HM5116160B Series

1048576-word x 16-bit Dynamic Random Access Memory

HITACHI

ADE-203-475 (Z)
Preliminary

Rev. 0.0

Dec. 6, 1995

Description

The Hitachi HM5116160B is a CMOS dynamic RAM organized as 1,048,576-word x 16-bit. It employs the
most advanced CMOS technology for high performance and low power. The HM5116160B offers Fast Page
Mode as a high speed access mode.

Features

» Single 5V (10%)
* High speed
— Access time: 60 ns/70 ns/80 ns (max)
* Low power dissipation
~— Active mode: 550 mW/495 mW/440mW (max)
— Standby mode: 11 mW (max)
: 0.83 mW (max) (L-version)
* Fast page mode capability
* Long refresh period
— 4096 refresh cycles: 64 ms
: 128 ms (L-version)
* 4 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
— Self refresh
+ 2CAS-byte control
* Battery backup operation (L-version)

Note: The specifications of this device are subject to change without notice. Please contact your nearest
Hitachi's Sales Dept. regarding specifications.

This specification is fully compatible with the 16-Mbit DRAM specifications from TEXAS INSTRUMENTS.

M 4496203 0027105 191 WA



HMS5116160B Series

Ordering Information

Type No. Access time Package
HM5116160BJ-6 60 ns 400-mil 42-pin plastic SOJ (CP-42D)
HM5116160BJ-7 70 ns
HM5116160BJ-8 80 ns
HM5116160BLJ-6 60 ns
HM5116160BLJ-7 70ns
HM5116160BLJ-8 80 ns
HM5116160BTT-6 60 ns 400-mil 50-pin plastic TSOP Il (TTP-50/44DC)
HM5116160BTT-7 70 ns
HM5116160BTT-8 80 ns
HM5116160BLTT-6 60 ns
HM5116160BLTT-7 70 ns
HM5116160BLTT-8 80 ns

HITACHI
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HMS5116160B Series

Pin Arrangement

HMS5116160BJ/BLJ Series
—
Veo |1 42| ] vss
voo [ ]|2 41| Jvo1s
vo1 [ |3 40| ] vo1a
vo2 [ |4 39| ] vo13
vos []s 38| vo12
Voo |6 37| ] Vss
vos [||7 36| | o1
vos s 35| ] voto
vos [ o a4 ] o9
voz |10 33|[ ] vos
Ne [[11 az|_]nc
ne [ 12 31| ] LCAS
we [ |13 30|[_|] UCAS
RAS[ | 14 29| ] OE
a1t [1s 28 ] A9
At0 [ |18 27| ] A8
Ao [ [17 26| | A7
A1 [ 18 25| ] A6
A2 []l19 24| ] As
A3 []l20 23| ] A4
Vee L[ 21 22| ] vgg
(Top view)

HM5116160BTT/BLTT Series
Voo L] 10 50 | ] Vgg
oo [ 2 49 ] vo1s
vo1[] 3 48[ ] o014
voz2[] 4 47 [Jvo13
vos[ s 46| ] vo12
Voo L] 6 45 [ Jvgg
vo4 [ 7 44 [ Jvo11
vos[| 8 43| ] vo1o
vos[|9 42| ] o9
o7 [] 10 41 ] vos
Ne [ 11 40| INC
NCe [ 15 36 | NC
NC {16 35| | LCAS
WE [|17 34| | UCAS
RAS[| 18 33| ] OE
A11 19 32[ ] A9
At0[ |20 31[]as
A0 [ 30[ ] A7
Al [J22 29[ ] A6
A2 []e23 28[]As
A3 []24 27 1 A4
Vec [ 25 26 ] vgg

(Top view)

Pin Description

Pin name Function

AQto A1 Address input

AO to A11 Refresh address input
/00 to /015 Data input/Data output
RAS Row address strobe
UCAS, LCAS Column address strobe
WE Read/Write enable
OE Output enable

Vee Power supply (+5 V)
Ves Ground

NC No connection

HITACHI
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HMS5116160B Series

Block Diagram

RAS WE
¥
WE
control
circuit
Sense amp, & VO bus 1 Senss amp_& VO bus
258k memory cell amay 256k mamory cell array
Sense amp. & VO bus Sense amp. & VO bus. u il
256k memory cell amay 256k memary cell array
[ Senseamp. XTObus | Sense amp. & VO bus | ,
256k memory call array 258k memory cell array
Sense amp. & VO bus Sense amp. & VO bus :!“
256k mamory cell array 256k memory cell array
1100 1/00 butfer Sones i AT Sonse srp £ VO bos | 0—'| /010 buffer |'—' 11010
256k memory cell armay 256k mamory celt array
Sense amp. & VO bus Sense armp. & VO bus :!‘
256% memory cell array 258k mamory cell array
[ Senseamp XVOBus____ | Sense amp. & VO bus |
o /01 buffer 256k memory cell array 258k memory coll array '“—'l 1011 buffer |'——I /011
Sense amp. & VO bus [ [ Sense amp, & VO bus 1
256k memory cail amay Q 14 256k memory cell array B
Sense amp. & VO bus _g .g Sense amp SVO bus
256k memory cell array o5 o3 258k memary call array
Sense amp. & VO bus — - Sanse amp. & 'O bus ad
1104 1104 buffer 256k mamory cell array g .g 256k memory call array ,.__.l 11014 buffer |._. /014
Sense amp. & VO bus Q 8 Sanse amp. & VO bus
256k mamory cell array 8 D 256k memory call array
Sense amp, & VO bus o © Sense amp, & VO bus nd
256k mamory cell amay b3 z 256k memory call array
—Semeamp XvOBm | 2 & Senss 5rmp, L VO bus | {:|
1105 /05 buffer 256k memory coll armay 256k memory cell array /015 buffer 11015
Sense amp. & VO bus Sense amp. & VO bus ndY
256k mamory cell array 256k memory cell array
Senss amp. & VO bus Sense amp. & VO bus
256k memory cell amray 256k memory cell array
Sonse amp. & VO bus - Sensa amp. 8 UQ bus -
256k memory cell amay 3 256k memory cell array —
Sense amp. & VO bus ‘5 || Sense amp. & UO bus —]
Column decoder & driver g I&)Iumn decoder & driveq
= Sense amp. & 4O bus [ ] s [ | Sense amp. & VO bus hny
256k memory cell array 5 258k memory cell array
] Sense amp. & VO bus o Senseamp. & VO bus |1
256k memory cell amay 256k mamory cell array
(= NI S a 3
256k memory cell array 256k mamory cell array
L ryaad Sense amp. & VO bus Sense amp. & VO bus s
256k memory cell array 256k memory cell array
o2 102 buffer Sense amp. & U0 bus Sense armp. 8 V0 bus e l 1/O8 buffer |' » /08
256k memory calt aray 256k msmory cell array
[ysas Sense amp, & VO bus Sanze amp. & U0 bus. hanry
2656k memory cell array 256k mamory cell array
be> Sense amp, & VO bus E, ?;‘, Serse emp. & VO bug sy
[ ] 256k mamory cell array R = 256k memory cell array
o3 /O3 bufer *E:” Sense amp_& VO bus 5 5 Sensg amp. & UO bus *:55 /08 bufer 1709
256k memoary celt array o o8 256k memory cell array
piy ey Y “14
N ense amp, us S © | Senceamp &TODbus  |¢¥§
256k memory cell array © '8 256k memary cell array
P>, Sense amp. & UG bus g 8 Senseamp. & UObus |gH5t
256k memory cell array 256k memory cell array L]
/o8 /06 buffer [+3els Senss amp_ & WO bus -; g Sense amp. & VO bus 3 l /012 butfer Vo2
256k mamary cell array [=] o 256k memory cell array
(Y Sense amp. & VO bus o T Serse amp_ & VO bus hamry
256k memory call array 256k memory cell array
ra Sense amp. & VO bus Sense amp, & V0 bus hry
o7 /07 buffer 256k memory call array 256k memary cail array /013 buffer 11013
":‘ti, Sense amp. & VO bus Sense amp. & VO bus e L
256k memory cell array 256k memory cell array
>y Senseamp X TObus | [ Sonseamp. &UObus (43¢
256k mamory call array 256k memory call atrray
ponnd Sense amp. & VO bus Sanse amp. & VO bus wamug
256k memory cell array 256k memary call array
>, Sanss amp. & VO bus Sense amp, & VO bus e
Column address buffer I ! Row address buffer
Address A0 to A7 Address A0 to A11

HITACHI
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HM5116160B Series

Truth Table

RAS LCAS UCAS WE ©OF Output Operation

H D D D D Open Standby

L L H H L Valid Lower byte Read cycle

L H L H L Valid Upper byte

L L L H L Valid Word

L L H L? D Open Lower byte Early write cycle

L H L L*? D Open Upper byte

L L L L*? D Open = Word

L L H L? H Undefined Lowerbyte Delayed write cycle

L H L L H Undefined Upper byte

L L L L? H Undefined Word

L L H HtoL LtoH Valid Lower byte Read-modify-write cycle

L H L HtoL LtoH Valid Upper byte

L L L HtoL LtoH Valid Word

L H H D D Open Word RAS-only refresh cycle

HtoL H L D D Open Word CAS-before-RAS refresh cycle or
Self refresh cycle {L-version)

HtoL L H D D Open Word

HtolL L L D D Open Word

L L H H Open Read cycle (Output disabled)

Notes: 1. H: High (inactive) L: Low (active) D: HorL

2. tycs 20ns Early write cycle
twes <0 ns  Delayed write cycle

3.

Mode is determined by the OR function of the UCAS and LCAS. (Mode is set by the earliest of
UCAS and LCAS active edge and reset by the latest of UCAS and LCAS inactive edge.) However
write OPERATION and output HIZ control are done independently by each UCAS, LCAS.

ex. if RAS = Hto L, UCAS = H, LCAS =L, then CAS-before-RAS refresh cycle is selected.

HITACHI
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HM5116160B Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg Vi -1.0t0 +7.0 Vv

Supply voltage relative to Vg Ve ~1.0t0 +7.0 v

Short circuit output current lout 50 mA
Power dissipation P; 1.0 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -65to +125 °C
Recommended DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Note
Supply voltage Ve 4.5 5.0 55 A 1,2
Input high voltage Vi 2.4 — 6.5 Vv 1
Input low voltage V. -1.0 — 0.8 Vv 1

Notes: 1. All voltage referred to

Vss

2. The supply voltage with all V., pins must be on the same level. The supply voltage with all V¢ pins
must be on the same level.

DC Characteristics (Ta=0to +70°C, Vo, =5V £ 10%, Vi, =0 V)

HM5116160B
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current™ 2 |, — 100 — 90 — 80 mA t,=min
Standby current loca - 2 — 2 — 2 mA  TTL interface
RAS, UCAS, LCAS =V,
Dout = High-Z
— 1 — 1 — 1 mA  CMOS interface
RAS, UCAS, LCAS >V -0.2V
Dout = High-Z
Standby current lcee — 180 — 150 — 150 pA  CMOS interface
(L-version) RAS, UCAS, LCAS 2V, - 0.2V
Dout = High-Z
RAS-only refresh lecs — 100 — 90 — 80 mA t;=min
current’
HITACHI
6
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HM5116160B Series

DC Characteristics (Ta = 0 to +70°C, V. =5V £ 10%, Vi, = 0 V) (cont)

HM5116160B
-6 -7 -8

Parameter Symbol Min Max Min Max Min Max Unit Test conditions

Standby current™ Vecs — 5 — 5 — 5 mA RAS=V,
UCAS,LCAS =V,
Dout = enable

CAS-before-RAS locs — 100 — 90 — 80 mA tp=min

refresh current

Fast page mode locy — 106 — 95 — 85 mA t,,=min

current™

Battery backup lecio — 500 — 500 — 500 pA CMOS interface

current® Dout = High-Z

(Standby with CBR CBR refresh: t,. =313 us

refresh) (L-version) taas 0.3 us

Self refresh mode . — 300 — 300 — 300 pA CMOS interface

current RAS, UCAS,LCAS 0.2V

(L-version) Dout = High-Z

Input leakage current |, -10 10 -10 10 -10 10 pPA O0OV<Vins7V

Output leakage lo -0 10 -10 10 -10 10 pA OV<Vouts7V

current Dout = disable

Output high voltage  V,, 24 V., 24 Vi, 24 Vi, V High tout = -5 mA

Output low voltage Vg, 0 04 O 04 O 04 V Low lout = 4.2 mA

Notes: 1.

open condition.
2. Address can be changed once or less while RAS = V.
3. Address can be changed once or less while UCAS and LCAS = V,,
4. Vy2Ve-02V,0V<V, <02 V.

Capacitance (Ta = 25°C, V=5V + 10%)

l.c depends on output load condition when the device is selected. |, max is specified at the output

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

Notes : 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. UCAS and LCAS =V, to disable Dout.

HITACHI
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HM5116160B Series

AC Characteristics (Ta =0 to +70°C, V. =5 V £ 10%, Vi =0 V)220

Test Conditions

* Inputrise and fall time: 5 ns

« Input timing reference levels: 0.8 V,24V

* Output timing reference levels: 0.4 V,24V

* Output load: 2 TTL gate + C; (100 pF) (Including scope and jig)

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

HM5116160B
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tre 110 — 130 — 150 — ns
RAS precharge time tee 0 — 50 — 60 — ns
CAS precharge time top 10 — 10 — 10 — ns
RAS pulse width tras 60 10000 70 10000 80 10000 ns
CAS pulse width tons 15 10000 18 10000 20 10000 ns
Row address setup time tasn 0 — 0 — 0 — ns
Row address hold time tran 10 — 10 — 10 — ns
Column address setup time tasc 0 — 0 — 0 — ns 22
Column address hold time tean 10 — 15 — 15 — ns 22
RAS to CAS delay time taco 20 45 20 52 20 60 ns
RAS to column address delay time  tg,p 15 30 15 35 15 40 ns
RAS hold time tren 15 — 18— 20 — ns
CAS hold time tesy 60 — 70 — 80 — ns
CAS to RAS precharge time terp 5 — 5 — 5 — ns 23
OE to Din delay time toeo 15 — 18 — 20 — ns 6
OE delay time from Din tozo — — — ns 7
CAS delay time from Din toze — — — ns 7
Transition time (rise and fall) t; 3 50 3 50 3 50 ns 8
HIT%CHl
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HMS5116160B Series

Read Cycle

HM5116160B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tose — 60 — 70 — 80 ns 910,
Access time from CAS toac — 15 — 18 — 20 ns 10,11, 18
Access time from address tan — 30 — 35 — 40 ns 10, 12, 18
Access time from OE toea — 15 — 18 — 20 ns 10,26
Read command setup time tres 0 — 0 — 0 — ns
Read command hold time to CAS  t, 0 — 0 — 0 — ns 13,23
Read command hold time to RAS t.q, 5 —_ 5 — 5 — ns 13
Column address to RAS lead time  tg,, 30 — KL R— 40 — ns
Column address to CAS lead time  t,, 30 — [ J— 40 — ns
CAS to output in low-Z tos 0 — 0 — 0 — ns
Output data hold time ton 3 — 3 — 3 — ns
Output data hold time from OE toro 3 — 3 — 3 — ns
Output buffer turn-off time torr — 15 — 15 _— 15 ns 14
Output buffer tum-off to OE toez — 15 — 15 — 15 ns 14
CAS to Din delay time toon 15 — 18 — 20 — ns 6
Write Cycle

HM5116160B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — 0 — 0 — ns 15,22
Write command hold time twen 10 — 15 — 15 — ns 22
Wirite command pulse width twe 10 — 10 — 10 — ns
Write command to RAS lead time  tg,,, 15 — 18 — 20 — ns
Write command to CAS lead time  t, 15 — 18— 20 — ns 24
Data-in setup time tos 0 — 0 — 0 — ns 16,24
Data-in hold time ton 10 — 15 — 15 — ns 16,24

HITI(}CHI
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HMS5116160B Series

Read-Modify-Write Cycle

HM5116160B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 166 — 181 — 206 — ns
RAS to WE delay time tawo 85 — 98 — 110 — ns 15
CAS to WE delay time towo 40 — 46 50 — ns 15
Column address to WE delay time tawp 55 — 63 — 70 — ns 15
OE hold time from WE toen 15 — 18 — 20 — ns
Refresh Cycle

HM5116160B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) e, 5 — 5 — 5 — ns 22
CAS hold time (CBR refresh cycle) te,, 10 — 10 — 10 — ns 23
RAS precharge to CAS hold time  t. 0 — 0 — 0 — ns 22
Fast Page Mode Cycle

HM5116160B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time toc 40 — 45 — 50 — ns
Fast page mode RAS pulse width taase —_ 100000 — 100000 — 100000 ns 17
Access time from CAS precharge tepa — 35 — 40 — 45 ns 10, 18, 23
RAS hold time from CAS precharge tpq, 35 — 40 — 45 — ns

HITACHI
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HMS5116160B Series

Fast Page Mode Read-Modify-Write Cycle

HM5116160B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write  toquc 8 — 96 — 1056 — ns
cycle time
WE delay time from CAS precharge t.py 60 — 68 — 75 — ns 15,23
Refresh
Parameter Symbol Max Unit Note
Refresh period trer 64 ms 4096 cycles
Refresh period (L-version) trer 128 ms 4096 cycles
Self Refresh Mode (L-version)

HM5116160BL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (Self refresh) toass 100 — 100 — 100 — us 27
RAS precharge time (Self refresh)  to. 110 — 130 — 150 — ns
CAS hold time (Self refresh) tens -50 — -50 — -50 — ns
Notes: 1. AC measurements assume t; = 5 ns.

2.

10.

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

Only row address is indispensable on address A8, A9, A10, A11.

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

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

Either tgp or top, must be satisfied.
Either ty;, or to,c must be satisfied.

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

Assumes that tye, < too, (Max) and to,, < thap (Max). If tye, OF to,, is greater than the maximum
recommended value shown in this table, t,,. exceeds the value shown.

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

HITACHI
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HMS5116160B Series

11. Assumes that tgep = taep (Max) and teep + toae (Max) 2 te,, + ty, (Max).
12. Assumes that 1, = tesp (Max) and tgep + toae (Max) < tp,p + taa (Max).
13. Either tg,, or t.s, must be satisfied for a read cycles.

14. o (max) and t,;, (max) define the time at which the outputs achieve the open circuit condition and
are not referred to output voltage levels.

15. tycs: trwor towns tawo @Nd tepy are not restrictive operating parameters. They are included in the data
sheet as electrical characteristics only; if t,,cq = tycs (min), the cycle is an early write cycle and the
data out pin will remain open circuit (high impedance) throughout the entire cycle; if tayp = tawo
(min), tewo 2 tewn (MiN), and tyyg 2ty (MiN), OF toun 2 towp (MINY, tuwp 2 taws (MIN) and tepy = 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.

16. These parameters are referred to UCAS and LCAS leading edge in early write cycles and to WE
leading edge in delayed write or read-modify-write cycles.

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

18. Access time is determined by the longest among t,,, tc.c and tep,.

19. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to
the device. After RAS is reset, if tog, 2 tow, the I/O pin will remain open circuit (high impedance); if
toen < tows, invalid data will be out at each 1/0.

20. When both UCAS and LCAS go low at the same time, all 16-bit data are written into the device.
UCAS and LCAS cannot be staggered within the same write/read cycles.

21. All the V; and Vg pins shall be supplied with the same voltages.

22. tasor toans tacss twess twons toss @nd teee are determined by the earlier falling edge of UCAS or LCAS.

23. tcrps tonrs trons tera @nd tepy, are determined by the later rising edge of UCAS or LCAS.

24.to, ton and tys should be satisfied by both UCAS and LCAS.

25.1. is determined by the time that both UCAS and LCAS are high.

26. When output buffers are enabled once, sustain the low impedance state until valid data is obtained.

When output buffer is turned on and off within a very short time, generally it causes large V../Vq
line noise, which causes to degrade V,, min/V, max level.

27. Please do not use tg,g timing, 10 us < to,os < 100 us. During this period, the device is in transition
state from normal operation mode to self refresh mode. If t,,.c > 100 us, then BAS precharge time
should use t,,5 instead of tg,.

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

29. If you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 4096 cycles of
distributed CBR refresh with 15.6 ps interval should be executed within 64 ms immediately after
exiting from and before entering into the self refresh mode.

30. 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.

31. )00 Hor L (H: Vi (min) £V, €V, (max), L: V,_ (min) £V, <V, (max))

Invalid Dout

HITACHI
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HM5116160B Series

Notes concerning 2CAS control

Please do not separate the UCAS/LCAS operation timing intentionally. However skew between
UCAS/LCAS are allowed under the following conditions.

Each of the UCAS/LCAS should satisfy the timing specifications individually.
2. Different operation mode for upper/lower byte is not allowed; such as following.

RAS \

T\

- \
. \

Delayed write

Early write

ARk

3. Closely separated upper/lower byte control is not allowed. However when the condition (tep Sty is
satisfied, fast page mode can be performed.

w0\ a

UCAS

LCAS

4. Byte control operation by remaining UCAS or LCAS high is guaranteed.

HITACHI
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HMS5116160B Series

Timing Waveforms™'

Read Cycle
« tRe
- tRAS o le tBP
S 3 4 \
RAS \ / \
N 7
< tcsH . tcrpP .
tRCD tRsH -
ty, tcas
_— \
UCAS \
LCAS (S
o« 'RAD | tRAL .
teaL
tASR tasg | tcaH
tRAH -
-l
/
Address Row g Column
JRRH,
tRCSle tRCH
S 4 N
WE
tpzg L. leop
< |tDzo| | |loEA < toED
= OOCOKX OG0
N ,
| |l OEZ
<ICAC ol toHo
tAA o
- 1oFF
<« RAC -
tc _ton
N
Dout Dout y
HITACHI
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HMS5116160B Series

Early Write Cycle
. tRe .
< tRas N trRp
- N
RAS
\ ) \
» tcsH < {CRP
trcD trsH .
Tl -« 'CAS
UCAS \ 7‘
LCAS K 7
tasr| traH tasc! {tcaH
Address Row Column
twes| | tweH
e QOQOOO0 Y KOOURXXXNX
N Vi
Ibs tDH
/
Din Din
N
High-Z**
Dout 9
* OE : Horl
» twcs = twes (min)
HITACHI
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HM5116160B Series

Delayed Write Cycle ™
- tRC .
« tRAS o < tRP
- N
RAS N ] \
- tcsH o le | tcrp
e 'RCD tRSH .
Tl » tcas .
UCAS \ 7‘
LCAS C £
tASR| tRAH tasc| | tcaH
Address Row Column W
towy
tRWL
t‘RCS twp
A
WE L
toze tps toH
tDzo toEH
~—-1 —b“ -t L =
toED
r '
OE \ /
) toEZ
_tez
High-Z
Dout 9
Invalid Dout
HITACHI
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HMS5116160B Series

Read-Modify-Write Cycle"

- tRwec -
tRAS »| e 1RP
TN
RAS \ \
N 7
ty,
tRCD tcas - tcrp
TFAS \
UCAS &
LCAS K ik
<« RAD
tASR| tRaH tAscl | tCAH |
/
Address Row Column
N\
t
tRCS| ] | CWD > té;w=|_
tawp | tRwe
_ tRwD twp
4 h
N
tozc {DH
<“—> -
tpg |
High-Z
toED|
JiDzO| | loEH,
toEa
. / A\
OF x /
X 17
| IcAC t
« tAA . QEZ
< tRAC >l lep/lOHO
Y High-Z
Dout Dout E; 9
terz —
HITACHI
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HM5116160B Series

RAS-Only Refresh Cycle

tRC
tRAS o e trp .
R / \
RAS \
N
tT
tcrRP _tRPc tcrp
UCAS / [ \ 4
LCAS y
tASR| tRAH
Address Row
toFF
High-Z
Dout % P 9
A

* OE,WE: HorL
-** Refresh address: A0 - A11 (RAO - RA11)

HITACHI
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HM5116160B Series

CAS-Before-RAS Refresh Cycle

- 'RC -l tRC >
e BP L tRAS i, tRP I, tRAS trp
RAS / \ \ \
tr [ |
tRPC trpg tcrp
. tcp | 1lcsR| |lcHR ! tep, | |icsR tCHR
UCAS { y \
LCAS 7 K
toFF
High-Z
Dout %} g
A
* OE,WE : HorlL
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HM5116160B Series

Hidden Refresh Cycle
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HMS5116160B Series

Fast Page Mode Read Cycle
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HMS5116160B Series

Fast Page Mode Early Write Cycle
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HMS5116160B Series

Fast Page Mode Delayed Write Cycle™®

RAS

UCAS
LCAS

toED

tOED

tOEH =

trASP
L | lRP
N Z‘
N / \_
0l topy |, ey 1, tcrp
» tcsH »le tpc - «tRSH
tReD tcas tcas tcas
\ /N /]
\ 7N /N /
_tasc Jldtasc Jlltasc
tcaH tcan tcaH
Column 1 Column 2 Column N
tcﬂkl towd tewl
tRw
’ trcs tRcs )
\ — y
\ \ \
twe | | | twp | | twe|
Lhnd Lind hat -
tpzc tps [ Jtozc tps | tozc tps|
Jfon, top L]

toiz toiz toiz, | o
ol doEz o JoEz L loEZ
High-Z
Dout g 4 g
Invalid Dout Invalid Dout Invalid Dout
HITACHI
23

B 4496203 002?ke7? 452 1M




HM5116160B Series

Fast Page Mode Read-Modify-Write Cycle™?
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HMS5116160B Series

Self Refresh Cycle (L-version)™" %%
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HMS5116160B Series

Package Dimensions

HM5116160BJ/BLJ Series (CP-42D)

Unit:
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HMS5116160B Series

HMS5116160BTT/BLTT Series (TTP-50/44DC)

Unit: mm
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