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Description

The VG36644041D, VG36648041D and VG36641641D are high-speed 67,108,864-bit synchronous
dynamic random-access memories, organized as 4,194,304 x 4 x 4, 2,097,152 x 8 x 4 and 1,048,576 x 16 x
4 (word x bit x bank), respectively.

The synchronous DRAMs achieved high-speed data transfer using the pipeline architecture. All input
and outputs are synchronized with the positive edge of the clock.The synchronous DRAMs are compatible

with Low Voltage TTL (LVTTL).These products are packaged in 54-pin TSOPII.

Features
* Single 3.3V (+£0.3V ) power supply
* High speed clock cycle time
-6 : 166MHz<3-3-3>, available only on 4MX16 option
-7 :143MHz<3-3-3>, 133MHz<2-3-2>
-7L: 133MHz<3-3-3>
-8H: 100MHz<2-2-2>
* Fully synchronous operation referenced to clock rising edge
* Possible to assert random column access in every cycle
* Quad internal banks controlled by A12 & A13 (Bank Select)
* Byte control by LDQM and UDQM for VG36641641D
» Programmable Wrap sequence (Sequential / Interleave)
» Programmable burst length (1, 2, 4, 8 and full page)
» Programmable /CAS latency (2 and 3)
» Automatic precharge and controlled precharge
* CBR (Auto) refresh and self refresh
* X4, X8, X16 organization
* LVTTL compatible inputs and outputs
* 4,096 refresh cycles / 64ms

* Burst termination by Burst stop and Precharge command
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Pin Configurations

VG36644041 (x4)

VG36648041 (X8 )

VG36641641 (x16)

Vop Vop Vobo [ 1 ~— sa| ] Vss Vss Vss
NC DQO DQO [ 2 s3] ] DQ15 DQ7 NC
Vbbpo Vobo Voo [ ] 3 s2[ ] Vsso Vsso Vssq
NC NC DQ1 4 si[ ] DQi4 NC NC
DQO DQ1 DQ2 [ s so| ] DQ13 DQ6 DQ3
Vssq Vssq  VssQ[ | s 2] ] Vopg VopQ VooQ
NC NC DQ3 [ ] 7 s8] DQI12 NC NC
NC DQ2 DQ4 [ | 8 47| ] DQ11 DQ5 NC
Vbbpo Vbbpo Voo [ | 9 46| ] Vssq Vssq Vssq
NC NC DQ5S [ 1o 4| ] DQ10 NC NC
DQ1 DQ3 DQ6 [ |n 4[] DQ9 DQ4 DQ2
Vssq Vsso  Vsso[ |22 s3] | Vopq VbbpQ VbDQ
NC NC DQ7 [ |1 2 ] DQ8 NC NC
Vbp Vbp Vop [ |14 s“l ] Vss Vss Vss
NC NC LDQM [_|15 s ] NC NC NC
IWE WE WE [ 39 | UDQM  DQM DQM
ICAS ICAS ICAS[ 17 8[| CLK CLK CLK
IRAS IRAS IRAS[ |18 37[ ] CKE CKE CKE
/ICS /CS ICS [ 19 %] ] NC NC NC
A13/BA0  A13/BA0 A13/BAO[ |20 s ] A A1 A1
A12/BA1  A12/BA1 A12/BAL[ |21 al ] Ag Ag Ag
A10 A1o Ap []2 ] Ag Ag Ag
Ao Ao Ao [ ]e23 2 ] A A A,
Aq Aq Ar [ | | Ag Ag Ag
A2 A2 A2 I: 25 30 :I A5 A5 A5
Ag As Az []= w ] A Ay Ay
Vop Vbp Vop [|27 28 ] Vss Vss Vss
Pin Descriptions
Pin Name Function Pin Name Function
CLK Master Clock DQM DQ Mask Enable
CKE Clock Enable AO-11 Address Input
/ICS Chip Select BAO,1 Bank Address
/IRAS Row Address Strobe Vpp Power Supply
/ICAS Column Address Strobe Vbpo Power Supply for DQ
IWE Write Enable Vgg Ground
DQO ~ DQ15 Data I/O Vsso Ground for DQ




V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Block Diagram
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Pin Function

Symbol Input Function
CLK Input |Maste Clock: Other inputs signals are referenecd to the CLK rising edge
CKE Input |Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock signals,

device input buffers and output drivers. Deactivating the clock provides PRECHARGE
POWER-DOWN and SELF REFRESH operation (all banks idle), or ACTIVE POWER-
DOWN (row ACTIVE in any bank).

/CS Input  |Chip Select: CS# enables (registered LOW) and disables (registered HIGH) the com-
mand decoder. All commands are masked when CS# is registered HIGH. CS# provides
for external bank selection on systems with multiple banks. CS# is considered part of
the command code.

/RAS, /CAS, Input |Command Inputs: RAS#, CAS# and WE# (along with CS#) define the command being
/WE entered.
AO - A13 Input |Address Inputs: Provide the row address for ACTIVE commands, and the column

address and AUTO PRECHARGE bit for READ/WRITE commands, to select one loca-
tion out of the memory array in the respective bank.

The row address is specified by A0-A11.

The column address is specified by A0-A9 (X4) / A0-A8 (X8) / A0-A7 (X16)

BAO,BA1l Input  |Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, READ, WRITE or
PRECHARGE command is being applied.

DQM, UDQM , Input |Address Inputs: Provide the row address for ACTIVE commands (row address AO-

LDQM A10), and the column address and AUTO PRECHARGE bit for READ/WRITE com-

mands (column address A0-A7 with A10 defining AUTO PRECHARGE), to select one
location out of the memory array in the respective bank.

DQO - DQ15 I/O Data Input / Output: Data bus
Vbp, Vss Supply |Power Supply for the memory array and peripheral circuitry

Vbpg, Vsso Supply |Power Supply are supplied to the output buffers only
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Absolute Maximum Ratings

Parameter Symbol Conditions Value Unit
Supply Voltage Vpp with respect to Vgg -0.5t04.6 \%
Supply Voltage for Output Vbbo with respect to Vggg -0.5t04.6 \%
Input Voltage V, with respect to Vgg -0.5to Vpp+0.5 \Y
Output Voltage Vo with respect to Vggg -0.5t0 Vppot0.5 \Y
Short circuit output current lo 50 mA
Power dissipation Pp T,=25°C 1 w
Operating temperature TopT 0to 70 °C
Storage temperature Tstg -65 to 150 °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.

Recommended Operating Conditions (T,=0 ~ 70 °C, unless otherwise noted)

Parameter Symbol - Limits Unit
Min. Typ. Max.
Supply Voltage Vpp 3.0 3.3 3.6 \%
Supply Voltage for DQ Vbbo 0 0 0 \%
Ground Vsg 3.0 3.3 3.6 \Y
Ground for DQ Vsso 0 0 0 \%
High Level Input Voltage (all inputs) ViH 2.0 Vpp + 0.3 \%
Low Level Input Voltage (all inputs) Vi -0.3 0.8 \%
Pin Capacitance (Ta=0~70°C, Vpp = Vppg =3.3%£0.3V, Vgg = Vggq = 0V, unless otherwise noted)
Parameter Symbol Min Max Unit
Input Capacitance, address & control pin Cin 25 3.8 pF
Input Capacitance, CLK pin CcLk 2.5 3.5 pF
Data input / output capacitance Cio 4.0 6.5 pF
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DC Characteristics 1

(Ta=0~70°C, Vpp = Vppg = 3.3+ 0.3V, Vgg = Vggq = 0V, Ouput Open, unless otherwise noted)

. L Limits (max.) )
Parameter Symbol Test Conditions Organization Unit | Notes
-6 -7 -7L -8H
Operating current lcct One bank active x4 - 75 75 70
tre = trReming toLk = toLkming x8 - 75 75 70 | mA| 1,2
BL=1,CL=3 x16 95 85 85 80
Precharge standby  |lccoP  |CKE £ V) max), tek = 15ns X4/x8/x16 2
current in power down I PS mA
mode CC2 CKE £ VlL(MAX)’ CLK £ VlL(MAX) X4/x8/x16 1
Precharge standby lcco2N|CS 3 V- 0.2V X4/x8/X16
current in non power - 15ns. CKE 3 V 20 mA | 3
down mode tC_K - NS IH(MIN)
lccaNS  |CS 3 Ve -0.2v
CLK £ VL (max), CKE 3 ViHMIN) x4/x8/x16 15 mA
All input signals are stable.
Active SIandby current lCC3P CKE £ V|L(MAX)’ tCK =10ns Xx4/x8/x16 7
in power down mode mA
lCC3PS CKE £ V|L(MAX)’ CLK £ V|L(MAX) Xx4/x8/x16 5
Active standby current |lccsN - |CS 3 Ve - 0.2V
in Nonpower down x4/x8/x16 30 mA 3
mode tC_K: 15ns, CKE 2 Vikguiny
lccaNS  |CS 3 v -0.2v
CLK £ VL (max), CKE 3 ViHMIN) x4/x8/x16 25 mA
All input signals are stable.
Operating current lcca All banks active x4 - 90 90 70
(Burst mode) tck = tekviny, BL=4, CL=3 X8 - 90 90 70 | mA
All banks active x16 130 100 100 30
Refresh current lecs tre = tremings toik = toLkming X4/x8/x16 150 130 130 110 | mA
Self refresh t I 1 Al 4
elf refresh curren cC6 CKE £ 0.2v CAIXBIX1E m
0.5 mA 5
NOTES
1. lcc(may) is specified at the output open condition.
2. -6 grade is available only on 4MX16 option.
3. Input signals are changed one time during 30ns.
4. Normal version: VG366440(80/16)41DT
5. Low power version: VG366440(80/16)41DTL
DC Characteristics 2
(Ta=0~70°C, Vpp = Vppg = 3.3£ 0.3V, Vgg = Vggq = 0V, unless otherwise noted)
Parameter Symbol Test Condition Min Max Unit
Input leakage current (Inputs) I 0£ VN E Vbpmax) = 5 UA
Pins not under test = OV
Output leakage current (I/O pins) I
ow [0F VQUT £ VDD(MAX.) . 5 5 UA
DQ#in H - Z., Doy is disabled
High level output voltage Vou |lon=-2mA 2.4 \Y;
Low level output voltage VoL loL = 2mA 0.4 \Y;
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AC Characteristics (Ta =0~ 70°C, Vpp = Vppg = 3.3+ 0.3V, Vgg = Vggq = OV, unless otherwise noted)

Test Conditions

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

Note): L1.if clock rising time is longer than 1ns, (tr/2-0.5ns) should be added to the parameter.

Output Load Conditions

Vopo Vbbg

Vour 4
z=50W
7777

Device

Under /777 50PF
Tes I

171/
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A.C. Characteristics (Ta =0~ 70°C, Vpp = Vppg = 3.3+ 0.3V, Vgg = Vggq = 0V, unless otherwise noted)

Limits
Parameter Sg/gll- 6" -7 -7L -8H Unit | Note
Min Max Min Max Min Max Min Max

CLK cycle time CL=3 | tcka 6 7 7.5 8 ns

CL=2 | teko 7.5 7.5 10 10 ns
CLKtovalidoutput | CL=3 | tacs 5 5.4 5.4 6 ns *2
delay CL=2 | taey 6 6 6 6 ns | *2
CLK high pulse width tcH 25 25 25 3 ns
CLK low pulse width toL 25 25 25 3 ns
CKE setup time tcks 15 15 15 2 ns
CKE hold time tekH 0.8 0.8 0.8 1 ns
Address setup time tas 15 15 15 2 ns
Address hold time tAH 0.8 0.8 0.8 1 ns
Command setup time tcms 15 15 15 2 ns
Command hold time tcmH 0.8 0.8 0.8 1 ns
Data input setup time tps 15 15 15 2 ns
Data input hold time toH 0.8 0.8 0.8 1 ns
Output data hold CL=3 | tons 25 2.7 2.7 3 ns *2
time CL=2 | tons 25 2.7 3 ns | *2
CLK to output in low - Z t 2 0 0 0 ns
CLK to outputinH - Z thz 25 5 2.7 5.4 2.7 5.4 3 6 ns
ROW cycle time tre 60 63 67.5 70 ns
ROW active time trAS 42 100K 42 100K 45 100K 50 100K ns
RAS to CAS delay treb 18 20 20 20 ns
Row precharge time trp 15 15 20 20 ns
Row active to active delay trRrRD 12 14 15 20 ns
Data in to precharge topL 12 14 15 20 ns
Transition time tr 1 10 1 10 1 10 1 10 ns
Mode reg. set cycle trsc 2 2 2 2 tck
Refresh time tReE 64 64 64 64 ms

Notes

1. -6 grade is available only on 4MX16 option.
2. if clock rising time is longer than 1ns, (tr/2-0.5ns) should be added to the parameter.
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Basic Features and Function Description

1. Simplified State Diagram

WRITE A
SUSPEND

ON

Auto Precharge

Mode

Register
Set

Write with

Precharge

Self
Refresh
AUTO

> Refresh

Active
Power
Down

ACTIVE

READ

SUSPEND

Read with
Auto Precharge

READA
SUSPEND

Precharge

)y Automatic sequence

——  » Manual input
Note: After the AUTO refresh operation, precharge operation is
performed automatically and enter the IDLE state
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2.Truth Table

2.1 Command Truth Table

FUNCTION Symbol CKE _ | — | — | — All
n-1 n CS RAS | CAS | WE BA Al0 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 \%
Bank activate ACT H X L L H H \% \% \%
Read READ H X L H L H \% L \%
Read with auto precharge READA H X L H L H \% H \%
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 \% 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
2.2 DQM Truth Table
CKE DOM
FUNCTION Symbol n-1 n-1
Data write/output enable ENB H X L
Data mask/output disable MASK H X
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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2.4 Operative Command Table (note 1) 1/3)
HCurrent 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, Al10 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, A10 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, Al10 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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(2/3)
Current state | CS |RAS | CA |WE Address Command Action Notes
Read withauto | H X X | X |X DESL Continue burst to end ® Precharging
precharge L|H|H]|HI[X NOP Continue burst to end ® Precharging
L H H L |X BST ILLEGAL
L | H | L |H|BACAAI |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 [BAAW 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 burst to end ® write
precharge recovering with auto precharte
L H H|H|X NOP Continue 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 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, Al0 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 tgp
L H H|H|X NOP Nop ® Enter idle after tgp
L H H|L|X BST Nop ® Enter idle after tgp
L H L H |BA, CA, A10 |READ/READA |ILLEGAL 3
L H L L |BA, CA, A10 |WRIT/WRITA |ILLEGAL
L L H H |BA, RA ACT ILLEGAL
L L H L |BA, Al0 PRE/PALL Nop ® Enter idle after tgp
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 tgcp
L H L H |BA, CA, A10 |READ/READA |ILLEGAL
L H L L |BA, CA, A10 |WRIT/WRITA |ILLEGAL
L L H H |BA, RA ACT ILLEGAL 3,9
L L H L |BA, Al0 PRE/PALL ILLEGAL 3
L L L H | X REF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
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(3/3)
Current CS | RAS | CAS | WE Address Command Action Notes
Write H X X X X DESL Nop ® Enter row active after tpp|
recovering H H H |X NOP Nop ® Enter row active after tpp|
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, A10 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,;;:r?\;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, A10 PRE/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
Refreshing L H H X X NOP/BST Nop Enter idle after tgc
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
tseertting L H H H [X NOP Nop ® Enter idle after 2 Clocks
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 downmode.
All input buffers except CKE will be disabled.

3. lllegal to bank in specified states; Function may be legal in the bank indicated by BankAddress(BA),
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.

© oo~~~ O O

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

10. lllegal if tgrp is not satisfied.
11. lllegal for single bank, but legal for other banks in multi-bank devices.

depending on the
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2.5 Command Truth Table for CKE (Note 1)

Current state CKE | CKE | CS | RAS |CAS W
n-1

m

Address Action Notes

I

Self refresh
(S.R))

INVALID, CLK (n - 1)would exit S.R.
S.R. Recovery 2
S.R. Recovery 2
ILLEGAL

ILLEGAL

Maintain S.R.
ldle after tgc

Self refresh
recovery

ldle after tgc
ILLEGAL
ILLEGAL
Begin clock suspend next cycle 5
Begin clock suspend next cycle 5
ILLEGAL
ILLEGAL
Exit clock suspend next cycle 2
Maintain clock suspend

INVALID, CLK (n - 1) would exit P.D.
EXIT P.D.® Idle 2
Maintain power down mode

Both banks Refer to operations in Operative
idle Command Table

XX XX X[ X| XX X[ X X[ X| X X] X X

Power down
(P.D.)

x

x

Ir| | I |- I I I I|r|r| ||~

I|Irr| I X|rr| ||| I|XI| I T| | Il IT|XI|XI|X =
I X X|X| X|X|r|r|r|I|r|| | Z{X| ||| IT|] X
X[ X| X[ X| X| X| | IT| x| X| | XIT|] T| X|X| | Xl IT|X| X
X X| X[ X| X| X| X| | I| X| X| | I| X|X|X|r| IlX| X
XI X X[ X| X[ X] X[ X| X| X[ X| X[ X| X| X| X| X| X|X| X

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 H H X X X X X Refer to operations in Operative
other than Command Table
listed 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 : Hight 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.
. Must be legal command as defined in Operative Command Table.

I 1 | PP Y S T T T L |

N
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3.Initiallization

Before starting normal operation, the following power on sequence is necessary to prevent SDRAM from damged or

malfunctioning.

1. Apply power and start clock. Attempt to maintain CKE high , DQN high and NOP condition at the inputs.
2. Maintain stable power, table clock , and NOP input conditions for a minimum of 200us.

3. Issue precharge commands for all bank. (PRE or PREA)

4. After all banks become idle state (after tRP), issue 8 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode regiser.

After these sequence, the SDRAM is in idle state and ready for normal operation.

4.Programming the Mode Register

The mode register is programmed by the mode register set command using address bits A13 through AO as data
inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options : A13 through A7

CAS latency  : A6 through A4

Wrap type :A3

Burst length  : A2 through A0

Following mode register programming, no command can be asserted befor at least two clock cycles have elapsed.

CAS Latency

CAS latency is the most critical parameter being set. It tells the device how many clocks must elapse before the data

will be available.

The value is determined by the frequency of the clock and the speed grade of the device. The value can be pro-

grammed as 2 or 3.

Burst Length

Burst Length is the number of words that will be output or input in read or write cycle. After a read burst is completed,

the output bus will become high impedance.

The burst length is 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. The order is programmable as either

“Sequential” or “Interleave”. The method chosen will depend on the type of CPU in the system.
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5.Mode Register

13 12 11 10 9
lofofofofo]
13 12 11 10 9
x [x e x ]
1312 11 10 9
(ofofojofo]

6 5 4 3 2 1 0

6 5 4 3 2 1 o0

o0 | o|0 |O |
OoN |O|N | (N

‘ ‘ JEDEC Standard Test Set

‘ LTMODE ‘WT BL ‘ Burst Read and Burst Write

‘ LTMODE ‘WT‘ BL ‘ Burst Read and Single Write (for Write Through Cache)

X =Don't care

Burst length

Bits2 - 0

g
3
1

o
=
|
1

000

001

010

011

100

101

|0 || |N |

110

R

111 Fullpage

V|V |V |D|[© [~ |N |-

Wrap type

Sequential

Interleave

Latency
mode

Bits 6-4

CAS latency

000

R

001

010

011

100

101

110

111

DDA |wWIN (D

Remark R

: Reserved
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5.1 Burst Length and Sequence

(Burst of Two)

Starting Address

Sequential Addressing

Interleave Addressing Sequence

(column address AO, binary) Sequence (decimal) (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 0,123 0,123
01 12,380 1,0,8,2
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 - AQ, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing Sequence
(decimal)

000 0,1,2,3,45,6,7 0,1,2,3,45,6,7
001 1,2,38,4,56,7,0 1,0,8,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 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 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,70,1,2,3,4,5 6,7,4,52,3,0,1
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 1,024
(for 16Mx4), 512 (for 8M x 8) and 256 (for 4Mx16).
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6.Address Bits of Bank-Select and Precharge

Row [ AO| A1 | A2 | A3 [ A4 | A5 | A6 | A7 | A8 | A9 |A10[|A11|A12[A13| ["A12 | A13 |Result

(Activate command) = 0 0 |Select Bank A
“Activate “ command

0 1 Select Bank B
“Activate” command
1 0 Select Bank C
“Activate” command
1 1 Select Bank D

“Activate” command

Row | A0| Al | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |A10|A11|A12|A13|

A10 | A12 | A13 |Result
(Precharge command) | |

Precharge Bank A

Precharge Bank B

Precharge Bank C

Precharge Bank D

| o] o] ol o
X| ~| | O]l O
X| »r| O] »,r| O

Precharge All Banks

X: Don't care

Disables Auto-Precharge (End of Burst)

Enables Auto - Precharge (End of Burst)

Col. [ AOJAL[A2[A3[A4[A5[A6[A7[A8]A9[AL0]AL1[A12]AL3] | Al2Z | Al3 |Result
(CAS strobes) 0 0 |Enables Read/Write
\—L> commands for Bank A
0 1 Enables Read/Write
commands for Bank B
1 0 Enables Read/Write
commands for Bank C
1 1 Enables Read/Write
commands for Bank 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 trpm;n ) is satisfied. The parameter trp 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.

PrechargeE Burst lengh=4
T0 T1 T2 T3 T4 T5 T6 T7
CLK
s 1 ()

CAS latency =2

CAS latency =3

Hi- 2
il (o o) o )

(tras is satisfied)

DQ
| |
| | | | | |
| | | | |
e (m) 1 () |
|
|
| | | | |
| | ! |

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

In summary, the precharge command can be asserted relative to the reference clock that indicates the last data word is

valid. In the following table, minus means clocks before the reference; plus means time after the reference.

CAS latency Read Write

2 -1 + 1ppL(min.)

3 -2 + 1ppL(min.)
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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
begins automatically.

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 executed 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 interrupted by the same bank commands before the entire burst opera-
tion 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 com-
mand if the device is programmed for full page burst read or write cycles.

The timing when the auto precharge cycle begins depends both on both the CAS latency programmed into the mode reg-

ister 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 lengh = 4

T0 T1 T2 T3 T4 15 16 T7 T8

CLK
| - | No New|Command t(l) Bank B | — |

|
| | | | |
| Auto pregharge starts
—_— |
CAS latency =2 | |
|
|
|
|
|
|

Command

|
| | |
| | | |
| | |
|
l |
|<—‘— NolNew ComrJ1and to BaHk B —|—>| |
| | | | |
Auto pre[:harge startF
Command |
|
|

|

| |

| | |
CAS latency =3 | |

|
|
|
| |
| | Hi-z!
DQ r———f————r———r—<QBO><Q81><QBZ><QBS>»—|——
| | | | | | |

| |
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 lengh = 4
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK

Command
| AUTO PRECHARGE starts

—_— t
CAS latency = 2 | 4&» |

|AUTO PRECHARGE starth

| | | |
| | | |
| | | |
| | | | |
DQ |—<DBO><D81><D82><DB3> 4———4———4-—H"A4-—
| T | | |
| | | |
Command | | | |
| | | topL | ! |
| | | |
[ ' | |
al T
| |

T
| |
(wmmnd) |
WRITA B |
CAS latency = 3 | ~ |
' |
DQ - — DBO><DBl><DBZ><DBB%—f———1-——

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 + 1ppL(min.)

3 -2 + 1ppL(min.)
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9. Read / Writw 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 previ-
ous 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
T0 T1 T2 T3 T4 5 T6 T7 18

CLK
| |

R |
| |
| |
| |
DO :_ __ - __ 1 < QA0 >< QBO >< 0B1 >< oB2 >< 083 > _ lHiz
| | | | |
|
|

Command

| | | |
| | | |
| | | |
| | | |
| | | |

| | | | |

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 16 T7 T8

1cycle
|l =€ | | | |

CLK
| ' : | | | | | |
Command | < Write A >< Write B > | | | | | |
| | | | | | |
| | | | | | |
|  / \ J | | | | | |
DQ |— —< QA0 >< QBO >< QB1 X QB2 >< QB3 >— |—Hi_—27— |— —_— — —| —_ -
|
| | | | | |
|
I
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9.3 Write to Read Command Interval

The write 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 Dgyt.

WRITE to READ Command Interval

Burst lengh=4

T0 T1 T2 T3 T4 5 T6 T7 18
CLK
| 1 cycle d
Command

| | |
| | | | |
| <WRITEA>< ReadB> | |

%Iatencyﬂ | | | |
|  / | |
I_ _/ bao ) — L Hz | _< QB0 >< 0B1 >< 0B2 >< 0B3 >
| ,

DQ

Command

CAS latency=3

DQ

9.4 Read to Write Command Interval
During a read cycle, READ can be interrupted by WRITE.
DQM must be in High at least 3 clocks prior to the write command. There is a restriction to avoid a data conflict. The data

bus must be Hi-Z using DQM before Write.
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READ to WRITE Command Interval

CAS latency=2

T0 T1 T2 T3 T4 5 T6 T7 T8
CLK

| 1 | | | | |
Command | < Read >< Write > | | | |
| | | | | | |
DM T\ I | | |
| | | | i

|
|

|
|
l
|
| |
bQ |__H"Z__|_{ DO ><Dl ><D2 >< D3 >_ ST
|
l
|

Burst length=8, CAS latency=2
T0 T1 T2 T3 T4 15 T6 T7 T8 T9

CLK
| | | | | | | |
| | | | |
| | | | | |
DQM | | ! /| | ™ | : I
| | | | | | | |
| Nl
DQ |____'___T_ Qo0 Q1 Q2 __|_ DO D1 D2
Hi-Z is
| | | | | | i | | |
| necessary |
| | | | | | | |
I I I I I I I ! I I
example: Burst length=4, CAS latency=3
T0 T1 T2 T3 T4 15 T6 T7 T8
CLK

| | |
| | |
bQu : : ! S \\\\
| | : : | |\

|

|

|

|

R N R D € €
| | |

| | |

| | |
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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. One 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 issued, 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 issued, the burst write data are termained and data bus goes to

Hi-Z at the same clock with the burst stop command.

Burst Termination

Burst lengh=X, CAS Intency=2,3
T0 T1 T2 T3 T4 T5 T6 7

CLK

| |
| |
| |

%Iatencyzz e I Qo0 >< Q1
bR | | |

|
|
|
|
_Hz L]
|
|
|

|
%Iatencyﬂ L__J___J___|_
DQ | | | |
| | | l
| |

Remark BST: Burst stop command

Burst lengh=X, CAS latency=2,3
T0 T1 T2 T3 T4 T5 T6 7

CLK
| |
commend | m |
| |
| |

CAS latency=2,3

M TS € €D €3S

Remark BST: Burst command
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10.2 PRECHARGE TERMINATION

10.2.1 PRECHARGE TERMINATION in READ Cycle
During READ cycle, the burst read operation is terminated by a precharge command.
When the precharge command is issued, the burst read operation is terminated 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 lengh= X
TO T1 T2 T3 T4 15 T6 T7 T8

CLK

|
| |
| |

CAS latency=2

| |
| |
| | |
| g |
DQ |———+——+—< Q0><Ql><Q2><Q3 >74—HLZ—+——%
| | | |
| l |
| | |
| | |
| I |
| |
|
|

CAS latency=3

|
|
e |
|
|
|

w DoOGIT
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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 issued, 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.

During WRITE cycle, 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.

PRECHARGE TERMINATION in WRITE Cycle

Burst lengh = X
T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK

Command

CAS latency = 2
DQM

|

|
DQ Jr—< DO><D1><D2><D3>< D4>—]-—__1__"Z__|____|
l |
|
|
|
|
|
|

\/

command

CAS latency = 3

|
|
|
|
|
DQM | I
Y |
DQ __< DO><D1><D2><D3>< D4>r—l—ﬂ-£|————l———_l
. | | |
| | | | | . !tRP | o |
|
| |
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Timing Diagram
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Mode Register Set

T T\ Y Y
S W VY i o —
= 0 AL AB0E

R ARV I S—
S U A 65 G
o A e U 6 '
PR 9 G 5 S
T

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

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

o
O

| TOI TLIT21T3|T4|T5 | T6|T71T8 | T9IT10 T11 713 T13 T14/T15|T16/T17|T18/T19/T20/T21[T22

Burst Length=4, CAS Latency=2

1
_v_

ank Bank B
| |

| |
| |
Begin Auto|Precharge |Begin Auto |Precharge
t " AUToPrechrge [Begi Auto Precrarg

£

S
€=

/

s
—

—

!
t—

—

=

— ] Ty
e L
] T Ty

s —

L ¥

ChiC - -

1

>

- ===

I D

A A

Activate Write with  Activate Write with ~ Activate  Write without Precharge  Activate Activate
Command Auto Precharge Command Auto Precharge Command Auto Precharge Command Command  Command
Bank A Command  Bank B Command BankA  Command Bank A Bank A Bank B

- - — — — —|— —
I
|

Bank A Bank B Bank A

*BS1="L", Bank C,D = Idle
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AC Parameters for Write Timing (2 of 2)

CLK

| TOl T2l T21 T31 T4l T51T6 | T7 1 T8 1 T9 IT10T11|T12/T13|T14| T15 T16 T17/ T18/ T19/T20/T21/T22|T23

Burst Length=4, CAS Latency=3

o | — —

_ Jﬁ%g.ﬁ i :H I e
S T AT T T T
S8 ) M o W o Y v M
s e i e
= A ATy A LT T T
= AT A LT LT TN LT
o § S [ o [l U ey [l v 0
gl B O € B S S O

| I | [ I |
] o o | | | |
DQM ! 1 | | | | |
o kel I o | o o |
DQ | | I lweol I I I loal | | | | |
o el ] | | I're_| |
e A N B | | |
S |
| | + | |
Activate Write with  Activate Write with Activate Write without Precharge Activate
Command Auto Precharge Command ~ Auto Precharge Command Auto Precharge Command Command
Bank A Command  Bank B Command Bank A Command Bank A Bank A
Bank A Bank B Bank A

*BS1="L", Bank C,D = Idle
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AC Parameters for Read Timing (1 of 2)

Burst Length=2, CAS Latency=2

lT0 | T2 | T2 | T3 | T4 |75 | T6 | T7 |18 |T9 |T1i0 | T11 | T12 | T13

et ek, |

|
B(j:gin Auto ILt I—>

| | | | |
crE Jiﬂ I »i*«: = 5 =
| CKS| | | | | | | | | | | |
= iU
gl gl e
__ A ' | ' | ' | ' | | -
CAS
L AT O AT T T
W B HEY YA
| | | | | | | | | | | | |
ey A AR RNy
| | | | | | | | | | | | |
smymewnwWme
| lade| | | | | | | | | | | |
L e e K 8
/]
o RROL
: : |: ! ! ! |tRAS : ch: : : : =: :
-
| | | | | | | | | | | | | |
| | | | | facz Iacz |_tuz_| | | e | | |
T B OO = g - Y e R DOV 20 B
DQ _ _HZ|_ _|_ _|_ _ | _ J__J_ A2 __|W|__L__
Command Command ggm(n?sand ’ég}ﬁ nl:;i(éharge (B:grr;rllnl‘and ggm(n)fnd

*BS1="L", Bank C,D = Idle
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AC Parameters for Read Timing (2 of 2)

Burst Length=2, CAS Latency=3

|TO | T1|T2 ! T3 | T4|T5 | T6 | T7|T8 |T9 |TlOlTll |T12|T13|T14|T15

CLK
et | t | | | | | | | | | | |
|EEEL| :'CK3'| || | | | | | | : | | |
' ‘ ' ' ' ' ' Begin Auto '
CKE A |—| |<‘cm$ | | | | | | | | Precharge | |
CKS Bank
=S b et L Pl ke
— —l—t—\ | / | | | | | | | | | |
cS
| | | | | |
| | | | |
| | | | |

T
*BSO %

= DO LT VAL TR A LT AT
= LI ECALT LA LT U T
BN S A AR AR A

7

S S
A10 1
ADD )
e ——

'RP

vy

DQM \

t

)

|
Do _Hi_—Z_{_ .

— —I _
| | |
} ¢
Activate Read Activate Read with Precharge Activate
Command Command Command Auto Precharge  command Command
Bank A Bank A Bank B Command Bank A Bank A

Bank B

*BS1="L", Bank C,D = Idle
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Power on Sequence and Auto Refresh (CBR)

| TO| T1| T2| T3| T4 |T5|T6 |T7 | T8| T9|T10/T11|T12|T13|T14|T15T16 T17/T18/T19|T20|T21|T22

- BTN
- DI AE f
S s Ve §
i 1 o — 1 -
i ———

w N AT

IAddress Kely

Ty I i
U 1T
1 e e e (O R B
I(( | | Il Il | | | I(( Il Il l | | | | Il Il
bQM D) TrighLevells Nedessaly 1 1)+t t—fF—+t—+—+—+t—— | | | |
| e e e e W O R B
t
T T B T I O < Y I A A R A
DQ - §|—ﬁ——| e e s B e e e R e e e e e e
I I I I I I I I I I + I I I I I f I f I I I
/[\ Precharge 1st Auto 2nd Auto Mode Register Command
Inputs Command  Refresh Refresh Set Command
must AllBanks  Command Command
be stable

for 200us
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Clock Suspension During Burst Read (Using CKE) (1 of 2)

CLK

CKE

RAS

CAS

*BS0O

A10

ADD

DQM

DQ

Burst Length=4, CAS Latency=2

| TO| T1| T2| T3| T4 |T5|T6 | T7 | T8| T9|T10/T11|/T12|T13[T14| T15 T16/T17|T18|T19|T20[T21[T22

P
Y
)

=

|
| % | % | | | | | | | | | | | | | | | | | | |
rr 0ttt rrrr-r-r-r-r -1 1|
L2 e e e
e
t
HZ»
A A S I ot o N AN
Hi-Zz
_4_|_L4_|QA61>< onez >< ones S (O S N R N
I + I |T I 4\ 4\ /]\ I I I I I I I I
; Read Clock Clock Clock
Cﬁﬂﬁ;ﬁd Command Suspended  Suspended Suspended
Bank A Bank A 1 Cycle 2 Cycles 3 Cycles

*BS1="L", Bank C,D = Idle
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Clock Suspension During Burst Read (Using CKE) (2 of 2)

CLK

CKE

RAS

CAS

*BS0O

A10

ADD

DQM

DQ

Burst Length=4, CAS Latency=3

| TO| T1| T2| T3| T4 | T5|T6 |T7 | T8| TO[T10|T11|T12[T13[T14[T15[T16 | T17|T18/T19|T20|T21|T22

W
L

[ [ N R N R N B T
L e e e A A R A
I e e s A
t
[ T R e S A N 175 AN = N EES AR N B
Hi-Z
L R N I QAa1>< one2 >< ons R N R R N B
I I I I I I I I I I I I I
T T Clock CIﬁ)\ck Clock
Read
Cﬁﬂﬁ;ﬁd Co(r?mand Suspended  Suspended Suspended
Bank A Bank A 1 Cycles 2 Cycles 3 Cycles

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Clock Suspension During Burst Write (Using CKE) (1 of 2)

Burst Length=4, CAS Latency=2

| TO] T1| T2| T3| T4 | T5|T6 | T7 | T8| T9|T10T11T12T13T14[T15T16|T17T18 T19|T20T21|T22

AR ERERRRRRR R
w DALV

|
CAS / |
I

w T

| rrrr 1T 1t 1t 11t 1rr 111 1T 1T 1T T T T T ]
L O e s e O T
DOQM
N T e O S
I N e (A A AN B R
Hi-Z
b M1 L (o ><DA% XDA% |_ IR U S
I I I I I I I I I I I I I
Activate Clock Clock Clock
Command Suspended  suspended Suspended
Bank A Write 1 Cycle 2 Cycles 3 Cycles
Command
Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Clock Suspension During Burst Write (Using CKE) (2 of 2)

CLK

CKE

RAS

CAS

*BSO

A10

ADD

DQM

DQ

Burst Length=4, CAS Latency=3

| TO|T1|T2|T3 |T4 |T5 |T6 | T7| T8|T9 [T10|T11T12/T13|T14[T15[T16|T17 T18T19/T20T21|T22

P L
YTy
Y S
Y
AR

el

rfr -ttt 11+t °T T 1 1T 1T 1T 1 " 17 1 1 71T 1
L e e e e A Y R
| | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T T
O e A A B
Hi-Z
HZp <DAao> ><DAal> ><DAa2> J__I_I_J__I_I_J__I_I__
| | | | | | | | | | | | |
Activate Clock Clock Clock
Command Suspended  Suspended Suspended
Bank A Write 1 Cycle 2 Cycles 3 Cycles
Command
Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Power Down Mode and Clock Mask

Burst Length=4, CAS Latency=2

[ e e e L e e e e e e
| TO| T1| T2| T3| T4|T5|T6 | T7 | T8| T9|T10/T11|T12|T13|T14[T15T16|T17|T18/T19|T20/T21|T22

CLK

e R L I B B o ||
S— | ST T T T I
CKE I| Y |7I| L Iml L |7I| |
T e O R o S O O I I
cs M\ | T2 S A W A e e W A s 1 |
VAN AV AN A [\
T e e e e B o
N I T O O O I N

w TN T ava
= TN

*BS0O

- DHCTTAL

—'ﬁ?—?—?—ﬁ?ﬁé—?“

R e e
. ! ! ! ! I I I I | I I . ! ! ! | I I
B e
pov A\ L b o
| I I I I | | | | | | | | | | | | | | | |
| I I T I T [ T 1 T T T T u
T T e A e O
Hi-Z
| | | | | | | | | | | | | |
I
T ACTIVE T I - 4
; STANDBY recharge  Power
Activate Read Precharge
Command Command Command Standby Down
Bank A Bank A que
Power Down Exit
Power Down Power Down Clock Mask Clock Mask Mode Entry Command
Mode Entry Mode Exit Start End

*BS1="L", Bank C,D = Idle



VG36644041DT / VG36648041DT / VG36641641DT

\A

CMOS Synchronous Dynamic RAM

Auto Refresh (CBR)

=2

4, CAS Latency:

Burst Length

| TO| T1| T2| T3| T4|T5|T6|T7 | T8| T9|T10T11T12|T13|T14|T15|T16| T17T18 T19/T20/T21|T22

CLK

||IW_||M|IV
_—— —
_—— —
—| | —

\

/

*BS0, 1

N

/

Al10

ADD
DQM

|
T Ry

|
0

|

|
Hi-Z
-

DQ

2
=}
I
—<« 3 E
xe
<}
_ O
2
2
IAI.wm
T o
<O
c
— =}
§ 5
=
o £
—<—C0X E
<}
g3
— O
@
_ 23
=g
$ E
— <K
£
x o
m o
_ O
©
o2L
c QS
—<+—c¢c@a
[5} o
o E=
_ &g<

Idle

'L”, Bank C,D

*BS1




V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Self Refresh (Entry and EXxit)

! ! I I Ly CLK can He Stopbed&! I I I I I I I I I I I I I
| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T10 T11/T12IT13IT14/T15 T16/ T17 T18/ T19lT20I T21IT22

CLK ’; gs SS
Lo | l'srx| [ /] Il Vel l

AR e i
Ty
A /R S VA —
N Y E— Y —
< I e
| | |

) ) )
) ) |

-5

N e e
C
DQM ll T ] O N N U [ [ 0 B B, S |f
ettt
| |
e e T
Hi-Z
DQ — A —l— k4 ——Hj+ A -+ A A = = -
| | | | | | | | I | | | | | | | | | | | | | |
| ! f T t
All Banks Self refresh Self Refresh Self Refresh Activate
must be idle Entry Exit Entry  Self Refresh Command
Exit

* BS1="L", Bank C,D = Idle
* Clock can be stopped at CKE=Low. If clock is stopped, it must be restarted/stable for 4 clock cycles before CKE=High



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Random Column Read (Page With Same Bank) (1 of 2)

RAS

CAS

*BSO

Al10

ADD

Burst Length=4, CAS Latency=2

| Tol T2l T21 731 T4l T51 76 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20l T21IT22

AR AR
BV w1
gV Wy [ o f VA
0 Y o

o L e e
| | | | | | | | | | | | | | | | |
e T e e e e e O e
L O s A A A R N A
| | | | | | | | | | | | | | | | | | | | | |
T T T T T T 1 T T T T T T T T T T T T T T T T
I L
Hi-Z
I I I I I T T + I + I
Precharge Read Read Read Precharge Activate Read
Command  command Command Command Command command Command
Bank A Bank A Bank A Bank A Bank A BankA  BankA

*BS1="L", Bank C,D = Idle



VI Sii

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Random Column Read (Page With Same Bank) (2 of 2)

Burst Lengthﬂ,% Latency=3
| TO| T1| T2| T3| T4 |T5|T6|T7| T8 T9|T10T1T12|T13|T14|T15T16|T17T18 T19/T20/T21|T22
CLK
O e O (O O A A A N N I
CKE JI r 1ttt rt1tr1t 11 7" 1 17T " 1T 1T T T T T1I
e e L T e Y
e e e I e Y
cs IWIIWIIIWIWIIIWIIWIIWII
| [ N A L I I I
e e e O A R
| | | | | | | | | | | | | | | | | | | | | | |
" [ \:/ [ [ /:\ [ [ [ /:\ | /:\ [ [ [ \:/ I [ \:/ [ | /:\ | |
[ e e O O e O e e e I I I O e I e e e
CAS | | | | | | |
U [\ v S VA VY AR A
R e e e e e e
vy | | | | | | |
N N S AW A W VA A
e e e e O O R
oo T T
| | | | | |
T e e e
| | | | |
A0 \I/ \|/ \|/ \I/ \|/
e e o e B
T e e e e
DQM ‘\ [ I A | | | | | | | e e
I E N B B [ I I E R N
e N
I @@@@@@@@ S e
Actltate Rjd Re d Re d Precharge Actwate Rjad
Command Command Command Command Command Command Command
Bank A Bank A BankA  Bank A Bank A Bank A Bank A
*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Random Column Write (Page With Same Bank) (1 of 2)

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

Burst Length=4, CAS Latency=2

| TO| T1| T2| T3| T4 |T5|T6|T7| T8 T9|T10T11T12|T13|T14|T15T16|T17T18 T19/T20/T21|T22

R
Vi e
LU

i e i

T T e e e e

L e e (R N A
N s I s B I B A BN B I RN B B

I N I .
Hi-Z

| f [ * | | | * T ? | T T * | * | + | | | | |
Activate Write Write Write Precharge Activate Write

Command  Command Command Command Command Command Command
Bank B Bank B BankB  Bank B Bank B BankB  BankB

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Random Column Write (Page With Same Bank) (1 of 2)

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

Burst Length=4, CAS Latency=3

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20l T21IT22

AT

e

Y/ <

[ e I A e e e I B [ e e ) N R R
1 @ 1 1 a 1 1 1 @ 1 L 1 1 1 | 1 @ 1 1 @ 1 1
T e e e e e O e O

L e o e e e

I I | I | I I | I | I | | | | I I I I I I I
T T T T T T T T T T T I T T T T T T T T T T I
I [ e
Hi-Z
| | | | | | | | | | T
Activate Write Wﬁte Write Pre(Iharge Activate Write
Command Command Command Command Command Command Command
Bank B Bank B Bank B Bank B Bank B Bank B Bank B

*BS1="L", Bank C,D = Idle



\A

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

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

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

Burst Length=8, CAS Latency=2

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

! 'kl

TR Ji
Vs VY ey v
Y — '/i\'\/\'/i\' S
T l\i/;\:/:\/i\l B [

D) S8R § SRV § SR v

L e R B O . Lt
t AC2
lRrRéD | |72 T O I e e e N
I I I | ‘ I | I I | I | I | | | | I I I I I I |
T T T T T T T T T T T T T T T T T T T T T T T
Lo |
Hi-Z
- _} a |_ +_ _|— QBa4 QBaS QBae @@@@@ QAaG @ _|—
T| | + | T |
Activate Read Activate Precharge  Active Read
Command  Command Command Command Command Command
Bank B Bank B Bank A Bank B Bank B Bank B
Read
Command
Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

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

Burs tLength=8, CAS Latency=3

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

CLK
Ttk

CKE High|

w
)\

S f s ) o o o {

T e s B D |t BN
t AC3
DQM \ | reol || [ e N SO -2 Y A O A N R
| | | | | | | | | | | | | |
I I I T I I | T T I I I | I I
|
DQ |
I
Activate Read Acti\T/ate Read Precharge Activate Read Precharge
Command Command Command Command Command Command Command Command
Bank B Bank B Bank A Bank A Bank B Bank B Bank B Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

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

CLK

CKE

CS

RAS

CAS

WE

*BSO

Al10

ADD

DQM

DQ

Burst Length=8, CAS Latency=2

| Tol T2l T21 731 T4l T51 76 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20l T21IT22

! 'kl

e

High

vy
AL
T
T
By

Activate Write Activate Precharge  Active Write
Command Command Command Command Command Command
Bank A Bank A Bank B Bank A Bank A Bank A
Write Precharge
Command Command
Bank B Bank B

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

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

Burst Length=8, CAS Latency=3

| Tol T21 T21 T3/ T4! 151 76 | T7 | T8l TOlT10 T11T12IT13IT14IT15T16I T17 T8I T19IT20I T21IT22

1
7|\

s

S ) e ) o §

e e e e e e e
S e (P A B I
DQM I I I I I I I I | I DPL RP I DPL I
T T T T T T T T T T T T
o
DQ |
I
Activate Write Activate Write Precharge Activate Wirite Precharge
Command Command Command Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Read and Write Cycle (1 of 2)

Burst Length=4, CAS Latency=2

| Tol 721 T21 T3/ 74! 151 76 | T7 | T8l TOlT10 T11T12IT13IT14IT15T16| T17I T8I T19IT20I T21IT22

| B EnEniebeEnEain
o T A I A A A N N N N O A
CKE J ol b
L e A [ [ A I S B
_ T O ) N B
< W | \|_/ o \L/ o \j o b
| T L T N O e L
L L N I I S O N N T S L
s\ /\ /1
T l — | T T T 1 | 1 1 1 1 | — 17
S O O S
Saviin Wi
I V.
N O O O I B O B R O B R
w ) \i/ I\
| | I ' ] |
B l |
w0 I[N \/ \/
i T i | T — T
R
\,/ \'/ \\/
|
| | [ | [ [ | | [ N N L
o
T T T O O IR I B
DOM S Y Y S e N
[ T e e T T N B I o
o | o | |
| | | | | | | | | | | | | | | | | | | | | | |
A T WT"[ T T RTd T
ctivate rnte Write  The Write Data omena1an The Read Data
e et Al Maskeduin
latency Latency

*BS1="L", Bank C,D = Idle



VI Sii

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Read and Write Cycle (2 of 2)

Burst Length=4, CAS Latency=3
| | | | | | | | | | | | | | | | | | | | | | |
| Tol T2l T21 731 T4l 75176 | T7 I T8 IT9 fT10|T11lT12IT13IT14IT15T16| T17 T18IT19IT20IT21IT22
| teksl | N [ e e e e e R e B B

<>
I O A S A A A A A O O O A
CKE J| oo b
T T N A N Y N B
_ A — e
cS
| \L/ | W R T T T B w o \|T/ I
| | R T T T o I
L T T N I I N SO N N
ws ) /M M
T : — : I — T | YT T 1 T 1
S N I N o
|
as i \if \/ \/
| | ' | '
.
w0 \/ I\
| | ' [
| | [ | [ N N | N e e K R N A I B
e A\ \/ \\/
i i | | |
|| | [ | [ I I I | [ I A N IR I
Y ——
\!/ \\/ \\/
|
T T
T T T A A O O A A
T O e O A I e
[ T (O Y A T R B /—\ I A A U A .
DQM —ttttt —t— e
[ T e e e e N N [ [
o0 -tk d Ll L) £ - 4
[ N | o |
I I I I |T I I I I I | | T| I + I IT I I I I I I
Activate Read Write  The write Data R€ad
Command Command C(I)Bn;nmkagd is Masked with a Command Tg;zs;:dﬁiﬁ
Bank A Bank A Zero Clock Bank A Two Clock
Latency Latency
* BS1="L", Bank C,D = Idle




V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Interleaved Column Read Cycle (1 of 2)

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

Burst Length=4, CAS Latency=2

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22

S
R AT VA
Ve nYeiwAeAwiwAYaaYs
ARV ARVRYSVaVaTAsT v
OO ins

| | | | | | I

\ | / \ | | | | |

|

i T | | | | =7 A B
I . | R

| | | / \ / \ |
T T T T T T T T T
N ]
e e e e e e e e e

| [

\ o tR|CD | |tACZ| o N e L e
| | | | | | | | | | | | | | I | | | | |
| T l l T I | l ! T T ' f | l | | |
| e e (O T

| |
| I
Activate Read Activate  Read Read Read Read Read PreT:harge
Command  Command Command Command Command Command Command Command Command
Bank A Bank A BankB Bank B BankB BankB  Bank A Bank B Bank B
Precharge
Command
Bank A

*BS1="L", Bank C,D = Idle



VI Sii

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Interleaved Column Read Cycle (2 of 2)

Burst Length=4, CAS Latency=3
| | | | | | | | | | | | | | | | | | | | | | |
| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22
| iC_K§| | [0 R e
I e I O O SO

CKE J| T T T T T T e S A A R
T N e e e e O
— — o+ ] L e A
CS | [ | | [ | | |
AVERATARRVERVAAVERVARVERVER S
| | o1 o | o
L T T L N [ A T A O
SN AV A AN A AR,
T | — | =171 | | — | = | =T |
N S A O O S S S
Y AR Y RYRYVRYAWA
' : ] | | : ' l l | fr
| | [ | o | I D
N Y R AN A AW AR RV,
| ' | ' | | ' | | | | | |
| | [ | I L [ ol
IV,
i I | | — | | | | R R B e —
oy Ly | [ o
\' WRVEAYEYEYRY.
| | |
| I T T o T O R T I
I | T T e e e O R T o
DQM . | | | l o | o |/7
| | [trcpl | | |tA03| | | | | | | | | | | | | | |
| e A®rOl | | [T | R e e e
w T e BRReeRhet
| | | | | | | | |
A t'T t T Read ReTad
Command C(?n?ﬁ?and C()Rn?l;(lmd C(?n(:amdand Command Command léfr%?v?;%z Efﬁ,}gﬁg
Bank A Bank A Bank B Bank B Bank B Bank A Bank B Bank A
Activate
Ganka

*BS1="L", Bank C,D = Idle
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VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Interleaved Column Write Cycle (1 of 2)

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 101T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/ T22

Burst Length=4, CAS Latency=2
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i

T

\j

i

W

¥

/i\

A

Ll

|
Hz|

ot

Activate Write Activate

Command Command Command Command Command Command Command

Bank A Bank A  Bank B

Write
Bank B

Write
Bank B

Write Write Precharge Precharge
Command Command

BankB  Bank A Bank A Bank B

et
L L

Write
Command
Bank B

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Interleaved Column Write Cycle (2 of 2)

Burst Length=4, CAS Latency=3

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22

\J
w DY
= IT%
il

|
|
M
Yy
| |
Al10
|
ADD
|
DQM N|
|
|
oo "7l

Activate Write Write Write Write Write Write Precharge
Command Command Command Command Command Command Command Command
Bank A Bank A Bank B Bank B BankB Bank A Bank B Bank B

Activate
Cé’g’;g“d Precharge
Command
Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Auto Precharge after Read Burst (1 of 2)

CLK

CKE

RAS

CAS

ADD

DQM

DQ

Burst Length=4, CAS Latency=2

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22

|
|
Start|Auto Hrecharge
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Hi-ZJ
I
Activate Read Activate  Read with Read with I Activate
Command Command Command Auto Precharge  Auto Precharge . Command
Bank A Bank A Bank B Command Command Read with  Bank A
Bank B Bank A Autco Precha(;ge
: omman Read with
Activate Bank B Auto Precharge
Command Comman
Bank B

Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Auto Precharge after Read Burst (2 of 2)

Burst Length=4, CAS Latency=3

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22

|
|
Start Auto P|rechar e Start, Auto atartA to Prec[ arge
|
|
|

BanklB Prec‘warg ank B

|
|
|
| BanITA |
| |
W/ |
|
|

“ L /\/l T

w\ \/\ AV
ww L R [ [ A
*BM/ L/ LT
Sl e —y i
oo DRETANE e

| IR o r I N
DQM e e O e e e e
o b b | o
[ e e e e e e [ A R N N | I
Hi-Z
DQ B J B | n J_ _L | @@@ QBal QAbo @@@ | -
| | | | | | |
Activate Actlvate Read with Rea d with Activate Wnte with
Command Command Auto Precharge Auto Precharge Command  Auto precharge
Bank A Bank B Command c d Bank B Command
Bank B omman Bank B
Bank A
Read
Command
Bank A

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (1 of 2)

Burst Length=4, CAS Latency=2

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22

o LI LU

| | |
| | |
Start Auto P[echar?e Start Auto Prechar?e StarlAuto lTrechar|ge
| |
|
| 1
|
|
|

CKE High

vy
Ay
LT

Y
A
y

i
/i\
Vs

\/
= 0T
= TTALTTAL
gV Vo s
w AT T
S B C W AW S WY

| | | | | | |
| '
DQM N|
|
|

Hi-Z
pQ ~ 4 — :
|
Activate  Write  Activate  Write with Write with  Activate Activate gtarthAuto
Comrrlland Command  Command Auto Precdharge Auto Precharge Command Command e
Bank A omman
Bank A Bank B BNk B CBoamwind Bank B Bank A Write with
Write with Auto Precharge
Bank A
Auto Precharge
Command
Bank B

*BS1="L", Bank C,D = Idle
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VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (2 of 2)

CLK

| TOol T2l T2 73!/ T4l 75176 | T7 I T8 M9 T10|T11lT12IT13IT14IT15IT16| T17A T18 T1d T20 T21/T22

JUUUUU YU

Burst Length=4, CAS Latency=3

CKE

Starﬂ( uto Trecharge Start Auto atart A\.1to Prec[harge
Ban| Predharge ank B
| Banr A

o

v

RAS

/\/

i\

CAS

\/\

1

\/\

y

*BSO

\/ \/\

2y,

Al10

H \W

TN

ADD

@-@0@

DQM

!

Activate Activate Wnte with
Command Command Auto Precharge
Bank A Bank B Command
Bank B
Write
Command
Bank A

|
|
]
|
Hi-Z
| | |

Wi t ith Actlvate Wnte with
ite wi Command Auto precharge
Auto Precharge Bank B Command
Command Bank B

i

Bank A

*BS1="L", Bank C,D = Idle



\A

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Full Page Read Cycle (1 of 2)

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

Burst Length=Full Page, CAS Latency=2

C WY
w AL N
c—AsJi\ WA

ADD

DQM

DQ

Activate Read Activate
Command Command Command
Bank A Bank A Bank B

Read
Comman
Bank B

The burst counter wraps
from the highest order
page address back to zero
during this time interval

Full page burst operation does not T T
4 terminate when the burst length is Precharge  Activate
satisfied; the burst counter Command Command
increments and continues bursting Bank B Bank B
beginning with the starting address
Burst Stop
Command

*BS1="L", Bank C,D = Idle



\A

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Full Page Read Cycle (2 of 2)

Burst Length=Full Page, CAS Latency=3
| | | | | | | | | | | | | | | | | | | | | | |
| 7ol T2l T2l T31 T4 1 75176 | T7 | T8l Tol T1d T11lT12IT13IT14IT15IT16] T17A T18I T10IT20I T21IT22

CLK
[ [ e e e B R B ) | S0 e R e B B
T T e O (4 e A s M O A
CKE Won o
e e e O e I e B
— l At S e e e 1y N Wy s S
CS
w [ \M | \M e 2 A e \1|—:—/ I \M I
(I | Ll [ A B B I L
I S S I 72 I A A A A A A A S A AU SR B
w NI YT AVE=Y!
| | t——T1 1 | YT | I B
e e
s Ty T
| | | )L\l | |
L e T e L I e B
A AT A (A
| | | )/ || |
e e e e I e B
ATV TR A
*
BSO | | | )| | |
[ e e
| 1 | 1 1 g | I 1 | | | | 1 1 1
W/ Y W/
e
] | | ] | 1l g 1 ] | | | | | ] ] ] ]
6N
R e
DOM \| X T T T O A A O N B B /’
| | | | | | | | | | | ] | | | | | | | | | | |
T I T T I T I T T T 1 T T T 1 1 I T T T I T T
[ N T | L
DQ | |— — —1—+ -
| | | | | |
T T Read Full page burst operation T T
Activate Read Activate Command does not teminate when Precharge Activate
Command Command ~ Command the burst length is satisfied; Command Command
Bank A Bank A Bank B Bank B the burst counter increments Bank B Bank B
and continues bursting
The burst counter wraps  peginning with the starting  Burst Stop
from the highest order address Command
page address back to zero
during this time interval

*BS1="L", Bank C,D = Idle
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VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Full Page Write Cycle (1 of 2)

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

Burst Length=Full Page, CAS Latency=2

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

|
|
High |
|
|
|

| | o |
| | I |
o - ] -
t
BDL,
I b I
Hi-Z
T| | T ? T| | | | | |
Activate Write Activate c(\,N,-r::-tneand batais ignored Precharge ActivTate
Command Command  Command Bank B Command Command
Bank A Bank A Bank B Bank B Bank B

Full page burst operation

, does not terminate when Burst Stop
from the highest order the burst length is satisfied; Command
page address back to zero the burst counter increments

during this time interval and continues bursting

beginning with the starting

address

The burst counter wraps

*BS1="L", Bank C,D = Idle
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VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Full Page Write Cycle (2 of 2)

CLK

CKE

RAS

CAS

*BSO

Al10

ADD

DQM

DQ

Burst Length=Full Page, CAS Latency=3

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

T
Data is ign?red.

|
|
T |

Hi-Z
LA —|—|—+4—
| T T | | | |
Activate Write Activate T A T
Precharge ctivate
Command Command Cé’gr‘]TaB“d Bank B Commarg1d Command
Bank A Bank A Bank B Bank B
Full page burst operation
;I;gemkm;sthicgohuenst:a g:nér:rps 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

*BS1="L", Bank C,D = Idle
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VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Burst Read and Single Write Operation

Burst Length=4, CAS Latency=2
| | | | | | | | | | | | | | | | | | | | | | |
| Tol Tl T2l T3l T4l 15176 |77 | T8l T9l T10 T11/T12IT13IT14IT15T16] T17 T18I T19IT201 21722
e T T T O O
CKE Mo
P e T s I Y I A Y B
cs w|\M||||||\M|\M|W||||||W||
| [ N R | | e L I -
O O e I N O IO DO
= LT AWAWA I
I T | T T T T T T | T | T | T T T T T T | T T
I e e e e e L
= T LA y
) SR ¥ S — il : —
N e e e e e e
— | | | l | |
%I ARy AA W/
L e e e O
AYARY. (ARYARY. W/
"BSO | | | | |
L e e e O
W/ (AR ARY W/
| | | | |
e e e e e e e
e e e e R A
DOM \ ol \ /—\ o /T\ | /
| | | | | | | | |
[ T T e A B [ N N
[ T e e O B [ |
[ T e e O B [ N A
-+ (0000 G = 00N
DQ i e A e | #Dr+—| =
[ N e e e e e e - [
e e e e e L
| | | | | | | | | | | | | | | | |
Activtue Retld singli Write Singlz Write Read ~ DQsare Single Write  DQs are
Command Command Command Command Command — masked Command masked
Bank A Bank A Bank A Bank A Bank A Bank A

*BS1="L", Bank C,D = Idle



VI Sii

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Full Page Random Column Read

Burst Length=Full Page, CAS Latency=2
| | | | | | | | | | | | | | | | | | | | | | |
| Tol Tal 121 T31 T4l 15176 | 77| T8l T9l T10 T11lT12/T13IT14IT15T16| T17 T18I T19IT201 T21IT22

CLK
‘|| utcum u| u| u| u| { | u| ul Ll | u u| u| L! u| u| u| u| u| u L
R e e e e e e e
CKE JI e o e e e e e e e
e e e T T e e ) O
— | [ I S N S N N
CS
I A N R I B WA W | W [ W | W | W [
| | | | | | | I
R I I N Y A
m T LAY
T F— [ — | = | — | — Tt — 11 T T
e e L T e e e e e Y
SHE A AV YRRy A AW A
| [ | | | | |
e e e O O O
— | [T T /I\ /I\ /I\ \I / /I\
WE
JI [ N | | | | |
e o O e e e A A N
SR AT AT A A 7 A A
| AL/ T | | | | |
e e e e O O e
| | | 1 | 1 | 1 1 | | | | 1 1 1 1 1
ao RO SN
e e e O e O I R
1 1 1 1 1 | 1 1 1 1 1 1
oo RCABINEEIRCRC RN
I e
e e e A N A [
DOM L N
A e I
Hi-z
g FH -kl sfoafomffofenfmel’ )+ = -1 - -
| | | | | | | | | |
ActI/ate ActivTate ReTad Reld Read Read Precharge( K
d C d Command Bank B(Bank D
Cg:r:rl:?d (éc;mzn;nd Cé);r:]r;aBnd CBZT:ITSH Cszmind B(;r:lzn;n (Precharge Termination)
Activate
Read Read Command
Command Command Bank B
Bank A Bank A

*BS1="L", Bank C,D = Idle



VI Sii

VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Full Page Random Column Write

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

Burst Length=Full Page, CAS Latency=2

e
TV YV
= VA T A e
s TN A T AT
w DT
w TR ST T R

e e e

AD

O
il
o)
<
o - - -
<
___0 - - -
< =
5

- -

o [ |
DQ A — == -
| | | |
.T ) T Write Write Write Precharge
C%C;:\rf;id égtrlr\]/::aend cg:rt:and Command  Command Command Comm:nd Bank B(Bank D
Bank B Precharge Termination
BankA  Bank B Bank B Bank B Bank A an ( 9 )
. Activate
Write Write Write Data  command
Command  Command is masked Bank B
Bank A Bank A

*BS1="L", Bank C,D = Idle
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VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Precharge Termination of a Burst (1 of 2)

| Tol T2l T21 731 T4l 15176 I T7 | T8l Tol T1d T11/T12IT13IT14IT15IT16] T17 T18/ T19T20I T21IT22

! 'kl

Burst Length=8, CAS Latency=2

LYYV
w AL N AP AN AL A TN A
= AL AL G
= AL AL A

W/

Precharge Termination
of a Write Burst. Write
data is masked.

|
|
I [ e e B e e R
I I ! I | I I I I I I I
I I e N = e e e N R N N
-— -
I e e O I
DQM
| I N I S I I A O
I I | | [ |
Hi-Z

| | + | + | | | | |

.T . h Activate Read Precharge Acnvate Read *

CAc\)Crz\rf;id Write g Cg?‘ﬁma:r?g Command  Command Command | Command  Command z:)enifr;aargz
Bank A (ég:]”km:n Bank A Bank A Bank A Bank A Bank A Bank A Bank A

Precharge Termination
of a Read Burst.

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Precharge Termination of a Burst (2 of 2)

Burst Length=8, CAS Latency=3

| Tol 71l T2l T3l T4l 15176771 T8l Tol T10T11/T12IT13IT14IT15T16] T17 T18I T19I T20I T21/T22

CLK
tCK3 |

CKE High|

s

|

*BS0 N |
|

I

le |
!

T | [ T T T T
| T N R T
[ I |

boM |\ T
| —
| | | | |
I ! | I I I

-T ; Precharge Activate Read Acnvat Acnvate

é,crﬂ\;:;d c ch\r/:rlrt;n d Command Command Command Command Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A

Precharge Termination
Write Data - precharge Termination of a Read Burst.
is masked  of a Write Burst.

*BS1="L", Bank C,D = Idle



V I VG36644041DT / VG36648041DT / VG36641641DT
CMOS Synchronous Dynamic RAM

Ordering information

Part Number Cycle time Package

VG366440(80/16)41DT(L)-6 6 ns (166MHz 3/3/3)

VG366440(80/16)41DT(L)-7 7 ns (143MHz 3/3/3) 400mil. 54-Pin
Plastic TSOP

VG366440(80/16)41DT(L)-7L 7.5 ns (133MHz 3/3/3)

VG366440(80/16)41DT(L)-8H 10 ns (100MHz 2/2/2)

VG36648041DT(L)-7L

VG : VIS Memory Product

« 36 : Technology/Design Rule

*64 : 64Mb

« 80 : Device Configuration, 40:x4, 80: x8, 16: x16
*4 : Device Infernal Banks

«1 : Interface Type, 1: LVTTL

«D : Mask/Design Version

«T : Package Type, T: TSOP

L : None: normal version; L:low power version

«7L : Cycle time; -6 grade is available only on 4M X16 option

Packaging Information
* 400mil, 54-Pin Plastic TSOP

oI MILLIMETERS INCHES RAD R1
MIN, NOM. | MAX. | MIN NOM. | MAX. 54 28
A 120 o | 0047 HARAAHHARAAAAAAAAAARAAAAHAAAA N
AL | o005 015 | 0.002 — | 0.008
A2 | o095 1.00 105 | 0037 | 0039 [ 0041 c
b 0.30 — | 045 | o012 — | o018 ——-—f"
b1 | 0.30 — | 040 | o012 — | o016
c 0.12 [ 021 | o005 | o008 BlM Oex-Bex
DETAIL A
ol [ 012 — | 016 | o005 — | 0.008
D | 2200 |2222 [ 2235 | 0870 | 0.875 | 0.880
i) 0.71 REF. 0.028 REF ©) ) b )
e 0.80 BASIC 0.0315 BASIC HHHEHHHHEHHHHHHEHEEHEEEHEHEEE b1 SECTION B-B
E 11.56 11.76 11.96 0.455 0.463 0.471 1 27
E1 | 1003 | 1016 | 1029 | 0.395 | 0.400 | 0.405 D
L 0.40 0.50 060 | 0.016 | 0020 | 0.024 kI
R 012 025 | 0.005 — | 0010
R | o1z o000 BASE METAL
WITH PLATING
NOTE: » DETAIL A
1. CONTROLLING DIMENSION : MILLIMETERS
2. DIMENSION D DOES NOT INCLUDE MOLD PROTRUSION. A g
MOLD PROTRUSION SHALL NOT EXCEED 0.15mm(0.006") PER SIDE. | || \
DIMENSION E1 DOES NOT INCLUDE INTERLEAD PROTRUSION. AMAAAATAAAAMAAAAOANAAMAANAND _ [ ) S
INTERLEAD PROTRUSION SHALL NOT EXCEED 0.25mm(0.01") PER SIDE. T ~_ L/
3. DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSIONS/INTRUSION. b G E
ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD TO SEATING PLANE
BE WIDER THAN THE MAX b DIMENSION BY MORE THAN 0.13mm. _
DAMBAR INTRUSION SHALL NOT CAUSE THE LEAD TO BE NARROWER £ |0.100(0.004)
THAN THE MIN b DIMENSION BY MORE THAN 0.07mm.




