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LH0042/LH0042C, LH0052/LH0052C

LH0022/LH0022C,

National Operational Amplifiers/Buffers
Semiconduclor

LH0022/L H0022C High Performance FET Op Amp
LH0042/LH0042C Low Cost FET Op Amp. .
LHO0052/L HO052C Precisicn FET Op Amp

general description -
Low input offset drift— 5uV/°C max (LH0052)

The LH0022/LHO0042/LH0052 are 2 family of L]

FET input operationa! amplifiers with ve_ry closely ® Low input offset voltage — 100 microvolts-typ.

rnau:hed input characten?ucs, very jhigh 4 input »_ High open loop gain — 100.dB typ.

impedance, and ultra-low input curgents with .no

compromise in noise, common mode/ rejection & Excellent slew rate — 3.0 V/us typ.

ratio, open loop gain, ogslew rate. The internally = internal § dB/ociave frequency compensation

taser nulled LHO052 offers 500 microvolts maxi & Pin compatible with standard 1C op amps (TO-5

mum offset and 5 uV/°C offset drift. Input offset package)

current is less than 500 femtoamps at room tem- .
perature and 100 pA maximum! at 125°C. The The LHO022/LHO042/LHD052 family of IC op

LHOGZZ and LHO042 are not iniernally nulled but 2mps are intended 1o fulfill a wide variety of appli-

offer comparable maiching characieristics. All de- cations for process control, medical instrumenta

wices in the family are internally compensated and tion,\and other systems requiring very iow input

are free of latch-up and unusual oscillation prob- currents and tightly matched input "offsets. The

iems. The devices may be offset nulied with ‘a LHOO052 is particularly suited for iong term high

single 10k trimpot with rieglible effect in, CMRR. accuracy integrators and high accuracy sample

and hold buffer amplifiers. The LH0022 and
LHOD42 provide fow cost high performance for
such applications as electrometer and photocell
amplification, pico-ammeters, and high input im-
pedance buffers.

The LH0022, LHO042 and LHO052 aré specified
for operation over the -55°C to +125°C military
temperature range. The LH0022C, LH0042C and
LHO052C are specified for operation over .the
~25°C to +85°C temperature range. Special electrical parameter selection and custom
built circuits are available on special request.

features For additional application information and infor-
® Low input offset current=5p0:femtoamps:max: mation=on-other-iNational-operational amplifiers,
{LH0052) see Available Linear Applications Lirerature. .

schematic and connection diagrams

Dual-In-Line Package

w1 — —_——s
ue 2 —f s
viny sowsimvent
wron Y b— 31 fapy
" 4 et 118
e d L1y 0rrmer
vaa n gL
oFFREY .
i j bees v
O3 tesd OUTIVT
10r vitm

Order Number LH0022D,
LHO022CD, LH0042D, LHDOO42CD,
LHO052D or LHOOS2CD
See Package DIAE

Metal Can Package

L3

orescs
ULt v

‘ - a2
[y e . I.;“ 0 () orestymune

v-
Yor vilm
Order Number LHO022M, LHOO22CH,
LHOO42H, LHOO42CH,
LHOO0S2H or LHOOS52CH
Seo Package HOBA

“Previously Called NHO022/NH0022C
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rrr
absolute maximum ratings =Y =)
. (e N e
Supply \(ol_tagg . +22V DN
Power Dissipation (see graph) 500 mW. NN
tnput Voltage {Note 1) +15V ': ':
Differential input Voltage {Note 2) 230V
Voltage Between Offset Null and V© 0.5V I I
- Short Circuit Duration Contintous 8 8
Operating Temperature Range . BN
LH0022, LHO042, LH0052 <55°C to +125°C NN
LHD022C, LHOD42C, LHO052C £25°C to #85°C o0
Storage Temperature Range -65°C to +150°C -’
Lead Temperature {Soldering10 sec) 300°C ™
d i ical ch . it 1 o
c electrical characteristics for LH0022/LH0022C (Note 3} o
: A \ N
N
) LIMITS ~
PARAMETER CONDITIONS LH0022 LHD022C UNITS I
MIN TYP MAX MIN TYP MAX I:
Input Offset Voltage R £100 xR T, 225C, 20| a0 35 6.0 mv o
Ve'= =15V, - Ot
Rg < 100kQ, Vg= t15V 5.0 7.0 mv N
Temperature Coefficient of Rg < 100 k2 5 .10 5 1% uv/°c ‘ )
Input Offset Vohage i |
Offset Voltage Drift with Time 3 -4 uViweek
input Otfser Current {Note 4) 0.2 20 1.0 5.0 pA
20 0.5 nA
Temperature Coellicient ot Doubles every 10°C . Doubles every 10°C ’
Iaput Otfser Curremt
Oftfset Current Dritt with Time 01 A DA/week
Input Bias Current {Note 4) 5 10 10 25 pA
10 2.5 nA
Temperature Coelticient of * " Doubles every 10°C Doubles every 10°C
input Biay Current
Difterenteal dnput Resistance 1012 0" 11}
Common Mode Input Resistance 10'? 10?2 n
input Capacstance 40 4.0 oF
Input Voltage Range Vg = 115V 12 2015 £12 +13.5 v
Common Mode Rejection Ratio Rg < 10 k2, V= 210V 80 90 70 90 oB
Supply Voltage Rejection Ratio Rs < 10 kfY, 25V C Vg < 215V 80 90 70 90 a8
Large Signa! Voliage Gain Ry =2k, Voyr = 210V, 100 200 75 | 160 Vimv
Ta=25°C, Vg = 215V -
RUE 2k, Vgun =2 10V, 50 50 Vimv
Vg =215V )
Output Volhage Swing Ry = 140, Ta = 257C, +10 2125 210 12 v
Vg = 215V
Ry = 2kfl, Vg = 215V +10 210 v
Output Curreni Swing Vourt = 210V, T, = 25°C 10 215 210 $15 - mA
Output Resistance 75 75 103
Ouigut Short Cor 25 25 mA
Supply Current Vg = 215V 2.0 25 24 28 mA
Power Consumption Vg = 215V 75 ' 85 mw
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dc electrical characteristics for LH0042/LH0042C (Note 3)

LH0042/LH0042C, LH0052/L.H0052C

LH0022/LH0022C,

{Vg = 215V unless otherwise specified)
LIMITS
PARAMETER CONDITIDNS LHpoa2 LH0042C uNITS
MIN Typ Max MIN TYP MAX
Taput Offset Voltage Ay < 100 kN 5.0 20 60 20 m~v
Temperature Coetticient of Rs:S.100 k1 5 10 wvi'c
1nput O!tser Voliage
Otfyet Voltage Oritt with Time 7 10 BV iweek
tnput Otfset Current INote @) ] - = 2 10 oA
Temperature Coetlicient of Doubles every 10°C Doubles every 10°C
trput Ottset Current
Offset Current Drify with Time 0.1 0.1 DA/week
Input Buas Curtent iNote 4} -1 25 % 50 pA
Temperature Coeflicient of Doubles every 10°C Doubles every 10°C
Input Bias Current
. Difterentiat Input Resistince 107" 10'? L]
Common Mode Input Resistance 10" w0'? n
tnput Canacitence 40 40 of
Input Voltage Range 12 +138 12 2138 v
Common Mode Rejection Ratio [ Re < 10K12, Vi = 210V 10 86 70 £0 98
Suobly Voltage Rejection Ratio (1 Ay 10Kk, 28V § Vi < 215V 10 86 10 a0 o8
Loroe Signa! Valtage Gain AU VKR Vo » $TOV 50 150 2 100 vimv
Outout Volitage Swing Rie 1 eqd “10 =125 10 32 v
Dutout Cyrrent Swing Vour * 210V, <10 215 :10 15 mA
Dutput Resistance ! T s 75 n
Dutput Short Circuit Curreni 2 20 ma
Suppty Current 25 s 28 a0 mA
Power Consumpiron 105 120 mw
dc electrical characteristics ror LH0052/LHOD52C (Note 3)
LIMITS
PARAMETER CONDSTIONS LH0052 LH0052C UNITS
miv | gve L omax | min | Tye | max
Input Otfser Vetiage Ry G100 KRV s <15V. 0 05 02 10 mv
Ta28°C
Rg € 100 K2, Vg = £15V 10 1.5 mv
Temberature Coe!ficient of Ag € 100K, Vg = 215V 2 5 s 0 wv €
foput O1isei Volisge
Otfwi1 Voljage Dttt with Time 2 4 AL
tnout Offses Current (Nore 4) o0 0.5 002 1.0 oA
100 100 oA
Temperature Coelfrcient ol Doubles every 10°C Doubles every 10°C
Input Offset Current
Oftse1 Curreht Onft with Time <o <01 DA week
Input Bt Current Nowe 81 os | 28 T 10 50 pA
. 25 0s na
Tempersture Caelticsent of Ooubles every 10°C Ooubles every 10°C
1rput Bias Current ’
Dtterental Tnput Reytance w0'? 102 2
Common Mode tnput Resisiance 10'? 10'7 f
input Capacriance a0 a0 f
tnpul Vottage Renge Vg v 215V 12 135 21? 35 v
Common Mode Rejectron Retio Ry < 10 kLY, Vin * 210V 74 9% 10 90 L)
Suooly Voliage Rejection Rstio | Ry 10KSL 26V C Vg € 215V 74 90" 70 %0 a8
Lar pei Signat Voltage Gane Ry 8 2k81Vpyr 7 210V, 100 | | /200 75 [ hso v'm¥
Vg =215V, Ty = 25°C
Ry 2K Voyy + 210V 50 50 vy
Vy s i2i5v
Output Vottage Swing R 1K Ta»25C 10 | 25 a0 12 v
. Vg v 15V
Ry ¢« 202, Vg » 115V <10 <10 v
Output Current Swing Vour ® <10V, T, = 25°C 10 ns <10 ns mA
Output Repstance ki) ki) a2
Ovulput Short Circust Current 25 % mA
Supoty Current Vg + 218V 10 as 30 3B ma
Ppwer Comumption Vgs 216V 105 na o
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ac electrical characteristics Forall amplifiers (Ta = 25°C, Vg = £15V)

LIMITS
PARAMETER CONOITIONS LH0022/42/52 1LH0022C/42C/52C UNITS
A MIN | 1ve MAX__[aMiN Tve | max |
Slew Aate Voltage Follower 15 30, 1.0 3.0 Vips
Large Signa! Bandwidth Vohage Follower a0 a0 kHz
Sman Signal Bandwidth 1.0 - 1.0 MH2
Rise Time 03 1.5 0.3 1.5 us
Overshoot 10 30 15 a0 %
Settling Time [0.1 %) AV 10V a5 a5 us
Overload Recovery a0 4.0 us
tnput Noise Voltage Rg = 10 kg 10 Ha 150 150 nVA/H2
Input Noise Voltage Rg = 10KR, 1, = 100 M, 55 55 nVA/HI
Input Noise Voitage Rg = 10 k2, tgm ¥ kH2 .35 35 aVA/H:2
Input Noise Voltage RAe = 10k 1, = 10kH: 0 30 nVA/H2
Input Noise Vottage BW = 10H2 10 10kHz Ry <1002 12 E 12 uvrms
Input Noise Currem BWE 10 H2 1910 kH2 <1 L < pArms
Nota 1: For supply voltages tets then £ 15V, the absolute maximum input vollage is equal 10 the supply voltage.
Note 2: Rating applies for mintmum sourcs resistance of 10 k11, for tource resistances less than 10 k2, meximum ditferential
input voltage 's 15V. 2 3
Note 3: Unlets otharwise specilied, thete gpecitications apply [or 25V € Vg < 120V and ~55° C € T4 < 2125°C for the
LHD022 snd LHOOS2 snd -25"C < Ty &€ +B5°C tfor the LHOO022 and LHOOS2C Typica! values sre given for Tg = 25,08
Note 4; !nput currents are w strong function of temperature. Due to high speed tetting they are specified a junction temperature
T;= 25" C, self heating will cause anincrease ingurrentif manual tests. P
auxiliary circuits (shown for T0-6 piniout) .
o 2
S Ak = )
meyt
gt ji | orime outeyY
S l+ d

Mote: AN drades aca wltrs Iow leshage

OFfsat Nuil Frotecting inputs From : 150\ Transients

mrUt

Boosting Qutput Drive to £ 100 mA

typical applications
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Low Drift Sample and Hold Precision Voltage Comparator
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LH0022/LH0022C,
- LH0042/LH0042C, LH0052/LH0052C

typical applications (con’t)
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typical performance characteristics

Maximum Power Dissipation
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LH0042/L.H0042C, LH0052/LH0052C

LH0022/LH0022C,

typical pefformance characteristics .(con‘t).
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LM4250/LM4250C

AIRKNUIN Y

qusutfigay IC tuss LM4250CN

61

National
Semiconductor

Operational Amplifiers/Buffers

LM4250/LM4250C Programmable Operational Amplifier

General Description

The LM4250 and LM4280C are extremely versatile
programmable monolithic operational amplifiers.
A single external master bias current setting resistor
programs the input bias curreat, input of fset cur-
rent, quiescent power consumpgion, slew rate,

input noise, and the gain-bapdwidth ‘product. .

The device is a truly general purpgse operaticnal
amplifier.

Features

® +1V to 218V power supply operation
® 3 nA input offset current

Standby pov\.rer consumption as low as 500 nW
No frequency compensation required
Programmable electrical characteristics

Offset Voltage nulling capability

Can be powered by two flashli‘ght batteries
Short circuit protection

The LM4250C is identica} to the LM4250 except
that the LM4250C has its performance guaranteed
over a 0°C to 70°C temperature range instead of
the <55°C to +125°C temperature range of the
LM4250.

Schematic Diagrams

Typical Applications

o gnit
sm . $ 13x

Ve,

Quinseent Py = 0.6 mW

X5 Ditierence Amplifier

nr
21

Connection Diagrams

Métal Can Package

QUIITINY
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rvie

Order Number LM4250H or LMA250CH
See NS Packege HOBC

500 Naneo-Watt X 10 Amptifier

Dualtn-Line Peckage

wnr | [T

watL 1 =

otirse(sT
¥ cvanrat sy

Ve TG |

— v
wonmvinING j: > I .
wrur 2 =1 ——1 outryr

v o — _—
i

Toevirw

Ordar Number LM4250CN
See NS Package NOSB
Order Number 1L.M4250)
" or LM4250C

Seo NS Package JOBA
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Absolute Maximum Ratings

Supply Voltage 218V indefinite
Power Dissipation (Note 1) 500 mW Operating Temperature Range  LMA250 -55°C < T, £ 125°C
Difterential Input Voltage +30V LM4250C 0°C < T < 70°C
tnput Voltage (Note 2) 215V Storage Temperature Range . -65°C 10 150°C
lger Current 150 A Lead Temperature (Sotdering, 10 sec) 300°C

Quiput Short-Circuit Duration

Electrical Characteristics (114250 (-55°C < T, < 125°C unless otherwise specified)

Vs=215V
PARAMETERS CONDITIONS, Iser = 1A Isgr = 10 wA
MIN MAX MIN MAX
Vos Ta#25° 4R € 100 kO 3mv 5mv
. Hos Ta=25° 3nA 10 nA
Toies Taz25° 7.5 nA S0 nA
Large Signa) Voltage Gain Ta= 258 Ry = 100 k2 40k
: Vo = 406, 8, =10k 50k
Supnly Current T, &25°¢ 7.5 uA 80 uA
Power Consumption TA=253C 23uw 240 pW
Vos Rs < 100 k02 amv emv’
los T, =125°C 5 nA 10 nA
T, ==55°C 3nA 10 nA
o 7.5nA 50 nA
input Volisge Range 10.7V. 0.7V
Large Signal Voliege Gain Vo = £0.6V/R =100 kO 30k
R, = 10k 30k
Output Voltage Swing Ry * 100 k2 20.6V
Ry~ 10k8 $0.6V
Common Mode Rejection Ratio Rg < 10 k82 70d8 R 70d8
Supply Volisge Rejection Ratio Re'< 10 k2 76 B 1 76 dB
Supply Current 8 uA 90 pA
Power Consumption 2_4 uw 270 uW
Vg = 215V
PARAMETERS CONDITIONS Iser = VA iser = 10 uA
MIN MAX . TMIN MAX
Vos T, = 25°C Ry S 100k 3mv 5 mv
los Ta = 25°C 3nA 10 nA
lbies Ta=25°C 75nA 50 nA
Large Signa! Voltage Gain T, =25°C R = 100 k2 100%
Vo =210V Ry = 10k§2 100k
Supply Current Ta=25°C 10 A Q0 pA
Power Consumption Ta=25°C 300 uW 2.7 mwW
Vo' Rg <100 k) 4mv, & mv
Iod Ta = 125°C 25 nA 25 nA
Ta = -55°C 3na 10 nA
Towe 7.5nA 50 nA
lnput Vohage RJnge +13.5v +13.5v
Large Signal Vohiage Gain Vo = 10V R =100 k2 50k
R =10k 50k
Qutput Voltege Swing Ry = 100kQ2 212V
"Ry 10KSY 212v.
Commen Mode Rejection Ratio JAg < 10Kk 7048 70 ¢B
Supply Voitage Rejection Ratio Ag S 10k 76 d8 76 dB
Supply Current 11 A 100 A
Power Consurmption 330 uW 3Imw

Note 1: The maximum iunéxion temperature of the LM4250 is 150°C, while that of the LM4250C is 100°C. For operating
at elevated temperatures, devices in the TO-6 package must be derated based on a thermal resistance of 150°C/W junction to
ambient, or 45°C/W junction 10 case. The thermal resistance of the dual-in-line package is 125°C/W.

Note 2: For supply voltages fess than 15V, the absolute maximum input voliage is equal 10 the supply votiage.
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Electrical Characteristics LMa250c (0°C < 7, < 70°C uniess otherwise specified)

LM4250/LM4250C

Vg = 1.5V
PARAMETERS CONDITIONS Iser = 1 KA IggT = 10 A
MIN MAX MIN MAX
Vos Ta = 25°C Ag < 100 KR 5 mV 6 mv
Ios Ta=25°C 6 nA 200A
lowr Ta=25°C 10 nA 75 nA
Large Signal Voltage Gain Ta=25C R » 100 k§2 25k
' Vg = 06V R, » 10kS2 25k
Supply Current Ta=25°C BuA 90 pA
Power Consumption Ta=25°C 24 W 270 yW
Vos Rg< 1002 6.5 mV 7.5 mV
los 8nA 25 nA
Tows 10 nA 80 nA
Input Voltage Range 0.6V 0.6V
Large Signa! Voltage Gain Vg » 206V R = 100 k2 25k
. A= 10k | 25k
Output Voltage Swing fl, =100k 0.6V
Rz 10/kS2 0.6V
Common Mode Rejection Ralio Re < 10K0} 70dB 70 dB
Supply Voltage Rejection Ratio Re < 10kQ2 74 d8 74d8
Supply Current k BuA 90 vA
Power Consumplion h 24 yW 270 uW
Vg~
PARAMETERS CONDITIONS iser = 1 uA IsgT = 10 A
i MIN MAR MIN MAX
Vos Ta= 25.CRe <00 KD 5 mVv 6mv
los P 2%c 6 nA 20 nA
[ Ta=®25°C 10 PA 75 nA
Large Signal Voitage Gain Ta %25°C Ry =100k 60k
Vg =410V-A{ = 10K 60K
Supply Current ¥ 2 25°C 11 pA 100 pA
Power Consumption Ta ~25°C 330 W Imw
Vos Rg < 10k02 65mv 75mv
los gnA 25 nA
Toiae 10 na BO nA
tnput Voltage Range $13.5V £13.5V
Large Signa) Voliage Gain Vg = 210V A = 100 kN2 50k
Ay = 10K 50k
Output Voli#ge'Swing Ry = 100kf2 i2v
Ry = 10k 212V
Common Mode Rejection Ratio A <10k 70dB 70d8
Supply Voltage Rejection Ratio fs < 10k 74 d8 74 98
Supply Current 11 uA 100 uA
Power Consumption 300 uW 3ImwW

Resistor Biasing

Set[Current Setting Resistor 10 V]

‘ser
Vs 0.1 pA 05pA | 1.0pA S pA 10 A

21.5v 25.6 Mf2 5.0a M2 2.5M0 [ 492kN2 244 k02

3.0V 5E.6M0 | 11.0MiL | 55 MI 1.09 ME | 534k07

60wy MeMT 23:0 M | 13,5 Wil 2,29 M9 114 M0

=90V | 176 MQ 350 M [17.5M8 3.49 MO 174 MG
£12.0V | 236 M a7.0M8 [23.5 M§) 4.69 MSL 2,34 Mil
150V | 296 MR 69.0 M2 [ 29.5 M§2 5.89 M{Y 28am0
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Typical Performance Characteristics (continueq)

. Input Noise Current (1) and .
Phase Margin vs ISEYT Voltage (E,! vs Frequency RSeT vs ISeT
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AANUIN A

Auauifiwey IC wwes ICL7116CPL

INTERSIL

FEATURES

e HOLD Reading Input allows indefinite dlsplay hold

e Guaranteed zero readmg for 0 voltsiinput on ali
scales.
True polarity at zero for precise nullidetection:
1 pA input current typical.
True differential input and reference.
Direct display drive - no exlernal components
requnred — LCD ICL7116

..— LED ICL7117
Low nolse - less than 15 .V pk-pk typlcal
“On-chip clock and reference. J
Low power dissipation - typically less than 10mw
No addltlonal active circuits required.

P

GENERAL DESCRIPTION

" The intersil ICL7116 and 7117 -are high performance, low
power 3-1/2 digit A/D converters. All the necessary dclive
devices are contained on a single CMOS I.C., inciuding

ICL7116/ICL7117
372 Digit Single Chip
+ AID Converter
with Display Hold

seven segment decoders, display drivers, reference, and a
clock. The 7116 is designed to interface with a liquid crystal
display (LCD) and includes a batkplane drive; the 7117 will
directly drive an instrument- 5|ze hght emitting diode (LED)
display.

The 7116 and 71 17 have almost all of the features of the7106
and 7107 with the addition of a HOLD Reading input. With
this input, it is possible to make a measurement and then
retain'the value on the display mdeflmtely Tomake room for
this featuie the reference input ‘has been referenced to

-Common rather than being fully difterential. These circuits

retain the accuracy, versatility, and true economy of the 7106

_and 7107. High accuracy like auto-zero to less than 10V,
‘zero, drift of less than 1uV/°C, input bias current of 10pA

maximum, and roii over error of iess ihan one count. The
versatility of true differential input is of particular advantage
when measuring load cells, strain gauges and other bridge-
type transducers. And finally the true economy.of. single
power supply operation (7116), enabling a high performance
panelmeler to be built with the addition of on|y seven pass:ve
components and a display.

TYPICAL CONNECTION DIAGRAMS

INTERSIL 7118

TR R R A
iy ] [ 7 [ 9 s

fCL7116 with Liquid Crystal Display

S B . av
A
Jekn  tMn
[
af
[
L) wa &l e
H P slged] | ] .
et )
E18 - DISSLAY =
g 2 &l || B} & = | Bl R | [

1 [
"lcfc}.‘l

tCL7117 with LED Display

ORDERING INFORMATION

PIN CONFIGURATION

HLOR [i] a0} OSC. ¢
n uNITS) m ost. 2
) C(umvs; I 7116 LED. ' IMlosc. sy
Afwre 5] TTLED  [aerw
Part Package Temp. Range Order Part # e KH U srey
- E (UNITS) - REF, CAP.
7116 40 pin ceramic DIP 0°C to +70°C ICL7116CDL D (VENS)  [33 common
7116 40 pin plastic DIP 0°C to +70°C ICL7116CPL s ene _ & T 1o .
7117 40 pin ceramic DIP 0°C 1o +70°C 1ICL7117CDL : g:::; . S :3::’;::‘“0
7117 | 40 pin ptastic DIP 0°C to +70°C ICL7117CPL £ (TENS) 57 INTEGRATOR
- - - - 0 (100'%) i R (-} SUPPLT
B (100} ) 53 G (TENS)
F (100} ' [Z3 € ( 100w}
E (10073} © [33] A (Toow)
. AB  (1000) [ G 11009

2] ncxmuyoacnu GND

(MINUS) {7118) [A31)

4115
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ICL7116/7117 - . o INTERSIL
ABSOLUTE MAXIMUM RATINGS, . ) : ICL7117 )
_ICL7116 Supply Voltage VT ..ot +6V
. Supply Voltage (VF 10 V) ..ot 159 | § VT e T -9V
Analog Input Voltage (either input) (Note 1! .. ... vtiovs ‘Analog 'nput Voltage (either input) (Note 1) ... .. ‘vtiov?
Reference Input Voltage(enhermput) R e, vitov—- Reference Input Voltage (eitherinput) ............ viiov~
COCK IAPUL ottt TesttoVt " Clockinplit . .l ... .oooiieei Gndtov?t
Power Dissipation (Note 2} ; Power Dissipation (Note 1) .
Ceramic Package ................. L. 1000 mW Ceramic Package ............. e 1000 mW
_ Plastic Package ................. Cereeresesi oo 800MW Plastic PACKAGE & ..t e verernnenneaenneeren 800 mW
Operating' Temperature e e oo OSCHBERPQ° C ~Operating Temperature . ............ L. 0°Clo +70°C,
Storage Temperature .. ... o i =65°C to#160°C Storage Temperature ... ... Tl -65°Cto +160°C
Lead TemperaturelSoIdenng 60sec) ...l . 300°C . Lead Temperature (Soldering, 60sec) ...... ....300°C

Note t: lnput voltages may exceed the supply voltages prov:ded the input current is limited to £100uA.
Nole 2: Dlssmatnon raung assumes devnce s mounted wnth all leads soldered to prmted circuit board.

ELECTRICAL CHARACTERISTIES Note 31 - N , - 2
CHARACTERISTICS - i "CONDITIONS - - t MIN: . TYP. & "MAX 7 UNITS
© Zero Inpuf Reading - . = | MR = IOV F . . \ S |
L o .o - U@Full Sealel= 200.0mV -000.0 ° +000.0 *+000.0 Digital Reading .-
Ratiometrit Reading ) r Vini= Vel - & b 999 .999/1000 1000. * | Digital Reading
: CT ! D r o Vel = 100mV - ~ : I . e
Rollover Error (Difference in " | #Vin =+Vin =.200.0mV P S R e S O B Counts ~ ;
reading for equal posmve and N - |1 e ‘ o
-.negative redding near Full Scale) i s o »:
‘Linearity (Max. deviation from = | Full'scale = 200mV ; -1 -2 - Counts -
" best straight'line’'fity  ~ ' or-fuil scale =,2:000vV . ’ . ' T
Common Mode Rejection Ratio . |gVcm =+1V, Vin =0V, i . 50 L. Y
INote 4) - : Full Scale = 200.0mV .. ’ ;
. Noise (Pk - Pk value not exceeded | Vin'= 0V b L T : A
| 95% of time) ‘ ’ -Full Scale =200. BV . - : ‘ S o .
| Leakage Current @ Input Vin = oV . 1 10 . pA i
Zero Reading Drift . Vin =0 < - : 0z 1 uV/eC
0° < Ta g 70°C" ; Co
Scale Factor Temperature ) Vin ==199,.0mV 1 5 ppm/°C
‘Coeflicient - - 0<Ta<70°C s .
. : ] (Ext. Ref. 0 ppm/°C} ) . il
' Supply Current tDoes not Vin="0 a 0.8 1.8 . mMA
include LED current for 7117) - - .
_Analog Common Voltage (Wiih~ 25k{) between Common & 24 - 2.8 - 3.2 © Volts
- respect to pos. supply) pos. Supply . -
Temp. Coell. of Analog Common 25k¢) between Common & | 3 © 80 ¢ ppm/°C
twith respect to pos. Supply} pos. Supply . : ’
Input Resistance, Pin 1 (Note 6! . L -30 .70 . . kO
ViL, Pin11 (7116 only) : N - . B ' Test +1.5 Volts
ViL, Pin 1 (7117 only} - : y ; e il GND_+1.5 Voits
ViH, Pin 14(Both) | i 2 : - | : V=15 | ¥ I Volts
7116 ONLY V Supply = 9V . 4 5 60 Volts
;| Pk-Pk Segment Dr|ve Voltage X - ! ’ :
- {Note 5) . ) o i o .
7116 ONLY V Supply = 9V : : 4 - 5 6 Voits )
Pk-Pk Backplane Drive Voltage - . 1
(Notg 5)
7117/ONLY | +Supply =5.0V . 5. .80 . - mA
| Segment Smkmg Current Segment voltage = 3V K N , g ' L )
| (ExceptPin 19) . . ) : . : .
7117 ONLY .. - +Supply = 5.0V i 10 T mA
Segment Sinking Current Segment voltage = 3V : ’
{Pin 19 only) -

‘Note 3: Unless otherwise noted, specifications apply to boththe 7116and 7117 atTa = 25°C lclock =48kHz. 7t116istested in the circuit of Flgure ’
1. 7117 is tested in the circuit of Figure 2.
Note 4: Refer to "Differential Input” discussion on page 4.
Note §; Back plane drive is in phase with segment drive for ‘off’ segment. 180° out of phase for ‘on’ segment Frequency is 20 tlmes conversion”
rate. Average DC component is less than 50mV. .
Note 6: The 7116 logic input has an internal pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an in-
4116 ternal pull-down resistor connected from HLDR, pin 1 to GROUND, pin 21. '
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ICL711617117 L INTERSIL

TEST CIRCUITS

St et & 100.0 mV

ks 7 T FrRiguedi7iie - s 8

DETAILED DESC’:'RI;?TION
ANALOG SECTION

W, TR T

Flgure 3showsthe Block Dlagram of the Analog Section for the ICL71 16 and 71 17 Each measurement cycle is dlwded into three )
Phases lney are m auto zero {A-Z3, (2i s;gna. .megraie ONT) and (.,, ue.n'.cgra'e LOEE. el ., oy e

+——— TO DIGITAL SECTION

.. COMPARATOR - | . T .. .o

Flgurea Analog Section 017116/7117 O Y SO L

1. Auto-zero phase '

Dunng auto- zero three thmgs happen Fnrst input high
and low are dusconnected from the pins and internally
shorted to. analog.commpon,. Second, the reference
capacitor is charged toithe reference voltage. Third, a
feedback loop is closed around the system to charge the
auto-zero capacitor' Caz to compensate for offset
voltages.. in ..thes buffer _amplifier, integratdr. ~.and
comparator, Since the comparator isincludedinthe foop,
the A-Z accuracy ‘is’ limited oniy. by ihe noisé oi.the
system. In any case, the 'offset referred to the lnput rs iess
than 10uV. . : . .

2.”$Ignal lntegrate phase

Dunng 'signal integrate, the auto-zero Ioop isopened, the'

internal short is removed, and the internal input high and

low are connected to the external pins. The converter,
- then integrates the differential voltage between input

- high and mput low for'a fnxed time: Thns dlﬂerentlal'

voitage can be within awide.common'mode range; within
‘one volt of either.supply.if, on'the othei-hand, the input’

.. signal has'ng return with respect tojthe converter power
- supply, input Iow can ‘bé tied to analog common -to
sestablish.the correct common-mode voltage. At'the end:

| De-lntegrate phase

* The final phase is de- mtegrate or reference lntegrate
_Input-low is interhally connected to analog common and

of this phase,

the polarity of the integrated signal is
determxned . P i L

»-input high 'is connected. across the previously charged

. -_ readmg displayed.is 1000 {

.. reference icapacitor. Circuitry -within-the chip ensures ’
- that..the. capacitor .will be connected .with the correct

polarity to cause the integrator output to return to Zero.
The time required for the output to return to zero is

proportionai.to the input s:gnal Specmcally the digital
Vm
Vol :
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ICL7116/7117

Dlllerenllal Input :
The input can accept dulferentral voltages anywhere within
the common ‘mode range of the input amplifier; or

specifically from 0.5 volts below the positive supply to 1.0: -

volt above the negative supply. Inthis range the system hasa’
CMRR of 86 dB typical. However, sinceé the integrator also

swings with the common, mode voltage, ‘care must be .

exercised to assure the integrator output does not saturate.

‘A worse case condition would be a largepositive common-. -

mode voltage with a near ful!- -scale'negative differentiaf input

‘voltage. The negative input signal drives the integrator
positive when most of its swing has' beenused up by the -

positive common mode voltage. For these critical applica-
tions the’ integrator swing can be reduced to less'than the

recommended 2V full scale swing wnh little lossiof accuracy. - &
The integrator output can swing within 0:8 volts of erther '

supply without Ioss ‘of linearity.:

" Reference - -
_ The reference input must be generafed as a posmve voltage.'
‘with respect to Commun -

Analog Common

This pinis included pnmanly o se! the common -mode

voltage for battery operation'(7116) orfor any system where

- the inpit signals are floating withirespect to the power
supply. The common pin sets a voltage thatis approximately =
2.8 volts more negatfive -than the positive supply. Thisis.
selected.to give a minimum- end of-lifetbattery voitage of -
_ about 6V. However,. the :analog common has some of the -
attribuies of a reference voltage When the total supply .
volitage is large enough to calise the zener {0 regulate t=7vJ, ™

the common voltage wil)-have'a.low voltage icoefficient

'(.001%/%), tow output lmpedance( 1541, and a temperaiure

- “coefficient typically less than 80ppm/°C

4-118

The limitations of-the. on-chip - reference: should also be
recogmzed however. With the 7117, the internal heating

which results from ‘the LED 'drivers can cause some -

degradation in performance. Due to their higher thermal

resistance, plastic parts are “poorer—in this respect than™
reference Temperature -
‘Coetlicient (TC), interrial chip dissipation, and package
_thermal resistance can increase noise near full scale from 25
4V to 80 pVpk-pk. Also the linearity in going'from a high -

ceramic. The -combination .of

dissipation count such as 1000 120 segments on) to a low
dissipation count such as 1111 (8 segments on) can sutferby

a count or more. Devices with a positive TC reference may '

require :several counts to pull out of an overload condition.

" This is because overload is a low dissipation mode, with'the’ '

three least srgmlrcant digits blanked. Similarly, units with a

negative TC .may -€ycle .betweenwoverload and 'a.non- -

overload count as the die alternately heats and cools. All
these problems are of“course ehmmaled if an external
reference is used.’. ' .. .- . .

The 7116, with its neghg'ble dissipation;sutfersfrom none of
these prablems, In either case. an external reference can
easily be added, as. shown; in Fig. 4,

Analog. common -is also the voltage the rnput returns to
during auto-zero and de-integrate. lf signal low is different
from analog common, a common. mode voltage exists in the
system and is taken care of by the excellent CMRR of the
converter. However, in-some applications input low will be
set-at a fixed known voltage. [POwer supply common for
instance). In this application, analog common should be tied
to the same point, thus removing the common mode voltage
from the converter.

. The second function is a “lamp test’
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L INTERSIL

[ ¥ 4]
6.8 VOLY .
ZENER

' REF 1 71167117
ICL 8069

1" " T REF M-
) 1.2V REFERENCE

COMMON

7116/7192
I . common}-

(@) - : - ®)

. -Figure 4: Usrng an External Relerence

¢

Within the IC analog common.is hed toan N channel FET.

Ithat can sink 30mA or more of current to hold the voltage 2.8.

volts below the posrtrve}_supply;lw‘hen a lodd is trying to puli,
the common line positivel. However, there is only 10uA of
Source current, so common may easily be tied to a mote

. negati_ve voilage;'ihos over-riding the internal reference.

Tests % % - -

¥ The test pln serves two lunctlons On the 71 16 itis coupled to_'-'

a4 EANND

~ihe  internaiiy genermeu u:gual aui‘;pry lh|vus|l 8 Suusl,
resistor. Thus it can be used as the negative supply for-
. externally. generated segment drivers such as decimal points

or-any other presentation the user may wantto include on the

- LCD display. Figurés 5 and 6 show such an applu_’:allon

v+

[ o M)

TO LCD

7116 R
p o INTERSIL DECIMAL POINT -
=8l imirse .
i
erl—4+1
‘TEST
7. j 10 LCD

BACK PLANE

Flgure 5t Srmple Inverter for aned Decrmal Point

o 3

-1-3

THE

7116 - | DECIMAL
. - } POINT T H DECIMAL

' SELECT

1)

F
v

Tyest 3 | | i
14 171 R

e
)

!

|

1

L

Figure 6: Exclusive 'OR’ Gatefor Decimal Point Drive

'"Wheh Test is pulled
high {to + supply!} all segments will be turned on and the
display should read - 1888. Caution: on the 7116, in the lamp
test mode, the segments have a constant d-c voltage (no

" square-wave) and will burn the LCD display if left in this

mode for several minutes.



ICL7116/7117

DIGITAL SECTION

Figures 7 and 8 show the dlgltal sectlon for the 7116 and
7117, respectively. In the 7116, an interna! dvgltal ground is
generated from a 6 volt Zener diode and a large P channel
" source follower. This supply is ‘made stilf to absorb the
" relative large capacitive currents when the back plene (BP)

voltage is switched. The BP frequency is the clock frequency - -
deded by 800. For three readings/second this is a 60 Hz

square wave with a nominal amplitude of.§ volts. The:

segments are driven at the same frequeney and amplitude

and are in phase with BP when OFF, but out of phase when

ON. In all cases neglible d-c voltage exists_acrobs the

segments.

Figure 8 is the Digital Section of the Z117. It issidentical

except the regulated supply aid back plane drive have been
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) . INMEIRS L
eliminated and the segment drive has been increased from 2
to 8 mA, typical for instrument size common anode LED -
displays. Since the 1000 output (pin 19} must sink current
fromtwo LEDsegments ithas twncethednvecapablhtyor16
mA IR e S

'HOLD Readlng Input
The HLDR input will prevent the Iatch from bemg updated

" when this.input is.at:a logic ’ HI". The chip will continue to
'make A/D_conversions, however, the results will not be

- updated to the internal latches until this input goes low. This

_ input.can be left open or connected to. TEST (7116) or
. GROUND (7117) to continuously update the display. This
"‘mput has been’ |mp|emented as a CMOS compatible |nput )

4 wilh a 70K typtcal resustance to elther TEST. (7116) or :
GROUND AYARTE - . . .

LCOPHASEDRIVER - ", .. . J :

"TYPICAL SEGUENT OUTPUT

-V-

" Segment

Outpul

. Thousand

Hundreds
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Figure 7: Digital Section 7116
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Flgure 9 shows the clocklng arrangement used in the 7116

k5 : 5 .
e T i . - =& TEST
. +4 s Control Logic Gel 1 K
" ; o so0n |
: ! el 21} oiarra
3 -

1 GROUND
= .

anure a D.grtat Sectlon 77

40kHz 2.5 readmgs/second) will’ re)ect both 50 and 60 Hz .
(also 400 and 440 H2.

"and 7117. Three basic clocking arrangements can.be-Used:” - COMPONENT VALUE SELECTION .

1. An external Oscnllator connected to pin 40.
2. A crystal between pins 39 and 40. )
3. An R-C oscillator using all three pins."

* 11677112 : —_— '
" ' 4 ; i
{ I - : !
H COUNTER|
) . ) i 1
1 - o {
| . |
' ' i
| Y . S -_;__r_'_;.;_-ﬁ,af ________ 3

EXTERNAL R ) ol

DSCILLATOR " AC NETWORK T

. —

TEST (7116} - 1

or GND (T117) * -~

Flgure 9 Clock Circuits

The oscrllator frequency is divided by four before it clocks
the decade counters. It is then further divided to form the
.three convert-cycle phases. These are signal integrate (1000
‘counts), reference de-integrate (010 2000 counts) and auto-
zero (1000 to 30G0 countsit For signz!s less than full scale,
" auto-zero'getsithe ‘unused portion of reference deiniegrale.
This makes a complete measure cycle of 4,000 (16,000 clock
pulses) independent of input .voltage. For three readings/
-second, an oscillator tfrequency of 48kHz would be used. -

To achieve maximum rejection of 60 Hz pickup, the signal _ .
integrate cycle should be a multiple of 60 Hz. Oscillator
frequencies of. 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33 kHz, etc. should be selected. For 50Hz
rejection, Oscillator frequencies - of 200kHz, 100kHz,

. 66 23 kHz, 50kHz, 40kHz, etc. would be suitable. Note that
4.190 c ’

3. Auto-Zero Capacitor -

. Integrating Resistor

Both the buifer amplifier and the antegrator haveaclass A
output stage with 100uA of.quiescent current. They can
supply 20u A of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain
in this very linear regior over the input voltage range, but
small enough that undue ieakage requirements are not’
placed on the PC board. For 2 volt full scate, 470k(} is
near optimum and similarly a 47kt1 for a 200.0 mV scale.

. 2. Inlegrating Capaciter’ 'i-'.~

The integrating capacrtor should. be selected to gtve the
maximum voltage swing that ensures tolerance build-up
will not,saturate the integrator.swing (approx. 0.3 volt
from either ‘'supply). In the 7116%0r the 7117, when the
analog common is used as:a referénce, a nominal £2 volt
full scale integrator swing is fine.For the 7117 with 5 volt
supplies and analog common tied to supply-ground, a
+3.5 to 4 volt swing is nominal. For three readings/.
" second (48kiHz clock), nominal values torCint are .22 and
10uF, respectively Of_course .’ if /different loscillator
. frequencies are used, these values should beschanged in
inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is
it have low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for
this application, polypropylene capacitors give
undetectable errors at reasonable cost.

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200 mVfull scale where noise
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isveryimportant,a0.47uF caoacito_r is recommended. On

the 2 voit scale, a 0.047xF capacitor increases the speed -

of recovery from overload and is adequate for nolse on
this scale. ;

4. Reference Caoécltor

A 0.1uF capacitor gives good results in most applicétions
If rollover errors occur a targer.value, up to1.0uF may be
requrred

5. Osclllator Components
For all ranges of lrequency a 100kn resrstor rs

recommended and .the capacitor is selected from the
equation f = #2. For 48kHz clock (3 readlngs/second) e

-=100pF.- -

6. Reference Voltage

. The analog input required to generaté'full-seale output..:".
{2000 counts! is: Vin = 2Vre!. Thus for the 200 @mV and =

2.000 volt scate, Vret should equal 100.0 mVand 1.000 volt,
respectively. However, in many. applrcatrons where ‘the

A/D is connected to a transducer, there willlexist a scale L

. factor other than unity between the rnput voltage and the.

digitat readrng For instance, in a ‘weighiflg system, thg |

designer might like to have a full scale reading when the:
voltage from the transducer is'0.682V. Instead of dwrdlng'
the input down'to 200.0 mV, the designer should use the
input voltage directly and select Vrel = .341V. Suitable
values for integrating resistor ‘and capagitor -would be.
120k() and .22uF. This makes the system slightly quiéter
and also avoids a divider network on the ir,put! The 7117

- with *5 volts supplies can accept input signals Up.to-=4—

volts. Anothér advantage of this system occurs when a .
digital reading of zero is desired for Vin # 0. Temperature: -

= The signal is less’ than 1‘15 volts.
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-and werghrng systems with a vanable tare aré examples.

This offset reading can be conveniently generated by
connectihg the voltage transducer between analog high

" and ‘common and the variable ltor fixed) offset voltage

between common and analog low. -

J7I7 Power Supplles . . v

The 7447 is desrgned to work from %5 volt supplies.

“Howevegyif a negative supply is not available, it can be

generated.from the clock output!with 2 diodes, 2

* capacitors, -and.an mexpensrve i C Frgure 10 shows this

applrcatron

,v‘.

a7

.-~Flgtlre 10:‘Generating Negative 'Sop‘pl;':from +5v

.\...l_ e e e -
E ! W d

ln lact in selected applrcatlons no negative supply is
f requrred The condmons to use a srngle +5V supply are:

1 The mput signal can be referenced to the center ot the

common mode range of the converter

' 3. An external reference is used. * - .. .

TYPICAL APPLICATlONS

The 7116 and 7117 may be used if‘awide variety of conllguratlons The circuits which lollow show some of the poss:bllltles and

serve to |llustrate the exceptlonal versatrlrty of these A/D converters.

7116 © o R
T osc s ? .- o
o0sc 2 L -
osc3 — Set vrel = 100.0mv .
TesT [ 100pF, - / L
REF HI [} — B ALY
: vo = A AAA—e
cener B ——i ol e e 22K1) ]
CREFI }—T & . 3
COMMON o Comn R
— P — - -
S NZ = O.I‘luFl . .::. -
= ATk - N
BUFF =
NT [ ——— ==
] o 22,7 b .
-2 N - B
Ca . ’ o |
L }ro DISPLAY
G [ B -
BP [}——= 70 BACK PLANE -’ .

Figure 11: 7116 using the internal reference. Values shown are for
200.0 mV fult scale, 3 readmgs per second, floating supply voltage
(9V battery). :

. : v
. . H 1
H .
H
- -
o © INT y -”"e - . -
i v- e v
‘G2 I 3
| R
WO H
. - i :
. v
BN ' .-
4 - . .

7147 : o

- . N . . .
. osc3 P .| -Set Vref = 100.0mV
7/

I

T TEST
REF HI

C REF
C REF
“common
S INH
{ w0

r——/vv\,-—fvv\,-—‘_o Y

LILTOGLL

:l L;ll

. T
,t oF Y VYV N

LILSUILT

l7Kll

BUFF

el |
1o CisPaY’

GND

T

- ze
. ~TO0Y

Figure 12: 7117 using the internal reference. Values sHown are for
200.0 mV full scale, 3 readings per second. IN LO may be tied to
either COMMON for inputs floating wnth respect to supplies, or GND
for single ended inputs. (See discussion under Analog Common on
.page 4.
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RN S117i200 B ) . T T Tpar w© - :
o] S pywno B Y = s v BEUIE
osc 1 M Se! Vrel = 1.000V y 0sC 3 ) Set Vet © 100.0mV
N TEST Z | 100er . . ’/ ) S T " 4 TEST :]:) 100pF 7
REF HI n ] . REF W1 :}————' .
Vs 5}— . : O V+: F < v [3— | ;
CREF 29K0 24K01 . i e W
c“:' :}___..,.lo.ur Ioxn, ; e N 4 g ::: :}__,_MV,J
common [ }————1¢ M o - . COMMON[}———+4
C L] - - A% i ! — T
e me ey FOowF - -k e at P S d
; I o ] - 2 i = &SI
9'3:: %——«/E. - Wil ' — : _— ’%):'\QE"“”
':T Lk - ; - o ) ) TS —
=, - - = - v P—
-1 i R . . ; e[ . .
; :: % i 1TO OISPLAY . :‘ % 5] TO DISPLAY
G co . Gy ] -
8pr/GND [ - GND [ }————e
. 3 > R B .
'Flgure 13: 7116/7117 Recommended componenl values lorZOOOV — | .Figu're 14: 7117 operaled from single +5V supply. An external
fun scale ¢ v g f . reference must be used in thisappiication, since the voltage between,
. [ .« V4 and V- is insufficient Ior correct operation ol the mternaf
; : '.; reterence L A%

o B ‘; T - . .
: /¥ osc 1] .
. osc 2| }— .
* 0sc i : : .
-vestf 3| 1 - Siiicon RPN
i e [ —1—— S MPS 3TOAor
W =r—J 1% 2%, eimilar
FCREFL oy | tooka L L zaoka ¢ ﬁ””)g
.  CREF[ I— ® / b L. °
< COMMON [ T— - -
- SN HL )_rv - ; N Moo ..
. Lo -2t . 3 o
S o ey —':] O047aF X T ) [
N S Purr,f p r.":-BUFFD—’_—@ IR ‘.:ggv.. T .
:":.T 7 "“: 3—'_‘ AnF . L LIS PR NS PUPU
o:fJ.- . [ | Y o B R '4 . .
’ :: i 170 oiseuay . 1 ; [ Lol - 2: 3 L ]To msv(u" _ R
K] =] ' : e ‘ I
GND [}~ P :}——— TO'BACK PLARE
- ET <+~ . . -
Fugure 15: 7117 measuring rauomemc va|ues ot QuadLoad Cell.- The -~ Figure 16: 71 16 used as-a-digita! centigrade thermometer. A silicon
‘resistor values wnhm 1he bndge are determmed by the desired diode-connected iransistor has a temperalure coefficient of aboul
' sensmv.iy . : . = -2mV/°C. Calibration is achieved by placing the sensing transistor

o : 3 o " in-ice water and.adjusting the zeroing potentiometer for a 000.0
' i s reading. The sensor should then be placed in boiling water and the
scale-factor potentiometer adjusted for 100.0 reading.

’PACKAGE DIMENSIONS -

40 Pin Plalnc Dual- In Lme Package C : o s 40 Pin Ceramic Dual-in-Line Package
~2.040 (51.816) LA : i 2,020 (51.308) Y . ;
L i - MAX. - l
- ) : Sl . 0560 (13.7)
T . ’ .- : ) NOM.
U\JLLJUDULJJUUUUUU n . i . l
LA K 180 025 ) ) . 0.520(12.208) !
..1 I._ “D%?“(ﬁ,?‘r'? : 14.084) (0.635) " ! i . /SOUARE I | offss i m) .
e . TYP. ! ooson 27) _:gﬁg “" -508)
N Nm e iod R 012+ 001 . vl - 2 : su,ﬁ? 1 o
5 10.305/% 0.025) - :
WIJWIWWWIJ"IF | nﬁnr A Tl WWWWWW=—7' e
125 (3.97) }——.aso . | —t 0.600 0.012 {0:
(zu; L MIN. es . . ~ l._ ..“. ..i ,. - aiasaws) ._.(15.24;_.i C
o ‘o8 (oAsn o ) ©MAX. - REF.
(1.778) - .020 (0.508) b S . - 0.050 2 0,010 0.018 % 0.002 0.100 % 0.010 _ . . T
TP L TYP. . . . (1.27 & .264) (0.457 = 0.051) (2.54 = .258) _
. B f N e o

4122



74

dse 58

= - A © i d
A2 Burnau 2496 AR uaquind

i

UINEIUIRSRU Iguanu  Liiad

a9 sTTn e Rand

= - -~ ° -
IINAUSIMUIAITAT JWIRIN m'wn\nusluaﬂ'mu
' - — pe— .
AV IFIUNISTRIU MU IFAS LA Z LY Al N \"\":’lﬁ“r YN INUIFAITRN S

wta?m o LNUNITARRNE NE

AULINENTNEINS
ARIAN TN INGINY



	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



