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1,048,576-word x 8-hit x 2-bank Synchronous Dynamic RAM
2,097,152-word x 4-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 HM5216805 Series,
HM5216405 Series are offered in 2 banks for improved performance.

Features

» 3.3V Power supply
e Clock frequency: 100 MHz/83 MHz/66 MHz (max)
 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
e 2 variations of burst sequence
0 Sequentia (BL = 1/2/4/8/full page)
O Interleave (BL = 1/2/4/8)
« Programmable CAS latency: 1/2/3
» Refresh cycles. 4096 refresh cycles/64 ms
» 2 variations of refresh
O Auto refresh
0 Self refresh



HM 5216805 Series, HM 5216405 Series

Ordering Information

Type No. Frequency Package

HM5216805TT-10H 100 MHz 400-mil 44-pin plastic TSOP Il
HM5216805TT-10 100 MHz (TTP-44DE)
HM5216805TT-12 83 MHz

HM5216805TT-15 66 MHz

HM5216405TT-10H 100 MHz

HM5216405TT-10 100 MHz

HM5216405TT-12 83 MHz

HM5216405TT-15 66 MHz
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Pin Arrangement
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HM 5216805 Series, HM 5216405 Series

Pin Description (HM5216805 Series)

Pin name Function

A0 to A1l Address input
* Row address A0 to A10
e Column address A0 to A8

« Bank select address A1l

1/00 to 1/107 Data-input/output

cs Chip select

RAS Row address strobe command
CAS Column address strobe command
WE Write enable command

DQM Input/output mask

CLK Clock input

CKE Clock enable

Vee Power for internal circuit

Vs Ground for internal circuit

Ve Q Power for 1/O pin

Vs Q Ground for 1/O pin

NC No connection

4
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Pin Description (HM5216405 Series)

Pin name Function

A0 to A1l Address input
* Row address A0 to A10
e Column address A0 to A9

« Bank select address A1l

1/00 to 1/103 Data-input/output

cs Chip select

RAS Row address strobe command
CAS Column address strobe command
WE Write enable command

DQM Input/output mask

CLK Clock input

CKE Clock enable

Vee Power for internal circuit

Vs Ground for internal circuit

Ve Q Power for 1/O pin

Vs Q Ground for 1/O pin

NC No connection
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Block Diagram (HM5216805 Series)
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Block Diagram (HM5216405 Series)
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HM 5216805 Series, HM 5216405 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. When CS is High, all inputs
areignored. 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.

A0to Al0 (input pins): Row address (AXO0 to AX10) is determined by AO to A10 level at the bank active
command cycle CLK rising edge. Column address (AYO to AY8; HM5216805 Series, AY0 to AY9;
HM5216405 Series) is determined by AO to A8 or A9 (A8; HM5216805 Series, A9; HM5216405 Series)
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, both
banks are precharged. But when A10 = Low at the precharge command cycle, only the bank that is
selected by A11(BS) is precharged.

A1l (input pin): A1l is abank select signal (BS). The memory array of the HM5216805 Series, the
HM5216405 Seriesis divided into bank 0 and bank 1. HM5216805 Series contain 2048 row x 512 column
x 8 bits. HM5216405 Series contain 2048 row x 1024 column x 4 bits. If A1l isLow, bank O is selected,
and if A1l isHigh, bank 1 isselected.

CKE (input pin): This pin determines whether or not the next CLK isvalid. |If CKE is High, the next
CLK rising edgeisvalid. If CKE isLow, the next CLK rising edgeisinvalid. This pinisused for power-
down and clock suspend modes.

DQM (input pins): DQM controlsinput/output buffers.

Read operation: If DQM is High, the output buffer becomes High-Z. If the DQM is Low, the output
buffer becomes Low-Z.

Write operation: |If DQM is High, the previous data is held (the new data is not written). If DQM is
Low, the datais written.

[/00to I/07 (1/0 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. (V. isfor the internal circuit and V .Q isfor the
output buffer.)

V4 and VQ (power supply pins): Ground is connected. (Vg is for the internal circuit and V¢Q is for
the output buffer.)
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HM 5216805 Series, HM 5216405 Series

Command Operation

Command Truth Table

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

CKE
Function Symbol n-1 n CS RAS CAS WE All A10 AOtoA9
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 READ H X L H L H \% L \%
command
Read with auto-precharge READA H X L H L H \% H \%
Column address and write WRIT H X L H L L \% L \%
command
Write with auto-precharge WRIT A H X L H L \% H \%
Row address strobe and ACTV H X L L H H \% \%
bank act.
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
(512; HM5216805 Series, 1024; HM5241605 Series)), and isillegal otherwise. Full page burst continues
until this command is input. When data input/output is completed for a full-page of data, it automatically
returns to the start address, and input/output is performed repeatedly.

Column address strobe and read command [READ]: This command starts a read operation. In
addition, the start address of burst read is determined by the column address (AYO to AY8; HM5216805
Series, AY0 to AY9; HM5216405 Series) and the bank select address (BS). After the read operation, the
output buffer becomes High-Z.
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Read with auto-precharge [READ A]: This command automatically performs a precharge operation
after a burst read with a burst length of 1, 2, 4, or 8. When the burst length is full-page, this command is
illegal.

Column address strobe and write command [WRIT]: Thiscommand starts awrite operation. When the
burst write mode is selected, the column address (AYO to AY8; HM5216805 Series, AYO to AYY;
HM5216405 Series) and the bank select address (A11) become the burst write start address. When the
single write mode is selected, data is only written to the location specified by the column address (AYO to
AY8; HM5216805 Series, AY0 to AY9; HM5216405 Series) and the bank select address (A11).

Write with 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, this command isillegal.

Row address strobe and bank activate [ACTV]: This command activates the bank that is selected by
A11 (BS) and determines the row address (AX0 to AX10). When A1l isLow, bank 0 is activated. When
A1l isHigh, bank 1 isactivated.

Precharge selected bank [PRE]: This command starts precharge operation for the bank selected by A11.
If AllisLow, bank Oisselected. If A11lisHigh, bank 1is selected.

Precharge all 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.

Mode register set [MRS]: Synchronous DRAM has a mode register that defines how it operates. The
mode register is specified by the address pins (A0 to A11) at the mode register set cycle. For details, refer
to the mode register configuration. After power on, the contents of the mode register are undefined,
execute the mode register set command to set up the mode register.

DQM Truth Table

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

Note: H: V. LV, .xV, orV,.

The HM5216805 Series, HM5216405 Series can mask input/output data by means of DQM. During
reading, the output buffer is set to Low-Z by setting DQM to Low, enabling data output. On the other
hand, when DQM s set to High, the output buffer becomes High-Z, disabling data output.

During writing, data is written by setting DQM to Low. When DQM is set to High, the previous data is
held (the new data is not written). Desired data can be masked during burst read or burst write by setting
DQM. For details, refer to the DQM control section of the HM5216805 Series, HM5216405 Series
operating instructions.

10
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HM 5216805 Series, HM 5216405 Series

CKE Truth Table

CKE
Current state  Function n-1n ©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 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 exi L H L H H H X
L H H X X X X

Note: H: V. L:V,.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 state is 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, 4096 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 all banks is
automatically performed after auto-refresh, no precharge command is required after auto-refresh.
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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
theinitial 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.

12
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Function Truth Table

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

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 READ/READ A ILLEGAL

L H L L BA, CA, A10 WRIT/WRITA 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
Idle H x x x x DESL NOP

L H H H X NOP NOP

L H H L X BST NOP

L H L H BA, CA, A10 READ/READ A ILLEGAL

L H L L BA, CA, A10 WRIT/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
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, Al10 PRE, PALL Precharge

L L L H X REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL
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Current state CS RAS CAS WE Address Command Operation
Read H x x x x DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Burst stop on full page
L H L H BA, CA, A10 READ/READ A Continue burst read to CAS
latency and New read
L H L L BA, CA, A10 WRIT/WRIT A  Term burst read/start write
L L H H BA, RA ACTV Other bank active ILLEGAL on
same bank*
L L H L BA, A10 PRE, PALL Term burst read and Precharge
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read with H x x X x DESL Continue burst to end and
auto- 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 bank active ILLEGAL on
same bank®
L L H L BA, Al10 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Write H X x x x DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Burst stop on full page
L H L H BA, CA, A10 READ/READ A Term burst and New read
L H L L BA, CA, A10 WRIT/WRIT A Term burst and New write
L L H H BA, RA ACTV Other bank active ILLEGAL on
same bank*®
L L H L BA, A10 PRE, PALL Term burst write and
Precharge**
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
14
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Current state CS RAS CAS WE Address Command Operation
Write with H x x x x DESL Continue burst to end and
auto- 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, A1I0 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 tg
refresh)

L H H H X NOP Enter IDLE after t..

L H H L X BST Enter IDLE after ty.

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.xV,o0orV,.
The other combinations are inhibit.
2. Aninterval of t,,, is required between the final valid data input and the precharge command.
3. If tyy, 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.

From [IDLE]

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]: The synchronous DRAM enters refresh mode (auto-refresh or self-refresh).

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

To [PRE], [PALL]: These commands set the synchronous DRAM to precharge mode. (However, an
interval of tg,g 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]: Dataoutput 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 anillegal command.

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

From [READ with AUTO-PRECHARGE]

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

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

16
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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 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 active bank active resultsin anillegal 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 active. (However, an interval of tyc is required.)
Attempting to make the currently active bank active resultsin anillegal command.

From [REFRESH]

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

17
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Simplified State Diagram

WRITEA
SUSPEND

POWER
APPLIED

(on full page)

MODE

BST

WRITE
WITH AP

REGISTER |l

ACTIVE

ACTIVE
CLOCK
SUSPEND

REFRESH
REFRESH

BST
(on full page)

PRECHARGE

RRECHARGE

PRECHARGH

SUSPEND

READA
SUSPEND

READ

=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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Mode Register Configuration

The mode register is set by the input to the address pins (A0 to A11) during mode register set cycles. The
mode register consists of five sections, each of which is assigned to address pins.

A1l11, A10, A9, A8 (OPCODE): The synchronous DRAM has two types of write modes. One is the burst
write mode, and the other is the single write mode. These bits specify write mode.

Burst read and BURST WRITE: Burst write is performed for the specified burst length starting from the
column address specified in the write cycle.

Burst read and SINGLE WRITE: 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.
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, A0 (BL): These pins specify the burst length.

All | A10| 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 A2 | AL| AO BT=0 | BT=1
0| 0| 1 1 1 | Interleave ol o] o 1 1
0| 1| O 2 o[ 0| 1 2 2
0| 1| 1 3 ol 1] 0 4 4
1 X| X R o 1| 1 8 8
1 0| O R R
All|A10| A9| A8| Write mode 1011 R R
0 0 0 [ O | Burstread and burst write 11 1] 0 R R
X x| ol 1 R 1| 1| 1| F.P. R
X X 1 0 | Burst read and SINGLE WRITE F.P. = Full Page (512: HM5216805)
X X 1 1 R (1024: HM5216405)
R is Reserved (inhibit)
X:0orl
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Burst Sequence
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Operation of HM 5216805 Series, HM 5216405 Series

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. Either bank 0 or bank 1 is activated according to the
status of the A11 pin, and the row address (AXO0 to AX10) is activated by the A0 to A10 pins at the bank
active command cycle. An interval of tzp IS required between the bank active command input and the
following read/write command input.

Read operation: A read operation starts when aread command isinput. Output buffer becomes Low-Z in
the (CAS Latency - 1) cycle after read command set. HM5216805 Series, HM5216405 Series can perform
a burst read operation. The burst length can be set to 1, 2, 4, 8 or full-page (512; HM5216805 Series,
1024; HM5216405 Series). The start address for a burst read is specified by the column address (AYO to
AY8; HM5216805 Series, AYO to AY9; HM5216405 Series) and the bank select address (A11) 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 or 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 (512; HM5216805 Series, 1024; HM5216405 Series), 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

treD

Command X ACTV>< >< READ><
Address X Row >< ><C9Iumn><

CL=1 0ut0><0utl><out2><out3
Pout 7 Ter=2 out 0 X out 1 X out 2 X out 3
cL=3 out 0 X out 1 X out 2 X out3

CL: CAS Latency
Burst Length = 4
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HM 5216805 Series, HM 5216405 Series

Burst Length

K T o I O I [ O

i trRep !

Command T
Address __XRow X__XEoumy T
outg)——m™mm -~ ----- e —————~""""-

BL=1
Cout OX(out 1y R —

BL=2
Dout out 0 out 1 out 2 out )= —_

BL=4
out 0 out 2X(out 2)out 3X(out A out 5XQUL 6){ut 7y———----+--+-+-- _—

BL=8
—— out 0)(out TXout 2)out 3out 4X out 50ut 6 X out 7)aut B)-------+-+-- Guzs3XoutoX(out X

= full page

BL: Burst Length
CAS Latency =2

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

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 or 8 and full-page, like burst read operations. The write start address is specified by the
column address (AY 0 to AY 8; HM5216805 Series, AYO to AY9; HM5216405 Series) and the bank select
address (A11) at the write command set cycle.

e [ LUy T L
1. trcp

Command ~YacroX__ XWX L

Address __XRow X__YgoumX I

in 0 ——————— .

oin ———

BL = full page CAS Latency =1, 2,3

22
HITACHI




HM 5216805 Series, HM 5216405 Series

Singlewrite: A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). Inasingle write
operation, data is only written to the column address (AYO0 to AY8; HM5216805 Series, AYO to AY9;
HM5216405 Series) and the bank select address (A11) specified by the write command set cycle without
regard to the burst length setting. (The latency of datainput is0).

e [ L)L L LT L L L

trcD

Command ><A;CTV>< >< WR|T><
Address ><Row >< ><C9Iumn><

Din \in0 )

CAS Latency=1,2,3
Burst Length = 1, 2, 4, 8 full page
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HM 5216805 Series, HM 5216405 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 |, is required before execution of the next command.

CAS Latency Precharge Start Cycle

3 2 cycle before the final data is output
2 1 cycle before the final data is output
1 same cycle as the final data is output

P s Y e Y s O O Y o O o O

cL=1 command X ReaD X X _actv_ X
T T T
1 | |
Dout out0 >< outl out2 >< out3 ‘ 1
T I I
| | |
I lapPR I
| i i
cL=2 command X ReaD X ! X actv X
T T T
I I I
. L |
Dout out0 >< outl out2 >< out3 :
T | I
I
| " lapR !
I
I ! |
CcL=3 command X Reap X X_actv_ X
1 | |
L I
Dout out0 outl out2 out3 :
| ! ‘
't laPR !

Note: Internal auto-precharge starts at the timing indicated by "
At CLK =50 MHz ( |arr changes depending on the operating frequency. )
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HM 5216805 Series, HM 5216405 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 N U s o A e
i i
Command WRIT : ‘ACTV
| |
| |
1/0 (input) in0 inl in2 ‘ in3 3
| >
IAPW
Single Write
| |
vt I S o B
Command \jNRIT ‘ACTV
110 (input) ‘ in i
|

IAPW
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HM 5216805 Series, HM 5216405 Series

Full-page Bur st Stop

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

CAS Latency BST to Valid Data BST to High Impedance
1 0 1
2 1 2
3 2 3

CAS Latency = 1, Burst Length = full page

o L N

I I
Command BST
| |
L |
1/0 (output) out out out out out }
lBsr l8sH
0 cycle 1 cycle
CAS Latency = 2, Burst Length = full page
ST o A s A L]
| | |
Command BST
[ [ [
1/O (output) out out out out éut 6ut 3
1—” lgsy = 2 cycle
IBSR =1 cycle
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HM 5216805 Series, HM 5216405 Series

CAS Latency = 3, Burst Length = full page

ax L]

Command BST
| | |
1 : :
I/O (output) out out out out out out out |
‘ 1 ‘
! » Igsy= 3 cycle
Igsr= 2 cycle

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 data is written in the same cycle as the BST command, and in
subsequent cycles. In addition, the BST command is only valid during full-page burst mode, and isinvalid
with burst lengths of 1, 2, 4 and 8. And an interval of typ, is required between the BST command and the

next precharge command.

Burst Length = full page

CLK
Command X BT X ><P;RE/PALL><
Vo Gnput) X i ><j in

tDpL >
| I gsw =0cycle |
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HM 5216805 Series, HM 5216405 Series

Command I ntervals

Read command to Read command interval

Same bank, same ROW address: When another read command is executed at the same ROW address of
the same bank as the preceding read command execution, the second read can be performed after an
interval of no less than 1 cycle. Even when the first command is a burst read that is not yet finished, the
data read by the second command will be valid.

READ to READ Command Interval (same ROW addressin same bank)

CLK

Command

Address
(A0-A10)

BS (A11)

Dout ; A ot AD bute3

Bank0  Column=A Column=B Column=A Column =B CAS Latency_= 3
Active Read Read Dout Dout Burst Length = 4
BankO

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.

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)

e [T LI LT L
Command )(acTvX___XACTv XREADXREADY
Add ‘ N
e

BS (A11) : | : N\ 1 :

Dout ; A butas i E3
BankO Bankl Bank0 Bankl Bank0 Bankl CAS Latency_= 3
Active Active Read Read Dout  Dout Burst Length = 4
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HM 5216805 Series, HM 5216405 Series

Write command to Write command interval

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 I nterval (same ROW address in same bank)

CLK
Command XaervX_XwRmwRIY
Address ‘ : :
(AO-A10) 3@@@

BS (Al1)

Din

in AO

Bank0  Column=A Column =B Burst Write Mode

) ) ) Burst Length = 4
Active Write Write Bank0

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.

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 [ UYLy
Command 3@ WRIT
Address ‘ ! | !
(NOAT) DX e X DXCmew ) o

BS (Al1)

Din

Bank0 Bankl Bank0 Bankl Burst Write Mgde
Active Active Write  Write Burst Length = 4
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HM 5216805 Series, HM 5216405 Series

Read command to Write command interval

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 cycle. However, DQM must be set High so that the output buffer becomes High-Z before data
input.

READ to WRITE Command Interval-1

CLK

Command XREADXWRITX
CL=1
PoM CL=2
CL=3 /S
Din in B0 Xin B1 Xin B2 Xin B3
Dout Az gzg \I/_v?ir'zgth -

READ to WRITE Command Interval-2

Command XREADX | XWR'TX
DQM _\ | 2 clock —
CL=1 X XX i Hgh-2
Dout | CL=2 XX HighZ
cL=3 X i oL
Din < X X X —

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.

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, DQM must be set High so
that the output buffer becomes High-Z before data input.
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HM 5216805 Series, HM 5216405 Series

Write command to Read command interval

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 cycle. 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

e [ L) L L]

Command WRIT READ

1
I
I
T
i
I
i
T T T
I I
I i i
i i i
DQM i i |
i i i
I I
‘ i i
I I
Din in A0 L L
i i ‘
i i
Dout - - out BO out B1 out B2 out B3
‘ i i
Column=A |CAS Latency |
Write |~ f—-
Column=B  Column=B
Read Dout

WRITE to READ Command Interval-2

CLK
! | |

|
Command WRIT READ
T
DQM
Din in A0 in A1
! |
Dout . : out BO out B1 out B2 out B3
I
! i i
Column=A | CAS Latency,|
Write h !

Column=B  Column=B
Read Dout

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.

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 isin 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).
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HM 5216805 Series, HM 5216405 Series

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
lzp, there is a 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

Command READ i PRE/PALL
; |
i i i
! i i
|

Dout . out A0 out Al out A2 out A3
|
—- !
lgp =0cycle

CAS Latency =2, Burst Length=4

|

Command READ i PRE/PALL
1 1 T
Dout ! out A0 out AL out A2 out A3
l > | i < l
CL=2 lgp =-1cycle

CAS Latency = 3, Burst Length=4

Command READ ! PRE/PALL

|
Dout * out A0 out Al out A2 out A3

.
-

CL=3 lep =-2 cycle
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HM 5216805 Series, HM 5216405 Series

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

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

o LT LI L L L LT L L LT

Command READ PRE/PALL
|
High-Z
Dout out A0 :
7 |
—-
IHzp=1

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

w [ L L L L L L L

Command READ XPRE/PALL

|
I
High-Z
out A0

Dout

IHzP=2

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

| |
| |
|
‘

Command READ XPRE/PALL

i
I

High-Z
Dout * out A0 -

|

IHzP=3
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HM 5216805 Series, HM 5216405 Series

Write command to Precharge command interval (same bank): When the precharge command is
executed for the same bank as the write command that preceded it, the minimum interval between the two
commands is 1 cycle. However, if the burst write operation is unfinished, the input data must be masked
by means of DQM for assurance of the cycle defined by typ, .

WRITE to PRECHARGE Command Interval (same bank)

Burst Length =4 (To stop write operation)

Command i WRIT PRE/PALL
DQM i !
Din i
1 topL |
ew [ L L L) L L L L
Command WRIT PRE/PALL
DQM ! i
Din in A0 in A1 i
topL >
Burst Length =4 (To write al data)
CLK ‘
Command WRIT i PRE/PALL
DQM i i
Din in AO in Al in A2 in ‘A3 i
topPL >
34
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HM 5216805 Series, HM 5216405 Series

Bank active command interval
Same bank: Theinterval between the two bank-active commands must be no less than tyc.

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

Bank activeto bank active for same bank

CLK

%
é

ACTV

Command ACTV S S
Address ROW S S ROW
(A0-A10)
BS (A11) S S
| |
I I
- -
| tRC |
i I
Bank 0 Bank 0
Active Active

Bank activeto bank active for different bank

e [ L] L) L0 L [

Command ACTV ACTV
Address .
(A0-A10) ROW:0 ROW:1
BS (A11) | |
- >
tRRD
Bank 0 Bank 1
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 tge,.

CLK

Command MRS ACTV
Address
(AO-A11) CODE BS & ROW
- _
i trsA i
Mode Bank
Register Set Active
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HM 5216805 Series, HM 5216405 Series

DQM Control

The DQM mask the lower and upper bytes of the I/O data, respectively. The timing of DQM is different
during reading and writing.

Reading: When datais read, the output buffer can be controlled by DQM.

By setting DQM to Low, the output buffer becomes Low-Z, enabling data output. By setting DQM to
High, the output buffer becomes High-Z, and the corresponding data is not output. However, internal
reading operations continue. The latency of DQM during reading is 2.

CLK ‘

DQM

High-Z
I/O(output) outo X outl ; out 3 >—

lpop = 2 Latency X

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

CLK

DQM :

I/O(input) in0 >< in1 % in3

*

Ipip = 0 Latency
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HM 5216805 Series, HM 5216405 Series

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
4,096 cycles/64 ms. (4,096 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. After the self-refresh, since it is impossible to
determine the address of the last ROW to be refreshed, an auto-refresh should immediately be performed
for all addresses (4,096 cycles).

Others

Power-down mode: The synchronous DRAM enters power-down mode when CKE goes Low inthe IDLE
state. In power down mode, power consumption is suppressed by deactivating the input initial circuit.
Power down mode continues while CKE is held Low. In addition, by setting CKE to High, the
synchronous DRAM exits from the power down mode, and command input is enabled from the next cycle.
In this mode, 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: During power-up sequence, the DQM and the CKE must be set to High. When 200
s has past after power on, al banks must be precharged using the precharge command. After to, delay, set
8 or more auto refresh commands. And set the mode register set command to initialize the mode register.
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HM 5216805 Series, HM 5216405 Series

Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg Vi, -1.0to +4.6 \% 1
Supply voltage relative to Vg Ve -1.0to +4.6 \Y 1
Short circuit output current lout 50 mA

Power dissipation P, 1.0 w

Operating temperature Topr 0to +70 °C

Storage temperature Tstg -55to +125 °C

Note: 1. Respectto Vg

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

Parameter Symbol Min Max Unit Notes
Supply voltage Veer VecQ 3.0 3.6 \Y 1

Vss: VesQ 0 0 Vv
Input high voltage Vi 2.0 4.6 \% 1,2
Input low voltage V. -0.3 0.8 \Y 1,3

Notes: 1. All voltage referred to Vg
2. V,, (max) = 5.5V for pulse width <5 ns
3. V, (min) =-1.0 V for pulse width< 5 ns
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HM 5216805 Series, HM 5216405 Series

DC Characteristics(Ta=0t0 70°C, V., Vc.Q=33V £03V,V, V, ,Q=0V)

HM5216805/HM5216405
-10H/-10 -12 -15
Parameter Symbd [Min  |[Max |Min Max [Min |Max |Unit|Test conditions|Notes
Operating current |, — 100 |— 85 — 70 mA |t.c = min 1,2,4
Burst length = 1
Standby current leco — 3 — 3 — 3 mA |CKE=V,, 5
(Bank Disable) tex = mMin
— 2 — 2 — 2 mA |CKE =V, 6
CLK =V,
or V,, Fixed
— 40 — 35 — 30 mA |CKE =V, 3
NOP command
tex = Min
Active standby lecs — 7 — 7 — 7 mA |CKE=V,, 1,2
current tex = min,
(Bank active) I/0 = High-Z
— 45 — 40 — 35 mA |CKE =V, 1,2,3
NOP command
tex = min,
I/0 = High-Z
Burst operating leca — 65 — 55 — 45 mA |t =min 1,2,4
current BL=4
(CAS latency=1)
(CAS latency=2) |, — 100 |— 85 — 65 mA
(CAS latency=3) |lc, — 150 |[— 125 |[— 100 |mA
Refresh current lecs — 85 — 70 — 60 mA |t = min
Self refresh current |l — 2 — 2 — 2 mA |V, 2V.,.-02 |7
VvV, 02V
Input leakage I, -10 10 -10 10 -10 10 MA [0<Vin< V¢
current
Output leakage lo -10 |10 -10 10 -10 |10 HA |0 <Vout £V
current I/O = disable
Output high voltage |V, 2.4 — 2.4 — 2.4 — \% loy =—2 MA
Output low voltage |V, — 0.4 — 0.4 — 0.4 \% lo. =2 MA

Notes: 1. I.. depends on output load condition when the device is selected. |.. (max) is specified at the
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.

No ahMwd
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Capacitance (Ta=25°C, V., V. Q=33V £0.3V)

Parameter Symbol Min Max Unit Notes
Input capacitance (Address) C. 2 5 pF 1,3
Input capacitance (Signals) C, 2 5 pF 1,3
Output capacitance (1/O) Co 4 7 pF 1,2,3

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DQM =V, to disable Dout.
3. This parameter is sampled and not 100% tested.
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HM 5216805 Series, HM 5216405 Series

AC Characteristics(Ta=0t0 70°C, V., Vo, c.Q=33V £03V,V,, V, ,Q=0V)

HM5216805/HM5216405

-10H/-10 -12 -15
Parameter Symbol Min Max Min Max Min Max Unit Notes
System clock cycle time

(CAS latency = 1) [ 30 — 36 — 45 — ns 1

(CAS latency = 2) tex 15 — 18 — 225 —

(CAS latency = 3) tex 10 — 12 — 15 —

CLK high pulse width tern 3 — 4 — 5 — ns 1
CLK low pulse width tene 3 — 4 — 5 — ns 1
Access time from CLK

(CAS latency = 1) tac — 27 — 32 — 36 ns 1,2

(CAS latency = 2) (-10H) tie — 90 — 12 — 17

(CAS latency = 2) (-10) tyc — 95 — 12 — 17

(CAS latency = 3) tac — 75 — 9 — 12
Data-out hold time ton 3 — 3 — 3 — ns 1,2
CLK to Data-out low impedance t 0 — 0 — 0 — ns 1,2,3
CLK to Data-out high impedance ty — 13 — 15 — 17 ns

(CAS latency = 1)

(CAS latency = 2, 3) t., — 7 — 9 — 11 ns 1,4
Data-in setup time tos 2 — 3 — 3 — ns 1
Data in hold time ton 1 — 1 — 1 — ns 1
Address setup time tas 2 — 3 — 3 — ns 1
Address hold time tan 1 — 1 — 1 — ns 1
CKE setup time tees 2 — 3 — 3 — ns 1,5
CKE setup time for power down exit  t.qp 2 — 3 — 3 — ns 1
CKE hold time teen 1 — 1 — 1 — ns 1
Command (CS, RAS, CAS, WE, DQM) t.¢ 2 — 3 — 3 — ns 1
setup time
Command (CS, RAS, CAS, WE, DQM) t,, 1 — 1 — 1 — ns 1
hold time
42

HITACHI



HM 5216805 Series, HM 5216405 Series

AC Characteristics(Ta=0t0 70°C, V., V,c.Q=3.3V £ 0.3V, Vg, V, ,Q=0V) (cont)

HM5216805/HM5216405

-10H/-10 -12 -15
Parameter Symbol Min Max Min Max Min Max Unit Notes
Ref/Active to Ref/Active command  t,. 90 — 100 — 135 — ns 1

period

Active to Precharge command taas 60 120000 70 120000 90 120000 ns 1
period

Active to precharge on full page taasc — 120000 — 120000 — 120000 ns 1
mode

Active command to column taco 30 — 30 — 45 — ns 1
command (same bank)

Precharge to active command period t,, 30 — 30 — 45 — ns 1
Write recovery or data-in to topL 15 — 15 — 225 — ns 1
precharge lead time

Active (a) to Active (b) command tzro 20 — 20 — 30 — ns 1
period

Transition time (rise to fall) t; 1 5 1 5 1 5 ns
Refresh period toer — 64 — 64 — 64 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 achieves the low impedance state.
4. t,, (max) defines the time at which the outputs achieves the high impedance state.
5. t. defines CKE setup time to CKE rising edge except power down exit command.

Test Conditions

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

. ¢ | | | ! 80% /O 50 Q
inpu | | . o
oo T N o ey

I
I

o cL
I I

I I
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HM 5216805 Series, HM 5216405 Series

Relationship Between Frequency and Minimum Latency

HM5216805/HM5216405

Parameter -10H/-10 -12 -15
Frequency (MHz) 100 66 33 83 55 28 66 44 22
tee (NS) Symbol 10 15 30 12 18 36 15 225 45 Notes
Active command to column taco 3 2 1 3 2 1 3 2 1 1
command (same bank)
Active command to active tac 9 6 3 9 6 3 9 6 3 = [tras T trpl]
command (same bank) 1
Active command to precharge tans 6 4 2 6 4 2 6 4 2 1
command (same bank)
Precharge command to active tep 3 2 1 3 2 1 3 2 1 1
command (same bank)
Write recovery or data-in to topL 2 1 1 2 1 1 2 1 1 1
precharge command (same bank)
Active command to active taro 2 2 1 2 2 1 2 2 1 1
command (different bank)
Self refresh exit time lsrex 2 2 2 2 2 2 2 2 2 2
Last data in to active command |5, 5 3 2 5 3 2 5 3 2 = [top, + trpl
(Auto precharge, same bank)
Self refresh exit to command lsec 9 6 3 9 6 3 9 6 3 = [tre]
input
Precharge command to high
impedance (CAS latency = 3) lzp 3 3 3 3 3 3 3 3 3

(CAS latency = 2) lzp — 2 2 — 2 2 — 2 2

(CAS latency = 1) lizp — — 1 — — 1 — — 1
Last data out to active command |05 1 1 1 1 1 1 1 1 1
(auto precharge) (same bank)
Last data out to precharge (early
precharge) (CAS latency = 3) lep -2 2 2 2 2 2 2 =2 =2

(CAS latency = 2) lep -1 1 - -1 -1 — -1 -1

(CAS latency = 1) lep — — 0 — — 0 — — 0
Column command to column leco 1 1 1 1 1 1 1 1 1
command
Write command to data in latency e 0 0 0 0 0 0 0 0 0
DQM to data in loio 0 0 0 0 O 0 0 0 O
DQM to data out looo 2 2 2 2 2 2 2 2 2
CKE to CLK disable lere 1 1 1 1 1 1 1 1 1
44
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HM 5216805 Series, HM 5216405 Series

Relationship Between Frequency and Minimum L atency (cont)

HM5216805/HM5216405
Parameter -10H/-10 -12 -15
Frequency (MHz) 100 66 33 83 55 28 66 44 22
tee (NS) Symbol 10 15 30 12 18 36 15 225 45 Notes
Register set to active command g, 1 1 1 1 1 1 1 1 1
CS to command disable lcon 0 0 0 0 0 0 0 0 0
Power down exit to command lpec 1 1 1 1 1 1 1 1 1
input
Burst stop to output valid data
hold (CAS latency = 3) lssr 2 2 2 2 2 2 2 2 2
(CAS latency = 2) losr -1 1 — 1 1 — 1 1
(CAS latency = 1) losr — — 0 — — 0 — — 0
Burst stop to output high
impedance (CAS latency = 3) lss 3 3 3 3 3 3 3 3
(CAS latency = 2) losh — 2 — p J— 2
(CAS latency = 1) losn - - 1 - - 1 - — 1
Burst stop to write data ignore lssw 0 0 0 0 0 0 0 0 0

Notes: 1. t,., to t., are recommended value.
2. When self refresh exit is executed, CKE should be kept “H” longer than I, from exit cycle.
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HM 5216805 Series, HM 5216405 Series

Timing Wavefor ms

Read Cycle
ek
tekn teki
ok —/ \_ AW, S VAR SR (WA NV WA W (I NV W
RC
— VI
CKE trAS RP
trRep
tcs| fon tcs| teH tcs| teH tes| ten
I T 7 T
tcs| ten
tcs| te %H—--—»\ tcs| teH tcs| teH
RAS ;1 ;k £ ;Et
tes| ten tes| ten tcs| ten
[~ tes| teH e ;
CAS % Wﬁ /\7 %
tcs| ten tcs| teH tes| ten
e tes| te e
w2 | Xz 8T Y
tas| tAH tas| tAH ‘ ‘ ‘ tas| taH tas| taH
A ! |
ALl 72X ¥ %t‘ /V »V 4
tas| taH tas| t
% tas| taH tas| tan 2,
2 %
tas| tAH tas| taH tas| tan
Address %%’Z_‘ 56 56
tcs teH
’__~ ]
DQM :
1/0(input)
tac | tac tac tyz
1/0(output) K
AC|
~ty ton ton ton ton Burst length = 4
Bank 0 Bank 0 Bank 0 Bank0 Access
Active Read Precharge [J=VvigorV
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HM 5216805 Series, HM 5216405 Series

Write Cycle
tex
toky toky]
CLK ﬂ%mmmmmmm
RC
— ViH
CKE . tras trp
RCD
fes| ten |tes| feH | tcs| tcH tcs| teH
e VI W Y T T
tcs| teH
%&SS_ tcH //\f—»«—»{ tcs| tcH tcs| tcw
RAS } /?& yt /ﬁzi j?
tcs| tcH tedl t QES» tcH tcs | teH
> cs| tcH " =
RS 77| XX Ty N Z Z
tcs| tcH tcs|tcH
{ ES. teH tcs| teH %
we % / 25T
tas| taH ‘ tas| taH | | | | tas| taH tas | taH
W7, iV i/ Y %
tas| taH | | | tas | taH
| tas| taH tas| tAH —

tas| taH tas| taH | | | tas | taH

DQM 7 @fﬁ JC_H"

tps| ton_|'ps| to 0S| toH 1| toH

/O(input) F * % ﬁ

1/0(output)

Bank 0 Bank 0 Bank 0 Burst length = 4
Active Write Precharge Bank0 Access

[C1=Viqor V)
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HM 5216805 Series, HM 5216405 Series

Mode Register Set Cycle

AR TN RN N
RAS 70\ L ST 7 ; '
2

CAS

WE

N
X2

A11(BS) : : : \</ ; :
Address 77 /).WI ' m@ {Rb ) 7 Um 7 7

QM 7 77 2777 277 7 TN ST 7
Vo (output) ——————— - (p i ———(b+3 X b X1 b2 b+3 )

/O (input) S —— v S —— . [ o — .
Iﬁi .ﬁ. ' M N N N N N
' ' ' it ' ' ' ' ' ' ' ' ' ' ' ' ' '
t ! RSA. 't ! ! ! ! ! ! ! ! ! ! !
* RP ‘ 4 RCD * Output mask trRcD=3
Precharge Mode  Bank 1 Bank 1 CAS =
If needed register Active Read CAS Latency =3

Set Burst Length = 4
[A=Viqor Vi

48
HITACHI




HM 5216805 Series, HM 5216405 Series

Read Cycle/Write Cycle

Read cycle
RAS-CAS delay = 3
CAS Latency = 3
Burst Length = 4

FAS Z\_/77

7T XL R Burs Lengh -
cAs 727 DT L L e
WE 277 2] N / ‘ W N
ALLBS) 2N\ / A / i % Y_/Jl o 7
Address 777 XRaaX ./ XCaX ZXRDX //>-<’/
DQM 7 e 1 1 | 3 b
upury — ; ; ; ; —
zmput) " oamo | ok | memes | 1 1 P—" B;nko ‘HIthz P 1 Bank 1 1 1 T 1
Active | ! Read | Actve ! | Read Prechage | Read | Read | | | Prechags
CKE * Vim Write cycle
- I I RAS-CAS delay =3

\ﬂ—/l i i CAS Latency =3

Wz, o W 277 s N

S
§j§; i;:jji
IS <
L

Burst Length = 4
R s — CJ=Vinor vy
CASW ‘/>\ / 74 <( N L
WE 227 NLZZZA. LT, ‘
ALLES) 27N %N / / & AR\ ./ /
Address 77 XRaX 22 l ZXCBXZ
DQM 2N | |
(output)
J'/“P“t)“:““:“““““::
Bank 0 Bank 0 Bank 1 Bank 1 Bank 0 Bank 1 Bank 1 Bank 1
Active Write Active Write Precharge Write Write Precharge
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HM 5216805 Series, HM 5216405 Series

Read/Single Write Cycle

RAS ZI7\._[TITTTT NI JI77777777777777 T NZZIZTITID L7777

cAs [T NN J777 NZZ7IIITZT77T7N. 771777777777 X7 XL
WE ZJ77 NZZI777 N7 XZZIITITTITTITN.. /T NIZZTTTTI7TTN (TN, 47,
mi@s) 777\ 777N [777 NIZZTT7I7777777A. | [T7777777777)N 77 NZ
Address '/////////////M////////////////////////

DOM 7777777777777777%; JI7TTTTI7TIN /////////A G /777777777771 77777777
/O I I I I I I I I ,-‘—\ I I I I I I I I I
tpuy —— @ > |
Piputy @ ErDEET——————
! Bank 0 ! ! Bank 0 ! Bank 1 ! ! ! ! ! Bank 0 Bank 0 ! ! ! Bank 0 ! Banl kl ‘
! Active | ' Read ' Active | ' ' ' ' Write  Read ' ' } ' Precharge| Precharge '
CKE T\Mwi o+ | o+ T T T
cs |\ T\ /T T T T T\ T\
RAS WM LY XLLLLIN

A_azzzzzzz
cas ZZ707 NIIITT /777 NIZITTITZTIITIT). [T\ (77177 N7T77777
We 22 ~NIITTIT—NIIT NI T[T TTI70 G LTI

wies) ZT7\_[TTT7TN_ 77N ITIIITITTTITIIN TN TTITI. [TTIT7T7]

DoM ///////////////A STN\LATTTN. AN TTTTTITTTT 777
oy ——————— X
— . @ —(ar—

I I I I I I I I I I I
Bank 0 Bank 0 Bank 1 Bank 0 Bank 0 Bank O Bank 0
Active Read Active Write Write  Write Precharge

(output)

Read/Single write
RAS-CAS delay = 3
CAS Latency = 3
Burst Length = 4

[/A=VinorV L
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HM 5216805 Series, HM 5216405 Series

Read/Burst Write Cycle

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

o RIS R R W
cs T\l o
RAS
CAS
WE
A11(BS) |

witress Z XTI L NG NN 77777 NN 7
DOM 0N | PN L L L
—_— (3 YarlYar2Xa+3)

E

8
)

>“\ > N
qi
SINTSIN

MY
NINISIN

NININ A<“4 |
SN ER

gggg:
PPN

NN

NS
N
N
N

Hr?put)
yocl),ltput)

i i i i
I |
a a+3 |
| | | . | ' T T | | | | | | ' | '
Bank0 ! ! Bank0 ! Bank1l ! ! Clock ! ! ! Bank0 ! ! ! ! Bank0 ! Bank 1
Active | 1 Read 1 Active | | suspend ! 1 1 Write 1 1 1 1 Precharge| Precharge |
I I | I I | I I | I | I

|
_

L Vik

CKE

CS
RAS
CAS

WE

A11(BS)

Address //mwm 777777 7GR,

W smmma

SN
<<<\ww
SISIN

%
L
L

k“\%}
N

/.
\Z
%
/

%Sx%; ST e | |

PUYP
JER

N

DQM Al /L A R N/
iput —— — — @ XarDar2ar3)
/O Y sy I I I I I
(Gutpu 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

Cd=Vigor vy,
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HM 5216805 Series, HM 5216405 Series

Full Page Read/Write Cycle

Yoo T | Read cycle

W RAS-CAS delay = 3
CAS Latency = 3

RAS ;;: ?Xi T XA L 7 AN //‘ \(/ )\1 : Burst Length = full page
CAS W\ AN /AR 3% AR /A = Vigor Vi
WE 2277 LT N NI AT, LN, L7
ALLBS) AL LN L / % 9, 74
addvess 7/ X ma X770 7K ca X 2N o X772 T 2 7 T 7
DQM 2 0 N 1 I R ‘
{Sitput — a I’ﬂﬂ
: ! : : ! : ! : ! . High-Z,, . 1
Hr?pUt) | Bank0 | Bank0 | Bankl | ! ] ] < ] 1 ] 1 1 Burs‘smp Bankl 1 ]
Active i Read i Active ! i i i i } i i Prechargg
CKE "M+ 1 . 1 1 % T T T wiite cycle
] 3 — Lo Lo T — } W RAS-CAS delay = 3
' * ! * : . : : CAS Latency = 3
RAS L2 7 AL L N7 / K//& Burst Length = full page
CAs L/ Ny L] & 7 7T = ViHor Vi,
We 227 N LT X o3, DL L
AL1(BS) 22\ A 7 X LS X
Address IIAM’IIIIIAE’IIAM ‘ e
DQM /\‘ NS S S S B S S N N N
P : High-z) &\ 1 L
(oulput l 1 l 1 ! ] ] ] ] ] | |
gmput) Ca e )Xoz Xara Xara Xars e
Bank 0 ' ' Ba‘nkU ' Ba‘nkl ' ' ' ' ' ' ' Burs(swp Ba\‘nkl '
Active Write Active Precharge
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HM 5216805 Series, HM 5216405 Series

Auto Refresh Cycle

CKE = yyim—trm——he——
SN TN T T N PN N
FAS LN L7727 77 TN, LT TIN, L
I O N I L N s
WE ZZZN, L7777 T N N N
A11(BS) 2NN
Address (p10=3) (rRaX X CaX 00000,
DOM e e A e A A e e A T /X A
iognput) ———————
O T e e e S . —— L 1 S ——— a Xa+l
! * T trp ‘ T trcl ‘ T e 4 ! 4 S
gt . BN meaode
RAS-CAS delay = 2
CAS Latency = 2
Burst Length = 4
CI=Vigor V)
Self Refresh Cycle
e Lo :ﬁ'SRExT“i : ) L S 1 L L L
CKE T T\ ket VSR 77 74 B L | O G B B B
ST N/ T\ AZZZZ77 T L N\ N
RAS 2 A ) ‘ //38/‘ ‘
CAS § G f N7 Z “/&V  Ai /?Y‘ j Y/
WE 220N, ] N AN IS EIIN NS, L N\
All(BS) I} L J L /g&/ " L " L \/SS/\ 4 AS/‘ ) L " " L
Address j ‘ I\ 7 7 /‘gg/‘ j AV
DQM N N Y
VOfinpu) ———————— e
e ——— e - —— == ae
YR N L N
) Self refresh cycle
e e Socteed,  Ned  Selereheny U [ RAS-CAS delay =3
or No operation enable enable CAS Latency =3

Burst Length = 4
[CJ=Vigor vy
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HM 5216805 Series, HM 5216405 Series

Clock Suspend Mode

Read cycle

-\ Sl L —! | S ——— RAS-CAS delay = 2
cs T eI v s ey S S R V /1 — \J‘—/l . CASLatency =2
RAS 0\ Lz XA L T\ LN 277 BurstLength = 4
I I =V, A\
CAS Xz N LT LT NZTT ¢ [J=Vikervie
WE 4 g A T N A\ L
ALLBS) ZZA! /] /N VAN 77 \_L 7 XL
wtress Z 20077 77 77 77 RN DN 77
= 7 Y, .
By +———————————G@ ez b ebbR
/O 1 ) 1 1 1 1 1 1 1 1 1 1 { High-Z | 1 1 1 1 1 1 1
!lnput) } i i T : T i i : i T \ T i i i T T i T T
i Bank0 Active c\o‘ck | ‘Actlve clock BankO } Bankl ‘Read suspend‘ Read suspend Bankl Bank0 } 1 EarlleslBan‘kl 1
! ACII‘Ve su§pend s‘tan ! :suspem‘i end Bead ! Act\ve 1 T Read Precharge w Preqharge i
CKE ™"\l L L/ TN T T T T T T T T witeeycle
: | ; . : ; : | | : : - : T | | T T T | T — RAS-CAS delay = 2
cs |\ /] AL L N /T T T N/T T CASLatency=2
RAS . /2 7 \L_£ 7 \_ L 2N, S‘ Length >4
] 0 0 ! | 0 7 T | 0 ! T 0 ; = or
oAs 27 L AT Sz Nezz
WE 22277 ¢ VAR NI/ NI/
AABS) ZZA [T 7777777777 7T N\ L A}
Address /I//@’/I/I/I/I/I//I/I/@m
bQu o 7
/O 1 ) ! ! ! ! ! ! ! ! ! High WA ! ! ! ! ! ! ! ! !
(OUtPUt) i | | | | | | i i i i i i i i i | | | |
npuy T A @@'Il/[/[/[l@ﬂmm
Bant(] Actve clock Active cltck Bjr\ko Binkl Write stspend Write suspend  Bank1 Banko Earliest Bankl
Active  suspend start supend end Write Active stal end Write Precharge Precharge
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HM 5216805 Series, HM 5216405 Series

Power Down Mode

e e ol gl s e

o A oz

rAs ZZ\_ L s L

o 20 Nz e 7O

we 2\, /7277 NS 77
AL1(BS) W 1 7 /A / o
Address 7\ , &(%: aW

DQM 7307
IO (input) . { R T
I/O(output) ‘ : >S— High-Z ‘

Precharge command
If needed

Power down entry

A

|

|
Power down T
mode exit

Active Bank 0

Power down cycle

RAS-CAS delay = 3

CAS Latency =3
Burst Length = 4

=Vjgor Vi

Power Up Sequence

L
o =
- v
T o
T [~
T E
T [©©
s

(@]
=
P

o
®
N
©
a
o

3
-
3
N
o
w
o
hS
3]

a

%

NEN

Address

NN

;

BHig

—— High-z—

All banks
Precharge

Auto Refresh

Auto Refresh

B 0 A A NN N N N e

—_— ——

Re

Mode register
Set

I
|
A tRsA

Bank active
If needed
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HM 5216805 Series, HM 5216405 Series

Package Dimensions

HM5216805T T/HM 5216405T T Series (T TP-44DE) Unit: mm
18.41
18.81 Max
44 23
nO0nnnanonnnannnnannnnn
©
—
o
—
O
OO0 UUTTUUUUUUUUUUUU
' ” 0.80
0.27 + 0.07 0.13 M)
11.76 + 0.20
\\
3 | 0-5° %
— /AW A ) 4
9 LS L, <} 0.50 + 0.10 ©
< olo ©
= HlH @
I wwn M
— SRR
oo © Hitachi Code TTP-44DE
JEDEC Code —
EIAJ Code —
Weight 0.43 g
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HM 5216805 Series, HM 5216405 Series

When using this document, keep the following in mind:

1. Thisdocument may, wholly or partialy, 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
reguested to notify the relevant Hitachi sales offices when planning to use the productsin MEDICAL

APPLICATIONS.
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HM 5216805 Series, HM 5216405 Series

Revision Record

Rev. Date Contents of Modification Drawn by  Approved by
0.0 Nov. 4, 1994 |Initial issue S. Ishikawa T. Kizaki
0.1 Feb. 22,1995 Addition of Full-page Burst Stop S. Ishikawa T. Kizaki

Command Truth Table
Addition of BST: H/X/L/H/H/L/X/IX/X
Addition of description for burst stop in full page
Function Truth Table
Addition of BST: L/H/H/L/X
Change of Simplified State Diagram and Mode
Register Configuration
DC Characteristics
l.c, max: 40/35/30 mA to 30/25/20 mA
l.cs max: 40/35/30 mA to 35/30/25 mA
AC Characteristics
tawe MiN: 20/24/30 ns to 15/18/22.5 ns
Relationship Between Frequency and Minimum Latency
tew: 2/2/1/2/2/1/2/2/1 to 2/1/1/2/1/1/2/1/1
Addition of ls; (CL = 3): 2/2/2/2/2/2/2/2/2
Addition of ls; (CL = 2): —/1/1/—/1/1/—/1/1
Addition of | s (CL = 1): —/—/0/—/—/0/—/—/0
Addition of I, (CL = 3): 3/3/3/3/3/3/3/3/3
Addition of I, (CL = 2): —/2/2/—/2/2]—/2/2
Addition of g, (CL = 1): —/—/1/—/—/1/—/—/1
Addition of |, : 0/0/0/0/0/0/0/0/0
Timing Waveforms
Addition of Full Page Read/Write cycle

0.2 Aug, 4,1995 Unificaion d HV5216805 Series and HV6216405 Series S. Ishikawa T. Kizaki
Operation of HM5216805 Series, HM5216405 Series
Addition of figure for READ to WRITE Command
Interval (2)
Absolute Maximum Ratings: Addition of notel
AC Characteristics
tac (CL = 1) max: 28/32/36 ns to 27/32/36 ns
txc (CL = 2) max: 13/15/17 ns to 12/15/17 ns
teese MiN: 5/5/5 ns to 2/3/3 ns
Relationship Between Frequency and Minimum Latency
Addition of lgxe,: 2/2/2/2/2/2/2/2/2
low: B412/51412/5/412 to 5/3/2/5/3/2/5/3/2
Addition of notes3
Timing Waveforms
Change of Self Refresh Cycle

1.0 Oct. 20, 1995 Deletion of Preliminary K. Nishimoto T. Kizaki
Correct errors
DC Characteristics
lcc, max: 30/25/20 mA to 40/35/30 mA
l.c; max: 35/30/25 mA to 45/40/35 mA
AC Characteristics
t,, min: 2/3/3 ns to 2/2/2 ns
Relationship Between Frequency and Minimum Latency
Change of notes 2
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HM 5216805 Series, HM 5216405 Series

Rev. Date Contents of Modification Drawn by  Approved by
2.0 Dec. 10, 1996 Addition of HM5216805/5216405-10H Series
Capacitance

Cu Cy —typto 2 min
Cs: —typto 2 min
AC Characteristics
Addition of t,. (CL = 2) (HM5216805/5216405-10H)
max: 9.0/12/17 ns
tac (CL =2) max: 12/15/17 ns to 9.5/12/17 ns
tac (CL = 3) max: 8/10/12 ns to 7.5/9/12 ns
t,, min: 2/2/2 ns to —/—/— ns
Change of symbol: t,,, to ty,,
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