128Mb: x32 SDRAM
Features
L —

Aicron

Synchronous DRAM

MT48LC4M32B2 — 1 Meg x 32 x 4 banks

For the latest data sheet, please refer to the Micron Web site: www.micron.com/sdram

Featur es Figure 1: Pin Assignment (T op View) 86-Pin
» PC100functionality TSOP
e Fully synchobnous; alkignals registered onpostive
edgeof system abck 1.
 Internal pip&ned opeation; coumn addess can ke 2
changel every dodk cycle :
e Intemal bankdor hiding raw access/mcharge 6
* Progammable burstengthsi, 2, 4 8, or full page !
e Autoprechage, includes cacurent auto pechage, 9
and autaefreshmodes
* SIf refreshmode
e 64ms 4,0%B-cyclerefresh (B.6us/rav)
e LVTTL-compatible inputs athoutpus
e 9ngle +33V 03V power supply
e Suppats CAS latency@) of 1, 2,and 3
Options Marking
» Configuration
— 4 Meg x 32(1 Meg x32x 4banks) 4M32B2
e Package—OCPL!
— 86-pin TSOP Il (4@ mil) TG
— 86in TSOP Il (4® mil) lead-free P
— 90-kall VFBGA(8Bmmx13mm) F5
— 90all VFBGA(8mm x 13nm) lead-fee B5
e Timing (cycletime)
— 6ns (L66MHZz) -6
— 7ns 43MHz) -7
» Dierevison G
e Operating tenperatue range
— Commercial (0°to +70T) None ] . .
_ Extended—40C to +85C) T Table 2: Configurations
Notes 1. Off-centerpartingline 4 Meg x 32
Configuration 1 Meg x 32 x 4 banks
Table 1: Key Timing Parameters Refresh count 4K
CL = CAS (READ) latency Row addressing 2K (AO-A11)
Access Time Bank addressing 4 (BAO, BA1)
éeggg Frecqlggricy o= %.?;‘;‘g .'F'i%g Column addressing 256 (AO-A7)
-6 166 MHz 5.5ns 1.5ns 1ns Part Number Example
-7 143 MHz 5.5ns 2ns 1ns MT48LC4AM32B2TG-7:G
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Table 3: 128Mb (x32) SDRAM Part Nu mber

Part Number Archite cture
MT48LCAM32B2TG 4 Meg x 32
MT48LC4AM32B2P 4 Meg x 32
MT48LC4M32B2F5! 4 Meg x 32
MT48LC4M32B2B5! 4 Meg x 32

Notes: 1. FBGA Device Decode: http://www.micron.com/support/FBGAFBGA.asp

General Description

The 128Mb SDRAM ia high-speeMQOS dynamic endom-access mempocontaining
134217,728bits. It isinternally configued as a quad-bank DR/ with asynchronous

interface (al signalsare registered on thepostive edgeofthe clock sgnal, CLK). Eachof
the 38,554,42-bit banks is organizeaks 4096rowsby 256 columrsby 32bits.

Read andwrite accesses to tI8RAM are bustoriented; accesses dtat aselected
location andcontinuefor a piogrammed number oflocations in aprogrammed
sequence Accesses bedn with the iegistration of an ACTIVE command, whceh is then
followed by aREAD or WRITE command. The addresshits registered coincident with the
ACTIVE comnandare usedo select the banlkand ravto be accessed (BABAL select
the bank, AO—A1 setct therow). The addessbits registered coincident with the READ
or WRITE commanare usedo select thestating column location br theburst access

The SIRAM providesfor programmableread orwrite burstlengths BL) of 1, 2 4, or 8
locations or the full page with a kurst terminate option. Arautoprecharge function
maybe enabéd to provide asdlf-timed 1ow prechage thatis initiated at theend of the
burst sequence

The 128Mb SDRAM usean nternalpipelinedarchitectue to adieve high-speed opea-
tion. Ths achitectue is conpatible with the 2nrule of prefetch achitedures, but it al©o
allowsthe column addessto be changd on every clock g/cle to ahieve ahigh-sped,
fully random access Precharging one bank while accessing one dhe other thee banks
will hide theprechage cycles and pvide seamless high-speed, andom-acess opea-
tion.

Thel128Mb SDRAM is designetb opeiate in 33V, low-pover memoy systemsAn auto
refresh modeis provided, alorg with a pever-saving, power-down mode. All inputs and
outputs ae LVTTL-compatible

SDRAMs offer substantialdvances inDRAM opeiating peformance including the
ability to synchronousy burstdata at ehighdata rate with autonatic columm-address
genedtion, theability tointerleave beween internal bankso hideprechamgetime and
thecapability to andomly changecolumn adiresseson each clock cycle duinga burs
access
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Figure 2: Functional Block Diagram 4 Meg x 32 SDRAM
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Ball Assignments and Descriptions

Aicron

Ball Assignments and Descriptions

90-Ball V FBGA Pin Assignment ( Top View)

Figure 3:
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128Mb: x32 SDRAM
Ball Assignments and Descriptions

Table 4: Pin Descriptions
Pin Numbers Symbol Type Description

68 K Input | Clock: CLK is driven by the system clock. All SDRAM input signals are sampled
on the positive edge of CLK. CLK also increments the internal burst counter
and controls the output registers.

67 CKE Input | Clock enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal.
Deactivating the clock provides precharge power-down and SELFREFRESH
operation (all banks idle), active power-down (row active in any bank) or
CLOCK SUSPEND operation (burst/access in progress). CKE issynchronous
except after the device enters power-down and self refresh modes, where CKE
becomes asynchronous until after exiting the same mode. The input buffers,
including CLK, are disabled during power-down and self refresh modes,
providing low standby power. CKE may be tied HIGH.

20 CSH# Input | Chip select: CS# enables (registered LOW) and disables (registered HIGH) the
command decoder. All commands are masked when CS# is registered HIGH, but
READMRITE bursts already in progresswill continue and DQM operation will
retain its DQ mask capability while CS#is HIGH. CS# provides for external bank
selection on systems with multiple banks. CS# is considered part of the
command code.

17,18, 19 WEH#, Input Command Inputs: WE#, CAS#, and RAS# (along with CS#) define the command
CASH, being entered.
RASH
16, 71, 28, 59 DQMO- Input Input/Output mask: DQM issampled HIGH and is an input mask signal for write
DQM3 accesses and an output enable signal for read accesses. Input data is masked
during a WRITE cycle. The output buffers are placed in a High-Z state (two-
clock latency) during a READ cycle. DQMO corresponds to DQO-DQ7, DQM1
corregponds to DQ8-DQ15, DQM2 corresponds to DQ16-DQ23 and DQM3
corresponds to DQ24-DQ31. DQOM0-DQMS3 are considered same state when
referenced as DQM.
22,23 BAO, BAl Input Bank address input(s): BAO and BA1 define to which bank the ACTIVE, READ,
WRITE, or PRECHARGE command is being applied.
25-27,60-66, 24, | A0-All Input Address inputs: AO—A11 are sampled during the ACTIVE command (row-

21 address A0O—A10) and READ/WRITE command (column-address AO—-A7 with A10
defining auto precharge) to select one location out of the memory array in the
respective bank. A10 is sampled duringa PRECHARGE command to determine
if all banks are to be precharged (A10 [HIGH]) or bank selected by BAO, BA1
(LOW). The address inputs also provide the op-code during a LOAD MODE
REGISTER command.

2,4,5,7,8,10,11, DQO- Input/ | Data I/Os: Data bus.
13,74,76, 77,79, DQ31 Output
80, 82, 83, 85, 31,
33, 34, 36, 37, 39,
40, 42, 45, 47, 48,
50, 51, 53, 54, 56
14, 30, 57, 69, 70, NC — No connect: These pins should be left unconnected. Pin 70 is reserved for SSTL
73 reference voltage supply.
3,9,35,41, 49, 55, VDDQ SQupply | DQ power supply: Isolated on the die for improved noise immunity.
75, 81
6, 12, 32, 38, 46, Vs Qupply | DQ ground: Provide isolated ground to DQs for improved noise immunity.
52,78, 84
1, 15, 29, 43 VDD Supply | Power supply: +3.3V +0.3V.
44,58, 72, 86 Vss Supply | Ground.
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128Mb: x32 SDRAM
Ball Assignments and Descriptions

Table 5: Ball Des criptio ns
90-Ball VFBGA Symbol Type Description

J1 aK Input Clock: CLK is driven by the system clock. All SDRAM input signals are sampled
on the positive edge of CLK. CLK also increments the internal burst counter
and controls the output registers.

J2 CKE Input | Clock enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal.
Deactivating the clock provides precharge power-down and SELFREFRESH
operation (all banks idle), active power-down (row active in any bank) or
CLOCK SUSPEND operation (burst/access in progress). CKE issynchronous
except after the device enters power-down and self refresh modes, where CKE
becomes asynchronous until after exiting the same mode. The input buffers,
including CLK, are disabled during power-down and self refresh modes,
providing low standby power. CKE may be tied HIGH.

J8 CSH# Input | Chip select: CS# enables (registered LOW) and disables (registered HIGH) the
command decoder. All commands are masked when CS# is registered HIGH, but
READMRITE bursts already in progresswill continue and DQM operation will
retain its DQ mask capability while CS#is HIGH. CS# provides for external bank
selection on systems with multiple banks. CS# is considered part of the
command code.

J9, K7, K8 RASH, Input Command inputs: RAS#, CAS#, and WE# (along with CS#) define the command
CASH, being entered.
WE#

K9, K1, F8, F2 DQMO0-3 Input Input/Output mask: DQM issampled HIGH and is an input mask signal for write
accesses and an output enable signal for read accesses. Input data is masked
during a WRITE cycle. The output buffers are placed in a High-Z state (two-
clock latency) when during a READ cycle. DQMO corresponds to DQO-DQ7,
DQML1 corresponds to DQ8-DQ15, DQM2 corresponds to DQ16-DQ23 and
DQM3 corresponds to DQ24-DQ31. DQMO0-3 are considered same state when
referenced as DQM.

J7,H8 BAO, BAl Input Bank address input(s): BAO and BA1 define to which bank the ACTIVE, READ,
WRITE or PRECHARGE command is being applied. These pins also provide the
op-code during a LOAD MODE REGISTER command.

G8,G9, F7,F3,G1, | A0-All Input Address inputs: AO—A11 are sampled during the ACTIVE command (row-
G2,G3,H1, H2, J3, address A0O—-A11) and READ/WRITE command (column-address AO-A7; with A10

G7,H9 defining auto precharge) to select one location out of the memory array in the
respective bank. A10 is sampled duringa PRECHARGE command to determine
if all banks are to be precharged (A10 HIGH) or bank selected by BAO, BA1
(LOW). The address inputs also provide the op-code during a LOAD MODE
REGISTER command.

R8, N7,R9, N8, P9, DQO— I/10 Data input/output: Data bus

M8, M7, L8, L2, DQ31

M3, M2, P1, N2,
R1,N3,R2, E8, D7,
D8, B9, C8, A9, C7,
A8,A2,C3, AL, 2,

B1, D2, D3, E2
E3,E7, H3, H7, K2, NC - No connect: These pins should be left unconnected. H7 is a not connect for this

K3 part but may be used as A12 in future designs.

B2,B7,C9, D9, E1, VDDQ Qupply | DQ power: Provide isolated power to DQs for improved noise immunity.
L1, M9, N9, P2, P7
B8, B3, C1, D1, E9, Vs Qupply | DQ ground: Provide isolated ground to DQs for improved noise immunity.
L9, M1, N1, P3, P8

A7,F9, L7, R7 VDD Supply | Power supply: Voltage dependant on option.

A3,F1,L3,R3 Vss Supply | Ground.
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Functio nal Descr

Initialization

128Mb: x32 SDRAM
Functi onal Descripti on
]

iptio n
In geneadl, this 1BMb SDRAM (1 Meg x32x 4 banls)is aquad-bank DRAM tha oper-
atesat 3.3V andncludesa synchronos inteface (al signalsare registered on thepost

tive edge othe clock signal, CLK)Eachof the 33,554,42-bit banks is organized a&0%
rows by 256 columns ly 32-bits.

Read andwrite accesses to tI8RAM are bustoriented; accesses dtat aselected
location andcontinuefor a piogrammed number oflocations in aprogrammed
sequence Accesses bedn with the iegistration of an ACTIVE command, wheh is then
followed by aREAD or WRITE command. The addresshits registered coincident with the
ACTIVE commandare usedo select the bak and revto be accessed (BAnd BA1
select the bank AO-A11 séect the 1ow). Theaddess bis (AO-A7) registeed concident
with the READ or WRITEcomnmandare wsedto sdect the garting column location for
the bursaccess

Prior to nomal opeation, theSDRAM mustbe initialized Thefoll owing sections
provide detail edinformation covering device initiali zation, register definition,
command desriptionsand deiceopetion.

SDRAMSs must be peered upand intialized in apredefined mannea. Operational
procedues other than those specifiedynesut in undefined operation. Onee power is
apdied to Vbb andVDDQ (simultaneously) andhe clodk is stable (stablelock is
definedasa signal cgling within timing constaints specified fothe clockpin), the
SDRAMrequiresa 100us day prior to issuing any command otér thana COMMAND
INHIBIT or NOR Sarting at some point ding this 100us péod and catinuing at least
through theendof this paiod, COMMAN D INHIBIT or NOPcommands mustbe
apdied.

Oncethe 100us day has bensatisfied with at leaes one CDWMMAND INHIBIT or NOP
command haung bea applied, aPRECHARGE command shoultbe applied. All banks
mug thenbe prechamged thereby placing thedevice in theall bankddle state

Oncein theidle stateg atleast two AJTO REFRESH cgles must be performedfter the
AJTO RERRESHcydesare complete, the SDRAM isready for mode register program-
ming. Because themode register wil powver upin an unknevn stateit must bdoaded
prior to apgdying any ogrational command.fldesied, the two AJTO REFRESH
commands can be ssiel after theLMR comnand

The ecommended power-up sequene for SDRAMS:

1. Smultaneaisly gply powerto VDD andVbDQ.

2. Aszrt and hold CKEat alLVTTL logic LOW snceall inputsandoutputsare LVTTL-
compatible.

3. Provide stable CIOCK signal. &ableclock isdefinedasasignd cycling within timing
constaints gpedfied forthe dock pin.

4. Wait at leag 100usprior to issuingany commanather thara COMMAND INHIBIT
or NOP

5. Sarting at sone poirt during this 100usperiod, bing CKE HIGH. Continuing atleast
through theendof this period, 1 omore COMMAND INHIBIT or NOP conmands
mug beapplied.

6. Perform a PRECHARSE ALL commanl.
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Mcron Register Definiti on
]

7. Wait atlead 'RPtime, during this time NOPs orDESELECTcomnmands must begiven.
All banks wil compkte ther prechaige, thereby placing thedevice in theall banks
idle stae.

8. Issue an AJTO REFRESHommand.

9. Wait at leastRFCtime, duting which onlyNOPs or COMMAND INHIBIT commaumls
are alloved.

10. Issue aUTO REFRESH.ommand.

11. Wait at leastRFCtime, duiing which onlyNOPs or COMMAND INHIBIT commarmls
are alloved.

12. The SDRAM is naw ready for mode egister ppgramming. Becau® themode register
will power up in an unknown gate, it should be loaded with desired bit values prior to
appling any opeational command. Bihgthe LMRcommand, pogam the mode
register Themode register isprogrammed via theMODE REGISER SET comrand
with BA1 = Q BAO = 0 andretains the siored information unil it is progammed agan
orthe deviceloses paver. Not programmingthe modeegister upon initli zation wil |
result in default settings which magptbe desired. Qutputsare guaanteedHigh-Z
after he LMR command isissued. Outpts slould be High-Z already before theLMR
command is isued.

13. Wait at leastMRD time, duting which only NOP ofDESELECT commands ar
allowed.

At this point theDRAM is readyfor any \alid comnmand

Note: If desired, more than tw AUTO REFRESHcommands can ke issuel in the seuence.
After steps 9 andOare canplete repeatthemuntil the desied number of AUTO
REFRESH +RFC loops isichieed.

Register Definition

Mode Register

Themode egister isused todefine thespedfi c mode of operation of the SDRAM. This
definition includesthesekction of aburst length(BL), aburst ype aCAS latency(CL),
anopertingmode ad a wiite burst modgasshown in Fgure4 on pagel2.The mode
regssteris proggammedviathe LOAD MODE REGISTERcommand and wilretain the
stored information untiit is programmed again orthe dewcelosespower.

Mode registerbits MO—M2 spedfy the, M3 speifies thetypeof burst (segental or inter-
leaved), M4—-M6specify the CL, M7 and M8 pecify the opeating mode M9 spefi es the
write burst modeandM10, M11, BAO, and BAlare resewned forfutureuse

Themode egister musbe baded when albanks aeidle, andthe contoller mus wait
the spedied time bdore initiating thesubsequent opextion. Violating eitherof thes
requirements will result in ungecified operation.

Burst Length (BL)

Read andwrite acessesto theSDRAM are bust oriented with BL bang programmable
asshavn in FHgure4 on pagd2. Tre BLdetemines themaximumnumber of column
locations thattan be acaed foragiven READ or WRITE command. Burst lengthsof 1,
2, 4,or 8locaions ae availabledr boththeseaqiential and the interleavedburst ypes
and afull-page burst isavailable forthe sguential type Thefull-page burgsisused n
conjunction with theBURST TERMINATE commando gererate arbitary BLs
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Resewed statesshouldnot ke used asunknovn opeation orincompatilil ity with
future versions may resullt.

Whena READ or WRITE command is issued, ablock of columnsequalto BL is effectively
selected All accesses forthat bust takeplace within ths block,meaning thatthe burst
will wrap within the blokif a bounday is reached. Theblodk is uniquey sdectedby Al—
A7when BL= 2; by A2-A7 wherBL =4; and ly A3—-A7 when BL =8. The remaining (least
significant) addess bit§)is (ae) usedo sdectthe statinglocation within he block.
Full- pagebursts wap within thepagef the boundayris reached

Burst T ype

Acceseswithin a given burstmaybe programmaed to beeither sequential or interleaved;
thisis referred to asthe burst type andis selected via bit M3.

The odeling of accesses with a hurstisdetermined by BL, the burst type and the
starting column addessasshavn in Table 6 on page 3.

Figur e 4. Mode Regis ter Defin ition

All A1I0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus

ARAAAARAAAAA

11/10/9 /8/7 /6 /5 /4 /3 /2 /1 oﬂModeRegister(Ax)

‘ Reserved l WB |Op Model CASLatency ‘ BT ’ Burst Length

Y
Program Burst Length
M11, M10, BAO, BA1 = “0”
to ensure compatibility A2 Al AO M3 =0 M3=1
with future devices.
0O 0 O 1 1
N 0 0 1 2 2
M9 Write Burst Mode
0O 1 0 4 4
0 Programmed Burst Length
. . 0 1 1 8 8
1 Single Location Access
1 0 O Reserved Reserved
M8 M7 M6-MO Operating Mode 101 Reserved Reserved
0 0 Defined Standard Operation 110 Reserved Reserved
- - - All other states reserved 111 Full Page Reserved
/
M3 Burst Type
0 Sequential
1 Interleaved
/
M6 M5 M4 CAS Latency
0O 0 O Reserved
0 0 1 1
0 1 O 2
0 1 1 3
1 0 0O Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
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Table 6: Burst Definition
Order of Accesses Withina Burst
Burst Starting Column
Length Addr ess Type = Sequential Type = Interleaved
2 A0
0 0-1 0-1
1 1-0 1-0
4 Al A0
0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
8 A2 Al A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
Full Page n = AO—A7 (Location Cn,Cn+1,Cn+2 Not supported
(256) 0-256) Cn+3,Cn+4..
Cn-1,Cn...
Notes: 1. ForaBL =2, A1-A7 select the block-of-two burst; AO selects the starting column within the
block.
2. ForaBL =4, A2-A7 select the block-of-four burst; AO—-A1l select the starting column within
the block.
3. ForaBL=8, A3-A7 select the block-of-eight burst; AO—A2 select the starting column within
the block.

4. For afull-page burst, the full row is selected and AO—A7 select the starting column.

5. Whenever a boundary of the block is reached within a given sequence above, the following
access wraps within the block.

6. ForaBL =1, AO-A7 select the unique column to be accessed, and mode register bit M3 is
ignored.
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CAS Latency (CL)

The @ isthe delay, in clock cycles between theregistration of aREAD commandand
the availability of thefirst pieceof outputdata. The latency can be set to,dawe or
three clocls.

If a READ command isegistered at clok edgen, and the latency is clocks, the daa
will beavailable by clock elgen +m. TheDQswiill start driving asa result ofthe clack
edgeone cyle earier (n +m - 1), andprovidedthatthe elevant accessimes ae met,
thedatawill bevalid by dock edyen +m. For exampe, assuming thate clockcycle
time issuch thatll relevantaccess times amet, ifa read command sregisteedat TO
and thdatencyis programmedto two clocks, the DQs will start driving ater T1and he
datawill be\alid by T2,as shon in Hgure 5. Table 7 on pagel5indicates thepemating
frequendesat which ead CL sdting can beused.

Figure 5: CASLatency

TO T1 T2 T3 T4

N W S S U O e

l

| |
comso e )X ee X e XN e Y

DQ

cL=3
DONT CARE

1% UNDEFINED

Reserved gatesshould nat be used asunkrown opeation or inconmpatibility with future
versions mayeasult.
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Operatin g Mode

Thenormalopeiating moe is sdeced by sdtingM7 and M8to zro; theother comlp
nations ofvalues forM7 and M8 ae resevedfor future useandbrted modes. The
progiammed BLapdies to boh read and wite bursts

Test nodes andresened statesshouldnot be usedbecaug unknavn opeantionor
incompatibility with future versons may result.

Write Burst Mode

WhenM9 = 0, BLprogrammed via MO—M2 apjes to bothread anl write bursts; when
M9 =1, the programmed BL gppliesto read bursts, but write acesses are shge-locaton
(norburst) accesses

Table 7: CAS Latency
Allow able Operating Fr equency (MHz)
Speed CL=1 CL=2 CL=3
-6 <50 <100 < 166
-7 <50 <100 <143
PDF: 09005aef80872800/Source: 09005aef80863355 Micron Technology, Inc., reserves the right to change products or specifications without notice.
128MbSDRAMX32_2.fm - Rev. K 9/07 EN 15

©2001 Micron Technology, Inc. All rights reserved.

Downloaded fronDatasheet.su



Aicron

Commands

128Mb: x32 SDRAM
Register Definiti on

Table 8 provides aquick referenceof available commands. This isfollowedby awritten
desciption of each command. Té& additionallruth Tablesappear following the Ope-
ation setion; thesaables ppvide current satehext sateinformation.

Table 8: Truth Table—Co mmands and DQM Operation
Note 1 appliesto the entire table

NAME (FUNCTION) CS# | RAS# | CASH | WE# | DOM | ADDR DQs | NOTES
COMMAND INHIBIT (NOP) H X X X X X X

NO OPERATION (NOP) L H H H X X X

ACTIVE (Select bank and activate row) L L H H X Bank/Row X 3
READ (Select bank and column, and start READ burst) L H L H L/H8 | Bank/Col X 4
WRITE (Select bank and column, and start WRITE burst) | L H L L L/H8 | Bank/Col | Valid 4
BURST TERMINATE L H H L X X Active
PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 5
AUTO REFRESH or SH_F REFRESH L L L H X X X 6,7
(Enter self refresh mode)

LOAD MODE REGISTER L L L L X Op-Code X 2
Write Enable/Output Enable - — — — L - Active 8
Write Inhibit/Output High-Z - - — — H - High-Z 8

Notes:

COMMAND INHIBIT

1. CKEis HIGH for all commands shown except SELF REFRESH.

2. AO0—-A11 define the op-code written to the mode register.

3.

4. AO-A7 provide column address; A10 HIGH enables the auto precharge feature (nonpersis-

AO0-A11 provide row address, BAO and BA1 determine which bank is made active.

tent), while A10 LOW disables the auto precharge feature; BAO and BA1 determine which
bank isbeing read from or written to.

A10 LOW: BAO and BA1 determine the bank being precharged. A10 HIGH: All banks pre-
charged and BAO and BA1 are “Don’t Care.”

This command is AUTO REFRESH if CKE is HIGH; SELF REFRESH if CKE is LOW.

Internal refresh counter controls row addressing; all inputs and I/Os are “ Don’t Care” except
for CKE.

Activates or deactivates the DQs during WRITEs (zero-clock delay) and READs (two-clock
delay). DQMO controls DQO-DQ7; DQM1 controls DQ8-DQ15; DQM2 controls DQ16-DQ23;
and DQMS3 controls DQ24-DQ31.

TheCOMMAND INHIBIT function peventsnewcommandg$rom being executel by the
SDRAM, egadlessof whether the K dgnal is enabded. TheSDRAM iseffedively des-
lected. Opations aleadyin progress ae not affected.

NO OPERATION (NOP)

The NO OFERATION (NOP) command iasedto perform a NOP to an SDRM which is
selected(CS# id . OW). This prevents unwared commands fom being registeeed during
idle or wait gates Opeationsdreadyin progress ae not affected.
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LOAD MODE REGISTER

The noderegisteris loadedvia inputsA0O-All.See the Mode Register heading in the
“Register 2finition” section. The OAD MODE REGISTER command canly be issued
when allbarksareidle, and asubsequergxeaitade command cannot bessuel until
'MRD is met.

ACTIVE

The ACTIVE commands usedto open (or actiate) arow in a paticular bank fora
subsejuent accas The \alue onthe BAO andBAl inputs séedsthe bankand the
addess povided oninputsAO-A11l séects the ow. This row remains active (or open)for
acesesuntil aprechagecommandsisaledto thatbank. A pecharge commananug
beisaied bdore openinga different row in the same bank.

READ

The READ ommandis usedtoinitiate a bust read access to aative row. The value on
the BAO adl BAL (Bl) inputs selectthe bankand the adiressprovided on inputsAO-A7
selects thestartingcolumn location. The aue on inputAlOdetermineswheher or not
auto pecharmge isusal. If auo prechameis sslected therow being accesedwill be
predharged atthe endof the read burst; if autopredhargeis not selected, the row will
remain open forsulsequent aceses Readdataappers onthe DQssubject to thelogic
level on the DQM inputs twolocks erlier. If a gven DOQMx sgnal was egisteed HIGH,
the coregpondng DQswill be Hgh-Z two docks kter; if the DQMx signal was egistered
LOW, the caregponding DQs will provide vald data. DOMO corregpondsto DQO-DQ7,
DQML1 corresponds to DQ8-DQ15, DQM2rregponds to DQ16-DQ2andDQM3
correspamds b DQ24-DQ31.

WRITE

The WRITEcommands usedto initiate a hurst write aacessto an actve row. Thevalue
on theBAO and BAl inputssdectsthe bank, andhe adiressprovided oninputsAO-A7
selects thestartingcolumn location. The @ueon inputAlOdetermineswheher or not
auto pechame isusdl. If auo prechamgeis s=lected therow being acesedwill be
prechargedatthe endofthe write burs; if auto pechargeisnotselected, the rav will
remain open forsub&quent acesses Input ddaa appedng on the DQss written to the
memory arry subject tahe DQMinput logic levd appering cancident with thedata.
If agiven DOM signalis registered LOW, the @rresponding data will bewrittento
memoty; if the DQMsignal is registeed HIGH the corespondigdata inputs wil be
ignored, anda wiite will not be exeated to thabyte/columm location.

PRECHARGE

The PRECHAE command is used to deactigthe openow in a paticular bankor
the openrow in dl banks Thebark(s) will be avalable for asulsequentrow accessa
spedfied time (‘RP)after the precharge comand is issuedInput A10 deermines
whethemneor al banks ae to beprechaiged andin the cas where only onebank isto
be prechaged inputs BAOandBAl sdect the bank. @hemwise BAO and BAlare treated
as“Don't Cae.” Once abank hasbeen precharged, it isin the idle gate and must be acti-
vatad prior to anyREAD or WRITE commands beingissuedto that kank.

Auto Pr echarge

Auto prechamge isa featue whid performsthesame indviduatbank pedamge func-
tion desribedabore, without iequiring anexplicit command. Theis acomplished ty
using A10 to emble auto pedarge in cojundion with aspecific READ or WRITE
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command A precharge ofthe bank/rowthat is addressed with theREAD or WRITE
commandis autamatically peformed upon cmpletion of theREADor WRITE burst,
except n thefull-pageburstmode whee auto pechamgedoesnot appy. Auto precharge
isnonpersstent in that itis ether enalded or disabledfor each individual Read or Write
command

auto pediargeensiresthatthe pedarge isinitiated atthe earlest valid sage within a
burst Theusermug notissueanothe command tothesane bankuntil the pecharge
time (RP)is completed. This is determined asif an explicit PRECHARGE commandwas
issued atthe earlest possble time, asdescribed foreachburst type inthe ‘Opemtion”
section of thisdata beet.

BURST TERMINATE

TheBURSTTERMINATE command is use to trunate either fixedlengh orfull-page
bursts Themog recently registeied READ oWRITEcommand pior to theBURST
TERMINATE command wil be truneted, asshown in the*Operation” section.

The BURST TERMINATE comnanddoes not prchargethe row; the row will remain
open util a PRECHARGE command isssued.

AUTO REFRESH

AUTO REFRESH isisedduring nomal opertion of theSDRAM ands analg@ousto
CAS#BEFOREE-RASHCBR)refresh in congntional DRAMs This commands nonper-
sistent, ® it mug beissuel eachtime a efredh is required

The adires$ngis generated by the nternalrefredh contoller. Thismakeghe adlress
bits “Dont Care’ during an AJTO REFRESHommandThe 128MbSDRAM iequires
4,006 AUTO REFRESH agles evey 64ms {REF),regadlessof width option. Poviding a
distributedAUTO REFRESH command eyet5.25us will meet thesfresh equirement
and ensuwethat each ravis refreshed. Alernatively, 4,036 AUTO REFRESH commauals
can beissuedin aburst atthe minimum cycle rate {RFC), once evgré4ms

SELF REFRESH

The SELFREFRE3 command can beusel to retain data h the SDRAM, ewen if the est
of the systenis powered down. Whenin the selfrefresh node the SDRAMretains data
without extenal clocking. The SELF REFRESHcommandi is initiatedlike an AJTO
REARESHcammandexcept CKE is disabled (LOW). Oncethe SELAREFRE$ command
isregistered, allthe inpus to theSDRAM become “Dont Care’ with the exception of
CKE,which must emain LOW.

Once <elf refresh modeis engaged the SDRAM providesits own internalclocking,
caudng it to perform itsown auto efresh cycles The SDRAM musremain in sdf refresh
mode for aminimum peiod equal ©'RAS and may remain in séf refresh modefor an
indefinite peiod beyondthat.

The pocedure for exting sIf refresh requires a sguence of @ mmandsHrst, CLK must
be stable (stablelock is defned asa signal cgling within timing canstraints specified
for theclockpin) prior to CKE goingoack HIGH. Once CKE isHIGH, the SDRAMmust
have NOPcommandsssue (a mhimumof two clods) for '’XSRbecause time is
required forthe conpletion d ary internal refresh in progress

Upon exiting SELFREFRESH node, AUTO REFRESH ommands must beissued evay
15625u90r lessas bothSELF FEFRESH and AUTO REFRESH utilize the rav refresh
counte.
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Operation

BANK/ROW ACTIVATION

Before any READ oMWRITE canmandscan beissued ta bankwithin the SDRAM, arow
in thatbank musbe“openel.” This isaccompished viathe ACTIVE command which
selects boththe bank and thew to beactivated. See Rgure 6.

After openinga raw (issuing an £TIVE canmand), a READ or WRITE command malye
issuel to that row, subpctto the!RCD spedfi cation.!'RCD (MIN) shouldbedivided ty
the cbck periodand oundead up to thenext wholenumber to déerminethe eariest
clock edge fter the ACTIVEcommand orwhich aREAD or WRITE command can be
issued. Br examplea'RCD specificaion of 20ns with &25 MHzclock (8ns peiod)
resultsin 2.5 clocksrounded to 3. This isflected in Hgure 7 on page20,which covers
any @sewhele 2<'RCD (MIN)/!'CK - 3.(The sane procedueis usedto mnvert other
spedfication limits fromtime units to cbck cycles))

A subsequent &TIVE command to alifferent row in thesame bank canmly beissued
after the pevious adive row hasbeen“closed” (prechaged). The minimumtime
interval between auccessve ACTIVEcommands tothe same banis definedby 'RC

A subsequent &TIVE command to aaother bankcan beissuedwhilethefirst kankis
being acessd which resulsin a ieduction of total row-aces overhead.Theminimum
time intewval betweersuccessive &TIVE canmands to dferent banks islefined by

t

RRD

FHgure 6: Acti vating a Specific Row i n a Specific Bank

|
CKE  HIGH |
I
I
csi I
I
I
I
I
i
!
CASH | W
I
I
1
WE# i W
I
I
AO-A11 =Y,
|
BAO, BAL ;}( Ag&igs %/
[/} bonT care
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Figure7:  Example: Meeting 'RCD (MIN) When 2 < 'RCD (MIN)/!CK< 3

T2 T3

ﬁ m 4 M
— = >@< >@< >@< o\

{RCD (MIN)

tRCD (MIN) +0.5 tCK

DON'T CARE

Notes: 1. 'RCD (MIN) = 20ns, !CK =8ns
'RCD (MIN) x 'CK
where x = number of clocks for equation to be true.

READs

READ burstsare initiated witha READ conmand, as shan in Fgure 8.

Thestartingcolumn andbank addessesare povided with the READ commandand
autoprechargeis either enablad ordisabled for that burs acess If auto pechame 5
emabled, the row being accessed is precharged a the completion ofthe burst. For the
generic READ commands usedin the followingillustrations autoprechargeis disabled.

During READ burststhe valid datasut elerrent from thestaiting columnaddesswiill
be awailable following the @_ afterthe READcommand. Eah subsejuent data-out
element wil bevalid by thenext podiive clodk edje Fgure9on page?1 shavs general
timingfor each pos#ble CL sdting.

Figure 8: READ Command

S B e I

!
CKE HIGH |
|
|
|
cst /-
L
|
|
|
RASH# Y
|
|
|
CASH /N
1
|
1
WE# / ! W
|
|
!
COLUMN
AO-A7 % ADDRESS W
T
|
A8, A9, A1l X WY
|
l
ENABLE AUTO PRECHARGE
A10
DISABLE AUTO PRECHARGE
|
BAOL Y,
[/} bonT care
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Upon completion of aburst, assuming no other commandshave been initiated, the DQs
will go High-Z A full-pageburstwill contnue unti terminated (At the end of thpageit
will wrap to olumn O andcontinue)

Data from any READurstmay betruncaed with a subequent READ command, and
data from a fixed-length READ burg may be immediatdy followed by data froma READ
command In @ther cas, acontinuousflow of data can be maintained The firstdata
element fromthe new burst follows either thelast element of acompldedburg orthe
lastdesired data eément of a longe burst thatis being truncaed The nev READ
commandshouldbe issuedx cycles béore theclock edg at whid the lastdesired data
elementisvalid, wheex=CL -1. This isshovn in Hgure 10 onpage22for CAS laencies
of one two and thee; dataelemen n +3 is @therthelast ofa kurst offour orthelast
desired of alongerburst. This 128Mb SDRAMuses apipelined architectue andthere-
fore does not requirethe 2n rule associatedith aprefetch achitectue.

Figure 9: CAS Latency

AR
R

DONT CARE

@ UNDEFINED

A READ commanaan be iriated onanyclock cycle folowing a pevious READ
command. Rlll-speedandomreadaccessescanbe paformed to hesame bank, as
shown in FHgure 11on page 23, or each subsequent READ may be performed to a
different bank.
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Figure 10: Consecutive READ Bursts

COMMAND { READ >{ nop W moe W - X FiEAD X i\lOP }C

! X:Ocycles:

| | |
| | |
| | | |
L Il Il Il
ADDRESS %emﬁW M //><// M%GTEW‘ Wl
\
|
DQ :4< DC:JT E?.UI n+2 n+3 >—< DOUT >>
I

! 1
I

—
| .

CL=1

COMMAND<READ>—< N0P><NOP><N0P><READ><NOP><NOP>C

I
<—>

I
\ X= 1cycle\ |
I

ADDREss<%eNW //><// M A)(%é“LEW /ﬂ/ Wil

Dout Dout >_< DouT >>
n n+1 n+2 n+3
I I I

DQ —

CL=2

commano { re W wor W e W o W o W o W o W v W
| X= chcles

ADDREssﬁgNLﬁW Wi M //xz;@%W M M Wl

i T
! | |
! | |
I
bQ i 3 3 DM>—<n+1>—<n+2>—<n+3>—<DOUT>>
| |
1 CL=3
[/} bonT care

Notes: 1. Each READ command may be to either bank. DQM is LOW.
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Figure 11: Random READ Access es

T0 T1 T2 T3 T4
S N o B B
I
! | | | |
! | | | |
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| | |
BANK, BANK, BANK, BANK,
ADDRESS << COLn >_< CoLa CoLx >—< CoLm

Wi
= (0 (/=D

DQ
cL=1
T0 T ™ T3 T4 5
e T U O Y T Y T Y T
: | | | | |
! | | | | |
COMMAND READ READ READ READ NOP NOP >C

| | |
BANK, BANK, BANK, BANK,
wooress (S MO CBEH R W)Y
|

| |
| | | |
|
v ——— (SO (=D
~—!

CL=2

TO T1 T2 T3 T4 T5 T6

|
! | | | |

commanp {0 W e W e W o W e W e W e W
! I I I
! I

! ! ! !
BANK, BANK, BANK, BANK,
voceess ) 50 () D T T

I I
! | | | | |
! I | L . . "
DO i : : < D('IJ1UT >_< D(;m >_< DC;)(UT >< D(rjnm >
I I T T T
I |

CL=3

DONT CARE

Notes: 1. Each READ command may be to either bank. DQM is LOW.

Data from any READurstmay betruncaed with a subsequent WRITEmonand, and
data from afixed-length READ burd may be immediately followed by daa from a
WRITEcommand (sulertto bus tunaroundlimitations). Tlke WRITE burstmay be
initiated on theclock elgeimmediatdy following thelag (or last desired) data element
fromthe READ burst, praded that/O congention carbe awided.In agiven system
design,there maybea posibility thatthe devicedrivingthe inputdata will go Lov-Z
before the SIRAM DQs o High-Z. In this cas, atleast a sngle-cycle dday shoutl occur
betweerthe last eaddata andhe WRITEconmand.
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Figure 12: READ-to-WRITE

T0 T1 T2 T3 T4
CLK

I I I I I
I I I I I
QM ) | | | | |
I I : : I

COMMAND READ NOP NOP NOP WRITE
I I I I I
| | | | |

BANK, BANK,

sooress {8 WU/ LT s K

Notes: 1. CL=3isused for illustration. The READ command may be to any bank, and the WRITE com-
mand may be to any bank. If a burst of one is used, then DQM is not required.

TheDOQM inputis ussdto avoidl/O mntenton, asshown in FHgures12and13.The
DOQM signal must be aseated (HIGH) at least two clocks prior to the WRITE command
(DQM latency is two clocks fa outputbuffers) to supress daéa-outfrom the READ
Oncethe WRITE comrandis registered, theDQswill go High-Z (or remain High-2),
regadlessof the sate of the DOM gjnal provided the DQM was acte on theclodk just
prior to theWRITE command tha truncaed the READ cormand. If not, thesecad
WRITE will beaninvalid WRTE. For exanple, if DQM waslow during T4 in kgure 13,
then theWRITEs atT5 andT7would be alid, whilethe WRITE at T6 would b@valid.

The DOM signalmug be de-asseted prior to theWRITEcommand(DQM latencyis
zero clockdor inputbuffers)to ersure thatthe wiitten data ismotmasked. kgure 12
shows thecase wherethe clockfrequercy alowsfor buscontenton to beavoided
withoutaddinga NOP cgle, andFgure 13 stows thecase wheethe addional NOP is
needed

Figure 13: READ-to-WRITE with Extra Clock Cycle

TO T1 T2 T3 T4 T5

b U

COMMAND READ NOP NOP % NOP % NOP WRITE
e NN L
\ \ \ tHZ |
\ I I I
DQ : : : Dourn %7 < Dnb >
| | | | l -l = 'ps
DON'T CARE

Notes: 1. CL=3isused for illustration. The READ command may be to any bank, and the WRITE com-
mand may be to any bank.
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A fixed-length READ burs maybe followed by, or truncatel with, a PREEHARGE
command to thesame bank (pridedthatauo precharge was nactivated) and &ull-
page bursimay be tuncatd with a PRECHARGE conmand to the samebank. The
PRECHARGE command should be issuedyclesbeore the dock edgeatwhich the bst
desired data eement isvalid, wherex=CL- 1. This isshavn in Fgure 14 foreach
possble CL; data @ment n +3is either the las of aburst of fouror the last dased ofa
longer bust. Following the PRECHARE command,a subsequent commandthe
same bank canndieissued untifRP 5 met. Notethat part of the row prechargetimeis
hidden duimgthe access dhe last déa elenent(s).

FHgure 14: READ-to-PRECHARGE

TO T1 T2 T3 T4 T5 T6 T7
S J Y S Y B U S 0 S Y O
: I I I | | |
| | | | | I |
COMMAND READ NOP NOP NOP PRECHARGE>< NOP NOP >—< ACTIVE >—<i
‘ : : : ‘ X=0 cycles ! ‘
| | I
BANK a, BANK BANK a,
vooress Sl WY M % el /)r<// SN
: | | | |
L L | | |
! DOUT Dout Dout
bQ : >< n+1 n+2 n+3 : : :
T | | |
\<—>
CL=1
TO T1 T2 T3 T4 T5 T6 T7
S R S O N U S 0 S Y O
: | | | | | | |
! l l l l L e l
COMMAND READ NOP NOP NOP PRECHARGE>< NOP NOP >< ACTIVE }C
I I I |-~
: : : \ X=1cycle \

ADDRESS w M M %::r“;.w M W‘*“K%

I
I
. . |
/ DOUT Dout |
n+1 n+2 n+3 |
|

DQ l

I I I
cL=2
TO T1 T2 T3 T4 T5 T6 T7
e e e B e o
: | | | | | | |
1 1 1 1 LR |
COMMAND READ >—< NOP >< NOP NOP PRECHARGE, NOP NOP ACTIVE ><

I <—>\
! X= chcles !
v <w i Ul Msﬂ:w T @R,

I

I

. . . |
Dou'r Dout Dout |
n+1 n+2 n+3 > [

DONT CARE

CL=3

Notes: 1. DQM is LOW.

In theca of a fixed-length hurst being exeauted to compktion, aPREGHARGE
command isuedat the optinum time (as deaibed abae) provides the sarm opeaation
thatwould result fromthe samefixed-length burst withautoprechargeThedisadvan-
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tage ofthe PRECHARGE command is thatit requires thathe command and addess
busesbe available at theappiopriatetimeto issuethe conmand; theadvanageof the
PRECHARGE comman is that itcan be used twuncaefixedlength or full-pageburds.

Full- page READburstscan be mncatedwith the BURST TERMINATE commad, and
fixed-lengthREADDbursts nay betruncated wih aBURSTTERMINATE conmand,
providedthat auto pechargevas notactivated. The BRST TERMINATE comnand
should be issuedx cyclesbefore theclodk edye at which the last desired data elementis
valid, wheex=CL - 1. This isshavn in Hgure 15for each pssibleCL; data element i+
3isthelast desired data ekment of alonge burst.

FHgure 15: Terminati ng a READ Burst

TO T1 T2 T3 T4 T5 T6
a [T LT L LT LT L
! | | | | | |
! | | | | | |
! | | | | | |
COMMAND READ NOP NOP NOP TEmTEX NOP NOP
‘ I X= Dcycles

ADDREssﬂzNLﬁW W //W /M DI,

|
\
| ‘ ‘ |
! DOUT Dout Dout > I
bQ : >< n+1 n+2 n+3 |
|

f<—>\
CL=1
TO T1 T2 T3 T4 T5 T6
e LI
! | | | | | |
! | | | | | |
! | | | | | |
BURST
COMMAND READ NOP NOP TERMINATEX NOP NOP

I I I ———— | I
I I I \ \ I
| | | X =1cycle |

ADDREssﬂzNLﬁW /N /M M /M W

|
‘ |
I | . . .
! 1 Dou'r Dout >
DQ : [ >—< n+l n+2 n+3
|
‘<—>
i .

CL=2
TO T1 T2 T3 T4 T5 T6 T7
CLK ‘

! \ \ | | | | |

! | | | | |

! | | | | |

BURST
COMMAND READ NOP >< NOP NOP TERMINATE NOP NOP >< NOP >C
‘ | \<—‘—>\
! X=2 cycles
L
BANK

pooress 4 col, W W DU U T, //><// Yl

T T T T T T T

I I I I I I I

‘ | | | | | | |

! | | /w I I I |

! | | DOUT Dout |

DQ : [ i >'< e n+ 2 n+3 [

| | | T T |

CL=3
[/} boNT cARE
Notes: 1. DQM is LOW.
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WRITES
WRITE burstsare initiated wih aWRTE command, ashown in Fgure 16.

The garting column and kank addessesare povided withthe WRITE conmand,and
auto pedarge is either enabéd or disabled for that acess If auto pechame is enabed,
therow being accesedispredarged at tre conpletion d the burst.For the gendc
WRITE conmands ugdin the following illustrations auto pedcarge isdisabled.

During WRITE burss, thefirstvalid data-in eement will beregisteiedcoincident with
the WRITE commandubsequentdata elementswill beregistaed oneachsucessive
postive clodk edge Upon mmpletion ofa fixed-length buist, assimingno other
commands hagbea initiated, theDQs will remain Hgh-Z and any addional input
data will beignored (seeFgure 17 on pag@8). Afull-page burst will cornhue until
terminated. (At the endof the pageit will wrapto colunm 0 andcontnue)

Figure 16: WRITE Command

cs Dt 4
oo .

AO-A7 ﬂ COLiUMN W

A8, A9, A1l X W

|
ENABLE AUTO PRECHARGE

A10

DISABLE AUTO PRECHARGE

BAO,1 4>< et XZ/
D VALID ADDRESS DON'T CARE

Datafor anyWRITE burstmay be tuncatd with asubquent WRITE anmand.and
data fora fixed-length WRITE burstmay beimmediately followed by datafor a WRITE
command. Thenew WRITE @mmandcan keissuedon any tockfollowingthe previous
WRITE command, and thedata preided coirtident with thenewcommand appés to
the new command\n exampt isshown in Hgure 18 on pag@8. Datan + 1 k eitherthe
last of aburg of two orthelast desired of alonge burst. This128MbSDRAM ugesa
pipelined achitectue andtherefore does na require the2nrule assciatedwith a
prefetich architeaure. AWRITEcommand can be initiated onanyclodk cycle following a
previous WRTE command. Full-speed random write acesseswithin apagecan be
performed to thesame bak, as sbwn in FHgure 19 on pag&8, oreachsubsequent
WRITE may beperformedto a diffeent bank
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Figure 17:

Figur e 18:

Figure 19:

128Mb: x32 SDRAM
Register Definiti on

WRITE Burst
O T T2 T3

w« LD

comman {(vere H{ o e e {
ADDREss<BA~K W M M 74
o (EDEED M I
DONT CARE

Notes: 1. BL=2. DQM is LOW.

WRITE-t0OWRITE

COMMAND { WRITE }( NOP >< WRITE >_<
ADDRESS %ﬁ'ﬂ'ﬁ W W Bo%“ﬂ'é H
DO ( DIN >< nD"I‘Nl >< Dl.)u >7

DONT CARE

Notes: 1. DQM is LOW. Each WRITE command may be to any bank.

Random WRITE Cycles

COMMAND% WF;ITE >’< WRlITE >< WR‘ITE >< WR‘ITE >C
I
I

! | | |
BANK, BANK, BANK, BANK,
ADDRESS ( CcoLn H CoLa CoLx coLm %

~ EDEDEDED-

DON'T CARE

Notes: 1. Each WRITE command may be to any bank. DQM is LOW.
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Fgure 20: WRITE+t0-READ

I I
COMMAND {\NR‘WE >< NOP >< R;AD >< N‘OP >< NoP NoP
I I

aooress { e WK WX,

oo {1 T e e —
DON'T CARE

Notes: 1. The WRITE command may be to any bank, and the READ command may be to any bank.
DQM is LOW. CL = 2 for illustration.

Datafor anyWRITE burstmay be tuncatd with asubsequent READommaml, and
datafor afixedlength WRITEburst may beimmediately followed by aREAD command.
Oncethe REA command igegisteed the datanputs wil beignored, andwrites will
not be executed. Aexample ishovn in FHgure 20. Daten + 1 iseitherthe bst of aburg
of two o the last desad of a longer burst.

Data fora fixed-length WIRTE burstmay be followed by, ortruncated with, a
PRECHARGE command to the sane bank(provided hatauto pecharge was ot acti-
vatad), and a ful-page WRITE burd may be truncatedwvith a PRECHARSE commando
the sme kank. The PRECHRGE command &ould beissuedWR afier theclock edye at
which thelad desired input data eément s registered. The"two-dock” write-back
requires at leasone cbck plus time, regadlessof frequency, in auto pechamge mode In
addition, whentruncatinga WRITE burst the DOQM sgnal must be used to mask input
datafor theclock edye pror to, and theclock edg coincident with, thePRECHARSE
command. Arexample is shon in Fgure 21 on page30. Datan + 1 isatherthelad of a
burstof two or thelastdesied ofa longeiburst. Bllowing the PRECHAKSE commanda
subsegentcommand to the sanebank canno be issued uit 'RP ismet. The
predcharge wil adually begin coincident with the clock-edge 2 in Hgure 21 an page30)
on a“one-clock "WR and soratime betweentefirst and second clock an'‘two-clock
"WR(between P and T3in Fgure21.)

In thecas of a fixed-length hurst keing exeauted to compktion, aPRECGHARGE
command isuedat the optinum tine (as deaibed abwe) provides the sare opeaation
thatwould result fromthe samefixed-length burst withautoprechargeThedisadvan-
tage ofthe PRECHARGE command is thatit requires thathe command and addess
busesbe available at theappiopriatetimeto issuethe conmand; theadvanageof the
PRECHARGEcommand ighat it carbe usedo truncate fixed-legth or full- pagebursts
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Figure 21: WRITE-to-P RECHARGE

tWR =1 CLK ({CK > 'WR)

DQM%E

ADDRESS {Bégfna Y <:oArN§|> W M % PROW W W
\

<—>
\

o = /}<// M M M -

I I
I I
I I
I I
I I
I I
I I
| |
‘ ‘
COMMAND WRITE NOP PRECHARGE NOP NOP ACTIVE NOP ><
‘ S Co
I I

tWR = 2 CLK (when 'WR > tCK)
I

DQM%\AE

I

I

I

1
COMMAND WRITE NOP

T

I

\
|
|
|
|
|
i
|
N‘OP ><PREQ4ARGE>< NO‘P NOoP >< ACTIVE ><
|
ADDRESS %BQSE:W i //><<amamW //W MB’*”K%

o {3 W M 1l M 1 //%

DON'T CARE

Notes: 1. DQM could remain LOW in this example if the WRITE burst is a fixed length of two.

Fixeddengthor full-page WRTE bursscanbetruncated wih the BURSTTERMINATE
command. When tincating aVRITEburst the input data apped coincident wih the
BURSTTERMINATE command will beignored. Thelag data written (provided tha
DOQM s LOW at thatime) will be theinput datapplied oneclock pevious to the
BURSTTERMINATE commad. This isshonvn in Hgure 22,whele datan isthe last
desired data eément of a longe burst.

FHgure 22: Terminati ng a WRITE Burst

TO T1 T2

w [
\
COMMAND WRITE TERMINATE>_<COMMAND>_<
AooRESS ﬂ’;fﬁ- V) =)
| ! !
o) < DI:]N W ‘ % (D‘ATA) >—
| ! !
| ! !

[/} boNT cArE
Notes: 1. DQMs are LOW.
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FHgure 23: PRECHARGE Command

1
CKE  HIGH |
I
I
I
csi N/
I
I
I
I
1
|
CASH / \ W
I
I
I
WE# !
D/
I
|
AO-A9, A1l
|
All Banks
A10
Bank Selected
I
I
|

[ ] vaupAoDRESS DONT CARE

PRECHARGE

The RRECHARGE command (lgure 23)is usedo deactivatehe operrow in apartic-
ular bark or theopen ravin all barks. Thebank(s) wil beavailable fora subsquentow
aacesssone ecified time (‘RP) afer the pedarge conmandisissued Input A10
determines whether on@r all banksare to be pechamed, andin thecase whee only
onebankis to beprechamged inputsBAO andBA1 slect the lank. When dlbanks are to
be prechaged, inputs BAOandBALl aetreatal as Dorit Care.” Once abank hasbheen
precharged, itisin theidle sateandmust be adivated prior to any READ or WRITE
commands bag issue to thatbank.

Power-Down

Power-down occursif CKE isregiseredlow coinddent witha NOPor COMMAND
INHIBIT when no accessesaan progress(seeHgure 24 on pag8&2).If powver-down
occurswhen all banks areidle, this modeis referred to asprechargepower-down; if
power-down occurswhen there isarow activein either bark, thismoceisreferredto as
active pover-down. Entemg paverdown deactivates thmput andoutput buffers
excluding CKE, formaximum powver savihgswhilein standty. The device may not
remain in the pwerdown stdelonger ttan herefresh @riod (64ms) since naefresh
opertionsare peformed in this mode

The paver-down dateis exited by registeiing a NOP oCOMMAND INHIBIT and CKE
HIGH at thedesired dock edge(meding 'CKS).
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Figure 24: Power-Down

a4 [

-
-
Ly
Ly
—

loxs > o | |
CKE (( /
‘ ))
((
come oo /T, ) oo e
))
All banks idle tRCD
Input buffers gated off = RAS
Enter power-down mode. Exit power-down mode. 'RC
DONT CARE

Clock Suspend

Theclock suspendmode oaccurswhen a wlumn acesd burg isin progessandCKEis
registeedlow. In the clocksuspendnodg, theinternal dock is deactivated, “freezing’
the synchonous logz.

For eat postive clock edyeon which CKEis sanpled LOW, the nextinternalpostive
clock ed@ issuspendd. Any conmand omdata presnton theinputpins d the time da
suspendd internal cbckedgeisignored; any datgpresent on theDQ pinsremains
driven;andburstcountas ae not incemented as long as thelock is supended. (See
examplesin Hgure 22 onpage 30 andFgure 23 on mpge31)

Clocksuspend modes exited by registering CKE HIGH; thanternal clok and elated
opertionwill resume onthe sulsequentpostive clockedge

Fgure 25: CLOCK SUSPEND During WRITE Burst

INTERNAL M
CLOCK
I
I
‘
COMMAND NTP WRITE W M M N?P NOP
\
pooress /) %iﬁTﬁW M et

o S T D
DON'T CARE

Notes: 1. For this example, BL =4 or greater, and DM is LOW.
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Figure 26: CLOCK SUSPEND During READ Burst

I
I
I
COMMAND READ NOP NOP NOP NOP NOP
: [l [l W\ % [l [l [l
I I I I I I
! | | | | | |
sooress gl WK iy i i i
! | | | | | |
! | | | | | |
! | | | | | |
bQ ———— o R W
DONT CARE

Notes: 1. For this example, CL =2, BL= 4 or greater, and DQM is LOW.

Burst RE AD/Single WRITE

Theburst read/ single write modes enteed by programmingthe wite burstmode bit
(M9) in themode egister to dogic 1. In this male all WRITE commands esult in the
access oh singlecolumn location (burstf one) regadlessof theprogrammed BL.
READ commands acces colimns accatting to theprogrmammed BLand sequerg jug
as in tlenomal mode & operation (M9 =0).

Concurr ent Auto Pr echarge

An accaesconmandto (READ or WRITEanother bankwvhile anaacces command wth
autoprechame enabled isexecutingis not albwed by SDRAMS unless theSDRAM
suports corcurrent auto pedharge. Micron SDRAMs supprt concurent auto
predharcge. Four cases where coancurent auto pedharge ocairs ae ddined below.

READ with Auto Pr echarge

1. Interrupted by a READ (with or withoutauto pecharge): A READ to bankm will inter-
rupt aREAD on bank n, CL later. The pedargeto bank n will begin whenthe READ
to bank misregisered (see kgure 270on pa@ 34).

2. Interrupted by aWRITE (with or without auto pecharge): AVMRITE to bank m wiill
interrupta READ on kank n when egisteed DOM should be used two cbcks prior to
the WRITE commantb preventbus contation. Theprechage to bankn will begin
whenthe WRTE tobankm is registeed (sedigure 28 on pag&4).
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Figure 27:

Figur e 28:

. 128Mb: x32 SDRAM
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READ With Auto Pr echarge In terrupted by a READ

TO T1 T2 T3 T4 T5 T6 T7

I
COMMAND < NjOP ><R§'::E"‘<‘I‘1P>—< V‘\IOP ngfgkgPH :NOP >< ‘NOP ‘NOP NOP >{

T
=== EEERE .
]
] BANK n ’ Page Active IREADwnh Burst of 4 >‘ImerruptBurst, Precharge I Idle .
]
. i
. Internal | | | | ! tRP-BANKn ! tRP-BANKm *
] ! | | | | | | 1 .
. States '
. BANK m ’ Page Active I READ with Burst of 4 I Precharge g
Eessmssmmnnn=m ‘....a....a.....u ................... B
BANK n, BANK m,
sooress (] //><ooLaW %WW M /W U M
T |
: \ I \ \
| | DOUT Dour Dour Dour
bQ | : : a+l >< >—< d+1
! T

\
|
T
| T T T
T ! l
CL=3(BANKnN) | |
| |

CL=3(BANKm)

[/} boNT cARE

Notes: 1. DQM is LOW.

READ With Auto Pr echarge In terrupted by a WRITE

TO T1 T2 T3 T4 T5 T6 T7

|
| ! )
<READ-AP WRITE-AP
COMMAND BANKN >< NoP >—< NOP >< NoP BANK m >< NOP NOP NOP >{

T
|
. (
" BANK n Page READ with Burst of 4 >‘ Interrupt Burst, Precharge I Idle '
Active | '
' | ; .
. Internal | | | | | | 'RP-BANKn 'WR - BANK m*
] ! | | | | | | | .
. States . _ , '
BANK m ’ Page Active I WRITE with Burst of 4 I Write-Back g
]
hememmemnnnmn- emeedasmsbasesbhonscescnaennnaannnaanens !

sorress ~(FBa )/ //><// /)<// W‘ezta"w /W W Walh

1 1
| |
m Din Din Din
a d+1 d+2 d+3
! j ; ; ;

DON'T CARE

CL=3(BANKn)

Notes: 1. DQM is HIGH at T2 to prevent DouT a + 1 from contending with DIN d at T4.

WRITE with Auto Pr echarge

2. Interrupted by a READ (with or withoutauto pecharge): A READ to bankmwiill inter-
rupt aWRITE on bank nwhen egistered, with thedataout appearing CL lateiThe
predharge to bankwill begin after '"WR ismet, where WRbegins when thREAD to
bank misregistered. The las valid WRITE to bank will bedata-in registeed one
clock gior to the READ b bankm (see Fgure290on page35).

3. Interrupted by aWRITE (with or without auto pecharge): AVMRITE to bank m will
interrupta WRITE on bank when registeed The pechageto bankn will begin
after'wR ismet, whee'WR baginswhen the WRITE to banknis registeed The bst
valid data WRITE tdoankn will be dataregisered oneclock priorto a WRITEto bank
m (seeFHgure 30 onpage 35).
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Figure 29: WRITE With Auto Precharge Interrupted by a READ

TO T1 T2 T3 T4 T5 T6 T7

COMMAND < NoP WE‘ESK‘:PH NoP HREQEKQPX ‘NOP >< ‘NOP >,< NoP >< NoP >C
T T T

l'"'"'"'"""'"\'""\""'\""ﬂ""f"" )
| ]
: BANK n ’ Page Active IWRITEwnh Burst of 4 }Interrum Burst, Write-Back | Precharge [
|
n
] ! | | | ! 1 _trp- |
Internal | | ! ! twR-BANKD | JRP-BANK D - .
: ! | | | | | | “RP-BANKml
States : ; '
L] Page Active I READ with Burst of 4 I .
L ]
-.............‘....a....a.....u....\ ! [

sovress 4 %B“““”W DEER M I

| | |
| | |
‘ Din | | | Dout Dout
0 EO—E@— | | i
|
I

CL=3(BANKm)

N

DONT CARE

Notes: 1. DQM is LOW.
Figure 30: WRITE With Auto Precharge Interrupted by a WRITE

TO T1 T2 T3 T4 T5 T6 T7

COMMAND < NOP WEESK’:PH NOP >< NOP WBRLT’\‘EKQPX NOP >< ‘NOP >—< ‘NOP >{

.-------------‘-----‘-----‘-----‘---- == =m ""F""F""'
]

[

B BANK n ’ Page Active IWRITEwnh Burst of 4 >{Interrup! Burst, Write-Back | Precharge 1

!

[ [ | i | i 1 EP-BANKN | '

» Internal | ! ! ! |'WR - BANK n} n

. I | | | — twr- BANKm.

' States - - ‘7\” o !

. NK m Page Active I WRITE with Burst of 4 I rite-Bacl .

R Lk L L T I

sooress (] BA”K”W sl MBS@T?W W W Walh
I

oo ——O) )

[//)] boNT care

Notes: 1. DQM is LOW.
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Table 9: Truth Table — CKE
Notes 1—4 apply to the entire table
CKE,.1 | CKE, Current State COMMAND,, ACTION,, Notes
L L Power-down X Maintain power-down
Self refresh X Maintain self refresh
Clock suspend X Maintain clock suspend
L H Power-down COMMAND INHIBIT or NOP Exit power-down 5
Self refresh COMMAND INHIBIT or NOP Exit self refresh 6
Clock suspend X Exit clock suspend 7
H L All banks idle COMMAND INHIBIT or NOP Power-down entry
All banks idle AUTO REFRESH If refresh entry
Reading or writing WRITE or NOP Clock suspend entry
H H See Table 10 on page 37

Notes: 1. CKE,isthe logic state of CKE at clock edge n; CKE,,_; was the state of CKE at the previous
clock edge.

2. Current state is the state of the SDRAM immediately prior to clock edge n.

3. COMMAND,, is the command registered at clock edge n, and ACTION,, is a result of COM-
MAND,,.

4. All gates and sequences not shown are illegal or reserved.

5. Exiting power-down at clock edge n will put the device in the all banks idle state in time for
clock edge n + 1 (provided that {CKSis met).

6. Exiting self refresh at clock edge n will put the device in the all banks idle state once 'XSRis
met. COMMAND INHIBIT or NOP commands should be issued on any clock edges occurring
during the 'SR period. A minimum of two NOP commands must be provided during 'XSR
period.

7. After exiting clock suspend at clock edge n, the device will resume operation and recognize
the next command at clock edge n + 1.

PDF: 090052ef80872800/Source: 09005aef80863355

Micron Technology, Inc., reserves the right to change products or specifications without notice.
128MbSDRAMX32_2.fm - Rev. K 9/07 EN 36

©2001 Micron Technology, Inc. All rights reserved.

Downloaded fronDatasheet.su



° 128Mb: x32 SDRAM
Mcron Register Definiti on
]

Table 10: Truth Table — Curr ent State Bank n, Comman d To Bank n
Notes 1-6 apply to the entire table

ClSJtr;(te(r-:-] ‘ CS# | RAS# | CAS# | WE# |COMMAND (ACTION) Notes
Any H X X X COMMAND INHIBIT (NOP/Continue previous operation)
L H H H NO OPERATION (NOP/Continue previous operation)
Idle L L H H  |ACTIVE (Select and activate row)
L L L H  |AUTOREFRRESH 7
L L L L LOAD MODE REGISTER 7
L L H L PRECHARGE 11
Row active L H L H READ (Select column and start READ burst) 10
L H L L WRITE (Select column and start WRITE burst) 10
L L H L PRECHARGE (Deactivate row in bank or banks) 8
Read (auto L H L H READ (Select column and start new READ burst) 10
precharge L H L L  |WRITE (Select column and start WRITE burst) 10
disabled) L L H L PRECHARGE (Truncate READ burst, start precharge) 8
L H H L BURST TERMINATE
Write (auto L H L H READ (Select column and start READ burst) 10
precharge L H L L  |WRITE (Select column and start new WRITE burst) 10
disabled) L L H L PRECHARGE (Truncate WRITE burst, start precharge) 8
L H H L BURST TERMINATE 9
Notes: 1. This table applies when CKE,.; was HIGH and CKE, is HIGH (see Table 9 on page 36) and
after 'XXSRhasbeen met (if the previous state wasself refresh).
2. This table is bank-specific, except where noted; i.e., the current state is for a specific bank
and the commands shown are those allowed to be issued to that bank when in that state.
Exceptions are covered in the notes below.
3. Current state definitions:
Idle: The bank has been precharged, and 'RP has been met.
Row active: A row in the bank hasbeen activated, and 'RCD has been met. No data
bursts/accesses and no register accesses are in progress.
Read: AREAD burst has been initiated, with auto precharge disabled, and has not
yet terminated or been terminated.
Write: AWRITE burst has been initiated, with auto precharge disabled, and has not
yet terminated or been terminated.
4. The following states must not be interrupted by a command issued to the same bank. COM-
MAND INHIBIT or NOP commands, or allowable commands to the other bank should be
issued on any clock edge occurring during these states. Allowable commands to the other
bank are determined by its current state and Table 10, and according to Table 11 on
page 39.
Precharging: Starts with registration of a PRECHARGE command and ends when
'RPis met. Once 'RPis met, the bank will be in the idle state.
Row activating: Starts with registration of an ACTIVE command and ends when 'RCD
is met. Once 'RCD is met, the bank will be in the row active state.
Read w/auto Starts with registration of a READ command with auto precharge
precharge enabled: enabled and ends when 'RP has been met. Once 'RP is met, the bank
will be in the idle state.
Write w/auto Starts with registration of a WRITE command with auto precharge
precharge enabled: enabled and ends when 'RP has been met. Once 'RP is met, the bank
will be in the idle state.
P2EMbSORAGG?, 21m - R K ST EN 37 . e 2001 Micron Techmology. . Allrghta eserved.
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5. The following states must not be interrupted by any executable command; COMMAND
INHIBIT or NOP commands must be applied on each positive clock edge during these states.
Refreshing: Starts with registration of an AUTO REFRESH command and ends
when 'RFCis met. Once 'RFCis met, the SDRAM will be in the all
banks idle state.

Accessing mode Starts with registration of a LOAD MODE REGISTER command and
register: ends when 'MRD has been met. Once 'MRD is met, the SDRAM will
be in the all banksidle state.

Precharging all: Starts with registration of a PRECHARGE ALL command and ends
when IRPis met. Once 'RPis met, all banks will be in the idle state.
6. All states and sequences not shown are illegal or reserved.
Not bank-specific; requires that all banksare idle.
8. May or may not be bank-specific; if all banksare to be precharged, all must be in a valid
state for precharging.

9. Not bank-specific; BURST TERMINATE affects the most recent READ or WRITE burst, regard-
less of bank.

10. READs or WRITEs listed in the Command (Action) column include READs or WRITEs with
auto precharge enabled and READs or WRITEs with auto precharge disabled.
11. Does not affect the state of the bank and acts as a NOP to that bank.

~N
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Table 11:  Truth Table — CURRENT STATE BANK n, COMMAND TO BANK m
Notes 1-6 apply to the entire table; notes appear below and on next page

Current State CS# | RAS#H | CASH | WE# |COMMAND (ACTION) Notes
Any H X X X |COMMAND INHIBIT (NOP/Continue previous operation)
L H H H NO OPERATION (NOP/Continue previous operation)
Idle X X X X |Any Command Otherwise Allowed to Bank m
Row activating, L L H H |ACTIVE (Select and activate row)
active, or L H L H |READ (Select column and start READ burst) 7
precharging L H L L  |WRITE (Select column and start WRITE burst) 7
L L H L |PRECHARGE
Read (auto L L H H |ACTIVE (Select and activate row)
precharge L H L H |READ (Select column and start new READ burst) 7,10
disabled) L H L L |WRITE (Select column and start WRITE burst) 7,11
L L H L |PRECHARGE 9
Write (auto L L H H |ACTIVE (Select and activate row)
precharge L H L H |READ (Select column and start READ burst) 7,12
disabled) L H L L |WRITE (Select column and start new WRITE burst) 7,13
L L H L |PRECHARGE 9
Read (with L L H H |ACTIVE (Select and activate row)
auto precharge) L H L H |READ (Select column and start new READ burst) 7,8, 14
L H L L |WRITE (Select column and start WRITE burst) 7,8,15
L L H L |PRECHARGE 9
Write (with L L H H |ACTIVE (Select and activate row)
auto precharge) L H L H |READ (Select column and start READ burst) 7,8,16
L H L L |WRITE (Select column and start new WRITE burst) 7,8,17
L L H L |PRECHARGE 9
Notes: 1. This table applies when CKE,_; was HIGH and CKE,is HIGH (see Table 9 on page 36) and

after ’XXSRhasbeen met (if the previous state wasself refresh).

This table describes alternate bank operation, except where noted; i.e., the current state is
for bank n and the commands shown are those allowed to be issued to bank m (assuming

that bank m is in such astate that the given command is allowable). Exceptions are covered
in the notes below.

Current state definitions:

Idle: The bank has been precharged, and 'RPhas been met.
Row Active: A row in the bank hasbeen activated, and 'RCD has been met. No
data bursts/accesses and no register accesses are in progress.
Read: A READ burst has been initiated, with auto precharge disabled, and
has not yet terminated or been terminated.
Write: AWRITE burst has been initiated, with auto precharge disabled, and
has not yet terminated or been terminated.
Read w/Auto Starts with registration of a READ command with auto precharge
Precharge Enabled: enabled, and ends when 'RP has been met. Once 'RPis met, the
bank will be in the idle state.
Write w/Auto Starts with registration of a WRITE command with auto precharge
Precharge Enabled: enabled, and ends when 'RP has been met. Once 'RPis met, the
bank will be in the idle state.

AUTO REFRESH, SELFREFRESH and LOAD MODE REGISTER commands may only be issued
when all banksare idle.

A BURST TERMINATE command cannot be issued to another bank; it applies to the bank
represented by the current state only.
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All gates and sequences not shown are illegal or reserved.

READs or WRITEs to bank m listed in the Command (Action) column include READs or
WRITESs with auto precharge enabled and READs or WRITEs with auto precharge disabled.
Concurrent auto precharge: Bank n will initiate the auto precharge command when its
burst has been interrupted by bank m’s burst.

Burst in bank n continues as initiated.

For a READ without auto precharge interrupted by a READ (with or without auto pre-
charge), the READ to bank m will interrupt the READ on bank n, CL later (see Figure 10 on
page 22).

For a READ without auto precharge interrupted by a WRITE (with or without auto pre-
charge), the WRITE to bank m will interrupt the READ on bank n when registered (see
Figures 12 and 13 on page 24). DQM should be used one clock prior to the WRITE command
to prevent bus contention.

For aWRITE without auto precharge interrupted by a READ (with or without auto pre-
charge), the READ to bank m will interrupt the WRITE on bank n when registered (see
Figure 20 on page 29), with the data-out appearing CL later. The last valid WRITE to bank n
will be data-in registered one clock prior to the READ to bank m.

For aWRITE without auto precharge interrupted by a WRITE (with or without auto pre-
charge), the WRITE to bank will interrupt the WRITE on bank n when registered (see
Figure 18 on page 28). The lagt valid WRITEto bank n will be data-in registered one clock
prior to the READ to bank m.

For a READ with auto precharge interrupted by a READ (with or without auto precharge),
the READ to bank m will interrupt the READ on bank n, CL later. The PRECHARGE to bank n
will begin when the READ to bank m is registered (see Figure 27 on page 34).

For a READ with auto precharge interrupted by a WRITE (with or without auto precharge),
the WRITE to bank m will interrupt the READ on bank n when registered. DQM should be
used two clocks prior to the WRITE command to prevent bus contention. The PRECHARGE
to bank n will begin when the WRITE to bank m is registered (see Figure 28 on page 34).
For a WRITE with auto precharge interrupted by a READ (with or without auto precharge),
the READ to bank m will interrupt the WRITE on bank n when registered, with the data-out
appearing CL later. The PRECHARGE to bank n will begin after 'WR is met, where 'WR
begins when the READ to bank m is registered. The last valid WRITE bank n will be data-in
registered one clock prior to the READ to bank m (see Figure 29 on page 35).

ForaWRITE with auto precharge interrupted by a WRITE (with or without auto precharge),
the WRITE to bank m will interrupt the WRITE on bank n when registered. The PRECHARGE
to bank n will begin after 'WR is met, where 'WR begins when the WRITE to bank m is reg-
istered. The last valid WRITE to bank n will be data registered one clock to the WRITE to
bank m (see Figure 30 on page 35).
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Electrical Specifications

Sresses greater thanthose listed Table 12 may cause permanent damageto the device
This isa stessrating only, and functionabpeation of the device atthese or any other
conditions almvethoseindicated in theoperational se&tions of this specifi cation is not
implied. Exposireto ab®lute maximum rating conditionsfor extended periods may
affect eiability.

Table 12:  Absolute Maximum Rating s

Parameter Min Max Units
Voltage on VDD, VDDQ supply relative to Vss -1 +4.6 \Y
Voltage on inputs, NC or I/O pins relative to Vss -1 +4.6 \Y
Operating temperature, Ty 0 +70 °C
Storage temperature (plastic) —55 +150 °C
Power dissipation 1 W
Operating temperature, T (IT) —40 | +85 T

Temperatur e and Thermal Impedance

It is impemtive thatthe SDRAM devicés temperature specificationsshavn in Table 13
on pagel?2, be mantained in oderto ensue thejunction tempeature isin the proper
opemtingrange to met data bed speifi cations An important ¢ep in maintainingthe
proper junctbn tempeatureis usnhgthe devices themal impedances correctly. The
thermal impedancesare listedin Table 14 onpage4?2 forthe appicable dierevision and
packagebeingmade awailable. The® themal impedance \aluesvary acording to the
dendty, package ard patticular design usdfor each device

Incorrectly using therma impedancescan prodice sgnificant erors ReadMicron tech-
nical note TN-00-08, Themnal Applications’ prior to using thehema impedances
listed inTable 14.To ensue the compadibil ity of current and futue designscontact
Micron ApplicationsEngineering to confirm themal impelance alues.

The SDRAM devices safe juncthn tempeaiture rangecan bemaintained when th& -
specification isnot exceedal. In applcations whee thedevice's amtent tempeatureis
too high, useof forced air and/or heainksmay be lequired in oderto satisfythe case
tempeature pecifications
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Table 13: Temperature Limits

Parameter Symbol Min Max Units Notes
Operating case temperature: Tc T 1,2,3,4
Commercial 0 80

Industrial -40 90

Junction temperature: T; T 3
Commercial 0 85

Industrial -40 95

Ambient temperature: Ta T 3,5
Commercial 0 70

Industrial -40 85

Peak reflow temperature Treak - 260 °C

Notes:

w

MAX operating case temperature, T, is measured in the center of the package on the top
side of the device, as shown in Figures 31 and 32 on page 43.

Device functionality is not guaranteed if the device exceeds maximum T during operation.
Both temperature specifications must be satisfied

The case temperature should be measured by gluing a thermocouple to the top center of
the component. This should be done with a 1mm bead of conductive epoxy, as defined by
the JEDEC EIA/JESD51 standards. Care should be taken to ensure the thermocouple bead is
touching the case.

5. Operating ambient temperature surrounding the package.
Table 14: Thermal Imp edance Sim ulated V alues
6 JA (°C\WV) 6 JA (CCW ) 6 JA (°C/ W)
Airflow = Airflow = Airflow =
Die Revision Package | Substrate Oom/s 1m/s 2m/s 6 JB (°C\V) 06 JC (°C\V)
G 86-pin 2-layer 82.2 65 59.7 494 10.3
TsoP 4-layer 55 47.2 451 40.6
90-ball 2-layer 64.6 50.8 45.3 375 18
VFBGA 4-layer 48.2 41.1 38.1 32.1
Notes: 1. For designs expected to last beyond the die revision listed, contact Micron Applications
Engineering to confirm thermal impedance values.
2. Thermal resistance data is sampled from multiple lots and the values should be viewed as
typical.
3. These are estimates; actual results may vary.
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FHgure 31: Example Temperatur e Test Point Location, 54-P in TSOP: Top View

- 22.22mm -

-« 11.11mm—7Fp|

. |
Testpoint | p g AARAAAARAAMBARBABARBARAA

|

___________ EH___———————— —;—1Qmmm

HoHHHEHHHEHEHHEEHEHEHEEHEEY

-
-
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Notes 1, 6 apply to the entire table; notes appear on page 47; VbD = +3.3V +£0.3V, VbDQ = +3.3V 0.3V

Parameter/Condition Symbol Min Max Units Notes
Supply voltage VDD, VDDQ 3 3.6 \

Input high voltage: Logic 1; All inputs VIH 2 VDD + 0.3 \ 22
Input low voltage: Logic O; All inputs Vil -0.3 0.8 \ 22
Input leakage current: I -5 5 HA

Any input OV < VIN < VDD (All other pins not under test = 0V)

Output leakage current: loz -5 5 HA

DQs are disabled; OV < Vout < VDDQ

Output levels VOH 2.4 - \

)Output high voltage (lout = —4mA) VoL — 0.4 Vi

Output low voltage (louT = 4mA)
Table 16: IpD Specifi cations and Conditions

Notes 1, 6, 11, 13 apply to the entire table; notes appear on page 47; VDD, VDDQ = +3.3V £0.3V
Max

Parameter/Condition Symbol -6 -7 Units Notes
Operating current: Active mode; Ibbl 190 165 mA 3,18, 19,
Burst = 2; READ or WRITE; 'RC='RC (MIN); CL= 3 26
Standby current: Power-Down mode; IDD2 2 2 mA

CKE = LOW; All banks idle

Standby current: Active mode; CS# = HIGH,; IDD3 65 55 mA 19, 26
CKE = HIGH; All banks active after 'RCD met;

No accesses in progress

Operating current: Burst mode; Continuous burst; IDD4 195 175 mA 3,18, 19,
READ or WRITE; All banks active, CL =3 26
Auto refresh current: 'RFC = 'RFC (MIN) IDD5 320 320 mA 3,12, 18,
CL =3; CKE, CS# = HIGH 19, 26
Self refresh current: CKE< 0.2V IDD6 2 2 mA 4
Table 17:  Capacitan ce

Note 2 appliesto the entire table; notes appear on page 47

Parameter Symbol Min Max Units
Input Capacitance: CLK a1l 25 4.0 pF
Input Capacitance: All other input-only pins a2 25 4.0 pF
Input/Output Capacitance: DQs Qo 4.0 6.5 pF
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Table 18: Electrical Chara cteristics and Re commended AC Opera ting Conditi ons
Notes 5, 6, 7, 8, 9, 11 apply to the entire table; notes appear on page 47

AC Characteristics © !
Parameter Symbol Min Max Min Max Units Notes
Access time from CLK (pos. edge) cL=3 'AC (3) 55 55 ns
CL=2 tAC (2) 7.5 8 ns
CL=1 tAC (1) 17 17 ns
Address hold time 'AH 1 1 ns
Address setup time 'AS 15 2 ns
CLK high-level width 'CH 25 2.75 ns
CLK low-level width tcL 25 2.75 ns
Clock cycle time CL=3 {CK (3) 6 7 ns 23
CL=2 {CK (2) 10 10 ns 23
CL=1 tCK (1) 20 20 ns 23
CKE hold time 'CKH 1 1 ns
CKE setup time tcks 15 2 ns
CS#, RASH#, CAS#, WE#, DQM hold time 'CMH 1 1 ns
CS#, RASH, CASH, WE#, DQM setup time tcms 15 2 ns
Data-in hold time 'DH 1 1 ns
Data-in setup time DS 15 2 ns
Data-out High-Z time CL=3 'HZ (3) 55 55 ns 10
CL=2 'HZ (2) 75 8 ns 10
CL=1 'HZ (1) 17 17 ns 10
Data-out Low-Z time f\z 1 1 ns
Data-out hold time tOH 2 25 ns
ACTIVE to PRECHARGE command 'RAS 42 120K 42 120K ns
ACTIVE to ACTIVE command period 'RC 60 70 ns
AUTO REFRESH period 'RFC 60 70 ns
ACTIVE to READ or WRITE delay 'RCD 18 20 ns
Refresh period (4,096 rows) 'REF 64 64 ms
PRECHARGE command period RP 18 20 ns
ACTIVE bank a to ACTIVE bank b command 'RRD 12 14 ns 25
Transition time T 0.3 1.2 0.3 1.2 ns 7
Write recovery time "WR 1 CLK+ 1 CLK+ tck 24
6ns 7ns
12ns 14ns ns 27
Exit self refresh to ACTIVE command IXSR 70 70 ns 20
TIEMBSDRAMAEE. 21 - R K AOTEN 45 T e O 2001 Micron Technology. mc. Al righta essrved.
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Table 19:  AC Functional Characteristics
Notes 5, 6, 7, 8, 9, 11 apply to the entire table; notes appear on page 47

PARAMETER SYMBOL -6 7/ UNITS | NOTES
READ/MWRITE command to READ/WRITE command taop 1 1 tcK
CKEto clock disable or power-down entry mode {CKED 1 1 tcK
CKEto clock enable or power-down exit setup mode 'PED 1 1 tcK
DQM to input data delay 'DQD 0 0 tcK
DQM to data mask during WRITEs 'DQM 0 0 tcK
DQM to data High-Z during READs 'DQZ 2 2 tcK
WRITE command to input data delay 'DWD 0 0 tcK
Data-in to ACTIVE command CL=3 DAL (3) 5 5 tcK
CL=2 DAL (2) 4 4 tcK
CL=1 DAL (1) 3 3 tcK
Data-in to PRECHARGE command 'DPL 2 2 tcK
Last data-in to burst STOP command 'BDL 1 1 tcK
Last data-in to new READWRITE command tcoL 1 1 tcK
Last data-in to PRECHARGE command 'RDL 2 2 tcK
LOAD MODEREGISTER command to ACTIVE or REFRESHcommand 'MRD 2 2 tcK
Data-out to High-Z from PRECHARGE command CL=3 | 'ROH(3) 3 3 tcK
CL=2 | 'ROH(2) 2 2 tcK
CL=1 | 'ROH (1) 1 1 tcK
TIEMBSDRAMAEE. 21 - R K AOTEN 46 T e O 2001 Micron Technology. mc. Al righta essrved.
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Notes

[

10.

11

12

13
14

15.

16.
17.

18

19.
20.

21
22

23

128Mb: x32 SDRAM
Notes
L —

. All voltagesreferenced toVss
. This paameter issampled. VDD, VDDQ =+3.3V, f = 1 MHz, T, =25°C; pinunder test

biasedat 1.4V. ACcan ange from OpF t&pF

. IDD isdependat onoutput loadng andcyclerates Sedfied values are obtained

with minimumcycle time andthe outputs open.

. Enableson-chip efreshand addess canters

Theminimum specificationsare used only to indicate cycletime a which proper
opeation aver thefull tempemlature ange(0°C< Tp < +70°C and —40°€ Ty < +85°C for
IT parts)is ersured.

. An initial pau® of 100ussrequiredafter paver-up, followed ky two AUTO Refresh

commands befoe prope device opeation is ensired. (VDD and MbDQ mus bepow-
eredup simultaneousy. Vssard VsXQ nmustbe at sane potential.) The two AUTO
Reresh command wake-ups should be epeated ag time the'REFrefreshrequire-
ment isexceeded

. AC chaacteisticsassuméT =1ns

In addifon to nmeeting thetransition ete spedfication, the cbck and CKE mustan-
sit betweerviH and ML (or between . andViH) in amonotonicmanrer.

. Outputs measwd at 1.% with equivalent load

e 1
!

'HZ defines thetime atwhichthe outpit acheves the opencircuit conditi on; it is not
areference to VoH or VoL. The last alid data eement will meet'OH bdore going
High-Z.

AC timing ard IDD tests haveviL =0.25 and WH =2.75, with timing referenced to 1.5V
crossaer point.

Cther inputsigrals ae allovedto transtion nomore than orce in ary two-clock
petiod and ae othewise at alid VIH or ViL levels.

IDD specifications atestedafter the deviceispropety initialized.

30pF

. Timingacdualy specfied by 'CKS; cbck(s) spedfi ed asa reference only at minimum

cycle rate.

Timingaaually specfied by '"WR dus'RP; clock(s) spcified as aaferenceonly at
minimum cycle rate.

Timing acualy specfied by WR.

Required clocksare spedied by JEDEC functionaty and ae not dpendent on any
timing paameter.

The bD currentwill decrease asCL isreduaced. This is dueto the factthatthe maxi
mum cyck rate isslower asCL isreduced.

Address tansitiors averageone transitionevesy two clocks

CLK must betoggled a mhimum oftwo timesduringthis period.

Based on'CK = 148 MHz for-7, 166MHz for -6.

VIH overshootViH (MAX) =VDDQ + 1.2Vfor a pul€ width < 3ns andthe pule width
cannot begreater than onehird of the cycle ate. ViL undershoot: W (MIN) =-1.2/
for a pule widh < 3ns, ard the pulsewidth canrot be geater tlan orethird ofthe
cycle rate.

Theclockfrequercy mustremain congantduring acces or pedhamge state(READ,
WRITE, includingWR, and PRECHARE commands). CKE may be usedetuce tte
data rate.
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dfﬂl Cron 128Mb: x32 SDRAM

Notes

]
24. Auto pedamge modeonly.

25 EDEC and”C100specify three clocks

26. 'CK= 7rsfor -7, énsfor -6.

27. Ched factory for anailability of spedally sadeeneddevices havingWR = 10ns'WR =1
'CK for 100 MHzand slever ({CK= 10ns andilgher)in manual pecharge
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Afﬂl cron 128Mb: x32 SDRAM

Timing Diagrams

Timing Diagrams

Figure 33: Initialize and Load M ode Register

Pt ey B == B - B e T o I e o O

tas [loH | | ’ | ‘ | | |

o %WWWWWWW

fcms| tcvH  tovs| tcvH - toms | tevH

COMMAND Z@k NOP sts)?% o W W DMODE>@< >@< ACTIVE >@C
o [ T T

voss.s [T ‘/4‘% I T
o 77 //%:;;:::KXZ‘V U = T =

swosms (71 e T T T S T
DQ —S() High-Z

))
T =100us
(MIN) ‘ tRP tRFC tRFC tMRD
\
K Power-up K K K K X 12
Vob and Precharge AUTO REFRESH AUTO REFRESH Program Mode Register
CK stable all banks

DON'T CARE

@ UNDEFINED

Notes: 1. The mode register may be loaded prior to the AUTO REFRESH cycles if desired.
2. Outputsare guaranteed High-Z after command is issued.
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A((EI Cron 128Mb: x32 SDRAM

Timing Diagrams

Figure 34: Power-Down Mode

ax f o W@ﬁ 4 :
= |0 —a . ~a T

COMMAND XPRECHARGEW NOP >@< NOP %Zzzzzzzzzzzz?m NOP >@< ACTIVE >@<:
DM 03 W/WWWWWWWWWW/WM

wo W I T T

tAS

| ||
BAO, BA1 y

S U = )

[og]

High-Z

((
))
Input buffers gated off while in

Two clock cycles

power-down mode
Precharge all All banks idle, enter J All banks idle
active banks power-down mode

Exit power-down mode

DONT CARE

1% unpEFINED

Notes: 1. Violating refresh requirements during power-down may result in a loss of data.
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A((QI Cron 128Mb: x32 SDRAM

Timing Diagrams

Fgure 35: Clock Suspend Mode

R e =1 s T s T s B w0 s B s B e
S/ v/, S/ /I /A N/ /)
COMMAND ?E_;EAD >@< NOP >@< NOP W % NOP >@< NOP >@< NOP >@< WRITE W % NOP >@
oo T L | £ D
wslim | | | | | | | |
AO-A9, ALl /XCOLUMN mZW MCOLUMNeZW

“‘fﬂ\ e e e e e e
A0, AL ngB‘ANK 7, X BJ\NK 7,

tAC
tAC toH tHz DS | tDH
DQ Dourm Dwrm+1w Dour e % MDOUTS*‘l >@
|42

DONT CARE

B unbeFNED

Notes: 1. For this example, BL =2, CL =3, and auto precharge isdisabled.
2. A8, A9, and A1l = “Don’t Care.”
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© 128Mb: x32 SDRAM
M C I'OI'I Timing Diagrams

Figure 36: Auto Refresh Mode

e B = I L an Bl aaliian il
=~ | " 9

tCKH
tSMS, tcMH
commo K mmmeee X ex WK Xl e X 2ol v XY e X

A i

((
AO-A9, A1l
{ ‘ 4){/ ‘ ) % il
ALL BANKS (( ((
A10 X/ Wil rov X,
SINGLE BANK )) ))
tas | tAH
i (( ((
BAO, BAL )X BANKS) % 7 UK e M
1)) )}
oo § 5
rp tRFC tRrC

Prech I "
;Ceﬂcveagzizs DONTCARE 3% UNDEFINED

Notes: 1. 'RFC must not be interrupted by any executable command; COMMAND INHIBIT or NOP
commands must be applied on each positive clock edge during 'RFC.
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128Mb: x32 SDRAM
Timing Diagrams

FHgure 37: Self Refr esh Mode
TO T1 ¢ T2 ( Tn+1l ( To+1 To+2
CL
B e e e R/ oy e B e
youd P | |
(
o< XU | U M/
teks | tekH teks
tcms| temH

COMMAND % PRECHARGE

AUTO
NoP >@< REFRESH

|

= ==
8

DQMO0-3 /(
) ))
(( ((
AO-A9, A1l /2 y /
ALLLANKS ‘ z)( ‘ 22
AL0 A A
SINGLE BANK ) )
1A_S> tAH
(( ((
o ons BRIV il W
)) ))
DO High-Z () ((

IxsrR

Precharge all
active banks

Notes: 1.

N

‘ )) ‘
|

Exit self refresh mode
(Restart refresh time base)
CLK stable prior to exiting

self refresh mode

Enter self refresh mode
DONT CARE

KX unpeFNED

No maximum time limit for self refresh. 'RAS(MAX) applies to non-self refresh mode.
'XSR requires minimum of two clocks regardless of frequency or timing.

As a general rule, any time self refresh is exited, the DRAM may not reenter the self refresh
mode until all rows have been refreshed by the AUTO REFRESH command at the distributed
refresh rate, 'REF, or faster. However, the following exceptions are allowed:

3a. The DRAM has been in self refresh mode for a minimum of 64ps prior to exiting.
3b. 'XSRis not violated.

3c. Atleast two AUTO REFRESH commands are preformed during each 15.6ps interval while
the DRAM remains out of the self refresh mode.
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128Mb: x32 SDRAM
Timing Diagrams

Figure 38: Single READ — Without Auto Pr echarge

To T v T3 T4 5
t t
S T e s nine 3 =vas SN SN R W R S
S S/ R/ A/ /R /A /A
tems | temH

comme N seme Y ron o )

DQM /
DQML, DQMH

-
A0-A9, A1l % ROW % %COLUMN sz

ALL BANKS

A10 ?E_;OW W %

X

DISABLE AUTO PRECHARGE  SINCLEBANK

BAO, BA1 9E_>BANK % M B‘ANK >@< BLNK W

>~

bQ

Notes: 1.

tac toH
Doutm
tHz
treD CAS Latency
tRAS 'rP
tre !

DONT CARE

(%] unoerNED

For this example, BL=4, CL =2, and the READ burst is followed by a “manual’ PRECHARGE.

x16: A9 and A1l = “Don’t Care”
x32: A8, A9,and All = “Don’t Care”
See Table 18 on page 45.
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128Mb: x32 SDRAM
Timing Diagrams

Aicron

Figure 39: Read — With Auto Pr echarge
T0 ¢ T1 ‘ T2 T3 T4 T5 T6 T7 T8
S e e = I W I U SR W KD S D G B S
7f§,i€*fH | | | | | | | |
ae oy o | | e ) | )| e e
tovs| temH

s | | | | |
AO-A9, A1l X ROW % WCOLL{MN mZW ‘ ‘ ‘ ‘ @( Tow W
y 2E_>R = % ENA}EAUTO PREC@GE % — %/

% BANK W

tac ‘ tac ‘ tac ‘
tac toH toH toH toH
DQ Doutr m Dourm +1 Dout m + 2, Domm+:§®—
‘L‘% | thz
{RcD CAS Latency tRP
(RAS
tRc
DON'T CARE
@ UNDEFINED
Notes: 1. For this example, BL =4, and CL = 2.

2. A8, A9, and A1l = “Don’t Care.”
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Afﬂl Cron 128Mb: x32 SDRAM

Timing Diagrams

Fgure 40: Alter nating Bank Read Accesses

TO T1 T2 T3 T4 T5 T6 T7 T8
tck tcL
CK 1 1 1 1 ]
O e i e v S W Ny S R S SR S Y S B S
CH
osl o | | | | | | | |
we | XU | Tl | <0l | T |~ | <0l |y <y
tovs| temH
COMMAND %k ACTIVE >@< NOP >@< READ >@< NOP >@< ACTIVE >@< NOP >@< READ >@< NOP >@< ACTIVE W
‘ toms| temH
bQu0-3 Dh 70 |\ L7 | 70\ 100\ 70\ L7000\ 70
sl | | | | | | |
A0-A9, ALl y ROW %COLUMN mZW % ROW W MCOLUMN bZW ﬂ ROW >(/
tAS | tAH ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
wao Y ron =Y XY
tAS| tAH
BAO, BAL % BANK O }/ ))\ BANK O / BANK 4 W BANK 4 W % BANK O
tac tac tac tAC
toH toH toH toH
DQ Dourm +1 Dourm +2 Dour m +3, Dout b
{RCD - BANK O CAS Latency - BANK 0 {RP - BANK O {RCD - BANK O
'RAS - BANK O
tRC-BANKO |
tRRD ‘ {RCD - BANK 4 CAS Latency - BANK 4
| |
DONT CARE
@ UNDEFINED
Notes: 1. For this example, BL =4, and CL = 2.
2. A8, A9, and A1l = “Don’t Care.”
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128Mb: x32 SDRAM
Timing Diagrams

Figure 41: Read — Full-page Burst
T0 T1 T2 T3 T4 T5 T6 ( Tn+1 Tn+2 Tn+3 Tn+4
ax [ L L L é U Y S
thfS*‘t_C’I'(‘H I | G
Say/4 | | ) a | cal | e e e
tems|_tomu

COMMAND %k ACTIVE

DQM 0-3

tAS

AO-AQ, A11 }k ROW

tAS | tAH
Al0 X ROW
tAS | tAH

BAO, BAL x BANK

tAC tac | | tAac( | tac | tac |
)y
taC toH toH toH toH toH toH
DQ Dout m Dout m+1, Dout m+2% Dout m-1 Dout m Dwrm+&$
‘tLZ ‘ thz
tRCD CAS Latency 256 locations within same row
%
DONT CARE
Full page completed J
. UNDEFINED
Full-page burst does not self-terminate. @
Can use BURST TERMINATE command.
Notes: 1. For this example, CL=2.

2. A8, A9, and All = “Don’t Care.”
3. Page left open; no 'RP
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Figure 42: Read —DQM Operation

128Mb: x32 SDRAM
Timing Diagrams

TO T1
t
CLK L 1. 'CK

e e B an B e i e B e B
N/ G/
X

>@< READ >@< NOP >@< NOP >@< NOP >@< NOP

toms | temH ‘

bM0: %W/ V/ /)N,

T2 T3 T4

||

CKE

tems| tomH

COMMANDX ACTIVE >@< NOP

u
XU

tAS | tAH

AO-A9, ALl y‘_;ow % cormm2)//11/1/ V)

tas | t I
,A_S,‘ AH ENABLE AUTO PRECHARGE ‘ \ ‘ ‘ ‘
wo K T YR
DISABLE AUTO PRECHARGE
tAS | tAH |
BAO, BAL X BANK % WY, Wil
tac
tac toH tac | toH toH
DQ Doutr m l& Doutm +2 Dou-rm+3>@7
% we |l e
tRcD CAS Latency
V
DONT CARE
% UNDEFINED
Notes: 1. For this example, CL=2.
2. A8, A9, and All = “Don’t Care.”
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128Mb: x32 SDRAM
Timing Diagrams

Figure 43: Single Write
T0 . T1 . T2 T3 T4 15 T6
T T e e s rveves SR W NNV W N S R U
Ik | | | | |
ae | | | | e | e
ems | tomH
COMMAND §< ACTIVE NOP >@< WRITE >@< NOP >@<PREO—|ARGE>@< NOP >@< ACTIVE W
tc&s» EMH
oS 7,
j/is> tAH
AO-A9, ALl ?k ROW MCOLUMNm?’W % Row W
:ﬁs, 'AH ALLLANKS ‘
o K rom D 7 YT
t t DISABLE AUTO PRECHARGE SINGLE BANK
ﬁ -AH ‘ ‘
BAO, BA1 x BANK % 0( BANK W @( BANK W ﬂ BANK W
E tDH
DQ ﬁk DNm W
tRCD ‘ twr? tRp
tRAS !
tRe
DONT CARE
Notes:

1. For this example, BL = 1, and the WRITE burst is followed by a “manual” PRECHARGE.

2. 'WRis required between <DIN m> and the PRECHARGE command, regardless of frequency.
3. A8, A9, and A1l = “Don’t Care.”
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Figure 44: Write — Without Auto Pr echarge

128Mb: x32 SDRAM
Timing Diagrams

TO ‘ T1 ) T2 T4 T5 T6 T7 T8
ax [ S L U
0| o | | | | | |
e 7 | o | | cany | o an | an
ems | fom
COMMAND % ACTIVE NOP >@< WRITE >@< NOP >@< NOP >@< NOP WPRECHARGEW NOP >@< ACTIVE W
tems | temH
DQMO0-3 /}5\ )%2%) /Z%% %Z%
AO-A9, A1l )k ROW % %COLUMN’@W M Row W
Y_\‘i‘ 'AH ‘ ALLElANKs ‘
a0 W row D Y
DISABLE AUTO PRECHARGE SINGLE BANK
AS| A | |
BAO, BAL % BANK W W BANK W @( BANK W @( BANK W
'bs| ®H 's| 'DH  'ps| 'DH  'DS| 'DH
DQ W DiNm WD|Nm+1>l@k D|Nm+2j@k D|Nm+3%
tRCD \ | twe? tRP
tRAS | I
tRC
DONT CARE
m UNDEFINED
Notes: 1. For this example, BL = 4, and the WRITE burst is followed by a “manual” PRECHARGE.
2. Faster frequencies require two clocks (when 'WR > 'CK).
3. A8, A9, and A1l = “Don’t Care.”
4. '"WR of 1 CLK available if running 100 MHz or slower. Check factory for availability.
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A((QI Cron 128Mb: x32 SDRAM

Timing Diagrams

FHgure 45: Write — With Auto Pr echarge

P P W e B e T S A e D e T e H e O
s o |

= G/ A/ AR/ A/ A
toms | temH

COMMAND y ACTI

IVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP W NOP >@< NOP >@< NOP >@< ACTIVE W

thi iCiMH !
DQM03 D5 70 1700\ L7700,
|
:E tAH :
AO-A9, ALL ?k ROW % /)Y corumnm3)(// Y
4‘&3» tAH ENABLEAU'J’OPRECHARGE ‘ ‘ : ‘
A10 X RO W N/ JIX_rom X
tas| taH ‘ ‘ ‘ ‘

BAO, BAL bE_EANK W % BANK W M BANK W

Ibs| tbH  bs| DH Ips| 'DH tps | 'DH !

| | | |
DQ % DINm WD'N”‘":[W D|Nm+2>@k DINI‘TI+3W

tRCD \ | wr? | trP
t% | ! | ‘

tRC

DONT CARE

R unDEFINED

Notes: 1. For this example, BL = 4.
2. Faster frequencies require two clocks (when 'WR > 'CK).
3. A8, A9, and A1l = “Don’t Care.”
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6‘62' C I'OI'I Timing Diagrams

Fgure 46: Alter nating Bank Write Accesses

a  [Ree
s o |
IR/ G/ R/ S/ T/ R/ I T/ R AR

bQuo-3 D I 7\ 7 0 | 0\ 7\ L

2 | | | | | | |
AO-A9, ALl }k ROW % /XeoLumn )/ K _row_ X)) MOLTMN Y X row N
. %4—; - % ENABLE AUTO PREC"@RGE % R‘OW W ‘ ENABLE AUTO PRECH\(&RGE ‘ % - W

BAO, BA1 %:_;l NK 0 }/ %\ BANK O / BANK 1 W BANK 1 W BANK O

'ps| tIbH  'bs| 'DH tps| bH tps| pH Ips| 'IbH 'ps| 'bH DS |!DH tps ‘ tpH
DQ @k DINm >@L<Dwm+1>@kam+2>@kam+3>@k DN b WDIND+1>@kDINb+2W DINb+3W:
T
tRCD - BANK 0 ‘ 'WR2- BANK 0| tRP-BANK 0 {RCD - BANK 0
| |
{RAS-BANK 0 |
tRC - BANK O | \
tRRD {RCD - BANK 1 TWR - BANK 1
I | -

DONT CARE

Notes: 1. For this example, BL =4.
2. Faster frequencies require two clocks (when 'WR > 'CK).
3. A8, A9, and A1l = “Don’t Care.”
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A(‘QI Cron 128Mb: x32 SDRAM

Timing Diagrams

FHgure 47: Write — Ful I-page Burst

TO T1 T2 T3 T4 15 ( Tn+1 Tn+2 Tn+3
t t
CLKL%CLhCH%CKAlL\L\LQL\L\F
(ks | Yok L ‘
“7 | N/ AR/ AR/ AN/ N/ /4
CMS| tcMH
COMMAND §< ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP 2& NOP >@<BURSTTERM>@< NOP
tcvs | teMH
5 A0 | | 470 | 0| 40
o))
As| taH ((
AO-A9, A1l y ROW % %COLUMNMW /y
))
AS | taH ((
Y Y WY
))
A3| ' ((
BAO, BAL BANK W /§< BANK W //
))
‘tDS tpH ‘tDS tpH ‘tDS tpH E tpH E tpH
DQ % DiNm WDmm+lj@k D|Nm+2j@k D|Nm+3§@k Dle—lj@& ﬁ%
P ‘ w ‘ w w
\ \ w Full-page burst does
256 locations within same row | ot self-terminate. Can
use BURST TERMINATE
command to stop.2: 3

Full page completed J
DONT CARE

Notes: 1. A8, A9, and A1l = “Don’t Care.”
2. "WR must be satisfied prior to PRECHARGE command.
3. Page left open; no 'RP
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FHgure 48:

TO

128Mb: x32 SDRAM
Timing Diagrams

Write — DQM Ope ration

CLK * |

teks| tekH

|l

Lyl —
<)
Ly
—
Q
I
B
B
B
>
L

/4

tems | temH

COMMAND y ACTIVE

S 8 r

NOP >@< WRITE >@< NOP >@< NOP >@< NOP ><>< NOP >@< NOP

‘ toms | temH ‘
bQM 03 1. U\ 70 |
tAs| taH ‘
AO-A9, All Qk ROW % %COLUMN mZW
t t l
ﬁ‘ AH ENABLE AUTO PRECHARGE ‘ ‘ ‘
w0 W ron W7
tAS‘ taH DISABLE AUTO PRECHARGE ‘ ‘ ‘
] |
s oas ) o ] Y
‘ tDS‘ DH ‘ Ibs| 'bH  'ps| 'DH
DQ ﬁk Dinm W DNm +2 DNm+3
[ [
I t I
RCD .
DON'T CARE
Notes: 1. For this example, BL =4.
2. A8, A9, and A1l = “Don’t Care.”
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° 128Mb: x32 SDRAM
C-EQI C ro n Package Dimensions
]

Package Dim ensions

Figure 49: 86-Pin Plastic TS OP (400 mil)
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PLATED LEAD FINISH: 0504010 —lm -
TG (90% Sn, 10% Pb) OR P (100% Sn) 0.01 +0.005 THICK PER SIDE
PLASTIC PACKAGE MATERIAL: EPOXY NOVOLAC o - %fg
PACKAGE WIDTH AND LENGTH DO NOT INCLUDE DETAIL A
MOLD PROTRUSION. ALLOWABLE PROTRUSION
IS 0.25 PER SIDE.

Notes: 1. All dimensionsare in millimeters.
2. Package width and length do not include mold protrusion; allowable mold protrusion is
0.25mm per side.
3. “2X” means the notch is present in two locations (both ends of the device).
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Aicron

128Mb: x32 SDRAM
Package Dimensions

Figure 50: 90-Ball VFBGA (8mm x 13mm)
( 0.65 £0.05
I |
SEATING PLANE — = F= = SAVAY.
SOLDER BALL MATERIAL:
62% Sn, 36% Pb, 206 Ag OR
96.5% Sn, 3%Ag, 0.5% Cu
SUBSTRATE MATERIAL:
DIMEN%?éI\‘?SO:SPLY PLASTIC LAMINATE
MOLD COMPOUND:
TO SOLDER BALLS POST 6.40 EPOXY NOVOLAG
REFLOW. THE PRE- 080 TYP
REFLOW DIAMETER IS = - ‘ s BALL AL ID
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Notes: 1. All dimensonsin millimeters.

2. Package width and length do not include mold protrusion; allowable mold protrusion is
0.25mm per side.

3. Recommended pad size for PCB is 0.33mm +0.025mm.
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prodmkt g@micron.com ww w.micr on.com Customer Comment Line: 800-932-4992
Micron, the M logo, and the Micronlogo are trademarks of Micr on Technology , Inc. All other trademarks are the pr operty of
their r espective owners.
This data sheet c ontains mi nimum and maximum limits specifie d over the complete power supply and temperature range
for production devices. Althou gh cons idered final, thes e specifications are subject to change, as further product
development and data characte rization s ometime soccur.
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