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Description

All inputs and outputs are referred to the rising edge of the clock input. The HM5216808C Series,
HM5216408C Series are compatible with SSTL-3 (Stub Serires-Terminated Transceiver Logic for 3.3 V)
ClasslI.

Features

e 3.3V Power supply
» Clock frequency: 125 MHz/100 MHz/83 MHz (max)
» SSTL interface
+ Single pulsed RAS
» 2 Banks can operates simultaneously and independently
» Burst read/write operation and burst read/single write operation capability
e Programmable burst length: 2/4/8
» 2 variations of burst sequence
O Sequentia (BL =2/4/8)
O Interleave (BL = 2/4/8)
+ Progranmable CAS latency: 2/3
» Refresh cycles: 4096 refresh cycles/64 ms
e 2variations of refresh
O Autorefresh
O Sdf refresh

Preliminary: The specification of this device are subject to change without notice. Please contact your
nearest Hitachi’ s Sales Dept. regarding specification.

o
Hitachy 'L
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HM 5216808C Series, HM 5216408C Series

Ordering Information

Type No. Frequency Package
HM5216808CTT-80 125 MHz 400-mil 44-pin plasticTSOP Il
HM5216808CTT-10 100 MHz (TTP-44DE)
HM5216808CTT-12 83 MHz
HM5216408CTT-80 125 MHz
HM5216408CTT-10 100 MHz
HM5216408CTT-12 83 MHz

HITACHI
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Pin Arrangement

HM5216808CTT Series

HM5216408CTT Series

Vee || 1 O 44] | vgg Vee || 1 O 44| | vgs
oo | |2 43| | o7 Ne [ ]2 43| | ne
VesQ [ |3 42| | vssQ VesQ [ | 3 42| | vssQ
o1 | | a 41| | woe oo | | a4 41| | wos
VeeQ [ |5 40| |veQ VeeQ | | 5 40| | veQ
oz | |6 39| |wos N [ |6 39| |Ne
VesQ | | 7 38| | vesQ VesQ | | 7 38| | VvesQ
vos | |8 37| | woa o1 | |8 37| | o2
VeeQ [ ] 0 36| | VeeQ VeeQ [ ] 0 36| | VeeQ
Ne [ 10 35| | Veer Ne [ |10 35| | Vrer
Ne [ |11 3| |nc Ne [ |11 3| |nc
WE [ 12 ssj DQM WE [ 12 33] DQM
CAS [ 13 32 j CLK CAS [ 13 32 j CLK
RAS [ 14 31 j CKE RAS [ 14 31 j CKE
CS [ 15 301 NC CS [ 15 30] NC
All [ 16 29 j A9 All [ 16 zgj A9
A10 [ 17 28:‘ A8 A10 [ 17 28:‘ A8
A0 [ 18 27 j A7 A0 [ 18 27 j A7
Al [ 19 26:‘ A6 Al [ 19 zej A6
A2 [ 20 25 j A5 A2 [ 20 25 j A5
A3 [ 21 241 A4 A3 [ 21 24] A4
Vce [ 22 231 Vss Vee [ 22 23j Vss
(Top view) (Top view)
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Pin Description (HM5216808C Series)

Pin name Function

AO to All Address input
O Row address A0 to A10
O Column address A0 to A8
O Bank select address All

I/00 to 1107 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

Ve Power for internal circuit

Vs Ground for internal circuit

Ve Q Power for I/O pin

Vi Q Ground for 1/O pin

Vier Reference voltage

NC No connection

HITACHI
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Pin Description (HM5216408C Series)

Pin name Function

AO to All Address input
O Row address A0 to A10
O Column address A0 to A9
O Bank select address All

I/00 to 1/03 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

Ve Power for internal circuit

Vs Ground for internal circuit

Ve Q Power for I/O pin

Vi Q Ground for 1/O pin

Vier Reference voltage

NC No connection

HITACHI
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Block Diagram (HM5216808C Series)

A0 - A1l

A0 - A8 +

* AO - A1l

Column address 4_ Column address
counter buffer

Row address 4_
buffer

Refresh
counter

Row decoder

3 py — 3 3 oy — 3
e Memory array ! ! a Memory array
A e ! R o) :
I = | | Bl = !
! 3 ‘f ) ) S OE !
IR R ! 18 e !
g = Bank 0 E = Bank 1
i |5| & ! L | 5] g !
! S . | 1 S !
; ol g 2048 row X 512 column X 8 bit ! ! o g 2048 row X 512 column X 8 bit :
3 I 3 3 gl | 3
! @ ! ! o |
Input Output Control logic &
buffer buffer timing generator
1/100 - 1/07
v uw w 0 W S
Y @
S SBRBEEE:
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Block Diagram (HM5216408C Series)

A0 - A9 + * AO - A1l

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

‘ Row decoder ‘

: o 3 3 9 3
e Memory array ! ! a Memory array
RN ) | D8] O !
=N ! N |
! 3 ‘f ) ) S OE !
IR R ! 18 e !
£ = Bank 0 £ = Bank 1
i |5| & ! L | 5] g !
| [} . | | o 1
1O g 2048 row X 1024 column X 4 bit| O] 8 2048 row X 1024 column X 4 bitf |
3 Gl : 3 gl | :
| 2 ! ! @ !
Input Output Control logic &
buffer buffer timing generator
1/100 — 1/03
v w w 0 w = o
)
3 5 8 ‘é ’5 E ES
HITACHI




HM 5216808C Series, HM 5216408C 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
DRAMSs, 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.

AO0to A10 (input pins): Row address (AX0 to AX10) is determined by AO to A10 level at the bank active
command cycle CLK rising edge. Column address (AYO to AY8; HM5216808C Series, AYO to AY9;
HM5216408C Series) is determined by AO to A8 or A9 (A8; HM5216808C Series, A9; HM5216408C
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(BYS) is precharged.

A1l (input pin): Allisabank select signa (BS). The memory array of the HM5216808C Series, the
HM5216408C Series is divided into bank 0 and bank 1. HM5216808C Series contain 2048 row x 512
column x 8 bits. HM5216408C Series contain 2048 row x 1024 column x 4 bits. If A1l isLow, bank Ois
selected, and if A11isHigh, 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 edgeisvalid. If CKE isLow, the next CLK rising edgeisinvalid. This pinisused for power-
down and clock suspend modes.

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

Read operation: If DQM is High, the output buffer becomes High-Z. 1f the DQM is Low, the output buffer
becomes Low-Z.

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

1/00to 1/07 (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 interna circuit and V .Q is for the
output buffer.)

Vg and Vg Q (power supply pins): Ground is connected. (Vg is for the internal circuit and V¢Q is for
the output buffer.)

Vrer (input pin): Ve isreference voltage for input buffers.

HITACHI
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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 A1l Al10 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
Column address and read READ H X L H L H Y, L Vv
command
Read with auto-precharge READA H X L H L H \% H \%
Column address and write WRIT H X L H L L \Y L \Y
command
Write with auto-precharge WRIT A H X L H L L \% H \%
Row address strobe and ACTV H X L L H H \Y \Y \Y
bank act.
Precharge select bank PRE H X L L H L \% X
Precharge all bank PALL H X L L H L X H X
Refresh REF/SELF H \Y L L L H X X x
Mode register set MRS H X L L L L \% \% \%

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

Ignore command [DESL]: When this command is set (CS is High), the 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.

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 AY 8; HM5216808C
Series, AYO to AY9; HM5216408C Series) 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 aburst read with a burst length of 2, 4, or 8.

Column addr ess strobe and write command [WRIT]: This command starts awrite operation. When the
burst write mode is selected, the column address (AYO to AY8; HM5216808C Series, AYO to AY9;
HM5216408C 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
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HM 5216808C Series, HM 5216408C Series

AY8; HM5216808C Series, AYOto AY9; HM5216408C 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 2, 4, or 8, or after a single write operation.

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

Prechar ge selected bank [PRE]: This command starts precharge operation for the bank selected by A11.
If AllisLow, bank Oisselected. If A1lisHigh, bank 1is selected.

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

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

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. L:V,.x:V,o0rV,.

The HM5216808C series, HM5216408C 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 is set to High, the output buffer becomes High-Z, disabling data output.

During writing, data is written by setting DQM to Low. When DQM s 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 HM5216808C Series, HM5216408C Series
operating instructions.

HITACHI
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HM 5216808C Series, HM 5216408C Series

CKE Truth Table

CKE
Current state  Function n-1n ©CS RAS CAS WE Address
Active Clock suspend mode entry H L 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 . x:V,0rV,.

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 databeing 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.

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.

HITACHI
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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 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 tq,
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 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 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 L H BA, CA, A10 READ/READ A Begin read
L H L L BA, CA, A10 WRIT/WRIT A Begin write
L L H H BA, RA ACTV Other bank active ILLEGAL on
same bank*®
L L H L BA, A10 PRE, PALL Precharge
L L L H X REF, SELF ILLEGAL
L L L MODE MRS ILLEGAL
HITACHI
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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 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 L H BA, CA, A10 READ/READ A ILLEGAL
L L BA, CA, A10 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Other bank active ILLEGAL on
same bank’®
L L H L BA, A10 PRE, PALL ILLEGAL
L L L H x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Write H x x x x DESL Continue burst to end
L H H H X NOP Continue burst to end
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
HITACHI
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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 L H BA, CA, A10 READ/READ A ILLEGAL

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

L L H H BA, RA ACTV Other bank active ILLEGAL on

same bank™

L L H L BA, A10 PRE, PALL ILLEGAL

L L L H X REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL
Refresh (auto- H x X x X DESL Enter IDLE after t,
refresh)

L H H H X NOP Enter IDLE after tg

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. LV . xV,o0rV,.
The other combinations are inhibit.
2. Aninterval of tg,, is required between the final valid data input and the precharge command.
3. If tzzp IS NOt satisfied, this operation is illegal.

From [PRECHARGE]

To [DESL], [NOP]: 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], [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.

HITACHI
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From [ROW ACTIVE]

To[DESL], [NOP]: These commands result in no operation.

To[READ], [READ A]: A read operation starts. (However, aninterval of ty.p 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 tgzgp 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 tgag isrequired.)

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

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 tgzxp 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.

HITACHI
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From [WRITE]

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

HITACHI
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Simplified State Diagram

MODE REFRESH

REGISTER ol

REFRESH

ACTIVE

ACTIVE

READ
SUSPEND

SUSPEND

WRITEA
SUSPEND

RRECHARGE

POWER

APPLIED PRECHARGH

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

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

HITACHI
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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.

A1ll, 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.

AT7: Keep thishit Low at the mode register set cycle.
A6, A5, A4 (LMODE): These pins specify the CAS latency.
A3 (BT): A burst typeis specified.

A2, A1, A0 (BL): These pins specify the burst length.

A1l | 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
; A2 | Al | A0
0| 0| O R 0 | Sequential BT=0 | BT=1
ol o 1 R Interleave ol o| o R R
0| 1 0 2 0| O 1 2 2
0 1 1 3 0o 1 0 4 4
1| X| X R o| 1| 1 8 8
11 O 0 R R
Al1l|Al0| A9| A8| Write mode 1] 0] 1 R R
0 0 0 | O | Burstread and burst write 11| 0 R R
X X 0 1 R 1 1 1 R R
1 0 | Burst read and SINGLE WRITE
X | X - R is Reserved (inhibit)
X X 1(1 R X:0o0rl

HITACHI
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Burst Sequence

=4

Interleave

1, 2, 3,

0,

0, 3, 2
1,

1,

3,0
2,

2,
3,

0,

1,

1, 2, 3,

0,

2, 3, 0
1,
2,

1,

3, 0,
0,

2,
3,

1,

Burst length
Starting Ad.| Addressing(decimal)

AO0 | Sequence

0
1
0
1

Al

=2

Burst length
Starting Ad.| Addressing(decimal)

Interleave

Sequence

AO

=8

Burst length
Starting Ad.

A2 | Al

Addressing(decimal)

Interleave

1, 2 3 45 6 7
1, 0, 3 2 5 4

0,

6,

7,

5,

7, 4,

3,0 1 6

2,

2,1, 0, 7, 6,5, 4,
5, 6, 1,

3,
4,

3,

2,

0,

7,

5,4, 7,6, 10 3 2
4.5 2 3 0

6,

1,
0,

7

3, 2 1

5, 4,

6,

7,

2, 3,4 5 6 1,
3, 4 6,

1,
2,

0,
1,
2,

7,

S,

1,

5 6, 7, 0,
0,

3, 4

2,

1,

5 6, 7,

3, 4

2, 3, 4
3, 4

1,

7, 0,

6.

5,

5,

0, 1, 2

7,

3,4 5 6

0,1 2

7

A0 | Sequence

0| O,

1
0
1

0] 4,5 6, 7,0 1, 2 3

1

0| s,

1

0

1

0

1
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Operation of HM5216808C Series, HM 5216408C 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 O 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. Aninterval of tgcp 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. HM5216808C series, HM5216408C series can
perform a burst read operation. The burst length can be set to 2, 4 or 8. The start address for aburst read is
specified by the column address (AYO0 to AY 8; HM5216808C Series, AYO0 to AY9; HM5216408C 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 2 or 3. When the
burst length is 2, 4, or 8, the Dout buffer automatically becomes High-Z at the next cycle after the
successive burst-length data has been output. The CAS latency and burst length must be specified at the
mode register.

CAS Latency
| 'ReD
Command actv X X Reap
Address X Row >< ><C9Iumn><
CL=2 0ut0><0utl><0ut2><0ut3
Dout
out0 X outl X out2 X out3

CL=3 >< >< ><
CL:CAS latency
Burst length = 4

HITACHI
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Burst Length

cw UL LT U U UL L LT L L

. 'Rep

Command ~acTvX__XREADX o
Address __XRow X Yo SO
< out 0X out 1) ——— -

BL=2
Dout - out 0 out 3 e
out 0Xout 1Xout 2) out 3Xout 4X out 5Xout 6)Xout 7) e —— .

BL=8

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 2, 4 or 8, like burst read operations. The write start address is specified by the column address (AYO0
to AY8; HM5216808C Series, AY0O to AY9; HM5216408C Series) and the bank select address (A9) at the
write command set cycle.

Command GetvX XWRITY ottt/ T

Address -m‘ e

oY y————————————————— S
BL=2

Din ———
BL=4

CAS Latency =2, 3

HITACHI
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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 AY 8; HM5216808C Series, AYO to AY9;
HM5216408C 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).

S O O

| trcD

|
e ———— e ]

Command XAjCTVX >< WR|T><
Address ><Row >< ><C9Iumn><

Din \in0

CAS latency =2, 3
Burst length =2, 4, 8

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

SSPR  F e F F e

CL=2 Command READ ACTV

| \ |

I
Dout out0 outl out2 out3

i

| l |

| I

[ laPR "

: I

CL=3 Command READ ACTV

I

T
| |
Dout out0 outl out2 out3 !
| ! |
|
I I
|

Note: Internal auto-precharge starts at the timing indicated by {
AT CLK = 50 MHz (Iapr changes depending on the operating frequency).

HITACHI
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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 |,n,, is required between the final valid data
input and input of the next command.

Burst Write (Burst Length = 4)

‘ ‘
v g A U s v o
| |
‘ ‘

Command WRIT ‘ ACTV
i i
I
1/0(input) in0 inl in2 ‘ in3 i
| , >
APW
Single Write
i !
vt I S S e s B
Command j\NRIT ‘ACTV
1/O(input) ‘ in i
i i
‘ IAPW >
HITACHI
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Command Intervals
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 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 Interval (same ROW address in same bank)

S I I v
Command X actv X X rean
Address ‘ ‘ ‘
(AO—AlO):XE’;

BS(A11)

Dout ; — out AD out B3
BankO Column =A Column =B Column=A Column =B
Active Read Read Dout Dout

CAS latency =3
Burst length = 4
Bank0

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)

S I

Command T GEX_XGETeXFERFERX

R6138) DXaanaX Ot
BS(A11) !

Dout | | | | out A out B3
Bank0 Bankl Bank0 Bankl Bank0 Bankl CAS latency = 3
Active Active Read Read Dout  Dout Burst length = 4

HITACHI
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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 Interval (same ROW address in same bank)

CLK

Command
Address ‘ : ‘
(AO-A10) rﬂ

BS(A11)
Din
Bank0  Column=A Column =B Burst write mode
Active Write Write Burst length = 4
BankO

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)

CLK

Command et X Xeem)ERm@ATX
{51255 D ameX O o Xy

BS(A11) : :
Din : —(in A0 inB3

Bank0 Bankl Bank0O Bankl Burst write mode
Active Active Write  Write Burst length = 4

HITACHI
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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 XREADXWRITY
CL=2
o CL=3 \
Din in B0 Xin B1 Xin B2 Xin B3
Dout High-2 SE:ZE \ll_v?irtlgth -

READ to WRITE Command Interval-2

CLK

Command XREADX XWRITX
DQM - |
N "2clock T
cL=2 2
Dout ! High-Z
CL=3 "
Din XX X )r—

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 or 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 inpuit.

HITACHI
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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

ck [ L] L[ [ L L L L L LJ ]
i i
Command WRIT READ
i i i
Din in AO
Dout | outB0 Y outBl Y outB2 Y outB3
Column = A | CAS Latency | Burst Write Mode
Write - - CAS Latency =2
Column =B Column =B Burst Length = 4
Read Dout Bank O

WRITE to READ Command Interval-2

CLK

Command WRIT READ
DQM
Din in AO in Al
Dout : ; out BO out B1 out B2 out B3
Co!ﬁmn =A i CAS Latency i Burst Write Mode
Write r— CAS Latency =2
Column =B Column =B Burst Length = 4
Read Dout Bank O

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 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 commands is one cycle. However, since the output buffer then becomes High-Z

HITACHI
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after the cycles defined by |,,,5, 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 (samebank): To output all data

CAS Latency =2, Burst Length =4

Command >< READ >< ! ><PRE/PALL><
Dout : out A0 >< out Al >< out A2 >< out A3

—_— —

CL=2 Iep =-1cycle

CAS Latency = 3, Burst Length =4

Command >< READ >< ><F’RE/PALL>< |

Dout : out A >< out A1 >< out A2 >< out A3
| 7 7 7
‘ ‘

o !

CL=3 lep =-2 cycle

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

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

CLK

Command >< READ XPRE/PALLX

i
High-z
|

Dout : out A0

IHzP =2

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

ST S e T e e Y e Y e e e e e e
Command >< READ ><PRE/‘PALL>< :
Dout % out A0 Higfh-z

IHzp=3 >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
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 tgy, .

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

cc [ L[ L L L L L L
Command i >< WRIT ><PRE/PALL><

DOM -/

tRWL

cac | [ L L [ [ T O S S N
Command >< WRIT >< 3 ><PRE/PALL><
DQM

|
|
|
|
\
\

tRWL

Burst Length = 4 (To write all data)

Command >< WRIT >< | ><PRE/PALL><

DQM

Din in AO >< in A1 >< in A2 >< in)‘AB

tRWL

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

In the case of different bank-active commands. The interval between the two bank-active commands
must be no less than tgxp.
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Bank active to bank active for same bank

R [ S [

Command X ACTV ><

Y Y

(A0-A10)

Address ROW ><

XX

BS (A11)

e [ L[ LI L LUy
)
)
)

)
S
)

|l

.

Bank 0
Active

trc

i
Bank 0
Active

Bank active to bank active for different bank

a1

Command >< ACTV

Address .
(AO-A10) >< ROW:0 ><

BS (A11) \

-

} tRRD }
Bank O Bank 1
Active Active

HITACHI




HM 5216808C Series, HM 5216408C Series

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.

e | L] L L L |

Command >< MRS >< ACTV ><
Address
(AO-AL1) >< CODE ><BS & ROW><

Mode Bank
Register Set  Active

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 dataiis 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/0(output) out 0 >< out1 ; out3 >—

lpop = 2 Latency X
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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 :

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

*

Ipip =0 Latency

Refresh

Auto-refresh: All the banks must be precharged before executing an auto-refresh command. Since the
auto-refresh command updates the interval 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".
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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 t, delay, set
8 or more auto refresh commands. And set the mode register set command to initialize the mode register.

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 -55to0 +125 °C

Note: 1. Respectto Vg

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

Parameter Symbol Min Typ Max Unit Notes

Supply voltage Veer VecQ 3.0 3.3 3.6 \% 1
Vgsi VssQ 0 0 0 \

Input reference voltage Virer 13 15 17 \Y

Termination voltage Vi Vier — 0.05 Ve Veee +0.05 V

DC input high voltage V,, (dc) Vigege + 0.2 — 4.6 \Y, 1,2

DC input low voltage V, (dc) -0.3 — Ve, — 0.2V 1,3

Notes: 1. All voltage referred to Vg

2. V,, (max) = 5.5V for pulse width <5 ns
3. V, (min) =-1.5V for pulse width <5 ns

34
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DC Characteristics (Ta= 010 70°C, V., Vo Q=3.3V + 03V, Vi, V. .Q=0V)

HM5216808C/HM5216408C
-80 -10 -12
Parameter Symbd | Min Max [Min Max |Min Max [Unit|Test conditions|Notes
Operating current 1, — 150 |— 130 |— 115 |mA |tgc =min 1,2, 4
Standby current leco — 8 — 8 — 8 mA |CKE =V, 5
(Bank Disable) te = min
— 4 — 4 — 4 mA |CKE=V, 6
CLK =V,
or V,, Fixed
— 75 — 70 — 65 mA |CKE=V,, 3
NOP command
te = min
Active standby lecs — 10 — 10 — 10 mA |CKE=V,, 1,2
current tee = min,
(Bank active) 1/0 = High-Z
— 80 — 75 — 70 mA |CKE=V,, 1,2,3
NOP command
tee = min,
I/0 = High-Z
Burst operating lcca — 140 |— 130 |— 115 MA [te = min 1,2,4
current BL=4
(CAS latency=2)
(CAS latency=3) |lc, — 190 |— 180 |— 155 |mA
Refresh current lecs — 120 |— 115 |— 100 MA |tz = Min
Self refresh current |l — 4 — 4 — 4 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, V,+0.4— V;+0.8— V,+0.4— \% loy ==16 mA
Output low voltage |V, — V;—0.8— V-0 — V;—0.8V lo, =16 MA

Notes: 1. I.. depends on output load condition when the device is selected. I.. (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 o sMwd
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Capacitance (Ta=25°C, V., VQ=33V £0.3V)

Parameter Symbol Min Typ Max Unit Notes
Input capacitance (Address) C, — 4 pF 1,3
Input capacitance (Signals) C, — 4 pF 1,3
Output capacitance (1/0O) Co — 6 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.

AC Characteristics (Ta= 010 70°C, V., VocQ =33V £ 0.3V, Vi, VQ=0V)

HM5216808C/HM5216408C

-80 -10 -12

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

(CAS latency = 2) tek 12 — 15 18 — ns 1

(CAS latency = 3) tex 8 — 10 12 —
CLK high pulse width tern 25 — 3 — ns 1
CLK low pulse width tene 25 — 3 — ns 1
Access time from CLK

(CAS latency = 2) tac — 10 — — 10 ns 1,2

(CAS latency = 3) tac — 6 — — 9
Data-out hold time ton 2 — 2 2 — ns 1,2
CLK to Data-out low impedance ty 2 — 2 2 — ns 1,2,3
CLK to Data-out high impedance tyz — 6 — — 9 ns 1,4
Data-in setup time tos 2 — 2 3 — ns 1
Data in hold time ton 1 — 1 1 — ns 1
Address setup time tas 2 — 2 3 — ns 1
Address hold time tan 1 — 1 1 — ns 1
CKE setup time tees 2 — 2 3 — ns 1,5
CKE setup time for power down exit  teeqp 2 — 2 3 — ns 1
CKE hold time teen 1 — 1 1 — ns 1
Command (CS, RAS, CAS, WE, DQM) t. 2 — 2 3 — ns 1
setup time
Command (CS, RAS, CAS, WE, DQM) t, 1 — 1 1 — ns 1
hold time

HITACHI
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AC Characteristics (Ta=01t0 70°C, V., V,Q=33V £ 03V, V, V, Q=0V) (cont)

HM5216808C/HM5216408C

-80 -10 -12
Parameter Symbol Min Max Min Max Min Max Unit Notes
Ref/Active to Ref/Active command  tg. 80 — 20 — 100 — ns 1
period
Active to Precharge command tras 56 120000 60 120000 70 120000 ns 1
period
Active to precharge on full page trasc — 120000 — 120000 — 120000 ns 1
mode
Active command to column treo 24  — 30 — 30 — ns 1
command (same bank)
Precharge to active command tee 24— 30 — 30 — ns 1
period
The last data-in to Precharge lead  t,, 12 — 15 — 15 — ns 1
time
Active (a) to Active (b) command trro 16 — 20 — 20 — ns 1
period
Transition time (rise to fall) t; 1 5 1 5 1 5 ns
Refresh period trer — 64 — 64 — 64 ms

Notes: 1. AC measurement assumes t; = [V,, (ac) — V, (ac)l/SLEW ns.

signals is Vg

a s~ wbd

HITACHI

Reference level for timing of input

Access time is measured at V;. Load condition is C_ = 30 pF with terminated output load.
t.; (max) defines the time at which the outputs achieves the low impedance state.

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

tees defines CKE setup time to CKE rising edge except power down exit command.
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Test Conditions

Parameter Symbol Value Unit
Input reference voltage Vier VcQ x 0.45 \Y,
Termination voltage Vit Veer \%
AC input high voltage V,, (ac) Ve + 0.4 \Y,
AC input low voltage V, (ac) Viee — 0.4 \%
Input signal siew rate SLEW 1.0 V/ns
- tek -
Jlokn oo tok
-V (ac)
CLK IH \%
"V, (a0) REF
b
1Setup“tHold‘ R
Input VRer
. tac
lom,
IO Vor

38
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Relationship Between Frequency and Minimum Latency

HM5216808C/HM5216408C

Parameter -80 -10 -12

Frequency (MHz) 125183 |100 (66 |83 |55

te (NS) Symbol |8 12 |10 |15 |12 |18 |Notes
Active command to column command trep 3 |2 3 2 3 2 1

(same bank)

Active command to active command tre 10 (7 9 6 9 6 = [tgas + trel
(same bank) 1
Active command to precharge command tras 7 5 6 4 6 4 1
(same bank)
Precharge command to active command tre 3 2 3 2 3 2 1
(same bank)
Last data input to precharge command trwe 2 1 2 1 2 1 1
(same bank)
Active command to active command trro 2 2 2 2 2 2 1
(different bank)
Self refresh exit time | srex 2 2 2 2 2 2 2
Last data in to active command |npw 5 3 5 3 5 3 = [tewe + trel
(Auto precharge, same bank)
Self refresh exit to command input sec 9 6 9 6 9 6 = [trel
Precharge command to high impedance
(CAS latency = 2) lizp — |2 — |2 —
(CAS latency = 3) lyizp 3 3 3 3 3 3
Last data out to active command lapr 1 1 1 1 1

(auto precharge) (same bank)

Last data out to precharge (early precharge)

(CAS latency = 2) lep — |1 [— |1 |[— |1

(CAS latency = 3) leo 2 |2 |2 [-2 [-2 |-2
Column command to column command leco 1 1 1 1 1 1
Write command to data in latency lweo 0 0 0 0 0 0
DQM to data in loio 0 0 0 0 0 0
DQM to data out looo 2 2 2 2 2 2
CKE to CLK disable le e 1 1 1 1 1 1
Register set to active command Irsa 1 1 1 1 1 1
CS to command disable oo o |o |[o [o Jo |o
Power down exit to command input loec 1 1 1 1 1 1

Notes: 1. tgp 1O trr, 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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Timing Waveforms

Read Cycle
ek
Lok tek
CLK ﬂ%%%%%@%%ﬁﬂ
— Vin
CKE tras tep
trep
tcs| ten tcs| teH tcs| teH tes| teH
s VT { T
t
tcs| ten ;SS—-E»\ tcs| ten tcs| teH
RAS 7 y \ &
;Es-.tc—Hﬂ tes| ten tes) en les| ten
[
cAs A | xe2X 1 Z A
tes| ten tcs| ter tcs| tcH
ey tcs| ten
weZZZ | Rz V7
tas| tan tas| tan tas| taH tas| tan
AL1 72X 14 %t‘ %‘ N j/ 1%
tas| tan ‘ el t tas| tAH
tas| taH As | tAH PR
A0 %/&Lﬁ y /% %
tas| taH tas| tAH ‘ ‘ ‘ ‘ tas| tan
Address % %E_A 3@ 16

cs teH
DQM ’—ﬁ

1/0(input)
tac tac tac thz
1/0(output) :
AC |
~ty ton toH fon ton Burst length = 4
Bank 0 Bank 0 Bank 0 Bank0 Access
Active Read Precharge =ViyorV)
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Write Cycle
tek
toky foky
ck —/ \_J mmmmwm N\
— VH
CKE tras trp

trep

tcs| tcH ‘tcs tcs| tcH ‘tcs tcH ‘

1
!
z
:

tcs| tcH
tcs| teH [t tcs| teH tcs| teH
RAS T o)
tcs| tcH tcs| tcH tcs|tcH
> tcs| tcH ’<—><—>‘ -
-
CAS Z .\ / % N 7
tcs| tcH tcs|tcH
| tcs| teH tcs| teH |

1
¢
S
:
N
N

N
|

‘IAS tAH ‘IAS tAH tAH tas | tAH

ALl 72X YN

tAH

b
7]
5
T
£
7]

TS ey 2T
AL0 \ %)‘L‘* : %F»

tas| taH ‘ tas| taH | | | tas| taH
Address ﬁk %% % % S@

tcs cH
DQM 7 /éi

tps| tor_os| ton 'DS|toH |Ibs| tow

O(input) ’< * % ﬁ

tRwL
1/0(output)
Bank 0 Bank 0 Bank 0 Burst length = 4
Active Write Precharge Bank0 Access
F1=Vigor v,
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HM 5216808C Series, HM 5216408C Series

Mode Register Set Cycle

RAS 777\
CAS 7
WE L/

A11(BS) T

L

2
2

N

A A R
X2 N/ 74

Address . f . . f -
N : ; : ' '

DQM

7

: R/
Vo(output) —————+——+——+———— Lt Cp (b3 X b b+l ybr2 Xbe3 )

1/0(input) High-Z — .

I e~ — .

' ' ' it \ i i '
“t . RSA, t ! ! H H ! ! ! ! ! !
4 RP 4 RCD * Output mask trRcD=3
Precharge Mode Bank 1 Bank 1 =
If needed register Active Read CAS Latency = 3

Set Burst Length = 4
=VigorV

HITACHI
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HM 5216808C Series, HM 5216408C Series

Read Cycle/Write Cycle

Read cycle

R R R e N
RAS L LT L\ LT TN [ pusLpngin
CAS : LT AT XL L Tz L
WE SV‘I/WI/J/%VII/HIWWW AL
M1EBS) 72N/ 2N L X L L //i Wi \ A

Address 77 XRaX ;mm M :

DQM L7000 0007 1 3 ‘ 3 R b I 1
{Output) — 1 1 @@@ ‘ EGECEG‘GE'GI‘ENE 63
/10 1 1 1 1 1 1 ; 1 1 ; ‘ngh -Z | 1 1 1 1 1
Jlnput) | Banko | | BankO 1 Bankl 1 | Bank 1 Banko | Bank1 | Bank 1 | | k i

' Active | ' Read ' Active | } Read Precharge ' Read ' ' ' ' Precharg¢ '

CKE VWi 1+ 1 1 . | 3 T T T witegycle
o A e A 4 4! . RASCASdelay=3
cs /T NSNS T TN/ T CaSLaency=3

RAS 7\ [ AN/ T L X707 X2 LN S‘kf"g‘h\j“

s S e e el S e e sl el S e = Vi or Vi

CAS | NN LT NN L NN LN L N

WE TN LT NN LN m_// LN,
A11(BS) W/} / A // : 7 ‘(//)\1 / 1 ‘(42’/1 |

0

Address 72 RaX 7 /mmm 7XCH
L2

DQM

{output) j
zllr%ut)

i i i
i T T T 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

HITACHI
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HM 5216808C Series, HM 5216408C Series

Read/Single Write Cycle

7 8 9 10 11 12 13 14 15 16 17 18 19 20

RAS Z2)\|
CAS L 7 3

WE /|
A11(BS)

Adress rlzm T CGEGEY
DOM LN m

LZ
%
L2
2

1z
N A
—~zZ7
s

| |
T T f T T
[O | | | | | | | | |
zmput) ‘ ‘ ‘ —\a_/ ‘ ‘
I | I I I
O R —— —a Y Gﬂ@
Bank 0 Bank 0 Bank 1 ! ! ! ! Bank 0 Bank0 ! ! \ Bank 0 \ Bank 1
Active Read Active 1 1 1 1 Write  Read Precharge, Precharge }
| |

—_

CKE Vi

Cs
RAS 20\
CAS L
7
/)\

WE
A11(BS)
DQM ! / \. : L7
Unput)iiiiiiiiiiii@i—@@i

yo
output)

i i i 7 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

U= VinorviL

HITACHI
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HM 5216808C Series, HM 5216408C 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 2 B B B R R N Y

Ccs
RAS / /
CAS A \
WE 2 Nz N\
A11(BS) 2N / | T
DQMH““::EE/HAEEEE/
Sy —F——————————————————— @ D23
ytg?nput)i i i i i i ii : : : : :

| I I I I ' I l

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

)

M8
ANERN

NINEN 4<“4 |
SENER

U |
5
N

CKE — ViH

Ccs
RAS L\
CAS 7

WE 74

A11(BS) 22\

DQMHH‘Aaifi\i/wiiiif‘
e S S e - 5 75 08
Véﬂtpuo

i i i

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

CI=Vigor vy,

HITACHI
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HM 5216808C Series, HM 5216408C Series

Auto Refresh Cycle

| 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
CKEav.Hi NN S S R S L . S . S S S S
cAs i \% ‘/Ai (LI TN, ‘

WE LN L7222 G
raes) L T 2 T L T T 7N LN L7277
Address 777 D777, 7777 77T 77T T T

DQM

AN
> NN

7
W‘ 1

1/0(input)

1/O(output) — ; ; ; ; ; ; 1 1 1 — High-Z — 1 - 1 1 : : ; a Xatl

‘ " trp ‘ ' ' 1 'RC i ‘ i " ke i i * i * i
" Refresh cycle and
Acti Read
ﬁrﬁgggé%e Ao Refresh Auto Refresh Bgrlm\lieo ngk o Read cycle
RAS-CAS delay = 2
CAS Latency = 2
Burst Length = 4

=VigorV

Self Refresh Cycle

wwmm

~sREX""

CKE _'_'_'_\ ckeLow /CKE H|ghQZ§§; N\ )S_/ :
s\ VS R \_ﬁv 7 \_/
RAS 72\ L7072 ‘//\\//‘ 7, |
cas 227 7777777277507 7,
we 22\ N i
A11(BS) /)@W : LY AV /K/
Address LY A(/ AV
B, 22222727 I T T S 2
1/0(imput) 5 B )) 15
l/O(output) —— (6 ,Jgjig) e — —
LR - ‘ * * ‘ ‘tRC+ f ‘Silf‘r(iéshcycle

Precharge command  Self refresh entry Self refresh exit Next  Self refresh entry Next Auto RAS-CAS de|ay=3

If needed command ignore command clock command clock refresh ——
or No operation enable enable CAS Latency =3

Burst Length = 4
=V or Vi

jgﬁﬁgﬁg;

NP
NENEN

HITACHI
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HM 5216808C Series, HM 5216408C Series

Clock Suspend Mode

tcen

tces

CLK
TN e e
0 TN\ /N [N Nz e N
RAS L L 7 AL L L O\ LN, L
CAS T N T & AT X
WE 272771 X2 77 T & 27\ LZZ7A L
ALLBS) AL L AL/ /1 Z 7T\ Z 7 X
DQM IR im‘ S R/
?jju(;pu»;;;;;;;;;
T S S W Y W T i i
3 Bank0 Ac\weclo‘ck i )\clivec\ock Bankoi Bﬁnkl Readstspend‘ Readsuspetd Bi\m ianko‘ }EarlﬁslBan‘kl }
1 Active suspend start 1 suspend end Read 1 Acuve ! start end Read Precharge 1 Precharge |
CKE ™\ | ' o/ N\ T T
cs 1 \/ ZNEavs PN/ TN\
s 2 £ S W N,
CAs 2 \& ‘ 2NV AL\ 7 XL
WE 22T & AT XZ NI/ NI/
ALLBS) ZZA\ /[ A /X T\ L7277 77777 %

Address Illm’ll I mm

DQM

‘ V4
I ‘nghZ

$od b4

Bank0  Active clock

Active  suspend start supend end Write Active

a GHJ@’II 1@1}.
}

Active clock Bank0 Bankl ~ Write suspend Write suspend  Bank1 Bank0

Earliest Bankl

end Write Precharge Precharge

Read cycle
RAS-CAS delay = 2
CAS Latency = 2
Burst Length = 4
[ I=Vigorvi

Write cycle
RAS-CAS delay = 2
CAS Latency =2
Burst Length = 4
=ViyorV

HITACHI
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HM 5216808C Series, HM 5216408C Series

Power Down Mode

TS Y O A O I O IR
CKE : : : ' CKELow ( : : : : :
cs I A I V2
RAS />\ Vi ‘ %) ‘ /)\ /
oas 27 N2y NI4T 772
WE LN Lz X 2y ] X
O N —
Address 207 ‘ /X‘R: aW
oQM 727 77777777
IO(input) S — 0 N N
1/0(output) 3 — } {— high-Z j ‘
‘ trRp ‘ !
* Powefdown entr P t T Power down cycle
It heeqeq comman y Power down RAS-CAS delay = 3

Active Bank 0

CAS Latency = 3
Burst Length = 4
=VigorV

Power Up Sequence

93 =
1
N

o
i
N

L
o »
T 5
T o
T [~
T E
T [©©
s

%a

T VIHT

S
©

o
=]
EA
iy
ul
)

0

@
Ed
£
o
a

§

(

{

(o oo

L V) T

: (= ! ' .
i Bl N ;
RAS % ‘Ai : : : ‘ /\ g/‘ ‘ i ‘ ‘ | /‘
o 7227 . L) v | 77
W V2L 77 G 272205 LT
Address % V /_‘W ‘ ‘/\ g ; ‘ ‘

/10 48 S : ! S SH:— High-Z :
" tre e * tRsa
élrle?;gge Auto Refresh Auto Refresh lé/\eotde register ﬁar\]rl;gve:gve

48
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HM 5216808C Series, HM 5216408C Series

Package Dimensions

HM5216808CT T/HM5216408CTT Series (TTP-44DE) Unit: mm
18.41
18.81 Max
44 23
innnnnnnnnnnnnnnnnnnn
[{e)
—
o
—
O
qooooooouoooiuoooooa
1 22
0.27 £ 0.07 0.13 M)
1.005 Max 11.76 + 0.20
| E i L L % 0 _ 50
3 T 0.80 ; 0
g =010} 2= 3
Q S pr— o
N QD . \
ol © 0.50 + 0.10
HITACHI
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HM 5216808C Series, HM 5216408C Series

When using this document, keep the following in mind:

This document may, wholly or partially, be subject to change without notice.

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

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.

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.

No licenseis granted by implication or otherwise under any patents or other rights of any third party or
Hitachi, Ltd.

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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