HM 5264165F-75/A60/B60
HM 5264805F-75/A60/B60
HM 5264405F-75/A60/B60

64M LVTTL interface SDRAM
133 MHZz/100 MHz
1-Mword x 16-bit x 4-bank/2-Mword x 8-bit x 4-bank
/4-Mword x 4-bit x 4-bank
PC/133, PC/100 SDRAM

ELPIDAN

E0135H10 (Ver. 1.0)
(Previous ADE-203-940B (Z))
Apr. 25, 2001

Description

The HM5264165F is a 64-Mbit SDRAM organized as 1048576-word x 16-bit x 4 bank. The HM5264805F
isa64-Mbit SDRAM organized as 2097152-word X 8-bit x 4 bank. The HM5264405F is a 64-Mbit SDRAM
organized as 4194304-word x 4-bit x 4 bank. All inputs and outputs are referred to the rising edge of the
clock input. It is packaged in standard 54-pin plastic TSOPII.

Features

» 3.3V power supply
» Clock frequency: 133 MHZz/100 MHz (max)
e LVTTL interface
+ Single pulsed RAS
» 4 banks can operate simultaneously and independently
» Burst read/write operation and burst read/single write operation capability
» Programmable burst length: 1/2/4/8/full page
e 2variationsof burst sequence
O Sequential (BL = 1/2/4/8/full page)
O Interleave (BL = 1/2/4/8)

Elpida Memory, Inc. isajoint venture DRAM company of NEC Corporation and Hitachi, Ltd.
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+ Programmable CAS latency: 2/3
< Byte control by DQM: DQM (HM5264805F/HM 5264405F)
DQMU/DQML (HM5264165F)
» Refresh cycles: 4096 refresh cycles/64 ms
o 2 variationsof refresh
Il Autorefresh
O Self refresh
» Full page burst length capability
O Sequential burst
O Burst stop capability

Ordering I nfor mation

Type No. Frequency CAS latency Package
HM5264165FTT-75* 133 MHz 3 400-mil 54-pin plastic TSOP II (TTP-54D)
HM5264165FTT-A60 100 MHz 2/3
HM5264165FTT-B60™ 100 MHz 3

HM5264165FLTT-75" 133 MHz 3

HM5264165FLTT-A60 100 MHz 2/3
HM5264165FLTT-B60™ 100 MHz 3

HM5264805FTT-75" 133 MHz 3

HM5264805FTT-A60 100 MHz 2/3
HM5264805FTT-B60™ 100 MHz 3

HM5264805FLTT-75" 133 MHz 3

HM5264805FLTT-A60 100 MHz 2/3
HM5264805FLTT-B602 100 MHz 3

HM5264405FTT-75™ 133 MHz 3

HM5264405FTT-A60 100 MHz 2/3
HM5264405FTT-B60™ 100 MHz 3

HM5264405FLTT-75" 133 MHz 3

HM5264405FLTT-A60 100 MHz 2/3
HM5264405FLTT-B60™ 100 MHz 3

Note: 1. 100 MHz operation at CAS latency = 2.
2. 66 MHz operation at CAS latency = 2.

Data Sheet E0135H10 ELPIDA
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Pin Arrangement (HM5264165F)

54-pin TSOP
vee 10 54 ] Vss
DQo [ 2 53 ] DQ15
VecQ L] 3 52 [ ] vssQ
DO1 [ 4 51| ] DO14
pQ2 []5 50| 1 DQ13
VssQ [ 6 49 ] veeQ
b3 []7 48[ 1DpQ12
pDQ4 [|8 471 pbo1u1
VeeQ [ 9 46 1 vssQ
DQs [ 10 451 DQ10
pQe [ 11 441 DQo
VssQ [] 12 43 veeQ
pQ7 [ 13 42| 1DQs
Vee [] 14 41 [] Vss
DQML [ 15 4[| NC
WE [ |16 39 || boMU
CAS [ 17 38| ] CLK
RAS [ |18 37| ] cKE
CS[]19 36 | NC
A13 [ 20 35 ] A11
A2 |21 34 ] A9
Al0 [] 22 33 ] A8
A0 []23 32[ A7
AL [ 24 31| | A6
a2 |25 30 ] A5
A3 [ |26 29[ A4
Vee [ 27 28 JVss
(Top view)
Pin Description
Pin name Function Pin name Function
A0 to A13 Address input WE Write enable
0 Row address AO to All DQMU/DQML  Input/output mask
O Column address A0 to A7 CLK Clock input
0 Bank select address A12/A13 (BS) CKE Clock enable
DQO to DQ15 Data-input/output Vee Power for internal circuit
Ccs Chip select Ves Ground for internal gircuit
RAS Row address strobe command VeQ Power for DQ circuit
CAS Column address strobe command VssQ Ground for DQ circuit
NC No connection

Data Sheet E0135H10 ELPIDA
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Pin’Arrangement (HM5264805F)

54-pin TSOP
vee [ 10 54 [ Ves
pQo ]2 53 ] pQ7
VeeQ L] 3 52 [ ] VssQ
Ne []4 51 ] NC
pQ1 [ |5 50 ] bQe
VssQ [ 6 49 [ 1veeQ
Ne []7 a8 InC
pQ2[]8 471 pos
VeeQ L] 0 46 [ 1 vssQ
Nc [] 10 45 INC
DQ3 [ 11 44| ] DQ4
VSSQ I: 12 43 :I VccQ
Ne [] 13 42 INC
Ve [] 14 41 Vss
NC [] 15 40[InNc
WE[ |16 39 [ ] bQm
CAS{ |17 38| ] cLK
RAS [ | 18 37 ] CKE
CcS[]19 36 [ ] NC
A13 [ 20 35 ] A11
A2 [ 21 34 ] A9
Al0 [ 22 33 ] A8
A0 []23 32 | A7
AL[ |24 31 | A6
A2 ] 25 30 A5
A3 [] 26 29[ | A4
Vee [] 27 28 | Vss
(Top view)
Pin Description
Pin name Function Pin name Function
A0 to A13 Address input WE Write enable
0 Row address AOto A1l DQM Input/output mask
0 Column address A0 to A8 CLK Clock input
0 Bank select address A12/A13 (BS) CKE Clock enable
DQO to DQ7 Data-input/output Vee Power for internal circuit
CS Chip select Ves Ground for internal circuit
RAS Row address strobe command VeQ Power for DQ circuit
CAS Column address strobe command VgsQ Ground for DQ circuit
NC No connection
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Pin’Arrangement (HM5264405F)

54-pin TSOP
vee [ 10 54 ] Vss
Ne []2 53] NC
VCCQ I: 3 52 :l VssQ
Ne []4 511 ne
DQo [|5 50 [ ] DQ3
VssQ L] 6 49 [ veeQ
Ne []7 a8 InC
Ne []8 47 NC
VeeQ [ 9 46 ] VssQ
Nc [] 10 45 I Ne
Do1 []11 44| ] DQ2
VssQ I: 12 43 :I VeeQ
Ne [] 13 42 INc
Vee [] 14 41 [ Vss
NC []15 40| ]NC
WE [| 16 39 [ ] bQMm
CAS [ |17 38| ] CLK
RAS [ | 18 37 ] CKE
CS[]19 36 [ ] NC
A13 [ 20 35 [ ] A11
a2 []21 34 A9
A10 [] 22 33[ ] As
A0 []23 32 ]A7
AL[ 24 31 A6
A2 [ |25 30 A5
A3 [ |26 29 | A4
Vee [ 27 28| ] Vss
(Top view)
Pin Description
Pin name Function Pin name Function
AO to A13 Address input WE Write enable
O Row address A0 to All DQM Input/outputimask
O Column address  AOto A9 CLK Clock input
0 Bank select address A12/A13 (BS) CKE Clock enable
DQO to DQ3 Data-input/output Ve Power for internal circuit
Ccs Chip select Ves Ground for internal circuit
RAS Row address strobe command VeQ Power for DQ circuit
CAS Column address strobe command VesQ Ground for DQ circuit
NC No connection

Data Sheet E0135H10 ELPIDA
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Block Diagram (HM5264165F)

A0 to A13
A0 to A7 I I A0 to A13
Column address Column address Row address h Refresh
counter buffer buffer counter

0 — 0 — 0 — 0 —
3 Memory array K Memory array F Memory array K Memory array
5| Q9 g | QO g | QO | Q9
- | = S| = S| = s | =
3| = S| 3| 3| =
2ls Bank 0 2|5 Bank 1 2ls Bank 2 2ls Bank 3
c “_é c "_g_ c %_ c “_é
E|E E|E E|E E|E
S s 4096 row S s 4096 row 3 s 4096 row S s 4096 row
2 X 256 column 2 X 256 column 2 X 256 column 2 X 256 column
&[]  X16bit & ¢ X16bit &[] X16bit A X16bit

Input Output Control logic &
buffer buffer timing generator

DQO to DQ15

X w ‘UJ 192} » W D
J x O € < |z 52
o © ') o1

09
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Block Diagram (HM5264805F)

A0 to A13
A0 to A8 I I A0 to A13
Column address Column address Row address h Refresh
counter buffer buffer counter

| [ Vo 1
I I " |
| [ [ I
| I ' |
I I " |
| [ [ I
| I ' |
I I " |
| [ [ I
| I ' |
o 2 Pl Pl | :
, 3 Memory array 3 Memory array . a Memory array . 3 Memory array H
N ol e 3| QO - e A e ]
VS 2|3 SEIE DB :
el s Bank 0 8|5 Bank 1 i 8|5 Bank 2 . 8% Bank 3 !
el g s | £ e | £ el £ :

| | |
V| Bl E 5| E V| E|E 1| E|E '
18] 8 4096 row S| s 4096 row R - 4096 row N IR 4096 row H
! 2 X 512 column 2 X 512 column . 2 X 512 column . 2 X 512 column !
' & xsnbit & ¢ xsnit L & xsbit v & xebit '
: C L ‘
I " I T |
| [ [ I

Input Output Control logic &
buffer buffer timing generator
DQO to DQ7
ARV E
c & =45 = g
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Block Diagram (HM5264405F)

A0 to A13
A0 to A9 I I A0 to A13
Column address Column address Row address h Refresh
counter buffer buffer counter

(%] 1%} (%] 0 —
3 Memory array 3 Memory array a Memory array 3 Memory array
1E gl 5|2 HE
3| 3| @ 3| @ 3| =
L] g Bank 0 g -:'—E Bank 1 ] -;'—E Bank 2 ] ‘:'—E Bank 3
Els El s E|l & Els
S| E S| E S| E S| €
s s 4096 row s s 4096 row s s 4096 row s s 4096 row
2 X 1024 column 2 X 1024 column 2 X 1024 column 2 X 1024 column
A xabi B¢ Xanit & xabit A xabit
_________________________ R S o T

Input Output Control logic &
buffer buffer timing generator

DQO to DQ3

LK

3 &

WE

CKE

(2]
<<
o

CAS

(3}

D
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Pin'Functions

CLK (input pin): CLK isthe master clock input to this pin. The other input signals are referred at CLK
rising edge.

CS (input pin): WhenCS is Low, the command input cycle becomes valid. WhenCS is High, all 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 conventional 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 to A1l (input pins)i 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 AY7; HM5264165F, AYO to AYS;
HM5264805F, AYO0 to AY.9; HM5264405F) is determined by AO to A7, A8 or A9 (A7, HM5264165F, A8;
HM5264805F, A9; HM5264405F) level 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, all banks areprecharged.. But when A10 = Low at the precharge command
cycle, only the bank that is selected by A12/A13 (BS) is precharged. For details refer to the command
operation section.

A12/A13 (input pins): A12/A13 are bank select signal(BS). The memory array of the HM5264165F,
HM5264805F, the HM5264405F is divided into bank 0, bank 1, bank 2 and bank 3. HM5264165F contain
4096-row x 256-column x 16-bit. HM5264805F contain 4096-row x 512-column x 8-bit. HM5264405F
contain 4096-row x 1024-column x 4-bit. If A12isLow and A13iskow, bank O is selected. If A12 isHigh
and A13isLow, bank 1isselected. If A12isLow and A13isHigh, bank 2 is selected. If A12 isHigh and
A13isHigh, bank 3is selected.

CKE (input pin): This pin determines whether or not the next CLK is valid=If.CKE is High, the next CLK
rising edge isvalid. If CKE is Low, the next CLK rising edge is invalid. This pin is.used for power-down
mode, clock suspend mode and self refresh mode.

DQM, DQMU/DQML (input pins): DQM, DOMU/DQML controls input/eutput buffers:

Read operation: If DQM, DQMU/DQML is High, the output buffer becomes High-Z. If the DQM,
DOQMU/DQML is Low, the output buffer becomes Low-Z. (The latency of DQM, DQMU/DOQML during
reading is 2 clocks.)

Write operation: If DQM, DOMU/DQML is High, the previous datais held (the new datais not written). If
DOM, DQMU/DQML is Low, the data is written. (The latency of DQM, DQMU/DQML during writingis 0
clock.)

DQO to DQ15 (DQ pins): Dataisinput to and output from these pins (DQO to DQ15; HM5264165F, DQO
to DQ7; HM5264805F, DQO to DQ3; HM5264405F).

Ve and VcQ (power supply pins): 3.3V isapplied. (Vc isfor theinterna circuit and V.Q is for the
output buffer.)

Data Sheet E0135H10 ELPIDA
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Vs and VgQ (power supply pins): Ground is connected. (Vg isfor theinternal circuit and V¢Q isfor the
output buffer.)

Command Oper ation

Command Truth Table

The SDRAM recognizes the following commands specified by the CS, RAS, CAS, WE and address pins.

CKE
- A0
Command Symbol n-1 n CS RAS CAS WE AI2A13 Al1l0 to All
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 command  READ H x L H L H V L \Y,
Read with auto-precharge READA H x L H L H V H \%
Column address and write command < WRIT H x L H L L \Y, L \Y,
Write with auto-precharge WRIT A H x o L H L L \% H \%
Row address strobe and bank active ~ ACTV H x L L H H V \Y, \Y
Precharge select bank PRE H x L L H L \% L X
Precharge all bank PALL H P L H L X H X
Refresh REF/SELF H Vi L L L H X X X
Mode register set MRS H x L L L L \% \% \%

Note: H: V,. L:V,.x:V,orV,. V: Valid address input

Ignore command [DESL]: When this command is set (CS is High), the SDRAM ignore command input at
the clock. However, theinternal statusis held.

No operation [NOP]: This command is not an execution command. However, the internal operations
continue.

Burst stop in full-page [BST]: This command stops a full-page burst operation (burst length =full-page
(256; HM5264165F, 512; HM5264805F, 1024; HM5264405F)), and is illegal otherwise/ When data
input/output is completed for afull page of data, it automatically returns to the start address, and input/output
is performed repeatedly.

Data Sheet E0135H10 ELPIDA
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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 (AYO to AY7; HM5264165F, AYO0 to
AY8; HM5264805F, AY 0 to AY 9; HM5264405F) and the bank select address (BS). After the read operation,
the output buffer becomes High-Z.

Read with aute=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 isillegal.

Column address strobe and write command [WRIT]: This command starts a write operation. When the
burst write mode is selected, the column address (AYO0 to AY 7; HM5264165F, AY 0 to AY 8; HM5264805F,
AYO0 to AY'9; HM5264405F) and the bank select address (A12/A13) become the burst write start address.
When the single write modeis selected, data is only written to the location specified by the column address
(AYOto AY7; HM5264165F, AYO0 to AY8; HM5264805F, AYO0 to AY9; HM5264405F) and the bank select
address (A12/A13).

Write with auto-precharge[WRIT A]: Thiscommand automatically performs a precharge operation after a
burst write with alength of 1,2, 4 or 8, or after asingle write operation. When the burst length is full-page,
thiscommand 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 (AX0to AX11). When A12 and A13 are Low, bank 0 is
activated. When A12 isHigh and A13isLow, bank 1is activated. When A12isLow and A13is High, bank
2 isactivated. When A12 and A13 are High, bank 3 is activated:

Precharge selected bank [PRE]: This command starts precharge operation for the bank selected by
A12/A13. If A12 and Al13 are Low, bank O isselected. If Al2isHighand A13isLow, bank 1isselected. If
Al12isLow and A13isHigh, bank 2 isselected. If A12 and’/A13 are High, bank 3 is selected.

Prechargeall banks[PALL]: Thiscommand starts a precharge operation for all 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.

Moderegister set [MRS]: The SDRAM has a mode register that defineshow it operates. The mode register
is specified by the address pins (A0 to A13) 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.

Data Sheet E0135H10 ELPIDA
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DQM Truth Table (HM5264165F)

CKE

Command Symbol n-1 n DQMU DQML
Upper byte write'enable/output enable ENBU H X L X
Lower bytewrite enable/output enable ENBL H X X L
Upper byte write inhibit/output disable MASKU H X H X
Lower byte write inhibit/output disable MASKL H X X H
Note: H: V. LV, . xV, orVg

Write: |, IS needed.

Read: |, is needed.
DQM Truth Table (HM5264805F/ HM 5264405F)

CKE

Command Symbol n-1 n DQM
Write enable/output enable ENB H X L
Write inhibit/output disable MASK H x H

Note: H: V. L:V, . x:V,o0rV,..
Write: |y, is needed.
Read: 1,45 is needed.

The SDRAM can mask input/output data by means of DQM;/DQMU/DQML.

DQMU masks the upper byte and DQML masks the lower byte. (HM5264165F)

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

disabling data output.

During writing, data is written by setting DQM, DQMU/DQML to Low. When DQM; DQMU/DQML is set
to High, the previous datais held (the new datais not written). Desired data can be masked during burst read
or burst write by setting DQMU/DQML. For details, refer to the DQM, DQMU/DQML control section of the

SDRAM operating instructions.

Data Sheet E0135H10 ELPIDA
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CKETruth Table

CKE
Current state Command n-1 n CS RAS CAS WE Address
Active Clock suspend mode entry H L x x x x x
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 command (REF) H H L L L H x
Idle Self<refresh entry (SELF) H L L L L H X
Idle Power down entry H L L H H H X
H L H x X X X
Self refresh Self refresh exit (SELFX) L H L H H H X
L H H X X X X
Power down Power down exit L H L H H H X
L H H X X X X

Note: H: V. L:V . xxV,o0orV,.

Clock suspend mode entry: The SDRAM enters clock suspend mode from active mode by setting CKE to
Low. When command is input during CKE is low, thecommand is valid. 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 with Auto-precharge suspend: Thedata being.output is held (and continues to
be output).

WRITE suspend and WRIT with Auto-precharge suspend: In this mode, external signals are not
accepted. However, the internal stateis held.

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

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

IDLE: Inthisstate, all banks are not selected, and completed precharge operation.

Auto-refresh command [REF]: When this command is input from the IDLE state, the SDRAM 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 SDRAM. For every
auto-refresh cycle, the internal address counter is updated. Accordingly, 4096 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 all banks is automatically performed after auto-refresh, no precharge
command is required after auto-refresh.

Data Sheet E0135H10 ELPIDA
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Self-refresh entry [SELF]: When this command is input during the IDLE state, the SDRAM starts self-
refresh operation. After the execution of this command, self-refresh continues while CKE isLow. Since self-
refresh is performed internally and automatically, external refresh operations are unnecessary.

Power down mode entry: When this command is executed during the IDLE state, the SDRAM enters power
down mode. In{power down mode, power consumption is suppressed by cutting off the initial input circuit.

Self-refresh exit: When this command is executed during self-refresh mode, the SDRAM can exit from self-
refresh mode. After exiting from self-refresh mode, the SDRAM entersthe IDLE state.

Power down .exit: When this command is executed at the power down mode, the SDRAM can exit from
power down mode. After exiting from power down mode, the SDRAM entersthe IDLE state.

Function Truth Table

The following table shows the operations that are performed when each command is issued in each mode of
the SDRAM.

The following table assumes that CKE is high.

Current state CS RAS CAS WE Address Command Operation
Precharge H X X X X DESL Enter IDLE after t,
L H H H x NOP Enter IDLE after t,
L H H L X BST NOP
L H L H BA, CA, A10 AREAD/READ A ILLEGAL*
L H L L BA, CA, AL0 WRIT/WRIT A ILLEGAL*
L L H H BA, RA ACTV ILLEGAL*
L L H L BA, A10 PRE, PALL NOP*®
L L L H x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
ldle 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/WRITA  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

Data Sheet E0135H10 ELPIDA
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Current state CS RAS CAS WE Address Command Operation
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
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
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 auto- H x X x x DESLk Continue burst to end 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/WRITA  ILLEGAL*
L L H H BA, RA ACTV Other bankactive
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL ILLEGAL*
L L L H X REF, SELF ILLEGAL
L L L MODE MRS ILLEGAL

Data Sheet E0135H10 ELPIDA
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Current state 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 MODE MRS ILLEGAL
Write with auto- H X X X X DESL Continue burst to end 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
Refresh (auto- H X X X X DESL Enter IDLE after t,.
refresh)
L H H H X NOP Enter IDLE after t..
L H H L X BST Enter IDLE after t,.
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, A10 PRE, PALL ILLEGAL*
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

Notes: 1. H: V,. L:V,.x:V,orV,. The other combinations are inhibit.
An interval of t,,, is required between the final valid data input and the precharge command.

16

2.

o gk w

If tyrp IS NOt satisfied, this operation is illegal.
lllegal for same bank, except for another bank.
lllegal for all banks.

NOP for same bank, except for another bank.
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FromPRECHARGE state, command operation

To[DESL], [NOP] or [BST]: When these commands are executed, the SDRAM enters the IDLE state after
trp has elapsed from the compl etion of precharge.

From | DLE state, command oper ation

To[DESL], [NOP], [BST], [PRE] or [PALL]: These commands result in no operation.
To[ACTV]: The bank specified by the address pins and the ROW address is activated.
To[REF], [SELF]: TheSDRAM enters refresh mode (auto-refresh or self-refresh).

To[MRS]: The SDRAM entersthe mode register set cycle.

From ROW ACTIVE state, command opefation

To[DESL], [NOP] or [BST]: Thesecommands result in no operation.

To[READ], [READ A]: A read operation starts. (However, aninterval of tycp isrequired.)
To[WRIT], [WRIT A]: A write operation starts. (However, an interval of ty isrequired.)

To [ACTV]: This command makes the other bank active: (However, an interval of tggp iS required.)
Attempting to make the currently active bank active resultsin an illegal command.

To [PRE], [PALL]: These commands set the SDRAM to precharge mode. (However, an interval of tgasis
required.)

From READ state, command oper ation
To[DESL], [NOP]: These commands continue read operations until the burst operation is completed.
To[BST]: Thiscommand 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 awrite cycle.

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

To[PRE], [PALL]: These commands stop aburst read, and the SDRAM enters precharge mode.

Data Sheet E0135H10 ELPIDA
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From'READ with AUTO-PRECHARGE state, command oper ation

To [DESL], [NOP]: These commands continue read operations until the burst operation is completed, and
the SDRAM then enters precharge mode.

To [ACTV]: Thiscommand makes other banks bank active. (However, an interval of tgg, iS required.)
Attempting to make the currently active bank active resultsin an illegal command.

From WRITE state, command oper ation

To[DESL], [NOP]: Theseccommands continue write operations until the burst operation is compl eted.
To[BST]: Thiscommand stops a full-page burst.

To[READ], [READ A]: " These commands stop aburst and start aread cycle.

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

To [ACTV]: This command makes.the other bank active. (However, an interval of tggp IS required.)
Attempting to make the currently activebank active resultsin anillegal command.

To[PRE], [PALL]: These commands stop burst write and'the SDRAM then enters precharge mode.

From WRITE with AUTO-PRECHARGE state, command oper ation

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

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

From REFRESH state, command oper ation

To [DESL], [NOP], [BST]: After an auto-refresh cycle (after tgc), the SDRAM autematically enters the
IDLE state.

Data Sheet E0135H10 ELPIDA
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Simplified State Diagram

SR EXIT

REFRESH

MODE
REGISTER |l

REFRESH

ACTIVE

ACTIVE
CLOCK
SUSPEND

BST
(on full page)

SUSPEND

READA
SUSPEND

WRITE
WITH AP

WRITEA
SUSPEND

POWER
APPLIED

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

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

Data Sheet E0135H10 ELPIDA



HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

M ode Register Configuration

The mode register is set by the input to the address pins (A0 to A13) during mode register set cycles. The

mode register consists of five sections, each of which is assigned to address pins.

A13, A12, A11, A10, A9, A8: (OPCODE): The SDRAM 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: Datais only written to the column address specified during the write cycle,
regardless of the burst length.

A7: Keep thisbit Low at the mode register set cycle. If this pin ishigh, the vender test mode is set.

A6, A5, A4: (LMODE): These pins specify the CAS latency.

A3: (BT): A burst typeis specified. Whenfull-page burst is performed, only "sequential” can be selected.

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

X:0o0rl

A13 | A12| All| A10 | A9 A8 | A7 A6 A5 A4 A3 | A2 | A1 | AO
OPCODE 0 LMODE BT BL
A6 | A5| A4 |CAS latency A3 | Burst type Burst length
0| 0| O R 0 | Sequential A2 | AL | AD BT=0 |BT=1
0| 0] 1 R 1| Interleave ol 04 O 1 1
of 1| 0 2 0l 0] 1 2 2
o| 1| 1 3 0 1| 0 4 4
1] X| X R 0| 14 1 8 8
10| O R R
A13| A12| A11| A10| A9 | A8 | Write mode I 0] 1 R R
0 0 0 0 0 0 | Burst read and burst write 11,0 R R
X X X x| o 1 R 1| 19 1 R R
X X X X 1 0 |[Burst read and single write F.P. = Full Page
X X X X 1 1 R R is Reserved (inhibit)

20
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Bur st Sequence

=4

2,

Burst length

=2

Burst length
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Z| | S| | | e
.AnmA0n0101
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1,
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Operation of the SDRAM

Read/Write Operations

Bank active: Before executing aread or write operation, the corresponding bank and the row address must be
activated by the bank active (ACTV) command. Bank 0, bank 1, bank 2 or bank 3 is activated according to
the status of the A12/A13pin, and the row address (AX0 to AX11) is activated by the A0 to A11 pins at the
bank active command cycle. Aninterval of tzp is required between the bank active command input and the
following read/write command input.

Read operation:-A-read operation starts when a read command is input. Output buffer becomes Low-Z in
the (CAS Latency - 1) cycle after read command set. HM5264165F, HM5264805F series, HM5264405F can
perform a burst read operation.

The burst length can be set to 1, 2, 4, 8 or full-page (256; HM5264165F, 512; HM5264805F, 1024;
HM5264405F). The start address for a burst read is specified by the column address (AYO to AY7,;
HM5264165F, AYO0 to AY8; HM5264805F, AYO to AY9; HM5264405F) and the bank select address
(A12/A13) at the read command set cycle. In aread operation, data output starts after the number of clocks
specified by the CAS Latency. The CAS Latency can be set to 2 or 3.

When the burst length is 1, 2, 4, 8, the Dout buffer automatically becomes High-Z at the next clock after the
successive burst-length data has been outpuit.

The CAS latency and burst length must be specified. at the mode register.

CAS Latency

CLK

'« 'RCD

Command X ACTVX >< I‘?EADX
Address X Rj’ow >< Xc%)lumnx

CcL=2 <out0><out1><out2><out3>

<out0>< 0ut1>< out2>< out3>

Dout

CL=3

CL = CAS latency
Burst Length =4
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Burst'Length

TN [ I A I

' trep !
P —

Command AcTv X XREAD) e ————— .

Address _XRow X XoumX L

N\
out 0 e — .
BL=1 —
{ out 0X out 1) e ——— -
BL=2
Dout out 0X out X out 2Xout Ppo— — - -
BL=4
BL=8
out X out IXout 2X out 3Xout 4 out 5Xout 6)Xout 7)out 8)- - - - - - - - - uto-2out OxXout Ty, """
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,
AB8) 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 clock as a write command set. (The latency of datainput is O clock.) The burst length can
besetto 1, 2, 4, 8, and full-page, like burst read operations. The write start address is specified by the column
address (AYO0 to AY7; HM5264165F, AYO0 to AY8; HM5264805F, AYO0 to AY9; HM5264405F) and the
bank select address (A12/A13) at the write command set cycle.

TS I 1 O I O

' trReD 3
Command _ XacTv)X_ XWRITX <. WY W
Address (Row X Keolump Ny A
{nO}p— O OO O O - -
BL=1 —
{inoXin1 R S
BL=2
bin { RO E XD
e O CHY CHGE CI) G G G e
{{in0X_in1Xin2 X in3Xin4 Xin5 Xin6 Xin7 Xin8 y------------ (noaXin 0 XCin X"
BL = full page

CAS Latency =2, 3
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2. Singlewrite: A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). In asinglewrite
operation, data is only written to the column address (AYO to AY7; HM5264165F, AYO to AYS;
HM5264805F, AY 0 to AY9; HM5264405F) and the bank select address (A12/A13) specified by the write
command set cycle without regard to the burst length setting. (The latency of datainput is O clock).

R O O

1 trcD

|
e ———— e ]

Command ><AjCTV>< >< WRITX
Address ><ROW >< ><Cg|umn><

Din \in0

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 | ,p i 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 (Burst Length = 4)

|
cL=2 command _X_Actv_X X reap A X

| L | I |

IRAS

T
|
|
DQ (input) T
|
|
|

T
|

| ! i
T out0 X outl X out2 X out3
| |

|

|

IRAS

T
|
I
T
I
I
|
cL=3 command _X_AcTv_X X READA X X actv. X
T
I
I
T
I

T

[

| 1 1 1

T out0 X outl X out2 X out3
| | |

| | | <

T
|
DQ (input) :
|
|

Note: Internal auto-precharge starts at the timing indicated by " ".
And an interval of tgas (Iras) is required between previous active (ACTV) command and internal precharge '
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Write with auto-precharge: In this operation, since precharge is automatically performed after completing
aburst write or single write operation, a precharge command need not be executed after each write 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 of |,p,, is required between the final valid data input and input of
next command.

Burst Write (Burst Length = 4)

Command >Q§CT}>< >Q¥R'T X . . >@CT %S

- s —>
DQ (input)  in0 X in1 X in2 X in3 ) E

lAPw

Note: Internal auto-precharge starts at the timing indicated by " v ".
and an interval of tgas (Iras) IS required between previous active (ACTV) command
and internal precharge *

Single Write

Command >QCT}>< RIT A CT

E< IRAs:';

DQ (input) { in

|

lApw

Note: Internal auto-precharge starts at the timing indicated by " ".
and an interval of tgas (Iras) is required between previous active (ACTV) command
and internal precharge *
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Full-page Bur st Stop

Burst stop command during burst read: The burst stop (BST) command is used to stop data output during
afull-page burst. The BST command sets the output buffer to High-Z and stops the full-page burst read. The
timing from command.input to the last data changes depending on the CAS latency setting. In addition, the
BST command isvalid only during full-page burst mode, and isillegal with burst lengths 1, 2, 4 and 8.

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

CAS Latency = 2, Burst Length = full page

-t R S S i I A I e B s S

Command >< BST ><

DQ (output) X out X out X out X out’ X out X out

P
?_’f lggy = 2 clocks
Iggr = 1clock
CAS Latency = 3, Burst Length = full page
ST D e T A B B

! 1

1 1

Command >< BST X ! !
| |

1 1

1

DQ (output) >< out X out X out > out X out >\ out >< out !
: : P

»; Iggfy= 3 clocks

' IBSR: 2 clocks
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Burst'stop.command at burst write: The burst stop command (BST command) is used to stop data input
during a full-page burst write. No datais written in the same clock as the BST command, and in subsequent
clocks. In addition, the BST command is only valid during full-page burst mode, and is illegal with burst
lengthsof 1, 2, 4 and 8. And an interval of typ is required between last data-in and the next precharge
command.

Burst Length = full page

CLK
|
Command X BT X Xprema X
‘ ‘
DQ(nput) 3 i X in
tDPL >
l.gsw = 0 clock |
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Command Intervals
Read command to Read command interval:

1. Samebank, 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 nolessthan 1 clock. 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 I nterval (same ROW address in same bank)

CLK

Command X e X X e Y7oy .

Address X on X Keoum o) .
BS _\ | : : ! :

| ; | S

|
Dout : : OutAD out B3
| |
Bank0  Column=A Column=B Column =A, Column =B CAS Latency = 3
Active Read Read Dout Dout Burst Length = 4

Bank O

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 beperformed after an interval of no less
than 1 clock, 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.

READ to READ Command I nterval (different bank)

Command “(acrvX__XacTvXREADKREAD) -
Address -

N

! ‘
BS : L\ !
| 1 : : \ ‘\ :
| | | I
Dout ; ; : ; ut AQ out B3
Bank0 Bank3 Bank0 Bank3 Bank0 Bank3 CAS Latency.= 3
Active Active Read Read Dout  Dout Burst Length =4
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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
lessthan L.clock. In the case of burst writes, the second write command has priority.

WRITE toWRITE Command I nterval (same ROW address in same bank)

Command “rery D

Addfess
Bs 1\ /TO\ /

‘ '
|
Din ; M@ in B3
Bank0  Column =A Column =B Burst Write Mode
Active Write Write Burst Length =4

Bank O

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

WRITE to WRITE Command Interval (different bank)

CLK
Command 3<:Ac m

Address >< Row 0, -mmw
BS _\ / ] \

Bank0 Bank3 Bank0 Bank3 Burst Write Mode
Active Active Write  Write Burst Length =4
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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 command, the write command can be performed after an interval of no less
than 1 clock. However, DQM, DQMU/DQML must be set High so that the output buffer becomes High-Z
before data input:

READ toWRITE Command Interval (1)

CLK

Command XREADXWRITYX

DQM, [ CL=2
DQMU
IDQML| o 3

Din (in B0 Xin B1 Xin B2 Xin B3

- Burst Length = 4
High-Z !
Dout > Burst write

READ to WRITE Command Interval (2)

CLK

Command XREADX XWRITX
DQM, 1
DQMU/DQML 2 clock™
CL=2 XX D2
Dout | High-Z
CcL=3 X |
Din XX X )r—

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands
cannot be executed; it is necessary to separate the two 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 clock, 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 input.
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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 read command can be performed after an interval of no less
than 1 clock. However, in the case of a burst write, data will continue to be written until one cycle before the
read command.is executed.

WRITE to READ Command Interval (1)

axfn L Jo Lo

|
Command >< WRIT >< READ ><
DQM,—\
DQMU/DQML

< out BO >< out B1 >< out B2 >< outB3 —mmm
Column = A < —— | CAS Latency Burst Write Mode
Write Column=B Column = B CAS Latency = 2
Read Dout Burst Length =4
Bank 0

WRITE to READ Command Interval (2)

ew| [ L7 0 4 ] J J LI LI |
! | |
Command WRIT READ
L S Gy
DQM, ™\ | !
DQMU/DQML ! !
! |
Din in)—\o in Al i
I
I
I
I
I
I

/

I
I
Dout ;
I

T
T
I
I
|
I
I
I
!
1
I
{ outBO out B1 out B2 outB3 )
a0 Y oufE Y o Ezl)
I

Column=A —— | Burst Write Mode

Write 'CAS Latency CAS Latency =2
Column =B Column =B Burst Length = 4
Read Dout Bank O

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

3. Different bank: When the bank changes, the read command can be performed after an interval of no.less
than 1 clock, 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 clock before the read command is executed (as in the case of the
same bank and the same address).
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Readwith auto precharge to Read command interval

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. Even when thefirst read with auto-precharge is aburst read that is not yet finished, the data read by
the second.command is valid. The internal auto-precharge of one bank starts at the next clock of the second
command.

Read with Auto Prechargeto Read Command Interval (Different bank)

(CE3 I e I S I N O S S A I O
Command | XREADA X_____ Y_READ X___ | | |
BS._ \ | / /T | ‘ ‘
Dout | { ot A X out AL X out BO X out B1 X
bank0 bank3 L
Read A Read CAS Latency = 3

Burst Length = 4

Note: Internal auto-precharge starts at the timing indicated by " *

2. Samebank: The consecutive read command (the same bank) isillegal .
Write with auto precharge to Write command interval

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. In the case of burst writes, the second write command has priority. Theinternal auto-precharge of
one bank starts at the next clock of the second command .

Writewith Auto Prechargeto Write Command Interval (Different bank)

ck[ L L[ 1 L L e bl
command | YWRITA X_____ X WRmT X | | |

BS_ \ ' / /N | | |
Din : {inA0 X inA1 X inBO X inBl1 X inB2 X inB3 »———
bank0 bank3
Write A Write Burst Length = 4

Note: Internal auto-precharge starts at the timing indicated by " *

2. Samebank: The consecutive write command (the same bank) isillegal.
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Readwith auto precharge to Write command interval

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. However, DQM, DOMU/DQML must be set High so that the output buffer becomes High-Z before
datainput., Theinternal auto-precharge of one bank starts at the next clock of the second command.

Read with Auto Precharge to Write Command Interval (Different bank)

akl Lo L 1L L L L L
Commandi XREADAX WﬁITX | | | ‘ ‘

s\
DQM,(CLzzj_—\

DQMU/DQML

R

CL=3 O\ | | | ./
Din:—i(inéo Xinél Xinéz Xiné3 )

POt i—— 1 " High-Z 1

bankO bank3 Burst Length = 4
Read A  Write

Note: Internal auto-precharge starts.at the timing indicated by " *

2. Samebank: The consecutive write command from read with auto precharge (the same bank) isillegal. It
is necessary to separate the two commands with a bank active command.
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Writewith auto precharge to Read command interval

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. However, in case of a burst write, data will continue to be written until one clock before the read
commandis executed. The internal auto-precharge of one bank starts at the next clock of the second
command.

Writewith Auto Prechargeto Read Command I nterval (Different bank)

(CINS I S e s A N S ) S
Command | XWRIT AX_READ X___ | | | | ‘
BS T\ N\
DQM, | i | | | | )
DQMU/DQML ; 1 3 3 3 3 3 ; ;
Din ——(in A0 _)— ? ? ? ? ? ?
Dout ! -— (outBO XoutB1 XoutB2 XoutB3 »——
bank0 bank3 CAS Latency = 3
Write A Read Burst Length = 4

Note: Internal auto-precharge starts at the timing indicated by " *

Same bank: The consecutive read command from write with'auto precharge (the same bank) isillegal. . Itis
necessary to separate the two commands with a bank active/command.
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Readcommand to Precharge command 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 clock. However, since the output buffer then becomes
High-Z after the clocks defined by |,,,p5, there is a case of interruption toburst read data output will be
interrupted, if the precharge command is input during burst read. To read all data by burst read, the clocks
defined by g must be assured as an interval from the final data output to precharge command execution.

READ to PRECHARGE Command Interval (samebank): To output all data

CAS Latency =2, Burst Length =4

e || & ) L LJ J I ) L L |
| | | |
| | |
Command >< READ >< i >< PRE/PALL >< i
| | | |
| | | |
Dout : { out AO >< out A1 >< out A2 >< out A3 N
| T T
|

e —
CL=2 lgp =-1cycle

TS T S S B G e O
| | | |
| | | |
Command >< READ >< i i
| | | |
Dout : { out A0 >< out A1 >< out A2 >< out A3 >
| T T T
|

>< PRE/PALL ><
I
| | |
-
CL=3 |ep'=-2 cycle
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READ to PRECHARGE Command Interval (same bank): To stop output data

CAS Latency = 2, Burst Length =1, 2, 4, 8, full page bur st

Command >< READ ><PRE/PALL><

e | L) L L L ) 7 L L L] |
|
|
|
|
I
|

:
|
Dout : { a—
|
|

Command >< READ ><PRE/PALL><

ST S DN e
|
|
|
|
I
|

|
I
Dout ‘ { )
I
I
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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 commandsis
1 clock. However, if the burst write operation is unfinished, the input data must be masked by means of
DQM,; DOMU/DQML for assurance of the clock defined by tpp, .

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

Command

ak ol Lo A LT L L I L L |
|
I
|
|
I
!
|
|
|

Din X )

|
><PRE/ PALL><

=T T s I O A S [l I o s A A
|
I
|
L
|
I
|
|
|
|
|

l

topL
Burst Length = 4 (To write al data)
ck | L L L L 4 °LJ LTI L I |
Command >< WRIT >< | ><PRE/PALL><
BSMU/DQML 1 1
Din in A >< in AL >< in A2 >< in A3 :
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Bankactive command interval:
1. Same bank:  Theinterval between the two bank-active commands must be no less than tx..

2. In thecase of different bank-active commands. The interval between the two bank-active commands
must be no less than tgxp.

Bank Activeto Bank Activefor Same Bank

Bank 0 Bank 0
Active Active

Bank Activeto Bank Active for Different Bank

ok | I g ™ N B

Command >< ACTV >< ACTV

Address >< ROW:0 ><

Cer
o X
=

-\

! tRRD
Bank 0 Bank 3
Active Active
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Moderegister set to Bank-active command interval: The interval between setting the mode register and
executing a bank-active command must be no less than | g, .

CLK | | | |
Command >< MRS >< ACTV ><
Address >< CO‘DE ><BS & ROW><

Mode Bank
Register Set  Active
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DQM Control
The DQM mask the DQ data.

The DOMU and DQML mask the upper and lower bytes of the DQ data, respectively. The timing of
DOMU/DQML isdifferent during reading and writing.

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

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

Reading
CLK ‘
DQM, / \ :
DQMU/DQML X !
L High-z ,—
DQ (output) outo X outl ; 2 out 3 >—
: lpop = 2 Latency |
Writing
CLK
DQM, |
DQMU/DQML X
DQ (input) no X in1 X X in3 )

Ipip = 0 Latency
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Refresh

Auto-refresh: “All the banks must be precharged before executing an auto-refresh command. Since the auto-
refresh.command updates the internal 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 4096
cycles/64 ms: (4096 cycles are required to refresh all the ROW addresses.) The output buffer becomes High-
Z dfter auto-refresh start. Inaddition, since a precharge has been completed by an internal operation after the
auto-refresh, an additional 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 self-
refresh is terminated by a self-refresh exit command. Before and after self-refresh mode, execute auto-refresh
to all refresh addressesin or within 64 ms period on the condition (1) and (2) below.

(1) Enter self-refresh mode within 15.6 ps after either burst refresh or distributed refresh at equal interval to
all refresh addresses are completed.

(2) Start burst refresh or distributed refresh at equal interval to al refresh addresses within 15.6 ps after
exiting from self-refresh mode.

Others

Power-down mode: The SDRAM 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 SDRAM exits from the
power down mode, and command input is enabled from the next clock. In this mode, internal refresh is not
performed.

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

Power -up sequence: The SDRAM should be gone on the following sequence with power up.

The CLK, CKE, CS, DQM, DQMU/DQML and DQ pins keep low till power stabilizes.

The CLK pinis stabilized within 100 ps after power stabilizes before the following initialization'sequence.
The CKE and DQM, DQMU/DQML is driven to high between power stabilizes and‘the initialization
sequence.

This SDRAM has V. clamp diodes for CLK, CKE, CS, DQM, DQMU/DQML and DQ pins. /If these pins go
high before power up, the large current flows from these pinsto V - through the diodes.

Initialization sequence: When 200 ps or more has past after the above power-up sequence, all banks must be
precharged using the precharge command (PALL). After tz, delay, set 8 or more auto refresh commands
(REF). Set the mode register set command (MRS) to initialize the mode register. We recommend that by
keeping DQM, DOMU/DQML and CKE to High, the output buffer becomes High-Z during Initialization
sequence, to avoid DQ bus contention on memory system formed with a number of device.
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Power up sequence

Initialization sequence

1 100 ps 200 ps !
Vo VecQ OV 3 ) )
CKE, DOM,  Low B | | ) | )
DQMU/DQML - | |
Lk _Low | mwﬂ_ﬂ
€S, DQ.<Low | )) ))

A

Power stabilize

Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg V; —0.5t0 V. +0.5 \Y 1
(< 4.6 (max))
Supply voltage relative to Vg Ve —0.5to0 +4.6 \% 1
Short circuit output current lout 50 mA
Power dissipation P; 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg =55 to +125 °C
Note: 1. Respectto V.
DC Operating Conditions (Ta= 0to +70°C)
Parameter Symbol Min Max Unit Notes
Supply voltage Veer VecQ 3.0 3.6 \Y; 1,2
Vgs: VssQ 0 0 \ 3

Input high voltage Vi 2.0 Ve +0.3 Vv 1,4
Input low voltage vV, -0.3 0.8 \ 1,5
Notes: 1. All voltage referred to V.

2. The supply voltage with all Vcc and V..Q pins must be on the same level.

3. The supply voltage with all Vss and V,,Q pins must be on the same level.

4. V,, (max) =V + 2.0V for pulse width < 3 ns at V..

5. V, (min) = V4 — 2.0 V for pulse width < 3 ns at V.

42
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V4V, Clamp

ThisSDRAM hasV,, and V,, clamp for CLK, CKE, CS, DQM and D/Q pins.

Minimum V,_Clamp Current

Vi (V) | (MA)
-2 -32
-1.8 -25
-1.6 -19
-1.4 -13
-1.2 -8
-1 -4
-0.9 -2
-0.8 -0.6
-0.6 0
-0.4 0
-0.2 0

0 0

Vi (V)
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Minimum V,, Clamp Current

V.., (V) I (mA)
Ve +2 10
V. +1.8 8
Vet 1.6 5.5
Voo + 1.4 35
Ve +1.2 15
Ve + 1 0.3
Ve +0.8 0
Ve +0.6 0
Ve +0.4 0
Ve +0.2 0
Ve +0 0
10

—~ 8 i

E 6|

= Al

2l
os-----®m----- +--l--m------m
Ve +0 Vce + 0.5 Vee + 1 Vée + 1.5 Vee + 2
Vig (V)

44
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| ol oy, Characteristics

Output Low Current (I,)

IOL

Vout,(V) Min (mA) Max (mA)
0 0 0
0.4 27 71
0.65 41 108
0.85 51 134
1 58 151
14 70 188
15 72 194
1.65 75 203
1.8 77 209
1.95 77 212
3 80 220
3.45 81 223
250
200
T 150 :
= =-0--min
o
--8--max
100
—0— —0
50
0 I I I I I I
0 0.5 1 15 2 25 3 35
Vout (V)
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Output High Current (Io,) (Ta=0t0 +70°C, V¢, VocQ=3.0V 10345V, Vg, VsQ=0V)

lon lon

Vout (V) Min (mA) Max (mA)
3.45 — -3
33 — —28
3 0 -75
2.6 =21 -130
2.4 -34 -154
2 -59 -197
1.8 —67 —227
1.65 -73 —248
1.5 —78 -270
1.4 -81 —285
1 -89 —345
0 -93 -503

< -200
£
z --0--min
= -300 --|--max
-400

Vout (V)
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DC Characteristics (Ta=01t0 +70°C, V., Voc.Q =33V £ 03V, V,, V. Q=0V)

(HM5264165F)
HM5264165F
-75 -A60 -B60
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current Burst length =1 1,2,3
(CAS latency = 2) lect — 65 — 65 — 65 mMA tx=min
(CAS latency = 3) | o6 — 65 — 65 — 65 mA
Standby current'in power down .., 15 — 15 — 15 mA CKE=V,, 6
tex =12 ns
Standby current in powerdown l..,s — 1 — 1 — 1 mMA CKE=V ty,=0 7
(input signal stable)
Standby current in non power. 1., — 10 .— 10 — 10 mA CKE,CS=V,, 4
down te =12 ns
Standby current in non power le,ns — 5 — 5 — 5 mA CKE=V,, tg=o 9
down (input signal stable)
Active standby current in power | ., — 4 — 4 — 4 mA CKE=V,, 1,2,6
down te =12 ns
Active standby current in power lge;es — 3 — 4 — 3 mMA CKE=Vty=0o 2,7
down (input signal stable)
Active standby currentin non |l .qy — 18<¢ — 18 —__ 18 mA CKE,CS=V,, 1,2,4
power down te =12 ns
Active standby currentinnon g — 12 — 12 — 12 mA CKE=Vty=o 2,9
power down (input signal
stable)
Burst operating current
(CAS latency = 2) leca — 65 — 65 — 65 mA ti,=minBL=4 1,2,5
(CAS latency = 3) leca — 80 — 65 — 65 mA
Refresh current lecs — 110 — 110 — 110 "mA tg. = min 3
Self refresh current lccs — 1 — 1 — 1 mA V{2V, —-02V 8
V, <02V
Self refresh current (L-version) .. — 04 — 04 — 04 mA
Input leakage current I, -1 1 -1 1 -1 1 HA  O0<Vin<V
Output leakage current lio -15 15 -15 15 -15 15 pA 0<Vouts V.
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V loy =—4 MA
Output low voltage A — 04 — 04 — 04 V lo =4 MA
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DC.Characteristics (Ta=0t0 +70°C, V., Voc.Q =33V £ 03V, V,, V. Q=0V)

(HM5264805F)
HM5264805F
-75 -A60 -B60
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating/current Burst length =1 1,2,3
(CAS latency = 2) lect — 60 — 60 — 60 mMA tyx.=min
(CAS latency = 3) lecx — 60 — 60 — 60 mA
Standby current inspower down <l ¢, — 15 — 15 — 15 mA CKE=V,, 6
te =12 ns
Standby current in power down l..,s — 1 — 1 — 1 mMA CKE=V ty,=0 7
(input signal stable)
Standby current in non power 1., — 10 — 10 — 10 mA CKE,CS=V,, 4
down te =12 ns
Standby current in non power  le,ns — 5 — .5 — 5 mA CKE=V,, tg=o 9
down (input signal stable)
Active standby current in power | ., — 4 — /4 — 4 mA CKE=V,, 1,2,6
down te =12 ns
Active standby current in power lge;es — 3 — 3 — 3 mMA CKE=Vty=0o 2,7
down (input signal stable)
Active standby currentin non |l .qy — 18 ~— 18 — 18 mA CKE,CS=V,, 1,2,4
power down te =12 ns
Active standby currentinnon g — 12 — 12— 12 mA CKE=Vtyx=o 2,9
power down (input signal
stable)
Burst operating current
(CAS latency = 2) leca — 60 — 60 — 60 mMA tg =min,BL=4 1,2,5
(CAS latency = 3) leca — 75 — 60 — 60 mA
Refresh current lecs — 110 — 110 — 110. mA tg.=min 3
Self refresh current lccs — 1 — 1 — 1 mA  V,2V..-02V 8
V, <02V
Self refresh current (L-version) .. — 04 — 04 — 04 mA
Input leakage current I, -1 1 -1 1 -1 1 HA  O<SVinsV.
Output leakage current lio -15 15 -15 15 -15 15 pA 0<Vouts Vg
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V loy =—4 MA
Output low voltage Voo — 04 — 04 — 04 V lop =4 MA
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DC.Characteristics (Ta=0t0 +70°C, V., Voc.Q =33V £ 03V, V,, V. Q=0V)

(HM5264405F)
HM5264405F
-75 -A60 -B60
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating/current Burst length =1 1,2,3
(CAS latency = 2) lect — 60 — 60 — 60 mMA tyx.=min
(CAS latency = 3) lecx — 60 — 60 — 60 mA
Standby current inspower down <l ¢, — 15 — 15 — 15 mA CKE=V,, 6
te =12 ns
Standby current in power down l..,s — 1 — 1 — 1 mMA CKE=V ty,=0 7
(input signal stable)
Standby current in non power 1., — 10 — 10 — 10 mA CKE,CS=V,, 4
down te =12 ns
Standby current in non power  le,ns — 5 — .5 — 5 mA CKE=V,, tg=o 9
down (input signal stable)
Active standby current in power | ., — 4 — /4 — 4 mA CKE=V,, 1,2,6
down te =12 ns
Active standby current in power lge;es — 3 — 3 — 3 mMA CKE=Vty=0o 2,7
down (input signal stable)
Active standby currentin non |l .qy — 18 ~— 18 — 18 mA CKE,CS=V,, 1,2,4
power down te =12 ns
Active standby currentinnon g — 12 — 12— 12 mA CKE=Vtyx=o 2,9
power down (input signal
stable)
Burst operating current
(CAS latency = 2) leca — 55 — 55 — 55 "'mA tg, =min,BL=4 1,2,5
(CAS latency = 3) leca — 70 — 55 — 55 mA
Refresh current lecs — 110 — 110 — 110. mA tg.=min 3
Self refresh current lccs — 1 — 1 — 1 mA  V,2V..-02V 8
V, <02V
Self refresh current (L-version) .. — 04 — 04 — 04 mA
Input leakage current I, -1 1 -1 1 -1 1 HA  O<SVinsV.
Output leakage current lio -15 15 -15 15 -15 15 pA 0<Vouts Vg
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V loy =—4 MA
Output low voltage A — 04 — 04 — 04 V lo =4 MA
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Notes:” 1.

© © N O HIW N

I depends on output load condition when the device is selected. |.. (max) is specified at the
output open condition.

One bank operation.

Input signals are changed once per one clock.
Input signals are changed once per two clocks.
Inputsignals.are changed once per four clocks.
After power down mode, CLK operating current.
After power down mode, no CLK operating current.
After self refresh mode set, self refresh current.
Input signals are V, or V,, fixed.

Capacitance (Ta=25°C, V., V. Q=33V £0.3V)

Parameter Symbol Min Max Unit Notes
Input capacitance (CLK) C. 2:5 3.5 pF 1,2,4
Input capacitance (Input) C, 2.5 3.8 pF 1,2,4
Output capacitance (DQ) Co 4 6.5 pF 1,2,3,4
Notes: 1. Capacitance measured with Boonton Meter or‘effective capacitance measuring method.

2. Measurement condition: f=1 MHz, 1.4 V/ bias, 200 mV swing.

3. DQM, DQMU/DQML = V,, to disable Dout.

4. This parameter is sampled and not 100% tested.
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AC Characteristics (Ta=0t0 +70°C, V., V,c.Q =33V +0.3V,V, V. Q=0V)

HM5264165F/HM5264805F/HM5264405F

-75 -A60 -B60
PC/100

Parameter Symbol Symbol Min Max Min  Max Min Max Unit Notes
System clock cycle time

(CAS latency = 2) tex Tclk 10 — 10 — 5 — ns 1

(CAS latency = 3) tex Tclk 75 — 100 — 100 — ns
CLK high pulse:width e Tch 25 — 3 — 3 — ns 1
CLK low pulse width tere Tcl 25 — 3 — 3 — ns 1
Access time from CLK

(CAS latency = 2) tac Tac — 6 — 6 — 8 ns 1,2

(CAS latency = 3) tac Tac — 54 — 6 — 6 ns
Data-out hold time ton Toh 27 — 3 — 3 — ns 1,2
CLK to Data-out low impedance t,, 2 \— 2 — 2 — ns 1,23
CLK to Data-out high thr — 54 — 6 — 6 ns 1,4
impedance

(CAS latency = 2, 3)
Input setup time tas) tes, TSI 15 — 2 — 2 — ns 1,56

tDS' tCES
CKE setup time for power down t..e» Tpde 15 — 2 — 2 — ns 1
exit
Input hold time taps tg TH 0.8 —= 1 3 1 — ns 1,5
tDHl tCEH

Ref/Active to Ref/Active tre Trc 675 — 70— 70 — ns 1
command period
Active to Precharge command  tg,g Tras 45 120000 50 / 120000 50 « 120000 ns 1
period
Active command to column treo Tred 20 — 20 — 20 — ns 1
command (same bank)
Precharge to active command  tg, Trp 20 — 20 — 20 — ns 1
period
Write recovery or data-in to topL Tdpl 100 — 100 — 10— ns 1
precharge lead time
Active (a) to Active (b) trro Trrd 15 — 20 — 20 — ns 1
command period
Transition time (rise and fall) tr 1 5 1 5 1 5 ns
Refresh period trer — 64 — 64 — 64 ms
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Notes:” 1. "AC measurement assumes t; = 1 ns. Reference level for timing of input signals is 1.5 V.
Access time is measured at 1.5 V. Load condition is CL = 50 pF.

t,, (min) defines the time at which the outputs achieves the low impedance state.

ty; (max) defines the time at which the outputs achieves the high impedance state.

tees define CKE setup time to CLK rising edge except power down exit command.

t, o/t Address, t.o/t.: CS, RAS, CAS, WE, DQM, DQMU/DQML

toslto,: Data-in, tee/tee: CKE

o gk wn

Test Conditions
 Input and output timing reference levels: 1.5V

» Input waveform and output load: See following figures

24V | | | | /0

input 20V-r-- I
| | i |
0.4y 28T Y

I I I I CL
, ¢ . 4
| | ! |
by ty
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Relationship Between Freguency and Minimum Latency

HM5264165F/
HM5264805F/
HM5264405F
Parameter -75 -A60/B60
Frequency/(MHz) 133 100
PC/100
te (NS) Symbol Symbol 7.5 10 Notes
Active command to column command lrco 3 2 1
(same bank)
Active command to active.command lac 9 7 = [lgast lrel
(same bank) 1
Active command to precharge command Izas 6 5 1
(same bank)
Precharge command to active command [ 3 2 1
(same bank)
Write recovery or data-in to precharge lope Tdpl 2 1 1
command (same bank)
Active command to active command l2ro 2 2 1
(different bank)
Self refresh exit time lsrex Tsrx 1 1 2
Last data in to active command Lapw Tdal 5 3 = [lopy + lgpl
(Auto precharge, same bank)
Self refresh exit to command input lsec 9 7 = [lkc]
3
Precharge command to high impedance
(CAS latency = 2) lizp Troh
(CAS latency = 3) lizp Troh
Last data out to active command lapr
(Auto precharge, same bank)
Last data out to precharge (early precharge)
(CAS latency = 2) lep -1 -1
(CAS latency = 3) lep -2 -2
Column command to column command leco Tced 1 1
Write command to data in latency lweo Tdwd 0 0
DQM to data in bio Tdgm 0 0
DQM to data out loon Tdgz 2 2
CKE to CLK disable lece Tcke 1 1
Register set to active command lrsa Tmrd 1 1
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HM5264165F/
HM5264805F/
HM5264405F
Parameter -75 -A60/B60
Frequency (MHz) 133 100
PC/100
te (NS) Symbol Symbol 7.5 10 Notes
CS to command disable leon 0 0
Power down exit to command input logc 1 1
Burst stop to output.valid data hold
(CAS latency = 2) lssr 1 1
(CAS latency = 3) lask 2 2
Burst stop to output high impedance
(CAS latency = 2) losh
(CAS latency = 3) losk
Burst stop to write data ignore e

Notes: 1. I, to Irp are recommended value.
2. Be valid [DESL] or [NOP] at next command ofself refresh exit.
3. Except [DESL] and [NOP].
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Timing Wavefor ms

Read Cycle
tek
toKH, tekL
diK _/_\_/%’_\_/_\_/_\_/_\_/T\_/_\_/_\_/_\_/_\_/_\_/_\_
RC
— Vi
CKE tras tep
trep
tcs| tcH tcs| ten tcs| tcH tes| ten
D 7 N,
tcs| ten
tes| fon o tes| ten tes| feH
mAS 7 Y. 4 X
tcs| tcH tcs| teH tes| ten
a— tes| teH fe——ay [«
cas 7N T T /A
tcs| ten tes| teH tes| ten
j d tcs| tcH
WE K2 XNTY
tas| taH tas| tAH ‘ ‘ ‘ tas| tAH ‘ tas| tam
‘ |
s 28T 28 / /
tas| taH t tAH
> tas| taH tas | taH el
A10 % /X‘ 2 %
tas| taH tas| tan tas| tan
Address % /%2 36 /QE }(
Ics teH
DQM, 9 /
DQMU/DQML i f
DQ (input)
tac tac tac thz
DQ (output)
tac] >
T ton ton ton ton CAS latency = 2
Bank 0 Bank 0 Bank 0 Burst length = 4
Active Read Precharge Bank 0 access

=VigorVy
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Write Cycle
tek
tekh tokL
CLK —/_\—/_XJ/_\_/_\_/_\_/_\_/I_RC\_/_\_/_\_/_\_/_\_/_\_/_\_
— ViH
CKE - t »! tras trp
RCD
tcs| tcH tcs| tcH tcs| tcH tcs| tcH
- ] \nive
tes| tcH ):ES—:C_HA tcs| tcH tcs| tcH
mas LXK INT Y
tcs| teH tcs| tcH tcs|tcH
o tcs| tcH
cAS 7/ R %\ i 71T Xz K

tcs| tcH cs|tcH

» tcs| tcH tes| teH
WwE 0 N
tAs IAHq tas| taH ‘ ‘ ‘ tas| taH tas | taH
BS v Y X

X
S

\
—%
:

r
tas| tAH ‘ ‘ ‘ tas | taH
>t tas| tAH tas| tAH
tas| taH tas| taH ‘ ‘ ‘ tas| tAH

o
2

|
Address />E % /)ﬁ %
tcs CH
DQM, > Ve
DQMU/DQML

tps | toH_|'os| tor ‘S| toH 1| tpiy

DQ (inpuy) )F * # N

DQ (output)

Bank 0 Bank 0 Bank 0 CAS latency = 2

Active Write Precharge Burst length = 4
Bank 0 access
=Vigor Vi
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Mode Register Set Cycle

O E — Vi —————————

C8 TN A TN LT TN T TN T TN T

RAS 7N, L7777\ L [ 7T X2 7 A/

CAS 7] NN ST XN/ N [ /1 XL

WET N [N [T T X2 7 X AL/

BS N, [ N N LT

Address 7777 7)ealdX. 777 7 XeodoXRib X e G CIAIAIA AN,

DQM, AL S ./
DQMUIDQML e, T T o T T
DQ (output) —————————— () P {b+3 X b Xp+1 Xp+2Xb+3 )
I — e e

‘ lRP ‘ ‘ IRCD ‘ Output mask IRcD=3
Precharge ode anl an| CAS =
If neede% :\S%g‘ijster 2cti\ll(e3 Eealé?’ (B)ﬁritlfletggg: 4:15

EA=ViqorviL

Read Cycle/Write Cycle

o 1 2 3 4 5 6 7 8 9 10 11 42 13 14 15 16 17 18 19 20

CLK
CKE MWl T 1 1 1 | 1 o 1 . 1. 1 1 A4 o 1 1 1 | Readcye
ST\ /T NN TN TN N T\ /T Caskeng s
RAS AL /. 7 X2\ / 7 \_/ XX A/ Burstlength = 4
oAS 7277 N7 [T XZZZAL /T AL TN [ T 2 BV
WE 777 X2 7T XA N2 \_L. 7 X7 X2 AL/
BS A [T77A. [7T T 77T\ £ 7 7T\ 7 X
Address 7 7 XX 72 TN GaX I XRBX 22 XG 72 ZXCX TN 2 7 ‘
DQMU/DOML N L v ey
20 o) ——————— :
pQ (inpm) ; Ba‘mko ! ! Ba‘nko ; Ba‘nk3 ; ; BanLa Bank 0 HIQh-‘Z Bank 3 ; Ba‘nk3 ! ; ! Bank 3 ; !
: AC‘IIVE : : Re‘ad : Ac‘llve : : Rea‘d Prfecharg§ : Re‘ad : Re‘ad : : : Pr‘echarg% :
T e S S S B S S S vt LT
s\ T\ M\ AL\ LM\ M\ T\ eas eyt
RAS 727N/ T XA L7777 N\ 7T NI X2 AL/ Busst length = 4
cas 277 XL LT AL 7T XA LA/ Tz e
WE 277 NZZZAL_ 77T N\CZZAL_LTAL_ L [7AL 77777/
8s 77N L7777\ [T X777 XN [T T N\ X
Address 77 7XRaX.” 7 /XC:aX XRDX
T 7 N 7 O 7

T T T T T T T
DQ (OUtpUt) : : : : | | | | : | | | | | | : :
DQ (input) ———————(a_Xa+1XarHard——b_XorDXb+2Xor3}p Yo+ X o+ ) 20+

| | | | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | | |

Bank 0 Bank 0 Bank 3 Bank 3 Bank 0 Bank 3 Bank 3 Bank 3
Active Write Active Write Precharge Write Write Precharge
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Read/Single Write Cycle

CKE ™ 1M
[ = DN I\ v S T N (e v T T\ (A [ v
RAS L/ T AL/ 7T 1 < LN [T
Chs 220 XA /7T X2 AL L 77X X~
WE 77 N\ 7 X & AT A\ /T
BS A‘/ /\‘//‘V AL L i /77 XZ

W0 i IR 7777 N N Y 7777777
DQnput) —————A——— e Gy
DQ (output) —————————————& arDar2Xard)
omme LD Eme lomme b LD mmemmo f L g ) mme
CKE VW TNh T T e T T T T T T T T T T
CS I N/ NN A R NN L N
RAS 22\ / 7 X\ L 7 X N/
oas 27 AL L7 A\ LTN [T X
WE ‘/;v‘ ‘/3 7T I LN [T [
BS / 7 /2 N /A
Address CaxX7xchXce)
DQMU/DQML ; /“:_\‘ L AL LN L
DQ (input) ———————— 3 —— T e e D
0Q foupu) ——————— @ @R T
gank0 g0 sk Garko  ganko garko B0 e
Read/Single write

RAS-CAS delay =3
CAS latency = 3
Burst length = 4
=Vigor v
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10 11 12 13 14 15 16 17 18 19 20

9

8

HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

CLK

Read/Burst Write Cycle

N m Wm/ ““““ “LLRBUNNNNT

N ENININE R N NS NN NN e g
= o

RS B - NN - NN - -F--E8

2N
/|
A

\\\\\\\\\\\\\\

\L_/|
L X
-/
-/
L
CaX
e
.
/.

/.

/

(at+1Xa+2)

2\

A

A
: A
a

Bank 0

Write

™ ™
+ +
] SN I 7 I I ‘\‘\Fuf
o
JEDN 1 S AN Y AN O N 8 N N N N BE-R-R EO LINE-F-—)F--
sl oz /
Gl ~
JEDS D N AY N A N NN QN AR S S [ L N S N B N Y N A N Y N A G +
ﬂ <

Bhidde-Riks D) 'dde-hihd
SININS 5 ANNNR 5
o ‘\M/ /MA \\\\\\\ wﬁw ““““ >N /M\A “““““ <

/!
L/
/X
X2
/
W
L/
N/
7 X
7 X
L

>
\ 1
Ww »mijn iju n @<d o o w 0w w n @2 S
KACTT‘WB%MMWW K_CTT_WB%WMWW
O o O ,.mo\o\nt O c O = X0 c =
Bops 3 BE0oas 3
Q o Q o
Sao o S o
o O o 0
(a] [a]

3
59

3
4

Vigor Vi

RAS-CAS delay

Read/Burst write

CAS latency
Burst length

[
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Full Page Read/Write Cycle

CKE Vil T T T T T % T T T T 7T Readoyce
s T N/t T\ TN\ T T T T T T T T NL/T NS T RRS hS delay =3
] L L 1 ! T 1 1 1 1 L ! | ! ! \ T | | atency =
RAS ’ _/‘ % N S XA L N s ‘ /} AN/ Burst Iengtﬁ,:full page
cas LT \CZZN_ 77T X A7 7 ‘(4/1 X A= VigorviL
WELLL/ NS NLT | L )\ TN LA L
BS /N [/ N LT X ayd I XZ
Address ﬂmmm ‘ 5 7
DQMU/DQQML L A‘ = | L
DQ (output) d L DDDm
DQ (input) 3 Bank 0 3 3 B;nk 0 3 B;nk 3, ‘ l ‘HIQh 23 ) 3 3 3 3 3 Burststop  Bank 3 3 3
, Active ,  Read | Active : : : : : : : : ‘ ‘ Pr‘echarge‘ :
oxe = b
s T\ N\L/T\LT T T T T T T T T\L/T\L/T | RASCASdelay =3
T I , T . ! . , ! . T atency
mi A/ /b XA L %y VAR CONN IS, Burst length = full page
tas L/ X AL LT X Y 7T\ EA=Vinor viL
WM: v\ Il Xi //\ /1 K\/ Il ! SS/\ Il Ai Il i /\
BS 77\ / AN O 5/ /X
Address X ea XX caXZ Xen) 5S
)\‘ T A Y RN e
DQMU/DQML LL —— — 4
DQ (output) —— e | e e

DQ (input) ——— n W

|
Bank 0 Bank 0 Bank 3 Bursl stop Bank 3
Active Write Active Precharge
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Auto Refresh Cycle

CKE 3 Yy T
SN/ N T N NN
RAS LL/AL_L. AL L. NIV N L2 X
8 27 ZZALL AL 7 AL
We N L X /i /N XL
B8 L P 7 T T 77 7 T T T 77N LN, 77
Address (raX XCa X/
DQM, | | | |
DQMUIDQML T T T T T T T T T T T T T T T T T \/\ : : : :
DQ (i) ————— T ————————————
DQ (output) — : . I : . . . . . L idh.z — . L . : : : : a Xa+l
T N N T o
P ‘h Auto‘Refresh Auto Refresh Aﬁ,ve Réad Refresh cycle and

RAS-CAS delay = 2
CAS latency = 2
Burst length = 4
=ViyorV)

Self Refresh Cycle

! | | | i lsrex T | i | ! ! i ! | ! |
CKE : | | : CKE Low gg f | | E ; 1\ : SS_/‘( | i | | | |
N N s e SERERUNDY - ~e= RN R
mas A/ -/ g% : e\ -/
oas 227 X N/ 1 AT L 6/
W LI\ L7777 NZZZAY LA YL 7 NLLLL
BS 77X X 37 1S AC
Address A7 % )
DQM, | | [ [ | | |
DQMU/DQML ‘ A -~ ‘SV‘ /W‘ ; ‘
DQ (input) — ) s e e BRI S ey
00 i) e R —— gy
‘ &p A “ ke A A ' "tre “ Ao
Prstarg command el oy shgihor N Satemnews 10 M0, BACCASdeley <3
or No operation enable enable CAS latency = 3

Burst length = 4
=Vjgor Vi
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Clock Suspend Mode

tces tcen tces
o 1 2 3 4|5 6 7 89 10 11|12 13 14 15 16 17 18 19 20
CLK | L
CE TNLLL L L/ T\ L | Readoe
ca ! ! ! ! ! \‘_/"—‘— RAS-CAS delay = 2
W | e s /] /) X L N | N1 CASiateny=2
RAS L/ Y./ /\_£ A/ Burst length = 4
CAS 27777 X A 7T X AL /T X277 X A= Vikorvic
n I I n n n n | |
WE 7\ /! r XL 7" \_/ A/
BS N\ / N7 A i
asress Z X7 77 XX TN 727 X
12N N S N S SN N 7207 VR R B )/
DQMU/D&AL | | | i ] | | | | | |
DQ (output) ——T—T—T—T—T—— T —a a+3 ﬂ
S O R P N N O s s 7 2 i ‘
DQ (input) | * * \ | \ * * | | ! ! | | \ |
: Bank0 Active clock : Acllve clock Bank0 : Bank3 L?ead suspend\ Read suspend Bank3 Bank0 | : Earliest Bank3 :
I Active su‘spend s‘tart : ‘suspend end Read | Aﬁtlve : s‘ Read Precharge | Precharge |
CKE I | | | | I I I | | | I I I I I I I I I 1 Write cycle
__— | ! ! ! ! ! ! ! ! ! L — RAS-CAS delay = 2
cs T \_/ X AL X 7T\ /T T T\ /T GASktency=2
o I L T\ L g W e\ i L
CAs ] \Z NI/ v A/ T A7 TR
WE /T X /\‘ /X L L L/
| n n n n n n n n n n | n n n
B ZZAL / /X e N /L X%
adiress 77 NRaX 72777777 7XCaXRh)
DQM, | | | | | | |
DQUIBQML L7777 N L /‘H,ghz AL —— LA
DQ (output) — | | | | | | | | | i ] | ! | |
DQ (input) ——————————— 'llllll@ﬂ ‘ —
I I I I I I I
Bank0  Active clock Active clock Bank0 Bank3 ~ Write suspend Write suspend _Bank3 Banko Earliest Bank3
Active  suspend start supend end Write Active end  Write Precharge Precharge
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Power Down M ode

CKE | ‘ ‘ CKELow (¢ : : : : :
cs e N7 77} 7N
TR < N/
sis | LT DT 77 2
we L) 2 X 7 X
88 7 X N7 R0, L7777

Address A ‘ //XR: a)(

DQM,

DQMU/DQML ‘ : : ‘ /% %/ ‘ ‘ ‘ ‘ ‘
DQ (input) : | 3 3 (S 3 : : : :
DQ (output) ————— {— High-z———————"——
| ! tRP ! ! | | | | |
orech 4 . Powefdown entry Powertown T Power down cycle
recharge comman —
If neede% mode exit RAS-CAS delay = 3

Active Bank 0 CAS latency = 3
Burst length =4
=Viyor VL

Initialization Sequence

N
o
N
©
o
o

51 52 53 54 55

(@)

-

ey

I
T o
N =
T N
T w
T =
T (&)
T o
T ~
T <]
T ©
1 Is

CKE _/—8 S—uvm ; é ‘
cs /)TN N T %
RAS 77 V N/ S\ ZN % AL L
o Z 2~z L e
We ZZ) (77N 77777 T XA 7 N TR
address 77 772 eato} 7.3% N
I %
pQ /1 § ‘ — —— | (2 1
| | tRp tR‘C | | 1‘ | | tR:c | | “ | IRSA: ‘1 \
élrlebcﬂgl:;e Auto Refresh Auto Refresh lé/l:[de register ﬁanrél;gggve
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Package Dimensions

HM5264165FTT/FLTT
HM5264805FTT/FLTT
HM 5264405FTT/FLTT Series (TTP-54D)

Unit: mm
22.22
22.72 Max
54 28
nnonnnnpanannnonnonnnnnnnnn
©
i
o
—
o]
goooooooygooooooooooooooaoo
1 27
* +0.10
0.30-505. 1. (5] 0.13W)
0.28 £0.05 0.80
0.91 Max 11.76 £ 0.20 .
Oo _ 50 E\— \
3 88 8 0.50+0.10,| | &8
b= oo o o
o Hi+H H
N Wb o
— < [N -
I o
Qo Hitachi Code TTP-54D
JEDEC —
*Dimension including the plating thickness EIAJ —
Base material dimension Mass (reference value) 0.530
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HM 5264165F/HM 5264805F/HM 5264405F-75/A60/B60

Cautions

1. ElpidaMemory, Inc. neither warrants nor grants licenses of any rights of Elpida Memory, Inc.’s or any
third party’ s patent, copyright, trademark, or other intellectual property rights for information contained in
this document:~Elpida Memory, Inc. bears no responsihility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information contained in this
document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Elpida Memory,Inc. makes every attempt to ensure that its products are of high quality and reliability.
However, contact ElpidaMemory, Inc. before using the product in an application that demands especially
high quality and reliability or where its failure or malfunction may directly threaten human life or cause
risk of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application sothat the product is used within the ranges guaranteed by Elpida Memory, Inc.
particularly for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. ElpidaMemory, Inc. bears no responsibility for failure or damage
when used beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally
foreseeable failure rates or failure modes in semiconductor devices and employ systemic measures such as
fail-safes, so that the equipment incorporating Elpida Memory, Inc. product does not cause bodily injury,
fire or other consequential damage due to operation ofthe Elpida Memory, Inc. product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in‘any form, thewhole or part of this document without
written approval from Elpida Memory, Inc..

7. Contact ElpidaMemory, Inc. for any questions regarding this document or Elpida Memory, Inc.
semiconductor products.

© Elpida Memory, Inc. 2001
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