V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Description

The device is CMOS Synchronous Dynamic RAM organized as 524,288 - word x 32 - bitx 4 -
bank, and 1,048,576 - word x 32 - bit x 2 - bank, respectively. It is fabricated with an advanced
submicron CMOS technology and designed to operate from a singly 3.3V only power supply. It is

packaged in JEDEC standard pinout and standard plastic TSOP package.

Features

* Single 3.3V (£0.3V) power supply

« High speed clock cycle time : 8/10 for LVTTL

* High speed clock cycle time : 8/10 for SSTL - 3

* Fully synchronous with all signals referenced to a positive clock edge

* Programmable CAS latency (2,3)

* Programmable burst length (1,2,4,8,& Full page)

» Programmable wrap sequence (Sequential/Interleave)

» Automatic precharge and controlled precharge

* Auto refresh and self refresh modes

* Dual Internal banks controlled by A11 (Bank select) for VG36643211(2)
* Quad Internal banks controlled by A11 & A12 (Bank select) for VG36643241(2)
» Each Banks can operate simultaneously and independently

* LVTTL compatible I/O interface for VG36643211 and VG36643241

* SSTL - 3 compatible I/O interface for VG36643212 and VG36643242

» Random column access in every cycle

* X32 organization

* Input/Output controlled by DQMO ~ 3

* 4,096 refresh cycles/64ms

* Burst termination by burst stop and precharge command

* Burst read/single write option
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Pin Configuration

o
Voo [ ]1 86 | ] Vss
DQO [ |2 85 DQ15
Vooo []3 84 Vsso
DQ1 [ |4 83 DQ14
DQ2 [_]5 82 DQ13
VSSQ L |6 81 Vbb
DQ3 [7 80 D12
DQ4 [ 8 79 [ ] DQ1u1
Vopo [_|9 78 ] Vss
DQ5 [_|10 77 [ DQl%
DQs [ 11 76 ] DQ9
V. C_ |12 75 Y
e e
NC [ 14 73 NC
Voo [_|15 72 %’ Vss
DQMO [ |16 71 [__] DQM1
WE [_]17 70 [ ] NC(VREF)
cas [_18 69 NC
RAS L__|19 68 CLK
cs []20 67 CKE
NC [ 21 66 A9
A11/BA [_|22 65 A8
NC [_|23 64 A7
AL0/AP [_|24 63 [_] A6
A0 [|25 62 | A5
Al [_26 61 [ | A4
A2 [ 27 60 A3
DQM2 |28 59 DQM3
oo [__|29 58 Vss
NCc [_|30 57 NC
DQ16 [|31 56 DQ31
Vssq [_]32 55 Vopo
DQ17 [_]33 54 DQ30
DQ18 [_|34 53 DQ29
Vppg [_|35 52 ] Vsso
DQ19 [_|36 51 ] DQ28
DQ20 [_|37 50 [ ] DQ27
Vssq [_]38 49 [ ] Vbpg
DQ21 [39 48 [ | DQ26
DQ22 [_]40 47 [ DQ25
Vppg [_|41 46 [ ] Vssq
DQ23 [ |42 45 [ | DQ24
Voo [_|43 44 Vss
Pin Description
VG36643211 (2)
Pin Name Function Pin Name Function
AO - All Address inputs DQMO ~ 3 |DQ Mask enable
- Row address AO - A10
- Column address AO - A8
Al1l : Bank select
DQO ~ DQ31 Data - in/data - out CLK Clock input
RAS Row address strobe CKE Clock enable
CAS Column address strobe cs Chip select
WE Write enable Vbbo Supply voltage for DQ
Vgs Ground Vsso Ground for DQ
Vop Power ( + 3.3V) (VReR) Reference Voltage, SSTL - 3 only
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Pin Configuration

_|o
Voo [ ]1 86 || Vss
DQO [ |2 85 DQ15
Vooo []3 84 Vsso
DQ1 [ |4 83 DQ14
DQ2 [_]5 82 DQ13
Vssq [_6 81 Vbb
DQ3 [7 80 D12
DQ4 |18 79 [ ] DQ1i1
Vopo [_|9 78 [ ] Vss%
DQ5 [_]10 77 ] DQ1
DQs [ 11 76 ] DQ9
V. 12 75 Y
552 i e 5 o
NC [ |14 73 ] NC
Voo [_|15 72 [ Vss
DQMO [_J16 71 [] DQM1
WE [_]17 70 [_] NC(VREF)
CAs [_|18 69 NC
RAS [_]19 68 CLK
cs []20 67 CKE
NC []21 66 A9
A12/BA0 [_|22 65 A8
A11BAL [_|23 64 A7
AL0/AP [_|24 63 [_] A6
A0 [_]25 62 | A5
Al [_26 61 [ | Ad
A2 [ 27 60 A3
DQM2 |28 59 DQM3
oo [__[29 58 Vss
NC [_|30 57 NC
DQ16 [ |31 56 DQ31
Vsso []32 55 VoDo
DQ17 [_]33 54 DQ30
DQ18 [_|34 53 DQ29
Vppg [_|35 52 ] Vsso
DQ1S [ 36 51 ] DQ28
DQ20 [ |37 50 [ | DQ27
Vssq [_]38 49 [ ] Vbpg
DQ21 [39 48 [ | DQ26
DQ22 [_]40 47 [ DQ25
Vopg []41 46 [ ] Vssq
DQ23 [ |42 45 [ ] DQ24
Voo [|43 44 Vss
Pin Description
VG36643241 (2)
Pin Name Function Pin Name Function
AO - A12 Address inputs DQMO ~ 3 |DQ Mask enable
- Row address AO - A10
- Column address AO - A7
All & A12 : Bank select
DQO ~ DQ31 Data - in/data - out CLK Clock input
RAS Row address strobe CKE Clock enable
CAS Column address strobe cs Chip select
WE Write enable Vbbo Supply voltage for DQ
Vgs Ground Vsso Ground for DQ
Vop Power ( + 3.3V) (VReR) Reference Voltage, SSTL - 3 only
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Block Diagram

CLKo—{ Clock

CKEo—| Generator ¢
| | (Bank D)
Address Egév | | Bank ©)
ress
Bank B
l _> Buffer | |
& S
Mode _,| Refresh ' g
Register Counter 8
8 Bank A ||
2
o
X =g
vy vy ® Sense Amplifier | | F o DOV
CSO > 3 Column —> Column Decoder & | [~ -
RASO————» § 2 ' Address _> Latch Circuit — y
o—— 5| 8 o » Buffer -
CAS a - = =]
WEO——»| B s & S| 8.
a = Burst D | Gircui = 39 DO
E 5 Counter ata Control Circuit K= > o @05 cjo\/:———,'>
Q A % =
&) o g B

Note: Bank C and Bank D are for VG36643241(2) only
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Absolute Maximum D.C. Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vss Vine VouT -0.5t0+4.6 \
Supply voltage relative to Vss Voo: Vopg -0.5t0+4.6 \Y
Short circuit output current lout 50 mA
Power dissipation Pp 1.0 w
Operating temperature TopT Oto+70 °C
Storage temperature Tsta -55to + 125 °C
Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause

permanent damage. The device is not meant to 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.

Maximum A.C. Operating Requirements for LVTTL Compatible

Parameter Symbol Min Max Unit Notes
Input High Voltage ViH 2.0 Vppg + 2.0 \ 2
Input Low Voltage Vi Vssg -2.0 0.8 \ 2

Recommended DC Operating Conditions for LVTTL Compatible

Parameter Symbol Min Typ Max Unit
Supply Voltage Vop, Vbpo 3.0 3.3 3.6 Y,
Input High Voltage, all inputs ViH 2.0 - Vpp + 0.3 \
Input Low Voltage, all inputs VL -0.3 - 0.8 Y,

Recommended DC Operating Conditions for SSTL - 3 Interface

Parameter Symbol Min Typ Max Unit
Supply Voltage Vop, Vbpo 3.0 3.3 3.6 \
Supply Voltage (Ground) Vss, Vsso 0 - 0 Y,
Reference Voltage VREFE 1.3 15 1.7 \
Termination Voltage Vit Vier -005 VREE Vrer + 0.05 \Y,
Input High Voltage, all inputs ViH(de) Vgree + 0.2 - Vpp + 0.3 \
Input Low Voltage, all inputs ViHde) -0.3 - VReg -0.2 \

Capacitance
(Ta=25°C, f= 1MHZ)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Cn - 4 pF 1
Input capacitance (all input pins Cpo - 4 pF 1
except address pins & data pins.)
Data input/output capacitance Cio - 5 pF 1

Notes : 1. Capacitance measured with effective capacitance measuring method.
2. The overshoot and undershoot voltage duration is £ 3ns with no input clamp diodes.

Document : 1G5-0099 Rev.1 Page5



V I ﬁ Preliminary VG3664321(4)1(2)BT

CMOS Synchronous Dynamic RAM

DC Characteristics (Recommended Operating Conditions unless otherwise noted)

VG36648041(2)B
Parameter Symbol Test Conditions _8H 8L 210 Unit |Notes
Min | Max | Min | Max | Min | Max
Operating current lcct Burst length = 1 CL=3 100 100 90 | mA 1
One bank active CL=2 95 95 85
trc 2 treminy, 10 = OMA
Prechar_ge standby  |(lccop CKE £ ViHmax) tok = 15ns 3 3 3 | mA
current in power i 5 5 5
down mode cc2ps  |CKE £ Viyax,) tek = ¥
Prechar_ge standby  |lcc 2n CKE 3 ViHing tek = 15ns 20 20 20 | mA
current in Non - power cs 3 v Inbut sianals are
down mode IH(MIN.)INPUL SIg
changed one
time during 2 CLK cycles.
lCC 2NS CKE 3 V|H(M|N.)' tCK = ¥ 6 6 6
CLKEV max.)
Input signals are stable.
Active S.tandby lCC 3P CKE £ V|L(MAX.)' tCK =15ns 5 5 5 mA
current in power I 7 7 7
down mode CC 3PS CKE £ V|L(MAX.)’ tCK =¥
Active s_tandby lcc an CKE 3 Vi tek = 15ns 25 25 25 | mA
current in Nonpower cs 3 v
down mode YIH(MIN.)
Input signals are changed
one time during 2CLKs.
lCC 3NS CKE 3 V|H(|V||N.) tCK: ¥ 10 10 10
CLE £ Vi qvax)
Input signals are stable.
Operating current lcca teg 3 tCK(MIN.) CL=3 160 160 135 | mA 2
lo =0mA
(Burst mode) All banks Active CL=2 145 125 105
Refresh current lCC5 tRC = tRC(MIN.) CL=3 130 130 110 | mA 3,6
CL=2 125 125 105
Selfrefresh current lcce CKE £ 0.2v 2 2 2 | mA
Input leakege current |l Vi, 3 0, Vi, £ Vpp + 0.3V -5 5 -5 5 |-5]| 5 UA
Pins not under test = OV
Output leakege Lo Vout 2 0, Vour £ Vb (MAX) -5 5 -5 5 |-5] 5 | UuA
current DQ# in H - Z., Dout disabled
Output Low Voltage |Vo, loL = 2mA 0.4 0.4 04 | V 4
Output High Voltage |V lon = -2mA 2.4 2.4 2.4 Vv
Output Low V0|tage VOL lOL =16mA VTT VTT VTT Vv 5
+0.8 +0.8 +0.8
Output H|gh V0|tage VOH lOH =-16mA VTT VTT VTT Vv 5
+0.8 +0.8 +0.8

Notes : 1. ICC1 depends on output loading and cycle rates. Specified values are obtained with the output open.
In addition to this, ICC1 is measured on condition that addresses are changed only one time duringtckwin.)-

2. ICC4 depends on output loading and cycle rates. Specified values are obtained with the output open.
In addition to this, ICC4 is measured on condition that addresses are changed only one time during tcikwin.)
3. ICC5 is measured on condition that addresses are changed only one time during tckwin.)-
4. For LVTTL compatible, VG3664321(4)1.
5. For SSTL - 3 interface, VG3664321(4)2.

6. Refresh on every 15.6 Ms.
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Preliminary

VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

A. C Characteristics : (Ta=0to 70°C Vpp = 3.3V £ 0.3Vgg=0V)

Test Conditions for LVTTL Compatible :

AC input Levels (V|4/V,) 2.0/0.8v Input timing reference level/ 1.4v
Output timing reference level
Input rise and fall time 1ns Output load condition 50pF
AC Test Load Circuits (for LVTTL interface) : 1.4v
so W
Vobe |——Vobpo
Vour N\
z=50W
//7//
B?\\éigre 7777 —— 50PF
Test
/117
Test Conditions for SSTL - 3 Interface
Input Hihg (min)/Input low (max) Voltage | VREF + 0.4V/ |Input Reference Voltage 0.45 x VDDQ
VREF - 0.4V (VREF)
Timing Reference Levels of Output Signals| 0.45 x VDDQ |Input Signal MAX. Slew Rate 1Vins
Input Signal MAX. Peak to Peak Swing 2.0V Output Circuit Seg ITigure
elow
Min. Required output pull - up under AC VTT + 0.8V [Min. Required output pull - VTT - 0.8V
test load down under AC test load
AC Test Load Circuits (for SSTL - 3 interface) :
VDDQ VDDQ VTT =0.45* VDDQ
VRer ——— 0.45 * Vppgq
RT2 =50 Ohms
RS = 250hms \ VIN
Vour Z =50 Ohms . >
7777 ////

VREF =045~ VDD

Device RT1 =50 Ohms L
Under Cloap=30pF —T—
Test
VTT =0.45* VDDQ
Vss
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

A.C Characteristics : (Ta=0to 70°C Vpp = 3.3V * 0.3V, Vgg = 0V)

Parameter CAS VG3664321 (4)1(2) B Unit
Latency| sympol -8H -8L -10
Min | Max | Min Max Min Max
CLK cycle time @ 3 tok 8 8 10 ns
2 teko 10 12 15 ns
CLK to valid output delay 3 tac3 6 6 6 ns
2 taco 6 6 6 ns
CLK high pulse width tcy 3 3 3 ns
CLK low pulse width toL 3 3 3 ns
CKE setup time tcks 2 2 3 ns
CKE hold time tekH 1 1 1 ns
Address setup time tas 2 2 3 ns
Address hold time tan 1 1 1 ns
Command setup time tcms 2 2 3 ns
Command hold time tcmH 1 1 1 ns
Data input setup time tps 2 2 3 ns
Data input hold time toH 1 1 1 ns
Output data hold time toH 3 3 3 ns
CLK to output in low - Z t 2z 0 0 0 ns
CLK to output in Hi - Z 3 thz 6 6 6 ns
2 6 6 6
CLK to output in Hi - Z without load toHN 1 1 2 ns
Row active to active delay tRRD 16 16 20 ns
RAS to CAS delay treh 20 20 26 ns
Row precharge time trp 20 20 26 ns
ROW active time trAS 48 | 120K | 48 | 120K | 60 | 120K | ns
ROW cycle time trc 70 70 90 ns
Last data in to burst stop tapL 1 1 1 CLK
Data - in to ACT(REF) command tpaL |1t trp 1+ tgrp 1+ tgrp CLK
Data - in to precharge topL 8 8 10 ns
Transition time tr(D 1 10 1 10 1 10 ns
t? | 0.2 5 0.2 5 0.2 5
Mode reg. set cycle trsc 2 2 2 CLK
Self refresh exit time tsrRx 1 1 1 CLK
Refresh time tREF 64 64 64 ms

Notes : (1) The input clock should be stable and continuous. (jitter £ 7% * tck)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Basic Features and Function description

1. simplified State diagram

Self
Refresh

Mode
Register
Set

AUTO
>\ Refresh

ACTIVE

§
< )
Read (write READ

SUSPEND

Write with
Auto Precharge

Read with
Auto Precharge

READA
SUSPEND

WRITE A
SUSPEND

Precharge Precharge

ON

- Automatic sequence

—— > Manual input
Note: After the AUTO refresh operation, precharge operation is
performed automatically and enter the IDLE state
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V I ﬁ Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM
2.Truth Table
2.1 Command Truth Table
CKE
FUNCTION Symbol [n-1] n | cS | RAS | CAS | WE | BAD | A10 | A9- A0
Device deselect DESL H X H X X X X X X
No operation NOP H X L H H H X X X
Mode register set MRS H X L L L L L L Vv
Bank activate ACT H X L L H H Vv Vv Vv
Read READ H X L H L H \% L \%
Read with auto precharge READA H X L H L H Vv H Vv
Write WRIT H X L H L L \% L \%
Write with auto precharge WRITA H X L H L L \% H \
Precharge select bank PRE H X L L H L Vv L X
Precharge all banks PALL H X L L H L X H X
Burst stop BST H X L H H L X X X
CBR (Auto) refresh REF H H L L L H X X X
Self refresh SELF H L L L L H X X X
Notes : (1) Bank address. It would be different from organizations.
2.2 DQM Truth Table
CKE DQM
FUNCTION Symbol n-1 | n-1 | 2 ] 1] o0
Data write/output enable ENB H X L
Data mask/output disable MASK H X H
DQ24 ~ DQ31 write enable/output enable ENB3 H X L X X X
DQ16 ~ DQ23 write enable/output enable ENB2 H X X L X X
DQ8 ~ DQ7 write enable/output enable ENB1 H X X X L X
DQO ~ DQ7 write enable/output enable ENBO H X X X X L
DQ24 ~ DQ31 write enable/output enable MASK3 H X H X X X
DQ16 ~ DQ23 write enable/output enable MASK2 H X X H X X
DQ8 ~ DQ15 write enable/output enable MASK1 H X X X H X
DQO ~ DQ7 write enable/output enable MASKO H X X X H
2.3 CKE Truth Table
CKE Add
Current State Function Symbol | n-1 n CS | RAS | CAS | WE |[ress
Activating Clock suspend mode 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
Idle 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
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V I ﬁ Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM
2.4 Operative Command Table Notes 1 1/3)
Current state| CS | RAS |[CAS| WE Address Command Action Notes
Idle H X X X X DESL Nop or Power down 2
L H H X X NOP or BST Nop or Power down 2
L H L H |BA, CA, A10 |READ/READA |ILLEGAL 3
L H L L |BA,CA,A10 [(WRIT/WRITA |[ILLEGAL 3
L L H H |BR, RA ACT Row active
L L H L |BA, Al0 PRE/PALL Nop
L L L H [X REF/SELF Refresh or Self refresh 4
L L L L |Op - Code MPS Mode register access
Row active H X X X X DESL Nop
L H H X X NOP or BST Nop
L H L H |BA, CA, A10 |READ/READA |Begin read : Determine AP 5
L H L L [BA, CA,A10 |(WRIT/WRITA |Begin write : Determine AP 5
L L H H |BA, RA ACT ILLEGAL 3
L L H L |BA, Al0 PRE/PALL Precharge 6
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 7
L H L L [BA, CA,A10 |WRIT/WRITA [Term burst, start write : Determine AP 7,8
L L H H |BA, RA ACT ILLEGAL 3
L L H L |BA, A10 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 7,8
L H L L |BA, CA, A10 |WRIT/WRITA [Term burst, new write : Determine AP 7
L L H H |BA, RA ACT ILLEGAL 3
L L H L |BA, A10 PRE/PALL Term burst, precharging 9
L L L H |X REF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM
(2/3)
Current state CS |RAS| CA |WE Address Command Action No
Read with auto | H X | X | X X DESL Continue burst to end ® Precharging
precharge L|HJ|H]|HIX NOP Continue burst to end ® Precharging
L H H L |X BST ILLEGAL
L H L H [BA, CA, A10 |READ/READA |ILLEGAL 11
L H L L [BA, CA,A10 |WRIT/WRITA |ILLEGAL 11
L L H H |BA, RA ACT ILLEGAL 3,11
L L H L |BA, A10 PRE/PALL ILLEGAL 3,11
L L L H |X PEF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
Write with auto | H X X | X |X DESL Continue burstto end ® write
precharge recovering with auto precharge
L H H | H X NOP Continue burstto end ® write
recovering with auto precharge
L H H L |X BST ILLEGAL
L H L H [BA, CA, A10 |READ/READA |ILLEGAL 11
L H L L [BA, CA,A10 |WRIT/WRITA |ILLEGAL 11
L L H H |BA, RA ACT ILLEGAL 3,11
L L H L |BA, A10 PRE/PALL ILLEGAL 3,11
L L L H |X REF/SELF ILLEGAL
L L L L |Op - code MRS ILLEGAL
Precharging H X X | X |X DESL Nop ® Enter idle after trp
L H H| H X NOP Nop ® Enter idle after tgp
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, CA,A10 |WRIT/WRITA |ILLEGAL 3
L L H H |BA, RA ACT ILLEGAL 3
L L H L |BA, A10 PRE/PALL Nop ® Enter idle after trp
L L L H |X REF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
Row activating | H X | X | X X DESL Nop ® Enter row active after tgcp
L H H| H X NOP Nop ® Enter row active after tgcp
L H H L |X BST Nop ® Enter row active after trcp
L H L H [BA, CA, A10 |READ/READA |ILLEGAL 3
L H L L [BA, CA,A10 |WRIT/WRITA |ILLEGAL 3
L L H H |BA, RA ACT ILLEGAL 3,9
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
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V I ﬁ Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM
(3/3)
Currentstate| CS | RAS | CA | WE Address Command Action Notes
Write H X X X X DESL Nop ® Enter row active after tpp|
recovering H | H|H KX NOP Nop ® Enter row active after top,
L H H L X BST Nop ® Enter row active after tpp|
L H L H |BA, CA A10 |READ/READA |Start read, Determine AP 8
L H L L |BA,CA A10 |WRIT/WRITA New write, Determine AP
L L H H |BA, RA ACT ILLEGAL 3
L L H L |[BA, Al10 PRE/PALL ILLEGAL 3
L L L H X PEF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
Write H X X X X DESL Nop ® Enter precharge after tpp|.
\r/\(/eigr?\;irtlgg L H H H X NOP Nop ® Enter precharge after tpp|
precharge L H H L X BST Nop ® Enter precharge after tpp
L H L H |BA, CA, A10 |READ/READA ILLEGAL 3,8,11
L H L L |BA,CA A10 |WRIT/WRITA ILLEGAL 3,11
L L H H |[BA, RA ACT ILLEGAL 3,11
L L H L |[BA, Al10 REF/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
Auto H X X X X DESL Nop Enter idle after tgc
_ L H H X X NOP/BST Nop Enter idle after tgc
Refreshing
L H L X X READ/WRIT ILLEGAL
L L H X X ACT/PRE/PALL |ILLEGAL
L L L X X REF/SELF/MRS |ILLEGAL
Mode regis- H X X X X DESL Nop ® Enter idle after 2 Clocks
ter L H H H X NOP Nop ® Enter idle after 2 Clocks
accessing L H H L X BST ILLEGAL
L H L X X READ/WRITE ILLEGAL
L L X X X ACT/PRE/PALL/ |ILLEGAL
REF/SELF/MRS
Note 1. All entries assume that CKE was active (High level) during the preceding clock cycle.

2. If both banks are idle, and CKE is inactive (Low level), the device will enter Power down mode.
All input buffers except CKE will be disabled.
3. lllegal 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. If both banks are idle, and CKE is inactive (Low level), the device will enter Self refresh mode.All
input buffers except CKE will be disabled.

. lllegal if tgcp is not satisfied.
. lllegal if tgpg is Not satisfied.

© oo~N O O

10. lllegal if tgrp is not satisfied.

. Must satisfy burst interrupt condition.
. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
. Must mask preceding data which don’t satisfy tpp, .

11. lllegal for single bank, but legnl for other banks in mulfi - bank deuleo.
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM
2.5 Command Truth Table for CKE Note 1
Current state | CKE | CKE | CS | RAS | CAS | WE | Address Action Notes
n-1 n
Self refresh H X X X X X X INVALID, CLK (n - 1)would exit S.R.
(S.R) L H H X X X X S.R. Recovery 2
L H L H H X X S.R. Recovery 2
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X Maintain S.R.
Self refresh H H H X X X X ldle after tgc
recovery H H L H H X X ldle after tgc
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 down H X X X X X INVALID, CLK (n - 1) would exit P.D.
(P.D.) L H X X X X X EXIT P.D.® Idle 2
L L X X X X X Maintain power down mode
Both banks idle] H H H X X X Refer to operations in Operative
Command Table
H H L H X X Refer to operations in Operative
Command Table
H H L L H X Refer to operation in Operative
Command Table
H H L L L H X Auto Refresh
H H L L L L Op - Code |Refer to operations in Operative
Command Table
H L H X X X Refer to operations in Operative
Command Table
H L L H X X Refer to operations in Operative
Command Table
H L L L H X Refer to operations in Operative
Command Table
H L L L L H X Self refresh 3
H L L L L L Op - Code |Refer to operations in Operative
Command Table
L X X X X X X Power down 3
Any state other| H H X X X X X Refer to operations in Operative
than listed Command Table
above H L X X X X X Begin clock suspend next cycle 4
L H X X X X X Exit clock suspend next cycle
L L X X X X X Maintain clock suspend

Note 1. H : Hightlevel, 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.

5. lllegal if tsgrex is not satisfied.
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5.Mode Register (Address Input for Mode Set)

13 12 11 10 9 8 7 6 5 4 3 2 1 o0
‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ Reserved ‘JEDEC Standard Test Set
13 12 11 10 9 8 7 6 5 4 3 2 1 o0
‘ X ‘ X ‘ X ‘ X ‘ 1 ‘ 0 ‘ 0 ‘ LTMODE ‘WT‘ BL ‘ Burst Read and Single Write (for Write Through Cache)
1312 11 10 9 8 7 6 5 4 3 2 1 o0
‘X‘ X ‘ X ‘ X ‘ 0 ‘ 0 ‘ 0 ‘ LTMODE ‘WT BL ‘ Burst Read and Burst Write X =Don't care
Bits2 - Ol WT =0| WT=1
000 1 1
001 2 2
010 4 4
011 8
Burst length 8
100 R R
101 R R
110 R R
111 Full page R
Wrap type Sequential
Interleave
Bits6 - 4 %Iatency
000 R
001 R
010 2
Latency 011 3
mode 100 R
101 R
110 R
111 R

Remark R : Reserved
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5.1 Burst Length and Sequence

(Burst of Two)

Starting Address Sequential Addressing Interleave Addressing Sequence (decimal)
(column address AQ, binary) Sequence (decimal)

0 0,1 0,1

1 1,0 1,0

(Burst of Four)

Starting Address

(column address Al - AO, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing Sequence (decimal)

00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0

(Burst of Eight)

Starting Address

(column address A2 - A0, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing Sequence(decimal)

000 0,1,2,3,4,506,7 0,1,2,3,4,56,7
001 1,2,3,45,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 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 56,7,0,1,2,3,4 547,6,1,0,3,2
110 6,7,0,1,23,4,5 6,7,4,5 2,301
111 7,0,1,2,3,4,56 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length
being 256 for 4B 2M x 32, and 512 for 2B 2M x 32.
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6.Address Bits of Bank-Select and Precharge
6.1 Qual banks controlled by A1l (for VG36643211/VG36643212)

Row ['AO[ A1 [ A2 | A3| A4 [A5| A6 | A7 | A8 | A9 [A10[All}—=| 0 [Select Bank A “Activate” command

(Activate command) 1 |Select Bank B “Activate” command
Row | AO| A1 [ A2 | A3[A4[A5[A6 | A7 | A8 [ A9 |A10[AL1] A10 | A1l |Result
(Activate command) —| 0 0 |Precharge Bank A

0 1 |Precharge Bank B

1 X |Precharge All Banks

X : Don't care
——=| 0 |disables Auto - Precharge (End of Burst)
1 |Enables Auto - Precharge (End of Burst)

Coll AO[ A1[A2 | A3 [ A4 A5 | A6 [ A7 | AB [ A9 [A10]AL1]
(% strobes)

enables Read / Write commands for Bank B

1 enables Read / Write commands for Bank B
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

6.2 Quad banks controlled by A11 & A12 (for VG36643241 / VG36643242)

Row |[AO[AL1[A2|A3[A4[A5]|A6[A7[A8]A9|A10[A11]A12] All | Al2 |Result
Acti 0 0 [Select Bank A
(Activate command) “Activate” command
0 1 |SelectBank B
“Activate” command
1 0 |Select Bank C
“Activate” command
1 1 Select Bank D
“Activate” command

Row [AO[AL]A2[A3|A4[A5[A6|A7][A8]A9|AL0[A11[A12]
(Precharge command)

Result

Precharge Bank A
Precharge Bank B
Precharge Bank C
Precharge Bank D
Precharge All Banks

X : Don’t care

HOOOOI):
o
XHHOOI):
[
XHOHOI):
N

— = 0 |Disables Auto - Precharge (End of Burst)
1 |Enables Auto - Precharge (End of Burst)

Col. [AOTAL[A2[A3[A4[A5[A6[A7[A8 A9 [AL0[ALI[ALZ] All | Al2 |Result _
(CAS strobes) | | 0 0 |Enables Read / Write
commants for Baml A
0 1 |Enables Read / Write
commants for Baml B
1 0 |Enables Read / Write
commants for Baml C
1 1 |Enables Read / Write
commants for Baml D
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7.PRECHARGE

The precharge command can be asserted anytime after trag(min) is satisfied.

Soon after the precharge command is asserted, the precharge operation is performed and the

synchronous DRAM enters the idle state after trpmin,) is satisfied. The parameter tgp is the time

required to perform the precharge.

The earliest timing in a read cycle that a precharge command can be asserted without losing

any data in the burst is as follows.

PRECHARGE
Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7
CLK 1
| | | | | | | |
Command | | | | | | |
— | , | | | | | |
CAS latency =2 | | | | | | | |
| |
T R 2. CY €D CIRE
| .
| | | | | | | | |
| | | | | | |
s () | ()
— | |
CAS latency = 3 | | | | | | | |
| | [ ! [ |
DQ ! I I Hi-Z

CAS latency = 2 : One clock earlier than the last output data.
3 : Two clocks earlier than the last output data.
4 : Three clocks earlier than the last output data.

Q3 ) —-

(tRAS is satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter "tpp " must
be satisfied. The tpp| (min,) Specification defines the earliest time that a precharge command can be
asserted. The minimum number of clocks are calculated by dividing tpp; min, by the clock cycle

time.

In summary, the precharge command can be asserted relative to reference clock that indi-
cates the last data word is valid. In following table, minus means clocks before the reference; plus

means time after the reference.

CAS latency Read
Write
2 -1 + tppL(min.)
3 -2 + tppL(min.)
Document : 1G5-0099 Rev.1 Page 19
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8.Auto Precharge

During a read or write command cycle, A10 controls whether auto precharge is selected.
If A10 is high in the read or write command (Read with Auto precharge command or Write with
Auto precharge command), auto precharge is selected and precharging begins automatically
after the burst access.

In the write cycle, tpa; min,) Must be satisfied before asserting the next activate command
to the bank being precharged.

When using auto precharge in the read cycle, knowing when the precharge starts is
important because the next activate command to the bank being precharged cannot be exe-
cuted until the precharge cycle ends. Once auto precharge has started, an activate command
to the bank can be asserted after tgp has been satisfied.

A Read or Write command without auto - precharge can be terminated in the midst of a
burst operation. However, a Read or Write command with auto - precharge can not be inter-
rupted by the same bank commands before the entire burst operation is completed. Therefore
use of the same bank Read, Write, Precharge or Burst Stop command is prohibited during a
read or write cycle with auto - precharge. It should be noted that the device will not respond to
the Auto - Precharge command if the device is programmed for full page burst read or write
cycles. S

The timing when the auto precharge cycle begins depends both on both the CAS latency
programmed into the mode register and whether the cycle is read or write.

8.1 Read with Auto Precharge

During a READA cycle, the auto precharge begins one clock earlier (CL = 2) or two
clocks earlier (CL = 3) than the last word output.

READ with AUTO PRECHARGE

Burst length = 4

|
CAS latency =3

|
|
|
|
|
| |
- | Hi - Z!
r——T1——7———7—(e0 X o X o2 X @B )} = —-
| | | | |

T0 T1 T2 T3 T4 T5 T6 T7 T8
CLK
| | | | | | | | |
Command | | | | | | | |
| | | | Auto pretharge startb | |
. | | | | | | |
CAS latency =2 | | | | | | | |
| | | ' ' ' I |
bQ |———+———+—<QBO><Q51><QB2><QBS>—f—H';Z—|——
| | T T | | | |
| | | | | | | |
| | | Auto pre[:harge starts | |
Command | | | | | |
| | | | |
| | | | |
| |

Remark READA means READ with AUTO PRECHARGE
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8.2 Write with Auto Precharge
During a write cycle, the auto precharge starts at the timing that is equal to the value
of tpp (min.) after the last data word input to the device.

WRITE with AUTO PRECHRGE

Burst length = 4
TO T1 T2 T3 T4 15 T6 T7 T8

CLK
| | |
| AUTO PRECHARGE |starts

| | |
| | |
CAS latency = 2 | | |
| | | I
DQ |_<DBO><DBl><DBZ><DB3> +——4———4——H"——‘——
| . | |
e :
|
| 5 | I
DQ - DBO><DBl><DBZ><DB3%————|————]——HI;Z—r—
| |

Command

topL |

Command

tDPL

I

|

| |AUTO PRI%CHARGEIStartS
L |
CAS latency =3 |

Remark WRITA means WRITE with Auto 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
2 -1 + tppL(min.)
3 -2 *+ tpPL(min.)
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8.3 Multidank Operation - Read with Auto Precharge

During a READA cycle interrupted by a Read. Write command of
another banks, the auto - precharge scheduled time would not be changed.

Multibank Operation

Burst lengh=8

TO TL T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 Ti12 T13 T14

CLK

Command | READA A
—= |

CAS latency=2

| | |

l | | |

I | | |
| |

|

|

|

|

|

Auﬁo precharge b?nk A starts

|

| | | | | Auﬁo precharge b?nkAsarts |
2 | ll"' S
%Iatencyﬂ
| | |
|

|
DQ L
|

similiar top. 21
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8.3 Multidank Operation - Write with Auto Precharge

During a WRITEA cycle interrupted by a Read, Write command of another banks, the
auto - precharge scheduled time would not be changed.

Multidank Operation

TO T1 T2 T3

CLK

Command

CAS latency=2

|
|
|
DQ |
|
| |
Command | @ |
CAS latency=3 | I |
|
-

DQ

Burst length = 8

T4 T5 T6 T7 T8 T9 T10

Auto precharge bank A starts

|
|
J:— ~<DBO ><DBl ><DBZ ><DB3 ><DB4 ><|335> Hi-Z
|
|
|
|

Auto pregharge bapk A starts

- EEmEE

Multibank Operation

TO T1 T2 T3 T4

CLK

Command

CAS latency=2

Burst length = 8

T5 T6 T7 T8 T9 T10 T11

Aut‘o precharge bank|A starts

Command
CAS latency=3

e :

T
Auto precharge bank|A starts

DQ

- i<mxmxmxmxmxmxmxmxmxw>____

<mxmxmxmxmxmxwxmxmxw>____

Document : 1G5-0099
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9.READ/WRITE Command Interval

9.1 Read to Read command interval
During a read cycle when a new read command is asserted, it will be effective after the CAS
latency, even if the previous read operation has not completed. READ will be interrupted by another
READ.

Each read command can be asserted in every clock without any restriction.

READ to READ Command Interval

Burst lengh=4, CAS latency=2
TO T1 T2 T3 T4 T5 T6 T7 18

______|_< QA0 >< QBO >< QB1 >< QB2 >< QB3 >——Hi'—z—
|
| | | \ |
| | | | l |
|

CLK
| ' ' | | | | | |
Command | < Read A >< Read B > | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | |
- | | |
|
|
|
I

9.2 WRITE to WRITE Command Interval
During a write cycle, when a new Write command is asserted, the previous burst will terminated
and the new burst will begin with a new write command. WRITE will be interrupted by another
WRITE.

Each write command can be asserted in every clock without any restriction.

WRITE to WRITE Command Interval

Burst lengh=4, CAS latency=2
T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK
| |

< Write A >< Write B >

Command

| |
| |
| |
| |
| |

|

|

|

|

| A 4 v

DQ I_ —< QA0 >< QBO >< QB1 >< QB2 >< QB3 >— L O

|

| | | | | |

|

|

|
|
1cycle
|l =€ | | | | |
|
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9.3 Write to Read Command Interval

The write command to read command to read command interval is also a minimum of 1 cycle. Only the

write data before the read command will be written. The data bus must be Hi - Z at least one cycle prior to
the first Doyr.

Burst length = 4
T0 T1 T2 T3 T4 5 T6 T7 T8

CLK

Command

CAS latency=2

DQ

Command

CAS latency=3

DQ

9.4 Read to Write command Interval

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

In case CAS latency is 2, the read and write command interval is 1 cycle minimum.
The data bus must be Hi - Z using DQM before WRITE and DQM must be High at least 3
clocks prior to the Write command. There is a restriction to avoid data conflict.

In case CAS latency is 3 (bust length is not Full page), READ can be interrupted by
WRITE command. The minimum command interval is [burst length + 1] cycles. DQM
must be High at least 3 clocks prior to the Write command.
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READ to WRITE Command Interval
CAS latency = 2
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK
| | | | | | | | |
command | < Read >< Write > | | | | | |
| | | | | | | | |
DOM T | | | | | | |
| | I I i I i , i
Hi-z | |
DQ |__'__|_<<DO ><D1 ><D2 ><D3 >__|___|____|
| b | | | | | |
| | 1cycle | | | | | , |
I I | I | I | I |
Burst length = 8, CAS latency = 2
TO T1 T2 T3 T4 15 T6 T7 T8 T9
CLK
| | | | | | | |
| | | |
| | | | - | |
DQM | | | | / | | | \ i | |
| | | | | | | |
| W\ ><
DQ |___1___|_<< Qo >< Q1 >< Q2 >_l_ DO >< D1 >< D2
Hi-Z i
| | | | | | i ! | |
| | necessary |
| | | | | | |
I I I I I I I I I I
example: Burst length = 4, CAS latency = 3
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK |
| | | | | | | |
| | | | |
| | | |
DQM i | | / | | | \ | I i I
| |
| | | | | | | : :
DQ -t = — 5 =

|
5o {

necessary

| Tr|1e minimum

comman

d inteTvaI = (4+1) cycles
I
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10. Burst Termination

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

10.1 Burst Stop Command

During a read burst, when the burst stop command is asserted, the burst read data are
terminated and the data bus goes to high - impedance after the CAS latency from the burst
stop command.

During a write burst, when the burst stop command is asserted, any data provided at
that cycle will not be written. The burst write is effectively terminated and no further data
can be written until a new write command is asserted.

Burst Termination

Burst length = X, CAS Intency=2,3
T0 T1 T2 T3 T4 T5 T6 T7

CLK

| |
Command | |
| |
| |
CAS latency=2 [ —< Qo0 >< Q1
PQ | |
|
L
|
|
!

| ° K= X
| | |
%Iatencyzs L 1 _ _ __|__< Qo >< 01 >< Q2 >__H_i-Z__
bQ | |
| |
I I

Remark BST : Burst stop command

Burst length = X, CAS latency=2,3
TO T1 T2 T3 T4 T5 T6 T7

CLK
| |
command | m |
| |
| |

CAS latency=2,3

DQ

T
|
P
3
>
’8
>
9
>
2
"
o
|
|
|
|
|z
™
T
|
|
___+_____

Remark BST : Burst stop command
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10.2 Precharge Termination

10.2.1

During READ cycle, the burst read operation is terminated by a precharge com-
mand. When the precharge command is asserted, the burst read operation is termi-

nated and precharge starts.

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

When CAS latency is 2, the read data will remain valid until one clock after the
precharge command.

When CAS latency is 3, the read data will remain valid until two clocks after the
precharge command.

Precharge Termination in READ Cycle

Burst length = X

0 T1 T2 3 T4 5 6 7 T8
CLK |
| | | | | | |
Command | | | | | | |
| | | | | | | | | |
CAS latency=2 | | | | | | | | | |
DO |————|————|—< QO><Q1><Q2><Q3 >7J—H—‘Z—J———J
| | | : . . . | | |
| | | | | le ‘e o | |
- o R €
| | | | | |
%Iatencyﬂ | | | | | | |
| | | | | | | |
Pe |———|———4———J~—< Q0><Q1><Q2><
| |
l |
I I
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10.2.2 Precharge Termination in WRITE Cycle

During 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 tgp from the precharge command.
The DQM must be high to mask invalid data in.

When CAS latency is 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 prevent this from happening, DQM must be high at the
same clock as the precharge command. This will mask the invalid data.

When CAS latency is 3, 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 prevent this from happening, DQM must be high at the
same clock as the precharge command. This will mask the invalid data.

Burst length = X
T0 T1 T2 T3 T4 15 T6 T7 T8

CLK

Command

CAS latency =2

|
DQM |
|
DQ 1'—< DO><D1><D2><D3>< D4>T__T_I_Z_‘r——‘|
|

command

\/

CAS latency =3

DQM

DQ
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Timing Diagram

Document : 1G5-0099 Rev.1 Page 30



VG3664321(4)1(2)BT

CMOS Synchronous Dynamic RAM

Preliminary

\A

Mode Register Set

T2 T3 T4 ' T5 ' T6 T7

T1

TO

B IR N doL L

|

« w 9) 9) w
> %) _
5518 F I

A

BS

A

yl

Adolress Ke

Al10

L

!

ADD

DQM
DQ

Command

Mode Register
Set Command

Precharge
Command
All Banks
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AC Parameters for Write Timing (1 of 2)

Burst Length = 4, CAS Latency = 2

| Tol T2l T21 T3/ 74! 15176 | T7 1 T8 | T9 I T10 T11 T12/T13IT14IT15T16T17 | T18I T19IT20I T21IT22

= TR R
SR | o Vs s o
= Vil Al AW
. Mo s isssalis o j
: TR AL ST CLET
LT G
- SibEEn D

f t t f f f t

Activate  Write with Activate Write with Activate Write with Precharge  Activate Activate
Command Auto Precharge Auto Prech: Command  Command Command
Command Auto Precharge Command  Auto Precharge Bank A Bank A Bank B
BankA  Command BankB  Command Bank A Command (Bank D)
Bank A (Bank D) Bank B Bank A
(Bank D)
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AC Parameters for Write Timing (2 of 2)

Burst Length = 4, CAS Latency = 3

| Tol T2lT2 113 I T4l 151 T6 | 771 T8 I T9 IT10Mm11IT12/T13IT14IT15IT16! T17 T18/ T19T201 T21/ T22|T23

CLK | L

et RR R A ] san iR
A L
I ) 1w
= I T

S i e oy o W]

S . v (.

S '8 L o —

e '

&
T

|
DQM W

|

|

|

|

|
| I
| | [
| | |
| | . |Reo| | | |
| | | N
| | |
| | | |
|

DQ 1 'RRD |, « | DAl
- t |
ey | | ltwe |
-« | | | |
S I_ QAa3 QBaOQBa
Activate Wiite with Write with  Activate Write without Precharge Activate
Command Auto Precharge . Auto Precharge  Command Auto Precharge Command Command
Bank A Command Activate Command Bank A Command Bank A Bank A
Bank A Command Bank B Bank A
Bank B (Bank D)
(Bank D)
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AC Parameters for Read Timing (1 of 2)

Burst Length = 2, CAS Latency = 2

| TO | T1 | T2 | T3 | T4 | TS5 | T6 | T7 | T8 | T9 | T10 | T11 | T12 | T13
1 1,
ey CK2, | | | | | ! ! | | | !
| | | - l 1
! | [ rd | | | | "'Begin Alito 1 A
— <—'CMS Prech CKHE
e J' g T VP Y R N IR <) [
T T N T R IR B S
cs s T/ e Y e e W e WY e Y s e W
o | SRUN RO )
L | | | o |
| | |

|
- Hawhy

L

| \
= DALY O AT T T
= OO O CALLT T
. \ T

o T AT

IS
l—

o R R R |
T : T T -
| | <, ®RD . | | | | | !
| I ‘ ! ' RAS | | | R | |
- | | -
o T T T T T e
- | -
I
DQM I KN N SO N N
|
o : Co oy
t t
| | | W | | lacg 'Ac2 |tz | | | tgp | |
| | |<_CD'_,| iz | o (T | | | [ | |
DQ - ﬂ_ZI_ T “@‘ - “‘ A
)
Activate Read Actlvate Read W|th Precharge Actlvate
Command Command Command Auto Precharge  Command Command
Bank A Bank A Bank B Bank B (Bank D) Bank B (Bank D) Bank A
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VI Sii

Preliminary

VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

AC Parameters for Read Timing (2 of 2)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Power on Sequence and Auto Refresh (CBR)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Clock Suspension During Burst Read (Using CKE) (1 of 2)
Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Clock Suspension During Burst Read (Using CKE) (2 of 2)
Burst Length = 4, CAS Latency = 3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Clock Suspension During burst Write (Using CKE) (1 of 2)
Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Clock suspension during Burst write (Using CKE) (2 of 2)
Burst Length = 4, CAS Latency = 3

| 7ol T2l 721 731 T4l 15176 I T7 1 T8l Tol T1d T11/T12IT13IT14IT15IT16] T217 T18/ T19T201 T21IT22

e T DT L
=
= AL

=

oS \|/
w TR

o T Tt b
| | | | | | | | | | | | \ | | | | | | | |
T o T ; T T
N | N N N N N I
DQM ] e e e B SR
L S N N B !
. | [ O e e e
Hi-Z
DQ - ——= l—<DAao> XDAa1> ><DAa2> —' —
| |
Activate Write
Command Command
Bank A Bank A
Clock Clock Clock
Suspended Suspended Suspended
1 Cycle 1 Cycle 1 Cycle

Document : 1G5-0099 Rev.1 Page 40



V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Power Down Mode and Clock Mask

Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Auto Refresh (CBR)
Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Self Refresh (Entry and Exit)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Column Read (Page Within same Bank)(1 of 2)

Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Column Read (Page Within same Bank)(2 of 2)

Burst Length = 4, CAS Latency =3

| Tol T2l 721 731 T4l T51 76 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16! T217 T18/ T19T201 T21IT22

CK3
<> . |

U [ [ [ VA Y A A

= 7

w TR

e e e e e e e e e
X e e e (A O N B
DQM I L s B B e I S B e e e o o N A s m
[ e I
Hi-Z
[ | [ [ | [ | [ [ [ + [ [
Activate ReTad ReTad ReTad Precharge Activate Read
Command Command Command Command Command Command Command
Bank A Bank A BankA  Bank A Bank A Bank A Bank A

Document : 1G5-0099 Rev.1 Page 45



V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Column Write (Page Within same Bank) (1 of 2)

Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Column Write (Page Within same Bank) (2 of 2)

Burst Length = 4, CAS Latency =3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Row Read (Interleaving Banks) (1 of 2)

Burst Length = 8, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Row Read (Interleaving Banks) (2 of 2)

Burst Length = 8, CAS Latency =3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Row Write (Interleaving Banks) (1 of 2)

Burst Length = 8, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Random Row Write (Interleaving Banks) (2 of 2)

Burst Length = 8, CAS Latency =3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Read and Write Cycle (1 of 2)

Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Read and Write Cycle (2 of 2)

Burst Length = 4, CAS Latency = 3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Interleaved Column Read Cycle (1 of 2)

Burst Length = 4, CAS Latency = 2
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Interleaved Column Read Cycle (2 of 2)

Burst Length = 4, CAS Latency = 3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Interleaved Column Write Cycle (1 of 2)

Burst Length = 4, CAS Latency = 2
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Preliminary VG3664321(4)1(2)BT

CMOS Synchronous Dynamic RAM

VI Sii

Interleaved Column Write Cycle (2 of 2)

Burst Length = 4, CAS Latency = 3
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Read Burst (1 of 2)
Burst Length = 4, CAS Latency = 2

| 7ol T2 T2 73!/ 74175176 | T7 I T8 19 T10|T11lT12IT13IT14IT15IT16| T17 T18 T1d T20 T21/T22
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[ !e \l,a:r\ T (e
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DAY —
Auy
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' s
ol 2 VI 1 e s S SO

. B
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CKE High|

W A
= AL AL

bttt P I f

Activate Read Activate  Read with Read with  Activate Activate
Command Command Command Auto Precharge Auto Precharge Command Command
Bank A  BankA  BankB Command Command  Bank B ~ BankA
(BankD)  BankB Bank A (BankD)  Read with .
(Bank D) Auto Precharge Read with

Command Auto Precharge
Bank B Comman
(Bank D) Bank A
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Read Burst (2 of 2)
Burst Length = 4, CAS Latency = 3

| 7ol T2l T21 73174175176 | T7 T8 19 10|T11lT12IT13IT14IT151T16| T17 T18 T1d T20 T21/T22
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= 7
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Activate Read Read with Read with

Command Command Auto Precharge Auto Precharge " ;
Bk e Command Commar dg CActlvated Read with
] Bank B Bank A omman Auto Precharge
Activate (Bank D) Bank B Command
Command (Bank D)  Bank B (Bank D)
Bank B
(Bank D))
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (1 of 2)
Burst Length = 4, CAS Latency = 2

| 7ol T2 T2 73!/ 74175176 | T7 I T8 19 T10|T11lT12IT13IT14IT15IT16| T17 T18 T1d T20 T21/T22
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Command command Command Auto Precharge  Auto Precharge Command Command B?C f?e
Bank A Bank A BankB C%mmkagd Command Bank B Bank A Write with an
(Bank D) (B";‘ﬂk D) BankA  (Bank D) Write with Auto Precharge
Auto Precharge Bank A
Command
Bank B
(Bank D)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (2 of 2)
Burst Length = 4, CAS Latency = 3

| 7ol T2 T2 73!/ 74175176 | T7 I T8 19 T10|T11lT12IT13IT14IT15IT16| T17 T18 T1d T20 T21/T22

CLK
S . o
[ D N T R I e e | Cor
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Activate Activate Write with Write with Actlvate erte with
Cgm”llﬁfd Command éuto Pre%harge Auto Precharge Cgranr:\;agd Autco precha(rjge
an Bank B omman omman
Write(Bank D) Bank B Command (Bank D) Bank B

Bank D
Command ( ) (Bank D)
Bank A
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Full Page Read Cycle (1 of 2)

Burst Length = Full Page, CAS Latency = 2

| 7ol T2l 721 731 T4l 15176 I 77| T8l Tol T1d T11/T12IT13IT14IT15IT16] T217 T18/ T19IT201 T21IT22

CLK
CKE
CS
RAS
CAS
WE
BS
Al10
ADD
DOM
DQ
t f e - f
Read Full page burst operation does not
Activate Read Activate terminate when the burst length is Precharge  Activate
Command Command Command C;omlr(ngnd satisfied; the burst counter Commaﬂd Command
Bank A Bank B an increments and continues bursting
Bank A (Bank D) (Bank D) S ° " Bank B Bank B
beginning with the starting address (Bank D) Bank D
The burst counter wraps Burst Stop (Bal )
from the highest order Command

page address back to zero
during this time interval
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Full Page Read Cycle (2 of 2)

Burst Length = Full Page, CAS Latency = 3

| 7ol T2l 721 731 T4l 15176 I 77| T8l Tol T1d T11/T12IT13IT14IT15IT16] T217 T18/ T19IT201 T21IT22
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| | | | A N VR |
| | | N | o
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|
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+
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T T | Read Full page burst operation T T
CAcuvate Read Activate Command does not teminate when Precharge Activate
ommand Command  Command Bank B the burst length is satisfied; Command Command
Bank A Bank A Bank B Ban k) the burst counter increments Bank B Bank B
(Bank D) (Bank D) anq continues bursting (Bank D) (Bank D)
The burst counter wraps  peginning with the starting Burst Stop

from the highest order address
page address back to zero
during this time interval

Command
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\A

Preliminary

VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Full Page Write Cycle (1 of 2)

Burst Length = Full Page, CAS Latency = 2

| 7ol T2l 721 731 T4l 15176 I 77| T8l Tol T1d T11/T12IT13IT14IT15IT16] T217 T18/ T19IT201 T21IT22
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|
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N
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bQ B R
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Activate Write Activate Co\r/nvmgnd Datais ignored Precharge ActivTate
Command Command ng}ma;d Bank B Command Command
Bank A Bank A (Bank D) (Bank D) ) Bank B Bank B
Full page burst operation (Bank D) (Bank D)
The burst counter wraps does not terminate when Burst Stop
from the highest order the burst length is satisfied; Command

page address back to zero

during this time interval

the burst counter increments
and continues bursting
beginning with the starting
address
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Full Page Write Cycle (2 of 2)

Burst Length = Full Page, CAS Latency = 3

| 7ol T2l 721 731 T4l 15176 I 77| T8l Tol T1d T11/T12IT13IT14IT15IT16] T217 T18/ T19IT201 T21IT22
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Command Command CBonrw]Ewgnd Command Command
Bank A Bank A a (Bank D) Bank B
an Bank D) Bank B
(Ban Ful i (Bank D)
The burst counter wraps ull page burst operation (Bank D)
from the highest order does not terminate when Burst Stop
the burst length is satisfied; Command

page address back to zero

during this time interval the burst counter increments

and continues bursting
beginning with the starting
address
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Byte Write Operation

Burst Length = 4, CAS Latency =2

| Tol T2l 721 731 T4l 15176 I T7 | T8l Tol T10 T11/T12lT13IT14IT15IT16! T17 T18/ T19IT20/ T21IT22
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Aale et ORI mased  commena e UM (R e
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Burst Read and Single Write Operation

Burst Length = 4, CAS Latency =2

| Tol T2l 721 731 T4l 15176 I T7 | T8l Tol T10 T11/T12lT13IT14IT15IT16! T17 T18/ T19IT20/ T21IT22
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Activate Read Single Write  Single Write _ Read ~ Lower Byte Single Write  Lower Byte
Command Command Command Command Command is masked Command is masked
Bank A Bank A Bank A Bank A Bank A Upper Byte Bank A

is masked
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Full Page Random Column Read

Burst Length = Full Page, CAS Latency = 2

| Tol T2l 721 T3l T4l T51 76 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16! T217 T18/ T19IT201 T21IT22
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Bank A ok B Bk B (Egﬂ'é B) Bank A (Bank D) (Precharge Termination)
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Read Read Command
Command  Command Bank B
Bank A Bank A (Bank D)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Full Page Random Column Write

Burst Length = Full Page, CAS Latency = 2

| Tol T2l 721 T3l T4l 15176771 T8l Tol T10T11/T12IT13IT14IT15/T16] T217 T28I T29IT201 T21/T22

CLK
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t I T I N

. i i Write
| Activate | Activate Write Write - Write mmand /! Precharge |
Command Command | Command Command  Command ‘é kaB Command Bank B (Bank D)
Bank A Bank B Bank B Bank B Bank A Ban kp)\ (Precharge Termination)

(BankD) | (BankD) (Bank D) (Bank D) Activate
Write Wite ) Command

Command  Command Write Data Bank B

is masked

Bank A Bank A (Bank D)
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Precharge Termination of a Burst (1 of 2)

Burst Length = 4,8 or Full Page, CAS Latency =2

| 7ol T2l 721 731 T4l 15176 I 77| T8l Tol T1d T11/T12IT13IT14IT15IT16] T217 T18/ T19IT201 T21IT22
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Precharge Termination
of a Write Burst.Write Precharge Termination
data is masked. of a Read Burst.
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V I Preliminary VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Precharge Termination of a Burst (2 of 2)

Burst Length=4,8 or Full Page, CAS Latency=3

| Tol T2l 721 T3l T4l 15176 I T7 1 T8l Tol T1d T11/T12lT13IT14IT15IT16! T217 T18 T19IT20I T21IT22
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DQM
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i Precharge Actlvate Read Precharge
Cﬁ:crtr:\r’ﬁ;%d Command Command gmn;a? Command Command Command
Bank A Bank A Bank A an Bank A Bank A Bank A

Write Data  precharge Termination Precharge Termination

is masked " " \wite Burst. of a Read Burst.
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Preliminary

\A

VG3664321(4)1(2)BT
CMOS Synchronous Dynamic RAM

Ordering information

Part Number Cycle time Package

VG36643241BT-7 ms 400mil

VG36643241BT-8 8ns 44-Pin

VG36643241BT-10 10ns .
Plastic TSOP

VG36643211BT-8

*VG — «VIS Memory Product

*36 —> « Technology/Design Rule

*64 —» gAMb

*32 —» .« Device Configuration, 32 : x32

*l1  —— «Device Internal Banks, 1 : 2banks, 4 : 4banks
*l  —> einterface Type, 1:LVTTL, 2: SSTL-3

‘B — Mask/Design Version

*T —> «package Type, T: TSOP

*8 —» «Cycletime, 10:10ns, 8:8ns, 7 7ns

Packaging Information
« 400mil, 86-Pin Plastic TSOP

DIM MILLIMETERS INCHES RAD R1
MIN. NOM. MAX. MIN. NOM. MAX. I
A 120 0,047
AL 0.05 015 0.002 0.006 86 44 a2 .
A2 095 1.00 105 0037 0,039 0.041
HARAARAAAARAAARRAAAAAAAAAARAAAAAAAAAAARAAAR
b 017 027 0.007 0011 B
b1 017 0.20 023 0.007 0.008 0.009 ~
c 0.12 021 (0.005) 0.008 06X~8¢X
cl 012 0.125 0.16 (0.005) 0.005 0.006 DETAIL A
D 22.09 2222 2235 0870 0875 0.880 £l
e 0.50 BASIC 0.020 BASIC b
E 11.56 11.76 11.96 0.455 0.463 0.471 bl SECTION B-B
E1 1003 1016 1029 0395 0.400 0.405 Q
L 040 050 0.60 0.016 0020 0024 R R CE LR R R R R EE R R R E L
R 012 025 0.005 0010 1 o 43
RL 012 0.005 | |
D 0.61 REF, 0.024 REF.
zD DETAIL A

NOTE:

1. CONTROLLING DIMENSION : MILLIMETERS ‘ s
MOLD PROTRUSION SHALL NOT EXCEED 0.15mm(0.006") PER SIDE. A i ]
DIMENSION E1 DOES NOT INCLUDE INTERLEAD PROTRUSION. T e Y T T T - - T'*

3. DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSIONS/INTRUSION. ! !
ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD TO SEATING PLANE
BE WIDER THAN THE MAX b DIVENSION BY MORE THAN 0.13mm. = [0.10000.0047)

DAMBAR INTRUSION SHALL NOT CAUSE THE LEAD TO BE NARROWER
THAN THE MIN b DIMENSION BY MORE THAN 0.07mm.
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