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Description

All inputs and outputs are referred to the rising edge of the clock input. The HM5216165 is offered in 2
banks for improved performance.

Features

» 3.3V Power supply
» Clock frequency: 100 MHz/83 MHz
* LVTTL interface
+ Single pulseRAS
e 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
» 2 variations of burst sequence
0 Sequential (BL = 1/2/4/8/full page)
O Interleave (BL = 1/2/4/8)
« Programmabl€AS latency: 1/2/3
» Byte control by DQMU and DQML
» Refresh cycles: 4096 refresh cycles/64 ms
e 2 variations of refresh
O Auto refresh
O Self refresh

Ordering Information

Type No. Frequency Package

HM5216165TT-10H 100 MHz 400-mil 50-pin plastic TSOP Il (TTP-50D)
HM5216165TT-12 83 MHz
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Pin Arrangement

HM5216165TT Series
Vee [ 110 50 | ] Ve
1100 |2 49 ] 11015
o1 |3 48| ] 1/014
VssQ [_|4 47 ] VssQ
o2 |5 46 [ ] 1013
o3 |6 45 ] 1012
VeeQ []7 441 1 veeQ
yoa |8 43| ] 1011
o5 |9 42 [ ] 1010
VssQ [ 10 41 ] vesQ
os [ |11 40 [ ] 109
or [_]12 39 [ ] os
VeeQ []13 38| ] VecQ
DOML [_|14 37| _Ine
WE [_|15 36 || DQMU
CAS [ |16 35 ] cLk
RAS [ |17 34 | cke
cs[ |18 33 I NC
a11 [_|19 32 ] A9
a10 [_|20 31 ] As
Ao [ ]21 30 ] A7
AL [ |22 29| ] e
A2 []23 28 | A5
A3 |24 27| 1 a4
Vee []25 26 || Vgs
(Top view)
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Pin Description

Pin name Function
A0 to A1l Address input
¢ Row address A0 to A10
¢ Column address A0 to A7
e Bank select address All
1/00 to 1/015 Data-input/output
cs Chip select
RAS Row address strobe command
CAS Column address strobe command
WE Write enable command
DQMU Upper byte input/output mask
DQML Lower byte input/output mask
CLK Clock input
CKE Clock enable
Vee Power for internal circuit
Vs Ground for internal circuit
Ve Q Power for 1/O pin
Ve Q Ground for I/O pin
NC No connection
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Block Diagram
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Pin Functions

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

CS (input pin): WhenCS is Low, the command input cycle becomes valid. W&8ns High, all inputs
are ignored. However, internal operations (bank active, burst operations, etc.) are held.

RAS, CAS, and WE (input pins): Although these pin names are the same as those of conventional
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.

A0 to 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 AY7) is determined by AO to A7 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
Al1 (BS) is precharged.

A1l (input pin): All is a bank select signal (BS). The memory array of the HM5216165 is divided into
bank 0 and bank 1, both which contain 2048 o256 columnx 16 bits. If A1l is Low, bank O is
selected, and if A11 is High, bank 1 is selected.

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

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

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

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

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

Ve and VcQ (power supply pins): 3.3 V is applied. (¥ is for the internal circuit and MQ is for the
output buffer).

Vssand VsQ (power supply pins): Ground is connected. {Vis for the internal circuit and MQ is for
the output buffer.)
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Command Operation

Command Truth Table

The synchronous DRAM recognizes the following commands specified bgShRAS, CAS, WE and
address pins.

CKE - A0
Function Symbol n-1n CS RAS CAS WE A1l Al10 toA9
Ignore command DESL H X H x X X X x x
No operation NOP H x L H H H x X x
Burst stop in full page BST H X L H H L X X X
Column address and read command READ H x L H L H \Y, L \Y,
Read with auto-precharge READA H x L H L H Y, H Y,
Column address and write command WRIT H x L H L L \Y, L \Y,
Write with auto-precharge WRITA H X L H L L \Y, H \Y,
Row address strobe and bank act. ACTV H x L L H H Y, \Y, Y,
Precharge select bank PRE H X L L H L \% L x
Precharge all bank PALL H X L L H L X H X
Refresh REF/SELF H \% L L L H x x X
Mode register set MRS H X L L L L \% \% \%

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

Ignore command [DESL]: When this command is sef§ is High), the synchronous DRAM ignore
command input at the clock. However, the internal status is held.

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

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

Column address strobe and read command [READ]: This command starts a read operation. In
addition, the start address of burst read is determined by the column address (AYO to AY7) and the bank
select address (BS). After the read operation, the output buffer becomes High-Z.

Read with auto-precharge [READ A]: This command automatically performs a precharge operation
after a burst read with a burst length of 1, 2, 4, or 8. When the burst length is full-page (256), this
command is illegal.
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Column address strobe and write command [WRIT]: This command starts a write operation. When the
burst write mode is selected, the column address (AYO to AY7) 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 AY7) and the bank select address (Al1l).

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

Row address strobe and bank activate [ACTV]: This command activates the bank that is selected by
All (BS) and determines the row address (AX0 to AX10). When Al1l is Low, bank 0 is activated. When
Al1 is High, bank 1 is activated.

Precharge selected bank [PRE]:This command starts precharge operation for the bank selected by Al11.
If A1l is Low, bank O is selected. If A1l is High, bank 1 is selected.

Precharge all banks [PALL]: This command 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 DQMU DQML
Upper byte write enable/output enable ENBU H X L X
Lower byte write enable/output enable ENBL H X X L
Upper byte write inhibit/output disable MASKU H X H x
Lower byte write inhibit/output disable MASKL H X X H

Note: H: V. L: V. x V,o0orV,.
loop IS Needed.

The HM5216165 series can mask input/output data by means of DQMU and DQML. DQMU masks the
upper byte and DQML masks the lower byte. During reading, the output buffer is set to Low-Z by setting
DQMU/DQML to Low, enabling data output. On the other hand, when DQMU/DQML is set to High, the
output buffer becomes High-Z, disabling data output. During writing, data is written by setting
DQMU/DQML to Low. When DQMU/DQML is set to High, the previous data is held (the new data is not
written). Desired data can be masked during burst read or burst write by setting DQMU/DQML. For
details, refer to the DQM control section of the HM5216165 operating instructions.
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CKE Truth Table

Current state Function S:(LE n CS RAS CAS WE Address
Active Clock suspend mode entry H L H X X X X
Any Clock suspend L L X X X X X
Clock suspend Clock suspend mode exit L H X X X X X
Idle Auto refresh command REF H H L L L H x
Idle Self refresh entry SELF H L L L L H X
Idle Power down entry H L L H H H X
H L H X X X x
Self-refresh Self refresh exit SELFX L H L H H H x
L H H X X X X
Power down Power down exit L H L H H H x
L H H X X X X

Note: H: V. L: V. x: V,o0rV,.

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

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

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

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

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

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

IDLE: In this state, all banks are not selected, and completed precharge operation.

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
DRAMSs.) 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.

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
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Low. Since self refresh is performed internally and automatically, external refresh operations are
unnecessary.

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

Self refresh exit: When this command is executed during self refresh mode, the synchronous DRAM can
exit from self refresh mode. After exiting from self refresh mode, the synchronous DRAM enters the IDLE
state.

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

Function Truth Table

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

Current state CS RAS CAS WE Address Command Operation
Precharge H X X X X DESL Enter IDLE after tq,
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
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Current state CS RAS CAS WE Address Command Operation
Row active H x x x x DESL NOP
L H H H X NOP NOP
L H H L X BST NOP
L H L H BA, CA, A10 READ/READ A Begin read
L H L L BA, CA, A10 WRIT/WRIT A Begin write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL Precharge
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read H x x x x DESL Continue burst to end
L H H H x NOP Continue burst to end
L H H L X BST Burst stop 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/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 MODE MRS ILLEGAL

10
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Current state CS RAS CAS WE Address Command Operation
Write H x x x x DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Burst stop on full page
L H L H BA, CA, A10 READ/READ A Term burst and new read
L H L L BA, CA, A10 WRIT/WRIT A  Term burst and new write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL Term burst write and
precharge*?
L L L H X REF, SELF ILLEGAL
L L MODE MRS ILLEGAL
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, 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 H x X x X DESL Enter IDLE after t,;
(auto refresh)
L H H H X NOP Enter IDLE after tq.
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.. x V,orV,.
The other combinations are inhibit.

2. Aninterval of ty,, is required between the final valid data input and the precharge command.

3. If tyxp IS not satisfied, this operation is illegal.

HITACHI
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From [PRECHARGE]

To [DESL], [NOR] or [BST]: When these commands are executed, the synchronous DRAM enters the
IDLE state afterd, 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.

From [ROW ACTIVE]

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

To [READ], [READ A]: A read operation starts. (However, an intervakgfis required.)
To [WRIT], [WRIT A]: A write operation starts. (However, an intervalgf is required.)

To [ACTV]: This command makes the other bank active. (However, an interygl,a$ required.)
Attempting to make the currently active bank active results in an illegal command.

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

From [READ]
To [DESL], [NOP]: These commands continue read operations until the burst operation is completed.
To [BST]: This command stops a full-page burst.

To [READ], [READ A]: Data output by the previous read command continues to be output. @4£8er
latency, the data output resulting from the next command will start.

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

To [ACTV]: This command makes other banks bank active. (However, an interyg) &f tequired.)
Attempting to make the currently active bank active results in an illegal command.

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

12
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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 interyg) of tequired.)
Attempting to make the currently active bank active results in an illegal command.

From [WRITE]

To [DESL], [NOP]: These commands continue write operations until the burst operation is completed.
To [BST]: This command stops a full-page burst.

To [READ], [READ A]: These commands stop a burst and start a read 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 intervgl ostrequired.)
Attempting to make the currently active bank active results in an illegal command.

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

From [WRITE with AUTO-PRECHARGE]

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

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

From [REFRESH]

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

13
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Simplified State Diagram

WRITEA
SUSPEND

POWER
APPLIED

—_—

(on full page)

MODE
REGISTER ||

ACTIVE
CLOCK
SUSPEND

BST

ACTIVE

REFRESH

REFRESH

BST
(on full page)

WRITE
WITH AP

RRECHARGE

POWER

PRECHARGE

SUSPEND

READA
SUSPEND

=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.

Al1, A10, A9, A8: (OPCODE): The synchronous DRAM has two types of write modes. One is the burst
write mode, and the other is the single write mode. These bits specify write mode.

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

Burst read and SINGLE WRITE: Data is only written to the column address specified during the write
cycle, regardless of the burst length.

A7: Keep this bit Low at the mode register set cycle.
AB6, A5, A4: (LMODE): These pins specify th@AS latency.

A3: (BT): A burst type is specified. When full-page burst is performed, only “sequential” can be
selected.

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

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
0| 0| O R 0 | Sequential AZ| AL | AD BT=0 | BT=1
0| 0| 1 1 Interleave o] o| o 1 1
0| 1| 0 2 0] 0 1 2 2
ol 1| 1 3 0|l 1| O 4 4
1 X| X R o| 1| 1 8 8
1] 0| O R R
All|A10| A9 | A8 | Write mode 1101 R R
0 0 0 0 | Burst read and burst write 11110 R R
x| x| ol1 R 1/ 1| 1| FP.| R
X X 1 0 | Burstread and SINGLE WRITE F.P. =Full Page (256)
X X 1 1 R R is Reserved(inhibit)
X:0o0r1
15
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Burst Sequence
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Operation of HM5216165 Series

Read/Write Operations

Bank active: Before executing a read or write operation, the corresponding bank and the row address must
be activated by the bank active (ACTV) command. Either bank 0 or bank 1 is activated according to the
status of the A11 pin, and the row address (AX0 to AX10) is activated by the A0 to A10 pins at the bank
active command cycle. An interval gf.t is required between the bank active command input and the
following read/write command input.

Read operation: A read operation starts when a read command is input. Output buffer becomes Low-Z in
the CAS Latency-1) cycle after read command set. HM5216165 series can perform a burst read operation.
The burst length can be set to 1, 2, 4, 8 or full-page (256). The start address for a burst read is specified by
the column address (AYO to AY7) and the bank select address (A11) at the read command set cycle. In a
read operation, data output starts after the number of cycles specified 6y $heatency. TheCAS

Latency can be setto 1, 2, 3. When the burst length is 1, 2, 4, or 8, the Dout buffer automatically becomes
High-Z at the next cycle after the successive burst-length data has been output. When the burst length is
full-page (256), data is repeatedly output until the burst stop command is inputASHatency and burst

length must be specified at the mode register.

CAS Latency

CLK

! trRcD

Command X ACTVX X R‘EADX
Address X Rjow >< ><C%)Iumn><

CL=1 <out0><outl><out2><out3
Dout CL=2 out 0 X out 1><0ut 2 >< out3
— out0>< out1>< out2>< out 3
cL=3 CL: CAS latency

Burst length = 4

17
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Burst Length

ew [T UL L L
' trep !
Command —aeoX__XREADX T
Address _ XRow X Xeoun)X T
(o)
oo )——————————————————————————————————————————— - - ------- - —_——————— -~
BL=1 —
{out 0Xout 1) m——————
BL=2
Dout out 0X out TX out 2Xout 3 e
BL=4
3 out 0Xout 1X out 2)X out 3Xout 4X out EXout 6Xout 7) ————————— .
BL =
out OX out TXout 2)out 3)Xout 4X out 5Xout 6)out 7Xout 8)- - - - - - - - - - Gut 259out O out Iy~~~
BL = full page (256) T
BL: Burst length
CAS latency = 2

Write operation: Burst write or single write mode is selected by the O
mode register.

Burst write

A burst write operation is enabled by setting OPCODE (A9, A8) to (0,

PCODE (Al1, A10, A9, A8) of the

0). A burst write starts in the same

cycle as a write command set. (The latency of data input is 0.) The burst length can be setto 1, 2, 4, 8, and

full-page, like burst read operations. The write start address is spec
AY7) and the bank select address (A11) at the write command set cyc

ified by the column address (AYO to
le.

CLK

SR B A

' 'RCD |

Command —XacryX_ XWRITX S
Address __XRow X__ o)X i -
(ino ) e ———E

BL=1
(GnoX(int rem—

BL=2
on e

BL=4
(ino X in1Xin2Xin3 Xin4 Xin5Xin6Xin7) T

BL=8
(G0 X(in 1 X(in2 X(in3 Xin4 Xin5 Xin 6 Xin 7 Xin 8 )------------ (n2ss)(in 0 )}(in 1 "
BL = full page (256) CAS latency = 1, 2, 3

18
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Single write

A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). In a single write operation, data
is only written to the column address (AYO to AY7) and the bank select address (A11) specified by the
write command set cycle without regard to the burst length setting. (The latency of data input is 0).

XS O

1 trcD

-

Command ><Ajctive>< >< write ><
Address ><ROW >< ><C9Iumn><

Din \in0

CASlatency =1, 2,3
Burst length = 1, 2, 4, 8, full page

19
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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 fplis 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
| | |
oral B S N s B A A
¥ 1 1
cL=1 command _X_Reap X X _actv X
| | |
Dout out0 X outl > out2 X out3 3 ‘

|
cL=2 command _X_ReAD X | 3 X actv X
! |
Dout outo X outl X o:u12 X z:)ul3 :
CL=3 command _ X Rreap X “ “ X A‘CTV X
Dout ouo X ;utl X oz X c‘:)ut3 :
|

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

At CLK =50 MHz ( lapr changes depending on the operating frequency. )

20
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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 intervahQf Is required between the final valid data

input and input of the next command.

Burst Write (Burst Length = 4)

SRR e e e I s Y e e s Y e O o I

Command WRIT ! ACTV
1 1
/O (input) ino X in1 in2 X Iin3 E
| >
IAPW
Single Write
1 1
o I S S O B e e e e B
1 1
1
Command SNRIT ACTV
1 1
1/0 (input) —< I in E
| P
I lAPW

Full-page Burst 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@AksSthatency 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
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CAS Latency = 1, Burst Length = full page

o D s N A L]

I I
I I
Command BST
I I
I I
I/O (output) out >< out >< out out >< c;ut :
1 'I
lBsr lBsH
0 cycle 1 cycle
CAS Latency = 2, Burst Length = full page
] ] ]
e D e A A R e
I I I
I I I
Command X__BsT X
I I I
I I I
1/0O (output) >< out >< out >< out out >< (I)ut cl)ut E
| I o
] |
!_.' lggy = 2 cycle
lgsr = 1 cycle
CAS Latency = 3, Burst Length = full page
] ]
o N S N D S I G A e e
I I I
I I I
Command BST
I I I
I I I
1/0 (output) out >< out >< out out >< (:>ut out é)ut :
: : >
| N Iggy= 3 cycle
IBSR=2cycIe
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Burst stop command at burst write: The burst stop command (BST command) is used to stop data input
during a full-page burst write. No 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 is invalid with burst
lengths of 1, 2, 4 and 8. And an interval gf tis required between the BST command and the next
precharge command.

Burst Length = full page

o | | |

Command X BT X XpPREPALLX

voGnputy M in X in

>

tDPL

I gsw =0cycle
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Command Intervals
Read command to Read command interval:

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

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

Command X acrv ><:>< READX READX i :
Address ‘ : : ‘ ‘
(A0-A10) 3@

BS (A11) __ \ | ‘ |

Dout {out A0Xout BOXout BIXout B2Xout B3)
Bank0  Column=A Column=B Column=A Column =B CAS Latency_: 3
Active Read Read Dout Dout 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)

CLK

Command —XactvX___ XacTv XREADXREADX !
eSSy DX rawoX X o Yo HemdX

BS (A11) -/ D\ L 3 1
Dout {out AOXout BoXout BIXout B2Xout B3)
Bank0 Bankl BankO Bankl Banko Bankl CAS Latency =3
Active Active Read Read Dout  Dout Burst Length = 4
24
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Write command to Write command interval:

Same bank, same ROW addressWhen another write command is executed at the same ROW address of
the same bank as the preceding write command, the second write can be performed after an interval of no

less than 1 cycle. In the case of burst writes, the second write command has priority.

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

CLK

Command e X X@RTYWRITX
Address ‘ ‘ 1
(p0-A10) X raw X Xt o

Bs(a1l)_\ | / \
| ' '
Din : (in 20 Xin B0 Xin B1 Xin B2 Xin B3)
| - | - Burst Write Mode
BankO Column =A Column =B -
Active Write Write Burst Length =4

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)

CLK

Command e X XEEY@RITY@WRTX
Add ‘ Y e Ve
(AO-rE]s.S) RO\‘N 1 ><Co|umn %olumn E><

Bs(al)_\ ./ /7 \ \

Din ; —in A0 Xin BO X in B1 X in B2 X in B3)

Bank0 Bankl Bank0 Bankl Burst Write ME)de
Active Active Write  Write Burst Length = 4
25
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Read command to Write command interval:

Same bank, same ROW addressWhen 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, DQMU/DQML must be set High so that the output buffer becomes High-Z
before data input.

READ to WRITE Command Interval (1)

X 1 T O I I O B
Command XREADXWRITX
CL=1 /
DQMU
QML | CL=2
CL=3 \
Din in B0 Xin B1 Xin B2 Xin B3
; Burst Length = 4
High-Z .
Dout = Burst write

READ to WRITE Command Interval (2)

CLK

Command XREADX | XWRI:TX
DQMU - |
/DQML ' 2 clock ;
oLl YT High-Z
Dout | CL=2 X ' High-Z
cLes ) High-Z
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, DQMU/DQML must be set
High so that the output buffer becomes High-Z before data input.

Write command to Read command interval:

26
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Same bank, same ROW addressWhen 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 [0 I I L 4 J J LI |
Command >< WRIT >< READ ><

Dout < out BO >< out B1 >< out B2 >< out B3 >
I
. | .
Column=A CAS Latency! Burst Write Mode
Write - —- CAS Latency = 1
CoIlen—B CoI;Jmn—B Burst Length = 4
Read Dout Bank0

WRITE to READ Command Interval (2)

ck [ |_] |

I
Il
Command >< WRIT >< >< READ ><
[l
I
I
I
I
I
T
I

DQMU/DQML

Dout ; < out BO >< out B1 >< out B2 >< out B3 >
| CAS Latency, Burst Write Mode
! CAS Latency = 1

- - Burst Length = 4
Column=B  Column=B BankO

Read Dout

|
|
|
|
I
[
|
|
Din nAL :
|
|
|
L
|
|
|

Column=A
Write

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
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commands is one cycle. However, since the output buffer then becomes High-Z after the cycles defined by
luzp, 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 defingdrbyst 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

CLK

PRE/PALL

out A0 out Al out A2 out A3
[ [

—- !
CL=1 lgp =0cycle

Dout

|
1
Command READ
|
I
|
|
I
|

CLK

PRE/PALL

Command READ

out A0 out Al out A2 out A3
[ [ [

——- ;

Dout

lgp =-1cycle

CLK

Command READ

I
|
|
Dout out AO out Al out A2 out A3
I
|
| | | |

CL=3 lep = -2 cycle
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READ to PRECHARGE Command Interval (same bank): To stop output data

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

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

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

Command READ PRE/PALL

Dout

|

1

|

|

1

| |
I

|

L

out A0
I

|

|

|
| High-z
!
I

IHzp =2

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

Command READ PRE/PALL

|
1
|
|
1
|
I I
: Hig‘h-Z
Dout t out A0
I I
| |
| |

lhzp=3
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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.

WRITE to PRECHARGE Command Interval (same bank): However, if the burst write operation is
unfinished, the input data must be masked by means of DQMU and DQML for assurance of the cycle
defined by tp,.

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

w L] L L) L) B L L
! I
Command i WRIT PRE/PALL
3 3
DQM } 3
1 |
Din i
T I
‘ |
topPL
w L) L0 ) )
: I
Command WRIT 3 PRE/PALL
i i
DOM ! 3
[
! |
Din in AO in Al i
‘ |
toPL
Burst Length = 4 (To write all data)
e [ L) L ) L0 L J = LJ b L] 1
! |
Command WRIT i PRE/PALL
| |
DQM 3 3
! |
Din in A0 in Al in A2 in A3 i
T I
| I
topPL
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Bank active command interval:
Same bank: The interval between the two bank-active commands must be no lesg.than t

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

Bank active to bank active for same bank

e 4] L L
Command ACTV S S ACTV
Address ROW S S ROW
(A0-A10) ‘ |
BS (A11) i 3 S i
- >
| tre |
Bank 0 Bank 0O
Active Active
Bank active to bank active for different bank
cLK ] N
Command ACTV ACTV
Address . .
(AO-A10) ROW:0 ROW:1
BS (A11) ; ;
- e
3 tRRD 3
Bank O Bank 1
Active Active
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Mode register set to Bank-active command interval:The interval between setting the mode register and
executing a bank-active command must be no less ghan t

CLK ] N
Command MRS ACTV
Address
(A0-A11) CODE BS & ROW
- >
i trRsA i
Mode Bank
Register Set Active
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DQM Control

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

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

CLK ‘

/DQML

High-Z
/O (output) outo X out1 : out 3 >—

DQMU | :

lpop =2 Latency |

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

CLK

DQMU
/DQML

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

*

Ipip = 0 Latency
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Refresh

Auto-refresh: All the banks must be precharged before executing an auto-refresh command. Since the
auto-refresh command updates the internal counter every time it is executed and determines the banks and
the ROW addresses to be refreshed, external address specification is not required. The refresh cycle is
4096 cycles/64 ms. (4096 cycles are required to refresh all the ROW addresses.) The output buffer
becomes High-Z after auto-refresh start. In addition, since a precharge has been completed by an internal
operation after the auto-refresh, an additional precharge operation by the precharge command is not
required.

Self-refresh: After executing a self-refresh command, the self-refresh operation continues while CKE is
held Low. During self-refresh operation, all ROW addresses are refreshed by the internal refresh timer. A
self-refresh is terminated by a self-refresh exit command. If you use distributed auto-refresh mode with
15.6 s interval in normal read/write cycle, auto-refresh should be executed withipd Srénediately

after exiting from and before entering into self refresh mode. If you use address refresh or burst auto-
refresh mode in normal read/write cycle, 4096 cycles of distributed auto-refresh withslm&&rval

should be executed within 64 ms immediately after exiting from and before entering into self refresh mode.

Others

Power-down mode: The synchronous DRAM enters power-down mode when CKE goes Low in the IDLE
state. In power down mode, power consumption is suppressed by deactivating the input 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 DQMU/DQML and the CKE must be set to High.
When 200us has past after power on, all banks must be precharged using the precharge command. After
trp delay, set 8 or more auto refresh commands. And set the mode register set command to initialize the
mode register.
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Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to 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 ConditiongTa = 0 to +70C)

Parameter Symbol Min Max Unit Notes

Supply voltage Veer VecQ 3.0 3.6 \Y 1
Veo, VesQ 0 0 v

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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DC Characteristics(Ta =0 to 70C, V.., V..Q =3.3V+£0.3V, V,, V.Q=0V)

HM5216165
-10H -12
Parameter Symbol Min  Max Min Max Unit Test conditions Notes
Operating current lecy — 130 — 105 mA Burst length = 1 1,2,4
tre = Min
Standby current leca — 3 — 3 mA CKE=V, ti=min 5
(Bank Disable)
— 2 — 2 mA CKE=V, 6
CLK =V, orV,
Fixed
— 50 — 41 mA  CKE=V,, 3
NOP command
te = min
Active standby current lecs — 7 — 7 mA CKE=V, ty,=min, 1,2
(Bank active) 1/0 = High-Z
— 51 — 43 mA CKE=V,, 1,23
NOP command
te = min,
I/0 = High-Z
Burst operating current
(CAS latency = 1) leca — 65 — 55 mA  t, =min,BL=4 1,2,4
(CAS latency = 2) leca — 100 — 85 mA
(CAS latency = 3) leca — 150 — 125 mA
Refresh current lecs — 85 — 70 mA  txe=min
Self refresh current lecs — 2 — 2 mA  V,2V.,-02 7
VvV, 02V
Input leakage current I, -10 10 -10 10 HA 0<Vins Vg
Output leakage current lo -10 10 -10 10 HA 0 <Vout £V
I/0O = disable
Output high voltage Vou 2.4 — 2.4 — \Y, loy = =2 MA
Output low voltage \ — 0.4 — 0.4 \% loo =2 mMA

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, CLK operating current.
After power down mode, no CLK operating current.
After self refresh mode set, self refresh current.

No o sMwDd
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Capacitance(Ta = 25C, V.., V.. Q =3.3V+£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. DQMU/DQML =V, to disable Dout.
3. This parameter is sampled and not 100% tested.

AC Characteristics (Ta =0to 70C, V., V..Q =3.3V+£0.3V, V,, V. Q=0V)
HM5216165
-10H -12

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

(CAS latency = 1) tex 30 — 36 — ns 1

(CAS latency = 2) tex 15 — 18 —

(CAS latency = 3) tex 10 — 12 —
CLK high pulse width tekn 3 — 4 — ns 1
CLK low pulse width e 3 — 4 — ns 1
Access time from CLK

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

(CAS latency = 2) tac — 9 — 12

(CAS latency = 3) tac — 7.5 — 9
Data-out hold time ton 3 — 3 — ns 1,2
CLK to Data-out low impedance t, 0 — 0 — ns 1,2,3
CLK to Data-out high impedance

(CAS latency = 1) t, — 13 — 15 ns 1,4

(CAS latency = 2, 3) t,, — 7 — 9
Data-in setup time tos 2 — 3 — ns 1
Data in hold time ton 1 — 1 — ns 1
Address setup time tas 2 — 3 — ns 1
Address hold time tan 1 — 1 — ns 1
CKE setup time tees 2 — 3 — ns 1,5
CKE setup time for power down exit teesp 2 — 3 — ns 1
CKE hold time teen 1 — 1 — ns 1

37

HITACHI



HM5216165 Series

AC Characteristics (Ta=0to 70C, V., V..Q =3.3V+£0.3V, V4 V. Q =0V) (cont)

HM5216165

-10H -12
Parameter Symbol Min Max Min Max Unit Notes
Command (CS, RAS, CAS, WE, DQM) tes 2 — 3 — ns 1
setup time
Command (CS, RAS, CAS, WE, DQM)  t., 1 — 1 — ns 1
hold time
Ref/Active to Ref/Active command period  txc 90 — 100 — ns 1
Active to precharge command period tras 60 120000 70 120000 ns 1
Active to precharge on full page mode trasc — 120000 — 120000 ns 1
Active command to column command treo 30 — 30 — ns 1
(same bank)
Precharge to active command period tee 30 — 30 — ns 1
Write recovery or data-in to precharge lead t,,, 15 — 15 — ns 1
time
Active (a) to Active (b) command period trro 20 — 20 — ns 1
Transition time (rise to fall) t; 1 5 1 5 ns
Refresh period trer — 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 CL = 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

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

Output
ot 28V C . 80% o 500 Q
npu l 1 0 O
Vss m 1 Wm0 n14v

|
|

o cL
| |

| |
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Relationship Between Frequency and Minimum Latency

HM5216165

Parameter -10H -12
Frequency (MHz) 100 66 33 83 55 28
tee (NS) Symbol 10 15 30 12 18 36 Notes
Active command to column command  tg, 3 2 1 3 2 1 1
(same bank)
Active command to active command tee 9 6 3 9 6 3 = [tras T trp]
(same bank) 1
Active command to precharge command tg,g 6 4 2 6 4 2 1
(same bank)
Precharge command to active command tg, 3 2 1 3 2 1 1
(same bank)
Write recovery or data-in to precharge  ty, 2 1 1 2 1 1 1
command (same bank)
Active command to active command tero 2 2 1 2 2 1 1
(different bank)
Self refresh exit time | srex 2 2 2 2 2 2 2
Last data in to active command | apw 5 3 2 5 3 2 = [top, + trpl
(Auto precharge, same bank)
Self refresh exit to command input lsec 9 6 3 9 6 3 = [te
Precharge command to high impedance

(CAS latency = 3) lhze 3 3 3 3 3 3

(CAS latency = 2) lizp — 2 — 2

(CAS latency = 1) lze — — 1 — — 1
Last data out to active command (auto 1,5 1 1 1 1 1 1
precharge) (same bank)
Last data out to precharge
(early precharge)

(CAS latency = 3) lep -2 -2 -2 -2 -2 -2

(CAS latency = 2) lep — -1 -1 — -1 -1

(CAS latency = 1) lep — — 0 — — 0
Column command to column command |, 1 1 1 1 1 1
Write command to data in latency lweo 0 0 0 0 0 0
DQM to data in lon 0 0 0 0 0 0
DQM to data out lbon 2 2 2 2 2 2
CKE to CLK disable lee 1 1 1 1 1 1

39
HITACHI



HM5216165 Series

Relationship Between Frequency and Minimum Latencycont)

HM5216165

Parameter -10H -12
Frequency (MHz) 100 66 33 83 55 28
tee (NS) Symbol 10 15 30 12 18 36 Notes
Register set to active command trsa 1 1 1 1 1 1
CS to command disable lcop 0 0 0 0 0 0
Power down exit to command input lpec 1 1 1 1 1 1
Burst stop to output valid data hold

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

(CAS latency = 2) losr — 1 — 1

(CAS latency = 1) losr — — 0 — — 0
Burst stop to output high impedance

(CAS latency = 3) s 3 3 3 3 3 3

(CAS latency = 2) lsn — 2 — 2

(CAS latency = 1) losh — — 1 — — 1
Burst stop to write data ignore lssw 0 0 0 0 0 0

Notes: 1. tgp 1O trr, are recommended value.

40

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
tek
tokH tekL
PRV I\ AN A AN AN G0\ GANIVAANIAAND G NVAANE
tre
— Vi
CKE : P~ E”
RCD
tcs| ten tcs| tcH tcs| tcH tes| ten
tcs| tcH
tcs| ten . tes| ten tes| ten
RAS />t ya % V 7]/
;ES—:C—H% tes| te fes| fen lcs| fen
cs| teH |
CAS Z X224 / Zi
tcs| teH tcs| fe tes| ten
1 tcs| teH
We Z IXT :
tas| taH tas| tAH ‘ ‘ ‘ tas| tAH ‘ tas| taH
| |
ALl X / /* j‘ /W 14
Ltas tAH e tas| tan
tas| taH As| tAH |
A10 /* /?X" Y ,(’ @k
tas| taH tas| taH fas| tan
Address /)k % % A
tcs ten
DQMU ‘—j/
/DQML />\t ‘
1/0(input)
tac tac tac
|
1/0(output)
tac >
= ton ton  |'oH thz
Lz Burst length = 4
Bank 0 Bank 0 Bank 0
Active Read Precharge Bank0 Access
g : ViH or ViL
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HM5216165 Series

Write Cycle
ek
teky tok
TN N S O S (AN SNV A VAN AN
RC
— Vi
CKE trAS trp
treD
tcs| tcH tcs| tcH tcs| tcH tcs| tcH
-
S T T
tcs| tcH tcsﬂq tcs| t tcs| t
[ cs| tcH cs|tcH
RAS /;\i //{ V ))lﬂ j’/ /jﬁ jz
tcs| tcH ’ tcs| tcH ‘ tcs|tcH
ot tes| ten | i
. |~
CAS % 7<( N j’ \K/ /r \@
tcs| tcH tcs|tcH
tes| teH tcs| teH -
WE XT V XY 7 A
tas| tAH tas| tAH | | | tas| taH tas | tAH
»l
All V i ;! /;Et‘ %
tas| tAaH | | tas | tAH
> tas| taH tas| tAH
Al0 % /?5{ j( j‘ /9
tas| taH tas| taH | tas| tAaH
"
Address />E k W % / >E @
tcs tcH
DQMU )
/DQML ‘
tps| ton_|os| tow 'bs| toH ['ps| ton
1/0(input) )ﬁ * * 7
/
trwiL
1/0(output)
Bank 0 Bank 0 Bank 0 Burst length = 4
Active Write Precharge Bank0 Access

A= Vin or Vi
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HM5216165 Series

Mode Register Set Cycle

Address

1/0(output)

1/0(input)

=3
CAS Latency

trRcD

Output mask

tReD

" RSA‘

Mode

3
4

Vi or Vi

Burst Length

Bank 1
Read

Bank 1
register Active

Set

Precharge
If needed
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HM5216165 Series

Read Cycle/Write Cycle

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

CLK

RAS-CAS delay = 3

CKE IViWT 1 1 1 . 1 1 1 1 1 o 1 1 1 1 T 1 1 1 7 1 Readcyde
JE— | | | | | | | L L L | L L RAS-CAS delay =3
SN/ NN/ TN/ NN T T\ /T | CASLatency=3
oAs 777 NI [T XA [T XN L\ L 777 AT Vimor Vi
We 277 NI NATT L2\ LT T L AL
ALLES) N,/ AL LT\ /T \__Z YT 7 &
Address 77 XR:aX /"~  XC:aX XR:b) ‘ . WO
/D%ML \ \ 1 m\\ \ \ \ \ 1 \ \ \ \ \ \
{Qupuy ———— } } } D6 j 6 EDEREDE D EDEDE
Il Il Il Il Il Il Il Il Il \H hZ Il Il Il Il Il
blnput) | Ea{r_lko | | Eanso | Eapm | | Eanl((jl Eankho < ! gamé1 | Eans1 | | gankhl é‘ |
| ctive | | eal | Ctive | eal recharge eal | eal | | recharg |
i ViH i i i 1 1 1 1 — Write cycle

CAS Latency =3

/
T :V|H or ViL

SANNEY L]
P~
N

RAS ZZZA 7 XJ A Burst Length = 4
oA 227 \ZZA LT 27N LT AN LA 277X
We 227 NZZZAL [T NCZZZN. 7N [TN. [ _/
ALBS) TN L7777\ [7T T N\ NN LT N 7 <
Address 77 XRaX 777 XCaX. XRb) /)-(/ (C:bXXC:b)
BOMY DN L VAL o L T T
/l?o T ‘ \nghZ L 1 N
ooy T | 1| R - 1
19,y e eDarKerd b e R T ——
P ' Bank0 Bank 0 Bank 1 Bank 1 Bank 0 Bank 1 Bank 1 Bank 1 '
Active Write Active Write Precharge Write Write Precharge
44
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HM5216165 Series

[Z
2
)=
Z

|

|

|

1

|

|

|

|

1

|

1

|

1

|

|
Bank 1
Precharge

LA
N
L7\
(77

\_/

L

<
&

/\

2
/|
2N
2N
Y
EDADER—

\
/
\'%
V4
a\
v
T \//\
_/
£
L
(b Xc )

Write  Read
N
T

/|
|
‘
fi : x I
I
|
Bank 0 Bank 0

=3
3
45

4

Vin or Vi

RAS-CAS delay

Bank 0

Precharge
Read/Single write
CAS Latency
Burst Length

Bank 0 Bank O

Write  Write

Bank 0

Write

10 11 12 13 14 15 16 17 18 19 20

9

8

Read/Single Write Cycle

/
%
X
%
3
Vst
X
N
\

L T L &I
SNNA T ANNNG

o l‘w PN M\Ao \\\\\\\\ > /W/M \\\\\\\

R NS IS O t--t-83 -1 ﬂ‘m‘%ﬁm\c‘ \\\\\

Hy
v
AL
7 £
X
s
\_/]
\)\/\
7~
7 &
AL

Al1(BS)
Address

DML
ipuy
yooutput)

HITACHI

Active

Bank 0
Read

Bank 0
Active




10 11 12 13 14 15 16 17 18 19 20

9

8

HM5216165 Series
Read/Burst Write Cycle

[Z
2
)=
Z

|

|

|

1

|

|

|

|

1

|

1

|

1

|

|
Bank 1
Precharge

LA
N
L7\
(77

g u/v\V/ INEEE
T AR A - - mm N M\ﬂ\%\wm\ TN

2
7
2
2
Y
EDADER—

\
/
\'%
V4
a\
v
T \//\
_/
£
L
(b Xc )

Write  Read
N
T

/
‘
fi : x I
I
|
Bank 0 Bank 0

/
%
X
%
3
Vst
X
N
\

77
CAX D)
A
A
/77
7

L]

AN

Hy
v
AL
7 £
X
s
\_/]
\)\/\
7~
7 &
AL

A11(BS)
DQMU
/D%ML
Hr%ut)
/O
(output)

Address

=3

3
4

Vin or Vi

RAS-CAS delay

Read/Single write

Burst Length

i

Bank 0
Precharge
CAS Latency

Bank 0 Bank O

Write  Write

Bank 0

Write

HITACHI

Bank 1
Active

Bank 0
Read

Bank 0
Active
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HM5216165 Series

Full Page Read/Write Cycle

0 1 2 3 4 5 6 7 8 9 260 261 262 263 264 265 266 267 268 269
e L L e T L L L L L L L
CKE MW 1 1 T T 1 1 1 1 1 W T T T T T 1 1 17 T Readcyle
és T\ /T T\ /T \ /o 3\ /i \_/  RASCASdelay=3
- | | | | | | | | | | | | | | | | CAS Latency = 3
RAS /N, [ 7 X AL /L ) /T XAAL L Burst Length = full page
| 7
Cas 2L \LLZN LT N\ AL T N NLLL B Vimorvic
W /7 \C /I X L A PN PN
m1BS) ZIN_ 777N L7 N7 32 7 \Z
Address 772X ma X 77 7 X eaX D) A7
D MU A | | | | | | \ \ \ \ \ //
/D 1 1 1 1 1 : : : : : ‘ ‘ 1 1
I(/OOutput) | | | | | | | o Xart Xar2 ) -a+3 -az -al ﬂ-au -a+2 -a+3 -a+4 -a+5 ‘ ‘
| | | | | | | | | | High-Z | | | | |
puy ™7 emo T T o | e | S N S R e gmm T
| I | | | | | | | | | | | T |
| | | | | | | | | | | | | | | | | | | | |
CKE MW T 1 1 1 1 1 1 1 1 W T T T 1 1 1 1 | Writecyle
~c | : | | : | : | | | | “ | | | | | : | : | | RAS-CAS d6|ay = 3
cs | | | | | | | | | | | | | — — | CAS Latency = 3
RAS ZZAN. L /T AL/ A g AL Burst Length = full page
| g -
CRS LL4 LA P27 XL A LN | N EA=vmorvi
we 7/ X AN L X i AN/ SN
A1BS) LA, L7772\ [T N7 A T X
Address 77 Xma X727 X eaX 7 X X
% /\‘ Lo L i/
7 S T S S
Oupuy | | 1| ) | | T
i ﬂl’
InpUt) : /lia‘ln_k 0 : : \l?va‘r:k 0 Ea‘(nk 1 Bu‘rsl slop‘ l%a‘nkhl : :
ctive rite \Ctive recharge

a7
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HM5216165 Series

Auto Refresh Cycle

OKE — e
CsS TN T N T N T T NS NS
Ri)AS \Ai /\ I i I I I I \Ai I I I 1 Ai I EV\ I I
e i SRR
We LL - X 24
ALLBS) L. 2 TN LN L
Address M'Il@'IIIIII
DOMY 7 AL
/DQML T f f f f T T T T T T T T T T
oy ——
oty —— g (X
| \tRP ‘ | | \tRC\ | ‘ | | tRC 1 | 4 | ‘ | | |
Preiarge Auto Refresh Auto Refresh Active Read Refresh cycle and
If needed Bank 0 Bank 0 Read cycle

RAS-CAS delay=2
CAS latency=2
Burst length=4
2= Vinor ViL

Self Refresh Cycle

SREX

Mmmwmw__mw

CKE \ CKE Low gg (CKE H,ghiz 2 5%; \ SS_/ ‘ 1 1 1
cs \f—/ii\i/ g ‘155_/75%// N/
RAS ZZZ\._ [T L7777 7T AT 2N/
CAS L NN L7778 AT 7 N/
WE 7\ [77277] 77 257777 7
A11(BS) W ‘ YN, /X/ /AV
Address Y / AV ‘ /K/
oML ZZZZZ 7727772722777, 7727757,
1/0(imput) {){) {){) i (>(>
1/0(output) _ —— High-Z * ‘
T tger ) M, R tre § oo
Self refresh cycle
Precharge command  Self refresh entry Self refresh exit Next  Self refresh entry Next Auto RAS-CAS de|ay=3
If needed command :)grn’(\‘JLeocp%Temgﬂd glﬁggle command glﬁacgle refresh CAS Latency = 3

Burst Length = 4
=Viy or Vi,
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HM5216165 Series

Clock Suspend Mode

CLK
CKE \ | Read cycle
cs | ‘ RAS-CAS delay=2
— ; : . CAS latency=2
RAS T />\i /\ T //: \/\ >\i /\ T //: \i /\ 1 )\i %\ Burst length=4
cAs —Z AN L7 X N\ /TN N2 B0 Visor Vi
= I I
WE N <\ A\ A S
ALLBS) LA /. L LT XL N\ &
Address CaXRD)
DOMU f T T T T T T T T T f T u
pomL NI R
] ] ] ] ] ] ] ] ] ] ]
Py (b orDXbr2Xbrar
output) 1 | | | | | | | | | | | | High-Z | | | | | | |
JIO T T T T T T T T T T T T
input) 1 I I I i I I I I | | I |
: Bank0 Active clock : Active clock Bank0 : Bankl head suspend: Read suspend Bankl Bank0 | : Earliest Bank1 :
| Active suspend start suspend end Read | Active | start | Read Precharge | Precharge |
CKE 77T\ | | | /T T T\ /T T T T T UTTUTTTT wiitecycle
| | N N N N I | | N N N I I | | I I I | I L BAG AAG _
cs A/ 7\ /i X 7r\L_ /T TN/ %—ggg’i?—z
RAS 1 )\i /\ | /i \i /\ I //i \i //\ I /\i /\ Burst length=4
CAs 1 X AL/ L AL /X 7~ X L= Vi or Vi
W 2270 T A 1777 )
AL1(BS) L/ L X P\ L X
Address (C:aRb)
DQMU y 9 )\\ | | % )\ | | | | |
/DQML 1 | | | | | | : : : 'High-Z 1 : : : : : | | | |
/0
fupu) | | 1 L L L A e
Quw T @ Xa+IXa+2X 7~ . Ya+3Xb Xo+1Xb+2Xo+3T—T—T1
Inpu 1 | | | | | | [ I [l I [l [l | | | | [l | | | |
Bank0 Active clock Active clock Bank0 Bankl Write suspend ~ Write suspend Bank1 Banko Earliest Bankl
Active  suspend start supend end Write Active start end Write Precharge Precharge
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HM5216165 Series

Power Down Mode

J_I_l_l_l_l_l_l_l_l_l_l_l_IJsJ_I_I_I_I_I_I_I_I_I_I_I_I_I

CKE ! : 3 CKE Low “ : : :
s TN\ W77/ 774417 ]
qAs 22 L7227 {7 NI/
CAS 7 e el A8y N\
WE L 7 A 7 X
ALUBS) 777070 ATT722200 L
Address A INraXZ
DOMU ! | | | |
/DQML /“ ‘
I/O(input) { ;
1/0(output) 3 ‘ : ; { & High-z— j
‘ tap ‘ ‘ ‘ ! ! !
4 RP ‘ ‘ Power down cycle
Precharge command Power down entry Power down RAS-CAS delay=3
If needed mode exit

CAS latency=2
Burst length=4

U= Vin or ViL

Active Bank 0

Power Up Sequence

CLK
CKE

48 49 50 51 52 53 54 55

_Ss_l—u—q—q—u—u—u—u—u—u—u—u—mu—u—u—u—u—um

— hV'H ‘ IR 5 ) IR
s N TN T T T TN
RTS%V”& e DN 7222 2N 7N L
cas 2 7 RN L I\ L7227 I L7277
WE%‘/A/ 7 Xz 7 N vy N L 7 X

Address Z v M ‘/ﬁ Y‘ ‘ ‘
DQMU ‘ L 1 1 1 1 1 1 1
o _SVV'H 1
o 3 D B o e N
4 e tre | tre - A ‘tRSAl ﬁ‘
All banks  Auto Refresh Auto Refresh Mode register Bank active
Precharge Set If needed
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HM5216165 Series

Package Dimensions

HM5216165TT SerieqTTP-50D)

Unit: mm

20.95
21.35 Max

50 26
0000000000000000000000000

(e}
.
o
-
o
ooooOOonooooooooooaoooT
! 25
0.27 £0.07
0252005~ [£1013W
11.76 £ 0.20
3 | 0°-5° 0
1 ]l ©
< it 1o 0.50 £0.10 ©
o o<e o
= oo o
o +|+l +l
N O o
i <IN g
g g o Hitachi Code TTP-50D
JEDEC —
Dimension including the plating thickness EIAJ —
Base material dimension Weight (reference value)| 0.50 g
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HM5216165 Series

When using this document, keep the following in mind:

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

2. Allrights are reserved: No one is 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 gr 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.
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Hitachi, Ltd.
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requested to notify the relevant Hitachi sales offices when planning to use the products in MEDICAL
APPLICATIONS.
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HM5216165 Series

Revision Record

Rev.

Date

Contents of Modification

Drawn by  Approved by

0.0

Jul. 29, 1994

Initial issue

S. Ishikawa T. Kizaki

0.1

Oct. 20, 1995

Change of Command Truth Table
Change of Function Truth Table
Change of Simplified State Diagram
Change of figures for Operation of HM5216165 Series
Addition of figures for READ to WRITE command nterval (2)
Change of description for Power-up sequence
DC Characteristics: Addition of notes7
AC Characteristics
t,c max (CL = 1): 28/32/36 ns to 27/32/36 ns
t,c max (CL = 2): 13/15/17 ns to 12/15/17 ns
t,, min: 3/3/3 ns to 2/2/2 ns
teesp Min: 5/5/5 ns to 2/3/3 ns
taw MiN: 20/24/30 ns to 15/18/22.5 ns
Addition of notes3
Test Conditions
output load: 500 Q to 50 Q
Relationship Between Frequency and Minimum Latency
taw: 2/2/1/2/2/1/2/2/1 to 2/1/1/2/1/1/2/1/1
Addition of lgge,: 2/2/2/2/2/2/2/2/2
laow: DI412/5/412/5/412 to 5/3/2/5/3/2/5/3/2
Change of notes2
Timing Waveforms
Change of Self refresh cycle and Power up sequence

S. Ishikawa T. Kizaki

0.2

Jan. 26, 1996

Change of figure for Read with auto-precharge
AC Characteristics

t,, min: 2/2/2 ns to —/—/—ns

tr Max: 10000/10000/10000 ns to
120000/120000/120000 rs

trs Max: 80000/80000/80000 ns to
120000/120000/120000 rs

S. Ishikawa T. Kizaki

1.0

Dec. 20, 1996

Correct errors
Addition of HM5216165-10H Series
Change of description for Self-refresh
Capacitance
Cp Cp: —typ to 2 min
Co: —typ to 4 min
AC Characteristics
Addition of t,. (CL = 2) (HM5216165-10H) max:
9.0/12/17 ns
tic (CL =2) max: 12/15/17 ns to 9.5/12/17 ns
tic (CL =3) max: 8/10/12 ns to 7.5/9/12 ns
ty, min: 2/2/2 ns to —/—/—ns
Change of symbol: t,,, to t,,,
Relationship Between Frequency and Minimum Latency
Change of notes2
Timing Waveforms
Change of Self refresh cycle

T. Takemura S. Ishikawa
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Revision Record(cont)

Rev. Date Contents of Modification Drawn by  Approved by

2.0 Jun. 20, 1997 Deletion of HM5216165-10/15 Series T. Takemura S. Ishikawa

3.0 Nov. 1997 Change of Subtitle
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