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TRUE RMS MULTIMETER

Mr. Chalermchai Kongmuang

Mr. Sawat Sukprasong

e “il %+ ._ . Singthong Patanasethanon Advisor
1994
Abtract

This thesis describe a developing of true RMS multi
meter project from root means square function. The aim of
this is concernted with an anélytical RMS functiion and
then synthesis true RMS multimeter circuit witch consist
of descretes electronics devices.The experiimental result
almost nearly specification of IC LHOO091.However multipli
er function circuit logarithm amplifier and nonlinear amp
lifier has been discussed. but not synthesis circuit. Pro

toiype circuit of true RMS multimeter has been shown.
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I, = (E, - V))C,8 —=————mu- (2.8)
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< 1

~(ME -~V )R,~(E_-V )C,s(R_+Tr_)R,
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E +E_SC_R,=
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*
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creeeesa(2.9)

7o AgRy
Ra+r, ufRy
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Positive reference circuit
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1 2
E, = — (-x+y+A)
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9.1.5.4 NITAMLUULITANIAATIANINUN (variable

transconductance )
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V.0 555000 = .. .(2.18)
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le T e L 4i 42 .. (2.19)
en 3A
R, R,

ANTUNTIT(2. 18)URE(2.19) LT13¢1a

= i =i _-i_ 41 ceeenaeaaa(2.20)
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wave generator
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Low-pass filter

Pulse-width modulotor
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- 8 ﬁ ld ) o v
qUUGI1 Q,,/Q,, | uaninnu IIAFUAIT(2. 1) 1913 (a
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51%7%“@8ﬂ1ﬂ PROJECT(V) PHILIP (V)| FLUKE (V)
8,25 8.251 B.22
4.57 4.59 4.56
2.87 2.88 2.85
1.86 1.88 1.83
1.33 1.34 1.30
1.04 1.06 1,01
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Taa SUPPLY =12 VDC

5Wuﬁuﬁﬂ0ﬂ1ﬂ PROJECT(A) PHILIP (A
- 0.02 0
1 0.68 0.753
2 1.055 1.178
3 1.27 1.442
4 1.38 1.59
5 1,455 1.68
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A National -
Semiconductor

LF353 Wide Bandwidth Dual

BI-FET 11"™ Tachnology

JFET Input Operational Amplifier

General Description Features
These devices are low cost, high speed, dual JFET input M Internally trimmed offset voltage 10 mV
i operational amplifiers with an internally trimmed input offset ~ ® Low input bias current S0pA
voltage (BI-FET 1i™ technology). They require low supply ® Low input noise voltage 16nV/V Hz
current yet maintain a large gain banqwidth product anq fast  w: Low input noise current 0.01 pA/VHz
slevy rate. In gddmon, wel! matched high voltage JFET input wide gain bandwidth 4 MHz
devices provide very low input bias and offset currents. The % High slew rate 13 V/uS
LF353 is pin compatible with the standard LM1558 atlowing _— 9 l B
designers to immediately upgrade the overall performance ?w ?quY. gurrent 3.6’mA
| of existing LM1558 and LM358 designs. = High input |mpeda.nce% _ . 10120
These amplifiers may be used in applications such as high by ;‘:_“i‘f{;ﬁ' ?\}aff:\%%ls dx_stonesw _f_‘\v0= :' 0,2 " <0.02%
speed integrators, fast D/A converters, sampie and hold 7 0" VPR =20 Hz-20kHz
circuits and many other circuits requiring fow input offset & Low 1/4 r?mse_ corner 50 Hz
, voltage, low input bias current, high input impedance, high ¥ Fast settling time to 0.01% 2uS
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.
Typical Connection Connection Diagrams
Ay
AWV
Top View
&
ouTRUT & outrPuT B
INVERTING INVERT'NG
INPUT & INPUT B
NONINVERTING NU;-!NVEHTIMG
-Vee meyr a INPUT B
. .gs . 3
Slmp“ﬂe,d Schematic Order Number LF353H -
v, Dual See NS Package H08C
2
Vee O et
Top View
vq QuTPUT A — LI
INVERTING INPUT A —11 — QUTPYT 8
NON-INVERTING ) ' T e
i INPUT A
v —_ §__ NONANVERTING
. INPUT S
INTEARALLY ITEANALLY
_TRIMMED TRIMMED Order Number LF353N
See NS Package NOSE

-Vgg Ol 4

TL/H/5649-1



‘Absolute Maximum Ratings

Supply Vo/ltage +18V Input Voltage Range (Note 2)

Power Dissipation (Note 1) 500 mw Output Short Circuit Duration

Operating Temperature Range 0°Cto +70°C Storage Temperature Range —~65°C to +150°C;
Ti(MAX) 115°C Lead Temp. (Soldering, 10 seconds)

Differential Inpuf Voltage +30V

DC Electrical Characteristics (Note 9)

Symbol Parameter Conditions - £F353
Min Typ Max
Vos Input Offset Voltage Rg=10kQ, T4=25°C 5 10
Y Over Temperature 13
AVos/AT Average TC of Input Offset Rg=10k0 10
Volitage
los Input Offset Current =25°C, (Notes 4, 5) 25 100 pA
Ti<70°C 4 nA
lg Input Bias Current Tj=25°C, (Notes 4, 5) 50 200 pA
Ti £70°C 8 nA
RiN Input Resistance Tj=25'C 1012 Q
AvoL Large Signal Voitage Gain Vg =+ 15V, T4 =25°C 25 100 V/mv
Vo= 210V, R =2kQ
Over Temperature 15 v/mv
Vo Output Voltage Swing Vg= +15V, R =10k} +12 +13.5 v
Veum Input Common-Mode Voltage Vg= +15V e +15 v
Range -12 v
CMRR Common-Mode Rejection Ratio Rg < 10k 70 100 d8
PSARAR Supply Voltage Rejection Ratio (Note 6) 70 100 dB
Is Supply Current Ji 3.6 6.5 mA
AC Electrical Characteristics (ote 4)
Symbol Parameter Conditions {6353 Unlts | i
. N Min Typ Max k-
Ampiifier to Amplifier Coupling Ta=25C,f=1Hz— ~120 dB
20kHz (Input Referred)
SR Slew Rate Vg= £ 15V, Ta=25°C 13 V/uS
GBW Gain Bandwidth Product Vg=£15V, Tp=25°C 4 MHz
€n Equivalent Input Noise Voltage Ta=25"C, Rg= 10012, 16 nv/Hz
f=1000Hz
in Equivalent Input Noise Current Tj=25°C, f=1000Hz 0.01 pA/HZ
Note 1: For op g at temp s, the device must be derated.based on a thermal resistance ot 160°C/W junction to ambignt for the N package, and

150°C/W junction to ambhm for mo H paekage

Note 2: Unless'otherwise specified the absolute maximum negative input voltaga is equal to the negative power supply voltage.
Note 3: The power dissipation limit, however, cannot be excesded.
Note 4: These spoaﬂcadons apply for Vg= £ 15V and 0"CS T < +70°C. Vg, Ig and log are measured at Ve = 0.

Nota 5: The input blas wrrems are junction leakage currents which approximately double for every 10°C increasa in the junction temperature, T Oue to the limitéd
production test time, the input bias currents d are co to Junction . In normal operaﬁcn the junction temperature rises above the ambient
tomperature as a resuit of intemal powerdlssipaﬂon Po. Tj=Ta+6ja Pp wh Oia is the from junction to Use of a heat sink Is
recommended if input bias current is to be kept to a minimum.

Note 6: Supply voltage rejection ratlo is measured for both supply magnitudes increasing or decreasing si

4

sty in with et



FEATURES.

L]

Guaranteed: zero reading. toe-0 volts input orr all
scales.

True-polarity at zero for precise null.detection.

1 pA input current typical.

True-differential input and reference.

+ Direct display: drive - no extemal components

required. — LCD ICL7106

— LED ICL7107
Low noise, - less than-154V pk-pk-
On-chip clock and reference. :
Low power dissipation —typicaily less than 10mW.
No additional active circuits required.
Evaluation Kit available.

: 31/2 Dsgit Smgle Chlp
AID Converter

GENERAL DESCRIPTION

The. Intersil ICL7106 and 7107 are high performance, low
power 3-1/2 digit A/D converters. All the necessary active
devices are contained on a single CMOS.1.C., including
seven segment decaders, display drivers, reference, and a-
clock: The7106:is designed to interface with a liquid crystal
display (LCD) and includes a backplane drive; the 7107 will
directly drive an instrument-size light emitting diode (LED)
display. ;

The 7106 and 7107 bring: together an unprecedented
combination of,h'ign accuracy, versatility, and true ecanomy.
High accuracy like auto-zero to less than 10V, zero drift of
less than 1¢V/° C; input bias current of 10 pA max:, and rofi-
aver error of less than one count. The versatility of true differ-
ential input and reference is useful in all systems, but gives
the designer an uncommon advantage when measuring load
cells, strain gauges and other bridge-type transducers. And
finally the true economy of single power supply operation
(7106}, enabling a high performance panel meter to be built
with the addition of only 7 passive components and a dispiay:

, oismar

ek

i

L A
ekl ey

P SvA A A s
— e T 0

p—

1)

INTERSIL 7106 INTERASIL 70T
_ 3 : T
- " N RN RN A I B AR AR F S PR E R AR R sl e ol el 14 ol W et bl 1
b ool LR e b A Y ol ARF AN IR A
$ I : omsLay l oramAY
_ ==
N 11 .
2y ‘
ICL7106 with Liquid Crystal Display _ ICL7107 with LED Display
ORDERING.INFORMATION PIN CONFIGURATION
(‘) supsLy 1) ~ EOSCI
O (UNITS) 0osc. 2
C{UNTY) 0sC. 3
Part Package Temp. Range- | Order Pant # Y e joi
7106. 40 pin ceramic. DIP 0°C t0.+70°C | ICL7106COL Slummay o] Twos e Merocan,
7106 40 pin plastic DR 0°Cto+70°C | ICLT106CPL sl YD coumon
7107 40 pin ceramic DIP g°C.to +70°C ICL7107COL C (rENs) (3] T INPUT HE .
7107 40 pin plastic OIP 0°C to +70°C | iCLT107CPL o Py
. ¥ (TENS) 0.
7106 Kit | Evaluation kits contain IC, display; circuit | ICL7106EV/Kit ¢ (rens) ] ITEGRATOR
7107.Kit | board, passive componen;s and hardware. | ICL7107EV/Kit . 2 ey - coak
See page 10. x * forn 5 froam o
oy n AS {1000} (39 G {100
. POLARITY (5 BACKPLANE /QIGITAL GNDP
(MIMUS) (r108) {71a7). -




ABSOLUTE MAXIMUM RATINGS

. ARV ICL 7106
Supply Voltage VHto V- i, ... 15V
Analog !nput Voltage teither input) (Note 1) ...... V+to V-~
Reterence InputVoltage leitherinputl ............ V4+to V-
CIOCK INPUE oo Testto V+
Power Dissipation (Note 2)

Ceramic Package ......... P e 1000 mW

Plastic Package ...........ocoiiiiiiiiin... 800 mw
Operating Temperature .................... 0°Cto+70°C
Storage Temperature®\................ ,. ~65°Ctlo+160°C
Lead‘Temperature(Soldermg 60secy ... ........... 300°C

Noleﬂ lnput vaitages-may exceed-the-supply voltages provided the input current is limited to +100pA
Note 2: Cissipation rating assumes device is mounted with ail leads soidered to printed circuit board.

ELECTRICAL CHARACTERISTICS (Note.3)

Analog Input Voltage—(evther inputy (Note 1} ...... V+to V- |
Re!erencelnput Voltage(extherlnput) B 4 3 1) V-A
Clock']nput P 2.2 GRAO V4
Power Dissipation (Note 1) {
CeramicPackage ....,........ e .- 1600w 3
Plastic PACKAGE . tuaivw iu e e aas s e 800 mw s
Operating Temperature ....... P 0°Cto+70°C .43
Storage Temperature ~65°Clo+160°C
Lead Temperature(Soldenng 60 sec) .............. 300°C.

CHARACTERISTICS CONDITIONS: MIN TYP MAX " UNITé
Zero. input Reading Vin = 0.0V K '
Pt e Full Scale = 200.0 mV . —000.0 =000:0 . +060.0 Digital Reading |,
Ratiometric Reading, Vin = Vret 999 999/1000 1000 Digital Reading
- . Vret = 100 mV
Rollover-Error (Ditference in =Vin = +Vin = 200.0mV -1 o +1 Counts
reading for equat positive-and
negative reading near Full' Scale)
Lineanty tMax. deviation from Full scale = 200mV -1 .2 +1 Counts
‘best straight line fitr ~ * or full scale = 2.000V \ ,
Common Mode Rejection Ratio Vem = £1V, Vin = 0V, 50 aV/v
{Note 4) Full Scale = 200.0mV.
Noise (PR Pk value not exceeded | Vin = 0V 15 uV
95% of time) Full Scale = 200.0mV ;
Leakage Current @ Input Vin = QV 1 10 pA "
Zero Reading Orift vin =0 u 0.2 1 uV/°C q
0°< Ta <70°C . i1
Scate Factor Temperature Vin = 199.0mV 1 5 ppth/°C i :
Coefficient 0< Ta<70°C
(Ext.Ref.0ppm/° C) jl
Supply Current (Does not Vin =0 0.8 1.8 mA
include LED current for 7107)
Analog Common Voltage (With 25K{) between Common & 24 2.8 3.2 Volts
respect to pos. supply} pos. Supply
Temp. Coeft. of Analog Common |25KN. between Common & 80 ppm/°C
twith respect to pos. Supply) pos. Supply ~ !
7108 ONLY V Supply = 9V 4 4 " 6 Volts
Pk-Pk Segment Drive Voitage : Y/

1t{Note 5) /

17106 ONLY .| V Supply =9y 4 5. |- 8 Volts -
Pk-PX Backplane Orive Voltage . "
(Note. 5}
7107°ONLY +Supply = 5.0V 5 8.0 mA
Segment Sinking Current Segment voltage = 3V
(Except Pin 19). . PO L. ) .
7107°ONLY ~. | +Supply = 5.0V 10 16 mA
Segment Sinking.Current Segment voitage.= 3V
(Piry 19 only) ! - .

v
H

{

Ayoua- Unless otherwise noted, specifications apply to both me,pos and 7107 at Ta = 25" C, feiock —é’BkHz 7106%s testedi in 'the circuitot Fxguret o

= " 1. 7107 {s-tested in the circuit: of Fugpre 2, N~
No(qA. Refer-to "Ditferential Input” dlscusmom on.page. 8"

Nate: 5:.Back ptane.drive.is in.phase with segment drive fos Joff’ segment, 180° out of phase.foc'on’ segmant. Frequency-is-20 timas.conversioms

rate. Average DC component is less tnan SOmV,

eugmm ‘
‘:“

EIEN - a =



National
Semiconductor

LF147/LF347 Wide Bandwidth Quad
JFET Input Operational Amplifiers

General Description

The LF147 is a low cost, high speed quad JFET input opera-
tional amplifier with an internally timmed input offset volt-
age (BI-FET IITM technology). The device requires a low
supply current and yet maintains a large ‘gain bandwidth
product and a fast slew rate. In addition, well matched high
voitage JFET input devices provide very low input bias and
offset currents. The LF147 is pin compatible with the stan-
dard LM148. This feature allows designers to immediately
upgrade the overall performance of existing LF148 and
LM124 designs.

The LF147 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,

low input bias current, high input impedance, high slew rate-

and wide bandwidth. The device has low noise and offset
voltage drift.

81.FET 1™ Technology

Features

® Internally trimmed offset voltage 2mv
® Low input bias current 50 pA
B Low input noise current 0.01 pA/VHZ
® Wide gain bandwidth 4 MHz
m High slew rate 13 V/us
u Low supply current 7.2 mA
® High input impedance 10120
® Low total harmonic distortion Ay=10, <0.02%

R_10k, Vo =20 Vp-p, 8BW=20 Hz—20 kHz

m Low 1/f noise corner 50 Hz
8 Fast settling time t0 0.01% 2 us

“Simplified Schematic

Ve O—

Va Quad

INTERNALLY
TRIMMED

-Vee O

INTEANALLY
TRIMMED

Connection Diagram

Dual-In-Line Package

oute N~ Ne v- w3t (L5l ouT3
l 11 lﬂ 172 H 1 - l ] I 3
Order Number LF 147D or LF347D
See NS Package D14E
Order Number LF347BN or LF347N
See NS Package N14A
| [ I 2 F) [ [ l s I !
ouTt LR wr v [L¥ nz ouT2
ToP VIEW TL/H/S5647 -1




:Absolute Maximum Ratings | e e

A LF147 LF347B/LF347 LF 145’ LF347B/LF347
. Sup ly Voltage +22V 18V T Tymax R | 50°C “115°C
,D,ﬁerential input Voltage . +38V £30v IO 100°C/W  150°C/W
nput Voltage Range 19V 18V -~ ;Qp.e[ating. Temperature - = -(Noted) | --{Note 4)
 (Note 1) . ST AR  Range R
Output Short" Clrcunt Continuous Continuous Storage Temperature . —65°C<Ta<150°C
2 . - Duration (Note 2) : Range - o
§'power Dissipation 900 mwW 500 mwW Lead Temperature - 300°C 300°C
i (Note 3) (Soldering, 10 seconds)
'pC Electrical Characteristics (Note5)
syrﬁbol Parameter Conditions LF147 LF3478 'LF347 Units
Min| Typ |Max| Min| Typ [Max|Min| Typ |Max
Vos' Input Offset Voltage Rg= 10k, Tp=25C : 1 5 3 5 1. 5 10 | WV
Over Temperature 8 7 13: mV
avos/AT| Average TC of Input Offset Rg=10kQ 10 10° 10 baerc
Voltage
“los Input Offset Current T;=25°C, (Notes 5, 6) 25 | 100 25 |100 25 (100} pA
Over Temperature 25 4 4 nA
Ia Input Bias Current Tj=25°C, (Notes 5, 6) 50 (200 50 {200 50 |2c0! pA
. Over Temperature 50 8 8 nA
AN Input Resistance Tj=25°C 1012 1012 1012 n
AvoL Large Signal Voltage Gain Vg= %15V, Tq=25C | 50 | 100 50 | 100 25 { 100 v/mv
. . Vo=t10V,R =2k
Over Temperature 25 25 15 V/mV
Vo Qutput Voltage Swing Vg=+£158V,R =10kQ|t 12| £13.5 £12]{ £135 +12] £13.5 v
VM Input Common-Mode Voltage - + 18 +15 +15 \A
Range Vg= £15V 01 \LA e B CALL [ v
CMRR Common-Mode Rejection Ratio{Rg < 10 k2 80 | to0 80 | 100 70 | 100 d8
PSRR Supply Voltage Rejection Ratio | (Note 7) 80 | 100 80 | 100 70 | 100 dB
Is Supply Current y 7.2 | 11 72 111 7.2 | 11| mA
AC Electrical Characteristics (vote5)
Symbol Parameter Conditions LEe7 LF3478, LF347 Units
Min| Typ | Max{Min| Typ |Max|Min{ Typ | Max
Amplifier to Ampiifier Coupling | Ta=25°C, —-120 —120 -120 dB
. =1Hz~20kHz
B (Input Referred)
SR Slew Rate Vg= £15V,Tp=25°C 13 13 13 V/ps
GBW | Gain-Bandwidth Product Vg= 15V, Tp=25C .4 4 4 MHz
n Equivalent Input Noise Voltage | T4 =25C, Ag= 1000, 20 20 20 nv/{Hz
f==1000 Hz g
in Equivalent Input Noise Current | T;=25°C, f= 1000 Hz 0.01 0.01 0.01 pA/fHz

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: Any of the amplifier outnuts can be shorted to ground indefinitely, however, more than one should not be simuitaneousty shorted as the maximum junction
@ will be

Note 3; For ting at el d p , these devices must be based on a thermal resistance of gjs.

Note 4: The LF147 is available in the military temperature range — SS‘CSTAS 125°C, while the LF3478 and the LF347 are avaligbie in the
range 0°C<To<70°C.

Note §: Unless otherwise specified the specifications apply over the full temperature range and for Vg = +20V for the LF147 and for Vg = 1 15V for the LF3478/
LF347. Vg, lg. and lgg are measured at Vo =0.

Nots 6: The input bias are junction leakag which approxi double for every 10°C increase in the junction teamperature, T} Due to fimited
production test time, the input bias currents measured are correlated to junction In normal operation the junction temperature fises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+ 84 Pp whers 8j4 is the thermal res from junction to i Use of a heat sink is

recommanded if input bias current is to be kept to a minimum.. .
Note 7: Supply voitage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice.




g = Y o o v - = Y ! Y o £ v v
wnanstluenasnanulidmsunisidnuienis@nwivingy ldeugnlviiluldussleyisunisen

Lidnsdilagiadu dnvievnuiilvidaulasient wagdasnadadadvesenarsynasaninisualuly



ar ‘ ) 4 ar
n11nﬁ91ﬂuﬁuwuﬁszu1ﬁqa1wu¥auntﬁaqwn1ﬂnsqua31waau

. [v] «o [v] d L}
ARt vagie "wieerw i MUY 1 wiaaL2an

. 9%
118y =
BTl
w
P = —
t
. . R
WUIUDAIAIAY = I
UIN
o ¢
= 06
/. VERRE LT S
Araetuda =
Sk
P = VI
W = QV
WA, . Bl QS I/,
2
= RNy~ S R
* 2
TPL_ aeeeve P,V = I
v v ] )
116084017 "91U" TUNUIELARD Y
< < ~ v
188N 1 waaay = 4.185 IR INla
2
W I RT :
= 9 I =1
) 4.185 4.185 (a2
MW H Hud3unaauFaus i
- 2
H(UAABT) = 0.24 I __ RT ........(1)
A1ENA (effectiive value) Fvaeilanfizauiasdmuasnnnieudivwia
ug
=RV

R)



ANHINANAINTEURARUT 6 qﬁwnum?ﬁtﬁud1uaqnisua1wﬂﬁnu1mﬂﬁﬂ
: . [ VN 1Y) . - (v 1 e d ] W
Ldua?qasnﬁ1ntnﬂﬂnﬂuiauwwuqutmﬂqnuﬂut1aﬁln1nu tuadaaeIvwu
v o < [v)
ANURIUNTUAILALING
v o ﬁ . .
nisudtwdafuliaunaTiie i __, = I_sin wt
R . ug
W I ,_, tiudrdewaraenrzudtuilagEm
. ¢« o 4 4 v 4 R e, . .
AINANIINAAITIUNARTIINNRD lNﬂﬂaﬂﬂﬂisudYWW1daU1=Imslnwt
] v [y ~' Q! v o b
WIUAIUAIUNTIY R AINUITULIRIVMUY UKL BINTERARRUBANUR 2 aunTe
« ' e ] 1% v e o [ IR
UARTINTARIEIWAT | WIUAZIUAIUNIY R G21aa2nuTasi L2871 N9y

L < a v . < o ;’] B v o '
NagaIn TN HANLNAAIIHTAUINUIULQEINYU H uﬂ‘fﬂ'\mﬂ']']“?ﬂuﬂ\lﬂa'l'l

AanaulaagnTeud WAL 6W9ua2wuiunae R iiuiaanina
o~ I - «<§
flu 1 98y @Aa T Ju1d

<4 N g 3 L
LUaI’I1n H 1Hagundavsaul a9 I34nN174

dH = 0.24 i __ Rdt = 0.24(I_ sin wt)°R dt
< :
Ta8an 1.1 = 00es bt
H T
dH = | 0.24 I_°R sin”® wtdt
0 0
T
0.24 I_°R .
H= ——= sin wtdwt
e, ;
- 0
1 .
2 e sinZ2e L
AN sin ede = — - I9la
. 2 4

2 . T
0.24 I_ R[ wt 51n2wt]
2 4



0.24 I *R [wT
H=s ——® _ |— -0 -0+ 0
W 2 .

0.24 I_% RT
H = e (2)

4 [V 4 - o <4 o .
L:gaﬁ'-m'smflwaq\3w.n':w’faunﬂ“mnauuméf’mmu(R) AALAHAINULRIEN TNUR

} 74
“© 1 [

[ Y v o a P ) « «
TNWANITIUAIIUTIUNLAATUUATLNIAUIIAFAUNITN 1 Uaegn 2 qsagﬂndwu

o I's uuH‘l
Fuiudna 9T N TER AN TINAREN TEUARAUA 94D

2
0.24 I" __,RT = ol s e (3D
2

2
1a I e

(7] —
({dec ) 2
o ¥ A8 b3

AU @lEgvyue I, , = — = 0.707 I .......(4)

2

3 < o | .
TuninuavLagaiuL Il ARautWdY e = E_ sin wtias E_  udn
a1 - ] [ ~
gqqn nzunwaawasﬁugﬂtmﬂqnu A

S ' 4
1 E Lﬁuﬂﬂﬂowanaqu1oLﬂaau1wﬁﬂ

Em
Iz

AINFUNIT (4) War (5) ﬂzﬂ%ﬁiﬂ

E = = 0.707 E_, ..ivevea(5)

- 1 J [} I , a
a715u ——na¢ﬂ1§qqmnaﬁnﬁsuaaau “mlagynanudInnnaInseud

Iz [z



d ' 3 ] ar [ o
RISCI .7 uRdidpURaayTuunTeuaniada Ui @ 1un w11 a8 1Ty

- [} v ﬁ v o v < [ Y
ATULIRINENINULAIIL LUUHITHLNAWARIIIUAIINTAUNLNINY



RanTTulsEnId

H < 1 ! < - H
TﬂieQWuudﬂL1q§a161ﬂ15503a AlwsztaTualqnLaatda’n

I's 's o [ ' P o
PMICHMEY:] Rﬁnnaq-wmutﬁiﬁﬁwuun u%ﬁﬂﬂﬂLﬂﬂTﬂTRﬂﬂﬁi?ﬂQNﬂﬁﬁQﬂﬁﬁ%
- v o ﬁ éadd < @ . ™ Y]
998 FIUNINIUAITUL UUANINTINUIARITUNNITIANT RRLIATTINARDANN
ﬂ ) d‘\.
liduaatiag

Y X < .« 'S a L o
nﬁunaﬁauqm 1 TRIR TR RISTATS: B IR A e [ Re b gl LﬂﬂTuTaﬂﬂﬂiiﬂquﬂﬂﬂ

L]
1 4 [} a« pr 3 4 1 - H
nﬁuﬂﬂaquﬂuuﬁgu uas?ﬁnﬁﬂ?ﬂanaﬂmaamnﬁﬂﬁnaﬂauﬂuu1 a Yantdy

P ') -1 3 vy P
DANINNTIN W.d 2533 nnw?wTﬂiqqnuudﬂquYmﬂaaauasnanauqmqn I
[} o ﬁ 1 P X < & - o wvad 1
A8 WIS LHUDAINESIITATIIIUY azLﬂuﬂ:zTaﬁudﬂuiugnauﬂqqnnﬁu
< o PEREY) e — - o .
maamaugnazuﬁYﬂﬁssqnm1ﬁﬁﬁuiﬁLﬂuaéﬁ@ﬂﬂﬁm?ﬂunqﬁumﬁau1nﬂw§uuz

1 4 . o A 1
aﬂnﬁﬁqﬂnﬁu Lwaquﬁﬂﬁquﬁuﬁ%nﬁuTanﬂama1ﬂ



LY LY -~
ﬂu\igﬂﬂ"l\ia\i

Yujen wong/William, "Function circuit",MCGRAW- HILL,
1976, page 47 to 175

Ramakant a,gayakwad,"Op- Amp And Linear integrated
éircuit",Prentioe—Hall,1988.

Operational Amplifiers source book, Prentice- Hall,
1987.

David F.Stout/Milton Kaufman, "HAndbook of amplifier
Circuit Design" Mcgraw-Hill, 1976, ‘Page 9-8 to page
9-10.

John M. cage,"Electronic Measurement and Instrument
tation",Mcgraw-Hill, 1987.

A.J Bouwers,"Digital Instrumenttation”,Mcgraw-Hill,
1986.

ﬂmqaqiéﬂﬂﬂ%ﬁqaﬁﬂé?; "ARnA 2", anringdadas 3ﬁﬁaqni&
N1 Inanfe, 2524,%11 170-174

2. 729uasIA. (wauda nufiarea, "Aang N.B",Qﬁﬁm%m,wﬁﬂ 183

-187





