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GM72V66841CT/CLT

2,097,152 WORD x 8 BIT x 4 BANK
SYNCHRONOUS DYNAMIC RAM

Description

The GM72V66841CT/CLT is a synchronous
dynamic random access memory comprised of
67,108,864 memory cells and logic including
input and output circuits operating synchronously
by referring to the positive edge of the externaly
provided Clock.

The GM72V66841CT/CLT provides four
banks of 2,097,152 word by 8 bit to realize high
bandwidth with the Clock frequency up to 125
Mhz.

Features

* PC100,PC66 Compatible
7K(2-2-2), 7J(3-2-2), 10K (PC66)
* 3.3V single Power supply
* LVTTL interface
* Max Clock frequency
100/125 MHz
* 4,096 refresh cycle per 64 ms
* Two kinds of refresh operation
Auto refresh/ Self refresh
* Programmable burst access capability ;
- Sequence:Sequential / Interleave
- Length  :1/2/4/8/FP
* Programmable CAS latency : 2/3
* 4 Banks can operate independently or
simultaneoudly
* Burst read/burst write or burst read/single
write operation capability
* Input and output masking by DQM input
* One Clock of back to back read or write
command interval
* Synchronous Power down and Clock
suspend capability with one Clock latency
for both entry and exit
*JEDEC Standard 54Pin 400mil TSOP ||
Package

Pin Configuration

VCC [1] [ 54]VSS
pQo 2| @ 53] DQ7
VCCQ [3] [52] VSSQ
NC [4] [ 51 NC
DQ1 [ 5] 1 50 1 DQ6
VSSQ [6 ] [ 4991VCCQ
NC [7] 48 NC
DQ2 [8] 471DQ5
VCCQ L9 | [ 46 | VSSQ
NC [10] [ 45 |NC
DQ3 [11] 4 1DQ4
VSSQ [12] [ 43]VCCQ
NC (8] jorCepnTsopn |2 NC
VCC [14] [ 41]VSS
we ]  TPVEM e pom
/CAS [17] [38] CLK
/RAS [18] | 37] CKE
/CS [19] [ 36 ] NC
BA0/A13 (20| 1 35] A1l
BA1/A12 [21] [ 34] A9
A10,AP [22] [ 33] A8
A0 [23] [ 32] A7
Al [24] [31] A6
A2 [25] [30] A5
A3 [26] [ 29] A4
vee [Z7] | 22]VSS
Pin Name
CLK Clock
%E Clock Enable
CSs Chip Select
RAS Row Address Strobe
%S Column Address Strobe
WE Write Enable
AO~A9,A11| Address input
A10/ AP Address input or Auto Precharge
BAO/A13 Bank select
~BAVA12
DQO~DQ7 | Datainput / Data output
DQM Data input / output Mask
VCCQ Vcc for DQ
VSSQ Vss for DQ
VCC Power for interna circuit
VSS Ground for interna circuit
NC No Connection
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Block Diagram

AOto A13

| A0 to A8 | + + | A0 to A13 |

Column address Column address Row address Refresh
counter ‘ buffer counter ‘ counter

< :

. o Memory array e . o Memory aray . o Memory array . o Memory array
% 2 Bank 0 s % 2 Bank 1 % 2 Bank 2 % 2 Bank 3
=l B N = = =l B =l B

cl= . cl= cl= cl=

g =3 4096 row M g =3 4096 row g =3 4096 row g =3 4096 row
3 é x512column | ;I | B é x 512 column 3 é x 512 column S é x 512 column
© % xshit | 1:]© % x 8 bt © % x 8 bt © % x 8 bt

Input Output Control logic &
buffer buffer timing generator

DQO to DQ7
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GM72V66841CT/CLT

Pin Description

Pin Name DESCRIPTION

CLK CLK is the master Clock input to this pin. The other input signals are referred
(input pin) at CLK rising edge.

CKE This pin determines whether or not the next CLK is valid. If CKE is High, the
(input pin) next CLK rising edge is valid. If CKE is Low, the next CLK rising edge is

Ut P invalid. This pin is used for Power-down and Clock suspend modes.

o When CSiis Low, the command input cycle becomes valid. When CSis high,
(input pin) al inputs are ignored. However, internal operations (bank active, burst

operations, etc.) are held.

RAS, CAS, and WE
(input pins)

Although these pin names are the same as those of conventiond DRAMS,
they function in a different way. These pins define operation commands (read,
write, etc.) depending on the combination of their voltage levels. For details,
refer to the command operation section.

A0~A1l
(input pins)

Row address (AXO0 to AX11) is determined by AO to A1l level at the bank
active command cycle CLK rising edge. Column address(AYO to AYS;
GM72V66841CT/CLT) is determined by AO to A8 levd at the read or write
command cycle CLK rising edge. And this column address becomes burst
access start address. A10 defines the Precharge mode. When A10 = High at
the Precharge command cycle, al banks are Precharged. But when A10 =
Low a the Precharge command cycle, only the bank that is selected by
A12/A13 (BS) is Precharged.

A12/A13
(input pin)

A12/A13 are bank select signad (BS). The memory array of the
GM72V66841CT/CLT is divided into bank O, bank 1, bank2 and bank 3.
GM72V66841CT/CLT contain 4096-row x 512-column x 8-bits. If Al12 is
Low and if A13 is Low, bank O is selected. If A12 is High and A13 is Low,
bank 1 is selected. If A12 is Low and A13 is High, bank 2 is selected. If A12
is High and A13 is High, bank 3 is selected.

DQM,
DQMU/DQML
(input pins)

DQM, DOQMU/DQML controls input/output buffers.

* Read operation: If DQM, DOQMU/DQML is High, The output buffer
becomes High-Z. If the DQM, DQMU/DQML is Low, the output buffer
becomes Low-Z.

* Write operation: If DQM, DQMU/DQML is High, the previous data is held
(the new data is not written). If DQM, DQMU/DQML is Low, the data is
written.
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Pin Description(Continued)

Pin Name DESCRIPTION

DQO ~DQ7 Datais input and output from these pins. These pins are the same as those of a
(11O pins) conventional DRAM.

Vce and Vecg 3.3 V is applied. (Vcc is for the interna circuit and Vecq is for the output

(Power supply pins) buffer.)

Vssand Vssq Ground is connected. (Vss is for the internal circuit and Vsso is for the output
(Power supply pins) | buffer.)

NC No Connection pins.

Command Operation

Command Truth Table
The synchronous DRAM recognizes the following commands specified by the CS, RAS, CAS, WE
and address pins.

Function Symbol n_fKEn CS | RAS| CAS| WE ':112; A10 :(1);
Ignore command DESL H| X H X X X X X X
No Operation NOP H X L H H H X X X
Burst stop in full page BST H| X L H H L X X X
Column address and READ H | x L H L H v L v

read command

Read with auto-Precharge| READ A | H | X L H L H \% H \%

Column address and WRIT |H{X| L |H]|L|[L|]V]L]|V
write command

Write with auto-Prechargel WRITA | H | X L H L L \% H \%

Row address strobe and ACTV H | x L L H H Vv Vv Vi

bank active

Precharge select bank PRE H| X L L H L \% L X
Precharge all banks PALL H| X L L H L X H X
Refresh REF/SELF| H \% L L L H X X X
Mode register set MRS H| X L L L L \% \% \%

* Notes: H:ViH, L: Vi, X:ViHor Vi, V: Valid address input
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GM72V66841CT/CLT

Ignore command [DESL]: When this command
is set (CS is High), the synchronous DRAM
ignores command input at the Clock. However,
the internal status is held.

No operation [NOP]: This command is not an

execution command. However, the interna
operations continue.
Burst stop in full page [BST] : This

command stops a full-page burst operation (burst
length = full-page(512;GM72V66841CT/CLT)
and is illegal otherwise. Full page burst continues
until  this command is input. When data
input/output is completed for full-page of data, it
automatically returns to the start address, and
input/output is performed repeatedly.

Column address strobe and read command
[READ]: This command starts a read operation.
In addition, the start address of burst read is
determined by the column address

AY0O to AY8; GM72V66841CT/CLT) and the
bank select address (A12/A13). After the read
operation, the output buffer becomes High-Z.

Read with auto-Precharge [READ A]: This
command automatically performs a Precharge
operation after a burst read with a burst length of
1, 2, 4 or 8. When the burst length is full-page,
this command is illegal.

Column address strobe and write command
[WRIT]: This command starts a write operation.
When the burst write mode is selected, the column
address (AYO to AYS8; GM72V66841CT/CLT)
and the bank select address (A12/A13) become the
burst write start address. When the single write
mode is selected, data is only written to the
location specified by the column address (AYO to
AY8,GM72V66841CT/CLT) and the bank select
address (A12/A13).

Write with auto-Precharge [WRIT A]: This
command automatically performs a Precharge
operation after a burst write with a length of 1, 2,
4 or 8, or after a single write operation. When the
burst length is full-page, this command isillegal.

Row address strobe and bank activate
[ACTV]: This command activates the bank that
is selected by A12/A13(BS) and determines the
row address (AX0 to AX11). If A12 is Low and
if A13isLow, bank O is activated. If A12 is High
and Al13 is Low, bank 1 is activated. If Al12 is
Low and A13 is High, bank 2 is activated. If A12
is High and A13 is High, bank 3 is activated.

Precharge selected bank [PRE]: This
command starts Precharge operation for the bank
selected by A12/A13. If Al2 isLow and if Al13is
Low, bank O is selected. If A12 is High and A13
is Low, bank 1 is selected. If A12 is Low and
A13 is High, bank 2 is selected. If A12 is High
and A13 is High, bank 3 is selected.

Precharge all banks [PALL]: This command
starts a Precharge operation for al banks.

Refresh [REF/SELF]: This command starts the
refresh operation. There are two types of refresh
operation, the one is auto-refresh, and the other is
self-refresh. For details, refer to the CKE truth
table section.

Mode register set [MRS]: Synchronous DRAM
has a mode register that defines how it operates.
The mode register is specified by the address pins
(AO to A11) at the mode register set cycle. For
details, refer to the mode register configuration.
After Power on, the contents of the mode register
are undefined, execute the mode register set
command to set up the mode register.
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DQM Truth Table
Function Symbol CKE DQM
n-1 n
Write enable/output enable ENB H
Write inhibit/output disable MASK H X H

* Notes: H:ViH, L:ViL, X:VIHoOr ViL.
Write : Ipip is needed.
Read : Ipop is needed.

The GM72V66841CT/CLT can mask input/output

data by means of DQM.

During reading, the output buffer is set to Low-Z
by setting DQM to Low, enabling data output. On
the other hand, when DQM is set to High, the
output buffer becomes High-Z, disabling data

output.

During writing, data is written by setting DQM to
Low. When DQM is set to High, the previous
data is held (the new data is not written). Desired
data can be masked during burst read or burst
write by setting DQM. For details, refer to the
DQM control section of the
GM72V66841CT/CLT operating instructions.
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CKE Truth Table
Current . CKE _ e — —
Address
State Function 1 n CS | RAS | CAS | WE
Active Clock suspend HiL | H| x| x| x X
mode entry
Any Clock suspend L [L X X X X X
Clock suspend
Clock Suspend mode exit L [H X X X X X
Idle Auto-refresh RED) T h(m | L Ll L | H X
command
ldle Self-refresh GELR L | L Ll L | H X
entry
e Power down H | L L H H H X
entry Hie | v | x| x| x X
L |H L H H H X
Sdf refresh Sel;c refresh (SELFX)
& L |H | H x | x| x X
Power down L H L H H H X
Power down Exit
L |H H X X X X

* Notes: H:ViH, L: Vi, X:VIHoOr ViL.

Clock suspend mode entry: The synchronous
DRAM enters Clock suspend mode from active
mode by setting CKE to Low. The Clock suspend
mode changes depending on the current status (1
Clock before) as shown below.

ACTIVE Clock suspend: This suspend mode
ignores inputs after the next Clock by internally
maintaining the bank active status.

READ suspend and READ A suspend: The
data being output is held (and continues to be
output).

WRITE suspend and WRIT A suspend: In
this mode, external signals are not accepted.
However, the internal state is held.

Clock suspend: During Clock suspend mode,
keep the CKE to Low.

Clock suspend mode exit : The synchronous
DRAM exits from Clock suspend mode by
setting CKE to High during the Clock suspend
state.

IDLE: In this state, all banks are not selected,
and completed Precharge operation.
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Auto-refresh command[REF]: When this
command is input from the IDLE state, the
synchronous  DRAM starts  auto-refresh
operation. (The auto-refresh is the same as the
CBR refresh of conventional DRAMs.) During
the auto-refresh operation, refresh address and
bank select address are generated inside the
synchronous DRAM. For every auto-refresh
cycle, the internal address counter is updated.
Accordingly, 4,096 times are required to refresh
the entire memory. Before executing the auto-
refresh command, al the banks must be in the
IDLE state. In addition, since the Precharge for
al banks is automatically performed after auto-
refresh, no Precharge command is required after
auto-refresh.

Self-refresh entry[SELF]: When this command

is input during the IDLE state, the synchronous
DRAM darts self-refresh operation. After the
execution of this command, self-refresh
continues while CKE is Low. Since self-refresh
is performed internaly and automaticaly,
external refresh operations are unnecessary.

Function Truth Table

Self-refresh exit[SELFX]: When this command

is executed during sef-refresh mode, the
synchronous DRAM can exit from self-refresh
mode. After exiting from self-refresh mode, the
synchronous DRAM enters the IDLE dtate.

Power down mode entry: When this command
is executed during the IDLE date, the
synchronous DRAM enters Power down mode.
In Power down mode, Power consumption is
suppressed by cutting off the initial input circuit.

Power down exit: When this command is
executed a the Power down mode, the
synchronous DRAM can exit from Power down
mode. After exiting from Power down mode, the
synchronous DRAM enters the IDLE dtate.

The following table shows the operations that are performed when each command is issued in each

mode of the synchronous DRAM.

g:tréent CS | RAS| CAS| WE | Address Command Operation
Precharge H X X X IX DESL Enter IDLE after tre
L H H H |X NOP Enter IDLE after tre
L H H L X BST NOP
L H L H |[BA, CA, A10|READ/READ A |ILLEGAL
L H L L BA, CA, A10|WRIT/WRIT A |ILLEGAL
L L H H |BA, RA ACTV ILLEGAL
L L H L BA, Al10 PRE, PALL NOP
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Function Truth Table (Continued)
g:tréent CS | RAS| CAS| WE | Address Command Operation
Precharge L L L H | X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Idle H X X X X DESL NOP
L H H H | X NOP NOP
L H H L X BST NOP
L H L H BA, CA, A10| READ/READ A | ILLEGAL
L H L L BA, CA, A10| WRIT/WRIT A | ILLEGAL
L L H H BA, RA ACTV Bank and row active
L L H L BA, A10 PRE, PALL NOP
L L L H | X REF, SELF Refresh
L L L L | MODE MRS Mode register set
Row active H X X X X DESL NOP
L H H H | X NOP NOP
L H H L X BST NOP
L H L H BA, CA, A10| READ/READ A | Begin read
L H L L BA, CA, A10| WRIT/WRIT A | Begin write
L L H H BA, RA ACTV Other bank active 3
ILLEGAL on same bank
L L H L BA, A10 PRE, PALL Precharge
L L L H [X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
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Function Truth Table (Continued)
;::tréent CS | RAS| CAS| WE | Address Command Operation
Read H X X X [X DESL Continue burst to end
L H H H |X NOP Continue burst to end
L H H L [X BST Burst stop to full page
L H L H | BA, CA, A10] READ/READ A | Continue burst read to
CAS latency and New
read
L H L L BA, CA, A10| WRIT/WRIT A | Term burst read/start
write
L L H H |BA, RA ACTV Other bank active
ILLEGAL on same bank
L L H L BA, A10 PRE, PALL Term burst read and
Precharge
L L L H | X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read with H X X X [X DESL Continue burst to end
auto- and Precharge
Precharge
L H H H [X NOP Continue burst to end
and Precharge
L H H L X BST ILLEGAL
L H L H BA, CA, A10| READ/READ A | ILLEGAL
L H L L BA, CA, A10| WRIT/WRIT A | ILLEGAL
L L H H |[BA, RA ACTV Other bank active '3
ILLEGAL on same bank
L L H L BA, A10 PRE, PALL ILLEGAL
L L L H [X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

10
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Function Truth Table (Continued)
;::tréent CS | RAS| CAS| WE | Address Command Operation
Write H X X X [X DESL Continue burst to end
L H H H |X NOP Continue burst to end
L H H L [X BST Burst stop on full page
L H L H BA, CA, A10| READ/READ A | Term burst and New
read
L H L L BA, CA, A10| WRIT/WRIT A | Term burst and New
write
L L H H |BA, RA ACTV Other bank active
ILLEGAL on same bank
L L H L BA, A10 PRE, PALL Term burst write and
Precharge?
L L L H | X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Write with H X X X [X DESL Continue burst to end
auto- and Precharge
Precharge
L H H H [X NOP Continue burst to end
and Precharge
L H H L X BST ILLEGAL
L H L H BA, CA, A10| READ/READ A | ILLEGAL
L H L L BA, CA, A10| WRIT/WRIT A | ILLEGAL
L L H H |[BA, RA ACTV Other bank active
ILLEGAL on same bank
L L H L BA, A10 PRE, PALL ILLEGAL
L L L H [X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

11
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Function Truth Table (Continued)
g:tréent CS | RAS| CAS| WE | Address Command Operation
Refresh H X X X X DESL Enter IDLE after tre
(auto-refresh)
L H H H X NOP Enter IDLE after tre
L H H L X BST Enter IDLE after tre

BA, CA, A10| READ/READ A | ILLEGAL

BA, CA, A10| WRIT/WRIT A | ILLEGAL

L L H H |BA, RA ACTV ILLEGAL
L L H L |[BA, A10 PRE, PALL ILLEGAL
L L L H |X REF, SELF ILLEGAL
L L L L |[MODE MRS ILLEGAL

* Notes: 1.H:ViH, L:ViL, X:ViHoOr ViL.
The other combinations are inhibit.

2. Aninterva of trwe is required between the final valid datainput and the Precharge command.
3. If trro is not satisfied, this operation isillegal.
4. BA:Bank Address, RA:Row Address, CA:Column Address

From [ROW ACTIVE]
To [DESL], [NOP] or [BST]: These

From [Precharge]

To [DESL], [NOP] or [BST]: When these _ _
commands are executed, the synchronous commands result in no operation.

DRAM enters the IDLE state after tre has To [READ], [READ A]: A read operation

elapsed from the completion of Precharge starts.  (However, an interval of treo is
From [IDLE] required.)

To [DESL], [NOP], [BST], [PRE] or To [WRIT], [WRIT AJ]: A write operation

[PALL]: These commands result in no starts. (However, an interval of treo is
operation. required.)

To [ACTV]: The bank specified by the
address pins and the ROW address is
activated.

To [REF], [SELF]: The synchronous
DRAM enters refresh mode (auto-refresh or
self-refresh).

To [MRS]: The synchronous DRAM enters
the mode register set cycle.

To [ACTV]: This command makes the
other bank active. (However, an interval of
trro is required.) Attempting to make the
currently active bank active results in an
illegal command.

To [PRE], [PALL]: These commands set
the synchronous DRAM to Precharge
mode. (However, an interval of tras is
required.)

12
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From [READ]

To |[DESL], [NOP]: These commands
continue read operations until the burst
operation is completed.

To [BST]: This command stops a full-page
burst.

To [READ], [READ A]: Data output by the
previous read command continues to be
output. After CAS latency, the data output
resulting from the next command will start.

To [WRIT], [WRIT A]: These commands
stop a burst read, and start a write cycle.

To [ACTV]: This command makes other
banks bank-active. (However, an interval of
trro is required.) Attempting to make the
currently active bank active results in an
illegal command.

To [PRE], [PALL]: These commands stop a
burst read, and the synchronous DRAM
enters Precharge mode.

From [READ with AUTO-Precharge]

To |[DESL], [NOP]: These commands
continue read operations until the burst
operation is completed, and the synchronous
DRAM then enters Precharge mode.

To [ACTV]: This command makes other
banks bank-active. (However, an interval of
trro is required.) Attempting to make the
currently active bank active results in an
illegal command.

From [WRITE]

To [DESL], [NOP]: These commands
continue write operations until the burst
operation is completed.

To [BST]: This command stops a full-page
burst.

To [READ], [READ A]: These commands
stop a burst and start aread cycle.

To [WRIT], [WRIT A]: These commands
stop a burst and start the next write cycle.

To [ACTV]: This command makes the
other bank active. (However, an interval of
trro is required.) Attempting to make the
currently active bank active results in an
illegal command.

To [PRE], [PALL]: These commands stop
burst write and the synchronous DRAM
then enters Precharge mode.

From [WRITE with AUTO-Precharge]

To [DESL], [NOP]: These commands
continue write operations until the burst
operation is completed, and the synchronous
DRAM then enters Precharge mode.

To [ACTV]: This command makes the other
bank active. (However, an interval of tre is
required.) Attempting to make the currently
active bank active results in an illega
command.

From [REFRESH]

To [DESL], [NOP], [BST]: After an auto-
refresh cycle (after trc), the synchronous
DRAM automatically enters the Idle state.

13
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64M SDRAM Function State Diagram

............................................................

R :
MODE .
REFRESH AUTO- :

REGISTER |' v+ »> | REFRESH P
S P

READ
SUSPEND

WITH AP

CKE=L
WRITEA \-t—

SUSPEND | g

SUSPEND
CKE=H

P> Automatic Transition after completion of command.
— P Transition resulting from command input.

Note: 1. After the auto-refresh operation, Precharge is performed automatically and enter the IDLE state.

14
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Mode Register Configuration

The mode register is set by the input to the
address pins (AO to A13) during mode register
set cycles. The mode register consists of five
sections, each of which is assigned to address
pins.

Al3, Al12, Al11, A10, A9, A8: (OPCODE):

The synchronous DRAM has two types of write
modes. One is the burst write mode, and the

other is the single write mode. These bits specify
write mode.

Burst read and BURST WRITE:

Burst write is performed for the specified burst
length starting from the column address specified
in the write cycle.

Burst read and SINGLE WRITE:

Data is only written to the column address
specified during the write cycle, regardless of the
burst length.

AT:

Keep this bit Low at the mode register set cycle.
A6, AS, A4: (LMODE):

These pins specify the CAS latency.

A3: (BT):

A burst type is specified . When full-page burst is
performed, only "sequential” can be selected.

A2, Al, AO: (BL):
These pins specify the burst length.

Al13|A12|A11|A10| A9 | A8 | A7 | A6 A4 | A3 | A2 | A1 | AO
OPCODE 0 LMODE BT BL
A6|A5|A4|CAS Latency A3 |Burst Type Burst Length
_ A2(A1|A0
ojfo]o R 0 |Sequentia BT=0|BT=1
0]l]0]|1 R 1 | Interleave 0l0]o0 1 1
0[1]0 2 0]0]|1 2 2
Ol1]1 3 0]l]11]0 4 4
11X ]|X R Ol1]1 8 8
11010 R R
11011 R R
A13|A12|A11[A10[ A9 | A8 Write mode 1({1]0 R R
0]0|0]|]0]| O] O |Burstreadand BURST WRITE 1({1|1]|FP R
X[ XXX 0 1 R F.P. = Full Page
X | X | X |X ] 1] 0 |Burstread and SNGLE WRITE (512:GM72V66841CT/CLT)
R isReserved (inhibit)
X X X X 1 1 R X:0o0r1l

15
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Burst Sequence
Bust | STNY column Addressing(decimal)
Length A2 AL AO Sequential Interleave
V V 0 0-1 0-1
: V Vo1 1-0 1-0
V 0 0 0-1-2-3 0-1-2-3
vV 0 1 1-2-3-0 1-0-3-2
4 V 1 0 2-3-0-1 2-3-0-1
vV 1 1 3-0-1-2 3-2-1-0
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
11 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

* Notes: V :Vaid Address

16
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Operation of
GM72V661641CT/CLT, GM72V66841CT/CLT,
GM72V66441CT/CLT Series

Read / Write Operation The burst length can be set to 1, 2, 4, 8 or full
page(512;GM72V66841CT/CLT). The start address
for a burst read is specified by the column
address (AYO to AY8; GM72V66841CT/CLT) and
the bank select address (A12/A13) at the read
command set cycle. In a read operation, data
output starts after the number of cycles specified

Bank active: Before executing a read or write
operation, the corresponding bank and the row
address must be activated by the bank active
(ACTV) command. Bank O, bank 1, bank 2 or
bank 3 is activated according to the status of the

A12/A13 pin, and the row address (AXO to e —=
AX11) is activated by the AO to A11 pins & the :Ztttgz SFA3S Latency. The CAS Latency can be

bank active command cycle. An interval of treo When the burst length is 1, 2, 4, or 8, the Dout
Is required between the bank active command  yyffer automatically becomes High-Z at the next
input and the following read/write command cycle after the successive burst-length data has
Input. been output.

Read operation: A read operation starts when a When the burst length is full-page

read co_mmand is input. Output buffer becomes (512:GM72V66841CT/CLT) data is r edly
Low-Z in the (CAS Latency - 1) cycle ater read output until the burst stop command is input.
command set. GM72V66841CT/CLT can perform a

burst read operation. The TAS latency and burst length must be

specified at the mode register.

CAS Latency
5 {rep . : :

Command :XA(l:TvX XREA DX
Address :>< ROW X XCOIIUmnX
cL=2 <01;t OXou.t lXout ZXout 3>

a3 <ou.t OXout lXout ZXout 3>

Dout

CL:CAS Latency
Burst Length =4
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LG Semicon GM72V66841CT/CLT
Burst Length
S 5 6 I 6 O B I 6 I
" Treo s
Command _civey”  YReat) R
Address TYRorX Y e
' ' (oo e
/ BL=1 —
<out0Xout1> e ——— s
BL=2 .
out 0 Yout 1 out 3 e ——— s
out | BLZ2 DEDCD
—— out 0)(out 1 Xou 2ot 3)out 4)(out 5 You 5ot 7) —
out O)out T)ou 20w 30w £ (our S ow Eou T Yo By -+
BL = Full Page .
\ :
: BL =Burst Length
CAS Latency =2

Write Operation

Burst write or single write mode is selected by
the OPCODE(A13, A12,A11, A10, A9, A8) of
the mode register.

1. Burst write:

A burst write operation is enabled by setting
OPCODE(A9, A8) to (0, 0). A burst write starts
in the same cycle as a write command set. (The
latency of data input is 0.) The burst length can
be set to 1, 2, 4, 8 and full page, like burst read
operations. The write start address is specified
by the column address (AYO to AYS;
GM72V66841CT/CLT) and the bank select address
(A12/A13) at the write command set cycle.

2. Single write:

A single write operation is enabled by setting
OPCODE (A9, A8) to (1, 0). In a single write
operation, data is only written to the column
address (AYO to AY8; GM72V66841CT/CLT) and
the bank select address (A12/A13) specified by
the write command set cycle without regard to
the burst length setting. (The latency of data
input is 0.)

18



LG Semicon GM72V66841CT/CLT

Burst Write

ok L LMLy e e

. ERCD . e

Commeand e

Address  Yraw_ Yoo L

d o e ———
BL=1 —

inl h e hh e e — e

BL=2

in3 e ——
T — D G (B (B () G G G R ettt

BL = Full Page :

Din

CAS Latency =2,3

Single Write

W N S S I B O

-l
<%

trep o

Command X AC:TV >< >< WRIT ><

Address :>< Row X ><Collélmn X

{ in0 )Y
n—/

Din

19



LG Semicon

GM72V66841CT/CLT

Auto Precharge

Read with auto-Precharge: In this operation,

since Precharge is automatically performed after
completing a read operation, a Precharge
command need not be executed after each read
operation.

The command executed for the same bank after
the execution of this command must be the bank
active (ACTV) command. In addition, an interval
defined by larr is required before execution of the
next command.

CAS Latency Precharge start cycle
3 2 cycle before the final data is output
2 1 cycle before the final data is output

Burst Read with Auto-Precharge

o _ | L LI L |

II!|_||_||_||

CL=2
Command :><READ><

XACTV X

Dout \out0Xouthout2Xout3\

lapr -

CL=3
Command :><READX

XACTV X

Dout \out0><outl><out2><out3/

Note : Internal auto-Precharge starts at the timing indicated by " ¥
At CLK=50MHz (lar= changes depending on the operating frequency.)

<—>:
Do lapr :

20



LG Semicon GM72V66841CT/CLT

Write with auto-Precharge: In this operation, The command executed for the same bank after

since Precharge is automatically performed after the execution of this command must be the bank
completing a burst write or single write active (ACTV) command. In addition, an interval
operation, a Precharge command need not be of lapw is required between the final valid data
executed after each write operation. input and input of the next command.

Burst Write (Burst Length = 4)

e LML L LML L LT LT
Command :XWRITX XA(::TVX
poginpuy — N0 X in1 X in2 W in3 ) :

o

|aPw

Single Write

o LML L L L LML LT
Command :X VS/R” X XAC:TV X
DQ(input)—@ :

»

|aPw
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LG Semicon GM72V66841CT/CLT

Full-page Burst Stop The timing from command input to the last data
changes depending on the CAS latency setting. In
addition, the BST command is valid only during
full-page burst mode, and is invaid with burst
lengths 1, 2, 4, and 8.

Burst stop command during burst read: The
burst stop (BST) command is used to stop data
output during a full-page burst. The BST
command sets the output buffer to High-Z and
stops the full-page burst read.

CAS Latency BST to valid data BST to high impedance
2 1 2
3 2 3

CAS Latency=2, Burst Length = full page

[ o o I e B

Command X .BST X

DQ(output) :>< out X out X out X out X c:)ut X c:)ut >—
_’ |B-SH =2cycle
lesr= 1lcycle

CAS Latency = 3, Burst Length = full page

ax LM LML L L L L]

Command X .BST X
DQ(output) :X out X out X out X out X ot X out X out >_._
: IBs-H=3cycIe
lesr=2cycle
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Burst stop command at burst write: The burst In addition, the BST command is only valid
stop command (BST command) is used to stop during full-page burst mode, and is invalid with
data input during a full-page burst write. No data burst lengths of 1, 2, 4, and 8. And an interval of

is written in the same cycle as the BST trwe is required between the last data-in and the
command, and in subsequent cycles. next Precharge command.

Burst Length = full page

ex LML LT LT LT
Command . X BST X ><P.REPALLX
s XX '

‘lesw = Ocycle

tRWL

.."......
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GM72V66841CT/CLT

Command Intervals
Read command to Read command interval:
1. Same bank, same ROW address:

When another read command is executed at the
same ROW address of the same bank as the
preceding read command execution, the second
read can be performed after an interval of no less
than 1 cycle.

Even when the first command is a burst read that
is not yet finished, the data read by the second
command will be valid.

READ to READ Command Interval (Same Row Address in Same Bank)

Command :XA.CTV X XR;EADXR;EADX

Address :>< ROW X Xo.lumn A>€c;l umn I%(

(AO-A11)
BS(A12/A13) _\ / \

Active Read Read

Dout : : E \0\

ut A0 Y out BO Y out B1 Y out BZXout BB>7

Bank0 Column=A Column=B  Column=A Column=B

CAS Latency =3
Dout Burst Length =4
BankO

2. Same bank, different ROW address:

When the ROW address changes on same bank,
consecutive read commands cannot be executed;
it is necessary to separate the two read commands
with a Precharge command and a bank-active
command.

3. Different bank:

When the bank changes, the second read can be
performed after an interval of no less than 1
cycle, provided that the other bank is in the bank-
active state. Even when the first command is a
burst read that is not yet finished, the data read
by the second command will be valid.
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READ to READ Command Interval (different bank)

Command AC‘.I'VX XAC.TVXRE.ADXRE.ADX
(ﬁgﬂ&eﬁ_) ROV\.I OX XROW IXCoIl;mnA Col ann BX
BS(A12/A13) 5 / / \ / \ . :
Ty
Dout : : : : out A0 out BOY out BL Y out BZXout Bs>7
Banko Bak3 Bako Bank3 Banko  Bank3

Active Active Read  Read Dout  Dout CAS Latency = 3
Burst Length =4

25
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GM72V66841CT/CLT

Command Intervals

Write command to Write command interval:
1. Same bank, same ROW address:

When another write command is executed at the
same ROW address of the same bank as the
preceding write command, the second write can
be performed after an interval of no less than 1

cycle.

In the case of burst writes, the second write
command has priority.

WRITE to WRITE Command Interval (same ROW address in same bank)

Command AC‘:I'VX XW:RI T XW:RI T X
Address : : :

(AO-A11) :>< Row X XCqumn AXColumn BX

BS(A12/A13) _\ / \ /
: w

\
Din §—<in AOXin BOXin BlXin BZXin BB>

Bank0 Column=A Column=B
Active Write Write

Burst Write Mode
Burst Length =4
Bank0

2. Same bank, different ROW address:

When the ROW address changes, consecutive
read commands cannot be executed; it is
necessary to separate the two write commands
with a Precharge command and a bank-active
command.

3. Different bank:

When the bank changes, the second write can be
performed after an interval of no less than 1
cycle, provided that the other bank is in the bank-
active state. In the case of burst write, the second
write command has priority.

26



LG Semicon

GM72V66841CT/CLT

WRITE to WRITE Command Interval (different bank)

Command AC‘;’VX XAC‘.I'VXWI;ITXWIIQITX

(AO-A11)

Address ROV\.I OX XROW IXCqu.mnA Colu.mn BX

BS(AlZAl3)_\?/ /\/\

Din

\
/

Bank3 BankO Bank3
Active Write  Write

Bank0
Active

<in A:OXin E;oXin BlXin BZXin B3

Burst Write Mode
Burst Length =4

Read command to Write command interval:
1. Same bank, same Row address:

When the write command is executed at the same
ROW address of the same bank as the preceding

READ to WRITE Command Interval (1)

reed command, the write command can be
performed after an interval of no less than 1
cycle. However, DOQM, DQMU/DOQML must be
set High-Z so that the output buffer becomes
High-Z before data input.

- I S I e D
Command XREAD XWRIT X
pom, | 72 / \ /
DQMU
/DQML CL=3 \ /
Din <inBO><inBl><inBZ><inB3>
Dout > High-Z <
Burst Length =4
Burst Write
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GM72V66841CT/CLT

READ to WRITE Command Interva (2)

S S s [ I

Command WREAD X . XWR.ITX
DQM, 5
oML 2 Clock
C XX

Dout

- e  High-Z
CL=3 T g

Din

XXX —

2. Same bank, different ROW address:

When the ROW address changes, consecutive
write commands cannot be executed; it is
necessary to separate the two write commands
with a Precharge command or a bank-active
command.

3. Different bank:

When the bank changes, the write can be
performed after an interval of no less than 1
cycle, provided that the other bank is in the bank-
active state. However, DQM, DQMU/DQML
must be set High so that the output buffer
becomes High-Z before data inpuit.
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GM72V66841CT/CLT

Write Command to Read Command Interval:

1. Same bank, same Row address: When the read
command is executed at the same ROW address of
the same bank as the preceding write command, the
write command can be performed after an interval
of no less than 1 cycle.

WRITE to READ Command Interval (1)

However, in the case of a burst write, data will
continue to be written until one cycle before the
read command is executed.

w L L L LML L L L L]

Command

XWIIQIT XRE,:AD X
bom. : :

DQMU/DQML \

Dout
. Js Latency :
Column=A P
Write : : Burst Write Mode
Column=B Column=B CAS Latency=2
Reed Dout Burst Length =4
BankO

<ou.t BOXout BlXout BZXout B3>—

WRITE to READ Command Interval (2)

o | L1 L4 LJ L

Hpliplinpliniy

Command

DQM,

XW{?IT X XRE{AD X

DQMU/DQML \

Dout
CTS Latency
Column=A 4—»
Write : : Burst Write Mode
Column=B Column=B CAS Latency=2
Read Dout Burgt Length=4
BankO

<01;t BOXout BlXout BZXout B3>—
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GM72V66841CT/CLT

2. Same bank, different ROW address: When
the ROW address changes, consecutive write
commands cannot be executed; it is necessary to
separate  the two write commands with a
Precharge command and a bank-active command.

3. Different bank: When the bank changes, the
write command can be performed after an
interval of no less than 1 cycle, provided that the
other bank is in the bank-active state. However,
in the case of a burst write, data will continue to
be written until one cycle before the read
command is executed(as in the case of the same
bank and the same address).

Read command to Precharge interval (same
bank): When the Precharge command is
executed for the same bank as the read command
that preceded it, the minimum interval between
the two commands is one cycle. However, since
the output buffer then becomes High-Z &fter the
cycles defined by lnze, there is a possibility that
burst read data output will be interrupted, if the
Precharge command is input during burst read.

To read al data by burst read, the cycles defined
by lee must be assured as an interval from the
final data output to Precharge command
execution.

READ to Precharge Command Interval (same bank) : To output all data

CAS Latency = 2, Burst Length = 4

Command X READ X

><’REPALL><

1 /[ ' 2\
Dout : Cout AOXout AlXout A2><out A3 )
—_— -~
CL=2 ler = -1 Cycle

CAS Latency = 3, Burst Length = 4

Command X READ X

><’REPALL><

-
Lo

CL=3

Dout <out AoXo;n A1><out AZXOL;t A3>

ler = -2 Cycle
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READ to Precharge Command Interval (same bank) : To stop output data
CASLatency =2, Burst Length=1, 2, 4, 8

TS T e Y e Y 0 o I
Command XREAD ><’REI;ALL>< .

: High - Z
: {out AO )
Dout ; {0 )

|Hzp=2

CAS Latency = 3, Burst Length = 1, 2, 4, 8

< S e e Y Y O O
Command XREAD ><’REI;ALLX l

: High-Z
D - ut AO
out : (o )

lHzr=3

.
|
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GM72V66841CT/CLT

Write Command to Precharge Command
Interval (same bank): When the Precharge
command is executed for the same bank as the
write command that preceded it, the minimum
interval between the two commands is 1 cycle.

Burst Length = 4 ( To stop write operation)

However, if the burst write operation is
unfinished, the input data must be masked by
means of DQM, DQMU/DQML for assurance of

the cycle defined by trwi.

aci L L4 LJ L

I O O

Command XWRIT ><’REI;ALL><

DQM, 7 :
DQMU/DQML : :
Din X Y
c| || [ L L4 L L L4 Ld g1
Command XWRIT X ><PRE.PALL><
DQMU/DQML :

tRWL

—_——

Burst Length = 4 (To write al data)

e || L L L

Hpliplinlinln

Command

XWRITX

XereraX

DQM,
DQMU/DQML

N\

-/

Din —<inAO><inA1><inA2><inAi3>

: trwL
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Bank Active Command Interval 2. In the case of different bank-active
commands: The interval between the bank-
active commands must be no less than trro.

1. Same bank: The interval between the two
bank-active commands must be no less than tre.

Bank Active to Bank Active Command Interval for Same Bank

pEpEpEpEpEnipE NN
CLK !
Command :><Aé3TV X )15 XAéTV ><:
: . :
(ﬁgd/ﬁ) X row X ) ) X row X
BS(A12/A13) \ / )lj \ /_

Y.

Bank O Bank 0
Active Active

Bank Active to Bank Active for different bank

S R S O I O B
s Yo X Xaew X
(oAt :><R05N10 X XRO\:N:l X

BS(AL2/AL3) T\ / 7 \

-
o

. trrD :
Bank O Bank 3
Active Active
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GM72V66841CT/CLT

Mode Register Set to Bank-Active Command
Interval : The interval between setting the mode
register and executing a bank-active command

must be no less than trsa.

SO B i B L L |
Command >< M:RS >< AC:ZTV ><
Address >< CéDE >és&. ROW><
(A0-A13) . .
© frsa -
Mode Bank
Register Set Active

DQM Control (GM72V661641CT/CLT)

The DQMU and DQML mask the upper and
lower bytes of DQ data, respectively. The timing
of DQMU/DQML is different during reading and
writing.

Reading: When data is read, the output buffer
can be controlled by DQMU/DQML. By setting
DOMU/DQML to Low, the output buffer
becomes Low-Z, enabling data output. By setting
DOMU/DQML to High, the output buffer
becomes High-Z, and the corresponding data is
not output. However, interna reading operations
continue. The latency of DQMU/DQML during
reading is 2.

Writing: Input data can be masked by
DQMU/DQML. By setting DQMU/DQML to
Low, data can be written. In addition, when
DOQMU/DQML is set to High, the corresponding
data is not written, and the previous data is held.
The latency of DQMU/DQML during writing
isO.

DQM Control
(GM72V66841CT/CLT,GM72V66441CT)

The DQM mask DQ data. The timing of DQM is
different during reading and writing.

Reading: When data is read, the output buffer
can be controlled by DQM. By setting DQM to
Low, the output buffer becomes Low-Z, enabling
data output. By setting DQM to High, the output
buffer becomes High-Z, and the corresponding
data is not output. However, internal reading
operations continue. The latency of DQM during
reading is 2.

Writing: Input data can be masked by DQM. By
setting DQM to Low, data can be written. In
addition, when DQM is set to High, the
corresponding data is not written, and the
previous data is held. The latency of DQM during
writing is O.
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Reading

wo L LML LML
oo T
DQMU/DQML : 5
DQ (input) —< (;utO >< out 1 > ;High-z -

[

" lpop = 2 Latency

Writing

Srun e i e B
Bgmumm / \
DQ (input) —< ino X in1 X X in3 >—

I

Ioip =0 Latency
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GM72V66841CT/CLT

Refresh
Auto refresh:

All the banks must be Precharged before
executing an auto-refresh command. Since the
auto-refresh  command updates the interna
counter every time it is executed and determines
the banks and the ROW addresses to be
refreshed, external address specification is not
required. The refresh cycle is 4,096 cycles64ms.
(4,096 cycles are required to refresh al the ROW
addresses.) The output buffer becomes High-Z
after auto-refresh start. In addition, since a
Precharge has been completed by an interna
operation after the auto-refresh, an additiona
Precharge operation by the Precharge command
is not required.

Self refresh:

After executing a self-refresh command, the self-
refresh operation continues while CKE is held
Low. During self-refresh operation, all ROW
addresses are refreshed by the internal refresh
timer. A sdf-refresh is terminated by a sdf-
refresh exit command. If you use distributed
auto-refresh mode with 15.6us interval in normal
read/write cycle, auto-refresh should be executed
within 15.6 us immediately after exiting from and
before entering into self refresh mode. If you use
address refresh or burst auto-refresh mode in
normal read/write cycle, 4096 cycles of
distributed auto-refresh with 15.6us interval
should be executed within 64 ms immediately
after exiting from and before entering into self
refresh mode.

Others
Power down mode:

The synchronous DRAM enters Power down
mode when CKE goes Low in the IDLE state. In
Power down mode, Power consumption is
suppressed by deactivating the input initia
circuit. Power down mode continues while CKE
is held Low. In addition, by setting CKE to High,
the synchronous DRAM exits from the Power
down mode, and command input is enabled from
the next cycle. In this mode, interna refresh is
not performed.

Clock suspend (Active Power down) mode:

By driving CKE to Low during a bank-active or
read/write operation, the synchronous DRAM
enters Clock suspend mode. During Clock
suspend mode, externa input signals are ignored
and the internal state is maintained. When CKE
is driven High, the synchronous DRAM
terminates Clock suspend mode, and command
input is enabled from the next cycle. For details,
refer to the "CKE Truth Table".

Power-up sequence:

During Power-up sequence, the DQM and the
CKE must be set to High. When 2008A has past
after Power on, al banks must be Precharged
using the Precharge command. After tre delay,
set 8 or more auto refresh commands. And set the
mode register set command to initialize the mode
register.
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Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vss VT (0<2 E?GV (cmc;)(())g': \Y 1
Supply voltage relative to Vss Vcc -0.5t0 +4.6 \% 1
Short circuit output current lout 50 mA
Power dissipation Pr 10 W
Operating temperature Topr Oto+70 C
Storage temperature Tstg -551t0 +125 C

Notes: 1. Respect to Vss

Recommended DC Operating Conditions (Ta =0 to + 70C)

Parameter Symbol Min Max Unit Note
Vce, Veeco 3.0 3.6 Vv 1
Supply voltage
Vss, Vsso 0 0 Vv
Input high voltage VIH 20 Vee+ 0.3 \% 1,2
Input low voltage ViL -0.3 0.8 \% 1,3

Notes: 1. All voltage referred to Vss.
2. ViH (max) = 4.6V for pulse width <= 5ns
3. ViL (min) = -1.5V for pulse width <= 5ns
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GM72V66841CT/CLT

DC Characteristics (Ta=0to 70C, Vcc, Vece=3.3V +/- 0.3V, Vss, Vsso=0V)

-7K -7J -8 - 10K
Parameter Symbol Unit| Test conditions |Notes
Max Max Max Max
Operatin Burst length= 1
et lcct 80 80 80 70 (mAl ST 1,23
i KE =V
Standby current in lecop 5 5 5 5 mA C IL, 5
power down tex=12ns
Standby current in 2 2 2 2 CKE=ViL 6
power down lccaps mA toc= In fi,nit
(input signal stable) 0.4 0.4 0.4 0.4 K= Y | 68
Standby current in 15 15 15 15 CKE.CS = Vin 4
non power down lcean mA i _ '
(CAS Latency=2) 10 10 10 10 o= 12ns 4,8
Standby current in CKE = Vi
non power down lccans 5 5 5 5 mA toc= In fin,i ¢ 4
(input signal stable) = y
CKE = Vi,
Active standby current 6 6 6 6 _ 1,25
in power down Iccap mA | tek=12ns,
P 5 5 5 5 DQ = High-z [L258
Active standby current 5 5 5 5 CKE = VIL 2,6
in power down lccaps mA fox = Infin,it
(input signal stable) 4 4 4 4 o= Y 1268
CKE,CS = VIH,
Active standby current 30 30 30 30 _ 124
1 non bower down lcean mA | tck=12ns,
pow 25 25 25 25 DQ = High-z [1.248
Active standby current 20 20 20 20 CKE = VIH 29
in non power down | lccans mA toc = Infi ,'t
(input signal stable) 10 10 10 10 cc=1InHnIty 1589
put sig
Burst (CL=2) lcca 120 80 100 80 mA tec= min
operating BCL ~ 4 1,23
current | (CL=3) lcca 120 120 155 120 mA -
REres locs | 110 110 110 90 |[mA | tec= min 3
current
1 1 1 1 _ 7
Self refresh current | lccs mA | ViH>=Vee-02
0.4 0.4 0.4 0.4 Vie <=2V 7.8
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GM72V66841CT/CLT
- 7K, -7J, -8, -10K
Parameter Symbol Unit| Test conditions |Notes
Min Max
Input leakage current ILi -1 1 UA | 0<=Vin <=Vcc
0<=Vout <=Vcc
Output leakage current| | -15 15 UA
HpUL Teakege cu to DQ = diseble
Output high voltage | VoH 24 - V | loH=-2mA
Output low voltage VoL - 04 V | loo=2mA
Notes : 1. Icc depends on output load condition when the device is selected. Icc (max) is specified at the
output open condition.
2. One bank operation.
3. Addresses are changed once per one cycle.
4. Addresses are changed once per two cycles.
5. After Power down mode, CLK operating current.
6. After Power down mode, no CLK operating current.
7. After self refresh mode set, self refresh current.
8. L-Version.
9. Input signals are ViH or ViL fixed.
Capacitance (Ta=25C, Vcc, Vece=3.3V +/-0.3V)
Parameter Symbol Min. Max. Unit Notes
Input capacitance (CLK) Ci 25 4 pF 1,34
Input capacitance (Signals) Ci2 25 5 pF 1,34
Output capacitance (DQ) Co 4.0 6.5 pF 1,234

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DOM, DQMU/DQML = ViH to disable Dout.
3. This parameter is sampled and not 100% tested.
4. Measured with 1.4 V bias and 200mV swing at the pin under measurement.
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AC Characteristics (Ta=0to 70C, Vcc, Vecg =3.3V +/- 0.3V, Vss, Vsso =0V)

- 7K -1 -8 - 10K
Parameter Symbol Unit |Notes
Min | Max | Min | Max | Min | Max | Min | Max

cyde time | (cL=3) tex 0] - | 10| - 8 - [ 10| -
CLK high pulse width tekn 3 - 3 - 3 - 3 - ns 1
CLK low pulse width fexe 3 - 3 - 3 - 3 - ns 1
Accesstime | (CL=2) | tac -1 | -]18]-18]-1]9

ns 1,2
from CLK 1 (CL=3) | tac -l e | -]6]|-|6]|- |8
Data-out hold time ton 3 - 3 - 3 - 3 - ns | 1,2
CLK to Datarout low te | 2| -2 -f{2]-12]-]nL2s3
impedance
CLK to Data-out
high impedance thz - 6 - 6 - 6 - 7 ns | 1,4
(CL=23)
Data-in setup time tos 2 - 2 - 2 - 2 - ns 1
Data-in hold time ton 1 - 1 - 1 - 1 - ns 1
Address setup time tas 2 - 2 - 2 - 2 - ns 1
Address hold time tan 1 - 1 - 1 - 1 - ns 1
CKE setup time fces 2 - 2 - 2 - 2 - ns 1,5
CKE setup time for
power down exit feese 2 - 2 - 2 - 2 - ns 1
CKE hold time Tcen 1 - 1 - 1 - 1 - ns 1
Command (CS, RAS,
CAS, WE, DQM) fcs 2 - 2 - 2 - 2 - ns 1
setup time
Command (CS, RAS,
CAS, WE, DQM) ten 1 - 1 - 1 - 1 - ns 1
hold time
Ref/Active to_ Ref/Active tre 70 i 70 i 72 i 90 i ns 1
command period
Active to Precharge tras | 50 f20000 50 f20000 48 f2o00d 60 f20000f ns | 1
command period
Active command to
column command trep 20 - 20 - 24 - 30 - ns 1
(same bank)
Precharge to active tw |20 | - {20 - [2a] - | 30| - |ns| 2
command period
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LG Semicon

GM72V66841CT/CLT

AC Characteristics (Ta=0to 70C, Vcc, Vecg =3.3V +/- 0.3V, Vss, Vsso =0V)

(Continued)
- 7K -7 -8 -10K
Parameter Symbol Unit |Notes
Min | Max | Min | Max | Min | Max | Min | Max

Write recovery or datain
to precharge lead time Trwe 10 10 10 15 ns 1
Active (a) to Active (b) tero 20 i 20 i 16 i 20 i ns 1
command period
Transition time
(rise to fall) tr 1 5 1 5 1 5 1 5 ns
Refresh period {rer - 64 - 64 - 64 - 64 ms

Notes: 1, AC measurement assumes tt = 1ns. Reference level for timing of input signals is 1.40V.
2. Access time is measured at 1.40V. Load condition is CL = 50pF without termination.
3. tLz (min)defines the time at which the outputs achieves the low impedance state.
4. tuz (max)defines the time at which the outputs achieves the high impedance state.

5. tces define CKE setup time to CKE rising edge except Power down exit command.

Test Condition

- Input and output-timing reference levels: 1.4V

- Input waveform and output load: See following figures

110

CL

<

O OPEN
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LG Semicon GM72V66841CT/CLT

Relationship Between Frequency and Minimum Latency

Parameter -7K -7J -8 - 10K
frequency(MHz) Symbol | 100 100 66 125 83 100 66 Notes
tek (ns) 10 10 15 8 12 10 15
Active command to column

2 2 2 2 2
command (same bank) Ireo 3 3 1
Active command to active = [lras

7 7
command (same bank) Ire 6 9 6 9 6 +re], 1
Active command to Precharge

4 4 4

command (same bank) Iras 5 > 6 6 1
Precharge command to active

2 2 2 2 2
command (same bank) Ire 3 3 1
Write recovery or last data-in to

1 1 1 2 1 1 1
Precharge command (same bank) lrw !
Active command to active | 5 5 5 5 5 5 5 1

RRD

command (different bank)
Self refresh exit time [ srex 1 1 1 1 1 1 1

Last datain to active command = [lrw
4

(Auto Precharge, same bank) Iapw 3 3 3 5 3 3 [41re), 1

Self refresh exit to command _

input sec 9 9 6 9 6 9 6 |=[lrq]

Precharge (CL=2) l1ize 2 - 2 - 2 - 2

command to

high impedance (CL=3) [Hzp 3 3 3 3 3 3 3

Last data out to active

command | arr 1 1 1 1 1 1 1

(auto Precharge) (same bank)

Last data out to (CL=2) lep -1 . -1 . -1 - -1

Precharge

(early Precharge) (CL=3) ler -2 -2 -2 -2 -2 -2 -2

Column command to column loco 1 1 1 1 1 1 1

command

Write command to datain lweo 0 0 0 0 0 0 0

latency

DQM to datain loin 0 0 0 0 0 0 0

DQM to data out loop 2 2 2 2 2 2 2

CKE to CLK disable lce 1 1 1 1 1 1 1

Register set to active command | |rsa 1 1 1 1 1 1 1

CS to command disable |cop 0 0 0 0 0 0 0

::r’]%v;ter down exit to command loec 1 1 1 1 1 1 1
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LG Semicon GM72V66841CT/CLT

Relationship Between Frequency and Minimum Latency

Parameter -7K -7) -8 - 10K
frequency(MHz) Symbol | 100 | 200 | 66 | 125 | 83 | 100 | 66 | Notes
tek (ns) 10 10 15 8 12 10 15

Burst stop to (CL=2) less 1 - 1 - 1 - 1

output valid

data hold (CL=3) less 2 2 2 2 2 2 2

Burst stop to (CL=2) lesH 2 - 2 - 2 - 2

output high

impedance (CL=3) BsH 3 3 3 3 3 3 3

Burst stop to write data ignore lesw 0 0 0 0 0 0 0

Notes: 1. |rep to Irro are recommended value.
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LG Semicon GM72V66841CT/CLT
Timing Waveforms

Read Cycle

tCKH tCKL

tre

A
A

tr

tras

y

trep
CcH

tes|ten
_ Id—b
Cs
tos| ten
_ <>

iz
Ltz

T i
Lt

3
P
iz

—
15
(2

—
15
(2

TINRE

>

>

l i
i

Iz

i

A10
Address

tas| tan
|<->

DQM ,
DQMU/DQML

L

DQ(input)

tiz ton ton ton ton
BankO BankO BankO
Active Read Precharge

CASLatency =2
Burst Length=4
BankO Access
3 =viHorvIL
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LG Semicon

GM72V66841CT/CLT

Write Cycle

tex

tCKH tCKL

tre

|

r s
A\ 4

tras

3l

le/

—
Q
X
—
(9]
%]

—
Q
X
—
0
%]

2

3
L

ten tcs
>]

Al

g
>
&

ti’ ti’

>
g
&

i

teH

tcs tcj/ tes [ten
|<-> |<->

i S s s

{cs ten
DOMU/DQML
{os| tou] tos [ ton| tos [ ton | Tos | Ton
DQ(input) * * * )
~ trw
DQ(output)
Bank0 Bank0 Bank0
Active Write Precharge

CASLatency =2
Burst Length=4
BankO Access
[ =VIHor vIL
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LG Semicon GM72V66841CT/CLT
Mode Register Set Cycle

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Address [EDERETEDCRERCIEDCHC T I CHE
DM | SR S S S S S S S S S S S O S S
DQMUDQML o e L T —
ooy L eaineneae—

Qe L g p

Precharge Mode Bank3 Bank3 Output

if needed Register Active Read Mask
Set

IRCD=3
CAS Latency=3
Burst Length=4
[ =VvIiHorVIL
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LG Semicon

GM72V66841CT/CLT

Read Cycle/ Write Cycle

10 11 12 13 14 15 16 17 18 19 20

DQM ,
DQMU/DQML

Address

DQ(output)

DQ(input)

—OENERED
IARAETA AN S st S SR R R

BankO
Read

© Bank0
. Active

Bank3
Active

Bank3
Precharge

Bank3
Read

Bank3
Read

Bank3 BankO
Read Precharge
: : Read q'/cle'
. RASCAS Dday=3
: CAS Latency=3
. Burst Length=4
: O =VIHorVIL

 /

CAS
WE
A12/A13

Address
DQM ,

DQMU/DQML

DQ(output)
DQ(input)

BankO
Write

BankO
Active

Bank3
Active

Bank3
Precharge

Bank3
Write

Bank3
Write

Bank0
Precharge

Bank3
Write

Write Cycle
RAS-CAS Delay=3
CAS Latency=3
Burst Length=4
O=VIHor VIL
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LG Semicon GM72V66841CT/CLT
Read / Single Write Cycle

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CKE ——————VIH:

ST\ NN NN

DQM ,
DQMU/DQML =

DQ(mput)@

DQUPI) —— et OEHEDED——————<OEDEDED

Bak0 : : Bank0 : Bank3 : : : : : BakOBak0 . . : Bako Bank3
- Active - - Read : Active : : : : - Write Read : : . Precharge Precharge

CKE ———————V/

SN\ AN N

CAS
WE
A12A13 [ : AT - 5 : L E
Address (R:a) KCia X XROXT (C:2)
DQM e R Y2 N A W o
DQMU/DQML : - - - - : : : :

DQ(input) —— = Ay (b WC
DQloutpU) ——— L e @y

: \aL/

Bank0 Bank0 Bank3 Bank0  BankO BankO Bank0
Active Read Active Write Write Write Precharge

Read/Single Write Cycle
RAS-CAS Ddlay=3
CAS Latency=3

Burst Length=4
[O=VIHor VIL
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LG Semicon GM72V66841CT/CLT
Read / Burst Write Cycle

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CKE i/

SN\ N NN
sl L 7L 7 N AN ]

DQM ,
DQMU/DQML

DQ(nput) —4—m—m—-— e ..
DQloutput) ————= 1L NG @ )

D Bank0 : © Bank0 : Bank3 :  Clock : : i Bako . . : Bak0 Bank3 :
: Active : : Read ! Adive : Suspend : @ . Write ; : : :Precharge Precharge:

Address

DQM ,
DQMU/DQML

DQUMpU) L L L L eNGIYEXEs

DQ(output) G f{a;s\,f

" Banko Bak0 Bak3  Bako  Bako
Active Read Active Write Precharge

Read/Burst Write
RAS-CAS Delay=3
CAS Latency=3
Burst Length=4

O =VIHorVIL
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LG Semicon GM72V66841CT/CLT
Full Page Read / Write Cycle

CKE —3V|H

SN TN N

RAS

Na AN
~

NN

CAS
WE
A12/A13

Address

DQM , _' — -
DQMU/DQML —

DQ(output)

DQ(input) ——————— e High-Z +— § —
© Bank0 ! ! BankO ! Bak3 1 1 1 ! © ¢ . . . Bust : Bank3
: Active : : Read : Active : : . . . . Swop :Prechage

Read Cycle
RAS-CAS Ddlay=3
CAS Latency=3
Burst Length=4
[ =VIHorVIL

CKE—:VIH:

SN NS

Al Al
N

AUV

o o I . m
DQMU/DQML . . . . . . . . . . . . . . . . . . . . .
DQ(input) —————<COEDEDEIEDEIEEK) DEDEDEDE D ———————

DQ(output) ———————+————————High-Z — —_—
BankO BankO Bank3 Burst Bank1
Active Write Active Stop  Precharge

Write Cycle
RAS-CAS Dday=3
CAS Latency=3
Burst Length=4
[ =VIHor VIL
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LG Semicon GM72V66841CT/CLT
Auto Refresh Cycle

8 9 10 11 12 13 14 15 16 17 18 19 20

CKE —— : VIH

——u \/ \/ \ﬂf

DQM

ST S ——————— A
DO ———
DQoutpult) ——— o gy

*t*t*t*f

Precharge Auto Refresh Auto Refresh BankO BankO
if needed Active Read

Refresh Cycle and
Read Cycle
RAS-CAS Delay=2
CAS Latency=2
Burst Length=4

O =VIHorVIL
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LG Semicon GM72V66841CT/CLT
Self Refresh Cycle

DQM — _ _
Do oL —

DQ — : : : : : : ““; High- "{‘ "“‘:
. — . . . . . ! . !<—>.' . !
+ Tar + : : : : : * 'tRc + * : .tRC+ *
Precharge Self Refresh Self Refresh Exit Next Self Refresh Next Auto
Command  Entry Command Ignore Command  Clock Entry Command Clock Refresh
if needed of No Operation Enable Enable

Self Refresh Cycle
RAS-CAS Delay = 3
CAS Latency=3
Burst Length=4

O =VIHor VIL
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LG Semicon GM72V66841CT/CLT
Clock Suspend (Active Power Down) Mode

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Address (R:a)
DOM | T
DQMU/DQML . . . . . . . + + + T +
DQ(output) a @—@ mmm@
DQ(input) — ? ? ——g ? : . ? nghz '
Bank0 Active Clock  : Bank0 : Bank3 Read Suspend ' Bank3 Bank0  Earliest Bank3:
Actlve Suspend Start - Read : Active  Stat Read Precharge Precharge
o Ac:t|ve Clock Suspend Ehd 5 Reeid Suspend End

Read q/cle RAS-CAS Dd ay—
CAS Latency=2, Burst Length=4
E=ViHorVvIL

T T T N
\/

CKE

Address

DQM ,

DQMU/DQML

DQ(output) : : —
DQ(input) @3 B XErIXEXE"

BankO Active Clock Bank0 Bank3 Write Suspend Bank3 Bank0 Earliest Bank3
Active Suspend Start Write Active Start Write Precharge Precharge
Active Clock Suspend End Write Suspend End

Write Cycle , RAS-CAS Delay=2
CAS Latency=2, Burst Length=4
@ =VIHor VIL




LG Semicon GM72V66841CT/CLT
Power DownMode

g CKE Low : : : : :
CKE : : Y 7

; ST
e

ISEISECCY i ) S— e U A—
Address

DOM , . . . . . . . . .

DQMU/DQML __ - - - - - - - -

DQ(input) A S 4

DQ(output) fi— High-Z

T e o :
Precharge Command  Power Down Entry Power Down
if needed Mode Exit

Active Bank 0

Power Down

Cycle

RAS-CAS Delay=3

CAS Latency=3
Length=4

=ViHorvit
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LG Semicon GM72V66841CT/CLT
Power Up Sequence

o 1 2 3 4 5 6 7 8 9 10 48 49 50 51 52 53 54 55

OKE A — e
s
we [

Accress [T YY)
DQM . g SR R
DQMU/DQML — A S S S S # oo o

0Q L L e

—— - . e
coateer o 0 itker itre: 0 iR
All banks Auto Refresh Auto Refresh Mode Register Bank Active
Precharge Set if needed

\
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LG Semicon GM72V66841CT/CLT

Package Dimensions

GM72V66841CT/CLT Series (TTP-54D)

Preliminary Unit: (mm)
2222
b 22.72 Max
54 28
ANO00O00000000O0Oa0Nnnnn
©
—
=}
-
o]
| N
1 0.80 27
0.30 ‘8%
<t 013
Tz oo 1922 0)
0.80
091 MAX l 11.76+/- 0.20 | f
\ N\
X /\
g1 8 2
> o | e o <
< Q) 010 | sy 3 0.50+/- 0.10 3
o I « A
N - — -
“ S S o
Hitachi Code TTP-54D
JEDEC Code
Dimension including the plating thickness
Base material dimension EIAJCode
Weight(reference value) 0.53g
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