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8-/16-Channel Analog Multiplexers

ADG306A/ADGa07A

FEATURES
44 V Supply Maximum Rating
Vgs to Vpp Analog Signal Range
Single/Dual Supply Specifications
Wide Supply Ranges (10.8 V to 16.5 V)
Extended Plastic Temperature Range
(-40°C to +85°C)
Low Power Dissipation (28 mW max)
Low Leakage (20 pA typ)
Available in 28-Lead DIP, SOIC, PLCC, TSSOP and LCCC
Packages
Superior Alternative to:
DG506A, HI-506
DG507A, HI-507

GENERAL DESCRIPTION

The ADG506A and ADG507A are CMOS monolithic analog
multiplexers with 16 channels and dual 8 channels, respectively.
The ADG506A switches one of 16 inputs to a common output,
depending on the state of four binary addresses and an enable
input. The ADG507A switches one of eight differential inputs to
a common differential output, depending on the state of three
binary addresses and an enable input. Both devices have TTL
and 5 V CMOS logic compatible digital inputs.

The ADG506A and ADG507A are designed on an enhanced
LC2MOS process, which gives an increased signal capability of
Vgs to Vpp and enables operation over a wide range of supply
voltages. The devices can operate comfortably anywhere in the
10.8 V to 16.5 V single or dual supply range. These multiplexers
also feature high switching speeds and low Roy.

PRODUCT HIGHLIGHTS

1. Single/Dual Supply Specifications with a Wide Tolerance
The devices are specified in the 10.8 V to 16.5 V range for
both single and dual supplies.

2. Extended Signal Range
The enhanced LC2MOS processing results in a high break-
down and an increased analog signal range of Vg to Vpp.

3. Break-Before-Make Switching
Switches are guaranteed break-before-make so input signals
are protected against momentary shorting.

4. Low Leakage
Leakage currents in the range of 20 pA make these multiplexers
suitable for high precision circuits.
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Temperature Package
Model! Range Option®
ADG506AKN -40°C to +85°C N-28
ADG506AKR —40°C to +85°C R-28
ADG506AKP —40°C to +85°C P-28A
ADG506ABQ —40°C to +85°C Q-28
ADG506ATQ -55°C to +125°C Q-28
ADG506ATE -55°C to +125°C E-28A
ADG507AKN -40°C to +85°C N-28
ADG507AKR -40°C to +85°C R-28
ADG507AKP -40°C to +85°C P-28A
ADG507AKRU —40°C to +85°C RU-28
ADG507ABQ —40°C to +85°C Q-28
ADG507ATQ -55°C to +125°C Q-28
ADG507ATE -55°C to +125°C E-28A
NOTES

'To order MIL-STD-883, Class B processed parts, add /883B to part number.
See Analog Devices’ Milirary/Aerospace Reference Manual (1994) for military
data sheet.

2E = Leadless Ceramic Chip Carrier (LCCC); N = Plastic DIP; P = Plastic
Leaded Chip Carrier (PLCC); Q = Cerdip; R = 0.3" Small Outline IC (SOIC);
RU = Thin Shrink Small Outline Package (TSSOP).
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ADG306A/ADG07A-SPECIFICATIONS

Dual Supply (Vpp = +10.8 Vto +16.5 V, Vs = —10.8 V to —16.5 V unless otherwise noted)

ADGS506A ADGS506A ADGS506A
ADGS507A ADGS507A ADGS507A
K Version B Version T Version
-40°C to -40°C to -55°C to
Parameter +25°C  +85°C +25°C  +85°C +25°C +125°C | Units Comments
ANALOG SWITCH
Analog Signal Range Vss Vss Vss Vss Vss Vss V min
Vob Vob Vob Vb Vb Vob V max
Rox 280 280 280 Q typ -10 V< Vg<+10V, Ipg = 1 mA; Test Circuit 1
450 600 450 600 450 600 Q max
300 400 300 400 Qmax |[Vpp =15V (£10%), Vss =-15V (£10%)
300 400 Qmax |Vpp=15V (£5%), Vss =-15V (x5%)
Roy Drift 0.6 0.6 0.6 %/°C typ |-10 V< Vg < +10 V, Ips = 1 mA
Ron Match 5 5 5 % typ -10V<Vg<+10V, Ips =1 mA
Is (OFF), Off Input Leakage 0.02 0.02 0.02 nAtyp |V1=%10V,V2=7510V; Test Circuit 2
1 50 1 50 1 50 nA max
Ip (OFF), Off Output Leakage 0.04 0.04 0.04 nAtyp |V1I=%10V,V2=7510V; Test Circuit 3
ADG506A 1 200 1 200 1 200 nA max
ADG507A 1 100 1 100 1 100 nA max
Ip (ON), On Channel Leakage 0.04 0.04 0.04 nAtyp |V1=2x10V,V2=7510V; Test Circuit 4
ADG506A 1 200 1 200 1 200 nA max
ADG507A 1 100 1 100 1 100 nA max
Ipirr, Differential Off Output
Leakage (ADG507A Only) 25 25 25 nAmax |V1=2x10V,V2=7%10V; Test Circuit 5
DIGITAL CONTROL
Vinm, Input High Voltage 2.4 2.4 2.4 V min
VL, Input Low Voltage 0.8 0.8 0.8 V max
TNt or Iy 1 1 1 HA max |V =0 to Vpp
Ciy Digital Input Capacitance 8 8 8 pF max
DYNAMIC CHARACTERISTICS
ETRANSITION . 200 200 200 ns typ V1 =210V, V2 =+10V; Test Circuit 6
300 400 300 400 300 400 ns max
topen' 50 50 50 ns typ Test Circuit 7
25 10 25 10 25 10 ns min
ton (EN)! 200 200 200 ns typ Test Circuit 8
300 400 300 400 300 400 ns max
torr (EN)! 200 200 200 ns typ Test Circuit 8
300 400 300 400 300 400 ns max
OFF Isolation 68 68 68 dB typ Ven = 0.8V, Ry = 1kQ, Cp, =15 pF,
50 50 50 dBmin |Vg=7Vrms, f=100kHz
Cs (OFF) 5 5 5 pFtyp |Ven=0.8V
Cp (OFF)
ADG506A 44 44 44 pFtyp |Vexn=0.8V
ADG507A 22 22 22 pF typ
Qus Charge Injection 4 4 4 pCtyp |Rs=0Q, Vs=0YV; Test Circuit 9
POWER SUPPLY
Ipp 0.6 0.6 0.6 mA typ Vin = Vi or Vina
1.5 1.5 1.5 mA max
Iss 20 20 20 HA typ Vin = Vv or Ving
0.2 0.2 0.2 mA max
Power Dissipation 10 10 10 mW typ
28 28 28 mW max
NOTES

!Sample tested at +25°C to ensure compliance.

Specifications subject to change without notice.



Single Supply (Vop = +10.8 V to +16.5V, Vg5 = GND = 0 V unless otherwise noted)

ADG506A/ADG30TA

ADGS506A ADGS506A ADGS506A
ADGS507A ADGS507A ADGS507A
K Version B Version T Version
-40°C to -40°C to -55°C to
Parameter +25°C  +85°C +25°C  +85°C +25°C +125°C | Units Comments
ANALOG SWITCH
Analog Signal Range Vss Vss Vss Vss Vss Vss V min
Vob Vob Vob Vb Vb Vob V max
Rox 500 500 500 Q typ 0V<Vs<+10V, Ips = 0.5 mA; Test Circuit 1
700 1000 700 1000 700 1000 Q max
Roy Drift 0.6 0.6 0.6 %/°Ctyp| 0 V< Vg <+10V, Ipg = 0.5 mA
Ron Match 5 5 5 % typ 0V<Vg<+10V, Ipg=0.5 mA
Is (OFF), Off Input Leakage 0.02 0.02 0.02 nAtyp |[V1I=+10V/0V,V2=0V/+10V;
1 50 1 50 1 50 nA max | Test Circuit 2
Ip (OFF), Off Output Leakage 0.04 0.04 0.04 nAtyp |[V1I=+10V/0V,V2=0V/+10V;
ADG506A 1 200 1 200 1 200 nA max | Test Circuit 3
ADG507A 1 100 1 100 1 100 nA max
Ip (ON), On Channel Leakage 0.04 0.04 0.04 nAtyp |V1I=+10V/0V,V2=0V/+10V;
ADG506A 1 200 1 200 1 200 nA max | Test Circuit 4
ADG507A 1 100 1 100 1 100 nA max
Ipier, Differential Off Output V1=+10V/0V,V2=0V/+10V;
Leakage (ADG507A Only) 25 25 25 nA max | Test Circuit 5
DIGITAL CONTROL
Vg, Input High Voltage 2.4 2.4 2.4 V min
Vi, Input Low Voltage 0.8 0.8 0.8 V max
I or Ivg 1 1 1 MA max |V =0to Vpp
Cyy Digital Input Capacitance 8 8 8 pF max
DYNAMIC CHARACTERISTICS
tTRANSITIONl 300 300 300 ns typ V1 =+10V/0V, V2 =+10 V; Test Circuit 6
450 600 450 600 450 600 ns max
topen' 50 50 50 ns typ Test Circuit 7
25 10 25 10 25 10 ns min
ton (EN)! 250 250 250 ns typ Test Circuit 8
450 600 450 600 450 600 ns max
torr (EN)! 250 250 250 ns typ Test Circuit 8
450 600 450 600 450 600 ns max
OFF Isolation 68 68 68 dBtyp |[Ven=0.8V,Ry =1KkQ, C =15PpF,
50 50 50 dB min |[Vg=3.5Vrms, f= 100 kHz
Cs (OFF) 5 5 5 pFtyp |Ven=0.8V
Cp (OFF)
ADG506A 44 44 44 pFtyp |Ven=0.8V
ADG507A 22 22 22 pF typ
Quy> Charge Injection 4 4 4 pCtyp |Rg=0Q, Vs=0V; Test Circuit 9
POWER SUPPLY
Ipp 0.6 0.6 0.6 mA typ Vin = Vint, or Ving
1.5 1.5 1.5 mA max
Power Dissipation 10 10 10 mW typ
25 25 25 mW max
NOTES
'Sample tested at +25°C to ensure compliance.
Specifications subject to change without notice. Truth Table (ADG506A) Truth Table (ADG507A)
A3 | A2 | A1 | A0 | EN| On Switch A2 | Al | A0 | EN| On Switch Pair
X |X |X |X |0 |NONE X | X | X |0 |NONE
0 [0 [0 |0 |1 |1 0 10 J0 |1 |1
0o |o |1 |1 |2 0 0 1 )1 j2
oo |1 |o |1 |3 0 (1 10 |1 |3
0o lo |1 |1 |1 |4 0 |1 11 11 14
0|1 |o |o |1 |5 Lo po (145
o |1 o |1 |1 |6 Ljo |11 16
0|1 |1 |o |1 |7 Lo (147
o |1 |1 |1 |1 |8 L v jrgrigs
1 0 |0 |0 1 9
1 0 0 1 1 10
1 0 1 0 1 11
1 0 1 1 1 12
1 1 0 0 1 13
1 1 0 1 1 14
1 1 1 0 1 15
1 1 1 1 1 16 X = Don’t Care




ADG506A/ADG30TA

ABSOLUTE MAXIMUM RATINGS! Power Dissipation (Any Package)
(T4 = 25°C unless otherwise noted) Upto+75°C .. i e e 470 mW
VDD 0 VS5 v v e e e e et 44V Derates above +75°Cby ... 6 mW/°C
Vo t0 GND ..ot o5y Operating Temperature . ,
Vee to GND o5V Commercial (K Version) .............. -40°C to +85°C
Affalog mput? Ty Industrial (B Version) ................ ~40°C to +85°C
Voltage at S, D Ves— 2V to Vpp, Extended (T Version) ............... -55°C to +125°C
oy Storage Temperature Range ............ -65°C to +150°C
........................................ +2Vor Lead Temperature (Soldering, 10 secs) +300°C
...................... 20 mA, Whichever Occurs First g oy
Continuous Current, SorD .........coveunni.... 20mA  NOTES

IStresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the

Pulsed Current S or D

.1 .ms Duration, 10% Duty Cycle ................ 40 mA device at these or any other conditions above those indicated in the operational
Digital Input32 sections of this specification is not implied. Exposure to absolute maximum rating
Voltage at A,EN ........... .. ..., Vgs—4V conditions for extended periods may affect device reliability.

.............................. to Vpp + 4 V or 2Overvoltage at A, EN, S or D will be clamped by diodes. Current should be limited

. . to the Maximum Rating above.
...................... 20 mA, Whichever Occurs First &

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARNING' ]

accumulate on the human body and test equipment and can discharge without detection.
Although the ADG506A/ADG507A feature proprietary ESD protection circuitry, permanent

damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper ; | | | i i .
ESD precautions are recommended to avoid performance degradation or loss of functionality.

SENSITIVE DEVICE

PIN CONFIGURATIONS
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Typical Performance Characteristics—ADG506A/ADGS07A

The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.5 V.
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Figure 2. Leakage Current as a Function of Temperature
(Note: Leakage Currents Reduce as the Supply Voltages
Reduce)

800

H
]

500
§ N SINGLE
MRS
H 40p
& puaL T

SUPPI.I
300 ;
"“‘-—-__
.~__——

\1--._____

100 1 1 ) L |
5 B ? B 9 10 1 12 13 14 15
SUPPLY VOLTAGE - Volts
Figure 3. trpansimion VS- Supply Voltage: Dual and Single
Supplies, Ty = + 25°C (Note: For Vpp and /Vss/ < 10 V; V1 =
Vr)n/Vg_q, V2 = V_q_c;/Vr)n. See Test Circuit 6)

700

600

Vpp = +10.8V
Vs = OV

JASAY
A

q 40 Voo = +15V
IS X Vgg = OV
T 300 \‘/\

100

0
~20 -¥% -1 -5 0 5 10 15 20
VpiVsl — Volts
Figure 4. Ron as a Function of Vp (Vs) Single Supply
Voltage, T, = +25°C

1.9

-
=

N

TRIGGER LEVEL - Valts
- 2
—

|

] 1 1 1 ]

5 6 ¥ 8 9 10 1 12 3 “ 15
SUPPLY VOLTAGE- Volis

15

Figure 5. Trigger Levels vs. Power Supply Voltage, Dual
or Single Supply, T, = +25°C

0.8

0.6 .- e

1pp—mA

0.4 ]

]

0.2

L 1 L 1 1 1

5 L} 7 g8 a 19 1" 12 13 14 15 16 17
SUPPLY VOLTAGE - Volts

Figure 6. Ipp vs. Supply Voltage: Dual or Single Supply,
TA =+25°C




ADGS506A/ADG307A-Test Circuits

Note: All Digital Input Signal Rise and Fall Times Measured from 10% to 90% of 3 V. tg = tg = 20 ns.

Ios Voo Vss

g
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T T Voo Ves
Voo Vss

O D
—Cy L=
D
b0 o O +0.8V
$ o Is (OFF} EN }— Iy (OFF)
Cratifree

o EN +0.8V v = GND
Ve ;/ — M= v GND % ¢ =w
) Ren = E ; ; ; ; ;l; ; ;

Test Circuit 1. Ron Test Circuit 2. Is (OFF) Test Circuit 3. Ip (OFF)
VDD VSS

T T

VDD ng VDD Vss
_T- -T- EN — 0.8V
Voo Vsg < DA
N S
O D Y
| ADG507A
& Q
2.4¥
1 EN |— o | DB ()
Vi = GND
V2 — 15 {ON) =9 eND V2
v v I" g v
Ipirr

= fpa (OFF) - lpg ({OFF)

Test Circuit 4. Ip (ON) Test Circuit 5. Ipr
Voo Vss
v —1|, | ADDRESS T 'T'
SO% DRIVE (Vi)
oy | | Voo Vzs
" j A3 81 — w1
|
| | oo A2  S2 THRU $15 ﬁ?
| | Al 516 [—v2
l'outpuT
' If | A0 ADG506A* _ |outeuT
| | EN D
"I b pr GND MO 35pF
tTﬁ-ﬂNEi!'I'IIZ)N t‘I'Ii.ll\lSl'!'ION
*SIMILAR CONNECTION FOR AD507A {7

Test Circuit 6. Switching Time of Multiplexer, trransimion

VDD VSS
Voo Vg

v — ADDRESS 51 +5V
, l DRIVE (V) A3
o Vi @n az 52 THRU §15 ?7

At
$16
\/ At ADGSOGA*
% pl“% OUTPUT
| OUTPUT 2av —| gy o
I
—— | GND 1ke2 35pF

toren 6

*SIMILAR CONNECTION FOR AD5S07A

Test Circuit 7. Break-Before-Make Delav. t~pen



ADG506A/ADG3I07A

_____ DRIVE (V|
ov 50% (Vint

Voo Vss

1

A3 81 [—— +5V

I
|
' | A2 52 THRU S16
| 90% I QUTPUT _‘%
I I W A ADGEoBA*
L a0 OUTPUT
— ton f— EN D
EN)  —Tore
|(EN) — GND
Vin 500 ke 35pF
*SIMILAR CONNECTION FOR AD507A
Test Circuit 8. Enable Delay, ton (EN), torr (EN)
Vm Vss
3v
AD Vnu Vss
Vin
ov A1
_l_ A2
Vo AV = ——— A3 ADGS50BA*
Re b
| 51 N A Vo
V b
: S } EN Lo p—
g nF -
Q|N_| =CL x AVO Gén

L ___J
= 2 504}
*SIMILAR CONNECTION FOR AD507A

Test Circuit 9. Charge Injection

SINGLE SUPPLY AUTOMOTIVE APPLICATION

The excellent performance of the multiplexers under single
supply conditions makes the ADG506A/ADG507A suitable in
applications such as automotive and disc drives where only
positive power supply voltages are normally available. The fol-
lowing application circuit shows the ADG507A connected as an
8-channel differential multiplexer in an automotive, data acqui-
sition application circuit.

The AD7580 is a 10-bit successive approximation ADC, which
has an on-chip sample-hold amplifier and provides a conversion
result in 20 ps. The ADC has differential analog inputs and is
configured in the application circuit for a span of 2.5 V over a
common-mode range 0 V to + 5 V. Wider common-mode ranges
can be accommodated. See the AD7579/AD7580 data sheet for
more details. The complete system operates from +12 V (+10%)
and +5 V supplies. The analog input signals to the ADG507A
contain information such as temperature, pressure, speed etc.

T 12V { = 10%) T +5V
TRANSDUCERS v v
{5V MAX} oo oo
S1A DA Vinl+]A DBO
: L— Vil + 18
|
DB 4 Vm':_:‘A nBes
S8A
L Vil — 1B
CLK j»—
S1B E +5V =5 e
>
I ADG507A AD7580 W le—
: + 2.6V foM—
I GND ADBS0 Veee NT —*
588 Ves 1 1+ ROY [—™
AD A1 A2 EN —E| o4 F-—w,u:- AGND DGND

v

Eiraiire 7 ADMRENTZA in a SRinale [iinpnlhvy Air1farmontivve Data Acrnriicitinn Annlicatinn



ADG506A/ADGS07A

TERMINOLOGY

Ron Ohmic resistance between terminals D and S

Ron Match  Difference between the Roy of any two channels

Roy Drift Change in Roy versus temperature

Is (OFF) Source terminal leakage current when the switch
is off

Ip (OFF) Drain terminal leakage current when the switch
is off

Ip (ON) Leakage current that flows from the closed switch
into the body

Vs (Vp) Analog voltage on terminal S or D

Cs (OFF) Channel input capacitance for “OFF” condition

Cp (OFF) Channel output capacitance for “OFF” condition

C Digital input capacitance

ton (EN) Delay time between the 50% and 90% points of
the digital input and switch “ON” condition

torr (EN) Delay time between the 50% and 10% points of
the digital input and switch “OFF” condition

trransiTion  Delay time between the 50% and 90% points of
the digital inputs and switch “ON” condition
when switching from one address state to
another

toPEN “OFF” time measured between 50% points of
both switches when switching from one address
state to another

Vo Maximum input voltage for Logic “0”
Vina Minimum input voltage for Logic “1”
Ine ovg) Input current of the digital input

Vpp Most positive voltage supply

Vss Most negative voltage supply

Ipp Positive supply current

Iss Negative supply current

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

28-Lead Plastic DIP (Suffix N)

A A A AAAAAAAAMA A A

0.550 (13.97)
0.53 (13.47)
o
VVYvVvVvVvYVYVVVYVYVYVYVY VY VY
1.45(36.83) 0.16 (4.07)
1.44 (36.58) 0606(154) . 0.14 (3.56)
|‘0.594(15.09)

59 ﬁﬁ ------------ - lLE I

L S
il > e 0.012 (0.305 0
0.065 (1.66)  0.020 (0.508) 0.105(2.67) 0.175 (4.45) 0.008 (0.203)

0.045(1.15)  0.015(0.381) 0.095(2.42)  0.12 (3.05)

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42

28-Lead SOIC (Suffix R)

0.7125 (18.10)
0.6969 (17.70)

AAAAAARAARAAAAR

|

0.2992 (7.60)
0.2914 (7.40)
0.4193 (10.65)
0.3937 (10.00)

1 14

ﬂ\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ—l
PIN 1 0.1043 (2.65) 0.0291 (0.74)
0.09%3(2.35) ‘I l"o_oogs (0.25)

(o

X 45°

b g 00500(127) qi
SEATING 0.0125 (0.32) ° 0° 0.0157 (0.40)
PLANE 50091 (0.23)

T > >l
00118 (0.30) 0.0500  0.0192 (0.49)
0.0040 (0.10) (égé) 0.0138 (0.35)

28-Terminal Plastic Leaded Chip Carrier (Suffix P)

onnonon
/i 0 26 ]
s e 3p 0.050 +0.005
E IDENTIFIER g 01.27 £0.13
¥ 0.021 (0.533) 0,430 (10.5)
g Jlopview o 40.013(0.331) 70,390 (9.9)
0 (inspown)y [
d u] ¥ 0.032 (0.812)
o n, op 0.026 (0.661)
Ll oo Ll Ll
LO (11582 0120 (3.04)
0450 (IL. 430) 0.090 (2.29)
0498 (1257)
0485(1232) °Q D80 (4.51)

0.165 (4.20)

28-Lead Cerdip (Suffix Q)
1 490 (37.84) MAX

525 (13.33)
o 515 (13.08)
0.18(4.57)

0.22 /&5 59) GLASS 0.06 (1. 52) 0.62 (15.74 MAX
SEALANT—\ 0 05(1.27) 195 "I 0.59 (14. 93)
(3.175)
> il > L
" 0.012 (0.305)
0.11 (2.79) 0.02 (0.5) 15 (008 (0.25%)
0.099 (2.28) 0.016 (0.406) 0°

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42

28-Lead TSSOP (Suffix RU)

0.386 (9.80)
0.378 (9.60)

28 15,

—»I
]

0.177 (4.50)
0.169 (4.30)
0.256 (6.50)
0.246 (6.25)

14

§
L —

PIN 1
0.006 (0.15)
0.002 (0.05) 0.0433
Dy (110) §
ol e i MAX T 0.028 (0. 70)*”‘
0.0256 (0.65) 0.0118 (0.30) 0° 0.020 (0.50)
SEATING BSC 0.0075 (0.19) 0.0079 (0.20)
PLANE ' ’ 0.0035 (0.090)

28-Terminal Leadless Ceramic Chip Carrier (Suffix E)

0.300 (7.62)
0.075 BSC
0.100 (2.54) aw 0150
0.064 (L. 63) REF ,I Gsy
‘, 0.015 (0.38)
-.I 0.095 2.41) ¥ 75T ZX*MIN
0.458 (11.63) —f 0075 (1.90) - 51 0.028 (0.71)

0.442 (11.23) 0.458
sQ (11.63) 0.011 (0. 28) NS

MAX 0.007 (0.18) &5 =34 0.050
sQ RTYP 55 o (1.27)
¥ Bsc

i 0.075 -
(1.91)
e REF{F

0.088 (2.24) 0.055 (1.40)
0.054 (1.37) 0.045 (1.14) BSC
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