HMS51164051 Series

4,194,304-word x 4-bit Dynamic RAM

HITACHI

ADE-203-757A (Z)
Rev. 1.0
Mar. 17, 1997

Description

The Hitachi HM51164051 Series is CMOS dynamic RAM organized 4,194,304-word x 4-bit. It employs
the most advanced CMOS technology for high performance and low power. The HM51164051 Series

offers Extended Data Out (EDO) Page Mode as a high speed access mode. It is packaged in 26-pin plastic
SOJ.

Features

e Single 5V (x10%)
* Access time: 60 ns/70 ns (max)
* Power dissipation
— Active mode : 440 mW/385 mW (max)
— Standby mode : 11 mW (max)
0.83 mW (max) (L-version)
¢ EDO page mode capability
* Refresh cycles
— 4096 refresh cycles : 64 ms
: 128 ms (L-version)
e 3 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
e Battery backup operation (L-version)
* Test function
— 16-bit parallel test mode
¢ Temperatre range: —40 to +85°C
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HMS5116405I Series

Ordering Information

Type No. Access time Package
HM5116405SI1-6 60 ns 300-mil 26-pin plastic SOJ
HM5116405S1-7 70 ns (CP-26/24DB)
HM5116405LSI-6 60 ns
HM5116405LS! -7 70 ns
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HM51164051 Series

Pin Arrangement

HM5116405S1/LS| Series

—\U
Vee [ |1 26| | Veq

vo1 [ |2 25|l | vos
voz [ |3 24|| ] vos
WE [ |4 23|| | CAS
mAs [ ||s 22| |oE
a1 [ |le 21| ] Ae
Ao |8 19/ | ns

ro [ |le 18| | A7
a1 [ |10 17|[_] A6
A2 [ |11 16||_| A5
A3 [ |h2 15|[ | A4
Voo [ |13 14| ] vgq

(Top view)
Pin Description
Pin name Function
A0 to A11 Address input
— Row/Refresh address AO to A11
— Column address A0 to A9
/01 to 1104 Data input/Data output
RAS Row address strobe
CAS Column address strobe
WE Write enable
OE Output enable
Vee Power supply
Vs Ground
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HMS51164051 Series

Block Diagram

RAS

CAS
\ 4

WE

4

oE
v

Timing and control

\/

A0 : Column decoder
Al Column
° | address 4M array
to .
. | buffers
A9 ®
E = AM array
. g 1101
8 /O buffers to
hd k]
+ | Row 3 4M array /o4
address |—— | %
buffers [
A10 ——P 4M array
A1l ——P»
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HM51164051 Series

Absolute Maximum Ratings

Parameter

Symbol Value Unit
Voltage on any pin relative to Vg V; -1.0t0 +7.0 \
Supply voltage relative to Vg Vee —-1.0to +7.0 A"
Short circuit output current lout 50 mA
Power dissipation P 1.0 w
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg ~55to +125 °C
Recommended DC Operating Conditions (Ta = —40 to +85°C)
Parameter Symbol Min Typ Max Unit Note
Supply voltage Vee 4.5 5.0 55 v 1
Input high voltage Vi 24 — 6.5 A\ 1
Input low voltage Vi, -1.0 — 0.8 Vv 1

Note:

1. All voltage referred to Vgg.

DC Characteristics (Ta =—40to +85°C, V. =5 V£ 10%, Vi =0 V)

HM51164051
-6 -7
Parameter Symbol Min Max Min Max  Unit Test conditions
Operating current*'s *2 lees — 80 — 70 mA tae = mMin
Standby current lcca —_ 2 — 2 mA TTL interface
RAS,CAS =V,
Dout = High-Z
— 1 —_ 1 mA CMOS interface
RAS,CAS 2V, - 0.2V
Dout = High-Z
Standby current beca —_ 150 — 150 MHA CMOS interface
(L-version) RAS,CAS 2V —-0.2V
Dout = High-Z
RAS-only refresh current”® I, — 80 — 70 mA tac = Min
Standby current™' lecs — 5 — 5 mA RAS =V,
CAS =V,
Dout = enable
CAS-before-RAS refresh loce — 80 —_ 70 mA tge = Min
current
HITACHI
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HMS5116405]1 Series

DC Characteristics (cont.)

HM5116405]
-6 -7
Parameter Symbol Min Max Min Max Unit Test conditions
EDO page mode current*™*® |, — 70 — 65 mA tuec = mMin
Battery backup current lecio — 350 —_ 350 RA CMOS interface
Dout = High-Z, CBR
refresh: 1, =31.3 us
taas £ 0.3 ps
Input leakage current I -10 10 -10 10 HA oVIVins7V
Output leakage current lo =10 10 =10 10 HA oveVing7v
Dout = disable
Output high voltage Vou 2.4 Ve 2.4 Vee \% High lout = -2 mA
Output low voltage VoL 0 0.4 0 0.4 A Low lout =2 mA

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

2. Address can be changed once or less while RAS = V,,.
3. Address can be changed once or less while CAS = V,,,.

Capacitance (Ta =25°C, V. =5V £10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Cy 5 pF 1
Input capacitance (Clocks) C. 7 pF 1
Output capacitance (Data-in, Data-out) C,, 7 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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HM51164051 Series

AC Characteristics (Ta =—40 to +85°C, V.. =5V £10%, V= 0 V) *!, #2 I8

Test Conditions

* Input rise and fall time: 2 ns

e Inputlevels: Vp; =0V, V=3V

e Input timing reference levels: 0.8V, 2.4V

¢ Output timing reference levels: 0.8 V,2.0V

» Output load: 1 TTL gate + C,, (100 pF) (Including scope and jig)

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

HM5116405I1
-6 -7

Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time tac 104 — 124 — ns

RAS precharge time tee 40 — 50 — ns

CAS precharge time ten 10 — 13 — ns

RAS pulse width tras 60 10000 70 10000 ns

CAS pulse width tos 10 10000 13 10000 ns

Row address setup time tash 0 —_ 0 — ns

Row address hold time taan 10 —_ 10 — ns
Column address setup time tasc 0 — 0 — ns
Column address hold time P 10 - 13 — ns

RAS to CAS delay time taeo 14 45 14 52 ns 3
RAS to column address delay time than 12 30 12 35 ns 4
RAS hold time trsn 13 — 13 — ns

CAS hold time teen 40 — 45 —_ ns

CAS to RAS precharge time tone 5 — 5 — ns

OE to Din delay time toen 15 — 18 _ ns 5
OE delay time from Din tozo 0 — 0 — ns 8
CAS delay time from Din tose — 0 — ns 6
Transition time (rise and fall) t, 2 50 2 50 ns 7
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HMS51164051 Series
Read Cycle
HM5116405I1
-6 ~7

Parameter Symbol  Min Max Min Max Unit Notes
Access time from RAS trac — 60 — 70 ns 8,9,20
Access time from CAS toac — 15 —_ 18 ns 9,10, 17,

20
Access time from address taa — 30 —_ 35 ns g9, 11,17,

20
Access time from OE toea — 15 — 18 ns 9, 20
Read command setup time tacs 0 — 0 - ns
Read command hold time to CAS tacen 0 —_ 0 — ns 12
Read command hold time from RAS  t.gp 60 — 70 — ns
Read command hold time to RAS tan 0 —_ 0 — ns 12
Column address to RAS lead time tra 30 — 35 — ns
Column address to CAS lead time tea 18 — 23 — ns
CAS to output in low-Z tos 0 — 0 —_ ns
Output data hold time ton 3 — 3 — ns 22
Output data hold time from OE tono 3 — 3 — ns
Output buffer turn-off time torr — 15 — 15 ns 13,22
QOutput buffer turn-off to OE toes — 15 — 15 ns 13
CAS to Din delay time toop 15 — 18 — ns 5
Output data hold time from RAS toun 3 — 3 — ns 22
Output buffer turn-off to RAS torm — 15 - 15 ns 22
Output buffer turn-off to WE twes —_ 15 — 15 ns
WE to Din delay time tweo 15 —_ 18 — ns
RAS to Din delay time troo 15 — 18 — ns
RAS next CAS delay time tenco 60 —_ 70 — ns
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HM51164051 Series

Write Cycle

HM5116405I1

-6 -7
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time twes 0 _ o] —_ ns 14
Write command hold time twen 10 — 13 —_ ns
Write command pulse width twe 10 — 10 — ns
Write command to RAS lead time tow 10 — 13 —_ ns
Write command to CAS lead time tom 10 — 13 — ns
Data-in setup time tos 0 — 0 — ns 15
Data-in hold time ton 10 — 13 — ns 15
Read-Modify-Write Cycle

HM51164051

-6 -7
Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 135 - 161 — ns
RAS to WE delay time towo 79 — 92 — ns 14
CAS to WE delay time towo 34 — 40 —_ ns 14
Column address to WE delay time tawp 49 — 57 — ns 14
OE hold time from WE toeu 15 — 18 — ns
Refresh Cycle

HM5116405!1

-6 -7
Parameter Symbol Min Max Min Max Unit Notes
CAS setup time (CBR refreshcycle)  tegn 5 —_— 5 — ns
CAS hold time (CBR refresh cycle) teun 10 — 10 — ns
WE setup time (CBR refresh cycle)  tyme 0 — 0 — ns
WE hold time (CBR refresh cycle) twan 10 — 10 — ns
RAS precharge to CAS hold time tere 5 — 5 — ns
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HM51164051 Series
EDO Page Mode Cycle
HM51164051
-6 -7
Parameter Symbol Min Max Min Max Unit Notes
EDOQ page mode cycle time turc 25 - 30 — ns 21
EDO page mode RAS pulse width thase — 100000 — 100000 ns 16
Access time from CAS precharge tera — 35 — 40 ns 9,17,20
RAS hold time from CAS precharge  tepnn 35 — 40 — ns
Output data hold time from CAS low 1y, 3 —_ 3 — ns 9,17
CAS hold time referred OE tea 10 — 13 — ns
CAS to OE setup time teor 5 — 5 — ns
Read command hold time from CAS  tacue 35 — 40 —_ ns
precharge
EDO Page Mode Read-Modify-Write Cycle
HM5116405|
-6 ~7
Parameter Symbol  Min Max Min Max Unit Notes
EDO page mode read- modify-write  t,0quc 68 — 79 ns
cycle time
WE delay time from CAS precharge teow 54 — 62 ns 14
Test Mode Cycle **°
HM5116405I
-6 -7
Parameter Symbol  Min Max Min Max Unit Notes
Test mode WE setup time twrs 0 — 0 — ns
Test mode WE hold time - 10 — 10 — ns
Refresh
Parameter Symbol Max Unit Notes
Refresh period trer 64 ms 4096 cycles
Refresh period (L-version) trer 128 ms 4096 cycles
10
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HMS51164051 Series

Notes: 1. AC measurements assume t, = 2 ns.

2. An initial pause of 200 us is required after power up followed by a minimum of eight initialization
cycles (any combination of cycies containing RAS-only refresh or CAS-before-RAS refresh). i
the internal refresh counter is used, a minimum of eight CAS-before-RAS refresh cycles are
required.

3. Operation with the tc, (max) fimit insures that t.,, (max) can be met, t,, (max) is specified as a
reference point only; if t,., is greater than the specified t,, (max) limit, then access time is
controlled exclusively by t.,..

4. Operation with the t,,, (max) limit insures that tg,. (max) can be met, t.,, (max) is specified as a
reference point only; if t.,, is greater than the specified t.,, (max) limit, then access time is
controlled exclusively by t,,.

5. Either togp OF topn must be satisfied.

6. Either ty,, or ty;c must be satisfied.

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

8. Assumes that tae, < treg (Max) and taap < thap (Max). If taep OF ty,g is greater than the maximum
recommended value shown in this table, t.,. exceeds the value shown.

9. Measured with a load circuit equivalent to 1 TTL loads and 100 pF.

10. Assumes that tq, 2 tae, (Max) and taeg + toae (MaxX) >ty + t,, (Max).

11. Assumes that tn,; > e, (Max) and taes + tepe (Max) < o, +t,, (Max).

12. Either tp, or to,, must be satisfied for a read cycles.

13. torr (Max) and 1o, (Max) define the time at which the outputs achieve the open circuit condition
and are not referred to output voltage levels.

14.tyee, tawos tewos tawe @Nd t,, are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if t,,cs = tyes (Min), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; if tawo
2 tawp (MIN), tewo 2 towp (MiN), and tyy, 2 by (MIN), OF toyp 2 towp (MIN), tywe 2 taws (MiN) and tep, >
teew {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.

15. These parameters are referred to CAS leading edge in early write cycles and to WE leading
edge in delayed write or read-modify-write cycles.

16. truep defines RAS pulse width in EDO page mode cycles.

17. Access time is determined by the longest among t,,, te.c and tcp,.

18. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data
to device.

19. The 16M DRAM offers a 16-bit time saving paralle! test mode. Address CAO and CA1 for the 4M
x4 are don't care during test mode. Test mode is set by performing a WE-and-CAS-before-RAS
(WCBR) cycle. In 16-bit paralle! test mode, data is written into 4 bits in parallei at each /O (/01
to 1/04) and read out from each I/O.

If 4 bits of each I/O are equal {all 1s or 0s), data output pin is a high state during test mode read
cycle, then the device has passed. If they are not equal, data output pin is a low state, then the
device has failed.

Refresh during test mode operation can be performed by normal read cycles or by WCBR
refresh cycles.

To get out of test mode and enter a normal operation mode, perform either a regular CAS-
before-RAS refresh cycle or RAS-only refresh cycle.
20.In a test mode read cycle, the value of t,,, t,a, teac and tep, is delayed by 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.

11
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HMS51164051 Series

21. type (Min) can be achieved during a series of EDO page mode write cycles or EDO page mode
read cycles. If both write and read operation are mixed in a EDO page mode RAS cycle (EDO
page mode mix cycle (1), (2)), minimum value of CAS cycle (g, + tee + 2 t;) becomes greater
than the specified t,,.c (min) value. The value of CAS cycle time of mixed EDO page mode is
shown in EDO page mode mix cycle (1) and (2).

Data output turns off and becomes high impedance from later risting edge of RAS and CAS.
Hold time and turn off time are specified by the timing specifications of later rising edge of RAS
and CAS between ty,; and t,,, and between t,., and torr

22. Data output turns off and becomes high impedance from Iater rising edge of RAS and CAS .
Hold time and turn off time are specified by the timing specifications of later rising edge of RAS
and CAS between t,, and t,, and between torn and toqe.

23.XXX: HorL (H: V,, (min) < V< V,, (max), L: V. (min) £V, <V, (max))

M1 Invalid Dout

When the address, clock and input pins are not described on timing waveforms, their pins must
be applied V,,or V,..

12
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HM51164051 Series

Timing Waveforms*?

Read Cycle

HITACHI
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HMS51164051 Series
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HM5116405]1 Series
Early Write Cycle
tre .
- tRAS o L IRP
Y
RAS N
X( 7
- tesH o+ l«_tCRP
tRCD tRSH -
o). - tCAs
CAS BX 71
~ A
tasmr| [tRAH tasc| |tcaH

twes
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o SO0
N

Y XXX

tps

Din

High-Z*

Dout

= twes = twes (min)

HITACHI

BN 443L203 0033078 bL72 HW

15

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




HMS5116405I Series

Delayed Write Cycle*"

- trc o
tpas .l i< IRP
RAS /
XL 7 \
. tosH tcap
trReD L tRSH
ty tcas _
CAS 1\ 7‘
K i
tcaH
towl
tRwL
tfiCS twp
7
WE /
N
tpzc tps tDH
High-Z
o0 OOO0O0 = ;
tpzo toEH
toep
4 \E
SN QOO0
] toEz
tc
High-
Dout ‘g igh-Z
Invalid Dout
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HMS51164051 Series

Read-Modify-Write Cycle*'®

BN 4496203 0033080 220 WM

- tRWC
" tras o iR
\ N
RAS
\ 7’
tr | [
«  'RCD i tcas »| lel tCRP
CAS NX
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Y
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™
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tRCS| lun] |« CWD | |
tawD | [tRwL
M tRwp | twe
4 N
" XXRXOKXA OO0
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- > o
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HMS51164051 Series

RAS-Only Refresh Cycle

I
W

R tras o trp o
o 4 5& 4 X
/ < l A

tT‘
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:
&
=
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7
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HMS51164051 Series
CAS-Before-RAS Refresh Cycle

- 'RC >

« tRp tRAS >l |« tRP

N4 N N

RAS N J[ \

N_

trRpc_ 1CsR | | tcHR tRPC tCRP |

Address >Q<\
/

toFR
OF

Aa
2

High-Z

Dout
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HM51164051 Series

Hidden Refresh Cycle
- tRe . tRe e tRc
trAs o 18P, |, tRAS) |1RR} |, tRAS ||, tRP
_ y 14 \ v —
RAS XK 72 &__72 \_
tr
JRSH, tewm | || | tere,
. e
CTAS 3& Z
N A
tRAD | tRAL
tasA |tRAH tasgl | toan
/i ]
Address Row Column X
A
tWRH “+TtRRH
t _
tRCs 'RRHY | twar T W’<——HP twrs| | T RO
V| IV A 1
twWED
tbzc -
| icop
High-Z tRDQ
) N 5 ig
. tpzo . toED
OEA N
OF \| / i i i
X il
tcac toEz
taA < twgz
. RAC . lore| OO
tcLz . toH
/ Y
Dout % Dout 5—
N Y
toFR
tonr
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HM51164051 Series

EDO Page Mode Read Cycle

t
tRNGD t AP
RAS \ tRasP s L,'
L
tr tosH . tHpg . tHpe 1CPRH tcre
1
ceP CP) cP tRsH
TAS ftcas I X tcAs N, tcas Notcas Z
tacHR | 1 RCHG ¢
tros tacH "RCS (ARH
B ~—ltacH
we LUK
tRAL
tasn oo [R4H tasCl fCAH fasc | [toan tasd] | tean e | | tcAH twep
Address XXX Row m Columx:m Column 2 Column 3 XXXCqumn4 ><
teal tcaL teau toaL
i
tROD
tozc| tCoD
[t
Din K High-Z Vi
4
tpzo) tcol] tcop )
' s i toED
OE SL Z x 5( SZ ;Z
i 1
toEA tepa : oo cPA tOFFl
toac AA toez] 1 taa OHR
icac AA toez e toEZ
taa twWEZ H A teac fcad ot tQHQ
[ OEA < Jt
tRAC " tpdH toEA OFF
e— 1 OH
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Dout { Dout 1 E gDout ) jDoutz@Dout E { Dout 4 }——
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HMS51164051 Series

EDO Page Mode Early Write Cycle

tRASP L. tRp
N\ L
RAS N
N 7
tt
tesH tHpc tRsH
trRcD tcas tcp tcas | [ tcp tcas | tCRP|
oA N/ N N
N
tasc |tcaH tasg [tcaH
Column 2 Column NMW
twes| {twer twes | |tweH twes| |twen
——W—EW

Din

High-Z*

Dout
* twes = twes (min)
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HMS51164051 Series

EDO Page Mode Delayed Write Cycle*'$

tRasP

tRp

3

|
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tpze tpg _tpzc tog .| | tozc tpbs
tDti tpp tpH
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ol doEz i JOEZ R {e=4
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Invalid Dout Invalid Dout Invalid Dout
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HM51164051 Series

EDO Page Mode Read-Modify-Write Cycle*'®

tRASP »
| trp
N
RAS N
N 7
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< tRCcD_ i, tecas . . tCAS ] « tCAS —|
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\ N N /
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- > e - L -
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Dout /4 4 4
(W A A
Dout 1 Dout 2 Dout N
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HM51164051 Series
EDO Page Mode Mix Cycle (1)
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HM51164051 Series

EDO Page Mode Mix Cycle (2)
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HM51164051 Series

Test Mode Cycle *'*

* Kk

Set Cycle™ Test Mode Cycle Reset Cyc’le Normal Mode
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HM51164051 Series

Test Mode Set Cycle
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HM51164051 Series

Package Dimensions

HM5116405SI/LSI Series (CP-26/24DB)

Unit: mm
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17.27 Max
26 2119 14
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ininin Il » 3 3
0.43+0.10 1.27 6.71+£0.25
0.41 £0.08
254 | H~Jo.10
Hitachi Code CP-26/24DB
JEDEC Code MO-077-AA
EIAJ Code SC-632-A
Weight 08g
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