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Analysis and Design of FET DC Amplifier
by the Approximation Function

Toshiyuki Niwa and Shigeo FukuTa

Department of Electronic Engineering
(Received September 11, 1968)

Analysis and design of FET differential DC amplifier applied by the approximation
function which is derived from the experimental data is presented.

DC and AC problems are represented in non-linear simultaneous equations. Equations for
obtaining the operational point are solved by Newton’s method. Equations for large signal
analysis cannot be solved by Newton’s method or Gauss-Seidel method, then they are solved

by the method same as Euler’s method.

From the computed results, DC amplifier is designed to obtain higher gain, better CMR

and linear input-output characteristics.
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Vs :drain-source voltage

Vs : gate-source voltage

I4s :drain current

Isss : drain current for Vys=0

Vaso : Vg5 co-ordinate of the inflection point of
I4ss curve

I4so 2 I4s co-ordinate of the inflection point

N order of flatness of [;5s curve

a : coefficient of flatness
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b : channel conductance at the inflection point
¢ :channel conductance for Vys=Vps
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Table. I Values of coefficients in eq. (1) and the important characteristic values.

FET | 45 ldas] ™ a b c m | Vas(V) (%%ﬁ%ﬁ
) (mA) Ny [+3) ’ T2 AT G0 (0]

16.6613 | 8.9389—21 |
2SKI1-1) 14.0 | 0.587 '9:02e8 1 73200701 | 1.5876—3 | 4.286—4 2.072 |—0.9700| 0.531 | 1.05

| 15.5145 | 1.1615—19 B
25 K121 15.0 | 0.860 152145 L6159\ 5 o793 | 5.333—4 |2, 047 |~1.1854] 0.850 | 1.38

14.3954 | 3.2024—18
2S5 K12-2) 14.0 | 0.520 1.3963 | 9.5630—04 | 1-3879—3 | 2.857—4 12.154 |—0.9244 0.514 | 1.02

9.2657 | 7.9570—13 _ _ _
28 K12-3 15.0 | 0.637 2.6%67 | 1.9652—04 | 1-6296—3 | 2.667—4 |2.0617)—0.9908 0.629 | 1.32*

7.7918 | 1.8583—11

2S K12-4| 17.0 | 0.797 4.6546 | 1.7774—05 | 1-3934—3 1 2.647—4 |2.088 |-1.3881 0.787 | 1.19*

13.3657 | 6.9686—17 _ B _
2SK12-5 14.0 | 0.791 "5 3096 | 322700 | 1.7849—3 | 2.500—4 [2.176 |—1.1787| 0.784 | 1.45*

5.1435 | 5.9371—-07
3SKI4-11 10.2 | 0.795 " (309 1.1163—05 | 8-9646—3 ] 3.922—4 |2.234 \—2.717 | 0.793 | 0.65

1.500 9-3395 | 2.4487-07

3SK14-3 12.4 3.5588 | 3.6848—05 | 1-8149—23.226—4 2.054 |—2.1914] 1.456 | 1.32

5.5326 | 1.1894—07

3SK14-4! 13.0 | 1.448 2.9829 | 1.5762—04 | 1-9830—2" 3.846—4 |1.938 f—1.943 1.389 | 1.34

4.0682 | 2.6611—06 _ _
3SKI14-5 12.9 | 0.980) o 4478 | 3.4501—04 | 1-5235—2 | 3.101—4 2. 234r 1.5732) 0.936 | 1.39*

* values for Vys=Vyso
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Fig. 1 FET differential DC amplifier and the AC Ba=0, Ro=0
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Fig. 2 Results of AC analysis (1) :
the two using Junction-type & MOS-type

FET pair.

comparison of

-2t

'3‘______4_'__‘!_

T
—o—I Vdd=14v

+ Vdd=15 }Vss=-l5v

Fig. 3 Results of AC analysis (2) : change of the
CMR curves for variation of Vdd.



208 Bulletin of Nagoya Institute of Technology Vol.20 (1968)

CMR

zr)(m-a Vgsz=0V
ﬂ -0.2

XS

opo 2y 1/ 1 S0, 0, ka)
9 / -0.4

1k 7

=

1 SRR R

———————— -

.3t

———: Vsg==-14, - 15V
TTENEELE T vadmsy

Fig. 4 Results of AC analysis (3) : change of the
CMR curves for variation of Vss.
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Fig. 5 Results of AC analysis (4) : G & CMR
curves for V;4=20, V.s=-—15v
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Fig. 6 Input-Output characteristics (1) :
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.t nput— Output for G=20 db

forCMR=0
for G=max

for Vys=0
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Vgsz=-0.2 { - for CMR=0
----- for G==max
Fig. 7 Input-Output characteristics (2) : for Vys==—0.2v
Vo (v)
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Fig. 8 Input-Output characteristics (3) :
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BlEnZ <':73=B, Vysa=—0.2V, Vu=20V, Vss:
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Table. [ Designed & calculated values.

FET 2SKI12-5 2SKI12-3 2SK12-1

RL GAIN CMR
46.4 —31.70

FET R

Via=20.0 Vis=-15.0
Vgss= -0.2

Vgs Vds Ra Gm Hn

—0.000029 1 0.4565 0.29606 —0.4229 5.836 1110.6 0.848 942.0
30.02 db —90.68 db 2 0.0435 0.29607 —0.3006 5.959

837.8 0.880 737.0

3 0.5000 0.59212 —0.2000 15.288 624.4 1.213 757.4

6. © ¥ U

RPN D 1B L 5K, FET; O8ES (Vi) &
BFEMN R # BB, FMENRKT CMR X
CAHIEEORF A B AR THI LN TE D,

fEFTICit HIPAC 103 3 X O BAKRBE H >~ % ~
@ HITAC5020E Z{fEAL, BitOBR %% 8/, L
U, BHEBREOME %S 2 5 ikE g OFfE O &
5inb DERPRCTHLENRD D L BbND,

¥/, BEEBERSIOCECMEAEZEHE Uit & 3
&, TNERWENE L OBER RS EOMETS
%,

X 73
1) D. Christiansen : Electronics, Feb. 6, '67
2) B. D. Roberts, Jr.«.C O. Harbourt : PROC. IEEE,
Vol. 55, No. 11, Nov., '67
) ST - fEH : AHBITEAZEHW Vol 19, 1967
4) FIH - BH : 43FEK 4 2LEERE
5) F. N. Trofimenkoff « R, D. Silverthorn « R. S. C.
Cobbold : PROC. IEE, Vol. 112, No. 4, April, ‘65



