HM5241605 Series

ADE-203-186A (Z)

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

RAM
HITACHI 8, 1954
Nov. 18, 1994
All inputs and outputs are referred to the rising Ordering Information
edge of the clock input. The HMS5241605 is
offered in 2 banks for improved performance. Type No. Frequency Package
HM5241605TT-20 50 MHz 400-mil 50-pin

Features HM5241605TT-17

HM5241605TT-15

57MHz  plasticTSOP Il
66MHz  (TTP-50D)

3.3V Power supply

Clock frequency

66 MHz/57 MHz/50 MHz

LVTTL interface

Single pulsed RAS

2 Banks can opecratcs simultaneously and
independently

Burst read/write operation and burst read/single
write operation capability
Programmable burst length
1/2/4/8/full page

Programmable burst sequence
Sequential/intcricave

Full page burst length capability
Sequential burst

burst stop capability

Programmable CAS latency

1/2/3

Byte control by DQMU and DQML
1024 refresh cycles: 16 ms

2 variations of refresh

— Auto refresh

~— Self refresh

%
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HMS5241605 Series

Pin Arrangement Pin Description
Pin name Function
AD - AB Address input
. — Rowaddress A0 —A8
HM5241605TT Series - Column address A0 — A7
— Bank select
Veo []10 50 ] ves T
oo L—_ 2 49 j Vo15 /00 - YO15 Data-input/output
vo1 [13 48[ ] vo14 Cs Chip select
VgsQ [ |4 47 [ ] vgeQ RAS Row address strobe
voz [ 15 46 [ ] vo13 command
vos3 [_|6 45| | vo12 CAS Column address strobe
Vec@ []7 44 | Ve command
vos [ |8 43 ] von WE Wirite enable command
vos []9 421 {vo10 DQMU Upper byte input/output mask
Ves@ [_{10 41 ] veeQ DQML Lower byte input/output mask
vos [_|11 40| Jvos CLK Clock input
vor []12 39 [ ] vos CKE Clock enable
Veca [}13 38 ] vecQ Vee Power for internal circuit
pamL [ 14 37 [_INC (33V)
Ve [ 3 |_] pamu Vss Ground for internal circuit
cas [|1e 35 ] cik VocQ Power for VO pin (3.3 V)
RAS []17 34| 1 cke 5 pn
Cs l: 18 33 :] NC VssQ Ground for 1O pin
a0 [ 119 32 _INC NC No connection
As [_{20 31 _INC
Ao []21 30| _]A7
A1 []22 29[ 1 A6
a2 []23 28 1As
A3 [ |24 271 A4
Vee []25 26| ] Ves
(Top View)
2
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HM5241605 Series

Block Diagram

A0-A9
| AO - A7 l l AD - A9 I
Column address ‘_ Column address Row address .‘._ Refresh
countsr buffer buffer counter
|

' i Row decoder ] ' ; ! Row decoder J :
r A |
i B Mamory array ; ; a Memory array i
P8 : 1 81e :
P 18l e i 5 < :
; 8 5 : ; g 5 ;
) © ) H el ]
ble | B Bank 0 ! ! cl € Bank 1 !
] E|l & 1 H El 2 H
; S| E H ; S| E :
' S ® . ! ! S ® H
2 O 3 512 row X 256 column X 16 bit 3 3 1) 3 512 yow X 256 oolumn X 16 bit E
; &1 ; : - :
! @D ; : o ;

.

v

input
buffer

Output
buffer

1700 ~ /1015
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HMS5241605 Series

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):
When CS is Low, the command input cycle
becomes valid. When CS is High, all inputs are

ignored. However, internal operations (bank
active, burst operations, efc.) arc held.

« RAS, CAS, and WE (input pins):

Although these pin names are the same as those
of conventional DRAMs, they function in a
different way. These pins define operation
commands (read, write, etc.) depending on the
combination of their voltage levels. For details,
refer to the command operation section.

= A0 to A8 (input pins):

Row address (AX0 to AX8) is determined by A0
to A8 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. AB defines the precharge mode. When
A8 = High at the precharge command cycle,
both banks are precharged. But when A8 = Low
at the precharge command cycle, only the bank
that is selected by A9 (BS) is precharged.

* A9 (input pin):

A9 is a bank select signal (BS). The memory
array of the HM5241605 is divided into bank 0
and bank 1, both which contain 512 row x 256
column x 16 bits. If A9 is Low, bank O is
selected, and if A9 is High, bank 1 is selected.

B2 44965203 0025973 105 E&
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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.

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

Read operation: i 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 DOMU/DQML is Low, the data is
writicn.
1/00 to [/O1S (I/0 pins);

Data is input to and output from thesc pins.
These pins are the same as those of a
conventional DRAM.

Ve and VecQ (power supply pins).

3.3 Vis applied. (V¢ is for the internal circuit
and VcQ is for the output buffer.)

Vgs and VgsQ (power supply pins):

Ground is connected. (Vgg is for the internal
circuit and VggQ is for the output buffer.)



HMS5241605 Series

Command Operation
Command Truth Table

The synchronous DRAM recognizes the following
commands specified by the CS, RAS, CAS, WE

and address pins.

CKE - [.v4
Function Symbol n-1 n CS RAS CAS WE A8 A8 -0
Ignore command DESL H X H X X X X X X
No operation NOP H X L H H H X X X
Burst stop in full page BST H X L H H L X X X
Column address and read READ H X L H L H Vv L v
command
Read with auto-precharge READA H X L H L H v H v
Column address and write WRIT H L H L L L
command
Write with auto-precharge WRIT A H X L H L L Vv H Vv
Row address strobe and bank act. ACTV H X L L H H v \' v
Precharge seiect bank PRE H X L L H L v L X
Precharge all bank PALL H X L L H L X H X
Refresh REF/SELF H v L L L H X X X
Mode register set MRS H X L L L L L L v

fNote: H: Vi L:Vy. X:Vigor V. 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 status is held.

* No operation [NOP]:

This command is not an execution command.
However, the internal operations continue.

*Burst stop in fuli-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/outpul is performed repeatedly.

» Column address strobe and read command

[READY:

This command starts a read operation. In
addition, the start address of burst read is
determined by the column address (AY0-AY7)
and the bank select address (BS). Afier 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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HMS3241605 Series

+ 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 (A9) 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 (AY0 to AY7) and the bank
select address (A9).

* 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 A9(BS) and dctermines the row address
(AX0-AX8). When A9 is Low, bank 0 is
activated. When A9 is High, bank 1 is activated.

< Precharge sclected bank [PRE}:

This command starts precharge operation for the
bank selected by A9. If A9 is Low, bank 0 is
selected. If A9 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-A9) at the
mode register set cycle. For details, refer to the
mode register configuration. After power on, the
contents of the mode register are undefined,
execute the mode register set comunand to set up
the mode register.

DOQM Truth Table

CKE DQM
Function Symbol n-1 n v L
Upper byte write enablefoutput 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: VIH- L VIL- X V,H or VIL'

The HM5241605 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 DOMU/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
HMS5241605 operating instructions.
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Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HM5241605 Series

CKE Truth Table
CKE
Current state  Function n-1n CS BRAS CAS WE Address
Active Clock suspend mode entry H L X X X X X
Any Clock suspend L L X X X X X
Clock suspend Clock suspend mode exit L H X X X X X
Idle Auto-refresh command REF H H L L L H X
Idie Seflfrefresh entry SELF H L L L L H X
Idle Power down entry H L L H H H X
H L H X X X X
Self refresh Self refresh exit SELFX L H L H H H X
L H H X X X X
Power down Power down exit L H L H H H X
L H H X X X X

Note: H: V. LV X Vyyor V.

¢ Clock suspend mode entry: = Clock suspend mode exit:

4496203 0025976 914

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 afier the next
clock by internally maimaining 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, cxtcmal signals are not accepted.
However, the internal state is held.

Clock suspend:

During clock suspend mode, keep the CKL to
Low.
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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 DRAMs) During
the auto-refresh operation, refresh address and
bank select address are generated inside the
synchronous DRAM. For every auto-refresh
cycle, the internal address counter is updated.
Accordingly, 1,024 times are required to refresh
the entire memory. Before exccuting the auto-
refresh commmand, 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 aficr
auto-refresh.



HM5241605 Series

* Self-refresh entry {SELF}: d

When this command is input during the IDLE
state, the synchronous DRAM starnts self-refresh
operation. After the execution of this command,
self-refresh continues while CKE is Low. Since
self-refresh is performed internally and
automatically, external refresh operations are
unnecessary.

» Power down mode entry

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

Function Truth Table

The following table shows the operations that are
performed when each command is issued in each

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
emters the IDLE state.

mode of the synchronous DRAM.
Currentstate CS RAS CAS WE Address Command Operation
Precharge H X X X X DESL Enter IDLE after tRP
L H H H X NOP Enter IDLE after iRP
L H H L X BST ILLEGAL
L H L H BA, CA A8 READ/READA HILEGAL
L H L L BA, CA, A8 WRITWRITA  ILLEGAL
L L H H BA, RA ACTV {LLEGAL
L L H L BA A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
ldie H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP
L H L H BA, CA, A8 READ/READ A ILLEGAL
L H L L BA, CA, A8 WRITWRIT A ILLEGAL
L L H H BA, RA ACTV Bank and row active
L L H L BA, AB PRE, PALL NOP
8
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HMS5241605 Series

Function Truth Table (cont)
Currentstate CS RAS CAS WE Address Command Operation
idle 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
t H H H X NOP NOP
L H H L X BST NOP
L H L H BA, CA, AB READ/READ A Begin read
L H L L BA, CA, A8 WRITMWRIT A Begin write
L L H H BA, RA ACTV Other bank active™
ILLEGAL on same bank
L L H L BA, A8 PRE, PALL Precharge
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read H X X X X DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Burst stop to full page
L H L H BA, CA, AB READ/READ A Continue burst read to
CAS latency and New read
L H L L BA, CA A8 WRITMRIT A Term burst read/start write
L L H H BA, RA ACTV Other bank active™
ILLEGAL on same bank
L L H L BA, A8 PRE, PALL Term burst read and
Precharge
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read with H X X DESL Continue burst to end
auto-precharge and precharge
L H H H X NOP Continue burst to end
and precharge
L H H L X BST ILLEGAL
L H L H BA, CA, AB READ/READ A ILLEGAL
L H L L BA, CA, A8 WRITWRITA ILLEGAL
L L H H BA, RA ACTV Other bank active™
ILLEGAL on same bank
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

B 4uy9L203 0025978 797 R
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HMS5241605 Series

Function Trath Table (cont.)
Currentstate CS RAS CAS WE Address Command Operation
Write H X X X X DESL Continue burst to end
L H H H X NOP Continue burst fo end
L H H L X BST Burst stop on full page
L H L H BA, CA AB READ/READ A Term burst and New read
L H L L BA, CA A8 WRITWRIT A  Term burst and New write
L L H H BA RA ACTV Other bank active™
ILLEGAL on same bank
L L H L BA, A8 PRE, PALL Term burst write an
Precharge™
L L L H X REF, SELF {LLEGAL
L L L L MODE MRS WLLEGAL
Write with H X X X X DESL Continue burst to end
auto-precharge and 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, A8 READ/READ A LLEGAL
L H L L BA, CA, A8 WRITWRITA ILLEGAL
L L H H BA, RA ACTV Other bank active™
HLLEGAL on same bank
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS HLEGAL
Refresh H X X X X DESL Enter IDLE after tRC
(auto-refresh) |~ H T W X NOP Enter IDLE after tRC
L H H L X BST Enter IDLE after {RC
L H L H BA, CA, A8 READ/READ A ILLEGAL
L H L L BA, CA, A8 WRITMRITA ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS HLLEGAL

Notes 1. H: Vi L Vi X Viyor Vi
The other combinations are inhibit.
2. An interval of tRWL is required between the final valid data input and the precharge command.
3. |t trrp is not satisfied, this operation is iliegal.

10
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HM5241605 Series

From [PRECHARGE)
* To [DESL], [NOP] or [BST}:

When these commands are executed, the
synchronous DRAM enters the IDLE state after
tRP has elapsed from the completion of
precharge.

From [IDLE]

» To [DESL], [NOP], [BST], [PRE] or [PALLY}:
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 sclf- 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 1ead operation starts. (However, an interval of
tRCD is required.)

« To [WRIT], [WRIT A]:

A write operation starts. (However, an interval
of tpep is required.)

* To [ACTV}:

This command makes the other bank active.
(However, an interval of tgrp is 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 tpas
is required.)

From [READ]

« To [DESL], [NOP}:

These commands contime 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. Afier CAS 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 interval of tgrp is required.)
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.

1
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HMS5241605 Series

From [READ with AUTO-PRECHARGE]
 To [DESL}, {NOPJ:

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 trrp is required.)
Attempting to make the currently active bank
active results in an iflegal command.

From [WRITE]
« To [DESL}, [NOP}:

These commands continue write operations umntil
the burst operation is completed.

* To [BST}:
This command stops a full-page burst.
* To [READ], [READ AJ:

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.

12
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» To [ACTV]:

This command makes the other bank active.
(However, an interval of tggp is required.)
Atrtempting 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 cnters precharge mode.

« To [ACTV}:

This command makes the other bank activ.
(However, an interval of tgc is required,)
Attempting to make the currently active bank
active results in an illegal command.

From [REFRESH]
To [DESL], [NOP], [BST]:

After an aato-refresh cycle (after tgc), the
synchronous DRAM automatically enters the
IDLE state.
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HMS5241605 Series

Simplified State Diagram

BST CTVE 8s7

fon full page) {on full page)

ite TE R Read

WTH WITH

e \SFE- APREAD AR CKE
SUSPEND |——ad o L \ ] PR
GKE L/ WRITE"R CKE

READ WRIT

WRITE ’ WITHAR | - WITHAP READ
WITH AP WTHAP

CKE
WRITEA = READA
[ READA |
RRECHARGE | PRECHARGE

APPLIED POWER PRECHARGH

-~ Automatic transition after completion of command.
— Transition resutting from command input.

IDLE state.

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

4u9L203 0025982 118 E2
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HM5241608 Series

Mode Register Configuration

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

* A9 and A8: (OPCODE)

The synchronous DRAM has two types of write
modes. One is the burst write mode, and the
other is the single write mode. These bits

* A7

Keep this bit Low at the mode register set cycle.

« A6, AS, A4: (LMODE)

These pins specify the CAS latency.

* A3 (BT)

A burst type is specified. When full-page burst
is performed, only "sequential® can be selected.

specify write mode. = A2, Al A0: (BL)
* Burst read and BURST WRITE These pins specify the burst length.
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.
A9]Aa A7 AG]A5|A4 A3 A21A1IAO
OPCODE 0 LMODE BT BL
e
A6 | A5| A4 |CAS Latency A3 | Burst Type Burst Length
0| 0} 0 R Sequential A2 AT1AO BT=0 | BT=1
o] o} 1 1 1 | interleave cl ol o 1 1
0l 11 © 2 0j 01 1 2 2
o] 11 1 3 0} 11 0 4 4
11 X| X R of 1] 1 8 8
TTe— 11 0] O R R
A9l A8! Write mode 1101 1 R R
01 O | Burst read and burst write 111160 R R
ol 1 R 11 1] 1| FP R
1| O |Burstread and SINGLE WRITE F.P. =Full Page (256)
1 1 R R is Reserved(inhibit)

14
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HMS5241605 Series

Burst Sequence

3..2.1-0.
m2.3.0,1,
..m1-0.3.2.
=~ @ J o
mmnu.123,
.&m2.3.0.1,
mw1.2.3.0,
|3 Tl
<l @ | N ™
m..d.ooalﬂd..
§|<| <
%l £
-
= -l QIO} ] v
alal<
o
—_ >
.m1vnu.
F 8l |
dm01
c
HE
al el |
18
38| 5
n| <ol
€| 2
Sl el ofr
= el
m.ll
3R
@ »

=8

Burst length

A2

~1 o] b | e S| ] o
o =] & ol &N o] S =
| =] o] | Ol el o
o wl o] Nl o] «~| o] o]
o| o v g N] O] 6] <
m2,3.o.1.e.7,4.5,
21+ ol o oi| ] | =] ©)
mo..l..z.a.4,5.6.7.
] & ] o] o] | 0] ©
O} ] o)~ Nl o | W
nm Wl o N S ] | o] &
9 <l o} o] N o] ~| o] o
M\S ol w| Cj = O |
.mmz,a.ts.e,?.o....
28| <o o «]w| o] |
Mmo.tz.a.is.s._f.
QIO Qi[O |O]| v
<
W.AI00110011
£
B ololo|olrir|v|~
(%]
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HM5241605 Series

Operation of HM5241605 Series The burst length can be set to 1,2,4,8 or full-
page(256). The start address for a burst read is
Read/Write Operations specified by the column address (AY0 to AY7)

and the bank select address (A9) at the read
command set cycle. In a read operation, data
Before exccuting a read or write operation, the output starts after the number of cycles specified
corresponding bank and the row address mustbe ~ © he CAS Latency. The CAS Latency can be
activated by the bank active (ACTV) command, 5110 1.2.3.

Either bank 0 or bank 1 is activated according to When the burst length is 1, 2, 4, or 8, the Dout
the status of the A9 pin, and the row address buffer automatically becomes High-Z at the next

(AXO0 to AXZ) is activated by the AD to AZ pins cycle after the successive burst-length data has
at the bank active command cycle. An interval been output.

of trep is required between the bank active
command input and the following read/write When the burst length is full-page(256), data is
command input. repeatedly output until the burst stop command
is input.
The CAS latency and burst length must be
A read operation starts when a read command is specified at the mode register.
input. Qutput buffer becomes Low-Z in the
(CAS Latency - 1) cycle after read command set.
HM5241605 series can perform a burst read
operation.

* Bank active

* Read operation

CAS Latency

: trep :

Command X Alctlvex X l;eud X
Address X row X XCt‘)Iumrx

eL=1 Louto X out 1 X out2 Xout3)
Dout cL=3 (nutOXouH Xou!2Xout3>
oL 3 {out 0 X out 13 out 2 X out3)

CL: jatency
Burst length = 4

16
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HMS524160S5 Series

Read/Write Operations (cont)
Burst Length
(ST I I T T I U O O O O A
i, RoD _}
Command
Address D ‘
BL=3 {out 0}
PR {oui @(om 1)
Dout Bia out B oul T)oul ZXout 3
e out GXout TXout 2X out IXout 4X out SXout 6 )Xot 7
out OXout TXout ZXout ot €Yot SYout EXoul TXEUE B)---------—---4ut U (oul T} ">

BL = full page (256)

BL: Burst length
fatency = 2

* Write operation

Burst write or single write mode is selected by
the OPCODE (A9, A8) of the mode register.

1. Burst write:

A burst write operation is enabled by setting
OPCODE(A9, A8) to (0, 0). A burst write
starts in the same cycle as a writec command
set. {The latency of data input is 0.) The burst
length can be set to 1, 2, 4, 8, and full-page,
like burst read operations. The write start
address is specified by the column address
(AYO to AY7) and the bank select address
(A9) at the write command set cycle.

yy95203 002598k BE3

2. Single write:

A single write operation is enabled by setting
OPCODE(AY, AS8) to (1, 0). In a singk write
operation, data is only written to the column
address (AYO to AY7) and the bank select
address (A9) specified by the write command
set cycle without regard to the burst length
setting. (The latency of data input is 0).

17
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HMS524160S5 Series

Read/Write Operations (cont)
Burst Write
(=T O T T T I 1 O 1 O I O I
i trcop
Command ~aewex v
Address Row X Yeowe{_ e
Va™ DY .
Bl <o)
——————<m0Xin1) -
8L=2
on
FY (noXm 12X (m3 XmaXins5XmeXm7)————---m-
Cn o) n 1Xn 2 X 3 )X 4 Xin 5 Xin 8 )(n 7 X(in 8 )-----=-=-==-- A CID GED S
BL = tull page (256) fatency =1, 2,3

Single Write

: trep

Command Xﬁmex X \{Vme X

Address XRow X XC?lumnX

Din { i )

Ain0 2

CAS latency = 1, 2,
Burst length=1, 2,

3
4, 8, full page

18
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HMS524160S Series

Read/Write Operations (cont)

The command executed for the same bank afier
the execution of this command must be the bank

* Read with auto-precharge:

active (ACTV) command. In addition, an

In this operation, since precharge is

interval defined by lapgr is required before

. . xecution of the next command.
automatically performed after completing a read € no it
operation, a precharge command need not be
executed afler each read operation.

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
] :
Ci=t Command _ X Read X 1 X actve X
Dot ————{ outs X ottt X oz X ;un > :
M
h PR i
Ct=2 Commard X Resd X 7 X acwe X
Dout { oo outt o2 P :
5 " iapr !
CL=3 Command :)( Read X ! X A’e"" X
Dout {_out® ;‘m o2 ‘:’"‘3 s E
: >
: ’ PR .
Note: Intemal auto-precharge starts at the timing indicated by “".
At CLK =33 MHz (lapr changes depending on the operating frequency.

4496203 D025988 b3k
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HMS24160S Series

Read/Write Operations (cont)
* Write with auto-prccharge:

In this operation, since precharge is
automatically performed after completing a burst
write or single write operation, a precharge
command nced not be executed after each write
operation.

Burst Write (Burst Length = 4)

The command executed for the same bank after
the execution of this commmand must be the bank
active (ACTV) command. In addition, an
interval of 15pw is required between the final
valid data input and input of the next command.

v B I e

SR e e I

wormput) —(_ino_ X_im__ X w2 X _m

b

Single Write

20
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HMS5241605 Series

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

The timing from command input to the last data
changes depending on the CAS latency setting,
When the CAS latency is 3, the data becomes
invalid two cycles after the BST command. In
addition, the BST command is valid only during
full-page burst mode, and is invalid with burst
lengths of 1, 2, 4, and 8.

stops the full-page burst read.
CAS latency BST to valid data BST to high impedance
1 0 1
2 1 2
3 1 3
CAS Latency = 1, Burst Length = full page
cLk | e O T A i L LT
Command _ X B‘JTSf stop X!
Weutpet) X ot X ot X ot X ot X c;ux f
!—-—.:,
lasr lasn
Deoycle 1 cycle
CAS Latency = 2, Burst Length = full page
oLk N N [ N U N S B S L[]
Command X Burst stop x:

Wutpw) X ot X ovt X om X

)
ot X out X out >

! T
] t
r—#l 'BSH =2cycie

lagr = 1 cycle

4496203 0025990 294
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HMS5241605 Series

Full-page Burst Stop (cont)

CAS Latency = 3, Burst Length = full page

SRR B S R e A e e O

L]
Command X Burst stop X
L]

'
]
v
'
]
]

O

ut >

vo outputy X ot X out X out W eut X owt X out ¥
! +
- =P 1ps1= 3

' IggR= 2 cycle

\ o0

cycle

+ Burst stop command at burst write:

The burst stop command (BST command) is
used to stop data input during a full-page burst
write. Data is still written in the same cycle as
the BST command, but no data is written in
subsequent cycles.

In addition, the BST command is only valid
during full-page burst mode, and is invalid with
burst lengths of 1, 2, 4, and 8. And an interval of
trw is required between the BST command and
the next precharge command.

Burst Length = full page

PR s I s O Y s O I N o B

Command X isumt 3&7 ' X PreohargeX
t
1]

Wonpu) S m X im X in >

T3 4496203 0025991 120
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HMS5241605 Series

Command Intervals
« Read command to Read command interval
1. Same bank, sam¢ ROW address:

When another read command is executed at
the same ROW address of the same bank as
the preceding read command execution, the
second read can be performed after an interval
of no less than 1 cycle.

Even when the first command is a burst read
that is not yet finished, the data read by the
second command will be valid.

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

ax U oouoe
Command MX__XREAIDAXREA'DBX ! ’
D O D T e G .
Bsa) N\ |/ N\ 1/ T
Dout ; e Gt Aot Bt BTG B B
BankD  Column=A Colu =BCoI.=AC.o| =B _
Actve  Resd  Read Dout Dout CAS latency = 3
Burst length = 4
Bank0

2. Same bank, different ROW address: 3. Different bank:

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.

When the bank changes, the second read can
be performed after an interval of no Jess 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.

23
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HMS5241605 Series

Command Intervals (cont)

READ to READ Command Interval (different bank)

BS(A9) 5‘[ 7 AN /:\

Adrose —
(AD-AB) m- Rowt X2 Gotime X L

Dout ; E § Wmao)@mm)@: o5
Banko Bar.ﬂd Bark Bankt Banko Bankt CAS latency =3
Active Active Reed Read Dout  Dout Burst length=4

* Write command to Write command interval
1. Same bank, same ROW address:

When another write command is executed at
the same ROW address of the same bank as
the preceding write command, the second
write can be performed after an interval of no
less than 1 cycle.

In the case of burst writes, the second write
command has priority.

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

Command ;VE e AXWRITE

t
i
i
o
m

BS(A9) _\ / \  /
Din M AD Xm 80 Xin 81 Xm B2 Xin B3 )
Banko  Column =A Column =B Burst write mode
Active wite Wt Burst length = 4
Bank0
24
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HMS5241605 Series

Command Intervals (cont) 3.

2. Same bank, different ROW address:

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

WRITE to WRITE Command Interval (different bank)

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.

Command e e wn?re@(

fishess mx

BS(A9)§[7\/\

Din : ; ijo Xm BDXm 81 X in 82X in B3)-
Banko Banki Banko Banki Burst write mode
Active Active Wnte Wnte Burst length =4

* Read command to Write command interval
1. Same bank, same ROW address:

When the write command is executed at the
same ROW address of the same bank as the
preceding read command, the write command

READ to Write Command Interval

can be performed after an interval of no less
than 1 cycle.

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

Command X rean ayumire X
cL=1 / AN YA
Pamu| cL=2 7\ [
CL=3 N\ y AR
Din {in 80 Xin 81 Xin 82 X B3 }———
Dout PRt s 'O

449L203 0025994 93T
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HMS5241605 Series

Command Intervals (cont)
2. Same bank, different ROW address:

When the ROW address changes, consecutive
write commands cannot be executed; it is
necessary to separate the two write commands
with a precharge command or a bank-active
command,

1.

3. Different bank:

When the bank changes, the write command
can be performed after an interval of no less
than 1 cycle, provided that the other bank is in
the bank-active state. However, DQML/

WRITE to READ Command Interval (1)

DQMU must be set High so that the output
buffer becomes High-Z before data input.

+ 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 write command
can be performed after an interval of no less
than 1 cycle.

However, in the casc of a burst write, data will
continue to be written until one cycle before
the read command is executed.

CLK |

| T I O

Command

1 ]

) 1
XWRITEA X READ B X

i 1

1 H

DOML/DOMUY \ :
1 .
i

Din

| |
—
.
H ;

ojuao X out B1 Xomsz X odm}

i |
Dout : : !
! N
Column=A ‘CAS Lawncy:
Write e amen ]
Coumn=B  Column=8
Read Dout

Burst write mode
CAS latency = 1
Burst length =4
Bank0

‘WRITE to READ Command Interval (2)

SRR e U e T e T e O e T e T T N e e M T

Command X write A Y XREADB X '
; T +
. .

DOMLIOOMU N ‘

/

1
1
H

b
1

‘ <::uaoXous1Xansz)<uxas Y

Dout
ColumneA 1 TGRS Latency:
Witte aif—e-
Column=B  Column=B
Read Dout

Burst write mode
CAS tatency = 1
Burst length = 4
Bank0

449203 0025995 87h
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HMS5241605 Series

Command Intervals (cont)
2. Same bank, different ROW address:

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

3. Different bank:

When the bank changes, the writc 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 after the
cycles defined by IHZP, 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 IEP must be assured as an interval from the
final data ouiput to precharge command
execution.

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

CAS Latency = 1, Burst Length = 4

SO S s s e Y e T s Y s O o

Command o X READA X XREMGEX
: B H
; 1 :

Dout . <oon XmMXmAz FPPEI
: ; i

<=1 Tgp = Ocycle

CAS Latency = 2, Burst Length = 4

T : '
H ; ' :
| ! H H
Dout . (_ oaa0 out Al out A2 outA3 )
i - i ;
Q=2 tgp =-1cyde

uy96203 002599k ?0e
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HMS5241605 Series

Command Intervals (cont)

CAS Latency = 3, Burst Length=4

1 ] 1
Command XREADA X : Xnecﬂmeex :
) H \ H
; . : 1
Dout . { waro X outAt X owaA2 X outA3 )
i
CL=3 - {EP = -2 cyde

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

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

ML L L
Command X READ A —XPRECO{ARG—EX

o (o Y2

tHzp=1

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

e [ L0 L[ LT L] L L

Command X READ A anen:msex
hm-—"

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

Command X READ A XREOHARBEX
;

Dout ' —{onno YT

1
v '

tHzZP=3

28
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HM5241605 Series

Command Intervals (cont)

* Write command to Precharge command intcrval
(same bank):

When the precharge command is executed for
the same bank as the writc 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 DQMU and DQML for assurance of
the cycle defined by tpwy .

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

Burst Length = 4 (To write all data)

e [ LT LT LT LT L L L1

Commend

XMTE A X

4y9L203 0025998 585

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HMS24160S Series

Command Intervals (cont) 2. Inthe case of different bank-active commands:

» Bank active command interval The interval between the two bank-active
commands must be no less than tgrp.

1. Same bank:

The interval between the two bank-active
commands must be no less than tyc.

Bank active to bank active for same bank

w L[ L L) L e
D G Yo X
s X X=X
o T\ |/ \

|

by -

H tre H
Bank 0 Bank 0
Actve Active

Bank active to bank active for different bank

ew | L | L L L LI 1
Command XAcm:,E o Y XAcn%E, %
sy rewo X X(rown X
wo N\ /]

M‘;

L e
Bank 0 Bank 1
Active Active

30
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HMS5241605 Series

Command Intervals (cont)
* 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 trga.

eax | | [_J

L |

=

L1 |

Command >< MRS ><

><ACTNE ><

ey X Nessrow)
CODE B8S & ROW
(AD-A9) - ;
M
1 tRsA :
Mode Bank
Register Set Active

P3 449203 0026000 831
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HMS241605 Series

DQM Control * Writing:

The DOML and DQMU mask the lower and upper Input data can be masked by DQML/DQMU.
bytes of the 1/O data, respectively. The timing of By setting DOQML/DQMU to Low, data can be
DQML/DQMU is different during reading and written, In addition, when DQML/DQMU is set

writing, to High, the corresponding data is not written,
) and the previous data is held The latency of
* Reading: DQML/DQMU during writing is 0.
When data is read, the output buffer can be
controlled by DQML/DQMU.

By setting DOQML/DQMU to Low, the output
buffer becomes Low-Z, enabling data output.
By setting DQML/DQMU to High, the output
buffer becomes High-Z, and the corresponding
data is not output. However, internal reading
operations continue. The latency of

DQML/DQMU during reading is 2.
Reading
ok | | L L]
DQMUA */j'—\ f
¥O(output) /:outo X out1 \*;ﬁgh—z { outa »
;r Ipop =2 Latency :I
Writing
ST o N e T S S O R

DQMUAL 7 \

YO(input) Cmo X wna Y0 n3 —

ipip = 0 Latency

32
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HM5241605 Series

4496203 002kL002 bOH

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 1,024 cycles/16
ms. (1,024 cycles are required to refresh all the
ROW addresses.) The output buffer becomes
High-Z after auto-refresh start. In addition,
since a precharge has been completed by an
internal operation after the auto-refresh, an
additional precharge operation by the precharge
command is not required.

Self-refresh

After executing a self-refresh command, the self-
refresh operation continues while CKE is held
Low. During self-refresh operation, all ROW
addresses are refreshed by the internal refresh
timer. A self-refresh is terminated by a self-
refresh exit command. 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 (1,024 cycles).

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
rcad/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

HM5241605 series has two types of power-up
sequence. Hitachi recommends that the
DQML/DQMU and the CKE are set to High to

ensure output to be in the high impedance and to
prevent from bus contention,

1. During power-up sequence, the DQML/
DQMU and the CKE must be set to High.
When 100 ps has past after power on, all
banks must be precharged using the precharge
command. After (RP delay, set the mode
register. And after tRSA delay, execute two or
more cycles of auto-refresh operation as
dummy, an interval of tRC is required between
two auto-refresh commands.

2. During power-up sequence, the DQML/
DQMU and the CKE must be set to High.
When 200 us 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.

33
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HMS5241605 Series

Absolute Maximum Ratings

Parameter Symbol Value Unit Note

Voltage on any pin relative to Vgg Vr ~-1.0to+65 Vv 1

Supply voltage relative to Vgg Vee -1.0to +4.6 v

Short circuit output current lout 50 mA

Power dissipation Pr 1.0 w

Operating temperature Topr 0to +70 °C

Storage temperature Tstg =55 to +125 °C

Note: 1. Vi (max) = 5.75 V for pulse width <5 ns

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

Parameter Symbol Min Max Unit Note

Supply voltage Vee, VecQ 3.0 36 v 1
Vss, Vss@ O 0 Vv

Input high voltage ViH 20 55 A 1,2

input low voltage ViL 0.3 0.8 v 1,3

Notes: 1. All voitage referred to Vgg
2. Viy (max) =575V for pulse width < 5 ns
3. Vi (min) =—1.0 V for pulse width <5 ns

B2 u4yy9bL203 0026003 540
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HM5241605 Series

DC Characteristics (Ta =0 to 70°C, Vee, VecQ =33V x 03V, Vg5, VgsQ=0V)

HM5241605
15 -17 -20
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current lcet — B85 — 75 — 70 mA Burstlength=1 1,24
trc = min
Standby current lecs - 3 — 3 - 3 mA CKE=Vy_, tck = min 5
(Bank Disable) _ 2 - 2 - 2 mA CKE=Vy 6
CLK=Vy_or V)4 Fixed
— 33 — 30 — 26 mA CKE=Vy, 3
NOP command
tck = min
Active standby current lces -_— 7 - 7 -7 mA CKE=V), tck = min, 1,2
(Bank active) O=High-Z
-— 34 — 31 — 26 mA CKE=V, 12,3
NOP command
tck = min, O = High-Z
Burst (CL=1) lcc4 - 66 —~—~ 60 — 80 mA tcx=min 1,2, 4
operating (CL=2) — 100 — 95 — 80 mA BL=4
current (CL=3) — 105 — 95 — 85 mA
Auto refresh current lces - 70 — 656 — 60 mA tgc=min
Self refresh current lccs —_ 2 - 2 —_ 2 mA ViyzVee-02 7
ViLs 0.2V
Input leakage current Iy -10 10 -10 10 -10 10 pA O0O<Vin<Vgc
Output leakage current | o -10 10 -10 10 -10 10 pA 0<VoutsVcco
/O = disable
Output high voltage VoH 24 — 24 — 24 — NV loy=-2mA
Output low voltage VoL — 04 — 04 — 04 V Ior=2mA
Notes' 1. g depends on output load condition when the device is selected. Ice (max) is specified at the
output open condition.
2. One bank operation.
3. Input signal transition is once per two CLK cycles.
4. Input signal transition is once per one CLK cycle.
5. After power down mode set, CLK operating current.
6. After power down mode set, no CLK operating current.
7. After self refresh mode set, self refresh current.
35
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HM5241605 Series

Capacitance (Ta = 25°C, Voo, VecQ =33V 203 V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Cn — 5 pF 1,3
Input capacitance (Signals) Ci2 —_ 5 pF 1,3
Output capacitance (I/O) Co - 7 pF 1,23

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DQMUIL = V|4 to disable Dout.
3. This parameter is sampled and not 100% tested.

AC Characteristics (Ta =0 to 70°C, Vcc, VecQ =33 V£ 03V, Vg, VgsQ=0V)

HM5241605
-15 -17 -20
Parameter Symbol Min Max Min Max Min Max Unit Notes
System clock cycle time (CL=1) tek 30 —_— 35 —_— 40 —_— ns
(CL=2,3) %5 — 1756 — 20 — ns 1
CLK high pulse width tokH 6 — 7 —_ 8 —_ ns 1
CLK low pulse width tox 6 — 7 —_ 8 —_ ns 1
Access time from CLK  (CL=1) tac — 30 — 34 - 38 ns 1,2
{CL=2) —_ 15 — 165 — 18 ns 1,2
{CL=3) — 13 — 166 — 18 ns 1,2
Read command (CL=1,2) tack —_— 30 —_ 34 —_ 38 ns 1
to data valid time {CL=3) — 43 - 505 — 58 ns 1
Data-out hold time (CL=1) ton 4 — 4 — 4 — ns 1,2
{CL=2, 3) 2 — 2 — 2 — ns
CLK to Data-out low impedance vz 0 — 0 _ 0 —_ ns 1.2
CLK to Data-out {CL=1) tz 4 15 4 17 4 19 ns
high impedance (CL=2, 3) 2 10 2 12 2 14 ns 1,3
Data-in setup time tps 4 - 4 — 4 —_ ns 1
Data in hold time toH 2 _ 2 —_ 2 —_ ns 1
Address setup time tas 4 — 4 —_ 4 — ns 1
Address hold time tan 2 — 2 — 2 —_ ns 1
CKE setup time tces 4 —_ 4 —_ 4 — ns 1
CKE setup time for power down exit  tcgsp 13 — 16 —_ 17 - ns 1
CKE hold time tceH 2 —_ _ - ns 1
Command (CS, RAS, CAS, WE, tcs 4 _ — —  ns 1
DQM) setup time
Command (CS, RAS, CAS, WE, tcH 2 —_ 2 - 2 — ns 1
DQM) hold time
Ref/Active to Ref/Active tre 110 — 120 — 130 -~ ns 1

command period
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HMS5241605 Series

AC Characteristics (Ta =0 to 70 °C, Ve, VecQ =33V 03V, Vgs, VssQ =0V)

(cont)

HM5241605

-15 A7 -20
Parameter Symbol Min Max Min Max WMin Max Unit Notes
Active to Precharge command period tras 70 10000 75 10000 80 10000 ns 1
Active to precharge on full page mode trasc — 80000 — 80000 — 80000 ns 1
Active command to column command trcp 30 — 35 — 40 — ns 1
(same bank)
Precharge to active command period irp 34 — 34 -—_ 40 — ns 1
The last data-in to Precharge lead trwL 30 — 35 — 40 — ns 1
time
Active (a) to Active (b) command trrD 30 -— 35 — 40 —_ ns 1
period
Register set to active command trsA 30 e 35 — 40 —_ ns 1
Transition time (rise to fall) ty 1 5 1 S 1 5 ns
Refresh peried tRer — 16 — 16 — 16 ms

Notes: 1. AC measurement assumes ty = 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.tz (max) defines the time at which the outputs achieves + 200 mV.
Load condition is CL = 5 pF with cumrent source.
4. tcgs define CKE setup time to CKE rising edge except power down exit command.

HM5241605 (LVTTL)
nput 28V o 1 80% Vo 50001
i 1 1 1 0, 'S
Vss m o 1 AMW—O +14V
Lo Lo l CcL
- .
ty ty
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HMS524160S Series

Relationship Between Frequency and Minimum Latency

HM5241605

Parameter -15 7 20
Frequency (MHz) 66 33 57 285 50 25
tck (ns) Symbol 15 30 175 35 20 40 Notes
Active command to column command tRcD 2 1 2 1
(same bank)
Active command to active command tre 8 5 7 4 7 4 =[tras + trpl]
(same bank)
Active command to precharge command tras 5 3 5 3 4 2
(same bank)
Precharge command to active command trp 3 2 2 1 2 1
(same bank)
Last data input to precharge command  tryy 2 1 2 1 2 1
(same bank)
Active command to active command trRrD 2 1 2 1 2 1
(different bank)
Last data in to active command lapw 5 3 4 2 4 2 = [trv. + tRP]
{Auto precharge, same bank)
Self refresh exit to command input lsec 8 4 7 4 7 4 = [trc]
Precharge command to high impedance |kzp
{CAS latency = 3) 3 3 3 3 3 3
(CAS latency = 2) 2 2 2 2 2 2
(CAS latency = 1) - 1 -1 - 1
Last data out to active command Iapr
(auto precharge) (CAS latency = 2, 3) 2 1 1 0 1 0 = [trp] -1
(same bank) (CAS latency = 1) -2 — 1 — 1 = [trp]
Last data out to precharge Iep
(early precharge) (CAS latency = 3) -2 2 2 -2 2 2

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

(CAS latency = 1) — 0 — 0 — 0
Column command to column command  lcep 1 1 1 1 1 1
Wiite command to data in latency MWep 0 0 0 0 0 0
DQM to datain ipio VI 0 0 0 0
DQM to data out tbop 2 2 2 2 2 2
CKE to CLK disable loe 1 1 1 1 1 1
Register set to active command trsA 2 1 2 1 2 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 lgsr
(CAS latency = 1) — 0 - 0 - 0
(CAS latency = 2) 1 1 1 1 1 1
(CAS iatency = 3) 2 2 2 2 2 2
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HM524160S5 Series

Relationship Between Frequency and Minimum Latency (cont)

HM5241805
Parameter -5 7 -20
Frequency (MHz) 66 33 57 285 50 25
tex (ns) Symbol 15 30 175 35 20 40 Notes
Burst stop to output high impedance lgsH
(CAS latency = 1) — 1 - 1 - 1
(CAS latency = 2) 2 2 2 2 2 2
(CAS latency = 3) 3 3 3 3 3 3
Burst stop to write data ignore lgsw 1 1 1 1 1 1

Note: 1. trep to trrp are recommended value.
2. CL =CAS latency.
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HM5241605 Series

Timing Waveforms

Read Cycle
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tes| o tes! tan fes) tod Les| o
ah\c_j/ {;CSQ ‘Cj ‘Cj’
o b o
w0 T X A
1os! to tos] o tes) ton ;@’m
o sy | eyt X
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HMS35241605 Series

Write Cycle
tox
ot ton
IAUAUAUAWAWAWAWAY AWAWAWAW AW
e " = s ten
fcs! ton tes| ton tes! tod tesi tod
s T T 7 Ty
tos! to Jos|l tes] ton tos| tan
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peoe—v  fos|td
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w2 | X T V077 07708 |
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HMS524160S Series

Mode Register Set Cycle

1 2 A 7 10 AAl 12 13 14 15 16 17 48 19
CLK 4 | 1 ! 1 1 ! t | 1 ] } { ! | 4 { !
oKe —F o S A
N R D D T
RS T L7 SN T \%/////A% ////'////

RS LT RIIID, LTTRIT £T L T

3 ' 1 ’ +
1 H A A

AS(BS) // //A // / Z / \ T W 7

WE%?// A'/ '//§‘<'/ '// Y//////:Y// Afﬁ“//'

N2

. 777

mamss/.»-q /)-V A-(/ //)@W/ /M:
DM 7 77 7 7 7 727G A

5// //

1 l 1] []
o(output S S N S s m e S B S BB S S ) R TP I i
-Z T +
otmput ——————— e T T T i
4 re Fy 'rsa 4 'moD 4 Output mask
prowee Koe it ganwt garkt tRep =3

Read Cycle/Write Cycle

WEM.Vif\wv,f. 7!
A9BS) 77N F777700. L7 NI\ T 77777
Address 77 aX 777 XCSaX X RBY L X CBK XCBXXER 70777,

L A ' ‘ P

comn 72772227777

z ! A //'/’ N LI L,

CAs 27 AL £ LT XOAL_LID, [ 77 N7
Ve 77T AL LT [N [T 7
»s(es>717\// AT DL LT T e Xz
Ackrens 77 YR, 7777 ¥CaX/ZXREX, n@x/l/ .

Sty

/”///Ag;m S S S S B : L7

Gty —
(A

Burst length = 4
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HM5241605 Series

Read/Single Write Cycle

0O 1 2 3 4 5§ €6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
CKE WMl T R R R IR
565\,_/\_/5"\,_/sees=:=::sg=jn
RAS ZZA L2777 DAL L7777 70 LA LA P
CAS 7 NI LT D777 P O
WE ZZT 2L N LT, S NI LN B
AxBS) 77N L, A///\////,A;;/{/,A///‘(Z
Acdress 777 XRAY 7277 XCaX BN XCRYCRX 777 777
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tputy — Tt o e 0 3) 1) o8
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'V’ T T T T T T T T T ¢ T 0 T T T
+ H i ] | 1 ] ] t ) ' 1 1 1 1 i ] 1 ) 1 1 i
1 ' t ‘ t i ¢ 1 f i 1 ' 1 1 1 ' T 1
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'
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Active Read Wikt Wiite  Wilite

Read/Single write
- delay =3
latency =3
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HM5241605 Series

Read/Burst Write Cycle

g 1 2 3 4 5 6 7 8 9 10 11 12 43 14 15 16 17 18 19 20

CkE T T T T N\LS

{ rl i 1 t

e AL A A A A A LA

2 i i L .
cs v 1 T an v | 1
' \ /: ' ' . ' ' . ' 1
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HM5241605 Series

Full Page Read/Write Cycle
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HMS241605 Series

Auto Refresh Cycle
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-

i High-Z ——— .
: I

i
¢
i
Se refresh exit
ignore command
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Seff refresh cycle
RAS-CAS delay=3
CAS latency=3
Burst length=4
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HM5241605 Series

Clock Suspend Mode
{cesp togn ces
O 1 2 3 4‘5 6 7 .27 10 1-1.12 13 14 15 16 47 18 19 20

ax ALY
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CAS 77 7 & 7 /77 43 2, N LI 7 AR 77/ 72 fatency =2
WE 7 7% 7 T < VSRR A\ /. Burst length = 4
A9ES) Z7A %] A:f]V: N/ SN /A §

[DQMUL. 77777 /\: i H £ A: H H 3 H £
T i : i A N S S S M S

tpuy +——————+— i — A S A

}’,,?m) — 4 48 @mn@@@ —— }
R Eoo bbb i,
refiicedn AT QD Rkl WAoo Wbe sap e B Brecherme Prchargs

47

449203 002601L 1TH

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HM5241605 Series
Power Down Mode
reupipEpEpininininininEnEnEn iy
CKE T\ oo ST
&S T\ T\ ~Z 7T\
RAS LA\ L2277 X AAAAAAAII NI
cas T LT O g e 7
We A LT 7 T X T 7
KSBS) 777 NN T 7 T o NI/ :
Address : ‘ 7 77 ' ' .
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VO(input) — ——
VO(output) e ———— —HghZ—————
A 4
Precharge command  Power down entry Power down Power down cycle
if needed mode ext RAS-CAS delay=3
Active Bank 0 CAS jatency=3
Burst length=4

48

yu9L203 0026017 035

— - "

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




19

HM5241605 Series

10

Power Up Sequence (1)
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Power Up Sequence (2)
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