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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. 

Fig. 17-1 

Bypassed (absence of RS): 

For the ac equivalent circuit of Fig. 17-2, 

Fig. 17-2 

Input impedance: 
Gi RZ =

Output impedance: 
 Approximate (neglecting rd); Exact (including rd);

 (for )  Do RZ = Dd Rr 10≥ dDo rRZ =

DLo RRZ =′  dDLoLo rRRZRZ ==′



Small-SignJFET al Analysis 
Lecture Seventeen - Page 2 of 7 

LR

gsmVg
sigR

+

−
sV

GR

dr
+

−
oV

g d

+

−
iV

oIiI

oZiZ

s

+

−
gsV

SR

DR

Voltage gain: 
 Approximate (neglecting rd); Exact (including rd); 
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Phase relationship: 
The negative sign in the resulting equation for Av reveals that a 180o phase shift 
occurs between the input and output signals. 

Unbypassed (include of RS): 

For the approximate ac equivalent circuit ( Ω∞≈dr ) of Fig. 17-3, 

Fig. 17-3 

Output impedance: 
 For  ,   ,  with  VVi 0= gsmRo VgII

D
=+ SRoVVRgs RIIVV
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+−=−=
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Voltage gain: 
)( DLgsmo RRVgV −=  
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Common-Drain (Source-Follower) Configuration: 

The common-drain (source-follower) configuration circuit is shown in Fig. 17-4. 

Fig. 17-4 

For the ac equivalent circuit of Fig. 17-5, 

Fig. 17-5 

Input impedance: 
[high] Gi RZ =

Output impedance: 
 For  ,  VVi 0= SodoRrgsmo RVrVIIVgI

Sd
+=+=+   => 

( ) gsmSdoo VgRrVI −+= 11 ,  with  VVogs i
VV 0=−=  => ( )mSdoo gRrVI ++= 11 ,  



Small-SignJFET al Analysis 
Lecture Seventeen - Page 4 of 7

SR
sigR
+

−
sV

SC

LR

CC

+

−
oV

+

−
iV

DS

G
iZ

oZ

oIiI

DR

DDV

gsmVg

dr

+

−
oV

g

d
+

−
iV

s
−

+
gsVSR DR

sigR

+

−
sV iZ oZ

LR

oIiI

 and ( )[ ]mSdooo gRrIVZ 11111 ++==   => 

mSdo gRrZ /1=  [low] 

Sm

S
mSo Rg

RgRZ
+

==
1

/1  (for dr 1≥ ) SR0

Voltage gain: 
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Phase Relationship: 
 Vo and Vi are in-phase. 

Common-Gate Configuration: 

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

Fig. 17-6 

For the approximate ac equivalent circuit ( Ω∞≈dr ) of Fig. 17-7, 

Fig. 17-7 
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Output impedance: 
Do RZ =

Voltage gain: 
)( DLgsmo RRVgV −= ,  and  igs VV −=   => 

)( DLm
i

o
v RRg

V
VA ==  

Phase Relationship: 
 Vo and Vi are in-phase. 

Example 17-1 (Analysis): 

For the JFET amplifier circuit of Fig. 17-8 with parameter  gm = 2.2 mS,  determine: 
Zi,  Zo,  ,  Av = Vo/Vi,   Ai = Io/Ii,  oZ ′ sov VVA

s
/=   and  .  Assume  . oV Dd Rr 10>

Fig. 17-8 

Solution: 

Ω=== kMMRRZi 23927.01.221 . 
,  Ω== kRZ Do 4.2 Ω===′ kkkRRZ DLo 59.14.27.4 .
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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  gm  for this device defined 
at  VGSQ = VP/4.  Assume  .  Dd Rr 10>

Fig. 17-9 

Solution: 
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Exercises: 

1. For each one of the circuits shown in Fig. 17-10, determine:
(a) VGS,  and  gm. (b) Zi,  and  Zo. (c)   A iov VV /= ,  and  .ioi IIA /=
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(a) (b) 
Fig. 17-10 

2. Choose the values of  RD,  RS,  and  RL  for the JFET amplifier circuit of Fig. 17-11
that will result in a gain of  18.062 dB.  Assume that  IDSS = 8 mA,  VP = −4 V,
rd ≈ ∞ Ω,  VDQ/VDD = 0.375,  and  IDQ/IDSS = 0.25.  Calculate  so VV / ,  and
sketch  Vo.
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Fig. 17-11 
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