HM511664 Series Preliminary

65,536-Word x 16-Bit Dynamic Random Access Memory

W DESCRIPTION HMS511664JP Series

The Hitachi HM511664 are CMOS dynamic RAM orga-
nized as 65,536-word x 16-bit. HM511664 have realized
higher density, higher performance and various functions by
employing 0.8 pm CMOS process technology and some
new CMOS circuit design technologies. The HM511664 offer
Fast Page Mode as a high speed access mode.

Multiplexed address input permits the HM511664 to be
packaged in standard 400 mil 40-pin plastic SOJ, standard
475 mil 40-pin plastic ZIP. 30CP40D

(CP-40D)
W FEATURES HM511664ZP Series

¢ Single 5V (£10%)
« High Speed
AccessTime ................... 80 ns/100 ns (max)
¢ Low Power Dissipation
Active Mode ............ ... . i, TBD
Standby Mode. ..ot 11 mW (max)

* Fast Page Mode Capability
* Byte Write Capability
e 256 RefreshCycles ..............cooviiiinannnn {4 ms)
* 3 Variations of Refresh
RAS Only Refresh
CAS Before RAS Refresh
Hidden Refresh

B ORDERING INFORMATION

3DZP40

Part No. Access Time Package W PIN OUT
HM511664JP-8 8018 400 mil 40-pin HMS511664JP Series HM511664ZP Series
HMS511664JP-10 100 ns Plastic SOJ e
(CP-40D) vee 1 40[Vss R s
. - /o1 38[31/016 17011 4 —
HMS511664ZP-8 80 ns 475 mil 40-pin 1/02023 18a1/01s | | o1 s s 1/012
HMS511664ZP-10 100 ns Plastic ZIP 1703034 wh1o1s | | Dot sbor—=' 1014
(ZP-40) 1/04C]5 36[31/013 Veg tobm 0, 17018
i ; e —===111/01
1/05CJ6 1501/012 1702 13t 1
B PIN DESCRIPTION 170637 a1t g 1nh 13 Vee
- - x/o1gs 33Q1/010 1705 16 15 1/04
Pin Name Function : L—i17 1/06
170819 32001/09 1/07 18
Ag-Ay Address Input Nc10 3100ONC NC 20 ‘;9 1708
Refresh Address Input Vee Q11 30(0Vss o 22 71 Vec
1/0,-1/0y6 Data-in/Data-out g 2903CAS s 24— 0
W13 280K A1 26 ——=25 AD
RAS Row Address Strobe RTs'dl,; 270NC a3 28=f;7 A2
— ; 29 A4
TAS Column Address Strobe :‘:ai: i?pﬁi Vee 3 e
oW Read/Upper Byte Write Enable a2d1? zag A7 e 33 vy
w Read/Lower Byte Write Enable A3dis 230046 A7 36 38 A6
oF o Fobl aaC]ie zngs oF 28 P37 NC_
utput Enable Vee 20 210 Vss Vas ‘0%;39 CAs
Vee Power (+ 5V) oo s
V. Ground . . -
S5 (Top View) (Bottom View)
NC No Connection
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HM511664 Series
B TRUTH TABLE

Inputs __ __ /0 Operation
RAS CAS Lw uw OE 1/01-1/0g 1/09-1/04¢
H H H H H High-Z High-Z Standby
L H H H H High-Z High-Z Refresh
L L H H L Doyt Dout Read
L L L H H in Don’t Care Lower Byte Write
L L H L H Don’t Care Din Upper Byte Write
L L L L H Di, in Word Write
L L L L H High-Z High-Z
B ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vgg vVt —1.0to +7.0 v
Supply Voltage Relative to Vgg Vce —10to +7.0 v
Short Circuit Output Current Tout 50 mA
Power Dissipation Pr 0.8 w
Operating Temperature Topr Oto + 70 °C
Storage Temperature Tag —55t0 + 125 °C
M ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (Tp = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Note
Vss 0 0 0 v
Supply Voltage
Vee 4.5 5.0 55 v 1
Input High Voltage Vin 24 — 6.5 v 1
Input Low (1/0i Pin) Vi —0.5 — 0.8 v 1,2
Voltage (Others) viL - 10 — 0.8 v 1,2

Notes: 1. All voltage referenced to Vgg.
2. The device will withstand undershoots to the — 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See

figure 1.)
Vin
-1.0V
Z -1.5V
-2.0V
< 20 ns(max)
0074-3
Figure 1. Undershoot of input voltage
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e DC Electrical Characteristics (Ta =

0 to +70°C, Vog = 5V +10%, Vgg = OV)

HM511664 Series

HM511664-8 HM511664-10 . .
Parameter Symbol - - Unit Test Conditions Note
Min Max Min Max
. RAS, CAS Cycling
Operating Current Icc1 TBD mA tre = Min 1,2
TTL Interface
2 mA RAS, CAS = Vg,
Standby Current I Dow = HighZ
an urren —
4 o CMOS Interface RAS,
1 mA CAS = Vo — 02V,
Doyt = High-Z
RAS Only Refresh Current Iccs TBD mA trc = Min 2
RAS = Vin,
Standby Current Iccs TBD mA CAS = vy, 1
Dgyt = Enable
CAS Before RAS Refresh .
Current Icce TBD mA trc = Min
Fast Page Mode Current Iccr TBD mA tpc = Min 1,3
Input Leakage Current IL1 -10 10 —10 10 pA OV < Vi, < 6.5V
- _ OV < Vgt < 5.5V,
Output Leakage Current I1o 10 10 10 10 pA Dy = Disable
Output High Voltage Vou 24 Vee 24 Vee v High Iy = —2.5mA
Output Low Voltage VoL ¢] 04 0 0.4 v Low Iyt = 2.1 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 once or less while RAS = Vp.
3. Address can be changed once or less while CAS = V.

e Capacitance (To = 25°C, Vgc = 5V £10%)

Parameter Symbol Typ Max Unit Note
Input Capacitance (Address) Cn — 5 pF 1
Input Capacitance (Clocks) Cr2 — 7 pF 1
Output Capacitance (Data-in, Data-out) Cir0 — 7 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Viy to disable Dgy.
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HM511664 Series

® AC Characteristics (T = 0 to +70°C, Vcg = 5V £10%, Vgg = 0V)1, 14, 15, 16
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)

Parameter Symbol - HM511664-8 HMS 1166410 Unit Nate
Min Max Min Max
Random Read or Write Cycle Time tRC 135 — 170 — ns
RAS Precharge Time tRP 45 - 60 — ns
RAS Pulse Width tRAS 80 10000 100 10000 ns
CAS Pulse Width tcAs 30 10000 40 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 tCAH 15 — 15 — ns
RAS to CAS Delay Time tRCD 20 50 20 60 ns 8
RAS to Column Address Delay Time tRAD 15 35 15 45 ns 9
RAS Hold Time tRSH 30 — 40 —_ ns
CAS Hold Time tosH 80 — 100 — ns
CAS to RAS Precharge Time tCRP 10 — 10 — ns
OE to Dy, Delay Time topD 15 — 15 — ns
OE Delay Time from Dj, tpzo 0 — 0 — ns
CAS Setup Time from Dy, tpzc 0 - 0 — ns
Transition Time (Rise and Fall) tT 3 50 3 50 ns 7
Refresh Period tREF — 4 — 4 ms
Read Cycle
HM511664-8 HMS511664-10
Parameter Symbol - - Unit Note
Min Max Min Max
Access Time from RAS tRAC - 80 — 100 ns 2,3
Access Time from CAS tcac — 30 — 40 ns 3,4,13
Access Time from Address tAA — 45 — 55 ns 3,513
Access Time from OE toAC — 30 — 40 ns
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 45 — 55 — ns
Output Buffer Turn-off Time tOFF1 0 20 0 20 ns 6
Output Buffer Turn-off to OF tOFF2 0 15 0 15 ns 6
CAS to D;;, Delay Time tcpD 20 — 20 — ns
RAS Hold Time Referenced to OE tROH 10 — 10 - ns
Write Cycle
HM511664-8 HM511664-10
Parameter Symbol - - Unit Note
Min Max Min Max
Write Command Setup Time twcs 0 — 0 —_ ns 10
Write Command Hold Time twCH 15 — &) — ns
Write Command Pulse Width twp 15 — 15 — ns
Write Command to RAS Lead Time tRWL 20 — 20 — ns
Write Command to CAS Lead Time tcwL 20 — 20 — ns
Data-in Setup Time tps 0 — 0 — ns 11
Data-in Hold Time tDH 15 — 15 — ns 11
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HM511664 Series
Read-Modify-Write Cycie

HM511664-8 HMS511664-10
Parameter Symbol - - Unit Note
Min Max Min Max
Read-Modify-Write Cycle Time trRwC 185 — 220 — ns
RAS to WE Delay Time tRWD 105 - 125 - ns 10
CAS to WE Delay Time tcwD 55 — 65 — ns 10
Column Address to WE Delay Time tAWD 70 — 80 — ns 10,13
OE Hold Time from WE tOEH 15 — 15 — ns
Refresh Cycle
HMS511664-8 HM511664-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
CAS Setup Time
(CAS Before RAS Refresh Cycle) tesr 10 - 10 - ns
CAS Hold Time
(CAS Before RAS Refresh Cycle) tcHR 1o - 10 - ns
RAS Precharge to CAS Hold Time tRPC 10 — 10 — ns
CAS Precharge Time in Normal Mode tcPN 10 — 10 — ns
Fast Page Mode Cycle
HM511664-8 HMS511664-10
Parameter Symbol - - Unit Note
Min Max Min Max
Fast Page Mode Cycle Time tpc 55 — 65 — ns
Fast Page Mode CAS Precharge Time tcp 10 — 10 — ns
Fast Page Mode RAS Pulse Width tRASC 80 100000 100 100000 ns 12
Access Time from CAS Precharge tACP — 45 — 55 ns 3,13
RAS Hold Time from CAS Precharge tRHCP 45 — 55 — ns
Fast Page Mode Read-Modify-
Write Cycle CAS Precharge tcpw 70 — 80 — ns
to WE Delay Time
Fast Page Mode Read-Modify-
Write Cycle Time tPCM 100 - 10 - ns
Counter Test Cycle
HM511664-8 HM511664-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
CAS Precharge Time in
Counter Test Cycle tcer 0 - 40 - ns
Byte Write Mode
HM511664-8 HMS511664-10
Parameter Symbol - - Unit Note
Min Max Min Max
Masked Write Setup Time tMCS 0 — 0 — ns
Masked Write Hold Time ¢ 0 _ 0 . ns
Referenced to RAS MRH
Masked Write Hold Time ¢ 0 _ 0 o ns
Referenced to CAS MCH
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HM511664 Series

Notes: 1.
2.

3
4.
5

10.

12.

14.

15.
16.

130

AC measurements assume ty = 5 ns.
Assumes that tpcp < trep (max) and tRap < trRaD (max). If trep or trap is greater than the maximum recommended
value shown in this table, tg o exceeds the value shown.

. Measured with a load circuit equivalent to 1 TTL load and 50 pF.

Assumes that tgcp 2 trep (max) and (trep — trRAD) 2 [trep (max) — tRAD (max)].

- Assumes that tRap 2 trap (max) and (tRcp — tRAD) S [trcp (max) — tpap (max)l. trac, tcac and taa are

determined as follows.

taa
trap[ns]
tRAD = trcD - [trcp(max) - tpap(max)]
t max.
RAD L. tcac
tRAC
tRAD min.
| i
trRcp ®in. tRCp max.
trep(ns]
0074-4

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

levels.

. ViH (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured

between Vg and Vyy .

- Operation with the tgcp (max) limit insures that tgac (max) can be met, trep (max) is specified as a reference point only,

if trep is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

. Operation with the tpap (max) limit insures that trac (max) can be met, tRAp (max) is specified as a reference point only,

if tRAD is greater than the specified tgap (max) limit, then access time is controlled exclusively by taa.

twcs: tRWD» tcwpD and tawp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only: if twcs 2 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), tcwp = tcwp (min), tawp 2 tawp (min) and
tcpw 2 tcpw (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 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 tcac or 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.

When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be
staggered within the same write cycle.
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HM511664 Series

B TIMING WAVEFORMS

S =
. .
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HM511664 Series

e Delayed Write Cycle

«+ (RC
P tras _ trRP 4
JE 4 F;’
RAS K 7 |
tr | | tesH R terp
A trCD P tasH
| . y
A X < CAS » Z
N Y,
< towe _
task | tasc —>te . taw >
P tcan ‘l
Address COIumn W
tres) <+ T Tewt >
. RWL ~
Z L twe
W 7 X
tos towt
> —  tawL L

I/101-C16

tozo,

Dout

" DV or Vi,

** Invaiid Dout comes out, when OE is low fevel.

0074-8
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HM511664 Series

* Upper Byte Delayed Write Cycle

[ tac N
<« tras P tqp‘r
ﬂ& i N
= { /N
tr < tesH tcre
> treD L tRSH _
|
— 3 4
cAs Tf--—--» _lcas -&,Z
-
towt
TSR | tasC — e < taw
tran 1 I N '
“_‘—ﬂ} ’ CAH ‘
V
Address 7 Row % Column
tﬂcs’ | tow
tawt
—_— twp
uw
> 1,
MCS—p—fe— OS5 | McH
—>
J— MRH
tom
Din
11O 1-1/08
toen
Dout / lnvalidx g
t Dout**.4
pzc !
torrl
Din # Din 3
tozc oo (——4
1/1Q38-1/1016 !
tozo
Invalid
Dout /Dout"
i<—>’ torr2
3 W \
. .
% FVimor Vg
** Invalid Dout comes out, when OE is low levei.

0074-10
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HM511664 Series
* Lower Byte Delayed Write Cycle

< tac
. taas el
—_— >
N N
RAS x .,ﬂ
tr < I¢sH tcrp
L trco tasH
y A———
—_— %
Tas X < CAS N 7”
K *
‘ tom N
tasr | . tASC —— e < taw
t taaH N
i CAH
b
Address %{ Row Column
1

t tTMRH
s I tmeH <~L4
o W l
towt
tres
<+ tRwi
| twe

Lw

toze . tos ton
tozo [ >
> -+ tofF2
7
1/101-1/08 tooo ¢
OEH
Dout / nvaiidf
1
Bin
1/09-/016 4»‘
Daut invalid}
\D—out"a(
>t LOFF2

~ B

** tnvalid Dout comes out, when OE islow level.

0074-11
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HM511664 Series

* Read-Modify-Write Cycle

o tawc
IR Tre )
—= }%
RAS XL 7 |
<« taco I tcre
A3 y ZF
i “ *2A0 &L ¥,
tasr ol - tAsc;
t2aH | tean |
4 L 4
Address Row Cotumn | // / //
tacs i tewp towt
tawp | le——tavn
P trwp
W X
v N
tacs 1 towo
tawo N
. tawo 4ED ]
i ) twe
w taa N' 2 /
teac
P trac R oM
tozc tos
: |
11C1-1016
Dout ﬁ:&ﬂ o
toac / ——f
L_'—"‘ T torr2
tozg <+—»lopD

= 7ZZH |

* T ViyorVy

0074-12
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HM511664 Series

¢ Read Modify Upper Byte Write Cycle

tawcC
tr PR
_{ i
= y
-
taco
CAS
teAD
tasr | tasc |1
tRAH
Address Row
tRes |, |
_ trwp
UW W
tmcH
>
tmes tvrn
A
> taa
————taac tcac
Din
701-/08
Dout {{Pouy;
tos
tozc T ton
Din High-Z oin
1109-17016
4
Dout 700uu{
k7
loac tore2
< » ¢
tozo, [ | +—»000 |« oeH >
— 4
OF '1
! - % ¢ VigorViy
0074-13
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HM511664 Series

* Hidden Refresh Cycle

tac R
- tras taas tRp
> | |
(Read) (Refresh)
3
RAS &. 3 o« tere |\
T RSH f | N _tcHR “ :‘-’
_ treo tons
CAS
JN ﬂf‘_"”
N A
t
tasa . ASCy.
taao " <—traL
tnis;_ ! tcan
4
Address Row Column |
N
1
tacs__| o
’-I < »{ tRAH
-U-v-v- %
the tRCH
=
< :[tRRH
w
lcac torF1
_ trac » taa D
~ g4 N
Oout 4{‘ Dout ;E_—_
torrF2 N
0111016 t
tozcl CDD
Din High-Z
tozo| | toa tooo,
"YU vimorvi
0074-17
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HM511664 Series

* Fast Page Mode Read Cycie

< teasc N
- tance -« tre >
k! M X p!
RAS N /
N 7
ty ;; tesH " tec .~ tRSl‘L ter
- tRep ] teas tep | | teas AR Feas ¢ |~
— .\ Z[ .J\X s J& _,L__
< |
S K l
L ‘aap
tas] tRaH <l tRAL
bt 4> 1 t tean - "
tasc| | |€AH, 75¢ H)L tasc e 'C"“;
p i 4 s 3
Address Row 5@ Col. Col. Col. T//
b T X K A
tres | tres _tRRH|
_ tres tacn (“5!1 I N "1 tacw
uw
tRes | tres tRRM
| tres tRey tReyy tucn
tcoo
> > tozc tcoo
| Jtozce| toz¢ tcoo | | —>
High-Z cah. —
Din g High-2 High-Z
tooo ¢
YA " PN «CAC
| taa _taa N > -
. lrac «—22 - " tace o L ‘tAcp : tooo
torry torf1 torF
020 <
£ X y S
Dout {] Dout i Dout ) Dout
N 7 ~ 7
toac
C—! N tooo
t tozo N
225, > OAC tosrz
torrz “ﬂ > torF2
o A
N
% .
toac * % PViorVy
0074-18
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HM511664 Series

* Fast Page Mode Early Write Cycle

P trASC tap
-
RAS N
K A
- tesH N tog R _tasu
e >l [— <
tr —"i‘_ tacp ; cas tp teas ) | o tep teas [l tere
& NNl
tasn tran
tasc| tca tasc| {tca tas fean
= aEal
/A
Address Row Col. Col. Col.
twes
twes twcs
-
twew [ tweH twen
~ . ¥y
tow tewt twes
> < towl
twes ' twes g
tweH [+> tweH twen
w
*
¥01-1/016
High-Z
Dout 19
* OE :VjworVy
b 7 Z SV or Vi
0074-19
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* Fast Page Mode Upper Byte Early Write Cycile

-— tRasc ol 22y

T —

i X( 72 R\_
tr—e— 1

!!!!!!!!!!!!!!

),
T

!y
L
; :
L A
=
T~

High-Z

7101-/08

Din
09-1/016
High-Z
Dou i —
*~ OE Y
r
- v
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HM511664 Series

* Fast Page Mode Lower Byte Early Write Cycle

17101-1/08

1/Qg9-1/Q 16

High-Z
Dout —
* Ot cVimorVy,
bt % Vi or Vy
0074-21
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HM511664 Series

e Fast Page Mode Delayed Write Cycle

< trasc REPIRELIN
RAS /t k
7
> tec PR
L, tcas ¢ tcrp
- CAS |
CAsS \ J
(R N ]
CAH
t
EAH
T D
Address 7 . .
4-»‘ . tow
tacs Jwe
i tRwi|
S =
w i )
R N
> toy  [4MIRCS | bty MMtres | | t
t 4
tres P AN PR LN ‘twn o
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* Fast Page Mode Read-Modify-Upper-Byte-Write Cycle
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* Fast Page Mode Read-Modify-Lower-Byte-Write Cycle
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