HM51W4400B Series

HM51W4400BL Series (Low Power Version)

1,048,576-word X 4-bit Dynamic Random Access Memory.

The Hitachi HM51W4400B/BL is a CMOS
dynamic RAM organized 1,048,576 words x 4 bits.
HMS51W4400B/BL has realized higher density,
higher performance and various functions by
employing 0.8 pm CMOS process technology and
some new CMOS circuit design technologies. The
HMS51W4400B/BL offers Fast Page Mode as a
high speed access mode. Multiplexed address
input permits the HM51W4400B/BL to be
packaged in standard 300-mil 20-pin plastic SOJ
and 20-pin plastic TSOP II.

Features

* Single3.3V (x03V)
* High speed

— Access time

60 ns/70 ns/80 ns (max)

* Low power dissipation

— Active mode

288 mW/252 mW/216 mW (max)
— Standby mode 3.6 mW (max)
0.18 mW (max) (L-version)

» Fast page mode capability
* 1024 refresh cycles : 16 ms

1024 refresh cycles : 128 ms (L-version)
* 4 variations of refresh

— RAS-only refresh

— CAS-before-RAS refresh

— Hidden refresh

— Self refresh (L-version)
* Test function
= Battery back up operation
* Self refresh operation (L-version)

Ordering Information

Type No. Access time Package
HM51W4400BS-6 60 ns 300-mli 20-pin
HM51W4400BS-7 70 ns plastic SOJ
HM51W4400BS-8 80 ns (CP-20D)
HM51W4400BTT-6 60 ns 20-pin
HM51W4400BTT-7 70 ns plastic TSOPI|
HM51W4400BTT-8 80 ns (TTP-20D)
HM51W4400BRR-6 60 ns 20-pin plastic
HM51W4400BRR-7 70 ns TSOP |l reverse
HM51W4400BRR-8 80 ns (TTP-20DR)
HM51W4400BLS-6 60 ns 300-mli 20-pin
HM51W4400BLS-7 70ns plastic SOJ
HM51W4400BLS-8 80 ns (CP-20D)
HM51W4400BLTT-6 60 ns 20-pin
HM51W4400BLTT-7 70 ns plastic TSOP!I
HM51W4400BLTT-8 80 ns (TTP-20D)
HM51W4400BLRR-6 60 ns 20-pin plastic
HMS51W4400BLRR-7 70 ns TSOP Il reverse
HM51W4400BLRR-8 80 ns (TTP-20DR)
Hitachi 433
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HM51W4400B/BL Series

Pin Arrangement

HM51W4400BS/BLS Series HM51W4400BTT/BLTT Series
Hitachi pin No.
JEDEC pin No. 1101 1 O :]20 Vgg
\J o2 2 || | J19 vo4
2 20 V —
vor 1 [} ol _J20 vss WE 3[ | 18 vos
woz 2|2 25| ]1e vo4 _
- RAS 4 | | J17CAs
we 3| |3 24| |18 vos b
RAS 4[ |4 23|| |17 Cas a9 5[ | | JreoE
as s |is 22| ]16 oE
A0 6 [ | i:]15 A8
a6 |lo 18| |15 As a7 e a7
A1 7[ |0 17| J14 A7 a2 8[| :|13A6
Az 8[ |11 16(|_]13 As s o[ | 12 as
Az o[ [h12 15| J12 As v B 11 e
10
Veg 10[_||13 14 ]11 A4 ¢
(Top view) (Top view)
Pin Description
HM51W4400BRR/BLRR Series
Pin name Function
Vgs 20[ O :' 1 /01 A0 - A9 Address input
Vo4 19% % 2 "_O_z A0 — A9 Refresh address input
O3 18 3 WE
N — 17101 - 1/04 Data-in/Data-out
CAS 17 | 4 RAS
OE 16 j 5 A9 RAS Row address strobe
CAS Column address strobe
A8 15[ :‘ 6 A0 WE Read/Write enable
A7 14 7 A1 —
3% % Ao OE Output enable
A6 1 8
Vee Power (+ 3.3 V typ)
As 12| | JoaAs
As 11| [ J10Vee Vss Ground
(Top view)
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HM51W4400B/BL Series

Block Diagram
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HMS51W4400B/BL Series HM51W4400B/BL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -0.5t0 +4.6 \
Supply voltage relative to Vgg Vee —0.51t0 +4.6 \
Short circuit output current tout 50 mA
Power dissipation Py 1.0 w
Operating temperature Topr 0 to +70 °C
Storage temperature Tstg —-55to +125 °C

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

Parameter Symbol Min Typ Max Unit Note
Supply voltage Vss 0 0 0 \

Vee 3.0 3.3 3.6 A 1
Input high voltage ViH 2.0 — Ve +03 V 1
Input low voltage ViL -0.3 — 0.8 \ 1

Note : 1. All voltage referred to Vgg.

436 Hitachi B 4496203 002LL27 47T EE
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HM51W4400B/BL Series

DC Characteristics (Ta = 0 t0 +70°C, V=33V 03V, Vgg=0V)

HM51W4400B HM51W4400B HM51W4400B

BL6 BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Test condition Notes
Operating current Iy — 80 — 70 — 60 mA RAS, CAS cycling 1,2
trc = min
Standby current lcce — 2 — 2 - 2 mA  TTL interface
RAS, CAS = Vi
Dout = High-Z
— 1 — 1 — 1 mA  CMOS interface
RAS, CAS >Vpoc-0.2V
Dout = High-Z
Standby current — 50 — 50 — 50 gA  CMOS interface 4
(L-version) RAS, CAS =V|y
WE, OE, Address and
Din = le or V”_
Dout = High-Z
RAS-only lces — 80 — 70 — 60 mA tgc=min 2
refresh current
Standby current lccs — 4 — 4 — 4 mA  RAS=Vy 1
CAS = V).
Dout = enable
CAS-before-RAS g — 80 — 70 — 60 mA  tgc =min
refresh current
Fast page mode lccy — 70 — 60 — 50 mA tpc=min 1,3
current
Battery back up Iccio — 100 — 100 — 100 pA tyc=125ps 4
operating current tras <1 ps, WE=V),
(Standby with CAS = V|, OE, Address
CBR refresh) and Din = Vi or V)
(L-version) Dout = High-Z
Self-refresh lccit — 100 — 100 — 100 pA RAS,CAS=V,OFE, 4
current Address and Din = V|
(L-version) or V|_, Dout = High-Z
Input leakage current 1 ; -10 10 -10 10 -10 10 pA OV<Vin<46V
Output leakage ILo -10 10 -10 10 -10 10 HA OV<Vout<46V
current Dout = disable
Output high voltage Vgoy 24 Voo 24 Voo 24 Voo V High lout = -2 mA
Output low voltage Vg 0 0.4 0 0.4 0 04 V Low lout =2 mA
B 4496203 002bL28 30L EE Hitachi- 437
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HM51W4400B/BL Series

Notes : 1. Igc depends on output load condition when the device is selected. Icc max is specified at the
output open condition.
2. Address can be changed twice or less while RAS = V|, .
3. Address can be changed once or less while CAS = V).
4. VIH2VCC_0'2 V,0V<V <02 V.

Capacitance (Ta =0 to +70°C, Vo =33V £03 V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ciy — 5 pF 1
Input capacitance (Clocks) Ci2 — 7 pF 1
Output capacitance (Data-in, Data-out) Cio — 7 pF 1,2

Notes : 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = V) to disable Dout.

438 Hitachi B 4496203 002kbk29 242 1l
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HMS51W4400B/BL Series

AC Characteristics (Ta = 0 to +70°C, Ve = 3.3 V £ 0.3 V, Vgg = 0 V) *1. *14, *15, ¥16

Test Conditions

Input rise and fall times : 5 ns

Input timing reference levels : 0.8 V, 2.0 V

Output timing reference levels : 0.8 V, 2.0V

Output load : 1 TTL gate + Cy_ (100 pF)
(Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common parameters)

HM51W4400B HMS51W4400B HM51W4400B

/BL-6 BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Random read or write cycle time the 10 — 130 — 150 — ns
RAS precharge time trp 40 — 50 — 60 — ns
RAS pulse width tras 60 10000 70 10000 80 10000 ns 19
CAS pulse width tcas 15 10000 20 10000 20 10000 ns 20
Row address setup time tasr 0 — 0 — 0] — ns
Row address hold time tRAH 10 — 10 — 10 — ns
Column address setup time tasc Y] — 0 — 0 — ns
Column address hold time tcaH 15 — 1% — 15 — ns
RAS to CAS delay time trch 20 45 20 50 20 60 ns 8
RAS to column address defay time  tgap 15 30 15 35 15 40 ns 9
RAS hold time tRsH 15 — 20 — 20 — ns
CAS hold time tcsH 60 — 70 — 80 — ns
CAS to RAS precharge time tcrp 10— 10 — 10 — ns
OE to Din delay time toop 15 — 20 — 20 — ns
OE delay time from Din tozo 0 — 0 — 0 — ns
CAS setup time from Din toze 0 — 0 — 0 — ns
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 7
Refresh period tReF — 16 — 16 — 16 ms
Refresh period (L-version) tRerF — 128 — 128 — 128 ms
M 4496203 002bL30 Thy mE Hitachi 439
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HM51W4400B/BL Series

Read cycle

HM51W44008 HM51W44008 HM51W4400B

/BL-6 /BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tRAC — 60 — 70 — 80 ns 2,317
Access time from CAS tcac — 15 — 20 — 20 ns 3,4,13,17
Access time from address taa — 30 — 35 —_ 40 ns 3,5,13,17
Access time from OE toac — 15 — 20 — 20 ns 3,17
Read command setup time trcs 0 — 0 — 0 — ns
Read command hold tRcH 0 — 0 — 0 — ns 18
time to CAS
Read command hold tRRH 0 — 0 — 0 — ns 18
time to RAS
Column address to traL 30 — 3B — 40 — ns
RAS lead time
Output buffer turn—off time toFF1 0 15 0 20 0 20 ns 6
Output buffer turn—off time to OE  topgo 0 15 0 20 0 20 ns 6
CAS 1o Din delay time tcop 15 — 20 — 20 — s
OE pulse width toep 15 — 20 — 20 — ns
Write cycle

HM51W4400B HMS51W4400B HMS51W44008

/BL-6 MBL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — 0 —_ 0 - ns 10
Write command hold time twcH 15 — 15— 15 — ns
Write command pulse width twp 10 — 10 — 10 — ns
Write command to RAS lead time  tgyy 15 — 20 — 20 — ns
Write command to CAS lead time  toyy 15 — 20 — 20 — ns
Data-in setup time tps 0 — 0 — 0 — ns 1
Data-in hold time tpH 15 — 15 — 15 — ns 11
440 Hitachi Em 449L203 002bb31 970 W
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HMS51W4400B/BL Series

Read-modify-write cycle

HM51W4400B HM51W4400B HM51W44008

/BL-6 /BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time  tpyyc 150 — 180 — 200 — ns
RAS to WE delay time tRwD 80 — 95 — 105 — ns 10
CAS to WE delay time tcwp 35 — 45— 45 — ns 10
Column address to WE tawb 50 — 60 — 65 — ns 10
delay time
OE hold time from WE toEH 15 — 20— 20 — ns

Refresh cycle
HM51W44008B HM51W4400B HM51W4400B

/BL-6 /BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time tcsr 10 — 10 — 10 - ns
(CBR refresh cycle)
CAS hold time tcHR 10 — 10 — 10 — ns
(CBR refresh cycle) -
RAS precharge to CAS hold time  tgpe 10 — 10 — 10 — ns
CAS precharge time tcpN 10 — 10 — 10 — ns

in normal mode

Fast page mode cycle

HM51W4400B HM51W4400B HM51W4400B

/BL-6 BL-7 /BL-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time tpc 40 — 45 — 50 — ns
Fast page mode CAS precharge time  tep 10 — 10 — 10 — ns
Fast page mode RAS pulse width  tgagc  — 100000 — 100000 — 100000 ns 12
Access time from CAS precharge  tacp — 35 — 40 — 45 ns 313,17
RAS hold time from CAS precharge  tgycp 35 — 40 — 45 — ns

B 449L203 002kL3Z 637 W Hitachi 441
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HM51W4400B/BL Series

Fast page mode Read-modify-write Cycle

HM51W4400B HM51W4400B HM51W4400B

/BL-6 /BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write tpcMm 80 — 95 — 100 — ns
cycle time
Fast page mode read-modify-write tcpw 55 — 65 — 70 — ns 10

cycle CAS precharge to WE delay time

Test mode cycle

HM51W4400B HM51W4400B HM51W4400B

/BL-6 /BL-7 /BL-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time  tws o — 0 — 0 — ns
Test mode WE hold time twH 10 — 10 — 10 — ns
Counter test cycle

HM51W4400B HM51W4400B HM51W4400B

/BL-6 BL-7 /BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS precharge time in counter testcycle  topt 40 — 40 — 40 — ns

Self-refresh Mode (L-version)

HM51W4400BL HM51W4400BL HM51W4400BL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (self-refresh) trags 100 — 100 — 100 — us
RAS precharge time (self-refresh})  trpg 110 — 130 — 150 — ns
CAS hold time (self-refresh) tcHs -50 — -50 — -50 — ns
442 Hitachi B u4u96203 0026b33 773 .
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HM51W4400B/BL Series

Notes:

N =

o0 s W

N

10.

17.

18.
- tgas(min) = tgyp(min) + tpyy (Min) + t1 in read-modify-write cycle.
20.

AC measurements assume tt = 5 ns.

Assumes that tgep < trep (Max) and trap < trap (Max). If trep of tRap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

Measured with a load circuit equivalent to 1 TTL loads and 100 pF.

Assumes that tgcp > trep (Max) and tgap < trap (Max).

Assumes that tgop < trep (Max) and tgap2 tgap(max).

torr (max) defines the time at which the output achieves the open circuit condition and is not
referred to output voltage levels.

ViH (min) and V| _(max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V;y and V.

Operation with the tgcp (max) limit insures that tgac (max) can be met, tgep (Max) is
specified as a reference point only, if tgcp is greater than the specified tgcp (max) limit, then
access time is controlled exclusively by tcac.

Operation with the tgap (Max) limit insures that tgac (max) can be met, tgap (Max) is specified
as a reference point only, if tgap is greater than the specified tgap (max) limit, then access
time is controlled exclusively by taa.

twes: trwb: towb: topw and tawp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only; if twes > twes (min), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tewp = tawp (Min), towp = tewp (Min), tepw > tepw (Min) and tawp > tawp (Min),
the cycle is a read-modify-write and the data output will contain data read from the selected
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

- These parameters are referred to CAS leading edge in an early write cycle and to WE leading

edge in a delayed write or read-modify-write cycle.

- tpasc defines RAS pulse width in fast page mode cycles.
- Access time is determined by the longer of tp 5 oOr tcac OF tacp.
. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization

cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle). if the internal refresh
counter is used, a minimum of eight CAS-before-RAS refresh cycles is required.

. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying

data to the device.

. Test mode operation specified in this data sheet is 2-bit test function controlled by control

address bits - - - CAO. This test mode operation can be performed by WE-and-CAS-before-

.RAS (WCBR,) refresh cycle. Refresh during test mode operation will be performed by normal

read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the
condition of the output data is high level. When the state of test bits do not accord, the cond-
tion of the output data is low level. In order to end this test mode operation, perform a RAS-
only refresh cycle or a CAS-before-RAS refresh cycle.

In a test mode read cycle, the value of tgac, taa, tcac, toac and tacp is delayed for 2 ns to

5 ns for the specified value. These parameters should be specified in test mode cycles by
adding the above value to the specified value in this data sheet.

Either tgcy or tgry Must be satisfied

tcas(min) = towp(min) + tow (Min) + tr in read-modify-write cycle.

B 4496203 002bb34 LOT WA Hitachi 443
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HM51W4400B/BL Series

Timing Waveforms

Read Cycle

< trc
tRAS »
-\ N
RAS N / \
N 7. trp
" tcrp
t
Tn tRSH
B trcD D tcAs .
- | tcsH -
N 'y
CAS /
&K 7
tRAD ], tRAL
tASR tRaH 1ASC les tcAH
AN\ + VAYA i
Address | X ~ Column / ) AT A S
.
tRCS|e >
tRCH >
_tcac
tAﬂ
Dout
. trac
tpze toA thD
. -t > . . I\
High-Z g‘ T
tpzo _ topp
_ SESEN. T
OE / X ¥ /x ¥ ¥ ¥ Z/.\ s ,7 . \\ X

- Hor L (H: Vig(min) € Vi < Vi(max), L: Vy (min) < Viy < Vy (max))

//A : Invalid Dout

\
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HMS51W4400B/BL Series

Early Write Cycle

tRe
tRAS
L. \
RAS \ 7 L RAN
ty «__'RSH
tRcD tcas | tcrP
tcsh
\
CAS \

twes tweH

tps toH
Din \’\ /“l ‘x/ (‘1/ \& Din \X/ \x«’ 5\ y N \’/ \/\/ A i
VNI : VAVA \ e ,
Dout High-Z**

:Hor L (H: Viu(min) < Vi € Vi(manx), L: V) (min) < Vi € Vi (max))
") :vaiid Dout

* twes . twes(min)
** OE : Don'tcare
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HMS51W4400B/BL Series

Delayed Write Cycle
tAc
« tras trp
\ \
RAS
N y
tesH o tcap |
tRCD tRSH .
ty tcas
\
CAs \(
tRAH taso
tcaH
s \ // 7/ R 7
v S Y
Row ’*1 Column A R
tRcs twp
tos
tobp
o toEH
toFF2
RVAVAVAVAAFARE / .
OE/X\ s /\ :r\ » />< /‘(\ \ / . A
"] i Hor L (H: Vig(min) < Vyy < Vig(max), L: Vi (min) < Viy < V) (max))
7 ) :
/] :nvalid Dout
* Invalid Dout comes out, when OE is low level.

mm 4496203 0o2bk3? 319 ||
446 Hitachi

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



HM51W4400B/BL Series

Read-Modify-Write Cycle

trwe N
tras trp
RAS \ X
RAS
N 7-
tr,
RCD 1 tcas | ld_tcrp
CAS
B \ L
Address C AN
WE )
Din . l
Dout §Dout
toac
torrg t OEH
g
—tobp
o /
OE y )( \ tOEP{
/o R [
tHor L (H: Viy(min) < Vy < Vig(max), L: V (min) < V)y < V) (max))
] :invaiid Dout
B 4496203 002bLb38 255 WM Hitachi 447
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HM51W4400B/BL Series

RAS-Only Refresh Cycle

tRc
tRas | tRP

RAS N

. . trPC tcrp

tasr | | tRAH

\ AN

NAVA \/ N\ V4
Address | */\ /,?/ X Row ‘ /\{

Dout High-Z

s H or L (H: Vjg(min) < Viy < Vi(max), L: Vi (min) < Vi <V (max))

/] :mvalid Dout

* Refresh address : AQ — A9 (AX0 — AX9)
** WE : Don'tcare
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HMS51W4400B/BL Series

CAS-Before-RAS Refresh Cycle

-« 1RP
Sy
RAS ‘/ \
tRPC tcsr
74 \ tr_
CAS o
tepn tws tw tcpn
Address S Doy \,‘”\} L
-J—‘_‘OFF
tHorL (H: Vig(min) < Vi < Viy(max), L: V) (min) < Vi < V) (max))
'///% . Invalid Dout
B 4496203 002bb40 903 HE Hitachi 449
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HM51W4400B/BL Series

Hidden Refresh Cycle
tre tre tRC .
<« tRAS || tRP tRas tpe tRas < fRP
— (Read) {Retresh) (Refresh) —\
RAS N N \
N
1, tcrp
tRSH | tCHR “—
| trcD tcas " !
\ /
CAS N 1%
N
tRAL
tcAH
/ N\ &/’\
Address ‘ Column LA K . P '
tRcH
tRAH
tRCS >
" . 3 «
WE N x x X tCAC . .
- taa \
t
tRAC OFF1
7[
Dout 4 Dout
toFr2 {
tcob
High-Z o
tooo N

/

|

/] :nvaiid Dout

“H or L (H: Vi(min) < Viy < Vig(max), L: Vi (min) < Viy < Vj (max))
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HMS51W4400B/BL Series

Fast Page Mode Read Cycle
trasc .
tRHCP letRP
N
RAS \ /
N /|
tT
< tesH - tpc - IRsH
<« 'RCD  Itcas,| [ tcP | [tcas tep | |deas | | ) ['eR
) \ / \ 4
cAs N X‘
tasr L L tRAL
> tRAD
tcaH
Address
t tRRH
trcs trcH tRCH e ItRCH
7 Y /4 7 Y
e/ \/ \Vi \_
EEEm— i
<1DZC, tpzg . tpze
tcop tcop tcop
< ol .
o 5( High-Z 7@ High-Z 7Z 3 High-Z
LU ' 4 N A
- 7 toop, | NS tcac N7 tcac
< > P
1?;: c TAA tAn a—p/lODD
> B .
tRAC I+ <™ tace tACP _tOFF1
torF1 torF1 —
tpz
Dout z Dout } i Dout
t
tpzo { et tODD QAC torF2
‘—j& torrz
t X | toep
OF ) o OEP)| 7 ) X o
N ] N Vi
toac
tHorL (H: Viy(min) < Vi < Vig(max), L: V) (min) £ V| < V) (max))
#Z . .
M : Invalid Dout
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HM51W4400B/BL Series

Fast Page Mode Early Write Cycle

N

tcaH

twcH

tasc

trasc tRP
. y
RAS N
N
tT tRSH
tcsH tpc
tRCD tcas tep tcas | tcp tcAs | | tcmp
) N /m— Y
cas \ N N

twes

twcH

Dout High-Z
2 H or L (H: Vjy(min) < V) < Vig(max), L: Vi (min) € Vi < V) (max))
% : Invalid Dout
* OE : Don'tcare
B 4496203 002bb43 K12 HE
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HMS51W4400B/BL Series

Fast Page Mode Delayed Write Cycle

e trASC tRp
- N
RAS N
X N 7
T
tcsH ) tRSH
trcD tcas tcrp
N
CAS :
N 7
tasR i
tasc]
tRAH —» ! [tcaH
—»
Address Row }0‘
tRCS
4

WE - L

toEH

Dout

D “Hor L (H: Viy(min) < Vi < Vig(max), L: Vi (min) < Vi < Vy (max))

% : Invalid Dout

B 4496203 DO2kb4u 559 HE Hitachi 453
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HM51W4400B/BL Series

Fast Page Mode Read-Modify-Write Cycle

trasC tRP
- N
RAS \K y
tRCD | . tPem
UAES tcp tcp ‘CF‘T
\ tcas —\ tcas (——\ tcas
CAS tran | N / N / ‘ i
¥ 7 7 N, |
RaH tacp | [
! t
tcaH CAH || oAd
1ASR, | tasc tasc tasc
Address Row DQ I
N N
trcs
WE + ¢ \-/\x ‘x:/ ]
tpzc
-
X
Dln Y \ % ‘ l
[N
tRAC |
Dout
tozo| |
, J& _ o —
QE:*» » Y « s \ N .
N tobp toop §—7F topp
toEp 1OEP|
S Hor L (H: Viy(min) € Vi € Vig(max), L Vi (min) £ Vi € Vi (max))
7 . )
M : Invalid Dout

B yygL203 002bbY45 yg5 ]
454 Hitachi
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HM51W4400B/BL Series

Test Mode Cycle

_Set Cycle™ | Test Mode Cycle

e /NN NSNS

Reset Cycle_; Normal Mode

WE ¢\ / by

S Hor L (H: Vig(min) < Vi < Viu(max), L: Vy(min) € Vi € Vy (max))

% : Invalid Dout

* CBRor ﬁAS-onIy refresh

| ** Address, Din, OE: Don't care

Test Mode Set Cycle

Address ;Y v ,x‘/ i ;x VNN O Y
— »1 / J(‘)’FF‘/ — ‘
S H or L (H: Vip(min) < Viy < Vig(max), L Vi(min) € Vi < Vy (max))
/) :invaid Dout
B 4496203 002bkb4b 321 WH Hitachi 455
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Power ed

HMS51W4400B/BL Series

WE-and-CAS-Before RAS-Refresh Cycle

tRas tRp N
-\ y————\
RAS N /
N y,
tr
tcsr | | tcHR tcpr tRsH torp
tcas o
R
CAS &
K
tasc tcaH N
Address . A Y XY p Yo X0 ks N (>§ Column Kooy
tRCH
tRRH
T
; £ ‘(
tcop
VAN 8 / N /\\ /,/}‘ i B A
Din‘¢ ¢ % A x /" s T High-2 { -
: / A tcac |—
taa
M+ torF1
X
Dout Dout )
7
toAC toFFz
toep ltoop
. \ IAVAVAYS AN , /A
OE x 7 vV A A (‘,{)f\)\‘x\/y\ Yo Z [

‘x‘ Y| T Hor L (H: Vig(min) < Vi £ Vig(max), L: Vi (min) < Viy < V) (max))

% : Invalid Dout

CAS-Before-RAS Refresh Counter Check Cycle (Read)

456 Hitachi B 449L203 002LL47? 2k HH
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HM51W4400B/BL Series

Power ed

tras trp
_ )
RAS N
K 7
Tl
tcsr tcHR tcpT tRSH N tchp
tcas ol
CAS E
N
t
ASCl | tcan N
Address Column \/\ " K '
tws_| [twH twes tweH
’ ' \‘\ X
tps
N . \ /7 N
Din # ¢ X { S X 5 y
High-Z
Dout 2
OE * Y \/)\x)/\\v‘/))(rl B )
:Hor L (H: Vig(min) < Vi < Vig(max), L: Vy_(min) < Vjy < Vy (max))
7 .
/) :invaiid Dout
M 4495203 002bBYE 1ITH A Hitachi 457
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HM51W4400B/BL Series

CAS-Before-RAS Refresh Counter Check Cycle (Write)

trp trASS . tRP
RAS
__/ \( 7 \_‘
tr
tRPC_ | lorp
tcen | tcsR toms

toFF1
Dout High-Z
5N :HorL (H: Vig(min) £ Viy € Vig(max), L: V) (min) < V)y £ V) (max))
% : Invalid Dout
* Address OE : Don'tcare
458 Hitachi B 4496203 002bb49 030 HN
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