MITSUBISHI LSIs

M5K4164ANP-12, -15

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

DESCRIPTION

This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicongate

PIN CONFIGURATION (TOP VIEW)

MOS process, a.nd is ideal for Iarge-.ca.pacity memory NG E_V_E Vo (V)
systems where high speed, low power dissipation, and low o )
costs are essential. The use of double-layer polysilicon paTA INPUT - D +[Z 1§+ CAS §PLEMN NRORESS:
process technology and a single-transistor dynamic storage controL ey WG] £ [@sQ 0aTA QUTRUT
cell privide high f:ircgit d.ensity. at reduced costs, and the ??s%é‘f?ﬁﬁﬁ RAS 1] i 13« A
use of dynarr.uc. Clr(?ultrv mc!udmg sense amr.?h'fiers assure—s Ao (3] 72‘ e 43
low power d|s§|pat.|on..Mult|plexed address |np.uts permit ADDRESS INPUTS | 7> [E] ;z> e s D ARARESS NPUTS
both a reduction in pins to the standard 16-pin package T
configuration and an increase in system densities. The Ay—=[] G- 4s
MBK4164ANP aperates on a 5V power supply using the (sv) vge [E] [BeA; :
on-chip substrate bias generator.
FEATURES Outline 16P4
& High speed
Access time Cycle time l Pawer dissipation ® Qutput is three-state and directly TTL-compatible
Type name {max} {min} . (1yp)
! {ns) {ns} : (! ® 128 refresh cycles every 2ms
" MBKAT64ANP- 12 20 220 175 {16K dynamic RAMs M5K4116P, S compatible)
M5K4164ANP-15 50 260 150 ® TAS contralled output allows hidden refresh
® Qutput data can be held infinitely by CAS
o Single 5V+10% supply #® [nterchangeable with Mostek’'s MK4564 and
¢ Low standby power dissipation: 22mW (max) Motorola’s MCMBE6S in pin configuration
® Low operating power dissipation: 300mW (max)
@ Unlatched output enables two-dimensional chip selec- APPLICATION

tion and extended page boundary ® Main memory unit for computers
Early-write operation gives common 1/0 capability
Read-modify-write, RAS-only refresh, and page-mode
capabilities
® All input terminals have low input capaciatance and are
directly TTL-compatible
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MS5K4164ANP-12, -15

6S $36-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

FUNCTION

The MS5K4164ANP provides, in addition to normal read,
write, and read-modity-write operations, a number of other
functions, e.g., page mode, RAS-only refresh, and delayed-
write. The input conditions for each are shawn in Table 1.

Table 1 Input conditions for each mode

Inputs Sutpat
Operation Y _ Row Calume Refresh Rermarks
RAS CAS w N address | address | o
Read ACT | ACT  NAC | DNC | APD | APD | wviD | ¥Es |,
E } — age mMade
Wrie ACH AT ACT VLD APD APD QPN YFS wdentlical except
- : fregh i

Read-modify -write 2CT | acT . ACT | wio | Ao | aen | wio | ves | ENO
RAS-only retresh ACT NAC DNC ONC APC DN OFN YES
Hidden refresh ACT ACT DNC ONC APL DONC Vi YES
Standby NAC DNC DNC DNC ONC DNC | OPN O

Nole ACT actwe, NAC nonactive. DNC  dan't care. VLD vahd, APD  appied, OPN open

SUMMARY OF OPERATIONS

Addressing

To select one of the 65536 memory cells in the

MEK4164ANP the 16-bit address signal must be multiplexed

into 8 address signals, which are then latched into the

on-chip latch by two externally-applied clock pulses. First,
the negative-going edge of the row-address-strobe puise

(RAS) latches the 8 row-address bits; next, the negative-

going edge of the column-address-strobe pulse (CAS)

latches the 8 column-address bits. Timing of the RAS and

CAS clocks can be selected by either of the following two

methods:

1. The delay time from RAS to CAS ty mascag) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS contral signals are
inhibited almost until tyras-cas) max {‘gated CAS'
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.q.
access time, and the address inputs can be easily changed
from row address to calumn address.

2. The delay time tyras-cas) 1§ set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally appiied CAS, which also controls the access
time,

Data Input

Data to be written into a selected cell is strobed by the later
of the two negative transistons of W input and CAS input.
Thus when the W input makes its negative transition prior
to CAS input {early write), the data input is strobed by
CAS, and the negative transition of CAS is set as the

reference paint for set-up and hold times. In the read-write
or read-modify-write cycles, hawever, when the w input
makes 15 negative transition after CAS, the w negative
transition is set as the reference point for setup and hold
times.

Data Output Control

The output of the MBK4164ANP is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS,

The output will remain in the high-impedance state
throughout the entire cycte in an early-write cycle,

These output conditions, of the M6EK4164ANP, which
can readily be changed by controlling the timing of the
write pulse in a write cycle, and the width of the CAS
pulse in a read cycle, offer capabilities for a number of
applications, as follows.

1. Common /O Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a -
comman |/0 data bus.

2 Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS,
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M5K4164ANP-12, -15

€5 536-BIT (65 S36-WORD BY 1-BIT) DYNAMIC RAM

3. Two Methods of Chip Selection

Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix in a high-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection,

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 266 column locations in a single chip. In this
case, RAS must be applied to all devices.

Page-Mode Operation

This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation
associated with the negative-going edge of RAS, because
once the row address has been strobed, RAS is maintained.
Also, the time required to strobe in the row address for the
second and subsequent cycles is eliminated, thereby de-
creasing the access and cycle times.

Refrash

Each of the 128 rows (A; ~ Ag) of the MBEK4164ANP
must be refreshed every 2 ms to maintain data. The
methods of refreshing for the MBK4164ANP are as follows.,
1. Normal Refresh

Read cycle and Write cycle {early write, delayed write or
read-modify-write} refresh the selected row as defined by
the low order {RAS) addresses. Any write cycte, of course,
may change the state of the selected cell. Using a read,
write, or read-modify-write cycle for refresh is not recom-
mended for systems which utilize “write-OR" outputs$ince
output bus contention will occur.

2. RAS Only Refresh

A FI_AS-onIy refresh cycle is the recommended technigue
for most applications to provide for data retention. A
RAS-only refresh cycle maintains the output in the
high-impedance state with a typical power reduction of
20% over a read or write cycle.

3. Hidden Refresh

A feature of the MBK4164ANP is that refresh cycles may
be performed while maintaining valid data at the output pin
by extending the CAS active time from a previous memory
read cycle. This feature is referred to as hidden refresh.

Hidden refresh is performed by holding CAS at ¥V, and
taking RAS high and after a specified precharge period,
executing a RAS-only cycling, but with CAS held low.

The advantage of this refresh mode is that data can be
held valid at the output data port indefinitely by leaving
the CAS asserted. In many applications this eliminates the
need for off-chip latches.

Power Dissipation

Most of the circuitry in the MBK4164 ANP is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
MEK4164ANP as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
independent of the CAS condition, minimizing system
power dissipation.

Power Supplies

The M5K4164ANP operates on a single 5V power supply.
A wait of some 500us and eight or more dummy cycles

is necessary after power is applied to the device before

memory operation is achieved.
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MS5K4164ANP-12, -15

65 536-BIT (65 S36-WORD BY 1-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

| Paramater

Symbol | Conditions Limits Hait
Ve Suﬁi)ly voltage T -1~ v
Vi input voltage With respect 10 Vgg —1-7 \
Vo Quiput voltage —1=7 v
fo Qutput current ’ 50 — ma
[ "pg T Power dissination Ta=25°C a0 mw
M'i’opr - Operating free-air temperalure range Q-70 ‘C
Tsig Storage ternp;ralure range - 55 N ISO o l °c
RECOMMENDED OPERATING CONDITIONS (Ta=0 ~70°C, unless otherwiss noted) iNote. 1}
Syn-bal Pargrneter Limuts . Unit
M:n Nom Max
Vee Supoly vol‘(age : 4.5 13 ' ;5 A" ]
Vss Sapply voliaye 1] 0 0 \Y
Vin 1i-gh level inpat voltage. all inputs 2.4 6.5 v
Vio Low-level irput woltage, all inpats - 2’ 0.8 v
Note | All vatlage values are with respect Lo Vg
ELECTRICAL CHARACTERISTICS (Ta 0-70°C, Veu=5V £ 10%, Vss=0V, unless otherwise nated (Note. 2)
- e 1 imits .
Symhol Parameler Test conditions vin | T T Wan Unit
_‘VEM Hign-level output vollage o= - SmA‘ o B 214 voo v |
'_VE\C“"—W ban levet output vollage lg. 4.2mA a 0.4 v
laz N Oﬂ-sm::_(v)_npul current Q !loating 0V = Vour =5.5v —10 10 —uA_V
| Tt carrent o DV =SViNS6.5V. Allcther pns=0V —10 0 oA
_|‘OCI(A\I) Averag.e supaly ciurem fromvee. _M_5K41 B4ANP- |2 RAS, CAS vcvvl‘ﬂg 50 MA
operating (Note 3, 4) M5K4164ANP-15 Tcr=1cw = MIn cutput oden a5
lecz Supply current from Veg, standbyb__ AAS =V cutput open T q mA
1 eeatav) Average sA-ppl; current from Ve | M5_‘f_“6‘ANF" 12 AAS cyrlng CAS=Vin 40 b A
relreshing (NOe 3} M5K4164ANP-15 | tg(REF)= rmv. output open 35
| Goalav) Average su:‘;ply (‘nrrée-nm; trar Veg. MBK4184ANP- . AAS = Vie. CAS wyelng 40 mA
de (Nowe 3, 4; M5K4164ANP - tepg = ™. output oven 35
GCi(a) Input capacitance, ‘aomns inpuls S pF
Cito) (nput capacitance, data irout Vi=Vss S pF
_E| (W) Iput capacitance, wrie tontrol n—npul T 1 IMHz 1 pF
é| (RAS) Input capar o, RAS iIrpat Vi—25mVrms 10 B pF
C| (cas) | g capacance. TAS inaut ) ) 10 oF
éo Quitpat Capacitancs Vo—vss,r=1MHz,V|=25mVrms ] 7 | pF
Now 2 Current Howing into an 1€ 1 positve | out 1s negative.

3
q

lcaicayv:. lec3tavy. ord Tecaay: are dependent ar cycle rate. Maximom curreat is neasured at the fastest cycle rate.
Iae{av) énd tonaiay) are dependent or autput loading. Speifies values arc obtair ed wit 1 The autput open
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CS 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Ta=0-~70"C, Voo -5V +10%. Vss=0V. unless olnerwse noted, See notes 5. ( ard ? )]

MEK4164ANP - 12 : M5K4164ANP-15
Alrernartive " ; .
Svenbol Parameter Limuas Limits Jnit
Sy - T
Min Max Mir B Max
tcAF Retresh cycle time tace 2 2 ms
1w (RASH) RAS high pulse width tRp 30 . 100 N ns
tw(RASL) RAS low pulse widih tras 120 10000 150 10000 ns
Lw(casy) CAS 1uw pulse width toas 60 o 75 o ns
T w(CASH) CAS high gulse width {Nte 8i [ 30 35 ns
Th(raS-CAS) TAS hoid time after RAS tosy 120 150 ns |
thiCAS-RAS) RAS hond time atier CAS trgq 60 75 ; ns
td (cas RAS) Delay ume, CAS to RAS _iNute 9) t gre i —20 —20 ) “ns
ta(ras-cas) | Uelay nre, RES 10 TAS {Nate 13 tacp 25 B0 0 75 ns
t surRa-rAS) Row aadress setup tire before RAS tasr 1] 0 ns
tsu(ca-cas) Column address set.ap lime befare TAS tasc . 4] H 0 | ns |
'h(RAS-RA) Rew address hold lime after FAS tRAN . 15 20 ns
th(cas-ca) Column address hod time after CAS . tcaH 20 25 ns ]
thinas-ca) Columin address hold ume atter RAS t ar o0 95 neg
trae . T
Transition time 1y 3 35 3 s ns
trim

Note £ Ananitial pause of S00us is required after power-up fallowed by 3ny eight FAS or RAS/TAS cycles befare proper device ogeraunon i a hioypd

f: The swilching characer are definers as ¥ gy =Ly =5ns.

70 Reference levels of input signals are Vg min. a0 V| ma,  Reference 1avels for transition t.me are alsc: between V4 and V| L

81 Excepr for page-mode,

9 ldjcas RAs) requirement is anly applicable for RAS/CAS cycles oreceeded by a GAS only cycle (6., For systems where CAS has ot beer decoded with BAS.1
100 Opcration within the td (RAS-CAS) Max limitinsures 1har ta (rag; max can be met. 1d (ras.cas)max s specrtied reference paint anly. il

1d (RAS-CAS) 15 greater than the specified 1d (Ra5-cAS) Man hrmt, ther gocess e is controlled exchsiveyy by Laicas).
td tpas-casimin = th (Rag-Aa)mMiIn + 2 hy (tyoa) + Tsurca-casymin,

SWlTCHING CHARACTER ISTICS (Ta=0~7%0"C. Voe=5V =102, Vgg OV unless btherwis: nated )
Read Gycle

MOK4164ANP-12 M5K4164ANP- 15
Symhol Parameter Alternatve Limits Lim s dnit
. Syinibel M Max Min Max
ter Read cycle time tre 220 260 ns
tsu(r-cas) Read setup time befare CAS Thcs 0 Q ns
th (cas-R) Read hola time after CAS iNote 111 tRcH o a _ns B
Ihipas-R: Read hold tirme atter RAS (Note 111 T ARH 10 20 ) ns
tdis (pas) Outpn disable tire (Note 12) torF 0 35 Q 40 ns
ta(cas) CAS acess 1ime Notle13) | leac 60 75 ns |
ta(ras) AAS access lime ot 141 | tgag 120 150 ns
Note 1i: Either th caas-g) or th (cas.m) must be satisfied for a read cycle.
Note 12:  ldis (cas)max defines the time a1 which the output achieves the open tircuil condition and & nat reference 1o Vap or Voo
Note 13 This is the value when 1t (Ras-cas) 2 1d (Ras-cas)max  Tast zonditions . Load = 2T TL. €| = 100nF
Note 14: Thisis the value when td (Ras.cas)< 1d (Ras-cas)max When 10 (aas.cas)21d (Ras-cas)max, 1a (gag) will incwase by the amaunt tean
td (ras-caS) exceeds 1he valve shown. Test condihans . Load = 2T TL, C| = 100pk
Write Cycle
M5K4164ANP-12 M5K4164ANP-15 [
Alterrative - e :
Symbol Pacameier Limils Limils : Uniy
Symhbol T i c —
Max Mir Max
tew Write cycle tirme the ! 260 ns
tsu(w-cas) Write setup time before CAS Note17) | twes —10 ns
thcas-w) Write hold time after A5 1 45 ns
th (pas-w) Write hotd time after RAS twer 95 ns
th(w-RAS} RAT hald time atter write TAwL 45 ns
1h (w-cas) CAS hold time alter write towL 45
Twiw) Write vulse width Two 40 45 ns
15U (D-CcAS) Data-in setup Lirne betore TAS tps 0 a : ns
th(cas-0) Datain kold time atrer TAS t oM 4D a5 ! ns
i
th (ras-©) | Data-in huld tilme after RAS t DHR 90 95 i ns
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MSK4164ANP-12, -15

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

M5K4164ANP- 12 MBEK4164ANP-15
Syrmibol Parameter Alternative | Lim:s Limmits Unie
Fymeal M.n ! Max TTmMin ] T Ma
B I;mw Read-write cycie time INole 15) tawc 245 295
Torvw Read-mogity-write cycle ume INowe 16) T umwe 265 310
—th(_w-l:-ms) RAS hold bme after write tawL 40 45 ns A
th (w-CaS) CAS hald time a towL a0 45
Twiw) -W"le-bulﬁ i ) T twe 40 45 ns
tsu ER-CAS-} Read setup 1ime betore CAS 1‘;155 0 0 ns-_
1d (ras-w) Delay time, FAT 10 write ;‘Na(evﬂ"l 1TRwn 100 120 ns
td (cas-w) Delay nm‘r;,ht 0o w;'ile ) {Rlo:é 1 ;';. town a0 &0 ns
tsu(p-w) Data-in setup time bedore wrile tes a ) N
th (w-p) Data-in hold time after write tou 40 45 ns
tdis (cas) Output disable time o TO‘FF‘ 0 35 0 4D ns
12 icas) CAS access time (Note 13) teac 50 75 ns
ta (ras) RAS access rime {Note 14} TRac 120 1an ) ns

Note 15: Tggwmin s defined as tcRw min = 1d (ras-w) + th(w-ras; + tw (rask) + 1T TN

16: topmw min is defined as L opmw min =ta (RAs)Max ~ th(w.ras) ~ tw ras 1) + 31 TLH{tril)
17: tsu(w-cas), ld(ras-w), and 1d(cas-w) 20 not dedine the limits of operatian, bar are included as electricar charactensiics only

when tsu (w.cas) =150 (w.cas)min, an early-write cycle is performed, and the catla output keeps the high-impedance s1ate

when td (Ras-w)ZTd (RAs- wIMIN 4nd 10 (as-w)ZtSU (w-CAS)MIN a read-wnte cycie s performed, and the data of the selected address will be reas: out

an 1he dala outout.

For all conditions cther than thase gescribed above, the condition of dala oulput {at access 1:'ne and unlil CAS gaes nack 10 V.« ! is not defined,

Page-Mode Cycle
» M5K4164ANP-12 M5K4164ANP- 15
Symbal Pararweter Alternative Limits L lr.|ts“ o tirt
Syrmrbol S—
Min Max Min Max

L PGH Page-made read cycle ime AE=TS 140 1457 ns

_t—cpcu-’ Page-Mode wite cycle ume tpa 140 . 145 ns

Tc PoAw Payge-Moue read-write cycle tlime — 150 i 180 ns

tePGRMW Page-Mads read-modity-write cycls time — 170 195 T ns

Tp‘: (6;3 o CAS high pulse widin top 55 |’ 60 ns }
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65 536-BIT (65 536-WORD BY 1-8iT) DYNAMIC RAM

TIMING DIAGRAMS ot '8

Read Cycle ton |
Tw(HASL)
th(mas-cas)
th(ras-cay—-- --
RAS Vin \S
T ¢
td(cas-nas? | tw (RASH
lew— ld (AAS-CAS)— e Th(CAS-RAS)————— =y
- twicasL) -
Tas M T / N /|
ViL — twicasH) K
tsu(AA-RAS) tnmas-aA,\‘su(CA-cnsJ
pRkaera ' th(cas-ca)
COUMN
th(Rras-R}
th(cas-R)
w y
[ ta(cas)
. — tairau: 4 tdis(cas)
|
VoH -
Q © 11 GH IMPCDANCE 57 ATE /‘\{ DATA VAL'D \\
VoL — \\ //
Write Cycle (Early Write)
tow e
TwiRASL)
thiras cAS) -

_ Vi — lw ———Uth(mas-ca) :
RAS ViL L i \—
|
— - td(cas-ras) e thicas-Ras)
‘ h—-—-‘o‘(ms-cas; -———-——1-—tW(UASLJ——-J
— Vil — ’l I ! :
CAS Vi - - | tW(GASN)% \ / /
tsu(ma-RAS: ‘Ih(RAs»HAJ lsu(ca cas) thicas-ca)
Vi — ROW COLUMN
Ag~ Az Vi - ADDRESS i ADCRESS
! I thiw-cas)
tsuqw-cas: . thicas-ws
- e W) amd (/
"o T KR
. ' I Ih(w-RAS)
thimras-w il 4
tsU(G-0AS ) ottt Thicas-n)
Vi — X X JR . LAY ’ .
o T 0"”0,0" QOO0 .m“ R
th(RAS D) — t
0 ::_' : GH IMPEDARCE STATC
MITSUBISHI
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6% 536-BIT (65 S36-WORD BY 1-BiIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

[ - S torw loAvw

tw(rasL:
- e o Th(mas-cAS) Cort T
o | CTY STy P ——
HAS VIHAS-UA )
10 cas mas) ) thicas-ras)
| t0imasons) twicase
xS ViH — ' \
Vie — ] - twecash) ‘
tsutha-nas)| |thipas-rar  tsu(ca-cas) thicas ca
} _1‘ ¥ ADGALY
Ao py Vi — o f COLIMN V)& X XX KA h )Xg X
ViL - ADDHESS Y4 T ADIRESS X XXX . i LIPS N,
e Mdinas-w) ~thiw-cas)
lsuia-cas: o td cas-w) Thiw-Ras) —e
i
= Vi _TX0 R \
Vi, =¥ ‘&K %2 N x
o Iw;wa—-]
i — . la(CcAs) -——ay | . !uls(casa—-‘_—l——
| .
. Vor - : a4 I
0 — HIBH IMPEDANGE STATE ‘ DATA valif
Vor - A\
laipas: I
o ViH
Vi

RAS-Only Refresh Cycle o o

Ll — e J

o
lwirasL; -
— Vi —
RAGS
Vi -
fh:ms-am-‘ L“ -lwiaask:

¥

——

LSUIAA-FAS) by

Vou —
Q VoL — HIGH PAPLDANCE STATE

Note 18
,  Indicates the 2on's care nput o _
Nole 18. CAS - Vg, W, Ay, C = don't care.
M The cente-hre mdicates the igh-impedance state
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Page-Mode Read Cycle

2|
bl
@i

Ag AT

£

Ve —
Vit

- lhiRas cas

th{Rras-ca) -I

tw(RasL)—

T

.
N,

tyione . -7 . twi(rasH;
d (CAS-HAS D tergr [ th(GAS-RAS) - - =
ld(RAS-CAS) t| (cAs twiGASL )
W{CASI ) (
N
thiras ra} W{CASH)
; | p—— -—bh(ms-un) ! itﬂ(HAS-OA‘. -Jllh(cns-cm
SU({RA-RAS )
Silial = [su(a-cas) ~tsuica-cas: > lsutca-cas)
COLUMN| X COLJIMN L8 TR A
ADORESS ANDRESS S, X\’/ SO
’ I taceas) l le—tarcas)——y _L.-la((ms;_...:
ta(ras) e Tms(cas) i tdisicas)

Vou -
VoL -

s H|(GH IMPEDANCE STATE

TsuiR-cas)

Th(cas Rl =ff= \

V ' th {Ras R}

| =t 1SU(R-CAS)

b —— ¢ CAG K =

Page-Mode Write Cycle

e

s e ————— Tw(RASL) 4
- lh(RAS-CAS} ———at i

— ViH — —fn(RAS-CAJ-*—]
RAS Vi = N _— p . e
ta (cas-ras) | ! i U (CAS-RAS) Lw{RASH) |
- r———— ¢ pow—— ! —— —
JinAs Gas, L GASL ) —=f tw{CASL y—m—t O
Vie - ¥ I ; :
Cas v / J twicasH) \
- d
f . Tw(cast
phene) gl thicas-ca) thicas-ca: '
' IISU(CA-CAS) tsuica-cas)
FCOL INRANNY ) / X
Ag- A L ".I'y A0
or AT g « ADDRESS \0‘ A AN
lh(CAS-W)L——-—\ th(cas w L-—-{ thicas-w)
. -iw-cas)—- B - CAS ) —ed thow cas) —e]
Vi — 2 \
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