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HM514170, HM514170L Series
262,144-word x 16-bit Dynamic Random Access Memory

HITACHI/ LOGIC/ARRAYS/MEMN

The Hitachi HM514170 are CMOS dynamic RAM

Ordering Information

organized as 262,144-word x 16-bit. HMS514170

have realized higher density, higher performance  Type No. Access time Package
and various functions by employing 0.8 pm CMOS A A
process technology and some new CMOS circuit um:::;gj::; ;g 22 4::;}?;"3%)})'"
design technologies. The HM514170 offer fast HM514170JP-10 100 ns ‘(JCP-4OD)
page mode as a high speed access mode.
Multiplexed address input permits the HM514170  yMs14170ZP-7 70 ns 475-mil 40-pin
to be packaged in standard 400-mil 40-pin plastic = HM514170ZP-8 80 ns plastic ZIP
S0OIJ, standard 475-mil 40-pin plastic ZIP, and 400- HM514170ZP-10 100 ns (ZP-40)
mil 40-pin plastic TSOP.
HM514170TT-7 70ns 400-mil 40-pin
HM514170TT-8 80 ns plastic TSOP
Features HMS514170TT-10 100 ns (TTP-40DB)
: f{"l"ggt"es lfe;(i 10%) HM514170LJP-7 70 ns 400 mil 40-pin
X HM514170LJP-8 80 ns plastic SOJ
— Access time: 70 ns/80 ns/100 ns (max) HMS514170LJP-10 100 ns (CP-40D)
* Low power dissipation
— Active mode: 770 mW/660 mW/550 mW  HM514170LZP-7 70 ns 475-mil 40-pin
(max) HM514170LZP-8 80 ns plastic ZIP
— Standby mode: 11 mW (max) HMS514170LZP-10 100 ns (ZP-40)
1.1 mW (max) (L-version)
+ Fast page mode capabili[y HM514170LTT-7 70ns 400-mil 40-pln
« 1024 refresh cycles: 16 ms HM514170LTT-8 80 ns plastic TSOP
128 ms (L-Version) HM514170LTT-10 100 ns (TTP-40DB)

* 2 WE byte control
» 3 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
« Battery back up operation (L-version)
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HMS514170, HM514170L Series
Pin Arrangement HITACHI/ LOGIC/ARRAYS/MEM
HM514170JP/LJP Series HM514170ZP/LLZP Series
Ve Ot 7 40[0Vss 1 vo8
voo ]2 3911015 Vo9 2 3 1O10
vo1a 3[04 Vo1 4 5 Vg
102 O] 4 371013 uo12 & 7 1013
o35 as[11012 "OV"‘ 1" 9 1015
Vee Cl6 35[0 Vss Voo 1‘2’ 11 Veg
vo4 7 34[J 011 Vo2 14 13 1O1
vos |8 3331010 Voo 16 15 /O3
voe (]9 3209 YOS5 18 17 1104
o7 CJ10 31[Jvos Vo7 20 19 /06
_Nc 11 30 INC LWE 22 21 NC_
LWE 12 20[INC RAS 24 sul bl
UWE []13 28[1CAS A0 26 27 A1
RAS []14 27[10OE AZ 28 29 A3
Ao C]15 26[1A8 Ve 30 31 Vs
A0C]16 25[1A7 A4 32 33 A5
a1 ]17 24[71A6 A6 34 35 A7
a2]18 23[1AS c—:iss gg 37 OF
A3[19 221 JA4 NG 40 39 NC
Vee G20 21[1Vss
(Top View) {Bottom View)
HM514170TT/LTT Series Pin Description
Vee 1 O 44{1Vgg Pin name Function
voo 2 4331015
o1 3 42[7]1014 A0 - A9 Address input
vo2 4 41711013 — Row address A0 - A9
vo3 s 40[ 1012 — Column address A0 - A7
Vee O8 39[JVss — Refresh address A0 — A9
vo4 O7 3s[Jvo11
¥os )8 s7dwo10 /00 - 11015 Data-in/data-out
o6 CJo 3s[]1/09
o7 )10 35[J108 RAS Row address strobe
CAS Column address strobe
NG 13 32[NC
IWE 14 31JNC UWE, LWE Read/write enable
UWEL(15 30{1CAS
RAS O16 29[ OE OE Output enable
Ag 117 28] A8
a0 018 27[1A7 Vee Power (+5 V)
A1 19 26[JA6
A2 O20 25[]AS Vss Ground
A3 21 24 A4
Vee 22 23[1Vss
(Top View)

824




jite
CAS
3

1ep Aeury AOWen 3 962

A
| £5fod voe]

Decoder

Row

1o Aewy Jowe 3 962

18pode uwnjo) B sng O/

Selector

Selector

18p03a( UWINOD B SNE O/l

1B Aeuy Kiowe 4 952

.
rtt
ABATAS |

e Aewy Aiowew ¥ 952

1eiy Aeuy Aowep 3 962

Ten Aely Aows % 962

Jepod8e uwnjo) @ sng O/l

@ Row |Row @
Decoder, Decoder

Tt

1epooag uwnio) B sng O/l

HM514170, HM514170L Series

18 Aeuy Alowep % 952

Selector
Selector

Row @ Row |Row @ Row
Decoder| Decoder| Decoder| Decode|

Decoder|

Row

e Aeusy Kiowew %952

nnaug [eseydued

| Address A4,A5

wnoug reseydued

HITACHI/ LOGIC/ARRAYS/MEM

e Aeury Aowe i 962

5 e 5
Butfer Butter; | Butfer Butfer} | Buffer VO10 -
[ Butter voro|

Peripheral Circuit

Decoder

Row

Jepooe@ uwnio) @ sng O/

Buffer|

101

o) [
tthe
AO,A1,A2,A3 |
Selector

g

Te Aeury LoWeW ¥ 952

Selector

Row

e Aeiy Kiowew 3 952

Row
Decoder] Decoder|

LLE D W uuy9k203 002323k 087 EEHITE

Jlapodeq uwnjo) B sng O/

| Address A9

g

Selector

Selector

18p028Q uwno) 2 sng O/l

m M Te Aeuy Asowen % 962

AWV Jepo2eg uWIN|o) B sNg OJ|

3 m TeW Aeuy Kowep X 962
=1

x M 1B Aedly Klows ¥ 952

[+

&

1ep Aesuy Kiowen ) 952

rvo3 || Vo2
“ Buffer || Butfer

Row
Decode|

Decoder

Row

1e Aeuy Aiowen X 952

Block Diagram

Bufter

105

EFANEIC

[vos|
o
UWE
)

825




L1E D B 449L203 0023237 T13 ERMHITE

HMS514170, HM514170L Series

Truth Table . HITACHI/ LOGIC/ARRAYS/MEM
Inputs : /e

RAS IWE UWE CAS O©fF 1700 - 107 V08 - 1015 Operation

H H H H H High-Z High-Z Standby

L H H H H High-Z High-Z Refresh

L H H L L Dout Dout Word read

L L H L H Din Don't care Lower byte write
L H L L H Don't care Din Upper byte write
L L L L H Din " Din Word write

L H H L H High-Z High-Z

Absolute Maximum Ratings

Parameter . Symbol Value Unit
Voltage on any pin relative to Vgg V1 -1.0t0 +7.0 v
Supply voltage relative to Vgg Vee -1.0t0+7.0 \'
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -551t0+125 °C

Recommended DC Operating Conditions (Ta = 0 to +70°C) *2

Parameter Symbol Min Typ Max Unit Note
Supply voltage Vgs o} 0 0 v
Vee 45 5.0 5.5 Y 1
Input high voltage ViH 24 - 6.5 \s 1
Input low (/O pin) ViL -1.0 — 0.8 \ 1
voltage
(Others) Vi -2.0 — 0.8 \ 1

Notes: 1. All voltage referenced to Vgg
2. The supply voltage with all Vg pins must be on the same level.
The supply voltage with ail Vgg pins must be on the same level.
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— HITACHI/ LOGIC/ARRAYS/MEMN

HM514170, HM514170L Series

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

HM514170-7 HM514170-8 HM514170-10
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating leet — 140 — 120 — 100 mA RAS cyciing, CAS cycling 1,2
current trc = min
Standby current  Igco - 2 - 2 — 2 mA  TTL interface
HKS, CIS = V'H
Dout = High-Z
- 1 - 1 — 1 mA  CMOS interface
RAS,CAS 2V -02V
Dout = High-Z
-_— »
Standby current — 200 — 200 — 200 pA CMOSinterface
(L-version) RAS,CAS 2V -0.2V
Dout = High-Z
RAS-only Icca — 120 — 100 — 80 mA tgc=min 2
refresh current
Standby current  lccs — 5 — 5 — 5 mA RAS=V|y, CAS=V|_ 1
Dout = enable
CAS-before-RAS Igcg — 120 — 100 — 80 mA tgc=min
refresh current
Fast page mode locy — 130 — 120 — 110 mA tpg=min 1,3
current '
Battery backup Igcig — 300 — . 300 — 300 pA  Standby: CMOS interface 4
current Dout = High-Z
(Standby with CBR refresh: tge = 125 us
CBR refresh) trag < 1 us, CAS =V
(L-version) WE=Vj4
Input leakage I -10 10 -10 10 -10 10 pA O0V<Vins7V
current
Output leakage I o -10 10 -10 10 -10 10 pA OV<sVouts7V
current Dout = disable
Output high Vo 24 Vg 24 Voo 24 Voo V. Highlout=-5mA
voltage )
Output low VoL 0 04 0 04 O 04 V Low lout = 4.2 mA
voltage
Notes: 1. lgg depends on output ioad condition when the device is selected, lcc 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.
4. ViyzVeg-02V, V| =02V
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HMS514170, HM514170L Series HITACHI/ LOGIC/ARRAYS/MEM
Capacitance (Ta = 25°C, Ve =5 V 1 10%)

Parameter Symbol Typ Max Unit Notes

input capacitance (Address) o - 5 pF 1

Input capacitance (Clocks) Ci — 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. CTAS = V| to disable Dout

AC Characteristics (Ta =0 t0 70°C, Ve = 5 V £ 10%, Vgg = 0 V) *1. *14, %15

Test Conditions

* Input rise and fall times: 5 ns . * Output load: 2 TTL gate + Cp_ (100 pF)
¢ Input timing reference levels: 0.8 V,2.4V (Including scope and jig)

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

HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tre 130 — 50 — 180 — ns

RAS precharge time tRp 5 — 60 — 70 —  ns

RAS pulse width tRAS 70 10000 80 10000 100 10000 ns

CAS pulse width tcas 20 10000 20 10000 25 10000 ns

Row address setup time tasr 0 — 0 — 0 — ns

Row address hold time tRAH 10 — 10 — 15 — ns

Column address setup time  tasc 0 - 0 - 0 — ns

Column address hold time tcAR 15— 5 — 20 — ns

RAS to CAS delay time tRep 20 50 20 60 25 75 ns 8

RAS to column address delay time  tgap 15 35 15 40 20 55 ns 9

RAS hold time tRsH 20 - 20 — 25 — ns
CAS hold time tce 70 — 80 — 100 — ns
CAS to RAS precharge time tcrP 5 — 15 — {5 — ns
OE to Din delay time toobp 20 — 20 — 25 @ ns
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HM514170, HM514170L Series

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (cont)

HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Notes
OE delay time from Din topzo O — 0 — 0 — ns

CAS setup time from Din toze O — 0 - 0 - ns

Transition time (rise and fall) tr 3 50 3 50 3 50 ns 7
Refresh period Rer — 6 — 16 — 16 ms

Refresh period (L-version) tRer - 128 — 128 — 128 ms

Read Cycle HITACHI/ LOGIC/ARRAYS/MENM
HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Notes

Access time from RAS tRaee — 70 — 80 — 100 ns 2,3

Access time from CAS tcac — 20 — 20 — 25 ns 3,413

Access time from address tAA — 3% — 40 — 45 ns 3,513

Access time from OE toac¢ — 20 — 20 — 25 ns

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

Read command hold timeto CAS ~ tggy 0 — 0 — 0 — ns

Read command hold timeto RAS ~ tggy O — 0 - 0 — ns

Column address to RAS lead time  tRal 3% — 40 — 45 — ns

Output buffer turn-off time torF1 0 15 0 15 0 20 ns 6

Output buffer turn-off to OF torF2 O 15 0 15 0 20 ns 6

CAS to Din delay time tepp 15 — 15 — 20 — ns
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M
HM514170, HM514170L Series HITACHI/ LOGIC/ARRAYS/ME

Write Cycle

HM514170-7 HM514170-8 HM514170-10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes O — 0 - 0 — ns 10
Write command hold time twen 15— 15  — 20 — ns
Write command pulse width twp 10 — 10 - 20 — ns
Write command to RAS lead time  tgyy 20 — 20 — 25 — ns
Write command to CAS lead time tewL 20 — 20 — 25 - ns
Data-in setup time tos 0 — 0 — 0 — ns 1
Data-in hold time toH 15 — 5 — 20 — ns 1
CAS to OE delay time’ tcob — O - 0 — 0 ns 18

Read-Modify-Write Cycle

HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time thwe 180 — 200 — 245 — ns

RAS to WE delay time trwp 9 — 106 — 135 — ns 10
CAS to WE delay time ttwp 4 — 45 — 80 — ns 10
Column address to WE delay time  tawp 60 — 66 — 80 — ns 10, 13
OE hold time from WE foew 20 — 20 — 25 — ns

Refresh Cycle

HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Note
CAS setup time ftsg 10 — 10 —~ 10 — ns
(CAS-before-RAS refresh cycle)

CAS hold time thk 10 — 10 — 10 — ns
(CAS-before-RAS refresh cycle)

RAS precharge to CAS hold time trpc 0 — 10 — 10 - ns

CAS precharge time in normal mode tcpy 10 — 10 — 10 — ns
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HMS514170, HM5141701. Series

Fast Page Mode Cycle HITACHI/ LOGIC/ARRAYS/HEH——
. HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Notes

Fast page mode cycle time tpc 50 — 55 — 60 — ns

Fast page mode CAS precharge time tgp 5 — 5 — 15 — ns

Fast page mode RAS pulse width  tgasc  — 100000 — 100000 — 100000 ns 12

Access time from TAS precharge tacp - 40 — 45 — 50 ns 3,13

RAS hold time from CTAS precharge tgucp 40 — 4 — 50 — ns

Fast page mode read-modify-write  tcpw 65 — 70 — 85 — ns

cycle CAS precharge to WE

delay time

Fast page mode read-modify-write  tpgyy 95 — 100 — 110 — ns

cycle time

Counter Test Cycle

HM514170-7 HM514170-8 HM514170-10

Parameter Symbol Min Max Min Max Min Max Unit Note
CAS precharge time in counter tcpT 50 — 55 — 50 — ns
test cycle
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HM514170, HMS14170L Series 2" ACHI/ LOGIC/ARRAYS/MEN

Notes:

832

1.

doaw N

N

10.

15.

16.
17.

18.

AC measurements assume 11 = 5 ns.

Assumes that top < trop (Max) and tgap < trap (Max). i trep or tap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

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

Assumes that tgcp 2 taep (Max) and tgap < tpap (Max).

Assumes that trcp < trop (Max) and tgap = tgap (Max).

1orF (max) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

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

Operation with the tgcp (max) limit insures that tgag {max) can be met, trep (max) is specified
as a reference point only, if trcp is greater than the specified tggp (max) limit, then access
time is controlled exclusively by tcac.

Operation with the tgap (max) limit insures that tgag (Max) 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-

twes: trRwps Icwp and tawp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only: if twog = twog (min), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle;
if tRw 2 trwp (Min), towp 2 towp (Min), tawp = tawp (min) and tepw 2 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.

. These parameters are referenced to TAS 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 taa or tcac OF 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 priof to applying
data to the device.

Either tgcH or TRy must be satisfied for a read cycle.

When both LWE and UWE go low at the same time, all 16-bits data are written into the device.
[WE and UWE cannot be straggered within the same write cycles.

Do not enable Dout buffer when using delayed write timing.
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- HMS514170, HM514170L Series
Timing Waveforms’
HITACHI/ LOGIC/ARRAYS/MEM
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HM514170, HM514170L Series HITACHI/ LOGIC/ARRAYS/MEM
Early Write Cycle
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HM514170, HM514170L Series

Delayed Write Cycle
HITACHI/ LOGIC/ARRAYS/MEN
o trc >
< 1raAS > tre
\ Zl \
RAS K _7
. tosH > cre >
b lle
P tacp ol tRsH
J— 3 teas 4
CAS < »>
\ ]
tow >
tasr | tasc ;l tRwL >
traH tean |
Address Row Column
tres twe
UWE
LWE
toH
tos |
toEH
top! % P
g ozc |
tozo, «
invalid
Dout <-DT:utn:
tco torr2
~ G
*k
o 7////, : Don't care
** |nvalid Dout comes out, when OE is low level.
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HITACHI/ LOGIC/ARRAYS/ME
HM514170, HM514170L Series AYS/HEN

Read-Modify-Write Cycle

P tawc >
o trp
\ Z‘ \
RAS 3 4
] tcrp
" trep - -
CAS —
g( A
o trap ol 114
tasr N tASC=
traH
y %V/ //
Address Row /
; 7
tres), towL
towp | . tew ;
tawp R
. twe
— N
UWE N \
LWE s thwo R
< v
trac R fou
_ tozc tos
g Dou
Dout toac Aﬂ——-»
> tore2 -
tozo |
C— toop
OF m% Vi
* :////, : Don't care
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- HM514170, HM514170L Series

RAS-Only Refresh Cycle . HITACHI/ LOGIC/ARRAYS/ME”
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HM514170, HM514170L Series

HITACHI/ LOGIC/ARRAYS/MEN -

Hidden Refresh Cycle
. tmtkc; T tmtﬂc T > toas b PR
o (Read) [F (Refresh) | [ etresh
= &h‘J \ t tc:r’\___
. _T: tac':H; b teas : = I
CAS \
! [
;tmg JR,:D > tCA:RAL
o N
cuc T3 b
Dout %; Dout :E—_
torr .
PR écon=

* : Don't care
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HM514170, HMS514170L Series

Fast Page Mode Read Cycle /MEM
HITACHI/ LOGIC/ARRAYS
» tRASC -
o tRuce ol e
— 3 4 3
RAS X( /] N
y,
t ; tcsh ol le tec R _tRsH tcrp
—tRCD tons | Lot ol leteas, i f, ter | g feas
o NN TR ‘
N K
. trap >
tasr tRaM o | 1tRAL |
tasc| | Jgan, tasc [ | s le] [
p Y L B T
Address Row Col. Col. Col.
y T K K b, ]
trRes | tres LTI
1, tres ta_crt t& g ‘tRCH
UWE
WEe
oo » toze
tcoo
, tozc tozc tcon; e —>
High-2 igh- igh-
toop
g }CAC teac
teac - < > topo
il taa N taa >l
PRIV > >
_ trac < » ACP > tace N
- 1 ]| torer S tor1
4 R
Dout { pout )
N4
to
tpz0
o261
torr2 [e—> -
OF
toac
* % : Don't care
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HMS514170, HM514170L Series - HITACHI/ LOGIC/ARRAYS/MEM
Fast Page Mode Early Write Cycle » '

A\ AR 4
A

tr : teep ] teas ; tep | |gtens > 12| letens tere
. y 'S Y
S N Y X; ]z \; ' U

twes twer  twes tweH twe
UWE
WE
/7
A

* OF :Don't care

b % : Don’t care
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HM514170, HM514170L Series

Fast Page Mode Delayed Write Cycle

Address

Din

Dout

HITACHI/ LOGIC/ARRAYS/MEM .

< trasc R trp
N\ ZI
3 . ] \_
Tesh t
| e < - 22t «
1l taep g toas )| e RP
>l > 14 L teas
Zl \
t
tasr AsC
trAH tean, tasc
Row Col. Col.
towt < tow
twe twe RN
trCS > >
High-Z
tooo N

* : Don't care
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HM514170, HM514170L Series

Fast Page Mode Read-Modify-Write Cycle

HITACHI/ LOGIC/ARRAYS/MEM

taasc R D

m |\ 1
v | fe treo »
T tee tere
— 4 3
TAS | thap \
tRAH
toan
i e | e
Address %; Row *@g Column
tow| ¢ terw
tacs tres tawp | |ty
| RN M [ town
TNt
TwE N
LWE
L‘ACP tos
toH tozc tou
i Y.
Din High-2 Din
teac
|«
toeH AC toEH
3
Abouts
Dout ﬂ"" P
7
tozo to‘ﬁ' tom: tozo toﬁz:
OE
g ioo g lo00 | leloro

* : Don't care
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HMS514170, HMS514170L Series

CAS-Before

-RAS Refresh Counter Check Cycle (Read)

- Y
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HM514170, HM514170L Series
CAS-Before-RAS Refresh Counter Check Cycle (Write)

R
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- K
tesr tcHR
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