Preliminary

IBM038329DQ6 1BM038329PQ6
IBMO38329NQ6 IBM038329QQ6

Features

* Fully synchronous; all signals registered on pos-
itive edge of system clock.

* Internal pipelined operation; column address
can be changed every clock cycle.

* Dual internal banks for hiding row precharge;
Each bank is 128k x 32.

* Programmable burst lengths: 1, 2, 4, 8 or full
page

* Burst Read with Single Write

* Programmable CAS Latency: 1, 2, 3

= 8 column Block Write and Write-per-Bit modes

* 100Mhz Block Write operation

* Two Color Registers

* Independent byte operation via DQMq.3

¢ Auto Precharge and Auto Refresh modes

* 1K Refresh cycles/16ms

¢ 1K Refresh cycles/128ms for Self Refresh parts

¢ LVTTL/SSTL- compatible inputs and outputs

256K x 32 Synchronous Graphics RAM

» Single 3.3V +0.3
¢ 100-pin LQFP (0.65mm lead pitch)

Options -
Timing g
BR7ns Access (< 150 Mhz clock rate) -6R7
7R5ns Access (< 133 Mhz clock rate) : -7R5
10ns Access (< 100 Mhz clock rate) -10
Self Refresh (Special part) P
Plastic Package '
100-pin LQFP {0.65mm lead pitch)

Key Timing Parameters

Speed | Clock Frequency  Access |

‘ soun” o

. Grade (MHz) Time (ns) : (i

L orade e e .
SR ; ST T

Description

The IBM 256K x 32 SGRAM is a high speed 8Mb
CMOS DRAM with built-in graphics features. It is
internally configured as a dual bank 128K x 32
DRAM with a synchronous interface (all signals are
registered on the positive edge of the clock signal
CLK). Each bank is organized as a 512 rows x 256
columns x 32 bits.

Read/Write to the SGRAM are burst oriented:;
accesses start at a selected location and continue
for a programmed number of locations. By having a
Programmable Mode Register, and Load Special
Mode Register the system can choose Read or
Write burst lengths of 1, 2, 4, or 8 locations or the
Full Page with burst termination option.

An Auto Precharge function may be enabled to pro-
vide a self-timed precharge that is initiated at the
end of the burst sequence.

The SGRAM uses an internal pipelined architecture
to achieve high speed operation, which also allows
the column address to be changed on every clock
cycle to achieve a high-speed fully random access.
Precharging one bank while accessing the alternate
bank will hide the precharge cycles, and provide
seamless high speed random operation.

The SGRAM differs from the Synchronous DRAM
(SDRAM) by providing an 8 column Block Write
function and a Write-per-Bit (WPB) function. The
Block Write and WPB functions may be combined
with individual byte enables DQMg-DQMs.

The part is designed to operate at 3.3V only. An
Auto Refresh mode is provided along with a power
saving Power Down mode. All inputs and outputs
are LVTTL or SSTL compatible.

Applications

* Frame buffer for PC 2D/3D graphics applications

* One high speed device to displace two 256K
x16 DRAMs at 2x performance

¢ High speed buffer for laser printers

* High speed buffer for RAID systems and disk
drives

» Network and communication applications

¢ SET-TOP box application

+ Games application

* Multimedia due to multiple bank architecture
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IBM038329DQ6 IBM038329PQ6
IBM038329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphics RAM

Ordering Information

Part Number /O Level
IBM038329NQ6B - 6R7 LVTTL
IBM038329NQ6B - 7R5 LVTTL

IBM038329NQ6B - 10 LVTTL
IBM038329PQ6B - 6R7 LVTTL
IBM038329PQ6B - 7R5 LVTTL

IBM038329PQ68 - 10 LVTTL
IBM038329DQEB - 6R7 SSTL-3
IBM038329DQ6B - 7R5 SSTL-3

1BM038329DQ6B - 10 SSTL-3
IBM038329Q1Q6B - 6R7 SSTL-3
IBM038329QiQ6B - 7RS SSTL-3
IBM038329QQ68 - 10 SSTL-3

®©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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Speed Voltage Package
150 MHz
133 MHz
100 MHz
150 MHz

133 MHz

2
100 MHz 20X14 mm
3.3V 100-pin
150 MHz LQFP

(0.65min lead pitch)
133 MHz
100 MHz
150 MHz
133 MHz

100 MHz

0009964 152 A

Preliminary

Retention
Standard
Standard
Standard
Long
Long
Long
Standard
Standard
Standard
Long
Long
Long
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Preliminary

Block Diagram

IBM038329DQ6 1BM038329PQ6
IBM038329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphics RAM

Refresh
Counter -— 256 columns x 32 /00—
; |
— g 2
3 Memory Cell array o
‘2 o
S — )
:0 . — Bank A l VecQ@  vgsQ
1
1)
Ag T Sense Amplifiers
,:: *. 3 — ﬁ) Column Decoder 4 Random ba
PO . 1O Buffer o-31
A7 — 3! BZj/
Ag — T ‘
BA (Ag) o : <——256 Co!umns x 32 V()—b I
% : T DQM;,
g 2 o3
:>- § - Memory Cell array <]
Lz o
e 2 ;
« Bank B l ! Color Register .
- L (32-bity
Sense Amplifiers e
N | Mask Register :
) Column Decoder { (32-bit) :
CLK —
CKE -—»
CS —
. Timing
RAS . s
— erato
CAS _. enerator
WE —
DSF —»
Ve —
Vg —
03K4292-00 ©I1BM Corporation. All rights reserved.
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[BM038329DQ6 IBM038329PQ6
IBM038329NQ6 1BM038329QQ6

256K x 32 Synchronous Graphics RAM Preliminary
Pin Configurations
mo ~ oJ w vo weJ = NO - o0 u o~
S 8388338593886 8858E33%5 %0 .
O>DD>OQ>DD>DD>>>QD>DD>>DOOODZ<
825’3}122;‘52&&‘38%B%E‘B%%%BS%%B%%%%%SM
DQge T 81 T Ay
vssSQ T 82 49717 Ag
DQgo (T 183 48T As
DQ31 T184 47:‘:] A4
VSS [T 85 4617 VSS
NC T 86 45T NC
NC T 187 44T NC
NC C—T 88 100 pin LQFP 431 NC
NC T3 89 5 42T NC
NC I3 90 20 x 14 mm 41711 NC
NC T3 81 . 40T NC
NC a0 0.65 mm pitch 39T NC
NC [—T 93 (Marking side) 88T NC
NC T 94 37T 3 NC
NC (T 95 36T 1 NC
VDD (T 96 351 VDD
DQg 17 97 34T A3
DQy T 98 3BT Az
vSSQ (T 99 3271773 A
DR CIT0,_ G wmwworoe 2 YRt0ereogryasrngn8ggd—T4A
w o~ [-o ] (= N ™ o —
§o§§w§§86686588%88888853%%3%5%
O %] ooOoOVOoOOQO>>a0vO0Q0 © o
> > > > > > S ayal é

NSymbol Function

Fu
" AgBA (Ag) Address Inputs - Special Function Enable
Ag-Ag Row Address Inputs : No Connection
Ag-Ag Column Address Inputs : RAS : Row Address Strobe

 BA (A) Bank Select Voo "~ Supply Voltage
cs Chip Select Voo Supply Voltage for DQs
' CAS Column Address Strobe Veer | Reference Input |
e e T g
:M CLK System Clock Input» o f ﬂMV«;SQMMMWu“N - ‘ C;rc;und for DQs
R e A ] R e
oo e - B

Note: Ag has been renamed BA to match JEDEC 8Mb nomenclature.

©IBM Corporation. All rights reserved. 03K4292-00
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Preliminary

Signal Descriptions

Name

Ag-Ag, BA (Ag)

DQg-DQ34

‘DQMy-DOM;

RAS
Vrer
‘WE

Vo

IBM038329DQ6 1BM038329PQ6
IBM038329NQ6 IBM038329QQ6

256K x 32 Synchronous Graphics RAM

Function

' '_ Address bits Ag-Ag are row addresses when Active command is activated.

: Address bits Ag-A; are column addresses when CAS is active.
Address bit Ag, when CAS is active, enables/disables Auto Precharge.
:Address bit BA (Ag) selects which of the two memory banks is to be used.

§CAS is part of the input command to the SGRAM. See truth table for details.

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

CLK is driven by the system clock. All SGRAM input signals are sampled on the positive edge of
CLK. The CLK also increments the internat burst counter and controls the output registers.

:Chip Select indicates that the command on the input fines is for this device. If C3 is high, the input

i Data Input/Output lines transfer data between the memory array and the system bus. These are
:also input mask bits for Write-per-Bit. When Block Write is activated, DQs provide column address

:During Write, DQM=1 prevents a write to the current memory location.

%Write Enable is part of the input command. See truth table or details.

I
: command(s) will be ignored.
o
imask.
EDuring Read, DQM=1 turns off the output buffers.
I :DQMy corresponds to the lowest byte (DQg-DQ7)
:DQM; corresponds to DQg.4s.
:DQM; corresponds to DQjg.23.
:DQMz corresponds to DQay.31.
I i
| Reference voltage input for SSTL operation.

03K4292-00
Revised 7/97

RAS is part of the input command to the SGRAM. See truth table for details.
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IBM038329DQ6 IBM038329PQ6 S ==52
IBMO38329NQ6 IBM038329QQ6
256K x 32 Synchronous Graphics RAM Preliminary
Operative Command Table (Part 1 of 6)
Current State C§ §A§ —AS _E DSF:  Add Command - Actlon B k ‘ Notes
H " X X X X X INHBT . %Nop or Power Down - 5
, L HH X X X ’NOPorBST ) gNop or Power Down o 5
de L H L H X BACAAP RDRDA  ILLEGAL 3
L H L L L BACAAP WFWVRA  ILLEGAL 3
o éL o .:H EBA, cA AP BW/BWA élLLEGAL
L L H H L BARA §ACT  Row AcL;\;equo o Mask
Lo HH H BARA tACTM W“H?Row Active:OMask
L L H L X BAPA PRE/PREAL Nop
L L L H X X a REF/SREF ~ Refresh or Self Refreshw 6
LL L (‘L ‘L fOp Code ELMR .?Mode FleglsterAccess ‘ N
L L :L tH _Op Code » LSMR - ?Specnal Mode Heglster Access "
TR x L ?X IINHB'fM R ;Nop
EHow Active L HH X . X X . . NOP or BST NOP e s
: L H L H X ‘BA, CA, AP RD/RDA : Begin Read: Determine AP 11
L H L L L BACAAP WRAWRA EBegm erte Determine AP 11
LHL L H ;BA CA APM BW/BWA :Blockerte Determlne APM S
: — H L . I?BA o iAcT e L
s " BA o ACTM S ILLEGAL I,
R s = x BAPA - PHE/PREAL EPrecharge
[ —— xx EHEF/SREF 5ILLEGAL -
o LLL i §Op o LMH L |
o L' L L L H Op Code ‘ MR Specnal Mode Register Access A
1. H: ngh level, L:Low level, X: H|gh or low level (Dontcare) V:Valid data input.

N

- All entries assume that CKE was active (High level) during the preceding clock cycle.

3. lllegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

4. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

5. If both are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All inputs buffers except CKE will be dis- :
abled.

6. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffer except CKE will be :
disabled.

. Hegal if trpp is not satisfied.

. Hlegal if trag is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp, .
. Hegal if tgep is not satisfied.

-
- O 0 0 ~

RA = Row Address (Ap - Ag) BA = Bank Address (Ag) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)

©IBM Corporation. All rights reserved. 03K4292-00
Use is further subject to the provisions at the end of this document. Revised 7/97
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=552 IBM038329DQ6 IBM038329PQ6
IBM038329NQ6 1BM038329QQ6
Prehmmary 256K x 32 Synchronous Graphics RAM

Operatlve Command Table (Part 2 of 6)

iCurrent State H C—AS ‘WE DSF Add Command Actlon - o “ Notes
?‘ X X X X ' >INHBT ontinue Burst to End -> Row Achve '
;H ‘X X X .‘NOP ontlnue Burst to End -> Row Actlve
Read H L X X o BST urstStop > Flow Actlve k
L » :VH. X KBA, CA; AP RD/HDA Term Burst, New Ftead Determrne AP o 9
L L v L BACA AP ) _WHNVRAW ‘Term Burst, Start erte Determlne AP 49
L L k H B A, CA, AP BW/BWA N Zr;.;rm Burst Stan Block Wme Determlne 4.9
|_ [_ H H - ) BA RA . ACT* ’||_|_EGA|_ e s
L L H H ,H oA A TACTM DrLLEGAL et . .
;L L : H L X KBA, PA PRE/PREAL Term Burst Prechargmg
Ll oM X X 'REF/SREF  ILLEGAL
L |_ |_ L ) :Op-Code we ||_LEGAL
L \?Lt . |_ : " Op-Code LSMR e e |LLEGA|_ . |
Hox X x x x INHBT  Continue Burst to End >aov'vA¢’£i§;e"'” ’
L H HX ‘ X X - vNOP Contmue Burst to End > Row Actrve o
Wiite L H H . L x N . . BST,, Burst Stop - Row Acnve .
L H L H X BACAAP RDRDA Term Burst, New Read: Determine AP~ 9
L ) H L h ?L EBA, CA AH A VWRNVRA Term Burst Start Write: Determme APw 4, 9 ‘
L ‘ H |_ H BA FCA, AP 4BW/BWA o 'Al'grm Burst Start Block Wnte Determme 4.9
L . . H i BA fa ACT ...................................... |LLEGAL ................................... e e .
| |_ ) H ..:H ;BA’ .RA LACTM ||_LEGAL e, = s
L B L L :FX ‘BA, PA MPH‘E‘:/E‘REAL ) Term Burst Prec argmg - 16
|_ C H . x B~ RE'F/SREF n_LEGAL S
L . L “ L ‘L‘ :Op~Code o LMH ILLEGAL -
L L . L H ;Op Code VLSMR ]LLEGAL - -
1. H: Hrgh level, L:Low level, X: Hrgh or low level (Don't care) V:Valid data input.
2

. All entries assume that CKE was active (High level) during the preceding clock cycle.

3. lilegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

4. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

5. It both are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All inputs buffers except CKE will be dis-
abled.

6. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffer except CKE will be
disabled.

. legal if tggp is not satisfied.

. lllegal if trag is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp, .
. Wegal if tgep is not satisfied.

-
- O W o~

ury

! RA = Row Address (Ag - Ag) BA = Bank Address (Ag) PA = Precharge All (Ag)
: NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)

03K4292-00
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IBM038329DQ6 IBM038329PQ6
IBM038329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphlcs RAM

Operatlve Command Table (Part 3 of 6)

Current State TS ﬁ‘s'CAs WE | QSF »A_dqw ‘ Command‘_
o e N
R e S or

LTI PP S VN VS BST

charge L H L H X "BACAAP RODRDA
L wH L L L BACAAP WRWRA
L H L L H BACA AP " BwBWA
- R A aor
TR e o
L L H L gx BA, PA "PRE/PREAL
R R e
B it
Lo e o
s i

| 4 H TR “hior

‘with Auto Pre- "L H OH L X BST

charge L H L H X BACAAP RDRDA
R L,._.,L,L;BA T N
L H L L |H BACAAP BWBWA
L L H H L BARA ~AcT
T e EA‘CTMV e
P s T PA PHE/PREAL.
L L L R x X REF/SREF :
L L L L L fop-Code ;LMFI
L L L L _|H  OpCode LSMFI

1. H:High level, L:Low level, X: ngh or low level (Don t care) V:Valid data input.

Contmue Burst to End -> Prec

ILLEGAL

ILLEGAL

‘ ILLEGAL

Preliminary

Actlon

9""9

Continue Burst to End -> Prechargmg

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL
ILLEGAL

ILLEGAL

ILLEGAL

Contlnue Burst to End -> Prechargmg
Continue Burst to End -> Precharglng
.ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL
ILLEGAL

ILLEGAL

ILLEGAL
ILLEGAL
NLLEGAL

2. All entries assume that CKE was active (High level) during the preceding clock cycie.

3. lllegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

bank.

4. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

5. If both are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All inputs buffers except CKE will be dis-

abled.

6. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffer except CKE will be

disabled.

—_
- O W w N

—

. lliegal if trrp is not satisfied.
. lltegal if tgas is not satisfied.
. Must satisfy burst interrupt condition.

. Must mask preceding data which don’t satisfy tpp, .
. ltegal if tggp is not satisfied.

RA = Row Address (Ag - Ag)

NOP = No Operat|on Command

BA = Bank Address (Ag)

CA = Column Address (Ao A7)

PA = Precharge All (Ag)
AP = Auto Precharge (Ag)

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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Prellmmary

Operatlve Command Table (Part 4 of 6)
o3 \

Current State

' Precharging

+Row
-Activating

N -

bank.

*r-.'r" [ e e e e A o e R iR o R o e B R S S -

2|
C/)
I'I'I

Add

x X

BA, CA, AP

FUETE T T ><§o

BARA

BA, FIA
BA, PA

H

f:— FUETETETE T TE T T I I T x rir;

,—,—I [ S I e I R VR VR Ir I T ririT ]

FrriCflI T r.riCf - T IiX C.orj- I I T

BA, CA, AP
BA, CA, AP

fLMR

Command“_ ’
CinmeT

NOP

BST

RD/RDA
WRWRA
owmwa i
ACT
:AC.TII/IH R

PRE/PREAL
FIEF/SREF

;LMR
;LSMI'%'
INHBT
o
o
T

ACTM
PRE/PFIEAL
;FIEF/SFIEF

LSMR

. H:High level, L:Low level, X: ngh or low level (Dont care) V:Valid data input.
- All entries assume that CKE was active (High level) during the preceding clock cycie.
3. lllegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

ILLEGAL

IBM038329DQ6 1BM038329PQ6
IBMO38329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphlcs RAM

Actlon
Nop -> Enter Idle after tRp )

Nop -> Enter idie after tRp

Nop -> Enter Idle aftertRp

ILLEGAL

+wL .

ILLEGAL
ILLEGAL

¢ ILLEGAL

'ILLEGAL
Nop -> Enter ldle aﬂer trp

ILLEGAL

Load SpeCIaI Mode Reglster

Nop -> Enter Row Actlve aﬂer tHCD

Nop -> Enter Row Acnve after tRCD

k Nop -> Enter FIow Acuve aﬁer tHCD

ILLEGAL
ILLEGAL
ILLEGAL

ILLEGAL
ILLEGAL

ILLEGAL
ILLEGAL

ial Mode Register

4. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

5. if both are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All inputs buffers except CKE will be dis-

abled.

6. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffer except CKE will be

disabled.

sy
- O W 00 ~N

-

RA = Row Address (Ag - Ag)
NOP = No Operation Command

03K4292-00
Revised 7/97

. Hegal if trprp is not satisfied.

. Hlegal if tgas is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp,.
. legal if tgep is not satisfied.

BA = Bank Address (Ag)
CA Column Address (Ao A7)

PA =Precharge All (Ag)
AP = Auto Precharge (Ag)

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.

B 9006146 0009971 392 WM

Page 9 of 68



IBM038329DQ6 1BM038329PQ6

IBM038329NQ6 IBM038323QQ6 ===
256K x 32 Synchronous Graphics RAM Preliminary
Operatlve Command Table (Part 5 of 6)
Currettt State ﬁ ‘RT\S CAS WE DSFk Add» - Command Actlon ' - Notes
H X x x o x x  Nmer op >Enter Row Active after twg
: L H H X fX X iNOP E Nop -> Enter Row Active after tyr
Write Recov- L H H L X X BST " Nop > E;tér Row Active after tys
o L H L H X BACAAP RDRDA  StartRead, Determine AP s
L W L L L BAacaar WRWRA erig\;w\‘;\ﬁ;{; Determine AP
L H L L H BACAAP BWBWA  New BlockWrite, Determine AP
UM oH L eam A ieeal 3
|_ R TR e T T L P
L L A L X BAPA  PREPREAL  ILLEGAL 3
L L oL H X X REF/SREF  ILLEGAL
UL T L onti MIhI:uLEG;I:WM.
L L L L H OpCode LSMA T Load Spemal Mask Register
H ‘X X . “X. X X o ;‘INHBT Nop -> Enter Precharge after twr
; LH . YH ‘X ‘ X “ X . ‘;‘NOP - ngM>Ent;r Precharge after twr
WriteRecov- || 5 H L x  x BST ) Nop > Enter Precharge after twr
‘ering with - R, :
Auto L H L :H X 'BACAAP RORDA ILLEGAL
; L H L L L BACAAP WRWRA ILLEGAL |
L H L L H BAGCAAP BWEBWA ILLEGAL
T T A e o
ST TR Tanan aom e
L L H L x BAPA %PRE/PHEAL ILLEGAL |
LU A X x ' REF/SREF  ILLEGAL
T T ,Op o
|_ .AL . ‘ LH o o ‘;‘LSMH

bank.

abled.

disabled.
7. lllegal if tgrp is not satisfied.
8. lllegal if tgas is not satisfied.
9. Must satisfy burst interrupt condition.
0. Must mask preceding data which don't satisfy tppy .
1. llegal if tgep is not satisfied.

RA = Row Address (Ag - Ag) BA = Bank Address (Ag)
NOP = No Operatlon Command CA = Column Address (Ag - A7)

1. H: ngh level, L:Low level, X:High or low level (Don't care), V:Valid data input.
2. All entries assume that CKE was active (High level) during the preceding clock cycle. :
3. lllegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

ILLEGAL

4. Must satisfy bus contention, bus turn around, and/or write recovery requirements. :
5. If both are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All inputs buffers except CKE will be dis- |

6. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffer except CKE will be :

PA = Precharge All (Ag)
AP = Auto Precharge (Ag)

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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=== IBM038329DQ6 1BM038329PQ6
IBM038329NQ6  1BM038329QQ86
Prehmlnary 256K x 32 Synchronous Graphics RAM

Operative Command Table (Part 6 of 6)

]
]

mi
U

'Current State ) CS ‘RAS

>
O

SF Q Add Command ~Action

‘Refreshing _;X X » Nop -> Enter Idle after tpc
: X Nop -> Enter Idle after tge
: x Nop > Enter Idie after tac
" BA,CAAP RD/RDA EeaL

'BA, CA, APM WRWRA  ILLEGAL

BA, CA, AP BWBWA . ILLEGAL

BALRA  ACT “ILLEGAL
BARA  ACTM  ILLEGAL
BA.PA  PREPREAL  ILLEGAL
X REFSREF  ILLEGAL
e “lLLEGAL
OP-CODE  LSMR ILLEGAL
Y ”W;Nop ot e

:Mode Regis-

Frir < m Ff - T R FiETD T ><_"O

:ter ACCeSSing ﬂ){ T “ Nop -> Enter ldle aﬂer 2C|0Ck5 T
X - 1 Nop -> Enter Idle after 2CIocks
BA,CA AP HLLEGAL
""""" " BA,CA, AP ILLEGAL
'BA, CA, APM ' lLLEGAL
BARA | ILLEGAL

e . o
IBA, PA PRE/PREAL ILLEGAL
ix REF/SREF :

TLLEGAL
OpCode  LMA ILLEGAL

L e e N L N I T, (N o o o RN N o R Y Y S R o

r'r-Il" I T -~ - I xXixrF- I T I Trx X s
;. i% r—A‘Ax: x »,‘ I ,—‘: I E ’— >< '* - >< :v x Ivv«v'- x ><< I» r_”i j,, '_: x x x % xf

?Op Code  LSMR h ILLEGAL

1. H: Hrgh level, L:Low level, X: ngh or low level (Dont care), V:Valid data input.
2. All entries assume that CKE was active (High level) during the preceding clock cycle.

3. Negal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

4. Must satisty bus contention, bus tum around, and/or write recovery requirements.

5. If both are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All inputs buffers except CKE will be dis-
abled. ‘

6. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffer except CKE will be !
disabled. :

. lllegal if tgrp is not satisfied.

. lllegal if tgas is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp, .
. llegal if tycp is not satisfied.

-
- O W 0O N

—_

RA = Row Address (Ag - Ag) BA = Bank Address (Ag) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)

03K4292- 00 ©IBM Corporation. All rights reserved.
Revised 7/97 Use is further subject 10 the provisions at the end of this document.
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Preliminary

Function Truth Table

Operation n;1 CS RAS CAS: WE DSF bam (ig) :
Devicebbeselect H H X X v X » X X X
'No Operation H LH W H X x x X
Load Mode Register H L L L L L x 'OP CODE
‘Load Special Mode Register . H UL L L WX OP CODE
T e T w0 xS T TR
‘Row Activate wWPB CH : L L H H O H X 88 RowAddr
it o TR T n  x x e e
Read W/ Auto Percharge ~ H | L H L m x o x 8BS H Col. -
T o TR L x e L e
‘Write w/ Auto Precharge H L H L L L X B H co  wra ;
M- - S A B R
‘Block Write w/ Auto Precharge | H LH L L oHm X BS . H Co. BWA
Pinqe e : e e v S O e e
Precharge Single Bank H L L H L x x Bs Lx PRE
‘Precharge All Banks H LLH o LX X X H X PREAL
o - i i i SR O ORI B e SR
St et ey - T T s
ESelf Refresh Exit L R XX %X smeFEx
e e oo B i el BT S R e
Power Down Mode (entry) | H H H H x x X x x . PDN-EN)
Power Down Mode (exit) L XX X X X X x o x o x o eoniex

- Allinputs are latched on the rising edge of the CLK.

- LMR, LSMR, REF, and SREF commands should be issued only after both banks are deactivated (PREAL command).

. ACT and ACTM command should be issued only after the corresponding bank has been deactivated (PRE command).
WR, WRA, RD, RDA should be issued after the corresponding bank has been activated (ACT command).

. Auto Precharge command is not valid for full-page burst.

. BW and BWA commands use mask register data only after ACTM command. DQM byte masking is active regardless of WPB
mask.

- Loading Mask Register: Initiate an LSMR cycle with address pin As=1 to load the Mask register with the Mask data present on DQ !
pins. Except Ag, all other address pins must be “0” during LSMR cycle while loading the Mask Register.
8. Loading Color Register: Initiate an LSMR cycle with address pin Ag=1 to load the Color register with the Color input data on DQ
pins. Except Ag, all other address pins must be “0” during LSMR cycle while loading the Color register 0.
9. Any Write or Block Write cycles to the selected bank/row while active will be masked according to the contents of the mask regis-
ter, in addition to the DQM signals and the column/byte mask information (the later for Block Writes only),
10. Block Writes are not burst oriented and always apply to the eight column locations selected by As-Asz.

DU AWM

~

©IBM Corporation. All rights reserved. 03K4292-00
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Functional Description

IBM's 8Mb SGRAM is a dual bank 128K x 32 SDRAM with graphics features of Block Write and Masked
Wirite. It consists of two banks. Each bank is organized as 512 rows x 256 columns x 32 bits.

Read and Write accesses are burst oriented. Accesses begin with the registration of an Active command
which is then followed by a Read or Write command. The address bits registered coincident with the Active
command are used to select the bank and the row to be accessed. Address bit BA (Ag) selects the bank and
address bits Ag-Ag select the row. Address bits A7-Ag registered coincident with the Read and Write com-
mand are used to select the starting column location for the burst access.

Block Writes are not burst oriented and always apply to eight column locations selected by A7-Az. DQs regis-
tered at Write command are used to mask the selected columns. DQs registered coincident with the Active
command are used as Write-per-Bit mask. DQs registered coincident with the Load Special Mode Register
command are used as Color data (LG bit =1) or Persistent Mask (LM = 1). if LC and LM are both 1 in the

same Load Special Mode Register command cycle, the data of the Mask and the Color Register will be
unknown.

Initialization

SGRAMSs must be initialized in a predefined manner to prevent undefined operation. Once power is applied,
the SGRAM requires a 100us delay prior to activating CKE. Al inputs should be held high during this phase
of power up. After a delay of 100us or more, the CKE pin must be driven high before a positive clock (CLK)
edge. The first command will be registered on the clock edge following tcks.

Both banks must then be pre-charged by issuing PREAL command, thereby placing the device in the “all
banks idle” state. Once in the idle state, at least two Auto Refresh cycles must be performed. Once the Auto
Refresh cycles are complete, the SGRAM is ready for Mode Register programming. Because the Mode Reg-

ister will power up in an unknown state, it should be programmed prior to performing any operational com-
mand.

03K4292-00 ©IBM Corporation. All rights reserved.
Revised 7/97 Use is further subject to the provisions at the end of this document.
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Preliminary

Register Definition
The following pages describe the Mode Register and Special Mode Register functions.
Mode Register

The Mode Register is used to define: a Burst Length, a Burst type, a Read Latency and an operating mode as
shown in the diagram on page 16. The mode register is programmed via the Load Mode Register command
and will retain the stored information until it is programmed again or the device loses power.The mode regis-
ter must be loaded when both banks are idle and the controller must wait the specified time before initiating
the subsequent command. Violating either of these requirements may result in unknown operation.

Burst Length

Read and Write operations to the SGRAM are burst oriented, with the burst length being programmable, as
shown in the diagram on page 16. The burst length determines the maximum number of column locations
that can be accessed for a given Read or Write command. Burst lengths of 1, 2, 4, or 8 locations are available
for both the sequential and the interleaved burst types and a Full Page Burst is available for the sequential

type. The Fult Page Burst is used in conjunction with the Burst Terminate command to generate arbitrary
burst lengths.

When a Read or Write command is issued, a biock of columns equal to the burst length is selected. The block
is defined by address bits A7-A; when the burst length is set to 2, by A7-A; for burst length is set to 4 and by
A7-Az when the burst length is set to 8. The lower order bit(s) are used to select the starting location within
the block. The burst will wrap within the block if a boundary is reached.

Burst Type
Accesses within a given burst may be programmed to be either sequential or interleaved and the type is

selected based on the setting of BT bit in the mode register. If BT is set to “0”, the burst type is sequential, if
BT is “17, the burst type is interleave.

©IBM Corporation. All rights reserved. 03K4292-00
Use is further subject to the provisions at the end of this document. Revised 7/97
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Read Latency

The Read Latency is the delfay in clock cycles between the registration of a Read command and the availabil-
ity of the first piece of output data. The latency can be setto 1, 2 or 3 clocks. If a Read command is registered
at clock edge n and the Read Latency is 2 clocks, the data will be available by clock edge n+2. The DQs will
start driving as a result of the clock edge one cycle earlier (n+1) and provided the relevant access times are
met, the data will be valid by clock edge n+2.

Operation Mode

in normal operation, the M7-Mg bits of Mode Register (MR) are set “0”. The programmed burst length applies
to both read and write bursts. If Bit M7 is set equal to “1”, two Color Registers are specified. Test modes and
reserved states should not be used because unknown operation or incompatibility with future versions may
result.

Load Special Mode Register (LSMR)

The Special Mode Register command is used to load the mask and color registers, which are used in Block
Write and Masked Write cycles.The data to be written to either the color registers or the Mask Register is
applied to the DQs and the control information is applied to the address inputs. During a LSMR cycle, if the
address bit Ag is “1”, and ali other address inputs are “0”, the Color Register 0 will be loaded with the data on
the DQs. If the address bits Ag and A7 are both set equal to “1” and Mode Register M7 bit was already set
equal to “1", Color Register 1 will be loaded with the data on the DQs.This color data is used for Biock Write
cycles. Similarly, when input Ag is “1”, and all other address inputs are “0” during a LSMR cycle, the mask
register will be loaded with the data on the DQs.

Caution:
Never Set bit Ag to “1” when Ag and/or A7 are set equal to “1” in the same Load Special Mode Register cycle
to avoid unknown operation. (See “Special Mode Register Functions” on page 18.)

Color Registers

Two Color Registers (Color Register 0 and Color Register 1) are available in the devices as shown in the dia-
gram on page 32. Each color register is a 32-bit register which supplies the data during Block Write cycles.
The Color Register is loaded via a Load Special Mode Register command, as shown in the diagram on page
32 and will retain data until loaded again with a new data or until power is removed from the SGRAM.

Mask Register
The Mask Register (or the Write-per-Bit mask register) is a 32-bit register which acts as a per-bit mask during

Masked Write and Masked Block Write cycles. The Mask Register is loaded via the Load Special Mode Reg-
ister command and will retain data until loaded again or until power is removed from the SGRAM.

03K4292-00 ©IBM Carporation. All rights reserved.
Revised 7/97 Use is further subject to the provisions at the end of this document.
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Mode Register Functions
BA (A9) A8 A7 A6 A5 A4 A3 A2 Al AD
WRITE Mode CR LT Mode BT BL
|
Bit 2-0 Burst Length
000 1
001 2
010 4
Burst Length 011 8
100 R*
101 R*
110 R*
m Full Page R*: reserved
Burst T 0 Sequential
urst Type 1 Interleave (option)
Bit6-4 :  CAS Latency
000 : R*
001 1 (option)
Latency Mode 010 o
011 3
Txx R”
Bit 7 Registers
0 One Color
Color Register Register
1 Two Color
Register
BA .
(A9) A8 Mode
%) %] Normal
1 ) Multiple Burst
with Single Write
©IBM é;;poration. AII rights reserved. - A 03K4292-06
Use is further subject to the provisions at the end of this document. Revised 7/97
Page 16 of 68
M 900614k 00095978 747 WA



IBM038329DQ6 1BM038329PQ6
IBM038329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphics RAM

Burst Length and Sequence

Burst of two

Startmg Address (Column Address Ao)

o
1

Burst of four

Sequenual Addresslng Sequence (decnmal) Interleave Addressmg Sequence (decimal)
0,1 o 0,1
1,0 1,0

dress (Column Address A, Ao Sequentlal Addressmg Sequence (demmal) Interleave Addressmg Sequence (decimal)

0 (00B) 0, 1 2 3 0 1 2 3
(018). . 1,2,3’0 e e 1 o 3 ,
e 2 (108)«_,“ . 2301 O U 2 3 0 -
_— (118),“‘.;.._. 3;0’1 5 e e e 3 2 S 0 .
Burst of eight
Startlng Address((.‘:c;lumn Address A1 Ao) Sequentlal Addressnng Sequence (decnmal) lnterleave Addre’swsmg Sequence (decnmal)
0 (000B) v O1234567M T 01234567
T ooT8) . . 2 3 4 5 6 7 0 s e o .,mw.{ 0,5 55 o ek'
- (0108),. 23456701 s 2301 6745.. o
“.‘“.3(011B)WWU 345670,1,2 - 32107654
. (1008 .4 ; 6 ; 011 '2 3‘ - ,Igdé ; o 1 2 3.. .
5 (1018 5670,1‘234 e . ........,.‘,54761 032
— 510w 67012345 S S w.;ww.,\._6745..2301
. 7(1115) [P ...7’0’112’3’4,&6 o ..........r,7654321 0.

Full Page Burst

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

03K4292-00
Revised 7/97
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Preliminary

Special Mode Register Functions

e
R — . Functions
BA(Ag) Ag |

A . Ay Az Ao Aq Ay

:Load Color Register 0

o0 o o
oOio-o ©

0
0 Enable Mask
0

o.o o o
‘o o .o o

0

B . 0

o . .
R S

o oloio:

Load Color Register 1

©IBM Corporation. All rights reserved. 03K4292-00
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Block Write Hllustration

O .

Write Data

Q Mask Write, keep original data

Mask Register
bQy; DQgp N

01001011
DQg=1 - i
DOy=1 o — i+1
o
DQe=1 § —n i+2 g
3 c
DQ=0 ¥ —x%- i+3 E
a »
DQs=0 & — % i+4 g
3 &
DQs=1 & — . i+5 o
=
DQgs=1 E— i+6
DQ'} =0 X i+7
Column Mask
DQg.7: Column Mask for DQg.7
DQg. 15 Column Mask for DQg.15
DQyg.23 Column Mask for DQqg.23
DQos.31: Column Mask for DQga4.31

Write-per-Bit
Mask Data = Mask Register + DQM;

03K4292-00
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Commands
The Function Truth Table on page 12 provides a quick reference of available commands.
Device Deselect (INHBT)

The device deselect or inhibit function prevents commands from being executed by the SGRAM, regardless
of whether the CLK signal is enabled. The device is effectively deactivated (CS is high)

No Operation (NOP)

The NOP command is used to perform a no operation to an SGRAM which is selected (CS is low). This pre-
vents unwanted commands being registered during idle or wait states. The execution of the command(s)
already in progress will not be affected

Load Mode Register (LMR)

The Mode Register is loaded via address input pins BA (Ag)-Aq. The LMR command can only be issued
when both banks are idle, and a subsequent executable command can not be issued until Iyrc (1 CLK
cycle Latency) is met.

Load Special Mode Register (LSMR)

LSMR command is used to load either the Color Register or the Mask Register at a time. The control informa-
tion is provided on inputs BA (Ag)-Ag, while the data for the Color or Mask Register is provided on the DQs.
The LSMR command can be issued when both banks are idle, or one or both are active but with no Read,

Write or Block Write accesses in progress. A subsequent command can not be issued until tsm (2
clocks latency) is met.

Active (ACT)

The ACT command is used to open (or activate) a row in a particular bank. The value on BA (Ag) selects the
bank and the address provided on input pins Ag-Ay selects the row. This row remains open for accesses until

a Precharge command is issued to the bank. A Precharge command must be issued before opening a
different row in the same bank.

Active with WPB (ACTM)

ACTM command is similar to the ACT command, except that the Write-per-Bit mask is activated. Any Write or

Block Write cycles to the selected bank/row while active will be masked according to the contents of the Mask
Register.

Read (RD)

The Read command is used to initiate a burst read access to an active row. The value on BA (Ag) selects the
bank and the address provided on inputs A7-A, selects the starting column location. The value on Ag deter-
mines whether or not Auto Precharge is used. If Agis “1”, Auto Precharge is used. If Auto Precharge is
selected, the row being accessed will be precharged at the end of the read burst; if Auto Precharge is not
selected, the row will remain open for subsequent accesses. /f a particular DOM was registered high, the
corresponding DQs appearing 2 clocks later on the output pins will be High-Z.

©iBM Corporation. All rights reserved. 03K4292-00
Use is further subject to the provisions at the end of this document, Revised 7/97
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Write (WR)

The Write command is used to initiate a burst write access to an active row. The value on BA (Ag) selects the
bank and the address provided on inputs A7-Aq selects the starting column location. The value on Ag deter-
mines whether or not Auto Precharge is used. If Ag is “1”, Auto Precharge is used. If Auto Precharge is
selected, the row being accessed will be precharged at the end of write burst: if Auto Precharge is not
selected, the row will remain open for subsequent accesses. /f a particular DQM is registered high, the
corresponding data inputs will be ignored and the write will not be executed to that b yte location.

Block Write (BW)

The Block Write command is used to write a single data value to the block of eight consecutive column loca-
tions addressed by inputs Az-Ag. The data is provided by the Color Register which must be loaded prior to the
Block Write cycle by invoking LSMR cycle. The input data on DQs which is registered coincident with the
Block Write command is used to mask specific column/byte combinations within the block. The DQM signals
operate the same way as for Write cycles, but are applied to all eight columns in the selected block.

Precharge (PRE)

The Precharge command is used to deactivate the open row in a particular bank or the open row in both
banks. The bank(s) will be available for row access some specified time (tgp) after the Precharge command
is issued. Input Ag determines whether one or both banks are to be precharged, input BA (Ag) selects the
bank. If Agis “1”, both banks are to be precharged and BA (Ag) is “don't care.” Once a bank is precharged (or
deactivated), it is in the idle state and must be activated prior to any Read, Write, or Block Write commands
being issued to that bank.

Auto Precharge (PREA)

The Auto Precharge feature allows the user to issue a Read, Write, or Block Write command that automati-

cally performs a precharge upon the completion of the Block Write access or Read or Write burst, except in
the Full Page Burst mode, where it has no effect.

The use of this feature eliminates the need to “manually” issue a Precharge command during the functional
operation of the SGRAM.

Burst Terminate (BST)
The Burst Terminate command is used to truncate either fixed-length or Full Page Bursts.
Auto Refresh (REF)

Auto Refresh is used to refresh the various rows in the SGRAM and is analogous to CAS-before-RAS (CBR)
in DRAMs. This command must be issued each time a refresh is required. The addressing is generated by
the internal refresh counter, therefore, the address bits are “don't care” during a CBR cycle. The SGRAM
requires that 1024 rows to be refreshed every 16ms (tggp). This refresh can be accomplished either by pro-
viding a Auto Refresh command every 16.6us or all 1024 Auto Refresh commands can be issued in a burst at
the minimum cycle rate (tgg =100ns) once every 16ms.

03K4292-00 ©IBM Corporation. All rights reserved.
Revised 7/97 Use is further subject to the provisions at the end of this document.
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Self Refresh (SREF)

Preliminary

The Self Refresh command can be used to retain data in the SGRAM, even if the rest of the system is
powered down. When in the Self Refresh mode, the SGRAM retains data without external clocking. Once
the SREF command is registered, all the inputs to the SGRAM become “don't care” with the exception of
CKE, which must remain low. Once SREF mode is engaged, the SGRAM provides its own internal clocking,
causing it to perform its own Auto Refresh cycles. The SGRAM may remain in Self Refresh mode for an
indefinite period. The procedure for exiting requires a sequence of commands. First, the system clock must
be stable prior to CKE going high. Once CKE is high, the SGRAM must have NOP commands issued for
txsr (100ns), because of the time required for the completion of any bank currently being internally

refreshed.

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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Stub Series Terminated Logic (SSTL)

DC Input Levels

IBM038329DQ6 1BM038329PQ6
IBMO38329NQ6 IBM038329QQ6
256K x 32 Synchronous Graphics RAM

SSTL DC input levels reduce the effects of ringing and define the final logic state unambiguously. Once a

receiver input has crossed a DC level, it will change and maintain the new state.
AC Input Levels
SSTL AC input levels must be met for the receiver to meet the timing specifications.

SSTL Input Levels (Vppg=3.3V)

Vppg =3.31£ 0.3V

— 1 — = VI4{AC) = VRgr + 0.4V
— — —Vy(DC)= VRer + 0.2V
Vrer =151 0.2V

— — — —Vi(DC) = Vger - 0.2V

— — — = VL(AC) = VRgg - 0.4V

Vgg =0V
SSTL Supply Voltage Levels
_ i Paramexer . | | Mm Nom e Max .
VDDM ?Dewce Supply Voltage e ; VDDQ . Reqmrement
) VDDQ ”?OutputSuppIyVoItage v 30 m33 3.6
{/HEFInput Heference Voltage - 13 1.5 17
‘ Vﬁ m:Termmahon Voltage VREF-O 05 VRer VR‘EF+O.05> o

1. Under all conditions Vppg must be less than or equal to Vpp.

3. VTT of the transmmnng devrce must track Vggp of the recelwng device.

“Units ‘ » Notes
v T
. v" 1
v 3

2. Peak to peak AC noise on Vpgg may not exceed 2% Vage (DC). Vgee is also expected to track noise variations in Vboa-

03K4292-00
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SSTL Input AC/DC Logic Levels

_Smbol  Parameter _Mn Unts - Netes
Ve (DC)  DC Input Logic High  Vagrt020 v 1

Vi (AC) AC Input Logic High VRert0.40

" Vi (DC) DC input Logic Low om0

i<l <

V.I._ (ACi AC Input Logic Low . -

1. The relationship of the Vppg of the driving device and the Vg of the receiving device is what determines noise margins. How-
ever, in the case of V) (max) (input overdrive) it is the Vppq of the receiving device that is referenced. In the case where a device
is implemented such that it supports SSTL_3 inputs but has no SSTL_3 outputs (e.g., a translator), and therefore no Vgpq supply
voltage connection, inputs must tolerate input overdrive to 3.9V (High comer Vppa+300mV).

SSTL AC Test Conditions

e Parameter ; Notes

;;ut héference Voltagé k ‘ 1
szme (max) fInf‘)hl;tnéibgnal Maximum Pea'k io Peak Swing‘;' T 1,2
SLEW InputS|gna|Mm|mum Sow Fiate [ v/ns

1. Input waveform timing is referenced to the input signal crossing the VREF level applied to the device.
2. Compliant devices must still meet the Vi (AC) and V,_ (AC) specifications under actual use conditions.
i 3. The 1V/ns input signal minimum slew rate is to be maintained in the V| max (AC) to Vi min (AC) range of the input signal swing.

SSTL Output Buffers

The input voltage provided to the receiver depends on three parameters:
* Vppq and current drive capabilities of the output buffer
* Termination voltage
* Termination resistance

Typical SSTL Output Buffer (Driver)

3

Vopa Vv
2_"‘ RT
Output ‘
Buffer / v Receiver
REF—]

Note:
ViN must be at least 400mV above or below Vrer as a resuit of
Vour attaining its maximum low or its min-mum high value.

There are two classes of output drivers:
* Class I: RS =25Q, RT = 50%, IgT = 8mA (for Vi = Ve + 0.4V)
* Class Il: RS = 25Q, RT = 25Q, Ig1 = 16mA (for Viy = VRgr £ 0.4V)

©IBM Corporation. All rights reserved. 03K4292-00
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£

SSTL Output Buffer Charactenstlcs

! Symbol Parameter

VOH Mlmmum Requwed Qutput Pull- up under AC Test Load
VOL MaX|mum Reqmred Output Pull-down underAC Test Load :
N Vom o Input Slgnal Mlmmum Slew Rate h
. Io.., Output Mlmmum Source DC Current

loL Output Mlmmum Slnk DC Current

RT Termmatuon Resistor

RS Senes Hesnstor

IBM038329DQ6 1BM038329PQ6
IBM0O38329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphics RAM

r o Notes
vTT ¥ o's" ’
vn 06
045Vpoe /o0 1
8 3,4
8 4,5

50
25

1. Since V,N must be at least 0.4V above or below VREF as a result of Vo, using a series resistor of 50Q for a Class 1 output driver
this translates into the minimum requirement of a 0.6V swing relative to V1, and for a Class II driver with a series resistor of 250,

. The Vppq of the device under test is referenced.
. VDDQ = 3.0V, VOUT = VDDQ -1.1V.

. VDDQ =3.0V; VOUT =0.7V.

this results in a minimum requirement of a 0.8V swing relative to V.

- The DC value of Ver applied to the receiving device is expected to be set to V.

SSTL Push-Pull Output Buffer Designed for symmetrically single parallel terminated loads with series

resistor (Class 1) for signals and address lines.

Vooo— Vooo

Veee— 0.45"Vppq
Output
Buffer RS = 250

Vour

03K4292-00
Revised 7/97

RLOAD = 50Q

CLOAD = 30pF_____

V1=0.45"Vppa
Outﬁ)ut
RT =50 Buffer
Input
Buffer
Vss
0.45"Vppg

©IBM Corporation. All rights reserved.
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Preliminary

SSTL Push-Pull Output Buffer Designed for symmetrically double paralle! terminated loads with series
resistor (Class Il) for DQs.

V17=0.45"Vppg V11=0.45"Vppq

Vopa— Voba
Vrer[—0.45"Vppo

RT1 = 50Q

—| Output RT2 = 500
Buffer RS = 25Q
Vour RLOAD = 500

CLOAD = 30pF___

Input

Vss
0.45"Vppg
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IBM038329NQ6 1BM038329QQ6
Preliminary 256K x 32 Synchronous Graphlcs RAM

Absolute MaX|mum Ratlngs

Voltage on VCC/VCCQ supply relahve to Vss o -1V
Voltage on input/output pins ' o LY
Operating Temperatuﬂrwemzl;A (amblenl) - : ‘ 0°C
Slorage Temperature e e . . .

Power Dnssrpanon

Shon Clrcun Oulput Current

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational

sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reli-
ability.

DC Operatrng Specrflcatlons and Condmons (O°C >Tp < 70°C; VCC/VCCQ 3.3V+0. 3V)

Symbol Paameter S Mn
VCCNCCQ T . 0
‘ V.H Input ngh (Loglc 1)Voltage all |nputs 2.0‘ _
V”_ Inpul‘l._ovlr(Logm 0) Voltage all mputs - ;‘5 o
Vou ,..........,Ompm igh (]OUT_.2mA) . e o
. V.OL ot Lom o 2mA) e e < o -

Input Leakage Current ‘ :
I Any Input OV < Vi < 3.6V : -3 - ; 3 A
(All other pins not under tesl OV) :

Output Leakage Current

loz (DQs are disabled; OV < Vour < 0.4V) L : 3 RA
Capacrtance
Smbol  paameer Ma | Uit Newes
ci, mlnpuvt-Capacnance Aq - BA (Ag) B 5 1
Cip  Input Capacitance: RAS, CAS, WE, DQM CLK, CKE cs DSF 5 oF 1
% %ln'put/omput Capacnance DQs R 1

03K4292-00 ©IBM Corporation. All rights reserved.
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256K x 32 Synchronous Graphics RAM

Preliminary

Icc Specifications (0°C < Tp < 70°C; VecNecq = 3.3V 0.3v)

: . CAS Maximum
: Symbol . Parameter Test Condition -

-6R7 - -7R5 10

Unit  Notes

: Burstlength=1 , . 275 185

; } IRC = trc(Min) Tt b e
| Operating Current - : : : C mA
oor | TR tox 2 tox(Min) 2 275 250 175

il =oma

.1002P " precharge Standoy Currentin | CKE < VILMaX)tgg=18ns =3 3 3
igcoPs - Power Down Mode | CKE < VIL(Max) tck = Infinit
CKE 2 VIH(Min) tok =15ns

Precharge Standby Currentin . IMPut change every 30ns

) Non Power Down Mode LMY fo g
lecoNS CKE = VIH{Min) tek =Infinity

No input change

mA

leca2N 45 45 ) 45

20 20 20

 1o0P | Active Standoy Currentin  CKE<VILMaxtge=tsns 3 3 3
| lgcaPs | Power Down Mode CKE < VIL(Max) tck = Infinity ’

: CKE 2 VIH(Min) toi =15ns ‘
| Active Standby Current in Input change every 30ns

=\ on Power Do Mode e
lccaNS CKE 2 VIH{Min) tck =Infinity

- No input change

mA

lccaN 50 | 50 50
25 25 25

tRe =Infinity 200 190
operating Curren‘ IO:OmA v S ——— N
leca {Burst Mode) Dual Bank interleave - 475 150 140 mA 1.2
Continuous i

3 275 275 185
2 . 250 | 250 155

lccs | Auto Refresh Current tRC 2 trc(Min) mA 3

" CKE = 0.2V ‘

: 3 mA

1. Measured with outputs open, inputs 0-3V.
2. Assumes minimum column address update cycle.
3. Refresh period is 16ms.
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Preliminary

Timing Specifications and Conditions (0°C < t, < 70°C; Vco/Veoq = 3.3V + 0.3V)

IBM038329DQ6 BM038329PQ6
IBM038329NQ6 1BM038329QQ6

- Alt voltages are referenced to Vgg (GND).

4
2. lcc depends on output loading and cycle rates. Specified values are obtained with minimum cycle time and the outputs open.
3. Enables on-chip refresh and address counters.
4

- The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range (0°C < T

<70°C).

[l &)

256K x 32 Synchronous Graphics RAM

. An initial pause of 100ms is required after power up, followed by two Auto Refresh commands to ensure proper device operation.
. The timing specifications assume a transition time (t = 1ns).

7. AC timing tests have V)= 0.8V and V| = 2.0V with timing reference to 1.4V crossover point.

Vout —é)

|

v

Zy=50Q

I/O Timing Diagrams

I} -

i
V1=1.4V \

% 30pF

LVTTL A.C. Test Load

o |

]Z1 4V §\

t(l;K
tCH
2.0V
CLK v
0.8V
Setup|  tHold

2.0V
Input 1.4V

0.8v

Qutput

03K4292-00
Revised 7/97
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IBMO38329NQ6 IBM038329Q06 T
256K x 32 Synchronous Graphics RAM Preliminary
Timing Specifications
CAS -7R5 -10
] Symbol gParameter ?Lagénscy - Min Max‘ Min Max Units
lACavforSDpF Access tlme from CLK (posmve edge) ' ' L 9 -
load : ns
taco for 50 pF - 12
Ioad
tAH ‘ Address hold tlme 1.5 - ns
tas Address setup time 2.5 - - ns
thL Block Write to Precharge delay 10 — ns
V thc ‘ Block Write cycle time 10 - ns ‘
‘tw TS, RAS, CAS, WE, DSF, DQM hold time 10 - s
tCH| LK high Ievel i a5 o o
::Z - System clock cycle time :2 ns
. tckn  CKE hold time 1.0 - ns
) tCKs v CKE setup time 2.5 - i ns
tc. CLK low level widh 35 - ns
tcs TS, FlAS CAS WE DSF DQM setup time 25 - ns
Cton Date -in hold time 15 - ns
- 'Data N setupume [, e | ; ns
Data- -out hlgh |mpedance tlme 35 10 | ns
(Data out low |mpedance tlme ‘ 3 - . ns
‘Load Mode Fleglsler command lo command 1 ‘ - t(.;‘K‘
Data -out hold time i 3.5 - ns
tRAS Actlve to Precharge command perlod 60 120K ns »
o ch i Auto Refresh and Acllve to Active command penod © %0 - o ns -
‘tVFW;CD“ ) Actlve to Head Wnte or Block Wnte delay ‘ 3k0> I ns
" trer | Refresh Period (1024 cycles) for Non Self- Refresh parts B . %  ms
tREF :Refresh Perlod (1024 cycles) for Self Refresh parls - 128 ms »
\lllF’recharge llme R o
RRD |\)e bank A to Acnve bank B command perlod | - ‘1(‘) o ns
. tSML ' Load Specnal Mode Reglster command to command 1 o 1 - 1. S tok
lT Transmon hme e i : . - w0 . o |
MTV;R Wnte recovery P o7 P e
' txsg """ Exn Self Flefresh to Actlve command R 100 1 lOO P ns
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Preliminary 256K x 32 Synchronous Graphics RAM

Detailed Operation
Initialization and Load Mode Register

The SGRAM must be initialized at power up time to prevent undefined operations. The diagram on page 32
shows this process in detail. The next step is to load the mode register to program the burst length, and burst
type. The Load Mode Register and Special Mode Register functions have been described earlier.

The initialization of the device and loading of the Mode Register is shown in the diagram on page 32. If the
device is not initialized prior to issuing a command, it may result in an undefined operation. The Mode Regis-
ter should be loaded to let the device know about burst type, length of burst, CAS Latency, Sequence and
number of Color Registers to be used.

Auto Refresh (REF)
This mode is simitar to CBR used in conventional DRAMs to refresh the DRAM rows.

This command is essential to refresh the volatile DRAM cells every 16ms. The device could be refreshed by
issuing 1024 Auto Refresh cycles every 16ms or these refresh cycles could be interleaved between various
operations as long as each DRAM cell is refreshed every 16ms or less.

Logic Table for Auto Refresh Command Cycle

Mnemonic = CKE = CS = FAS CAS = WE Ag A7-Ag
03K4292-00 ‘ ©IBM Corporation. All rights reserved.
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Preliminary

256K x 32 Synchronous Graphics RAM

Initialize and Load Mode Register Operation

qi0H

"pa.isep ) se(oho ysaloy 0Ny oy o} Joud papeo) aq Aew Jgisibas apow ay] ,.
"Siueq SajRUIAlfe PUE ( Jueg le suelg ,

alqes %10
(1 Mueg) {0yueq) ‘syueq je pue 0oA
wJ91sibaJ spow weibosd J ysaljay oiny J ysaljay omny J afiieyoaid J :dn-1amod
dd} ——
o1, oYy mvum: v« S00I =1
nm & fm Z-4bIH

(sh

IAILOY dON wmwﬂ%w% dON
_foa
) ) )) i
mm (« (( o0, T
)
i | oL
o [ oy | —o—

0d

$S0IPPY

puBWIWOY) ©

o :

10
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256K x 32 Synchronous Graphics RAM

Preliminary

Auto Refresh Mode

W 3
= e
= X
2 5 _
< 3 -
T
o
z
=R = == g
o -
=

AUTO
REFRESH

oL

{
tRC
AUTO REFRESH

t
| CHI
[ 1
AUTO
REFRESH

IRP

PECHARGE egNO

tc
Precharge
Active banks.

NOP

High-Z

DQ

Command
Address
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256K x 32 Synchronous Graphics RAM

Bank/Row Activation Command (ACT)

Preliminary

Before any Read or Write commands can be issued to a bank within the SGRAM, a row in that bank must be
“opened”. An Active command is used for this purpose. The Active command is also used to determine
whether or not the Write-per-Bit mask is to be applied during Write and Block Write cycles within that row.

A subsequent Active command to a different row in the same bank can only be issued after the previous

Active row has been “closed”. The minimum time interval between successive Active commands to the same
bank is defined by tgc.

A subsequent Active command to the other bank can be issued while the first bank is being accessed, which
results in a reduction of total row access overhead. The minimum time interval between successive Active
commands to different banks is defined by tgrp.

Logic Table for Active Command

' Mnemonic CKE

CS = PAS : CAS WE  DSF ~ DQM BA(Ag  Ag A7-Ro
P T R e e < e
ACTM H L H . H  H X BS Row Address

The diagram on page 34 shows the Read/Write command delay in the same bank after the Active command

has been registered. Also are shown the various timing parameters that are applicable to the Read/Write
operations.

Example Meeting tgcp (min) when 2 < tgep (Min)ftex < 3

Command READor
ACTIVE NOP NOP WRITE

tRCD

©IBM Corporation. Al rights reserved. 0
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Preliminary 256K x 32 Synchronous Graphics RAM

Read Command (RD)
The following pages describe in detail the Read operations with the help of timing diagrams for various

cases.

Logic Table for Read Command

. Mnemonic . CKE . CS RAS CAS WE DSF = DQM  BA(Ag) Ag A7-Ag
s a0 L - SEL e T Gt
RDA : H L H L H L cooon BS H : Column

Read bursts are initiated with a Read command. The starting column address and the bank address are pro-
vided with the Read command and Auto Precharge is either enabled or disabled for that burst access. Upon
completion of a burst, assuming no other commands have been initiated, the DQs will go High-Z. A Full Page
Burst will continue until terminated (at the end of the page it will wrap to column 0 and continue)

Various cases of Reads are shown. The user can use latency of one, two or three depending upon the sys-
tem clock. A fixed-length Read Burst may be followed by or truncated with a Write burst or Block Write com-
mand (provided that Auto Precharge was not activated) and a Full Page Read burst may be truncated by a
Write burst or Block Write command. The Write burst may be initiated on the clock edge immediately follow-
ing the last (or last desired) data element from the Read burst, provided that /O contention can be avoided. /f

is generally a good design practice that a single c ycle delay must occur between the Jast data read
and the Write command.

The DQM inputs are used to avoid IO contention as shown in the second diagram on page 40. The DQMs
must be asserted High at least two clocks (DQM latency is two clocks for output buffers) prior to the Write
command to suppress data-out due to the previous Read command. Once the Write command is registered,
the output buffers will go High-Z (or remain High-2Z) regardless of the state of DQM signals. The DQM signals
must be de-asserted (DQM latency is zero clocks for input buffers) prior to the Write command to ensure that
the written data is not masked. The first diagram on page 40 shows the case where the clock frequency
allows for bus contention to be avoided without adding a NOP cycle, and the second diagram on page 40
shows the case where the additional NOP is needed.

A fixed-length as well as a Full Page Read burst may be truncated with a Precharge command to the same
bank. Note that the Precharge command should be issued one cycle before the clock edge at which the last
desired data is valid. A subsequent command can not be issued to the same bank until trp is met. Part of the
row precharge time is hidden during the access of the last data element. An Auto Precharge command can
be used in place of Precharge command for fixed length bursts. The disadvantage of Auto Precharge com-
mand is that it does not truncate fixed-length bursts and does not apply to Full Page Bursts.The disadvantage

of the Precharge is that it requires the command and address busses to be available at the appropriate time
to issue the command.

The full-page, as well as fixed-length Read burst may be terminated with the Burst Terminate command. The
fixed-length Burst with Auto Precharge can not be truncated by Burst Terminate command. The Burst Termi-
nate command should be issued one cycle before the positive clock edge at which the last desired
data element is valid.

03K4292-00 ©IBM Corporation. All rights reserved.
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256K x 32 Synchronous Graphics RAM

One Clock Read Latency Example

Command

tAC

DQ

CAS Latency = 1
Burst Length = 1

Read Burst with Read Latency = 2

CLK

Command

|

|
[
|
i tLZ
l
DQ High-Z '

T

Read LatLency =2
1

CAS Latency = 2

Burst Length = 2 I Undefined
©IBM Corporation. All rights reserved. 03K4292-00
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Preliminary 256K x 32 Synchronous Graphics RAM

Read Burst with Read Latency = 3

Command

High-Z

Read Latency = 3

CAS Latency =3

Burst Length = 1 HorlL

i Undefined
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256K x 32 Synchronous Graphics RAM

Preliminary

Consecutive Read Bursts, Read Latency =1,2, 3

1 ! 2 ! 3 ! 4 ' 5 ! 6

gy Iy O T O B
Command { READ‘X NOP 1 L NOP ‘X; READ ‘X NOP1 NOP X:

" X'=1Cycles |

"X =1 Cycles] Cycles |
Address

| |
| L J L |
DQ1 : Dout Dout Dout Dout Dout Dout :
| n n+1 n+2 n+3 b b+1 :

Read Latency="1

l
| . — § ! }
i

[ Dout Dout Dout Dout Dout
| n n+1 n+2 . n+38 b
. | Dout Dout Dout Dout
| I [ n n+1 n+2 n+3 i
, .

i

DQ2

—

|
Read Latency=2

|
|
?
l
| |

DQ3

|

|

‘ .
' Read Latency =3 ! ' ! 5

. Note: Cover either successive Reads to the active row in a given bank,

or to the active rows in different banks. DQMs are all active (LOW
Burst length of 4

HorL
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Preliminary

Random Read Accesses within a Page, Read Latency =1, 2, 3

; 0 ! 1 ! 2 ' 3

“ Halnl 1

ﬁ | l | | | |
. ; ; | ] |
‘Command { READ | READ‘X AEAD X READ 1 NOP k NOP VL NoP |
: | | | | | |
: . ! I
Address Bank Bank Bank
Col. n Col. a Col. x
| l

| |
DQ1 . [ Dout " Dout
ml n a

I

l Read Latencﬁ: 3
|
|
T

DQ2

]
Read Latency =2 |
! 1
i

DQ3

t
|
—
I
|
I
]

|

! !

, Read Latency'= 3
|

Note: Covers either successive Reads to the active row in a given bank,
or to the active rows in different banks. DQMs are active (LOW).
Burst length of 1.

HorbL
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256K x 32 Synchronous Graphics RAM

Read to Write (or Block Write)

Preliminary

CLK
DQM
Command
Address
| | | l ‘
! | J Ptz !
Read Latency = 2 DS DH
| l [ ;.‘O_FL_' i i
DQ l ' { Dout n X Doutn + 1 l Dinb )—
[} | + T T
. . ) . HorlL
Note: A Read LATENCY of 2 is used for illustration. A Block Write
can be substituted for the Write in which case column/byte mask )
data would be applied to the data inputs. Undefined

Read Latencyl= 3
l

bQ

Note: A Read LATENCY of 3 is used for illustration. A Block Write
can be substituted for the Write in which case column/byte mask
data would be applied to the data inputs.

HorlL

I Undefined
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Preliminary 256K x 32 Synchronous Graphics RAM

Read Interruption by Precharge Command, Read Latency = 1, 2, 3

h I IJ ! I I‘—I2 I I3 I —‘I Ijs I_GI;\JA—7L

I ] I | I | I

I
Command { READ X NOP I NOP X NOP XPRECHARGEX NOP L NOP X ACTIVE K:

I I I I I [ ! I

Address

| 1
Dout Dout
oo ———{ W [ | ey ]
Iﬁead Latenc§I= 1 I I I
| | I |
|

I
I
i
J
|
]
|
|
|
|

I
I
|
I
L
|
|
|
|
|

I
| | Dout Dout Dout Dout |
DGz | [ n n+1 n+2 n+3 |
I I
Read Latency = 2
| 4 Latency =2, | | |
| | | [ Dout Dout Dout |
DQ3 | | | L n n+1 n+2 |
T T
| ) ReadiLatency =3 | j | | 1
Start of Precharge Trunction of last Byte(s)

NOTE: DOMs are all active (LOW).
Burst Length = 4

HorL
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256K x 32 Synchronous Graphics RAM

Preliminary

S e I e T e e I e A

| | 1 | | [ |

I | | I | |
BURST X :
Command { READ x NOP L NOP m NOP TERMINATEYL NOP 1 NOP
| I :

] | | | |
| | | |

Address

DQ4

Read Latency =|1 1

J

]

i

!

| Dout Dout Dout Dout H‘

DQ2 ‘ l 4Ln Kin+1 _X | n+2 ln+3 |

‘ :
{

!

i

f
Read Latency = 2 |
!

|

|

| Dout Dout }( Dout Dout >>
| I n+1 _n+ 2 A+ 3

I

Read Latency = 3 [ !

DQs

No Truncation of last Byte(s) of a Read Burst -

Burst Length = 4
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256K x 32 Synchronous Graphics RAM

Preliminary

Read with Auto Precharge
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Preliminary
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Read without Auto Precharge - Clock Suspension
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Preliminary 256K x 32 Synchronous Graphics RAM

Write Command (WR)
The following pages illustrate the Write operations for various cases with the help of timing diagrams.

Logic Table for Write Command

. Mnemonic | CKE RAS TAS WE  DSF  DQM | BA(AY  Ag  AzAg
e e e e
- BT it T o
. " e T B S
= e i

Note: Input data at DQ pins at Block Write command time is registered as a column mask for that block of columns.

Write bursts are initiated with a Write command. The starting column and bank address is provided with the
Write command, normal or Block Write is selected, and Auto Precharge is either enabled or disabled for that

access. If Auto Precharge is enabled, the row being accessed is precharged automatically at the completion
of the burst.

During Write bursts, the first valid data-in element will be registered coincident with the Write command. Sub-
sequent data elements will be registered on successive positive clock edge. Upon completion of a fixed-
length burst, assuming no other commands have been initiated, the DQs will remain High-Z, and any addi-

tional data will be ignored. A full-page burst will continue until terminated (at the end of the page, it will wrap
to column O and continue).

A fixed-length Write burst may be followed by, or truncated with a subsequent Write burst or Block Write com-
mand (provided that Auto Precharge was not activated) and a full page Write burst can be truncated with a
subsequent Write burst or Block Write command. The new Write or Block Write command can be issued on

any clock following the previous Write command, and the data provided coincident with the new command
applies to the new command.

A fixed-length Write burst may be followed by, or truncated with a subsequent Read burst (provided that Auto
Precharge was not activated) and a full-page Write burst can be truncated with a subsequent Read burst.
Once the Read command is registered, the data inputs will be ignored, and writes will not be executed.

A fixed-length Write burst may be followed by, or truncated with a Precharge command to the same bank
(provided that Auto Precharge was not activated) and a full-page Write burst may be truncated with a Pre-
charge command to the same bank. The Precharge command should be issued x cycles (x = tya/tox
rounded up to the next whole number) after the clock edge at which the last desired input dala ele-
ment is registered. In addition, the DQM signals must be used to mask input data, starting with the clock
edge following the last desired data element and ending with the clock edge on which the Precharge com-
mand is entered. A Precharge command issued at the optimum time provides the same operation that would
result from the same fixed-length Burst with Auto Precharge.

Disadvantages of Write command with Auto Precharge

1. Back to back Read/Write bursts can not be initiated. The Read/Write command with Auto Precharge will

automatically initiate a precharge of the row in the selected bank. Most of the applications require subse-
quent Read/Write bursts in the same page.

2. The Auto Precharge command does not allow truncation of fixed-length bursts. It also does not apply to
Full Page bursts.
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Terminating a Write burst

The fixed-length or Full-Page Write bursts can be truncated with the Burst Terminate command. When trun-
cating a Write burst, the input data applied one clock edge prior to the Burst Terminate command will be the
last data written.

Masked Writes
Any Write performed to a row that was activated via an Active with WPB command is a Write-per-Bit-Mask

(WPBM). Data is written to the 32 cells at the selected column location subject to the mask stored in the WPB
mask register. The data to be written in the DRAM cell will be according to the following logic.

MR ... DRAWMCel _

s

Write Masking Functional Representation

L i o -

DRAM Cell
; MR DOM—Q[' ;

...]MR stands for Mask Register

It a particular bit in the WPB mask register is a “0”, the data appearing on the corresponding DQ input wilt be
ignored, and the existing data in the corresponding DRAM cell will remain unchanged. If a mask data is a “1”,
the data appearing on the corresponding DQ input will be written to the corresponding DRAM cell. The over-
all Write mask consists of a combination of the DQM inputs, which will mask on a per-byle basis, and
the WPB mask register, which masks on a per-bit basis. If a particular DQM signal was registered high,
the corresponding byte will be masked. A given bit is written if the corresponding DQM signal registered is “0”
and the corresponding WPB mask register bit is “1”. Note that the DQM Latency for Write is zero.
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Block Write (BW)

Each Block Write cycle writes a single data value from the color register to the block of eight consecutive col-
umn locations addressed by A7-Ag. The information on the DQs which is registered coincident with the Block
Write command is used to mask specific column/byte combinations within the block. The masking of various
DQ planes /column is according to the following functional logic.

Column Address
DQS g . - Fh e man e e s At A e e e DQ Planes Affected
DQg - DQ15 X Y z
DQqg - DQ23 X Y 4
DQoy4 - DQ34 X Y 4

For example, if DQg is “0”, then {X,Y,Z} becomes {0,0,0} and the column 0 with its planes 0-7 is masked from
the selected block of columns. If DQq4 is “0”, then {X,Y,Z} becomes {1,1,0} and the column with address 6
with its planes 8-15 is masked from the selected block of columns. When a “0” is registered in a particular DQ
signal coincident with a Block Write command, the write to the corresponding column/byte combination is
masked. When a “1” is registered, the Color Register data will be written to the corresponding DRAM cells,
subject to the DQM and the WPB masking. The overall Block Write mask consists of a combination of the
DQM signals, the WPB mask register and the column/byte mask information.

Block Write Timing Considerations.

A Block Write access requires a time period of tgyc to execute. When following a Block Write with a Pre-
charge command to the same bank, t gp; must be met.
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Write Burst

Command —( WRITE
|
Address Bank
|Col n
| | |
DQ Din L Din
n n+1 /

NOTE: Burst Length =2
DQMs are all active (LOW).

Write to Write (or Block Write)

CLK

Command ——{
Address —(;

Din Din Din Din
DQ n L n+1 1 X b+ 1 !
l | | |
I 1 | t
NOTE: Burst length = 2. DQMs are all active (LOW). The
Second Write can be a Block Write, in which
case column/byte mask data would be applied to or L
the Color Register data.
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Command

Address

DQ

NOTE: Covers either successive Writes to the active row
in a given bank, or to the active rows in different banks.
DQMs are all active (LOW).
Burst Length = 1

Write to Read

AP e B e B L

|
e S G I [ S A - T
!

NOTE: Covers either a Writes to the active row in a given bank, or to the
active rows in different banks. DQMs are all active (LOW).
Burst length = 2. Read LATENCY = 2 for illustration.

HorL
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Write to Precharge

o \ ; | 5 I 3 I 2 | 5 ' 6

e I O T S R S R A I e
| | |
| I

t f |

| | f
WRITE X NOP ‘XPRECHARGELNOP k NOP‘X ACTIVEW NOP [

| f !

tRp

I

L _ |

o [ To bR )
|

!

DAGM

F/J

: Command

Address

NOTE: The DQMs could remain low in this example

HorlL
if the WRTE burst is a length of 2.

Terminating a Write Burst

0 1 2 3
CLK _LT

f | |
. Command f WRITE [ NOP X TSt X WRITE X
|

"Bank Bank
Address i 'Col. n Col. p
| | |
Din Din ' Lo Din Din
DQ t n L n+1 p K p+1
I I T
I | | i
HorL
Burst Length = 4
I Undefined
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Write with Auto Precharge

11

10

CLK

ic
TIVE |

T

=
g
&)

Cammand %AC
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Write without Auto Precharge
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Write DQM Operation
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Block Write (1 Color Register)
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Block Write (Multiple Color Registers)
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Precharge Command

The Precharge command is used to deactivate the open row in a particular bank, or the open row in both
banks. Whenever, a user wants to activate or open another row in the same bank, he must initiate the Pre-
charge command. This process causes a significant latency known as Row Latency.

Logic Table for Precharge Command

Mnemonic CKE s RAS = CAS WE  DSF  DQM  BA(Ag) . Ag  ApAg
e T t i " [
PREAL L L Lt L X X  H X

The bank(s) will be available for a subsequent row access some specified time (tgp) after the Precharge com-
mand is issued. Once a bank has been precharged, it is in idle state and must be activated prior to any Read,
Write, or Block Write commands being issued to the same bank.

Power Down

Logic Table for Power Down

Mnemonic - CKE cs RAS CAS WE  DSF | pamM  BA(Ag)  Ag Ao
B T S v |
. PDN(EXT) L | H X X TR

Power Down occurs when both banks are in idle state (precharged) and CKE is registered low. Entering
Power Down deactivates the input and output buffers, excluding CKE for maximum power savings while in
standby. In this mode the interal clock is suspended to save power. The device should be refreshed every
16ms to keep the DRAMSs cells alive by initiating Auto Refresh command cycles. Note that in Power Down
Mode no internal refresh operations are being performed..

The Power Down state is exited by taking CKE back high. CKE must go High, tckg before a positive clock
edge, after meeting tcikn from the previous clock edge. The first command after exiting Power Down wili be

registered on the clock edge following tcks. Exiting Power Down at clock edge n will put the device in the “all
banks idle” state in time for clock edge n+1.
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Self Refresh Mode (SREF)

IBM038329DQ6 IBM038329PQ6
IBM038329NQ6 1BM038329QQ6
256K x 32 Synchronous Graphics RAM

The Self Refresh Mode is used to keep the device refreshed during its sleep mode for battery powered sys-

tems to conserve power.

SREF (ENT) command will put the device in Self Refresh mode and the information in the memory cells will
be kept alive by refreshing the DRAM cells internally by initiating 1024 cycles every 64ms or 128ms or 256ms

depending on the device used.

Exiting Self Refresh at clock edge n will put the device in the “all banks idle” state once txgr is met. NOP
commands should be issued on any clock edges occurring during the txsr period.

Logic Table for Self Refresh

CKE
e s b o n-1 S n
SREF (ENT) L
H
SREF (EXT) S S S
L H

The following page shows the timing diagrams for the Power Down mode and the Self Refresh mode. Entry
into these modes and exit from these modes are also illustrated.
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Power Down Mode
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Self Refresh Mode
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Package Diagram

| e

16.00£0.20

i _WL! Seating
Plane
T t . 5/’ ?0.10 Max
0% Lead Coplanarity

Rad 0.20 Typ

0.60 + 0.15/-0.10
Ali dimensions in Millimeters
Conforms to JEDEC MS-026/Variation BHA
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Revision Log
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7/97 Initial release.
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