‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Description

The device is CMOS Synchronous Dynamic RAM organized as 2,097,152 - word x 8-bit x 4-bank. 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 : 8/10ns

*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

*Quad Internal banks controlled by A12 & A13 (Bank select)
*Each Bank can operate simultaneously and independently
*LVTTL compatible I/O interface

*Random column access in every cycle

* X8 organization

* Input/Output controlled by DQM

+4,096 refresh cycles/64ms

*Burst termination by burst stop and precharge command

*Burst read/single write option

The information shown is subject to change without notice.
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Pin Configuration

VG36648041

vo (1 7 sl v

DQO 2 s3] ] bar

Voba 3 52] ] Vs

NG 4 st 1 NC

DQ1 5 s0 | Dase

Vssa 6 49 1 Vopo

NG 7 8] ] N

DQ2 8 47 ] Dpas

Vbba 9 46 l:l Vssa

NC 10 s ] N

DQ3 11 4] ] D4

Vssa 12 4] ] Vooa

Nne [ ]1s 2] No

Voo [ |4 M ] Ves

NC 15 ] ] NC

WE 16 a9 | bpam

CTAS 17 s | ok

RAS 18 37 ] cke

Cs 19 | | NcC

A13/BAO 20 ss| ] A
A12/BA1 21 ul ] A

At 22 s ] A

Ao 23 2 1 A

A 24 s | As

A 25 o ] As

Ag 26 29 1 A

Vbp |: 27 28] ] Ves

Pin Description
VG36648041
Pin Name Function Pin Name Function

AO - A1 Address inputs DQM DQ Mask enable
A12, A13 Bank select
DQO ~ DQ7 Data - in/data - out CLK Clock input
RAS Row address strobe CKE Clock enable
CAS Column address strobe cs Chip select
WE Write enable Vbbpa Supply voltage for DQ
Vgs Ground Vssaq Ground for DQ
Vbob Power (+3.3V)
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Block Diagram
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Address
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Absolute Maximum D.C. Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vss Vins VouT -05to+4.6 \'%
Supply voltage relative to Vss Vpp, Vpbpa -05to+4.6 \%
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

peumanent 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 Vppa + 2.0 \' 2
Input Low Voltage VL Vggq 2.0 0.8 \'% 2

Recommended DC Operating Conditions for LVTTL Compatible

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

Capacitance
(Ta=25°C, f = 1MHZ)

Parameter Symbol Min Typ Max Unit Notes
Input capacitance (All input pins except CLK pin) Cin 2.5 3.75 50 pF 1
CLK pin CeLk 25 3.25 4.0 pF 1
Data input/output capacitance Cio 4.0 5.25 6.5 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.
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

DC Characteristics (Recommended Operating Conditions unless otherwise noted)

VG36648041B
Parameter Symbol Test Conditions -8H -8L -10 Unit | Notes
Min | Max | Min | Max | Min | Max
Operating current leet Burst length = 1 CL=3 95 95 90 | mA 1
One bank active CL=2 95 95 90
tRe = tReMIN,), 10 = 0mA
Precharge standby lcc 2P |CKE < ViLmax ) tck = 10ns 2 2 2 | mA
current in power -
down mode ICC 2PS CKE S V|L(MAX.) tCK = o0 2 2 2
Precharge standby current|locc 2N [CcKE > Vinving tok = 10ns. 25 25 25 [ mA
in Nonpower down mode ’
CS Z ViHmINy
Input signals are changed one
time during 2 CLK cycles.
lcc 2NS|ckE ZVIH(MIN.)s tok = o 10 10 10

CLK = V| max,)
Input signals are stable.

Active standby currentin |loc 3P |CKE < ViLmax.) tck = 10ns 7 7 7 | mA
power down mode :

lee 3PS|cKkE < ViLmax,) tck = ©°

Active standby currentin |loc 3N |CKE > Vining, tok = 10ns 40 40 40 | mA
Nonpower down mode ’
CS 2 Viyminy

Input signals are changed
one time during 2CLKs.

ICC 3NS CKE 2 VlH(MlN_) tCK — oo 20 20 20

CLK = Vigmax,)
Input signals are stable.

Operating current lccq tok = tekMIN,. 1o = OmA CL=3 120 120 110 | mA 2
(Burst mode) All banks Active CL=2 100 100 90

Refresh current lees tre = tRoMIN) 130 130 120 | mA 3
Self refresh current lccs CKE < 0.2V 1 1 1 mA
Input leakage current I 0L V) £ VDD(MAX.) -1 1 -1 1 -1 1 LA
(Inputs) Pins not under test = OV

Input !eakage current e 0< VouT < VppMax) -1.5/15|-1.5[ 15 |-1.5( 1.5 A

(VO pins) DQ# in H - Z., Dout disabled

Output Low Voltage VoL loL =2mA 0.4 0.4 0.4 | mA 4
Output High Voltage Vou lop = -2mA 2.4 2.4 2.4 mA 4

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

2. lccq depends on output loading and cycle rates. Specified values are obtained with the output
open. In addition to this, lgc4 is measured on condition that addresses are changed only one
time during tekmin)-

3. lccs Is measured on condition that addresses are changed only one time during tckmin.)-

4. For LVTTL compatible.
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

AC Characteristics : (Ta=0to 70°C, Vpp =3.3VE0.3, Vgg = 0V)

Test Conditions for LVTTL Compatible :

AC input Levels (V|4/V|L) 2.0/0.8V Input timing reference level/ 1.4V
Output timing reference level
Input rise and fall time ins Output load condition 50pF

AC Test Load Circuits (for LVTTL interface) :

Vbba Vbpa
Z=50C2
/777

Device

Under 7777 50PF
Test

/777
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

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

VG36648041B Unit
Parameter CAS symbol 8H 8L 10
Latency
Min Max Min Max Min Max
CLK cycle time 3 teka 10 10 10 ns
2 teko 10 12 15 ns
CLK to valid output delay 3 taca 6 6 6 ns
2 tace 6 6 6 ns
CLK high pulse width tcH 3 3 3 ns
CLK low pulse width teL 3 3 3 ns
CKE setup time tcks 2 2 3 ns
CKE hold time tckH 1 1 1 ns
Address setup time tas 2 2 3 ns
Address hold time taH 1 1 1 ns
Command setup time tems 2 2 3 ns
Command hold time temu 1 1 1 ns
Data input setup time tbs 2 2 3 ns
Data input hold time toH 1 1 1 ns
Output data hold time ton 3 3 3 ns
CLK to output in low - Z tLz 0 0 0 ns
CLK to outputinH -Z 3 tyz 6 6 6 ns
Row active to active delay tRRD 20 20 20 ns
RAS to CAS delay treD 20 20 30 ns
Row precharge time trp 20 20 30 ns
ROW active time tras 50 | 120K 50 120K 60 | 120K ns
ROW cycle time tre 70 70 20 ns
Last data in to burst stop tepL 1 1 1 CLK
Data - in to ACT(REF) comand tbaL 1+tgp 1+tgp 1+tgp CLK
Data - in to precharge topL 1 1 1 CLK
Transition time t1 1 10 1 10 1 10 ns
Mode reg. set cycle trsc 2 2 CLK
Self refresh exit time tsrx 1 1 1 CLK
Refresh time tREF 64 64 64 ms
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‘ II S ﬁ Preliminary VG36648041BT

CMOS Synchronous Dynamic RAM

Power ed

Basic Features and Function Description

1.Simplified State Diagram

Mode
Register
Set

AUTO
Refresh

Active
Power
Down

ROW CKE ¥
ACTIVE CKE

Read

READ
CKE
READ SUSPEND
CKE

Read with
Auto Precharge

Write with
Auto Precharge

WRITE A
SUSPEND

CKE $ READA
READ A fe—==—| 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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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

2.Truth Table

2.1 Command Truth Table

CKE A11
FUNCTION Symbol n-1 n Cs RAS | CAS | WE BA A10 A9 - AO
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 v v v
Read READ H X L H L H \% L \%
Read with auto precharge READA H X L H L H \Y H \Y
Write WRIT H X L H L L \Y% L \Y%
Write with auto precharge WRITA H X L H L L v H v
Precharge select bank PRE H X L L H L \Y 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 DQM
FUNCTION Symbol n-1 n-1
Data write/output enable ENB H X L
Data mask/output disable MASK H 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 (Dont care), V : Valid Data input
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Preliminary

VG36648041BT
CMOS Synchronous Dynamic RAM

2.4 Operative Command Table Notes 1

(1/3)

HCurrent state| CS | RAS |CAS| WE Address Command Action Notes

Idle H 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, 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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VG36648041BT

CMOS Synchronous Dynamic RAM

(2/3)
Current state CS |RAS| CA |WE Address Command Action Notes
Read with auto | H X X X [X DESL Continue burst to end — Precharging
precharge L H H | H X 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 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, 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 tgp
L H H H | X NOP Nop — Enter idle after tgrp
L H H L |X BST Nop —> Enter idle after tgp
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
L L H L |BA, A10 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 tgep
L H H H |X NOP Nop — Enter row active after tgep
L H H L |X BST Nop —> Enter row active after tgep
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, A10 PRE/PALL ILLEGAL 3
L L L H | X REF/SELF ILLEGAL
L L L L |Op - Code MRS ILLEGAL
Document : 1G5-0152 Rev.1 Page 11
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VI S ﬁ Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM
(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 L 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|
\rsi;_?\;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 tge
Refreshing L H H X X NOP/BST Nop Enter idle after tge

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),

depending on the state of that bank.

N

All input buffers except CKE will be disabled.

©O© oo~ O O,

. lllegal if tgep 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 dont satisfy t pp|.

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

. If both banks are idle, and CKE is inactive (Low level), the device will enter Self refresh mode.
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

2.5 Command Truth Table for CKE Note 4

3

Current state CKE RAS |CAS

n-1

0
P
m
0
0]

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.
Idle after tge

Self refresh
recovery

Idle after tge
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

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.
4. Must be legal command as defined in Operative Command Table.
5. lllegal if tgrex is not satisfied.

X[ X X[ X[ X[ X|X| x| X X| x| X[ X X X[ X

Power down
(P.D.)

X

X

Ir| I I I || I ||| —
I r I XX I I ||| X | X X 5
T X X X| X[ X|r| || I | | I X || | I X
X| X X| x| x| %| | | | x| | | T| X|X| r| Il I X X
X| x| X| X| x| X[ X| | I X| X| | I X|X|X| | I| x| X
X| X X X| X[ X[ X X X[ X| X X| X[ X[ X| X| X[ X x| X
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VG36648041BT

‘ ]IS Preliminary
CMOS Synchronous Dynamic RAM

5.Mode Register (Address Input for Mode Set)

13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 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 0
| 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 0
| X | X | X | X | 0 | 0 | 0 | LTMODE |WT BL | Burst Read and Burst Write X = Dont care
Bits2 - O WT = 0| WT =1
000 1 1
001 2 2
010 4 4
8
Burst length o11 8
100 R R
101 R R
110 R R
111 Full page R
Wrap type 0 | Sequential
1 | 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
Document : 1G5-0152 Rev.1 Page 14
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Preliminary

VIS

5.1 Burst Length and Sequence

(Burst of Two)

Starting Address
(column address AOQ, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing Sequence (decimal)

0

0,1

1

1,0

(Burst of F

our)

Starting Address

(column address A1 - 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 - AO, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing Sequence(decimal)

000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 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 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5, 4
100 4,56,7,0,1,2,3 4,56,7,0,1,2,3
101 56,7,0,1,2, 3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0, 1
111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

Full page burst is an extension of the above tables of Sequential Addressing, with the length being 512
for 8M x 8 devices.
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6.Address Bits of Bank-Select and Precharge
6.1 Quad banks controlled by A12 & A13 (for VG36648041/VG36648042)

Row| A0|A1 |A2|A3|A4|A5|A6|A7|A8|A9|A10|A11|A12|A13| Al2 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| AO|A1 |A2|A3|A4|A5|A6|A7|A8|A9|A10|A11|A12|A13| A10 [A12 | A13 [Result
(Precharge command) 0 0 0 |Precharge Bank A
0 0 1 |Precharge Bank B
0 1 0 |Precharge Bank C
0 1 1 |Precharge Bank D
1 X X |Precharge All Banks

X: Don't care

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

Co1_| AO|A1 |A2|A3|A4|A5|A6|A7|A8|A9|A10|A11|A12|A13| Al12 A13 [Result

(CAS strobes) o 0 |Enables Read/Write
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 tragmin) is satisfied.

Soon after the precharge command is asserted, the precharge operation is performed and the synchronous DRAM
enters the idle state after trpimin,) 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.

Burst lengh=4
PrechargeE TO T1 T2 T3 T4 15 T6 17

CLK

Command

CAS latency =2

S N ) CRCD E RS

Command

CAS latency =3

Hi -2
DQ | <QO ><Q1><02><Q3 — -

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

(tras is satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter tpp "must be satis-
fied. The tpp(min) Specification defines the earliest time that a precharge command can be asserted. The
minimum number of clocks can be calculated by dividing tppy(min.) by 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 + tDPL(min.)
3 -2 + tDPL(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 com-
mand), auto precharge is selected and 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 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 com-
mands before the entire burst operation is completed. Therefore use of the same bank Read, Write, Pre-
charge 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.

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 lengh = 4

T0 T1 T2 T3 T4 15 16 17

CLK

No NewlCommand th BankB | ——— -l
I I I [

| |
I
Auto prepharge startp |
I
I
I

I
I
READA B I
I
I
I

Command

CAS latency = 2

DQ
|
ld—l— NoI New Comnl'land to Bark B —
I I I I I
Auto pregharge start
Command P l: F

I

[ I

I I I
CAS latency =3 | I

I

READA B '
I

J I

I I

Remark READA means READ with AUTO PRECHARGE

|

|

|

|

| ¥ |
:——————|——<QBO ><QB1 >< QBZ><QBS >7—|—"”;Z—
|

|

|

|

|

|

|
ba I'——‘I'———r———t—<OBO><QB1><QBz><QBs,>—Hi'—Z
| ] ] 1 ]
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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

T0 T1 T2 T3 T4 T5 16 T7 18
CLK

|<— | NoNew Corpmand to Bank B |—>| |
Command I | | AUTO PRECHARGE startk [
WRITA B | | | | |

—_— t
CAS latency = 2 | | b DFL_, | |
| I

| |
| I
| I
| | |
| | | | v | |

DQ |——< DBo><DB1><DBz><DBs>——l———4———-|——H"L-|——
| | T T T I | I I
| |
| |
| |
| |
| |

-

|

4—'— No Nevr Command tolBank B | —|—>I

| | |AUTO PRECHARGE starth
WRITA B | | |

I

1

Command
tppL

|
CAS latency = 3 | I = I

I
I
I
) | I iz
DQ - — DBO><DB1><DBZ><DB3>——|————|————I———
| | | ! 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 + tppL(min)
3 -2 + tDPL(min.)
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Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

8.3 Multibank Operation- Read with Auto Precharge

During a READA cycle interrupted by a Read, Write command of another banks, the auto-pre-

charge scheduled time would not be changed.

Multibank Operation

Burst lengh=8

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14

| | | | Auﬁ o precharge b?nk A starts |
Command
o )
I

I
I I
CAS latency=2 : I I I I v

I
[ I I I
Auto precharge bank A starts
| | AP ge bjnicAsfarts
Read B | | | | | | | |
I I

Hi-Z

I
I
I
DQ L L 1

I
I
Command | READA A)
I
I

CAS latency=3

| I I I I I
| Hi-Z
S XN+
I l
Similiar top.21
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8.4 Multibank Operat

ion- Write with Auto Precharge

During a WRITEA cycle interrupted by a Read, Write command of another banks, the auto-pre-

charge scheduled time would not be changed.

Multibank Operation

CAS latency=2

DQ

Command
CAS latency=3

DQ

Burst lengh=8

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
CLK
| | Auto precharge bar|1k A starts
Command | I

<meXmeXme>m

Auto pred

tharge balpk A starts

{mxmxmxmxw>m

Multibank Operation

T

CLK

Command

CAS latency=2

DQ

Command
CAS latency=3

DQ

Burst lengh=8

0 T T2 T3 T4 T8 T9 T10 T11

Mmm

Au1]o precha,

rge banklA starts
I

-
<WXMXMXmeXMXWXMXmXw>—_ﬂé

i i i i i Auto precharge bank|A starts
I | | I I

<WXWXMXWXWXMXWXMXMXW>__j;

y
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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 16 17 18

CLK

Command

DQ

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 T T2 13 T4 T5 16 17 T8
CLK
I . L I I I I I I
Command | < Write A >< Write B > I | I I I I
I I I I I I I
I I I I I I I
| 4 v | I I I I |
DQ I_ —< QA0 >< QBO >< QB1 >< QB2 >< QB3 >— |—Hz — I— — 41 __
I I | I
I I I I I I I | |
1 cycle
| |22 | | | | I |
| I | 1 I I I ! 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 DoyT.

WRITE to READ Command Interval

Burst lengh=4

TO T1 T2 T3 T4 15 16 T7 T8

CLK

Command

CAS latency=2

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 T T2 T3 T4 15 T6 T7 T8
CLK
| ' ' I I I I | I
Command | < Read >< Write > | | I | | I
| | [ I | I I | I
DQM | I I I I I I
| M : | : I | i
DQ | | I | I
Hi-Z
R LD T € D SR
! | | | | | | ! !
| | 1 cycle | | | | | I |
| 1 1 1 | | | ! |
Burst length=8, CAS latency=2
TO T T2 T3 T4 15 T6 T17 T8 T9
CLK
| I I I I I I I
[ | I I L | | I | |
pav | | ! -/ R \— : I
| | | \ | |
I I | |
DQ |___.|___T_< Qo >< al Qz __|_< Do >< D1 >< D2 ><
Hi-Z is
| ! | | | | [ ! | |
| | necessary |
I I I I I I |
! I I I I I | ! | I
example: Burst length=4, CAS latency=3
T0 T1 T2 T3 T4 15 T6 17 T8
CLK 1
| I I I I | I |
| | I | | | | | |
Dam | | /| | TN | : |
| | I I \\ | I I
ba | + I I I I | I
| > l l necessary T | T
| TI:'Ie minimum c:ommand inte:rval = (4+1) C)!/cles ! | I l l
| | |
Document : 1G5-0152 Rev.1 Page 24
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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 asserted, the burst read data are termi-

nated and the data bus goes to high-impedance after the CAS latency from the burst stop com-

mand.

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 lengh=X, CAS Intency=2,3

TO T1 T2 T3 4 5 T6 T7
CLK 1
I I I I I I I
Command | | | BST | | | |
I I I I I I I I I
I I I I I I I I I
I 1 1 | Hi-Z L 1
CAS latency=2 - — — —_ — Qo Qi Q2 _ _ —
pQ I I | . T T I I I
I I I I | I I I I
CAS latency=3 L 1 _ _ _ < Qo >< Qi >< a2 >_ LoHZz_ ]
DQ I I | I ; . ; I I
I I I I I I I I I
1 1 ] ] ] ! 1 ! !
Remark BST: Burst stop command
Burst lengh=X, CAS latency=2,3
T0 T1 T2 13 T4 T5 16 T7
CLK
Command BST

CAS latency=2,3

I
I
D CR ED DS
DQ
I I [ I [ I I
I I I I I I I
| | 1 | 1 | |
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 asserted, 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 com-
mand.

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

mand.

Precharge Termination in READ Cycle

Burst lengh= X
TO T1 T2 T3 T4 15 T6 T7 T8

CLK
Command

CAS latency=2

I
I
I
I
DQ F— —

I
I
wommene I
I
I
I

CAS latency=3

b l___!___!___T_< oo><01><oz><'os>_i__z__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 com-
mand. When the precharge command is asserted, the burst write operation is termi-
nated 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 pre-
charge 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 13 T4 15 16 17 18

CLK

Command

CAS latency = 2
DQM

DQ + _< Do

I
I
I
I
|

command

CAS latency = 3

DOM
DQ

| u

: |
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Timing Diagram

Document : 1G5-0152 Rev.1 Page 28

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



‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Mode Register Set

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

CLK

CKE

RAS

CAS

BS

A10

ADD

I I I I I | I I I
DQM I I | | | I | | I
-~ i : i i | i i i
DQ _ . T _—_r—_
| 1 1 1 1 1 | 1 1 1
Precharge Mode Register Command
Command Set Command
All Banks
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AC Parameters for Write Timing (1 of 2)

CAS

BS

A10

ADD

DQM

DQ

Burst Length=4, CAS Latency=2

1 1 1 | I 1 1 1 1 1 1 I 1 | 1 1 1 1 1 1 1 I |
| TOIT1| T2 T3 | T4 |T5 1 T6| T71 T8 | TOIT10 T11 T13 T13 T14{ T15|T16|T17| T18/ T19/ T20IT21[|T22

Begin Auto|Precharge Begin Auto |Precharge
BanI:IA l r] Ban}gB (Bank D)r‘|
I

U

I
|
|
|
I
I
|
-
I

Activate Write with  Activate Write with ~ Activate ~ Write without Precharge _Activate Activate
Command Auto Precharge Gommand Auto Precharge Command Auto Precharge Command Command  Command
Bank A Command Bank B Command Bank A Command Bank A Bank A Bank B
Bank A (Bank D) Bank B Bank A (Bank D)
(Bank D)
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AC Parameters for Write Timing (2 of 2)

Burst Length=4, CAS Latency=3,4

| Tol T1| T2l T3] T4l 751 Te | T7| T8 | T9 [T10M11 I T12|T13IT14| T19d T1d T14T18 T19/ T20/ T21|T22|T23

CLK
0t

Begi LJ] Autol Precl’rafge Begir} Auto|Precr‘|arge

[ [
I I
CKE Ban Bank B (Bank D) | | | |
I I N N [
(. (I [
cs [ I [
[ ([ [
[ [ [
RAS
CAS
WE
BS
A10
ADD
I [
b
DQM [ [
|1 I._ltacol
bQ | | | I | 'rrD
| [ | |
I [ [
-4+ =+
I I + 1 1
Activate Write with  Acti i i " Write without Precharge Activate
Command Auto g;xarge Cgll‘nlf::md Aut\évgtz\cnrqtar:ge égtrlxrarE:nd Auto Precharge Command Command
Bank A Command Bank B Command Bank A Command Bank A Bank A
BankA  (Bank D) Bank B Bank A
(Bank D)
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AC Parameters for Read Timing (1 of 2)

CLK

Burst Length=2, CAS Latency=2

| | | | | |
|To |T10 | T11 | T12 | T13

CKE

y
Bégin Auto
Prlecharge

Bank Bl(Bank D)

RAS

CAS

BS

A10

ADD

DM

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 D) Bank B
(Bank D)
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Power ed

AC Parameters for Read Timing (2 of 2)

Burst Length=2, CAS Latency=3
1 1 | 1 1 1 1 1 1 1 1 1 1 1 1
ol mlre sl rals 16l 17 M1 e 1ol 11 Tz Pras lr1a s
CLK
I
]
Begin Auto
CKE Precharge
BankP (Ban
— |
CS
\ L/
I
I
RAS
CAS
WE
BS
A10
ADD
DQM
DQ
Activate Activate Read with Activate
Command Command Auto Precharge Command
Bank A Bank B Command Bank A Bank A
(Bank D) Bank B (Bank D)
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Power on Sequence and Auto Refresh (CBR)

I I I I I I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1
| TO| T1| T2| T3| T4 | T5|Te | T7 | T8| TO|T10|T11|T12|T13|T14| T18§ T16/ T17] T18/T19|T20|T21|T22
CLK SS l l 55 l l
e e e e (O O O e e
(L > (L
W Honweber T T T T T W T T T T T T | I —
| 'ﬁ requTed | | | Mpimur of 2|Refreph Cygles afe reqyired | | | | | |
| N e e A e e e R O L
cs [ A Y EA H) A e W A I B 1
Y 1 2 O e O U 2 R I I B [
I N e I e e e e R [
I
RAS I
|
I
CAS :
I
WE
BS
A10
ADD
e R (O N O D R e e I e A O R
DQM 1 (( 1 1 1 1 1 1 1 (( 1 1 1 1 1 1 1 1 | | | |
) IHighILeveI lis Neéessar&/ I I D) I l I I I I I I I
e e e e e e e I O e e e R 0 O O
R N U T T Y N I NN = A N N N H Y Y R
Hi-Z >
pa -~ Hf—+4-1—+A—-tf1—-—+4-—+4A-F+A—-+A4—-1—-
1 | 1 1 1 1 1 1 I 1 I | I 1 1 1 | + 1 + 1 1 1
/]\ Precharge 1st Auto 2nd Auto Mode Register Command
Inputs Command Refresh Refresh Set Command
must AllBanks  Command Command
be stable
for 100us
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Clock Suspension During Burst Read (Using CKE) (1 of 2)

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

Burst Length=4, CAS Latency=2

DQM

H

gl
Hi-Z
b - = — QAat >< QAaz >< QAa3 _
| + A |
Read Clock Clock Clock
Cé)?rt::naetﬁd Command Suspended  Suspended Suspended
Bank A Bank A 1 Cycle 2 Cycles 3 Cycles
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Clock Suspension During Burst Read (Using CKE) (2 of 2)

| TO| T1| T2| T3| T4 | T5|T6 | T7 | T8| TOT10|T11|T12|T13|T14[T15[T16|T17|T18|T19|T20|T21|T22

Burst Length=4, CAS Latency=3

ADD

I HZo| || |
Hi-z
R e D D G Ll
1 1 1 1 1 1 1 1
. T Clock Cllth:k Clock

A Read
Co?rt:éa;ﬁd Co?r?mand Suspended  Suspended Suspended
Bank A Bank A 1 Cycles 2 Cycles 3 Cycles
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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| TO|T1QT11T12|T13|T14|T15[T16|T17|T18§T19|T20|T21|T22

s

I
Hi-Z_l

1

Activate Clock Clock Clock
Command Suspended Suspended Suspended

Bank A Write 1 Cycle 2 Cycles 3 Cycles

Command
Bank A
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Clock Suspension During Burst Write (Using CKE) (2 of 2)

Burst Length=4, CAS Latency=3

| 1 | | 1 1 1 1 1 | | | 1 | | | | 1 | 1 1 | |
| TO|T1|T2|T3 |T4 |T5 |Te | T7 | T8|T9 [T10|T11|T12|T13|T14|T15|T16| T17/ T1g8 T19/T20| T21|T22

ADD

[
I
} }
. [ | [
DQ H-z) ——= 4+
I I I

|
|
|
|
_
I

Activate Clock Clock Clock
Command Suspended Suspended Suspended
Bank A Write 1 Cycle 2 Cycles 3 Cycles
Command
Bank A
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Power Down Mode and Clock Mask

CLK

Burst Length=4, CAS Latency=2

| TO| T1| T2 T3| T4 | T5|T6 | T7 | T8| TO|T1QT11|T12|T13|T14[T15[T16|T17]T18|T19|T20|T21|T22

CKE

I I l I
~+GLK can be Stopped’s
| st

RAS

CAS

BS

A10

ADD

I (I | | rr 1 1 1T 1
DQM R T O O O R I 0 O T O R
; I I I I ; ! | [ ] ] | | | £
I I 1 I 1 I 1 T — 1 t 1
T T Y R IO I - 00 T T T A I
Hi-Z
| | 1 ! 1 | 1 1 | 1 | | 1 1
ACTIVE Prach broch *
- STANDBY recharge recharge  Power
Activate Read
Command Command Command Standby Down
Bank A Bank A que
Power Down Exit c d
Power Down Power Down Clock Mask Clock Mask Mode Entry omman:
Mode Entry Mode Exit Start End
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Auto Refresh (CBR)

Burst Length=4, CAS Latency=2
| | | | | | | | | | | | | | | | | | | | | | |
| TO| T1| T2| T3| T4| T5|T6|T7| T8| T9| T10T11|T12|T13|T14|T15|T16| T17AT18 T19|T20/T21|T22

CLK l l I l l I
[ <P N e e e e e I e e e D e e O
- .
[ I [ I [ I [ I I [ [ I [ I [ [ [ I I I I
CKE T T (S Y N B B
| I I I I I I | I I I | I | | | I | | | I
cs M\ T T Tt T
I I I | | I I | I I I | I I I I I | I | |
e e O [ N N AR
T | | | |
RAS \ \ | \
| I
I |
CAS | !
WE
BS
A10
I
ADD E
I I I
baM R T T T e e A Y B o
1 1 1 1 1 1 1 ] I ] | 1 ] ] ] 1 1 | ] | |
| T 1 T T T It T T T T T T 1 T T T T T T
T e e e e e e e e e I L
Hi-Z
o FH b e A e o — aaaa
| | 1 1 1 1 1 1 1 | 1 | 1 1 1 1 1 |
b
Activate Read
Precharge CBR Refresh CBR Refresh Command Command
Command Command Command
All Banks
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Self Refresh (Entry and Exit)

! ! I I L CLK can He Stopbed@! | ! | 1 1 1 1 1 1 1 1 1 1
| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T1d T14lT12T13IT14IT15 T16l T1AT18 T19l T20l T21IT22

CLK

CKE

RAS

CAS

BS

A10

ADD

DQM

§
—H - -
T

All Banks Self refresh Self Refresh Self Refresh I Activate
must be idle Entry Exit Entry Self Refresh Command
Exit

I
I
I
I
DQ I
I

I
-+

- =t

I
|
I
4 —
|

I | i
| | | L
— — I
| | !
-4 — 1 !
| 1 1 1 1

* Clock can be stopped at CKE=Low. If clock is stopped, it must be restarted/stable for 4 clock cycles before CKE=High
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

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

Burst Length=4, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T1d T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

ADD

DQM

Precharge Read Read Read Precharge Activate Read

Command  Command Command Command Command Command Command
Bank A Bank A Bank A Bank A Bank A Bank A  Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

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

Burst Length=4, CAS Latency=3

I I I I I 1 I l I I I I I l I 1 I I I I I I I
| TO| T1| T2| T3| T4 | T5|T6 | T7 | T8| T9| T1OT11|T12T13|T14|T15[T16| T171T18 T19|T20|T21|T22

ADD

DQM

I

I

I

I
DQ — —

e
T

Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A
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Preliminary

VIS

VG36648041BT

CMOS Synchronous Dynamic RAM

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

| TO] T1] T2| T3| T4 | T5|T6|T7| T8| T9| T1QT11|T12/T13|T14|T1

Burst Length=4, CAS Latency=2

5[T16| T17]T18§ T19|T20| T21|T22

}

BS /|
[
A10
[
ADD
[ [ O
DQM I I T
f 1
[ I I B
DQ — + 14—+
1 + 1 1

Activate Write Write Write Precharge Activate
Command  Command Command Command

Bank B Bank B Bank B Bank B Bank B Bank B
(BankD)  (Bank D) (Bank D)  (Bank D) (BankD)  (Bank D)

Write
Command Command Command

Bank B
(Bank D)
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VIS

Preliminary

VG36648041BT

CMOS Synchronous Dynamic RAM

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

Burst Length=4, CAS Latency=3
| | | | | | 1 1 1 | 1 | 1 | 1 1 1 1 1 1 1 1 I
| Tol T1l T2l T3l T4l Ts1Te | T7 | T8l Tol T1A T11IT12T13IT14IT15IT16I T1A T18 T19l T20 T21IT22
CLK
|t
CKE
cs
RAS
CAS
WE
BS
A10
I
ADD E
[ [
DQM | (. I
] ! | ! ] ]
T T T T T T
I
o ) o o ) ) . Bt e i B Bl G )
1 1 T
Activate Write Wlte WIte Precharge Activate Write
Command Command Command Command Command Command Command
Bank B Bank B Bank B Bank B Bank B Bank B Bank B
(Bank D) (Bank D) (Bank D) (Bank D) (Bank D) (Bank D) (Bank D)
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

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

Burst Length=8, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

Activate Read Activate Precharge Active Read

Command  Command Command Command Command Command
Bank B Bank B Bank A Bank B Bank B Bank B
(BankD)  (Bank D) (Bank D)  (BankD) (Bank D)
Read
Command
Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Random Row Read (Interleaving Banks) (2 of 3)

Burs tLength=8, CAS Latency=3
| | | | | | 1 I 1 | 1 | 1 | 1 1 1 1 1 1 1 1 I
| Tol T1l T2l T3l T4l Ts1Te | T7 | T8l Tol T1d T11IT12T13IT14IT15IT16I T1A T18 T19l T20 T21IT22
CLK ' l | ' . |
Itokal | [ I | | I |
—
CKE I I [ [ | [
High I I [ | | I I I
[ [ [ [
— I —— | — | — [ —
CSs
w | \lr/ | 1/ | 1/ |
I [ I I
I | il
RAS /1
T T | ®
e e e e
CAS |
WE
BS
A10
ADD
DQM
DQ
Activate Read Activate Read Prelharge Activate Read Precharge
Cng%”d CBomL“S”d Command Command %Ommgmd gomkmglnd Command Command
an n n
(Bank D) (Bank D) Bank A Bank A (Bank D) (BZlnk D) (Eaaﬂt %) Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

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

Burst Length=8, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

Activate Write Activate Precharge Active Write
Command Command Command Command Command Command
Bank A Bank A Bank B Bank A Bank A Bank A
(Bank D) Write Precharge
Command Command
Bank B Bank B
(Bank D) (Bank D)
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Preliminary

VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

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

1 1 1 1 | | 1 1 | | | | I 1 1
| Tol T1l T2l T3l Tal 751761 77| T8l Tol T1d T11lT12T13IT14IT15IT16] TIAT18 T19l T20l T211T22

Burst Length=8, CAS Latency=3

ADD

DQM

DQ
Activate Write Activate Write Precharge Activate Wirite Precharge
Command Command Gommand Command Command Command Gommand Command
Bank A Bank B
Bank A Bank A Bank B Bank B Bank A Bank A an
(Bank D) (Bank D) (Bank D)
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Read and Write Cycle (1 of 2)

Burst Length=4, CAS Latency=2

1 1 1 1 | | 1 1 1 | | | I 1 1 I 1 1 1 1 1 I 1
| Tol T1l T2l T3l Tal 751 761 17| T8l Tol T1gd T11lT12T13IT14IT15IT16] TIAT18 T19lT20I T211T22

I

\/

CAS
WE
BS
A10
ADD : ’
|| | |
| | |
I | | |
DQM } 1 ;
[ | I
ba — L L S
[ | |
1 1 I 1 1 f 1
Activate Write Write  The Write Data Read The Read Data
Command Command Command is Masked with a Gommand is Masked with
Bank A Bank A Bank A Zero Clock Bank A Two Clocks
latency Latency
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Preliminary

VIS

VG36648041BT

CMOS Synchronous Dynamic RAM

Read and Write Cycle (2 of 2)

1 1 1 1 1 | 1 1 1 | 1 1 1 | | I
[ Tol T1]1 T21 T3 T4l 751 T8 I T7 | T8 fT9 M10|T11IT12IT13IT14IT15IT16| T17AT18 T18l T20IT21IT22

Burst Length=4, CAS Latency=3

ADD

DQM

|

|

|

|
DQ — L
|
1

Activate Write  The write Data _Read
The Read Data
Command Command ;¢ Masked with a Command is Masked with
Bank A Ban Zero Clook | Bank A a
ero Lloc! a Two Clock
Latency Latericy
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VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

Preliminary

Interleaved Column Read Cycle (1 of 2)

| Tol T11 T21 T3l T4l 151 T6 | T7 |1 T8 IT9

Burst Length=4, CAS Latency=2

10| T11IT12/T13IT14IT15[T16| T1A T1d T1d T20 T21I T22

Activate Read Activate  Read Read Read Read Read Precharge
Command Command Command Command Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank B Bank B Bank A Bank B Bank B
(Bank D) (Bank D) (BankD) (BankD) (Bank D) (Bank D)
Precharge
Command
Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Interleaved Column Read Cycle (2 of 2)

Burst Length=4, CAS Latency=3

1 1 1 1 1 | I 1 1 | 1 1 1 | 1 1 I | | 1 1 I |
[ Tol T11 T2 T3 T4l 751 T8 I T7 | T8 fT9 M10|T11IT12T13IT14IT15[T16| T1AT1d T1d T20 T21I T22

ADD

DQM

Activate Read Read Read Read Precharge precharge
Command Command Command Command Command Command Gommand

Bank A Bank B Bank B Bank B Bank A Bank B B
Bank D ank A
Activate (Bank D) (BankD) ( ) (Bank D)
Command
Bank B
(Bank D)
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Preliminary

VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

Interleaved Column Write Cycle (1 of 2)

1 1 1 1 1 | I 1 1 | 1 1 1 | 1
[ Tol T1l T2| T3l T4l T51 T8 I T7 I T8 IT9 M10IT11IT12/T13]

Burst Length=4, CAS Latency=2

1 I | | 1 1 I |
T14lT15IT16| T1A T1d T1d T20 T21I T22

DQM

Rz

Activate Write Activate Write Write Write Write Precharge Precharge
Command command Command Command Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank B ank B Bank A Bank A Bank B
(Bank D) (BankD) (Bank D) (BankD) Write (Bank D)
Command
Bank B
(Bank D)
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Preliminary

VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

Interleaved Column Write Cycle (2 of 2)

Burst Length=4, CAS Latency=3

[ Tol T11 T2 T3 T4l 751 T8 I T7 | T8 fT9 M10|T11IT12T13IT14IT15[T16| T1AT1d T1d T20 T21I T22

ADD

Rz
|

f

Activate Write Write Write Write Write Write Precharge
Command Command Command Command Command Command  Command Command

Bank A Bank A Bank B Bank B Bank B Bank A Bank B Bank B
Activate (Bank D) (Bank D) (Bank D) (Bank D) (Bank D)
Command

Bank B Command
(Bank D) Bank A
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VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

Preliminary

Auto Precharge after Read Burst (1 of 2)

Burst Length=4, CAS Latency=2
1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
| Tol T1] T2 131 T41 75| T6 [ T7 [ T8 IT9 M10[T11IT121T13IT14IT15IT16] T14 T1d T1d T20 T21/ T22
CLK
| I
L || I
CKE S Prech h
e T
I [
= N IR B
CS
I [
I (R
I [
RAS
CAS
WE
BS
I
wo )
I
ADD @
I I
DQM | |
P I
I I
DQ H-Z| —— 4 »
\ :
Activate Read Activate Read with Read with Activate
Command Gommand Command Auto Precharge Auto Precharge Command
Bank A Bank A Bank B Command Command Read with Bank A
(Bank D) BankB Bank A Auto Precharge .
(Bank D) Activate Command Read with
GCommand ,BankB Auto Precharge
Bank B (Bank D) Comman
(Bank D) Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (2 of 2)

Burst Length=4, CAS Latency=3

1 1 1 1 1 | I 1 1 | 1 1 1 | 1 1 I | | 1 1 I |
[ Tol T11 T2 T3 T4l 751 T8 I T7 | T8 fT9 M10|T11IT12T13IT14IT15[T16| T1AT1d T1d T20 T21I T22

Start Auto Rrecharge Start Auto Start Ayto Pretfharge
BanklB (Bahk D) precharge ank B | (Bank!D)

Bank A

DQM

T,

Activate Activate Read with Read with Activate Write with
CRamA” Command  AdioPrechaige  auto Precharge  “prnin®  AUCITERIN
an an omman:
(Bank D) Bank B (Bank D) Gommand (Bark D)  Bank B (Bank D)
Read
Command
Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (1 of 2)

Burst Length=4, CAS Latency=2

1 1 1 1 1 | I 1 1 | 1 1 1 | 1 1 I | | 1 1 I |
[ Tol T11 T2 T3 T4l 751 T8 I T7 | T8 fT9 M10|T11IT12T13IT14IT15[T16| T1AT1d T1d T20 T21I T22

CLK
I

I I |

[ R T R A R
Start Auto Precharge Start Auto Precharge Stary Auto |echa1ge
BarK B (Bahk D) BanHA | Bank B (Bank D)

CKE

RAS

CAS

ADD

DQM

|

|

|

L&

|
A10

|

|

|

[

Hi-Z
pa -4 —
|
Activate Write Activate Write with Write with  Activate Activate FS’:Z:hAIE”Z
Command Command Command Auto Precharge  Auto Precharge Gommand Command 5 ;‘/g
Bank A Bank A Bank B Command Command Bank B Bank A . . an
(Bank D) Bank B Bank A (Bank D) Write with
(Bank D) i i Auto Precharge
Write with Bank A
Auto Precharge
Command
Bank B
(Bank D)
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Auto Precharge after Write Burst (2 of 2)

Burst Length=4, CAS Latency=3

1 1 1 1 1 | I 1 1 | 1 1 1 | 1 1 I | | 1 1 I |
[ Tol T11 T2 T3 T4l 751 T8 I T7 | T8 fT9 M10|T11IT12T13IT14IT15[T16| T1AT1d T1d T20 T21I T22

CLK
[ For
[ 1 | [ T S N

CKE i Stary Auto Prechaige Start Auto | Start Auyto Pregharge
Bank B (Bénk D) Predharge ank B I(Bank D)
| Bank A |

v

RAS

CAS

i
|
|
|
|
i
|
|
|
|
|
|
|
|
m |
|
A10 \ /) . ; @

ADD

DQM

wo L[

Activate Activate ReIld with Rej d with Activate Write with
CRamA” Command  AdioPrechaige  auto Precharge  “prnin®  AUCITERIN
an an omman:
(Bank D) Bank B (Bank D) Gommand (Bark D)  Bank B (Bank D)
Read
Command
Bank A
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VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

Preliminary

Full Page Read Cycle (1 of 2)

Burst Length=Full Page, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

CLK

CKE

RAS

CAS

BS

A10

ADD

DQM

DQ

o

Read Full page burst operation does not

page address back to zero
during this time interval

Activate Read Activate Command terminate when the burst length is Precharge  Activate
Command Command Command Bank B satisfied; the burst counter Command Command
Bank A Bank A Bank B (B;nk D) increments and continues bursting Bank B Bank B
(Bank D) beginning with the starting address (Bank D) (Bank D)

The burst counter wraps Burst Stop
from the highest order Command
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Full Page Read Cycle (2 of 2)

Burst Length=Full Page, CAS Latency=3
| | | | | | | | | | 1 | | | I | | | | I | I I
| Tol T11 T2l T3l T4l T51 Te | T7 | T8l Tol T1d T11IT12T13IT14IT15IT16l T17A T18l T19l T20I T21IT22
CLK
IICKSI
I
CKE I
I
— |
CS I
I
I
RAS
CAS
WE
BS
A10
ADD
DQM
DQ
I
Full page burst operation
Activate Read Activate CoRn?:wdand does not teminate when Precharge Activate
Command Command  Command Bank B the burst length is satisfied; Command Command
Bank A Bank A Bank B (Bzaxzk D) the burst counter increments Bank B Bank B
(Bank D) and continues bursting (Bank D) (Bank D)
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
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Full Page Write Cycle (1 of 2)

Burst Length=Full Page, CAS Latency=2
| | | | | | | | | | 1 | | | I | | | | I | I I
| Tol T11 T2l T3l T4l T51 Te | T7 | T8l Tol T1d T11IT12T13IT14IT15IT16l T17A T18l T19l T20I T21IT22
CLK
CKE
cs
RAS
CAS
WE
BS
A10
ADD
DQM
DQ
Acti 4 : Data is ignored T .
ivate Write Activate Precharge  Activate
Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank B
(Bank D) 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 the burst counter increments
during this time interval and continues bursting
beginning with the starting
address
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Full Page Write Cycle (2 of 2)

CLK

Burst Length=Full Page, CAS Latency=3

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

O;—‘-
~

CKE

RAS

I R

CAS

BS

A10

ADD

DQM

DQ

I

I

f
Data is |gn1)red

h H Write
Activate Activate Command Precharge Activate
Command Command Co;r:]TaBnd Bank B Command Command
Bank A Bank A (Bank D) (Bank D) Bank B Bank B
The burst counter wraps Full page burst operation (Bank D) (Bank D)
from the highest order does not terminate when Burst Stop
page addregss back to zero the burst length is_satisfied; Command
during this time interval rnedbc%r::iss:gtsﬂrlgtcirzzments
beginning with the starting
address
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VIS

Preliminary

VG36648041BT
CMOS Synchronous Dynamic RAM

Byte Write Operation

Burst Length=4, CAS Latency=2
| | | | I I | 1 | | 1 | | | | | | | | | | 1 1
| Tol T11 T2l T31 T4l Ts1Te I T7 | T8l Tol T1d T11T12T13IT14lT15IT168I T1A T18l T19l T20l T21IT22
| 1 [ N N I 1 1 1 1 1 1
| L rr ey
CKE  Hon T I I Y (Y N R B
| | | | | | | | | | | | | | | | | | | | |
cs w B \‘lr/ o W o
[ N N Lo N e I R e e
N N I N B [ I R I N N N
RAS
CAS
WE
BS
A10
ADD
DQM
DQo~DQ7 — + —|—
I I
I
|
Activate Refad Upper Byte ~ DQs are Write  Write Upper _ Read DQs are DQ
Command Command is masked masked Command s masked Command masked masskzzje
Bank A Bank A Bank A Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Burst Read and Single Write Operation

Burst Length=4, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T11lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

I ICKZI

CKE HIgI’]

)

RAS

CAS

BS

A10

ADD

DQM

I

I

I

I I I

I I I

I I I

-+ 0000+
DQO~DQ7 — + —| — | -+

I I I

I I I

| | | |

Activate Read Single Write  Single Write Read DQs are Single Write  DQs are

Command Command GCommand Command Command — masked Command masked

Bank A Bank A Bank A Bank A Bank A Bank A
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Full Page Random Column Read

Burst Length=Full Page, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

i " Read Read Read Precharge

Ci?r:\r/:;id éztrlr\::::nd C?r(:?:and Command  Command Command Command Bank B.(Bahk D,
Bank A Bank B Bank B Bank B Bank A Bank B (Precharge Termination)
(Bank D) (Bank D) (Bank D) (Bank D) et

ivate

Read Read Command
Command Command Bank B
Bank A Bank A (Bank D)
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Full Page Random Column Write

Burst Length=Full Page, CAS Latency=2

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

) , . Write Write Write Precharge
Ci?r:\r/:;id éztrlr\::::nd Crrlr?rt:and Command Command Command ommand Bank B.(Balnk
Bank A Bank B Bank B Bank B Bank A gani BD (Precharge Termination)
(Bank D) (Bank D) (Bank D) (Bank D) Activ
ate
Write Write Write Data command
Command Command is masked Bank B
Bank A Bank A (Bank D)
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‘ 7I S Preliminary VG36648041BT
CMOS Synchronous Dynamic RAM

Precharge Termination of a Burst (1 of 2)

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

| Tol T1l T2l T3l T4l 751 Te | 77| T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

.T T recharge  Activate Read Precharge Actlvate Read Precharge
CAocrir:‘r/r?;id C::Inr:?and Command Command  Command Command | Command Command Commagd
Bank A Bank A Bank A Bank A Bank A Bank A Bank A Bank A Bank A
Precharge Termination Precharge Termination
of a Write Burst. Write of a Read Burst.
data is masked.
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Power ed

‘ II S ﬁ Preliminary VG36648041BT

CMOS Synchronous Dynamic RAM

Precharge Termination of a Burst (2 of 3)

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

| Tol T1l T2l T3l T4l 751 Te | T7 | T8l Tol T10 T14lT12T13IT14IT15IT16l T1AT18 T19l T20l T21IT22

CLK
t

CKE

\/

\/

RAS

CAS

ADD

DQM

f f

Write Precharg Activate Read Activate Activate

Command Command Command Command Command
Command Command Bank A
Bank A Bank A Bank A Bank A Bank A Bank A
Ny Precharge Termination
Write Data  precharge Termination of a Read Burst.
is masked of a Write Burst.
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VIS

VG36648041BT
CMOS Synchronous Dynamic RAM

Preliminary

Ordering information

Part Number Cycle time Package
VG36648041BT-8H 8ns 400mil
VG36648041BT-8L 8ns 54-Pin
VG36648041BT-10 10ns Plastic TSOP

VG36648041BT-8H

VG —» VIS Memory Product

+36 —>» « Technology/Design Rule

64 —>» +64Mb

80 ——» +Device Configuration, 80: x8

4 —  +Device Infernal Banks

«1 — clnterface Type, 1: LVTTL

*B — -+ Mask/Design Version

T — + Package Type, T: TSOP

84 —» «Cycle time, 8H: 8ns, 8L: 8ns, 10: 10ns.

Packaging Information
*400mil, 54-Pin Plastic TSOP

1. CONTROLLING DIMENSION . MILLIVETERS
2. DIMENSION D DOES NOT INCLUDE MOLD PROTRUSION.
MOLD PROTRUSION SHALL NOT EXCEED 0.16mm(0.006") PER SIDE.

DIM MILLUMETERS INCHES
MIN NOM. | MAX. | MIN NOM. | MAX 54 28

A o I T I I Y AAAARAARARAAAARAAARAAAAAAAAR

A1 005 - 015 000? - 0006

A? 095 100 1.05 0037 0039 0041

3 0.30 — | 045 | oo — | o018

b1 030 - 0.40 o012 - 0016 E1 A1
< 017 021 | ooos — [ oaoa

¢t | o2 — | 016 | 0005 — | 0.006

D | 2200 | 2222 | 2235 | 0870 | 08756 | 0850 .

D 0.71 REF. 0026 REF. O

© 0.60 BASIC 0.0315 BASIC HHHHHHHHHHHHHHHHHHHHEHHEHEEE
E | 1156 | 11.76 | 11.96 | 0.455 | 0.463 | 0.471 L 27
ET | 1008 | 10.16 | 1020 | 0.395 | 0.400 | 0.405 D
L 0.40 0.50 060 | 0016 | 0020 | 0.024 '
R 012 025 | 0.005 — | 0010
R | 012 — | 0005

NOTE: DETAIL A

DIMENSION E1 DOES NOT INCLUDE INTERLEAD PROTRUSION.
INTFRI FAD PROTRUSION SHAI 1 NOT FXGFFD 0 25mm(0 01°) PFR SIDF

3. DIMENSION b DOES NOT INGLUDE DAMBAR PROTRUSIONS1NTRUSION.
All OWARI F DAMBAR PROTRUSION SHAIT NOT GAUSF THF | FAD TO
BE WIDER THAN THE MAX b DIMENSION BY MORE THAN 0.13mm.
DAMBAR INTRUSION SHALL NOT CAUSE THE LEAD TO BE NARROWER
THAN THE MIN b DIMENSION BY MORE THAN 0.07mim.

A —~
I S — +\/,\gg/}
L;ﬁ
S

EATING PLANE
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