HM514100C/CL Series Preliminary

4,194,304-word x 1-bit Dynamic Random Access Memory

HITACHI Sin. 27,1958

The Hitachi HM514100C is a CMOS dynamic  Ordering Information
RAM organized 4,194,304 words X 1 bits.
HMS514100C has realized higher density, higher
performance and various functions by employing - -
05 i CMIOS procss ehoology and s rew S S10005CLSS €0rs 200zt
CMOS circuit design technologies. The HM514100CS/CLS-8 8ons  (CP-20D)
HMS14100C offers Fast Page Mode as a high
speed access mode. Multiplexed address input HMS514100C2/CLZ-6 60ns  400-mil 20-pin
permits the HM514100C to be packaged in HMS514100CZ/CLZ-7 70ns  piastic ZIP
standard 300-mil 20-pin plastic SOJ, standard 400- HM514100CZ/CLZ-8 80 ns (ZP-20)

mil 20-pin plastic ZIP and 20-pin plastic TSOP1I .

Type No. Access time Package

HM514100CTT/CLTT-6 60ns  20/26-pin
HMS14100CTT/CLTT-7 70ns  plastic TSOPII
Features HM514100CTT/CLTT-8 80ns  (TTP-20D)

« Single 5 V (10%)
 High speed
— Access time
60 ns/70 ns/80 ns (max)
« Low power dissipation
— Active mode
605 mW/550 mW/495 mW (max)
— Standby mode 11 mW (max)
0.55 mW (max) (L-version)
« Fast page mode capability
* 1024 refresh cycles : 16 ms
1024 refresh cycles : 128 ms (L-version)
= 3 variations of refresh
~ RAS-only refresh
— CAS-before-RAS refresh
- Hidden refresh
« Test function
» Battery back up operation
— HMS514100CL Series (L-version)

Preliminary: This document contains information on a
new product. Specifications and informaton contained
herein are subject to change without notice.

ADE-203-270(Z
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HMS514100C/CL Series

Pin Arrangement

HM514100CS/CLS Series HMS514100CZ/CLZ Series
Hitachi pin No.
IJEDEC pin No,l
\J I . 1 Ag
oin 1|1 26| ]20 v TAS 2
- 3 Dout
wE 2[ ||2 25| ]19 Dout Vss 4
RAS 3|3 24| |18 TAS WE o S Din
7 RAS
Ne 4 |4 23(| |17 ne A0 8
9 NC
ato s[_|ls 22| ]1s A9 e 10
11 A0
Al 12
ao e[ |lo 18[[J1s a8 13 A2
a1 70 17l J14 a7 A T4 16 Veo
A4 18
Az 8 I 16|13 as 17 A8
12 A A6 18
a3 o |12 15||_]12 as 0 A7
vec 10|13 14| J11 a¢ A8 20
L—
(Top view) {Bottom view)
HM514100CTT/CLTT Series Pin Description
Hitachi pin No. Pin name Function
JEDEC pin No.
l [ A0 to A10 Address input
Din 1 E 1 26 :’20 Vss AOto A9 Refresh address input
WE 2[ |2 25|19 Dout on ——
RAS3 [ |s 24 |18 TAS
Dout Data-out
NC 4 |4 23] J17NC
A10 5 [: 5 22 :]16 Ag RAS Row address strobe
CAS Column address strobe
Ao 6 |9 18[ |15 as WE Read/Write enable
At 7 [ o 17]J14 A7
Vee Power (+5 V)
r2 g [ 11 16|13 A6
Az o[ |12 15[ J12 As Vss Ground
Vee 10 [: 13 14 311 Ad NC No connection
(Top view)
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HMS514100C/CL Series

Block Diagram
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Column Address Buffer

Address A0~A10

B 4495203 002L238 L2l A

Row Address Buffer
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HMS514100C/CL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -1.010 +7.0 \
Supply voltage relative to'Vgg Vee -1.0t0 +7.0 Vv
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 10 +125 °C

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

Parameter Symbol Min Typ Max Unit Note
Supply voltage Vss 0 [o] 0 v

Vee 4.5 5.0 5.5 v 1
Input high voltage VIH 24 — 6.5 v 1
Input iow voltage ViL -1.0 — 0.8 v 1

Note : 1. All voltage referred to Vgg,

B 449L203 0026239 568 W Hitachi 39
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HM514100C/CL Series

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

HM514100C/CL
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Testcondition Notes
Operating current  Igcy — 110 — 100 — 90 mA  RAS,CTAScycling 1,2
tRrc = min
Standby current lecz - 2 - 2 — 2 mA  TTL interface
RAS, TAS = V|y
Dout = High-Z
— 1 - 1 — 1 mA  CMOS interface
RAS, TAS Vg -0.2V
Dout = High-Z
Standby current — 100 — 100 — 100 pA CMOS interface 4
(L-version) RAS, TAS =V|y
WE, Address and
Din = VIH or V|L
Dout = High-Z
RAS-only lcca — 110 — 100 — 90 mA  ige = min 2
refreshcurrent
Standby current lees — 5 — 5 — 5 mA RAS =V, CAS=V) 1
Dout = enable
TAS-before-RAS  Igcs — 10 — 100 — 90 mA  tpc = min
refresh current
Fast page mode lcc7 — 110 — 100 — 90 mA  tpg = min 1.3
current
Battery back up lecio -_— 200 ~— 200 — 200 pA tac =125 pus 4
operating current t PRET
(Standby with \7595 ViH. CAS = Vi,
CBR refresh) Address, Din = Vg or Vy_
(L-version) Dout = High-Z
Input leakage current | | -10 10 -10 10 -10 10 HA OVgVing7V
Qutput leakage Lo -10 10 -10 10 -10 10 pA OVgVoutg7V
current Dout = disable

Outputhigh voltage Voy 2.4 Voo 24 Veg 24 Voo V  Highlout = -5 mA

<

Qutput low voltage Vo 0 04 O 0.4 0 04 Low lout = 4.2 mA

Notes : 1. Ig¢ depends on output load condition when the device is selected. icc max is specified at the
output open condition,
2. Address can be changed twice or less while RAS = V.
3. Address can be changed once or less while TAS = V|.
4. Vo -02V<Vy<65Vand0OV <V, <02V.

40 Hitachi ™ 4496203 D02L24p 287 mm
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HMS514100C/CL Series

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

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address, Data-in) Ci — 5 pF 1
Input capacitance (Clocks) Ci2 — 7 pF 1
Output capacitance (Data-out) Co —_ 7 pF 1,2

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

B 4495203 002624l 11L W Hitachi 41
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HM514100C/CL Series

AC Characteristics (Ta = 0 to +70°C, Ve = 5 V £ 10%, Vgg =0 V) *¥1, ¥12, %15
Test Conditions

Input rise and fall times : 5 ns

Input timing reference levels: 0.8 V,24 V

Qutput load : 2 TTL gate + Cg, (100 pF)
(Including scope and jig)

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

HM514100C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min  Max Unit Notes
Random read or write cycle time tgg 110 — 130 — 150 — ns
RAS precharge time trp 40 — 50 — 60 — ns
RAS pulse width tnas 60 10000 70 10000 80 10000 ns 18
TAS pulse width tcas 15 10000 20 10000 20 10000 ns 19
Row address setup time taAsSR 0 - 0 — 0 — ns
Row address hold time {RAH 10 — 10 —_ 10 - ns
Column address setup time  tagc Q — 0 — ¢] — ns
Column address hold time  tgay 15 — 15 — 15 - ns
RAS to TAS delay time tacD 20 45 20 50 20 60 ns 8
RAS to column address tRAD 15 30 15 35 15 40 ns 9
delay time
RAS hold time tRSH 15 — 20 — 20 — ns
CAS hold time tosH 60 — 70— 8o — ns
TAS to RAS precharge time  topp 10 — 10— 10— ns
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 7
Refresh period tREF — 16 - 16 — 16 ms
Refresh period (L-version}) tREF — 128 — 128 — 128 ms
42 Hitachi s L496203 002b2u2 052 W
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HM514100C/CL Series

Read cycle

HM514100C/CL

-6 -7 -8
Parameter Symbeol Min Max Min Max Min Max Unit Notes
Access time from HAS traC — 60 —_ 70 — 80 ns 2,3, 16
Access time from CAS tcac — 15 _ 20 —_ 20 ns 3,4, 14, 16
Accsss time from address taa — 30 — 35 —_ 40 ns 3,5,14, 16
Read command setup time tRcs o] — Q — 0 - ns
Read command hold time to TAS  tpcn 0 — 0 — o} - ns 17
Read command hold time to FAS  tgpy 0 — 0 — 0 — ns 17
Column address to RAS lead time  tpa| 30 — 3B — 40 — ns
Output bufter turn-off time torr 0 15 0 20 0 20 ns 6
Write cycle

HM514100CiCL

6 -7 -8
Parameter Symbol Min Max Min  Max Min Max Unit Notes
Write command setup time twes o] —_ 0 — 0 - ns 10
Write command hold time tWCH 15 — 15 — 15 — ns
Write command pulse width twp 10 — 10 — 10 —_ ns
Write command to HAS lead time  tpwy 15 — 20 — 20 — ns
Write command to TAS lead time  towL 15 — 20 — 20 — ns
Data-in setup time tps 0 — 0 — 0 — ns 11
Data-in hold time toH 15 — 15 — 15 — ns 11

Hitachi 43
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HM514100C/CL Series

Read-modify-write cycle

HM514100C/CL
6 7 8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tpwe 130 — 155  — 178 — ns
RAS to WE delay time tawD 60 — 7 — 80 — ns 10
TAS to WE delay time tcwD 15 — 20 — 20 — ns 10
Column address to WE tawp 3 — 3B — 40 — ns 10
delay time
Refresh cycle
HM514100C/CL
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
TAS setup time tcsR 10 — 10 — 10 — ns
(CBR refresh cycle)
CAS hold time tcHR 10 — 10 — 10 — ns
(CBR refresh cycle)
RAS precharge to CAS hold time tgpe 10 — 0 — 10 — ns
TAS precharge time tcPN 10 — 10 — 10 — ns
in normal mode
Fast page mode cycle
HM514100C/CL
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time tec 40 — 45 —_ 50 - ns
Fast page mode CAS precharge time tcp 10 — 10— 10— ns
Fast page mode RAS pulse width tgage — 100000 — 100000 — 100000 ns 13
Access time from TAS precharge 1acp — 35 — 40 —_ 45 ns 3,14, 16
HAS hold time from CAS precharge tgucp 35 — 40 — 45 — ns
44 Hitachi B 4496203 0026244 925 M
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HMS514100C/CL Series

Fast page mode read-modify-write cycle

HM514100C/CL
-6 7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write tpgyy 60 — 7 - 75 —_ ns
cycle time
TAS precharge to WE delaytime tcpy 35 — 40 — 45 — ns 10
Test mode cycle
HM514100C/CL i
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time tws 0 — 0 — 0 — ns
Test mode WE hold time tWH 0 — 10 — 10 — ns
Counter test cycle
HM514100C/CL
-6 7 .8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS precharge time in counter testcycle  topt 40 - 40 — 40 — ns
B 449L203 002b245 861 B Hitachi 45
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HMS514100C/CL Series

Notes: 1. AC measurements assume ty =5 ns.

2. Assumes that trop < tRep (Max) and tRap < trap (Max). If tgep of tRap is greater than the
maximum recommended value shown in this table, trac exceeds the value shown.

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

4. Assumes that tpep 2 trep (Max) and tgap < trap (Max).

S. Assumesthattpgp < tRop (Max) and tgap 2 trap(max).

6. topr (max) defines the time at which the output achieves the open circuit condition and is not
referred to output voltage levels.

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

8. Operation with the tgcp (max) limit insures that tgac (max) can be met, tgep (Mmax) is
specified as a reference point only, if tgop is greater than the specified tggp (max) limit, then
access time is controlled exclusively by tcac.

9. Operation with the tgap (max) limit insures that tgac (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.

10. twes: 'RwD: tcwp: tawD and tcpw are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twes = 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 tgwp = trwp (Min), towp = tcwp (Min), tawp = tawp (min) and tcpw =
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.

11. These parameters are referred to TAS leading edge in an early write cycle and to WE leading
edge in a delayed write or read-modify-write cycle.

12. An initial pause of 100 us is required after power up followed by a minimum of eight initializa-
tion cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle). If the internal refresh
counter is used, a minimum of eight CAS-before-FHAS refresh cycles is required.

13. tpasc defines HAS pulse width in fast page mode cycles.

14. Access time is determined by the longer of ty5 Of toac Of tacp.

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control
address bits - - - RA10, CA10 and CAO. This test mode operation can be performed by WE-
and-CAS-before-RAS (WCBR) refresh cycle. Refresh during test mode operation will be per-
formed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits
accord each other, the condition of the output data is high level. When the state of test bits do
not accord, the condition of the output data is low level. Data output pin is Dout and data input
pin is Din. In order to end this test mode operation, perform a TAS-before-RAS refresh cycle
or a AAS-only refresh cycle.

16. In a test mode read cycle, the value of IRac. 1aA, tcAc @nd tacp is delayed for 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.

17. Either tgcy or tyry Must be satistied

18. tras(min) = tgwp(min) + trw (mMin) + ty in read-modify-write cycle.

19. tcag(min) = towp(min) + towy (min) + t1 in read-modify-write cycle.

46 Hitachi B 4496203 002b2ubL 7T WE
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HM514100C/CL Series

Timing Waveforms™*20

Read Cycle
» trc .
tRAS tRP
FAS N /| \
K A
tcsH tcap
'RCD .y, tRSH
5B B tcas
y 4
CAS N /|
tRAD - tRAL
1ASR| [tRAH {ac0 tcAH
y
Address Row . Column
 JRRH
tRcs «— IRCH
— / 3
we KX
Jeac
tAA tOFF
<1 RAC
Dout ﬂ Dout

Note 20: RN  Horl (H: Viy (min) € Viy S Vi (max), L: V) (min) < Vjy < Vi (max))

V/A Invalid Dout

Hitachi 47
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HM514100C/CL Series

Early Write Cycle

tRe

tRas o] PP
RAS [ \
&( 7
tcsH tcRP
tRCD {RSH
tt tcas
p 4
CAS x _7
K 7
tash| |'RAH  tagc

o SR N e XERRNKRRNKRRIRR

twes twcH

o= (OO XX

'Ds 1DH

High-Z

Dout

* twes 2 twes (min)
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HM514100C/CL Series

Delayed Write Cycle
- tre
tRAS l1RP
— —
RAS
%t 7
tcsH tcrp
tRco tRSH
i, tcas
— 4
CAS N /
K i
tCAH
tasr .
A RAH tasc
Address Row Column
towL
tRWL

1ncﬁ twe

_ A

w X000 /000X
N R

Din

torF
27
Dout % /
7
Invalid Dout
B 4496203 0D2L2yg 407 M. Hitachi 49
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HMS514100C/CL Series

Read-Modify-Write Cycle

tRwe
_ trRAS L tRP
- X
RAS N \
K y,
L tcRp
tRCD N tcas
N .
CAS
s \ Iy
tRAD
!As&
tRAH 1asC tcAH
Address Row Column Wm
tres| tocwp tewe l
[T tawo TRWL
‘RWD_ wp
4 N
we LXXXXXXA/ v 00QOOOKXA)
1ps [ 1DH
Din Din
<! CAC
tAA 1OFF
_ lRAC -
%
Dout j( Dout
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HM514100C/CL Series

Hidden Refresh Cycle

—
tRC tre tpe
tRAS tRP tRAS tRp tRAS tpp
{Read) (Refresh) {Refresh)
RAS N N £ 3
N1 \
ty
RSH tCHR 1CRP
tRCD D
tcas
p —
CAS \ Z
X 1
tRAD tRAL
o
*
tasR| fRAH tAS] | lcaH
Address ﬁ:{ow Column
tRCH
‘FCE TRRH e
\
i X
tcac
-y
tAA
'RAC LOFF,
71
Dout { Dout
K
B 4496203 0026251 O0bLS5 N Hitachi 51
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HM514100C/CL Series

Fast Page Mode Read Cycle

tRAsSC
tRHCP | trp
RAS — 7
&K ¥
tr
tesH ipc tRsSH
tRCD tcas tcp ) (lcas tep | |lcag | fteRP
CAS VN ["‘3% y "
K_JZ X K
tRAL
tRAD
tasr| IRAH tascitcan tasc| fcAH tasc| lican
I‘ et ey 1
f y /
Address Row Column Column (Column
| I
tRes 'RCS tRRH
tRcs| tRcH I treH I || trew
_ 4 T\ ¥ Y\/ ¥ Y
WE
tcac tcac tcac
™ taa tAA
trac | tacp lace
tOFF toFF tOFF
Dout Q Dout E z Dout Z Dout
O
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HMS514100C/CL Series

Fast Page Mode Early Write Cycle

]
tRASC 1 trP
— 3
RAS N
N — 7
" tRSH
tosH tpc
tRCD tcas tcp tcas ) | tep tcas | | tcmp
— ! I\ —
CAS N N N
N7
tasr| tRAH 1Asc| JicaH tasc | [tcaH tasc| [tcan
Address Row Column Column Column
twes! [tweH twesy |tweH twcH
twcs
wE X /W
T 1 1 1 %
tps toH
-
Din Din
High-Z
Dout 9
° twes = twes (min)

M 4495203 002bL253 938 WA Hitachi 53
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HMS514100C/CL Series

Fast Page Mode Delayed Write Cycle

tRASC 1RP
—_— 1RSH
RAS ) \_
/
tT '
tcsH tpc RWL
tRco  (lcAs tep |lcAs tep tcas {CRP
cAs 4l N /
CAS
N 7
tCAH lAs‘3|
tAsC tCAH
e
Address Column Column
tewl tewl
twp twp
WP l
tRCS
Balt
- tos|
Din Din
— toFF tOFF toFF
Dout // A / H—
Invalid Dout Invalid Dout tnvalid Dout
54 Hitachi M 4496203 002k254 A74 EE
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HMS514100C/CL Series

Fast Page Mode Read-Modify-Write Cycle

]

tRASC | tRp
N
RAS
- \_
T
tpcM tRWL
t t
trReD tcas tep tcas cp CA . tcRP
Y J 4 J ¥
CAS N / N /N
N N |
thscl tcAH tasc
ASC
tASR tasc t icaH
\ =l tean CWL |l L
\ 4 ) 4
Address Row clumn Columnm Column
Y K A K
l tRcs| tewo it
' towL > tawo | X
tRAD AWD tAWD ‘ cwp|
1RWD o WP “WD! twe
. g twp tres—f |
WD cPW 7 icew
pt—pt i
Iqs
tp
tcac
tAA
tRac
to_;:i
Dout ﬁ Dout Dout Dout

M 449L203 002k255 700 WA Hitachi 55
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HMS14100C/CL Series

Test Mode Cycle

Set Cycle** Test Mode Cycle

Reset Cycie

Normal Mode

m——\\__/

I

AW AWA
BVYAAVIAVAN

/D
—

_/
\/

=T\

=\ |/
/XX

7 /
it

(4

XK

* CBR or RAS-only refresh
® Address, Din: Hor L

Test Mode Set Cycle

WE-and-CAS-Before RAS-Refresh

‘ TR
- 'rp 'RAS | tRp
\ N
tRPC| | 'CSR (CHR {RPC {CRP
T
s N 4 X \/ ¥
CAs 7[
CPN . ws TWH tCPN

t
 LorF

High-Z

<
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HMS514100C/CL Series

CAS-Before-RAS Refresh Cycle

- tRc
tRP tRAS ' tRP
— / )
RAS /] N \
T
tRPC .
CRP Jes
tepN | tcsr | [ tcHR; | tcen l"
— /] \ )
2
tws twH

e XXX/ 000

tOFF

Ryt

High-Z

M 449L203 0D2L257 583 m Hiach! 7
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HMS514100C/CL Series

RAS-Only Refresh Cycle

1RC
tRAS | trp

T

'cRP trPC tchrp

4 ! 4
7 AKX/ \X/

|tASR tRAHl

Dout High-Z
* Refresh address : A0 — A9 (AX0 ~ AX9)
" WE : Hor L
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HMS514100C/CL Series

CAS-Before-RAS Refresh Counter Check Cycle (Read)

trP

M 4496203 0026259 356 M

RAS
X AN
iT
(tcsr tcHR ;| teeT tRSH to
RP
tcas a
N \ ’7£
CAS
BL
tasc)| tcaH |
4
Address Column
tRCH
-
tARH
tws twH tres
. 7 3 4 3
WE tcac \ g 2
taa
toFF
Dout Dout
Hitachi 59
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HM514100C/CL Series

CAS-Before-RAS Refresh Counter Check Cycle (Write)

tRAS trp
\
RAS [l
\(
t1,
tcsrR teum _y i, toPT i, tRsH ERP
tcas |
CAS
&'(
Asc| | tcaH N
Address Column m
tws | [twh twes tweH
_ s Y
=X R
Z

_tos DH
Din Din

High-Z
Dout g
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