HM514400B/BL Series

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

The Hitachi HM514400B is a CMOS dynamic
RAM organized 1,048,576 words X 4 bits.
HMS514400B has realized higher density, higher
performance and various functions by employing
0.8 um CMOS process technology and some new
CMOS circuit design technologies. The
HM514400B offers Fast Page Mode as a high
speed access mode. Multiplexed address input
permits the HM514400B to be packaged in
standard 300-mil 20-pin plastic SOJ, standard 400-
mil 20-pin plastic ZIP, 20-pin plastic TSOP I and
20-pin plastic TSOP IL

Features

* Single 5V (x10%)
* High speed
— Access time
60 ns/70 ns/80 ns (max)
* Low power dissipation
— Active mode
605 mW/550 mW/495 mW (max)
— Standby mode 11 mW (max)
0.55 mW (max) (L-version)
* Fast page mode capability
* 1024 refresh cycles : 16 ms
1024 refresh cycles : 128 ms (L-version)
* 3 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
* Test function
* Battery back up operation
— HMS514400BL Series (L-version)

Ordering Information

Access
Type No. time Package
HM514400BS/BLS-6 60ns  300-mli 20-pin
HM514400BS/BLS-7 70ns  plastic SOJ
HM514400BS/BLS-8 80ns (CP-20D)
HM514400BZ/BLZ-6 60ns  400-mil 20-pin
HM514400BZ/BLZ-7 70ns  plastic ZIP
HM514400BZ/BLZ-8 80ns (ZP-20)
HMS514400BT/BLT-6 60ns  20-pin
HM514400BT/BLT-7 70ns  plastic TSOPI
HM514400BT/BLT-8 80 ns (TFP-20DA)
HM514400BR/BLR-6 60 ns  20-pin plastic
HM514400BR/BLR-7 70ns  TSOP/| reverse
HM514400BR/BLR-8 80ns  (TFP-20DAR)
HM514400BTT/BLTT-6 60ns  20-pin
HM514400BTT/BLTT-7 70ns plastic TSOPII
HM514400BTT/BLTT-8 80ns  (TTP-20D)
HM514400BRR/BLRR-6 60ns  20-pin plastic
HM514400BRR/BLRR-7 70ns  TSOP Il reverse
HM514400BRR/BLRR-8 80 ns  (TTP-20DR)
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HM514400B/BL Series

Pin Arrangement

HM514400BS/BLS Series HM514400BZ/BLZ Series
Hitachi pin No.
JEDEC pin No.
| | HS e
I T R
u CAS 2
vo1 1[_||1 26| |20 vgs 3 103
1104 4
vo2 2[ |2 25| |19 vo4 o 5 Ves
we 3[_||s 24| |18 103 Vo1 2 oz
17 CA WE 8 __
RAS 4 |[4 23| | CAS J—
E 22| |16 OE A9 10
11 A0
Al 12
13 A2
Ao e[ |lo 18| 15 as A3 14
15 Vgo
a1 7[_|J1o 17| |14 a7 At 16
Az 8[|l 6| _]13 A6 6 13 17 AS
A3 o[ |12 15|[_]12 As 19 A7
A8 20
vec 10|13 14l ]11 A4
/
(Top view) (Bottom view)
HM514400BT/BLT Series
OE 1 —] 1 20 A8
CAS 2 T O 119 A7
Vo3 3 . 1 18 A6
e — 1 17 As
Vss 5§ T 1 16 A4
Vo1 & = 1 15 wec
¥oz2 7 T 3 14 A3
WE 8 C—] 13 A2
RAS 9 ] 112 Al
Ag 10— 311 A0
(Top view)
HM514400BR/BLR Series
A8 _ 10— —J 11 A0
RAS 9 ] 1 12 At
WE 8 T 113 A2
o2 7 —3J 14 A3
101 6 15 Vec
Vss 5 ] O 316 A4
1104 4 = 17 AS
03 3 ] =118 A6
CAS 2 — 19 A7
OE 1 Q 120 A8
(Top view)
116 Hitachi
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HM514400B/BL Series

Pin Arrangement (cont.)

HM514400BTT/BLTT Series HM514400BRR/BLRR Series _l
vo1 1[ | O [ ]20 vgs Ves 20| O ] 1 vor
vo2 2 | | J19 vos vo4 19[ | | ]2 w02
WE 3[ | | J18 vos vos 18[_| | JswE
RAS 4[| 17 CAS CAs 17| | |4 RAS
Ao 5[ | | JiecE OE 16[ | [ ]5 40
Ao 6 HEY: A8 15[ | | ]e a0
a7 [ ] 14 a7 A7 14 | ] 7 A
A2 8[| 13 6 A6 13[ | HEL
A3 9 [ | | J12as As 12[ | HEL:
Vee 10[ | " J11ad A4 11 ] | J10vee

(Top view) (Top view)

Pin Description
Pin name Function
A0 - A9 Address input
A0 - A9 Refresh address input
/01 - 1104 Data-in/Data-out
RAS Row address strobe
CAS Column address strobe
WE Read/Write enable
OE Output enable
Vee Power (+5 V)
Vss Ground

B 4496203 0026314 079 N Hitachi 117
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HMS514400B/BL Series

Block Diagram
[AhAS | [ CAS ] [ WE | OE
RAS Control CAS Control WE Gontrol OE Control
Circuit Circuit Circuit Circunt
I/O1 I/02 I/03 I/O4
/01 Buffer V02 Butfer | /03 Buffer V04 Buffer |
g 2 z g
T s 3 s k] 3 s o
2| g2 2|8|= 2 g 2| 2| g2
gl2| 8| &2 ¢ g2 &8l 8| 2|8
| E| 2| 2| E|=< s | E| 2| <| E|=
z13/5|5/8|3 c13|zsl5|3]|3
o [} (&) O
ElS|E|E|S|B E S| 8 E|S|E
= ] = = 4 = = a = = @ =
- m 4 > o x - m < -~ o E 4
S lo| 8|80 ]| R Elo| 8] 8| o 8
o™ = o N = N N = ™~ o~ = N
Row Row |Row Row Row Row  |Row Row
Dnver Dnver | Driver Driver Driver Dnver {Dnver Driver
Row Decoder & Peripheral Circuit
Row Row  |Row Row Row Row  |Row Row
Dunver Dnver _ | Driver Driver Driver Driver | Driver Driver
B sl sl 8] s 3 3
= = - - - -
S| g| 22|82 2| 8| 2|2 8|2
Bl C|E|E|S|E 1HEHEE
< E| < | < E | < < £ < | < E | <
2|l 3l 22| 3|2 | 3 2|l 2| 2| 2
o s [~ g (&3 [=] Q O o o (s [=3
£ £ € E £ E £
@ of [ (7] o3 o Q - [) a o [}
b g = = a = = @ = = g =
X o X E 4 o B4 E 4 fva) 4 X oD >
< © «©Q
Bl |8 |8 |28 12| 8| & 2|8

—>

»—>

L

Row Address Buffer

i

Column Address Buffer

)

T

Address A0 — A9
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HM514400B/BL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -1.0to +7.0 \
Supply voltage relative to Vgg Vce -1.0to +7.0 \Y
Short circuit output current fout 50 mA
Power dissipation - Py 1.0 w
Operating temperature Topr Oto +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 Vgs 0 0 0 \Y%

Vee 45 5.0 5.5 v 1
input high voltage Vin 2.4 — 6.5 \ 1
Input low voltage ViL -1.0 — 0.8 \ 1
Note : 1. All voltage referred to Vgg_

B 4495203 002631k 941l A Hitachi 119
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HM514400B/BL Series
DC Characteristics (Ta =0 to +70°C, Ve =5V £ 10%, Vgg=0V)

HM514400 HM514400 HMS514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Min Max Unit Test condition Notes
Operating current Iy — 110 — 100 — 90 mA RAS, CAS cycling 1,2
trc = min
Standby current lccz - 2 — 2 — 2 mA TTL interface
RAS, CAS = V|y
Dout = High-Z
— 1 — 1 — 1 mA CMOS interface
RAS, CAS >
Vee-02V
Dout = High-Z
Standby current — 100 — 100 — 100 pA CMOS interface 4
(L-version) RAS, CAS =V|y
WE, OE, Address,
Din = le or V"_
Dout = High-Z
RAS-only lcca — 10 — 100 — 90 mA  tgrc = min 2
refresh current
Standby current lccs — 5 — 5 — 5 mA RAS =V 1
CAS=V|_
Dout = enable
CAS-before-RAS g - 10 — 100 — 90 mA tgc =min
refresh current
Fast page mode lco7 — 110 — 100 — 90 mA  tpc = min 1,3
current
Battery back up lccto — 200 — 200 — 200 pA tgc=125ps 4
operating current tgas < 1ps
(Standby with WE =V|y, CAS=V|_
CBR refresh) OE, Address,
(L-version) Din=V|yorV,
Dout = High-Z
Input leakage current 1 -10 10 -10 10 -10 10 MA OV<Ving7V
Output leakage ILo -10 10 -10 10 -10 10 HA OV<Vout<7V
current Dout = disable

Output high voltage Von 24 Voo 24 Vg 24 Vg Vo Highlout=-5mA

Output low voltage Vg 0 0.4 0 0.4 0 04 V Low lout = 4.2 mA

B 4496203 002L317 848 HM
120 Hitachi
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HMS514400B/BL Seriesi

Notes : 1. I depends on output load condition when the device is selected. Ic 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. VCC_0'2V5V|H56'5 VandOV5V|L50.2V

Capacitance (Ta = 25°C, Vo =5V + 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ch — 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.

B uu95203 0026318 714 M Hitachi 121
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HMS514400B/BL Series

AC Characteristics (Ta = 0 to +70°C, Vo =5 V % 10%, Vgg = 0 V) *1, ¥14, *15, *16

Test Conditions

Input rise and fall times : 5 ns

Input timing reference levels : 0.8 V,2.4V

Output load : 2 TTL gate + Cp_ (100 pF)
{Including scope and jig)

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

HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write tre 10 — 130 — 150 — ns
cycle time
RAS precharge time trp 40 — 5 — 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  tagc 0 — 0 — 0 — ns
Column address hold time  tcan 15 — 15 — 15 — ns
RAS to CAS delay time tRco 20 45 20 50 20 60 ns 8
RAS to column address tRAD 15 30 15 35 15 40 ns 9
delay time
RAS hold time tRSH 15 — 20 — 20 — ns
CAS hold time tosH 60 — 70 — 80 — ns
CAS to RAS precharge time  tcpp 10 — 10 — 10 — ns
OE to Din delay time topp 15 — 20 — 20 - ns
OE delay time from Din tpzo o — 0 — 0 — ns
CAS setup time from Din tpze o — 0 — 0 — ns
Transition time (rise and fall) tt 3 50 3 50 3 50 ns 7
Refresh period tREF — 16 — 16 — 16 ms
Refresh period (L-version)  tgep — 128 — 128 — 128 ms
122 Hitachi B 4496203 0026319 650 HE
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HM514400B/BL Series

Read cycle

HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tRAC — 80 — 70 — 80 ns 2,3,17
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 tha? 30 — 3B — 40 —_ ns
RAS lead time
Output buffer turn—off time torF1 0 15 0 20 0 20 ns 6
Output buffer tum—off time to OE  toFro 0 15 ] 20 0 20 ns 6
CAS to Din delay time tcop 15 — 20 — 20 — ns
OE pulse width toep 15 — 20 — 20 — ns
Write cycle

HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/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 tweH 15 — 15 — 15 — ns
Write command pulse width twp 10 — 10 — 10 — ns
Write command to RAS lead time  tryy 15 — 20 — 20 — ns
Write command to CAS lead time  tow, 15 — 20 — 20 — ns
Data-in setup time tps 0 — 0 — 0 — ns 11
Data-in hold time toH 15 — 15 — 15 — ns 11

B 4496203 0026320 372 WA Hitachi 123
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HMS514400B/BL Series

Read-modify-write cycle
HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time  tpwe 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 tawp 50 — 60 — 65 — ns 10
delay time
OE hold time from WE toEH 15 — 20 — 20 — ns
Refresh cycle

HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Mawm Min Max Unit Notes
CAS setup time tcsr 10 — 10 — 10 — ns
(CBR refresh cycle)
CAS hold time tcHR 10 — 0 — 10 — ns
(CBR refresh cycle)
RAS precharge to CAS hold time ~ trpc 10 — 10 — 10 — ns
CAS precharge time topN 10 — 0 — 10 — ns

in normal mode

Fast page mode cycle

HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/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 tcp 10 — 10 —_ 10 — ns
Fast page mode RAS pulse width tgagsg — 100000 — 100000 — 100000 ns 12
Access time from CAS precharge tagp — 35 —_ 40 — 45 ns  3,13,17
RAS hold time from CAS precharge tpycp 35 — 40 — 45 — ns

B 449L203 0026321 =209 1.
124 Hitachi
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HMS514400B/BL Series

Fast page mode Read-modify-write Cycle
HM514400 HM514400 HM514400

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

cycle CAS precharge to WE delay time

Test mode cycle
HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time tws 0 — 0 — 0 — ns
Test mode WE hold time twH 10 — 10 — 10 — ns

Counter test cycle

HM514400 HM514400 HM514400

B/BL-6 B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS precharge time in counter test cycle  topy 40 — 40 — 40 — ns
M 4496203 0026322 145 N Hitachi 125
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HM514400B/BL. Series

Notes:

oO0sw

N

10.

11.

12.

14.

15.

16.

17.

18.
19.
20.

N =

AC measurements assume tt = 5 ns.

Assumes that tgep < trop (Max) and trap < trap (Max). If tgeop of trap is greater than

the maximum recommended value shown in this table, tgac exceeds the vatue shown.
Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

Assumes that trep = trop (Mmax) and tgap < trap (Max).

Assumes that tgep < trep (Mmax) and tgap> trap(max).

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

V)4 (min) and V| (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V) 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 tgep (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 tqap is greater than the specified tgap (max) limit, then
access time is controlled exclusively by taa.

twes, trwps towp: topw and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if tycg = twcg (min), the cycle is
an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tryp = trwp (Min), towp = towp (Min), topw = topw (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.

tragc defines RAS pulse width in fast page mode cycles.

Access time is determined by the longer of taa oF tcac OF tacp-

An initial pause of 100 ys is required after power up followed by a minimum of eight initializa
tion 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 - - - CAQ. 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 trac, taa, tcac, toac and tacp is delayed for 2 nsto 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 tgc or tgry Must be satisfied

trag(min) = tgwp(min) + tgy (Min) + ty in read-modify-write cycle.

toas(min) = towp(min) + towy (min) + tt in read-modify-write cycle.

126 Hitachi B 4495203 002bL323 081 MW
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HMS514400B/BL Series

Timing Waveforms *21

Read Cycle
trc
tras
ﬁsx —
RAS N 7 trp NN
il tasH
tRep teas | tcrp
tesH
CAS N /
~ /
tasr trap tRAL
RaH tasc toan
4
Address Row Column
tacs
treH
_ / Y
WE tRRH
tcac
taa torFs
N
Dout { Dout N
N &
tRac torr2
tbzc toac tcop
High-Z 7 \
Din ~
i tooo
DZO ,
L toep
OE
X Vi
Notes: 21. tHorL (H: Viy(min) < V)y < Vig(max), L: Vi (min) < Viy < Vi {max)

: Invalid Dout

B 4496203 0026324 Tis HE
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HM514400B/BL Series

Early Write Cycle
tac |
thas
-\
X trp \
RAS N /
ty tRsH
trRep tcas tcrp
tesH
CAS N
N 7
tasn
fran  tasc| | tcan ‘
twes twen
we OO KXOOQOAAN
N
tos ton
Din Din
High-Z*
Dout '9
* twes  twes(min)
* OE: HorlL
128 Hitachi y
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HMS514400B/BL Series

Delayed Write Cycle
tac
tras . trp
_ \ 7‘ N\
RAS XL 7
tesh tcrp
tr
treo trsH
CAS )X tcas
7
towe
tasR tascy tRwL
tran toan |
Address Row Column W
tres twp
. 4
WE
ps -
High-Z
toen
tpzc toop
tpzo
Dout
torr2
- K
OE

* Invalid Dout comes out, when OE is low level.

XA

Power ed
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HMS514400B/BL Series

Read-Modify-Write Cycle

RAS

CAS

Address

) High-Z .

trwe
tr trp
—3\ tras :
N N
tcrp
treD tcas
i
N 7
tRAD
tasR| tasc
tRaH fcan
/
Row Column
N
tres towL
towp tRwL
tawp
twe
QOOQOO o N QOO0
t K 7
RWD
teac ton
tRac
t
tpzc DS,

DX o KO0

LA
(2]
[o]
=1

Dout toac toen
| torrz
tozo topp
_ 4 \
OE toep ‘: ; ; Z ; ; g
N
130 Hitachi
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HMS514400B/BL Series

CAS-Before-RAS Refresh Cycle

tac

m‘/ \

tarc  fosm tcHA

trp L tRas | trp

trrc tcrp

X 3 u

CPN

CAS /
Vi

tepn
7]2 3

tws twh

NQUUOOOQOONN

toFFy
Dout / 7 High-Z
Z .
*Din,OE: HorL
RAS-Only Refresh Cycle
trc
‘ tras trp
-
\ Y N
RAS xg \
terp trrc tcrp
4 N 74
CAS
L tasm tRAH |

High-Z

e (TN e XY

Dout

* Refresh Address AD~A9(AX0~AX9)

~ WE, Din,OE: HorlL

B 4496203 0026328 LL3 W
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HM514400B/BL Series

Hidden Refresh Cycle
tre tre trc
trAs Ltep || tmas | tme tras | L imp
(Read) (Refresh) (Refresh)
— —
RAS N N \
tr N T tgﬂi
tRsH tcHr
trep tcas
CAS
N /
¢ R 7
¢ ASC
ASR | tRAL
tRaD
| traH tcan
trcH
tres tRRH
o : C C C 371 N
WE
tcac
taa
tRac toFFy
/ N
Dout g Dout
N /
torFz
tpzc tcop
. ( High-Z .
tozo, _toac topp
132 Hitachi B 449L203 002L329 S5TT EE
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HMS514400B/BL Series

Fast Page Mode Read Cycle
trasc
trHCP tRe |
\ /
RAS R P
tcsH tpc tRsH. tcrp
trco tcas tcp teas | | tep tcas |
\ / \ / N
CAS
N |
trAD
traL
tasm| |tran t t ¢
tasc CAH tasc CAH ASClLe |tcan ,
|
i/ 4 Y
Address Row Column Column Column
N N
tacs tres teRH| |
tres tRcH tReH treH
o 4 K 74 y / N /
we Y ¥ N X
t
tCDD DZC
t
tozc tpzg tcon J CRD—ﬁ-—
bin N High-Z | A\/X |High-Zz | A /X | Highz
4 N AN/ N A ‘
toop i
t tcac teac P
CAC A
taa tan tan e LA
tRaC tace tace
toFFi torFs H.l»  LoFFs
i —t+—tozo
Dout j%D—lout — Dout > {Z;out
T~ T~ N
toac tobp
tozo tozo toac
torFz - - - . |toFr2 - == torr2
OE toep toep _loep N\
o TR £ T =
A i . e -
toac "
B 4496203 D02L330 211 WA Hitachi 133
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HM514400B/BL Series

Fast Page Mode Early Write Cycle

trasc
RAS \-K
tr tesH tec
trRep tcas tep toas |
\ TN
CAS
/ N
tasc| {tcaH tasc| ftcan
Address Column Column
twes,
twes twen  twes tweH twenr

Din

Dout

*OE: HorlL

134 Hitachi a 4495203 0026331 158 mm
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HM514400B/BL Series

Fast Page Delayed Write Cycle

trasc trp
RAS \ /
RAS ( 7 \_
- tcsH tpg tasH
trReD tcas tep |._teas tep tcre
tcas
CAS N /‘ 3 / N
1 N 7
fcan
tasc
tewn tcan
Address lumn Column
towL, l
twp twe
tRwL
WE
N 4
tres tbH
tos
Din Din
toen

High-Z

Dout

B 449L203 002L332 094 N Hitachi 135
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HM514400B/BL Series

Fast Page Mode Read-Modify-Write Cycle

trasc trp
—— N
RAS N ;
t trRcp trem
L tcp tcp tchp
\ tcas v N tcas A \ tcas 7\{———
CAS tRAD / N /] N /
tRAH tace| |
1
tcan tcaH tcan
tash tasc tasc tasc
4 4
Address QAEW X Column ‘Column ‘Column
tawp tow] tawp _tow tcpw  fowd
tpes!| _tewp tpe towo tpegll | tawp tRwL
=t tawp _| |t =1 [Ticew | | twe = | tewo twp
- 4 p A p X
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HM514400B/BL Series

]

Normal Mode

Test Mode Cycle
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Power ed

HMS514400B/BL Series

CAS-Before-RAS Refresh Counter Check Cycle (Read)
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HMS514400B/BL Series

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