HM514800A/AL Series

Preliminary

HM51S4800A/AL Series

524,288-word x 8-bit Dynamic Random Access Memory

The Hitachi HM514800A are CMOS dynamic
RAM organized as 524,288-word x 8-bit.
HM514800A 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
HM514800A offer Fast Page Mode as a high speed
access mode.

Multiplexed address input permits the
HMS514800A to be packaged in standard 400-mil
28-pin plastic SOJ, standard 400-mil 28-pin plastic
ZIP and standard 400-mil 28-pin plastic TSOPII.
Internal refresh timer enables HM51S4800A/AL
self refresh operation.

Features

» Single 5V (x10%)
* High speed

— Access time: 70 ns/80 ns (max)
* Low power dissipation

— Active mode: 605 mW/550 mW (max)

— Standby mode: 11 mW (max)

1.1 mW (max) (L-version)
+ Fast page mode capability
* 1,024 refresh cycles: 16 ms
128 ms (L-version)

s 2 variations of refresh

— RAS-only refresh

— CAS-before-RAS refresh
+ Battery back up operation (L-version)
* Self-refresh operation (HMS1S4800A/AL)

Note: The specifications of this device are subject to change without notice. Please contact your nearest

Hitachi's Sales Dept. regarding specifications.
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HMS514800A/AL, HM51S4800A/AL Series

Ordering Information

Access Access
Type No. time Package Type No. time Package
HM514800AJ-7 70 ns 400-mil 28-pin HM514800ALRR-7 70 ns 400 mil 28-pin
HM514800AJ-8 80 ns plastic SOJ HM514800ALRR-8 80 ns plastic TSOPII
(CP-28DA) (TTP-28DA)
HM514800AZ-7 70 ns 400-mil 28-pin HM5154800AJ-7 70ns 400-mil 28-pin
HM514800AZ-8 80ns plastic ZIP HM51S4800AJ-8 80 ns plastic SOJ
(ZP-28) (CP-28DA)
HM514800ALJ-7 70ns 400-mil 28-pin HM51S4800ALJ-7 70 ns 400-mil 28-pin
HM514800ALJ-8 80 ns plastic SOJ HM5154800ALJ-8 80 ns plastic SOJ
(CP-28DA) (CP-28DA)
HM514800ALZ-7 70ns 400 mil 28-pin HM51S4800ATT-7 70 ns 400-mil 28-pin
HM514800ALZ-8 80 ns plastic ZIP HM51S4800ATT-8 80 ns plastic TSOPII
(ZP-28) (TTP-28DA)
HM514800ATT-7 70ns 400-mil 28-pin HM5154800ALTT-7 70ns 400 mil 28-pin
HM514800ATT-8 80ns plastic TSOPII HM51S4800ALTT-8 80 ns plastic TSOPI!
(TTP-28DA) (TTP-28DA)
HM514800ALTT-7 70ns 400 mil 28-pin HM51S4800ARR-7 70 ns 400-mil 28-pin
HM514800ALTT-8 80ns plastic TSOPH HM51S4800ARR-8 80 ns plastic TSOPI|
(TTP-28DA) (TTP-28DA)
HM514800ARR-7 70 ns 400-mil 28-pin HM51S4800ALRR-7 70 ns 400 mil 28-pin
HM514800ARR-8 80 ns plastic TSOPII HM51S4800ALRR-8 80 ns plastic TSOPII
(TTP-28DA) (TTP-28DA)
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HMS514800A/AL, HM51S4800A/AL Series

Pin Arrangement
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HM514800AJ/ALJ Series HM514800AZ/ALZ Series HM514800ATT/ALTT Series
HM5184800AJ/ALJ Series HM51S4800ATT/ALTT Series
Vee [t 28[ ] Vgs . /\1 OE Voo 1O 28] ] Ves
voo 2 o7 Juo7  CAS2 s yoa 002 27 1107
vo1 [ s Jlos  VO5 4 5 yos VO1[]3 26[] 1106
vo2 (4 25 Jyos  VO7 € 7 ves  lMO2]4 25[] 105
103 [5 2aJios  Vec 8 g yoo o3[ 5 24[] 104
NC [le 23 JcAs  VO1 10 o2 Nc [le 23[] CAS
WE 7 2 jog Vo812 aNe  WE 7 22| ] OE
RAS (8 21N WE M 15 RAg  RAS[]s 21[] NC
A9 [Jo 20/ ] A8 A9 16 1780 A9 (o 20[ ] A8
Ao o 19]A7 A1 18 19a2 A0 [J10 19 A7
A1 i 18 A6 A3 20 pvee At O]t 18] A6
A2 12 17JAs Vss 22 o3 s A2 (12 17( A5
A3 [J18 16[_] A4 AS 24 25 A6 A3 [13 16[ ] A4
Voo {14 15| ] Vgs A7 26 27 A8 Vo [L]14 15 ] Vss
. NC 28 g
(Top View) (Bottom View) (Top View)
HM514800ARR/ALRR Series Pin Description
HMS51S4800ARR/ALRR Series . ]
Pin name Function
Vss LI1O 28/ 1 Ve Ao A9 Qﬂ‘v’v'iisd'rre'i‘ét AO— A9
vo7 (2 27| ] YOO - Column address A0 — A8
o6 [|3 260 ] 1/O1 - Refresh address A0 - A9
vos [j4 25 ] o2 /00— /08  Data-in/data-out
1104 |5 24[ 1 4O3
CAS[ |6 23] NC RAS Row address strobe
OF L7 22| ] WE CAS Column address strobe
NC (8 21[] RAS
A8 [9 20[] A9 WE Read/write enable
A7 [10 190 A0 —
A6 11 1807 A1 OE Output enable
As [12 17[ A2 Vee Power (+5 V)
A4 [13 16[] A3
vss [[14 15[] Vee Vss Ground
(Top View)




HMS514800A/AL, HM51S4800A/AL Series

Block Diagram
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HM514800A/AL, HMS51S4800A/AL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -1.0to +7.0 Vv
Supply voltage relative to Vgg Vee -1.0to +7.0 \Y
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 = 0 to +70°C) *2
Parameter Symbol Min Typ Max Unit Note
Supply voltage Vgs 0 0 0 \
Vee 45 5.0 5.5 v 1

Input high voltage Viy 24 — 6.5 Vv 1
Input low (/O pin) ViL -1.0 — 0.8 \ 1
voltage

(Others) Vi 2.0 — 0.8 Y 1

Notes: 1. All voltage referenced to Vgg.
2. The supply voltage with all Vo pins must be on the same level.
The supply voltage with all Vgg pins must be on the same level.
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HMS514800A/AL, HM51S4800A/AL Series

DC Characteristics (Ta = 0 to +70°C, Voo =5 V £ 10%, Vgg =0 V) *3

HMS514800A/AL,
HM51S4800A/AL
-7 -8
Parameter Symbol Min Max Min Max Unit Test conditions Notes
Operating current lcet —_ 10 — 100 mA  RAS, CAS cycling 1,2
trc = min
Standby current loce — 2 - 2 mA  TTL interface
RAS, CAS =V
Dout = High-Z
— 1 — 1 mA  CMOS interface
RAS, CAS> Ve -02V
Dout = High-Z
Standby current — 200 — 200 pA  CMOS interface
(L-version) RAS, CAS >V —-02V
Dout = High-Z
RAS-only lcca —_ 110 — 100 mA tgc=min 2
refresh current
Standby current lces — 5 — 5 mA  RAS=V|4 1
CAS =V|_
Dout = enable
CAS-before-RAS Iccs — 1o — 100 mA  tgg=min 4
refresh current
Fast page mode current |7 — 10 — 100 mA  tpg =min 1,3
Battery back up lcc1o — 300 — 300 pA  Standby: CMOS interface 4
current Dout = High-Z
{Standby with CBR refresh: tge = 125 ps
CBR refresh) tras < 1us, CAS=V|_
(L-version only) WE =V 4
Self-refresh mode lcc11 — 1 — 1 mA  CMOS interface
current RAS,CAS <02V
(HM5134800A) Dout = High-Z
Self-refresh mode — 200 — 200 pA  CMOS interface
current RAS, CAS < 0.2V
(HM51S4800AL) Dout = High-Z
Input leakage Iy -10 10 -10 10 HA OVgVing7V
current
Output leakage ILo -10 10 -10 10 pA OV<sVout<7V
current Dout = disable
Output high voltage VoH 24 Voo 24 Voo V High lout = -5 mA
Output low voltage VoL 0 04 0 04 VvV Low lout = 4.2 mA
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HMS514800A/AL, HM51S4800A/AL Series

Notes: 1. Igc depends on output load condition when the device is selected Igc max is specified at the
output open condition. -

Address can be changed once or less while RAS = V.

Address can be changed once or less while CAS = V. o

ViH 2 Vo — 0.2V, Vi< 0.2 V; Address can be changed once or less while CAS = V|

The supply voltage with all Vo pins must be on the same level.

The supply voltage with all Vgg pins must be on the same level.

;mewn

Capacitance (Ta = 25°C, Voo =5V £ 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ciy — 5 pF 1
Input capacitance (Clocks) Cip — 7 ‘ pF 1
Output capacitance (Data-in, Data-out) Cio — 10 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS =V, to disable Dout.
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HM514800A/AL, HM51S4800A/AL Series

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

Test conditions

* Input rise and fall times: 5 ns

+ 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)

HM514800A/AL,

HM5154800A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time trc 130 — 150 — ns
RAS precharge time trp 5 — 60 — ns
RAS pulse width tRAS 70 10000 80 10000 ns
CAS pulse width tcas 20 1000020 10000 ns
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 toaH 15 — 15 — s
RAS to CAS delay time treD 20 50 20 60 ns 8
RAS to column address delay time tRAD 15 35 15 40 ns 9
RAS hold time tRsH 20 — 20 — ns
CAS holid time tesH 70 — 80 — ns
CAS to RAS precharge time tcrp 0 — 10 — ns
OE to Din delay time tobp 20 — 20 — ns
OE delay time from Din tozo 0 — 0 — ns
CAS setup time from Din tozc 0 — 0 — ns
Transition time (rise and falf) tr 3 50 3 5 ns 7
Refresh period tREF — 16 — 16 ms
Refresh period (L-version) tREF — 128 — 128 ms

Hitachi 251
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HM514800A/AL, HMS1S4800A/AL Series

Read Cycle

HMS514800A/AL,

HM51S4800A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Access time from RAS traC — 70 — 8 ns 23
Access time from CAS teac — 20 — 20 ns 34,13
Access time from address taa — 3 — 40 ns 3,513
Access time from OE toac — 20 — 20 ns 3
Read command setup time trcs 0 — 0 — ns
Read command hold time to CAS tRcH 0 — 0 — ns
Read command hold time to RAS tRRH 0 — 0 — ns
Column address to RAS lead time tRAL _ - 40 — ns
Output buffer turn-off time toFFq 0 15 0 15 ns 6
Output buffer turn-off to OE torrz O 15 0 15 ns 6
CAS to Din delay time tcop 5 — 16 — ns
Write Cycle

HMS514800A/AL,

HM51S4800A/AL

7 -8
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time twes 0 - 0 — ns 10
Write command hold time twcH 15 — 15— ns
Write command pulse width twp 10 — 10 — ns
Write command to RAS lead time thw, 20 — 20 — ns
Write command to CAS lead time towe 20 — 20 — ns
Data-in setup time tps 0 — 0 — ns 1"
Data-in hold time toH 5 — 15 — ns N
CAS to OE delay time tcoo — O - 0 ns 18
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HMS514800A/AL, HM51S4800A/AL Series

Read-Modify-Write Cycle

HM514800A/AL,

HM51S4800A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time trwc 180 — 200 — ns
RAS to WE delay time towp 95 — 1056 — ns 10
CAS to WE delay time towp 45 — 45 — ns 10
Column address to WE delay time tawp 60 — 65 — ns 10
OE hold time from WE toEH 20 — 20 — ns
Refresh Cycle

HM514800A/AL,

HM51S4800A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
CAS setup time tesm 0 — 10 — ns
(CAS-before-RAS refresh cycle)
CAS hoidtime toHR 0 — 10 — ns
(CAS-before-RAS refresh cycle)
RAS precharge to CAS hold time trpc 10 — 10 — ns
CAS precharge time in normal mode PN 1 — 10 — ns
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HM514800A/AL, HMS51S4800A/AL Series

Fast Page Mode Cycle

HMS514800A/AL,

HM51S4800A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Fast page mode cycle time tpe 45 —_ 50 — ns
Fast page mode CAS precharge time tcp 10 — 10 — ns
Fast page mode RAS pulse width trasc — 100000 — 100000 ns 12
Access time from CAS precharge tacp — 40 — 45 ns 3,13
RAS hold time from CAS precharge tRHcP 40 — 45 — ns
Fast page mode read-modify-write cycle CAS tepw 65 — 70 - ns
precharge to WE delay time
Fast page mode read-modify-write cycle time tpcM 95 — 100 — ns
Self-refresh Mode

HM51S4800A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
RAS pulse width (self-refresh) trass 100 — 100 — us
RAS precharge time (self-refresh) trps 130 — 150 — ns
CAS hold time (self-refresh) tcHs 50 — 50 — ns 21
Notes: 1. AC measurements assume tt =5ns.

2. Assumes that tgop < trep (Max) and tgap < trap (Max). Iftpop or trap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

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

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

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

7. Viy (min) and V; (max) are reference levels for measuring timing of mput signals. Also,
transition times are measured between Vi and V..

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

9. Operation with the tgap (max) limit insures that thac (Mmax) 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.
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HMS514800A/AL, HM51S4800A/AL Series

10.

1.
12.
13.
. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization

15.

16.
17.

18.
19.

20.

21.

twes: tRwby towp and tawp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only: if tycg > 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 tRwp 2 tRwp (Min), towp > towp (MiN), tawp = tawp (Min) and tcpy > topy (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 a read-modify-write cycle.

trasc defines RAS pulse width in fast page mode cycles.

Access time is determined by the longer of tas or toac or tacp.

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.

Either tgoyy or Trgy must be satisfied for a read cycle.

The supply voltage with all V5 pins must be on the same level.

The supply voltage with all Vgg pins must be on the same level,

Do not enable Dout buffer when using delayed write timing.

If you use distributed CBR refresh mode with 15.6 ps interval in normal read/write cycle, CBR
refresh should be executed within 15.6 ps immediately after exiting from and before entering
into self refresh mode.

It you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 1024 cycles
of distributed CBR refresh with 15.6 ps interval should be executed within 16 ms immediately
after exiting from and before entering into the self refresh mode.

Repetitive self refresh mode without refreshing all memory is not allowed. Once you exit from
self fresh mode, all memory cells need to be refreshed before re-entering the self refresh mode
again.
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HM514800A/AL, HM51S4800A/AL Series

Timing Waveforms

Read Cycle
< tRC -
P tRas ]
_ y / \
RAS N /| N
N 7 ¢
7 J tRSH ‘RP
tReD < tCAS . tcRP -
| tosH R |
_ \ /
CAS N /
N 7
tasR tRAD tRAL .
traH tasc .tCAH,
— >
Address Row : Column
tAcs| | P tRCH
7
WE % L RH§W
Jleac
taa _ torF
High-Z I/ _x(
Dout { Dout b
tRac K_..__7!
- -»> <——»|lOFF2
tcop
-
Din
toop
OE
N7 . .
V77]: Hor L (H: Vi (min) < Vi € Vi (Max), L: Vy (min) < Vi < V), {max))
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HMS514800A/AL, HM51S4800A/AL Series

Early Write Cycle

" tRe .
tRAS -
TN
RAS \ tep I\
L
T tRsH
. 'RCD tcas | tchp
tcsH
\
CAS N

Address

twes tweH
W /.
X Z
tbs toH
Din Din
High-Z

Dout

*: HorlL

* OE : HorL
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HM514800A/AL, HM51S4800A/AL Series

Delayed Write Cycle
- tre .
- tras tRp
RAS N N
N 7
- tesH .| [ tcRP |
tr
tRcD P tRsH
CAS \ tcAs | Zz
N /
t tasc tewL
= ~ tRwL
tRAH t
> CAH |
Address Row Column
tres twe
- - -
e 0 !
N 7
tDH
tps
I
W l
Din Din
4 N
Jdoze o _ loeH
tpzo
Invalid |
Dout \_Dout" g
0P toFr2
—= 4
OE /)A V%
* % : HorlL
** Do not enable Dout during delayed write cycle.
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HMS514800A/AL, HM51S4800A/AL Series

Read-Modify-Write Cycle

tRwe |
[
T, trp
_ 3
RAS N \
K 7
tcrp
|
N trcD
CAS BX
o trRao | | /
tASR| tasc_
t t
RAH CAH
4
Address Row Column
N
tRCS ey &,‘
tcwp tRWL
» tawp
_ 7 \ WP
W O \
. tRWD L
|| |tcac tpH
_ RaC - tos
_ tbze
High-Z v
Dout ijout
toac - toeH
h Tl torrF2
e
tozo| | <« tODD
—_— /
OE Z

“: HorlL
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HM514800A/AL, HM51S4800A/AL Series

RAS-Only Refresh Cycle

tre .
-¢ t RAS - - tRP -
. \ 4
RAS N } \
N
AL ‘oRp,
'CRP tRrC |
7 X 7
CAS /
tRAH
tAsr
e
Address Row
High-Z

Dout

* E,ﬁ: HorlL

his : HorlL

*** Refresh address ; A0 — A9 (AX0 — AX9)
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HM514800A/AL, HM51S4800A/AL Series

CAS-Before-RAS Refresh Cycle

- tRe ole trc .
tRp trag™ trRp | [ tRAag™ trp
i Z 5 Z 5,
RAS / N \ \
t1 N
tRPC o tRPG _lcre
“tePn | tcsm| |tcHR; | toPN | tcsm tCHR
< | e | -
— 7 N
CAS
Address
tOFF1
High-Z
* % : Horl
* WE : Horl
x> : Donotextendtgpg>tgag max.
Untested self refresh mode may be activated and loss of data may be resulted.
(HM514800A/AL)
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HM514800A/AL, HM51S4800A/AL Series

Fast Page Mode Read Cycle

- tRASC . tRp
tRHCP
\ - 4
RAS X( 7/
tr tcrp
tcsH tpg {RSH il
taecp , tcas tcp | tcas | tcp teas
CAS N& Zl l& / L\ /
¢ N \ K
RAD
tcan tcAH o LRA
tasr| |tRAH tasc tasc tasc| tcaH
4 4 4
Address Row Column Column Column
N N
tRcs tRCs tRRH
trecs tRCH tRCH ~ tRCH
_ 4 7 X 7
] | X
tcop to26
tpze
- tpzc tcop lcop
Bin - High-Z High-Z | 2222 High-Z
4 . N X !
oDD
tcac tcac tcac toDD
taa taa taa
tRaC tace tacp
toFF1 tOFR1 tozo
A ¥ N
Dout { Dout _E————_ Dout })
toac M—/ L‘_7 '
tpzo tpzO. | oDD
toFF2 ™ e TOFF2
OE % % /é
1 N,
toac
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HMS514800A/AL, HM51S4800A/AL Series

Fast Page Mode Early Write Cycle

tRASC trp
RAS 1\ / \
;’\ /
! tcsH tpg | 1RSH
tT
. trReD tcas || tep tcas, | tcp tcas, | tcRp
e N/ ) % N
tash| trRan  tasc| |tcAH tasc| |tcan tAsC | tCAH
[ |t
|
7 |
Address 'Column Column Column
7
t 1 twes| [tweH twes
wCs| [tweH tweH
Din
Dout High-Z
*OE : HortL
> % : HorlL
Hitachi 263
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HMS514800A/AL, HM51S4800A/AL Series

Fast Page Mode Delayed Write Cycle

RAS

CAS

Address

tRASC o tre
\ /
N /
t - tosH tpe tRsH
T -t -
1. trep teas || tcp | tcas  |lcP | lcas tcRp
NN \
t t P | N—,
ASR ASC
It tcaH
tasc)
tasc towl tCAH
Col. C;’;W
4_,HtCWL
t i
A twp twp tRWL

10551
High-Z
Dout 9
tobp ||
=) \
* % : Horl
264 Hitachi
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HMS514800A/AL, HM51S4800A/AL Series

Self Refresh Cycle
trp tRass tRPS
B} . -
RAS N
N 7
tT
trrc tcrp
teen. | tosr =
e [ toHs

ucas 73
LCAS %

Address

toFF1

EN

=

*: HorL

** WE QE : Horl

L

The low self refresh current is achieved by introducing extremely long internal refresh cycle. Therefore
some care needs to be taken on the refresh.

1. Please do not use tgagg timing, 10 ps < tgagg < 100 ps. During this period, the device is in transition
state from normal operation mode to self refresh mode. If trass = 100 ps, then RAS precharge time
should use tgpg instead of tp.

2. If you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 1024 cycles
of distributed CBR refresh with 15.6 ps interval should be executed within 16 ms immediately after
exiting from and before entering into the self refresh mode.

3. It you use distributed CBR refresh mode with 15.6 ps interval in normal read/write cycle, CBR
refresh should be executed within 15.6 ps immediately after exiting from and before entering into
self refresh mode.

4. Repetitive self refresh mode without refreshing all memory is not allowed. Once you exit from self
refresh mode, all memory cells need to be refreshed before re-entering the self refresh mode again.
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