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Revision History

VersiorRev. P, FEB 2011

1.2 Added Pin Assignments for TSOP 66 Pin

Version: Revl11OCT 2010

1.11DD currenblues added

VersiorRev1.0, OCPR010

1.0Inital preliminary release

We Listen to Your Comments

Any information within this document that you feel is wrong, unclear or missing at all? Your feedback
help us to continuously improve the quality of this document. Please send your proposal (including a
referace to this document)dales@memphis.ag
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COMPETENCE IN MEMORY

Overview

This chapter gives an overview of the 1GbiDBt@itde2 SDRAM and describes itchaaarcteristics.

Features

High speed data transfer rates with system Auto Refresh and Self Refresh

frequency up to 166MHz Refresh Interval: 8192 cycles/64 ms

Data Mask for Write Control Available in 66 Pin TSOP Il

Four Bank=ontrolled by BAO & BA1 SSTR Compatible I/Os

Programmab#e! Batency: 2.5, 3 Double Data Rate (DDR)

Programmable Wrap Sequence: Sequential Bidirectional Data Strobe (DQS) for input and

or Interleave outputdata, active on both edges

Programmable Burst Length: OnChip DLL aligns DQ and DQsitrassi

2, 4, 8 for Sequential Type withCK transitions o

2, 4, 8 for Interleave Type Differentiadlock inputs CK ahadr

Automatic and Controfeechargéommand \bp= 2.5V £ 0.2Vphog= 2.5V £ 0.2V

Power Down Mode traslockout supported

Concurrent aytcechargeption is supported

Description

The MEM1G16D1CATG achieves higlatpéadsfer rates by employing a chip architecturéetichepre

multiple bits and then synchronizes the output data to a system clock.

All of the control, address and circuit are synchronized with the positive edge of an externallyDsupplied cloc
transactions are occurring on both edges of DQS.

Operating the four memory banks in an interleaved fashion allows random access operation to occur at a |

than is possible with standard DRAMs. A sequential and gapless data rate is gingsiriedegidength! 3
latency and speed grade of the device.
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Tablel - Ordering Information for ROHS Compliant Products

Product PartNumber

CASLatenaes

COMPETENCE IN MEMORY

Org. Sped

Standard EBmpeatureRange (0°Cto 70°C)

MEM1G16[@ATG5 x16 DDR$266 CL25 133 66pinTSOPII
MEM1G16[@ATG x16 DDR4333 CL2.5 166 66pinTSOPII
Operatingempeature (&) Range ((40°Cto 85°C)

MEM1G16[@ATGSI x16 DDR2266 CLS 133 66pIirTSOPII
MEM1G16[@AT®I x16 DDR1333 CL2.5 166 66pIirTSOPII

Table - Adressing

Configation

16M x 16 x 4 banks

Parameter 64MA 6

Refresh count

8K

Row address 16K (AGA13)
Bank address 4 (BAO, BAl)
Column address 1K (AQA9)
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Figurd dBlock Diagram

Block Diagram
64M x 16
Column Addresses Row Addresses
Ag - Ag, AF, BAg, BA4 Ag - Aq3, BAg, BA4
Column address Column address Row address
counter buffer baffer Refresh Counter

N [ e e e }
1 1 1 1 1 1 1 1
: Row decoder o Row decoder - Row decoder . Row decoder :
v ‘y—yJ vl ‘y—yJ a4 ‘y—yJ o :y—| |
1 1 1 1 1 1 1 1
. Mem ar v Memory arm a ' )
. g ory amay L - ry amay - - Memory amay L " Memory array ;
1 = 1 F-3 [ Fd [ E=] 1
! E@ Barnk 0 . B Bank 1 P -EE Bank 2 =) Bank 3 !
L Gk iz 1 g 1 (e

1 1] [ =] ] [ ! [ 'EE 1
' E‘ 16384 x 1024 v Eg 16384 x 1024 . EE 16384 x 1024 D Eg 16384 x 1024 \
1 DE | A [ ig 1 1 -ﬂ 1
1 &2 ﬂ [ &1 [ U§ [ UE 1
|1 il | s :
P P P P |
: o . D :
1 | [ 1 1 1
1 | [ 1 1 1

| Imput buffer Output buffer | Control logic & timing generator
L 1]
DDy
CK, TK DLL 3 5 ¥ |8 |¥ |$
J = o 0 5 |:.J 3|5 |?. O
pas 'SGen.
Data Strobe
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Table - Capacitance*

Input Capacitance Symbol Min Max Unit
BAO, BA1, CKE32 | 3# | . 2v-A, 7 9 Gni 2 3.0 pF
Input Capacitance (€K, Gz 2 3.0 pF
Data & DQS 1I/O Capacitance Cour 4 5 pF
Input Capacitance (DM) Gns 4 5.0 pF

Ta=0to 70°C, 3= 2.5V £ 0.2V, f =MHz

Tablet - Absolute Maximum Ratings
Operating temperature rédnge 0°Cto 70C/ -40°Cto +85C?2
Storage temperattaage 55°Cto 150C
\boSupply Voltage Relativego V -1V to +3.6V
\booSupply Voltage Relativedo V -1V to +3.6V
\kerand Inputs Voltage Relativesto V -1V to +3.6V
I/O Pins Voltage Relativedo V -0.5V to d30.5V
Power dissipation 1.6 W
Dda out current (short circuit) 50 mA
Note:

1 Stresses above those Ratshgd 6umagr c@aAdls o Ip Expesardite abiolte m m:
maximum rating conditioneXtemded periods may affect device reliability.
2 MEM1Gl6ACAT®, MEM1G18BCAT& 0°C to 70°C; MEM1G1ATATFEI, MEM1G18BCATE: -40°C to +85°C
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Figur@ 6TSOP 66 Ronfiguration

64Mx16
Voo H 1 66 0 Vss
DQ, O 2 65 H DQs
Vi [ 3 64 [1 Vssq
DQ, [ 4 63 1 DQ,
DQ, 0O 5 62 1 DQys
Vesg L 6 61 0 Vong
Do, T 7 60 [1 DQi,
DQ, [ 8 59 0 DQy
Vopq [ 9 58 0 Vssa
DQ, [ 10 57 0 DQy
DQg [ 11 56 [1 DQqg
Vssq [ 12 55 0 Vopa
DQ; O 13 54 1 DQg
NC [ 14 espPINTSOP(I) 53 H NC
Vppg [ 15 (400mil x 875 mil) 52 [1 Vggq
LDQS [] 16 51 [1 UDQS
Ay O 17 50 0 NC
Voo [ 18 49 0 Veer
NC [J 19 48 1 v
LDM [J 20 47 1 uDM
WE [ 21 46 1 CK
CAS [l 2 45 [1 CK
RAS [] 23 44 [] CKE
CS [ 24 43 1 NC
NC [ 25 42 0 Ag
BAo [ 26 41 1 Ay
BA1 [ 27 400 A
AP/A10 [] 28 390 As
Ao [ 29 380 A
A, O 30 37 1 As
A, [ 31 360 As
Ay [ 32 3BH A
Vpp [ 33 34 1 Vss
Dataheet Veionl.2 7 MEM1G16D1CATG
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Tablé - Signal Pin Description

COMPETENCE IN MEMORY

Function

Pulse

Polarity

Positive
Edge

The system clock input. All inputs except DQs and DM
sampled on the rising edge of CK.

Level

Active High

Activates the CK signal when high and deactivates the
when low, thereibyiates either the Power Down mode, (
Self Refresh mode.

Pulse

Active Low

# Pnables the command decoder when low and disab
command decoder when

high. When the command decoder is disabled, new co
are ignored but previous

operations continue.

Input

Pulse

Active Low

When sampled at the positive rising edge of the!clBck,

2 1 ,%and7 %define the command to be executed by thi
SDRAM.

Input/
Output

Pulse

Active High

Active on both edges for data input and output.
Center aligned to input data
Edge aligned to output data

Input

Level

During a Bank Activate command ey&ledéfines the row
address (B/RA3) when sampled at the rising clock edge
During a Read or Write command cyalelefines the colul
address (G&A) when sampled at the rising clock edge,
depends on the SDRAM organization:

64M x 16 DDR /GACA

In addition to the column addras(s;A®) is used to invoke
autopretargeoperation at the end of the burst read or v
cycle. If Ais high, autprechargis selected and BBA
defines the bank togrecharge If Ao is low, autprecharge
is disabled. Duringrechargeommand cycleo&AP) is us|
in conjunction with &#d BAto control which bank(s) to
prechargef Aois high, all four banks wilptexharge
simultaneously regardless of state afi@BRA

BA, BA

Input

Level

=1}

Selects which bank is to be active.

DQx

Input/ Outpu

Level

=1}

Data Input/Output pins operate in the same manner as
conventional DRAMSs.

DM, LDM,
UDM

Input

Pulse

Active High

In Write mode, DM has a latency of zero and operates
mask by allowing input data to be written if it isdeksut
the write operation if is high for x 16 LDM corresponds
DQ-DQ, UDM corresponds to data erDQQ

\bp \bs

Supply

Power and ground for the input buffers and the core lo|

\bpoVssQ

Supply

Isolated power supply and ground for the output buffer|
provide improved noise immunity.

\REF

Input

Level

SSTL Reference Voltage for Inputs
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Functional Description

PowetJp Sequence
The following sequence is required for POWER UP.
1. Applypower and attempt to maintain CKE at a low state (all other inputs may be undefined.)

a. Apply dbefore or at the same timepas V
b. Apply dbgbefore or at the same timera® Vet

2. Start clock and maintain stable condition for a minimum of 200us.

3. The minimum of 200us after stable power and clack (€akply NOP & take CKE high.

4. Prechargal banks.

5. 1lssue EMRS to enable DLL. (To ionsSsawki gpDd Lt EEnBRA
and oLowdé to all ~As&ndBAhe rest address pins, A

6.l ssue a mode register set command for oDLL r

required to | ock the DLL. (TsandssuewbDLLoOr 8ae
7. Issugrechargeommands for all banks of the device.
8. Issue Dr more aui@fresh commands.
9. Issue a mode register set command to initialize device operation.

Note:
Every oDLL enabledé command resets DLL. Theref or ecydesd doskinpeis6
required to lock the DLL aftedingdbLL.

Figur& dPower up Sequence & Auto Refresh (CBR)

Power up Sequence & Auto Refresh(CBR)

0 1 2 3 4

|
|

‘¥' l I; a I; 4 ‘n. a
I 2clodkmin. | 2Clodkmin_ |
»

T
Command; {;ff’:;ffs} ; {EMRS} : '\‘mﬁisa}
I
I
I

— | | | |
| 200 pS Pawerup | |
| 1o 1st cormmand | |

™

4 ‘ ; : : i, 200 Cycl'e
4 5 6 7 3

Extended Mode Register Set (EMRS)

The extended mode register stores the data for enabling or disabling DLL. The default value of the extend
register is not defined, therefore the extended mode register must be written after power up for enabling ol
DLL. The extended megister is written by asserting 1é&wadrl ,3t | 37 %and high on BAThe DDR SDRAM
should be in all baptechargeith CKE already high prior to writing into the extended mode register). The sta
address ping A A, and BAIn the same cycle#a$2 ! ,3 | &and7 wlow is written in the extended mode
register. Two clock cycles are required to complete the write operation in the extended mode register. The
contents can be changed using the same command and clock cycle requirements durimy @seadtmanks lo
areintheidle stateiAs used f or DLL e niabseddor BMRS. I tiseathdr &ldress pihs
except fdand BAmust be set to low for proper EMRS operatiosed at EMRS to indicate 1/O strargthfall
strength, A= 1 half strength. Refer to the table for specific codes.

Dataheet Veionl.2 9 MEM1G16D1CATG
1Gbit DDRDRAM



COMPETENCE IN MEMORY

Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR SERABAténpyogram
addressing mode, burst length, test Diddegset and various vendor specific options to make DDR SDRAM L
for a variety of different applications. The default value of the mode register is not defined, therefore the m
must be written after EMRS setting for proper DDR SRRAM oper

The mode register is written by asserting 8% 018 | 37 %and BA(The DDR SDRAM should be in all bank
prechargeith CKE already high prior to writing into the mode register). The state ofyadéresstpasaine

cycle ag 32 ! ;3 | 37 %and BAlow is written in the mode register. Two clock cycles are requiigd to meet
spec. The mode register contents can be changed using the same command and clock cycle requirement:
operation as long as all banks are in thetell§ keamode register is divided into various fields depending on
functionality. The burst length yse& Aaddressing mode usgstA 3atency (read latency from column address
uses A~ A. A is a Memphis specific test mode during productfeistased for DLL resemAst be set to low

for normal MRS operation. Refer to the table for specific codes for various burst length, addrgssiag modes
latencies.

1. MRS can be issued only at all peeddsargstate.

2. Minimurtkeis required to issue MRS command.

Figurd - Mode Register Set (MRS)

[ Ba: | BAG] Azt Aa | Az | a1 | Ao | Address Bus
| o [mns] RFU - Must be sat "0" [0 [vO[DLL| Exended Mode Register
S L
[ o [mrs] RFU___ |DLL| TM | CAS Latency | BT | Burstiengtn | |Mode Register
I DLL Reset A mode As | Burst Type Aix | 1O Strength Ao | DLL Enable
0 Mo i) Normal 0 Sequential 0 Full 0 Enable
1 Yes 7 Test 1 Interleave 1 Half 1 Disable
¥ CAS Latency Burst Length L
BAo An ~ A Ac| As .7 Latency Al A A Latency
0 (Existing)MRS Cycle 0|0 | 0| Reserve “| ™ | sequential | Interleave
1 Extended Funtions(EMRS) Q10 1 Raserve [} o 0 Reserve Resenve
011 0 2 Q o 1 2 2
011 1 3 Q 1 0 4 4
1|0 0 Resene 0 1 1 8 8
* RFU{Resemved for future use) 110 1 Heserve 1 0 |o Reserve Reserve
should stay "0" during MRS 111 0 25 1 0 1 Resemve Hesenve
cycle. BE 1 Resernve i 1 1] Reserve Reserve
1 1 1 Reserve Reserve
Maode Register Set
0 1 2 3 4 5 G 7 B
_ -l - - "'.'_'." - =l e e - - - -Ll..—\'. -l ——— ] P "'.'_‘l" ———l— - -
Ckeck & A & A L A h A A A K A A A A A A
| | | 11 | | | | |
Command — el ) : | mogeanr zat | : . Comenns : : :
Lot tre L tuen k | | |
| I T 1 T | 1 1 1
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Figur® - Mode Register Set Timing
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I | I | | [ [ [ | I
T |T1 T2 E T4 |75 |6 |7 T8 9
| —tox— tre : twro | | | |
~7 | . _\| I _\l i~ _\I . _\I ~ _\| ' _\| ~ _\| ~ _\| T\ ~
CK' CK K _/\ LI o _/\ k.. o _/\ Ce ot o _/\ N o _/\ /\_ _}’\ _>
| | | | | | | | |
Command X Pre-Al ¥ YMRS/EMRSY X ANy ¥

Mode Register set (MRS) or Extended Mode Register Set (EMRS) can be issumthks lgre/irethallidle state.
If a MRS command is issued to reset the DLL, then an additional 200 clocks must occur prior to issuingt@amlaew comm
time for the DLL to lock onto the clock.

Burst Mode Operation

Burst Mode Operation is usguioide a constant flow of data to memory locations (Write cycle), or from r
locations (Read cycle). Two parameters define how the burst mode will operate: burst sequence and burs
parameters are programmable and are determined $yisldies, during the Mode Register Set command

Burst type defines the sequence in which the burst data will be delivered or stored to the SDRAM. Two
sequence are supported: sequential and interleave. The burst length controlfstite thami#rbe output after

a Read command, or the number of bits to be input after a Write command. The burst length can be pr
values of 2, 4, or 8. See the Burst Length and Sequence table below for progratomng in

Tables - Burst Length and Sequence Bank Activate Command
Burst Length Starting Length,(A, A) Sequential Mode Interleave Mode
2 xx0 0,1 0,1
xx1 1,0 1,0
x00 0,1,2,3 0,1,2,3
4 x01 1,2,3,0 1,0,3,2
x10 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,2,1,0
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,56,7,0 1,0,3,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
8 011 3,4,56,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

MEM1G16D1CATG
1Gbit DDRDRAM
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BankActivate Command

The Bank Activate command is issued by#hbl@ing7 %high witkt 2and2 | Bw at the rising edge of the

clock. The DDR SDRAM has four independent banks, so two Bank Seleci anldiB@8sase(Bhpported. The
Bank Activate coamd must be applied before any Read or Write operation can be executed. The delay fror
Activate command to the first Read or Write command must meet or exceed thewiningletay timerco

min). Once a bank has been activated, iemptesthmrgkbefore another Bank Activate command can be applie
to the same bank. The minimum time interval between interleaved Bank Activate commands (Bank A to B;
vice versa) is the Bank to Bank delay

time(trromin).

Figuré - Bank Activation Timing

(CAS Latency = 2; Burst Length = Any)
I I I

; TO | T |T2 |T3 i Tn iTn+‘l iTn+2 i Tn+3 iTn+4 i Tn+5
l |_ tpagimin) | : q:lgpimln]—-: — mn?{m'ln}—-:
IHGDEH-“n]_..
oK, OK lk f_“k X J\_“kﬂ;sl; el s ol e s e ol e
BA/Address | {Banmm} | { Bank/Got “ { Bank ) | {Elmh’thu:l | {Bank.thw} |
Command i {m-ulmam} I { F!Emldm } ii { Pn:m ) I {Acﬁvl:}w.ﬁ.} I {mimm} |

f

Begin Prechargs Bank A

Read Operation

With the DLL enabled, all devices operating at the same frequency within a system are ensured to he
timing relationship between DQ and DQS relative to the CK input regardtbsssiby,dessss variation, or
technology generation.

The data strobe signal (DQS) is driven off chip simultaneously with the output data (DQ) during each re
same internal clock phase is used to drive both the output data and datalspfdlodipigo minimize skew
between data strobe and output data. This internal clock phase is nominally aligned to the input differenti
# ¥ by the owchip DLL. Therefore, when the DLL is enabled and the clock frequency is withiartbe &pecifie
proper DLL operation, the data strobe (DQS), output data (DQ), and the system clock (CK) are all nominal

Since the data strobe and output data are tightly coupled in the system, the data strobe $iyeal amely be
used tdatch the output data into the receiving device. The tolerance for skew betweenpg§)Ssaighie (t
than that possible for CK to @(tDQS to CKd4ck

Dataheet Veionl.2 12 MEM1G16D1CATG
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Output Data (DQ) and Data Strobe (DQS) Timing Relative to the Clock (CK)

Figur& - During Read Cycles

(CAS Latency = 2.5, Burst Length = 4)

Command READ NOP % NOP X X MOP X NOP _—

| | |

| | | — |— tasckimin) |
| | | | |

DS | ! \ | / N ¥ Vo
I | | —| |—tac(min) |
: : | | | |
| | W \
ba | | % | o ) %2 ) o )

I | |

The minimum time during which the output data (DQ) is valid is eriecaiorghlevice (i.e., a ongm

controller device). This also applies to the data strobe during the read cyigktlirmnorigle to the output

data. The minimum data output validgijren(t minimum data strobe valid tbxe, ére derived from the
minimum clock high/low time minus a margin for variation in data access and hold time due to DLL jitter ar
supply noise.

Read Preamble and RiombleOperation

Prior to a burst of read data and given that the controller is not currently in burst read mode, the data strob
(DQS), must transition froe# tdia valid logic low. The is referred talaathea st r o b e(re@rTRi®L d p
transition from-Aito logic low nominally happens one clock cycle prior to the first edge of valid data.

Once the burst of read data is concluded and given that no subsequent burst read operatitesdatinitiated
strobe signal (DQS) transitions from a logic low level-BacktoTHh i s i s ref erred t o ¢
a mb | re)0Thi$ ttansition happens nominalhyatirdock period after the last edge of valid data.
Consecupli eesd@rbowgsat read operations are possi bl
a data strobe ambeandéwepnrthe graups okburst datapThesdata strobe read preambl
required before the DDR device drivest thegirt data off chip. Similarly, the data strebmplesis initiated

when the device stops driving DQ data at the termination of read burst cycles.

Dataheet Veionl.2 13 MEM1G16D1CATG
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Figur® - Data Strobe Preamble anddfobte Timings for DDR Red&sCyc

CK,CE

Command

(1]

{CAS Latency = 2; Burst Length = 2)

‘RPRE(MIN) tRpT(min)

————r|
L

tposo(min) — | |- | [trpsTimax)

I
/ \
I”“X““ /i

— I =-— Ipggglmax)

—_ —_——_— —_— —_— — e — = =
B
e

Figur® - Consecutive Burst Read Operation and Effects on the Data Strobe Preaamiideand Post

Burst Read Operation (CAS Latency = 2; Burst Length =4) [ [ [ [

I
CK, CE II_

J‘{__:I{L_}'I_ﬁ‘I{L_H__I’I{_J\{i)\r-}I’LJI{--}I{L.}\F-:IL.}I:--:ILJ‘{--}IILJ-

Kﬁe;dn}t:}{ NI)F’ D{HE&IﬂBﬂ NII:P}:}{ N-I}Pji:r: NI::JP),“:){ NIDP;{:}{ NII:}P)‘,:}( NII}P}'{ |

|
I
|
I

Burst Read Operation (CAS Latency = 2; Burst Length =4} | | |

CK, CKE DI- 'Iﬂ'" :III. .I"lr -If:.. _.rlr II{II._ _IIIF ?\. _‘rl‘-r III" _}Lr _IIL _I"IF III" _}tr :II._ _}l )

| |
I I
{DOA {01 § D24 X D34 } D05 ¥D1p } D25 D3g } i i
I I I I I I I I

I I

Command YReada) ) NOPY ) NOP )Y YReadg)( )} NOP Y)Y NOP) Y noP Y Y(NOPY Y(NOPY |
I I I I I I I I I
pas | I | ! I N I W A A I
| | | | | | | | | |
pa | | {D0A JD14 {024\ D34 j)——{D0g D1 1026 D3g } |
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Precharg®peration

Theprechargeommand is used to deactivate the open row in a particular bank or the open row in all banks.
(s) will be available for a subsequent row access a specitipdften¢éhgrechargeommand is issued. Except

in the case of concurrent peichargewhere a READ or WRITE command to a different bank is allowed as lo
does not interrupt the data transfer in the current bank and does not violate any other timing parameters. |
determines whether one or all banks anerézt@r gk and in the case where only one bank jsréahergk

inputs BA BA select the bank. Otherwise®B®ar e tr eat ed as 0 Do nprecha@air e . ¢
is in the idle state and must be activated prior to any READ or WRITEingressaad$o that bangrecharge
command will be treassdNOP if there is no open row in that bank (idle state), or if the previously open row
already in the process ofcheging.

AutoPrecharg®peration

The AutBrechargeperation can be issued by having column agdregsvwhen a Read or Write command is
issued. IfsAis low when a Read or Write command is issued, then normal Read or Write burst operation is
and the bank remains active at the complétebwfst sequence. When thePAetbarggommand is activated,
the active bank automatically begmmedbargat the earliest possible moment during the Read or Write cycle ¢
tragmin) is satisfied. This device supports concurpechatge the command to the other bank does not
interrupt the data transfer to the current bank.

Read with AuRrecharge

If a Read with Alroecharggommand is initiated, the DDR SDRAM will @néshtdrgeperationlock cycles
measured from the lamtiadof the burst read cycle where N is equal to3hency programmed into the device.

Once the auwechargeperation has begun, the bank cannot be reactivated until thenechiangeme (k9
has been satisfied.

Dataheet Veionl.2 15 MEM1G16D1CATG
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Figurd 0 - Read with AuReecharg@&iming

(CAS Latency = 2; Burst Length = 4)

| | | | | | | 1 1 |
|TCI' |T‘I |T2 |T3 |T4 |T5 |TE |'I_.|lr |TE- |T‘9

i | Tp(min) | i

| | | | tRagimin)+

| i~ i_'\- — ™ — — T — — i i
CK, TR ﬂ_ﬂ X D i N ,I__\ X_ N I( X I: X I \
Command y ml:r WX Nc|>F= }Q{Fw.rl ARYY N?F W Nu:lnp W Nclrup W) Nu:lnp X BA O Ncljp y |

I
pas | I I I | I W B W I I
I I I I I | | | I I
{ i,
DQ | | | ] { Do { D1} Dz} Da} | |
Begin Autoprecharge ]

Earliest Bank A reactivate

Figurd 1l - Read with AuReecharg&iming as a Functio# of atency

(CAS Latency = 2, 2.5 Burst Length = 4)

o b 2 I3 g 15 |TE i s g

|*— CAS Latency=25—

"
CK, CK F_ i'::- -.I/l"._ .f qer'.. -:'l'.. ..rr't -"l'I. j :}:' -:k }f- :k: '-.IF f{: ". :lC {‘

Command | BA Y NOF‘ }D{ NDP :{}(HDAF[}; NOP ;ID: NOF E.: NCH'—' }G{ Eﬁ. ﬂ NDF' )D{ NDP Y |

I I I I I I I I I I

pas | | ! ! | I' \ If V) | |

I I I I I | I I

ba | | | | | D“I{D'IIDZK Ds } | |

| | | | | |‘_mE Latoncy=2— | |

o8 | —————— S

oo | | | | | ——{Dg X D1} Dz} D3 | |

I [ I I I I I

I I I I I I I
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Preharge Timing During Read Operation

For the earliest possitlecharggommand without interrupting a Read bupPsedharggommand may be issued
on the rising clock edge whi¢h igatency (CL) clock cycles before the end of the Read burst. A new Bank A

(BA) command may be issued to the same bankafteptbehargime (k). APrecharggommandannobe
issued untikkémin) is satisfied.

Figurd 2 - Read

witRrechargBiming as a Functio# ¢f atency

(CAS Latency = 2, 2.5; Burst Length = 4)

| | | | | | | | | |

|Tl] |T‘i |T2 |T3 |T4 |T5 |Tﬁ |'JT |TEI |T9
| | —trag(min) I I trp(min) —| I I
| | | | | | | | | |
— P = M, P ~ ~ T\ L ¥ e Y Y i - ™

CKTRK (L e e Do e DU 0 Dl e o
| | | | | | | | |
Command | BA ¥ NOP "} NOP Y ) Read X} NOP J() Pre, ¥ ) NOP Y\ BA )} NOP Y\ NOP Y |
| | | | | | | | |
| I I I I I I I I I
DQs { 4 f !
I | | | } { | |
pq | | | | | { Do { D1} D2 ) D5 | |
I I I I I |~ TAS Latency=2—| I I
I I I I I I I I I I
Das | i i i 1/ W i
| | | | | | | |
ba | | | | Dok D)X Daf Ds by |
-——CAS Latency=25 —|
I I I I I I | | I I
|
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Burst Stop Command

The Burst Stop command is valid only during burst read cycles and is initiatedanydkalvidggh with 3
and7 %ow at the rising edge of the clock. When the Burst Stop command is issued during a burst Read c)

the output data (DQ) and data strobe (DQS) go to a high impedance state agequidiaytiiz | datency
programmed into the devidbelBurst Stop command is issued during a burst Write cycle, the command will
treated as a NOP command.

Figurd 3 - Read Terminated by Burst Stop Command Timing

(CAS Latency = 2, 2.5; Burst Length =2)
o 4 |2 Ita 74 s 16
| I - -
CK, CK F_ _}{_ _\4_ _K_ IF_ _:'{_ ‘*_ _}{_ *_ _.r]"ir 1{" _ar ‘*. _;{
Command ¥ Read ){ ) BST ) ) NOP X nop )} ¥ noe )} ¥ nopP X )
| I | I

| |
| | | | | |
Das
_ | | h i ] | |
CAS Latency =2 | | | | |
DQ Dg & Dy
| | L | | | | |
| | BST | i i | |
DAS | | 1 7/ | |
CAS Latency =2.5 | | | | | |
Do { Dp * D4
| | | | | | |
| | | | | |
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Read Interrupted byeecharge

A Burst Read operatianlmainterrupted byprechargef the same bank. Pnechargeommand to Output
Disable latency is equivalent t# théatency.

Figurd4 - Read Interrupted biyrechargBiming

(CTAS Latency = 2, 25; Burst Length =4)
iTE iTB iT4 iTﬁ iTﬁ i'IT iTB iTB
L igag(min) | | trp(min}—-| | |
| | | | | I | |
Cﬁ,ﬁ ﬂ_ ;,.-" —xi J-..-— -.: _}.r -.,: _:r —1: _,:[ -\i _;..f‘ 1{_ _;,-" “-i J{ ‘\i J\-" ‘i{ JD
Command | BA ) NOP K NOP WX Fead WX NOP WX PI:EA KX NOP X BA O NOP KX NOP \ |
| | |

| |
|TO |T1
| ]
| !
I

|-— CAS Latency=25—
| |

)
| | |

| | | | | | h | |

bas | | | \ I — f | |
oo | ' ' ' ' {10 X D1} D2 (D) ' '
| | | | | | CAS Latency—2 | | |

| | | | | | | | | |

Das | | | | Y T — |
| | | | | | | | |

ba | | | | 20 f DA Da f D |
| | | | | | |

Burst Write Operation

The Burst Write command is issued bythg#ingdand7 %dow while holdiag Righ at the rising edge of the
clock. The address inputs determine the starting column address. The memory controller is required to prc
data strobe (DQS) te DDR SDRAM to strobe or latch the input data (DQ) and data mask (DM) into the dev
During Write cycles, the data strobe applied to the DDR SDRAM is required to be nominally centered withi
(DQ) and data mask (DM) valid windows. The dataustrbbalriven high nominally one clock after the write
command has been registered. Timing paragwéteirs) tandplosémax) define the allowable window when the
data strobe must be driven high.

Input data for the first Burst Write cycle mustdubapptlock cycle after the Write command is registered into
device (WL=1). The input data valid window is nominally centered around the midpoint of the data strobe ¢
data window is defined by DQ to DQS setupptiggar{tt DQ to DQSdhtine @Gposh All data inputs must be
supplied on each rising and falling edge of the data strobe until the burst length is completed. When the bt
finished, any additional data supplied to the DQ pins will be ignored.
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Write Pramble and Pbamble Operation

Prior to a burst of write data and given that the controller is not currently in burst write mode, the dat8)stmulsd signal (
transitonfrom-Ai t o a valid |l ogic | ow. Thi s issansitienffrerrHtodogic lowo a
nominally happens on the falling edge of the clock after the write command has been registered by the device. The
explicitly defined by a setup timrerinin)) and hold timegk=imin)) referenced to finst falling edge of CK after the write
command

Figurd5 - Burst Write Timing

I | | | (CAS Latency ¢ Any; Burst Length = 4)
| TO | T1 | T2 | T3 | T4

CK,CK

Command

DQS(nom)

DQ(nom)

DQS(min)

DQ(min)

DQS(max)

DQ(max)
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Once the burst of write data is concluded and given that no subsequent burst write operations are initiated
strobe signal (DQS) transitions from a logic low level-BacktoTHh i s i s ref erred t o ¢
amb | e ¢ . itioMHappens mominatysak clock period after the last data of the burst cycle is latched into
device.

A Burst Write can be interrupted before completion of thepracsiabgemmmand, with the only restriction being
that the interval ttsiparates the commands be at least one clock cycle.

Write Interrupted bymecharge

A Burst Write can be interrupted before completion of thepbacsidbgemmmand, with the only restriction being
that the interval that separates the commaaidsdst one clock cycle.

Figurd 6 - Write Interrupted by a Precharge Timing

(CAS Latency = 2; Burst Length = 8)
| | | | | | | | | | 1
|TD |T1 |T2 |T3 |T4 |T5 |TE |'JT |TB |TEI |T1El |T‘11 |T12
| | | | | | | | | | | | I
CK TF i~ i~ i~ "'l i i ! i -

- =
| | | |
Command DO(WHEA}{}{ NCP () NOP Y NOP
I I I

I
twr —
4‘\:\_/_“\4! -

— = -y - -y
| | | | | | | ]

W) Prea Y0 NOP (Y NOP Y} NOP () NOP J()Y NOP () MOP ) |
I

T I T T I I I

pas | | | | | | | |
| | | | | | | | |

DQ { DpAD1 XDz} Da{Da}Ds}De | | | | | | |
. ) g o ]
DM . . . . . ,
| | | | | | | | | | |

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

Data is masked Data is masked

by DM input by Precharge Command
DCS input ignored
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Write with Auto Precharge

If Aois high when a Write command is issued, the Writeprgtbhawgfeinction is performed. Any
new command to the same bank should not be issued until the=afitargal completed. The internal
prechargeegins after keeping(tmin.).

Figurd7 - Write with Auto Elrarge Timing

(CAS Latency = Any; Burst Length = 4)
| | [ | | | | | [ [ [
ITO IT'I |T2 |T3 |T4 |T5 ITG |'I7 ITB |T9 |T1O
| | r—tRas(min) | | | | | | I
| [ | | | | [l | | |
S e e e e W S e ) T e T Gl P

Command | BA Y NOP YOX NOP Y} WAP Y} NOP Y NOP XX NoP XX NOP Y NOP YO NOP )X BA
| | | I I I | | |

I
pas | : : L I—I I | ' ' '
| I | | | I | twr(min) | b trp(min) +—
pQ | I I I { Do X _D1X D2 X D3 I I I I
| | | | | | | ! | |
Begin Autoprecharge
|
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Preharge Timing During &\@iperation

Preharge timing for Write operations in DRAMSs requires enough time to satisfy the write recovery requirer
the time required by a DRAM sense amp to fully store the voltage level. For DDR SDRAMs, ajnsng parar

used to indicate the required amount of time between the last valid write openedtivargemhamand to the

same bank.

The owrite recoveryo6 operation begins on the

vd i d

command.

write data. OWrite recoveryd i s c onppethargee

Figurd.8 - Write with Riigarge Timing

Command

Das

DO

Das

DO

S G el el edeiheiededededs

(CAS Latency = Any; Burst Length = 4)

1 | | | | | | | | | |
| TO | T1 |T2 | T3 | T4 |T5 | TG |'IT | T8 |TQ |T1 0

| | —mas(miny | | | | |~—HHFI"“"H—*

BA ) NoP X NoP () wiite Y\ N{IZJP WX NCI}P X NCI}P ;C( NCIP \\ Prea Y NOP))Y BA

I I I | /_*

I

I

EYEn (ren
I I I I
= /T |
I I I I
I I

{ Do § D1} Dz} D3}
! !

I

|

| |

| |
twr |
| |

I I

I I

| |
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Data Mask Function

The DDR SDRAM has a Data Mask function that is used in conjunction with the Write cycle, but not the R«
When the Data Mask is activated (DM high) during a Write operation, the Write is blocked (Mask to Data L

When issued, the DatakMiasst be referenced to both the rising and falling edges of Data Strobe.

Figurd 9 - Data Mask Timing

CK, CK

Command

Das

Da

DM

(TAS Latency = Any; Burst Length = 8)
| | | | | | | | | |
|TIJ |T1 |T2 |T3 |T4 |T5 |T6 |'IT |TH |T9

L o000 S0 00 S0 0 2000 000 S0 S0 S0 00 S0 00 2020 X0

t:‘@( W:lite oK Nlllle N NClJP KX Nlllle KN NCllF N N'El:IF' X Ncl::F' J N[l.‘JF' \ |

| . tos—=| |—+ | —=| | los |
an i e an T ', :
| =] |——— ton ~— o

(Do} D1} Dz ) D5 ) Da ¥ Ds } Ds )\ D7 H
I I |
| | |
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Burst Interruption

Read Interrupted by a Read

A Burst Read can be interrupted before completion of the burst by issuing a new Read command to any b
the previous burst is interrupted, the remaining addresses are overridden with a full burst length starting w

address. The data frbmfirst Read command continues to appear on the outputs lurtakéiney from the

interrupting Read command is satisfied. At this point, the data from the interrupting Read command appea
bus. Read commands can be issued on each riohthedgestem clock. It is illegal to interrupt a Read with aut

prechargeommand with a Read command.

Figur@0 - Read Interrupted by a Read Command Timing

(CAS Latency = 2; Burst Lengih = 4)
:Tl] ;T‘1 ;TZ ;TE ;Td ;Tﬁ ;Tﬁ ;Tr’ ;TEl ; T9
= e o (N N O (0 00 G (O G ) 6N O N D S O A O B O
Command :{HB%HAUHB:EHEH N[%JP L NL:’_JF X N[%JP W) N[:]P X N%}p Y N[:}p W : |
Das | | \ Fov b b | | I
DQ ! ! ! %DADKDA&DBD}{DB&'{DBQ}{DB:;;'} ! ! !
Dameetveoniz & WEwicloioaT
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Read Interrupted by a Write

To interrupt a Burst Read with a Write command, a Burst Stop command must be asserted to stop the burst-read of
state the DQ bus. Additionally, control of the DQS bus must be turned around to allow the memaory controller to drive
strole signal (DQS) into the DDR SDRAM for the write cycles. Once the Burst Stop command has been issued, a W
cannobe issued until a minimum delay or latesiclygt been satisfied. This latency is measured from the Burst Stop

command and iswdgalent to thé ! Batency programmed into the mode register. In instanges \#dterey is measured
in half clock cycles, the minimum dedys(kounded up to the next full clock cycle (i.e., if ClssZ2h&ndL=2.5 then
Les¥3). Itis illegal to interrupt a Read witpragttargeommand with a Write command.

Figur@1l - Read Interrupted by Burst Stop Command Followed by a Write Command Timing

(TAS Latency = 2; Burst Length = 4)
;m ;T1 ;TE ;TB ;T-'-'.l ;TE ;TE iw ;TB ;TQ
CKEL’_‘{“LJ\ IL}\ If“»[jf?{} “ILJ\ “L_IT“AJ\_'IL 20
Command ;(Head X BST 1 NGPU wmeU NGP}[}{ NCIF;IC;I.'_ NGP}D{ NGPK . |
I I I
— =y
| |
I I

Das

@@—{Du){m}{ﬂzl{ﬂs}

| | |
Last | | |

| | | |
| | | |
pa | | | |
| | | |
| | | |

Write Interrupted by a Write

A Burst Write caniberrupted before completion by a new Write command to any bank. When the previous burst is ir
the remaining addresses are overridden with a full burst length starting with the new address. The data from the firs
command continues toriput into the device until the Write Latency of the interrupting Write command is satisfied (WL
this point, the data from the interrupting Write command is input into the device. Write commands can be gssued on
edge of the system clddk.illegal to interrupt a Write withpaetbargeommand with a Writenotand.

Figur@2 - Write Interrupted by a Write Command Timing

(CAS Latency = Any; Burst Length « 4)
] | I } I } } } } 1
|T0 |T1 |T2 |T3 |T4 |T5 |T6 |T7 ITB | T9

ck.or (0 2C D0 DC 20 X0 S0 2XC 50 20 00 O 20 X000 2030 2020 20D
Command I:)O(WlilteAx:XWvllteBX:X N%JP WW.WWW N%Dp ¥ l |

oosl—I—\I\I\};\

f— = = —

| | |
I I I
i f f
| | 1

[

pQ | | {DAOYDATYDBOY DB1Y DB2Y DB3)
| I | |

DM XDMOXDM1YDMOXDM1XDM2Y DM3Y ]
I I | I I I I I I

| | 17 wee el | | | | | |
Write Latency
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Write Interrupted by a Read

A Burst Write can be interrupted by a Read conamgabdnd. If a burst write operation is interrupted prior to the end of tl
burst operation, then the last two pieces of input data prior to the Read command must be masked off with the data
input pin to prevent invalid data from being woittee memory array. Any data that is present on the DQ pins coinciden
or following the Read command will be masked off by the Read command and will not be written to the array. The nr
controller must give up control of both the DQ bus aBdtiedd@ast one clock cycle before the read data appears on t
outputs in order to avoid contention. In order to avoid data contention within the device, a delgyfismedna et
positive CK edge after the last desired data intthéopire a Read command can be issued to the device. It is illegal to
interrupt a Write with quriechargeommand with a Read command.

Figur@3 - Write Interrupted by a Read Command Timing

(CAS Latency = 2; Burst Length = 8)
| | I | |
|T0 |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10 |T11 |T12
I I I I I I I I I I I I I
r" I" f e %

CK,TK

Command
pas 'w

|
I I I | | I I
(0o 51122 XBaBaXBaBaX B

| | | | | |

DQ

DM

| | | | | | | |
| | | | | I | |
asked Data is masked

by Re

input ad command
DQS input ignored

3

bDM

Auto Refresh

The Auto Refrestmmand is issued by ha#i3g ! ,3and# | Beld low with CKE @nekhigh at the rising edge of the clock. All banks
must berechargkand idle for afmin) before the Auto Refresh command is applied. No control of the address pins ihiequired on
cycle has started because of the internal address counter. When the Auto Refresh cycle has completed,altmstatevihbe in th
delay between the Auto Refresh command and the next Activate command or subsequent Auto Refresgreatenthad must b
equal to thetémin). Commands may not be issued to the device once an Auto Refresh cyél@iast begstremain high during

the refresh period or NOP commands must be registered on each rising edge of the CHanpytaritd thesatisfied.

Figur@4 - Auto Refresh Timing

'Tﬂ 'T1 'T2 'TS 'T4 'T5 'Tﬁ 'W 'TE- 'TQ 'T‘ID 'T11
oK, ij\jmur MUSJC\_
Command | ) PreAl ¥ Yauto Rer ) u Y NOP Y mop j{; mop Y ANY Y|
| | | | | | | | |
| | | | | | | | | | | |
CKE |High | | | | | I | I | |
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SelfRefresh

A selfefresh command is defined by kagng ,3t | Znd CKE held low Wittthigh at the rising edge of the
clock (CK). Once thetsdiesh command is initiated, CKE must be held low to keep the defieshmszde.
During the seHfresh operation, all inputs except CKE are ignored. The clock is internalhyg distibfeestiur
operation to reduce power consumption.-Tdfeeséliis excited by supplying stable clock input before returning
high, asserting deselect or NOP command and then asserting CKE high #aefondmekimanaf DLL. The auto
refresh is required beforasilsh entry and afterreditesh exit.

Figur@5 Self Refresh

- 1 Rl | el | il = % il
CK, CK ; M H i M J
|= ‘—"{" : T T T T Illl' i""‘m"" _# "# Jl_ﬁh"‘l—# —
I I I I I I E'wa_d I I I I
| == | | | | | o | | (I, |
Command == = ] ] - 1 I |NOP I I Hefesh I
| | | | | | | | | | | |
. I I I I I — }
CKE | o I I I I I S I I I I
| I I I "1 I I L, | | | | |
1 1 1 1 1 1 1 r~ 1 IIEH.EX 1 1

Power Down Mode

The power down mode is entered when CKE is low and exited when CKE is high. Once the power down n
initiatel, all of the receiver circuits except clock, CKE and DLL circuit are gated off to reduce power consun
banks should be in idle state prior to entepngcthergpower down mode and CKE should be set high at least
1tck+tlS prior to row aactwmmand. During power down mode, refresh operations cannot be performed, ther
device cannot remain in power down mode longer than the refteghop¢hiedévice.

Figur6 8 Power Down Mode

PracHarge pracinargs
£ " \ i Y Y
pronier [ o — —
Command _f""'*““g,""_‘., owm i At . ;_l_ ' MOP .l':l Bead ;
Ertry =4 |

CKE 1"". l.,-" i !
: !
powwar down o dowm
Entry Exit
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Tabler - Truth Table®CKE
CKE1 | CKEA | CURRENT SRATE COMMANBN ACTIONN
|

Powebown X Maintain PowBown

L L SelfRefresh X Maintain Self Refresh
Powebown DESELECT or NOP Exit Pow&rown

L H SelfRefresh DESELECT or NOP Exit Self Refresh 4
All Banks Idle DESELECT or NOP E:ﬁf;‘arge PoviZEwn

H L Bank(s) Active DESELECT or NOP Active PowBown Entry
All Banks Idle AUTO REFRESH Self Refresh Entry

H H See Truth Table 3

Note:

1 CKEn s the logic state of CKE at clock edgelny&Kiie state of CKE at the previous clock edge.

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

COMMANDBnthe command registered at clock edge n, and ACTIONN is a result of COMMANDRN.

DESELECT or NOP commands should be issued on any clock edges tleet8Hg pleriod. A minimum of 200 clock cycles
is needed before applying a read commandpidr théock

AW N

All states and sequences not shown are illegal or reserved.
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(H=Logic High Level, L=Logi ¢ L ox@pekandCede, NOR=Nd@pprdtion Car e, V=Valid

Table8 - DDR SDRANplified CommaiidithTable

Command CKEl1 CKEn CS ‘ RAS ‘ CAS ‘ WE ADDI# A10/AF BA Notes
Mode Regjister Set H X L L L L OP code 1,2
Extended Mode Register H X L L L L OP code 1,2
Devic®eselect H X X X
- H X X 1
No Operation L H H H
Bank Aktive H X L L H H RA vV |1
Read L 1
; H X L H L H CA V
Read witAutoprecharge H 1,3
Write L 1
- N H X L H L L CA V
Write witAutoprecharge H 1,4
Precharge all Banks H X 11,5
H X L L H L X
Precharge selected Bank L vV |1
Read Burst Stop L H H L X 1
AutoRefresh H H L L L H X 1
Entry L L 1 H 1
Self Rfresh H X 1 X X 1
Exit L H
L H 1 XH 1
H X 1 X 1
Entry H L
Precharge Power L H 1 H X 1
Down Mode H X 1 X 1
Exit L H
L H 1 H 1
H X 1 X 1
; Entry H L
Aktive Power Dow
Mode L \% 1 \ X 1
Exit L H X 1
Note:

1 LDM/ UDM states are Don6t Care. Refer to below Write Ma
2 OP Code(Operand Code) consist?vafafsd BA-B A used for Mode Register setting during Extended MRBeforglRtering
Mode Register Set mode, all banks mustdredhaagstate and MRS command can be issuegbpéigot from Preaa
command.
3 If a Read with Aieechargeommand is detected by memory component in CK(n), then there wilkinel poesemtéal
activated bank until CK(n+Bki2+t
4 If a Write with Agicechargeommand is detected by memory component in CK(n), then there will be no command presented
activated bank until CK(n+BL/2#&t8. Last Dathn to Precinge delaytp) which is also called Write Recoverywhimenéeded
to guarantee that the last data has been completely written.
5 If AdAP is High wherechargeommand being issuedy/BA are ignored and all banks are selectegtedimrge

Dataheet Veionl.2 30 MEM1G16D1CATG
1Gbit DDRDRAM



COMPETENCE IN MEMORY

Table - Truth Tabled®Current State Bank@ommand to Bank n
CURRENT STATE# 3 21 3#! 37 %9 COMMAND/ACTION
Any H X X X DESELECT (NOP/continue previous operation)
L H H H NO OPERATION (NOP/continue previous oper:
L L H H ACTIVE (select and activate row)
Idle L L L H AUTO REFRESH 7
L L L L MODE REGISTER SET 7
: L H L H READ (select column and start READ burst) 10
Row Active
L H L L WRITE (select column and start WRITE burst) | 10
L L H L PRECHAR@Eactivate row in bank or banks) 8
L H L H READ (select column and start new READ burs 10
gia;%l(:(‘;;to Rrearge L H L PRECHAR@ENcate READ burst, BRECHARGE 8
L H H L BURST TERMINATE °
_ L H L H READ (select column and start READ burst) 10,11
\é\/i;';%@ju)to Rtearge L H L L WRITE (select column and start new WRITE by 10
L L H L PRECHAR@HENcate WRITE burst, BRRECHARGE 8. 11
Note
1 This table applies whem©W&s HIGH and €iSEHIGH (see Truth Table 2) andafiastbeen met (if the previous state was self
refresh).

2 This table is baspecific, except where noted, i.e., the current state is for a specific bank and the commands shown are thos
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 bpeschargk and#rhas been met.

Row Activé: row in the bank has been activate@camaktbeen met.

No data bursts/accesses and no register accesses are in progress.

ReadA READ burst has been initiated, witRRECBAR@Eabled, and has not yet terminated or been terminated.
WriteA WRITE burst has been initiated, wittREOHAR@EADled, and has not yet terminated or been terminated.

4 The following states must not be interrupted by a commandhéssaatktbank. DESELECT or NOP commands, or allowable
commands to the other bank should be issued on any clock edge occurring during these states. Allowable cdrantands to tt
are determined by its current state and Truth Table 3, and acatirdiagleodl

PrechargingStarts with registration BRECHARGE'Mand and ends whkeistmet. Onceris met, the bank will be in the
idle state.

NOTE: (continued)

Row Activatirtarts with registration of an ACTIVE command and epds mleeérQncedns met, the bank will be in the
oOrow actived state.

Read w/AutBreharge Enablestarts with registration of a READ command WRIRECHARG&Ebled and ends when t
has been met. Onged met, the bank will be in the idle state

Write w/AutBreharge Enableftarts with registration of a WRITE command \RREQWPRE&Abled and ends when t
has been met. Onged met, the bank will be in the idle state.

5 The following states must not be interrupted by any exeuntabl: DESELECT or NOP commands must be applied on each
clock edge during these states.

Refreshin§tarts with registration of an AUTO REFRESH command arktsnudetvieceéris met, the DDR SDRAM will

be in the atall banks idled st
Accessing Mode Regist¢arts with registration of a MODE REGISTER SET command analeaslbedmeméet. Onaest
i s met, the DDR SDRAM wil/l be in the oall banks idl e

Precharging All: Starts with registration BRECHARGH. command and ends #renmet. Onceris met, all banks will
be in the idle state.

6 All states and sequences not shown are illegal or reserved.

7 Not banispecific; requires that all banks are idle and no bursts are in progress.
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8 May or may nio¢ banispecific; if multiple banks are faréehargk each must be in a valid state fahRrging.

9 Not banispecific; BURST TERMINATE affects the most recent READ burst, regardless of bank.

10 READs or WRITEsS listed in the Command/Action odieiREARE or WRITESs witiPRBTBIARSEbled and READs or WRITES
with AUTERECHARG@G&abled.

11 Requires appropriate DM masking

TablelO - Truth TabledCurrent State Bank@ommand to Bank m

CURRENT STATE I 37 % COMMAND/ACTION

An DESELECT (NOP/continue previous operation)
y NO OPERATION (NOP/continue previous oper

Idle Any Command Otherwise Allowed to Bank m

ACTIVE (select and activate row)
READ (select column and start READ burst) 7
WRITE (select column and start WRITE burst) | 7
PRECHARGE

ACTIVE (select and activate row)
READ (select column and start new READ burg 7
PRECHARGE

ACTIVE (select and activate row)
READ (select column and start READ burst) 78
WRITE (select column and start new WRITE by 7
PRECHARGE

ACTIVE (select and activate row)
READ (select column and start new READ burg 3a.7
WRITE (select column and start WRITE burst) | 3a.7.9
PRECHARGE

ACTIVE (select and activate row)
READ (select column and start READ burst) 3a,7
WRITE (select column and start new WRITE by 3a.7
PRECHARGE

Row Activating,
Active, or Roharging

Read
(AutePrecharge Disable

Write
(Aute Preharge Disable

Read
(With AutBreharge)

Write
(With AutBrecharge)

r\TTTrr|r T |r|TxTITr I ITr| X I XA
I Q||| I X I X
| T I|rr I I I IIXI X
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Note
1 This table applies whem@TK#as HIGH and ©KHIGH (see Truth Table 2) andaftastbeemet (if the previous state was
selfrefresh
2 This table describes alternate bank operation, except where noted, i.e., the current state is for bank n andnhereommands ¢
those allowed to be issued to bank m (assuming that bankimaisiatsuithat the given command is allowable). Exceptions are
covered in the notes below.
3 Current state definitions:
- Idle The bank has bgmechargk andd#rhas been met.
Row Activé row in the bank has been activate@cdmastbeen met. No data bursts/accesses and no register accesses ar
progress.
ReadA READ burst has been initiated, witR RECBAR@Eabled, and has not yet terminated or been terminated.
WriteA WRITE burst has been initiated, witPRECHRS Elisabled, and has not yet terminated or been terminated.
Read with Auto Pharge EnableSiee following text
Write with Auto Bharge EnableSkee following text
3a. The Read with AutoHamge Enabled or Write with Auto Precharge Enabled states can each be broken into two p
access period and girechargperiod. For Read with AutthBrege, therechargperiod is defined as if the same burst was
executed with Alfecharg#isabled and then followed with the earliest feR&RIEIARGEF1mand that still accesses all
of the data in thmurst. For Write with Autchigrge, therechargperiod begins whemdnds, wittwkmeasured as if Auto
Prechargeas disabled. The asqeeriod starts with registration of the command and endsprdehrartgeeriod (otrd
begins.
During thprechargperiod of the Read with Autch@rgd=nabled or Write with AutthBrge Enabled states, ACTIVE,
PRECHAR®EAD and WRITE commands to the other bank may be applied; All other related limitations apply (e.g.
between READ data and WRITE data must be avoided).
3b. This device psechargeor THi 8c 6 @@t ur erachargénatied, ora writeewithd  w i
autoprechargenabled, to be followed by any command to the other banks, as long as that command does not inter
read or write data transfer, and all other related limitations apply (e.g. contention tetaverd WRATEdata must be
avoided.)
3c. The minimum delay from a read or write commandpwétthatdenable, to a command to a different bank, is
summari zed bel ow, f oprechaogech swpresr todd ocro nrcaitr:r ent aut

Tablell - minimum delay from a read/write command with auto precharge enable to a command to a differe

From Tq Command Minimum Delay without Minimum Delay with Concu Units
Command (different bank) Concurrent Auto Precharge Sup| Auto Precharge Support
Read or Read w/AP 1+(BL/2)+(twr/tck) (rounded up) 1+(BL/2)+twTr tek
Write W/AP | Write or Write w/AP 1+(BL/2)+(twr/tck) (rounded up) BL/2 tex
Precharge or Activate 1 tek
Read or Read w/AP BL/2 tek
Read w/AP | Write or Write w/AP CL(rounded up) + (BL/2) tex
Precharge or Activate 1 tek

AUTO REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.

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

READs or WRITEs listed in the Command/Action column inclU4&READEtbrAUTO PRECHARGE enabl2sl end/RBAS

with AUTO RREARGE disabled.

8 Requires appropriate DM masking.

9 A WRITE command may be applied after the completion of data output.

~N o o b
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Figur@7 - Simplified State Diagram

Power
Applied
Burst Stop
Write A
Automatic Sequence
Command Sequence
PREALL = Precharge All Banks CKEL = Enter Power Down
MRS = Mode Register Set CKEH = Exit Power Down
EMRS = Extended Mode Register Set ACT Active
REFS = Enter Self Refresh Write A = Write with Awezharge
REFSX = Exit Self Refresh Read A = Read with Auézharge
REFA = Auto Refresh PRE = Rikage
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Tablel2 - Recommended operating conditions (Voltage referé8&=<DV, TA=0 to 70°C)
Parameter Symbol Min Max Unit ‘ Note
Supply voltage (for device with a nosaiobR\6V) | \bp 2.3 2.7

I/O Supply voltage \bbg 2.3 2.7 \%

I/0O Reference voltage \Rer 0.49*\bpo 0.51*\bpo \Y 1
I/0O Termination voltage(system) Vit \ker0.04 \ker0.04 \% 2
Input logic high voltage VHDC) \ker0.15 \bog0.3 Vv

Input logic low voltage M(DC) -0.3 \ker0.15 Vv

Input Voltage Level, CK#amidputs MNDC) -0.3 \bog0.3 \Y

Input Differential Voltage, CH atirputs M(DC) 0.3 \bodt0.6 \Y 3
Input leakage current I -2 2 uA

Output leakage current loz -5 5 UA

Output High Current¢v 1.95V) lon -16.8 mA
Output Low Currentif¥ 0.35V) loL 16.8 mA

Notes:

1 \keds expected to be equal to b3S the transmitting device, and to track variations in the DC level of thecspead. Peak

noise onpé¢rmay not exceed 2% of the DC value

2 Vs not applied directly to the devidis.a/system supply for signal termination resistors, is expected to be sgtaial to V

must track variations in the DC lewekof V

3 \fpis the magnitude of the difference between the input level on CK and theﬂﬁut level on
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Tablel3 - IDD Max Specifications and CondiifGRSTA < 70°Codé2.5V+ 0.2Vpi2.5 +0.2V)

Conditions Version

Operatingurrent One bank ActiPeehargeiretren; tictckmin DQ, DM and Df Ibpo 160 145 mA
inputs changing twice per clock cycle; address and control inputs chang

clock cycle

Operating currer@ne bank operati@me bank open, BL=2 Ibp1 195 180 mA
Prechargsowerown standby currekit;banks idle; powelown mode; CKE = Iopzp 10 15 mA
<VIL(max)ktckmin Vh = Verfor DQ,DQS and DM

Prechargéloating standby curr@&# > =VIH(min); All banks idle; CKE > =|Ibpzr 65 60 mA

VIH(min)¢kEtekmin Address and other control inputs changanger clock cycl
\in = Vetfor DQ, DQS and DM

Precharg@uiet standby currée®# > = VIH(min); All banks idle; CKE > = V| Ibb2g 45 45 mA
teetekmin Address and other control inputs stable with keeping >= VIH(mi
=<VIL(max); Vinsfagr DQ, DQS and DM

Active powedown standby curremte bank active; posdewn mode; CKE=<|Ibpzp 35 30 mA
(max);detckmin Vb = Vetfor DQ, DQS and DM
Active standby curr@t# >= VIH(min); CKE>=VIH(min); oretanlactive |Ibbsn 65 65 mA

prechargdre=trasmaxtcictckmin DQ, DQS and DM inputs changing twice per
cycle; address and other control inputs changing once per clock cycle

Operating currenturst readdurst length = 2; reads; continuous burst; One Ibpar 220 200 mA
active; address and control inputs changing once per clogicey@lg80% of
data changing at every burst; lout=0m A

Operating currenturst writé3urst length = 2; t@s; continuous burst; One bg Ibpaw 230 210 mA
active address and control inputs changing once per clogkeygIEQ, DM
and DQS inputs changing twice per clock cycle, 50% of input data chan

burst

Auto refresh currert= =cmip fIcietckmip burst refresh; address and control in Iops 340 330 mA

changing once per clock cycle; data bus inputs are stable

SelfrefreskeurrentCKE =< 0.2V; External clock should betea;it Ibps 15 15 mA
(normal)

Selfrefreskeurrent(Low Power) WL 9 9 mA

Operating curreiour bank operatiéour bank interleaving with BL=4 Ibo7 525 485 mA
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DETAILED TEST CONDITIONS FOR DBR&BRAM |

Iopi Operatlng current: One bank operation
Typical Casés= 2.5V, T=25 for DDR266, 333;
Worst Caskbs= 2.7V, T=@
3 Only one bank is accessednithirt), Burst Mode, Address and Control inputs on NOP edge are changing once per clock
lout = OmA
4 Timing patterns
1 DDR266 (133Mhz, CL=2de} 7.5ns, CL=2.5, BL3&pt 3*tK, kc= 9*tck tras= 5*tck
Read: AN N RN BN N N AN - repeat the same timing with random address changing 50% of data changing at even
1 DDR333(166Mhz, CL=2d¥ 6ns, CL=2, BL=dgt= 3*tck trc= 10%*ck tras= 7*tck
Read: AN N RN N N &N N AN- repeat the same timing with random address changing 50% of
data changing at every burst

A=Activate, R=Read, We\WritPaharge, N=NOP

lop7 Operating current: F our bank operation

Typical Caseip¥ 2.5V, T=2% for DDR266, 333

Worst Casesd# 2.7V, T=C

Four banks are being interleavedduitim}, Burst Mode, Address and Control inputs on NOP edge are not=Banying. |

Timing patterns

1 DDR266 (133Mh2|.=2.5)ck= 7.5ns, CL=2.B].=4,#ro= 2*tck treo= 3*tckRead with aupsecharge
Read: ANARARARNRANAR -repeat the same timing with random address changing 50% of data changin
every burst

1 DDR333(166Mhz, CL=2da} 6ns, CL=2.5, BL=#kot 2*tck treo= 3*tck Read with aupoecharge
Read: M AR AR ARNRANAR -repeat the same timing with random address changing 50% of data changin
every burst

AW N P

A=Ativate, R=Read, W=Write, €hdPge, N=NOP

AC Operating Conditionsi&ing Specification

Tablel4 - AC Operating Conditions

Parameter/Condition i ‘ Unit ‘ Note
Input High (Logic 1) Voltage, DQ, DQS and DM s| VIH(AC) | \kert+ 0.31 \% 1
Input Low (Logic 0) Voltage, DQ, DQS and DM si| VIL(AC) \ker 0.31 \% 2
Input Differential Voltage, CK and CK inputs VID(AC) | 0.7 \bogt0.6 Vv 3
Input Crossing Point Voltage, CK and CK inputs | VIX(AC) | 0.5*\bpe0.2 | 0.5*\bpg-0.2 \% 4

Note:
1 1.Vih(max) = 4.2V. The overshoot voltage duration isps 3ns at V

2 Vil(min) =1.5V. The undershoot voltage duration is <s3ns at V

3 \pis the magnitude of the difference between the input level on CK andhe input on

4 The value of VI¥jipected to equal 0.53%bf the transmitting device and must track variations in the D@ kamakof

]
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Tablel5 - ELECTRICAL CHARACTERISTICS AND AlgsaligNEpecifications
AC CHARACTERISTICS -6 ‘ -75 ‘
PARAMETER SYMBC MIN |MAX MIN MAX UNITS NOTE
Access window of DQs fror# GK/ tac 0.7 0.7 -0.75 0.75 ns
CK higlevel width tcH 0.45 0.55 0.45 0.55 fck 30
CK lovlevel width tcL 0.45 0.55 0.45 0.55 fck 30

. CL=3 tek(3) - - - - ns 52
Clock cycle time CL=25 tcx(2.5) |6 12 75 12 ns 52
DQ and DM input hold time relative to DQS toH 0.45 0.5 ns 26,31
DQ and DM input setup time relative to DQS oS 0.45 0.5 ns 26,31
AUT®rechargarite recoveryptechargeme {bAL - - fck 54
DQ and DM input pulse width (for each input) toipw 1.75 1.75 ns 31
Access window of DQS fron# GK/ togsck  |-0.6 0.6 0.75 0.75 ns
DQS input high pulse width toosH 0.35 0.35 fck
DQS input low pulse width tood 0.35 0.35 fck
DQSDQ skew, DQS to last DQ valid, per group, per acc| tbqso 0.40 0.5 ns 2526
Write command to first DQS latching transition tbgss 0.75 1.25 0.75 1.25 fck
DQS falling edge to CK risietyip time tbss 0.2 0.2 fck
DQS falling edge from CK rikoid time tosH 0.2 0.2 fck
Half clock period thp ten foo teh toL ns 34
Dataout highmpedance window from#€K/ tHz -0.7 +0.7 -0.75 +0.75 ns 18
Dataout lowimpedance window from K/ fLz 0.7 +0.7 -0.75 +0.75 ns 18
Address and control input hold time (fast slew rate) tiHF 0.75 0.90 ns 14
Address and control input setup time (fast slew rate) | tise 0.75 0.90 ns 14
Address and control input hold time (slow slew rate) tins 0.80 1 ns 14
Address and control input setup time (slow slew rate) |tiss 0.80 1 ns 14
Control & Address input width (for each input) tirw 2.2 2.2 ns 53
LOAD MODE REGISTER command cycle time tMRD 2 2 tck
DQDQS hold, DQS to first DQ to g@hdnper access toH thp-toHs thp-toHs ns 25,26
Data hold skew factor toHs 0.55 0.75 ns
ACTIVE RRECHARGImand trAs 42 70,000 |45 120,000 |ns 35
ACTIVE to READ withpfetbargeommand traP 18 20 ns 46
ACTIVE to ACTIVE/AUTO REFRESH command period| trc 60 65 ns
AUTO REFRESH command period trrc 72 75 ns 50
ACTIVE to READ or WRITE delay treD 18 20 ns
PRECHARE&Emand period trP 18 20 ns
DQS read preamble tRRE 0.9 11 0.9 1.1 tck 42
DQS read peatnble tRPST 0.4 0.6 0.4 0.6 ek
ACTIVE bank a to ACTIVE bank b command trRRD 12 15 ns
DQS write preamble twprE 0.25 0.25 fek
DQS write preamble setup time tweres |0 0 ns 20,21
DQS write pesnble twest 0.4 0.6 0.4 0.6 fek 19
Write recovery time twr 15 15 ns
Internal WRITE to READ command delay twrr 1 1 fek
Data validutput window na ton-tbgso ton-tbgso ns 25
Average periodic refresh interval trEFI 7.8 7.8 us
Terminating voltage deldpto tvto 0 0 ns
Exit SELF REFRESH-®RE®D command txsNR 75 75 ns
Exit SELF REFRESH to READ command txsrD 200 200 tck

(0°C < TA < 70°Cpdé= +2.5V +0.2Vph= +2.5V £0.2V)
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Tablel6 - SLEW RATE DERATING YOALES C; \pg +2.5V 0.2V )\ +2.5V +0.2V)
ADDR O AND
SLEW RATE ptlS ptIH UNITS NOTES
0.500V / ns 0 0 ps 14
0.400V / ns +50 +50 ps 14
0.300V / ns +100 +100 ps 14
0.200V / ns +150 +150 ps 14
Tablel7 - SLEW RATE DERATING YALTES C; Y= +2.5V 0.2V )= +2.5V +0.2V)
Date, DQS, D
SLEW RATE ptDS ptDH UNITS NOTES
0.500V / ns 0 0 ps 31
0.400V / ns +75 +75 ps 31
0.300V / ns +150 +150 ps 31
0.200V / ns +225 +225 ps 31
Notes

1 All voltages referenceds#o V

2 Tests for AC timing,dnd electrical AC and DC characteristics may be conducted at nominal reference/supply voltage leve
related specifications and device operation are guaranteed for the full voltage range specified.

3 Qutputs measured with equivalent load:

4 4. AGiming andbbtests may use a-¥HVIH swing of up to 1.5V in the test environment, but input timing is still rgfgrenced to

VT
A002
Output o Eg_telrence
Mour) s

30pF
(or to the crossing point for#Cl/ and parameter specifications are guaranteed for the specified AC inputdevelsuseder
conditions. The minimum slew rate for the input signals used to test the device is 1V/ns in the range betw@ez) VIL(AC) an

5 5. The AC and DC input level specifications are as defined in the SSTL_2 Standard (i.e., the receiver aslbefésctitvefy switc
the signal crossing the AC input level, and will remain in that state as long as the signal does adibelogvbtek RBowmput
LOW [HIGH] level).

& Vgeds expected to equghd? of the transmiing device and to track variations in the DC level of the sarpeaRewlise
(nonrcommon mode) on VREF may not exceed +2 percent of the DC valtg, fhfoallowed +25mV for DC error and
an additional +25mV for AC noise

7 7. Mis not applied directly to the devide.avsystem supply for signal termination resistors, is expected to be gghadual to V
must track variations in thée€l of M.,

8 VID is the magnitude of the difference between the input level on CK and thetirput level on
® The value of VIX is expected to ggiab¥the transmitting device and must track variations in the DC level of the same.
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10 |1DD is depelent on output loading and cycle rates. Specified values are obtained with minimum cycle tinesatBd = 2 for
-75 with the outputs open.

11 Enables echip refresh and address counters.

12 |DD specifications are tested after the device ismtigizdd,i and is averaged at the defined cycle rate.

13 This parameter is samplggk ¥2.5V £0.2Vp\5= +2.5V £0.2VeM= g f = 100 MHz, T A = 25°C, VOUT(RER=YOUT
(peak to peak) = 0.2V. DM input is grouped with 1/0O pins, reflecting the fact that they are matched in loading.

14 Command/Address input slew rate = 0.5V -6;aand-75 wih slew rates 1V/ns and fastamt tare reduced to 900ps. If
the slew rate is less th&WVins, timing must be deratednd R has an additional 50ps per each 100mV/ns reduction in slew
rate from the 500mV/ns. If the slew rate exceeds 4.5V/ns, functionality is uncertain.

15 TheCK/ # +input reference level ffaing referenced to/GK3 is the point at which CK#ngross; the input reference level
for signals other than/ GK+s \4ee

16 Inputs are not recognized as validgstibbilizes. Exception: during the period pgbote ¥ b i | i zes, CKE AO.
LOW.

17 The output timing reference level, as measured at the timing reference point indicated in Note 3, is V

18 tyzand tztransitions occur in the same access time windows as valid data transitions. These parameters are not reference
specific voltage level, but specify when the device output is no longer driving (HZ) or begins driving (LZ).

19 The maximum limit forphimmeter is not a device limit. The device will operate with a greater value for this parameter, but
performance (bus turnaround) will degrade accordingly.

20 This is not a device limit. The device will operate with a negative value, buinsysteroopidfbe degraded due to bus
turnaround.

21 |tis recommended that DQS be valid (HIGH or LOW) on or before the WRITE command. The case showZ (0QS going f
logic LOW) applies when no WRITES were previously in progress on tioeibWgRIfT&Epss in progress, DQS could be HIGH
during this time, dependinghoss

22 MIN (Acor kr} for IDD measurenteeis the smallest multiplexihat meets the minimum absolute f@ithe respective
parameterris(MAX) for IDD measurenietie largest multiplér(bl( that meetise maximum absolute valueAor t

23 The refresh period 64ms. This equates to an average refresh rate of 7.8ps.

24 The 1/0O capacitance per DQS and DQ byte/group will not differ by more than this maxirmyngiserodatice.a

25 The valid data window is derived by achieving other spedifi¢&i2)sToosgand
(Ton= TFe- Tong. The data valid window derates directly proportional with the clock duty cycle and a practical data valid win
be rived. The clock is allowed a maximum duty cycle variation of 45/55. Functionality is uncertain when operating beyol
45/55 ratio. The data valid window derating curves are provided below for duty cycles ranging between 50/50 and 45/55.

Figur@8 - Data valid window derating curves
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Referenced to each output group: = x16 = LDQSR@F ;06 UDQS with-DQ&5.

This limit is actually a nominal value and does not result in &l valdéEidring REFRESH command pexifidI{N])

else CKE is LOW (i.e., during standby).

To maintain a valid level, the transitioning edge of the input must: a) Sustain a constant slew rate from theoaghrent AC lev
to the target AC levll{AC) or VIH(AC). b) Reach at least the target AC level. ¢) After the AC target level is reached, conti
maintain at least the target DC level, VIL(DC) or VIH(DC).

The Input capacitance per pin group will not differ by more than this maxfonenyagiventdevice..

CK and CK input slew rate must be A1V/ns.

DQ and DM input slew rates must not deviate from DQS by more than 10%. If the DQ/DM/BQ $ale®. At le

timing must k#erated: 50ps must be addeddand Bxfor each 1@mv/ns reduction in slew rate. If slew rate exceeds 4V/ns,
functionality is uncertain.

\bpmust not vary more than 4% if CKE is not active while any bank is active.

The clock is allowed up to £150ps of jitter. Each timing parameter is allowkd saveraimotint.

THP min is the lessef@f minimum af@H minimum actually applied to the device CK and CK/ inputs, collectively during ba
active.

READs and WRITEs witipraatoargarenot allowed to be issued tmtfMIN) can be satisfied prior to the inpeecharge
command being issued.

Applies to x16 only. First D&SofLde3 to transition to last DQ£DQs) to transition valid. Initial JEDEC speg#icatio
suggested this to be sameesT

Normal Qput Drive Curves:

a) The full variation in driverdowin current from minimum to maximum process, temperature and voltage will lie within the
bounding lines of théddrve of Figure A.

b) The variation in drivergmvn current within nominal limits of voltage and temperature is expected, but no guaranteed, ti
within the inner bounding lines ofitharVe of Figure A.

¢) The full variation in driverypuiurrent from minimum twimam process, temperature and voltage will lie within the outer
bounding lines of théddrve of Figure B.

d) The variation in driveryguiéurrent within nominal limits of voltage and temperature is expected, but not guaranteed, to |
the innebounding lines of théddrve of Figure B.

e) The full variation in the ratio of the maximum to miniopuemgultiown current should be between .71 and 1.4, for device
drainto-source voltages from 0.1V to 1.0 Volt, and at the same voltgueratulegem

f) The full variation in the ratio of the nomiugl fwuutlown current should be unity +10%, for devitestraine voltages
from 0.1V to 1.0 Volt.

Reduced Output Drive Curves:

a) The full variation in drivedpulh current frormimium to maximum process, temperature and voltage will lie within the oute
bounding lines of thé&drve of Figure C.

b) The variation in driverdmlin current within nominal limits of voltage and temperature is expected, but not guaranteed, t«
within the inner bounding lines ofltbarve of Figure C.

¢) The full variation in driveupudlrrent from minimum to maximum process, temperature and voltage will lie within the out
bounding lines of théddrve of Figure D.

d) The variation in drivergquiEurrent within nominal limits of voltage and temperature is expected, but not guaranteed, to li
the inner bounding lines of theuwwe of Figure D.

e) The full variation in the ratio of the maximum to mihimpuangplttiown current should be between .71 and 1.4, for device
drainto-source voltages from 0.1V to 1.0 V, and at the same voltage.

f) The full variation in the ratio of the nomioal oytitllown current should be unity £10%, for devitestraice voltages
from 0.1V to 1.0 V.

The voltage levels used are derived from the referenced test load. In practice, the voltage levels obtaieedifrateda properly

bus will provide significantly different voltage values.

VIH overshoot: VIHMAXY# Y. 5V for a pul se cannbtie lyreafeBtinas 1/3ohtide cyiclb rate. Ml | s €

undershoot: VILIMIN)= 5V f or a pul se whanddbdgreAtdrthan 1/3 of the dydiegatep ul s e wi

\ppard \hpgmust track each other.

During initializatiogpyV4y and Yegmust be equal to or less thgy+\0.3V. Alternativelyivay be 1.35V maximum during

power up, even §X/ppqare O volts, provided a minimum of 42 ohms of series resistsheiween thesWpply and the

input pin.

TrapRCD

Random addressing changing 50% of data changing at every transfer.

Random addressing changing 100% of data changing at every transfer.
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46 CKE must be active (high) during the entireefiaghacommand is executed. That is, from the time the AUTO REFRESH con

is registered, CKE must be active at each risaupelaahti|, I later.

47 Ibp2dis similar tebrexcepobzgpecifies the address and control inputs to remaintsiaddgokber and do2are similarpdzr
is oworst casebo
48 Whenever the operating frequency is altered, not including jitter, the DLL is required téaiewesehyT2islock cycles.

49 These parameters guarantee device timing, but thexeesgarily tested on each device. They may be guaranteed by device

design or tester correlation.

50 oA =(Twé TeR + (RéTcy For each of the terms above, if not already an intelgier fmewnext highest integer.
For exaple: For DDR266B at CLar#d5ti=7.5ns
Toa=((15ns /7.5ns) + (20ns/ 7.5ns)) clocks=((2)+(3)) clocks=5 clocks

DDR SDRAM Output Drivie€CWaracteristics

DDR SDRAM output driver characteristics are defined for full and half strength operatitreaSMBISdd by

Al.The driver characterigtieduation conditions are:

Typical 25C (T ambientpo4= nominal, typical process
Minimum 7CC (T ambienthpé= minimum, slesslow process
Maximum @ (T ambienthpd= maximum, fagast process

Output Drivé&haracteristic Curves Notes:

The full variation in driver current from minimum to maximum process, temperature, and voltage wil

lie within the outer bounding lines of-tloeive of Figu2&to 31

't i s recommend e-dcunveliawithir theenned hoynding tined cbtheVesf| S V

Figures 28/29 and 30/31

The full wvariation in the ratio of t humityatypi

10%, for device drain to source voltages froh.Q.This specification is a design obg@utivét is not
guaranteed.
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Full Strength Output Driver characteristics Curves

Figur®9 - Pullup characteristics for Full Strength Output Driver
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Full Strength Driver Characteristics

COMPETENCE IN MEMORY

Tablel8 - Pull down and pull up current values
Puldown Current (mA) PuHup Current (mA)
Voltage (V| Typical Loy Typical High Minimum | Maximum | Typical Low Typical High Minimum | Maximum
0.1 6.0 6.8 4.6 9.6 6.1 -7.6 -4.6 -10.0
0.2 12.2 13.5 9.2 18.2 -12.2 -14.5 -9.2 -20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 24.1 26.6 18.4 33.9 -24.0 -27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 -29.8 -34.1 -23.0 -46.8
0.6 34.6 39.1 27.7 49.4 -34.3 -40.5 27.7 54.4
0.7 394 44.2 32.2 56.8 -38.1 -46.9 -32.2 -61.8
0.8 43.7 49.8 36.8 63.2 -41.1 -53.1 -36.0 -69.5
0.9 47.5 55.2 39.6 69.9 -41.8 -59.4 -38.2 -77.3
1.0 51.3 60.3 42.6 76.3 -46.0 -65.5 -38.7 -85.2
1.1 54.1 65.2 44.8 82.5 -47.8 -71.6 -39.0 -93.0
1.2 56.2 69.9 46.2 88.3 -49.2 -77.6 -39.2 -100.6
1.3 57.9 74.2 47.1 93.8 -50.0 -83.6 -39.4 -108.1
14 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
15 60.1 82.3 47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 -40.1 -130.4
1.7 61.0 89.1 48.4 112.1 -51.1 -107.1 -40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 -40.3 -144.2
1.9 62.0 95.3 49.1 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
2.4 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
2.5 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 -155.3 -41.1 -192.9
2.7 65.0 105.4 50.5 140.8 52.8 -160.1 -41.2 -198.2
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Week Output Driver characteristic Curves

Figur&1 - Pullup Characteristics for Weak Output Driver
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Weak Driver Characteristics

Tablel9 - Pull down and pull up current values
PulHdownCurrent (mA) PuHup Current (mA)
Voltage (V Typical Loy Typical Higl Minimum Maximum Typical Loy Typical Hig| Minimum| Maximum
0.1 3.4 3.8 2.6 5.0 -3.5 -4.3 -2.6 5.0
0.2 6.9 7.6 5.2 9.9 6.9 -8.2 5.2 9.9
0.3 10.3 11.4 7.8 14.6 -10.3 -12.0 -7.8 -14.6
0.4 13.6 15.1 10.4 19.2 -13.6 -15.7 -10.4 -19.2
0.5 16.9 18.7 13.0 23.6 -16.9 -19.3 -13.0 -23.6
0.6 19.6 221 15.7 28.0 -194 -22.9 -15.7 -28.0
0.7 22.3 25.0 18.2 32.2 215 -26.5 -18.2 -32.2
0.8 24.7 28.2 20.8 35.8 -23.3 -30.1 -20.4 -35.8
0.9 26.9 31.3 22.4 39.5 -24.8 -33.6 -21.6 -39.5
1.0 29.0 34.1 24.1 43.2 -26.0 -37.1 -21.9 -43.2
11 30.6 36.9 25.4 46.7 -27.1 -40.3 -22.1 -46.7
1.2 31.8 39.5 26.2 50.0 -27.8 -43.1 -22.2 -50.0
1.3 32.8 42.0 26.6 53.1 -28.3 -45.8 -22.3 -53.1
14 335 44 .4 26.8 56.1 -28.6 -48.4 -22.4 -56.1
15 34.0 46.6 27.0 58.7 -28.7 -50.7 -22.6 -58.7
1.6 34.3 48.6 27.2 61.4 -28.9 -52.9 -22.7 -61.4
1.7 34.5 50.5 27.4 63.5 -28.9 -55.0 -22.7 -63.5
1.8 34.8 52.2 27.7 65.6 -29.0 -56.8 -22.8 -65.6
1.9 35.1 53.9 27.8 67.7 -29.2 -58.7 -22.9 -67.7
2.0 354 55.0 28.0 69.8 -29.2 -60.0 -22.9 -69.8
2.1 35.6 56.1 28.1 71.6 -29.3 -61.2 -23.0 -71.6
2.2 35.8 57.1 28.2 73.3 -29.5 -62.4 -23.0 -73.3
2.3 36.1 57.7 28.3 74.9 -29.5 -63.1 -23.1 -74.9
2.4 36.3 58.2 28.3 76.4 -29.6 -63.8 -23.2 -76.4
2.5 36.5 58.7 284 7.7 -29.7 -64.4 -23.2 7177
2.6 36.7 59.2 28.5 78.8 -29.8 -65.1 -23.3 -78.8
2.7 36.8 59.6 28.6 79.7 -29.9 -65.8 -23.3 -79.7
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Figur&3 - Data input (write) timing

IDSL 'DSH
oo YD, { Y
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00 X XD X U
DS —=| |=—
o Xl
DI n = Data In for column n
Burst Length = 4 in the case shown
7 3 subsequent elements of Data In are applied
DONT CARE in the programmed order folldWing

Figur&4 - Data output (read) timing
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