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Common FET Biasing Circuits

JFET Biasing Circuits
* Fixed — Bias
* Self-Bias
* Voltage-Divider Bias

D-Type MOSFET Biasing Circuits

Self-Bias
*Voltage-Divider Bias

E-Type MOSFET Biasing Circuits

*Feedback Configuration
*Voltage-Divider Bias
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Basic Current Relationships

For all FETs:

IG =~ 0A

Ip=lg

For JFETS and D-Type MOSFETs

2
Ilp =1pss 1——VGS
Vp

For E-Type MOSFETSs:

Ip =k(Vgs - V1)°
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Fixed-Bias Configuration

Vps =Vpp —IpRp
Vg =0V

Vc = Vps

V =Vgs

Ves =-Vae
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Self-Bias Configuration

Vio—J——5—|_
-+

—
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Self-Bias Calculations

For the indicated loop, Vg =-1pRg
To solve this equation:
« Selectan Iy < I5g5 and use the component
value of Rgto calculate Vg
* Plot the point identified by I and V55. Draw a
line from the origin of the axis to this point.
* Plot the transfer curve using Ig5 and
Vp (Vp = Vgsor iN specification sheets) and a few
points such as Iy = lpg5/4 and |y = Ipgg/ 2 etc.

The Q-point is located where the first line
intersects the transfer curve. Use the value
of I, at the Q-point (I,,) to solve for the
other voltages: Vi—|

Vps =Vpp —Ip(Rs+Rp)
Vs =IpRs
VD =VDS+VS =VDD —VRD = =
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Voltage-Divider Bias

-— oo
I=0A
. RD
|p responds to changes in §R1
VGS' Il oV,
n
ci
L
Vio 1
¢
? Ry =G
= = =
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Voltage-Divider Bias Calculations

Vis equal to the voltage across
divider resistor R,:

Ve = R2>Vpp
G _———
Rl+ R2

Using Kirchhoff’'s Law:
Ves =Ve —IpRsg

The Q point is established by

plotting a line that intersects the
transfer curve.

. l"'.r %

? Vop Vo

R, g Rp

i Ip
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Voltage-Divider Q-point

Step 1
Plot the line by plotting two points:
Ves=Vg, Ip=0A
Ves= 0V, I =Vs5/ Rg

Step 2

Plot the transfer curve by plotting
lbss Vp and the calculated value:
of I

Ste p 3 Ve D +V; Vs

The Q-point is located where the
line intersects the transfer curve
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Voltage-Divider Bias Calculations

Using the value of | at the Q-point, solve for the other variables in the voltage-
divider bias circuit:

VDS :VDD = D(RD +Rs)

Vo =V —IpRp
Ve =1,Rq
lon—lon—_ VDD
R1='R2=
Rl +R 2
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Depletion-type MOSFET bias

D-Type MOSFET Bias Circuits

o1&V

circuits are similar to those HOMO g"g m
used to bias JFETs. The only " G
difference is that depletion- T ﬂ
type MOSFETs can operate Vio i | Vo=-3V
with positive values of Vg
?nd with | values that exceed ;mm .

DSS:
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Self-Bias

Step 1
Plot line for
‘Vas=Va Ip=0A
*lp =Vg/Rg, Vgs =0V

Step 2
Plot the transfer curve using lp5s, Vp and
calculated values of |,

Step 3
The Q-point is located where the line
intersects the transfer curve. Use the | at
the Q-point to solve for the other variables
In the voltage-divider bias circuit.

These are the same steps used to analyze JFET deHshonsuits.
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Voltage-Divider Bias

Step 1

Plot the line for
.VGS - VG’ ID - 0 A 4 1p (mA)
*lp =Vg/Rg, Vgs =0V

Step 2
Plot the transfer curve using lp5s, Vp and
calculated values of |.

Step 3
The Q-point is located where the line
intersects the transfer curve is. Use the I at
the Q-point to solve for the other variables
in the voltage-divider bias circuit.

These are the same steps used to analyze
JFET voltage-divider bias circuits.
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E-Type MOSFET Bias Circuits

L d f” {m"q‘-}

The transfer characteristic for
the e-type MOSFET is very Ty = & (Vs = Vs

different from that of a simple ™~
JFET or the d-type MOSFET. O S ——

fu. :
."; Viag Viis, Visa Vi
fu = ﬂ mA ! LN
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Feedback Bias Circuit

Vop
Ic=0A

Rp
Vrg=0V .

it O Vﬂ

Vbs = Ves Re D
Vs = Vop - IbRp Vio—— g

h)
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Feedback Bias Q-Point

Step 1
Plot the line using
*Ves= Voo Ip =0 A
I5=Vpp/Rp,Vgs=0V

Step 2
Using values from the specification /2, -
sheet, plot the transfer curve with
*Vesth, Ip=0A

I !D

.VGS(on)’ I D(on)

Step 3
The Q-point is located where the line
and the transfer curve intersect

Step 4
Using the value of }, at the Q-point,
solve for the other variables in the
bias circuit

Vesm)
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Voltage-Divider Biasing

T Vop
Plot the line and the transfer curve to find the g .
Q-point. Use these equations: . g ’
. HD
RoVpp

Ve = _ -
G TR, +R, S |
G
+

Ves =Vg —IpRsg 3

Ves —Y
Vps =Vpp —Ip(Rs+Rp) Rzg q gR
5
L
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Voltage-Divider Bias Q-Point

Step 1
Plot the line using
*Ves = Ve = (RyVpp) / (R1+ Ry), b =0A
‘lpb=Vg/Rg,Vgs=0V

Step 2
Using values from the specification sheet, plot the transfer curve
with
*Vasth Ip=0A
*Vasion) » Ion)
Step 3
The point where the line and the transfer curve intersect is the Q-
point.
Step 4
Using the value of |5 at the Q-point, solve for the other circuit
values.
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p-Channel FETs

For p-channel FETs the same calculations and graphs are used,
except that the voltage polarities and current directions are

reversed.

The graphs are mirror images of the n-channel graphs.
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Applications

Voltage-controlled resistor
JFET voltmeter
Timer network
Fiber optic circuitry
MOSFET relay driver

PEARSON Electronic Devices and Circuit Theory, 10/e 20 Copyright ©2009 by Pearson Education, Inc.
e Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458  All rights reserved.



