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HM514400B/BL Series

HM514400C/CL Series
1,048,576-word X% 4-bit Dynamic Random Access Memory

HITACHI

The Hitachi HM514400B/BL, HM514400C/CL
are CMOS dynamic RAM organized 1,048,576-
word x 4-bit. HM514400B/BL, HM514400C/CL
have 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/BL,
HM514400C/CL offer Fast Page Mode as a high
speed access mode. Multiplexed address input
permits the HM514400B/BL, HM514400C/CL to
be packaged in standard 300-mil 26-pin plastic
SOJ, standard 400-mil 20-pin plastic ZIP and 26-
pin plastic TSOP I1.

Features

* Single5V (x10%)
 High speed
— Accesstime
60 ng/70 ns/80 ns (max)
* Low power dissipation
— Active mode
605 mMW/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)
» 3variations of refresh
— RAS-only refresh

— CAS-before-RAS refresh
— Hidden refresh

Y
Hitact? "2

semiconductor -

Rev. 1.0
Nov. 29, 1994

 Test function

 Battery back up operation
— HM514400BL Series (L-version)
— HM514400CL Series (L-version)



HM 514400B/BL, HM 514400C/CL Series

Ordering I nformation

Access Access
Type No. time Package Type No. time Package
HM514400BS-6 60 ns 300-mil 26-pin HM514400CZ-6 60 ns 400-mil 20-pin
HM514400BS-7 70 ns plastic SOJ HM514400CZ-7 70 ns plastic ZIP
HM514400BS-8 80 ns (CP-26/20D) HM514400CZ-8 80 ns (ZP-20)
HM514400BLS-6 60 ns HM514400CLZ-6 60 ns
HM514400BLS-7 70 ns HM514400CLZ-7 70 ns
HM514400BLS-8 80 ns HM514400CLZ-8 80 ns
HM514400CS-6 60 ns HM514400BTT-6 60 ns 26-pin
HM514400CS-7 70 ns HM514400BTT-7 70 ns plastic TSOPII
HM514400CS-8 80 ns HM514400BTT-8 80 ns (TTP-26/20D)
HM514400CLS-6 60 ns HM514400BLTT-6 60 ns
HM514400CLS-7 70 ns HM514400BLTT-7 70 ns
HM514400CLS-8 80 ns HM514400BLTT-8 80 ns
HM514400BZ-6 60 ns 400-mil 20-pin HM514400CTT-6 60 ns
HM514400BZ-7 70 ns plastic ZIP HM514400CTT-7 70 ns
HM514400BZ-8 80 ns (ZP-20) HM514400CTT-8 80 ns
HM514400BLZ-6 60 ns HM514400CLTT-6 60 ns
HM514400BLZ-7 70 ns HM514400CLTT-7 70 ns
HM514400BLZ-8 80 ns HM514400CLTT-8 80 ns




HM 514400B/BL , HM 514400C/CL Series

Pin Arrangement

HM514400BS/BLS Series HM514400BZ/BLZ Series
HM514400CS/CLS Series HM514400CZ/CLZ Series
J Ty
1 OE
vor 1| | | ]26 ves TAS 2 | |
]
oz 2| |25 104 o4 4 | 3 Vo3
WE 3 24 1/03 11 5 Vgs
[] ] jo1 6 | 1
RAS 4[ | |23 cas o | 7 o2
o WE 8 | |
A9 5[ | | ]22 oE 1 | 9 RAS
A9 10| |
1 |11 A0

AL 10[ | - Ja7 A7 A3 14| | s

VCC
A2 11] | - J16 ne A4 16| 1
|17 As
A3 12 | - J15 A5 A6 18| |
|19 A7
Vee 13] | 14 a4 A8 20| I
\_/
(Top view) (Bottom view)

HM514400BTT/BLTT Series
HM514400CTT/CLTT Series

o1 1 | | O | |26 Vs
o2 2 || | |25 w04
WE 3 E 124 103

r0 9 [ | | |18 A8
AL 10 | | |17 A7
A2 11| | | 16 A6
A3 12| | 15 As
Vee 13 [ | | |14 A4

(Top view)




HM 514400B/BL, HM 514400C/CL Series

Pin Description

Pin name Function

A0 to A9 Address input

A0 to A9 Refresh address input
I/01to /04 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




HM 514400B/BL , HM 514400C/CL Series

Block Diagram

OE

WE

CAS

RAS

1/104

OE Control
Circuit

1/04 Buffer

1.\ Aelry AlowaN ¥ 962

Row

Driver

1/103

WE Control
Circuit

1/03 Buffer

18p028g uwnjod % sng O/l

Row

Driver

1’|\ Aeuly Alows\ X 962

1.\ Aelly AIOWBIN ¥ 962

Row

Driver

1.\ Aelry AIOWBIN ¥ 962

Row

Driver

CAS Control
Circuit

1102

1/02 Buffer

>

18p028g uwnjod % sng O/l

1.\ Aelly AIOWBIN ¥ 962

Row

Driver

1\ Aelly AIOWBIN X 952

Row

Driver

RAS Control
Circuit

/01

I/01 Buffer

19p0odag uwn|od ® sng O/1

1.\ Aelry AIOWBN ¥ 962

Row

Driver

1.\ Aelry AlowaN ¥ 962

Row

Driver

L

Jap0o2ag uwnjo)d % sng O/l

Row Decoder & Peripheral Circuit

1apodag uwnjod % sng O/l

Row

Driver

1.\ Aeuly AlIOWS\ Y 962

Row

Driver

16\ Aeuly Alows\ % 962

1apodag uwnjod % sng O/l

Row

Driver

1.\ Aeily AIOWSN % 962

Column Address Buffer

Row

Driver

Te|N Aelly AIOWBN X 962

19p0dag uwnjo) % sng Q/I

Row

Driver

e\ Aesly Alows\ % 962

Row

Driver

1’|\ Aeuly Alows\ X 962

1eN Aelly AIOWBIN ¥ 962

Row

Driver

Japooag uwnjod ¥ sng O/l

Row

Driver

1.\ Aeily AIOWSN X 962

Row Address Buffer

Address A0-A9




HM 514400B/BL, HM 514400C/CL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg V1 —-1.0to +7.0 Y
Supply voltage relative to Vgg Vce -1.0to +7.0 \
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 W
Operating temperature Topr Oto+70 °C
Storage temperature Tstg -55to +125 °C

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

Parameter Symbol Min Typ Max Unit
Supply voltage Vsg 0 0 0 \%
Vee 45 5.0 5.5 v
Input high voltage ViH 2.4 — 6.5 \%
Input low voltage ViL -1.0 — 0.8 \

Note: 1. Allvoltage referred to Vgs.



HM 514400B/BL , HM 514400C/CL Series

DC Characteristics(Ta=0t0 +70°C, Vcc =5V £ 10%, Vgs=0V)

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current lcct — 110 — 100 — 90 mA RAS, CAS cycling 1,2
trc = Min
Standby current lceo — 2 — 2 — 2 mA TTL interface
RAS, CAS = V|H
Dout = High-Z
— 1 — 1 — 1 mA CMOS interface
RAS, CAS
>Vcc-0.2V
Dout = High-Z
Standby current lceo — 100 — 100 — 100 pA CMOS interface 4
(L-version) RAS, CAS =V,
WE, OE, Address and
Din = Vg or VL
Dout = High-Z
RAS-only lcca — 110 — 100 — 90 mA tgrc=min 2
refresh current
Standby current lccs — 5 — 5 — 5 mA RAS=V|y,CAS=V 1
Dout = enable
CAS-before-RAS lcce — 110 — 100 — 90 mA tgc=min
refresh current
Fast page mode lccy — 110 — 100 — 90 mA tpc=min 1,3
current
Battery back up lcc1o — 200 — 200 — 200 pA trc=125ps 4
current tras < 1 Us
(Standby with W_E =V, CAS =V
CBR refresh) OE, Address and
(L-version) Din=V|yorV,_
Dout = High-Z
Input leakage current | -10 10 -10 10 -10 10 pA OV<sVins7V
Output leakage ILo -10 10 -10 10 -10 10 pA OV<=sVouts7V
current Dout = disable
Output high voltage VoH 24 Vcc 24 Ve 24 Ve V High lout = -5 mA
Output low voltage VoL 0 04 O 04 O 04 V Low lout = 4.2 mA

Notes: 1. Icc 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..
Address can be changed once or less while CAS = V.
4. Vcc—-02V<sViys65VandovsyVv <02V

w



HM 514400B/BL, HM 514400C/CL Series

Capacitance (Ta=25°C, Vcc =5V = 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ci1 — 5 pF 1
Input capacitance (Clocks) Ci2 — 7 pF 1
Output capacitance Cio — 7 pF 1,2

(Data-in, Data-out)

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = V|4 to disable Dout.

AC Characteristics (Ta= 010 +70°C, Vcc =5V + 10%, Vgg =0 V) *1, 14,715,716
Test Conditions

* Input rise and fall times: 5 ns
* Input timing referencelevels: 0.8V, 24V
e Output load : 2 TTL gate + C_ (100 pF) (Including scope and jig)



HM 514400B/BL , HM 514400C/CL Series

Read, Write, Read-M odify-Write and Refresh Cycles (Common parameters)

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time trc 110 — 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 0 — 0 — 0 — ns
Column address hold time tcaH 15 — 15 — 15 — ns
RAS to CAS delay time trcD 20 45 20 50 20 60 ns 8
RAS to column address delay time tRAD 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 tobp 15 — 20 — 20 — ns
OE delay time from Din tpzo 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) tREF — 128 — 128 — 128 ms




HM 514400B/BL, HM 514400C/CL Series

Read Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tRAC — 60 — 70 — 80 ns 2,3,17
Access time from CAS tcac — 15 — 20 — 20 ns  3,4,13,

17
Access time from address tan — 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 time to CAS tRcH 0 — 0 — 0 — ns 18
Read command hold time to RAS tRRH 0 — 0 — 0 — ns 18
Column address to RAS lead time tRAL 30 — 35 — 40 — ns
Output buffer turn-off time torFF1 0 15 0 20 0 20 ns 6
Output buffer turn-off time to OE torr2 0 15 0 20 0 20 ns 6
CAS to Din delay time tcopb 15 — 20 — 20 — ns
OE pulse width toep 15 — 20 — 20 — ns
Write Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -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 tRwL 15 — 20 — 20 — ns
Write command to CAS lead time towL 15 — 20 — 20 — ns
Data-in setup time tps 0 — 0 — 0 — ns 11
Data-in hold time tDH 15 — 15 — 15 — ns 11

10



HM 514400B/BL , HM 514400C/CL Series

Read-M odify-Write Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time trwe 150 — 180 — 200 — ns
RAS to WE delay time tRwD 80 — 95 — 105 — ns 10
CAS to WE delay time tcwd K] P— 45  — 45  — ns 10
Column address to WE delay time tawD 50 — 60 — 65 — ns 10
OE hold time from WE toEH 15 — 20 — 20 — ns
Refresh Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) tcsr 10 — 10 — 10 — ns
CAS hold time (CBR refresh cycle)  tcpr 10 — 10 — 10 — ns
RAS precharge to CAS hold time tRpC 10 — 10 — 10 — ns
CAS precharge time in normal mode  tcpy 10 — 10 — 10 — ns
Fast Page Mode Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -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 trASC — 100000 — 100000 — 100000 ns 12
Access time from CAS precharge tacp — 35 — 40 — 45 ns 3,13,

17

RAS hold time from CAS precharge  trucp 35 — 40 — 45 — ns

11



HM 514400B/BL, HM 514400C/CL Series

Fast Page M ode Read-M odify-Write Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write tpcm 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

HM514400B/BL, HM514400C/CL

-6 -7 -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

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS precharge time in counter test  tcpt 40 — 40 — 40 — ns

cycle

12



HM 514400B/BL , HM 514400C/CL Series

Notes: 1.

o gk w

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

AC measurements assume tt = 5 ns.

Assumes that trcp < trep (Mmax) and trap < trap (Max). If trep Or trap is greater than the
maximum recommended value shown in this table, trac exceeds the value shown.

Measured with a load circuit equivalent to 2 TTL loads and 100 pF
Assumes that trcp = trep (Mmax) and trap < trap (Max).
Assumes that trcp < trep (Max) and tgrap = trap (Max).

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

V4 (min) and V| (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|4 and V).

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

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

twes, trwb, tcwp, tecpw and tawp are not restrictive operating parameters. They are included in
the data sheet as electrical characteristics only; if twcs = twcs (min), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle;
if trwp = trwp (MiN), tewp = tcwp (MiN), tepw = tecpw (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.

trasc defines RAS pulse width in fast page mode cycles.

Access time is determined by the longest among taa, tcac and 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 condition
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 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 trcy oOr trry Must be satisfied

tras (min) = trwp (Min) + tgrywL (Min) + ty in read-modify-write cycle.

tcas (Min) = tcwp (Min) + towe (Min) + tt in read-modify-write cycle.

13



HM 514400B/BL, HM 514400C/CL Series

Timing Wavefor ms'21

Read Cycle
- tRC .
< tRAS .
RAS \ / \
N\ / - trp
tcrRp
tL—<— tRSH R
P trRcD tcas
e tcsH -
\ /
CAS \
N\
< URAD | tRAL -
t t
ASFi’ tRAH tASC lan CAH
/
Address Row Column
\
tRCS|< >
tRCH >
/ \
WE <RRH,
tcac
tAA LOFF1
Y \_
Dout \ Dout /
L tRAC \ .
B g .| toFF2
L 'pzc JOA tcob
. , High-Z N r
on X OO0G : OUXX
tpzo topp
o _toEP
OE B /
N /

Notes: 21. Hor L (H: Vig (min) < VN £ Vg (Mmax), L: V)L (min) £ V|y £ V)L (Mmax))
] Invalid Dout
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HM 514400B/BL , HM 514400C/CL Series

Early Write Cycle

< tRAS o
RAS X tRP |\
/|
tr| | < 'RSH o
- tRep |, tcas L fteRp
» tcsH .
\
CAS \
| |
tAsR| |tRAH tasc| | tcaH
— e
Address Row Column
Ewc§ P twcH
N /
tps tpH
|~ |-
Din Din

High-Z*

Dout

* twes = twes (min)
* OE : HorlL

15



HM 514400B/BL, HM 514400C/CL Series

Delayed Write Cycle

» trc -
» tRAS o 1< tRP
- \
RAS \ \
\ /
» tcsH o |4 _tCrRP
tReD L tRSH -
tT= - - tcas >
\ /
CAS \ /
3 /
tASR tRAH tA?? ttcmm .
e ' . tcaH RWL -
Address Row Column >©<>O<><>©<><><
tres e |
- /
WE
N\ /
t
DS | | tpy
-+
. \
. HightZ .
on XRG4 o 000G
/ /
tpzc
tobp t
tDZ0 || o OEH
Dout /_
Invalid Dout*
toFF2
_ L / \
OE /

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

16




HM 514400B/BL , HM 514400C/CL Series

Read-M odify-Write Cycle

RAS

CAS

Address

Din

Dout

Q0000

< tRwc .
< tRAS | 1< IRP
\ \
\ /
t
Ty e
‘ trcD ol tcas »| o ICRP |
I
N 7
tRAD
tASJR tRAH tasc tcaH
y/
Row A Column
tcwbp towL
tRCS |a—I»
- tAawD tRWL
t
%
/ \
taa X /
tRWD \ i
<« fCAC tDH
trac tps
-t e
tpzc
>
High-Z
ZDOUI
_ loac
t t OEH
.l | LoFF2 o
tDZO > <—>tODD
/
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HM 514400B/BL, HM 514400C/CL Series

Hidden Refresh Cycle

OE

» tRC tRc
< 'RAS | [ IRP tRAS < RP
Read Refresh Refresh
— ( ) ( ) ( ) —\
RAS \ N
N 7 \
t
LA tcrp
tRsH tCHR -
<« RCD tcas .
L \ /
CAS \ /
tasc \ /
tAsr trap <> (RAL
B - t
-« {{RAH ﬂ»
/
Address Row N Column
tRcH
tRRH
trcs ‘4»
_ t Al
- tAA
t
< RAC . OFF1
7[ \
Dout XY Dout 7}7
_tbzc
- > tOFF2 = >
tcoD
High-Z
Din N g {
/4 ¢ \
Ibzo | toac toop
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HM 514400B/BL , HM 514400C/CL Series

Fast Page M ode Read Cycle

tRASC
tRHCP « RP
_ \ / \
RAS \ /| \
N /
tt
| tcsH > |l tpc . IRSH,
tReD  JlcAs,| | tcp | |tcas,| | tcp | |teas J| [LCcrRP
s NN 4N ‘
CAS
N\
tASR | < | [IRAL
> tRAD _ |
t t t t
RAH tAsg CAH tASCfCAH tasc CAH
/ /
Address Row Column Column ><>§ Column >Q<><><
N\ ‘ N\
tRCS tRCs B {RRH
< 'Res || | tReH tRCH | | » (RCH
/ \ / X\x / \
WE 7 / \NX
tpzc tpbzc - tpzc
tCDD‘ tCDD‘ ~ tcob
o ><><><><>C§ High-Z 7@; High-Z 7iX> High-Z 712 g;;
4 N AL NAYL \
tobp tcac tCAC
tcac D R -« tobb
’ tRAC [« A/E < tacp tace lOFF1
toFF1 toFF1
7Z__X Z__XK _ tpz 7z——x
Dout (| Dout }—4{ Dout |)— {| Dout }7
t R tpzo <l topD toac tOFF2
DzO tOFF2 > |l » g !
-~ <> LOFF2
S toep toEP|| 7 X\ | tOEP
N\ / N\ / N /
toac
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HM 514400B/BL, HM 514400C/CL Series

Fast Page Mode Early Write Cycle

CAS

Address

Din

Dout

- tRASC L trP
N\ /
L tRSH
. tcsH L tpc R
~ tRep jteas || tep | (tcAs || tcp | | tcAs tcrp |
N o/ N SN ZL
N
tasr| tRAH tasc| |tcaH tasc| [tcaH tasc | |tcaH
[ |
lumn Column Column
twes| [twcH twes| [twcH twcH
M . twcs .
| N 7Z : C C C C i
tDH tDH
tpbs e tps e tps | |tpH
Din Din Din
High-Z
* OE HorL
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HM 514400B/BL , HM 514400C/CL Series

Fast Page M ode Delayed Write Cycle

P trRASC N IRP
. \
RAS \
N_ /
tt
L tcsH oy tpc . tRSH _
 'wep teas || tep g tcas | tcp || lcas tcrP
cas N/ N N
CAS
N 7 N \ /
tAsr «»ltcay | UASC
. tasc )
RAH —» t CAH
. tCAT ASC <
\ /
Address Row Column Column Column
/ N\
tocwL towL tcwL
> ————-— -
tRCS twp twp
<~ - < >
% tRWL
/ /O \ Y/ [ P i
WE \ N\
N\ /
tpH tDH trcs
i trCs ™ ~> <> (DH
tps
L by |, tos| |_
7 \ \ \
Din { Din Din Din
/ / /
toEH
High-Z
Dout
tobp

A
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HM 514400B/BL, HM 514400C/CL Series

Fast Page M ode Read-M odify-Write Cycle

trRASC tRP
-4 ||
_ \
RAS N /
N 7
tReD . tpcm .
t
Tyl le tcp tcp tcrp
-« [ <—>‘
\ tcas I\ tcas tcas -
CAS tRAD _ &, Z N\ L /
N it B N -7 -7
tR‘AH _ tacp -
> et - V‘
tcaH tcAH tcaH
tASR. | |
T tasc t/iSC‘F* tAsc_
/ v —/L
Address Row Column KC0|Umn Column
. A
tawp _|towL § LAWD [t e L« tcpw tCW"-
> " ; v
tRCS | | | WD . tRCS| | le| 1CWD o AWD K
e tRWD s WP | [+ tcpw | twp tRCS § tcwp . LV\LP
- / \ 7 \ [ \
e \ \ \
tD§ tacp tps
tcac e > .1 >
t < > tbzc| tcac ‘ ‘ gy
P tDH - 'DH  tpzc toH
N
. High-Z A . . High-Z A .
Din W‘ 9 z: Din Din E g‘ Zi Din ><><><
_taa tcac
trRAC b
- > 7Y
toac toEH toEH toAc toEH
“>r - > - - - >
Dout <7D°U
¢ torr2. tOFF2
DZQ| |, * bzo “
- / A / \ / A\
o / \X& / \\f& /
N 7| | .topp N__ 7| | topp N7 tobp
toep =
toEp - loep
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HM 514400B/BL , HM 514400C/CL Series

Test Mode Cycle

* k%

~_Set Cycle* | Test Mode Cycle | _Reset Cycle | Normal Mode

S NS
: A

*  CBR or RAS-only refresh
**  Address, Din, OE:HorL

RAS

Test Mode Set Cycle

WE-and-CAS-Before RAS-Refresh Cycle

- tRC -
- tRP ! | tRAS | | tRP -
/ \ / \
RAS \ \
\
{RPC tcsr _ tcHR IRPC_| _Lcrp]
T
/ \ gEh / N\ A
CAS /
p
. tePN@ | tws )l twH o | tePN

High-Z
Dout 2
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HM 514400B/BL, HM 514400C/CL Series

CAS-Before-RAS Refresh Cycle

RAS

CAS

asee NOXXXRNXKRRXXXKARINX

Dout

I

v
I

- tRC .
_ trp -~ tRAS P (RP
/ XX / \
N
tT
T tRPC  tcprp
t | >
_|tepPn. CSR | | tcHR tcPN
/TN \
RPC ]|
/
tws WH

:

toFF1
|

High-Z
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HM 514400B/BL , HM 514400C/CL Series

RAS-Only Refresh Cycle

trRC
tRAS trRp

RAS \\ \

_ RPC_ tcrp

- QQ:X 7 \X/
CAS

t ASR tRAH

A
Y

A
\ 4

|

h J

Address Row

* Refresh address : A0 — A9 (AX0 — AX9)
»* WE : HorlL
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HM 514400B/BL, HM 514400C/CL Series

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

tRAS L trP _
\ / \
RAS \ /| \
N\ /
.
tcsr tCHR tept tRSH tcrp
P ] -
tcas >
CAS \
N\
tAsC| tcaH |
Y/
Address Column
N\
{RCH
tRRH |
tws || twH_ tRcs | - -
/ \ / \
WE
Ipzc tcobb
High-Z
on K XXOQQHKI) XX
tcac
taa O
- > toFF1
/ \
N /
t - >
<« topac OFF2
tpzo|
toep ‘topp
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HM 514400B/BL , HM 514400C/CL Series

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

tRAS tRp
L e B—
\
RAS \ \
N\ /
T, |
tCSR tCHR tcpT tRSH _ ERP
tcas
CAS \
N
tasc tcaH
e T o I B e EE—
Address Column M
tws | |twH twes twcH
e B
WE
tps tDH
|
High-Z
Dout J

= X0
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