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Description

The Hitachi HM51(S)4800CI Series are CMOS dynamic RAM organized as 524,288-word x 8-hit.
HM51(S)4800CI have realized higher density, higher performance and various functions by employing 0.8
pm CMOS process technology and some new CMOS circuit design technologies. The HM51(S)4800CI
Series offer Fast Page Mode as a high speed access mode. Multiplexed address input permits the
HM51(S)4800CI Seriesto be packaged in standard 400-mil 28-pin plastic SOJ. Internal refresh timer enables
HM51S4800CI Series self refresh operation.

Features

e Single5V (£ 10%)
» High speed

O Accesstime: 70 ns/80 ns (max)
* Low power dissipation

O Active mode: 550 mW/495 mW (max)

0 Standby mode: 11 mW (max)

1.1 mW (max) (L-version)
» Fast page mode capability
e 1,024 refresh cycles: 16 ms
128 ms(L-version)

o 2variations of refresh

0 RAS-only refresh

O CAS-before-RAS refresh
» Battery backup operation (L-version)
e Self refresh operation (HM514800CI)
» Operating temperature range

0 —40to+85°C
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HM 514800CI Series, HM5134800C!| Series

Ordering Information

Type No. Access Time Package

HM514800CJI-7 70 ns 400-mil 28-pin plastic SOJ (CP-28D)
HM514800CJI-8 80 ns

HM514800CLJI-7 70 ns

HM514800CLJI-8 80 ns

HM51S4800CJI-7 70 ns

HM51S4800CJI-8 80 ns

HM51S4800CLJI-7 70 ns

HM51S4800CLJI-8 80 ns
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HM 514800C!1 Series, HM5134800C!| Series

Pin Arrangement

HM514800CJI/CLJI Series
HM51S4800CJI/CLJI Series

Vee L1 28| | Vss
1100 []2 27 ] vo7
/o1 [|3 26/ ] 1106
1102 |4 25| | 1/05
1103 []5 241 ] 1104
NC [6 23| ] CAS
WE []7 22| ] OE
RAS[ |8 21/ ] NC
A9 [9 20| | A8
A0 []10 19/ | A7
Al []11 18| | A6
A2 [12 17/ 1 A5
A3 []13 16/ | A4
Vee []14 15/ ] Vss
(Top view)
Pin Description
Pin Name | Function
A0 to A9 Address input
— Row address AO — A9
" Refresh address | 2028
A0 — A9
I/00 to /07 | Data-in/data-out
RAS Row address strobe
CAS Column address strobe
WE Read/write enable
OE Output enable
Vee Power supply
Vs Ground
NC No connection
HITACHI




HM 514800CI Series, HM5134800C!| Series

Block Diagram
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HM 514800C!1 Series, HM5134800C!| Series

Operation Mode
The HM51(S)4800CI series has the following 11 operation modes.

Read cycle

Early write cycle

Delayed write cycle
Read-modify-write cycle
RAS-only refresh cycle
CAS-before-RAS refresh cycle
Self refresh cycle (HM51S4800CI)
Fast page mode read cycle

. Fast page mode early write cycle
10. Fast page mode delayed write cycle
11. Fast page mode read-modify-write cycle

© © N 0k wDdPE

Inputs
RAS CAS WE OE Output Operation
H H D D Open Standby
H L H L Valid Standby
L L H L Valid Read cycle
L L L? D Open Early write cycle
L L L? H Undefined Delayed write cycle
L L HtoL LtoH Valid Read-modify-write cycle
L H D D Open RAS-only refresh cycle
HtoL L D D Open CAS-before-RAS refresh cycle
Self refresh cycle (HM51S4800CI)
L HtoL H L Valid Fast page mode read cycle
L HtoL L* D Open Fast page mode early write cycle
L HtoL L* H Undefined Fast page mode delayed write cycle
L HtoL HtoL LtoH Valid Fast page mode read-modify-write cycle
L L H H Open Read cycle (Output disabled)

Notes: 1. H: High (inactive) L: Low (active) D: H or L
2. tyes 20ns Early write cycle
twes <0 Ns  Delayed write cycle
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HM 514800CI Series, HM5134800C!| Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg Vi, -1.0to +7.0 \Y,
Supply voltage relative to Vg Ve -1.0to +7.0 \Y,
Short circuit output current lout 50 mA
Power dissipation P, 1.0 w
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg -55to +125 °C
Recommended DC Operating Conditions (Ta=—-40 to +85°C)
Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vs 0 0 0 \Y, 2
Ve 4.5 5.0 55 \% 1,2
Input high voltage Vi, 2.4 — 6.5 \% 1
Input low voltage V, -1.0 — 0.8 \Y, 1

Notes: 1. All voltage referred to V.

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=—401t0 +85°C, V.. =5V + 10%, V= 0 V) "

HM514800CI, HM51S4800CI

-7 -8
Parameter Symbol Min Max Min Max Unit Test Conditions
Operating current™? leca — 110 — 100 mA RAS, CAS cycling
tee = Min
Standby current leco — 2 — 2 mA  TTL interface
RAS, CAS =V,
Dout = High-Z
— 1 — 1 mA CMOS interface
RAS, CAS=V_.-0.2V
Dout = High-Z
Standby current (L-version) ., — 200 — 200 MA  CMOS interface
RAS, CAS=V_.-0.2V
Dout = High-Z
RAS-only refresh current® I, — 110 — 100 mA  t,e =min
HITACHI



HM 514800C!1 Series, HM5134800C!| Series

DC Characteristics (Ta=-40t0 +85°C, V. =5V + 10%, V =0V) " (cont)

HM514800CI, HM51S4800CI

-7 -8

Parameter Symbol Min Max Min Max Unit Test Conditions

Standby current™ lecs — 5 — 5 mA RAS=V,,CAS=V,
Dout = enable

CAS-before-RAS refresh lecs — 110 — 100 mA  t,c =min

current™

Fast page mode current™® |, — 110 — 100 mA  t.=min

Battery backup current* lecio — 300 — 300 MA  Standby: CMOS interface

(Standby with CBR refresh) Dout = High-Z

(L-version) CBR refresh: t,. = 125 ps
teas S 1 s, CAS =V,
WE =V,

Self refresh mode current lecin — 1 — 1 mA  CMOS interface

(HM51S4800C) RAS,CAS<0.2V
Dout = High-Z

Self refresh mode current lec1 — 200 — 200 MA  CMOS interface

(HM51S4800CL) RAS,CAS<0.2V
Dout = High-Z

Input leakage current I -10 10 -10 10 MA 0V<Ving65V

Output leakage current lo -10 10 -10 10 MA  O0V<Vout<6.5V
Dout = disable

Output high voltage Vou 2.4 Ve 2.4 Ve \Y, High lout = -5 mA

Output low voltage Voo 0 0.4 0 0.4 \Y, Low lout = 4.2 mA

Notes: 1. I.. depends on output load condition when the device is selected I.. max is specified at the output

open condition.

o~ wbdN

Capacitance (Ta=25°C, V.. =5V + 10%)

Address can be changed once or less while RAS = V.
Address can be changed once or less within one page cycle.
V,, 2V -0.2V, V, £0.2 V; Address can be changed once or less while CAS = V,_
The supply voltage with all V. pins must be on the same level.

The supply voltage with all V¢4 pins must be on the same level.

Parameter Symbol Max Unit Notes
Input capacitance (Address) C. pF 1
Input capacitance (Clocks) C, 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. CAS =V, to disable Dout.

HITACHI



HM 514800CI Series, HM5134800C!| Series

AC Characteristics (Ta=-40t0 +85°C, V. =5V £ 10%, V=0V) "+ 4™

Test conditions

* Inputriseand fall time: 5 ns
* Inputlevels: 0V, 3V

* Input timing referencelevels: 0.8V, 24V

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

Read, Write, Read-M odify-Write and Refresh Cycles (Common Parameters)

HM514800CI, HM51S4800Cl

-7 -8

Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time tac 130 — 150 — ns

RAS precharge time tep 50 — 60 — ns

RAS pulse width tons 70 10000 80 10000 ns

CAS pulse width teas 20 10000 20 10000 ns

Row address setup time tasr 0 — 0 — ns

Row address hold time tran 10 — 10 — ns
Column address setup time tasc 0 — 0 — ns
Column address hold time tenn 15 — 15 — ns

RAS to CAS delay time taco 20 50 20 60 ns 8
RAS to column address delay time tran 15 35 15 40 ns 9
RAS hold time toon 20 — 20 — ns

CAS hold time teen 70 — 80 — ns

CAS to RAS precharge time tere 10 — 10 — ns
OE to Din delay time toon 20 — 20 — ns

OE delay time from Din tozo — — ns

CAS setup time from Din torc — — ns
Transition time (rise and fall) t; 50 50 ns 7
Refresh period toer — 16 — 16 ms
Refresh period (L-version) trer — 128 — 128 ms

HITACHI



HM 514800C!1 Series, HM5134800C!| Series

Read Cycle

HM514800CI, HM51S4800CI

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Access time from RAS tonc — 70 — 80 ns 2,3
Access time from CAS toac — 20 — 20 ns  3,4,13
Access time from address taa — 35 — 40 ns 3,5,13
Access time from OE tonc — 20 — 20 ns
Read command setup time tres 0 — 0 — ns
Read command hold time to CAS tacn 0 — 0 — ns 16
Read command hold time to RAS tarm 0 — 0 — ns 16
Column address to RAS lead time taal 35 — 40 — ns
Output buffer turn-off time torrs 0 15 0 15 ns 6
Output buffer turn-off to OE tores 0 15 0 15 ns 6
CAS to Din delay time teoo 15 — 15 — ns
Write Cycle

HM514800CI, HM51S4800CI

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time fyes 0 — 0 — ns 10
Write command hold time twen 15 — 15 — ns
Write command pulse width twp 10 — 10 — ns
Write command to RAS lead time tawi 20 — 20 — ns
Write command to CAS lead time towt 20 — 20 — ns
Data-in setup time tos 0 — 0 — ns 11
Data-in hold time o 15 — 15 — ns 11
CAS to OE delay time teon — 0 — 0 ns
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HM 514800CI Series, HM5134800C!| Series

Read-M odify-Write Cycle

HM514800CI, HM51S4800CI

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 180 — 200 — ns
RAS to WE delay time towo 95 — 105 — ns 10
CAS to WE delay time town 45 — 45 — ns 10
Column address to WE delay time tawo 60 — 65 — ns 10
OE hold time from WE toen 20 — 20 — ns
Refresh Cycle

HM514800CI, HM51S4800CI

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
CAS setup time teon 10 — 10 — ns
(CAS-before-RAS refresh cycle)
CAS hold time tom 10 — 10 — ns
(CAS-before-RAS refresh cycle)
RAS precharge to CAS hold time tepc 10 — 10 — ns
CAS precharge time in normal mode  t.,, 10 — 10 — ns
Fast Page M ode Cycle

HM514800CI, HM51S4800ClI

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Fast page mode cycle time toc 45 — 50 — ns
Fast page mode CAS precharge time 1, 10 — 10 — ns
Fast page mode RAS pulse width trasc — 100000 — 100000 ns 12
Access time from CAS precharge tace — 40 — 45 ns 3,13
RAS hold time from CAS precharge  tycp 40 — 45 — ns

HITACHI
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HM 514800C!1 Series, HM5134800C!| Series

Fast Page M ode Read-M odify-Write Cycle

HM514800CI, HM51S4800CI

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Fast page mode read-modify-write tepw 65 — 70 — ns
cycle CAS precharge to WE delay
time
Fast page mode read-modify-write tocm 95 — 100 — ns
cycle time
Self Refresh Mode
HM51S4800ClI
-7 -8
Parameter Symbol Min Max Min Max Unit Notes
RAS pulse width (self refresh) trass 100 — 100 — ps 18, 19,
20
RAS precharge time (self refresh) tzps 130 — 150 — ns
CAS hold time (self refresh) tens -50 — -50 — ns 21

Notes: 1. AC measurements assume t; =5 ns.

2. Assumes that t,, < trep (Max) and tzap < trap (Max). If tyep OF te,p 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.
Assumes that tyep 2 tyep (Max) and te,p < trap (Max).
Assumes that tyep < trep (Max) and te,p = trap (Max).

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

7. V,, (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 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 ty., (max) limit, then access time is
controlled exclusively by t.,c.

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

10. tycs» trwor tewn @Nd Ly @re not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only: if t,.s = t,,cs (Min), the cycle is an early write cycle and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; if tyyp = tryo (MIN), towp =
tewn (MIN), tyo =ty (MIN) and te,,, =t (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 CAS leading edge in an early write cycle and to WE leading edge
in a delayed write or a read-modify-write cycle.

2
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HM 514800CI Series, HM5134800C!| Series

12

12. ;. defines RAS pulse width in fast page mode cycles.
13. Access time is determined by the longest among t,,, t.,c and t,.,.

14. 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.

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to
the device.

16. Either t,,, or tys, must be satisfied for a read cycle.

17. The supply voltage with all V. pins must be on the same level.
The supply voltage with all V¢4 pins must be on the same level.

18. t;,¢5 IS Not guaranteed spec for executing self refresh. It is necessary to satisfy ty.g, tcs When tgaes
is shorter than t;,ss (Min). Then, refresh operation is not guaranteed that for executing t;,ss (Min)
cycles.

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

20. 1f you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 1024 cycles  of
distributed CBR refresh with 15.6 ps interval should be executed within 16 ms immediately after
exiting from and before entering into the self refresh mode.

21. Repetitive self refresh mode without refreshing all memory is not allowed. Once you exit from self
refresh mode, all memory cells need to be refreshed before re-entering the self refresh mode again.

22.//:HorL (H: VIH (min) < VIN < VIH (max), L: VIL (min) < VIN < VIL (max))

XXX: Invalid Dout
When the address, clock and input pins are not described on timing waveforms, their pins must be
applied V,, or V,.
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Timing Wavefor ms'#

Read Cycle
- tRC .
< trRAS >
RAS &: 7] t \
- RP .
 tcrp
t <
T tRSH
tRcD tcas
tcsH -
\ /
CAS \
N\
TRAD | tRAL
t t
ASR tRéH tASO<r CAH
/
Address Row Column
N\
tRCS|« >
{RCH le >
/
tcac N
T taa g loFEL
High-Z £ L
Dout \ Dout /
tRAC |
N " toFr2
L ‘'pbzc Joag tcop
[ iah- - >/
on SO0 — e (000K
tpzo tobb
_ /A
OE /
N
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Early Write Cycle

- tRC
< tRAS .
N\
RAS &7 . tRP_ |\
tr| | <« RSH -
. trep |, tcas tcrp
» tcsH o
\
CAS \
|
tasr| [tRAH  tasc| |tcaH
4—:» [~
jgw XN
twes| | twcH
N 7
tps tDH
-~
High-Z
Dout g
HITACHI
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HM 514800C!1 Series, HM5134800C!| Series

Delayed Write Cycle

- trRC .
P trRAS _ trp
-\
RAS \ \
\ /
- tcsH L tcrP
- tReD |, tRSH "
LA - tcas .
\ /
CAS \ /
\ t 7
t
tASR tRAH AiC “— CwL -
- tcaH RWL .
Address Row Column WW
Rcs twp
L /A
WE
\ /
t
DS | | tpy
-
%XXXXXXXXW
- lOEH
Dout /
Invalid Dout*
tcop|, _l«—ltorr2

O
m

KOO A NAXAXX

* Do not enable Dout during delayed write cycle.
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Read-M odify-Write Cycle

tRwe .
trRP
_ A
RAS N\ )
tT> o
tRCD tcas »| L ICRP |
cas N
CAS
N 7
tASR | |« RAD tcAH
» t
tray  ASC
Address < Row Column >©<
t tcwp towL
RCS |«—» l«————— »
w tawD tRwL
-4 tWP >
4 \
WE W <l tan \ /
> tRWD N i
tcac tDH
e
B trRAC tD‘S
tpzc >
™ g 2
. High-Z
Dout zpout
_loac, |
o | toFr2 t OEH o
tDZ0 —»l—|= tobp
L
N
HITACHI
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HM 514800C!1 Series, HM5134800C!| Series

RAS-Only Refresh Cycle

trRAS trRp

RAS \\ \

tT
tCRP. RPC_ crP |

= -
e XN KRR

Dout High-Z

HITACHI
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HM 514800CI Series, HM5134800C!| Series

CAS-Before-RAS Refresh Cycle

» tRC .l< tRc
‘ trRp | | tRAS* trRp tRAS* tRP
s/ \ \ N
tt
tRPC tRPC ERP
tceN | (tcsR| |tCHR tcpN tcsr tCHR
< 2 <
CAS / 7 \
Address
toFF1L.
High-Z
Dout /}§ g
7l
» Do not extend tRAS > tRAS (max).
Untested self refresh mode may be
activated and loss of data may be
resulted (HM514800C).
HITACHI
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Fast Page M ode Read Cycle

P tRASC
tRHCP | | tRP ]
_ \ / \
RAS \ / \
N /|
T
. tcsH > < tpc - JIRsH,
< 'ReD  Jlcas,| | tcp | |tcas,| |, tce,| | tcas .| [lCRP
\ /N /N /A
CAS \ \ \
\
tASR | 4 tRALV
> tRAD
RAH tasd | [« tascCAH |t {CAH
<> ASC > AsC| |
/ /
Address Row Column Column Column
N N\
tRcs trCs § tRRH
< RCS || | TRCH || tRCH | | tRCH
/ \ / ¥ NN
w KK/ Vi
tbzC | tbzc - tbzc
tCDD‘ B tCDD‘ tcop
. N High-Z |7\/x High-Z |7 N High-Z 7
Din 4 NAK N AL \
tobn tcac tcac
tcac, =™ ?—> <t tobp
-—> AA AA >
t ot > A >
tRAC [+ A: P tacp tace JoFF1
‘4 toFF1 toFF1
71_ 7Z__XY « tpzo 7Z__X
Dout (| Dout { Dout | \ Dout E—
toac\— toaAcN__/ |
t tbzo topp t9AC toEE2
pzo toFr2 - i R
<> LOFF2
- \ -
o / / N/

HITACHI
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HM 514800CI Series, HM5134800C!| Series

Fast Page Mode Early Write Cycle

B tRASC | trp
- N
RAS \ X
\ /
L tRsSH
B tcsH L tpc R
trcD tcas tcp tcas tcp tcas t crRP
- e o e - ol .
\ / \ /N
CAS \ / \ \
tASR| [tRAH tasc| |tcaH tasc| [tcaH tasc | [tcaH
- ||
Column
twes| |tweH twes| [tweH twcH
. PR twes| | o
w00 | 00K
N /l
tpH tpH
tps < tps > tps | |tbH
|- |
Din>©< Din Din Din m
High-Z
Dout :!
HITACHI

20




HM 514800C!1 Series, HM5134800C!| Series

Fast Page M ode Delayed Write Cycle

‘ tRASC _ tRp
_ y
RAS \ \
N /
tr P
D tcsH L tpc LIRSH
 t®Rep teas || tep | (tcas tcp | | tcas tcrp
_ / A
CAS \
N
“ltcan
-]
Address Column

tewe
trCs twe |l
tRwWL
o 2 ;Z ;Z :Z : /4 -y
WE / ; ; ;
N\ /

tDH

. .|
Din { Din Din Dir}<><><><><

_tOEH

High-Z
Dout

tobp
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HM 514800CI Series, HM5134800C!| Series

Fast Page M ode Read-M odify-Write Cycle

tRASC tRp
-t | |-
_ \
RAS N
| i
. trReD ‘ tpcm .
T tcp tcp tCRT
¢ > [~ [
\ tcas I\ tcas P tcas %—
CAS _tRAD _ &, Z X, Z v
- 7 - 7 7
tRAH tace ||
>l - >
tcAH CAH tcaH
tAsrR | |
> | tasc IASC| [+t tasc.
> B
/ / /A
Address Row Column | Column YCqumn
. A
t ‘ t
tAWD | tewl - AWD =tCW‘L - tcpw
- t e
trcs _ tcwp g tres . CWD — - : AWD
- tRWD _w-WEel ™ LCPW | | typ| o5 L tEWD
7 \ 7 \ |
WE / ék// \
xf_z— N
t
tcac % tDE‘ -« AW N tps
tpzc > tpzc| tcac
piY tpH *j‘ tpH tDjS’
_ X | High-Z . High-Z . High-Z
on QOO0 on K= o e
BLLY tag tcac
trAaC tpzo| [T g “
- » t-—
t
toac toEH OAC tOEH toac toEH
aer - > -~ - -
Dout ziDOU
. torr2 toFF2
pZO| |, > bzo| | I
o / A u TN / NS
e / \ \
N/ | toop N _toop topp
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HM 514800C!1 Series, HM5134800C!| Series

Self Refresh Cycle* 18192021

L TR trass | trps
RAS 4/&1@—X \K ) \
tcrp

t
tcpn “@' tr fons
CAS X ;

o KT

torF1

7

High-Z
Dout g
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HM 514800CI Series, HM5134800C!| Series

Package Dimensions

HM514800CJI/CLJI Series, HM514800CJI/CLJI Series (CP-28D) Unit: mm
18.17
18.54 Max
28 15
™ [40]
— —
ol o
D @ o
— —
ol +
— —
1 14
0.74 ©
N
o —-<
+l o gg
1.30 Max B o3 o
| @ ) ——
o
TV ——
0.43+0.10 | 9.40 + 0.25
=010
HITACHI
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HM 514800C!1 Series, HM5134800C!| Series

When using this document, keep the following in mind:

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

2. All rightsarereserved: No oneis 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 result 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 products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described

herein.

5. Nolicenseisgranted by implication or otherwise under any patents or other rights of any third party or

Hitachi, Ltd.

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

APPLICATIONS.
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