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JFET Small-Signal Analysis

Common-Source Configuration:

The common-source configuration circuit of Fig. 17-1 includes a source resistor (Rs)
that may or may not be bypassed by a source capacitor (Cs) in the ac domain.

Bypassed (absence of Rs):

For the ac equivalent circuit of Fig. 17-2,
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Fig. 17-2
Input impedance:
Zi =Rg
Output impedance:
Approximate (neglecting ry); Exact (including ry);
Z,=Rp (for ry; 210Ry) L, = RDHrO|

Z, = RLHRD Z, = RLHZO = RLHRDHrd
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Voltage gain:
Approximate (neglecting ry); Exact (including ry);
Vo ==0nVgs (RL[Ro). A ==gn(Ry|Ro[rs)
Vgs :VI N
V
A :V_o— gm(RLHRD)
i
A, Vo _ Vo Vi _ A, - Zi
A" VARAYA Zi + Ry
Current gain:
Al p
l; R,

Phase relationship:
The negative sign in the resulting equation for A, reveals that a 180° phase shift
occurs between the input and output signals.

Unbypassed (include of Rs):

For the approximate ac equivalent circuit (ry =€) of Fig. 17-3,
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Output impedance:
For Vi =0V, I, +1g =0,Vy, with Voo =—Vp

L ==(g+1g,)Rs,
sothat I, +1g =-gn(l,+15 )Rs, or 1,(1+9,Rs)=—lg (1+9,Rs),
and |, =—lg .

Since V, =—lg_Rp, Then V, =—(-1,)Rp =1,Rp, and

Vi :0
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Voltage gain:

Vo = =0nVgs (R[Rp)

Vo =V, =V, =V, =9,V Rs = V; =(1+ 9, Rs Vg
V, :_gm(RLHRD)

A 1+9,Rs

Common-Drain (Source-Follower) Configuration:

The common-drain (source-follower) configuration circuit is shown in Fig. 17-4.
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Fig. 17-5
Input impedance:
Zi =Rg [high]

Output impedance:
For V; =0V, I, +9,Ve =1, +1g =V, /ry +V,/Rg =>

lo =V (U/ty +1/Rs )= gnVgs, With Vg ==V|, o => 1, =V, (I/ry +/Rs +9,,),
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and Z, =V /1, = [/r, +1R, +1/(1/g,)] =
Z, =14|Rs[1/ g, [low]

R
Zo = Rsul/gm :ﬁ (fOI' Iy ZIORS)

m

Voltage gain:
Vo = gmvgs(RLHRS Hrd )
Vg =

Vg =V =V =V, =V, - gmvgs(RLHRSHrd) => Vi =[l+ gm(RLHRSHrd Vs

R, IR
A\,:\i: On LH SHrd) [less than 1]
Vi 1+gm(RLHRSHrd)
gm(RLHRS)
= (for ry 210R¢)
A 1+gm(RLHRS) ; °

Phase Relationship:
V, and Vj are in-phase.

Common-Gate Configuration:

The common-gate configuration circuit is shown in Fig. 17-6.
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Fig. 17-6

Iy
- —WW—)
I g Vv
Rsig Ii Om gs | Io
— sl /v 1d . -
M ? - O - ?
+ + L - +
5@ Vi | RS Vgs RD ° Vo RL
i ‘g i




Input impedance:

Z, =R/ g, :HSﬁ [low]
Output impedance:
Zo = RD
Voltage gain:
Vo :_gmvgs(RLHRD)a and Vgs =-V; =
VO

Av :v: gm(RLHRD)

Phase Relationship:
V, and Vj are in-phase.

Example 17-1 (Analysis):.
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(Derive)

For the JFET amplifier circuit of Fig. 17-8 with parameter g, =2.2 mS, determine:
Zi, Zo, Zy, A=VVi, Ai=lo/li, A=V, /V, and V. Assume 1y >10Rp.

Voo ¢ +16V
Ri )

V(A0 200mV

Solution:

Z; =R||R, =2.1M[0.27M =239kQ>.

Z,=Rp=2.4kQ, Z| =R_|Rp =4.7k|2.4k =1.59kQ2.

A =

1+9,Rs;  1+(2.2m)(0.3k)

~ Im(RL[Rp) _ (22m)1.59) _ 1




JFET Small-Signal Analysis
Lecture Seventeen - Page 6 of 7

Z,  (-2.11)(239%)

= L= =107.
A=A R, 4.7k
Z, (—=2.11)(239k)
= = =-2.10= A,.
A=A Z; +R 239k +1k A

sig
V, = AV, =-2.10(200m) = 420mV .

Example 17-2 (Design):

Complete the design of the JFET amplifier circuit shown in Fig. 17-9 to have a voltage
gain magnitude of 17.5 dB, using a relatively high level of g, for this device defined

at Vesg = Vp/4. Assume 1y >10R.
£+ 20V
Rp C.

1]
R 6kQ
Rsig 1kQ ™ a - — =
s RsZ10MQ | |
V() 100mV R 40 uF

T

VDD

Fig. 17-9
Solution:

Vaso =Vp/4=-4/4=-IV,
2l [ Ves ) 2000m)(, -1
= I- = 1-—|=3.75mS
o w[ T R
G(dB) =20log,|A |=17.5=20log,,|A |=|A|=7.5.,
IA|=09n(R.|Rp) = 7.5=3.75m(6k|Rp ) = R, =3KQ.

\Y/ 2 1)\
oo =1 ee| 1= -2 =10m(1—_—) =5.625mA,
DQ Dss( ; j _4

P




JFET Small-Signal Analysis
Lecture Seventeen - Page 7 of 7

Exercises:;

1. For each one of the circuits shown in Fig. 17-10, determine:
(a) Vgs, and gn. (b)) Zj, and Z,. (c) A =V,/V;, and A=1,/1;.

Voagrlsv

lpss =S5SMA

L= =
|
5.6/,l|: +
RigS1kQ Vi RgS1.2kQ
+ 7’ -
V, i =
() - (b)
Fig. 17-10

2. Choose the values of Rp, Rs, and R, for the JFET amplifier circuit of Fig. 17-11
that will result in a gain of 18.062 dB. Assume that lpss =8 mA, Vp=-4YV,
rg = o Q, Vpo/Vpp = 0.375, and Ipg/lpss = 0.25. Calculate A,S =V, /V,, and

sketch V,.

Vobe +16V
R
DCC
7, S
oSRL
Cq -
| =
IOI/!JF
.
RigS1kQ ~ V, Rs
+ _Vss -1V

V() 50Sin(2z x 10° )t mV

Fig. 17-11
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