Device Operations DDR SDRAM

Device Operation & Timing Diagram
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Device Operations

Device Operation

Simplified State Diagram
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Device Operations DDR SDRAM

Power-up & Initialization Sequence

DDR SDRAMs must be powered up and initialized in a predefined manner. Operational procedures other than those specified may
result in undefined operation. No power sequencing is specified during power up and power down given the following

*  Vpp and Vppq are driven from a single power converter output, AND
*  Vqyis limited to 1.35 V, AND

*  VRger tracks Vppa/2 OR, the following relationships must be followed:
*  Vppq is driven after or with Vpp such that

*  Vppq <Vpp +0.3VAND

*  Vyrisdriven after or with Vppq such that VTT < Vppq + 0.3 V, AND
*  VRggr is driven after or with Vppq such that VREF < Vppq + 0.3 V.

At least one of these two conditions must be met.

Except for CKE, inputs are not recognized as valid until after Vggp is applied. CKE is an SSTL_2 input, but will detect an LVCMOS LOW
level after Vpp is applied. Maintaining an LVCMOS LOW level on CKE during power—up is required to guarantee that the DQ and DQS

outputs will be in the High—Z state, where they will remain until driven in normal opera-tion (by a read access). After all power supply and
reference voltages are stable, and the clock is stable, the DDR SDRAM requires a 200 us delay prior to applying an executable com-
mand. Once the 200 ps delay has been satisfied, a DESELECT or NOP command should be applied, and CKE should be brought
HIGH. Following the NOP command, a PRECHARGE ALL command should be applied. Next a MODE REGISTER SET com-mand
should be issued for the Extended Mode Reg-ister, to enable the DLL, then a MODE REGISTER SET command should be issued for
the Mode Reg-ister, to reset the DLL, and to program the operating parameters. 200 clock cycles are required between the DLL reset
and any read command. A PRE-CHARGE ALL command should be applied, placing the device in the "all banks idle” state.

Once in the idle state, two AUTO refresh cycles must be performed. Additionally, a MODE REG-ISTER SET command for the Mode
Register, with the reset DLL bit deactivated (i.e., to program oper-ating parameters without resetting the DLL) must be performed. Fol-
lowing these cycles, the DDR SDRAM is ready for normal operation.
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Mode Register Definition

Mode Register Set(MRS)

The mode register stores the data for controlling the various operating modes of DDR SDRAM. It programs CAS latency, addressing
mode, burst length, test mode, DLL reset and various vendor specific options to make DDR SDRAM useful for variety of different appli-
cations. The default value of the mode register is not defined, therefore the mode register must be written after EMRS setting for proper

DDR SDRAM operation. The mode register is written by asserting low on CS, RAS, CAS, WE and BAO(The DDR SDRAM should be in
all bank precharge with CKE already high prior to writing into the mode register). The states of address pins A0 ~ A11(*1A12) in the

same cycle as CS, RAS, CAS, WE and BAO going low are written in the mode register. Two clock cycles are requested to complete the
write operation in the mode register. The mode register contents can be changed using the same command and clock cycle require-
ments during operation as long as all banks are in the idle state. The mode register is divided into various fields depending on functional-
ity. The burst length uses A0 ~ A2, addressing mode uses A3, CAS latency(read latency from column address) uses A4 ~ A6. A7 is
used for test mode. A8 is used for DLL reset. A7 must be set to low for normal MRS operation. Refer to the table for specific codes for

various burst lengths, addressing modes and CAS latencies.

‘BA1‘BAO‘A12‘A11‘A10‘A9‘AS‘A7‘A6‘A5‘A4‘A3|A2|A1|Ao|AddressBus

{ | IR S SRS TR TN TN SR SN SN SN NN T R

‘ RFU ‘ 0 ‘ RFU ‘ DLL ‘ ™ ‘ CAS Latency ‘ BT ‘ Burst Length ‘ Mode Register
|
!
A8 DLL Reset A7 mode A3 Burst Type
0 No 0 Normal 0 Sequential
1 Yes 1 Test 1 Interleave
‘ CAS Latency ‘ Burst Length '
BAO An ~ A0 A6 A5 A4 | Latency Burst Length
0 |(Existing)MRS Cycle 0 0 0 Reserve Az | A1 A0 Sequential Interleave
1 |Extended Funtions(EMRS) 0 0 1 Reserve 0 0 0 Reserve Reserve
0 1 0 2 0 0 1 2 2
* RFU(Reserved for future use) 0 ! ! ®) 0 1 0 4 4
must stay "0" during MRS cycle. 1 0 0 Reserve 0 1 1 8 8
1 0 1 (1.5) 1 0 0 Reserve Reserve
1 1 0 25 1 0 1 Reserve Reserve
1 1 1 Reserve 1 1 0 Reserve Reserve
1 1 1 Reserve Reserve

Note : *1 A12 is used for 256Mb only. That is 128Mb uses A0O~A11, 256Mb A0~A12.
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DDR SDRAM

Burst Address Ordering for Burst Length

LZ:;stth Stanin%ﬁd:(;';ass(Az, Sequential Mode Interleave Mode

xx0 0,1 0,1

2 xx1 1,0 1,0
x00 0,1,2,3 0,1,2,3
x01 1,2,3,0 1,0,3,2

4 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 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4

8 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Mode Register Set
0 2 6
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A X
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* |

C d Precharge Mode Any
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*1 : MRS can be issued only at all bank precharge state.
*2 : Minimum tRP is required to issue MRS command.
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Device Operations DDR SDRAM

Extended Mode Register Set(EMRS)
The extended mode register stores the data for enabling or disabling DLL, and selecting output driver size. The default value of the
extended mode register is not defined, therefore the extened mode register must be written after power up for enabling or disabling DLL.

The extended mode register is written by asserting low on CS, RAS, CAS, WE and high on BAO(The DDR SDRAM should be in all bank
precharge with CKE already high prior to writing into the extended mode register). The state of address pins A0 ~ A11( 1A12) and BA1

in the same cycle as CS, RAS, CAS and WE going low are written in the extended mode register. Two clock cycles are required to com-
plete the write operation in the extended mode register. The mode register contents can be changed using the same command and
clock cycle requirements during operation as long as all banks are in the idle state. A0 is used for DLL enable or disable. "High" on BAO
is used for EMRS. All the other address pins except AO and BAO must be set to low for proper EMRS operation. Refer to the table for

specific codes.

‘BA1‘BA0‘A12‘A11‘A10‘A9‘AS‘A7‘A6‘A5‘A4‘A3|A2|A1|Ao|AddressBus

| I S B SN SN SN T NN S SN SN S SN

. . Extended
RFU ‘ 1 ‘ RFU ‘ D.L.C ‘ DLL ‘ Mode Register
BAO An ~ A0 Output Driver Impedence Control A0 DLL Enable
0 (Existing)MRS Cycle 0 Normal 0 Enable
1 Extended Funtions(EMRS) 1 Weak 1 Disable

*RFU : Must be set "0"

Figure 7. Extend Mode Register set

DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable is required during power-up initialization, and upon returing to normal
operation after having disabled the DLL for the purpose of debug or evaluation (upon exiting Self Refresh Mode, the DLL is enabled
automatically). Any time the DLL is enabled, 200 clock cycles must occur before a READ command can be issued.

Output Drive Strength
The normal drive strength for all outputs is specified to be SSTL_2, Class Il. Samsung supports a weak driver strength option, intended
for lighter load and/or point-to-point environments. |-V curves for the normal drive strength and weak drive strength are included in

11.1~2 of this document.

Precharge

_The precharge command is used to precharge or close a bank that has been activated. The precharge command is issued when CS,
RAS and WE are low and CAS is high at the rising edge of the clock. The precharge command can be used to precharge each bank
respectively or all banks simultaneously. The bank select addresses(BAO, BA1) are used to define which bank is precharged when the
command is initiated. For write cycle, tWR(min.) must be satisfied until the precharge command can be issued. After tRP from the pre-
charge, an active command to the same bank can be initiated.

Bank Selection for Precharge by Bank address bits

A10/AP BA1 BAO Precharge
0 0 0 Bank A Only
0 0 1 Bank B Only
0 1 0 Bank C Only
0 1 1 Bank D Only
1 X X All Banks
-6 -
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No OPeration(NOP) & Device Deselect

The device should be deselected by deactivating the cs signal. In this mode DDR SDRAM should ignore all the control inputs. The
DDR SDRAMs are put in NOP mode when CS is active and by deactivating RAS, CAS and WE. For both Deselect and NOP the device
should finish the current operation when this command is issued.

Row Active

The Bank Activation command is issued by holding CAS and WE high with CS and RAS low at the rising edge of the clock(CK). The
DDR SDRAM has four independent banks, so two Bank Select addresses(BAO, BA1) are required. The Bank Activation command must
be applied before any Read or Write operation is executed. The delay from the Bank Activation command to the first read or write com-
mand must meet or exceed the minimum of RAS to CAS delay time(tRCD min). Once a bank has been activated, it must be precharged
before another Bank Activation command can be applied to the same bank. The minimum time interval between interleaved Bank Acti-
vation commands(Bank A to Bank B and vice versa) is the Bank to Bank delay time(tRRD min).

Any system or application incorporating random access memory products should be properly designed, tested and qualified to ensure
proper use or access of such memory products. Disproportionate, excessive and/or repeated access to a particular address or
addresses may result in reduction of product life.

Bank Activation Command Cycle (CAS Latency = 2)

Tn Tn+1 Tn+2

i i
v == B - v - - -

< Bank A >_< >_< Bank A >> _________ Bank B >_< Bank A >>
Address | Row Addr. Col. Addr. Row Addr. Row. Addr.
| RAS-CAS gelay(tRcD) | . RAS-RAS elay time(trEp)
Bank A Write A \  _ _ _ _ _ _ _ _ _ Bank B Bank A
Command < Activate NoP >‘< with Auto _< Activate H NOP >—< Activate >’
[ Precharge
ROW Cycle Time(trc) |:| Don't care

Read Bank

___This command is used after the row activate command to initiate the burst read of data. The read command is initiated by activating
RAS, CS, CAS, and deasserting WE at the same clock sampling(rising) edge as described in the command truth table. The length of the
burst and the CAS latency time will be determined by the values programmed during the MRS command.

Write Bank

This command is used after the row activate command to initiate the burst write of data. The write command is initiated by activating

RAS, CS, CAS, and WE at the same clock sampling(rising) edge as described in the command truth table. The length of the burst will be
determined by the values programmed during the MRS command.
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Essential Functionality for DDR SDRAM
The essential functionality that is required for the DDR SDRAM device is described in this chapter

Burst Read Operation

Burst Read operation in DDR SDRAM is in the same manner as the current SDRAM such that the Burst read command is issued by
asserting CS and CAS low while holding RAS and WE high at the rising edge of the clock(CK) after tRCD from the bank activation. The
address inputs (AO~A9) determine the starting address for the Burst. The Mode Register sets type of burst(Sequential or interleave)
and burst length(2, 4, 8). The first output data is available after the CAS Latency from the READ command, and the consecutive data
are presented on the falling and rising edge of Data Strobe(DQS) adopted by DDR SDRAM until the burst length is completed.

< Burst Length=4, CAS Latency= 2, 2.5 >

WJ\X\X,__\X\X\X\

CK

Command( READA>—< NOP >—< NOP >_< NOP >_< NOP >—< NOP >—< NOP >—< NOP >‘< NOP >’
|

0 el e B
| | |

|

DQS

I(Dout OXDout 1>:<Dout 2><Dout 3>;
I |
[

|

/\Pout 0>:<Dout 1><Dout 2>I<Dout 3>

CAS Latency=2 <
DQ's

DQS

CAS Latency=2.5 <

DQ's

I I e = W

Burst Write Operation

The Burst Write command is issued by having CS, CAS, and WE low while holding RAS high at the rising edge of the clock(CK). The
address inputs determine the starting column address. There is no write latency relative to DQS required for burst write cycle. The first
data of a burst write cycle must be applied on the DQ pins tDS(Data-in setup time) prior to data strobe edge enabled after tDQSS from
the rising edge of the clock(CK) that the write command is issued. The remaining data inputs must be supplied on each subsequent fall-
ing and rising edge of Data Strobe until the burst length is completed. When the burst has been finished, any additional data supplied to
the DQ pins will be ignored.

< Burst Length=4 >

L 0 1 = 2 3
CK R Y Ry PR -
CK 47( \ X | XI_\ 7|{_ 7{_ - - - -
I | | I I I
Command < NOP >—< WRITEA >"< NOP >—< WRITEB >‘< NOP >—< NOP >—< NOP >—< NOP >—< NOP >>

I I I ] I I I
: toassmax | ! ' ! ! !
I : \ 1/ 1/ \ I I I
DQS I = 1 1 3\ 1 1 I [ [
I twPRES*1 I | I | I I I
DQ's : : :\ Din OXDln 1XD|n 2\ Din 3XDin 0><Din 1><Din ZX Din 3>: : :

* 1. The specific requirement is that DQS be valid(High or Low) on or before this CK edge. The case shown (DQS going from High_Z to logic Low) applies
when no writes were previously in progress on the bus. If a previous write was in progress, DQS could be High at this time, depending on tDQSS.
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Read Interrupted by a Read

A Burst Read can be interrupted before completion of the burst by new Read command of any bank. When the previous burst is inter-
rupted, the remaining addresses are overridden by the new address with the full burst length. The data from the first Read command
continues to appear on the outputs until the CAS latency from the interrupting Read command is satisfied. At this point the data from the
interrupting Read command appears. Read to Read interval is minimum 1 Clock.

< Burst Length=4, CAS Latency=2 >

2 3

J__\ Y S O u_u_L

Command< READA>—< READB>—< NOP H NOP H NOP >—< NOP >—< NOP >_< NOP H NOP >‘

DQS

Y
P

CAS Latency=2 <

|
|
\
!
[
|

I

' l
\I/ | | | |
I I I I I

{Dout AXDM(Dout B><Dout B%out B><Dout B}‘I :

DQ's

Read Interrupted by a Write & Burst Stop

To interrupt a burst read with a write command, Burst Stop command must be asserted to avoid data contention on the I/O bus by plac-
ing the DQ’s(Output drivers) in a high impedance state. To insure the DQ’s are tri-stated one cycle before the beginning the write oper-
ation, Burst stop command must be applied at least 2 clock cycles for CL=2 and at least 3 clock cycles for CL=2.5 before the Write
command.

< Burst Length=4, CAS Latency=2 >

DQ's

Din1XDirI12><Din3>

|
|
Dout 0 Din 0
1

The following functionality establishes how a Write command may interrupt a Read burst.

1. For Write commands interrupting a Read burst, a Burst Terminate command is required to stop the read burst and tristate the DQ bus prior to valid
input write data. Once the Burst Terminate command has been issued, the minimum delay to a Write command = RU(CL) [CL is the CAS Latency
and RU means round up to the nearest integer.

2. ltisillegal for a Write command to interrupt a Read with autoprecharge command.

>
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Read Interrupted by a Precharge

A Burst Read operation can be interrupted by precharge of the same bank. The minimum 1 clock is required for the read to precharge
intervals. A precharge command to output disable latency is equivalent to the CAS latency.

< Burst Length=8, CAS Latency=2 >

& -~|0 ,--~|1 ,--~|2 pm———n
ok Ao A XA X L S O U D i O G O
ek | | I I I I |
Command< READ >—<Precharge>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—
| | | | | |
pQs [\ : : :
| | |
|

CAS Latency=2 <
DQ'’s

|
|
/
| |
| | | |
I<Dout 0><Dout 1><Dout ZXDout BXDout 4XDout 5><Dout BXDout 7\‘
1 1 1 1 1

Interrupted by precharge

When a burst Read command is issued to a DDR SDRAM, a Precharge command may be issued to the same bank before the Read burst is complete.
The following functionality determines when a Precharge command may be given during a Read burst and when a new Bank Activate command may be
issued to the same bank.

1. For the earliest possible Precharge command without interrupting a Read burst, the Precharge command may be given on the rising clock edge
which is CL clock cycles before the end of the Read burst where CL is the CAS Latency. A new Bank Activate command may be issued to the same
bank after tRP (RAS Precharge time).

2. When a Precharge command interrupts a Read burst operation, the Precharge command may be given on the rising clock edge which is CL clock
cycles before the last data from the interrupted Read burst where CL is the CAS Latency. Once the last data word has been output, the output
buffers are tristated. A new Bank Activate command may be issued to the same bank after tRP.

3. ForaRead with autoprecharge command, a new Bank Activate command may be issued to the same bank after tRP where tRP begins on the rising
clock edge which is CL clock cycles before the end of the Read burst where CL is the CAS Latency. During Read with autoprecharge, the initiation
of the internal precharge occurs at the same time as the earliest possible external Precharge command would initiate a precharge operation without
interrupting the Read burst as described in 1 above.

4. For all cases above, tRP is an analog delay that needs to be converted into clock cycles. The number of clock cycles between a Precharge
command and a new Bank Activate command to the same bank equals tRP/tCK (where tCK is the clock cycle time) with the result rounded up to the
nearest integer number of clock cycles. (Note that rounding to X.5 is not possible since the Precharge and Bank Activate commands can only be
given on a rising clock edge).

In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to Precharge time] has been satisfied. This includes

Read with autoprecharge commands where tRAS(min) must still be satisfied such that a Read with autoprecharge command has the same timing as a

Read command followed by the earliest possible Precharge command which does not interrupt the burst.

Write Interrupted by a Write

A Burst Write can be interrupted before completion of the burst by a new Write command, with the only restriction that the interval that
separates the commands must be at least one clock cycle. When the previous burst is interrupted, the remaining addresses are overrid-
den by the new address and data will be written into the device until the programmed burst length is satisfied.

< Burst Length=4 >

0 2 4

Ttk

| le——— |
Command < NOP >—< WRITEA>—< WRITE b >—< NOP >—< NOP >—<
| | | | |
<DQS —_ { \ /: \ ,:( \
<DinIAa><Din A«XDinIBuXDin B«XDinleXDin Ba>
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Write Interrupted by a Read & DM

A burst write can be interrupted by a read command of any bank. The DQ’s must be in the high impedance state at least one clock
cycle before the interrupting read data appear on the outputs to avoid data contention. When the read command is registered, any
residual data from the burst write cycle must be masked by DM. The delay from the last data to read command (tCDLR) is required to
avoid the data contention DRAM inside. Data that are presented on the DQ pins before the read command is initiated will actually be
written to the memory. Read command interrupting write can not be issued at the next clock edge of that of write command.

< Burst Length=8, CAS Latency=2 >

){\X\/__\X\i{__\

Command< NOP H WRITE >—< NOP >—< NOP >_< NOP H READ >—< NOP >—< NOP >‘< NOP >>

| 4 tDQSSmax o twTrR : | |
CAS Latency <DQSmu5‘ | [T / \ :/ \_ fo\ )\
atency=2 I | | |
I I \
[

|
|

DQ's : 0 T
| |
| |

\/\/\m/_\_/_L

DQS ——
[ I I
|
[

|
T
I
f
I
i/
\
I
|
I
| |
I T |
pa's— D CRED C8 60O 00, () SR M v mwrp covp/d
I I
I I
| |
1 1

|
|
|
t
| |
|
D|n0>< 1>KD|n2><Din3 Din4XDin5>{Din6XDin7 Do
|
!
|
|
|

CAS Latency=2 <

. s e = U

The following function established how a Read command may interrupt a Write burst and which input data is not written into the memory.

1. For Read commands interrupting a Write burst, the minimum Write to Read command delay is 2 clock cycles. The case where the Write to Read delay
is 1 clock cycle is disallowed

2. For Read commands interrupting a Write burst, the DM pin must be used to mask the input data words whcich immediately precede the interrupting
Read operation and the input data word which immediately follows the interrupting Read operation

3. For all cases of a Read interrupting a Write, the DQ and DQS buses must be released by the driving chip (i.e., the memory controller) in time to allow
the buses to turn around before the DDR SDRAM drives them during a read operation.

4. If input Write data is masked by the Read command, the DQS input is ignored by the DDR SDRAM.

5. Refer to "3.3.2 Burst write operation”
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Device Operations DDR SDRAM

Write Interrupted by a Precharge & DM

A burst write operation can be interrupted before completion of the burst by a precharge of the same bank. Random column access is
allowed. A write recovery time(tWR) is required from the last data to precharge command. When precharge command is asserted, any
residual data from the burst write cycle must be masked by DM.

< Burst Length=8 >

CK

& J/\x\/\x\x\xL
Command o HWRETEAH vor o Nlop H e HpreqhargeH WR.TEBH wor -
l / \!/ \: \: N
os || [ \/\/:\/i\m
S ! - - i

Precharge timing for Write operations in DRAMs requires enough time to allow “write recovery” which is the time required by a DRAM core to properly
store a full “0” or “1” level before a Precharge operation. For DDR SDRAM, a timing parameter, tWR, is used to indicate the required amount of time
between the last valid write operation and a Precharge command to the same bank.

I D QSSmaxl

<DQs R e N Y \

tWF}RES*s

DQ's

| tDQSSMIn

- T T T /3
o
5
]
o
>
9
=
2
—_— — =< - - - =

DM

The precharge timing for writes is a complex definition since the write data is sampled by the data strobe and the address is sampled by the input clock.
Inside the SDRAM, the data path is eventually synchronized with the address path by switching clock domains from the data strobe clock domain to the
input clock domain. This makes the definition of when a precharge operation can be initiated after a write very complex since the write recovery
parameter must reference only the clock domain that is used to time the internal write operation, i.e., the input clock domain.

tWR starts on the rising clock edge after the last possible DQS edge that strobed in the last valid data and ends on the rising clock edge that strobes in

the precharge command.

1. For the earliest possible Precharge command following a Write burst without interrupting the burst, the minimum time for write recovery is defined by
tWR.

2. When a precharge command interrupts a Write burst operation, the data mask pin, DM, is used to mask input data during the time between the last
valid write data and the rising clock edge on which the Precharge command is given. During this time, the DQS input is still required to strobe in the
state of DM. The minimum time for write recovery is defined by tWR.

3. For a Write with autoprecharge command, a new Bank Activate command may be issued to the same bank after tWR+tRP where tWR+tRP starts on
the falling DQS edge that strobed in the last valid data and ends on the rising clock edge that strobes in the Bank Activate command. During write with
autoprecharge, the initiation of the internal precharge occurs at the same time as the earliest possible external Precharge command without
interrupting the Write burst as described in 1 above.

4. In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to Precharge time] has been satisfied. This includes
Write with autoprecharge commands where tRAS(min) must still be satisfied such that a Write with autoprecharge command has the same timing as a
Write command followed by the earliest possible Precharge command which does not interrupt the burst.

5. Refer to "3.3.2 Burst write operation"
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DDR SDRAM

Burst Stop

The burst stop command is initiated by having RAS and CAS high with CS and WE low at the rising edge of the clock(CK). The burst
stop command has the fewest restrictions making it the easiest method to use when terminating a burst read operation before it has
been completed. When the burst stop command is issued during a burst read cycle, the pair of data and DQS(Data Strobe) go to a high
impedance state after a delay which is equal to the CAS latency set in the mode register. The burst stop command, however, is not sup-

ported during a write burst operation.

< Burst Length=4, CAS Latency= 2, 2.5 >

| | |
NOP >—< NOP >—< NOP >>

| |
DQS —:—l\

| | | | | |
Command < READ A >—< Burst Stop>—< NOP >—< NOP >—< NOP >—< NOP >—<
| | | |

CAS Latency=2 <
DQ's

Dout OADout 1)

[\

|
CAS latency.

I<:><:>I The burst ends after a delaylequal to the
T

CAS Latency=2.5 <

|
[
T
|
DQS —
|
DQ's |

{@out OXDout 1)
|

The Burst Stop command is a mandatory feature for DDR SDRAMs. The following functionality is required:
. The BST command may only be issued on the rising edge of the input clock, CK.

. BST is only a valid command during Read bursts.
. BST during a Write burst is undefined and shall not be used.
. BST applies to all burst lengths.

DA WN =

7. When the burst terminates, the DQ and DQS pins are tristated.

The BST command is not byte controllable and applies to all bits in the DQ data word and the(all) DQS pin(s).

. BST is an undefined command during Read with autoprecharge and shall not be used.
. When terminating a burst Read command, the BST command must be issued Lggt (‘BST Latency”) clock cycles before the clock edge at which the

output buffers are tristated, where Lggt equals the CAS latency for read operations. This is shown in previous page Figure with examples for CAS
latency (CL) of 1.5, 2, 2.5, 3 and 3.5 (only selected CAS latencies are required by the DDR SDRAM standards, the others are optional).

ELECTRONICS
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DM masking

The DDR SDRAM has a data mask function that can be used in conjunction with data write cycle, not read cycle. When the data mask
is activated (DM high) during write operation, DDR SDRAM does not accept the corresponding data.(DM to data-mask latency is zero).
DM must be issued at the rising or falling edge of data strobe.

< Burst Length=8 >

_ 0 1 2 3
cKk A oA A A
| |
Command { WRITE }{ NOP | [ Nop { NOP
tbass :
< |
DQS # N R
|
‘ r
DQ'’s in 2/ Din 3 /Din 4 / Din 5
%
DM ‘

tDSA tDH

masked by DM=H

Read With Auto Precharge

If a read with auto-precharge command is initiated, the DDR SDRAM automatically enters the precharge operation BL/2 clock later
from a read with auto-precharge command when tRAS(min) is satisfied. If not, the start point of precharge operation will be delayed until
tRAS(min) is satisfied. Once the precharge operation has started the bank cannot be reactivated and the new command can not be
asserted until the precharge time(tRP) has been satisfied.

< Burst Length=4, CAS Latency= 2, 2.5>

j\%\%_\X\X\X
Command(i’é?:ﬁ/é NOP %t?gizfgre NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—

| | tRAS(min. ) | I |
DQS : : : T JI—\—/—\—/I } }
74 | I |
I

CAS Latency=2 <

DQ's

RP »'| Bank can be reactivated at the

‘l | , completion of precharge
R
I
I
I
I
I
1

/, \Dout OXDout 1><Dout 2><Dout 3/ T
|
|

T

<Dout 0><Dout 1><Dout 2><Dout 3>
|

CAS Latency=2.5 <

DQ's { ]
E%egin Auto-Precl;harge

|
|
|
:
|
DQS —
I
|
|
[
I
|

When the Read with Auto precharge command is issued, new command can be asserted at 3,4 and 5 respectively as follows.

Asserted For same Bank For Different Bank

command 3 4 5 3 4 5
READ READ +No AP | READ+No AP llegal Legal Legal Legal

READ+AP READ + AP READ + AP lllegal Legal Legal Legal
Active lllegal lllegal lllegal Legal Legal Legal

Precharge Legal Legal lllegal Legal Legal Legal

T AP = Auto Precharge

- 14 -
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Write with Auto Precharge

If A10 is high when write command is issued , the write with auto-precharge function is performed. Any new command to the same
bank should not be issued until the internal precharge is completed. The internal precharge begins after keeping tWR(min).

<100Mhz, Burst Length=4 >

— 0 1 2 3 4 5 6 7 8
CK - e - = a ’,,,,,,,‘ e Al = = Al e — = A o A - - a -
ck Ao A A A S T S S
| | | | | | | |
Command( ABC; T]IV: E“ - NOP ) Au:g’ ';';Eh%,‘e( NOP ){ NOP NOP NOP NOP NOP NOP
| | | | | | | |
I I [— [J— I I I I
- DQS I { / / } I I I
| | | — — | | |
: : ‘ ‘ : : * :Bank can be reactivated at :
~DQ's ‘ Din0/ Din1/Din2{Din3 ‘ completion of tRP |
| | | | |
[ [ [ [ “ R ‘:‘ tRP 7‘
[ [ [ [ < | toaL | »l
Internal precharge startT
Burst length = 4
Asserted For same Bank For Different Bank
command 3 4 5 6 7 8 3 4 5 6 7
WRITE WRITE WRITE+ llegal llegal llegal llegal | Legal | Legal | Legal | Legal | Legal
No AP™ No AP ega ega ega ega ega ega ega ega ega
WRITE+ WRITE+ WRITE+
AP AP AP lllegal lllegal lllegal llegal | Legal | Legal | Legal | Legal | Legal
READ+NO | READ+NO | READ+NO
READ lllegal AP+DM'2 AP+DM AP lllegal lllegal | lllegal | lllegal | lllegal | Legal | Legal
READ + READ + READ +
READ+AP lllegal AP+DM AP+DM AP lllegal lllegal | lllegal | lllegal | lllegal | Legal | Legal
Active llegal lllegal llegal llegal llegal llegal | Legal | Legal | Legal | Legal | Legal
Precharge lllegal llegal llegal llegal llegal llegal | Legal | Legal | Legal | Legal | Legal

" AP = Auto Precharge
"2 DM : Refer to " 3.3.7 Write Interrupted by a Read & DM "in page 25.

- 15 -
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Auto Refresh & Self Refresh

Auto Refresh L L

An auto refresh command is issued by having CS, RAS and CAS held low with CKE and WE high at the rising edge of the clock(CK).
All banks must be precharged and idle for tRP(min) before the auto refresh command is applied. No control of the external address pins
is required once this cycle has started because of the internal address counter. When the refresh cycle has completed, all banks will be
in the idle state. A delay between the auto refresh command and the next activate command or subsequent auto refresh command must
be greater than or equal to the tRFC(min).

CK ,

CK _1. R S oA R ™ R . . PR S

I | | | | | | | | | | |

Command — {PRE ) : Refresh }L;;‘“ : : : 2 : : {cMD) :
I | | | | | | | | | | |

I | | | | | | I | I | |

CKE = High — . . . . . ' - . . i .
I e trRP Ve | | : tRFC | | I ! |

Self Refresh

A self refresh command is defined by having CS, RAS, CAS and CKE held low with WE high at the rising edge of the clock(CK). Once
the self refresh command is initiated, CKE must be held low to keep the device in self refresh mode. During the self refresh operation, all
inputs except CKE are ignored. Since CKE is an SSTL_2 input, Vref must be maintained during self refresh. The clock is internally dis-
abled during self refresh operation to reduce power consumption. The self refresh is exited by supplying stable clock input before return-
ing CKE high, asserting deselect or NOP command and then asserting CKE high for longer than tXSRD for locking of DLL.

CK . --~ X\ ? \

| [sem .
I T «
|

Command Refresh

CKE : \

A

-
I
I
I
I
|
I
I
[

tXSNR”

.
e — — — L - = = s
'

1. Exit self refresh to bank active command, a write command can be applied as far as tRCD is satisfied after any bank active command.
2. Exit self refresh to read command.

Power down

The power down mode is entered when CKE is low and exited when CKE is high. Once the power down mode is initiated, all of the
receiver circuits except clock, CKE and DLL circuit tree are gated off to reduce power consumption. All banks should be in idle state prior
to entering the precharge power down mode and CKE should be set high at least 1tck+tIS prior to row active command . During power
down mode, refresh operations cannot be performed, therefore the device cannot be remained in power down mode longer than the
refresh period(Data retension time) of the device.

-y PR = = ag r-a =y F——- f- -
y q Y J y q Iy J y 9 v q v J v 9 v
CK b L b i i i b i

Active Active

Prechbarge
[ power \

|
|
|
|
|
|
Command ——frecharsg——{ S ) .
| | | Entry |
| | | | | | | |
| | | | | | | |
| | | | | |
CKE | \ | | | | | J/
I I » / I ro\ | 2 <
| | | | |
| | | 1 |

|
|
|
|
|
|
[
| Exit |
|
|
|
|
|
|
1

m
2
ZF d
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Power Up and Power Management on DDR Registered DIMMs

Background

184-pin Double Data Rate (DDR) Registered DIMMs include two new features to facilitate controlled power-up and to minimize power consumption during
low power mode. One feature is externally controlled via a system-generated RESET signal; the second is based on module detection of the input clocks.
These enhancements permit the modules to power up with SDRAM outputs in a High-Z state (eliminating risk of high current dissipations and/or dotted I/
Os), and result in the powering-down of module support devices (registers and Phase-Locked Loop) when the memory is in Self-Refresh mode.

The new RESET pin controls power dissipation on the module’s registers and ensures that CKE and other SDRAM inputs are maintained at a valid ‘low’
level during power-up and self refresh. When RESET is at a low level, all the register outputs are forced to a low level, and all differential register input
receivers are powered down, resulting in very low register power consumption. The RESET pin, located on DIMM tab #10, is driven from the system as an
asynchronous signal according to the attached details. Using this function also permits the system and DIMM clocks to be stopped during memory Self
Refresh operation, while ensuring that the SDRAMs stay in Self Refresh mode.

The function for RESET is as follows:

. Register
Register Inputs Ou%puts
RESET CK CK Data in (D) Data out (D)
H Rising Falling H H
H Rising Falling L L
H LorH LorH X Qo
. . Illegal Input Con-
H High Z High Z X ¢ diti;’ns
L x or Hi-Z x or Hi-Z x or Hi-Z L
X : Don’t Care
Hi-Z : High Impedance .
Qo : Data latched at the previous crossing of CK rising and CK falling

As described in the table above, a low on the RESET input ensures that the Clock Enable (CKE) signal(s) are maintained low at the SDRAM pins (CKE
being one of the 'Q' signals at the register output). Holding CKE low maintains a high impedance state on the SDRAM DQ, DQS and DM outputs-where
they will remain until activated by a valid ‘read’ cycle. CKE low also maintains SDRAMs in Self Refresh mode when applicable.

The DDR PLL devices automatically detect clock activity above 20MHz. When an input clock frequency of 20MHz or greater is detected, the PLL begins
operation and initiates clock frequency lock (the minimum operating frequency at which all specifications will be met is 95MHz). If the clock input frequency
dropsbelow 20MHz (actual detect frequency will vary by vendor), the PLL VCO (Voltage Controlled Oscillator) is stopped, outputs are made High-Z, and
the differential inputs are powered down-resulting in a total PLL current consumption of less than 1mA. Use of this low power PLL function makes the use
of the PLL RESET (or G pin) unnecessary, and it is tied inactive on the DIMM.

his application note describes the required and optional system sequences associated with the DDR Registered DIMM 'RESET' function. It is important to
note that all references to CKE refer to both CKEO and CKE1 for a 2-bank DIMM. Because RESET applies to all DIMM register devices, it is therefore not
possible to uniquely control CKE to one physical DIMM bank through the use of the RESET pin.

Power-Up Sequence with RESET - Required
1. The system sets RESET at a valid low level.

This is the preferred default state during power-up. This input condition forces all register outputs to a low state independent of the condition on the register
inputs (data and clock), ensuring that CKE is at a stable low-level at the DDR SDRAMs.

2. The power supplies should be initialized according to the JEDEC-approved initialization sequence for DDR SDRAMSs.
3. Stabilization of Clocks to the SDRAM

The system must drive clocks to the application frequency (PLL operation is not assured until the input clock reaches 20MHz). Stability of clocks at the
SDRAMSs will be affected by all applicable system clock devices, and time must be allotted to permit all clock devices to settle. Once a stable clock is re-
ceived at the DIMM PLL, the required PLL stabilization time (assuming power to the DIMM is stable) is 100 microseconds. When a stable clock is present
at the SDRAM input (driven from the PLL), the

DDR SDRAM requires 200 usec prior to SDRAM operation.

4. The system applies valid logic levels to the data inputs of the register (address and controls at the DIMM connector).

CKE must be maintained low and all other inputs should be driven to a known state. In general these commands can be determined by the system designer.
One option is to apply an SDRAM ‘NOP’ command(with CKE low), as this is the first command defined by the JEDEC initialization sequence (ideally this
would be a ‘NOP Deselect’ command). A second option is to apply low levels on all of the register inputs to be consistent with the state of the register

outputs.

5. The system switches RESET to a logic ‘high’ level.

The SDRAM is now functional and prepared to receive commands. Since the RESET signal is asynchronous, setting the RESET timing in relation to a
specific clock edge is not required (during this period, register inputs must remain stable).

- 17 -
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6. The system must maintain stable register inputs until normal register operation is attained. The registers have an activation time that allows their clock
receivers, data input receivers, and output drivers sufficient time to be turned on and become stable. During this time the system must maintain the valid
logic levels described in step 5. It is also a functional requirement that the registers maintain a low state at the CKE outputs to guarantee that the DDR
SDRAMs continue to receive a low level on CKE. Register activation time (t(ACT)), from asynchronous switching of RESET from low to high until the reg-
isters are stable and ready to accept an input signal, is specified in the register and DIMM documentation.

7. The system can begin the JEDEC-defined DDR SDRAM power-up sequence (according to the JEDEC-approved initialization sequence).

Self Refresh Entry (RESET low, clocks powered off) - Optional

Self Refresh can be used to retain data in DDR SDRAM DIMMs even if the rest of the system is powered down and the clocks are off. This mode allows
the DDR SDRAMs on the DIMM to retain data without external clocking. Self Refresh mode is an ideal time to utilize the RESET pin, as this can reduce
register power consumption (RESET low deactivates register CK and CK, data input receivers, and data output drivers).

1. The system applies Self Refresh entry command.
(CKE ->Low, CS->Low, RAS->Low, CAS->Low, WE->High)

Note: The commands reach the DDR SDRAM one clock later due to the additional register pipelining on a Registered DIMM. After this command is issued
to the SDRAM, all of the address and control and clock input conditions to the SDRAM are Don°@t Cares? with the exception of CKE.

2. The system sets RESET at a valid low level.
This input condition forces all register outputs to a low state, independent of the condition on the register inputs (data and clock), and ensures that CKE,

and all other control and address signals, are a stable low-level at the DDR SDRAMs. Since the RESET signal is asynchronous, setting the RESET timing
in relation to a specific clock edge is not required.

3. The system turns off clock inputs to the DIMM. (Optional)

a. In order to reduce DIMM PLL current, the clock inputs to the DIMM are turned off, resulting in High-Z clock inputs to both the SDRAMSs and the registers.
This must be done after the RESET deactivate time of the register (t(INACT)). The deactivate time defines the time in which the clocks and the control and
address signals must maintain valid levels after RESET low has been applied and is specified in the register and DIMM documentation.

b. The system may release DIMM address and control inputs to High-Z.

This can be done after the RESET deactivate time of the register. The deactivate time defines the time in which the clocks and the control and the address
signals must maintain valid levels after RESET low has been applied. It is highly recommended that CKE continue to remain low during this operation.

4. The DIMM is in lowest power Self Refresh mode.

Self Refresh Exit (RESET low, clocks powered off) - Optional
1. Stabilization of Clocks to the SDRAM.

The system must drive clocks to the application frequency (PLL operation is not assured until the input clock reaches ~20MHz). Stability of clocks at the
SDRAMSs will be affected by all applicable system clock devices, and time must be allotted to permit all clock devices to settle. Once a stable clock is re-
ceived at the DIMM PLL, the required PLL stabilization time (assuming power to the DIMM is stable)

is 100 microseconds.

2. The system applies valid logic levels to the data inputs of the register (address and controls at the DIMM connector).

CKE must be maintained low and all other inputs should be driven to a known state. In general these commands can be determined by the system designer.
One option is to apply an SDRAM ‘NOP’ command (with CKE low), as this is the first command defined by the JEDEC Self Refresh Exit sequence (ideally
this would be a ‘NOP Deselect’ command). A second option is to apply low levels on all of the

register inputs, to be consistent with the state of the register outputs.

3. The system switches RESET to a logic ‘high’ level.

The SDRAM is now functional and prepared to receive commands. Since the RESET signal is asynchronous, RESET timing relationship to a specific clock
edge is not required (during this period, register inputs must remain stable).

4. The system must maintain stable register inputs until normal register operation is attained.

The registers have an activation time that allows the clock receivers, input receivers, and output drivers sufficient time to be turned on and become stable.
During this time the system must maintain the valid logic levels described in Step 2. It is also a functional requirement that the registers maintain a low state
at the CKE outputs to guarantee that the DDR SDRAMs continue to receive a low level on CKE. Register activation time (t(ACT)), from asynchronous

switching of RESET from low to high until the registers are stable and ready to accept an input signal, is specified in the register and DIMM documentation.

5. System can begin the JEDEC-defined DDR SDRAM Self Refresh Exit Procedure.

- 18 -

ELECTRONICS



Device Operations DDR SDRAM

Self Refresh Entry (RESET low, clocks running) - Optional
Although keeping the clocks running increases power consumption from the on-DIMM PLL during self refresh, this is an alternate operating mode for these
DIMMs.

1. System enters Self Refresh entry command.
(CKE->Low, CS->Low, RAS->Low, CAS->Low, WE->High)

Note: The commands reach the DDR SDRAM one clock later due to the additional register pipelining on a Registered DIMM. After this command is issued
to the SDRAM, all of the address and control and clock input conditions to the SDRAM are Don’t Cares - with the exception of CKE.

2. The system sets RESET at a valid low level.
This input condition forces all register outputs to a low state, independent of the condition on the data and clock register inputs, and ensures that CKE is a
stable low-level at the DDR SDRAMs.

3. The system may release DIMM address and control inputs to High-Z.
This can be done after the RESET deactivate time of the register ({(INACT)). The deactivate time describes the time in which the clocks and the control

and the address signals must maintain valid levels after RESET low has been applied. It is highly recommended that CKE continue to remain low during
the operation.

4. The DIMM is in a low power, Self Refresh mode.

Self Refresh Exit (RESET low, clocks running) - Optional

1. The system applies valid logic levels to the data inputs of the register (address and controls at the DIMM connector).

CKE must be maintained low and all other inputs should be driven to a known state. In general these commands can be determined by the system designer.
One option is to apply an SDRAM ‘NOP’ command (with CKE low), as this is the first command defined by the Self Refresh Exit sequence (ideally this
would be a ‘NOP Deselect’ command). A second option is to apply low levels on all of the register inputs to be consistent with the state of the register
outputs.

2. The system switches RESET to a logic 'high' level.
The SDRAM is now functional and prepared to receive commands. Since the RESET signal is asynchronous, it does not need to be tied to a particular
clock edge (during this period, register inputs must continue to remain stable).

3. The system must maintain stable register inputs until normal register operation is attained. The registers have an activation time that allows the clock
receivers, input receivers, and output drivers sufficient time to be turned on and become stable. During this time the system must maintain the valid logic
levels described in Step 1. It is also a functional requirement that the registers maintain a low state at the CKE outputs in order to guarantee that the DDR
SDRAMs continue to receive a low level on CKE. This activation time, from asynchronous switching of RESET from low to high, until the registers are stable
and ready to accept an input signal, is t(ACT) as specified in the register and DIMM documentation.

4. The system can begin JEDEC defined DDR SDRAM Self Refresh Exit Procedure.

Self Refresh Entry/Exit (RESET high, clocks running) - Optional

As this sequence does not involve the use of the RESET function, the JEDEC standard SDRAM specification explains in detail the method for entering
and exiting Self Refresh for this case.

Self Refresh Entry (RESET high, clocks powered off) - Not Permissible

In order to maintain a valid low level on the register output, it is required that either the clocks be running and the system drive a low level on CKE, or the
clocks are powered off and RESET is asserted low according to the sequence defined in this application note. In the case where RESET remains high and
the clocks are powered off, the PLL drives a High-Z clock input into the register clock input. Without the low level on RESET an unknown DIMM state will
result.
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Functional Truth Table

Current State CS | RAS | CAS | WE Address Command Action
L H H L [X Burst Stop ILLEGAL*2
L H L X |BA, CA, A10 READ/WRITE ILLEGAL*2
PRECHARGE L L H H |[BA RA Active Bank Active, Latch RA
STANDBY L L H L |BA,A10 PRE/PREA ILLEGAL*4
L L L H (X Refresh AUTO-Refresh*5
L L L L [Op-Code, Mode-Add MRS Mode Register Set*5
L H H L (X Burst Stop NOP
L | H| L | H [BACAA10 READ/READA E)Z?ei?nisgcklz_tit-(;’hreccﬁ;arge
aove | L W | L | L [sacan WRITEMRITEA | e Auto-Procharge
STANDBY L | L | H]| H [BARA Active Bank Active/ILLEGAL*2
L L H L |BA,A10 PRE/PREA Precharge/Precharge All
L L L H X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL
L H H L |X Burst Stop Terminate Burst
Terminate Burst, Latch CA,
L H L H |[BA, CA, A10 READ/READA Begin New Read, Determine
Auto-Precharge*3
READ L H L L [BA,CA A10 WRITE/WRITEA  |ILLEGAL
L L H H |(BA RA Active Bank Active/ILLEGAL*2
L L H L |[BA, A10 PRE/PREA Terminate Burst, Precharge
L L L H [X Refresh ILLEGAL
L L L L Op-Code, Mode-Add |MRS ILLEGAL
L H H L [X Burst Stop ILLEGAL
Terminate Burst With DM=High, Latch
L H L H |BA, CA, A10 READ/READA CA, Begin Read, Determine Auto-Pre-
charge*3
Terminate Burst, Latch CA,
L H L L |BA, CA, A10 WRITE/WRITEA Begin new Write, Determine Auto-Pre-
WRITE charge*3
L L H H |(BA, RA Active Bank Active/ILLEGAL*2
L L H L |BA A10 PRE/PREA ;f;@;\’:;eeB”rSt With DM=High,
L L L H X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL
L H H L (X Burst Stop ILLEGAL
L H L H |[BA, CA, A10 READ/READA *6
READ with
AUTO L H L L [BA,CA A10 WRITE/WRITEA  |ILLEGAL
PRECHARGE™® L L H H |BA, RA Active *6
(READA) L L H L |BA,A10 PRE/PREA *6
L L L H (X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL

ELECTRONICS
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Current State CS | RAS | CAS | WE Address Command Action
L H H L X Burst Stop ILLEGAL
L H L H |BA, CA, A10 READ/READA *7
WRITEWIthAUTO | | H L L |BA, CA, A10 WRITE/WRITEA  [*7
Rf@:ﬁiﬁf "TTCT L n | n BAra Active *7
L L H L |BA,A10 PRE/PREA *7
L L L H [X Refresh ILLEGAL
L L L L Op-Code, Mode-Add  |MRS ILLEGAL
L H H L |X Burst Stop ILLEGAL*2
L H L X |BA, CA, A10 READ/WRITE ILLEGAL*2
PRECHARGING L L H H |BA, RA Active ILLEGAL*2
(DURING tRP) L L H L |BA,A10 PRE/PREA NOP*4(ldle after tRP)
L L L H [X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL
L H H L |X Burst Stop ILLEGAL*2
ROW L H L X |BA, CA, A10 READ/WRITE ILLEGAL*2
ACTIVATING :
(FROM ROW L L H H |BA RA Active ILLEGAL*2
ACTIVE TO L L H L |BA, A10 PRE/PREA ILLEGAL*2
{RCD) L L L H [X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL
L H H L X Burst Stop ILLEGAL*2
L H L H |[BA, CA, A10 READ ILLEGAL*2
WRITE L H L L |BA, CA,A10 WRITE WRITE
RECOVERING
(DURING tWR L L H H |BA RA Active ILLEGAL*2
OR tCDLR) L L H L |BA, A10 PRE/PREA ILLEGAL*2
L L L H [X Refresh ILLEGAL
L L L L Op-Code, Mode-Add  |MRS ILLEGAL
L H H L |X Burst Stop ILLEGAL
L H L X |BA, CA, A10 READ/WRITE ILLEGAL
RE- L L H H |BA, RA Active ILLEGAL
FRESHING
L L H L |BA, A10 PRE/PREA ILLEGAL
L L L H [X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL
L H H L |X Burst Stop ILLEGAL
MODE L H L X |BA, CA, A10 READ/WRITE ILLEGAL
REGISTER L L H H |BA, RA Active ILLEGAL
SETTING L L H L |BA A10 PRE/PREA ILLEGAL
L L L H [X Refresh ILLEGAL
L L L L |Op-Code, Mode-Add MRS ILLEGAL

ELECTRONICS
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Current State CKEn-1 CKEn CS RAS | CAS WE Add Action
L H H X X X X Exit Self-Refresh
L H L H H H X |Exit Self-Refresh
SELF- L H L H H L X |ILLEGAL
REFRESHING® L H L H L X X |ILLEGAL
L H L L X X X |ILLEGAL
L L X X X X X NOPeration(Maintain Self-Refresh)
POWER L H X X X X X |Exit Power Down(Idle after tPDEX)
DOWN L L X X X X X |NOPeration(Maintain Power Down)
H H X X X X X Refer to Function True Table
H L L L L H X Enter Self-Refresh
H L H X X X X Enter Power Down
ALL BANKS H L L H H H X Enter Power Down
IDLE™® H L L H H L X |ILLEGAL
H L L H L X X |ILLEGAL
H L L L X X X |ILLEGAL
L X X X X X X Refer to Current State=Power Down
ANY STATE
other than H H X X X X X Refer to Function Truth Table
listed above
ABBREVIATIONS :

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

Note :

. All entries assume that CKE was High during the preceding clock cycle and the current clock cycle.

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

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

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

. ILLEGAL if any bank is not idle.

. Refer to "Read with Auto Precharge" in page 85 for detailed information.

. Refer to "Write with Auto Precharge"” in page 86 for detailed information.

. CKE Low to High transition will re-enable CK, CK and other inputs asynchronously. A minimum setup time must be
satisfied before issuing any command other than EXIT.

. Power-Down and Self-Refresh can be entered only from All Bank Idle state.

10. Vref must be maintained during self refresh operation.

ONO O WN =

©

ILLEGAL = Device operation and/or data integrity are not guaranteed.
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Device Operations DDR SDRAM

IBIS: I/V Characteristics for Input and Output Buffers
Normal strength driver

1. The typical pulldown V-1 curve for DDR SDRAM devices will be within the inner bounding lines of the V-1 curve of Figure a.

2. The full variation in driver pulldown current from minimum to maximum process, temperature and voltage will lie within the outer
bounding lines the of the V-I curve of Figure a.

Maximum
160
140
= Typical High
2 100
£
= & r
> .
o o Typical Low
wl Minimum
w |
0
0.0 0.5 1.0 1.5 20 25

Figure a : Pulldown Charateristics Vout(V)
3. The typical pullup V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-I curve of below Figure b.

4. The Full variation in driver pullup current from minimum to maximum process, temperature and voltage will lie within the outer bound-
ing lines of the V-I curve of Figrue b.

0.0 1.0 2.0

0 Minumum
-20

-40
-60
-80
-100

Typical Low

lout(mA)

-120
-140
-160
-180
-200
-220 L

Typical High

Maximum

Figure a : PulluP Charateristics Vout(V)

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed 1.7, for device drain to source
voltage from 0 to Vppq/2

6. The Full variation in the ratio of the nominal pullup to pulldown current should be unity +10%, for device drain to source voltages from
Oto VDDQ/2
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Device Operations

DDR SDRAM

Pulldown Current (mA) pullup Current (mA)

Vo(l:j:)ge TyL%I\?val TL?;aI Minimum Maximum TyLFg\?val T&?;al 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 18.1 201 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 241 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 39.1 277 49.4 -34.3 -40.5 -27.7 -54.4
0.7 39.4 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 -563.1 -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
1.1 541 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 74.2 471 93.8 -50.0 -83.6 -39.4 -108.1
1.4 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
1.5 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 1121 -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 97.2 494 123.3 -51.6 -124.0 -40.5 -156.9
21 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
22 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
23 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
24 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
25 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
26 64.8 104.6 50.4 139.2 -52.7 -155.3 -41.1 -192.9
27 65.0 105.4 50.5 140.8 -52.8 -160.1 -41.2 -198.2

Temperature (Tambient)

Typical
Minimum
Maximum

Vdd/Vddq
Typical
Minimum
Maximum

25°C
70°C
0°C

2.5V
2.3V
2.1V

The above characteristics are specified under best, worst and normal process variation/conditions

ELECTRONICS

- 24 -




Device Operations DDR SDRAM

Half Strength Driver

1. The typical pulldown V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-1 curve of Figure a.

2. The full variation in driver pulldown current from minimum to maximum process, temperature and voltage will lie within the outer
bounding lines the of the V-I curve of Figure a.

90 .
Maximum
— Nominal High
<
£
5 Nominal Low
i) Minimum

Figure a : Pulldown Charateristics Vout(V)
3. The typical pullup V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-I curve of below Figure b.

4. The Full variation in driver pullup current from minimum to maximum process, temperature and voltage will lie within the outer bound-
ing lines of the V-I curve of Figrue b.

Minumum
2 Typical Low
£
5
kel
Typical High
Maximum

Figure a : PulluP Charateristics Vout(V)

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed 1.7, for device drain to source
voltage from 0 to Vppq/2

6. The Full variation in the ratio of the nominal pullup to pulldown current should be unity £10%, for device drain to source voltages from
Oto VDDQ/2
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Device Operations

DDR SDRAM

Pulldown Current (mA) pullup Current (mA)

Vo(l:j\)ge TyLF())i\(I:Val Tﬁi);al Minimum Maximum TyLF:)i\?Val Tﬁ?;al Minimum Maximum
0.1 34 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 1.4 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 -19.4 -22.9 -15.7 -28.0
0.7 22.3 25.0 18.2 32.2 -21.5 -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 29.0 341 241 43.2 -26.0 -37.1 -21.9 -43.2
1.1 30.6 36.9 254 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
1.4 33.5 44 .4 26.8 56.1 -28.6 -48.4 -22.4 -56.1
1.5 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
22 35.8 571 28.2 73.3 -29.5 -62.4 -23.0 -73.3
23 36.1 57.7 28.3 74.9 -29.5 -63.1 -23.1 -74.9
24 36.3 58.2 28.3 76.4 -29.6 -63.8 -23.2 -76.4
25 36.5 58.7 28.4 77.7 -29.7 -64.4 -23.2 -77.7
26 36.7 59.2 28.5 78.8 -29.8 -65.1 -23.3 -78.8
27 36.8 59.6 28.6 79.7 -29.9 -65.8 -23.3 -79.7

Temperature (Tambient)

Typical
Minimum
Maximum

Vdd/Vddq
Typical
Minimum
Maximum

25°C
70°C
0°C

2.5V
2.3V
2.7V

The above characteristics are specified under best, worst and normal process variation/conditions
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Test Condition

DDR SDRAM

Test Condition
DDR SDRAM IDD SPEC Items and Test Conditions

(VDD=2.7V, T = 10°C)

Conditions

Symbol

Operating current - One bank Active-Precharge;

tRC=tRCmin;

DQ,DM and DQS inputs changing once per clock cycle;

address and control inputs changing once every two clock cycles.

IDDO

Operating current - One bank operation ; One bank open, BL=4, Reads
- Refer to the following page for detailed test condition

IDD1

Precharge power-down standby current; All banks idle; power - down mode;
CKE = <VIL(max); Vin = Vref for DQ,DQS and DM

IDD2P

Precharge Floating standby current; CS# > =VIH(min);All banks idle;
CKE > = VIH(min); Address and other control inputs changing once per clock cycle;
Vin = Vref for DQ,DQS and DM

IDD2F

Precharge Quiet standby current; CS# > = VIH(min); All banks idle;

CKE > = VIH(min);

Address and other control inputs stable with keeping >= VIH(min) or =<VIL(max);
Vin = Vref for DQ ,DQS and DM

IDD2Q

Active power - down standby current ; one bank active; power-down mode;
CKE=< VIL (max); Vin = Vref for DQ,DQS and DM

IDD3P

Active standby current; CS# >= VIH(min); CKE>=VIH(min);
one bank active; active - precharge; tRC=tRASmax;

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

IDD3N

Operating current - burst read; Burst length = 2; reads; continguous burst;
One bank active; address and control inputs changing once per clock cycle;
50% of data changing at every burst; lout=0m A

IDD4R

Operating current - burst write; Burst length = 2; writes; continuous burst;
One bank active address and control inputs changing once per clock cycle;
DQ, DM and DQS inputs changing twice

per clock cycle, 50% of input data changing at every burst

IDD4W

Auto refresh current; tRC = tRFC(min) - 8*tCK for DDR200 at 100Mhz,
10*tCK for DDR266A & DDR266B at 133Mhz and 12*tCK for DDR333; distributed refresh

IDD5

Self refresh current; CKE =< 0.2V; External clock should be on;
tCK = 100Mhz for DDR200, 133Mhz for DDR266A & DDR266B and 166Mhz for DDR333

IDD6

Orerating current - Four bank operation ; Four bank interleaving with BL=4
-Refer to the following page for detailed test condition

IDD7A
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Test Condition DDR SDRAM

Detailed test conditions for DDR SDRAM IDD1 & IDD7

IDD1 : Operating current: One bank operation

1. Only one bank is accessed with tRC(min), Burst Mode, Address and Control inputs on NOP edge are changing once per clock cycle.
lout = OmA

2. Timing patterns
- DDR200(100Mhz, CL=2) : tCK = 10ns, CL2, BL=4, tRCD = 2*tCK, tRAS = 5*tCK
Read: AO NRONN PON AO N - repeat the same timing with random address changing
*50% of data changing at every burst
- DDR266B(133Mhz, CL=2.5) : tCK = 7.5ns, CL=2.5, BL=4, tRCD = 3*tCK, tRC = 9*tCK, tRAS = 5*{CK
Read : AONNRONPONNNAON - repeat the same timing with random address changing
*50% of data changing at every burst
- DDR266A (133Mhz, CL=2) : tCK = 7.5ns, CL=2, BL=4, tRCD = 3*tCK, tRC = 9*tCK, tRAS = 5*tCK
Read : AONNRONPONNNAON - repeat the same timing with random address changing
*50% of data changing at every burst
- DDR333(166Mhz, CL=2.5) : tCK=6ns, CL=2.5, BL=4, tRCD=10*tCK, tRAS=7*t{CK
Read : AONNRONPONNNAON -repeat the same timing with random address changing
*50% of data changing at every burst

IDD7A : Operating current: Four bank operation

1. Four banks are being interleaved with tRC(min), Burst Mode, Address and Control inputs on NOP edge are not
changing. lout = 0OmA

2. Timing patterns

- DDR200(100Mhz, CL=2) : tCK = 10ns, CL2, BL=4, tRRD = 2*tCK, tRCD= 3*tCK, Read with autoprecharge
Read : AON A1 RO A2 R1 A3 R2 A0 R3 A1 RO - repeat the same timing with random address changing
*50% of data changing at every burst

- DDR266B(133Mhz, CL=2.5) : tCK = 7.5ns, CL=2.5, BL=4, tRRD = 2*tCK, tRCD = 3*t{CK
Read with autoprecharge
Read : AON A1 RO A2 R1 A3 R2 N R3 A0 N A1 RO - repeat the same timing with random address changing
*50% of data changing at every burst

- DDR266A (133Mhz, CL=2) : tCK = 7.5ns, CL2=2, BL=4, tRRD = 2*tCK, tRCD = 3*tCK,Read with autoprecharge
Read : AON A1 RO A2 R1 A3R2 N R3 A0 N A1 RO - repeat the same timing with random address changing
*50% of data changing at every burst

-DDR333(166Mhz,CL=2.5) : tCK=6ns, CL=2.5, BL=4, tRRD=2*tCK, tRCD=3*tCK,Read with autoprecharge
Read : AON A1 RO A2 R1 A3 R2 N R3 A0 N A1 RO - repeat the same timing with random address changing
*50% of data changing at every burst

Legend : A=Activate, R=Read, W=Write, P=Precharge, N=NOP
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Overshoot/Undershoot specification for Address and Control Pins

Parameter Specification | Notes

Maximum peak amplitude allowed for overshoot (See Figure 1): 1.6V 1,2,3

Maximum peak amplitude allowed for undershoot (See Figure 1): 1.6V 1,2,3

The area between the overshoot signal and VDD must be less than or equal to (See Figure 1): 4.5 V-ns 1,2,3

The area between the undershoot signal and GND must be less than or equal to (See Figure 1): 4.5 V-ns 1,2,3
/ VPP overshaot

// \ Maximum Amplitude = 1.6
—

[4 x A
Area = 4.5V-ns
— | ~
LY
Maximum Amplitude = 1.6V \ GND

Volts (V)
h b N A o AN A~oo

} T T T I
0 0.6875 1.5 25 3.5 4.5 55 63125 7.0
0.5 1.0 2.0 3.0 4.0 5.0 6.0 6.5
undershoot

Notes:

1. This specification is intended for only DDR200, DDR266A and DDR266B devices.
2. This specification is intended for only devices with NO clamp protection

3. This compliance is to be verified by design only.

Overshoot/Undershoot specification for Data Pins

Parameter Specification | Notes
Maximum peak amplitude allowed for overshoot (See Figure 2): 1.2V 1,2,3
Maximum peak amplitude allowed for undershoot (See Figure 2): 1.2V 1,2,3
The area between the overshoot signal and VDD must be less than or equal to (See Figure 2): 2.5V-ns 1,2,3
The area between the undershoot signal and GND must be less than or equal to (See Figure 2): 2.5V-ns 1,2,3
vVDDQ
/ Overshqot
5
4 // Maximum Amplitude = 1.2
S —F g4
2
Area = 2.5V-ns
s 1
§ o —
4 \ / il
2
3 Maximum Amplitude = 1.2V GND
-4

I T T T T T T
0 051014215 20 25 3.0 3.5 4.0 45 5.0,5.55.686.0 6.5 7.0

Tims(ns) undershoot

Notes:

1. This specification is intended for only DDR200, DDR266A and DDR266B devices.
2. This specification is intended for only devices with NO clamp protection

3. This compliance is to be verified by design only.
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Timing Diagram
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Timing DDR SDRAM

Timing Diagram

Basic Timing (Setup, Hold and Access Time @BL=4, CL=2)

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CKE

RAS
CAS
BAO, BA1
A10/AP
ADDR (A0~An)

WE

DQS

DQ

» T T

COMMAMD = oy @ ¢ Gy e
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Timing DDR SDRAM

Multi Bank Interleaving READ (@BL=4, CL=2)

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK
CK

CKE

CAS
BAO, BA1
A10/AP
ADDR (A0~An) .

WE

DQS

DQ

on

COMMAMD 1+ g o & 1k (o) 0 0 ()
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Timing DDR SDRAM

Multi Bank Interleaving WRITE (@BL=4)

CK
CK

CKE

CAS
BAO, BA1
A10/AP
ADDR (A0~An) .

WE

DQS

0 S e i 2, .0, 0 G ) GO/

o

o ||'u£3|35:i:||||
COMMAMD 1 @ [ emg @ 1 ¢ o) e (e
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Timing DDR SDRAM

Read with Auto Precharge (@BL=8)

CK
CK

CKE

RAS

CAS

N D L

DQS (CL=2)

DQ (CL=2)

DS (CL=25) | | i /—\_/—m

DQ (CL=2.5)

o

COMMAMD : : : -@ : L : : : : : : L .M :
Note 1 The row active command of the precharge bank can be issued after tre from this point
The new read/write command of another activated bank can be issued from this point
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.
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Timing DDR SDRAM

Write with Auto Precharge (@BL=8)

CK
CK

CKE

RAS

CAS

oor -y D G - G

. \ \ . . . . . . e .
. . . . . . . . ! ! DAL Auto Precharge start '
't . . . .
L WR . A itRp———
\ . . . !
. . . . .

i Note 1 '
. . .

- S N N

B VEEEERERV----

COMMAMD & & Qe v o
Note 1 Thé row active command of the prechdrge bank can be issued after tre from this point ' ' '
The new read/write command of another activated bank can be issued from this point
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.
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Timing DDR SDRAM

Write followed by Precharge (@BL=4)

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK
CK

CKE

RAS

CAS

A10/AP

ADDR (30-1)

o L it
IIIIIDaODaC‘}IIIIIIIIIIIIII
SN v MR v v s v 3 o
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Timing DDR SDRAM

Write Interrupted by Precharge & DM (@BL=8)

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK
CK

CKE

CAS

BAO, BA1

A10/AP

ook o-an) D D @) - G

o .

COMMAMD =+ em) & 2 ey e e
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Timing DDR SDRAM

Write Interrupted by a Read (@BL=8, CL=2)

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK
CK

CKE

RAS

CAS

BAO, BA1

A10/AP

oor -y D G G

on

. . . . . ;
. . \ . | .
' . | «—twrr—= |

commanD LG (e
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Timing DDR SDRAM

Read Interrupted by Precharge (@BL=8)

0 A 2, 3 4 5 .6 A .8 9 .10 |

CK
CK

CKE

RAS

CAS

A10/AP

ADDR (30-1)

DQS (CL=2)

) \ )
I [ P ' 1
l | 2tckValid | |

L O O O e e

DQS (CL=2.5)

) 4
2.5 teyValid

A T
DQ (CL=2.5) :an:oasi

"

coMmamMD 1t ) Gy

When a burst Read command is issued to a DDR SDRAM, a Precharge command may be issued to the same bank before the Read burst is
complete. The following functionality determines when a Precharge command may be given during a Read burst and when a new Bank Activate
command may be issued to the same bank.

1. For the earliest possible Precharge command without interrupting a Read burst, the Precharge command may be given on the rising clock
edge which is CL clock cycles before the end of the Read burst where CL is the CAS Latency. A new Bank Activate command may be issued
to the same bank after tRP (RAS Precharge time).

2. When a Precharge command interrupts a Read burst operation, the Precharge command may be given on the rising clock edge which is CL
clock cycles before the last data from the interrupted Read burst where CL is the CAS Latency. Once the last data word has been output, the
output buffers are tristated. A new Bank Activate command may be issued to the same bank after tRP.
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Timing DDR SDRAM

Read Interrupted by a Write & Burst Stop (@BL=8, CL=2)

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK
CK

CKE

CAS

T 7 ) D

L ) S R S YA

v NS A

ommo @i e e
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Timing DDR SDRAM

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

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK
CK

CKE

CAS

A10/AP

N i, © ) O

on

' ! | :4—‘clco—>E :
commio | @) TG |
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Timing DDR SDRAM

DM Function (@BL=8) only for write

. 0 A 2, 3 4 5 6 A .8 9 .10 |

CK

CKE ————————————————————HIGH

RAS //////////////// %///////////////////////////////////////////////////////////////

//////////////// ////////////////////////////////////////////////////////////////
BAO, BAf /////////////// %///////////////////////////////////////////////////////////////
e ;

DQS

O
>
(72}

=

N
/4//7 €

0 Xoat)

O = VNIV e o
COMMAMD : ! : : ! : ' ; ' ' ' ' : ' ' ' o

/////

DQ ) //é/// .
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Timing DDR SDRAM

Power up & Initialization Sequence(based on DDR400)

VDD

vDDQ

VTT
(system®)

VREF

CK
CK

CKE LvCMOS Low LEVu
{0

M:RSMF:{SPI:?E A:R A:R M%{S

COMMAND

DM

AQ-A9,
A11-A13

P S St HHIS

A10 ” - N rcooe{Dicooex{ly” |

BAO, BA1

: : Higlh—Z“ : ' ' : ' ' ):‘ : yl‘ : l') : ‘I) : ll) ' ' ' |
bas et i

T RS T TR IR T
o0 N e R ..

; ; 1 g ; T ; ;
tMRD tMRD tRP tRFC tRFC tMRD

T=200 us
>

200 cycles of CK**

+ Extended <
Mode

Power-up: Register

VDD and Set Load Load
CLK stable Mode Mode

Register Register
Reset DLL (with A8 = L)
(with A8 = H)

Don’t care

*=VTT is not applied directly to the device, however tVTD must be greater than or equal to avoice latch-up.

** =tMRD is required before any command can be applied, and 200 cycles of CK are required before a READ command
can be applied The two Auto Refresh commands may be moved to follow the first MRS but precede the second
PRECHARGE ALL command.
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Timing DDR SDRAM

Mode Register Set

:

?ﬁ

A10/AP

/
. ADDRESS KEY

Ao0R -

DM

DQ L

o I

Precharge’ . . . Any
Command ' ' ' ' Command

All Bank _ . Y
o Mode Resister Set [ ]:Dontcare

Command

Note : Power & Clock must be stable for 200us before precharge all bankes
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