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HM514410A/AL Series

1,048,576-Word x 4-Bit Dynamic RAM

TT-46-23-18
HITACHI/ LOGIC/ARRAYS/I"IEI"I

The Hitachi HM514410A/AL is a CMOS dynamic Ordering Information

RAM organized 1,048,576-word x 4-bit.

HMS514410A/AL has realized higher density, Access

higher performance and various functions by  Type No. time Package
employing 0.8 um CMOS process technology and
some new CMOS circuit design technologies. The
HM514410A/AL offers fast page mode as a high
speed access mode.

HM514410AS/ALS-7 70ns 300-mil 20-pin
HM514410AS/ALS-8  80ns plastic SOJ
(CP-20D)

) HM514410AZ/ALZ-7 70ns 400-mil 20-pin
Multiplexed address input permits the  HM514410AZ/ALZ-8 80 ns plastic ZIP
HM514410A/AL to be packaged in standard 20- (ZP-20)
pin plastic SOJ and 20-pin plastic ZIP.

Features

+ Single 5 V (£10%)
» High speed
— Access time: 70 ns/80 ns (max)
* Low power dissipation
— Active mode: 550 mW/495 mW (max)
— Standby mode: 11 mW (max)
0.83 mW (L-version)
 Fast page mode capabillity
* 1,024 refresh cycles: 16 ms
1,024 refresh cycles: 128 ms (L-version)
» 3 variations of refresh
—RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
¢ Test function
* Write per bit capability
+ Battery back up operation
(L-version) '
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HM514410A/AL Series
Pin Arrangement HITACHI/ LOGIC/ARRAYS/MEM
HMS514410AS/ALS Series HM514410AZ/ALZ Series
Hitachi pin No.
JEDEC pin No.
/ -
\J __ 1 OF
CAS 2
winor 1 | 1 28| ]20 Vs 3 Wa/103
w4104 4
wzroz 2 || 2 25| ]19 wanos 5 Ve
WB/WE 24| |18 waio3 wiiol 6
BWE 3 [ ]2 ] _ 7 W2/i02
RAS 4 | 4 23| |17 CAS WBWE 8 _
— , 9 RAS
ro s |5 22| |16 OF A9 10
11 A0
A1 12
13 A2
a0 6 | o 18| |15 A8 A3 14
At 7 1 17 14 A7 15 Vee
L] ] at 16
a2 8 [ |11 16| |13 As 17 A5
A6 18
a3 o [ |12 15| J12 As 19 A7
A8 20
Vee 10[_|[13 14| |11 a4 |
(Top View) (Bottom View)

Pin Description

Pin Name Function
A0 - A9 Address input
A0 - A9 Refresh address input

W1/101 - W4/I04 Wirite select/data-in/data-out

RAS ' Row address strobe
CAS Column address strobe
WB/WE Write per bit/write enable
OE Output enable

Vee Power (+5 V)

Vgs Ground

417




BIE D mm 4496203 goe22s2g Y45 EEHIT2

HITACHI/ LOGIC/ARRAYS/MEM

HMS514410A/AL Series

Block Diagram

CAS

Write per

Bit Control
Circuit

wa/104
Buffer

dusy asuas yo>-d

dury asuas yd>-d

Aesrg (o0 Liowsiy 1 952

diuny asuag yd>-N

Japoda@ uwnjod) ¥ sng O/

dury asuag y>-N

Keirg ) Krows ¥ 952

dury asuas y>-4

keary o3 Ksowasi 3 95T

duny asuas y>-N

W3103
Buffer
]

J3P0OO2IQ UWINICD B SNY O/

duny asuas yd-N

Keary (03 Liows ¥ 952

dury asuds Yd>-d4

dury asuas yo-d

dusy asuas yd>-4

dwy a5Uas Y>-d
1

W2/102
Buffer

Kesry o) Lowey 3 957

duny Isuas yo-N

JIPOOIQ VWNIOD B NG ON

Row Decoder & Peripheral Circuit

dury asuag yd>-N

Aeasy 18D Lowapy % 95T

Column Address Buffer

14

Address A0 ~ A9

duny 3suas Yd>-d

Aewsy 1193 Kiowaiy 1 957

dury asuas ys>-N

Japodag uwn|o) %} sng O/

 dwy asuas yo-N

W1/101
Buffer

f

Kessy 3D Lowdpy ¥ 957

- e

dury ISUIS Yd>-d

dury asuas yd>-d

Row Address Buffer

_|
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HM514410A/AL Series

Absolute Maximum Ratings HITACHI/ LOGIC/ARRAYS/MEN
Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -1.0t0+7.0 \
Supply voltage relative to Vgg Veeo -1.0t0+7.0 \
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
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vsgs 0 0 0 \

Voe 4.5 5.0 5.5 v 1

4.0 — 55 \ 1,2

Input high voltage ViH 2.4 — 6.5 v 1
Input low voltage ViL -1.0 — 0.8 v 1

Notes: 1. All voltage referenced to Vgg
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HM514410A/AL Series
DC Characteristics (Ta = 0to +70°C, Voc =5V £ 10%, Vgg=0 V)
HM514410A-7 HM514410A-8

Parameter Symbol Min Max Min Max Unit Test conditions Notes
Operating current lcct — 100 — 90 mA RAS,CAScycling 1,2
tRC =min
Standby current leca — 2 — 2 mA  TTL interface
RAS, CAS =V
Dout = High-Z
— 1 — 1 mA  CMOS interface
RAS, CAS 2
Veg-0.2V
. Dout = High-Z
Standby current (L-version) —_ 150 — 150 pA CMOS interface 4
RAS, CAS = V4
WE, OE, address,
Din = V|H or V|L
Dout = High-Z
RAS-only refresh current lces — 100 — 90 mA tgc=min 2
Standby current lees — 5 — 5 mA RAS =V 1
CAS=V,_
Dout = enable
CAS-before-RAS refresh Iccs — 100 — 90 mA fgc=min
current
Fast page mode current leo7 — 100 — 90 mA tpg=min 1,3
Battery back up operation lccio — 200 — 200 pA  tge=125ps 4
current ) tRas < 1 us
(CBR refresh) (L-version) WE =V,
CAS=V,,
OE, address,
Din=ViyorV
Dout = High-Z
Input leakage current I -10 10 10 10 pA OV<Ving7V
Output leakage current Lo -10 10 -10 10 pA OV<Vout<7V
Dout = disable
Output high voltage Vou 24 Voo 24 Voo V High lout = -5 mA
Output low voltage VoL 0 04 0 04 V Low lout = 4.2 mA

Notes: 1. Igg depends on output load condition wher the device is selected. I 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—0.2VsV|H56.5 \'A 0VSV||_S°.2V
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HITACHI/ LOGIC/ARRAYS HM514410A/AL Series

Capacitance (Ta=25°C,Vee=5V 1 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ch — 5 pF 1
Input capacitance (Clocks) Ciz — 7 pF 1
Output capacitance (Data-in, data-out) Civo — 10 pF 1,2

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

AC Characteristics (Ta = 010 +70°C, Ve = 5 V £ 10%, Vgg = 0 V) *1. *14. %15, *16
Test Conditions

» Input rise and fall times: Sns
« Input timing reference levels: 0.8 V,2.4 V
+ Output load: 2 TTL gate +Cj_ (100 pF) (Including scope and jig)

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

HM514410A-7 HM514410A-8

Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time tre 130 — 150 — ns
RAS precharge time trp 56 — 60 — ns
RAS pulse width tRAS 70 1000080 10000 ns 21
CAS pulse width tcas 20 1000020 10000ns 22
Row address setup time tasr 0 — 0 — ns
Row address hold time ) tRAH 10 — 10 — ns
Column address setup time tasc 0 — 0 — ns
Column address hold time tCAH l 5 — 15 — ns
. RAS to CAS delay time tRcD 20 50 20 60 ns 8
RAS to column address delay time tRAD 15 35 15 40 ns 9
HAS hold time tRsH 20 —- 20 — ns
CAS hold time tosH 70 — 8 — ns
CAS 1o RAS precharge time tcRP 10 — 10 — ns
OE to Din delay time tooo 20 — 20 — ns
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HM514410A/AL Series HITACHI/ LOGIC/ARRAYS/MEM—

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (cont)

HM514410A-7 HM514410A-8

Parameter Symbol Min Max Min Max Unit Notes
OE delay time from Din tpzo 0 - 0 — ns

CAS setup time from Din tozc 0 — 0 — ns

Transition time (rise and fall) tr 3 50 3 50 ns 7
Refresh period tREF — 16 — 16 ms

Refresh period (L-version) tREF — 128 — 128 ms

Read Cycle

HM514410A-7 HM514410A-8

Parameter Symbol Min Max Min Max Unit Notes

Access time from RAS tRAC — 70 — 8 ns 2317

Access time from CAS tcac — 20 — 20 ns 3,4,13,
17

Access time from Address taa — 3 — 40 ns :1375 13,

Access time from OE toac — 20 — 20 ns 3,17

Read command setup time trcs 0 - 0 — ns

Read command hold time to CAS tRcH 0 — 0 — ns 20

Read command hold time to RAS tRRH 0 — 0 — ns 20

Column address to RAS lead time tRAL ¥ — 40 — ns

Output buffer turn-off time tOFF1 0 20 0 20 ns 6

Output buffer turn-off to OF torFrz O 20 O 20 ns 6

CAS to Din delay time tcop 20 — 20 — ns

OE pulse width toep 20 — 20 — ns
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HM514410A/AL Series

Write Cycle HITACHI/ LOGIC/ARRAYS/MEN

HM514410A-7 HM514410A-8
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time twcs 0 — 0 - ns 10
Wirite command hold time twcH 15 - 15 — ns
Write command pulse width twe 10 — 10 — ns
Write command to RAS lead time tRWL 20 . — 20 — ns
Wirite command to CAS lead time towL 20 — 20 — ns
Data-in setup time tps 0 — 0 — ns 1
Data-in hold time tbH 15 — 15 — ns i1

Read-Modify-Write Cycle

HM514410A-7 HM514410A-8

Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time trRwe 180 — 200 — ns

RAS to WE delay time trRWD %5 — 105 — ns 10
CAS to WE delay time tcwp 45 — 45 — ns 10
Column address to WE delay time tawD 60 — 65 — ns 10
OE hold time from WE toEH 20 — 20 — ns

Refresh Cycle

HM514410A-7 HM514410A-8

Parameter Symbol Min Max Min Max Unit Notes
CAS setup time (CAS-before-RAS refresh cycle)  icgR 10 — 10 — ns
CAS hold time (CAS-before-RAS refresh cycle) tCHR 10 — 10 — ns
RAS precharge to CAS hold time trPc 10 — 10 — ns
CAS precharge time in normal mode tcpn 10 — 10 — ns
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HITACHI/ LOGIC/ARRAYS/MEM

HMS514410A/AL Series
Fast Page Mode Cycle

HM514410A-7 HM514410A-8
Parameter Symbol Min Max Min Max Unit Notes
Fast page mode cycle time tpe 45 — 50 — ns
Fast page mode CAS precharge time tep 10 —_ 10 — ns
Fast page mode RAS pulse width trRasc — 100000 — 100000 ns 12
Access time from CAS precharge tacp — 40 — 45 ns :1371 3,
RAS hold time from CAS precharge tRucp 40 — 45 — s
Fast Page Mode Read-Modify-Write Cycle

HM514410A-7 HM514410A-8
Parameter Symbol Min Max Min Max Unit Notes
Fast page mode read modify-write cycle time tpcMm 95 — 100 — ns
CAS precharge to WE delay time tepw 65 — 70 — ns
Test Mode Cycle

HM514410A-7 HMS514410A-8
Parameter Symbol Min Max Min Max Unit Notes
Test mode WE setup time tws 0 — 0 — ns
Test mode WE hold time twH 10 — 10 — ns
Counter Test Cycle

HM514410A-7 HM514410A-8
Parameter Symbol Min Max Min Max Unit Notes
CAS precharge time in counter test cycle tepT 40 — 40 — s
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HM514410A/AL Series

Write Per Bit *18, *19

HM514410A-7 HM514410A-8
Parameter Symbol Min Max Min Max Unit Notes
Write per bit setup time twes 0 — 0 - ns
Write per bit hold time tweH 15 - 15 — ns
Write per bit selection setup time twps 0 — 0 — ns
Write per bit selection hold time twoH 15 — 15 — ns
Notes: 1. AC measurements assume ty = 5 ns.

n

oo e w

~

10.

1.
12.
. Access time is determined by the longest of tas or toac or tacp-
14.
15.

16.

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 2 TTL loads and 100 pF.

Assumes that taep 2 trep (Max) and trap < trap (Max).

Assumes that tacp < trep (Mmax) and tgap 2 tRap (Max).

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

Vj (min) and Vy_ (max) are reference levels for measuring timing of input signals.

Also, transition times are measured between V) and V.

Operation with the trep (max) limit insures that trac (Max) can be met, trep (Max) is specified
as a reference point only, if trep is greater than the specified tgcp (max) limit, then access
time is controlled exclusively by {cac-

Operation with the tgap (max) limit insures that tgac (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: tRwD» towb. tawp and topy are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only: if twcs 2 twgs (min), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tawp = trwp (Min), towp 2 towp (Min). tawp = tawp (min) and topw = topw (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 referenced to TAS leading edge in an early write cycle and to WE
leading edge in a delayed write or a read-modify-write cycle.

tRasc defines RAS pulse width in fast page mode cycles.

An initial pause of 100 us 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 sheset is 2-bit test function controlled by control
address bits — CAO. This test mode operation can be performed by WB/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.
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HM514410A/AL Series

426

17. In a test mode read cycle, the value of tgac, tcac taa 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.

18. When using the write-per-bit capability, WB/WE must be low as RAS falls.

19. The data bits to which the write operation is applied can be specified by keeping W1/101,
W2/102, W3/103 and W4/I04 high with setup and hold time referenced to the RAS negative
transition.

20. Either tggy or tgpy shall be satisfied.

21.1gag (min) = tgwp (min) + tgw (Min) + t7 in read-modify-write cycle.

22. tcas (min) = towp (Min) + tow (Min) + t1 in read-modify-write cycle.
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HM514410A/AL Series
Timing Waveforms
¢ HITACHI/ LOGIC/ARRAYS/MENM
N f X
RAS \ — trp —
tr “ >
tacp ol — ; —
— 3 47
CAs \_‘ I
t trRao | traL

A
tres| > thn
WBAWE W .‘m

* : Don‘t care
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/MEM
HMS514410A/AL Series HITACHI/ LOGIC/ARRAYS
Early Write Cycle

RP L
trcp

tras
fow
‘ Y,
” trsH S
> >
< ol teas . tere
< >4 > ‘
o TesH
«
. -
A% N
. las

e 7
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HITACHI/ LOGIC/ARRAYS/MEN

HM514410A/AL Series
Delayed Write Cycle i
< 1re >
P tras > trp
- X

RAS &( y. \

< tesH > tcre »

ol

< trep P tRsH

As )X < tens »/ i
N /
o >
" tasr | tasc —p} < tawe >
tran ) tean 5
twan
twes < RCS
e —\
WB/WE
N
twos_
£
W01 ask //
out N /Invalid
W4/i04 \llout'*
torr2
— A
OE
* % : Don't care
** |nvalid Dout comes out, when OE is low level.
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HITACHI/ LOGIC/ARRAYS/MEM ___

HMS514410A/AL Series
Read-Modify-Write Cycle
« trwe »
tr ol le trp )
NX < tras -
RAS . 7 .
1 tcrp >
" treo »le tcas »
s p
&K 7
D
tash N tasc
v ‘—‘—’tRAH ‘ tean .
s 7 %%
Address Row ! Column )/// %%% //
tres PEN tow
" tcwo 1
twes “—tyan tawo o |,
» WP
7 N
5. Aaem’
N
W1H101
Din
out ; Dou
wa4/104 toac t < toey >
M s OFF2
tozg | <+—toop
4
5E ¢ \0EP ,
* : Don't care
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HMS514410A/AL Series

CAS-Before-RAS Refresh Cycle

< tre .
‘ tre . tras L tRe
y X
RAS \ \
tge tese f | denr) tern tgp tcrp
tr
ag- tCPN hall B
Y,
t

torF1

w1|/|o:m ///% HighZ

* : Don’t care

High-Z
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HITACHI/ LOGIC/ARRAYS/MEN __

HMS514410A/AL Series
Hidden Refresh Cycle’
tac tre N
| tras N Ul tras _ trp. |
(Read) {Refresh) (Refresh)
TN y
RAS X
ty P |-»|
tRsH . P PERT
4 trcD o teas
CTAS ) g
N i
K 7
t tasgy
ASR_ >
.  tran traL
It h " tcan
gl |
Address % Row : Column
___
. <tncu
tres ) RN
WEB/WE teac
taa
t > tore
[+RAE > Mg
WHIO1 £
Dout Dout
jL
torr2 R
t, t
¢ 102C, coD!
Din High-Z
W4/104
toz 'Clo;o«gi I"oog|
ok m y
* 7///4 : Don't care
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—— HITACHI/ LOGIC/ ARRAYS/MEMN

HMS514410A/AL Series
Fast Page Mode Read Cycle
. trasc »
tRHCP o e 1RP ]
— 51 4 VA
RAS \ / \
K Y,
tr ¢ tesH e tpe N _tasy | 1R
. thep | toas f o ter ) teas | tep < lc‘“',l
s N N 4D ‘
CAS
A N
L tRap
task traH tean DALY »
tasc| | [y 85 lev| | tasc e [
] J 4 4 p
Address Row Col. Col. Col.
y ™ ¥ K A
tres 1 tres | _tRRuf |
I,_tRCS tacy| tacy ! R
WB/WE I %
teoo| 1 Pi—t4— tp2c
o tcoo
1o toz¢ teoo |, —>
w1101 High-Z High-Z High-2
[ Din topo
1 teac teac
teac < > oD
- taa taa >
t > < —» ¢
_ trac 4 » tace N tacp N
« > g toFF1
. toFF1 R korr toz0 <
! / " 3
—Dout g Dout —{ Dout }— —Z Doutd}
! W4/108 (S N M
to toop
* % : Don't care
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YS/MEM —
HM514410A/AL Series HITACHI/ LOGIC/ARRA

Fast Page Mode Early Write Cycle

P trasc 5
— y _
RAS
N
il tesH o] e tpc N tRsu
4 s e ) teas | ter g teas | tee | teas tcnp
- Ll » l al Lall
s / \ \
tasr t
RAH
<>
tasc tea tasc! (tca 1A
t twes, |
| twBH >
I, twes twen  twes twel
twas
o I
WI/I01  twps {€»

Dout

Wa/104
* OE :Don't care

el : Don't care
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HM514410A/AL Series
Fast Page Delayed Write Cycle
- trasc o |e—R2 !
J— )
RAS N
N /]
¢ P tesH N tpe N _ tRsH
7 | 1€ > e > <
i tep | teas _ tee terr |
o RED ) tcas | < N | tess
oS O A
t tasc A N
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t
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WBAWE
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twos l—>| tps tps tos
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Din Data Din
_toen
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‘.—
E %
" % : Don't care
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HM514410A/AL Series HITACHI/ LOGIC/ARRAYS/MEM ~

Fast Page Mode Read-Modify-Write Cycle

8l
£

A 4

toz0

. % : Don't care
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HMS514410A/AL Series

lllllllllllll
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* CBR or RAS onl
*x % :Don't care
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HITACHI —
HIM514410A/AL Series CHI/ LOGIC/ARRAYS/MEM

Before-RAS Refresh Counter Check Cycle (Read)
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RAS
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ARRAYS/MEN
HITACHI/ LOGIC/ HM514410A/AL Series

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

CAH >
74

High-Z

O—E

//A : Don’t care




