MCI‘OI‘I@ 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Features
Mobile SDRAM

MT48H16M16LF - 4 Meg x 16 x 4 banks
MT48H8M32LF - 2 Meg x 32 x 4 banks

Features Table 1: Addressing
e Fully synchronous; all signals registered on positive 16 Meg x 16 8 Meg x 32
. s%%e/gf;ggtfr? ;2)0_?(95\/ Configuration 4 Megx16x4 2Megx32x4
. ]Ionteflnal, p(iipelined loptla(raticin; column address can Refresh count bzr;(ks b?;(ks
e changed every clock cycle :

* Four intirnal bar{ks for c?),ncurrent operation Row address'hg 8K (A0-AT2) 4K (A0-A1T)
 Programmable burstlengths: 1, 2, 4, 8, or continuous Bank addressing 4 (BAO, BA1) 4 (BAO, BAT)

pagel Column addressing 512 (A0O-A8) 512 (A0-A8)
* Auto precharge, includes concurrent auto precharge
* Auto refresh and self refresh modes Table 2: Key Timing Parameters
e LVTTL-compatible inputs and outputs CL = CAS (READ) latency
* On-chip temperature sensor to control refresh rate
e Partial-array self refresh (PASR) CIc(»:\:’II(HI:a):te Access Time | Data | Data
* Deep power-down (DPD) Speed Setup | Hold
e Selectable Output drive (DS) Grade [ CL=2 (CL=3(CL=2|CL=3| Time | Time
* 64ms refresh period (8,192 rows) -75 104 133 8ns éns | 1.5ns | 1ns

-8 100 125 9ns 7ns 2.5ns ns

Options Marking
* VDD/VDDQ

- 1.8V/1.8V H
* Configuration

— 16 Megx 16 (4 Meg x 16 x 4 banks) 16M16

— 8 Megx 32 (2 Meg x 32 x 4 banks) 8M32
* Plastic “green” package

— 54-ball VFBGA (8mm x 9mm) BF

— 90-ball VFBGA (8mm x 13mm) B5
* Timing - cycle time

- 7.5nsatCL=3 -75

- 8nsatCL=3 -8
¢ Power

- Standard IpD2P/IDD7 None

— Low IDD2P/IDD7 L
¢ Operating temperature range

— Commercial (0° to +70°C) None

— Industrial (<40°C to +85°C) IT
¢ Design revision :G

Notes: 1. For continuous page burst, contact factory
for availability.

PDF:09005aef8219eeeb/Source: 09005aef8219eedd Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT48H16M16LF__1.fm - Rev F 4/07 EN 1 ©2006 Micron Technology, Inc. All rights reserved.

Products and specifications discussed herein are subject to change by Micron without notice.



Table of Contents

MCI‘OI‘I@ 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Table of Contents

FatUres . . .o e 1
L0 5 10 o 13 1
General DesCIiPtion . . .. ..ottt e e e e 5
Functional Block Diagrams. . . ... ...ttt et e e 6
Ball ASSIGNIMENTS . . . o ottt ettt et e e e e e e 8
11 DTCT Yot w105 o) s -0 10
Functional DeSCIIPTION . . . .ttt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e 12
INitialization . . . ..ot e e 12
Register Definition . ... ..o e e e e 13
A o0 Lol 2T o4 1 1= 13
Burst Length (BL). . . ..o oot e 13
BUISE Y P . oottt e e e e e e 13

CAS LatenCy (CL) . .« ottt e et e e e e e e e e et e e e 15
Operating MOde. . . . ..ot e 16
WIite BUISt MOAE. . . . ..ot ettt e e e e et e e e e e 16
Extended Mode Register (EMR) . ... ...ttt 16
Temperature-Compensated Self Refresh (TCSR). ..o e 17
Driver Strength. . ... ..o e 18

100 110 b2 1 o 1 (-3 19
COMMAND INHIBIT . . ..ottt et ettt e ettt ettt e 19

NO OPERATION (INOP) . .ttt ettt et et e et e e e e et e e et e e 20
LOAD MODE REGISTER (LMR) . . .« oottt e e e et et 20
ACT IV E. e e 20
READ ittt e e 20
WRITE ...ttt e ettt e e e e e e e e e 20
PRECHARGE. . . ..ttt et e e e e 20
BURST TERMINATE . . . o oottt et e e e e e e e e et e e e 21
AUTO REFRESH. . .t e e et e e e ettt 21
SELF REFRESH. . . ..ottt e et e e e e e et e 21
AUtO Precharge. . ..o o e 21
Deep POWEI-DOWIL . . ..o e 22

L0 o Tc) 16 0 o T 23
Bank/ROW ACHVATION. . . . .. e e e e e e e e e e e e e e e e e e e e e et e e e e e 23
RE A DD . . .t e 24

W RITES . . ettt e et e e e e e e e e 30
PRECHARGE. . . ..t e e et e e e e 34
POWET-DOWIL. . . oo e e e 34
Deep POWEI-DOWIL . ... e 35
CloCK SUSPENA . . . . oottt e ettt e e e e e 35
Burst Read/Single WIite. . . .. ... oo e e 35
Concurrent AUto Precharge .. ... ...t et e 36
READ with AUto Precharge . .. ...ttt e e e e e 36
WRITE with Auto Precharge . . ... o e e 38

I DL B I o) (= 40
Electrical Specifications. . ... ...t e 45
Absolute Maximum Ratings. . . . ...ttt e e 45
[0 <P 51
TImMIng DIaGramsS. . . ..o et 53
Package DIMEeNSIONS . . ... ..ottt et e ettt e et e 70

PDF:09005aef8219eeeb/Source: 09005aef8219eedd Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT48H16M16LFTOC.fm - Rev F 4/07 EN 2 ©2006 Micron Technology, Inc. All rights reserved.



° 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Mcron List of Figures

List of Figures

Figure 1: 256Mb Mobile SDRAM Part Numbering . ........... i 5
Figure 2: 16 Meg X 16 SDRAM ...t e e 6
Figure 3: BIMeg X 32 SDRAM . .. e 7
Figure 4: 54-Ball FBGA (Top View) —8mMIM X OIMIITL . . . oo vttt e e et ettt e et e et eee et e iiae e 8
Figure 5: 90-Ball VFBGA (Top View) —8mm X I3MIM . ...ttt 9
Figure 6: Mode Register Definition . ... e 14
Figure 7: CAS LAtBIICY .ot vttt ittt ettt ettt e e e e 16
Figure 8: EMR Definition . . . ... e e e e e e e e e e e 17
Figure 9: Activating a Specific Rowin a SpecificBank ........ ... .. . i 23
Figure 10:  Example: Meeting tRCD (MIN) When 2 < tRCD (MIN)/tCK <3 ... ot 24
Figure 11:  READ COMIMANA . . ...ttt e et e e e e e e e e e e e e e e e e e e e e e e ettt et et e e e eeeas 24
Figure 12:  Consecutive READ BUISES ... ... .. i e 25
Figure 13:  Random READ ACCESSES . . . . ...ttt ettt ettt e et e et e et e s 26
Figure 14:  READ-t0-WRITE .. .o e e et et 27
Figure 15: READ-to-WRITE with Extra Clock Cycle . ... .. ..o i eee 28
Figure 16: READ-t0o-PRECHARGE . ... .. . .. e e 28
Figure 17:  Terminatinga READ BUISE . . ... ... i e e et et et 29
Figure 18:  WRITE Command . ...........uuuttittt ettt ettt e e s 30
Figure 19:  WRITE BUISE . ... ettt e et 31
Figure 20:  WRITE-t0-WRITE . . . ... e e ettt ees 31
Figure 21: Random WRITE CyCles . . .. ... e e e e e e e e ettt ettt 32
Figure 22:  WRITE-t0-READ .. ... e e e e 32
Figure 23:  WRITE-t0o-PRECHARGE . .. ... .. . e e 33
Figure 24: Terminatinga WRITE Burst......... ... .. e 33
Figure 25: PRECHARGE Command ...........ooiuuuuitttttmiet ettt 34
Figure 26:  POWEI-DOWIL . . ... oo ettt e e e 35
Figure 27:  Clock Suspend During WRITE Burst ........ ... . oottt 36
Figure 28:  Clock Suspend During READ BUISt ... ... ittt e et enes 37
Figure 29: READ with Auto Precharge Interrupted by a READ .. ... 37
Figure 30:  READ with Auto Precharge Interrupted by aWRITE .......... ... . ... 38
Figure 31: ~ WRITE with Auto Precharge Interrupted by aREAD ............. . ... 39
Figure 32:  WRITE with Auto Precharge Interrupted byaWRITE ....... ... ... ... ... i, 39
Figure 33:  Typical Self Refresh Current vs. Temperature ...............uuuunnniie e, 49
Figure 34: Initialize and Load Mode Register ......... ... .. ittt 53
Figure 35:  POWer-DOWN MOAe . ...ttt e e e e ettt ettt et e 54
Figure 36:  Clock Suspend Mode .. ...ttt ettt et e et et e et ettt e e e et 55
Figure 37:  Auto Refresh Mode .. ... ...t e e e 56
Figure 38:  Self Refresh Mode ........ ... o it e e 57
Figure 39: READ —without Auto Precharge .............. .. i e 58
Figure 40: READ -—with Auto Precharge ........ ... .. oo e 59
Figure 41:  Single READ — without Auto Precharge . ... ...t 60
Figure 42:  Single READ —with Auto Precharge ...ttt e eeeeanes 61
Figure 43:  Alternating Bank Read ACCESSES . ... ..ottt e e e e 62
Figure 44: READ —DQM OPEIatiOn . . . .ottt ettt et e et e e ettt et eenn 63
Figure 45: WRITE —without Auto Precharge ........... ... i e 64
Figure 46: WRITE —with Auto Precharge ....... ... ..o i e 65
Figure 47:  Single WRITE — without Auto Precharge .......... ..ot eeeeeaans 66
Figure 48:  Single WRITE —with Auto Precharge ......... ... i e 67
Figure 49:  Alternating Bank Write ACCESSES ... .......uutiiii ittt e e s 68
Figure 50:  WRITE —DQM OPEIatiOn . .. ..o oottt ittt ettt ettt e et e et een 69
Figure 51:  54-Ball VFBGA (8mMm X 9IMNIMN) . . ...ttt e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e 70
Figure 52:  90-Ball VFBGA (8mm X 13MIIN) . ...ttt e et e e e e e e e e e e e e et et e e e e e e 71
PDF:09005aef8219eeeb/Source: 09005aef8219eedd Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT48H16M16LFLOF.fm - Rev F 4/07 EN 3 ©2006 Micron Technology, Inc. All rights reserved.



° 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
M cron List of Tables

List of Tables

Table 1: AdAIESSINIE . . ..ottt et e 1
Table 2: Key Timing Parameters . . ... ... u ettt it 1
Table 3: VEBGA Ball DeSCIiptions. . . . .« oottt et et ettt 10
Table 4: Burst Definition Table . . . ... ... e e e e e e 15
Table 5: Truth Table — Commands and DQM Operation ... .............uuuuuuueuuenenuennnnnnnnnnnn. 19
Table 6: Truth Table — CKE. . . ... e e e e e e e e e e e e e e e e e e e e e e et e e 40
Table 7: Truth Table — Current State Bank n, CommandtoBankn ................. . ... 41
Table 8: Truth Table — Current State Bank n, CommandtoBank m................. . ..., 43
Table 9: Absolute Maximum Ratings . .. ...ttt i e 45
Table 10: DC Electrical Characteristics and Operating Conditions. . ..........c.vitiiiiiiineennnnnn 45
Table 11: Electrical Characteristics and Recommended AC Operating Conditions ....................... 46
Table 12:  AC Functional CharacteriStiCs . . . . . . ... e e e e e e e e e e e e e e e e e et ettt 47
Table 13:  IDD Specifications and Conditions (X16) . .......oouunuttt it e 47
Table 14:  IDD Specifications and Conditions (X32) . .......uin ittt e e 48
Table 15: IDD7 — Self Refresh Current Options. . . ... ...ttt e e e e e et et e 49
Table 16: CaAPACIEAIICE . .« o ettt ettt et e e e 50
PDF:09005aef8219eeeb/Source: 09005aef8219eedd Micron Technology, Inc., reserves the right to change products or specifications without notice.

MT48H16M16LFLOT.fm - Rev F 4/07 EN 4 ©2006 Micron Technology, Inc. All rights reserved.



Aicron

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
General Description

Figure 1: 256Mb Mobile SDRAM Part Numbering

Power
Example Part Number: MT48H8M32LFB5-75LIT
oo/ Mobile ..
MT48 |VrDDDQ Configuration | Package | - |Speed| | Temp.|ReV|S|on ﬂ
Revision
Vbb/VDDQ :G | Design Revision
1.8V/1.8V H
Operating Temp.
Commercial
IT | Industrial
Configuration
16 Meg x 16 [16M16LF o
8Megx32 | 8M32LF Standard Ipp2P/IDb7
L |Low IDD2P/IDD7

Package Speed Grade
BF | 8 x 9 VFBGA (lead-free) -75 | CK=7.5ns
B5 | 8 x 13 VFBGA (lead-free) -8 tCK = 8.0ns

General Description

The Micron® 256Mb Mobile SDRAM is a high-speed CMOS, dynamic random-access
memory containing 268,435,456-bits. It is internally configured as a quad-bank DRAM
with a synchronous interface (all signals are registered on the positive edge of the clock
signal, CLK). Each of the x16’s 67,108,864-bit banks is organized as 8,192 rows by 512
columns by 16 bits. Each of the x32’s 67,108,864-bit banks is organized as 4,096 rows by
512 columns by 32 bits.

Read and write accesses to the SDRAM are burst oriented; accesses start at a selected
location and continue for a programmed number of locations in a programmed
sequence. Accesses begin with the registration of an ACTIVE command, which is then
followed by a READ or WRITE command. The address bits registered coincident with the
ACTIVE command are used to select the bank and row to be accessed. The address bits
registered coincident with the READ or WRITE command are used to select the starting
column location for the burst access.

The SDRAM provides for programmable read or write burst lengths (BLs) of 1, 2, 4, or 8
page locations with a read burst terminate option. An auto precharge function may be
enabled to provide a self-timed row precharge that is initiated at the end of the burst
sequence.

The 256Mb SDRAM uses an internal pipelined architecture to achieve high-speed opera-
tion. It also allows the column address to be changed on every clock cycle to achieve a
high-speed, fully random access. Precharging one bank while accessing one of the other
three banks will hide the precharge cycles and provide seamless high-speed, random-
access operation.
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jlcron 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Functional Block Diagrams

T ES—SS.S—

The 256Mb SDRAM is designed to operate in 1.8V low-power memory systems. An auto

refresh mode is provided, along with a power-saving deep power-down mode. All inputs
and outputs are LIVTTL-compatible.

SDRAM offers substantial advances in DRAM operating performance, including the
ability to synchronously burst data at a high data rate with automatic column-address
generation, the ability to interleave between internal banks in order to hide precharge
time, and the capability to randomly change column addresses on each clock cycle
during a burst access.

Functional Block Diagrams
Figure 2: 16 Meg x 16 SDRAM
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° 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Mcron Functional Block Diagrams
. TE—

Figure 3: 8 Meg x 32 SDRAM

H \
H H
H H
H H
H
BA1 BAO Bank !
H
0 0 0 '
H 0 1 1
H
: 1 0 2 H
H H
| H
CKE —»QO—— 1 1 3 :
CLK —»O—
v
' H
cst —wO—— CONTROL H
H Suw LOGIC B
Wt —»O—— F g :
. 20 BANK3 '
Cast —»O—— S & BANK2 :
RASE | O BANK1 :
H H
H H
B H
H H
H H
: - :
' ! .
: ! | REFRESH q :
: MODE REGISTER ! | _COUNTER ROW. - BANKO !
' -
H ' ADDRESS ROW- BANKO
H 414E ' MUX ADDRESS MEMORY ’ 4 :
: LI LATCH ARRAY ° S4— DQMO-
H 12 & (4,096 x 512 x 32) I H DQM3
H ' DECODER :
H ' H
. N .
H ' SENSE AMPLIFIERS DATA
! ' 32 OUTPUT '
: ! 09 )/ REGISTER H
' : H
: : :
. H
E ! 2 1/0 GATING 2 DQO-
' ' DQM MASK LOGIC , DQ31
' : BANK READ DATA LATCH !
A0-AT1, ' ADDRESS | ] CONTROL [ WRITE DRIVERS :
BAO, BA1 REGISTER LOGIC DATA H
. 2 32 INPUT :
H REGISTER H
B — H
— H
H » H
H '
' COLUMN H
! % DECODER '
. COLUMN- :
H ADDRESS 9 '
' 9 COUNTER/ '
: LATCH !
H H
H H
H H
H H
B H
H H
H H
B H
H H
H H
B H
H H
H H
B H
H H
................................................................................................................................... H
PDF:09005aef8219eeeb/Source: 09005aef8219eedd Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT48H16M16LF_2.fm - Rev F 4/07 EN 7 ©2006 Micron Technology, Inc. All rights reserved.



Aicron

Ball Assignments

Figure 4:

1 2 3

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

54-Ball FBGA (Top View) - 8mm x 9mm
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Ball Assignments

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Aicron

90-Ball VFBGA (Top View) - 8mm x 13mm

Figure 5:
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Aicron

Ball Descriptions

Table 3:

VFBGA Ball Descriptions

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Ball Descriptions
- TEET———

54-Ball VFBGA

90-Ball VFBGA

Symbol

Type Description

F2

n

CLK

Input | Clock: CLK is driven by the system clock. All SDRAM input signals
are sampled on the positive edge of CLK. CLK also increments

the internal burst counter and controls the output registers.

F3

J2

CKE

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

Input

G9

J8

CS#

Input | Chip select: CS# enables (registered LOW) and disables
(registered HIGH) the command decoder. All commands are
masked when CS# is registered HIGH. CS# provides for external
bank selection on systems with multiple banks. CS# is considered

part of the command code.

F7, F8, F9

K7, J9, K8

CASH#,
RAS#, WE#

Input | Command inputs: RAS#, CAS#, and WE# (along with CS#) define

the command being entered.

F1, E8

K9, K1, F8, F2

ubQM
LDQM,
DQMO-
DQM3

Input | Input/output mask: DQM is sampled HIGH and is an input mask
signal for write accesses and an output enable signal for read
accesses. Input data is masked during a WRITE cycle. The output
buffers are placed in a High-Z state (two-clock latency) during a
READ cycle. For the x16, LDQM corresponds to DQ0-DQ7 and
UDQM corresponds to DQ8-DQ16. For the x32, DQMO
corresponds to DQ0-DQ7, DQM1 corresponds to DQ8-DQ15,
DQM2 corresponds to DQ16-DQ23, and DQM3 corresponds to
DQ24-DQ31. DQMO0-DQMS3 (or LDQM and UDQM if x16) are
considered same state when referenced as DQM. DQM loading is
designed to match that of DQ balls.

G7, G8

J7, H8

BAO, BA1

Input | Bank address input(s): BAO and BA1 define to which bank the
ACTIVE, READ, WRITE, or PRECHARGE command is being
applied. These balls also provide the op-code during a LOAD
MODE REGISTER (LMR) command. BAO and BA1 become “Don’t

Care” when registering an ALL BANK PRECHARGE (A10 HIGH).

H7, H8, J8, J7,

J3,J2, H3, H2,

H1, G3, H9, G2,
G1

G8, GY9, F7, F3,
G1, G2, G3, H1,
H2, J3, G7, H9

A0-A12

Input | Address inputs: AO-A12 are sampled during the ACTIVE
command (row-address A0O-A12) and READ/WRITE command
(column-address A0-A8 [x32]; column-address A0-A8 [x16]; with
A10 defining auto precharge) to select one location out of the
memory array in the respective bank. A10 is sampled during a
PRECHARGE command to determine if all banks are to be
precharged (A10 HIGH) or bank selected by BAO, BA1. The

address inputs also provide the op-code during a LMR command.
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256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Ball Descriptions

Table 3: VFBGA Ball Descriptions (Continued)

54-Ball VFBGA | 90-Ball VFBGA | Symbol Type Description

A8, B9, B8, C9, | R8, N7, R9, N8, | DQ0-DQ31 I/0 Data input/output: Data bus.

C8, D9, D8, E9, | P9, M8, M7, L8,

E1, D2, D1, C2, | L2, M3, M2, P1,

C1, B2, B1, A2 | N2, R1, N3, R2,
E8, D7, D8, B9,
C8, A9, C7, A8,
A2, C3, A1, C2,
B1, D2, D3, E2

A7, B3, C7,D3 | B2, B7, C9, D9, VDDQ Supply | DQ power: Provide isolated power to DQ for improved noise
E1, L1, M9, N9, immunity.

P2, P7

A3, B7, C3, D7 | BS, B3, C1, D1, VssQ Supply | DQ ground: Provide isolated ground to DQ for improved noise

E9, L9, M1, N1, immunity.
P3, P8
A9, E7, J9 A7, F9, L7, R7 VDD Supply | Core power supply.
A1, E3, 1 A3, F1, L3, R3 Vss Supply | Ground.
- E3, E7, H3, H7, NC - Internally not connected: These could be left unconnected, but
K3 it is recommended they be connected to Vss.
E2 K2 DNU Input | E2is a TEST pin that must be tied to Vss or VssQ in normal

operation.
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° 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
C-EEI cron Functional Description

Functional Description

Initialization

In general, a 256Mb SDRAM is quad-bank DRAM that operates at 1.8V and includes a
synchronous interface (all signals are registered on the positive edge of the clock signal,
CLK).

Read and write accesses to the SDRAM are burst oriented; accesses start at a selected
location and continue for a programmed number of locations in a programmed
sequence. Accesses begin with the registration of an ACTIVE command, which is then
followed by a READ or WRITE command. The address bits registered coincident with the
ACTIVE command are used to select the bank and row to be accessed (BA0 and BA1
select the bank, A0-A12 select the row for x16, and A0-A11 select the row for x32). The
address bits (A0-A8 for x16 and A0-A8 for x32) registered coincident with the READ or
WRITE command are used to select the starting column location for the burst access.

Prior to normal operation, the SDRAM must be initialized. The following sections
provide detailed information covering device initialization, register definition,
command descriptions, and device operation.

SDRAM must be powered up and initialized in a predefined manner. Operational proce-

dures other than those specified may result in undefined operation. The initialization for

mobile SDRAM is as follows.

1. Simultaneously apply power to VDD and VDDQ.

2. After power supplies have settled, apply a stable clock signal. Stable clock is defined as
a signal cycling within timing constraints specified for the clock pin.

3. Wait at least 100us. During this period NOP or COMMAND INHIBIT commands
should be applied. No other command other than NOP or COMMAND INHIBIT is
allowed during this period.

4. Preform a PRECHARGE ALL command to place the SDRAM into an all banks idle
state.

5. Wait at least 'RP time. During this time NOP or COMMAND INHIBIT commands must
be applied.

6. Issue an AUTO REFRESH command.

7. Wait at least 'RFC time, during which only NOP or COMMAND INHIBIT commands
are allowed.

8. Issue an Auto Refresh command.

9. Wait at least 'RFC time, during which only NOP or COMMAND INHIBIT commands
are allowed.

10. Issue a LOAD MODE REGISTER command with BA1=0, andBA0=0, to program the
mode register with desired values.

11. Wait ‘"MRD time. Only NOP or COMMAND INHIBIT commands may be applied dur-
ing this time.

12. Issue a LOAD MODE REGISTER command with BA1=1, and BA0=0, to program the
extended mode register with desired values.

13. Wait '"MRD time. Only NOP or COMMAND INHIBIT commands may be applied dur-
ing this time.

The Mobile SDRAM is now initialized and can accept any valid command.
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Register Definition

Mode Register

There are two MRs in the component: mode register and extended mode register (EMR).
The mode register is illustrated in Figure 6 on page 14. The mode register is used to
define the specific mode of operation of the SDRAM. This definition includes the selec-
tion of a burst length (BL), a burst type, a CAS latency (CL), an operating mode and a
write burst mode, as shown in Figure 6 on page 14. The mode register is programmed via
the LMR command and will retain the stored information until it is programmed again
or the device loses power.

MO0-M2 mode register bits specify the BL, M3 specifies the type of burst, M4-M6 specify
the CL, M7 and M8 specify the operating mode, M9 specifies the write burst mode, and
M10 and M11 should be set to zero.

The mode register must be loaded when all banks are idle, and the controller must wait
'!MRD before initiating the subsequent operation. Violating either of these requirements
will result in unspecified operation.

Burst Length (BL)

Read and write accesses to the SDRAM are burst oriented, with the BL being program-
mable, as shown in Figure 6 on page 14. The BL determines the maximum number of
column locations that can be accessed for a given READ or WRITE command. BL=1, 2,
4, 8 locations are available for both the sequential and the interleaved burst types.

Reserved states should not be used, as unknown operation or incompatibility with
future versions may result.

When a READ or WRITE command is issued, a block of columns equal to the BL is effec-
tively selected. All accesses for that burst take place within this block, meaning that the
burst will wrap within the block if a boundary is reached. The block is uniquely selected
by A1-A8 when BL = 2, A2-A8 when BL =4, and A3-A8 when BL = 8. The remaining (least
significant) address bit(s) is (are) used to select the starting location within the block.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved;
this is referred to as the burst type and is selected via bit M3.

The ordering of accesses within a burst is determined by the BL, the burst type, and the
starting column address, as shown in Table 4 on page 15.
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Figure 6: Mode Register Definition

BA1 BAO A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

ARRERRRREEER N

M14M13M12M11M10 M9 M8 M7 M6 M5 M4 M3 M2 M1 MO
14 /13/12 /11 /10 9/ 8 7 6/5/4 3/2 1 Oﬂ Moqe
| [ | Reserved |WB |OP Model CAS Latency | BT | Burst Length Register (Mx)

Program
M12, M11, M10 = “0, 0, 0" Y
to ensure compat_ibility Burst Length
with future devices.
M2M1MO| M3=0 M3 =1
\ 0 0 O 1 1
M14| M13 | Mode Register Definintion 0 01 2 2
0 0 | Base mode register 0 10 4 4
0 1 Reserved 0o 1 1 8 8
1 0 | Extended mode register 1 0 0 | Reserved | Reserved
1 1 Reserved 1 0 1 Reserved | Reserved
\ 1 1 0 | Reserved | Reserved
M9 Write Burst Mode 1T 11 Reserved | Reserved
0 | Programmed burst length
1 Single location access 1
M3 Burst Type
M8 | M7 | M6-MO| Operating Mode 0 Sequential
0 0 | Valid | Normal operation 1 Interleaved
- - - All other states reserved
A
M6 M5 M4 CAS Latency
0 0 O Reserved
0 0 1 Reserved
01 0 2
0 1 1 3
1. 0 0 Reserved
1.0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
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Burst Definition Table

Order of Accesses Within a Burst
Burst Length | Starting Column Address | Type = Sequential Type = Interleaved
2 A0
0 0-1 0-1
1 1-0 1-0
4 A1l A0
0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
8 A2 A1l A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

CAS Latency (CL)

The CL is the delay, in clock cycles, between the registration of a READ command and
the availability of the first piece of output data. The latency can be set to two or three
clocks.

If a READ command is registered at clock edge n, and the latency is m clocks, the data
will be available by clock edge 7 + m. The DQs will start driving as a result of the clock
edge one cycle earlier (n + m - 1), and provided that the relevant access times are met,
the data will be valid by clock edge n + m. For example, assuming that the clock cycle
time is such that all relevant access times are met, if a READ command is registered at TO
and the latency is programmed to two clocks, the DQs will start driving after T1 and the
data will be valid by T2, as shown in Figure 7 on page 16.

Reserved states should not be used as unknown operation or incompatibility with future
versions may result.

PDF:09005aef8219eeeb/Source: 09005aef8219eedd
MT48H16M16LF_2.fm - Rev F 4/07 EN

Micron Technology, Inc., reserves the right to change products or specifications without notice.
1 5 ©2006 Micron Technology, Inc. All rights reserved.



MCI’OI‘T 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Register Definition

Figure 7:  CAS Latency

i _on
DQ Dout
tAC

CL=3

DON'T CARE

%% UNDEFINED

Operating Mode

The normal operating mode is selected by setting M7 and M8 to zero; the other combi-
nations of values for M7 and M8 are reserved for future use.

Reserved states should not be used as unknown operation or incompatibility with future
versions may result.

Write Burst Mode

When M9 =0, the BL programmed via M0-M2 applies to both READ and WRITE bursts;

when M9 = 1, the programmed BL applies to READ bursts, but write accesses are single-
location accesses.

Extended Mode Register (EMR)

The low-power EMR controls the functions beyond those controlled by the MR. These
additional functions are special features of the mobile device. They include tempera-

ture-compensated self refresh (TCSR) control, partial-array self refresh (PASR), and
output drive strength.

The low-power EMR is programmed via the MODE REGISTER SET command and
retains the stored information until it is programmed again or the device loses power.
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Figure 8: EMR Definition

Notes:

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Register Definition
. EE—

BA1 BAO A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

SRR RERER R

E14 E13 E12 E11 E10 E9 E8 E7 E6 E5 E4 E3 E2 E1 EO

14,13/12/11/10/9/8/7/6/5/4/3/2/1 OQ Extended Mode

1] o] set to “0" | bs [Ttesk | pask Register
E14 | E13 | Mode Register Definintion E6 | E5 | Driver Strength
0 | 0 | Full strength driver
0 | 1 | Half strength driver
1 | 0 |Extended mode register 1 | 0 | Quarter strength driver
1 | 1 | Eighth strength driver
E12|E11|E10| E9 | E8 | E7 | E6-EO E2 | E1 | EO | Partial Array Self Refresh Coverage
00| O0|O0]| 0| 0] Valid | Normal operation 0 0 | Full array
[N I R I - All other states reserved 0 1 | Half array
0 0 | Quarter array
0 1 | Reserved
1 0 | Reserved
1 1

One-eighth array

w|l=m|lolo|=|=|o|o

1 0 | One-sixteenth array
1 1 | Reserved

1. On-die temperature sensor is used in place of TCSR. Setting these bits will have no effect.

The EMR must be loaded when all banks are idle and no bursts are in progress, and the
controller must wait the specified time before initiating any subsequent operation.
Violating either of these requirements results in unspecified operation. Once the values
are entered, the EMR settings will be retained even after exiting deep power-down mode.

Temperature-Compensated Self Refresh (TCSR)

On this version of the Mobile SDR SDRAM, a temperature sensor is implemented for
automatic control of the self refresh oscillator on the device. Therefore, it is recom-
mended not to program or use the temperature-compensated self refresh control bits in
the extended mode register.

Programming of the TCSR bits has no effect on the device. The self refresh oscillator will
continue refresh at the factory programmed optimal rate for the device temperature.
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Partial-Array Self Refresh (PASR)

For further power savings during self refresh, the partial-array self refresh (PASR) feature
allows the controller to select the amount of memory that will be refreshed during self
refresh. The following refresh options are available.

. All banks (banks 0, 1, 2, and 3).

. Two banks (banks 0 and 1; BA1=0).

. One bank (bank 0; BA1 = BA0 = 0).

. Half bank (bank 0; BA1 = BAO = row address MSB = 0).

. Quarter bank (bank 0; BA1 = BAO; row address MSB = row address MSB -1 = 0).

Qr = W N =~

WRITE and READ commands occur to any bank selected during standard operation, but
only the selected banks in PASR will be refreshed during self refresh. It is important to
note that data in banks 2 and 3 will be lost when the two-bank option is used.

Driver Strength
Bits E5 and E6 of the EMR can be used to select the driver strength of the DQ outputs.
This value should be set according to the application’s requirements.
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Table 5 provides a quick reference of available commands. This is followed by a written
description of each command. Three additional Truth Tables appear following “Opera-
tions” on page 23. These tables provide current state/next state information.

Table 5: Truth Table - Commands and DQM Operation
Notes 1 and 2 apply to all commands

Name (Function) CS# | RAS# | CAS# | WE# | DQM | ADDR DQs | Notes
COMMAND INHIBIT (NOP) H X X X X X X 4
NO OPERATION (NOP) L H H H X X X 4
ACTIVE (Select bank and activate row) L L H H X Bank/Row X 5
READ (Select bank and column, and start READ burst) L H L H L/H | Bank/Col X 6
WRITE (Select bank and column, and start WRITE burst) L H L L L/H | Bank/Col | Valid 6
BURST TERMINATE or deep power-down L H H L X X X 3,7,8
(Enter deep power-down mode)

PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 9
AUTO REFRESH or SELF REFRESH L L L H X X X 10, 11
(Enter self refresh mode)

LOAD MODE REGISTER L L L L X Op-Code X 12
Write enable/output enable X X X X L X Active

Write inhibit/output High-Z X X X X H X High-Z

Notes:

COMMAND INHIBIT

CKE is HIGH for all commands shown except SELF REFRESH and deep power-down.

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

The purpose of the BURST TERMINATE command is to stop a data burst, thus the command
could coincide with data on the bus. However, the DQs column reads a don't care state to
illustrate that the BURST TERMINATE command can occur when there is no data present.

4. DESELECT and NOP are functionally interchangeable.

w

10.
11.

12.

BAO-BA1 provide bank address and A0-A12 provide row address.

BAO-BA1 provide bank address; A0O-A9 provide column address; A10 HIGH enables the auto
precharge feature (nonpersistent), and A10 LOW disables the auto precharge feature.

. Applies only to read bursts with auto precharge disabled; this command is undefined (and

should not be used) for READ bursts with auto precharge enabled and for WRITE bursts.
This command is a BURST TERMINATE if CKE is HIGH, deep power-down if CKE is LOW.

A10 LOW: BAO-BA1 determine which bank is precharged. A10 HIGH: all banks are pre-
charged and BAO-BA1 are “Don’t Care.”

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

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

BAO-BA1 select either the standard mode register or the extended mode register (BAO = 0,
BA1 = 0 select the standard mode register; BAO = 0, BA1 = 1 select extended mode register;
other combinations of BAO-BA1 are reserved.) A0-A12 provide the op-code to be written to
the selected mode register.

The COMMAND INHIBIT function prevents new commands from being executed by the
SDRAM, regardless of whether the CLK signal is enabled. The SDRAM is effectively dese-
lected. Operations already in progress are not affected.
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NO OPERATION (NOP)

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Commands
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The NO OPERATION (NOP) command is used to perform a NOP to an SDRAM which is
selected (CS# is LOW). This prevents unwanted commands from being registered during
idle or wait states. Operations already in progress are not affected.

LOAD MODE REGISTER (LMR)

ACTIVE

READ

WRITE

PRECHARGE

The MR is loaded via inputs A0-A12, BAO, and BA1. (See “Mode Register” on page 13.)
The LMR and LOAD EXTENDED MODE REGISTER (LEMR) commands can only be
issued when all banks are idle, and a subsequent executable command cannot be issued
until ‘MRD is met.

The ACTIVE command is used to open (or activate) a row in a particular bank for a
subsequent access. The value on the BAO, BA1 inputs selects the bank, and the address
provided selects the row. This row remains active (or open) for accesses until a
PRECHARGE command is issued to that bank. A PRECHARGE command must be issued
before opening a different row in the same bank.

The READ command is used to initiate a burst read access to an active row. The value on
the BAO, BA1 inputs selects the bank, and the address provided selects the starting
column location. The value on input A10 determines whether or not auto precharge is
used. If auto precharge is selected, the row being accessed will be precharged at the end
of the read burst; if auto precharge is not selected, the row will remain open for subse-
quent accesses. Read data appears on the DQs subject to the logic level on the DQM
inputs two clocks earlier. If a given DQM signal was registered HIGH, the corresponding
DQs will be High-Z two clocks later; if the DQM signal was registered LOW, the DQs will
provide valid data.

The WRITE command is used to initiate a burst write access to an active row. The value
on the BAO, BA1 inputs selects the bank, and the address provides the starting column
location. The value on input A10 determines whether or not auto precharge is used. If
auto precharge is selected, the row being accessed will be precharged at the end of the
write burst; if auto precharge is not selected, the row will remain open for subsequent
accesses. Input data appearing on the DQs is written to the memory array subject to the
DQM input logic level appearing coincident with the data. If a given DQM signal is regis-
tered LOW, the corresponding data will be written to memory; if the DQM signal is regis-
tered HIGH, the corresponding data inputs will be ignored, and a write will not be
executed to that byte/column location.

The PRECHARGE command is used to deactivate the open row in a particular bank or
the open row in all banks. The bank(s) will be available for a subsequent row access a
specified time (‘RP) after the precharge command is issued. Input A10 determines
whether one or all banks are to be precharged, and in the case where only one bank is to
be precharged, inputs BAO, BA1 select the bank. Otherwise BAO, BA1 are treated as
“Don’t Care.” Once a bank has been precharged, it is in the idle state and must be acti-
vated prior to any READ or WRITE commands being issued to that bank.
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BURST TERMINATE

AUTO REFRESH

SELF REFRESH

Auto Precharge

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
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The BURST TERMINATE command is used to truncate fixed-length bursts. The most
recently registered READ or WRITE command prior to the BURST TERMINATE
command will be truncated, as shown in “Operations” on page 23.

AUTO REFRESH is used during normal operation of the SDRAM and is analogous to
CAS#-BEFORE-RAS# (CBR) refresh in conventional DRAM. This command is non persis-
tent, so it must be issued each time a refresh is required. All active banks must be
PRECHARGED prior to issuing an AUTO REFRESH command. The AUTO REFRESH
command should not be issued until the minimum ‘RP has been met after the
PRECHARGE command, as shown in “Operations” on page 23.

The addressing is generated by the internal refresh controller. This makes the address
bits “Don’t Care” during an AUTO REFRESH command. The 256Mb SDRAM requires
8,192 AUTO REFRESH cycles every 64ms (‘REF). Providing a distributed AUTO REFRESH
command every 7.8125us will meet the refresh requirement and ensure that each row is
refreshed. Alternatively, 8,192 AUTO REFRESH commands can be issued in a burst at the
minimum cycle rate (‘RFC), once every 64ms.

The SELF REFRESH command can be used to retain data in the SDRAM, even if the rest
of the system is powered down. When in the self refresh mode, the SDRAM retains data
without external clocking. The SELF REFRESH command is initiated like an AUTO
REFRESH command, except CKE is disabled (LOW). Once the SELF REFRESH command
is registered, all the inputs to the SDRAM become “Don’t Care” with the exception of
CKE, which must remain LOW.

Once self refresh mode is engaged, the SDRAM provides its own internal clocking,
causing it to perform its own auto refresh cycles. The SDRAM must remain in self refresh
mode for a minimum period equal to 'RAS and may remain in self refresh mode for an
indefinite period beyond that.

The procedure for exiting self refresh requires a sequence of commands. First, CLK must
be stable (stable clock is defined as a signal cycling within timing constraints specified
for the clock ball) prior to CKE going back HIGH. Once CKE is HIGH, the SDRAM must
have NOP commands issued (a minimum of two clocks) for XXSR because time is
required for the completion of any internal refresh in progress.

Upon exiting the self refresh mode, AUTO REFRESH commands must be issued every
7.8125ps or less as both SELF REFRESH and AUTO REFRESH utilize the row refresh
counter.

Auto precharge is a feature which performs the same individual-bank precharge func-
tion described above, without requiring an explicit command. This is accomplished by
using A10 to enable auto precharge in conjunction with a specific READ or WRITE
command. A precharge of the bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the READ or WRITE burst.
Auto precharge is non persistent in that it is either enabled or disabled for each indi-
vidual READ or WRITE command.
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Auto precharge ensures that the precharge is initiated at the earliest valid stage within a
burst. The user must not issue another command to the same bank until the precharge
time (‘RP) is completed. This is determined as if an explicit PRECHARGE command was
issued at the earliest possible time, as described for each burst type in “Operations” on
page 23.

Deep Power-Down

Deep power-down is an operating mode used to achieve maximum power reduction by
eliminating the power to the memory array. Data will not be retained once the device
enters deep power-down mode.
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Bank/Row Activation

Figure 9:  Activating

Before any READ or WRITE commands can be issued to a bank within the SDRAM, a row
in that bank must be “opened.” This is accomplished via the ACTIVE command, which
selects both the bank and the row to be activated (see Figure 9).

After opening a row (issuing an ACTIVE command), a READ or WRITE command may be
issued to that row, subject to the ‘RCD specification. RCD (MIN) should be divided by
the clock period and rounded up to the next whole number to determine the earliest
clock edge after the ACTIVE command on which a READ or WRITE command can be
entered. For example, a ‘RCD specification of 20ns with a 125 MHz clock (8ns period)
results in 2.5 clocks, rounded to 3. This is reflected in Figure 10 on page 24, which covers
any case where 2 < RCD (MIN)/'CK < 3. (The same procedure is used to convert other
specification limits from time units to clock cycles.)

A subsequent ACTIVE command to a different row in the same bank can only be issued
after the previous active row has been “closed” (precharged). The minimum time
interval between successive ACTIVE commands to the same bank is defined by ‘RC.

A subsequent ACTIVE command to another bank can be issued while the first bank is
being accessed, which results in a reduction of total row-access overhead. The minimum
time interval between successive ACTIVE commands to different banks is defined by
t

RRD.

a Specific Row in a Specific Bank

CAS#

WE#

|
|
|
|
|
|
|
:
|
RASH Y/
|
|
|
|
|
|
|
|
|
|
|

AO-AT1 IX_sBontss X/
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BAQ, BA1 M ADDRESS

DON'T CARE
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Figure 10: Example: Meeting tRCD (MIN) When 2 < 'RCD (MIN)/*CK < 3

TO T T2 T3

w | oL b
| tck | tck | tck |

| 1 1 |

READ or

MMAND ACTIVE NOP NOP
TRCD (MIN) | \
|

DON'T CARE

READs

READ bursts are initiated with a READ command, as shown in Figure 11.

The starting column and bank addresses are provided with the READ command, and
auto precharge is either enabled or disabled for that burst access. If auto precharge is
enabled, the row being accessed is precharged at the completion of the burst. For the
generic READ commands used in the following illustrations, auto precharge is disabled.

During READ bursts, the valid data-out element from the starting column address will
be available following the CL after the READ command. Each subsequent data-out
element will be valid by the next positive clock edge. Figure 7 on page 16 shows general
timing for each possible CL setting.

Figure 11: READ Command

CKE HIGH

1
|
!
l
|
1
!
|
RAS# Y
|
!
|
!
|
1
|
1
|
!
|

CASH 7
WE# /4 \Y
po-A8 Y,

A9, A1 M M

1
ENABLE AUTO PRECHARGE

A10

DISABLE AUTO PRECHARGE
!

1
BANK
BAQ, BAT M ADDRESS

DON'T CARE

Upon completion of a burst, assuming no other commands have been initiated, the DQs
will go High-Z.
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Figure 12:

Note:
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Data from any READ burst may be truncated with a subsequent READ command, and
data from a fixed-length READ burst may be immediately followed by data from a READ
command. In either case, a continuous flow of data can be maintained. The first data
element from the new burst follows either the last element of a completed burst or the
last desired data element of a longer burst that is being truncated. The new READ
command should be issued x cycles before the clock edge at which the last desired data
element is valid, where x = CL - 1.

Figure 7 on page 16 shows for CL of two and three; data element n + 3 is either the last of
a burst of four or the last desired of a longer burst. The 256Mb SDRAM uses a pipelined
architecture. A READ command can be initiated on any clock cycle following a previous
READ command. Full-speed random read accesses can be performed to the same bank,
as shown in Figure 12 on page 25, or each subsequent READ may be performed to a
different bank.

Consecutive READ Bursts

COMMAND -< READ >—< NOP >-< NOP >-< NOP >-< READ >-< NOP >-< NOP >-<:
1 : : : PE— :
: : : : : X=1cycle | :
wooress (gt W11 ST T,
! I I I I I I
! I I I I I I
ve ——— (N ED DT
| =2 ‘
TO T1 T2 T3 T4 T5 T6 T7
| S Y T N Y B A S

COMMAND

U

DN

BANK,

ADDRESS .
[

Dout
b

Dout
n+3

Dout
n+2

|
|
DQ :

DON'T CARE

Each READ command may be to either bank. DQM is LOW.
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Figure 13: Random READ Accesses

S S D U Y O S Y S Y S
COMMAND—< READ >—< READ >-< READ >.< READ >.< NOP >_< NOP >_<:

| |
BANK, BANK, BANK, BANK
ADDRESS -< COLn >_< (FOLa >< C‘OLx >-< COLm W M M
|

! ! !

| /\ | \ \

! Dout Dout Dout Dout

bQ — | \_n >< 2 >< x >< o)

! I

CL=2

A S B .
COMMAND -< READ >-< reA> >< re> >< READ >.< f\lop >< lj\jop >,< jNop ><:

sooness B0 S HCHBEN m W M M Ul

|
! | |
I | | . . . .
I / Dout Dout Dout Dout
bQ ! | | \_n >< a >< x >< m >—
| | | |
|

CL=3

///| DON'T CARE

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

Data from any READ burst may be truncated with a subsequent WRITE command, and
data from a fixed-length READ burst may be immediately followed by data from a
WRITE command (subject to bus turnaround limitations). The WRITE burst may be
initiated on the clock edge immediately following the last (or last desired) data element
from the READ burst, provided that I/O contention can be avoided. In a given system
design, there may be a possibility that the device driving the input data will go Low-Z
before the SDRAM DQs go High-Z. In this case, at least a single-cycle delay should occur
between the last read data and the WRITE command.

The DQM input is used to avoid I/O contention, as shown in Figure 14 on page 27 and
Figure 15 on page 28. The DQM signal must be asserted (HIGH) at least two clocks prior
to the WRITE command (DQM latency is two clocks for output buffers) to suppress data-
out from the READ. Once the WRITE command is registered, the DQs will go High-Z (or
remain High-Z), regardless of the state of the DQM signal, provided the DQM was active
on the clock just prior to the WRITE command that truncated the READ command. If
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not, the second WRITE will be an invalid WRITE. For example, if DQM was LOW during
T4 (as in Figure 15 on page 28) then the WRITEs at T5 and T7 would be valid, while the
WRITE at T6 would be invalid.

The DQM signal must be de-asserted prior to the WRITE command (DQM latency is
zero clocks for input buffers) to ensure that the written data is not masked. Figure 12 on
page 25 shows the case where the clock frequency allows for bus contention to be
avoided without adding a NOP cycle, and Figure 13 on page 26 shows the case where the
additional NOP is needed.

A fixed-length READ burst may be followed by, or truncated with, a PRECHARGE
command to the same bank (provided that auto precharge was not activated). The
PRECHARGE command should be issued x cycles before the clock edge at which the last
desired data element is valid, where x = CL - 1. This is shown in Figure 16 on page 28 for
each possible CL; data element n + 3 is either the last of a burst of four or the last desired
of alonger burst. Following the PRECHARGE command, a subsequent command to the
same bank cannot be issued until 'RP is met. Note that part of the row precharge time is
hidden during the access of the last data element(s).

In the case of a fixed-length burst being executed to completion, a PRECHARGE
command issued at the optimum time (as described above) provides the same operation
that would result from the same fixed-length burst with auto precharge. The disadvan-
tage of the PRECHARGE command is that it requires that the command and address
buses be available at the appropriate time to issue the command; the advantage of the
PRECHARGE command is that it can be used to truncate fixed-length page bursts.

Figure 14: READ-to-WRITE

CLKJ ‘ + ‘ +

COMMAND ( READ >< ‘NOF’

X
wooress e WM e

|
|
|
|
pQ —
|

DON'T CARE

Note: CL = 3. The READ command may be to any bank, and the WRITE command may be to any

bank. If a burst of one is used, then DQM is not required.
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READ-to-WRITE with Extra Clock Cycle

T1 T2

ol

T5

|+|}|$L

T0
CLK
b
DQM % i /
COMMAND -< F‘{EAD >_< NOP >.< NOP X\NOP >\-§NOP >-< WRITE ><:

\_

| \
5 BANK,
mm<mWCM/&WMWM%MM
| : : AN |
! ! ! oo ‘)g N on
DQ | | | \ D " I b b >
| | | | I~ = 1ps

DON'T CARE

Note: CL = 3. The READ command may be to any bank, and the WRITE command may be to any

bank.
READ-to-PRECHARGE
TO T1 T2 T3 T4 T5 T6 T7
CLK_}IlILIlIlIlIlIlL
| | | | | | \
1 | | | | |
COMMAND -< READ >—< NOP >-< NOP >-< NOP ><PRECHARGE>-< NOP NOP ACTIVE >-<:
\ \ \<—>\
\X 1cyc|e\
ADDRESS <Bégf: W M M a st W M % B::ssf W
\ \
‘ | \ | \
o ———— <WXmeXmH |
\ |
CcL=2

TO T1 T2 T3 T4 T5 T6 T7
e S S O O R
4 e
COMMAND -< READ >—< NOP >-< NOP >-< NOP XPRECHARGE>-< NOP >-< NOP >-< ACTIVE >-<:
‘ \ I I \
X= chcles

<“é‘35: W M M alst W //W )
\ \

\ \
\ | | \
! | | I I I I |
DQ ! | | / Dout Dout Dout Dout |
: I I \ n n+1 n+2 n+3 I
I I
|

CL=3

DON'T CARE

Note: DQM is LOW.
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Figure 17:

Fixed-length READ bursts may be truncated with a BURST TERMINATE command,
provided that auto precharge was not activated. The BURST TERMINATE command
should be issued x cycles before the clock edge at which the last desired data element is
valid, where x = CL - 1. This is shown in Figure 17 for each possible CL; data element n +
3 is the last desired data element of a longer burst.

Terminating a READ Burst

TO T1 T2 T3 T4 T5 T6
S S S 0 R S Y S Y Y
| | | | | |
! I I I I I I
COMMAND ;EAD ¢ ‘Nop X r‘uop ) L‘op TE:I‘\L;IF;LTE vor l‘\lop
‘ ‘ ‘ | -~
‘ ‘ X=1cycle ‘

ADDREss<stﬁW M M M /M M\ il
|

|

<\ x\ Pow x\ B x\ )
|

DQ :

CL=2

TO T1 T2 T3 T4 T5 T6 T7

o L LML

COMMAND -< READ >—< ‘NOP >< v‘\nop >-< rxnop }(TEg,\‘mTATEx vjuop >.< ‘NOP >.< TIOP >.<:

X=2 cycles

ADDRESS 'Zﬁ'f'ﬁ W M M W M M M M

DQ :

/  Dour >_< Dout >_< Dout >_< Dout >
\_n n+1 n+2 n+3
[l [l [l [l |
|
CL=3
/
DON'T CARE
Note: DQM is LOW.
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WRITE bursts are initiated with a WRITE command, as shown in Figure 18 on page 30.

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

During WRITE bursts, the first valid data-in element will be registered coincident with
the WRITE command. Subsequent data elements will be registered on each successive
positive clock edge. Upon completion of a fixed-length burst, assuming no other
commands have been initiated, the DQs will remain High-Z and any additional input
data will be ignored (see Figure 19).

Figure 18: WRITE Command

CLK l

CKE HIGH

cs# N

RAS#

CAS# 7N

WE# A

AO-A8 Y
T

A9, A11, A12 X X

I
1
ENABLE AUTO PRECHARGE

/

A10

DISABLE AUTO PRECHARGE

I
BAO, BAT V)X _abonkss X
|:| VALID ADDRESS DON'T CARE

Data for any WRITE burst may be truncated with a subsequent WRITE command, and
data for a fixed-length WRITE burst may be immediately followed by data for a WRITE
command. The new WRITE command can be issued on any clock following the previous
WRITE command, and the data provided coincident with the new command applies to
the new command. An example is shown in Figure 20 on page 31. Data n + 1 is either the
last of a burst of two or the last desired of a longer burst. The 256Mb SDRAM uses a pipe-
lined architecture. A WRITE command can be initiated on any clock cycle following a
previous WRITE command. Full-speed random write accesses within a page can be
performed to the same bank, as shown in Figure 19 on page 31, or each subsequent
WRITE may be performed to a different bank.
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Figure 19: WRITE Burst

COMMAND { WRITE >< NoP >< NoP >< NoP H
ADDRESS ig’f'; W M M I,
bQ << D,I)N >—< nDlN1 W M »7

DON'T CARE

Note: BL =2.DQM is LOW.

Figure 20: WRITE-to-WRITE

TO T1 T2

CLK ‘

|
COMMAND «< WR‘lTE >—< >—< WRITE >—<
ADDRESS 4 i’éTKn ><// i i‘éf:i H,
o {EDHEDED-
DON'T CARE

Note: BL = 2. DQM is LOW. Each WRITE command may be to any bank.

Data for any WRITE burst may be truncated with a subsequent READ command, and
data for a fixed-length WRITE burst may be immediately followed by a READ command.
Once the READ command is registered, the data inputs will be ignored, and WRITEs will
not be executed. An example is shown in Figure 21 on page 32. Data n + 1 is either the
last of a burst of two or the last desired of a longer burst.

Data for a fixed-length WRITE burst may be followed by, or truncated with, a
PRECHARGE command to the same bank (provided that auto precharge was not acti-
vated). The PRECHARGE command should be issued 'WR after the clock edge at which
the last desired input data element is registered. The auto precharge mode requires a
YWR of at least one clock plus time (see note 24 on page 52), regardless of frequency.

In addition, when truncating a WRITE burst, the DQM signal must be used to mask
input data for the clock edge prior to, and the clock edge coincident with, the
PRECHARGE command. An example is shown in Figure 21 on page 32. Datan + 1 is
either the last of a burst of two or the last desired of a longer burst. Following the
PRECHARGE command, a subsequent command to the same bank cannot be issued
until 'RP is met.
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In the case of a fixed-length burst being executed to completion, a PRECHARGE
command issued at the optimum time (as described above) provides the same operation
that would result from the same fixed-length burst with auto precharge. The disadvan-
tage of the PRECHARGE command is that it requires that the command and address
buses be available at the appropriate time to issue the command; the advantage of the
PRECHARGE command is that it can be used to truncate fixed-length bursts.

Figure 21: Random WRITE Cycles

CiK ﬁ ﬁ ﬁ l_L
COMMAND —{ wrre W weme M ware ) WR‘ITE >.<:

BANK, BANK, BANK, BANK,

ADDRESS -< COLn >_< CqLa >-< CO!.X >-< COI‘.m >-@
| | |
| | |

o {EDEDEDHED-
DON’TCARE

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

Figure 22: WRITE-to-READ

ADDRESS { iﬁ’f’ﬁ, W M iﬁ% w M M H
|

DQ< o >< nD-;-N1 W M m D?’UT >< E;U: >;

/] DON'T cARE

Note: BL = 2. The WRITE command may be to any bank, and the READ command may be to any
bank. DQM is LOW. CL = 2 for illustration.
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Figure 23: WRITE-to-PRECHARGE

TO

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Operations

T1 T2 T3 T4 T5 T6

CLK 1 |

tWR@ tCK > 15ns

DQM%E

SESRENY

| t t
| | trp | |
L L

COMMAND -<w§|re ><

L
NoP >—<PRECHARGE>—< NoP >< NoP >< ACTIVE >-< NoP X
\

ADDRESS —< B@gf;

,4»<<:225)><¢/ ,¢><9/ X Bﬁzaf W),

M

<—>
\

:’mWMMMM//%

oo {50

tWR@ tCK < 15ns
I

DQM%\E

| trp | |

COMMAND -<WRITE >—< NOP >—< NOP >-<PRECHARGE>-< NOP >—< NOP >—< ACTIVE ><

ADDRESS —< B@gf:

| |
W M M <f§r”§.> Wi “‘Qﬁtf

i/

WM M//WM Zr

» EDE

Note:

Figure 24: Terminating a WRITE Burst

DON'T CARE

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

CLK l

bl

L

COMMAND

|
|

'< \WRITE >-<TERMINATE
|

RST

NEXT
COMMAN

ADDRESS igf'f;

W % (Address) >—€

DQ

Note:

DQMs are LOW.

WWWMM%

DON'T CARE
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Fixed-length or WRITE bursts can be truncated with the BURST TERMINATE command.
When truncating a WRITE burst, the input data applied coincident with the BURST
TERMINATE command will be ignored. The last data written (provided that DQM is
LOW at that time) will be the input data applied one clock previous to the BURST
TERMINATE command. This is shown in Figure 22 on page 32, where data » is the last
desired data element of a longer burst.

PRECHARGE

The PRECHARGE command (see Figure 25) is used to deactivate the open row in a
particular bank or the open row in all banks. The bank(s) will be available for a subse-
quent row access some specified time (‘RP) after the precharge command is issued.
Input A10 determines whether one or all banks are to be precharged, and in the case
where only one bank is to be precharged, inputs BA0, BA1 select the bank. When all
banks are to be precharged, inputs BAO, BA1 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.

Figure 25: PRECHARGE Command

CKE  HIGH

Cs# 7N
RASH N

|
|
|
!
|
|
|
|
|
|
!
|
|
T
|
|
T
|
|
|
!
|
|
|
[
|
|

CAS# W
WE# %
A0-A9, A11, A12
l
All Bjanks
A10
Bank Sglected
1
BANK
BAO, BA1 M ADDRESS

|:| VALID ADDRESS m DON'T CARE

Power-Down

Power-down occurs if CKE is registered LOW coincident with a NOP or COMMAND
INHIBIT when no accesses are in progress. If power-down occurs when all banks are
idle, this mode is referred 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 deactivates the input and output buffers, excluding CKE, for maximum
power savings while in standby. The device may not remain in the power-down state
longer than the refresh period (64ms) since no REFRESH operations are performed in
this mode.
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The power-down state is exited by registering a NOP or COMMAND INHIBIT and CKE
HIGH at the desired clock edge (meeting 'CKS). See Figure 24.

Figure 26: Power-Down

TR D o I A S I e B o

tcKs > feKs | |
CKE ( Y
‘ )]
(
COMMAND NOP W Zy % NOP >@< ACTIVE >@
))
All banks idle RCD
Input buffers gated off RAS
Enter power-down mode Exit power-down mode RC

DON'T CARE

Deep Power-Down

Deep power-down mode is a maximum power savings feature achieved by shutting off
the power to the entire memory array of the device. Data in the memory array will not be
retained once deep power-down mode is executed. Deep power-down mode is entered
by having all banks idle then CS# and WE# held LOW with RAS# and CAS# HIGH at the
rising edge of the clock, while CKE is LOW. CKE must be held LOW during deep power-
down.

To exit deep power-down mode, CKE must be asserted HIGH. Upon exit of Deep Power-
Down mode, at least 200us of valid clocks with either NOP or COMMAND INHIBIT
commands are applied to the command bus, followed by a full Mobile SDRAM initializa-
tion sequence, is required.

Clock Suspend

The clock suspend mode occurs when a column access/burst is in progress and CKE is
registered LOW. In the clock suspend mode, the internal clock is deactivated, “freezing”
the synchronous logic.

For each positive clock edge on which CKE is sampled LOW, the next internal positive
clock edge is suspended. Any command or data present on the input balls at the time of
a suspended internal clock edge is ignored; any data present on the DQ balls remains
driven; and burst counters are not incremented, as long as the clock is suspended. (See
examples in Figure 27 and Figure 28 on page 37.)

Clock suspend mode is exited by registering CKE HIGH; the internal clock and related
operation will resume on the subsequent positive clock edge.

Burst Read/Single Write

The burst read/single write mode is entered by programming the write burst mode bit
(M9) in the MR to a logic 1. In this mode, all WRITE commands result in the access of a
single column location (burst of one), regardless of the programmed BL. READ
commands access columns according to the programmed BL and sequence, just as in
the normal mode of operation (M9 = 0).
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Concurrent Auto Precharge

An access command (READ or WRITE) to a second bank while an access command with
auto precharge enabled on a first bank is executing is not allowed by SDRAM, unless the
SDRAM supports concurrent auto precharge. Micron SDRAM support concurrent auto
precharge. Four cases where concurrent auto precharge occurs are defined in the “READ
with Auto Precharge” and “WRITE with Auto Precharge” sections.

READ with Auto Precharge

1. Interrupted by a READ (with or without auto precharge): A READ to bank m will inter-
rupt a READ on bank 7, CL later. The precharge to bank n will begin when the READ
to bank m is registered (see Figure 29 on page 37).

2. Interrupted by a WRITE (with or without auto precharge): A WRITE to bank m will
interrupt a READ on bank n when registered. DQM should be used two clocks prior to
the WRITE command to prevent bus contention. The precharge to bank n will begin
when the WRITE to bank m is registered (see Figure 30 on page 38).

Figure 27: Clock Suspend During WRITE Burst

INTERNAL ‘
CLOCK

aooress /1111 aee WIIFIITTN M‘M
DIN‘W% D;,N W‘W‘% nD;N1 >< nD;I-NZ H
DON'T CARE

Note: For this example, BL = 4 or greater, and DM is LOW.
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Figure 28: Clock Suspend During READ Burst

! | | | | | |
! | | | | | |
: | | | | | |
o T\ : : :
w l ‘ l l l l
: | | | | | |
INTERNAL M
CLOCK !
COMMAND < }‘READ >_< NOP >.< NOP W m NOP >< NOP >< NOP >C
[
wooress LGt WU/ /11U T LT LT i
I
|
| D T T &
DON'T CARE

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

DQ ;

Figure 29: READ with Auto Precharge Interrupted by a READ

! L
READ - AP READ - AP
COMMAND < N‘OP >—< BA“NKn >—< l‘\IOP >—< BAT‘NKm >—< ‘NOP >< ‘NOP >—< NOP >—< ‘NOP >—<i

Fe"="="sssssssssmssssssssspEs s pE s s E s

T
|
[]
. BANK n Page Active | READ with Burst of 4 } Interrupt Burst, Precharge I Idle L
]

| ;

+ Internal | | | | | tRP-BANKn ! [1RP- BANK n BANK m ¥
! | | | | | | -~

' States :

: BANK m ’ Page Active I READ with Burst of 4 I Precharge

..............‘.....4....4.....4.....;.........\.....:.....

wooress 477777/ )X Eeais M/ /11INEeE WU M Wl
ST ED
|

DQ

CL = 3 (bank n)

CL = 3 (bank m)

DON'T CARE

Note: DQM is LOW.
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Figure 30: READ with Auto Precharge Interrupted by a WRITE

L L
<READ-AP WRITE - AP
COMMAND BANKH>< N‘OP >—< NOP >< NOP B»‘ANKm>< NOP >< NOP >—< NOP ><i

Em e EmEEmEEEE=== EE R e L === === (== om = ,
] f
N BANK n Page READ with Burst of 4 X Interrupt Burst, Precharge I Idle L
I ]
] \ . .
. Internal | | | | | | RP-BANKn YWR - BANK m®
! | | | | | | | '
! States : . , : '
. NK m ’ Page Active I WRITE with Burst of 4 I Write-Back

....................... J....J.....L...................

ADDRESS{BQSLK:W‘ M M‘ %Bégfg,w‘ M‘ W‘ M
wM | | | i

T
I
DQ ;
|

CL =3 (bank n)

///] DON'T CARE

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

WRITE with Auto Precharge

1. Interrupted by a READ (with or without auto precharge): A READ to bank m will inter-
rupt a WRITE on bank n when registered, with the data-out appearing CL later. The
precharge to bank n will begin after ‘'WR is met, where 'WR begins when the READ to
bank m is registered. The last valid WRITE to bank n will be data-in registered one
clock prior to the READ to bank m (see Figure 31 on page 39).

2. Interrupted by a WRITE (with or without auto precharge): A WRITE to bank m will
interrupt a WRITE on bank n when registered. The precharge to bank 7 will begin
after "WR is met, where 'WR begins when the WRITE to bank m is registered. The last
valid data WRITE to bank » will be data registered one clock prior to a WRITE to bank
m (see Figure 32 on page 39).
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C.EQI Ccro n Operations

Figure 31: WRITE with Auto Precharge Interrupted by a READ
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Note: DQM is LOW.
Figure 32: WRITE with Auto Precharge Interrupted by a WRITE
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Note: DQM is LOW.
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Truth Tables

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Truth Tables

Table 6: Truth Table - CKE
Notes: 1-4
CKE,.q1 | CKE, Current State Command,, Action,, Notes
L L Power-down X Maintain power-down
Self refresh X Maintain self refresh
Clock suspend X Maintain clock suspend
Deep power-down X Maintain deep power-down 8
L H Power-down COMMAND INHIBIT or NOP Exit power-down 5
Deep power-down X Exit deep power-down 8
Self refresh COMMAND INHIBIT or NOP Exit self refresh 6
Clock suspend X Exit clock suspend 7
H L All banks idle COMMAND INHIBIT or NOP Power-down entry
All banks idle BURST TERMINATE Deep power-down entry 8
All banks idle AUTO REFRESH Self refresh entry
Reading or writing VALID Clock suspend entry
H H See Table 8 on page 43

Notes:

1.

CKE,, is the logic state of CKE at clock edge n; CKE,,_; was the state of CKE at the previous
clock edge.

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

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

All states and sequences not shown are illegal or reserved.

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

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

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

Deep power-down is power savings feature of this Mobile SDRAM device. This command is
BURST TERMINATE when CKE is HIGH and deep power-down when CKE is LOW.
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Table 7: Truth Table - Current State Bank n, Command to Bank n
Notes: 1-6; notes appear below table

Current State CS# | RAS# | CAS# | WE# | Command (Action) Notes
Any H X X X | COMMAND INHIBIT (NOP/Continue previous operation)
L H H H | NO OPERATION (NOP/Continue previous operation)
Idle L L H H ACTIVE (Select and activate row)
L L L H AUTO REFRESH 7
L L L L LMR 7
L L H L PRECHARGE 11
Row active L H L H READ (Select column and start READ burst) 10
L H L L WRITE (Select column and start WRITE burst) 10
L L H L PRECHARGE (Deactivate row in bank or banks) 8
Read L H L H READ (Select column and start new READ burst) 10
(auto precharge L H L L WRITE (Select column and start WRITE burst) 10
disabled) L L H L |PRECHARGE (Truncate READ burst, start PRECHARGE) 8
L H H L BURST TERMINATE 9
Write L H L H READ (Select column and start READ burst) 10
(auto precharge L H L L WRITE (Select column and start new WRITE burst) 10
disabled) L L H L | PRECHARGE (Truncate WRITE burst, start PRECHARGE) 8
L H H L BURST TERMINATE 9

Notes: 1. This table applies when CKE,,.; was HIGH and CKE,, is HIGH (see Table 6 on page 40) and
after 'XXSR has been met (if the previous state was self refresh).

2. This table is bank-specific, except where noted; i.e., the current state is for a specific bank
and the commands shown are those allowed to be issued to that bank when in that state.
Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and 'RP has been met.

Row active: A row in the bank has been activated, and 'RCD has been met. No data
bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated, with auto precharge disabled, and has
not yet terminated or been terminated.

Write: A WRITE burst has been initiated, with auto precharge disabled, and has

not yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank. COM-
MAND INHIBIT or NOP commands, or allowable commands to the other bank should be
issued on any clock edge occurring during these states. Allowable commands to the other
bank are determined by its current state and Table 7, and according to Table 8 on page 43.

Precharging: Starts with registration of a PRECHARGE command and ends when
IRP is met. Once 'RP is met, the bank will be in the idle state.

Row activating: Starts with registration of an ACTIVE command and ends when 'RCD
is met. Once 'RCD is met, the bank will be in the row active state.

Read w/auto- Starts with registration of a READ command with auto precharge

precharge enabled:  enabled and ends when 'RP has been met. Once 'RP is met, the bank
will be in the idle state.

Write w/auto- Starts with registration of a WRITE command with auto precharge

precharge enabled:  enabled and ends whentRP has been met. Once 'RP is met, the bank
will be in the idle state.
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N

10.

11.

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Truth Tables

. The following states must not be interrupted by any executable command; DESELECT or

NOP commands must be applied on each positive clock edge during these states.

Refreshing: Starts with registration of an AUTO REFRESH command and ends
when RFC is met. Once 'RFC is met, the Mobile SDRAM will be in the
all banks idle state.

Accessing MR: Starts with registration of an LMR command and ends when tMRD
has been met. Once *MRD is met, the Mobile SDRAM will be in the
all banks idle state.

Precharging all: Starts with registration of a PRECHARGE ALL command and ends
when RP is met. Once 'RP is met, all banks will be in the idle state.

All states and sequences not shown are illegal or reserved

Not bank-specific; requires that all banks are idle.

May or may not be bank-specific; if all banks are to be precharged, all must be in a valid
state for precharging.

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

READs or WRITEs listed in the Command (Action) column include READs or WRITEs with
auto precharge enabled and READs or WRITEs with auto precharge disabled.

Does not affect the state of the bank and acts as a NOP to that bank.
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Table 8: Truth Table - Current State Bank n, Command to Bank m

Notes: 1-6; notes appear below and on next page

Current State | CS# |RAS# | CAS# | WE# | Command (Action) Notes
Any H X X X | COMMAND INHIBIT (NOP/Continue previous operation)
L H H H | NO OPERATION (NOP/Continue previous operation)
Idle X X X X | Any command otherwise allowed to bank m
Row activating, L L H H | ACTIVE (Select and activate row)
active, or L H L H | READ (Select column and start READ burst) 7
precharging L H L L | WRITE (Select column and start WRITE burst) 7
L L H L PRECHARGE
Read L L H H | ACTIVE (Select and activate row)
(auto precharge L H L H | READ (Select column and start new READ burst) 7,8
disabled) L H L L | WRITE (Select column and start WRITE burst) 7,9
L L H L PRECHARGE 10
Write L L H H | ACTIVE (Select and activate row)
(auto precharge L H L H | READ (Select column and start READ burst) 7, 1
disabled) L H L L | WRITE (Select column and start new WRITE burst) 7,12
L L H L PRECHARGE 10
Read L L H H | ACTIVE (Select and activate row)
(with auto L H L H |READ (Select column and start new READ burst) 7,13, 14
precharge) L H L L | WRITE (Select column and start WRITE burst) 7,13, 15
L L H L PRECHARGE 10
Write L L H H | ACTIVE (Select and activate row)
(with auto L H L H |READ (Select column and start READ burst) 7,13, 16
precharge) L H L L | WRITE (Select column and start new WRITE burst) 7,13,17
L L H L PRECHARGE 10
Notes: 1. This table applies when CKE,,.; was HIGH and CKE,, is HIGH (see Table 6 on page 40) and

after 'XXSR has been met (if the previous state was self refresh).

2. This table describes alternate bank operation, except where noted; i.e., the current state is
for bank n and the commands shown are those allowed to be issued to bank m (assuming
that bank m is in such a state that the given command is allowable). Exceptions are covered
in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and 'RP has been met.

Row active: A row in the bank has been activated, and 'RCD has been met. No
data bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated, with auto precharge disabled, and
has not yet terminated or been terminated.

Write: A WRITE burst has been initiated, with auto precharge disabled, and

has not yet terminated or been terminated.

Read w/auto-
precharge enabled:

Write w/auto-
precharge enabled:

Starts with registration of a READ command with auto precharge
enabled and ends when RP has been met. Once 'RP is met, the bank
will be in the idle state.

Starts with registration of a WRITE command with auto precharge
enabled and ends when 'RP has been met. Once RP is met, the bank
will be in the idle state.

4. AUTO REFRESH, SELF REFRESH and LMR commands may only be issued when all banks are

idle.
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13.

14.

15.

16.

17.

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Truth Tables

. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank

represented by the current state only.

All states and sequences not shown are illegal or reserved.

READs or WRITEs to bank m listed in the Command (Action) column include READs or
WRITEs with auto precharge enabled and READs or WRITEs with auto precharge disabled.
For a READ without auto precharge interrupted by a READ (with or without auto pre-
charge), the READ to bank m will interrupt the READ on bank n, CL later (see Figure 11 on
page 24).

For a READ without auto precharge interrupted by a WRITE (with or without auto pre-
charge), the WRITE to bank m will interrupt the READ on bank n when registered (see
Figure 12 on page 25 and Figure 13 on page 26). DQM should be used one clock prior to the
WRITE command to prevent bus contention.

Burst in bank n continues as initiated.

For a WRITE without auto precharge interrupted by a READ (with or without auto pre-
charge), the READ to bank m will interrupt the WRITE on bank n when registered (see
Figure 20 on page 31), with the data-out appearing CL later. The last valid WRITE to bank n
will be data-in registered one clock prior to the READ to bank m.

For a WRITE without auto precharge interrupted by a WRITE (with or without auto pre-
charge), the WRITE to bank will interrupt the WRITE on bank n when registered (see
Figure 18 on page 30). The last valid WRITE to bank n will be data-in registered one clock
prior to the READ to bank m.

Concurrent auto precharge: Bank n will initiate the auto precharge command when its
burst has been interrupted by bank m burst.

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

For a READ with auto precharge interrupted by a WRITE (with or without auto precharge),
the WRITE to bank m will interrupt the READ on bank n when registered. DQM should be
used two clocks prior to the WRITE command to prevent bus contention. The PRECHARGE
to bank n will begin when the WRITE to bank m is registered.

For a WRITE with auto precharge interrupted by a READ (with or without auto precharge),
the READ to bank m will interrupt the WRITE on bank n when registered, with the data-out
appearing CL later. The PRECHARGE to bank n will begin after 'WR is met, where 'WR
begins when the READ to bank m is registered. The last valid WRITE bank n will be data-in
registered one clock prior to the READ to bank m.

For a WRITE with auto precharge interrupted by a WRITE (with or without auto precharge),
the WRITE to bank m interrupt the WRITE on bank n when registered. The PRECHARGE to
bank n will begin after 'WR is met, where "WR begins when the WRITE to bank m is regis-
tered. The last valid WRITE to bank n will be data registered one clock to the WRITE to
bank m.
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Electrical Specifications

Absolute Maximum Ratings

Stresses greater than those listed in Table 9 may cause permanent damage to the device.
This is a stress rating only, and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may

affect reliability.
Table 9: Absolute Maximum Ratings
Voltage/Temperature Min Max Units
Voltage on VDD/VDDQ supply relative to Vss (1.8V) -0.3 +2.7 Y,
Voltage on inputs, NC or I/O balls relative to Vss (1.8V) -0.3 +2.7
Storage temperature plastic =55 +150

Table 10: DC Electrical Characteristics and Operating Conditions
Notes: 1, 5, 6; notes appear on page 51 and 52; Vbp/VbbQ = 1.7-1.95V

Parameter/Condition Symbol Min Max Units | Notes
Supply voltage VDD 1.7 1.95 Y,

I/0 supply voltage VbbQ 1.7 1.95 \Y

Input high voltage: Logic 1; All inputs VIH 0.8 x VbDQ | VDDQ + 0.3 \Y 22
Input low voltage: Logic 0; All inputs ViL -0.3 +0.3 \Y, 22
Output high voltage: All inputs: lout = -4mA VoH 0.9 x VppQ - \Y

Output low voltage: All inputs: lout = 4mA VoL - 0.2 \Y

Input leakage current: I -1.0 1.0 HA

Any input 0V < VIN < VDD (All other balls not under test = 0V)
Operating temperature

Tp (commercial) +70 °C
Tp (industrial) +85
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Table 11:  Electrical Characteristics and Recommended AC Operating Conditions
Notes: 5, 6, 8,9, 11; notes appear on page 51 and 52

AC Characteristics -75 -8
Parameter Symbol Min Max Min Max Units | Notes
Access time from CLK (pos. edge) CL=3 tAC (3) 6 7 ns
CL=2 | 'AC(2) 8 9 ns 9
Address hold time tAH 1 1 ns
Address setup time tAS 1.5 2.5 ns
CLK high-level width tCH 3 3 ns
CLK low-level width tcL 3 3 ns
Clock cycle time CL=3 | 'k @3) 7.5 8 ns 23
CL=2 | 'K (2) 9.6 10 ns 23
CKE hold time 'CKH 1 1 ns
CKE setup time tcKs 2.5 2.5 ns
CS#, RAS#, CAS#, WE#, DQM hold time tCMH 1 1 ns
CS#, RAS#, CAS#, WE#, DQM setup time tcms 1.5 2.5 ns
Data-in hold time 'DH 1 1 ns
Data-in setup time DS 1.5 2.5 ns
Data-out High-Z time CL=3 | HZ @) 6 7 ns 10
CL=2 | "HZ(2) 9 9 ns 10
Data-out Low-Z time Yz 1 1 ns
Data-out hold time (load) tOH 2.5 2.5 ns
Data-out hold time (no load) tOHN 1.8 1.8 ns 25
ACTIVE-to-PRECHARGE command RAS 44 120,000 48 120,000 ns
ACTIVE-to-ACTIVE command period tRC 67.5 72 ns
ACTIVE-to-READ or WRITE delay ‘RCD 19 20 ns
Refresh period (8,192 rows) REF 64 64 ms
AUTO REFRESH period RFC 80 80 ns
PRECHARGE command period RP 19 19 ns
ACTIVE bank a to ACTIVE bank b command ‘RRD 2 2 tck
Transition time T 0.3 1.2 0.5 1.2 ns 7
WRITE recovery time "WR 15 15 ns 31
Exit SELF REFRESH to ACTIVE command ISR 80 80 ns 20
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Table 12: AC Functional Characteristics
Notes: 5, 6, 8, 9,11 notes appear on page 51 and 52

Parameter Symbol -75 -8 Units | Notes
READ/WRITE command to READ/WRITE command tccp 1 1 tcK 17
CKE to clock disable or power-down entry mode 'CKED 1 1 tck 14
CKE to clock enable or power-down exit setup mode 'PED 1 1 tck 14
DQM to input data delay ‘D@D 0 0 tcK 17
DQM to data mask during WRITEs ‘bQm 0 0 tcK 17
DQM to data High-Z during READs 'DQz 2 2 tcK 17
WRITE command to input data delay ‘DwD 0 0 tcK 17
Data-in to ACTIVE command DAL 5 5 tck | 15, 21
Data-in to PRECHARGE command DPL 2 2 ek | 16, 21
Last data-in to burst STOP command BDL 1 1 tcK 17
Last data-in to new READ/WRITE command ‘coL 1 1 tcK 17
Last data-in to PRECHARGE command ‘RDL 2 2 ek | 16, 21
LMR command to ACTIVE or REFRESH command 'MRD 2 2 tcK 25
Data-out High-Z from PRECHARGE command CL=3 | 'ROH(Q3) 3 3 tcK 17
CL=2| 'ROH(2) 2 2 tcK 17
Table 13: Ipp Specifications and Conditions (x16)
Notes: 1, 5, 6, 11, 13; notes appear on page 51 and 52; Vbb/VbbpQ = 1.7-1.95V
Max

Parameter/Condition Symbol -75 -8 Units | Notes
Operating current: IDD1 65 60 mA 1,18,
Active mode; BL = 1; READ or WRITE; 'RC = 'RC (MIN) 19
Standby current: IDD2P 300 300 pA 30
Power-down mode; All banks idle; CKE = LOW

Standby current: IDD2N 20 20 mA
Non-power-down mode; All banks idle; CKE = HIGH

Standby current: IbD3P 5 5 mA 1,12,
Active mode; CKE = LOW, CS# = HIGH; All banks active; No accesses in 19
progress

Standby current: IbD3N 25 25 mA 1,12,
Active mode; CKE = HIGH; CS# = HIGH; All banks active after 'tRCD met; 19
No accesses in progress

Operating current: Ibp4 90 85 mA 1, 18,
Burst mode; READ or WRITE; All banks active, half DQs toggling every 19
cycle

Auto refresh current: 'RFC = 'RFC (MIN) IbD5 100 95 mA 1,12,
CKE = HIGH; C5# = HIGH 'RFC = 7.8125ps IDD6 5 5 mA 182;9.
Deep power-down 12z 10 10 A 29, 30
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Table 14: Ipp Specifications and Conditions (x32)
Notes: 1, 5, 6, 11, 13; notes appear on page 51 and 52; Vbp/VbbQ = 1.7-1.95V

Max

Parameter/Condition Symbol -75 -8 Units | Notes
Operating current: IbD1 95 90 mA 1, 18,
Active mode; BL = 1; READ or WRITE; 'RC = 'RC (MIN) 19
Standby current: IDD2P 300 300 A 30
Power-down mode; All banks idle; CKE = LOW
Standby current: IDD2N 20 20 mA
Non-power-down mode; All banks idle; CKE = HIGH
Standby current: IDD3P 5 5 mA 1,12,
Active mode; CKE = LOW; CS# = HIGH; All banks active; No accesses in 19
progress
Standby current: IbD3N 25 25 mA 1, 12,
Active mode; CKE = HIGH; CS# = HIGH; All banks active after 'TRCD met; 19
No accesses in progress
Operating current: Ibp4 120 115 mA 1, 18,
Burst mode; READ or WRITE; All banks active, half DQs toggling every 19
cycle
Auto refresh current: 'RFC = 'RFC (MIN) IDD5 100 95 mA 1,12,
CKE = HIGH; CS# = HIGH 18, 26

RFC = 7.8125ps IDD6 5 5 mA 19, 27
Deep power-down Izz 10 10 pA 29, 30
T4 1GMIBLE 2 R F AT ER e 48 e e 2008 Mkron Techmaoay, . Al ot reservec.



Aicron

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Electrical Specifications
- TEE—

Table 15: IbD7 - Self Refresh Current Options
Notes: 2, 28, 30; notes appear on page 51 and page 52
Temperature-Compensated Self Refresh Maximum Low IbD7
Parameter/Condition Temperature Option “L” | Standard IbD7 Units
Self refresh current: 85°C 220 300 HA
CKE = LOW - 4-bank refresh 70°C 175 210 pA
45°C 140 190 pA
15°C 125 180 pA
Self refresh current: 85°C 200 275 MA
CKE = LOW - 2-bank refresh 70°C 150 180 pA
45°C 130 160 A
15°C 115 150 HA
Self refresh current: 85°C 185 265 HA
CKE = LOW - 1-bank refresh 70°C 140 160 pA
45°C 120 140 pA
15°C 115 140 pA
Self refresh current: 85°C 175 255 HA
CKE = LOW - Half-bank refresh 70°C 125 150 pA
45°C 115 130 pA
15°C 110 125 pA
Self refresh current: 85°C 170 250 A
CKE = LOW - Quarter-bank refresh 70°C 120 140 pA
45°C 110 120 pA
15°C 105 115 HA
Figure 33: Typical Self Refresh Current vs. Temperature
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Table 16: Capacitance
Note: 2; notes appear on page 51 and 52

Parameter Symbol Min Max Units
Input capacitance: CLK cn 1.5 4.5 pF
Input capacitance: All other input-only balls Ci2 2.0 4.5 pF
Input/output capacitance: DQs Cio 2.0 6.0 pF
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MCI‘OI‘I@ 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Notes

1. All voltages referenced to Vss.

2. This parameter is sampled. VDD, VDDQ = +1.8V; T, = 25°C; ball under test biased at
0.9V;f=1MHz.

3. IpD is dependent on output loading and cycle rates. Specified values are obtained
with minimum cycle time and the outputs open.

4. Enables on-chip refresh and address counters.

5. The minimum specifications are used only to indicate cycle time at which proper

operation over the full temperature range (—40°C < T, < +85°C for T, on IT parts) is
ensured.

6. An initial pause of 100ps is required after power-up, followed by two AUTO REFRESH
commands, before proper device operation is ensured. (VDD and VDDQ must be pow-
ered up simultaneously. Vss and VSsQ must be at same potential.) The two AUTO
REFRESH command wake-ups should be repeated any time the ‘REF refresh require-
ment is exceeded.

7. AC characteristics assume 'T = 1ns.

8. In addition to meeting the transition rate specification, the clock and CKE must tran-
sit between VIH and VIL (or between VIL and VIH) in a monotonic manner.

9. Outputs measured for 1.8V at 0.9V with equivalent load:

Q
1 20pF

!

Test loads with full DQ driver strength. Performance will vary with actual system DQ
bus capacitive loading, termination, and programmed drive strength.

10. 'HZ defines the time at which the output achieves the open circuit condition; it is not
a reference to VOH or VOL. The last valid data element will meet 'OH before going
High-Z.

11. ACtiming and IDD tests have ViL and VIH, with timing referenced to VIH/2 = crossover
point. If the input transition time is longer than T (MAX), then the timing is refer-
enced at VIL (MAX) and ViH (MIN) and no longer at the ViH/2 crossover point.

12. Other input signals are allowed to transition no more than once every two clocks and
are otherwise at valid VIH or VIL levels.

13. IDD specifications are tested after the device is properly initialized.

14. Timing actually specified by 'CKS; clock(s) specified as a reference only at minimum
cycle rate.

15. Timing actually specified by 'WR plus ‘RP; clock(s) specified as a reference only at
minimum cycle rate.

16. Timing actually specified by 'WR.

17. Required clocks are specified by JEDEC functionality and are not dependent on any
timing parameter.

18. The IDD current will increase or decrease proportionally according to the amount of
frequency alteration for the test condition.

19. Address transitions average one transition every two clocks.
20. CLK must be toggled a minimum of two times during this period.
21. Based on 'CK = 7.5ns for -75,'CK = 8ns for -8, at CL = 3.

PDF:09005aef8219eeeb/Source: 09005aef8219eedd Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT48H16M16LF_2.fm - Rev F 4/07 EN 5 1 ©2006 Micron Technology, Inc. All rights reserved.



MCI‘OI‘T 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Notes
——— |

22. VIH overshoot: ViH (MAX) = VDDQ + 2V for a pulse width < 3ns, and the pulse width
cannot be greater than one third of the cycle rate. VIL undershoot: VIL (MIN) = -2V for
a pulse width < 3ns.

23. The clock frequency can only be changed during clock stop, power-down, or while in
a self-refresh mode.

24. Auto precharge mode only. The precharge timing budget (‘RP) begins at 7ns for -8
after the first clock delay, after the last WRITE is executed. May not exceed limit set for
precharge mode.The clock frequency can only be changed during

25. Parameter guaranteed by design.

26. CKE is HIGH during refresh command period ‘RFC (MIN) else CKE is LOW.

27. The IDD6 limit is actually a nominal value and does not result in a fail value.

28. Values for IDD7 for 70°C, 45°C, 15°C, and IDD7 1/2-bank and 1/4-bank are sampled
only. Values for IDD7 4-bank, 2-bank, and 1-bank for 85°C are 100 percent tested.

29. Deep power-down current is a nominal value at 25°C. This parameter is not tested.

30. Test conditions include 500ms delay prior to measurement.

31. Auto precharge mode only. The precharge timing budget (‘RP) begins at 7.5ns for -75
and 7ns for -8 after the first clock delay, after the last WRITE is executed. For auto pre-
charge mode, at least one clock cycle is required during ‘WR.
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Timing Diagrams
. TTITTEE———

Timing Diagrams

Figure 34: |Initialize and Load Mode Register

TO T1 Tn+1 To + 1 Tp+1 Tq+ 1 Tr+1
1 1 1 1 1 1
0 )\ 4 (¢ y (« A (¢ A ( A (¢ A (
LK )) )) ) )) )) ))
A (( (( (( (( (( ((
, teK )) ) ) ) ) ))
' teks|tckH | - | ] | ] 1
( L= (
T K/ /I /R )
) \ ) ) ) ) ))

s I S AP CAPAPE AP
] gy z
== e
~ Ul e (e ey

! . tas{taH | j | tAS[tAH ‘ ‘

% y y ) BAOT 3 /BRO=T | !
BAD, BAT w)/ /,()) )/ /,(: )/ /{ BAl=L (Z}< BA1 = H VAl

( High-Z ( ( ( ( (( (
pQ J )) ) ) ) ) )()_
T = 100“5 I I I I I
tRP tRFC2 tRFC2 tMRD3 tMRD3
\ Power-up:
Vobp and Precharge Load Mode Load Extended
CLK stable all banks Register ~ Mode Register

DON'T CARE

Notes: 1. PRE =PRECHARGE command; AR = AUTO REFRESH command; LMR = LOAD MODE REGISTER
command.

2. Only NOPs or COMMAND INHIBITs may be issued during 'RFC time.
3. At least one NOP or COMMAND INHIBIT is required during *MRD time.
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Timing Diagrams

Figure 35: Power-Down Mode

TO T T2 ) Tn+1 Tn+2
S e e N/ /1 S N S N
| | s o | |
CKE ﬁ« »ﬁ(%% Y{/A ()() ) %Z% ‘(42’4%
tcks | tckH
tcms | teviH

- |

COMMAND XPRECHARGEW NOP >@< NOP W %{/ % NOP >@< ACTIVE >@<:

7t

ADDR | /{"(’y /X ROW W

ALL BANKS »
)
A10 >< X/ W Y,
SINGLE BANK )
tAs | tAaH
= = (¢
BAO, BA1 ak BANK(S)% N K BANK X))
))
High-Z «
)7
Two clock cycles Input buffers gated off while in
power-down mode
Precharge all All banks idle, enter All banks idle
active banks power-down mode Exit power-down mode

DON'T CARE

Notes: 1. Violating refresh requirements during power-down may result in a loss of data.
See Table 11 on page 46.
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Mcron Timing Diagrams

Figure 36: Clock Suspend Mode

P e K N e w B B e B s B e M e B
o TN | O Y7 | Tl || |l |
tems | temH
COMMAND y< READ >@< NOP >@< NoP W m NOP >@< NOP >@< NOP >@< WRITE W M NOP >@
tems | temH
T N —

ADDR QEC?LTJMN mz% %COLUMNE W
iA_S» tAH
ml | 7\
as | AH_
BAO, BA1 y BANK % % BANK W

tas

tAC toH tHz s | _toH

tLz

DON'T CARE
@ UNDEFINED

Notes: 1. For this example, BL = 2, CL = 3, and auto precharge is disabled.
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Timing Diagrams

Figure 37: Auto Refresh Mode

SR =S e R S= S = e I ST e

|
| ( |
)

| (
« f LX) | | i

tcks | tckH

tems | temH

COMMAND PRECHARGE NOP RQE,I;H Nopg( NOP >@< R’EERTE%H NoP(( NOP>@< ACTIVE >@<
) )

((y ((J
4 |
))
ADDR (()/ )
‘ ) ST
ALL BANKS (() ((}
o )N i N
SINGLE BANK )) ))
tas | taH
(i (( ((
BAO, BAT }ksmxm % A;()y/ /()’)’ @( BANK M
bq Hshz ss g
'RP tRFC tRFC

Precharge all DON'T CARE @ UNDEFINED

active banks

Notes: 1. Each AUTO REFRESH command performs a REFRESH cycle. Back-to-back commands are not
required.
See Table 11 on page 46.
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Figure 38:

Self Refresh Mode

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Timing Diagrams

TO T1 - T2 ( Tn+1 (S To+1 To+2
L
S s e o e W/ /R I S I
CKS > tRAS
oy o 3 i
tcks | tckH
tcms | tcmH
-~ (( ((
COMMAND XPRECHARGE NOP >@< REFRES M)y/ /\ NOPg)()) >@< REFRECH >@<:
(¢ ((
/ N
(( ((
oo 77 UL
ALL BANKS | ((, ()( |
At0 Y ] Y W /,
SINGLE BANK )) ))
fas | taH

- | |
BAO, BA1 % BANK(S) %

I

T

TN

High-z

((
))

DQ

Precharge all
active banks

Enter self refresh mode [

CLK stable prior to exiting
self refresh mode

SR

Exit self refresh mode

(Restart refresh time base)

DON'T CARE
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° 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Mcron Timing Diagrams

Figure 39: READ - without Auto Precharge

TR et = = I s D e I S D e N e O o
w | | Ul | U U || | |

tems| temH

COMMAND %k ACTIVE NOP >@< READ >@< NOP >@< NOP >@< NOP >@<PRECHARGE>@< NOP >@< ACTIVE W

tcms | tcmH

oaw 7 N /)N
AT | | | | | | |
ADDR)k ROW % %COLUMNmW &( ROW W
s | aH_ ALL‘BANKS
EA_SJ taH DISABLE AUF’O PRECHARGE ‘ ‘ S'NG‘LE BANK ‘
BAO, BA1 bk BANK W @( BANK W ﬁ( BANK(S) W @( BANK W
tac | tac tac
tac toH toH ﬂ ﬂ
DQ Dour m Dourm + 1 Dourm +2 Dourm +3
[z | j@
RCD L tRp tHz
RAS
Re

DON'T CARE

&) unperineD

Notes: 1. For this example, BL =4, CL = 2, and the READ burst is followed by a manual PRECHARGE.
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Mcron Timing Diagrams

Figure 40: READ - with Auto Precharge

TO T1 ip] T3 T4 T5 T6 T7 T8
I e e <o NNV W NP U NN S AR S Y SR N B
s | ko
K {" ) ) | ) | ) ) )
MS | tcvH
COMMAND y ACTIVE >@< NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< ACTIVE W
tCIL/Is+ <1C>MH
s | | | | | | | |
ADDRX ROW % %COLUMNmW % ROW W
tas | tAH ENABLEAU'I"O PRECHARGE
s | | | | | |
BAO, BA1 % BANK W % BANK W M BANK W
tac tac tAac
tac oy | o | [For | Lo
DQ Dour m Dour m + 1 Doutm + 2 Dout m + 3
[z | é
ReD cL tRp tHz
RAS
Rc

DON'T CARE
@ UNDEFINED

Notes: 1. For this example, BL =4, CL = 2.
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Mcron Timing Diagrams

Figure 41: Single READ - without Auto Precharge

T0 T T2 T3 T4 T5 T6 17 T8
ac [ L T
s |
K 4’ Wy uy v ca)  a ) ca  ca) ad) | )
Ms | tcmH
COMMAND y ACTIVE >@< NOP >@< READ >@< NOP2 >@< NOP2 >@<PRECHARG§@< NOP >@< ACTIVE >@< NOP W
tCl\15><1C>MH
BT
fas [t \ | | | |
ADDRX ROW %COLUMNmW % ROW W
EA—S> ‘AH ALLB‘ANKS
tas ‘ taH DISABLE AU'{O PRECHARGE ‘ ‘ S'NGLT BANK ‘
BAO, BA1 bk BANK W M BANK W &( BANK(S) W M BANK W
tac toH
DQ iz Doutr m LST
tReD L o tHz tRp
RAS
RC

DON'T CARE
@ UNDEFINED

Notes: 1. For this example, BL = 4, CL = 2, and the READ burst is followed by a manual PRECHARGE.

2. PRECHARGE command not allowed or 'RAS would be violated.
See Table 11 on page 46.
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Timing Diagrams

Figure 42: Single READ - with Auto Precharge

TO T T2 T3 T4 T5 T6 T7 T8
I R e e e v ANV W IR U AN G EY S N S N U
s |tk
b {MS th Ly | o) | ) ) <l an
MH
COMMAND »Z::::FW NOP >@< NOP2 >@< NOP2 >@< READ >@< NOP >@< NOP >@< ACTIVE >@< NOP W
tcms | tecviH
DQM Aﬂﬂy
s [ | | | |
ADDR}k ROW % MCOLUMNmW % ROW W
tas | tAH ENABLEAUT(L PRECHARGE
a0 W iow W7 7 X\,
s L | | |
BAO, BAT bk BANK W % BANK W M BANK W
tAC toH
DQ Dour m
RCD cL ‘ tHz
RAS ! Rp
RC

DON'T CARE
@ UNDEFINED

Notes: 1. For this example, BL =4, CL = 2, and the READ burst is followed by a manual PRECHARGE.

2. PRECHARGE command not allowed or 'RAS would be violated.
See Table 11 on page 46.
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Figure 43:

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM

Alternating Bank Read Accesses

Timing Diagrams

T0 « T « T T3 T4 T5 T6 T7 T8
I T e e e ANV W N SN NP W ARV W SN S Y S
| o | | | | | | | |
e ﬂ )| oy | o o | o | o | o ad | o
tcms | tomu
COMMAND ACTIVE NOP >@< READ >@< NOP >@< ACTIVE >@< NOP >@< READ >@< NOP >@< ACTIVE W
tcms | temH
bQu D 000 | 70 | 70\ L0 | 0N\ AT\ A
] | | | | | | |
ADDR ROW %cowmu . W &( ROW W MCOLUMN "ZW ﬁ( ROW W
:éS» tAH ENABLE AUL’O PRECHARGE ENABLE AUL'O PRECHARGE
jﬁi tAH
BAO, BA1 % BANK 0 )/ %\ BANK 0 BANK 3 W % BANK 0
[\ ‘ tac ‘ tAC ‘ tAC ‘
ton Jon | oo | Lo
DQ Doutrm + 1 Dourm + 2 Dourm +3 Dout b
tRCD - bank 0 CL - bank 0 tRP - bank 0 tRCD - bank 0
TRAS - bank 0
tRC - bank 0 |
RRD \ tRCD - bank 4 CL - bank 4
| |
DON'T CARE
@ UNDEFINED
Notes: 1. For this example, BL =4, CL = 2.
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Timing Diagrams

Figure 44: READ - DQM Operation

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK ] tCK ] |t | |
. S e v AP YR N W AR S Sy S S S B S
ths tC‘KH
«e X | Xy ) | )| ) | e e ) ) ) )
tcMs | tcMH
COMMAND y ACTIVE >@< NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP W
tcms | temH
DQM Ih |
Q 7| U L
s | | | | | |
ADDR}k ROW % /)<c0LUMNm>W
tas | _tAH ENABLE AUTO PRECHARGE
tas ‘ tAH DISABLEAUIO PRECHARGE ‘ ‘
BAO, BA1 % BANK W % BANK W
tac
tAC toH tAC toH toH
DQ
9 e
@ B KO KRR Bom 2 TWTM%T—
RCD L Hz tHz
/] boN'T cARE
B unpEeFINED
Notes: 1. For this example, CL = 2.
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Timing Diagrams

Figure 45: WRITE - without Auto Precharge

T0 T T2 T3 T4 T5 T6 T7 T8 T9

I S e e e D A [N D S D S S S D S D S N

tcks | tckH

CKE }/ﬂﬂl

foms | temH

COMMAND X ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@<PRECHARGE>@< NOP >@< ACTIVE W

tems | temH

QM 51T AN | N | N

tas| taH ‘ ‘
ADDR y ROW % X corommm X/ JIK_row_ X
tas| t ‘
AS| AH ‘ ‘ ‘ ALL BANKS ‘
DISABLE AUTO PRECHARGE SINGLE BANK
tas| taH

|
BAO, BAT BANK M M BANK W /)< BANK W % BANK >(/

bs| bH bs| H bs| bH bs| tH

DQ &k DINm WDleHW Dmm+2>@k D|Nm+3>W

ReD ‘ ‘ twR2 tRp
| |

TRAS

RC

DON'T CARE

Notes: 1. For this example, BL = 4, and the WRITE burst is followed by a manual PRECHARGE.

2. 15ns is required between <DIN m + 3> and the PRECHARGE command, regardless of fre-
quency.
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Timing Diagrams

Figure 46: WRITE - with Auto Precharge

Cge oy et L L L L
s | Sk |
Y /4 ) Ca | aw| aw| ad| a | | ad
foms | tomH

COMMAND X ACTIVE >@< NOP WRITE >@< NOP >@< NOP >@< NOP >@< NOP NOP NOP >@<ACTIVE>0

thi yH
DQM % m m m
| o |
ADDR )k ROW % /X coromn mX)/ WY,
fﬁ{‘ tAH !

ENABLE AUTO PRECHARGE

A10 ROW % / W % ROW W
BAO, BA1 ?k‘_;ANK W M BANK W % BANK W

tps | toH ps
DQ ﬁk DiNm WDle+ WDwm+2>@kD|Nm+3w
tRCD ‘ ‘
tRAS ‘ ‘
RC

tDH tbs| tOH tbs| toH
1

twRr2 Rp

DON'T CARE
@ UNDEFINED

Notes: 1. For this example, BL = 4.
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Timing Diagrams

Figure 47: Single WRITE - without Auto Precharge

TO T T2 T3 T4 T5 T6 T7 T8
] K | J e |
T T e e e <o AN SN RN SN R SN S SR N S N S
tcle tC‘KH ‘
«e 74| X | | | cw ca | o) <)
thg tcMH
COMMAND y ACTIVE >@< NOP >@< WRITE >@< NoP3 >@< NoP3 >@<PRECHARG§@< NOP >@< ACTIVE >@< NOP W
tcms | tCMH
Bl
1, 1,
s L | | | | | | |
ADDR bk ROW % /)<c0LUMN mW
hs_|_tAH ALL BANKS
tas ‘ tAH DISABLE AUTO PRECHARGE ‘ ‘ S'NG'-T BANK ‘ ‘
<= |
BAO, BA1 bk BANK W M BANK W &( BANK W M BANK W
tbs| H

ReD twRr2 RP

RAS

Re

DON'T CARE
Notes: 1. For this example, BL = 1, and the WRITE burst is followed by a manual PRECHARGE.
2. 15ns is required between <DIN m> and the PRECHARGE command, regardless of frequency.
3. PRECHARGE command not allowed or ‘RAS would be violated.
See Table 11 on page 46.
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Figure 48:

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Timing Diagrams

Single WRITE - with Auto Precharge

w  [Reeel— 1 L L L L
tcks | tckH
m@%ﬁ%ﬁ%ﬁ%%%VWVWVW/W/W%
COMMAND %E_:c:;'

T ) I O

tcMH

tcms

ATy
g5 i | |
ADDR bk ROW % MCOLUMNmW % ROW. W
{
1A_5> tAH ENABLE AUTO PRECHARGE
A10 >L< ROW. % % ROW. W
s o, |
BAO, BA1 bk BANK W /)< BANK W W BANK W
E DH
DQ ﬁk DINm %
tRCD \ twR tRp
TRAS !
tRC
/)] pon'T care
Notes: 1. For this example, BL = 1, and the WRITE burst is followed by a manual PRECHARGE.

15ns is required between <DIN m> and the PRECHARGE command, regardless of frequency.

WRITE command not allowed or 'RAS would be violated.
See Table 11 on page 46.
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Figure 49:

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Timing Diagrams

Alternating Bank Write Accesses

w  [TRSERS L L L L
| 3 | | | | Y
s |ty

COMMAND bk ACTIVE >@< NOP >@< WRITE >@< NOP >@< ACTIVE >@<

‘ tams | tamH
DQM % 7%27/% %222% %227/% //7/227/% %227/% %7/227} /AZZ% //7/22%
b | | | | | | | |
ADDR ROW //)Xcoumn m)(/ I _row X7/ /)X corumn 8] X_row X7
TAs | tAH ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
Y T Y WY 74 \Y JIX_vow_ X
tas ‘ tAH ‘ ‘ ‘ ‘
BAO, BA1 % BANK 0 y %\ BANK 0 BANK 1 W BANK 1 W % BANK 0
ps| tbH ps| bH ps| tbH Ips| OH tps| tOH tps| bH tps| OH ps| tbH
DQ ﬁk DINm WD|Nm+1>@kD|Nm+Z>@kD|Nm+3>@k Din b WDle+1>@kD|Nb+Z>@kDmm+3>@C
tRCD - bank 0 ‘ ‘ tWR - bank 0 | RP - bank 0 tRCD - bank 0
I I
TRAS - bank 0 ‘
tRC - bank 0 \ TWR - bank 1
'RRD | 'RCD-bank 1 |
I |
DON'T CARE
Notes: 1. For this example, BL = 4.
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Timing Diagrams

Figure 50: WRITE - DQM Operation

TO T T2 T3 T4 T5 T6
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Notes: 1. For this example, BL = 4.
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° 256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
6162' Cron Package Dimensions
T EE——

Package Dimensions

Figure 51: 54-Ball VFBGA (8mm x 9mm)
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DIAMETER REFERS - 6.40 ———=|
TO POST REFLOW BALL A1 ID MICRON LOGO
0.80 TO BE LASED
CONDITION. THE PRE- TVYP —>| ~—/  BALL A1
REFLOW DIAMETER : 13 BALLA11D
IS 0.42 ON A 0.40 Jﬁ | | g 1 4
SMD BALL PAD. | A
HOe | 009 d )
|
BALL A9 —] A | DDOD 4502005 g
e 1+ SO C
|
e | S0 C
6.40 - DPP-----DPDP-$-- 9.00z0.10 d
|
* ded 1 SOD C
|
30| 00O | 900 | |y e
+ OO DO O, g
CPDL 1 DD D q
|
= | o Il
|
3.20 4.00 £0.05 y *
~+——— 8.00 £0.10 ———— = 1.00 MAX
Notes: 1. All dimensions are in millimeters.
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Figure 52:

{ 0.65 +0.05

90-Ball VFBGA (8mm x 13mm)

256Mb: 16 Meg x 16, 8 Meg x 32 Mobile SDRAM
Package Dimensions
. TE—

-
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Notes: 1.

All dimensions are in millimeters.
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