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Aicron

1Gb: x4, x8, x16 DDR2 SDRAM
READ

ing the PRECHARGE command, a subsequent command to the same bank cannot be
issued until ‘RP is met. However, part of the row precharge time is hidden during the
access of the last data elements.

Examples of READ-to-PRECHARGE for BL = 4 are shown in Figure 51 and in Figure 52
for BL = 8. The delay from READ-to-PRECHARGE period to the same bank is AL + BL/2 -
2CK + MAX (‘RTP/'CK or 2 x CK) where MAX means the larger of the two.

Figure 51: READ-to-PRECHARGE -BL =4

Notes:

4-bit
prefetch
T0 T5 T6 T7
CK# -~ - - p--- -- - ---- ---a ----
e o e e e I S S
command NEERBNZ/ZX 10 xzm T D Y DU DY,
AL + BL/2 - 2(K + MAX (tRTP/tCK or ZCK)‘ : :
Address /XBank a7/ //XBank ax/, ‘ ‘/)(Bank ax/)
I | I | |
A10 2\ | / XValid X/, X Valid Y/,
oAL=1 | CL=3 : :
pQs, DS —— ———— T G o S
L SRTP(MIN) T T
bQ (CEPACEDXECIRATED)
A >tRAS (MIN) | >tRP (MIN) -
3 >tRC (MIN) N

Transitioning Data Don't Care

1. RL=4(AL=1,CL=3); BL=4.
2. 'RTP 2 clocks.
3. Shown with nominal tAC, tDQSCK, and 'DQSQ.

Figure 52: READ-to-PRECHARGE - BL = 8

Notes:

First 4-bit Second 4-bit
prefetch prefetch
k- 1O oM T2 T3 ) _T4 - _T5 T6 Y T8

Command Q(READ)@( NOP )@( NOP )@( NOP )@( NOP )@( PRE )m( NOP )@( NOP )m( ACT X//

- AL+ BL2 - 2CK + MAX (tRTP/tCK or 2CK) . ‘ ‘
Address 7XBank ax/, ‘ : , : 7/XBank ay/, : )(Bank aX//
A107)\ | / ‘ l l l | /XVallid)(/ | | /)(Vahd)@
a1 |, =3 | _ | | | |
DQS, DQS# - e - _," T ’T\L\L’T\L\L’____‘l\;,—
ba (D0 }(50 }{ B0 3{00 Y0 }{B0 ){ BOI(B0) ——
>tRTP (MIN) e >tRP (MIN) .
- >tRAS (MIN) -
- >tRC (MIN) .

[:] Transitioning Data Don't Care

1. RL=4(AL=1,CL=3); BL=8.
2. 'RTP 2 clocks.
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1Gb: x4, x8, x16 DDR2 SDRAM
READ

3. Shown with nominal tAC, tDQSCK, and 'DQSQ.

READ with Auto Precharge

If A10 is high when a READ command is issued, the READ with auto precharge function
is engaged. The DDR2 SDRAM starts an auto precharge operation on the rising clock
edge that is AL + (BL/2) cycles later than the read with auto precharge command provi-
ded ‘RAS (MIN) and ‘RTP are satisfied. If ‘RAS (MIN) is not satisfied at this rising clock
edge, the start point of the auto precharge operation will be delayed until ‘RAS (MIN) is
satisfied. If 'RTP (MIN) is not satisfied at this rising clock edge, the start point of the au-
to precharge operation will be delayed until ‘RTP (MIN) is satisfied. When the internal
precharge is pushed out by 'RTP, 'RP starts at the point where the internal precharge
happens (not at the next rising clock edge after this event).

When BL = 4, the minimum time from READ with auto precharge to the next ACTIVATE
command is AL + (‘RTP + 'RP)/'CK. When BL = 8, the minimum time from READ with
auto precharge to the next ACTIVATE command is AL + 2 clocks + (‘RTP + ‘RP)/'CK. The
term (‘RTP + ‘RP)/'CK is always rounded up to the next integer. A general purpose equa-
tion can also be used: AL + BL/2 - 2CK + (‘RTP + '‘RP)/'CK. In any event, the internal pre-
charge does not start earlier than two clocks after the last 4-bit prefetch.

READ with auto precharge command may be applied to one bank while another bank is
operational. This is referred to as concurrent auto precharge operation, as noted in Ta-
ble 42. Examples of READ with precharge and READ with auto precharge with applica-
ble timing requirements are shown in Figure 53 (page 104) and Figure 54 (page 105),
respectively.

Table 42: READ Using Concurrent Auto Precharge

Minimum Delay
From Command (Bank n) To Command (Bank m) (with Concurrent Auto Precharge) |Units
READ with auto precharge READ or READ with auto precharge BL/2 tCK
WRITE or WRITE with auto precharge (BL/2) + 2 tCK
PRECHARGE or ACTIVATE 1 tCK
CCMTD-1725822587-9658 103 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Figure 53: Bank Read - Without Auto Precharge

cK# o ---
K

T7 T7n T8 T8n T9

TO T1 T2 T3 T4 T5 T6
-- —— 20
| |
| |

/4

/I

x| | | e | | el
I | | | | |
command X nopt X//)X_AcT nor! X)X noet XX rean X)X nopt XK ere3 XK nopt X7/ nort XX act X
| | | [ | trTp4 | | | | | | | |
[ I | I | I | |
Address X RA X X Coln X7, X Ra X,
1 T | T T T
B ' Allbanks | I I
AT0 Y /N5 ) Y IXRA X
: : One bank : : :
| | | | |
Bank address MBanka MBank x></ MBank XGW »(Bankx >€
tRCD | | CL=3 | I | [ I I
tRA53| | [ | [ [ tRP | [
T T T T T
tRC | | | | | | | | | | |
| | I I I I ‘ | I I I
DM
IIIIIIIIIIIIIIIIIIIIIIIIIIIII:IIIII:IIIII‘FIIII!‘IIIII:II " n
| | | t |
Case 1: TAC (MIN) and tTDQSCK (MIN) | I I trpRe Dsc (MIN) ItRPST
I I | | 7-_RPRE |l 7
DQS, DQS# ! I -
I Lz (NI”N)_> 1 | | o | |
| | | 2 / R Q
oa? I I — e
[ [ ! ~ o Ty
| | 1z (S| MiN | tHz (i) J
m B N EE E|EEEEE|EEEEEEEEEE NS NN SN g E e (I I
| | | ! |
) tDQSCK (MAX]
Case 2: tAC (MAX) and tDQSCK (M|Ax) | | | : trpRE AQ ‘ (MAX) " trpsT :
[ [ I DR __ Lo
DQS, DQS# | I I \ I 1
[ Lz (MAX) ~ = |
| | |
— o
| | | | | | N\l _’_} | -
tLz (MIN)J tAC (MAX)—  tHZ (MAX) J
Transitioning Data Don't Care
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.
2. BL=4and AL =0 in the case shown.
3. The PRECHARGE command can only be applied at T6 if tRAS (MIN) is met.
4, READ-to-PRECHARGE = AL + BL/2 - 2CK + MAX (tRTP/'CK or 2CK).
5. Disable auto precharge.
6. "Don't Care” if A10 is HIGH at T5.
7. 1/0 balls, when entering or exiting High-Z, are not referenced to a specific voltage level,
but to when the device begins to drive or no longer drives, respectively.
8. DO n = data-out from column n; subsequent elements are applied in the programmed
order.
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Figure 54: Bank Read - with Auto Precharge

I
«e 7| Xy ‘ N/ AN/ /4
command X NopT W/7)X act /X Noet X/ )@enn3 NoPT WX nopt X7/7X nopt X7/ nop! NOP! ACT

| | | | ]
Address M RA W MCoInW 0( RA >€

S UG i
Bank address MBank X W 0< Bank XW ‘ ‘MBank X %

AL=1 CL=3 | I ‘ I
| |
| |
| |
| |
A N
[ | [

tRCD tRTP
tRAS tRp

tRC | |

DM

| |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘IIIIIﬂIIII

Case 1: TAC (MIN) and TDQSCK (MIN)

DQS, DQS#

Lz (MIN) -~ |<-

DQ®

|
CRC I
t17 viny | tac vy | tHz iy
" m @ N BN BN N N N E N NN NN NN NN NN NENESENESE@NENSSESESESESESESESN ESE NS N SN N NN N QN NN N N EN

Case 2: TAC (MAX) and IDQSCK (MAX) tRPRE DQSCK (MAX ' trpsT
DQS, DQS#
tLZ (MAX) ~|
DQG ) =
4-bit Internal tLZ (MAX) J tAC‘(MAX)-) tHZ‘(MAX).J‘
prefetch precharge
Transitioning Data Don’t Care
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.
2. BL=4,RL=4 (AL =1, CL = 3) in the case shown.
3. The DDR2 SDRAM internally delays auto precharge until both 'RAS (MIN) and *RTP (MIN)
have been satisfied.
4. Enable auto precharge.
5. 1/0 balls, when entering or exiting High-Z, are not referenced to a specific voltage level,
but to when the device begins to drive or no longer drives, respectively.
6. DO n = data-out from column n; subsequent elements are applied in the programmed
order.
CCMTD-1725822587-9658 1 05 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Figure 55: x4, x8 Data Output Timing - tDQSQ, 'QH, and Data Valid Window

T1 T2 T2n T3 T3n T4

tHp1

DQ4 \
DQ (first data no longer valid) )

DQ (last data valid)

DQ (first data no longer valid)

All DQs and DQS collectively6

Earliest signal transition —»I

Latest signal transition

Data Data Data Data
valid valid valid valid
window window window window

Notes: 1. HP is the lesser of *CL or 'CH clock transitions collectively when a bank is active.

2. 'DQSQ is derived at each DQS clock edge, is not cumulative over time, begins with DQS
transitions, and ends with the last valid transition of DQ.

3. DQ transitioning after the DQS transition defines the 'DQSQ window. DQS transitions at
T2 and at T2n are “early DQS,” at T3 are “nominal DQS,"” and at T3n are “late DQS."

4, DQO, DQ1, DQ2, DQ3 for x4 or DQ[7:0] for x8.
tQH is derived from tHP: 'QH = tHP - 'QHS.
6. The data valid window is derived for each DQS transition and is defined as 'QH - '{DQSQ.

wvi
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Figure 56: x16 Data Output Timing - 'DQSQ, '*QH, and Data Valid Window

!
typ!

DQ (last data valid)4

DQ4

DQ4

DQ4

DQ4

DQ4

DQ4

DQ (first data no longer valid)4

31Ag Jamon

DQ (last data valid)4

DQ (first data no longer valid)4

DQO-DQ7 and LDQS collectively®

Data valid Data valid Data valid
window window window
. 1DQsQ? tbasQ?
o I -
UDQS#
uDQs3

DQ (last data valid)7

DQ’

DQ’

pQ’

DQ’

DQ’

pQ’

DQ (first data no longer valid)’

91Ag Jaddn

DQ (last data valid)?

DQ (first data no longer valid)7

DQ8-DQ15 and UDQS collectively®

Data valid Data valid Data valid Data valid
window window window window
Notes: 1. HP is the lesser of *CL or *CH clock transitions collectively when a bank is active.
2. 'DQSQ is derived at each DQS clock edge, is not cumulative over time, begins with DQS
transitions, and ends with the last valid transition of DQ.
3. DQ transitioning after the DQS transitions define the 'tDQSQ window. LDQS defines the
lower byte, and UDQS defines the upper byte.
4. DQO, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, or DQ7.
5. 'QH is derived from tHP: 'QH = tHP - tQHS.
6. The data valid window is derived for each DQS transition and is 'QH - 'DQSQ.
CCMTD-1725822587-9658 1 07 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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7. DQS8, DQY, bQ10, D11, DQ12, DQ13, DQ14, or DQ15.

Figure 57: Data Output Timing - *AC and 'DQSCK

Tn T4 Tén TS TSn 6 Tén 7

A

CK# -
CK

|
tHZ (MAX)
tDQSCK2 (MAX)

DQS#/DQS or
LDQS#/LDQS/UDQ#/UDQS3

DQ (last data valid)

DQ (first data valid)

All DQs collectively4

tz (MIN)-}

4
tacs tMIN) tAC5 (MAX) tHZ (MAX) —)

Notes: 1. READ command with CL = 3, AL = 0 issued at TO.
2. 'DQSCK is the DQS output window relative to CK and is the long-term component of
DQS skew.
3. DQ transitioning after DQS transitions define tDQSQ window.
4. All DQ must transition by tDQSQ after DQS transitions, regardless of tAC.
5. 'ACis the DQ output window relative to CK and is the “long term” component of DQ
skew.
6. 'LZ (MIN) and *AC (MIN) are the first valid signal transitions.
7. HZ (MAX) and *AC (MAX) are the latest valid signal transitions.
8. 1/0 balls, when entering or exiting High-Z, are not referenced to a specific voltage level,
but to when the device begins to drive or no longer drives, respectively.
CCMTD-1725822587-9658 108 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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WRITE

WRITE bursts are initiated with a WRITE command. DDR2 SDRAM uses WL equal to RL
minus one clock cycle (WL = RL - 1CK) (see READ (page 79)). The starting column and
bank addresses are provided with the WRITE command, and auto precharge is either
enabled or disabled for that access. If auto precharge is enabled, the row being accessed
is precharged at the completion of the burst.

Note: For the WRITE commands used in the following illustrations, auto precharge is
disabled.

During WRITE bursts, the first valid data-in element will be registered on the first rising
edge of DQS following the WRITE command, and subsequent data elements will be reg-
istered on successive edges of DQS. The LOW state on DQS between the WRITE com-
mand and the first rising edge is known as the write preamble; the LOW state on DQS
following the last data-in element is known as the write postamble.

The time between the WRITE command and the first rising DQS edge is WL +DQSS.
Subsequent DQS positive rising edges are timed, relative to the associated clock edge, as
+'DQSS. 'DQSS is specified with a relatively wide range (25% of one clock cycle). All of
the WRITE diagrams show the nominal case, and where the two extreme cases (‘DQSS
[MIN] and 'DQSS [MAX]) might not be intuitive, they have also been included. Figure 58
(page 110) shows the nominal case and the extremes of 'DQSS for BL = 4. Upon com-
pletion of a burst, assuming no other commands have been initiated, the DQ will re-
main High-Z and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with a subsequent WRITE command to
provide continuous flow of input data. The first data element from the new burst is ap-
plied after the last element of a completed burst. The new WRITE command should be
issued x cycles after the first WRITE command, where x equals BL/2.

Figure 59 (page 111) shows concatenated bursts of BL = 4 and how full-speed random
write accesses within a page or pages can be performed. An example of nonconsecutive
WRITEs is shown in Figure 60 (page 111). DDR2 SDRAM supports concurrent auto pre-
charge options, as shown in Table 43.

DDR2 SDRAM does not allow interrupting or truncating any WRITE burst using BL. = 4
operation. Once the BL = 4 WRITE command is registered, it must be allowed to com-
plete the entire WRITE burst cycle. However, a WRITE BL = 8 operation (with auto pre-
charge disabled) might be interrupted and truncated only by another WRITE burst as
long as the interruption occurs on a 4-bit boundary due to the 4n-prefetch architecture
of DDR2 SDRAM. WRITE burst BL = 8 operations may not be interrupted or truncated
with any command except another WRITE command, as shown in Figure 61 (page
113).

Data for any WRITE burst may be followed by a subsequent READ command. To follow
aWRITE, 'WTR should be met, as shown in Figure 62 (page 114). The number of clock
cycles required to meet '‘WTR is either 2 or 'WTR/'CK, whichever is greater. Data for any
WRITE burst may be followed by a subsequent PRECHARGE command. 'WR must be
met, as shown in Figure 63 (page 115). 'WR starts at the end of the data burst, regardless
of the data mask condition.

CCMTD-1725822587-9658 1 09 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Table 43: WRITE Using Concurrent Auto Precharge

1Gb: x4, x8, x16 DDR2 SDRAM
WRITE

From Command To Command Minimum Delay
(Bank n) (Bank m) (with Concurrent Auto Precharge) | Units
WRITE with auto precharge READ or READ with auto precharge (CL-1) + (BL/2) + 'WTR tcK
WRITE or WRITE with auto precharge (BL/2) tCK
PRECHARGE or ACTIVATE 1 tCK

Figure 58: Write Burst

Notes:

_____

p— |

DQ

VA

tDQSS (MIN)
DQsS, DQs#

e

DQ

IDQSS (MAX)

):

\/=

DQS, DQS#
DQ
DM
Transitioning Data w Don‘t Care
1. Subsequent rising DQS signals must align to the clock within 'DQSS.
2. DI b =data-in for column b.
3. Three subsequent elements of data-in are applied in the programmed order following
DI b.
4. Shown with BL =4, AL =0, CL = 3; thus, WL = 2.
5. A10is LOW with the WRITE command (auto precharge is disabled).

CCMTD-1725822587-9658
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Figure 59: Consecutive WRITE-to-WRITE

K T0 T Tin T2 T2n T3 T3n T4 T4n T5 T5n T6

CK

Bank,
Address Colb

tDQss (NOM)

[P—

SO

I
|
|
DQS, DQS# :
|

DQ

DM

Transitioning Data Don’t Care

Notes: 1. Subsequent rising DQS signals must align to the clock within 'DQSS.
2. DI b, etc. = data-in for column b, etc.

3. Three subsequent elements of data-in are applied in the programmed order following
Dl b.

4. Three subsequent elements of data-in are applied in the programmed order following
DI n.

5. Shown with BL =4, AL =0, CL = 3; thus, WL = 2.
6. Each WRITE command may be to any bank.

Figure 60: Nonconsecutive WRITE-to-WRITE

Command %WRlTE)@( NOP )@( NOP WRITE>@< NOP )@( NOP >@< NOP )@
|
WL =2 | I wL=2 : :
| ! :
I | |
Bank, Bank,
Address % Colb />< Coln W / /
| |
tDQSS (NOM) WL =+ tDQsS ! | ! !
DQS, DQS#
DQ
DM

Transitioning Data Don’t Care

Notes: 1. Subsequent rising DQS signals must align to the clock within tDQSS.
2. DI b (or n), etc. = data-in for column b (or column n).
3. Three subsequent elements of data-in are applied in the programmed order following

DI b.
4. Three subsequent elements of data-in are applied in the programmed order following
DI n.
CCMTD-1725822587-9658 1 1 1 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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5. Shown with BL =4, AL =0, CL = 3; thus, WL = 2.
6. Each WRITE command may be to any bank.

CCMTD-1725822587-9658 1 1 2 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Figure 61: WRITE Interrupted by WRITE

T1 T2 4 T5 T6 T7 T8 T9

—
w
—

_———— - _——— _———— — \ - -

Command YNRITE! a)m( NOP2 X////){URITES B NOPZ )m( N
| |

*

| | | | “
I PX/L/X No|P2 XULX N?PZWVallid“)m( Vallid4)m(vmlid4)m
L ) L L |

Address /X Valid> /X Valid5 X | | | | | | |
|
A10 A 7/ XValid® X/

—O

[ 7 [ 7 [ 7 [ 7 [ 7 [ [
oas,Dass SR S S G G I S SN WD SN S S S
T T T T T T ‘
¢ |
pQ G 0 0T 0 B 26t 2 w2 2n %3 2 b a2 b's ) nr6 b2 7 )—
WL=3
2-clock requirement WL=3

[] Transitioning Data Don't Care

Notes: 1. BL =8 required and auto precharge must be disabled (A10 = LOW).

2. The NOP or COMMAND INHIBIT commands are valid. The PRECHARGE command cannot
be issued to banks used for WRITEs at TO and T2.

3. The interrupting WRITE command must be issued exactly 2 x *CK from previous WRITE.

4. The earliest WRITE-to-PRECHARGE timing for WRITE at TO is WL + BL/2 + 'WR where 'WR
starts with T7 and not T5 (because BL = 8 from MR and not the truncated length).

5. The WRITE command can be issued to any valid bank and row address (WRITE command
at TO and T2 can be either same bank or different bank).

6. Auto precharge can be either enabled (A10 = HIGH) or disabled (A10 = LOW) by the in-
terrupting WRITE command.

7. Subsequent rising DQS signals must align to the clock within tDQSS.

8. Example shown uses AL =0; CL =4, BL = 8.

CCMTD-1725822587-9658 1 1 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Figure 62: WRITE-to-READ

T
r [ [ R B B TeTTT [ [ \ [ " [ [ 1
! 1DQSS (NOM) | WL +1DQss | | | | | , CL=3 | ‘ Lo
H | g | | | | | [ o
:DQS' DQs# | | | | | | | R — T\'T\—:
S HECOXE
: [ | [ | | !
! DM i
e et s et it A A A R A T o Et e e e et e e £t
! tDQSS (MIN) =3 1 1 : i
' ‘ ISERRRRREE r--t
10Qs, DQs¥ 1 |\ /_\T\_:
i oo N
1 | | [
E DM .
;:t::::::::::: ZZZZZIIzjzzoopoIs ::::;::::':::;:::i
! tDQSS (MAX) =3 , | I
! DQS, DQS# i : |\_¢_ ‘ ) /_\lw\_i
1 1 L 1 1
P 0Q X
! ] [ | 1
H DM :
Transitioning Data Don’t Care
Notes: 1. 'WTR is required for any READ following a WRITE to the same device, but it is not re-
quired between module ranks.

2. Subsequent rising DQS signals must align to the clock within *DQSS.

3. DI b = data-in for column b; DO n = data-out from column n.

4. BL=4, AL=0, CL = 3; thus, WL = 2.

5. One subsequent element of data-in is applied in the programmed order following DI b.

6. 'WTR is referenced from the first positive CK edge after the last data-in pair.

7. A10is LOW with the WRITE command (auto precharge is disabled).

8. The number of clock cycles required to meet 'WTR is either 2 or 'WTR/CK, whichever is

greater.
CCMTD-1725822587-9658 1 14 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Figure 63: WRITE-to-PRECHARGE

TO T1 T2

« , <\_{
Command % WRITE NOP >@< NOP
| |
|

|
|
Address
1 1DQSS (NOM)
1 DQs#
! DQS
'
p
I DM
1 1DQSS (MIN)
i DQS#
' DQs
1
i DQ
:
1 DM
E tDQSS (MAX)
| DQS#
1 DQs
:
' DQ
:
E DM
Transitioning Data Don’t Care
Notes: 1. Subsequent rising DQS signals must align to the clock within 'DQSS.

2. DI b =data-in for column b.

3. Three subsequent elements of data-in are applied in the programmed order following
DI b.

4, BL=4, CL=3, AL =0; thus, WL = 2.

5. "WR is referenced from the first positive CK edge after the last data-in pair.

6. The PRECHARGE and WRITE commands are to the same bank. However, the PRECHARGE
and WRITE commands may be to different banks, in which case *WR is not required and
the PRECHARGE command could be applied earlier.

7. A10is LOW with the WRITE command (auto precharge is disabled).

CCMTD-1725822587-9658 1 1 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Figure 64: Bank Write — Without Auto Precharge

K __.To m T T3 T4 ~Ts Tsn T6  Ten 17 T8 T

CK \___// ’\___/\ ’\---l\ ;\___’\ \\___’ \.___ \____ ____/ ___,I ———
tck tCH'tCL : : ‘

e 7/ ‘ | | e ey ‘ N/

XX

command X NoPT X7/)X_act X7/ norl Y/ (wRITEZ )X NopT

| | | | | | | |
| |

T T

| ! ! All blanks

A10 X _RA Y, NE! T X
| : | Onelbank
Bank select MBankx W MBa"kXW ‘ ﬁ(Bank x4>Q
tRCD WL =2 : : ! tWR
| IRAS | tRP

|
|

|
| WL +tDQSS (NOM) !

DQS, DQS# 'S S G R S
l?vVPRE tDQSL [tDQSH|twPST
FOIE OO

oM INANLANLANAL
Transitioning Data Don’t Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

BL =4 and AL = 0 in the case shown.

Disable auto precharge.

“Don’t Care” if A10 is HIGH at T9.

Subsequent rising DQS signals must align to the clock within tDQSS.

DI n = data-in for column n; subsequent elements are applied in the programmed order.
'DSH is applicable during 'DQSS (MIN) and is referenced from CK T5 or T6.

DSS is applicable during 'DQSS (MAX) and is referenced from CK T6 or T7.

© N vk wN
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WRITE

Figure 65: Bank Write — with Auto Precharge

T0 T1 T4 T6  Tén T7 T8 T9

b o T2 R o S Ts TS n o o
CK \---'/I ———‘/ —__I/ \___// ’\___/\ \\___/ _/, \-___I/ ———-/ - -
tck TCH| L : :
T T 1
N/ Y//4

CKE/‘W///W///Y/////W | ) ey

| |

Command ?( NOP! )@( ACT >@< NOP! WWRITEZW NoP! >@< NOP! >@< NOP! >@< NOP! NOP! NOP!
| |
|

| | | | |
dres 2 XS VT

|
A10 /X _RA X

Bank select /XBank X ></ /XBank x></

D' V4

S

tRCD WL =2 ‘ ! wR4
| |
RAS | | 'RP
| wLstpass (Nom) | ‘
|l
5
DQS, DQS# ﬁ/lf £ X f __X
||
tWPRE tDQSL [tDQSH]| twPsT

DQs WERROBEORROTY,
DM WNVINVINVINYY,

Transitioning Data Don’t Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL=4 and AL = 0 in the case shown.
3. Enable auto precharge.

4. WR is programmed via MR9-MR11 and is calculated by dividing *WR (in ns) by *CK and
rounding up to the next integer value.

5. Subsequent rising DQS signals must align to the clock within 'DQSS.

6. DI n =data-in from column n; subsequent elements are applied in the programmed or-
der.

7. 'DSH is applicable during 'DQSS (MIN) and is referenced from CK T5 or Té6.
8. 'DSS is applicable during 'DQSS (MAX) and is referenced from CK T6 or T7.
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1Gb: x4, x8, x16 DDR2 SDRAM

WRITE
Figure 66: WRITE - DM Operation
sy .10 . T2 T3 T4 T5 _Te Ten_ T7 T7/n_ T8 9 T10 ™
K (XA X4 1
tck
7 ||| || U W |||
| |
Command /X NoPTX//)X ACT X/ )X NoRTX//)RTEZX /X NOPTX// X NoRT X/ /X NoP T/ )X noRTX(/)X NPT/ 2)X(nopTX//)<or T ){//X PRE X7
| [LAL=1] WL =2 | ! | ‘ |
[ |
Address XA, X@IRY, ‘ ‘ I,
| |
f f All banks
A10 /)X _RA X, 23
| | | | | Onelbank
Bank select 7/ XBank XX/ //)XBank XX/ ‘ ‘ )@ﬂkx“)@
tRCD ! ! twR5
tRAS 1 1 tRPA
|_ WL +tDQSS (NOM) { ;
i e 1.6 [
DQS, DQS# Y 2 G O S N /
tWPRE thQSL tDQSH|twPsT
pQ’ ISCIITU B
DM YAUNVY,
E] Transitioning Data ///] Don't Care
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.
2. BL=4, AL=1, and WL = 2 in the case shown.
3. Disable auto precharge.
4. "Don’t Care” if A10is HIGH at T11.
5. YWVR starts at the end of the data burst regardless of the data mask condition.
6. Subsequent rising DQS signals must align to the clock within tDQSS.
7. DI n = data-in for column n; subsequent elements are applied in the programmed order.
8. 'DSH is applicable during 'tDQSS (MIN) and is referenced from CK T6 or T7.
9. DSS is applicable during 'tDQSS (MAX) and is referenced from CK T7 or T8.
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ény Icron WRITE

Figure 67: Data Input Timing

TO T Tin T2 T2n T3 T3n T4
CKE  mmmmm e mm e\ o = -
K — e e e
, tpss 2
DQS A/ /2
DQS# &\A Mo N T 77/
t t t
WPRE DQSL |tDQSH |twpsT

°q IR OO T DY
ou DN KN KON RN A7

Transitioning Data Don’t Care

1. DSH (MIN) generally occurs during 'DQSS (MIN).
2. 'DSS (MIN) generally occurs during tDQSS (MAX).
3. Subsequent rising DQS signals must align to the clock within tDQSS.
4. WRITE command issued at TO.
5
6

Notes:

. For x16, LDQS controls the lower byte and UDQS controls the upper byte.
. WRITE command with WL = 2 (CL = 3, AL = 0) issued at TO.
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PRECHARGE

1Gb: x4, x8, x16 DDR2 SDRAM
PRECHARGE

Precharge can be initiated by either a manual PRECHARGE command or by an autopre-
charge in conjunction with either a READ or WRITE command. Precharge will deacti-
vate the open row in a particular bank or the open row in all banks. The PRECHARGE
operation is shown in the previous READ and WRITE operation sections.

During a manual PRECHARGE command, the A10 input determines whether one or all
banks are to be precharged. In the case where only one bank is to be precharged, bank
address inputs determine the bank to be precharged. When all banks are to be pre-
charged, the bank address inputs are treated as “Don’t Care.”

Once a bank has been precharged, it is in the idle state and must be activated prior to
any READ or WRITE commands being issued to that bank. When a single-bank PRE-
CHARGE command is issued, ‘RP timing applies. When the PRECHARGE (ALL) com-
mand is issued, 'RPA timing applies, regardless of the number of banks opened.

CCMTD-1725822587-9658
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(p/'? ICron 1Gb: x4, x8, x16 DDR2 SDRAM

REFRESH

REFRESH

The commercial temperature DDR2 SDRAM requires REFRESH cycles at an average in-
terval of 7.8125us (MAX) and all rows in all banks must be refreshed at least once every
64ms. The refresh period begins when the REFRESH command is registered and ends
‘RFC (MIN) later. The average interval must be reduced to 3.9us (MAX) when T exceeds
85°C.

Figure 68: Refresh Mode

Tal TbO Tb1 Tb2

| | tCK | ta |

e 77 ‘ N7/ /4 W K4
command /X NopT X7/X PR X7//)X_NopT X7//X Nopt /X ReF

13

\/4
NoPT W)X REr2 NoPT X7/X Nor! Y7/ K acT )

yJﬁgM

Address | | {( 0( R|A >
e S,
One bank

N —

_r"\\—f—.rws_r\
—

Bank /XBank(s)w

NN

W /}<B|A>

DQS, DQs#A Zi Ny
L
| | ) |
bo* A v
| | U | C |
pm4 4 i/
tRP | tRFC (MIN) | tRFC2 |
Indicates a break in ,
ZZ time scale ” Don't Care
Notes: 1. NOP commands are shown for ease of illustration; other valid commands may be possi-
ble at these times. CKE must be active during clock positive transitions.
2. The second REFRESH is not required and is only shown as an example of two back-to-
back REFRESH commands.
3. “Don't Care” if A10 is HIGH at this point; A10 must be HIGH if more than one bank is
active (must precharge all active banks).
4. DM, DQ, and DQS signals are all “Don’t Care”/High-Z for operations shown.
CCMTD-1725822587-9658 1 21 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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SELF REFRESH

SELF REFRESH

The SELF REFRESH command is initiated when CKE is LOW. The differential clock
should remain stable and meet ‘CKE specifications at least 1 x 'CK after entering self re-
fresh mode. The procedure for exiting self refresh requires a sequence of commands.
First, the differential clock must be stable and meet 'CK specifications at least 1 x 'CK
prior to CKE going back to HIGH. Once CKE is HIGH ({CKE [MIN] has been satisfied
with three clock registrations), the DDR2 SDRAM must have NOP or DESELECT com-
mands issued for XXSNR. A simple algorithm for meeting both refresh and DLL require-
ments is used to apply NOP or DESELECT commands for 200 clock cycles before apply-
ing any other command.
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SELF REFRESH

Figure 69: Self Refresh

kel 7/
command /X Nop REF X/

oot N LI/

tAOFD/tAOFPD®

Address

DQS#, DQS

DQ

DM

txsNR2: 5 10
trp8 tCKE (MIN)? XSNR

I
|
|
| txsrp2. 7
Enter self refresh Exit self refresh
mode (synchronous) mode (asynchronous) ZZ

Indicates a break in Don't Care

time scale

Notes: 1. Clock must be stable and meeting 'CK specifications at least 1 x tCK after entering self
refresh mode and at least 1 x '*CK prior to exiting self refresh mode.

2. Self refresh exit is asynchronous; however, tXXSNR and t™XSRD timing starts at the first ris-
ing clock edge where CKE HIGH satisfies ISXR.

3. CKE must stay HIGH until tXSRD is met; however, if self refresh is being re-entered, CKE
may go back LOW after tXXSNR is satisfied.

4. NOP or DESELECT commands are required prior to exiting self refresh until state TcO,
which allows any nonREAD command.

5. '™SNR is required before any nonREAD command can be applied.

6. ODT must be disabled and Ryt off ({AOFD and tAOFPD have been satisfied) prior to en-
tering self refresh at state T1.

7. ™SRD (200 cycles of CK) is required before a READ command can be applied at state
TdO.

8. Device must be in the all banks idle state prior to entering self refresh mode.

9. After self refresh has been entered, '*CKE (MIN) must be satisfied prior to exiting self re-
fresh.

10. Upon exiting SELF REFRESH, ODT must remain LOW until tXSRD is satisfied.
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Power-Down Mode

Power-Down Mode

DDR2 SDRAM supports multiple power-down modes that allow significant power sav-
ings over normal operating modes. CKE is used to enter and exit different power-down
modes. Power-down entry and exit timings are shown in Figure 70 (page 125). Detailed
power-down entry conditions are shown in Figure 71 (page 127)-Figure 78 (page 130).
Table 44 (page 126) is the CKE Truth Table.

DDR2 SDRAM requires CKE to be registered HIGH (active) at all times that an access is
in progress—from the issuing of a READ or WRITE command until completion of the
burst. Thus, a clock suspend is not supported. For READs, a burst completion is defined
when the read postamble is satisfied; for WRITEs, a burst completion is defined when
the write postamble and '‘WR (WRITE-to-PRECHARGE command) or ‘WTR (WRITE-to-
READ command) are satisfied, as shown in Figure 73 (page 128) and Figure 74 (page
128) on Figure 74 (page 128). The number of clock cycles required to meet 'WTR is ei-
ther two or 'WTR/'CK, whichever is greater.

Power-down mode (see Figure 70 (page 125)) is entered when CKE is registered low co-
incident with an NOP or DESELECT command. CKE is not allowed to go LOW during a
mode register or extended mode register command time, or while a READ or WRITE op-
eration is in progress. If power-down occurs when all banks are idle, this mode is refer-
red to as precharge power-down. If power-down occurs when there is a row active in
any bank, this mode is referred to as active power-down. Entering power-down deacti-
vates the input and output buffers, excluding CK, CK#, ODT, and CKE. For maximum
power savings, the DLL is frozen during precharge power-down. Exiting active power-
down requires the device to be at the same voltage and frequency as when it entered
power-down. Exiting precharge power-down requires the device to be at the same volt-
age as when it entered power-down; however, the clock frequency is allowed to change
(see Precharge Power-Down Clock Frequency Change (page 131)).

The maximum duration for either active or precharge power-down is limited by the re-
fresh requirements of the device 'RFC (MAX). The minimum duration for power-down
entry and exit is limited by the '‘CKE (MIN) parameter. The following must be main-
tained while in power-down mode: CKE LOW, a stable clock signal, and stable power
supply signals at the inputs of the DDR2 SDRAM. All other input signals are “Don’t
Care” except ODT. Detailed ODT timing diagrams for different power-down modes are
shown in Figure 83 (page 137)-Figure 88 (page 141).

The power-down state is synchronously exited when CKE is registered HIGH (in con-
junction with a NOP or DESELECT command), as shown in Figure 70 (page 125).
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Power-Down Mode

Figure 70: Power-Down

Command

CKE

Address

txp3, tXARD4

tXARDS>
DQS, DQS#
DQ
DM
Enter Exit
ower-down ower-down 1 ,
P vr:I'lodeGW P WmodeW ” Don’t Care
Notes: 1. If this command is a PRECHARGE (or if the device is already in the idle state), then the
power-down mode shown is precharge power-down. If this command is an ACTIVATE
(or if at least one row is already active), then the power-down mode shown is active
power-down.

2. 'CKE (MIN) of three clocks means CKE must be registered on three consecutive positive
clock edges. CKE must remain at the valid input level the entire time it takes to achieve
the three clocks of registration. Thus, after any CKE transition, CKE may not transition
from its valid level during the time period of UIS + 2 x *CK + tIH. CKE must not transition
during its IS and 'IH window.

3. ™XP timing is used for exit precharge power-down and active power-down to any non-
READ command.

4. '™ARD timing is used for exit active power-down to READ command if fast exit is selec-
ted via MR (bit 12 = 0).

5. ™ARDS timing is used for exit active power-down to READ command if slow exit is se-
lected via MR (bit 12 = 1).

6. No column accesses are allowed to be in progress at the time power-down is entered. If
the DLL was not in a locked state when CKE went LOW, the DLL must be reset after exit-
ing power-down mode for proper READ operation.
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Table 44: Truth Table - CKE

1Gb: x4, x8, x16 DDR2 SDRAM
Power-Down Mode

Notes 1-4 apply to the entire table

Current State

CKE Command (n)

Previous Cycle

(n-

1)

Current CSi#, RAS#, CAS#,

Cycle (n) WE# Action (n) Notes

Power-down

L

L X Maintain power-down 5,6

DESELECT or NOP Power-down exit 7,8

Self refresh

X Maintain self refresh 6

DESELECT or NOP Self refresh exit 7,9, 10

Bank(s) active

L
L
L
H

—r|IT|—|XI

DESELECT or NOP | Active power-down en- 7,8, 11,12

try

All banks idle

L DESELECT or NOP | Precharge power-down 7,8, 11

entry

L Refresh Self refresh entry 10, 12, 13

H Shown in Table 37 (page 74) 14

Notes:

10.

11.

12.

13.
14.

CKE (n) is the logic state of CKE at clock edge n; CKE (n - 1) was the state of CKE at the
previous clock edge.

Current state is the state of the DDR2 SDRAM immediately prior to clock edge n.
Command (n) is the command registered at clock edge n, and action (n) is a result of
command (n).

The state of ODT does not affect the states described in this table. The ODT function is
not available during self refresh (see ODT Timing (page 134) for more details and spe-
cific restrictions).

Power-down modes do not perform any REFRESH operations. The duration of power-
down mode is therefore limited by the refresh requirements.

“X" means “Don"t Care” (including floating around Vggg) in self refresh and power-
down. However, ODT must be driven high or low in power-down if the ODT function is
enabled via EMR.

All states and sequences not shown are illegal or reserved unless explicitly described
elsewhere in this document.

Valid commands for power-down entry and exit are NOP and DESELECT only.

On self refresh exit, DESELECT or NOP commands must be issued on every clock edge oc-
curring during the tXXSNR period. READ commands may be issued only after tXSRD (200
clocks) is satisfied.

Valid commands for self refresh exit are NOP and DESELECT only.

Power-down and self refresh can not be entered while READ or WRITE operations,
LOAD MODE operations, or PRECHARGE operations are in progress. See SELF REFRESH
(page 122) and SELF REFRESH (page 80) for a list of detailed restrictions.

Minimum CKE high time is *CKE = 3 x *CK. Minimum CKE LOW time is '*CKE = 3 x 'CK.
This requires a minimum of 3 clock cycles of registration.

Self refresh mode can only be entered from the all banks idle state.

Must be a legal command, as defined in Table 37 (page 74).
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Power-Down Mode

Figure 71: READ-to-Power-Down or Self Refresh Entry

T
CK# -y -
K — N

tCKE (MIN)

4 \//4 N/ Y/4 \7/4 \//4 NN
Address 9( Valid X/
A10 )\ /

o0s oass — SR ) S G S
pQ | RLZ3 (‘o y{po y{ po y{ Do )
|

Power-down? or
self refresh entry

Transitioning Data Don't Care

Notes: 1. Inthe example shown, READ burst completes at T5; earliest power-down or self refresh
entry is at T6.

2. Power-down or self refresh entry may occur after the READ burst completes.

Figure 72: READ with Auto Precharge-to-Power-Down or Self Refresh Entry

T
(o e Y N ) N e Y e
&K o]

command /X RE|ADW //X_ Nop W‘/X N|OP X/‘/)( N|OP X jﬁ(Valid X/ ‘0( Va||id W‘ /)X NOP! W‘

tCKE (MIN)
“7 | W W | W W |
Address % Vallid X/ | | ; | ; | |
A10 / | W ‘ ‘ I
DQS,DQS¥ — Tt \ ----- - yoo |

00 E D DAED)

Power-down or
self refresh® entry

Transitioning Data Don’t Care

Notes: 1. Inthe example shown, READ burst completes at T5; earliest power-down or self refresh
entry is at T6.

2. Power-down or self refresh entry may occur after the READ burst completes.
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Power-Down Mode

Figure 73: WRITE-to-Power-Down or Self Refresh Entry

CK# - - _'!'0 \K' _.n T2 T3 T4 T5 T6 T7 T8

K veo-d

‘ ‘ | tCKE (MIN)

e/ | \//4 N4 \//4 \ /4 \//4 N4 KA/

Address Z( Valid )(

A10 7\ | /

DQS, DQS# i rmmm- \ ﬂ;\ m |
|

bQ {50 3{ 00 ${ 00 5{ 00 )
WL =3 | twTR ‘

Power-down or
self refresh entry!

E Transitioning Data Don't Care

Note: 1. Power-down or self refresh entry may occur after the WRITE burst completes.

Figure 74: WRITE with Auto Precharge-to-Power-Down or Self Refresh Entry

T1 T2 T3 T4 T5 Ta0 _ Tal Ta2

K - oy P
o — A

e ——]

R — R — R E— R — R —
Command 7/} WRITE /X _NOP X////X NOP X////X Nop X////X Valid X////X Valid

CKE | \7/4 \7/4 \7/4 \7/4 \7/4
Address %Valid W

TCKE (MIN)

[
A10 / ‘ W
| |
o oost — X : :
PQ | {0 y{po y{00 {00 Y
I

WL =3 ‘ WR2 |
1
Power-down or

self refresh entry

Zé Indicatei a break in Transitioning Data Don’t Care
time scale

Notes: 1. Internal PRECHARGE occurs at Ta0 when WR has completed; power-down entry may oc-
cur 1 x ¥CK later at Ta1, prior to RP being satisfied.
2. WR is programmed through MR9-MR11 and represents (‘WR [MIN] ns/tCK) rounded up
to next integer 'CK.
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Power-Down Mode

Figure 75: REFRESH Command-to-Power-Down Entry

CK——— |~~~ |

| |
Command % valid W ‘ &(REFRESHW‘ 0( NOP W

teKE (MIN)

oe 7/ \Y N

1x tek

Power-down
entry

Don’t Care

Note: 1. The earliest precharge power-down entry may occur is at T2, which is 1 x *CK after the
REFRESH command. Precharge power-down entry occurs prior to 'RFC (MIN) being satis-
fied.

Figure 76: ACTIVATE Command-to-Power-Down Entry

CK——— '~~~ |

[ [
Command @( Valid W ‘ M ACT W ‘% NOP W‘
Address % VALID W

TCKE (MIN)

e N4 NN

1tk

Power-down!
entry

Don’t Care

Note: 1. The earliest active power-down entry may occur is at T2, which is 1 x *CK after the ACTI-
VATE command. Active power-down entry occurs prior to tRCD (MIN) being satisfied.
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Power-Down Mode

Figure 77: PRECHARGE Command-to-Power-Down Entry

K — - |

command 7)) vais WX pTE XN woe W7,

|
Address % Valid W
| |

All banks
A10 % Singlgsbank W

Ve oy NP /20 V" RN
|
I

'CKE (MIN)

e /) ) U

1 x 'K

Power-down
entry

Don’'t Care

Note: 1. The earliest precharge power-down entry may occur is at T2, which is 1 x *CK after the
PRECHARGE command. Precharge power-down entry occurs prior to 'RP (MIN) being sat-
isfied.

Figure 78: LOAD MODE Command-to-Power-Down Entry

Address % Valid! W

tCKE (MIN)

“7 N4 \Y4 U

trp2 tMRD

Power-down3

entry

Don’t Care

Notes: 1. Valid address for LM command includes MR, EMR, EMR(2), and EMR(3) registers.
2. All banks must be in the precharged state and 'RP met prior to issuing LM command.
3. The earliest precharge power-down entry is at T3, which is after tMRD is satisfied.
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Precharge Power-Down Clock Frequency Change

1Gb: x4, x8, x16 DDR2 SDRAM
Precharge Power-Down Clock Frequency Change

When the DDR2 SDRAM is in precharge power-down mode, ODT must be turned off
and CKE must be at a logic LOW level. A minimum of two differential clock cycles must
pass after CKE goes LOW before clock frequency may change. The device input clock
frequency is allowed to change only within minimum and maximum operating fre-
quencies specified for the particular speed grade. During input clock frequency change,
ODT and CKE must be held at stable LOW levels. When the input clock frequency is
changed, new stable clocks must be provided to the device before precharge power-
down may be exited, and DLL must be reset via MR after precharge power-down exit.
Depending on the new clock frequency, additional LM commands might be required to
adjust the CL, WR, AL, and so forth. Depending on the new clock frequency, an addi-
tional LM command might be required to appropriately set the WR MR9, MR10, MR11.
During the DLL relock period of 200 cycles, ODT must remain off. After the DLL lock
time, the DRAM is ready to operate with a new clock frequency.

Figure 79: Input Clock Frequency Change During Precharge Power-Down Mode
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Reset

CKE Low Anytime

1Gb: x4, x8, x16 DDR2 SDRAM
Reset

3. Minimum CKE high time is *CKE = 3 x '*CK. Minimum CKE LOW time is 'CKE = 3 x 'CK.
This requires a minimum of three clock cycles of registration.

4. If this command is a PRECHARGE (or if the device is already in the idle state), then the
power-down mode shown is precharge power-down, which is required prior to the clock
frequency change.

DDR2 SDRAM applications may go into a reset state anytime during normal operation.
If an application enters a reset condition, CKE is used to ensure the DDR2 SDRAM de-
vice resumes normal operation after reinitializing. All data will be lost during a reset
condition; however, the DDR2 SDRAM device will continue to operate properly if the
following conditions outlined in this section are satisfied.

The reset condition defined here assumes all supply voltages (Vpp, Vppg, Vppr, and
Vrer) are stable and meet all DC specifications prior to, during, and after the RESET op-
eration. All other input balls of the DDR2 SDRAM device are a “Don’t Care” during RE-
SET with the exception of CKE.

If CKE asynchronously drops LOW during any valid operation (including a READ or
WRITE burst), the memory controller must satisfy the timing parameter ‘DELAY before
turning off the clocks. Stable clocks must exist at the CK, CK# inputs of the DRAM be-
fore CKE is raised HIGH, at which time the normal initialization sequence must occur
(see Initialization). The DDR2 SDRAM device is now ready for normal operation after
the initialization sequence. Figure 80 (page 133) shows the proper sequence for a RE-
SET operation.
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Figure 80: RESET Function
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Notes: 1. Vpp, Vool Vopa, V11, and Vger must be valid at all times.

2. Either NOP or DESELECT command may be applied.

3. DM represents DM for x4/x8 configuration and UDM, LDM for x16 configuration. DQS
represents DQS, DQS#, UDQS, UDQS#, LDQS, LDQS#, RDQS, and RDQS# for the appropri-
ate configuration (x4, x8, x16).

4. In certain cases where a READ cycle is interrupted, CKE going HIGH may result in the
completion of the burst.

5. Initialization timing is shown in Figure 43 (page 92).
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ODT Timing

Once a 12ns delay (‘MOD) has been satisfied, and after the ODT function has been ena-
bled via the EMR LOAD MODE command, ODT can be accessed under two timing cate-
gories. ODT will operate either in synchronous mode or asynchronous mode, depend-
ing on the state of CKE. ODT can switch anytime except during self refresh mode and a
few clocks after being enabled via EMR, as shown in Figure 81 (page 135).

There are two timing categories for ODT—turn-on and turn-off. During active mode
(CKE HIGH) and fast-exit power-down mode (any row of any bank open, CKE LOW,
MR[12 = 0]), 'AOND, 'AON, 'AOFD, and 'AOF timing parameters are applied, as shown in
Figure 83 (page 137).

During slow-exit power-down mode (any row of any bank open, CKE LOW, MR[12] = 1)
and precharge power-down mode (all banks/rows precharged and idle, CKE LOW),
'AONPD and ‘AOFPD timing parameters are applied, as shown in Figure 84 (page 137).

ODT turn-off timing, prior to entering any power-down mode, is determined by the pa-
rameter "ANPD (MIN), as shown in Figure 85 (page 138). At state T2, the ODT HIGH sig-
nal satisfies 'ANPD (MIN) prior to entering power-down mode at T5. When ‘ANPD
(MIN) is satisfied, 'AOFD and 'AOF timing parameters apply. Figure 85 (page 138) also
shows the example where 'ANPD (MIN) is not satisfied because ODT HIGH does not oc-
cur until state T3. When ‘ANPD (MIN) is not satisfied, 'AOFPD timing parameters apply.

ODT turn-on timing prior to entering any power-down mode is determined by the pa-
rameter 'ANPD, as shown in Figure 86 (page 139). At state T2, the ODT HIGH signal sat-
isfies ANPD (MIN) prior to entering power-down mode at T5. When ‘ANPD (MIN) is
satisfied, 'AOND and 'AON timing parameters apply. Figure 86 (page 139) also shows
the example where ‘ANPD (MIN) is not satisfied because ODT HIGH does not occur un-
til state T3. When ‘ANPD (MIN) is not satisfied, "AONPD timing parameters apply.

ODT turn-off timing after exiting any power-down mode is determined by the parame-
ter 'AXPD (MIN), as shown in Figure 87 (page 140). At state Tal, the ODT LOW signal
satisfies ‘AXPD (MIN) after exiting power-down mode at state T1. When 'AXPD (MIN) is
satisfied, YAOFD and 'AOF timing parameters apply. Figure 87 (page 140) also shows the
example where 'AXPD (MIN) is not satisfied because ODT LOW occurs at state Ta0.
When 'AXPD (MIN) is not satisfied, 'AOFPD timing parameters apply.

ODT turn-on timing after exiting either slow-exit power-down mode or precharge pow-
er-down mode is determined by the parameter tAXPD (MIN), as shown in Figure 88
(page 141). At state Tal, the ODT HIGH signal satisfies tAXPD (MIN) after exiting pow-
er-down mode at state T1. When 'AXPD (MIN) is satisfied, 'AOND and 'AON timing pa-
rameters apply. Figure 88 (page 141) also shows the example where '‘AXPD (MIN) is not
satisfied because ODT HIGH occurs at state Ta0. When 'AXPD (MIN) is not satisfied,
YAONPD timing parameters apply.
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Figure 81: ODT Timing for Entering and Exiting Power-Down Mode
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MRS Command to ODT Update Delay

During normal operation, the value of the effective termination resistance can be
changed with an EMRS set command. 'MOD (MAX) updates the Ryt setting.

1Gb: x4, x8, x16 DDR2 SDRAM
ODT Timing

Figure 82: Timing for MRS Command to ODT Update Delay
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Notes: 1. The LM command is directed to the mode register, which updates the information in

EMR (A6, A2), that is, Ryt (nominal).

2. To prevent any impedance glitch on the channel, the following conditions must be met:
tAOFD must be met before issuing the LM command; ODT must remain LOW for the en-
tire duration of the tMOD window until tMOD is met.

CCMTD-1725822587-9658
1GbDDR2.pdf - Rev. AB 09/18 EN

136

Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2007 Micron Technology, Inc. All rights reserved.



(p' ICron 1Gb: x4, x8, x16 DDR2 SDRAM

ODT Timing

Figure 83: ODT Timing for Active or Fast-Exit Power-Down Mode
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Figure 84: ODT Timing for Slow-Exit or Precharge Power-Down Modes
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Figure 85: ODT Turn-Off Timings When Entering Power-Down Mode
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Figure 86: ODT Turn-On Timing When Entering Power-Down Mode
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Figure 87: ODT Turn-Off Timing When Exiting Power-Down Mode
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Figure 88: ODT Turn-On Timing When Exiting Power-Down Mode
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