o A and A inputs of the second tie

:d Channel Expansion

cing programming complexity, two. ¥

offers the added advantages over.

.on of reduced OFF thanne -
Offset). better CMR. and I:urrr:-z:t :
on if a channel should fail in the ON
hould a channel fail ON in the single /

. data cannot be taken from any ..q.
1ly one channel group is failed (8or 1§
«d configuratjon. -

Out

-
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Enable Multipiexer
output
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)

[ICT RN .
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1
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Settling time to 0.01% for R_ < 10002
~Two MPC16S units in paraflel: 10usec
—Four MPC8D units in paraliel: 12usec

hannel, Single-Tier Expansion.

Multiplexer
INY Outputs

. 28 Out Direct )
MPC16S
1810

i

!

!

|

I

L IN16 -

I— AOA1A2A3 v \'Buffered

8B 3550 or 3507J

4LSB 4MsB
8-8it Channel
Address Gen.

I

pansion up to 256 Channels
16 Two-Tiered Expansion.

' BURR-BROWN®

'MPC800

High Speed
- CMOS ANALOG MULTIPLEXER

FEATURES

 HIGH SPEED
100nsec access tims
800nsec settling to 0.01%
250nsec settling to 0.1%

o USER-PROGRAMMABLE
16-channel single-ended or
8-channel differentlal

o SELECTABLE TTL or CMOS COMPATIBILITY

o WILL NOT SHORT SIGNAL SOURCES
Break-before-make switching

« SELF-CONTAINED WITH INTERNAL
CHANNEL ADDRESS DECODER
o 28-PIN HERMETIC DUAL-IN-LINE PACKAGE

A DECORER
Ay ] []
H H L
L]t | Vhge
vttt =T
| o [ :
B> ! Lo QUT A
8 |
CODER i
Az' ! HL<Ih 8A
‘m,"L [ -T Ej !
]
| Ay |
P Y ooe : [T P b
| o ‘ : IN 1B
Il h - !
, L] '
i oE. : T ouTs
| CODER | | % I
I | < )
[
| | !
l | !
e — L~
{NPUT BUFFER AND DECODERS  MULTIPLEXER
SWITCHES

DESCRIPTION

The MPCB00 is a high speed multiplexer that is
user-programmable for 16-channel single-ended
operation or 8-channel differential operationand for
TTL or CMOS compatibility.

The MPCB800 features a self-contained binary address
decoder. It also has an enable line which allows the
user to inhibit the entire multiplexer thereby facili-
tating channel expansion by adding additional
multiplexers. )
High quality processing is employed to produce
CMOS FET analog channel switches which have low
leakage current, low ON resistance, high OFF
resistance, low feedthrough capacitance, and fast
settling time.

Two models are available, the MPC800KG for
operation from 0°C to +75°C and the MPC800SG
« for operation from -55°C to +125°C.

International Alrpart Industrial Park - P.0. Box 11400 - Tucsen, Arizona 85734 - Tel. {602) 746-1111 - Twx: 910-852-1111 - Cable: BBRCORP - Telex: 66-8491

PDS-463
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SPECIFICATIONS

Ron DAift () )
8§ 8
\o-——\_—\_—gm

ELECTRICAL .
At Ta = +25°C and +Vcc = 15V, unless otherwise nofed. MECHANICAL
MODEL MPC800KG, MPCBO0SG
o -
PARAMETER min [ Tve [ max | uwiTs B
INPUT
ANALOG INPUT R
Voltage Range -15 +15 v \[
Maximum Overvoltage -Vee -2 +Vce, +2 v
Number of Input Channels
Differential 8 \l
Single-Ended 16 -y
Reference Voltage Rangel1} 6 10 v
ON Characteristicst2) . . Danates Pin 1
ON Resistance (Ron! at +25°C 620 750 n Pin numbers Shown for raferance onty
Over Temperature Range 700 1000 0 Numbers may 10t be marked an pack sge,
Ron Drift vs Temperature See Typical Performance Curves
Ron Mismatch <10 n
ON Channel Leakage 0.04 nA "
Over Temperature Range. .08 100 nA
ON Channel Leakage Drift See Typical Performance Curves
OFF Characteristics
OFF Isolation 90 dB8
OFF Channel Input Leakage 0.01 nA
Over Temperature Range 0.38 50 nA
OFF Channel Input Leakage Drift See Typical Performance Curves
OFF Channel Output Leakage 0.035 nA r— L
Over Temperature Range 0.48 100 nA ‘—I NOTE:
OFF Channe! Output Leakage Dritt See Typical Performance Curves — Leads in true position within .ou.rf!
Output Leakage 'All T ) £:25mm)R ® MMC at seating ptene.s]
channels disabled(3) 0.02 nA : -"’%
Output Leakage with Overvoltage ! M
+16V Input <035 mA ~ \(
-16V Input <065 mA
DIGITAL INPUTS INCHES MILLIMETERS
OIM [ MmN | max MIN | MAX
Over Temperature Range A ] 1360 J1475 3454 |3747
TTL@ 8| 500 | ss0 3270|1397
Logic "0" (VaL) o8 v [ —- 220 - - 5.59
Logic 1" Van: 24 v o] .ovs | 021 0.38 0.53
A 005 1 pA ¢ | .030 [ .070 0.76 1.78
1AL 4 25 uA G 100 BASIC 2.54 BASIC
TTL Input Overvoltage -6 6 v # 1 030 | 095 0.78 2.41
CMQS J 007 013 0.18 0.33
Lagic “0” (VAL} 0.3VReF v Ky 190 | - - 2.54 ; -
LOgIC 1 VA . 0.7 Vaer v L 600 BASIC 15.24 BASI
CMOS Input Overvoltage -2 +Vee 42 v : — ‘[L‘::o = ll ;5:9
Address A3 Overvoltage -Vee -2 +Vee +2 v - -
Digital input Capacitance 5 pF
Channel Select(s)
Single-Ended 4-bit binary code one of 16
Ditterential 3-bit binary code one of 8
Enable Logic “0" m:\yibrts ali channels PIN CONFIGURATION
POWER REQUIREMENTS .
Over Temperature Range
Rated Supply Voltage +15 v
Maximum Voltage Between Supply Pins 33 v
Total Power Dissipation 525 mw TOP_ VIEW
Allowable Total Power Dissipation(é! 1200 mw
Supply Drain (+25°C) P +Vee |1 28| OUTA
At 1MHz Switching Speed +35, -39 mA OUL(B: : g; I-xcac;BA
At 100kHz Switching Speed +25, -29 mA IN16/8B | 2| IN77A
DYNAMIC CHARACTERISTICS IN15/7B | S5 24 | in6/BA
Gain Error [<o00003] % IN14/68 | 6 23| IN5/5A
Cross Talk(?) See Typical Performance Curves IN13/58 | 7 22| IN4/4A
TorEN (Break before make delay! 20 nsec {N12/48 18 211 IN3/3A
Access Time at +25°C 100 150 nsec IN11/38 | 9 20} IN2/2A
Over Temperature Range 120 200 nsec IN10/28 [ 10 191 IN11A
Settling Time(8! IN9/1B | 11 18| ENABLE
100.1% (20mV) 250 nsec GND } 12 71 Ao
10 0.01% (2mV) 800 nsec Veer | 13 161 A
Common-Mode Rejection (Differential) Az [ 14 151 Az
>125 dB
€60Hz >75 dB
Channel Input Capacitance, Cs 1off: 25 pF
Channe! OCutput Capacitance, Co :off) 18 pF
Input to Output Capacitance, Cps roff) 0.02 pF

MPC800K

& 10k 100K
Signal Frequency (Hz)

200

100




m.ﬂ.ﬁ.&.ﬂ.mﬂ.ﬁ_%_. '
’ 8
W l

—————Qanotet Pin }

®in numbers shown for referance only..
Numbers may not be marked on package

i
-

=)

Slniné Piane

NOTE

<
N )

x‘:d ,
R

-y
INCHES MILLIMETERS
MIN T Max | MIN | max
_Jras0 J1475 3454 3747
4__ 5800 550 12.70 13.97
] 220 | - - ]| 559 )
_t‘ [.07 038 | 083 ]
Fo70 0.76 1.78
-r—-i|00 BASIC 2.54 BASIC
.030 .095 0.18 2.41
.007 013 Q.18 0.33
100 - - 2.54 =~
600 BASIC 15.24 BASIC
- - Js° — - ] 1s® :
020 1 050 | 051 [ 220
iURATION
TOR VIEW 4
I B 28| outa \
3 {2 27| ~vee V7
s 13 26| INB/BA
3 ]4 25) IN7MIA
3 )s 24| IN6/BA ™
3 18 231 INS/SA
I 22| IN4/4A
y (8 21 IN3RA
i g 20| IN2/2A
v tio 19 INV/TA g
i 18 ENABLE’
y 112 171 Ao
13 16| A1
14 15| A2

|

V4

' 0.0001 A
0.00001
100 1k

10k

100k

™

Signal Frequency (Hz!

Ron Drift (0}

oM

Ron DRIFT VS TEMPERATURE

Curves.

1. Reference voltage controls noise immunity, normally left open for
and connected to Vpo for CMOS compatibility.

v

4. Logic levels specitied for VRer (pin 13} open.
5. For singie-ended operation, connect output A {pin 28) to output B
(pin 2) and use A (pin 14) as an address line. For differentialoperation

e
MODEL MPCB00KG, MPCBOOSG NOTES:
PARAMETER min | Tve | max unrs | 1. Rt
comp
TEMPERATURE 2. Vin = 210V, lout = 100gA.
.| MPC800KG 3. Single~ended mode.
Specification o +75 °C
Storage -65 +150 °C
MPCB00SG
- Specification -55 +125 °C connect A to -Vcc
Storage -65 +150 °C
L

6. Derate BmW/°C above Ta = +75°C. '
7. 10V, p-p, sine wave on all unused channeis. See Typicai Pe

8. For 20V step input to ON channel, into k(1 load.

TYPICAL PERFORMANCE CURVES

LEAKAGE CURRENTS

1000 VS TEMPERATURE

100
g “ON" CHANNEL IS o
& O orFouTPUT g
S g
% 1 y o

AN

:é ~OFF \/\

0.1

0.01

25 35 45 - 55 65 75

Temperature {°C}

rformance

COMBINED CMR VS FREQUENCY

FOR MODEL 3630 AND MPC800
140

(G = 1000

120

8

3

60

40

10 100 1k 10k

Frequency (Hz)

100k

SETTLING TIME VS SOURCE RESIS-
TANCE 110V STEP CHANGE: RL = 1k}
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— °
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®
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DISCUSSION OF
PERFORMANCE

STATIC TRANSFER ACCURACY

The static or DC transfer accuracy of transmitting the
muitiplexer input voltage to the output depends on the
channel ON resistance (Ron), the load impedance, the
source impedance, -the load bias current, and the
multiplexer leakage current.

Single-Ended Multiplexer Static Accuracy

The major contributors to static transfer accuracy for
single-ended multiplexers are:
Source resistance loading error
Multiplexer ON resistance error
DC offset error caused by both load bias current and
multiplexer leakage current.
RESISTIVE LOADING ERRORS

The source and load impedances will determine the ON
resistance loading errors. To minimize these errors:

s Keep loading_impedance as high as possible. This
minimizes the resistive loading effects of the source
resistance and multiplexer ON resistance. As a guide-
line, load impedances of 10°Q) or greater will keep
resistive loading errors to 0.002% or less for 10000
source impedances. A 10°() load impedance will
increase source loading error to 0.2% or more.

® Use sources with impedances as low as possible. A
10001 source resistance will present less than 0.002%;
loading error and 10k source resistance will increase

source loading error 0.02% with a 10°Q) load
impedance.

Input resistive loading errors are determined by the
following relationship (see Figure 1):

Source and Multiplexer Resistive Loading Error
Rs + Rox

€ = x 100%

(Rs + Roxn) Rs + Ros + Ry °
where Rs = Rioune

R;. = Load Resistance

Rox = Multiplexer ON resistance

Bgy Rgn o lBis

1
| MEASURED
I VOLTAGE

FIGURE |. MPC800 Static Accuracy Equivalent Circuit
(Single-ended Operation).

Input Offset Voltage

Bias and leakage currents generate an input Offset .

voltage as a result of the Iy drop across the multiplexer

9-20

ON resistance and source resistance. A load bias currem
of 10nA, a leakage current of 1nA, and an ON resxstance
of 7000} will generate an offset voltage of 19V ifa IOOOQ
source is used, and 118uV if a 10k} source is used, ln,
general, for the MPC800 the Offset voltage at the outpu
is determined by:

Vorrser = (la + IL)(Rov + Rioure) Where

I = Bias current of device multiplexer is drlvmg
I = Multiplexer leakage current

Rox = Multiplexer ON resistance

Riuure = Source resistance

Differential Multlplexer Static Accuracy

Static accuracy errors in a differential multiplexer are =~
difficult to control. especially when it is used for multi-
plexing fow levelsignals with full scale ranges of 10mVto
100mV.

The matching properties of the multiplexer. source and ; &
output load play a very important partin determining the %
transfer accuracy of the multiplexer. The source imped-
ance unbalance. common-mode impedance. load bias 5%
current mismatch, load differential impedance mismatch, =

and common-mode impedance of the load all contribute
errors to the multiplexer. The multiplexer ON resistance
mismatch. leakage current mismatch and ON resistance
also contribute to differential errors. ;

Referring to Figure 2. the effects of these errors can be

minimized by follm\mL_ the general guidelines described

in this section. especially for low level multiplexing 4
applications. %
5

:

Rgia  Rona  1BUSA g

0 ™

i

= Rsgg Rorrse

FIGURE 2. MPCB00 Static Accuracy Equivalent Clrcult
(Differential Operation).

B T

Load (Output Device) Characteristics

® Usedevices with very low bias current. Generally, FET =~ ™~
input amplifiers should be used for low level signals
less than 50mV FSR. Low bias current bipolar input
amplifiers are acceptable for signal ranges higher than’
50mV FSR. Bias current matching will determine the
input offset.

* The system DC common-mode rejection (CMR) can

never be better than the combined CMR of the
multiplexer and driven load. System CMR will be less
than the device which has the lower CMR figure.

Load impedances, differential and common-mode,
should be 10'°0) or higher.
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_Source Characteristics ‘

o - The source impedance unbalance will producc offset
common-mode and channel-tochannel gain scatter
errors. Use sources which do not have large impedance

" ‘unbalances if at all possible.

e Keepsource lmpedanccs as lowas possnble to minimize
resistive loading errors. o

.® Minimize ground loops. If signal lines are shlclded
;- ground ail shields to a common pomt at the system

] analog common.

lfthe MPCB800 is used for mulnplexmg high level sxgnals

" Lof 1V to 10V full scale ranges, the foregoing precautions

- should still be taken, but the parameters are not as critical’

i ;s for low level signal apphcatxons

SETTLING TIME

Settlmg time is the time required for the multiplexer to
wreach and maintain an output within a specified error
band of its final value in response to a step input. The
! seftling time of the MPCB800 is primarily due to the
?channel capacntance and a combination of resistances

< which include the source and load resistances.

xlf the parallel combination of the source and load

_resistance times the total channel capacitance is kept
> " {'small, then the settling time is primarily affected by
‘internal RCs. For the MPC800 the internal capacitance

——= LOAR
NODEA

e~ b et ok

Cioan RLoag

i
I

‘L—{Wunc{q)\ LOAD
N cs'% nooea A0

c\ e <
= TMS
1{7‘“ ‘(17’ |
DK
g

;\\ AN

1 -

QURE 4. Settling and Common-Mode Effects
(Differential),
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is approximately 20pF differential or 40pF single-ended.
With external capacitance neglected, the time constant of
source resistance in parallel with load resistance and the
internal capacitance should be kept less than 40nsec. This
means the source resistance should be kept to less than
2k (assume high load resnstance) to maintain fast
settling times.’

ACCESS TIME

This is the time required for the CMOS FET to turn ON
after a new digital code has been applied to the Channel
Addressinputs. It is measured from the 50 percent point
of the address input signal to the 90 percent point of the
analog signal seen at the output for a 10V signal change
between channels.

CROSSTALK

Crosstalk is the amount of signal feedthrough from the 7
differential or 15 single-ended OFF channels appearing
at the multiplexer output. Crosstalk is caused by the
voltage divider effect of the OF F channel, OF F resistance,
and junction capacitances in series with the Rox and
R.uoue impedances of the ON channel. Crosstalk is
measured with a 20V, pk-pk. 1000Hz sine wave applied to
all OFF channels. The crosstalk for these multiplexers is
shown in the Typical Performance Curves.

COMMON-MODE REJECTION (DIFFERENTIAL
MODE ONLY)

The matching properties of the load, multiplexer and
source affect the common-mode rejection (CMR)
capability of a differentially multiplexed system. CMR is
the ability of the multiplexer and input amplifier to reject
signals that are common to both inputs, and to pass on
only the signal difference to the output. Protection is
provided for common-mode signals of +2V above the
power supply voltages with no damage to the analog
switches.

The CMR of the MPC800 and Burr-Brown’s model 3630
Instrumentation Amplifier is 120dB at DCto 10Hz with a
6dB/ octave rolloff to 80dB at 1000 Hz. This measurement
of CMR is shown in the Typical Performance Curves and
is made with a Burr-Brown model 3630 instrumentation
amplifier connected for a gain of 1000 and with source
unbalance of 10k{}, 1k} and no unbalance.

Factors which will degrade multiplexer and system DC
CMR are:

e Amplifier bias current and differential impedance
mismatch.




® | oad impedance mismatch.
® Multiplexerimpedance and leakage current mismatch.
® Load and source common-mode impedance.

AC CMR rolloff is determined by the amount of
common-mode capacitances (absolute and mismatch)
from each signal line to ground. Larger capacitances will
limit CMR at higher frequencies; thus, if good CMR is
desired at higher frequencies, the common-mode capac-
itances and unbalance of signal lines and multiplexer to
amplifier wiring must be minimized. Use twisted-shielded
pair signal lines wherever possible.

INSTALLATION & OPERATING
INSTRUCTIONS

The ENABLE input, pin 18, is included for expansion of
the number of channels on a single-node as illustrated in
Figure 5. Withthe ENABLE line ata logic I, the channel
is selected by the Channel Select Address (shown in the
Truth Tables). If ENABLE is at logic 0, all channels are
turned OFF, even if the Channel Address Lines are
active. If the ENABLE line is not to be used, simply tie it
to logic |.

For the best settling time, the input wiring and inter-
connections between multiplexer output and driven
devices should be kept as short as possible. When driving
the digital inputs from TTL, open collector output with
pullup resistors are recommended.

To preserve common-mode rejection of the MPC800 use
twisted-shielded pair wire for signal lines and inter-tier
connections and/or mulitiplexer output lines. This will
help common-mode capacitance balance and reduce
stray signal pickup. If shields are used, all shields should
be connected as close as possible to system analog
common or to the common-mode guard driver.

LOGIC LEVELS

The togic level is user-programmable as either TTL-
compatible by leaving the Vrer (pin 13) open or CMOS-
compatible by connecting the Vgir to Vo, (CMOS
supply voltage).

16-CHANNEL SINGLE-ENDED OPERATION

To use the MPC800 as a l6-channel single-ended
multiplexer, output A (pin 28) is connected to output B
{pin 2) toform asingle output, then all four address lines
(Ao, Ai. A; and A;) are used to address the correct
channel.

The MPC800 can also be used as a dual 8-channel single-
ended multiplexer by not connecting output A and B, but
then only one channel in one of the multiplexers can be
addressed at a time.

8-CHANNEL DIFFERENTIAL OPERATION

To use the MPC800 as an 8-channel differential multi-
plexer, connect address line Ay to -Vece then use the

remaining three address lines (Ao, A; and A») to addreg;
the correct channel. The differential inputs are the pajy;
of A and By, A: and B;, etc.

TRUTH TABLES
MPCB800 used as 16-channel single-ended multiplexer of
8-channel dual multiplexer.

—
“ON" CHANNEL TO
ouTa ouTs .
NONE NO?
1A NONE _ |
2A NONE |
3A NONE
A NONE -
5A NONE |
6A NONE _
7A NONE !
8A NONE .
NONE 18
NONE 8 -
NONE 3B
NONE B
NONE 58 .
NONE 68
NONE 78
NONE )

USE A4 AS DIGITAL
ADDRESS INPUT

ENABLE
L

&

b d
-y

I|T[(T{x|XT|TIjxX|T|X|T|T|(T{T|T
il |xf{r|r{T|x) |||~ ||x

alx|xz{z|r|r|r|lxlz|{z{x|[{r|{r x|
r(r|lx|r|zi{r|x|r|x|r|x]|r]x|r]x]- x|

I|lx|x|x|xixT|T|X|r|r ||| |x

H H

For 16-charnne! single-ended function, tie “out A to “out 8, for ; .
dual 8-channel function use the A3 address pin to select between H
MUX A and MUX B, where MUX A is selected with Ag low.

MPC800 used as 8-channel differential multiplexer. -

“ON" CHANNEL TO
OUT A ouTs
NONE NONE

1A 18

2A 28

3A 38

4A - 4B

5A 58

6A

7A
- BA

A3 CONNECT TO Vo
ENABLE| A,
L

»
-y

T|lrixf{r(x|r{xir]x|Z

Ijrjxjxjxlx{r|x
TIT|I|T|rjrlejr]x
T)|I|rjr|{I|X|r|r|x

CHANNEL EXPANSION

Single-tier Expansion

Up to four MPC800's can be connected t *
to form a 64-channel single-ended multiplexer orr:‘:a, ’
eight MPC800' can be connected to two nodes to ¢
64-channel differential multiplexer. programg"“ &
accomplished with a six-bit address andal °f4,,r:"‘s,«“-~
for 64-channel single-ended expansion (see F(ljl-lchl

an eight-bit address and a | of 8 decoder for
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es (Ao, Arand A;) to addréss”
fferential inputs are the pairs -
c R

: ‘di‘fférentialAexpansion. The decoder drives the enable
* ‘inputs of the MPC800, turning on only one multiplexer
" atatime. ‘

Two-tier Expansion -

:Up to seventeen MPC800's can be connected ina two-tier
-structure to form a 256-channel single-ended multiplexer
" \(see Figure 6) or up to nine MPC800’s can be connected
‘in a two-tier structure to form a 64-channel differential

"Single vs Multitiered Channel Expansion

In addition to reducing programming complexity, two-
tier configuration offers the added advantages over
single-node expansion of reduced OFF channel current
leakage (reduced Offset). better CMR, and a more
reliable configuration if a channel should fail in the ON
condition (short). Should a channel! fail ON in the single-
node configuration, data cannot be taken from any

L !multiplexer. Programming is accomplished with a 8-bit channel, whereas only one-channel group is failed (8 or
“ON" CHANNEL TO ‘address. 16) in the multitiered configuration.
Ay OuUT A ours | :
X NONE NONE
L 1A NONE |
6-BIT CHANNEL 8-BIT CHANNEL
H 2A NONE ¢ ADGRESS GENERATOR ADDRESS GENERATOR
L 3A NONE
H 4A - NONE -2,
L 5A NONE ., | ;
H 8A NONE :» ~ ﬁ - : IT
E Ay Ay A
L 7A NONE < e MR LELL loid @ i "o ArAz Ay
g |owe DECODER E (o
& = o = i MPCE00 = " MPC800
L NONE K- P 8 S
- 1% = MULTIPLEXER = ENABLE
R | NONE 2 7} H E"o':jBT"E oUTPUT = ouTA [© 1 PR Az Ay
L | NONE x = awrsS = ouTBf- ik
H NONE : MPCE0O
L NONE | ENABLE
R | NONE [ s fyp  OUTA
I
] “NONE - 1 oA A o ol oM Ak N oUTB
f NONE : 2 IN2 ‘ z { o-{m
= IN3 Z)oqms
unction, tie "out A" to “"out B, for 1 e | MPC800 g : MPCB00
» A3 address pin to select between ¥ g ; ENABLE = | eNasLe O
X A is selected with A low. l = ) OUT A - | 0UTA
; = \o4dme outed = \oYmis  our BI—]
| multiplexer, |
i ial multiplexer.
differentia plex
) TO MULTIPLEXERS 3 AND 4 TO MULTIPLEXERS 3 THROUGH 16
“ON" CHANNEL TO BA-CHANNEL SINGLE-TIER 256-CHANNEL TWO-TIER
ouT A outs : EXPANSION (Single-Ended) EXPANSION (Single-Ended}
NONE NONE ) -
Py ry iflGURE 5. 32- to 64-Channel. Single-tier Expansion. FIGURE 6. Channel Expansion up to 256 Channels
— . : using 16 x 16 Two-ticred Expansion.
2A 28 "
3A R -
T .. 4B e
SA 58
6A €8
A |- 7B - *°
: BA

e connected to a single 19
-ended multiplexer of ¥
ected to two nodes to {0l
iltiplexer. Programmiilg

addressand a | ol: 4}1::V
expansion (see Figure,
of 8 decnder for 64+
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