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HM5116400 Series — HITacHI/ LocIc/ARRAYS/MEN

4,194,304-word x 4-bit Dynamic Random Access Memory

The Hitachi HM5116400 is a CMOS dynamic Ordering Information
RAM organized 4,194,304 words x 4 bits. It

employs the most advanced CMOS technology for Access
high performance and low power. The Type No. time Package
HM5116400 offers Fast Page Mode as a high HM5116400J-6 60 ns

400-mil 24/28-pin

speed access mode. HM5116400J-7 70 ns plastic SOJ
HM5116400J-8 80 ns (CP-24DA)
Feature
HM5116400Z-6 60 ns 475-mil 24-pin
* Single 5 V (£10%) HM5116400Z-7 70ns plastic ZIP
+ High speed HM5116400Z-8 80 ns (ZP-24A)
— Access time .
: HM5116400TT-6 60 ns 24/28-pin
60 ns/ 70 ns/ 80 ns (max) HM5116400TT-7 70 ns plasticpTSOP 1
* Low power dissipation HM5116400TT-8 80 ns (TTP-24D)
— Active mode )
440 mW/385 mW/358 mW (max) HM5116400RR-6 60 ns
— Standby mode 11 mW (max) HM5116400RR-7 70ns
* Fast page mode capability HM5116400RR-8 80 ns

+ Long refresh period
— 4096 refresh cycles : 64 ms
* 3 variations of refresh
~ RAS-only refresh
~ CAS-before-RAS refresh
— Hidden refresh
+ Test function
— 16-bit parallel test mode

Note:  This specification is fully compatible with the 16-Mbit DRAM specifications from TEXAS
INSTRUMENTS.
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HITACHI/ LOGIC/ARRAYS/MEM

HM5116400 Series
Pin Arrangement
HMS5116400) Series HM5116400Z Series
Y /—‘1
Vee Lj 1 28| ]Vss OE 2 ! A9
wot[ ]2 27 Jvos O3 4 3 CAS
/02 E 3 26 :] /03 v 6 5 104
ss
WE[ ] 4 25| 1CAS o1 8 7 Vee
RAS[]ls 24| ]OE — 9 102
A11[Jl6  23{JA9 WE 10 11 FAS
Al 12 13 A10
A10E 9 20 :]AB A0 14 15 Al
AQ [: 10 19 :] A7 A2 16
A 18 ee Vo 18 17 A3
A o 18 Vss
A2[112 17| ]As A4 20 o1 A
ot IO o Ao 22 23 A7
cC ': SS A8 24
(Top view) (Bottom view)
HMS5116400TT Series HM5116400RR Series
Vee[]1() 28 ]Vss Vss 02800 1 [JVec
1] 2 27[ ] 104 Vo4 |27 2 [ 101
1102 }3 26 1103 1’03 |26 3[juvo2
WE[ |4 25| |CAS CAS [ |25 4 ]WE
RAS[]5 24 |OE OE 24 5[ | RAS
A6 23[ ] A9 Ag []23 6 [ ] A1
‘ A10[]9 20[ ] A8 A8 []20 9 []A10
AO[___1O 19:|A7 A7[:19 10:]AO
A1 18[] A6 As |18 11 A1
A2[|12 17[] A5 A5 [17 12 ] A2
A3[ 13 16 A4 A4 116 13[] A3
Voo 14 15[ ] Vss . Vg [|15 14 Ve
(Top view) (Top view)
Pin Description
Pin name Function Pin name Function
A0 to A11 Address input WE Write enable
A0 to A1l Refresh address input OE Output enable
1/01 to I/O4 Data input/data output Veo Power supply (+5 V)
RAS ’ Row address strobe Vss Ground
CAS Column address strobe NC No connection
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E1E D BN 449L203 0023353 047 EEHITR

Block Diagram

CAS
Control
Circuit

OE
Control
Circuit

WE
Control
Circuit

!

256k memory cell array

Sense amp. & /0 bus

256k memory cell array
256k memory cell array

Sense amp. & 1/O bus

256k memory cell armay

256k memory cell armay

256k memory cell array

256k memory cell array

Sense amp. & /0 bus

256k memory cell array

| Senseamp & Obus |

-1

! o4 bufter |+~ 1104

Sense amp. & /O bus

258k memory cell array
256k memory cell array

Sense amp. & VO bus

258k memary cell array
256k memory call array

Sense amp. § 70 bus

256k memory cell array
256k memory cell array

Sense amp. & VO bug

256k memory cef! array
258k memory cell armay

Sense amp. & /G bus

258k memory cell array

256k memory cell aray Row 256k memory cell array
Sense amp. & VO bus Sense amp. & I/C bus
256k memory cell array decoder 2mfry cell array
256k memory cell armay & . 256k memory cell array
Sense amp. & /O bus driver Sense amp. & VO bus
256k memory cell array 256k memory cell array
256k memory cail array 256k memory cell array
Sense amp. & VO bus Sense amp. & /O bus
256k memory cell armay 256k memory cell array
256k memory cell array 256k memory cell array
Sense amp. & [/O bus Sense amp. & /0 bus
256k memory cell array 256k memaory cell array
256k memory cell array 256k memory call array
Sanse amp. & /0 bus Sense amp. & /O bus
256k memory cell array 256k memory cell array
256k memory cell array 256k memory cell array
Sense amp. & 1/0 bus Sense amp. & I/0 bus
256k memory cell array 256k memory cell array
| _Column decoder & driver [_Colurnn decoder & driver |
256k memory cell array 256k memory cell array
Sense amp. & I/0 bus Sense amp. & IO bus
256k memory cell array 256k memory cell array
256k memory cell array 256k memory call array
Sense amp. & /O bus Sense amp. & I/0 bus
256k memory coll array 256k memory cell array
256k memory cell array Row 256k memory cell array
Sense amp. & /O bus decoder Sense amp. & /0 bus
256k memory celt array & 256k memory cell array
256k memory call array driver 256k memory cell array

Sense amp. & IO bus

256k memory cell array
256k memory cell array

Sense amp. & /O bus

256k mamory cell array
256k memory cell array

Sense amp. & 10 bus

256k memory cell array
256k memory cell array

-—t—e

-1—q

-]

|

ey
=14
-—t—4
L]
ol

-t —q

" 103 buffer ‘*l 1703

/02 buffer [+=

'**l /01 buffer [+

Sense amp. & /0 bus

256k memory cell amray
256k memory cell array

Sense amp. & 110 bus

256k memory cell array

L

3
—— Column address buffer ] l——l Row address buffer |
t f

A0-A9

|__Address AG-AT1__ |

AO-A11
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— HITACHI/ LOGIC/ARRAYS/MEM

HM5116400 Series
Absolute Maximum Ratings
Parameter Symbol Value Unit
Voitage on any pin relative to Vgg Vy -1.0t0 +7.0 \
Supply voltage relative to Vgg Vee -1.0t0 +7.0 v
Shont circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -5510 +125 °C
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Symbol Min Max Unit Notes
Supply voltage Ve 45 5.5 \' 1
Input high voltage ViH 24 6.5 A 1
Input low voltage ViL -1.0 0.8 Vv 1

Note : 1. All voltage referenced to Vgg
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HITACHI/ LOGIC/ARRAY -
HM5116400 Series : S/MEN

DC Characteristics (Ta = 0 to +70°C, Vee=5V£10%, Vgg=0V)
HM5116400 HM5116400 HM5116400

6 7 -8
Parameter Symbol Min Max Min Max Min Max Unit Testcondition Notes
Operatingcurrent  lgcy — 80 — 70 — 65 mA tre = min 1,2
Standby current lccz — 2 — 2 — 2 mA TTlLinterface
RAS, CAS = V4
Dout = High-Z
- 1 - 1 - 1 mA  CMOS interface
RAS, CAS 2 Vg - 0.2V
Dout = High-Z
RAS-only lccs — 80 — 70 — 685 mA tgc=min 2
refresh current
Standby current lccs — 5 — 5 — 5 mA RAS=V CAS=V 1
Dout = enable
CAS-beforeRAS Igcg — 80 — 70 — 65 mA trc = min
refresh current
Fast page mode lccz — 90 — 80 — 75 mA tpc=min 1,3
current
Input leakage I =10 10 -10 10 -10 10 pA QOV<Ving7V
current

Output leakage Lo -10 10 -10 10 -10 10 pA OV<Vout<7V
current Dout = disable

Output high voltage Vo 24 Vgg 24 Ve 2.4 Vee V High lout = —5 mA

Outputlowvoltage Vo 0 04 0 04 0 04 V Low lout = 4.2 mA

Notes : 1. I depends on output load condition when the device is selected. lgc 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 TAS = V.

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

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ci — 5 pF 1
Input capacitance (Clocks) Cpo — 7 pF 1
Output capacitance (Data-in, Data-out)  Cyq — 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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HM5116400 Series
AC Characteristics (Ta = 0 to +70°C, Vog = 5 V £ 10%, Vgg =0 V) *1.*2.*3,%19, %20

Test Conditions

Input rise and fall times : 5 ns

Input timing reference levels : 0.8 V, 2.4V

Output load : 2 TTL gate + Cy (100 pF)
(Including scope and jig)

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

HM5116400 HM5116400 HM5116400

-6 -7 -8
Parameter - Symbol Min Max Min Max Min Max Unit Notes
Random read or write trc 1o — 130 - 150 — ns
cycle time
RAS precharge time trp 40 — 50 — 80 — ns
CAS precharge time tcp 10 — 10 — 10 - ns
RAS pulse width trAS 60 10000 70 10000 80 10000 ns
CAS pulse width tcas 15 10000 18 10000 20 10000 ns
Row address setup time task 0 — 0 - 0 — ns
Row address hold time tRAH 10 — 10 — 0 — ns
Column address setup time tasc 0 — 0 - 0 — ns
Column address hold time tcaH 15 — 15 — 5 — ns
RAS to TAS delay time thep 20 45 20 52 20 60 ns 4

RAS to column address delay time  trap 15 30 15 3 15 40 ns 5

; RAS hold time tRSH 5 — 18 — 20 — ns
CAS hold time tosH 60 — 70 — 80 — ns
CAS to RAS precharge time tcRp 5 — 5 — 5 — ns
OE to Din delay time toED 5 — 18 — 20 — ns 6
OE delay time from Din ozo 0 — 0 — 0 — ns 7
CAS delay time from Din toze 0 - 0 — 0 — ns 7
Transition time (rise and fall) v 3 30 3 30 3 ns 8
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HITACHI/ LOGIC/ARRAYS/HEN -

HM5116400 Series
Read cycle
HMS5116400 HM5116400 HM5116400
6 7 -8

Parameter Symbol Min Max Min Max Min Max Unit Notes

Access time from RAS trac — 60 — 70 — 80 ns 31 10,

Access time from CAS ttac — 15 — 18 — 20 ns 10, 11,
18, 21

Access time from address taa — 30 - 35 -— 40 ns 10, 12
18, 21

Access time from OF toea — 15 — 18 — 20 ns 10,21

Read command setup time tres 0 — 0 - 0 — ns

Read command hold time to CAS ~ tggy 0 — 0 - 0 — ns 13

Read command hold time to RAS ~ tggy & - 5 - 5 — ns 13

Column address to RAS leadtime  tgy, 30 — 35 — 40 — ns

Column address to CAS lead time tcAL 30 — 3% — 40 — ns

CAS to output in low-Z toLz o0 — o — 0 — ns

Output data hold time toM 3 - 3 — 3 — ns

Output data hold time from OE tovo 3 — 3 — 3 — ns

Output buffer turn-off time toFF — 15 - 8 — 20 ns 14

Output buffer turn-off time to OE toez — 15 — 18 — 20 ns 14

CAS to Din delay time top 15 — 18 — 20 ns 6

246




L1E D HEE 4496203 0023358 bc29 EEHITE
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HMS5116400 Series

Write cycle

HM5116400 ¢ HM5116400 HM5116400

6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes O — 0 — 0 — ns 15
Write command hold time twew 1% — 15 — 15 — ns
Write command pulse width twp 15 — 15 — 15 — ns
Wit command to FAS lead e~ taw, 15— 18 — 20 — " ns
Write command to CAS lead time towL 15 — 18 — 20 — ns
Data-in setup time tps 0 - 0 —_ 0 — ns 16
Data-in hold time toH 5 — 15 — 15 — ns 16

Read-modify-write cycle

HM5116400 HM5116400 HM5116400
-8

-6 -7

Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time trwe 156 — 181 — 206 — ns
RAS to WE delay time tRwp 8 — 9% — 110 — ns 15
CAS to WE delay time . towp 40 — 46 — 50 — ns 15
Column address to WE delay tme  tayp 55 — 63 — 70 — ns 15
OE hold time from WE toEH 5 — 18 — 20 — ns
Refresh cycle

HM5116400 HM5116400 HM5116400

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) tcsR 10 — 100 - 10 — ns
TAS hold time (CBR refresh cycle)  tchp 20 — 20 — 20 — ns
WE setup time (CBR refresh cycle)  twre 10 - 10 — 10 — ns
WE hold time (CBR refreshcycle) twgy 10 — 10 — 10 — ns
RAS precharge to CAS hold time tapg O — 0 - 0 — ns
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HM5116400 Series

Fast page mode cycle

4
HM5116400 HM5116400 HM5116400

-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 RAS pulse width trRasp — 100000—  — 100000— ns 17
Access time from CAS precharge tcpa — 3/ — 40 — 45 ns 10, 18,

: 21 :

RAS hold time from CAS precharge fcpry 35— 40 — 45 — ns
Fast page mode read modify write cycle

HMS5116400 HM5116400 HM5116400

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-writt  tprwe 85 — g% — 105 — ns
cycle time
WE delay time from CAS precharge tcpw 60 — 68 — 7% — ns 15
Test mode cycle *20

HM5116400 HM5116400 HM5116400

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time twTs 0 — 10 - 10 — ns
Test mode WE hold time oty 10 — 10 — 10 — ns
Counter test cycle

HM5116400 HM5116400 HMS5116400

-6 -7 -8
Parameter | . Symbol Min Max Min Max Min Max Unit Notes
CAS precharge time in counter tcpT 40 — 40 — 40 — ns

test cycle
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HITACHI/ LOGIC/ARRAYS/MEMN

HM5116400 Series
Refresh
Parameter Symbol Max Unit Notes
Refresh period tREF 64 ms 4096 cycles

Notes: 1. AC measurements assume ty =5 ns.
An initial pause of 200 s is required after power up followed by a minimum of eight initializa-
tion cycles (any combination of cycles 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. Only row address is indispensable on address A10 and A11.

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

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

6. Either togp or topp must be satisfied.

7. Either tpzo or tpzg must be satisfied.

8. V)y (min) and V)_(max) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vjy (min) and V_ (max).

9. Assume that tgcp < trop (Max) and trap < trap (max). I taep of thap is greater than the
maximum recommended value shown in this table, taac exceeds the value shown.

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

11. Assume that tgop 2 trep (Max) and trap S 1RAD (max).

12. Assume that trep < trep (Max) and trap 2 trap(max).

13. Either tgcy of trry Must be satisfied for a read cycles.

14. topF (max) and topz (max) define the time at which the outputs achieve the open circuit
condition and are not referenced to output voltage levels. .

15. twes. tRwor town. tawp and tcpw are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs 2 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 = tawp (Min), towp 2 towp (Min), and tawp = tawd {min), or tocwp 2
towp (min), tawp 2 tawp (min) and tcpw 2 tocpw {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.

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

17. trasp defines RAS pulse width in fast page mode cycles.

18. Access time is determined by the longer of taa or lcac OF tepa.

19. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying
data to the device. After BAS is reset, if topy = towL, the VO pin will remain open circuit (high
impedance); if togn < towy, invalid data will be out at each IVo.

20. The 16M DRAM offers a 16-bits time saving paralle! test mode. Address CAQ and CA1 for the
4M x 4 are don't care during test mode. Test mode is set by performing a WE-and-CAS-
before-RAS (WCBR) cycle. In 16-bits parallel test mode, data is written into 4 bits in parallel at
each /O (/O1 to I/04) and read out from each 1/O.-

If 4 bits of each /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-AAS refresh cycle or RAS-only refresh cycle.
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HMS5116400 Series

21. In a test mode read cycle, the value of tRAC: taa: Icac and topy 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.
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HM5116400 Series
Timing Waveforms
HITACHI/ LOGIC/ARRAYS/NEN
Read Cycle
tre
'Ras ol l4tRP
- < N
fcsH >l e {CRP
trcD wle tRsSH
LA tcas
chs y s
CAS XK_——;Z
<« BAD tRAL
tcAL
tasA;| |t |1asg | toan
—
Address Row i Column
JRRH |
1ACS| tRCH
'
e 0 7
tozd . tcoo
< |1Dz0], | | JoEs toEp |
%
> /
\oEZ
tcac toHO
7.V
1oFF!
i tRAC -—
g ‘tOH=
Y, K,
Dout 2 { Dout 5[
V7] pontcare
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. HM5116400 Series HITACHI/ LOGIC/ARRAYS/MEMN
Early Write Cycle '
tre
- trAS trp
_ X
RAS N \
N 7
tcsH . tchp
tRCD tRsH
tT . lcAs
: \ 4
oS N
. tasr tRAHI tasc| | tcaH
Address % Row %golu;‘]ﬁ%
twes twcH
g 7
tps | | tDH
Din Din
H' h_Z.’Q
Dout 9
* OE : Don't care
i 7// : Don't care
* twes = twes (min)
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™ HITACHI/ LOGIC/ARRAYS/MEM

HMS5116400 Series
Delayed Write Cycle *1°
tRe |
tRAS tap
RAS \ )‘ ;\
RAS
K 7
tesH o L« tCRP
. tRCD tRsH .
trl 1, tcas
CAS /
K vl
tasgr| t tasc| |tcaH
Address Row Column
towy
tRWL

tpze | tps toH

Din / High-Z Din
Y,

toeD 1OEH

— |
i

High-Z**

* 7// . Don't care

« tOEH 2 towL

Dout
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HM5116400 Series HITACHI/ LOGIC/ARRAYS/MEMN—

Read-Modify-Write Cycle *19

< tRwe
tRAS »l L tRP
RAS
s N A N
tr
tRCD 1, tcas _ | el tCRP
— 3
CAS \
R 7
o« {RAD
tASR| tRAH tasc| | tcaH
AL
Address Row X Column
trecs F—» - tcwp > m‘
tAwD tRWL
> |
» tawp |1 twe

-
\

tozc tDH
- > ——————
tDg|
N High-
Din 3 igh-Z Din
A_
toeD|
JiDzol | s <OEH,
toEA
— /
= )
tcac_
YV toEz
" tRAC - toHO
High-Z**
Dout X pout ighZ
tcLz .
- * //A . Don't care

* 1OEH ZtcwL
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—— HITACHI/ LOGIC/ARRAYS/MEM HM5116400 Series
RAS-Only Refresh Cycle
" tRe
tRAS . trp
R y - )
RAS N N\
N
tT
tcrP trpC tCRP
__ 7% 1 4
CAS /
tASR| tRAH
Address Row
toFF
Dout High-Z
* OE,WE: Don'tcare
b % . Don't care
*** Refresh address : AO- A11 (RAO - RA11)
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HMS5116400 Series HITACHI/ LOGIC/ARRAYS/MENM
CAS-Before-RAS Refresh Cycle
trc N tRe
-« (RP tRAS tep tRAS tap
S —
RAS /
tr
Blilie tRP tcrpP
o tCP_| (lcsR! |tcHR tep i 1tcsy tcHR |
cAS % /J \
. 7 K
YWRP| |twRH twRP| | twRH
7 X
.. 7 T
Address /
toFF
Dout High-2
* OE : Don'tcare

b //A : Don't care
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—— HITACHI/ LOGIC/ARRAYS/MEN

HM5116400 Series
Hidden Refresh Cycle '
trc tre tRC |
tRAS tRP,| | tRAS| |1RR tRAS tRp
-\ y—
RAS N /N N N\
K 7
tt
) tRSH tCHR tcap
tacp
- \ 4
CAS N /
: X 7
< RAD tRAL
tasg tRA tagel | toad
— 7
Address Row Column
K
twrp) .
> WRP
tRCS tRRH| ] TwRn pe JwRH
X 4 A X
w ]
tpze tcop
High-Z
" tpzo toED
| 1OE
— 7
OE é
y,
tecac | toEz
tAA . 1OHO
_ tRac AOFE
tcLz toH
4 D
Dout ! Dout JE___

* % . Don't care
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HITACHI/ LOGIC/ARRAYS/MEMN _

HMS5116400 Series
Fast Page Mode Read Cycle
- trasp
tCPRH | | tRP
N —
AAS N / \
N 7
tr
» tesm » tpc IRSH
RCD__JfoAs,| | tcP i |teas,| |, top | tcas | | ) (teRH
s NN AN Y
CAS
7 n 7 N 7
- tRAL
o 1RAD i | ftcal le—] [tcAL " toar
Ashl lRaH  tasd fcam tasg tcan tasg tcaH
) % / AL
Address ROW Column 1 Column 2 Column N
N K_l -
tRCS tRCs tRRH
tRCS | tRCH 11 tren tRCH
7 y ¥ 7 Y
WE
<Dz tozg tozg
tcopl | || tcop| | tcoD
o - High-Z| | #% |High-Z | High-z v
n s 7 5 4£ 1%
tpzo | toep |, | | tpzg, toED] |, tpz OED!
% ) 7 J
7 ; i ;
« LRAC —ltcral | 1L [tcral |
taa ftoH | taa| | | Ilton| taa| | LoH
L‘ N toHO
OEA > toHo | toea tOHO | i OEA
teaci | | [toFF fgAC || [toFF ft c . {OFF
tc o 1JoEz |teiz loez |tcLz | Joez
Y %qt:'} N
Dout g Dout 1 H Dout2§—§ Dout N E—
N7
* '///A : Don't care
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HITACHI/ LOGIC/ARRAYS/MEM HM5116400 Series
Fast Page Mode Early Write Cycle
trasP L _trp
S y
RAS N \
K 7
i1
tesH trc tRSH
tRCD tCAS tcp tcas’ tcp tcas | tcRP
. \ N Iy
CAS N Y/ N N
7
tasH [tRAH tasg tcad tasg fcad tasg tcad
Address %( ROW Columvn%umn‘zi@g;um:%%
twes| twen twes | twek twes| |
) /) )
. 7 i Z
tps| |tor tps | |toH tps| [toH
Din Z/ / Din 1 Din 2 Din N / /
Z
High-Z*"*
Dout igh-Z
* OFE : Dontcare
i //A . Don't care
" twes = twes (min)
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HITACHI/ L E—
HM5116400 Series » 06IC/ARRAYS/HEN

Fast Page Mode Delayed Write Cycle *19

" tRAsP |
AP
. A
RAS \_‘
K 7
tr, o NI tRy 1. tCRP|
» tes . trc . le tRSH
<« 'RCD 1. tcas . 1GAS e 1CAS
N ' A
cAS. \ 1N \ /
K 7 K 7 X 7
tRAD | .
tasR | lasc oLl ASC _lltasc
tcan tcaH tcaH
Address Column 1 Column 2 Caolumn N
to t t
CWL CWL CWL
tAwW
tRCS, | tRes tres
7 — \ Y
W | \ w
twp B twel | | twp
T [l
tpzc tog, tpzc tbs tozc tpgl
toH toH toH
. N y, ZEI 5_ Gin K i
Din / 7% ¢ 2 7 (N
tpzo tpzo toe tpzo toE
> > — > —»
to
tOEH > tOEH--—» tOEH
_ 4 K 4 Y 4
OE /
1CL_Z_, tCLlJ tu_;»
—phJOEZ ol JoEz _ o JOEZ
High-Z**
Dout g
Invalid Dout Invalid Dout Invalid Dout

* % . Don't care

** toEH ZtowL
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HITACHI/ LOGIC/ARRAYS/MEM

L1E D WM 4y9L5203 0023372 TT9 EEHITZ

HM5116400 Series
Fast Page Mode Read-Modify-Write Cycle *19
« tRASP -
B tRP
RAS
X( _7
tr " tRPWC
o tee | tecr | | tCRP
<IRCD |, tCAS tcas « 1CAS
e \ ) N —
CAS \ /N AN
N _7 N _7 N 7
<IRAD
tASR | tasc 1 tASC o tAsC
tRAH tCAH tCAH tCAH
Address Row Column 1 Column 2 Column N
B tawp _ tcw tepwjtowdt | | Ttopw towd
tAwWD tawp tawp tRwL,
towo | |tRes) )| [ towp | |tResy [ | towD
\ \ \
=7 % N
trcs twp lq twp ld twell 1,
tozc 10§ tozctog) tpzc 03
tor AL 'oH
Y aw Sl amO ams
t - toED toED
tozo et tozd| | | &2 tozg) o2
LOEHe—» tOEHe—» tOEHe—
o zz X Z( — ZF X
OE )
4% toHo A1 toHo t
l - > | OHO
toho] vl Yoving
tAA.Q > taple—s tale ]
TRAG tecpale | » topale »
te toez i |lloez  tciZT[ |l loEz
D% AN DS High-Z™
Dout 4Vl vl v
Dout 1 Dout 2 DoutN  «F77]. Don'tcare

« 1oEH ZtowL




6E1E D WE 4496203 0023373 935 EEHITE

HMS5116400 Series HITACHI/ LOGIC/ARRAYS/MEN ——
Test Mode Cycle *20
Set Cycle™: . Test Mode Cycle ~|_Reset cy:;i;t Normal Mode

= /NSNS
SR VA VAAVAV RIS
o\ L

* CBR or RAS-only refresh

” % : Don't care

* Address, Din, OFE: Don't care

Test Mode Set Cycle
- tRC >
" e trp - tRAS - tRp -
N  \
RAS / N \
tRPC tcsr CHR tRPC_ tCRP
.
F N o 4 Y 4
CAS %? /|
tcp twrs | | twin, tcp -
WE %
Z
Address
_» tOFF
High-Z
Dout g
* '//Z : Don't care
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HITACHI/ LOGIC/ARRAYS/MEM HMS5116400 Series
Test Mode Reset Cycle

CAS-Before-RAS Refresh Cycle

. tre -
. tRAS >l letRP

RAS N

_tcHR IRPG tCRP |
— - 4 4
CAS /) %

Z
IwrH tcp

Address

o loFF

High-Z

=]

=3

=3
ﬁ\»é y

- % : Don't care

RAS-Only Refresh Cycle

tRas trp -
o \ \
RAS N / N\
CAS /
IaSR,| |1RA
High-Z
7 9

* Refresh Address AO - A11 (RAD - RA11)

i //A : Don'tcare
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HITACHI/ LOGIC/ARRAYS/MEM—

HMS5116400 Series
CAS-Before-RAS Refresh Counter Check Cycle éRead)
the
- IRP tRAS ol le AP
RAS / N / \
i N 7
N T‘ .
MM tcsH N
trpe; | tcsm| |[# : > tcrp
i {CHR tepT tRSH _ -
n > | [ tens 1, A
N 7
' e tRAL -
- toaL .
asc| [tcan
r—
y A
Address Column
N
twrpi twRH tRCs, tRRH
JRCH
. 7 Y X
e /
tpzc tcop
|
High-Z 7%
Din /
//él N
tpzo | tOED
— %
OE g
N : Z
{OEA _ toHo
< CAC o|lOH
tAa - «ol|1OEZ
<LOFE « tRAC - torF
N
ot %} %%KL . 72_—
tcLz
* '///// . Don't care
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HITACHI/ LOGIC/ARRAYS/NEN

HM5116400 Series
CAS-Before-RAS Refresh Counter Check Cycle (Write) .
- tRC »
tRe Ll le tRAS - tap
R / 3
FAS / \ \
tt | N 1
e tesH -
Irpg |tosh ] |teH tepT 'tRSH tcrp |
e 1CP o - tcas -
__ 4 A
CAS /] \ \
: \ _
tasci | tcaH
Address Column / // ////
twRp| [tWRH twes | twoH
— / / 4 3
e o
y,
tcop tDs toH tpzc

Din

_
Din

PN

s @ .

tOFF

High-Z

* % : Don't care
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