Deutron Electronics Corporation

\\ MIRA P2S56D50CF (Preliminary)

256M Double Data Rate Synchronous DRAM

PRELIMINARY

Some of contents are subject to change without notice.

DESCRIPTION

The P2S56D50CF is a 128M bits Double Data Rate(DDR) SDRAM organized as 2,097,154 words X
32 bits X 4 banks. Read and write operations are performed at the cross points of the CK and the /CK.
This highspeed data transfer is realized by the 2 bits prefetchpipelined architecture. Data strobe DQS)
both for read and write are available for high speed and reliable data bus design. By setting extended
mode register,the on-chip Delay Locked Loop (DLL) can be set enable or disable. It is packaged in
144-pin plastic BGA.

FEATURES
- Vdd=Vddg=2.5V+0.2V
- Double data rate architecture ; two data transfers per clock cycle.
- Bidirectional , data strob (DQS) is transmitted/received with data
- Differential clock input (CLK and /CLK)
- DLL aligns DQ and DQS transitions with CLK transitions edges of DQS
- Commands entered on each positive CLK edge;
- Data and data mask referenced to both edges of DQS
- 4 bank operation controlled by BAO , BA1 (Bank Address)
- /CAS latency —2.0/ 2.5/ 3 (programmable) ;
Burgt length - 2/ 4/ 8 (programmable)
Burd type - Sequential / Interleave (programmable)
- Auto precharge/ All bank precharge controlled by A8
- 8192 refresh cycles/ 64ms (4 banks concurrent refresh)
- Auto refresh and Self refresh
- Row address A0-11 / Column address A0O-7,A9
- SSTL_2 Interface
- Package
144-pin Thin Small Outline Package BGA
- JEDEC gstandard for -6, -75
- Intel standard for -5
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PIN CONFIGURATION(TOP VIEW)

2 3 4 5 6 7 8 9 10 11 12 13
B [ boso | pmo | vsso | D@3 DQ2 DQo | DQ31 | D29 | pQ2s | vsso | pm3 | Dos3
c | pQa | vbDQ NC vbbQ | DQ1 | vbpQ | vbbQ | D@30 | vDDQ NC vDDQ | DQ27
D | DQs D5 | vssQ | vssqQ | vsso | vbbQ | vbp | vssQ | vsso | vsso | po26 | DQ2s
E | b7z | vbbQ | vDD vss | vsso | vss vss | vsso | vss vbb | vbDQ | DQ24
F | pQi7 | poie | vDDQ | vssQ | vss VSS VSS vss | vsso | vbbo | Dois | DQis
G | pQio | pois | vbbQ | vssq | vss VSS VSS vss | vsso | vbbo | Do13 | DoQi2
H | pgs2 | pm2 NC vssQ | vss VSS VSS vss | vssQ NC pM1 | pQsi

(&

pQ21 | D20 | vDDQ | vssQ | vss VSS VSS vss | vsso | vbpo | po11 | DQ1o

K | po22 | pg23 | vbbo | vssQ | vss VSS VSS vss | vsso | vbbo | DQ9 DQ8

L | /cas WE VDD VSS A10 VDD VDD NC VSS VDD NC NC
M | /RAS NC NC BA1 A2 All A9 A5 NC CLK ICLK NC
/cs NC BAO A0 Al A3 A4 A6 A7 A8/AP | cKE | VREF
/CLK,CLK : Masgter Clock AO0-11 : Address Input
CKE : Clock Enable BAO,1 : Bank Address|nput
/ICS : Chip Select vdd : Power Supply
IRAS : Row Address Strobe VddQ . Power Supply for Output
ICAS : Column Address Strobe Vss : Ground
/WE : Write Enable VssQ : Ground for Output
DQO-31 : Data I/O DQS0~3 : Data Strobe
DMO~3 : Write Mask (x16)
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PIN FUNCTION

SYMBOL TYPE DESCRIPTION
Clock: CLK and/CLK are differentia clock inputs. All address and control
input sgnals are sampled on the crossing of the positive edge of CLK and
CLK, /CLK Input negative edge of /CLK. Output (read) data s referenced to the crossings of
CLK and /CLK (both directions of crossing).
Clock Enable; CKE controlsinternal clock. When CKE islow, internal clock
CKE Input for the following cycleis ceased. CKE isalso used to select auto / self refresh.
After self refresh mode is started, CKE becomes asynchronous input. Self refresh
ismaintained aslong as CKE islow.
/ICS Input Chip Select: When /CSis high, any command means No Operation.
IRAS, /ICAS, /IWE Input Combination of /RAS, /CAS, /WE defines basic commands.
AO0-11 specify the Row / Column Addressin conjunction with BAO,1. The
Row Addressis specified by AO-11. The Column Addressis specified by
AO-11 Input A0-7,A9(x32). A8isalso used to indicate precharge option. When A8 is
high at aread / write command, an auto precharge is performed. When A8
ishigh a a precharge command, al banks are precharged.
BAO,1 Input Bank Address. BAO,1 specifies one of four banksto which acommandis
applied. BAO,1 must be set with ACT, PRE, READ, WRITE commands.
DQO0-31 Input / Output Data Input/Output: Data bus
Datainput and output are synchronized with both edge of DQS.
DQS0 ~3 Input / Output | DQSO for DQO ~ DQ7, DQSL for DQ8 ~ DQ15, DQS2 for DQ16 ~ DQ23,
DQS3 for DQ24 ~ DQ31.
Data In mask. Data In is masked by DM Latency=0 when DM ishigh
DMO~3 Input in burst write. DMO for DQO ~ DQ7, DM1 for DQ8 ~ DQ15, DM2 for
DQ16 ~ DQ23, DM3 for DQ24 ~ DQ3L1.
Vvdd, Vss Power Supply Power Supply for the memory array and peripheral circuitry.
VddQ, VssQ Power Supply | VddQ and VssQ are supplied to the Output Buffers only.
Vref Input SSTL_2 reference voltage.
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DQO- 31 DQS
BLOCK DIAGRAM
P2S56D50CF
—® DLL P |/O Buffer |<—— DQS Buffer
Memory Memory Memory Memory
Array Array Array Array
Bank #0 Bank #1 Bank #2 Bank #3
Mode Register
Contral Circuitry
Address Buffer 41 [ | Control Signal Buffer
I) J) Clock Buffer J) J) J) J) J)
A0-11 BAO1 J) $ J) ICS IRAS /ICAS /WE
CLK /CLK CKE

Type Des gnati on Code Thisruleis applied to only Synchronous DRAM family.

P 2S5 D5 0CF-G5 G: Lead free

|— Speed Grade 75: 133MHz @CL=2.5, and 100MHz @CL=2.0
6: 167MHz @CL=2.5, and 133MHz @CL=2.0
5: 200MHz @CL=3.0, 167TMHz @CL=2.5, and 133MHz @CL=2.0

Package Type F: FBGA
Process Generation

Function Reserved for Future Use

Organization 2N 2:x4,3:x8,4:x 16,5 x 32
DDR Synchronous DRAM

Density 56: 256M hits

Interface S:ISSTL_3, 2

Memory Style (DRAM)

MIRA DRAM
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BASIC FUNCTIONS

The P2S56D50CF provides basic functions, bank (row) activate, burst read / write, bank (row)
precharge, and auto / self refresh. Each command is defined by control signals of /RAS, /CAS and
/WE at CLK rising edge. In addition to 3 signals, /CS ,CKE and A8 are used as chip select, refresh
option, and precharge option, respectively. To know the detailed definition of commands, please
see the command truth table.

D G B O

CLK

ics [ B Chip Select : L=select, H=desdlect
rRas [ [ command

/ICAS -:- Command define basic commands
/we D [ command

CKE -:- Refresh Option @refresh command
A8 -:- Precharge Option @precharge or read/write command

Activate (ACT) [/RAS=L,/CAS=/WE =H]
ACT command activates arow in an idle bank indicated by BA.

Read (READ) [[RAS=H, /CAS =L, /WE =H]

READ command starts burst read from the active bank indicated by BA. First output data appears after
ICAS latency. When A8 =H at this command, the bank is deactivated after the burst read (auto-
precharge, READA)

Write (WRITE) [/RAS=H, /CAS =/WE =L ]

WRITE command starts burst write to the active bank indicated by BA. Total data length to be written
is set by burst length. When A8 =H at this command, the bank is deactivated after the burst write
(auto-precharge, WRITEA)

Precharge (PRE) [/RAS =L, /CAS=H, /IWE =L]

PRE command deactivates the active bank indicated by BA. This command also terminates burst read
/write operation. When A8 =H at this command, all banks are deactivated (precharge all, PREA ).

Auto-Refresh (REFA) [[RAS =/CAS=L, /WE =CKE =H]

REFA command starts auto-refresh cycle. Refresh address including bank address are generated
internally. After this command, the banks are precharged automatically.
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COMMAND TRUTH TABLE

COMMAND MNEMONIC| SKE [ CKE T yes | ras| icas| me [Baot| A8 [A%7: [note
n-1 n /AP | A9-11
Desd ect DESEL H X H X X X X X X
No Operation NOP H X L H H H X X X
Bank Activate
Single Bank Precharge PRE H H L L H L Vv L X
Precharge All Banks PREA H H L L H L X H X
Column Address Entry WRITE HlH|l Ll vl Ll L] v] L] vV
& Write
Column Address Entry
& Writewith WRITEA H H L H L L V H V
Auto-Precharge
Column Address Entry READ H H L H L H Vv L Vv
& Read
Column Address Entry
& Read with READA H H L H L H \Y H \Y
Auto-Precharge
Auto-Refresh REFA H H L L L H X X X
Self-Refresh Entry REFS H L L L L H X X X
) L H H X X X X X X
Self-Refresh Exit REFSX L H L H H H X X X
Burst Terminate TERM H H L H H L X X X 1
Mode Register Set MRS H H L L L L L L \Y/ 2

H=High Level, L=Low Levd, V=Valid, X=Don't Care, n=CLK cycle humber

NOTE:

1. Appliesonly to read bursts with autoprecharge disabled; this command is undefined (and should not be used) for
read burgts with autoprecharge enabled, and for write bursts.

2. BAO-BAL1 sdect either the Base or the Extended Mode Register (BAO = 0, BA1 = 0 selects Mode Register;BAO=1,
BA1 = 0 selects Extended Mode Register; other combinations of BAO-BA1 are reserved; AO-A11 provide the
op-code to be written to the selected Mode Register.
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FUNCTION TRUTH TABLE

Current State | /CS|/RAS| /CAS|/WE|Address Command Action Notes
IDLE H| X | X | X |X DESEL NOP
Ll H| H|HIX NOP NOP
LIl H| A | L |eA TERM ILLEGAL 2
L| H| L | X [BA,CA,A8 |READ/WRITE  |ILLEGAL 2
Ll L | H|H]|BARA ACT Bark Active, Laich RA
Ll L | AH|L]|BAAS PRE / PREA NOP 4
Ll L L |HI[X REFA Auto-Refresh 5
N ggécwe, Mode- |/ s Mode Regjster Set 5
ROWACTIVE| H| X | X | X |X DESEL NOP
Ll H| AH|HIX NOP NOP
Ll H ]| H]|L]|BA TERM NOP
L| H| L |H|Bacaas |ReaD/reapa  |Be9nRead, LAchCA, Determine
Auto-Precharge
Ll H| L |L|eacanss |WRTE/wWRTEA |BeInWiite Lach CA, Determine
Auto-Precharge
Ll L | H|H]|BARA ACT Bank Active / ILLEGAL 2
Ll L | AL |BAAS PRE / PREA Precharge / Precharge All
Ll L | L |HIX REFA ILLEGAL
L| L | L | L |OpCodeMode o ILLEGAL
Add
READ(AUWG | H| X | X | X |X DESEL NOP (Cortinue Burst to END)
Precharge L H H H |X NOP NOP (Cortinue Burst to END)
Disabled) L| H H | L BA TERM Terminate Burst
Terminate Burst, Latch CA, Begin
L| H| L | H|[BA CALA8 |READ/READA |New Read, Determine Auto- 3
Precharge
L| H| L | L [BA,CA,A8 |WRTE/WRITEA |ILLEGAL
Ll L | H|H]|BARA ACT Bank Active / ILLEGAL 2
Ll L | AL |BAAS PRE / PREA Terminate Burst, Precharge
Ll L | L |HIX REFA ILLEGAL
L| L | L | L |OpCodeMode | oo ILLEGAL
Add
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FUNCTION TRUTH TABLE (continued)

Curent State | /CS|/RAS | /CAS| /WE |Address Command Action Notes
WRITE(Awo- | H | X X | X |X DESEL NOP (Continue Burst to END)
Precharge L| H H | HIX NOP NOP (Continue Burst to END)
Disabled) L| H H| L  BA TERM ILLEGAL
Terminate Burst, Latch CA, Begin
L| H L | H |BA CA A8 READ / READA > ' 3
Read, Determine Auto- Precharge
Ll vl L |Lleacaas |WRTE/WRTEA |lemieteBust LaichCA, Begn 3
Write, Determine Auto- Precharge
L] L H | H |BA RA ACT Bark Active/ ILLEGAL 2
L] L H | L |BA A8 PRE / PREA Terminate Burst, Precharge
L] L L | HI|X REFA ILLEGAL
L| L | L | L |OpCodeMode g ILLEGAL
Add
, H| X X | X |X DESEL NOP (Continue Burst to END)
READ with -
L H H H |X NOP NOP (Continue Burst to END)
Auto-Precharge
L| H H| L I|BA TERM ILLEGAL
L| H L | H |BA CA A8 READ/READA  |ILLEGAL
L| H L L |BA, CA, A8 WRITE/WRITEA [ILLEGAL
L] L H | H |BA RA ACT Bark Active/ ILLEGAL 2
L] L H | L |BA A8 PRE / PREA Precharge / ILLEGAL 2
L] L L | HI|X REFA ILLEGAL
L| L | L | L |OpCodeMode | o ILLEGAL
Add
, H| X X | X |X DESEL NOP (Continue Burst to END)
WRITE with -
L H H H |X NOP NOP (Continue Burst to END)
Auto-Precharge
L| H H| L I|BA TERM ILLEGAL
L| H L [ H |BA, CA A8 READ/READA  |ILLEGAL
L| H L L |BA, CA, A8 WRITE/WRITEA [ILLEGAL
L] L H | H |BA RA ACT Bark Active/ ILLEGAL 2
L] L H | L |BA A8 PRE / PREA Precharge / ILLEGAL 2
L] L L | HI|X REFA ILLEGAL
Ll L | L | L |OFCodeMode | oo ILLEGAL
Add
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FUNCTION TRUTH TABLE (continued)

Curent State | /CS| /RAS| /CAS| /WE |Address Command Action Notes
PRE- H| X | x | x [x DESEL NOP (Idle after tRP)
CHARGING | L| H | H | H [X NOP NOP (Idle after tRP)
LI H| H]|L[BA TERM ILLEGAL 2
Ll H] L | x|[BacaA As READ/WRITE  |ILLEGAL 2
L{ L | H|H[BARA ACT ILLEGAL 2
L{ L | H|L|[BAAS PRE/ PREA NOP (Idle after tRP) 4
Lo | L | HI[X REFA ILLEGAL
L| L | L | L |OpCodeMode |y oo ILLEGAL
Add
oW H| X | X | x [X DESEL NOP (Row Active after tRCD)
AcTivaTING LE | H [ H [ HIX NOP NOP (Row Active after tRCD)
LI H| H]|L[BA TERM ILLEGAL 2
LI H] L [ x|[BAcAAs READ/WRITE  |ILLEGAL 2
L L | H|H[BARA ACT ILLEGAL 2
L{ L | H|L[BAAS PRE/ PREA ILLEGAL 2
Lo | L | HI[xX REFA ILLEGAL
L| L | L | L |OpCodeMode |y oo ILLEGAL
Add
H| X | X | x [X DESEL NOP
WRITERE =10 T 0 | 1 X NOP NOP
COVERING
LI H| H]|L[BA TERM ILLEGAL 2
LI H] L [ x|[BAcAAs READ/WRITE  |ILLEGAL 2
L L | H|H[BARA ACT ILLEGAL 2
L{ L | H|L[BAAS PRE/ PREA ILLEGAL 2
Lo | L | HI[x REFA ILLEGAL
L| L | L | L |OpCodeMode ) oo ILLEGAL
Add
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FUNCTION TRUTH TABLE (continued)

Current State | /CS| /RAS| /CAS| /WE |Address Conmmand Action Notes
REFRESHING | H | X X | X IX DESEL NOP (Idle after tRC)

L| H H | HI[X NOP NOP (Idle after tRC)

L| H H L |BA TERM ILLEGAL

L| H L | X |BA,CA, A8 READ / WRITE ILLEGAL

L| L H | H |BA RA ACT ILLEGAL

L| L H L [BA, A8 PRE / PREA ILLEGAL

L] L L H [X REFA ILLEGAL

L] L | L | L [OpCodeMode | oo ILLEGAL

Add

MODE H| X X | X |X DESEL NOP (Row Active after tRSC)
REGISTER | L | H H | HI[X NOP NOP (Row Active after tRSC)
SETTING L| H H L |BA TERM ILLEGAL

L| H L | X |BA,CA, A8 READ / WRITE ILLEGAL

L| L H | H |BA RA ACT ILLEGAL

L| L H L [BA, A8 PRE / PREA ILLEGAL

L] L L H [X REFA ILLEGAL

L| L L L ggdCOde’ Mode- MRS ILLEGAL

ABBREVIATIONS:
H=High Level, L=Low Level, X=Don't Care
BA=Bank Address, RA=Row Address, CA=Column Address, NOP=No Operation

NOTES:

1. All entries assume that CK E was High during the preceding clock cycle and the current clock cycle.

2. ILLEGAL to bank in specified state; function may be legal in the bank indicated by BA, depending on the state of
that bank.

3. Must satisfy bus contention, bus turn around, write recovery requirements.

4. NOP to bank precharging or in idle state. May precharge bank indicated by BA.

5. ILLEGAL if any bank isnot idle.

ILLEGAL = Device operation and/or data-integrity are not guaranteed.
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FUNCTION TRUTH TABLE for CKE

Curent State | CKEn-1| CKEn | /CS IRAS | ICAS | WE |Address Action Notes
SELE- H X X X X X X INVALID 1
REFRESHING | H H X X X X |Exit Self-Refresh (Idle after tRC) 1
L H L H H H X |Exit Seff-Refresh (Idle after tRC) 1
L H L H H L X ILLEGAL 1
L H L H L X X ILLEGAL 1
L H L L X X X ILLEGAL 1
L L X X X X X NOP (Maintain Self-Refresh) 1
POWER H X X X X X X INVALID
DOWN L H X X X X X Exit Power Downto Idle
L L X X X X X NOP (Maintain Self-Refresh)
ALL BANKS H H X X X X X Refer to Function Truth Table 2
IDLE H L L L L H X Enter Self-Refresh 2
H L H X X X X Enter Power Down 2
H L L H H H X Enter Power Down 2
H L L H H L X ILLEGAL 2
H L L H L X X ILLEGAL 2
H L L L X X X ILLEGAL 2
L X X X X X X Refer to Current State =Power Down 2
H H X X X X X Refer to Function Truth Table
ANY STATE
other than listed H L X X X X X |BeginCLK Suspend at Next Cycle 3
above
L H X X X X X Exit CLK Suspend at Next Cycle 3
L L X X X X X Maintain CLK Suspend

ABBREVIATIONS:
H=High Level, L=Low Level, X=Don't Care

NOTES:

1. CKE Low to High transition will re-enable CLK and other inputs asynchronoudly.
A minimum setup time must be satisfied before any command other than EXIT.

2. Power-Down and Self-Refresh can be entered only from the All Banks Idle State.

3. Must be legal command.
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SIMPLIFIED STATE DIAGRAM
POWER
PRE
CHARGE
ALL

APPLIED
R POWER PREA
ON

REFS
REFSX
REFA AUTO
> | REFRESH

CKEL

Active
Power
Down
CKEL
CKEH
ROW BURST
ACTIVE STOP

WRITE,
WRITE

READ
&AD
WRITEA | READA
-READ
’ TERM
WRITEA \ READA
Neaon ‘

PRE READA
PR PRE
PRE
—\ CHARGE -
m—- A Utomatic Sequence

——» Command Sequence
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POWER ON SEQUENCE
Before starting normal operation, the following power on sequence is necessary to prevent a
SDRAM from damaged or multifunctioning.
1. Apply VDD before or the sametime asVDDQ
2. Apply VDDQ before or at the sametimeasVTT & Vref
3. Maintain stable condition for 200us after stable power and CLK, apply NOP or DSEL
4. |ssue precharge command for all banks of the device
5. Issue EMRS
6. Issue MRS for the Mode Register and to reset the DLL
7. Issue 2 or more Auto Refresh commands
8. Maintain stable condition for 200 cycle
After these sequence, the DDR SDRAM isidle state and ready for normal operation.

MODE REGISTER

Burgt Length, Burst Type and /CAS Latency can be
programmed by setting the mode register (MRS). The mode
register stores these data until the next MRS command, which
may be issued when all banks are in idle state. After tMRD from a
MRS command, the DDR SDRAM is ready for new command.

IBAlBAd A11] A10] A9] A A7] A6 A5]| A4] A3] A2] A1] AO]

loJolololo]|br| o] LTMODE |BT]| BL |
Y
BL BT=0 BT=1
y 000]|] R R
CL /CAS Latency 001 > >
000 R 010]| 4 4
001 R Bust [011] 8 8
010 2 lengh [100] R R
Latency | 0 11 3 101]| R R
Mode 100 R 110 R R
101 15 111 R R
110 2.5
111 R .
uential
‘ | BustType 1 Iitegrleaved
NO
DLL Reset
1 YES R: Reserved for Future Use
DDR SDRAM (Rev.1.0) Deutron Electronics Corporation 13
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EXTENDED MODE REGISTER

DLL disable/ enable mode can be programmed by setting the extended
mode register (EMRS). The extended mode register stores these data
until the next EMRS command, which may be issued when all banks are
in idle state. After tMRD from a EMRS command, the DDR SDRAM is
ready for new command.

IBAlBAJ A11] A10] A9 AS] A7] A6] AS] A4] A3] A2] A1] A0]

lof1]lolo]loJofJofolo]o]ofofps|op]

\

CLK ||||||
ok LT

ICS
IRAS
/CAS
IWE
BAO
BAl
A11-A0

. DLL Enabl
DLL Disable 0 .nabe
1 DLL Disable
\
Drive 0 Normal
Strength 1 Weak

DDR SDRAM (Rev.1.0) Deutron Electronics Corporation
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reLx OO0 OO0

CLK
Command | | Read | |Write| |
Address | [ v ] [ v | |
DQS _l_m—l_l m
o0 ool
- -
-~ Burst
ClL=2 ICAS Burst o
BL= 4 L atency Length eng
Initial Address | BL Column Addressing
A2| Al| AO Sequential Interleaved
ofofo o|l1|2|3|4|5|6|7|0|l1]2|3|]4|5]|6]|7
o|l o1 1|2 (3| 4|56 7|0|l1]0|3|2|5|4|7]| 6
o|l1]o0 2|1 3|4 5|67l 0]|2|2|3|]0|1|6|7]|4]65
o] 1|1 3|45l 6|70l 1]|2(3|2|]1|0|7|6]|5]| 4
8
1{o0]o0 4|15|6|7|0|21l2|3|4|l5|6|7]0]12]|2]S3:
101 5|67l 0|1|2|3|4|5|4|7|6]1]0]|3]2
1{1]0 6|70l 1]|]2|3|4|5|6|7|4|5]|]2|3|[0]1
1111 7lo0fl1]l2|3|4|5|6|7|6|5|4|3[2|1]0
- ofo o|l1f2]3 o|l1f[2]3
-l o] 1 1{23]0 10| 3|2
4
-1 110 21 3[0] 1 21 3[0]1
- 1)1 3|of1] 2 3| 2[1]0
-1 -10 0| 1 0| 1
2
- -] 1 110 1(0
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vdd Supply Voltage with respect to Vss -0.5~37 \%
VddQ Supply V oltage for Output with respect to VssQ -0.5~37 \%
VI Input V oltage with respect to V'ss -0.5~Vd+0.5 \Y
VO Output V oltage with respect to VssQ -0.5~VddQ+0.5 \%
10 Output Current 50 mA
Pd Power Dissipation Ta=25°C 1500 mwW
Topr Operating Temperature 0~70 °Cc
Tstg Storage Temperature -65 ~ 150 °Cc

DC OPERATING CONDITIONS

(Ta=0 ~ 70°C, unless otherwise noted)

Limits .
Symbol Parameter - Unit |Notes
Min. Typ. Max.
Vdd |Supply Voltage 23 25 2.7 V
VddQ |Supply Voltage for Output 23 25 2.7 V
VIH [High-Level Input Voltage 2 Vvdd+03 | V
VIL |Low-Level Input Voltage -03 Vdd+03 | V
Input Leakage Current
I Any input OV<VIN<VDD -5 - 5 UA
(All other pins not under test = 0V)
loz O_utput Leakage Current:DQ are 5 L 5 A
disabled:0V <V out<V ddQ
VvOH |Output Levels: 24 - - vV
Output high V oltage (Iout=-4mA)
VOL  |Output Low Voltage(lout=4mA) — — 04 v
CAPACITANCE
(Ta=0~70°C, Vdd = VddQ = 3.3V + 0.3V, Vss= VssQ = 0V, unless otherwi se noted)
Symbol Parameter Test Condition .lets Deita Unit | Notes
Min. | Max. | Cap.(Max.)
Cl(A) Input Capacitance, address pin VI=125v 22 | 35 0.50 pF
CI(C) Input Capacitance, control pin f=100MHz 22 | 35 pF
Cl(K) Input Capacitance, CLK pin VI=25mVrms | 22 | 35 0.25 pF
Cl/O 1/0O Capacitance, 1/0, DQS, DM pin 40 | 5.0 0.50 pF
DDR SDRAM (Rev.1.0) Deutron Electronics Corporation 16
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AVERAGE SUPPLY CURRENT from Vdd

(Ta=0 ~ 70°C, Vdd = VddQ = 2.7V + 0.3V, Vss = VssQ = 0V, Output Open, unless otherwise noted)

. Limits(Max. ’
Symbol Parameter/Test Conditions 5 o tsé ) 75 Unit| Notes
OPERATING CURRENT: One Bank; Active-Read-Precharge;Burst = 2; t
IDD1 [RC=tRCMIN;tCK =t CK MIN; IOUT= 0mA; Address and control 120 110 95
inputs changing once per clock cycle
IDD2P PRECHARGE POWER-DOWN STANDBY CURRENT: All banksidle; 5 35 3
power-down mode; CKE <VIL (MAX);t CK =t CK MIN '
IDLE STANDBY CURRENT: /CS> VIH (MIN); All banksidle;
IDD2N |CKE > VIH (MIN); t CK =t CK MIN; Address and other control inputs 35 30 25
changing once per clock cycle
IDD3P ACTIVE POWER DOWN STANDBY CURRENT: One bank active;power 18 16 15
down mode;,CKE =VIL(MAX);t CK =t CK MIN
ACTIVE STANDBY CURRENT: /CS> VIH (MIN); CKE > VIH (MIN); mA
IDD3N One bank; Active-Precharge; t RC =t RASMAX;t CK =t CK MIN; 45 40 35
DQ,DM and DQSinputs changing twice per clock cycle; address and other
control inputs changing once per clock cycle
OPERATING CURRENT: Burst =2; Read ; Continuous burst;All banks
IDD4R |active; Address and control inputs changing once per clock cyclejt CK =t 210 210 180
CK MIN; IOUT =0 mA
OPERATING CURRENT: Burst =2; Write ; Continuous burst;All banks
IDD4W | active; Address and control inputs changing once per clock cyclet CK =t 200 180 150
CK MIN; DQ and DQS inputs changing twice per clock cycle
IDD5 [AUTO REFRESH CURRENT: t RC =t RFC (MIN) 140 130 120
IDD6 |SELF REFRESH CURRENT: CKE< 0.2V 15 15 15
DDR SDRAM (Rev.1.0) Deutron Electronics Corporation 17
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ACTIMING REQUIREMENTS

(Ta=0 ~ 70°C, unless otherwise noted)

Symbol AC Characteristics Parameter Vi S Vo Vi 6 Vo Vi L Vo Unit | Notes
tAC  |DQ Output access time from CLK//CLK -0.70 +0.70 -0.70 +0.70 -0.75 +0.75 ns
tDQSCK |DQS Output access time from CLK//CLK -0.55 +0.55 -0.60 +0.60 -0.75 +0.75 ns
tCH |CLK Highlevel width 0.45 0.55 0.45 0.55 0.45 0.55 tCK
tCL  |CLK Low level width 0.45 0.55 0.45 0.55 0.45 0.55 tCK
CL=3.0 5 10 6 10 7.5 15 ns
tCK  |CLK cycletime CL=25 5 10 6 10 7.5 15 ns
CL=2.0 75 15 75 15 10 15 ns
tDS  |Input Setup time (DQ,DM) 0.4 0.45 0.5 s
tDH  [Input Hold time(DQ,DM) 0.4 0.45 0.5 s
tIPW  [Control & address input pulse width (for each input) 2.2 2.2 ns
tDIPW | DQ and DM input pulse width (for each input) 1.75 1.75 1.75 ns
tHZ | Data-output access time from CLK//CLK +0.70 +0.70 +0.75 ns 14
tLZ |Data-out-low impedance time from CLK//CLK -0.70 +0.70 -0.70 +0.70 -0.75 +0.75 ns 14
tDQSQ |DQ Valid data delay time from DQS 0.40 0.45 0.5 ns
tHP | Clock half period tg_l;nn:: o tg_l;nn:: o tg_l;nn:: o ns 20
tQH  |DQ output hold time from DQS (per access) tHP-tQHS tHP-tQHS| tHP-tQHS| ns
tQHS |Data hold skew factor (for DQS & associated DQ signals) 0.50 0.55 0.75
tDQSS  |Write command to first DQS latching transition 0.72 1.28 0.75 1.25 0.75 1.25 tCK
tDQSH |DQS input High level width 0.35 0.35 0.35 tCK
tDQSL |DQS input Low level width 0.35 0.35 0.35 tCK
tDSS  |DQSfalling edge to CLK setup time 0.2 0.2 0.2 tCK
tDSH  |DQS falling edge hold time from CLK 0.2 0.2 0.2 tCK
tMRD |Mode Register Set command cycle time 10 12 15 ns
tWPRES |Write preamble setup time 0 0 0 ns 16
tWPST  |Write postamble 04 0.6 04 0.6 04 0.6 tCK 15
tWPRE | Write preamble 0.25 0.25 0.25 tCK
tIS  |Input Setup time (address and control) 0.6 0.8 0.9 ns 19
tIH  |Input Hold time (address and cortrol) 0.6 0.8 0.9 ns 19
tRPST  |Read postarrble 04 0.6 04 0.6 04 0.6 tCK
tRPRE |Read preamble 0.9 11 0.9 11 0.9 11 tCK
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AC TIMING REQUIREMENT S(Continues)

(Ta=0 ~ 70°C, unless otherwise noted)

Symbol AC Characteristics Parameter i > Vo Vi 6 Max i 5 Vo Unit Notes
tRAS |Row Active time 40 120,000 42 120,000 45 120,000 ns
tRC  |Row Cycle time(operation) 55 60 65 ns
tRFC |Auto Ref. to Active/Auto Ref. command period 70 72 75 ns
tRCD [Row to Colummn Delay 15 18 20 ns
tRP  |Row Prechargetime 15 18 20 ns
tRRD |Actto Act Delay time 10 12 15 ns
tWR  |Write Recovery time 15 15 15 ns
tDAL  |Auto Precharge write recovery + precharge time tWR+RP tWRHRP tWR+RP ns
tWTR  |Internal Write to Read Commend Delay 2 1 1 tCK
tXSNR [Exit Seif Ref. to non-Read command 75 75 75 ns
tXSRD |Exit Seif Ref. to -Read command 200 200 200 tCK
tXPNR |Exit Power downto command 1 1 1 tCK
tXPRD |Exit Power down to -Read command 1 1 1 tCK 18
tREFI  |Average Periodic Refresh interval 7.8 7.8 7.8 ns 17

Output Load Condition

VTT=VREF

50w VREF
Vour /
30pF —-_I-_ Output Timing
Measurement
Reference Point
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Notes

1. All voltages referenced to Vss.

2. Testsfor AC timing, IDD, and electrical, AC and DC characteristics, may be conducted at nominal reference/supply
voltage levels, but the related specifications and device operation are guaranteed for the full voltage range specified.
3. ACtiming and IDD testsmay use a VIL to VIH swing of up to 1.5V in the test environment, but input timing is ill
referenced to VREF (or to the crossing point for CK//CK), and parameter specifications are guaranteed for the
specified AC input levels under normal use conditions. The minimum dew rate for the input signalsis 1V/nsin the
range between VIL(AC) and VIH(AC).

4. The AC and DC input level specifications are asdefined in the SSTL_2 Standard (i.e. the receiver will effectively
switch asaresult of the signa crossing the AC input level, and will remain in that state aslong asthe signa does not
ring back above (below) the DCinput LOW (HIGH) levd.

5. VREF is expected to be equal to 0.5*vVddQ of the trangmitting device, and to track variationsin the DC level of the
same. Peak-to-peak noise on VREF may not exceed +2% of the DC value.

6. VTT isnot applied directly to the device. VTT isasystem supply for signal termination resistors, is expected to be
set equal to VREF, and mugt track variationsin the DC level of VREF.

7. VID isthe magnitude of the difference between the input level on CLK and the input level on /CLK.

8. Thevalue of VIX isexpected to equal 0.5*VddQ of the tranamitting device and must track variationsin the DC level
of the same.

9. Enables on-chip refresh and address counters.

10. IDD specifications are tested after the deviceis properly initialized.

11. This parameter is sampled. VddQ = 2.5V+0.2V, Vdd = 2.5V + 0.2V , f = 100 MHz, Ta= 25°C, VOUT(DC) =
VddQ/2, VOUT(PEAK TO PEAK) = 25mV. DM inputs are grouped with 1/0 pins - reflecting the fact that they are
matched in loading (to facilitate trace matching at the board leve).

12. The CLK//CLK input reference leve (for timing referenced to CLK//CLK) isthe point at which CLK and /CLK
cross, theinput reference level for signals other than CLK//CLK, is VREF.

13. Inputs are not recognized asvalid until VREF stabilizes. Exception: during the period before VREF stabilizes,
CKE< 0.3vddQ isrecognized as LOW.

14. t HZ and tLZ trangitions occur in the same access time windows as valid datatransitions. These parameters are not
referenced to a specific voltage level, but specify when the device output isno longer driving (HZ), or begins driving
(L2).

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

16. The specific requirement isthat DQS be valid (HIGH, LOW, or at some point on avalid transition) on or before
this CLK edge. A valid trandgtion is defined as monotonic, and meeting the input dew rate specifications of the device.
When no writes were previoudly in progress on the bus, DQS will be trangitioning from High-Z tologic LOW. If a
previous write was in progress, DQS could be HIGH, LOW, or transtioning from HIGH to LOW at thistime,
depending on tDQSS.

17. A maximum of eight AUTO REFRESH commands can be posted to any given DDR SDRAM device.

18. tXPRD should be 200 tCLK in the condition of the unstable CLK operation during the power down mode.

19. For command/address and CK & /CK dew rate > 1.0V/ns.

20. Min (tCL,tCH) refersto the smaller of the actual clock low time and the actua clock high time as provided to the
device.

Timing patterns.

tCK=min,tRRD=2*tCK ,BL=4,tRCD=3*tCK,Read with Autoprecharge

Read:AON A1 RO A2 R1 N R3 A0 N Al RO - repeat the same timing with random address changing
*100% of data changing at every burst

Legend: A=Activate,R=Read,P=Precharge, N=NOP
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Read Operation

ICLK

CLK

Cmd &
Add.

DQS

DQ

Write Operation / tDQSS=max.

/CLK ™
CLK ‘L " | tpboss o
->|<-tWPREs
DQS \
~ tWPRE
DQ 7

Write Operation / tDQSS=min.

ICLK - ’
CLK 71" “ibgss T ;
> ~ tWPST
tWPRES
o _\L:, —
tWPRE [ tDQSL: < tDQSH >
-
DQ —é ?
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OPERATIONAL DESCRIPTION
BANK ACTIVATE

The DDR SDRAM has four independent banks. Each bank is activated by the ACT command with
the bank addresses (BAO,1). A row isindicated by the row address A11-0. The minimum activation
interval between one bank and the other bank istRRD.

PRECHARGE

The PRE command deactivates the bank indicated by BAO,1. When multiple banks are active, the
precharge all command (PREA,PRE+A8=H) is available to deactivate them at the same time. After
tRP from the precharge, an ACT command to the same bank can be issued.

Bank Activation and Precharge All (BL=8, CL=2)

ICLK —
CLK
' 2 ACT command / tRCmin '
; - : : tRCmin . : N . . .
Command | [ACT[ | ACT |READ| | PrE | | AcT | |
<— (RRD > , —— (RAS———> < RP . .
A0-79-11 | [ Xa| [ xb] v | [ b | |
I <+—— tRCD —V% BL/2 —» '
PP O I AT I S IS IEC)
BAOL | | oo | [ o1 | oo [ o | |

DQS —

20 | Qal 22| Qa3| Qad| Qa5| Qab
DQ : IQ Q Qa2| Qa3 Qa4| Qab| Q

Qar

Precharge dl

A precharge command can be issued at BL/2 from aread command without data loss.
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READ

After tRCD from the bank activation, a READ command can be issued. 1st Output data is available
after the /CAS Latency from the READ, followed by (BL-1) consecutive data when the Burst Length
isBL. The start address is specified by A8-A0(x32), and the ddress sequence of burst datais defined
by the Burst Type. A READ command may be applied to any active bank, so the row precharge time
(tRP) can be hidden behind continuous output data by interleaving the multiple banks. When A8 is
high at a READ command, the auto-precharge (READA) is performed. Any
command(READ,WRITE,PRE,ACT) to the same bank is inhibited till the internal precharge is
complete. The internal precharge starts at BL/2 after READA. The next ACT command can be
issued after (BL/2+tRP) from the previous READA.

Multi Bank Interleaving READ (BL=8, CL=2)

Command| [ act|  |reap|acr | |reap| Pre | |
- «— (RCD>"\_ ' - - N . - - -

Ac791L | [ xa|l | v [ xo] | v | |

as| [ xa| | o] xv] [ o | o] |

Baoal | oo | | o] 10 ] | 0] oo | |

e YU LU U L

Qb0|Qb1|Qb2|Qb3| Qb4|Qb5|Qb7| Qb8 I—

Qar

DQ————————{ =[] [w]w[w]w

r4——p<4—— Burg Length —
/CAS latency
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READ with Auto-Precharge (BL=8, CL=2,2.5)

1 2 3 4 5 6 7 8 9 10 11 12
Ergumn Y_X N ﬂ ANAUAERNARSEE ARENE
BL/2 +tRP ———»

commend [ [Act] |READ| |
<4 tRCD » 4¢———BL/2——» <4—tRP—,

Ao-7911| | xaf | v | |
' ' ' ! ' ! ! :

as | | xa| |1 | |

Baol| | oo| | oo | |
' ' ' ! ' ! ! : ' '
DQS - | : - m

CL=2 (

DQ — {0 cu || o | o] o |

oes ———— - LI LT L
CL:Z.S(

=

o = f[ele[ela]x

A

Interna Precharge Start Timing
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WRITE

After tRCD from the bank activation, a WRITE command can be issued. 1st input data is set from
the WRITE command with data strobe input, following (BL-1) dataare written into RAM, when
the Burst Length is BL. The start address is specified by A8-A0(x32), and the address sequence of
burst data is defined by the Burst Type. A WRITE command may be applied to any active bank, so
the row precharge time (tRP) can be hidden behind continuous input data by interleaving the
multiple banks. From the last data to the PRE command, the write recovery time (tWRP) is required.
When A8 is high at aWRITE command, the auto-precharge( WRITEA) is performed. Any
command(READ,WRITE,PRE,ACT) to the same bank is inhibited till the internal precharge is
complete. The next ACT command can be issued after tDAL from the last input data cycle.

Multi Bank Interleaving WRITE (BL=8)

Command | | act|  |wriTE[ AcT | |wrire] | pre] | Pre |
. < {RCD -, < tRCD — . . . . .

AO-7,9-11| | Xal | Yal Xbl | Ybl |
g || xa|l | o] xb| | o] [ o] | o

BAOL [T T o] T ol w0 " JTwl[ Jol = " Jw]

oes ———— . [ L L L ——

DQ | |DEO| Dall D62| Deﬁl Da4| Deﬁl Dab| Da7 Db0| Dbll Db2| Db3| Db4| Db5| Db6| Db7| |
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WRITE with Auto-Precharge (BL=8)
0 1 2 3 4 5 6 7 8 9 10 11 12

ICLK —
cLK N s Y I
Command [__| ACT[___| WRITE] | AcT] |
' < (RC—» ' ' ' ' «—— tDAL— ' '
aozo1f [ xa| | v | | xb | |
I I I I I I I I I I I
Ag | [ xa| [ 1] | xb | !
I I I I I I I I I I I I I !
Bao| oo | | oo | | oo | |
DOS I I | I MLI_‘—: | | | | |
| | | | | | | | I
DQ | 1 1 1 1 Dld) Dall Ilja2| DEﬁl DIa4| Dasl DlwI - 1 1 1 1 1 1 |
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BURST INTERRUPTION
[Read Interrupted by Read]

Burst read operation can be interrupted by new read of any bank. Random column access is allowed.
READ to READ interval is minimum 1CLK.

Read Interrupted by Read (BL=8, CL=2)

e OO0 BERERAN

Command | | READ| READ| | READ| | READ] |
\
O s TN 7 ) BTN |
1 1 1 \l 1 \ 1 1 \
as| | o[ o] | o] | o | |
\ \ \ \

a0l | oo oo | | 10| | o | . _

DQS

Qail

QaiOl Qaill QaiZI Qai3|Qak0|Qak1|Qak2| Qak3| Qak4| Qak5| QalOl Qa1 QalZl Qd% Qal4| QalSl Qalel Qa7

DQ 1 1 1 !Qa'O

[Read Interrupted by precharge]

Burst read operation can be interrupted by precharge of the same bank. READ to PRE interval is
minimum 1 CLK. A PRE command to output disable latency is equivalent to the /CAS Latency.
Asaresult, READ to PRE interval determines valid data length to be output. The figure below
shows examples of BL=8.

Command | + [READ| | e

DQS
pQ ——————— =[] o] o |~
Command | . |reab| | prel
CL=25 pQs ——— | N —
pQ ———————[a[ e ]
Command | |READ] PRE | C ' '
DQS - ' \ '
DQ - l : : Q| :
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Read Interrupted by Precharge (BL=8)

SR A ) W W A D U
conmand [E T reroll ] eee]

DQS —————— -

SN - - ) ) B
Command | [reap| | PrRE]

CL=2.0 pos ——— ] N —
DQ ————— —

Command | |READ| PRE |

DQS 1 1 S 1 1 1 1 1
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[Read Interrupted by Burst Stop]

Burst read operation can be interrupted by a burst stop command(TERM). READ to TERM interval
isminimum 1 CLK. A TERM command to output disable latency is equivalent to the /CAS Latency.
Asaresult, READ to TERM interval determines valid data length to be output. The figure below
shows examples of BL=8.

Read Interrupted by TERM (BL=8)

DQS ! J ' T T

pQq ————————[a]e] o] o]

Command | | ReaD| | TerM|

CL=25 DQS
DQ ) )

Command | |READ| TERM |

DQS — .

DQ —- : : : lQOlQl! I : I :

( Command | | READl |TERM |

DQS : m) ;
DQ — o] o] ] o ot s |——

Command | | Reap] | Terw|

CL=2.0 DQS
DQ

Command | | READ| TERM |

DQS 1

DQ ' - - lQOlQl! - - - - '

DDR SDRAM (Rev.1.0) Deutron Electronics Corporation 29

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Deutron Electronics Corporation

\\ MIRA P2S56D50CF (Preliminary)

256M Double Data Rate Synchronous DRAM

[Read Interrupted by Writewith TERM]

Read Interrupted by TERM (BL=8)

command | |reap| [ TErRM| | WRITE] |

lore pgs—————— | LI L— LT L]
DO ' 1 ! ! ! Qol Q1| le Q3|'_| DO|D1 | D2| D3| D4| D5 |

Command | | READ| | TERMl | WRITEl |

CL=20 pgs — J LI L [ LTI

D 1 . . ! Qol Q1| Q2| Q3|_| DO | D1| D2| D3| D4| D5| D6| D7|
< Q
) . . . . . . . . )

\/
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[Writeinterrupted by Write]

Burst write operation can be interrupted by write of any bank. Random column access is allowed.
WRITE to WRITE interval is minimum 1 CLK.

Write Interrupted by Write (BL=8)

JCLK —\

CLK
Command | [WRITElWRITE|  [WRITE] |wriTE] |
07U vi [ vi [ vk ] [ ] ]
asl__ | o of | of | o | |
BAOL| | o] oo | | 10| | oo | ]

DQ —IHDao Da7 I._:_

1 1 1 1 1 1
Dal Dak0| Dak1| Dak2 | Dak3|Dak4 | Dak5| Dal0| Da3| Da4 | Da5|Da6

1
De“l Dal2|

1
D42|

1
Da&0

D41 D43

[Writeinterrupted by Read]

Burst write operation can be interrupted by read of the same or the other bank. Random column
access is allowed. Internal WRITE to READ command interval(tWTR) is minimum 1 CLK. The
input dataon DQ at the interrupting READ cycle is"don't care”. tWTR is referenced from the first
positive edge after the last data input.

Write Interrupted by Read (BL=8, CL=2.5)

/CLK —y u u u _ T - T T u
CLK
Command | |WR'TE| |READ| |
A0-7,9-11 ' | Vi | ' ' | Vi | ' ' ' ' ' ' ' ' ' |
As | | o | | o | |
sr01 [T ] o | [ ] |
DM | . [ | |
tWTR

s— LU L— UL

0| QaiJ-l Qai2| Qai3| Q6i4| Qas |Qai6 | Qai7|

DQ
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[Writeinterrupted by Precharge]

Burst write operation can be interrupted by precharge of the same or all bank. Random column
access is allowed. tWR isreferenced from the first positive CLK edge after the last data input.

Write Interrupted by Precharge (BL=8, CL=2.5)

/CLK —

S B e e e S ] e e S B e L/
Command | |WRITE] | PRE | |
o700 £ B
o [T ]
Bao L[| 00| | oo | |
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[Initialize and M ode Register sets]
Initializeand MRS

ok S T S I A
ece §/ . SN NS
el T = 7 T e A N N FEim

aor9ual\ T B Y 1 O O W\ S N
as [} Illlwquqwllﬁ Y 3 I 2
SR S ECH N S W W Y 28
pos [ T S |

oo [T S | |

—r— P — r— — -
tMRD , tMRD, tRP , tRFC , tRFC , tMRD ,

Extended Mode Mode Register Set,
Register Set Reset DLL

[AUTO REFRESH]

Single cycle of auto-refresh isinitiated with a REFA(/CS=/RAS=/CAS=L ,/WE=CKE=H)
command. The refresh address is generated internally. 8192 REFA cycles within 64ms refresh
256Mbits memory cells. The auto-refresh is performed on 4 banks concurrently. Before performing
an auto refresh, all banks must be in the idle state. Auto-refresh to auto-refresh interval is minimum
tRFC . Any command must not be supplied to the device before tRFC from the REFA command.

Auto-Refresh

ics ] '<«— noPorDESELECT —»' L]

e s e —
IcAS | || | |
|- | |- |

CKE 1 1 I: 1 1 tRFC 1 1 1 =I

¢4

Auto Refresh on All Banks Auto Refresh on All Banks
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[SELF REFRESH]

Self -refresh mode is entered by issuing a REFS command (/CS=/RAS=/CAS=L ,/WE=H,CKE=L).
Once the self-refresh isinitiated, it is maintained as long as CKE is kept low. During the self-
refresh mode, CKE is asynchronous and the only enable input, all other inputs including CLK are
disabled and ignored, so that power consumption due to synchronous inputs is saved. To exit the
self-refresh, supplying stable CLK inputs, asserting DESEL or NOP command and then asserting
CKE for longer than tXSNR/tXSRD.

Salf-Refresh
(T W S FHYDTYWMUW
es L |.XX 2 P DR\ I B

Ras | | - W1 T [
s ]| \\ . §\ ] o I \ﬂ ]
IWE | [ T — | Wil
e 1§
A0-7,9-1| \\ : \\ | X | \\| Yy [ |
BAO.1| ) T xS v 1

F&W xR0 )

Self Refresh Exit
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[Power DOWN]

The purpose of CLK suspend is power down. CKE is synchronous input except during the self-
refresh mode. A command at cycle isignored. From CKE=H to normal function, DLL recovery time
isNOT required in the condition of the stable CLK operation during the power down mode.

Power Down by CKE

CKE _._._l . ,  Standby Power Down \& I_._._

Command | |PRE |NOP | \\ |NOP | Valid |
' . . . , : ! , . P 4 tXPNR/tXPRD

CKE —| . . A:ctiveFl’ower El)own \& . l—-

Command | |ACT |NOP | \\ |NOP | Valid |

[DM CONTROL]

DM isdefined as the data mask for writes. During writes,DM masks input data word by word. DM
to write mask latency isO.

DM Function(BL=8,CL=2)

Command [ |wRITE] | ReaD| |

DM n 7 it Caer
DQ_I—I|DOI|D1D3|D4 s [os | o7} l l I!oo|01.|02|03 o | 5| s |

masked by DM=H
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