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HM514101C/CL Series

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

HITACHI

The Hitachi HM514101C/CL is a CMOS dynamic
RAM organized 4,194,304-word x 1-bit.
HM514101C/CL has realized higher density,
higher performance and various functions by
employing 0.8 pm CMOS process technology and
some new CMOS circuit design technologies. The
HM514101C/CL offers Nibble Mode as a high
speed access mode. Multiplexed address input
permits the HM514101C/CL to be packaged in
standard 300-mil 26-pin plastic SOJ and standard
400-mil 20-pin plastic ZIP.

Features

+ Singie 5 V (*10%)
« High speed
- Access time
70 ns/80 ns (max)
+ Low power dissipation
- Active mode '
550 mW/495 mW (max)
- Standby mode 11 mW (max)
0.55 mW (max) (L.-version)
+ Nibble mode capability
« 1,024 refresh cycles : 16 ms
1,024 refresh cycles : 128 ms (L-version)
* 3 variations of refresh
- -only refresh
— CAS-before-RAS refresh
— Hidden refresh
« Test function
+ Battery back up operation
(L-version)

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

Type No. Access time Package

HM514101CS/CLS-7 70ns  300-mil 26-pin

HM514101CS/CLS-8 80ns plastic SOJ
{CP-26/20D)

HM514101CZ/CLZ-7 70 ns 400-mil 20-pin

HM514101CZ/CL Z-8 80 ns plastic ZIP
(ZP-20)

| ADE-203-294(2) |




HMS514101C/CL Serjes

Pin Arrangement

HM514101CS/CLS Series HM514101CZ/CLZ Series
N\ |
oin 1 [ 26 ves As
; WE 2 E ::] 25 Dout Dout
RAS 3 [ | 24 CAS Din
NC 4 [ %23 NC RAS
a0 5 [ | 22 A9 NG
AO 9 [ ]18 as %
A1 mE [ ]17 a7 A2
a2 11| | J16 e Vee
A3 12 [ ]15 s A
Vec 13[_| [ J14 As A7
{Top view) (Bottom view)
Pin Description
Pin name Function
A0 to A10 Address input
AO to A9 Refresh address input
Din : Data-in
Dout Data-out
HAS Row address strobe
TAS Column address strobe
WE Read/Write enable
Vee Power (+5 V)
Vgs Ground
NC No connection
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg V1 -1.0t0 +7.0 v
Supply voitage ralative to Vgg Vee -1.0t0 +7.0 v
Short circuit output current lout 50 mA
Power dissipation Pt 1.0 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg —551t0+125 °C
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Paramaeter Syrnbbl Min Typ Max Unit Note
Supply voltage Vss 0 0 0 A

Vee 4.5 5.0 55 Y 1
Input high voltage Vi4 2.4 — 6.5 " 1
Input low voltage ViL -1.0 — 0.8 \ 1

Note : 1. All voltage referred to Vgg,
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DC Characteristics (Ta =0t0 +70°C, Ve =5V £ 10%, Vgg =0 V)

HM514101C/CL
-7 -8
Parameter Symbol Min Max Min Max Unit Test condition Notes
Operating current leet — 100 — 90 mA  RAS,CAScycling 1,2
tRrc = min
Standby currant lceo — 2 — 2 mA  TTL interface
FUKS’, 'CKS = VIH
Dout = High-Z
— 1 — 1 mA  CMOS interface
FWS, C’KS ?-VCC -02 V
Dout = High-Z
Standby current — 100 —_ 100 pA  CMOSinterface 4
{L-version) RAS, TAS =Viy
WE, Address and
Din = VlH or VlL
Dout = High-Z
HAS-only lccs — 100 — 90 mA  tgc = min 2
refresh current
Standby current lces — 5 — 5 mA RAS=Vy CAS=V 1
Dout = enable
CAS-before-HAS lcce — 100 — 90 mA  tge =min
refresh current
Nibble mode lccs — 100 — 9 mA tNe = min 1.3
current '
Battery back up lccio - 200 - 200 pA  tpe=125ps 4
current t <lpus
(Standby with ﬁéﬁ VIH. CAS = ViL.
CBR refresh) Address, Din = Vyyor Vi,
(L-version) Dout = High-Z
Input leakage current 1 -10 10 -10 10 pA 0VgVing7V
Output leakage Lo -10 10 -10 10 pA OV<cVoutg7V
current Dout = disable
Output high voltage  Vop 24 Vee 24 Vee V High lout = -5 mA
Output low voltage VoL 0 0.4 0 0.4 Vv Low lout= 4.2 mA

Notes: 1. lgc depends on output load condition when the device is selected.
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

. Vgc—-0.2 V5V|H56.5Vand0V_<_V|L_<,O.2V.

lcc max is specified at the
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Capacitance (Ta = 25°C, Ve =5 V1 10%)

Parameter Symbol Typ Max Unit Notes
" Input capacitance (Address, Data-in) Cyy — 5 pF 1

Input capacitance (Clocks) Ci2 — 7 pF 1

Qutput capacitance (Data-out) Co —_ 7 pF 1,2

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



HM514101C/CL Series
AC Characteristics (Ta = 0 to +70°C, Ve = 5 V £ 10%, Vgg =0 V) *1. *12,*13

Test Conditions

« Input rise and fall times : 5 ns

+ Input timing reference levels : 0.8 V, 24V

* Outputload : 2 TTL gate + Cy_ (100 pF)
(Including scope and jig)

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

HM514101C/CL

7 -8
Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time g 130 - 150 — ns
RAS precharge time tap 50 — 60 — ns
RAS pulse width tRAS 70 10000 80 . 10000 ns 16
TAS pulse width tcas 20 10000 20 10000 ns 17
Row address setup time tasm 0 — 0 — ns
Row address hold time tRAH 10 _ 10 — ns
Column address setup time tasc 0 —_ 0 —_ ns
Column address hold time tcaAH 15 —_ 15 — ns
RAS to TAS delay time trcD 20 50 20 60 ns 8
FIAS to column address delay time  trap 15 35 15 40 ns 9
HAS hold time tasH 20 —_ 20 — ns
TAS hold time tcSH 70 — 80 — ns
TAS to RAS precharge time tcrp 10 — 10 —_ ns
Transition time (rise and fall) tr 3 50 3 50 ns 7
Refresh pericd tRer — 16 — 16 ms
Refresh period (L-version) tREF —_ 128 —_ 128 ms
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Read Cycle

HMS514101C/CL

-7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
Access time from RAS traC — 70 — 80 ns 2,3,14
Access time from CAS tcac — 20 —_ 20 ns 3,4,14
Access time from address taA —_ 35 — 40 ns 3,514
Read command setup time trcs 0 — 0 — ns
Read command hold time to CAS  tgcy 0 —_ 0 — ns 15
Read command hold time to RAS  tggH 0 —_ 0 —_— ns 15
Column address to RAS lead time  tpaL 35 —_ 40 _ ns
Output buffer turn-off time tore ] 20 0 20 ns 6
Write Cycle

HM514101C/CL

-7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
Write command setup time twes 0 — 0 —_ ns 10
Write command hold time tweH 15 —_ - 15 —_ ns
Write command pulse width twp 10 — 10 — ns
Write command to RAS lead time  tpw 20 - 20 —_ ns
Write command to TAS lead time  towL 20 — 20 —_ ns
Data-in setup time tps 0 — 0 — ns 11
Data-in hold time toH 15 — 15 — ns 11




HMS514101C/CL Series

Read-Modify-Write Cycle

HM514101C/CL

-7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
Read-modify-write cycle time tawe 155 —_ 175 — ns
RAS to WE delay time tRwD 70 —_ 80 -— ns 10
TAS 1o WE dslay time tcwp 20 — 20 — ns 10
Column address to WE tawn 35 — 40 -— ns 10
delay time
Refresh Cycle

HM514101C/CL

7 -8
Parameter Symbol  Min Max  Min Max Unit Notes
CAS setup time (CBR refresh cycle) tesa 10 — 10 — ns
TAS hold time (CBR refrash cycle) tCHR 10 — 10 — ns
HAS precharge to CTAS hold time tRPC 10 — 10 —_— ns
CAS precharge time in normal mode  teppy 10 — 10 — ns
Nibble Mode Cycle

HM514101C/CL

7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
Nibble mode access time tNAC — 20 -— 20 ns 14
Nibble mode cycle time NG 40 —_ 40 — ns
Nibble mode TAS precharge time  tycp 10 — 10 — ns
Nibble mode TAS puise width tNCA 20 —_ 20 —_ ns 18
Nibble mode RAS hold time tNRSH 20 —_ 20 - ns
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Nibble Mode Read-Modify-Write Cycle

HM514101C/CL
-7 8
Parameter Symbol  Min Max Min Max Unit  Notes
Nibble mode read-modify-write tNRWC 65 —_ 65 — ns
cycle time
Nibble mode write command to tNCWL 20 — 20 — ns
TAS lead time
Nibble mode TAS to WE delay INCWD 20 — 20 — ns 10
time
Test Mode Cycle
HM514101C/CL
-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Test mode WIE setup time tws ] —_ 0 —_ ns
Test mode WE hoid time twH 10 — 10 —_ ns
CounterTest Cycle
HM514101C/CL
4 - -8
Parameter Symbol  Min Max Min Max Unit  Notes
40 -— 40 — ns

TAS precharge time in counter test cycle topt

10



HMS14101C/CL Series

Notes:

U R

10.

11.

12

13.

14,

18.
16.
17.
18.

AC measurements assumae ty = 5 ns.

Assumes that trcp < 1rco (Max) and trap < trap (Max). ¥ trep ©f tRAD is greater than the
maximum recommendad value shown in this table, trac exceeds tha value shown.

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

Assumaes that tacp 2 trep (Max) and trap < trap (Max).

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

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

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

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

Operation with the tgap (max) limit insures that tgac (max) can be met, tgap (max) is
specified as a reference point only, if trap is greater than the specified tnap (max) limit, then
access time is controlled exclusively by taa. .
twes: IRwDr tcwb: 'awp and tycwp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only: i twcs 2 twesg (min), the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tawp 2 tawp (min). tcwp 2 tewp (Min), tawp 2 tawp (min) and tyowp 2
tyowp (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.

An initial pause of 100 pus is required after power-up followed by a minimum of eight
initialization cycles (RAS-only refresh cycle or TAS-before-HAS refresh cycle). i the internal
refresh counter is used, a minimum of eight TAS-before-RAS refresh cycles is required.

Test mode operation specified in this data sheet is 8-bit tast function controlled by control
address bits ~ RA10, CA10 and CAO. This test mode operation can be performed by WE-and-
TAS-before-RAS (WCBR) refresh cycle. Refrash during test mode operation will be performed
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, parform a RAS-only refresh cycle or a CTAS-
before-HAS refresh cycle. _

In a test mode read cycle, the value of tqac. taa. tcac and tyac is delayed for 2 ns to
5 ns for the spacified value. These parameters should be specified in test mode cycles by
adding the above value to the specified value in this data sheet.

Either tgcH OF trRw Must be satisfied.

tras (min) = tawp (min) + tgwy (Min) + i1 in read-modify-write cycle.

teas (Min) = towp (Min) + towy (min) + ty in read-modify-write cycle.

tnCA (Min) = tyowp (Min) + tyewl (min) + ty in read-modify-write cycle.

11
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Timing Waveforms*19

Read Cycle
_ tRe
tRAS 11 tRP
- 5 z 5
K. 7
B tCSH 1. tcre -~
tRCD tRSH
17,0 e o ICAS
\ 4
CAS N /
N ]
tRAD tRAL
1ASA| (IRAH tagc | | [ICAH
4
Address Row ! Column
{RRH
(RCS L . ‘ . tRCH -
L 4 3
WE .
tcac
tAA tOFF
g tRAC L
Dout g Dout

Note 19: E H or L (H: V4 {min) < Vy € Vi (max), L: V) (min) < V)N € V)L (Mmax))

E@ Invalid Dout

12
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Early Write Cycle
tRC
tRAS tRP
Y
RAS \
tcsH tche
trco tRSH
i1 tcas

CAS

Address

Din

Dout

tps

tDH

Din

High-2*

* twes = twes(min)

13
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Delayed Write Cycle
3 iRC
tRAS tpp
__\
RAS
K y \K—
tCsSH tCRP
tRCD tRASH
tr ], tcas
\ 4
CAS /
\ )
tCAH
tASR
| tRAH tasc
 —
—
Address < Row Column ;
towL
tRWL
tres twp
\ A \
7 XX /XOXCKXXXX
/ \( 2
tpH
tps
| —
Din Din
tOFF
Dout b
Invalid Dout

14
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Read-Modify-Write Cycle

tawc N
tRAs IRp
)
RAS
K Y,
T || tcRP
tRCD tcas
N 4
CAS i /
N
tRAD
IASF\
| | ]tran tasc | | tean
-
Address Row Column
tec TCWD | toewl
tAWD_ _ tRwL
B tARWD | | twp
A 3
we /X000
\ 2
tDsl | 1DH
Din > Din
tcac
taa| LOFF
~ 1RAC il g
2
Dout % Dout

15
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CAS-Before-RAS Refresh Cycle

tRe R
IRP tRas tRP
RAS /] N
- T
tRPC
1 tcre
tcPN, ( ‘CSR tCHR; | !CPN
T Y
S t
| XY
- ,
tws twH

L OFF

Dout

AANNNY

High-Z

3"

16
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RAS-Only Refresh Cycle

tRC
'RAS | trp
) s —
RAS N \
K
tr -
tcRP tRPC tcRp
\ ¥ Y §
o XK
| t ASR 'RAH |

Address ¢ Row

DQUt ngh-z

° Refresh address : AD — A9 (AX0 — AX9)
" WE : Hor L

17
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Hidden Refresh Cycle

tRC tRC tRC
tRas  jj.tRp ||, tRAs |1 tmP tras | | tRP
(Read) | | (Refresh) | (Refresh)
TN y \ oy
RAS \ N
7
tr 5
tASH B tCHA tCRP
tRCD
tcas
. 3 4
CAS \ /|
-r a
tRAD tRAL
tasa| tran  tasd | tcan ;
Address} X; Row Column
-, tacH
———
tacs
r_ tRRH
tcac ‘
tAA‘ |
t
' tpac ! OFFl

. |
|
Dout i Dout >—
' .

18
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Nibble Mode Read Cycle
tRAS
tnp
RAS /™ ‘'
N 2 N
ty
{CSH INC INC INRSH
trReD | lcas INCP 'NCA | INCP INCA | tNCP INCA tcRe
- / N N ,7! \ T
LASR] J
t
r—
tASC
{RAH
l tcaH
X 0 0y :
Address Row ZCdumn W
K i
tRCS tACS fRCS tRRH
1 tRCH {RCH|
lqe{tRCS fcH  RCH
' X 4 Y 7 3 Z
we / Y/ A\ X
tcac
1AA
tpaC tOFF t
Ny |torr

19
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Nibble Mode Early Write Cycle

tRAS
’_L-P_

RAS — F
X( A \
1y
tcsH - tne INC tNRSH
ACD  lcas | INCP INcA | INCP | INCA IncP | INCA | tcep
CAS )z—x ‘S —
{ASH] x R Z %.
| U
1ASC
RAH ] |y CAH
/ 4
twes twesy | twes twes
tweH tWCH tWCH LWCH
w OGN O 1N OGN 100000
K . K . K y, K . :
1S, tos tos,, s,
loH i {o! to
iy |
Din & Din 1 Din 2 Rin3 Din 4

High-Z*

Dout

* twes 2 twes(min)

20
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Nibble Mode Delayed Write Cycle

tRAS
AAS —-————EE
X
\
tr -
tcsH - tNC TV tNC 3 UNRSH f
> ™ tnee
L_'RCD __tcas P tnea INCA it A L.
— \ ‘o — Nt |
CAS  tasm N / /] 7 N j
1t RAH S 7T

t
ASC |

Llca
Address C}dﬂ( Row Colu;;% ><><><><
| | ] |

tres ,

RWL

twp

WE <\
/<><><><></ A XX
t tps t ‘
tos 1 1OH D8 L toH L{toH D_S‘,‘___tDHg
-

= —

Dout

Invalid Dout Invalid Dout invalid Dout Invalid Dout
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Nibble Mode Read-Modify-Write Cycle

B tRAS
) tRp
RS ——— ﬂl““
T T \_
1§
- tNRWC t
| ncp tInCP tNCP
‘RCD_, feAs; tNCA t t eiil g
: PR [ Py s Y NCA
— A N g4
TAS  ASR|[tpap, N\ 1 N /TN /N
-RAD . 7 < g I £
tasc
'RAH %1 | toan
' v
i
towe tNCwo tNCWD 'NewD
tacs |
Rc;i ROy ncwL tacs INOWL|'RCS tN%ﬁ;"*
t ' D B i RWL
CWD twp | twp tw v Ene
" OO0/ | M LA TR TR R [Y/XK
bW N N \c__ \c .
o] Lo 'oH toH toH
_ ) o5 | o tos sl |
Din
T T TR
_Jicac tnac| | |tnac tNAC
LY. tOFF toFF toF toFF
tRAC _ ————— g — —-—— ]
/ 4 4 '
Dout < Dout . Dout Dout Dout }——
\ \ |

22
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Test Mode Cycle

.o

~_Set Cycle™ Test Mode Cycle | Reset Cycl'e _Noemal Mode

=\ /N \ /\_f /NS
=\1/ [\ NN\ S

Tr T

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

Test Mode Set Cycle
< tRc
- trp -l |l tRAS -l | tRp
£ y Jzz \
RAS N
- X( AN
tApPC tcsR ~_lcHR 'RPC tcRp
vl _
4 Y 4 X y
CAS ' / ' /
— i 7‘_ \
<« lCPN_ 1o tws i twe tcpN

TR, /0000
e T,

tOFF

High-Z

Dout E

AN

23
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CAS-Before-RAS Refresh Counter Check Cycle (Read)

RAS

Address

Dout

trp

ﬂ% —\
tr | |T —
tesh teHR teeT tRSH teRp
tcas
- X —
K
tasc tcaH |
/
Column
K
tRCH
tRRH
tws twH tres
7 Y 7 Y
tcac
taa
- - tOFF
A
g Dout
N

24
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S

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

Dout

RAS
NK
tr |
tcsr tcHR ;| CPT ;.  'ASH |
T bl i
{ } - 'cas |
CAS / X( / .
tasc| | {CAH N
Address < Column ><><><><><>
)
tws | [twH twes| | twen
\ Y
WE
L 7
tos toH

25
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Package Dimensions

HMS14101CS/CLS Series (CP-26/20D) Unit: mm
16.90
17.27 Max
26 14
# d‘l 5
. ] +H
o >
[%=) w
| 0 - o o S . - —h.-l d
1 13
0.74
g e 5
H ™ =
& Y = =
1 8 :‘:;@12——@__
6.71 £ 0.28
—y
HM514101CZ/CLZ Series (ZP-20) Unit: mm
25.61
26.11 Max
4 x-——
— ©
w0 =
@© ©
=
AL RAELXRR i PR
1 20 GED — '
o
+0.08
0.503% l BRRAE:L | || 1-14 Max 254
¥y
SERO) ®
- “ L
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When using this document, keep the foilowing in mind:

1. This document may, wholly or partially, be subject to change without notice.

2. Al rights are reserved: No one is permitted to reproduce or duplicate, in any form,
the whole or part of this document without Hitachi's permission.

3. Hitachi will not be held responsible for any damage to the user that may resuit from
accidents or any other reasons during operation of the user's unit according to this
document.

4. Circuitry and other examples described herein are meant merely to indicate the
characteristics and performance of Hitachi's semiconductor product. Hitachi
assumes no responsibility for any intellectual property claims or other probiems
that may result from applications based on the examples described herein.

5. Nolicense is granted by implication or otherwise under any patenis or ather rights
of any third party or Hitachi, Lid.

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in
MEDICAL APPLICATIONS without the written consent of the appropriate officer of
Hitachi's sales company. Such use includes, butt is not limited to, use in life support
systems. Buyers of Hitachi's products are requested to notify the relevant Hitachi
sales office when planning to use the products in MEDICAL APPLICATIONS.

Semiconductor 8 IC Div,

Ngpon Bldg., 2-6-2, Qhte-machi, Chiyodaku, Takys 100, Japan
| Tei : Tokyo (03) 3270-2111

Fax :{03) 3273-5109

For turther information write 10;

Hitach, Amaerica, Ltd. Hitachi Europe GmbH Hitachi Europe Lid. Hitachi Asia (Hong Kong) Ltd.
Sermiconducior & IC Div. Electronic Components Group Electronic Components Div. Unit 706, Narth Tower,
2000 Sierra Point Patway ~ Continental Europe Northern Europe Headquarters Werld Finance Contre,
frsbane, CA 940051835  Dornacher StraBed Wihteorook Park Habour City, Canton Aoad,
U. S A D-85622 Feidkrcnen Lowsr Cookham Road Tsim Sha Tsui, Kowioon,
Tel  : 415583-8300 Mdnchen Madenhead Hong Kong
Fax . 4155834207 Tei :089-9 91 80-0 Borkshre SLE 8YA Tei ;7358218

Fax:089-9 29 3000 United Kingdom Fax : 7306071

Tel : C628-585000

Hitach: Asia Pte. Ltd.
Fax . 0628- 778322 tachi Asia Pre. Lt

16 Coilysr Quay #20-00
ritachs Tower
Singapore 0104

Tei : $35-2100

Fac :535-1533
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