OKI semiconductor
MSM41464

65,536-WORD x 4-BIT DYNAMIC RAM (PAGE MODE TYPE)

GENERAL DESCRIPTION

The Oki MSM41464 is a fully decoded, dynamic NMOS random access memory organized as
65,536 words x 4 bits. The design is optimized for high-speed, high performance applications
such as mainframe memory, buffer memory, peripheral storage and environments where low
power dissipation and compact layout is required.

Multiplexed row and column address input permits MSM41464 housing in a standard 18 pin DIP
or PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM41464 offers
new functional enhancements that make it more versatile than previous dynamic RAMs the CAS-
before-RAS refresh feature provides an on-chip refresh capability.

The MSM41464 is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon
process. This process, coupled with single-transistor memory storage cells, permits maximum
circuit density and minimum chip size. Dynamic circuitry, including the sense amplifiers, is
employed in the design.

Clock timing requirements are noncritical, and power supply tolerance is very wide. Allinputand
output are TTL compatible.

FEATURES

* 65,536 x 4 RAM, 18 pin package - Single +5V power supply, +10% tolerance

+ Silicon-gate, double poly NMOS, single - TTL compatible, low capacitive load input
transitor cell » Three-state TTL compatible output

» Row access time: + Gated CAS

100 ns max (MSM41464-10)
120 ns max (MSM41464-12)

256 refresh cycles/4 ms
Controllable output impedance through early

150 ns max (MSM41464-15) write and OE operations
» Cycle time: » Output unlatched at cycle end to allow
200 ns min (MSM41464-10) extended page boundary and
220 ns min (MSM41464-12) two-dimensional chip select
260 ns min (MSM41464-15) - Read-Modity-Write, and RAS-only refresh

» Low power: capability
385 mW active (MSM41464-10) On-chip latches for addresses and data-in
360 mW active (MSM41464-12) On-chip substrate bias generator for high
330 mW active (MSM41464-15) performance_
28 mW max standby CAS-before-RAS refresh capability

Page Mode capability
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PIN CONFIGURATION (TOP VIEW)

\ DQ; OF V¢ DQg
OE E Vss [1]fi8}fi7]
0Q+ [2] DQ4
DQ2[3] 6] CAS pQ, (3 g CAS
WE 4] 5] DQ3 we [3f hg DQ,
RAS [5] 4] Ao rRAS [E] i :o
Aq [€] i3] A As g A'
As [ iz) A 2 As :
A, (€] Aa
Vee[d] 0] A7 Q|BfLlD
Ay vec Az A
Pin Names Function
Ao~ A7 Address Input
RAS Row Address Strobe
CAS Column Address Strobe
_D__ 1~ DQy Data In / Data Out
OE Output Enable
WE Write Enable
Vee Power Supply (+5V)
Vss Ground (0V)

Generator

H

#O ] Qutput
Selection|—{ Buffer

DQ; ~ DQq4

Data
Input

Register

On-chip Vgg

oaE Tim
R Gene
CAS D
Column I Column I
Address
Bufters v Decoders
internal Refresh
Ao~ A Address‘-—-I etres | I Sense Amps
o~Ag[_ Qadress Control Clock P
‘ l I
Row -
S0 | o [T we
uffers ow or
De- | | Oriv- Memory
coders| | ers ells
Vee
Vss
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol | Conditions Value Unit
Voltage on any pin relative to Vss Vin Vout - —1t0+7 \')
Voltage on Ve supply relative to Vss Vee - —1to+7 \'
Operating temperature Topr - 0to 70 °C
Storage temperature T - ~-551t0 +150 °C
Power dissipation Pp - 1.0 W
Short circuit output current - - 50 mA

Functional operation should be restricted to the conditions as detailed in the operational
sections of this data sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)

Value OPeratlng
Parameter Symbol | Conditions Min. | Typ. | Max. Unit Temperature
- 4. . \
Supply Voltage Voo 5 50 | 55
Vss - 0 0 0 Vv
Input high voltage, All Inputs Vi _ 2.4 _ 6.5 y (0°Cto+70°C
Input low voitage, All Inputs Vi - 10 - 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

. MSM41464 i
Parameter SymboljConditions|— Unit | Notes
Min. | Typ. | Max.

OPERATING CURRENT* MSM41464-10 70
Average power supply current| MSM41464-12 | lccy - - ~ | 65 | mA
(RAS, CAS cycling; tac= min.){ MSM41464-15 60
STANDBY CURRENT
Power supply current leee - - - |50 | mA
(RAS =CAS =V, )
REFRESH CURRENT 1* MSM41464-10 60
Average power supply current | _ _ _
(RAS cycling, CAS = VIH : MSM41464-12 cc3 55 | mA
tre = min.) MSM41464-15 50
PAGE MODE CURRENT" MSM41464-10 45
Average power supply current | _ - _
(RAS = Vi, CAS cycling; MSM41464-12| 'CC4 40 | mA
tpc= min.) MSM41464-15 35
REFRESH CURRENT 2* MSM41464-10 65
Average power supply current| MSM41464-12 | lces - - - | 60 | MA
(CAS before RAS ' tRC = min.) MSM41464-15 55
INPUT LEAKAGE CURRENT
Input leakage current, any input _ _ _
(OV < Vjy < 5.5V, all other pins not under hu 10 10 | uA
test =0V)
OUTPUT LEAKAGE CURRENT | o 10 A
(Data out is disabled, OV < V1 < 5.5V) Lo - |7 - "
OUTPUT LEVELS
Output high voltage (Ion = ~5 mA) VoH - 241 - v
Output low voltage (!, = 4.2 mA) Vo 04 | V

*icc depends on output loading and cycle rates. Specified values are obtained with the

output open.

CAPACITANCE *
(Ta =25°C, f =1 MH2)
Parameter Symbol | Conditions Value Unit
y Min. | Max.
Input capacitance (Ag ~ A7) Cint - - 6 pF
Input capacitance (RAS, CAS, WE, 6—E—) Cinz - - 7 pF
Data I/O capacitance (DQ ¢ ~ DQy4) Cpo - - 7 pF

* Capacitance measured width Boonton Meter.

108



sMSM41464 =

AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Notes 1,2,3
MSM41464- | MSM41464- | MSM41464-
Parameter Symbol 10 12 15 Unit|Notes
Min. | Max.| Min. | Max.| Min. | Max.
Refresh period t REF - 4 - 4 - 4 ms| -
Random read or write
. tae 200 - 220 - 260 - ns -
cycle time
Read-write cycle time tRwC 270 - 300 - 355 - ns -
Page mode cycle time tec 100 - 120 - 145 — ns | —
Access time from RAS trac - 100 - 120 - 150 | ns | 4,5
Access time from CAS tcac - 50 - 60 - 75 ns | 45
Output buffer turn-off
utput bufter turn-o tore | 0 25 | o 30| o0 40 | ns| -
delay
Transition time tr 3 50 3 50 3 50 ns -
RAS precharge time tre 90 - 90 - 100 - ns | —
RAS pulse width tras 100 110,000 120 [10,000] 150 [10,000| ns | —
RAS hold time tAsH 50 - 60 - 75 - ns -
CAS precharge time
precharg tee | 40 ] - | 50| - |60 | - |ns| -
(Page mode cycle only)
CAS pulse width tcas 50 [10,000| 60 {10,000f 70 |10,000{ ns | —
CAS hold time tcsH 100 - 120 - 50 - ns -
RAS to CAS delay time trep 25 50 25 60 25 75 ns 4
CAS to RAS set-up time | tcrs 20 - 25 - 30 - ns -
R |
.ow address set-up tash o _ 0 _ 0 _ ns | -
time
Row address hold time traH 15 - 15 - 15 - ns -
Col dd ot-
‘oumna ress set-up trsc 0 N o _ o _ ns | -
time
Column address hold
; tcan 20 - 20 - 25 - ns | —
time
Read command set-u
. P | tros 0 - 0 - 0 - | s -
time
Read command hold
, tRcH 0 - 0 - 0 - ns | 7
time
Wri d set-
/ rite command set-up twes 0 B o B 0 _ ns 6
time
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AC CHARACTERISTICS (CONT.)
(Recommended operating conditions unless otherwise noted.)

MSM41464- | MSM41464- | MSM41464-
Parameter Symbol 10 12 15 Unit | Notes
Min. | Max. | Min. | Max. | Min. { Max.

Write command pulse " B
width wP 25 - 30 - 35 ns -
Write command hold
time twen 25 - 30 - 35 - ns -
Write command to ¢
RAS lead time RWL 35 - 40 - 45 - ns -
Write command to CAS

: towe 35 - 40 - 45 - ns |~
lead time
Data-in set-up time tps 0 - 0 - 0 - ns —
Data-in hold time ton 25 - 30 - 35 - ns -
CAS to WE delay tcwo | 80 - 95 - 120 - Ins! 6
RAS to WE delay thwo | 130 [ - | 155 ] — | 195 | - |ns| 6
Read command hold _ B B
time reference to RAS than 20 20 20 ns 7
Access time from OE toea - 25 - 30 - 40 [ns | -
OE data delay time toeo 25 - 30 - 40 - Ins | -
OE hold time toew 0 - 0 - 0 - |ns | -
Turn-g_f_f_delay time toez 0 25 0 30 0 40 ns _
from OE
RAS to CAS set-up time . _ B B _
(CAS before RAS) Fes 20 25 30 ne
RAS to CAS hold time B B _ B
(CAS before RAS) tren 20 25 30 ns
CAS active delay from ~ _ j ~
RAS precharge tapo 20 20 20 ne
CAS precharge time ¢ '
(CAS before RAS) cPR 20 - 25 - 30 ™ T
Read/write cycle tare 380 B 430 _ 510 _ ns _
(Refresh counter test)
FAS pulse width trras | 280 [10,000| 330 (10,000| 400 |10,000} ns -
(Refresh counter test)
CAS precharge time
(Refresh counter test) teet 50 B 60 B 70 B ns B
Read/write cycle time
(Page mode) terwe | 170 - 200 - 240 - |ns | -
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Notes: 1.

7.

s MSM41464 =

An initial pause of 100 s is required after power-up followed by a minimum ofany 8
RAS cycles (example: RAS-only Refresh) before proper device operation is achieved.

. The AC measurements assume the transition time (T ) = 5 ns.

. Vi1 (min.)and Vi (max.) are reference levels for measuring the timing of the input

signals. Transition times are measured between ViHand ViL.

. Operating withinthe treo (max.) limitinsures that trac (max.) canbe met. The spec.tRco

(max.) is for reference only. If trco is greater than the specified trco (max.) limit, the
access time is controlled exclusively by tcac.

. Measured using an equivalent load circuit of 2 TTL loads and 100pF.

. The specs twes, tawo, and tcwp are not restrictive operating parameters. They are

included in the data sheet for reference only. If twcsztwes (min.), the cycle is an Early
Write cycle and data out will remain in a high impedance state throughout the entire
cycle. Iftcwo=tcwo (min.) and tRwp > tawb (min.), the cycle is a Read-Write cycle and
the data out will contain data read from the selected cell. If neither of the above sets
of conditions is satisfied, the condition of data out is indeterminate at access time.

Either the tRrH or the trRcH spec. must be satified for a proper read cycle.

READ CYCLE

DATA

Addresses x::@gﬁgggess E@;L gé‘:gg’; : / ////// m

N

tac

LU —

Vit - N /1 I\

tesH—— tRP ————»f

|4 ————— IRSH ra—— tCRS —#
tcas

- )
vi- N

tasr| |fRAH  tasc tCAR

w2 -

torF
- tRac
Vor ~ 2 N Y
—_— e q validData p————
VorL- Open A
toEa toez

m Don't Care
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WRITE CYCLE (Early Write)

RAS Vo -

— Vg

1RAS

N

1ReD RSH }4——!035—-»

TRe ViH-
Vi -

A\ Wi

tasa| |VRAH  tasc tcAH

et I

£ Column

Vi s
A S8 Row
ddresses :%l addresZ%@g
I

address
1

towt |
twes twer i I

— Vm ————— WP ]
WE VIL_W | | Z

| |

tRWL |
ton

e

/] Don'tCare
OE WRITE CYCLE
tac
1Aas

s U :-—:\ K
v — "“‘_:1

mco. tesn Tons tcRs

GAE zm- \
- lA:l" Jnm 1Asg|]} tCAH |
aaresses .. N Catness MON._SStvom 277772

e tow—|
[—— tRWL —

tRes

o=
v 7777

tos <—1ij

o e Da‘ajiW/ 2%

togo | toEH
1

= W 7] K777

V] Dentcare
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READ/WRITE AND READ MODIFY WRITE CYCLE

tRwe

— Vi
Vi -

b, )
.l tRSH tRP —|
tcsH tcRs »
tRCD - tcas
— V|"_
GAS A\ }F \
Vi - /
tasn TRAH tasc tcAH
peei -]

ViK FTow s amn Y
Addresses Vi :%g agadress. S@; gdress
la— tcw —>|

tewn tRWL —=
w T
WE
Vi X
tos| |e—twe
e tcAC ioEz [+

ht-——— tOH
Vin/ Vou- . i
PATAV Vo T Open  ———{Valid Dat . Valid Data W
tRac toeo,
toea
le—
P
OE
Vi -
Y] Don'tCare
PAGE MODE READ CYCLE
tRAS -
.
RAS ViL - \ )
trc tRSH tRP
tosH tee |
-— tRCDY tcas ~a— tCAS [— tCAS lat—— tCRS ——=
o "l
cAs VM~ \
Vie - tRAH f -
t t :-EAH t 2 tAszAH
ASR ASG ASC
— —| p— — —
T
Row

ViH olumi FColumn olu
Addressesv @4 ddres; address} o

SN0

|- toac —>| ju— teac —>|
ofF torF
-

VoH ~ I
AT —_—
DATA VoL Open
tRCS tRRH
) . tﬂﬂlﬂ‘_ \RETT

|<— tcac —>|

torF
tRac 1

m Don't Care
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toeD lOEH toED

PAGE MODE WRITE CYCLE
- tRAS
0T N
oo tre tRSH — tre
-a— tRCO] tcas teg <—lms~j tocas —mi tcRS &
tcaH lf_A.H
tasR e thE o l_;\_sg o tasc .
addresses | M S sORemi am  amd
twen | | twcn' “l tweH
le— towe — o le—— towL towl —]
W w00 972 | o Y77
wP twe we
tDS‘_" ton tos)_ | ] toH tos | l;:w
oata ' K Vaia Data) Valid Data’)@( valid Data 7777777
toep

ViH
Vi

I toeH

toex

V

W

W

N
Don't Care

PAGE MODE OE WRITE CYCLE

WE Vi
Vie

ViH/ VoH
DATA
ViL Vot

oF VIH
Vi

TRAS
= ViH—""Y p
RAS | " N Y t N_
- tec tRsH RP,
CSH
-«—— tRCO tcas tcas tCRS-»
CAS ViH-= \ . :\
Vi~ A tep - —A
1RAH tcan tcaH
tasa] | "™ tasg ‘_0 tasc |
ViH Row olumn FColumi
Addressesv % Sow ur /////////////// lun
chL towL I
tRCS | tRWL—-
tweH

/////F

\

WP

/ /

F.
tOH

tos
—

I

WP

V0

toH

V%% %%

o

(Valid Data)W/// / ﬁq

P
Valid Da(a)m

tOED

tOEH,

toeo

Jso=n,

=
V/77ZZZ

K777

%
Don't Care
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PAGE MODE READ/WRITE CYCLE
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v
Addresses
Vi

address

tras
Vi
RAS ViL- x 1Z \_
1RP
tPRWC tRSH
tcsH tchRs

-+— tRCD tca tcas -
e ViH= s N yr—
CAS

Vi - X JZ tep %t :Z
tRAH tean tcan
tasr ) - t_;§c. R tasc | ¥
H Row Y f Column
ddress,)

towo

SR

trcs

WE

w222

DATA

= Vi~
E
© Vi~

P2
Vit/ Vo~

A Don't Care

RAS-ONLY REFRESH CYCLE

Note: CAS = Viy, WE and OE not dependent on the high or low level.

tRAS

tRas

Viu-
ViL-

OH—

-

V- r
Addresses '
V- K

N
<+ 1RAS —
t——

Row address

v
DATA
Vou-

trP

N

0

Open

V] DontCare
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CAS BEFORE RAS REFRESH CYCLE

Note: WE and OE not dependent on the high or low level.

tRc

v - taas - [ {RP—
v H- - p |
RAS |, _ / ’\ ] ] N

tcPR trcs tFcH taprc

% - d >

Addresses ‘\;:f ~/ L //////////////////// 7N

—] l— {OFF

V - |
DATA = !

e
3

Vo 4

W/A Don't Care

HIDDEN REFRESH CYCLE

tRe tRc
tRAS »| | tRP—» tRAS
AAS Vig——=="""Y Z :\
Vi - x A | tRP —=] N—
|— 1ACD —o-|at— LASH —] le———— tFcH————» 'c-is
.
— ViH- 4
cas " \ /
Vi - tRAH
1
ASR tasc e toay

Addresses |\ 77N Eadress ) & |"r‘é“s2 Y7777 %

l [ 1 ARM

5
w | Y,

I<——— tRAC —— |
tcac toFF
y i — T —
oH— 4 :
DATA (' Open  — Valid Data —
toEa toez

= VIH—" \
E
o ViL -

/] DontcCare
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

= MSM41464 =

F) \_

- tR
v - tTRAS
RAS " —-_\ "
Vie - \ c
Fes t t tRsH
|—p] |—— pa—" ]
v tcas
CAS / N
. |
Addresses Vi
Vi

l 7

WE (Rea d) ///// ////////////////ﬂ toag

2

Vou- 4
-
DATA | " 4

Valid Data }———
A

EA [
lewitOEZ
_ ViH-
Vi -
towl |
{Res tcwo <——’|

! la— tAWL

i ViH
WE (Wiie) 7W
L=

\

twP —d
At

v 00, e )

tOED —| F-»ltoe
_ ViH~
OE (Wirite)
Vi~

Y% %%%

'////A Don't Care
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MSM41464 BIT MAP (PHYSICAL-DECIMAL)

DQt1 DQ2 DQ4 DQ3 [J Pin18
252°] 253 | 254 | 255 3] 2 1 ) ] 0 1 2] 3 255 [ 254 | 253 | 252
128 | 128 | 128 | 128 128 { 128 [ 128 | 128 I 128 | 128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3l 2 1 0 ) 1 2| 3 255 | 254 | 253 | 252
128 | 128 | 128 | 128 128 | 128 | 128 [ 128 71 128 128 | 128 | 128 128 1 128 | 128 | 128
252 | 253 | 254 | 255 3] 2 1 0 || 1 1 2] 3 255 | 254 | 253 | 252
129 | 129 | 129 | 129 129 | 129 [ 129 [120 129 | 129 | 129 [ 128 129 | 129 | 129 | 129
252 | 253 | 254 | 255 3] 2 1 o 1Ll o 1 2| 3 255 | 254 | 253 | 252
129 | 129 | 129 | 129 129 | 129 { 129 | 129 129 | 129 | 129 | 129 129 [ 129 | 128 | 129
252 | 253 | 254 | 255 3| 2 1 0l e 0 1 2| 3 255 | 254 | 253 | 252
130 | 130 | 130 | 130 130 | 130 | 130 | 130 1 130 | 130 | 130 | 130 130 | 130 | 130 | 130
252 | 253 | 254 [ 255 3 2 1 o L] § P 1 2] 3 255 | 254 | 253 | 252
130 | 130 | 130 | 130 130 | 130 | 130 | 130 & 130 | 130 | 130 | 130 130 | 130 | 130 | 130
2

252 | 253 | 254 | 255 3 2 1 0 § 1 1 2] 3 255 | 254 | 253 | 252
253 | 253 | 253 | 253 253 | 253 | 253 | 253 |} 253 | 253 | 253 | 253 253 | 253 | 253 | 253
252 | 253 | 254 | 255 3] 2] 1 o [Lh |1l o 1 2| 3 255 | 254 | 253 | 252
253 | 253 | 253 | 253 253 | 253 | 253 | 253 253 | 253 | 253 | 253 253 | 253 | 253 | 253
252 | 253 | 254 | 255 3] 2 1 0 | o 1 2| 3 255 | 254 | 253 | 252
254 | 254 | 254 | 254 254 | 254 | 254 | 254 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 253 | 254 | 255 3| 2 1 0 0 1 2| 3 255 | 254 | 253 | 252
254 | 254 | 254 | 254 254 | 254 | 254 | 254 Pl 17§ 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 253 | 254 | 255 3 2 1 o || 1 1 21 3 255 | 254 [ 253 | 252
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255
252 | 253 | 254 | 255 3] 2 1 ol 0 1 2y 3 255 | 254 | 253 | 252
255 | 255 | 255 | 255 255 | 255 | 255 | 255 | 255 | 255 | 255 | 255 255 | 255 | 255 | 255

ROW DECODER J [ ROW DECODER
252 [ 253 | 254 | 255 3 2 1 0 +— 0 1 2| 3 255 | 254 | 253 | 252
127 | 127 | 127 | 127 127 | 127 | 127 [127 €1 127 | 127 | 127 | 127 127 | 127 | 127 [ 127
252 | 253 | 254 | 255 | 3| 2| 1 0 of 1 2| 3 255 | 254 | 253 | 252
127 | 127 | 127 | 127 127 | 127 | 127 | 127 ] 1 127 | 127 | 127 | 127 127 | 127 {127 | 127
252 | 253 | 254 | 255 3] 2 1 0 _L); el © 1 2 3 255 | 254 | 253 § 252
126 | 126 | 126 | 126 126 | 126 | 126 | 126 126 | 126 | 126 | 126 126 | 126 | 126 | 126
252 | 253 | 264 | 255 3] 2 1 0 |] o 1 2] 3 265 | 254 | 253 | 252
126 | 126 | 126 | 126 126 | 126 | 126 | 126 126 | 126 | 126 | 126 126 | 126 | 126 | 126
252 | 253 | 254 | 256 3| 2 1 o jbllalld] © 1 2| 3 256 | 254 | 253 | 252
125 | 125 | 125 | 125 125 | 125 | 125 1125 § 125 | 125 | 125 | 125 125 | 125 | 125 [ 125
252 | 253 | 254 | 255 3] 2 1 0 8 ) 1 2| 3 255 | 254 | 253 | 252
125 [ 125 | 125 | 125 125 | 125 {125 | 125 3 130 { 130 | 130 | 130 125 ] 125 | 125 | 125

2
252 | 253 | 254 | 265 3| 2 1 0 |L] § A 1 2| 3 255 | 254 | 253 | 252
2 2 2| 2 2y 2| 2] 2 2| 2| 2| 2 2 2 2] 2
252 | 253 | 254 [ 255 3] 2 1 o | o 1 2| 3 255 | 254 | 253 | 252
2 2 2| 2 2| 2] 2| 2 2f 2| 2] 2 2 2 2| 2
252 [ 253 | 254 | 255 3| 2 1 0 el o 1 2] 3 255 | 254 | 253 | 252
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3f 2 1 0 1 1 2| 3 265 | 254 | 253 | 252
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3] 2 1 0 0 1 2| 3 255 | 254 | 253 | 252
0 0 o] o© o] ol o] o o| of o] o 0 0 0| o
252 | 253 | 254 | 255 3] 2 1 0 0 1 2| 3 255 | 254 | 253 | 252
0 0 o] o o] ol o1 © LI _of of of o 0 0 o] o
REFRESH ADDRESS REFRESH ADDRESS
(0-255) (0-255)
(] A CcEL A=ROW ADDRESS (DECIMAL)
Pin 9 B ’ B = COLUMN ADDRESS (DECIMAL)
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