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ABSTRACT

This paper provides the analysis of the differential
amplifier using the insulated gate, metal-oxide-semicond-
uctor type field-effect-transistor(MOS FET), for its active
element and the power drift of the amplifer.

From these analytical considerations some design stand-
ardsn were found for the MOS FET differential amplifier
available for the measurement of the very small current
(pico—ampare range).

A differential amplifier was designed and built in the
view of above considerations. Its equivalent input gate
voltages of the thermal drift and the power drift were
0.57mV/°C in the range of 25°C~60°C and 8.8 mV/V in
the range of 20% drift of its orginal value, respectively.
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218l 6. The Equivalent Circuit of the Differential
Amplifier for Audio Frequencies
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18] 7. Completely Symetrical Equivalent Circuit
of the Differential Amplifier

%-gm, 9] Gate ol a2 & —%gm o] slo] whH
Phase-Inverter 2] fy%]-¢ #hcla & 4 Slet,
=X W@, 5oz 3y

in—+ipz= g';gf%?m—;iﬁ 2}3 (ec1tec)  (6)

w}2} 4]
Rs

93~%KL2) é (ec1+ec2) @

°oleh. BI% 4 #59) Gateo] 1 Volto] EEEL s}

o 2BHe BT # 1/Rs Amp, Source By #
1Volt ol v}, #— HZ Gate al 1 Volt & o}A] = Source

BES 0 5 Vot LRSIZ 2mis + R Amp
L M Dok oldh i L 8 kg WE

(= 77} 1/2R) = o}, o uj Ti‘g@ﬂ:(Out of Balance
Ratio) = 1/gmRs ol cb. FlZA gm=0.5mQ, R ==20KQ
9 o REHHE 0.1}

3-2. JFHE ETF ZEpgEs

—RUS] B JEME RTS ERBEES e
o 23 694 fEFE

61l 5 eon S FBE (22 )ecmg=Giy
ccr ol 1 e 9] FIBE (22 Jecr=g=Gan
eczoll 3 eor o FE (22 Jeoioo=Gio
eczol H o2 9| FBE (~g2-)eci0=Cre
o ek Kirchhoff %:A1¢ W sl 34ehad
= s ®



342

. gmgmstRDZ
Co= T4 R Gemt2md) 93
_ ~8m(1+Rsgm)Rp;
Gzz»— 1+Rs(gml+gmz) (10)
____ E&m&mR:Rp;
L B X an
% %d%&v}h. w24 Gain Function & o}-g3} 7tc}.
ep1=Gnec1+Gizec: 12)
eps=Gzec+Gypecs as

A A, D&
ded.
[em ) Tnée]lean) as
o] 714 Common Mode [CM] 543} Differential Mode
(DM) %5 EAole] Egshe] 2o}
CM B4 Eite e S B 5 W7 SHRER
2 Fi3E BRI

Matrix Form o 2 &Rs4d £ (1)L

I (15
€Dc— eerte& (16)

°lx DM R4 fEhket e &) B 5 BF 6%

HEEY £ 48 Fokdd
i eop=—"H2 an
eep=-"P15 L s
oleh. LlEg #5438 en W epy & Gates] CM K5
BE 9 DM g5 BEY mg= Frsd
en1=(Gn—G2decp+(G+Gipdeg. a9
epy=—(Gon—Gn)ecp+(Gau+Gaes: @m

°] Hd. wztA DM pi4 2 CM B¢ Gain Function
&

epp= %(Gn +Gn—Gu~Gaecp+ %—(G" -

Go+Gi1a—Gayeg, ¢4))
eDC:%(Gu_Gzz—Glz+Gzl)€GD+ ‘;“(Gn‘i'
Gzz+Glz+Gzl)ch 22

3 of XEE Matrix Form o5 xw]
[eDD:'__l‘_[Gll‘*‘Gzz""Glz*Gzl Gll“Gzz+Glz_GzI:l
2 L6u—G,u~G1+Gy Gu1+Gp+Giy+Gy
¢cp
[ec:;:,
oleh. K (2ol X (8), (9), (10), (1) & oAz
l:eDD] [&m(1+28m:Rs)

2[1+Rs(gm1+glnz>] Lgm(]_{_ngzR,)
Rp1+-gmy(1+2gmRs)Rp, gmlRDl—gmzRDz}[ 24
€6e

€pe

23

Ro1—~gm(1+-2¢mRs)RD:  gmPRD1+Em:RD2

4

A @D AA gmRs>1, gmeRs>1 0wl DM B % M
49l Gain Function -2
l:"’np}___ 1 28m&meRs(Rp1-+Rp2)
epel  2Rs(gm+gm) 28mEmRs(Rp1—Rp2)
EmRD1~—~gmRpe | Ccp
gMIRDl‘i‘gmzRDzil[ -]
o] o},

(1) FA— HEHE BT ZHHERY B8 DM g5t
CM B4+e] Gain Function & 5% (25) o gmi=gme=gm,
Rp1=Rp:=Rp & fAAsd k¥ 4 9ld}.

€pp —gmRp 0 €D

» L s

€pc 0 2Rs --¢g.
%2 DMp5el Gain & AGEZES HAY %8 %
WB Gain 3t AL 22 MRS Gain & H—pil
oje} DM B4 Gain 9] CM E4% Gain of #a Mo
Discrimination Factor = # 2 gmR; o] o, e 5 gm
=0.5n0 Rs=20KQ ¢! o} D.F=20 o] c}.

(2) JRHf FTF ZBHEESRY BBd= DM RS H
NBE], DM RS ANBEM CM 545 AT
K Kol wase] sles R (254 g & At
o213t PR MOSFET 9] Fi Gate} o) #sled
FBfrfyo2 Y of HHBe] Drift & FzkaA 5o
Ml Gate o) BArzEE JEs € o) EpEe 74
A R

Tk @~ DM R4 HHBES Jded ST CM
B ANEE# DM K5 AHBEY it B CMR
(Common Mode Rejection Factor) 2 wl4gst fi R J=
o] HFstch. o] CMREE HEE AL 3= 2o B
BEyol o} BIEES T kst ERES -}
CMR & E#el et & QDoz Yy

gm(l +2gm2Rs>RD1+gm2(1 +2gmRs)Rps
CMR == &mRp1~gmeRp; @0

RRE F YT gmR>1, ZmeRs>1 o]w} 5%

(25

€Ge

(26

sh ol
@ne

28mgmeRs(Rp1+Rpy)
CMR= gmRDi—gmeRpy (28

2 HG B— gm & gm 9 %7} #S Rpms Rps

9 27 A3 d9 gme=gm Zm=gm+dgm, Rpo=Rp

Rpy=Rp+dRp et & & Uz & (28)& tg3t g
- 48m*RpRs

CMR= dgm « RD+gm - dRp (29)

{8 dgm €& gm & gme S}8] o]z
dRp ¥ Rp1 3} Rp, 949 #0)g},
I8 29 gn=0.5w0, R:=20KQ, Rp=10KQ
dgm=0.1gm dmp=0.1Rp ¢ o} CMR {#+= #J 200 o] &}.



4 TR WE @m0l K& Drift fif

R— B X7 ZBRESEY B84 ddds BE
BE] BEYc ex8E BB Drift = J71x &
<+ Aolth EHWE RTL BB @K REM K
Bed Drift & A s},

HA - BB KT EHRERAA BiE TE B
o] %3 Gate-Source i BEE Vos o] BBz Rl

18| 8 4l Epp-+Ess=(Rp+2Rs) Ip+Vps (30D

&l 8. Differential Amplifier with Input Grounded

Ves=Ess—2 Rilp (3D
olgh. TS Brdlr] Bl A MOS-FET o #Z Conduc-
tance gm o] Gate Bias FEES] BMEg el —Edgdn &
&8 Pinch-off %ol 4] Drain B3 Ip =

Ip=1Ipss+gmVos (32
2 RFE F U

({8 Ipss = Ves=0 9w} Drain Eif)
& (30, (3D, (324

Vb Ess+EDD
b=—5r 1Ry T 3R FRp (33
1 — Ipss
(2. + Zn )UD>—E“+—°g,,, (30
R (3 & Ess o] Hold R
dlp gm
0Ess — 14 2gmRs (35)
£ Qr. 74 gmR>1 o)d F (3=
géf, = zzleT (36)

o] 2. = X8 & RG] AL E W
Epp & #% RESHY ogE RE dEvh = gkl
B i

343

9 Vps Rp

oEss 2R &1
aVps
ﬁ =1 (38

wehd R(8DE Eopel MY Rfgksste K@D
fRAshd

olp 1 Vs
dlpp ~ 2R+ Rp (_ O0Epp +1):0 (39

£ <<=t H Drain E¥fi: Pinch-off fiRoA Epp &
EEe] Bt & B Wx] %3 Es BER{tolet B
o Bl Ess HE BEE Vool #LE 0|25 Drain §
el BMHEE S edn £ 4 9o
# BDolA dlp=gmdVes T R (36)e] LA 3}

0Ves 1

0FE:s = ngRs (40)
2 dem HIE E gn=0.520, R-=20KQ o}
aVGs

1
aEss :——26 O] S‘J‘E}-'

—He 2 JFHB KT LEHRERY BE BE B
Bl 3 Wh Drift & EEmA. AY BE HTo)
ST o CM R4 Gate ANREE ecc & HY DM B
4% Drain Hihe

epp(ecc)= eop 4] EG%;][Rgﬂ Fl4 X ege

2 RRY 4 vk eopd ecpol WA WHE X (26)
A —gmRp oz

epp(ece)=— %’"Afg “€Ge 41>

olch. zwld BEEE Eccd #ftt & MOS-FET o
Gate AJyell CM 5y BES Wal F& A% H—3 #

+ M 24 2 Aelrz R(WE BEIA e
o] Frg <+ 9o

m R
epp(AEcc)=—522- . AEqe (42>

A (298] CMR & & (42)°] RASD ®iE TE Ecc
o Bbel B ) Drift =

dgm - R m « AR
epp( AEce) = — -2 1 gz:igRs 2w AEcc (43

ol q’ W%‘ ':E‘ﬂ- gm:(). 50:0, dg”,:()_ lgm, RD:].OKQ
dRp=0.1 Rp, Re=20KQ < *} Ecce] 1 Volt Drift of
#aled W Drift & 25mV o]},

5. AEEAE (Lol &3t Drift 5|

3 Transistor(Bipolar Transistor & #5% ol 4] Coll-
ector i SB(Majority) Carrier o} /@ (Minority)
Carrier o] 8% R o2 MRS e Ae Amy
HEIAY L LB Carrier = HEEES Bio] R
o] B¥roz fFEMor Collector B MHFS f£3



344

it Eagloh

22]1} Unipolar FET &} i8¢ ¢lo A& %8 Carrier
of festel 4k Drain Bie7t kS =2 AEEES &
®2 A9 0A ghdn ¥ 4+ 9ok

Unipolar FET ¢] FEEE B
e

(O Gate Leakage B (BB G

® Conduction Channel 2] Unmodulated Channel Cond-

uctance & {BRERE

@ Pinch-off S RIEHH

@ %Bf Gate-Source ] WHES BIFHES) gl

MOS-FE At wleb (o] Gate & Source fifol]
Si0: BT l Jlomz LHS BHE ®HET 5 sk
Unmodulated Channel Conductance & {BEE{BEEE —5X
1073~—8x107% 1/°K #E o] = Pinch-off W] B
B Sition HHE 7 S o L2 ~L0
1/°K (fH wy - Pinch-off B F o] ed & Gate Source
i EEEe] B R#+E Diffusion Potential & {BF (Rl 5
Pinch-off EEES) @fitz ve)dcoh (0

MOS-FET & ¥ {8 £/H3 %% Source i 8F

wLE Driftjfo 2

£ At § WE EAE ERERANAS Thermal
Drift & KRS 2 WEE HEST 17 9 BRI

o} JHEEE 25°~60°C gfe] A &(F Gate AN BE
< ¥ EE #H EE W 0.93mV/CE Re FH
oS A 0.5TmV/°CE dlaen #EY B, 25°C
~35°C #giol 4= Thermal Drift 7} o RgE=]A ¢
+& BHIA

{3

o o
E WHES A SMELE TRANSISTOR
e
w >~ 2Pk 15 pLoED
£y
&
5 af P
(g g P
2 14 WMEN OIFFENTIAL CIRCWIT
4 e
e 1S 7 IS EMPLMED
3= g
2 ,
A 10+ -
e
SE [
-
| L " )’L L i L
30° «0° Fo* (1

EMBIENT  TEMPERATURE ( 1)
2] 9. Thermal Drift for the MOS-FET Amplifier
using RCA 3Ng9

6. MOS-FET xEjfiEdo] /it U XBRR

4 MOS-FET & FM3 ZHEEHE & HERERE
(Pico-Ampare Bf7) % WEE EHdezr ook e
R ERS Bit sty

(D Discrimination Factor 7} & 73,

® Common Mode Rejection Factor § =27} 3l FET
W Gate 2] Ground o] ¥}3} Potential Drift &} Bgo|
qE A
@ FET o Whmbiel & Biol BifF AA SHE
B4oll 4] Constant Current Source & & 4 9l A &e}.
@ Thermal Drift & HA 3}7] B3t W B
Drain Ei7F A& Bl Al BifFEA) 2}
® TF TES #Hol k3 Power Drift & =
skt
® EBIFERS HIIE] g Full Scale 2004 E
WA E Bl hE EEY F dA T A
_‘—15: o] E}-
Transistor & RCA €yjil#il MOS FET (N-channel dep-
letion type) 3N99E {#I3igich. o] MOS FET ¢ Drain
- RE FhEe 28 103 2. BiER Q=
1L>suv75‘, Ig=0.4mA, Vesy=—3.5V o]}, o|wl] gm==
0.45mT, 1/8,-=180KQ ol it HEEE 18 11
3} Zeh
o] ZEEIFIEAS EEFEL 4.5 o] BHASS 2
10% o] ot AD{ERE 1 Volt Al 71A] HHe EHS e
St BIE BEEE) ) W3 Drift o fEHkREe 28 12
A F 4 Uk Eso ¥ Drift& 3.52p4/V 4

DRAIN MiLLIAMPARES (T,)

5 10
PRAIN TO SOURCE VOLTS (Vp;)

12| 10. Drain Characteristics for RCA 3N 99 and
Load Line

2. °lAE HAHEEoR #ESH 8.8,.V/V( . Micro-
Ammeters] REIEH-C 2.5KQ o) 2 3.52 pA/VX2.52

KQ=8.8»V/V)=ct. ¥4 R MOS FET ¢ gm fis} 10
% ol K% #E Drift = U)o #3le] 12.5mV/V



Eooti2.sv
Z0r0 “5

=Ess=-125v

13 11. Complete Differential Amplifier Circuit
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