invalid data may appear one and two clocks after valid data out.
The DQM may be high to mask the invalid data.

Burst length=X, CAS Latency=3

TO T1 T2 T3 T4 TS T6 _T7 T8
cxk— LALLM L L
Commind @D | | i @D i | GED
pQ <o X2 X3 rF—r—
' ' ' ' [———RP— ' -
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During the Write cycle, the burst write operation is terminated by a precharge command.

When the precharge command is asserted,the burst write operation is terminated and precharge
starts.

The same bank can be activated again after (RP from the precharge command.

The DQM must be high to mask invalid data in.

When CAS latency is 1 or 2, the write data written prior to the precharge command will be
correctly stored.

However, invalid data may be written at the same clock as the precharge command. To pre-
vent this from happening, DQM must be high at the same clock as the precharge command.
This will mask the invalid data.

Burst length=X, CAS Latency=1, 2

TO T1 T2 T3 T4 TS T6 _T7
CLK — | MLy
Command é
DQM i { i A
DQ —<b1 Xp2 X3 e

When CAS latency is 3, the write data written more than one clock prior to the precharge
command will be correctly stored.

However, invalid data may be written at one clock before and the same clock as the precharge
command.

To prevent this from happening, DQM must be high from one clock prior to the precharge
command until the precharge command. This will mask the invalid data.

Burst length=X, CAS Latency=3

TO Tl T2 T3 T4 TS T6 T7 T8
cok— LT LT L L L L L
Command
DQM PP

|
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16Mbit Synchronous DRAM

Electrical Specifications
ABSOLUTE MAXIMUM RATINGS *

Voltage on Power Supply Pin Relativeto GND ~ -1.010 +4.6 v
Voltage on Input Pin Relative to GND -1.0t0 +4.6 v
Short Circuit Output Current 50 mA
Power Dissipation 1 w
Operating Temperature 010 +70 oC
Storage Temperature -5510 +125 °C

*COMMENT : Exposing the device 1o stress above those listed in absolute Maximum Ratings could cause permanent damage.

The device is not meant 1o be operated under conditions outside the limits described in the operational section of this
specification. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

3540

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply Voltage Vee 3.0 33 36 v
High Level Input Voltage VH 20 4.6 v
Low Level Input Voluge VIL 03 0.8 A
Ambient Temperature Ta 0 70 °C
CHARACTERISTICS (Recommenged Qpenating Conditions unless otherwise noted) 172
CAS MAXIMUM
PARAMETER SYMBOL TEST CONDITION Latency PRAPH X7 T~ X8 | X16 | UNIT|NOTE
0| 70 | 75 80
CL=1 -12 65 70 15 oA 3
-13 60 65 70
Burst length=1 15 & 65 70
<10 | 75 80 85
Operating Current Iec1 tRC= tRC(MIN )
JIo = 0mA -12 70 75 80
=25 1 e | 0 |5 | ™ 3
-15 65 70 75
-10 80 85 90
CL=3 -12 75 80 85 mA 3
-13 70 75 80
-15 65 70 75
PrechargeStandby Current |Iec 2P | CKE < VIL (MAX) 1CK= 15ns 3 3
in Powerdown mode | 1.0 2ps| CKE < VIL (MAX) tCK= oo 2 | 2 |2 | ™
Iec 2N S‘KE\%%H}:IH% M) (CK=15ns 20 | 20 { 20
>
PrechargeStandby Current S 2\ . .
in Non power -down mode In(;:);; sﬁ;gr:,azls{a;e h;l;n)gei ;ne time during 30ns. mA
T 2 ¢ =00
Tec 2NS Input signals are Stable. 6 6 6
Active Standby Current |Icc3p | CKESVIL (MAX) (CK= 15ns 3 3 3 A
in Power -down mode 1100 3pg| CKE< VIL (MAX) 1CK= o 2 | 2 |2
CcS2 VIIII-IagMII\') ) ) 25 25 | 25
Active Standby Current Input signals are changed one time during 30ns. mA
in Non power -down mode Icc 3NS CKE 2'V[H (MIN) tCK=oo 10 10 10
Input signals are Stable,

Mar. 31 1994 ONEC
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NEC

16Mbit Synchronous DRAM

DC CHARACTERISTICS (Recommended Operating Conditions unless otherwise noted) 2/2
MAXIMUM
PARAMETER SYMBOL TEST CONDITION CAS Latency [GRADH ™ +4 X8 | Xie | UNIT | NOTH
-10 70 75 90
CL=1 -12 60 65 80
-13 55 60 75
. 7
Operating Current Icc 4 ICK 21CK (MIND i(s) 1?2 12((: 152
( Burst Mode) Io = 0mA
CL=2 -12 90 100 125 mA 3
‘13 | 85 95 | 115
-15 85 95 115
-10 150 165 210
-12 130 145 180
CL=3 13120 | 130 | 160
.15 | 100 | 110 | 140
-10 90 90 90
CL=1 -12 80 80 80
-13 75 75 15
-15 5 75 75
Refresh Current Icc 5 tRC2RC (MIN) -10 95 95 95
CL=2 -12 85 85 85 mA
-13 80 80 80
-15 80 80 80
-10 100 100 100
-12 90 90 90
CL=3 -13 85 85 85
-15 80 80 80
.. 2 2 2 mA
Self Refresh Current| Icc 6 CKE<0.2V ey 100 10| 100 | pa

3540
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NEC

16Mbit Synchronous DRAM

SYNCHRONOUS CHARACTERISTIC (Recommended Operating unless otherwise note)

PARAMETER SYMBOL -10 =12 -13 =15 INIT} NOTH
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.| MIN.| MAX. 3740
CAS Latency =3 1CK3 10 (100MHz] 12 (83MHz) 13 [(75MHz} 15 |(66MHz} g 3.5
Clock Cycle Time CAS Latency =2 1CK2 15 (66MHz)} 18 (55MHzY 19.5 j(soMHzY 19.5 |(50MHz) ns
CAS Latency = 1 (CK1 30 ja3Miz)| 36 [smizy 39 fosmzl 39 fesmit) ns 34
CAS Latency =3 tAC3 9 11 12 14 | ns |SOPF
Access Time from CLK CAS Latency =2 tAC2 12 15 16.5 16.5 | ns | 80PF
CAS Latency = 1 tACl1 27 33 36 36 |ns |gopf
CLX High Level Width tCH 35 4 5 S ns
CLX Low Level Width 1CL 3.5 4 5 5 ns 34
Data-out Hold Time {0); | 4 4 4 4 ns l
Data-out Low-Impedance Time tLZ 0 0 0 0 ns
Data-out High Impedance Time tHZ 0 10 0 10 0 10 0 10 Ins
Data-in _ Set-up Time tDS 3 35 3.5 35 ns
Data-in Hold Time tDH 1 1.5 1.5 1.5 ns
Address Set-up Time 1AS 3 35 3s 3.5 ns
Address Hold Time tAH 1 1.5 1.5 1.5 ns
CKE  Set-up time 1CKS 3 3.5 3.5 3.5 ns
CKE  Hold time 1CKH 1 15 1.5 1.5 ns
Command(CS , RAS , CAS , WE , DQM) Set-up Time {CMS 3 3.5 35 35 ns
Command(CS ,RAS , CAS , WE , DQM) Hold Time tCMH 1 15 1.5 1.5 ns
ASYNCHRONOUS CHARACTERISTIC (Recommended Operating unless otherwise note)
PARAMETER o -10 =12 -13 -15 NIINOTE[ ¢ 4o
MIN. | MAX.§ MIN. | MAX. | MIN. | MAX. | MIN. | MAX. >
REF 10 REF/ACTIV Command Period IRC 100 120 130 130 ns
ACTIVE to PRE Command Period tRAS 70 120000) 84 120000 91 120000 91 120000 | ns
PRE 10 ACTIVE Command Period tRP 30 36 39 39 ns
Delay Time ACTIVE to READ/WRITE Command {{rcD | 30 36 39 39 ns
ACTIVE(0) 1o ACTIVE(1) Command Period tRRD 30 36 39 39 ns 34
Data-in to PRE Command CAS Latency=3 (DPL3 [ ICLK+10 [ICLK+12 1CLK+13 1CLK+15 ns
Period CAS Latency=2 [|1DPL2| 15 18 19.5 19.5 ns
CAS Latency=1 tDPLI 15 18 19.5 19.5 ns 361
Daw-into ACTIVEREF) CAS Latency=3  [tDAL3|2CLK+30 2CLK+36 2CLK+39 2CLK+45 ns
Command Period CAS Latency=2 [tDAL2| 1CLK+30 Jicik+36 1CLK+39 1CLK+39 ns
(Auto Precharge)
CAS Latency=1 [tDALI1|1CLK+30 1CLK+36 1CLK+39 1CLK+39 ns
Self-Refresh EXit Time 'SREX| 20 24 26 26 ns
Transition Time T 1 30 1 30 1 30 1 30 |ns
Refresh Period {REF 32 32 32 32 |ms|2248]
Mar. 31 1994 O©NEC Corporation 35
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RIEC

16Mbit Synchronous DRAM
DC CHARACTERISTICS (Recommended Operating Conditions unless otherwise noted)
PARAMETER SYMBOL TEST CONDITION GRADE | MIN | TYP [MAX| UNIT | NOTE
Input Leakage Current | 1 (L) | VI=0103.6V, all other pins noy under test =0V -1.0 1.0 | KA
Qutput Leakage Current| Io(L) | Dout is disabled, Vo= 0t0 3.6V -1.0 1.0 | A
Output Hight Voltage VOH | lo= -2mA 24 \
Qutput Low Voltage VOL | lo=+2mA 04 | v
CAPACITANCE(Ta=25°C, f=1MHz)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION 33
AO0TO All
Input Capacitance cu 2 Ll e ————
cr 2 Pf CLK, CKE, CS, RAS, TAS, WE.LDQM, UDQM
Data Input/Output Capacitance| CO 2 5 Pf DQO TO DQ17
NOTES
(1) All voltages referenced Vss(Ground).
(2) An initial pause of 100us is required after power-on followed
by Power On Sequence & Auto Refresh before proper device operation is achieved.
4.0

(3) lcct,lcc4 depends on output loading and cycle rates. Specified values are
obtained with the output open. In addition to this, lcc1,lcc4 and lccb are measured on |
condition that addresses are changed only one time during tCK(MIN).

(4) AC measurements assume tT=1ns.

(5) Reference level for measuring timing of input signals is 1.40V.
Transition times are measured between VIH and ViL.

(6) An access time is measured at 1.40V

(7) If tT is longer than 1 ns,reference level for measuring timing of input signals is VIH (MIN) and l

VIL(MAX).

4.0

20V /—-
CLK L4V
0.8V
tSet-up | tHold
20V
INPUT L4V
08V
tAC
OH
OUTPUT <
Mar. 31 1994 ©NEC Corporation 36 .
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NEC 16Mbit Synchronous DRAM

Relationship between Frequency and Latency

Speed Version -10 -12 -13 -15

Clock Cycle Time[ns] [10 |15 |30 |12 |18 36 |13 [19.5/39 | 15[19.5| 39
Frequency [MHz] [100|66 |33 |83 | 55{27 |75 |50 |25 |66 | 50125

CAS latency 32113121 ]3 1|2 {1 |3 |2 |1
[tRCD] gl2tl1l3]j21}l3fl2 {113 |2 |t
RAS latency
(CAS latency +tRcoy | & |4 |12 |8 [+ [2 |8 |4 |2 |6 |4 |2
[tRC] 107 |4 107 |4 HOo |7 |4 1O |7 |4
[tRAS ] 7151|317 |5 |37 1|5 |37 |53

36
[tRRD] 3j211I3]|2]113 {211 (3 |2 |1 I
[tRP] 321|321 13|21 ]3 |2 |1

36
[tDPL] 2 11 1912 {1 112 |1 112 |1 1 I

3.7
[tDAL ] 5|3l2ls5|3|2]5|3]|2]5]3 |2 I
[tSREX] 2121112212211 ]2 |2 |1
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16Mbit Synchronous DRAM

Burst Length=4 CAS Latency =2

Power Down Mode and Clock Mask
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16Mbit Synchronous DRAM

Burst Length=4 CAS Latency =1

Random Column Read

( page with same bank)
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( page with same bank)
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16Mbit Synchronous DRAM

Burst Length=4 CAS Latency =2
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16Mbit Synchronous DRAM

Burst Length=4 CAS Latency =3

READ and WRITE
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16Mbit Synchronous DRAM
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16Mbit Synchronous DRAM

Burst Length= Full Page CAS Latency =2
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16Mbit Synchronous DRAM

2,48 FULL CAS Latency =1
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PRE(Precharge )Termination of Burst
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16Mbit Synchronous DRAM

248 FULL CAS Latency=3
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CLK

H

*,

3
&

%Y
)

0
o,

7
55
4Sed

S0
252
il

.0

Q@
&

.

58
.
-
&

o}
5%
.

X

9,
Q

(3¢5
¢

oot
5%
'

oo

0
24

>
8

*,

Q
o)

%
XX
o
R
QR

&
2

o!

X
252

N
R0
BSA0S2

5

Q)
*

o7,
*a

b

Ty
%S
Forede

0
al

*
&

%8

&

»,
A
&

.
e,
X

AN
LI

X
SRR
) 0‘0‘0
3

X
SRRR
oyosorerers

*

OO
&
o

SRR
&

R
50050

S,
0K
OO

Xy

X
tots!
X

B
B2

et
Fosereteserete

7R
460

o,
S

8

)
2%

R0

250550

o,
&

X
*
X%
X X0
XXX

.

208X
atatets!
XK

0

>,

R )
32

X
¢35
tote!

RARN
50025505
0

.'
K
e,
X XA

A
ot
SRR

e

o)
25

KX

&
)
5%

A0

XX

QRN RBLKIRKNK
aletatetetetitetetats!
oSt ta st tetatetitels

.Q

X

%S

4
%

R
v
oter

bedot
&

5

X
G0
209055

o

&8
Jateatetee

%
Q

0
S
0

.

&%
&
e

o,
&

DN
RRHA
ROSXNXXN

%

23
X

00
X000

oot
20
o

028258

SRR
P60
R

>

&

e

Jetele
¢35

000

O

Vo
XSO0

‘o taretelele 250
SRR

Write Masking

i

Read Command
for Bank A

e ——

———

Write Command
for Bank A

Activate

Command

T

Bank A
Activate Command

Bank A
Precharge Command

Bank A
Activate Command

Bank A
Precharge Command

for Bank A

PRE Command

PRE Command

Termination

Termination

<«€——(RCD —><€—DPL—><€——RP

tRAS

.l
F a3

Mar. 31 1994 ©NEC Corporation

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




