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131,072-word x 16-bit x 2-bank Synchronous Dynamic RAM
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Description

All inputs and outputs are referred to the rising edge of the clock input. The HM5241605C is offered in 2
banks for improved performance.

Features

e 3.3V Power supply
e Clock frequency: 80 MHz (Vo min = 3.0 V)/66 MHz/57 MHz (max)
: 83MHz (Ve min=3.15V)
* LVTTL interface
* Single pulsed RAS
» 2 Banks can operates simultaneously and independently
» Burst read/write operation and burst read/single write operation capability
* Programmable burst length: 1/2/4/8/full page (256)
» Programmable burst sequence:
O Sequential
O Interleave
* Full page burst length capability
O Sequentia burst
O Burst stop capability
« Programmable CAS latency: 1/2/3
* Bytecontrol by DQMU and DQML
e 1024 refresh cycles. 16 ms
e 2variations of refresh
O Auto refresh
O Self refresh

o0
Hitacht 'f,

semiconductor



HM 5241605C Series

Ordering Information

Type No. Frequency Package

HM5241605CJ-12 80(83*) MHz 400-mil 50-pin plastic SOJ (CP-50D)
HM5241605CJ-15 66 MHz

HM5241605CJ-17 57 MHz

HM5241605CTT-12 80(83*) MHz 400-mil 50-pin plastic TSOP Il (TTP-50D)
HM5241605CTT-15 66 MHz

HM5241605CTT-17 57 MHz

Note: 1. V.. min=3.15V

HITACHI



HM 5241605C Series

Pin Arrangement

HM5241605CJ Series

Vee [ 10 50 [ ] ves
oo |2 49 ] o015
o1 |3 48| ] 1014
VesQ [_|4 471 vssQ
o2 [ |5 46 [ ] 1013
o3 [ |6 45 012
VeeQ L] 7 44 ] veeQ
o4 |8 43| ] o011
vos |9 42 o010
VssQ [ 10 41| ] vesQ
oe [_|11 40 [ ] 1109
o7 []12 39 ] os
VeeQ []13 38 || VeeQ
pomL [_|14 37 INC
wE []15 36| oMU
cas [ |16 35 |cik
Ras [ |17 34| ] cke
cs [ |18 33 I NC
A9 [ |19 32 INC
a8 []20 31 NC
a0 [ ]21 30 A7
AL [ ]22 29 | me
A2 []23 28| | A5
A3 [ |24 27 | A4
Vee 25 26 || Vgg
(Top view)

HM5241605CTT Series
Vee [ 10 50 [ | vss
oo [ |2 49 ] 1015
o1 |3 48| ] 1014
VesQ [ 4 471 VssQ
o2 |5 46 [ ] 1013
o3 |6 45 ] 1012
VeeQ [L]7 44 ] VeeQ
o4 [ |8 43| ] 1011
os 19 42 [ o010
VssQ [ |10 41| ] vesQ
oe |11 40 [ ] 1109
o7 [ 12 39 ] os
VeeQ []13 38 || VeeQ
poML [_|14 37 INC
wE [ |15 36 ] QMU
cas [_|16 35 ek
RAS [ ]17 34| ] cke
cs [ |18 33 I NC
A9 [ |19 32 INC
a8 []20 31 NC
a0 [ ]21 30 A7
AL [ ]22 29 | ne
A2 []23 28| | A5
A3 |24 27 | A4
Vee |25 26 || Vgg
(Top view)
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HM 5241605C Series

Pin Description

Pin name Function

A0 to A9 Address input
O Row address AO to A8
O Column address A0 to A7
O Bank select address A9

I/00 to 1/015 Data-input/output

cs Chip select

RAS Row address strobe command

CAS Column address strobe command

WE Write enable command

DQMU Upper byte input/output mask

DQML Lower byte input/output mask

CLK Clock input

CKE Clock enable

Ve Power for internal circuit

Vs Ground for internal circuit

V.Q Power for I/O circuit

Vi Q Ground for 1/O circuit

NC No connection
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HM 5241605C Series

Block Diagram

A0 to A9
A0 to A7 I l A0 to A9

Column address ‘_ Column address Row address 4_ Refresh
counter buffer buffer counter

‘ Row decoder ‘

Memory array Memory array

Bank 0 Bank 1

Column decoder
Column decoder

512 row X 256 column X 16 bit 512 row X 256 column X 16 bit
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HM 5241605C Series

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): When CS 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 A8 (input pins): Row address (AX0 to AX8) is determined by AO to A8 level at the bank active
command cycle CLK rising edge. Column address (AYOto AY7) isdetermined by A0 to A7 level at the read
or write command cycle CLK rising edge. And this column address becomes burst access start address. A8
defines the precharge mode. When A8 = High at the precharge command cycle, both banks are precharged.
But when A8 = Low at the precharge command cycle, only the bank that is selected by A9 (BS) is
precharged.

A9 (input pin): A9isabank select signal (BS). The memory array of the HM5241605C is divided into bank
0 and bank 1, both which contain 512 row x 256 columnx 16 bits. If A9isLow, bank O is selected, and if A9
isHigh, bank 1 is selected.

CKE (input pin): This pin determines whether or not the next CLK isvalid. If CKE is High, the next CLK
rising edge isvalid. If CKE is Low, the next CLK rising edge isinvalid. This pin is used for power-down
and clock suspend modes.

DOQMU/DQML (input pins): DQMU controls upper byte and DQML controls lower byte input/output
buffers.

Read operation: 1f DQMU/DQML is High, the output buffer becomes High-Z. 1f the DQMU/DQML isLow,
the output buffer becomes Low-Z.

Write operation: 1f DQMU/DQML is High, the previous data is held (the new data is not written). If
DQMU/DQML is Low, the datais written.

1/00to 1/015 (1/O pins): Dataisinput to and output from these pins. These pins are the same as those of a
conventional DRAM.

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

Vg and VgQ (power supply pins): Ground is connected. (Vg isfor theinternal circuit and V4Q isfor the
output buffer.)
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HM 5241605C Series

Command Operation

Command Truth Table

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

CKE - A0
Function Symbol n-1n CS RAS CAS WE A9 A8 toA7
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 Y, L \Y,
Read with auto-precharge READ A H X L H L H \% H \%
Column address and write command WRIT H x L H L L \Y L \Y,
Write with auto-precharge WRIT A H X L H L L \% H \%
Row address strobe and bank active ACTV H x L L H H \Y \Y, \%
Precharge select bank PRE H X L L H L \% L X
Precharge all bank 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 \% \% \%

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

Ignore command [DESL]: When this command is set (CS is High), the synchronous DRAM ignore
command input at the clock. However, the internal 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)), and is illegal otherwise. Full page burst continues until this command is input. When data
input/output is completed for a full-page of data (256), 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 (AY 0 to AY 7) and the bank select address
(BS). 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 (256), this command is

illegal.
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HM 5241605C Series

Column address strobe and write command [WRIT]: This command starts a write operation. When the
burst write mode is selected, the column address (AY0 to AY7) and the bank select address (A9) become the
burst write start address. When the single write mode is selected, datais only written to the location specified
by the column address (AY 0 to AY 7) and the bank select address (A9).

Writewith auto precharge [WRIT A]: This command automatically performs a precharge operation after a
burst write with alength of 1, 2, 4 or 8, or after a single write operation. When the burst length is full-page
(256), thiscommand isillegal.

Row address strabe and bank activate [ACTV]: This command activates the bank that is selected by A9
(BS) and determines the row address (AX0 to AX8). When A9 is Low, bank 0 is activated. When A9 is
High, bank 1 is activated.

Prechar ge selected bank [PRE]: This command starts precharge operation for the bank selected by A9. If
A9isLow, bank Oisselected. If A9isHigh, bank 1isselected.

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

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

Moderegister set [MRS]: Synchronous DRAM has a mode register that defines how it operates. The mode
register is specified by the address pins (AO to A9) 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.

DQM Truth Table

CKE
Function Symbol n-1 n DQMU DQML
Upper byte write enable/output enable ENBU H X L X
Lower byte write 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. LiV_.xV,orV,.

The HM5241605C series can mask input/output data by means of DQMU and DQML. DQMU masks the
upper byte and DQML masks the lower byte.

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

During writing, data is written by setting DQMU/DQML to Low. When DQMU/DQML 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 DQMU/DQML. For details, refer to the DQM control section of the HM5241605C operating
instructions.
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HM 5241605C Series

CKE Truth Table

Current state  Function EKE n CS RAS CAS WE Address
Active Clock suspend mode entry H L H X X X X
Any Clock suspend L L X X X X x
Clock suspend Clock suspend mode exit L H L H H H X
L H H 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. LV, .xV,orV,.

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 stateis held.

Clock suspend: During clock suspend mode, keep the CKL 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: Inthisstate, all banks are not selected, and completed precharge operation.

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,
1,024 times are required to refresh the entire memory. Before executing the auto-refresh command, all 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.
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HM 5241605C Series

Self refresh entry [SELF]: When this command is input during the IDLE state, the synchronous DRAM
starts self refresh operation. After the execution of this command, self refresh continues while CKE is Low.
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 synchronous DRAM
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 synchronous DRAM can
exit from self refresh mode. After exiting from self refresh mode, the synchronous DRAM enters the IDLE
state.

Power down exit: When this command is executed at 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
state.

Function Truth Table

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

Currentstate CS RAS CAS WE Address Command Operation

Precharge H x X X X DESL Enter IDLE after tg,
L H H H X NOP Enter IDLE after tg,
L H H L X BST ILLEGAL
L H L H BA, CA, AB READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA, A8 PRE, PALL ILLEGAL
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, AB READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Bank and row active
L L H L BA, A8 PRE, PALL NOP
L L L H x REF, SELF Refresh
L L L L MODE MRS Mode register set
HITACHI
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HM 5241605C Series

Currentstate 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, A8 READ/READ A Begin read
L H L L BA, CA, A8 WRIT/WRIT A Begin write
L L H H BA, RA ACTV Other bank active ILLEGAL on same
bank*®
L L H L BA, A8 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, A8 READ/READ A Continue burst read to CAS latency
and New read
L H L L BA, CA, A8 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, A8 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 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, AB READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Other bank active ILLEGAL on same
bank*
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
HITACHI



HM 5241605C Series

Currentstate 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, A8 READ/READ A Term burst and New read
L H L L BA, CA, A8 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, A8 PRE, PALL Term burst write and Precharge**
L L L H X REF, SELF ILLEGAL
L 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, AB READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Other bank active ILLEGAL on same
bank*?
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Refresh H X X X X DESL Enter IDLE after tg.
(auto 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, A8 READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

Notes 1. H: V,. L:V.xV,o0rV,.
The other combinations are inhibit.
2. Aninterval of t,,, is required between the final valid data input and the precharge command.
3. If typ IS not satisfied, this operation is illegal.

From [PRECHARGE]

To [DESL], [NOP] or [BST]: When these commands are executed, the synchronous DRAM enters the
IDLE state after tgp has elapsed from the completion of precharge.

HITACHI
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HM 5241605C Series

From [IDLE]

To[DESL], [NOP], [BST], [PRE] or [PALL]: These commands result in no operation.
To[ACTV]: Thebank 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.

From [ROW ACTIVE]
To[DESL], [NOP] or [BST]: These commands 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 synchronous DRAM to precharge mode. (However, an
interval of tgag isrequired.)

From [READ]
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 synchronous DRAM enters precharge mode.
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HM 5241605C Series

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 tggp is required.)
Attempting to make the currently active bank active resultsin an illegal command.

From [WRITE]

To[DESL], [NOP]: These commands 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 a burst 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 active bank active resultsin 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 is completed, and the
synchronous DRAM enters precharge mode.

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

From [REFRESH]

To [DESL], [NOP], [BST]: After an auto refresh cycle (after tzc), the synchronous DRAM automatically
entersthe IDLE state.

HITACHI
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HM 5241605C Series

Simplified State Diagram

MODE
REGISTER |l

REFRESH

REFRESH

ACTIVE

ACTIVE
CLOCK
SUSPEND

BST
(on full page)

WRITE
WITH AP

PRECHARGE

WRITEA
SUSPEND

RRECHARGE

POWER

SUSPEND

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.
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HM 5241605C Series

Mode Register Configuration

The mode register is set by the input to the address pins (A0 to A9) during mode register set cycles. The
mode register consists of five sections, each of which is assigned to address pins.

A9 and A8: (OPCODE): The synchronous DRAM has two types of write modes. One is the burst write
mode, and the other isthe 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: Keepthishit Low at the mode register set cycle.
A6, A5, A4: (LMODE): These pins specify the CAS latency.
A3: (BT): A burst typeis specified. When full-page burst is performed, only "sequential" can be selected.

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

HITACHI
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HM 5241605C Series

A9 | A8 | A7 A6 | A5 | A4 A3 A2 | Al | A0
OPCODE 0 LMODE BT BL
A6 | A5 | A4 |CAS Latency A3 | Burst Type Burst Length
0| 0| O R 0 | Sequential AZ| AL AO BT=0|BT=
0| 0| 1 1 1 | Interleave ol o| o 1 1
of 1| 0 2 ol of| 1 2 2
0| 1| 1 3 0| 1| O 4 4
1] x| x R of 1] 1 8 8
1|1 0| O R R
A9| A8| Write mode 101 R R
0| O | Burstread and burst write 111160 R R
ol 1 R 1| 1| 1| F.P. R
1| O |Burstread and SINGLE WRITE F.P. = Full Page (256)
1( 1 R R is Reserved (inhibit)
x=0or1l
Burst Sequence
Burst length = 2 Burst length = 4
Starting Ad.| Addressing(decimal) Starting Ad.| Addressing(decimal)
AO Sequence | Interleave Al | AO | Sequence Interleave
0 0, 1, 0, 1, 0 00 1 2 3 0, 1, 2, 3,
1 1, 0, 1, 0O, 0 111 2 3,0, 1, 0, 3, 2,
1 0] 2 301, 2,3 0 1,
1 113 0, 1, 2 3, 2, 1, 0,
Burst length = 8
Starting Ad. Addressing(decimal)
A2 | Al | AO| Sequence Interleave
0] O 0[O0 1,2 3, 45,6, 7 |0 1 2 3,405, 6,7,
0| O 1|11, 2, 3, 4,5, 6, 7, 0, 1, 0, 3, 2, 5, 4, 7, 6,
0 1 0] 2 3 45,6, 7,0 1, 2,30 1 6,7 4, 5,
0 1 11 3 4,5 6, 7,0 1, 2, 3, 2,1, 0, 7, 6 5, 4
1| o 0| 4, 5,6, 7,0, 1, 2, 3, 4, 5,6, 7, 0,1 2, 3,
11 O 1156 7,0 1, 2, 3, 4, 5 4, 7, 6,1, 0 3, 2
1 1 0|6 7,0 1, 2, 3, 4, 5, 6, 7, 4, 5 2, 3,0, 1,
1 1 17, 0,1, 2 3, 4,5, 6 7, 6,5 4, 3 2, 1, 0,
HITACHI
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HM 5241605C Series

Operation of HM5241605C Series

Read/Write Operations

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. Either bank 0 or bank 1 is activated according to the
status of the A9 pin, and the row address (AXO0 to AX8) is activated by the A0 to A8 pins at the bank active
command cycle. Aninterval of tgycp 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. HM5241605C series can perform a burst read
operation. The burst length can be set to 1,2,4,8 or full-page (256). The start address for a burst read is
specified by the column address (AYO to AY7) and the bank select address (A9) at the read command set
cycle. In aread operation, data output starts after the number of cycles specified by the CAS Latency. The
CAS Latency can be set to 1, 2, 3. When the burst length is 1, 2, 4 or 8, the Dout buffer automatically
becomes High-Z at the next cycle after the successive burst-length data has been output. When the burst
length is full-page (256), data is repeatedly output until the burst stop command is input. The CAS latency
and burst length must be specified at the mode register.

CAS Latency

CLK

trRcD

Command X actv X X 3EAD><
Address X Row >< ><Cp|umn><

CcL=1 0ut0><out1><out2><ou'(3
Dout CL=2 out0><0ut 1><out2 Xouts
~ out0>< out1>< out2>< out3
cL=3 CL: CAS latency
Burst length = 4
HITACHI
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HM 5241605C Series

Burst Length

Command (actvX_ XREAD) ttttTT/ T T

Address _XRow X XColumy ——

out 0 e

DT R
Dout out 0X out X out 2Xout 3 L
T T T (T T T (T s S
------------ S EE

......

BL: Burst length
CAS latency = 2

BL = full page (256)

Write operation: Burst write or single write mode is selected by the OPCODE (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 datainput is0.) 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 (AY O to AY7) and the bank select address (A9) at the write command set cycle.

Burst Write

LS A O O

treD

Command m Tttt T

Address m-m‘ e

in 0 e ——— .
o y——————————————————— e _
BL=2
Din e

BL=4

(X in DX X X X E YTy +ooeeee e e

BL=8

Cin0Xin 1 Xin2 Xin3Xin4 Xin5 Xin 6 Xin 7 X in 8 )------------- (n2ssXin0 Xin 1)~

BL = full page (256) CAS latency = 1, 2, 3

BL=1

HITACHI




HM 5241605C Series

2. Singlewrite: A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). Inasinglewrite
operation, datais only written to the column address (AY 0 to AY 7) and the bank select address (A9) specified
by the write command set cycle without regard to the burst length setting. (The latency of datainput is 0).

Single Write

e [ L)L) L LT L L L

trcD

Command ><A1CTV>< X WR'TX
Address XROW >< ><C9Iumn><

Din {in0 )
CAS latency =1, 2, 3
Burst length = 1, 2, 4, 8, full page
HITACHI
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HM 5241605C Series

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 | 0 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
1 same cycle as the final data is output

SSPR e

‘ I
I
CL=1 Command READ | ACTV
| |
Dout out0 outl out2 out3 ;
T I
I | I
| APR |
I I
CL=2 Command READ | ACTV
| | |
I I
Dout out0 outl out2 out3 :
| ‘ ‘
! IAPR !
! |
CL=3 Command READ ‘ ACTV
T
| | !
Dout outo outl out2 out3 :
| | |
I
1 N

Note: Internal auto-precharge starts at the timing indicated by +
At CLK = 33 MHz (lapr changes depending on the operating frequency.
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HM 5241605C Series

Write with auto precharge: In this operation, since precharge is automatically performed after completing a
burst 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
the next command.

Burst Write (Burst Length = 4)

‘ ‘
v T U T O A O
| |
‘ |
1
I
1

Command WRIT ACTV
|
' 1
110 (input) in0 in1 in2 in3 1
i |
! >
IAPW
Single Write
Il I
e L e
: 1
| |
Command WRIT ACTV
I I
‘ |
1/0 (input) in !
I

IAPW

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. When the CAS
latency is 3, the data becomes invalid two cycles after the BST command. In addition, the BST command is
valid only during full-page burst mode, and isinvalid with burst lengths of 1, 2, 4 and 8.

CAS latency BST to valid data BST to High impedance
1 0 1
2 1 2
3 2 3
HITACHI
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HM 5241605C Series

CAS Latency = 1, Burst Length = full page

T o L S s R O L]

Command BST
I/O (output) out out out out c;ut !
IBSR |BSH
0 cycle 1 cycle
CAS Latency = 2, Burst Length = full page
oLk L] ]
Command BST
1/0 (output) out out out out (Sut (Sut 3
1—” lBSH =2 cycle
lggr = 1 cycle
CAS Latency = 3, Burst Length = full page
o I A
Command BST
1/0 (output) out out out out out out é)ut |
‘ >
1 - N lggy= 3 cycle
IBSR‘ 2 cycle

HITACHI
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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. Datais still written in the same cycle as the BST command, but no datais
written in subsequent cycles. In addition, the BST command is only valid during full-page burst mode, and is
invalid with burst lengths of 1, 2, 4 and 8. And an interval of tgy, isrequired between the BST command and
the next precharge command.

Burst Length = full page

xS R s s e O

Command BsT X PRE/PALL
/O (input) D in in in : :
:q IBSW_ 1 CyCIe :
‘ : >
tRwL
HITACHI
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HM 5241605C Series

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 lessthan 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 I nterval (same ROW address in same bank)

CLK

Command X acrv X X rean X Read

I
I

Column AXColumn BX
i

Address
(A0-A8)

BS(A9) l | l

Dout : ; ; \out AOXout BOXout BLXout B2Xout B3
BankO Column =A Column =B Column =A Column =B —
Active Read Read Dout Dout CAS Iatency 3

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.
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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.

READ to READ Command Interval (different bank)

CLK

Command

(A,Ad(()j.rfg)s XColumn }/XColumn B><

BS(A9) 3 : 3 N <

Dout out AOXout BOXout B1YXout B2Xout B3
Banko Bankl Bank0 Bankl Bank0 Bankl CAS latency = 3
Active Active Read Read Dout  Dout Burst Iength =4

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 1 cycle. Inthe case of burst writes, the second write command has priority.

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

c [T LT LT L e
Command X e XX X X
eSS X X DX

BS(A9) ‘
y y
Din in A0 Xin B0 Xin B1 Xin B2 Xin B3
Bank0  Column ;A CoIlen =B Burst write mode
Active Write Write Burst Iength =4
BankO

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.

HITACHI
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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.

WRITE to WRITE Command Interval (different bank)

e [T L LML L L
Command X acrv X Xacrv X wair X wRrr )
Bsre) _\_ /7 \_

Din : —(in 70 Xin 80 X(in B1Xin B2in B3
Bank0 Bankl BankO Bankl Burst write mode
Active Active  Write  Write Burst length = 4

Read command to Write command interval

1. Samebank, 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 cycle. However, DOMU/DQML must be set High so that the output buffer becomes High-Z before
data input.

READ to Write Command Interval (1)

CLK

Command X reao X werr X
CL=1 / \ /7
P lole 7\ —
CL=3 \
Din {in B0 Xin B1 Xin B2 Xin B3 )———
Dou m—
HITACHI
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READ to Write Command Interval (2)

CLK

Command X reno X ! v — \
CLsl——— < X X X _High-Z
Dout| CL=2 X High-Z
CL=3 % High-Z

Din X X X >_

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 cycle, provided that the other bank is in the bank-active state. However, DQML/DQMU must be set
High so that the output buffer becomes High-Z before data input.

HITACHI
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Write command to Read command interval

1. Same bank, same ROW address. When the read command is executed at the sasme 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 cycle. However, in the case of aburst write, data will continue to be written until one cycle before the
read command is executed.

WRITE to READ Command Interval (1)

ST D S T S I s o R O
Command >< WRIT >< READ >< }
DQMU/DQML i i i
Din in A0 i i
Dout % i o‘ut BO >< out B1 >< out B2 >< out B3
Column=A %ﬁ Latency§ Burst write mode
Write - CAS latency = 1
Column=B  Column=B Burst length = 4
Read Dout Banko

WRITE to READ Command Interval (2)

ST N S e e A e e
L L
Command >< WRIT >< >< READ >< i
L
! | |

|
|
|
DQMU/DQML !
i
|

‘
! I
| I
i
Dout : : out BO >< out B1 >< out B2 >< out B3
! I

Column=A i% Latencyi Burst write mode
Write r— CAS latency = 1
Column=B  Column=B _
Read Dout Burst length = 4
BankO
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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 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 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 commandsis
one cycle. However, since the output buffer then becomes High-Z after the cycles defined by | .5, thereisa
possibility that burst read data output will be interrupted, if the precharge command is input during burst read.
To read all data by burst read, the cycles defined by |, 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 =1, Burst Length=4

o [ L] L]

Command READ PRE/PALL

|
Dout ! out AO out AL out A2 out A3
|
:
|

I
CL=1 I gp =0 cycle

o | L] L) L

Command READ PRE/PALL

|
Dout ! out A out AL out A2 out A3
|
|

CL=2 lgp =-1cycle

HITACHI
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CAS Latency = 3, Burst Length=4

TS N I R A B [ T S
| | | |
| | | |
! T ! T

Command READ | PRE/PALL |

i i
: T T

i i
| i i
|

Dout ! out A0 out Al out A2 out A3
|

T T
. . .
CL=3 o lep =-2 cycle

READ to PRECHARGE Command I nterval (same bank): To stop output data

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

S S
| |
:
Command READ PRE/PALL |
|
T T
| |
I \
High-Z
Dout out A0 T
|
i |
—-
IHzP=1

Command READ PRE/PALL

|
|
Dout T out AO
|
|
)

IHzP =2

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

o [ L] L L] L]

Command READ PRE/PALL

|
i
!
Dout T
i
|
i
.

out A0

High-Z
!

|
|
|
o

IHzP=3

HITACHI
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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 cycle. However, if the burst write operation is unfinished, the input data must be masked by means of
DOMU and DQML for assurance of the cycle defined by tgy, -

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

T I T
! |
! |
T
Command 1 WRIT PRE/PALL
i
7
| |
;
DQMU/DQML | i
! I
! I
‘ |
|
Din '
! i
‘ tRwL
T T T O
! |
! |
;
Command WRIT ! PRE/PALL
i
! I
! I
; !
|
DQMU/DQML i
T I
! I
‘ |
Din in AO in Al :

tRWL
Burst Length = 4 (To write al data)
ew | L) L L L0 L L L L L L
Command WRIT i PRE/PALL
DQMU/DQML 3 i
Din in A0 in A1 in A2 in ‘A3 3
tRWL >
HITACHI
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Bank active command interval

1. Samebank: Theinterval between the two bank-active commands must be no less than tgc.

Bank activeto bank active for same bank

ST 1 s Y Y s s O I O

1 1
I

Command ACTV S S ACTV
1

Address RéW g S Réw
(AO-A8) ‘ :
I I
BS (A9) | | |
3 1
I I
- -
3 trC 3

Bank 0 Bank 0

Active Active

2. In the case of different bank-active commands:. The interval between the two bank-active commands
must be no less than txxp.

Bank activeto bank active for different bank

e [ [ L) L L [

Command ACTV ACTV
Address .
(AO-AS) ROW:0 ROW:1
BS (A9) | |
- e
3 tRRD 3
Bank O Bank 1
Active Active
HITACHI
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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 tgga.

CLK
Command MRS ACTV
Address
(A0-A9) CODE BS & ROW
-4 >
i trRsA i
Mode Bank
Register Set Active
HITACHI
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DQM Contral

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

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

CLK ‘

/DQML

High-Z
I/O (output) out 0 out 1 : out 3 >—

DQMU |

lpop =2 Latency |

Writing: Input data can be masked by DOMU/DQML. By setting DQMU/DQML to Low, data can be
written. In addition, when DQMU/DQML is set to High, the corresponding data is not written, and the
previous datais held. The latency of DQMU/DQML during writing is 0.

CLK

DQMU
/DQML

I/O (input) ino >< in1 % in3

f

Ipip = 0 Latency

HITACHI
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Refresh

Autorefresh: 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 1,024
cycles/16 ms. (1,024 cycles are required to refresh all the ROW addresses.) The output buffer becomes
High-Z after auto refresh start. In addition, 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. If you use distributed auto-refresh mode with 15.6 ps
interval in normal read/write cycle, auto-refresh should be executed within 15.6 pus 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, 1024 cycles of distributed auto-refresh with 15.6 ps interval should be executed
within 16 msimmediately 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 initial circuit. Power
down mode continues while CKE isheld 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, internal
refresh is not performed.

Clock suspend 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, external 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: HM5241605C series has two types of power up sequence. Hitachi recommends that
the DOMU/DQML and the CKE are set to High to ensure output to be in the high impedance and to prevent
from bus contention.

1. During power up sequence, the DQMU/DQML and the CKE must be set to High. When 100 us has past
after power on, all banks must be precharged using the precharge command. After tg, delay, set the mode
register. And after tzo, delay, execute two or more cycles of auto refresh operation as dummy, an interval of
trc iSrequired between two auto refresh commands.

2. During power up segquence, the DOMU/DQML and the CKE must be set to High. When 200 s has past
after power on, all banks must be precharged using the precharge command. After ty, delay, set 8 or more
auto refresh commands. And set the mode register set command to initialize the mode register.

HITACHI
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Absolute Maximum Ratings

Parameter Symbol Value Unit Notes
Voltage on any pin relative to Vg V; -1.0to +5.5 \% 1,2
Supply voltage relative to V¢ Vee -1.0to +4.6 \% 2
Short circuit output current lout 50 mA
Power dissipation P 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg —-551t0 +125 °C
Notes: 1. V,, (max)=5.75V for pulse width <5 ns.
2. Respect to V.

Recommended DC Operating Conditions (Ta=0to +70°C)
Parameter Symbol Min Max Unit Notes
Supply voltage Veer VecQ 3.0 3.6 \% 1

Vss: VssQ 0 0 \
Input high voltage Vi, 2.0 5.5 \% 1,2
Input low voltage vV, -0.3 0.8 \% 1,3

Notes: 1. All voltage referred to Vg
2. V,, (max) = 5.75 V for pulse width <5 ns
3. V, (min) =-1.0 V for pulse width <5 ns

HITACHI
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DC Characteristics (Ta= 010 70°C, V., Vo Q=3.3V £ 03V, Vi, V.Q=0V)

HM5241605C
-12 -15 -17
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current lecs — %5 — 8 — 75 mA Burstlength=1 1,2,4
tzc = Min
Standby current lecz — 3 — 3 — 3 mA CKE =V, t,, = min 5
(Bank Disable) — — — mA CKE=V,
CLK =V, orV,, Fixed
— 39 — 33 — 30 mA CKE=V, 3
NOP command,
te = Min
Active standby current |.., — 7 — 7 — 7 mA  CKE =V, tg = min, 1,2
(Bank active) I/0 = High-Z
— 40 — 34 — 31 mA CKE=V, 1,2,3
NOP command
tx = min, /O = High-Z
Burst operating
current loca — 65 — 65 — 60 mA ft,=min,BL=4 1,24
(CL=1)
(CL=2) leca — 100 — 100 — 95 mA
(CL=3) leca — 120 — 105 — 95 mA
Auto refresh current s — 86 — 70 — 65 mA tc=min
Self refresh current lecs — 2 — 2 — 2 mA  V,2V,-02 7
VvV, <02V
Input leakage current 1, -10 10 -10 10 -10 10 pA O=<VinsV
Output leakage lo -10 10 -10 10 -10 10 pA O=<VoutsV .
current I/0 = disable
Output high voltage  V,, 24 — 24 — 24 — V low =—2 MA
Output low voltage Vo, — 04 — 04 — 04 V lo. =2 MA

Notes: 1. I.. depends on output load condition when the device is selected.

38

Nogas~wDN

output open condition.
One bank operation.

Input signal transition is once per two CLK cycles.
Input signal transition is once per one CLK cycle.
After power down mode set, CLK operating current.
After power down mode set, no CLK operating current.
After self refresh mode set, self refresh current.

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

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) C. — 5 pF 1,3
Input capacitance (Signals) C, — 5 pF 1,3
Output capacitance (I/0O) Co — 7 pF 1,2,3

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DQMU/DQML =V, to disable Dout.
3. This parameter is sampled and not 100% tested.

AC Characteristics (Ta= 00 70°C, V., VocQ =33V £ 0.3V, Vg, VQ=0V)

HM5241605C
-12 -15 -17
Parameter Symbol Min Max Min Max Min Max Unit Notes
System clock cycle time
(CL=1) tex 30 — 30 — 35 — ns 1,7
(CL=2) toe 15 — 15 — 175 — ns
(CL = 23) tee 125 — 15 — 175 — ns
(12.0)
CLK high pulse width tokn 45 — 6 — 7 — ns 1
CLK low pulse width tew 45 — 6 — 7 — ns 1
Access time from CLK
(CL=1) thc — 26 — 30 — 34 ns 1,2
(CL=2) te — 13 — 15 — 165 ns
(CL = 23) te — 1 — 13 — 155 ns
Read command to data valid time
(CL=1) taek — 26 — 30 — 34 ns 1
(CL=2) tack — 28 — 30 — 34 ns
(CL=3) tack — 36 — 43 — 505 ns
Data-out hold time
(CL=1) to, 4 — 4 — 4 — ns 1,2
(CL=2,3) tou 3 — 3 — 3 — ns
CLK to Data-out low impedance t., 0 — 0 — 0 — ns 1,2
CLK to Data-out high impedance
(CL=1) t,, 4 12 4 15 4 17 ns 1,3
(CL=2,3) t., 3 9 3 10 3 12 ns
HITACHI
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AC Characteristics (Ta= 0t0 70°C, V., VoQ = 3.3V £ 0.3V, Vg, VQ =0V) (cont.)

HM5241605C

-12 -15 -17
Parameter Symbol Min Max Min Max Min Max Unit Notes
Data-in setup time tos 35 — 4 — 4 — ns 1
Data in hold time ton 15 — 2 — 2 — ns 1
Address setup time tas 35 — 4 — 4 — ns 1
Address hold time tan 15 — 2 — 2 — ns 1
CKE setup time tees 35 — 4 — 4 — ns 1,4
CKE setup time for CKE function exit teesp 85 — 13 — 15 — ns 1,5
CKE hold time teen 15 — 2 — 2 — ns 1
CKE hold time for CKE function exit teenp 14 — 17 — 195 — ns 1,6
Command (CS, RAS, CAS, WE, DQM)  t. 35 — 4 — 4 — ns 1
setup time
Command (CS, RAS, CAS, WE, DQM) t, 1.5 — 2 — 2 — ns 1
hold time
Ref/Active to Ref/Active command period t.. 110 — 110 — 120 — ns 1
Active to precharge command period taas 70 10000 70 10000 75 10000 ns 1
Active to precharge on full page mode  tiqc — 80000 — 80000 — 80000 ns 1
Active command to column command taco 30 — 30 — 35 — ns 1
(same bank)
Precharge to active command period tep 30 — 34 — 34 — ns 1
The last data-in to Precharge lead time  ty,, 25 — 30 — 35 — ns 1
Active (a) to Active (b) command period t.p 25 — 30 — 35 — ns 1
Register set to active command tasa 25 — 30 — 35 — ns 1
Transition time (rise to fall) t 1 5 1 5 1 5 ns
Refresh period toer — 16 — 16 — 16 ms

Notes: 1. AC measurement assumes t; = 1 ns. Reference level for timing of input signals is 1.40 V.
2. Access time is measured at 1.40 V. Load condition is C, = 50 pF with current source.

3. t,, (max) defines the time at which the outputs achives + 200 mV. Load condition is C_ =5 pF with
current source.

4. t. define CKE setup time to CLK rising edge except power down exit command and active clock
suspend exit command.

5. t.s define CKE setup time to CLK rising edge for power down exit command and active clock
suspend exit command.

6. t.,, define CLK rising edge to CKE hold time for self refresh exit command, power down exit
command and active clock suspend exit command.

7. tomin=12.0 ns (-12) is available under V.. min = 3.15 V.

HITACHI
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Test Conditions

e Input and output timing reference levels: 1.4V
* Input waveform and output load: See following figures.

Output
| ¢ 28V | | | I 80% 110 500 Q
| |
nbd Vss m O T W—=0 +1.4vV
| | | |
| | | | CL
L o
— - — -
by tr
Relationship Between Fregquency and Minimum L atency
HM5241605C
Parameter -12 -15 -17
Frequency (MHz) 80 40 66 33 57 285
tee (NS) Symbol 125 25 15 30 175 35 Note
Active command to column command tren 3 2 2 1 2 1 1
(same bank)
Active command to active command tae 9 5 8 5 7 4 ,
(same bank) = [tgas + trel
Active command to precharge command ens 6 3 5 3 5 3 1
(same bank)
Precharge command to active command tep 3 2 3 2 2 1 1
(same bank)
Last data input to precharge command tew 2 1 2 1 2 1 1
(same bank)
Active command to active command trro 2 1 2 1 2 1 1
(different bank)
Last data in to active command Lapw 5 3 5 3 4 2 = [tewe + trel
(auto precharge, same bank)
Self refresh exit to command input lsec 9 5 8 4 7 4 = [tgcl
Precharge command to high impedance
(CAS latency = 1) lizp - - — 1 — 1
(CAS latency = 2) lizp — 2 2 2 2
(CAS latency = 3) lizp 3 3 3 3 3 3
Last data out to active command
(auto precharge, same bank)
(CAS latency = 1) lapr - - = 2 — 1 = [tge]
(CAS latency = 2) Iapr 2 1 2 1 — 1 = [tre] =1
(CAS latency = 3) lapr 2 1 2 1 1 0 = [tge] — 1
HITACHI
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Parameter

Frequency (MHz)
te (nS)

HM5241605C

-12

-15

-17

80
Symbol 125

40
25

66
15

33
30

57
17.5

28.5
35 Note

Last data out to precharge (early precharge)
(CAS latency = 1)

(CAS latency = 2)
(CAS latency = 3)

o

o

—
o
|

[

|
[

|
[N

|
RN

|
[

|
[N

—
o
|

N

[
N

|
N

{
N

[
N

[
N

Column command to column command

Write command to data in latency

DQM to data in

DQM to data out

CKE to CLK disable

Register set to active command

CS to command disable

Power down exit to command input

P
o
o

PRI OIN|IFP N OIO|PF

P IO, |FP N OIO|F

PRI OIN|FP N OIO|PF

P O | P N OIO|FR

PRI OIN|IFP N OIO|PF

Rrlo|lr|r|Nv ook

Burst stop to output valid data hold
(CAS latency = 1)

(CAS latency = 2)
(CAS latency = 3)

o

o

N

N

Burst stop to output high impedance
(CAS latency = 1)

(CAS latency = 2)
(CAS latency = 3)

IBSH

IBSH

IBSH

Burst stop to write data ignore

P W|N

IBSW

P W N

P W|DN

P W |IN|PF

P W|N

Rlw|N| P

Note: 1. ty. O tgg, are recommended value.
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HM 5241605C Series

Timing Waveforms

Read Cycle
ek
ok tekL
ax /N S\ /AR (N VA VA N (I VA
RC
— Vi
CKE t P tRP
RCD
tcs| tcH tcs| ten tcs| ten tes| ten
g
S I G W i T+
tcs| ten
tes| ten % > fcs) ton tcs| ten
RAS /;& j&
,:ES..[C_H.q tes| ten fcs| fen [tcs| ten
cs |
CAS Z WW % /(
tcs| tcH tes| e tes| ten
%' ] tes| ton
we |
tas| tan tas| taH ‘ ‘ ‘ tas| taH ‘ tas| tan
A9 X T %F* %‘ % )% 7
tas| taH ‘ ‘ ‘ ) tas| tan
tas| tan tas| tan e
tas| taH tas| taH ‘ ‘ ‘ tas| tam
Address % »[—_. 6
tcs ton
|——
7
DQMUIL ‘
1/0(input)
tack tac | |_ tac tac
1/0(output) :
AC
Bank 0 Burst length = 4
Bank 0 an Bank 0 Banko A
Active Read Precharge &]zovnc—:‘(:oers\s/”_
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HM 5241605C Series

Write Cycle
tex
tekH ek
CLK J—\_/—ﬁ[_/—\_/—\_/h\_/—\_/t—\_/_\_/—\_/—\_/—\_/—\_/i
RC
— Vi
CKE Ras trp
treD
les| feH tes| teH tcs| tcH tes| teH
e >
& ] T
tes| tcH
tcs| tcH |-t tcs| tcH tcs| tcH
RAS /%r* y /% %gt+
tcs| tcH . tcs| tcH ‘ tcs|tcH
’<_><—-¢ tcs| tcH §<_><_> =
-~
CAS Z K24 ¥ A \ Y ZU
tcs| tcH tes | ten
» tcs| tcH tcs| teH |
WE T2 T 25TV Z
tas| tAH tas| taH | | | tas| tAH tas | tAH
V226V 28T
A9 / i {
tas| taH | | | tas | tar
> tas| taH tas| tan e o
o W i Vi 25T 7,8
tas| taH tas| taH | | | tas| tam
D
Address %‘—%ﬁ[‘_’ % % S@
tcs teH
DQMU/L /2i
- L
tps| tor_(ps| ton |'ps| toH ['Ds| toH
1/0(input)
i
trwi
1/0(output)

Bank 0 Bank 0
Active Write

Bank 0
Precharge

Burst length = 4
Bank0 Access

[ 1=Viqorvy_
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HM 5241605C Series

10

Mode Register Set Cycle

o™ [e2]
\\\\\\\\\\\ - - . S - PR DR A 1 1
> -] (2]
™ 2 m__MVI W,__MVH_
“““““““ AN NN EH - 513 s2083 23553
©s O Q L © I
““““““ NALNLNL @ w52 i 2REES
L 1 __mbw .m%%mk m&Sﬁm
Qy @ e' ' ZN .nAATw
o 2 [44SR IN Slcic @
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ el ki 0
N ﬂ SC L] NN NN N IS I ININTNTNTN .
“““““““ I NN N\ N N O T >
: 2oL e NPAINN -
“““““““ NN RN NN s e © w s w
Et I SRS N A 7 I S IO AN N
a e
“““““““ NNNN SN I ENINISININ D
o © X
............................ o) | N T LINNNRN &
N i o W
o g ar || INNINN ] INININ NS |
mr. < N ) SSREN m
“““““““ NNy o | S S E Y O mllll CCED b B SO 1 S e A )
j NG T S 118
P
“““““““ A5 o >
: : : s
P e - R SR N - OF--4-- -
““““““““““““ /m i - S NS RINNAE:
o oL 1 __ U N 8 AN A N A N SN 5 R N} S S E N 4 _ RN § N} -
\\\\\\\\\\\\ o - - "7 N i \va w / W / W m
o | T NS ST AR A AN T -
“““““““ NUNAN LT . ARSI
m “““““““““ HCONEPE B
. E
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NIz 2 occede B orre D
o< /A &
N | [ ‘ %= INNNISIRINE
““““““““““ NN NN
% © W @
““““““““““ BN N TR\ SN S . . N
3 oC L L AL |l LT[ LD
“““““““““““““““ N -8 o< < Q =
P < Py
Eo | ofC SISl SHE, s NI SR AR
............ AR H- . o cHlls
P (N1 N S SN =5 R NS I S Of--f-|- -
@
............ AR AN o N AAAM
o L e LN RN RN e N NN
Ny | B \
“““““““““““““ AYN et &) B TN NN N N
= 58 e o m
“““““““ NN N NN s &= = ol | | L1 =2 S U N N O R N I
7 vWI V._M < Vm ﬂ
¢IB2 208 §3 22 D IRENININININ A - T N RN
5 T 2 3 £ © ¥ ow g 9|9 Wwioelews 83s S8
T 2% g3 2 2| £ 2.2
$%8 S S SEBRIE §18EEES L3 22
- m < 28 ==
o

Precharge

Bank 1

Write

Bank 1

Write

Bank 0
Precharge
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HM 5241605C Series

Read/Single Write Cycle

L7227 7 < N[N L7
CAS NN N /. 7 N\ X
We 27z N 22NV I LN 7.
A9(BS) L/ A LT AL NI

Address ACaX DD 77
DQMUIL 207Ny L N

/O
zlnput) | | | | !
:

YO
output) ‘ | ‘ | ‘ | ! ! |
! Bank0 ! ! Bank0 ! Bank1 ! ! ! ! ! Bank 0 Bank0 ! ! ! ! Bank0 ! Bank 1 !

a arDar2Xard—+—

Active Read Active Write  Read Precharge} Precharge }
| | | | | | | |
CKE ! Viy i i i i i i i i i i
| | | | | | | | | |
| I | | I | I | | I |
—_— T I T T I I T T T T I I I T I T T T
I I I I I I I I I I I I I
cs | /| | | | | N—
|
|

RAS LN L
Y
2N/

WE

AO(BS) LN, [l : LA I
Address (C:a} XR:b) (C:aXXC:bXC:c)
DQMUIL AL TN\ L N2

I
/0 i i i i i i i i i | ‘ . |
| gnput) — e o Xk
I I I I I I I I I I I I I I I I I I
+ +
{output) ‘ a_ Xatl a+3 ‘ ‘ ‘
I I I I | | I I I I I I I I
Bank 0 Bank 0 Bank 1 Bank 0 Bank 0 Bank 0 Bank 0
Active Read Active Write Write  Write Precharge

Read/Single write
RAS-CAS delay = 3
CAS latency = 3
Burst length = 4

= Vigor ViL
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HM 5241605C Series

Read/Burst Write Cycle

o 1 2 38 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CKE T T T T T T 1 IR
cs TN/ TN\ T T TN\ T T TN\
RAS 2. | ‘ ‘ ‘ : ‘ ‘ ‘

CAS /.
WE 27|
A9(BS) 2\
Address (C:axXR:b)
poMuIL 77777777727 L L SN L
g eiee-
Buon————

I I I I ' ' I I I I I ' I I I
! Bank0 ! ! Bank0 ! Bank1 ! ! Clock ! ! Bank0 ! ! ! ! Bank0 ! Bank 1 !
1 Active | 1 Read 1 Active | ! suspend ! ! ! Write ! 1 1 1 Precharge|  Precharge |

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

\4<4

Z
/[
Z
/

CKE " Mwi™ | | T R R R
cs ST NSNS T T T TN T N
RAS U\
CAS 2/
WE 22"
AI(BS) A // Ny N
Address
DQMUL AL T\ 2N R/

{Sput) 1 —G@ a3 |
I I I I I I I I I I I I I I I I I I
I O I I I I I I I a a+1 I a+3 I I I I I I I I I I I
(Output) Lo e e ! ! !
Bank 0 Bank 0 Bank 1 Bank 0 Bank 0
Active Read Active Write Precharge
Read/Burst write

RAS-CAS delay = 3
CAS latency = 3
Burst length = 4

[ 1=VinorviL
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260 261 262 263 264 265 266 267 268 269

HM 5241605C Series

Full Page Read/Write Cycle

S ) -
o § o 8 s
1l = 1 = o by ®
>m 2 J >m 3 R e B BN\ N\ B NN N R e ) e
m__ > m__ > / 3
edwmm edwmm =] / © <
So52z So5oz b B S INININNE AR
Sloge> do8e> ko]
TR 2 d 7L & N «
ol<l< 5N .miAiA 5K T U - \W\: S R N B
R'R_CBW WRCBW -
““““““ -
['4

Bank0  Read cycle

AN
T X
L2\ 177,
7 XL
rststop  Bank 1
Prechargé
s ove
TN
LN L
Z
+
Bu‘rsl stop Bank 1
Precharge
13 14 15 16 17
(RaX )
Active
Bank 0

Auto Refresh

)

)
)%
5
HE
%)
)

§

I trel

\
Z
Z
(%
\Z
\%

7
3
N
N
Auto Refresh

z

\

1

I

I

i

I

I

|

I

I

I

\

I

T

I

I

I

I

I

.

T

.

v

A8:

;

i

I

\

I

|

|

|
Precharge
If needed

| Ba

1 Act

i Vi
RAS Zi‘ ;X

WE
A9(BS)

Address
DQMU/L

Address IA@E'IA@
Address 77X ma X777 K caX 72K o)

DQMUIL

T VK
CAS M
A9(BS) 2\

1/0(input)
1/0(output)

Auto Refresh Cycle
4% H
s
E T

=2
2
4

Vigor V.

RAS-CAS delay

CAS latency
Burst length

)

HITACHI
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HM 5241605C Series

Self Refresh Cycle

cKe T\ e A S S S B R S
o5 |\t ———————— | ——
RAS L L7777 o). LU N, L
CAS ‘ 2 {0 S iz A

WE v/ 27 Ao : : W4
RBS) 777X N0 Y. SIS IS IS IS SAAIIN NS IA I A A IS
Address L - R
DQMUIL 777 A T T T,
/O(input) R — 4 —
1/0(output) e —— § el L e ——— R
e ‘ o ke 1 a0

Precharge command

If needed

Self refresh entry

command

Auto refresh ~ Self refresh cycle
RAS-CAS delay = 3
CAS latency = 3
Burst length = 4

[CI=Vigor Vv,

Self refresh exit
ignore command
or No operation

Clock Suspend Mode

CLK
CKE

cs

Read cycle
RAS-CAS delay = 2

RAS

CAS latency = 2

Burst length = 4

CAS

[J=VinorviL

<

WE 2 & 7 X7 |
noBS) Z7N [ 77777 7N LT 774 £
Address 77 XRiaX o002 X aX KR
DQMUIL 7 N R S R N R /77, N R R /
Qipuy +—+——+———+—+—+——G XariXar2 a+3)+——b_Xor1Xb+2Xb+3)—
10 i j j j j j j j j | | | | High-Z | | j | | | | j
{sbuy | oo b | b Lo b
| Banko Activeclock | Active clock Bank0 |  Bankl Read suspendi Read suspend Bankl Bank0 | | EarliestBankl |
| Active suspendstart | suspend end Read | Active | start | end Read Precharge | Precharge |
CKE 7 T L L T T | s T T ! T T Write cycle
R ‘ e ~——+— | ,——— RAS-CASdelay =2
s \% 7 Z : TN/ A

Z2

RAS

CAS latency = 2

2N Burst length = 4

7

CAS

7\

WE
A9(BS)

77
7

/3 U=vinorviL
N,

N <N

72N

f

Address

RN 77777777777 Cayrb),

DQMUI/L

7

V4

THigh-Z |

ygjtput) i i
Hnoput) ! ]

Bank0  Active clock

Active

suspend start

Active clock Bank0 Bankl
supend end Write Active

D TN ) SIS T D (T )

Earliest Bankl
Precharge

Bank1 Bank0

Write suspend ~ Write suspend
start end Write Precharge

HITACHI

49




HM 5241605C Series

Power Down Mode

CKE ! : 3 CKE Low ga : | | | |
cs g L )% N T
RAS />& /L 2 Y L
CAS \</ L Ny \</
WE | NG00, 7 X
AS(BS) 777N X ‘ (o N/
Address N 7 XR:aX
DQMUIL ‘ 77 777
IO (input) S ( S S S —
/0 (output) 3 — } {(— High-Z j
*‘ trp A A
Precharge command  Power down entry Power down Power down cycle
It needed modeext = o RAS-CASdelay=3
o CAS latency = 3
Burst length = 4
=Vigor Vi
HITACHI
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HM 5241605C Series

Power Up Sequence (1)

CLK

CKE

cs

RAS

CAS

>
\
L
N

WE

Address

DQMUIL

lfe}

A LRNNNLL L

High-Z —

4 tRp A tRsA ‘
All banks Mode register
Precharge Set

Note: Set 2 or more auto refresh commands.

Auto Refresh *

bR Ty
N Bank active
Auto Refresh If needed

CI=Vimorvi

Power Up Sequence (2)

CLK

CKE

cs

RAS

CAS

WE

Address

DQMUIL

A NNNNILL L

lfe}

High-Z —

A ) e
All banks Auto Refresh *
Precharge

Note: Set 8 or more auto refresh commands.

Auto Refresh *

e A s

Mode register Bank active
Set

If needed

CI=VinorviL
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HM 5241605C Series

Package Dimensions

HM 5241605CJ Series (CP-50D) Unit: mm
20.95
21.38 Max
50 26
(90] [90]
— —
ol o
+I +l
) o [o0]
— —
S| o
y
1 25
0.47
[{e]
N S
o 3
+ & i’l
1.09 Max 3 e 10
T<7 0’) +l ITe)
= N
/ S [\
E <y
9.40 + 0.25
0.32 15.8%
=040
HM5241605CTT Series (TTP-50D) Unit: mm
20.95
21.35 Max
50 26
N0000NNNNNNNNANNNNNNNANAN
(o]
—
S
—
(o]
LR A A AR R
0.27 + 0.07 0.13 ()
1.15 Max 11.76 £ 0.20
Lt \ I\ 0 _ 50
] LR L
g e S 0.80 §
Q o) + -
- 1R R
e e 0.50  0.10
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HM 5241605C Series

When using this document, keep the following in mind:

1. Thisdocument may, wholly or partially, be subject to change without notice.

2. All rightsarereserved: No oneis permitted to reproduce or duplicate, in any form, the whole or part of
this document without Hitachi’s permission.

3. Hitachi will not be held responsible for any damage to the user that may result from accidents or any other
reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described

herein.

5. Nolicenseisgranted by implication or otherwise under any patents or other rights of any third party or

Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for usein MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales company. Such
use includes, but is not limited to, use in life support systems. Buyers of Hitachi’ s products are requested
to notify the relevant Hitachi sales offices when planning to use the productsin MEDICAL

APPLICATIONS.
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HM 5241605C Series

Revision Record

Rev. Date Contents of Modification Drawn by Approved by
0.0 Apr. 17,1995 Initial issue S. Ishikawa  T. Kizaki
1.0 May. 22,1996 Command Operation M. Sakamoto T. Kizaki

Change of Command Truth Table and CKE Truth Table
Absolute Maximum Ratings
Addition of notes 2
AC Characteristice
Addition of t.g,, min: 14/17/19.5 ns
tras Min: 70/70/80 ns to 70/70/75 ns
Addition of notes 5, 6 and 7
Relationship Between Frequency and Minimum Latency
lsec: 9/5/8/5/714 to 9/5/8/417/4
Deletion of notes 2
Timing Waveforms
Change of Clock Suspend Mode
Addition of note for Power Up Sequence

2.0 Jan. 7,1997 Features
Addition of Clock frequency: 83 MHz (V. min = 3.15 V)
AC Characteristics
Addition of notes 7
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