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Voltage-Divider Bias

» The arrangement is the same as BJT but the DC
analysis is different

» In BJT, IB provide link to input and output circuit,
in FET VGSs does the same

OVa

Vio 1\l
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Voltage-Divider Bias

» The source Vj,was separated into two equivalent sources to
permit a further separation of the input and output regions of the
network.

» | = 0A ,Kirchoff’s current law requires that Ig,= |y, and the series
equivalent circuit appearing to the left of the figure can be used to
find the level of V..




Voltage-Divider Bias

» V. can be found using the voltage divider rule :

R2>\Vbb

VG =
Using Kirchoff’s L he in |
Si irchoff’s Law on the input loop: —
> g p P: V.V S_V s =0

» Rearranging and using I, = I : VGS :VG — | 5 RS

» Again the Q point needs to be established by plotting a line that intersects

the transfer curve.
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AIp

Ipss

VGS=OV’ ID = VG/RS
/
Ves = Ve —IpRs

/

ID=OmA,VGS=VG

-
Vp 0 +Ve Vs

1. Plot the line: By plotting two points: Vs = Vi, | =0 and Vs = 0, Iy = V;/R¢
2. Plot the transfer curve by plotting Iy, Vp and calculated values of Ip.
3. Where the line intersects the transfer curve is the Q point for the circuit.




Once the quiescent values of I, and Vg, are
determined, the remaining network analysis can
be found.

.. =1 Voo
R1 = "R2
R, +R,

Output loop:
Vios =Vip — ID(RD U IDRS)

VD :VDD — IDRD

V. = I,R,




Effect of increasing values of R

Increasing
values of Rg
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Example

» Determine lpq, Vgsqr Vb, Vs, Vps and Vi .

r o+16V

24kQ
2.1 MQ
10 uF
& K oV,
Ince =8 mA
Vio H —- { DSS
5 uF Vp = —4 V
§270 kQ

1.5kQ =~ 20 uF

s
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Solutions

R
G~ R +2R VDD
—o0+16V 1 2
_ (270kQ)(16V)
§ 2.1IMQ+0.27MQ,
2.4 kQ
§2.1 MO =1.82V
10 uF
— %
1l I: Ipgs =8 mA
5';5: | Vo=-4V¥ VGS = VG - IDRS

g 270 kQ

1.5 kQ i

L~'20uF

if-

=1.82V -1, (1.5kQ)

When I, =0mA, V, =+1.82V

When V=0V, I, =

+1.82V
1.5k

=1.21mA



Determining the Q-point for the network

Vg =1.82V -1, (1.5kQ)

VGS ID
0 IDSS
0.3V, Ipss/2
0.5V, Ipss/4

Vp OmA

4 ; _
(Vp) Vasp=—18V V5 =182V
(ID: 0 ['[]A)




wrer)
. Vp = Vpp — Ipkp

= 16V — (2.4 mA)2.4 k())

= 10,24V

. V¢ = IpRs = (2.4 mA)(1.5 k)

= 36V

= Vpp — Ip(Rp + Rg)

— 16V — (2.4 mA)2.4kQ + 1.5kQ)
= 664V

or Vps = Vpp — Ve = 1024V — 3.6V

= 664V

s .Il"rﬂs




Mathematical solutions

How to get I, Vs and V for voltage-divider bias
configuration by using mathematical solutions?
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EXAMPLE: The datasheet for a 2N7002 E-MOSFET gives /;,,, =500mA (minimum) at
Ves=10V and Vg, =1V. Determine the drain current for V=5 V.

Solution:

I 500 mA 500 mA
" D(on) _ = m - = m? = 6.17mA/V?
(Ves — Vasany)® (10V —1V)= Bl V-

Next, using the value of K, calculate I for Vgg = S V.
Ip = K(Vgs — Vgsam)? = (6.17mA/V3(5V — 1V)? = 98.7mA

K
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Common FET Biasing Circuits

JFET )
Fixed - Bias
Self-Bias
Voltage-Divider Bias

J
N

Depletion-Type MOSFET
Self-Bias
Voltage-Divider Bias

Enhancement-Type MOSFET A
Feedback Configuration
Voltage-Divider Bias
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Common FET Biasing Circuits

Common FET Biasing Circuits
e JFET

- Fixed - Bias

- Self-Bias

- Voltage-Divider Bias

e Depletion-Type MOSFET
- Self-Bias
- Voltage-Divider Bias

e Enhancement-Type MOSFET

- Feedback Configuration
- Voltage-Divider Bias

Department of Systems and Control
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General Relationships

» For all FETs:

»  For JFETs and Depletion-Type MOSFETs:

Io=lpbss(1— Ves

P

)2

» For Enhancement-Type MOSFETs:

ID :k(\/GS _VT)2
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Fixed-Bias Configuration

» The configuration includes the ac levels Vi and Vo and
the coupling capacitors.

» The resistor is present to ensure that Vi appears at the
input to the FET amplifier for the AC analysis.

( oV,

°Q

Vo )\

-
Department of Systems and Control Rafal Raed Mahmood Alshaker a




Fixed-Bias Configuration

For the DC analysis,

Capacitors are open circuits

lo =0A and V. = I R, = (0A)R, =0V
The zero-volt drop across R, permits replacing R by a short-

circuit Yoo Yoo
&
Crpen circuils
R 2 R
_— ‘5’ ?  for dc analysis =
Open circuits
for dc analysis /
\ D 5 G oF, 129
o G Ipss
T\ " S
I_=104 Ky ) ] (S
Shorl circults — T
1 — e o
+
1
-In_-__ E;-rl._rl._r
—a w




Fixed-Bias Configuration
1.Mathematical approach

to

Investigating the input loop ;Ro

» 1.=0A, therefore D+
G . Ipss
VRG=IGRG=OV _:—’E Yos Ve

» Applying KVL for the input loop, Vo o OGS T

+
“Ve6Ves=0
2

Vee=Vas= 'VGSQ

» It is called fixed-bias configuration due to V. is a fixed

power supply so V is fixed

» The resulting current, I, =15 (1— _VGS 2

Ve
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Fixed-Bias Configuration
2.Graphical Approach

Using below table, Investigate the graphical approach.
then draw the graph

A I, (mA)
Device Ibss
\
VGS ID Network —__ ]
O I DSS Q_point \ ]
lution I
Vp OmA -




Fixed-Bias Configuration

2.Graphical Approach
» The fixed level of V¢ has been superimposed as a vertical

line at VGS — _VGG

» At any point on the vertical line, the level of V¢ is -V;---
the level of Iy must simply be determined on this vertical
line.

» The point where the two curves intersect is the common
solution to the configuration - commonly referred to as the

quiescent or operating point.

» The quiescent level of I is determined by drawing a
horizontal line from the Q-point to the vertical |, axis.
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» Output loop £ Vi

*r—fg ——————————— A

- & B

S G G
VDS =VD —VS )fr'"[l’i ________ L
Vy =Vps +Vs V=0 "G’_‘L |V s 1 Ll
Vo Ves alimlde

Vop ==

Vs =Ve — Vs ¢ \ V.
Vg =Ves +Vs V., =0

1 \,
Vo =V =
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Example

Determine the following for the network of Fig.

b- [DQ.

c. Vpg-
d V,.

Department of Systems and Control

16 V

2kQ

+oQ
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Tla
Lol
o
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Solution:
Mathematical Approach
d. VGSQ = —Vec = —2V

Vos'\? =2\
b.IDQZIDsgl—V—P =10mA1—H

= 10 mA(1 — 0.25)*> = 10 mA(0.75)* = 10 mA(0.5625)

= 5.625 mA

c. Vps = Vpp — IpRp = 16 V — (5.625 mA)(2 k())
=16V — 1125V =475V

d. Vp = Vps =475V

e. Vg = Vgg= —2V

f. V=0V

Department of Systems and Control

16V
2kQ
oD
+ Vp=-8V
%
1 MQ @ L
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Graphical approach

The resulting Shockley curve and the vertical line at VGS=- 2 V are provided in Fig.

below It is certainly difficult to read beyond the second place without significantly
increasing the size of the figure, but a solution of 5.6 mA from the graph of Fig. is

quite acceptable. Therefore, for part (a),

A I, (mA)
ol6V

_ — P (Vasa+Tpa) -
Iss=10mA [

P fa, Tosey "5 (o L0 §2 %0
P (MNP} (=g onyite ™
P (vph Tosife) o (=203
24 i e oD
————— Ip =5.6 mA
Q

v~ oo D

Iheg = 2.5 mA Vs

F———— DS | MQ =g
g) 4
| =
=k
I | . —
8 7 6 -5 -4 3 2 _1 |0 Viss +
Vo=-8V | | o L




a. Therefore,

b. Ip, = 5.6 mA

C. VDS — VDD - IL';RQ = 16V — (iﬁl’[‘lﬁ)(Zkﬂ)
=16V - 112V =48V

d. VD:VDS:‘q-.SV
c. VGZVGsz -2V
f. Vg=0V

The results clearly confirm the fact that the mathematical and graphical
approaches generate solutions that are quite close.




Self Bias Configuration

» The self-bias configuration eliminates the need for two dc supplies.

» The controlling V is now determined by the voltage across the
resistor Rc

» the capacitors should be replaced by “open circuits” and The resistor
R should be replaced by a short-circuit equivalent since I; =0 A.

Do It oV,

Ry " YIs=1

-
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For the indicated input loop:

VGS :_IDRS

Mathematical approach:

rearrange and solve.




» Graphical approach
» Draw the device transfer characteristic
» Draw the network load line
» Use V. =—I R, to draw straight line.
» First point, |,=0, V=0

» Second point, any point from Iy = 0 to I, = lsc. Choose

I
|, = ;55 then
| oo R
\/_ — __DssT%s
GS 2

» the quiescent point obtained at the intersection of the straight line
plot and the device characteristic curve.

» The quiescent value for | and Vs can then be determined and used to
find the other quantities of interest.




Vs
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___________ Vo
2 R
FS FE‘.S
hﬂ=fs

- — ot K+, + . =0




For output loop

Apply KVL of output loop

Use | = Ig
VDS :VDD_ID(RS +RD)
VS =|DRS

VD :VDS +VS :VDD _VRD




EXAMPLE:

Determine the value of R required to self-bias an n-channel JFET that has the transfer
characteristic curve shown in Figure below at Vg =-5 V.

Vgs (V) ——"F—+—"F"F—""F—"—""F""+—"1-
—-10 =5 0

IVGSmff I}

Solution  From the graph, Ip = 6.25 mA when Vgg = —5 V. Calculate Rg.

5V
 6.25mA

= 800 ()




EXAMPLE:

Determine the following for the network of Figure below

3. VGSQ.

b. Ipo
c. Vs
d. V,.
e. V.
f. V.

Department of Systems and Control

20V

ID*

3.3kQ

G 'I: Ipgs =8 mA
- VP=—6V

-0
1 MQ
Rg @ 1kQ
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Graphical Solutions:
Sketching the transfer characteristics curve

A I, (mA)

Ib = loss (1—\/7?)2 1o
VGS ID Z
0 Ipss beie /.
0.3Vp Ipss/2 /o u_z (1_1)&)
0.5Vp Ioss/4 B
Vp 0 mA —6 —I5 -zlt -.L, -é —i 0 Veo(V)

(Vp) (l’l_’)
2




Graphical Solutions:

20V
Y V., =-I,R
GS DTS
3.3kQ
When I, = 4mA,
b VGs='IDRs
G Ipss=8mA = _({4mA J(1kQ)=-4V
§ >~ woin (4mA ) (1kQ)
VGS ~ o9
MO WhenI, =8mA,V_ =-1 R,
Ry & 1kQ V. =-I R,
= = =-8 mA (1kQ)=-8V




Sketching the self-bias line

Ip=4mA, Vs =—4V When I, =4mA, V,, =-4V

1
r
[
!
|
Network—

When I, =8mA, V  =-8V

|
|
|
|
|
|
I Vgs =0V, 1,=0mA
|

l

l

l

I

I

l

[

[

l

[

I

L1 L1 .
8 -7 =6 -5 -4 -3 =2 -1 |0 Vs (V)




Graphical Solutions: Determining the Q-point
A I, (mA)

Ipg=2.6mMA
VGSQ=-2 0 6m V

w = Wi O N o

Q-point = —

Q-point &~~~ . IDQ= 2.6 mA

I
—_— 2

-
2 -1 [0 Ve(V)
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Veso = -2.6V

Solutions
Ipg = 2.6mMA
20V Ip=I¢
I
D* —_— VDS:VDD_ID(RD+RS)
=20V -2.6mA (4.3kﬂ)
D = 8.82V
G { Ipgs =8 mA V, =L, R, =(2.6mA)(1kQ)
* Cand =2.6V
VGS
~0S
1 MQ VG= GS+VS=0V

Ry Q@ 1kQ V=V, tVor V=V -1 R
=V, TV, =882V +2.6V =11.42V




Mathematical Solutions

2
ID:IDSS[l—\\//GSJ recall V . =—1,Rq

P

= |Ds{1— (_'DRs)J
VP

|D(1k)j2 :Sm(—6+ |D(1k)j2

I5 :8m(1+

=2—2(36—6le — 6kl +1MI,?)

361, =0.288—-961, + 8kl °
8kl °>—1321,+0.288=0

5, =13.9mA Ip, =2.588mMA
Ves = —IpRs Ves = —IpRs
=—13.9mA(1k) = —2.588mA(1k)
=-13.9V = —2.6V

thereforeg choose I, =2.588mA and V  =-2.6V



Home Work

» Determine the value of R¢ required to self-bias a p-channel JFET with datasheet
values of | =25 mA and Vg (off) =15 V. Vs istobe 5 V.
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The DC Analysis
Same as the FET calculations
e Plotting the transfer characteristics of the device
e Plotting the at a point that V. exceeds the OV or more positive values
e Plotting point when V=0V and I,=0A
o

The intersection between Shockley characteristics and linear
characteristics defined the Q-point of the MOSFET

'(Ij'he problem is that how long does the transfer characteristics have to be
raw?

e We have to analyze the input loop parameter relationship.

e As R become smaller, the linear characteristics will be in narrow slope
therefore needs to consider the extend of transfer characteristics for
example of voltage divider MOSFET,

VG _VGS _VRS =0
VGS :VG —I D Rs

e The bigger values of V, the more positive values we should draw for the
transfer characteristics



Analyzing the MOSFET circuit for DC
analysis

How to analyze dc
analysis for the shown
network?

e It is a ... Type network o % y

o F]nd VG or VGS

e Draw the linear
characteristics

e Draw the transfer Jea10
characteristics L
e Obtain Vg and Iy from o | SRR
the graph intersection % . .




1. Plot line for Vg = Vg, Ip=0and Iy = V;/Rg, Vg =0

2. Plot the transfer curve by plotting Iy, Vp and calculated values of Ip.

3. Where the line intersects the transfer curve is the Q-point.

Use the I, at the Q-point to solve for the other variables in the voltage-divider

bias circuit. These are the same calculations as used by a JFET circuit.

A I, (mA)




When R¢ change...the linear characteristics will change..

1. Plot line for Vo = V¢, Ip=0and Iy = V;/R¢, Vs = 0

2. Plot the transfer curve by plotting I, V, and calculated values of |.

3. Where the line intersects the transfer curve is the Q-point.

Use the I, at the Q-point to solve for the other variables in the voltage-divider

bias circuit. These are the same calculations as used by a JFET circuit.
Al (mA)




Depletion-Type MOSFETs

Depletion-type MOSFET bias circuits are similar to JFETs. The only difference is
that the depletion-Type MOSFETs can operate with positive values of V. and
with | values that exceed .




Example

For the n-channel depletion-type MOSFET of Figure below,
determine:
a. Ioo and Viso.

b. Vos. J By
| §1.8 kQ
§110 MO

I

1 1

JE IDSS=6mA
Vic ): ‘ VP=—3V

;10 MQ 750 Q




Solution:
a. For the transfer characteristics, a plot point is defined by Iy = Ipgs/4 = 6 mA/4 = 1.5 mA

and Voo = Vp/2 = =3V /2 = —1.5 V. Considering the level of Vp and the fact that
Shockley’s equation defines a curve that rises more rapidly as Vi;5 becomes more positive,

a plot point will be defined at V55 = +1 V. Substituting into Shockley’s equation yields

Vis'\?
Ip = fass(l T, )
'p

+1V)? 12
— 6mA(l ——\r) =6mA(1 —;) = 6 mA(1.778)

= 10.67 mA

The resulting transfer curve appears in Fig. 7.31. Proceeding as described for JFETs,
we have

10MQ18V)
10MQ + 110MQ
Eq. (7.16): Vgs = Vg — IpRs = 1.5V — Ip(750 Q)

Eq. (7.15): Vg 1.5V

plom® Ves ) Vesilp
0 Ibss (0,6)
0.3V, loss/2 (-0.9,3)
0.5V, loss/4 (-1.5,1.5)
Vp OmA (-3,0)




Setting I = 0 mA results in
VGS — VG =15V
Setting Vg = 0V yields

Vi 15V
Ip=q = 7500 ~ 2mA
The plot points and resulting bias line appear in Fig. 7.31. The resulting operating
point is given by
Ip, = 3.1 mA
VGSQ = —08V
b. Eg.(7.19):

Vps = Vpp — Ip(Rp + Rg)
18V — (3.1 mA)1.8k{) + 750 1))
10,1V

i
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Example

Determine the following for the network of Fig.

a) lpqand Vg,
b) V.

|
1t oV,




Solution:
a. The self-bias configuration results in
Vs = —IpRg

as obtained for the JFET configuration, establishing the fact that V;5 must be less than
(0 V. There is therefore no requirement to plot the transfer curve for positive values of
Vs, although it was done on this occasion to complete the transfer characteristics. A
plot point for the transfer characteristics for Vg < 0V is

11)55 e 8 mA

D= T 4 = 2mA
VIJ _8 V
and Vis = G —4V
and for Vg > 0V, since Vp = —8 V, we will choose 0 IDSS (0,8)
Vos =12V
Vs 2 +2V 2 O.SVP IDsslz ('2.4,4)
and Ip = Ipgl 1 — - = 8mA| |l — SV
P =
= 12.5 mA 05VP IDSS/4 (_412)
The resulting transfer curve appears in Fig. 7‘34. For the network bias line, at VP OmA (_8’0)
Vs = 0V, Ip = 0mA. Choosing Vg = —6 'V gives
I __V(,-_g__—()\/ p—,
S AR

The resulting Q-point is given by
Ip, = L7TmA
Vas, = —43V
b. Vp = Vpp — IpRp
=20V — (1.7mA)(6.2 k()
=946V

The example to follow employs a design that can also be applied to JFET transistors. At
first impression it appears rather simplistic, but in fact it often causes some confusion
when first analyzed due to the special point of operation.




VGS ID VGS!'D
0 lbss (0,8)

0.3V, lpss/2 (-2.4,4)
0.5V, lpss/4 (-4,2)
Vp OmA (-8,0)

___________ Iy =1.7TmA
| + 1 Yo
|
Lyl | || -
|
-8 =7 =6 =5 -|4 -3 -2 -1 01 2 Ves

Ve Vs, =43 V




Example

Sketch the transfer characteristics for an 7 -channel depletion-type MOSFET with lss= 10 mA
and V,=-4V.

Solution:
AtVgs = 0V, Ip = Ipgs = 10 mA
VGS:VP=—4V, ID=0IT1A
Vp —4V IDSS 10 mA
Vae = = = =2V, Ip = = = 2.5m
57 2 b=y 4 A
Ipss

and at I = T,

Vg = 03Vp = 03(—4V) = —1.2V
all of which appear in Fig. 6.28.
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2
= (10 mA}(l - L) = (10mA) (1 + 0.25)* = (10 mA) (1.5625) Iy (mA)

1
2
&
>

which is sufficiently high to finish the plot.

f—————

1 \\ 3 7™ 25

P

1 ] l-

T .
4 3 2 - o] =+ Vo
Ve v Loav

>

14
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Enhancement-Type MOSFET

The transfer characteristic for the enhancement-type MOSFET is very different
from that of a simple JFET or the depletion-type MOSFET.

A ]D (mA)

Ipy |-

In=k(Vgs = Visitn)?




Transfer characteristic for E-MOSFET

l5 =K (Vs _VGS(Th))2

and

k . I D(on)
Vs ony ~Vesm)®
GS(on) GS(Th)




Feedback Biasing

| =0A, therefore Vp;=0V
Therefore: VDS = VGS

Which makes Vas =Vpo — 15 Rp




Feedback Biasing Q-Point

. Plot the line using Vs = Vpp, Ip=0and Iy = Vpy / Ryand Vs =0

. Plot the transfer curve using Vger, , Ip = 0 and Vg (on), Ipon); all given in the
specification sheet.

. Where the line and the transfer curve intersect is the Q-Point.

. Using the value of |5 at the Q-point, solve for the other variables in the bias

circuit.

A ID




DC analysis step for Feedback Biasing
Enhancement type MOSFET

Find k using the datasheet or specification given;

eX: Vasion) Yas(th)

Plot transfer characteristics using the formula

Ih=k(Vgs - V1)2. Three point already defined that is I gy,

Veson) @and Vesrn)
Plot a point that is slightly greater than V.

Plot the linear characteristics (network bias line)
The intersection defines the Q-point




Example

Determine Ipq and Vs for the enhancement-type MOSFET

Department of Systems and Control

12V
2kQ
o
1 uF
S - Ipon) = 6 mA
1\ Jn VGsn) =8V
1 Vesam) =3V
1 uF
e —
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Solution:

Plotting the Transfer Curve Two points are defined immediately as shown in Fig.
Solving for k, we obtain

Ip
Eq. (7.34): k = (on) :
(Vasion) — Vesimn)
6 mA 6 % 1072
= - = A/V?
(8V — 3V)? 25
= 0.24 X 1073 A/V?
;r. fﬂ
12 Vas= 10V, 15 =11.76 mA

11
10
9
8
7
[ w1
3
4
3
2
1
0




For Vg = 6 V (between 3 and 8 V):
Ip =024 X 10036V — 3V)> = 0.24 X 1073(9)
= 2.16 mA
as shown on Fig. 7.41. For Vg = 10V (slightly greater than Vggy,)),
Ip =024 X 107(10V — 3V)? = 0.24 x 107°(49)
= 11.76 mA

as also appearing on Fig. 7.41. The four points are sufficient to plot the full curve for the
range of interest as shown in Fig. 7.41.

For the Network Bias Line
Vs = Vpp — IpRp
= 12V — Ip(2k))
El:]. (?3?) VGS — VDD = 12 V|15=Dﬂm

A(1.38):.  Ip = = = 6mA|y. —

The resulting bias line appears in Fig. 7.42.
At the operating point,

Ip, = 2.75mA
and VGSQ =64V
with VDSQ - VGSQ =64V

s




o
FGS

(Vop)

2 345 6/7 8 9 1011 12
Vs, = 6.4V

I
1

-
| —
0

Voo
R.D
275mA 3= N

!DE:




Voltage-Divider Biasing
iVDD

‘ l(;_=£A J

VGS -0S
R2
Rg
L

Again plot the line and the transfer curve to find the Q-point.
Using the following equations: Vo — R2Vop
Inputloop Ves =V — 1R T Ri+R2

Output loop: Vs =Vpp =15 (Rs +Rp)

+ Qo




Voltage-Divider Bias Q-Point

. Plot the line using Vs = V; = (R,Vpp)/(R; + Ry), Iy =0and I, = V;/Rc
and VGS = O

2. Find k

3. Plot the transfer curve using Vger,, Ip = 0 and Vg o), Ip(0n); all given
in the specification sheet.

4. Where the line and the transfer curve intersect is the Q-Point.

5. Using the value of |, at the Q-point, solve for the other variables in
the bias circuit.




Example

» Determine L)Q and VGSQand VDSfor network below

Department of Systems and Control

22 MQ

18MQ§E

I4O \"
3kQ
Ip
D ‘ Q
+  2N4351
VGS (Th) = 5 V
? g_—] VDS ID (on) =3 mA
B _ at VGS (on) = 10 Vv
VGSQ -— S
0.82 kQ
L

Rafal Raed Mahmood Alshaker




Solution:

L, RVop _ (18 MQ)(40 V)
R+ R, 22MQ + 18MQ
Vios = Vo — IpRg = 18V — I5(0.82 kQ)

= 18V

When Ip = 0 mA,
Vos = 18V — (OmA)(0.82k()) = I8V

When VE'E = 0V,

Vos = 18V — Ip(0.82 k)
0= 18V — Ip(0.82kQ)
18V

In = = 21.95 mA
b= 082Kk0

Department of Systems and Control Rafal Raed Mahmood Alshaker




A Ip(mA)

30
V

—5 —21.95 mA

Rs 20

10
I =z6.TmAM——""""""—"——"——"—
Dg

|

|

L
0 5 10 | 15 | 20 25

|

Vosem  Vosp=125V V=18V

FIG. 7.45
Determining the Q-point for the network of Example 7.11.

Device
VGS(Th] =3V, I.E'-'{Dn} = 3 mA with VGSI:DH} =10V
Ipon)
Eq.(7.34): k =
Vison) — Vesm))
ImA
= = =012 X 103 A/V?
(1I0V — 5V)
and Ip = k(Vgs — Vasm)*

= 0.12 X 107 (Vg5 — 5)°
Department of Systems and Control Rafal Raed Mahmood Alshaker




which is plotted on the same graph (Fig. 7.45). From Fig. 7.43,
IDQ = 6.7 mA
VGSQ = 125V
Eq. (7.41): Vps = Vpp — Ip(Rs + Rp)
= 40V — (6.7 mA)(0.82 k() + 3.0k())
=40V — 256V
= 144V

29
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TABLE 6.1 FET Bias Configurations

Type Configuration Pertinent Equations Graphical Solution
Ip
IDSS
JFET VGSQ = = VGG A
Fixed-bias Vbs =Vpp - IbRs Q-point
Ve Ve |0 Vas
Ip
Ipss
JFET . Ves = - IpRs ,
Self-bias . Vbs = Vpp - |D(RD + Rs ) QO-point—§Z 7|7~ b
1
V
JFET Vg = Yoo
ivi R+ R,
Voltage-divider vV I
bias VGS= G ~ DRS
Vbs = Vpp - Ip(Ro + Rs)
JFET

Common-gate

Ves = Vss - IoRs
Vps = Vop + Ves - 1c(Ro + Re)

Ry
Vi 0 Vg Vis
Ip
;DD Q-point # 7,
D
NGS)S 0V2 . IDQ — ID$
Vp 0 Ves




Graphical Solution

Type Configuration Pertinent Equations
I
V D
P Vas =- IpRs Ipss
JFET Vp = Vpp
ﬂ35 0V2 SR ng=|nRS ——[’D
p G RS VDS — VDD - IsRs Q‘POim"—
VP :VrGS 0 VGS
!D
Q-point
Depletion-type Vas, = = Vaa j -
MOSFET Vbs'=Vop - IbRs
Fixed-bias

Depletion-type Vo = R,Voo
MOSFET "R +R,
Voltage-divider Vas = Vg - IsRs
bias Vps = Vpp - ID(PD + Rs)
Enhancement
type MOSFET VGS = VDS
Feedback Rg VGS — VDD - IDRD

configuration

0 V, : Vop V.,
| asam v Voo Ves
QYoo Ve 4 I,
> V R_ L

Enhancement SR, }RD Vi = _PeVoo s

type MOSFET | R+ R :

Voltage-divider SR, g Vgs = Ve - IpRs Q-point

S -

0 Vosamy Vo Vos

31




P-Channel FETs

For p-channel FETs the same calculations and graphs are used, except
that the voltage polarities and current directions are the opposite. The
graphs will be mirrors of the n-channel graphs.

+—o -Vpp .
f’o P
Rp

® Ipss

Vbs -poin
+ -
Vos _
Voo Vesm)




Advantages

High Input impedance for isolation.

» Amount of power drawn from circuit under test is very
small, so no loading effect.

» Very high sensitivity.
Amplifier gain allows measurement in the mV range.

» No damage due to overload because of amplifier
saturation.

33
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Home Work

» Determine Vg lpg, Vo, Vg, Vs, andVps

12V

1.5 kQ

Il

D 1 o Vo

—O

G | [ =12mA
Vp=-6V

- - I :
= S I\ b
680 Q2

Department of Systems and Control Rafal Raed Mahmood Alshaker




Equations

JFET:
In=1 1 ———
D = Ipss\ Vp
Ipss
Ip = Ipsslvg=0vs Ip = 0mAl|y v, Ip= e . Vas = 0.3Vp|j=q,5
Vis=Vp/2
i
Vﬂ'g — Vp(] - —D)
Ipss
Pp = Vpsip
rﬂ
rg —
(1 — Vgs/Vp)®
MOSFET (enhancement):
Ip = k(Vgs — Vp)?
k ID(un]

{VG.S'[Dn]I o FT)E

35
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FET Small-Signal Model

*FET amplifiers are similar to BJT amplifiers in operation. The purpose of the amplifier is
the same for both FET amplifiers and BJT amplifiers. FET amplifiers have certain
advantages over BJT amplifiers such as high input impedance. However, the BJT normally
has a higher voltage gain. D

*A major component of the ac model will reflect the fact that an ac voltage applied to the
input gate-to-source terminals will control the level of current from drain to source.

*The relationship of Vas (input) to Ino (output) is called transconductance, gm

B Alp
AVes

Om




As we known for FET, a dc gate-to source voltage controlled the level of dc
drain current through a relationship known as Shockley’s equation :

Ip = Ipss ( 1=Vgs/Vp)*.

The change in drain current that will result from a change in gate-to-source
voltage can be determined using the transconductance factor g in the following
manner

Al = g, AV

The prefix farns- in terminology applied to g reveals that it establishes a
relationship between an output and input quantity. The root word conductance
was chosen because g 1s determined by a voltage-to-current ratio similar to the
ratio that defines the conductance of a resistor G = 1/R = I/V.

Solving for g_ above, we have :
Al
AV,

GS

gm:




Graphical Determination of gm

I Alp

Ipgs

Al . . :
Ll Lccutacy of the transfer plo
2ling Cun A Lo iy ,Lall o3

Lt ol B3l e pusy I
S ISy man se s ) A8LYL
aads ad o Jsanll
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Mathematical Definitions of g_

The deviation of a function at a point is equal to the slope of the tangent line drawn at that point

SR
o-p.  dVgs ﬂﬂ Vp

:l ' Vas )2 [ Vas ] d ( Vs )
— - _ — — " -— g -
Iss dVs ( l Vp 2loss| 1 Vp 1dVis : Vp

Vs ][ d | d V(;s] [ Vs ][ ! ]
= pes| 1~ 1) = el |~
DSS[ Vp 1LdVgs ) Vp dVs e Vp Vp
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On a specification sheet g, is often provided us g,or , y, where y indicates it is part of an
admittance equivalent circuit . The £signifies forward transfer conductance and that s Indicates
that it is connected to the source terminal in equation form

[-Em = -HII'.'. — .‘".rs

In general , therefore the maximum value of g, occurs where V ;¢ =0
and the minimum Value at V ;¢ =V, The more negative the value of V¢ the less value of g,

Plot of g versus Vs




Effect of Io on gm \

» A mathematical relationship between ¢ m and the dc bias current I
D can be derived by noting that Shockley’s equation can be written
in the following form:

Department of Systems and Control Rafal Raed Mahmood Alshaker




determine gm for a few specific values of /b,

a. If ln = Ioss.

- DSS _
Em = Em0 -i;)—S: = Emb
b. If l{) — 11)55/2.
/ll)ss/ 2
Bm = Emb fice = 0.707gmu
] ID — 1055/4.
- Inss/4 L
DSS &

the highest values of g .are obtained when Vas approaches 0 V and Ipapproaches its maximum
value of loss.
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Mathematical Definition of gm

Alp
AVGs

The derivative of I, respect to V54 using Shockley’s Equation
2lpss |: VGs:l
Om= 1-

|VP‘V\‘
magnitude only to ensure a positive value for g

gn =

i : Zi =00
As mentioned, the slope of the transfer curve ismax at V=0V,
gn for Vs =0V gmo= 2lbss — 1_@ 1
|VP| Vp Yos
Vs ID
VGS I_D gm= gmo(l——) =Qgmo
VP Ibss |DSS
for
Input Impedance Zi: Zi =0Q
1
Output Impedance Zo: Z0=rqd :y—

AVbs

A K/Gs constant

yos: admittance equivalent circuit parameter listed on FET specification sheets.




FET Impedance

Input impedance:
Zi = 00D

Output Impedance:

1
Yos

where;:

d= Alp Vs = constant

Y,.— admittance parameter listed on FET specification sheets.




FET Amplification

Let’s first look at an equivalent
FET circuit to better understand it’s
operation. The FET 1s basically a
current source that 1s controlled by
Ves. Note that the resistance, [
from gate to source can be
neglected since it is so large in
value and in most cases the drain to

olw)

o

. Go
source resistance ((gplor (ry) can \
be neglected as well. Vas
T
S
(a) Complete (b) Simplified

In=g.Ves (g,,1s the symbol for transconductance)




FET Amplification

Voltage gain (Av) for any
amplifier can certainly be
determined by the formula
A, =V, /V,orin the
case of an FET amplifier,
A, =V,/V,. A can also
be determined by way of
the transconductance and
the drain resistor.

A, =-9,Rp




FET AC Equivalent Circuit

e

oD

S o

oS




FET Amplification

The r_. can lower the gain if it is not sufficiently greater than R,
Note that the two resistances are in parallel.

QO

G

O gmvgs lds

\ 2R
V

~~0S




Common-Source Amplifiers

The common-source amplifier is biased such that the
input stays within the linear range of operation.

The mput signal voltage causes
the gate to source voltage to
swing above and below Vg,
point, causing a corresponding
swing in drain current. As the
drain current increases, the
voltage drop across Ry also
increases, causing the drain
voltage decrease. Clearly reveal
a phase shift of 180° between
input and output voltages.

+VDD

Vasa—
%
| | |
I I I
I I I
I I I
Vbsa
Vin
V
(a) Schematic (b) Voltage waveform relationshi

Self biased common source amplifier. Note
the source is at ac ground by way of C...



Common-Source Amplifiers

The transfer characteristic curve and drain curves with load line give us a
graphical representation of how the input signal affects the drain current

with relation to the Q-point.

a) The gate to source voltage swing o
above and below its V ;4 value, when Io
swing to negative value, ID decreases
from its Q-point value and increase
when swing to less negative value.
fol=tnee
|
Q +—m K;;ZZCEX|DQ
(I
[
ARE TR T By, VAN
| : :
P
Vas(of) |4 i
| '
Vasa

—VGb
V

Vbsa

(a) JFET (n-channel) transfer characteristic curve (b) JFET (n-channel) drain curves sho
showing signal operation

b) View of the same operation using the drain curve. The signal at the gate drives the drain current equally above
and below the Q-point on the load line, as indicate by arrows. Lines projected from the peak of the gate voltage
across to I, axis and down to the Vg axis indicate the peak-to-peak variations of the drain current and the drain-

to-source voltage.



Common-Source Amplifiers

DC analysis of a common-source amplifier requires us to determine 1.
Biasing at midpoint is most common so 7, will be half of /,... Note that
the capacitors are viewed as open components when only dc is

considered.

+VD D




Common-Source Amplifiers

The load (R;) must be considered
when viewing the ac equivalent
circuit of an FET amplifier, R, is in
parallel with the drain resistor (R).
This will lower the gain by lowering

the overall drain resistance which is H>_’_C>
represented by R, Calculation for Roll R,
R, can be determined by parallel
resistance calculation methods. Vm@ §RG
Once R, is determined the voltage

gain can be determined by the = = = =
familiar gain formula below. (b)

Av = 'ngd




JFET Common-Source (CS) Fixed-Bias

+Vop
R, &
v,
C
V.o )I (o; >r
éRG s
— -
“ — V66

fe

The input is on the gate and the output is on the drain.







— VGG o VDD

JFET fixed-bias configuration The JFET ac equivalent circuit

The fixed-bias configuration on fig. includes the coupling capacitors C1 and C2 that isolate the
dc biasing arrangement from the applied signal and load; they act as short-circuit equivalents for
the ac analysis.

Once the level of gm and rd are determined from the dc biasing arrangement,
specification sheet, or characteristics, the ac equivalent model can be substituted between the
appropriate terminals as shown in fig. Note that both capacitors have the short-circuit equivalent
because the reactance Xc = 1/( 27£C ) is sufficiently small compared to other impedance levels of
the network, and the dc batteries V5 and Vy, are set to zero volts by a short-circuit equivalent.



AC Equivalent Circuit

X, =09 X, =0Q G

S

gmvgs Ta RD ol

"V § " VDD
GG y— — S —
- - = O 5 O
—

Input Impedance:

Zi=Roc
Output Impedance:
Z0=Ro||r. 20=Ro //10g,
Voltage Gain: Vo Vo
Av=——=—gm(rd||Rp) AVZW:_ngD AZlORD

Phase Relationship: CS amplifier configuration has a 180-degree phase shift between

input and output.



Example 1

The fixed-bias configuration of example had an operating point defined by Vg5o=-2 V and
Ipg =5.625 mA, with Ipgg = 10 mA and V, = -8 V. The network is redrawn as Figure with an
applied signal V.. The value of yqis provided as 40 uS. Determine g, 14, Z;, Z,, voltage gain
A, , A, ignoring the effects of r;.

20V
2 kQ
C2

2| o
C; &
5 \ g IDSS=10mA
1 MQ *S - V

Vi, = Z,

2V

o
@)




20V

2 kQ
C
D |2
i O
C, >
5 )I (.; IDSS=10mA
+ VP:—SV
1 MQ *S - VY,
V. — 3 Z()
l Z[
o 2Y
O O
(A;
+ | T

—_—
Re . ' Ve §'¢




Solution

(a)

(b)

(c)

(d)

0]

21, 2(10mA)
ng_ Np‘ = Y, =2.5mS

B Vs, | (-av)) _
gm—gmo(l v J_2.5ms[1 (_8\/)\ = 1.88mS

( D
L= = 1 _25k0 |
Y. 40uS ' Ve Q% R;
{

Z,=R, | r, = 2kQ | 25kQ = 1.85kC,
A, = -0, (Ry|r,)=-(1.88mS)(1.85kQ) = -3.48
Ay = -g.Rp = -(1.88mS)(2kQ) = -3.76

As demonstrated in part ( ), a ratio of 25 kQ : 2 kQQ = 12.5 : 1 between rd and RD resulted in a
difference of 8% in the solution.




JFET CS Self-Bias Configuration

<
| ; |
\l -
V.o ; o § )
S
e—— —_— Z
7 B ch Rp
3 20
Z R S
y RS == CS /RS;);IF;?zsed / VDD
S

This 1s a CS amplifier configuration therefore the input is on the gate and the output is on
the drain.




AC Equivalent Circuit

G D
o * 2
¥ + ‘ +
—
Z: ‘
. : R mv ) R 0 ‘/{)
V, GV, boave Qu D
_ =S %5
o ©
Input Impedance: : =
P P Zi=Rc
Output Impedance:
Z0 =Rol|rd Z0=Ro AleRD
Voltage Gain:
VO VO
AV_W =—Qm(ra||Ro) AVZW:_Q'“RD A >10Ro

Phase Relationship: CS amplifier configuration has a 180-degree phase shift between

input and output.



JFET CS Self-Bias Configuration —
Unbypassed Rs

oV
Cl 0
V.o )I
<—
Z()
—
Z

If Cs 1s removed, it affects the gain of the circuit.




AC Equivalent Circuit

O . ] O
+ + -
* 11) A
g 8mVes
2 Vis g 4—2”
Ry
I()

& —— -

@ o
Input Impedance: Z1=Re

D
Output Impedance: Z0=Ro / — A "
ri>10Rp Z 4=
v §Rn
; Vo ngD
N A = —_ —

Voltage Gain: V=1 R .

1+gmRs+

Id

A _VO_ gmRD
YTV T LrgeRs / r4>10(Ro+Rs)

If r, 1s included in the network




Example 2

The self-bias configuration of example 2 has an operating point defined by Vggq = -2.6 V
and I, = 2.6 mA, with Ipgs =8 mA and V, = -6 V. The network is redrawn as figure with an
applied signal V,. The value of y,q is given as 20 uS. Determine g, 14, Z;, Z5 with and
without the effects of r4. and Ay, with and without the effects of r; .

20V
3.3 kQ
C2
Ti
- t | 0 Yo
|
Ipss = 8 mA
V.o ) DSS
’ Vp=—6V
~—
Z Zo
’ 1 MQ 1 kQ




Solution

= 2SS = = 2.67mS

@ Gmo =T 6V

g, =0,./1-—==|=2.67mS 1-0C26V) Y sims

. (-6V)
6 = o = 5o.s — SOKO - ey
Yos 2045 " f 7 -
— v ,_él/' A
(c) Z. = Rg = 1 MQ ‘ X
§A ‘ _;\'+—1 §I«

(d) With ry: ry = 50kQ > 10R, = 33kQ 2

therefore, Z, = Ry = 3.3kQ

Ifry=0Q, Z, =R, =33k} it T T

. -g.R
(e) Withry : A, = Ino
l+ngS+F\)D:rRS
_ -(1.51mS )(3.3kQ) _ 195
1+ (1.51mS )(1kQ) + 3K +1kQ
50 kQ
() Withoutry © A — -0,.R. _ -(1.51mS)(3.3 kD)
v 149, R, 1+ (1.51mS )(1kQ)

= -1.98




JFET CS Voltage-Divider Configuration

+Vpp
Ris =
R, Co %
4"—4»—0—)': 4/— oV,
S 0
‘ gmvgs Rp 4/_
"@ = § b §Rs = Cy |

This is a CS amplifier configuration therefore the input is on the gate and the output is on
the drain.




AC Equivalent Circuit

D
Vi O 2 V(’
|
Z; Z,
R, R, ‘ nY, gs Td Rp

Input Impedance: Zi =Ru|[R2

Output Impedance: Z0 =rd||Rp Z0=Ro %d >10Rb

Voltage Gain: Ay =—gm(r4||Rp) Av=—gnRo AleRD
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Common-Drain Amplifiers

The common-drain amplifier is similar to the common-collector BJT
amplifier in that the V,, is the same as I/, with no phase shift. The

gain is actually slightly less than 1. Note the output is taken from the
source.

+VDD
@)

)

L=

o)
——

$

7 O
<
g




JFET Source Follower
(Common-Drain) Configuration

° Vbp

7’ Vv f gmvgs Ta

i}
'II—'\V/?;/\#
N

In a CD amplifier configuration, the input is on the gate, but the output is from the source.

The controlled source and terminal output impedance of the JFET are tied to ground at
one end and R on the other, with VO across Rs. Since g,,V,, ry and R are connected to
the same terminal and ground they can all be placed in parallel. The current source
reversed direction but V. is still defined between the gate and source terminals.



AC Equivalent Circuit

I
G S 0
Vio — | ’ > o
e = +
— 8 l
Z Z
R¢ 8mVs Ta R v
Input Impedance: Zi =R
1
Output Impedance: ZOZI'd”RS”g 0= Rs|| (4>10Rs
Voltage Gain: Av= V(_) = gn(re][Rs) Av— V(_) _ gmRs /
Vi 1+ gm(rd || RS) Vi 1+ ngS rai>10Rs

Phase Relationship:CD amplifier configuration has no phase shift between input and
output.




Example 3

A dc analysis of the source-followed network of figure will result in
Vgsq =-2.86 Vand Iy, =4.56 mA. Determine g, ty, Z;, Z, with and

17 =0

without the effects of ry, and A, with and without the effects of r.

+9V
o
\l Yos =25 US
11
+ 0.05 uF
— o




Solution

(a) 9 mo ‘VP ‘

V
—_ 1_ GSq _
On gmo( V. )

® o, =

(@ Withr,: Z, =1, || Rs“ 1/g,, =

Withoutrd : L0 = Ry || /g9, =

d Withrd : AV = gn (1 [Rs) _
| 1+gm(rd HRS)
9.Rs

I . A - ¥m >
Without rd : v =1 o R




Solution

(a)

(b)

(c)

(d)

21, 2(16mA) _

9o = 8mS
VY,
V. _
9, =0./1-—=|=8mS|1- (-286V))_ 5 o8ms
v, (-4V)
Yoo 2945

=
=
=
<
N
[

I

R, |1/g, =40kQ| 22k 1/2.28 mS

= 40kQ|| 22 k2 || 438.6 ©2
= 362.520

revealing that Z, is often relatively small and determined primarily by 1/g,,..

Withoutry; 7 =R |1/g,, = 2.2k | 438.6Q2 = 365.690

o

revealing that r, typically has little impact on Z,




(e) Withry ;
0, (r,|Ry)  (2.28mS) (40kQ|| 2.2 k)
Y149, (r,[| Ry 1+(2.28mS)(40kQ ] 2.2ke)
(2.28mS) (2.09 kQ)
1+ (2.28mS )(2.09 k)
4.77

1+ 4.77
= 0.83

which is less than 1 as predicted above.

Without ry ; A g. R,

\4

1+ g,.R.
(2.28mS )( 2.2 kD)

1 +(2.28mMS)( 2.2 k)
5.02

1 + 5.02
= 0.83

revealing that r, usually has little impact on the gain of the configuration.
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Topics of this lecture
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‘ 2.
3.
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Common-Gate Amplifiers

The common gate is similar to the common base BJT ampilifier in
that it has a low input resistance. The voltage gain can be
determined by the same formula as used with the JFET common-

source amplifier. The input resistance can be determined by the
formula below.

+VDD
R/n(source) = -Z/ gm
Rp C v
|I out
I\
4@3 RL
Ci L
V \L "~




JFET Common-Gate Configuration

Ci C,
1| S D |
+ + T
— - + +
Zi RD Zr) —
V; Rg — G Yo V; < R V.
Z'; (
_ '|' Vb _ - +G -
O e} O 0

The input is on source and the output is on the drain.

Substituting the JFET equivalent circuit will result in Fig. Note the continuing
requirement that the controlled source gV, be connected from drain to source
with ry in parallel. The isolation between input and output circuits has obviously
been lost since the gate terminals is now connected to the common ground of
the network. In addition, the resistor connected between input terminals is no
longer . but the resistor . connected from source to ground. Note also the

location of the controlling voltage V,,and the fact that it appears directly across
the resistor R..



AC Equivalent Circuit

4 =
C, G
) I D b y
O 11 ~— I‘ 0
+ B +
— gmvgs '
/] Z() Z(;
V, R Vs Rp V,
= +G -
=
. ri+Rb .
Input Impedance: ZI:RS”LHgmmJ ZI%RSII(%m)/ r>10Ro
Output Impedance: Z0=Rbol|rd ZOERD%dzloRD
- Vi |:ngD+D:|
Voltage Gain:  , _ 0_ rd Av=gmRo AZlORD
Vi Rob
{Hr}
d

Phase Relationship:CG amplifier configuration has no phase shift between input and
output.



Example 4

+12V
Determine g, ry, Z; with and without r, 0
Z, with and without ry and V, with and ok
without ry. 10 uF
+—i—v.
IDSS=10mA
—»I: Vom=d ¥
- Yos =0 uS
\l |
1l
+ 10 uF




Solution

(a) g - 21, _2(10MA) o
Vi 4V
Vv _
0. =0,,/1-—=|=5mS 1—( 22V)) _ 2.25mS

VP (_ 4\/)

(b) r, 1o 1 omko

y,. 50uS
(c) Withry,

r, +R 20kQ + 3.6kQ
Z, =R, || "0 =11k
1+g,r, 1+ (2.25ms)(20kQk

—1.1kQ | 0.51kQ = 0.35kQ

Without ry

Z, =R, |1/9, =1.1kQ | 1/2.25ms =1.1 k2 || 0.44kO
=0.31kO




Even though the condition,
ry= 10 Rp= >20kQ >10(3.6 kQ)=>20kQ>36kQ

Is not satisfied, both equations result in essentially the same level of impedance. In this case, 1/gm
was the predominant factor.

(d) Withr,
Z,=R, | r,=3.6 kQ| 20 kQ=3.05kQ
Without r,
Zo=Rp = 3.6kQ

Again the condition ry > 10 Ry is not satisfied, but both result are resonably close. Ry, is certainly the
prodominant factor in this example.

(e) Withr,,
R
[ngD +DJ [(2.25m8)(3.6kQ) + 3'6'@}

A = ] _ 20kQ

R [ 3.6kQ}

1+—*= 1+
r, 20k
_81+018 _ _
1+0.18

and A, \\// — V., = AV = (7.02)(40mV ) = 280.8 mV



without r,
A, =g Ry =(225mS)(3.6kQ)=28.1

With
V, = AV,

0 1

= (8.1)40mV)  =324mV

In this case, the difference is a little more noticeable but not dramatically so.




JFET CS Voltage-Divider Configuration

+Vpp
Ris =
R, Co %
4"—4»—0—)[ 4/— oV,
S o
‘ gmvgs Rp 4/_
"@ = § b § Ry == Cg |

This is a CS amplifier configuration therefore the input is on the gate and the output is on

the drain.




AC Equivalent Circuit

Input Impedance: Zi =Ru||Ro

Output Impedance: Zo=r4||Rp

Voltage Gain: AV =—0gn(r4||Rp)

D
oV
~—
gm gs Td RD

Z0=Ro /S 10Ro

AVE_ngD AZ]_ORD




D-MOSFET Amplifier

With this zero biased D-MOSFET amplifier it is quite
easy to analyze the drain circuit since

Ip = Ipss (at Vgs = 0).
The analysis involves only, Vy = Vpp — IR,

+VDD
R
7 ICIZ Vout
c K °

——f——\E £
Ra

Vin‘f\/}

Zero-bias D-MOSFET common-source amplifier




D-MOSFET Amplifier Operation

With a zero-biased D-MOSFET
amplifier the swings occur in
both depletion mode
(negative swing in Vg
produces the depletion mode,
I decreases) and
enhancement mode (positive
swing in Vg produces the
enhancement mode, I
increases). The methods for
ac analysis for the D-MOSFET
amplifier is identical to the
JFET  amplifier  discussed
previously.

—Vgs=

Depletion-enhancement operation of D_MOSFET shown
on transfer characteristic curve.



Example 5

The network of Figure below was analyzed and resulting in Vg, =0.35V
and lpq =7.6 MA.

(a) Determine g, and compare to g, .

(b) Find r, Y
(c) Sketch the ac equivalent network for Figure
(d) Find z; . %I.Skﬂ
(e) Calculate Z, . gﬂom c,
(f) Find A, . i
Ipss =06 mA
ST | SO




Solution
2IDSS . 2(6 H]A)

a) g,0 = = =4 mS
Ve +023
%0 = 2o (1 = GS@) = 4 mS (1 _(F03 V)) = 4mS( + 0.117) = 4.47 mS
Vp (—3V)
b = =1 — 100 kQ
T s 10 uS

ol

0

—+o

O ‘

u +

Z
(c) v 10 MQ [OMQ T { 447 %1077, @ 100 kO 18kQ 0 T,
) | ﬁ ;

—

[®

[

(d) Z, = R||R, = 10 MQJ|110 MQ = 9.17 MQ
(e) Z, = r4|Rp = 100 kQ1.8 kQ = 1.77 kQ = Ry, = 1.8 kQ
(f) 7= 10R, — 100 kQ = 18 kQ

A, = —g,Rp = —(4.47 mS)(1.8 kQ) = 8.05



AC analysis for Enhancement -type MOSFETs

The enhancement-type MOSFET (E-MOSFET) can be either an n -channel (n MOS) or p -channel
(p MOS) device, as shown in Fig. below. The ac small-signal equivalent circuit of the device is
revealing an open-circuit between gate and drain—source channel and a current source from
drain to source having a magnitude dependent on the gate to- source voltage. The device trans-
conductance gm is provided on specification sheets. For E-MOSFETSs, the relationship between

output current and controlling voltage is defined by
ID = k(VGS - VGS(1h))?

D
i
G |I> pMOS
| G D
S O——0 Q 0
=
1 Vgs ; gmvg" fa
D T o
S

nMOS

|

TTT
:JO
|
>
[
"t
>
~
a
[
S
o
=
&




E-MOSFET Amplifier

Since g, 1s still defined by

Al
& = Ay

we can take the derivative of the transfer equation to determine g,, as an operating point.
That 1s,

8m ~ = = d k(Ves — VGS(Th))2 - k’d—(Vcs - Vcsm))2
d
= 2k(Vgs - Vcsam)“;{,;( Ves = Vesamy) = 2k(Vgs — Vesem)(1 = 0)
and Bm = 2/(( VGSQ - VGS(Th))

Department of Systems and Control Rafal Raed Mahmood Alshaker




E-MOSFET Amplifier

For a voltage-divider biased E-
MOSFET circuit the voltage
divider sets the V. needed to

set the Q-point above the
threshold. DC analysis of the
drain circuit requires
determination of the constant

(K) from the formula discussed
in the previous chapter.

K= Ip/on) (Vs - I/GS(th))z )
Ip = K(Vgs — VG.S‘(th))Z




E-MOSFET Amplifier Operation

Notice that with the E-MOSFET amplifier operation occurs exclusively
in the enhancement mode. Voltage gain calculation for the E-MOSFET
amplifier is the same as the JFET and D-MOSFET.

0 Vasiin) <

E_MOSFET (n-channel) operation shown on transfer characteristic urve




E-MOSFET Drain-feedback Configuration

Rp
—
I; I;
e G D o
+ o
1 + | 4 - Z
Al EmVes 4 Ty R
V;0 . = D
ol v, N\y v,
 — - —
Z; N

If"I_ RF + ?"d”.RD . RF
Z;r' = — — ) Zf —
I, 1+ gu(rdRp) 1 + g,Rp
N Re===r4||Rp. r4=10Rp
so that 4,= _gmu{FiirdHKD)

Since Ry is usually >> r,4|Rp and if ; = 10Rp,

‘qv = _ngD
RF::‘:}?'AlRD. l'd-'_:'].pRD

Phase Relationship: The negative sign for 4, reveals that V, and V; are out of
phase by 180°.




E-MOSFET Drain-feedback Configuration

Z,: Substituting V; = 0 V will result in V; = 0V and g,,V,; = 0, with a short-
circuit path from gate to ground as shown in Fig. - Rp., r;, and Rp are then in
parallel and

Z, = RF"rdHRD
Rp
‘VV» L O
I'Ti:Vgs_U\“ nggs=DlnA §rﬂf Rp -‘Z
[ :

Determining Z, for the network of Fig

Normally, Rz is so much larger than r;||Rp that
Z, =r4|Rp

and with r; = 10Rp.

RF:;BF&"”RD .".dE IU.RD




Example 6

12V

with the result that % 2 KQ
k=024 %10 " AV, Vgs, = 6.4 V. and Ip_ = 2.75 mA. I o
(a) Determine g,,. T —

: - 10 MQ Zo
(b) Find r,. |*I: F—
(¢) Calculate Z; with and without r,;. Compare results. v o—— I Yosen=8V
(d) Find Z, with and without 4. Compare results. 1F VGS‘;?S’ ;jOVHS
(e) Find A4, with and without r,. Compare results. Z -

Solution

a) g, = 2k(Vas. — Vasm) = 2(0.24 X 107> A/V)(64V =3V
o (Th)

= 1.63 mS
_ 11
b) ry=—= - =50 kQ)
.1",05 2[} “’5

(¢) With 7y

_ Re+rlRp _ _ 10MO +50 k(2 k()
T 1+ g, Ry 1+ (1.63 mS)(50 kQJ2 k)

_ 10 MQ + 1.92 k()
1 +3.13

= 2.42 MQ




Without 7
s~ Re _ 10 M€
" 14+ g,Rp 1+ (1.63mS)2kO)

revealing that since the condition r; = 10Rp = 50 k() = 40 k() is satisfied, the
results for Z, with or without r; will be quite close.

(d) With r;:

= 2.53 M)

Z, = RelrdlRp = 10 MQJ|50 kQ|2 kQ = 49.75 kQJ]2 kQ
= 1.92 k()
Without 74
Z,=Rp=2Kk{}
again providing very close results.
(e) With ry:
A, = —gu(RAl4Rp)
= —(1.63 mS)(10 M50 k]2 k)

= —(1.63 mS)(1.92 k()
= =3.21

Without 7

A4, = —g,.Rp = —(1.63 mS)(2 k()
= —3.26

which 1s very close to the above result.




Example 7

Design the fixed-bias network of Figure below to have an ac gain of 10.
That is, determine the value of R

Vpp (+30 V)
Rp
° ¥
¢ Ipss= 10 mA
-Vj I >I: VP =—4V
0.1 uF R Vos = 20US
G
10 MQ




Solution

Since Vs, = 0V,

with

The result 1s

and

the level of g,, 1s g,,0. The gain 1s therefore determined by

Av = _gm(RDHrd) - _ng(RD”?'d}
. EIDSS . 2(10 ]llAJ o

From the device specifications,

= = =5mS
Emo |VP| v m
—10 = —5 mS(Rp||r)
10
RDHF{I - 5 mS =2k
rg = L L = 50 k()

Ve 20X10°°S

Substituting, we find

and

or

with

and

Rplrs = Rp||50 kQ = 2 kO

Rp(50 k) _
Rp + 50 kQ

50Rp = 2(Rp + 50 kQ) = 2Rp + 100 kQ
48Rp = 100 kQ
_ 100 kO

2 kO

Rp = 2.08 k()

The closest standard value is 2 k{2 (Appendix C), which would be employed for this

design.




Fixed-bias +Vop
[JEET or D-MOSFET]
Rp c
it
C; -
ZO
P L
T Ve
Self-bias +Vop
bypassed Ry
[JFET or D-MOSFET] Rp c
2

Summary Table

Self-bias +Vpp
Unbypassed Ry
[JFET or D-MOSFET]
C
V,'°_"—
——
Z, ; Rg
Ry

Voltage-divider bias
[JFET or D-MOSFET]




Summary Table

Source-follower

[JEET or D-MOSFET] +Vpp
€
Vo '
— .
Z R I H
R
§ B
Common-gate +Vbp
[JFET or D-MOSFET]
R
¢ 0o " &
Vio_" ' = I( OVO
Z ks “F,

Drain-Feedback bias
E-MOSFET

Voltage-divider bias
E-MOSFET




Summary

» FET amplifier configuration operation are similar to
BJT amplifiers.

» The transconductance (g,,) relates the drain current
(ac output) to the ac input voltage (1)

» Gain can be affected by drain circuit resistance.
» The input resistance for a FET at the gate is
extremely high

» The common-source is the most used type of FET
amplifer and has a phase inversion is 180°.




Summary

» The common-drain has no phase shift, a gain
slightly less than 1 and the output is taken from the
source.

» The common-gate has no phase shift and low input
resistance.
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Topics of Second Lecture

‘ 1 . DEPLETION-TYPE MOSFET
‘ Basic Construction

’ Basic Operation and Characteristics
@ 2. ENHANCEMENT-TYPE MOSFET

' Basic Construction

‘ Basic Operation and Characteristics




MOSFET

The MOSFET (Metal Oxide Semiconductor Field-effect Transistor) is another
category of field-effect transistor. The MOSFET, different from the JFET, has no
pn junction structure; instead, the gate of the MOSFET is insulated from the
channel by a silicon dioxide (SiO2) layer. The two basic types of MOSFETs are
Enhancement (E) and Depletion (D) of the two types, the enhancement
MOSFET is more widely used. Because polycrystalline silicon is now used for
the gate material instead of metal, these devices are sometimes called IGFETs
(insulated-gate FETS).

v v

Depletion Enhancement
Mode Mode
o o

Classification of MOSFET

Department of Systems and Control 3 Rafal Raed Mahmood Alshaker



Depletion-Type MOSFET Construction

Drain Drain
510, "; 510, ";
Polycrystalline Polycrystalline
silicone silicone
Gate ‘\ Gate
Channel ~P Channel n
substrate substrate
Source Source
(a) n channel (b) p channel

the basic structure of D-MOSFETS.

Department of Systems and Control 4 Rafal Raed Mahmood Alshaker



(Drain)

Metal contacts

e
(Géte)\

(Source)

Si0,

n-channel

n
4
n Substrate
n
Z AN
\ n-doped
regions

Substrate
SS



D-MOSFET schematic symbols

Drain Drain
Gate —@ Gate —@
source source
n channel p channel



Depletion-Type MOSFET Construction

The Drain (D) and Source (S) S
connect to the to r-type regions. I ’
These rn-typed regions are
connected via an /+channel. This o
n-channel is connected to the Gate G S / o
(G) via a thin insulating layer of & i [ iSibe oy

silicon dioxide (SiO,).

n-channel

The n-type material lies on a p n
type substrate that may have an AN\
additional terminal connection : \f;dﬁ,ﬂid
called the Substrate (SS). e ]

There is no direct electrical connection between the gate terminal and the channel of a
MOSFET.

In addition:

It is the insulating layer of SiO2 in the MOSFET construction that accounts for the very

desirable high input impedance of the device.

7 |



Basic Operation and Characteristics

D
c’\

¢ A depletion MOSFET (D- | et ————

MOSFET) can operate with a

zero, positive, or negative

gate-to source voltage.

¢ The D-MOSFET has a T

physical channel between the £

drain and source.

¢ For an n-channel D-

MOSFET,

v’ negative values of Vg
produce the depletion L3
mode

v’ positive values of Vg
produce the enhancement N Iy =1 =g

+ /"“‘*\

[
Vos= 0V T
€,

mode.




Basic Operation and Characteristics of D-MOSFET

The D-MOSFET can be operated in either of two modes—the depletion mode or the
enhancement mode—and is sometimes called a depletion/enhancement MOSFET

Depletion Mode The silicon dioxide insulating
layer is the dielectric. With negative gate
voltage, the negative charges on the gate repel
conduction electrons from the channel, leaving
positive ions in their place. Thereby, the n
channel is depleted of some of its electrons,
thus decreasing the channel conductivity. The
greater the negative voltage on the gate, the
greater the depletion of n-channel electrons. At
a sufficiently negative gate-to source voltage,
Vasemy the channel is totally depleted and the
drain current is zero. This depletion mode is
illustrated in Figure (a). Like the n-channel
JFET, the n-channel D-MOSFET conducts (@ Depletion mode: Vg negative and less than Vs o,
drain current for gate-to-source voltages

between Vig,m, @and zero. In addition, the D-

MOSFET conducts for values of V¢

above zero.

OO0
<




Basic Operation and Characteristics of D-MOSFET

Enhancement Mode With a positive gate
voltage, more conduction electrons are
attracted into the channel, thus increasing

(enhancing) the channel conductivity, as
. . . \LHT
illustrated in Figure (b). N\

@'\

L ]

=
o
1 I£
=
+
I|I
S
2

=
[»]
|
|
'“ﬂ + + |+ + o+
-
™
|||

|+

(b) Enhancement mode: Vg positive



Si0), layer n-channel

Metal
contact

Electrons repelled
by negative
potential at gate
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D-MOSFET Transfer Characteristic

As previously discussed, the D-MOSFET can operate with either positive or negative
gate voltages. This is indicated on the general transfer characteristic curves in Figure
below for both n-channel and p-channel MOSFETs. The point on the curves where
V5s=0 corresponds to /5. The point where ,=0 corresponds to Vg, AS with the
JFET, The square-law expression in Shockley’s equation for the JFET curve also
applies to the D-MOSFET curve.

2
I = I Ves
D DSS A Ipss Ipss

! -
Vs -

iy
| = +Vgs

1
VGS (off) 0 0 VG S{off)

(a) n channel (b) p channel

12



EXAMPLE : Sketch the transfer characteristics for an n -channel depletion-type MOSFET
with ss= 10 mA and Vr=-4 V.



EXAMPLE: Sketch the transfer characteristics for an n -channel depletion-type MOSFET
with /pss= 10 mA and V,=-4 V. A1, (mA)

174

Solution:
AtVgs = 0V, Ip = Ipgs = 10 mA 1?'3“
VGS: VP:—4V, ID:UITIA 14l
Vp  —4V I 10 mA 1
Vs = — = =2V, Ip=25= =25mA
2 2 4 4 5
Ipss Ipss 10

and at Ip = —

Ves = 0.3Vp = 0.3(-4V) = —12V

| I
2 L “DSS§
ID = IDSS (1 - VVGS) T
P L
+1V)\2 . | +
=10 mA(l — _}1 z) =10 mA(1 + 0.25)*> = 10 mA(1.5625) LS i
i -4
= 15.63 mA i k
| | .
-4 3 2 -1 o «+ v
Ve Ve 0.3Vp
2



Drain and Transfer Characteristic

A I, (mA) A,
. | e o W o L Vee=+1V
Depletion _!0-9 Gs=
mode Enhancement
mode
—————— Ipss = e Ves =0V
Vs =—1V
I I pss 5
2 Vgs=-2 V
——————— Ipss Vs = g’ =-3V
c; _4V "~
|| 1 i =R
-6 -5 -4 -3-2\-10 | Vis 0 Vis
Ve ‘g) 0.3V, Vos=Vp==-6V

Department of Systems and Control 15 Rafal Raed Mahmood Alshaker



Depletion Mode Operation (D-MOSFET)

The characteristics are
similar to a JFET.

When V=0V, /= /5ss

4

10.9

Depletion
mode

I

A /;, (mA)

—
Enhancement
mode
—————— Ipss

When V<0V, /< l5se

6 -5 -4 -3 —2\_1 0

Y Yo 03,
2

The formula used to plot the

transfer curve for a JFET applies to

a D-MOSFET as well:

Department of Systems and Control

16
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Enhancement Mode Operation
(D-MOSFET)

Vgs >0V, /yincreases
above /pss (/p > Ipss)

A I;, (mA) Al

Depletion 109 p———————
The formula used to > e _ZZ
plot the transfer curve
still applies:

______ / DSS

Note that V;cis now positive

Department of Systems and Control 17 Rafal Raed Mahmwood Alshaker



0-Channel D-Type MOSFET

A1l (mA) A I (mA)

(a) (b) (c)




D-Type MOSFET Symbols

n-channel p-channel
oD

g;__J E——o sS g——l E»_O >

19



E-Type MOSFET

¢ The enhancement MOSFET (E-MOSFET) has no physical channel.

¢ Unlike JFETs and D-MOSFETs, the E-MOSFET cannot operate with V=0 V.

¢ A channel 1s induced in an E-MOSFET by the application of a V54 greater than the
threshold value, Vg,

¢ The transfer curve is not defined by Shockley’s equation, and the drain
current is now cut off until the gate-to-source voltage reaches a specific
magnitude. In particular, current control in an n-channel device is now effected
by a positive gate-to-source voltage rather than the range of negative voltages
encountered for n-channel JFETs and n-channel depletion-type MOSFETSs.

20



E-Type MOSFET Construction

The substrate is sometimes internally connected to the source terminal,
while in other cases a fourth lead is made available for external control of its
potential level. The source and drain terminals are again connected through
metallic contacts to n-doped regions, but note in Fig. below the absence of
a channel between the two n-doped regions.

The SIO2 layer is still present to isolate -
the gate metallic platform from the region D / n-doped

between the drain and source, but now it 7 =
n

no-channel

IS simply separated from a section of the |
p-type material. In summary, therefore, cotat
the construction of an enhancement-type
MOSFET is quite similar to that of the
depletion-type MOSFET, except for the
absence of a channel between the drain
and source terminals \agpe

S region

Substrate
SS

p-type
substrate

G

n

21



E-Type MOSFET Construction

:*‘g

Drain B [ 1 T Y Pe———
B

= RN 5 v DR

E 'P-— chv—_ b
Gate p substrate ‘——{~_‘
Ude SSARCN . & 2k

"= 5 ?

LT
Source Te- i 7 Ve

{a) Basic construction =R YA
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E-Type MOSFET Operation

The enhancement-type MOSFET (E-MOSFET) operates only
In the enhancement mode.

Vs is always positive

10 —

As Vs increases, /,
iIncreases

N N °

As V< Is kept constant T
and V¢ is increased, i ﬂ
then /, saturates (/pss) R
and the saturation level

(Vpssa 1S reached



E-Type MOSFET Operation

e o W T
E ?l“‘;, /--/4«%1“/_
DR TE= 2
P-Yipe
i L o
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E-Type MOSFET Operation

N ,xmki Lmo

i __77_,_A_*_._LIGH—— \La&:LUDS —p =




E-Type MOSFET Transfer Curve

To determine /, given Vg

L = AT B - - B = B

1T 1T 1T 17T 17T 17T T T1

Nlw sl N N ® O O

where:
V= the E-MOSFET
threshold voltage

k, a constant, can be i 1 | T
determined by using

values at a specific point Vs CAN be calculated using:

and the formula:

Department of Systems and Control 26 Rafal Raed Mahmood Alshaker



E-MOSFET Transfer Characteristic

The E-MOSFET uses only channel enhancement. Therefore, an n-channel
device requires a positive gate-to-source voltage, and a p-channel device
requires a negative gate-to-source voltage. The figure below shows the general
transfer characteristic curves for both types of E-MOSFETs. As you can see,
there is no drain current when V,=0. Therefore, the E-MOSFET does not have
a significant /4 parameter, as do the JFET and the D-MOSFET.

Notice also that there is ideally no drain current until V, reaches a certain
nonzero value called the threshold voltage, Vg

I I
A A

rs ! N T
0 Vas(ih +Vis Vs Vasin 0
(a) n channel (b) p channel

E-MOSFET general transfer characteristic curves.



p-Channel E-Type MOSFETs

1

Al,(mA) A1, (mA)
mk 8 Vos=-6V
D —7 7
t’“ — 6 6
=13 5
P Vos=—3V
—14 i
R SS 13 3
-9 2 Vos=—4V
I | = v &
+ 6 -5 -4.-3 -2 =21 |0 py. © Vi
S v GS o= \,/ -9 DS

The p-channel enhancement-type MOSFET is similar to its

rn-channel counterpart, except that the voltage polarities and
current directions are reversed.

28




MOSFET Symbols

n-channel p-channel
o o
G I <055 G | Pp——o35s
I_l ) I_l S

H

29




EXAMPLE: The datasheet for a 2N7002 E-MOSFET gives /) =500mA (minimum) at
Ves=10V and Vg, =1V. Determine the drain current for V=5 V.

Solution:

I 500 mA 500 mA
" D(on) _ = m - = m? = 6.17mA/V?
(Ves — Vasany)® (10V —1V)= Bl V-

Next, using the value of K, calculate I for Vgg = S V.
Ip = K(Vgs — Vgsam)? = (6.17mA/V3(5V — 1V)? = 98.7mA

K

Department of Systems and Control 30 Rafal Raed Mahmood Alshaker



Summary Table

Ig=0A,Ip=1Is
D

Ipss
Vp

Vos Y
Iy=Ts5s (1 =208
) nss( V,,>

IG=0A,ID=IS~

Vas
Ip= ’ms I=

I=0A,1Ip=1

Y
Vi
G q / D(on)

VGston)

Ip=k (Vgs — Vs cmm)?
= Il)(on) -
(Vasion) = Vs cm)”

A,
I’D -
1
[
Ipss
|
|
|
I
I
I
I
I
I
- 1 >
Vp 0|Vigs Vos
b Ip
’I)(mn
|
|
|
|
0 V(i.s’ (Th) V( 7S(on) V(,‘.\'
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Topics of Second Semester

N\
‘ 1 . Field-Effect Transistors

‘ 2. FET Amplifiers
\

‘ 3. FET Amplifier Frequency Response
|

‘ 4. The Operational Amplifier

[
‘ 5 . Basic Op-Amp Circuits

‘ 6 . Active Filters
/
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Transistors

le Yy
{Control current) 7 l : i
e
° « BIT o e FET
? + .
(Control voltage) Vs
@ (®)
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FETs vs BJTs
Similarities:
« Amplifiers

» Switching devices
* Impedance matching circuits

Differences:

« FETs are voltage controlled devices. BJTs are current controlled devices.
e FETs have a higher input impedance. BJTs have higher gains.

* FETs are less sensitive to temperature variations and are more easily
integrated on ICs.

Department of Systems and Control ,—\ Rafal Raed Mahmood Alshaker
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Classification of FET




The Field-Effect

Transistor (FET)
“ [
[ Junction FET ] { Bemr?‘c?r? [lju{];ti;jreFET J
Depletion-mode Depletion-mode Enhancement-mode
I I I
M-channel | | P-channel M-channel P-channel M-channel F’—{:hannell

D D D D D D
. E% G-@ G-@ G@ G-@
5 S S S S =
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FET ( Field Effect Transistor)

Unipolar device I. e. operation depends on only one
type of charge carrier.

*  \Woltage-controlled Device (gate voltage controls drain
current).

«  Very high input impedance (x10%-10%2 Q).

*  Low-power consumption.

. Less Noisy as Compared to BJT.

«  Very small in size, occupies very small space in Ics.

Department of Systems and Control 7 Rafal Raed Mahmood Alshaker



Junction field-effect transistor..

* There are 2 types of JFET
* n-channel JFET
* p-channel JFET

* Three Terminal
* Drain—=D
* Gate -G
* Source—S

Department of Systems and Control B Rafal Raed Mahmood Alshaker



JFET Construction

There are two types of JFETSs: - Drain (D)
s n-channel
contacts
\ I
n-channel ——
p-channel —— \ F
ace { p n p
The n-channel is the more / -
widely used of the two. Deglétist Pepistion
region region
JFETs have three terminals: .
ource (.

The Drain (D) and Source (S’ are connected to the r7-channel

The Gate (G) Is connected to the p-type material

Department of Systems and Control ,—‘ Rafal Raed Mahmood Alshaker
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JFET Operation: The Basic Idea

JFET operation can be compared to that of a water spigot.

The source Is the accumulation of
electrons at the negative pole of the
drain-source voltage.

Source

The drain Is the electron deficiency
(or holes) at the positive pole of the
applied voltage.

The gate controls the width of the n-
channel and, therefore, the flow of

charges from source to drain. @ Drain

Department of Systems and Control m Rafal Raed Mahmood Alshaker




N-channel JFET

e N channel JFET:

* Major structure is n-type material (channel) between
embedded p-type material to form 2 p-n junction.

* In the normal operation of an n-channel device, the
is positive with respect to the Current flows into
the Drain (D), through the channel, and out of the Source (S)

* Because the resistance of the channel depends on the
the is controlled by

that voltage

Department of Systems and Control ,—‘ Rafal Raed Mahmood Alshaker
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N-channel JFET..

G | Crate
V;
"—’I_’_ ~ Vps

Department of Systems and Control ’—‘ Rafal Raed Mahmood Alshaker
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P-channel JFET

e P channel JFET:

* Major structure is p-type material (channel) between
embedded n-type material to form 2 p-n junction.

e Current flow : from Source (S) to Drain (D)

* Holes injected to Source (S) through p-type channel and
flowed to Drain (D)

Department of Systems and Control 13 Rafal Raed Mahmood Alshaker



P-channel JFET..

G L Fate
< Vs

Source
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JFET Characteristic Curve

* To start, suppose V=0

* Then, when V. is increased, | increases. Therefore, I is
proportional to V. for small values of V.

* For larger value of Vi, as Vs increases, the depletion layer
become wider, causing the resistance of channel increases.

* After the is reached, the |, becomes nearly
constant (called as |, maximum, | ..-Drain to Source current with
Gate Shorted)

Department of Systems and Control 15 Rafal Raed Mahmood Alshaker



/,versus Vocfor /=0 V.

Saturation level
VGS - O V

Increasing resistance due
to narrowing channel

n-channel resistance

Vbs

JFET Characteristic Curve
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JFET for V=0V and 0<Vj</V,/

‘]D
D +

n-channel

Depletion

region &

Channel becomes
= Voo Narrower as Vi is
increased
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Pinch-off (V =0V, V= I/,).

Department of Systems and Control

Pinch-off

+

VDS = VP
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Application of a negative
voltage to the gate of a JFET.
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JFET Characteristic Curve..

For negative values of Vg, the gate-to-channel
junction is reverse biased even with V=0

Thus, the initial channel resistance is higher (in which
the initial slope of the curves is smaller for values of
Vs closer to the pinch-off voltage (Vp)

The resistance value is under the control of V¢

If Vgs is less than pinch-off voltage, the resistance
becomes an open-circuit ;therefore the device is in
The region where Iy constant - The

The region where I, depends on Vs is called the

Department of Systems and Control - Rafal Raed Mahmood Alshaker



n-Channel JFET characteristics
curve with /,.c=8 mA and V,=-4 V.

A I, (mA) Locus of pinch-off values

—~— | —
Ohmic | Saturation Region
Region |
b B /]/ Vag=0NV
T T4
6 /
[ 1
5 ]
+ t
3 7 t
I = 7 VG'S =-3V
— Vs =—4 X =V
0 5 10 15 20 25 Yps (¥)

V,, (for Vs = ov)

JFET Characteristic Curve
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JFET Operating Characteristics

There are three basic operating conditions for a JFET:

* V=0V, V,ysincreasing to some positive value
* V<0V, V,sat some positive value

* VVoltage-controlled resistor

Department of Systems and Control 29 Rafal Raed Mahmood Alshaker



JFET Characteristics: /. =0V

Three things happen when Vs =0V and Vs Increases fromQ0V to a more
positive voltage:

» The size of the depletion region between
P type gate and 7channel increases.

II)
D +
* Increasing the size of the depletion Depltin % n-channel
region decreases the width of the n- N
channel, which increases its resistance.

* Even though the r7-channel resistance is
increasing, the current from source to drain (/)
through the n-channel is increasing because
V,s IS Increasing

ASY) e aS) Gl ) Allata (e 068 13l H W
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JFET Characteristics. Pinch Off

* If Vos=0V and Vs continually

Increases to a more positive voltage, a %D  pinchot ’
point is reached where the depletion ____/___
region gets so large that it pinches off

the channel. : | J "

T
=

 This suggests that the current in oy
channel (/,) drops to 0 A, but it does —
not: As V< increases, so does /. &
However, once pinch off occurs, oS -
further increases in V< do not
cause /,to increase.
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JFET Characteristics: Saturation

At the pinch-off point:

Any further increase in
V,s does not produce
any increase in /,. Vg at
pinch-off is denoted as v,

/5 1s at saturation or
maximum, and is referred

Department of Systems and Control

, Saturation level
VG’S = 0 V

Increasing resistance due
to narrowing channel

| n-channel resistance
l
|

>

0 Vp

Vbs
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JFET Operating Characteristics

As Vs becomes more negative, the
depletion region increases.

Vps > 0V

Department of Systems and Control Rafal Raed Mahmood Alshaker



JFET Operating Characteristics

As Vs becomes more negative:

¢ The JFET eXperlenceS A Ip (MA)  Locus of pinch-off values
pinch-off at a lower voltage Ghmic. | ~Saturation Region
( VP) pss 8 Lo Vos =0V
| | [ 111 I
AEyAEEEEEEE N ]
* Ipdecreases (/p < /pss) G
even when Vs increases : i T A e
_;'l AN A N I N N N N N A A ! 1|
* /5 eventually drops to O A. 1 {,i'g e e e e e
The value of V¢ that causes Ni/aa . NN s =2V
. . . — l ! 1 1Ves=-4V=Vp
this to occur is designated i s YR 5 e VesV)
VGS(off)' V, (for Vs =0 V)

Note that at high levels of V,sthe JFET reaches a breakdown situation. /,
Increases uncontrollably if Vo> Vje,..,,» and the JFET is likely destroyed.
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Voltage-Controlled Resistor

The region to the left of the

pinch-off point is called the
ohmic region.

The JFET can be used as a
variable resistor, where V¢
controls the drain-source
resistance (r,).

Iy =

>
7
(S8} (S5 B N (@) ~ e 2]
! ! ! ! ! !
T T T

A I, (mA)

S
Ohmic |
Region |

—_—

Locus of pinch-off values

Saturation Region

| ’
J ‘ "’GS=—2V
{1 // 48828 1 I N A A ) /T R
| o
— : — pos=4 )=
o] V5 10 15 20 25 Vps (V)

VI, (for ":(;S =0V)

Increases.

Department of Systems and Control

As V. becomes more negative, the resistance (r,)

Rafal Raed Mahmood Alshaker



EXAMPLE:

For the JFET in Figure below, Determine the minimum value of Vi

required to put the device in the constant-current region of operation

Department of Systems and Control Rafal Raed Mahmood Alshaker



EXAMPLE:

For the JFET in Figure below, Determine the minimum value of Vi

required to put the device in the constant-current region of operation
when V=0 V.

Solution:

Since VGS(off) =-4 V, VP =4 V. The minimum value of V¢ for the JFET to be 1n its
constant-current region is

VDS=1W=4V

In the constant-current region with V=0V,

The drop across the drain resistor is

Vep = IRy = (12 mA)*5600=6.72 V

Apply Kirchhoff’s law around the drain circuit.
Vop= Vps+ Vip=4V +6.72V =10.7V

This is the value of Vj, to make V3 = VP and put the device in the constant-current
region.
Related Problem™ If Vpp 1s increased to 15V, what 1s the drain current?

Department of Systems and Control Rafal Raed Mahmood Alshaker



P-Channel JFETs

The p-channel JFET
behaves the same as
the n-channel JFET.

The only differences

are that the voltage o

polarities and current G O

directions are . = Voo

reversed. = )
Vs =+ Voo

Department of Systems and Control Rafal Raed Mahmood Alshaker



P-Channel JFET Characteristics

1
Vgs=0Y L]

As Vs becomes more positive:

* The JFET experiences pinch-off

at a lower voltage (V). Vs =+1 V
Ves=+2V Breakdown
i region
i i i Vgs=+3V
* The depletion region increases, s W sn

] |
-15 20 25
\/[)S“\i]\

—

and /, decreases (/, < /pss)

Vs

* /peventually dropsto 0 A
(When Vs = Vigson

Also note that at high levels of Vs the JFET reaches a breakdown
situation: /,increases uncontrollably if Vo> Vo,

Department of Systems and Control Rafal Raed Mahmood Alshaker



JFET Transfer Characteristics

JFET input-to-output transfer characteristics are not as straightforward
as they are for a BJT.

« BJT: gindicates the relationship between /5 (input) and /-
(output).

control variable

Ic = f(lg) = Blp

constant

« JFET: The relationship of V¢ (input) and /, (output) is a little
more complicated:

— control variable

constants

*It is called as Shockley’s Equation

Department of Systems and Control Rafal Raed Mahmood Alshaker



JFET Transfer Curve

This graph shows the value of /, for a given value of V.

11) (mA) A A 11) (mA)
—10 10}
—H9 9|
/ 8*8—11')5‘5"“‘ Vos=0V
7 7
6 6
y 5
4 4
3 3
S 2 2 Vos=-2V
| Veie==3V
} I 1 /V"“_ A
< | L | | L7 GS—™ -
Vs (V) —4 -3 -2 -1 0 0 15 20 25 Vps

\ID =0mA,Vgs =V,
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Plotting the JFET Transfer Curve

Using Ipss and V,, (Vissor) Values found in a specification sheet, the
transfer curve can be plotted according to these three steps:

1. Solving for V;c=0V: [,= /5ss

2
2. Solving for Vigs= Vs Ip=0A lp =l5ss (1_\\%]

3. Solving for Vgs=0V 10 Vigpm OA < /p </pss

Department of Systems and Control Rafal Raed Mahmood Alshaker



Example:

~

Ipss — 9 mA and Visofy = —8 V (maximum). Using these values, determine the
drain current for Vgg = 0V, —1 V,and —4 V.

Solution  ForVgg =0V,
ID = Ipss = 9mA

For Vgg = —1V, use Equation 8-1.

In = I (1 Yas )2 9 A)<l —1v)2
D= fpss\ ! — = A2 T v
VGs(off) =8V

= (9mA)(1 — 0.125)2 = (9 mA)(0.766) = 6.89 mA
For VGS = —4 V.

—4 V)2
Ip = (9 mA)(l ~ m) = 9OmA)(1 — 0.5)2 = (9 mA)(0.25) = 2.25mA

Related Problem  Determine Ip for Vgg = —3 V for the 2N5459 JFET.

Department of Systems and Control Rafal Raed Mahmood Alshaker
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Example 1

For the circuit shown, determine Vo

§ 24k0Q g 24kQ

i It oV

0.05uF D} 0.05 uF
Vio H ? > {,Ds_z i{:JmA G Ipgs = 10 mA

10 mV L ' Vo= -4V

0.05 uF P=
M S
§3.3 MQ 33MOQ
+ +

680 Q == 100 uF 630 Q § == 100 uF




v

10m

<

+20V

I\
0.05F

1)

0.05 uF

Ings = 10mA
Vp=—-4V

2.4 kQ
I
i\ ¢ oV
0.05 uF
Ipss = 10mA § RL |
Vp=-4V 10 k()
+
== 100 uF




Solution:

. oV

RT
10 k€
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Home Work

for the circuit shown. determine Vo

D t Ol-"{)
Vi o H (-; FI:
I mV 0.05 uF
S




EXAMPLE 8.16 Calculate the dc bias, voltage gain, input impedance, output impedance,
and resulting output voltage for the cascade amplifier shown in Fig. 8.48.

Solution:

+20V

24k0 24 k0

I I .
o y 1y Ya
0.05 uF D 0.05uF

: G Ipgs = 10mA
A It . ..I: el G Ipgg = 10mA
0mY 405 uF E | Vp=—4V
51 51
13 M0 13 M0
+ +
ﬁsnni I 100 pF ssunj IlmpF

FIC. 8.48
Cascade amplifier circuit for Example 8.16.

Solution: Both amplifier stages have the same dc bias. Using dc bias technigues from
Chapter 7 results in

_ 2Upss _ 2A10mA) _

Vcsg:_l.gv, IDQZE.SmA EM_W_ I—4\I’| —51115

and at the dc bias point,

_ Vosg, —19vY
gm—gm(l V—F)—{SmS)(l _4v)—2.6n15

Since the second stage is unloaded
Ay, = —Eplp = —(2.6mS)(24 k(1) = —6.24

For the first stage 2.4 k(1| 3.3 M{} = 2.4 k{} resulting in the same gain.
The cascade amplifier voltage gain is

Eq. (8.66): A, = A, A, = (-62)(-62) = 38.4

Take special note of the fact that the total gain is positive.
The output voltage is then

Vo = AV; = (384)(10mV) = 384 mV
Deownloaded From : waw EasvEngineering net

Downleaded From : www EasyEngineering net
The cascade amplifier input impedance is TROUBLESHOOTING 521

Department of Systems and Control % = fe = 33M0 - Mahmood Alshaker n

The cascade amplifier output impedance (assuming that ry = ={}) is
Z,= Rp =24k}
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Example 1

Design the fixed-bias network of Figure below to have an ac
gain of 10. That is, determine the value of RD.

Vpp (F30V)

° Vo

Ings = 10 mA

Vio 1l + Vp=—4V
0.1 uF % 1,, =20US




Solution:

Since Veso 0V, the level of gnis g.
A'v — _gm(RDHrd) — _ng(RD”rd)
2lpss  2(10 mA)

mo T = 5 S
Emo =y 4V W
—10 = —5 mSRp|ry)
10
RDH?H — ﬁ = 2 k()
| |
re=— = 50 k()

v 20X 10°5S

Rpllrs = Rp||50 kQ = 2 k()

Rp(50 kQ)

— 2 kQ
R, + 50 kQ

50R, = 2(Rp + 50 kQ) = 2R, + 100 k()
48R, = 100 kQ

_ 100 kQ

R, = 2.08 k()

Vpso = Voo — IpRp = 30 V — (10 mA)2 kQ) = 10V

Z, = Rs = 10 MQ
Z, = Rp|[ra = 2 kQ|50 kQ = 1.92 kQ = R,, = 2 kQ.




Example 2

Choose the values of R, and R for the network of Figure below that will result in a gain
of 8 using a relatively high level of grm for this device defined at v, =1/4 V.

O Vﬂ
¢
\l
Vi 1l
_ ™
IDS'S'_ 10 }I].A r.}gmﬂz 5 mS
Vo=—4V
Yos = 20 US




Solution:

The operating point is defined by

1 1 B
Vasp = Ve=7(-4V)= -1V

o Tas, , —1V)\?
and  Ip= Lm(l - 7;9) = 10 11]A(1 - E—ﬁl—V;) = 5.625 mA
Determining g,,,, so that
= ] — —2
Em gmﬂ( JT»’;P )
_, e
= 5 mS ( — E_i 1%) = 3.75 mS

The magnitude of the ac voltage gain is determined by

|‘£iv| — & m(RD”?‘d)

Substituting known values will result in

8 = (3.75 mS)(Rp|r)

RD”?‘};? —

8

3.75mS

2.1

-

D

k()



Solution:

The level of Rg 1s determined by the dc operating conditions as follows:

I’?GSQ = —IpRs
—1V = —(5625 mA)R;
1V
d Re= ~ 1778 Q
a ST 5625 mA

The closest standard value 1s 180 (). In this example, Ry does not appear in the ac
design because of the shorting effect of Cls.

Home WOrk petermine R-and Rsfor the network of the previous example to establish a gain of 8 if
the bypass capacitor Csis removed.




Example 3

Determine I, for the network of Fig. below if V, = 4 mV,
Vs =4V, and /p, =4 mA, with Vg, =7 V and y, s =20

uS.

on)
+20V

10 k€2
22 MQ




Solution:

Department of Systems and Control Rafal Raed Mahmood Alshaker n




Solution:

Ip=k(Ves — V1)’
I_[].::.;.n] 4 mA

= = =0444 x 107
(VGS{:JH} —7) (7TV-4YV)
&= 2k(Vgs, —Vismy) = 2(0.444 x 107V —-4V)
= 2.66 mS

Ay = —gu(Rr || a|| Rp) = —(2.66 mS)(22 MQ || 50 kQ || 10 kQ) = -22.16
8.33 kQ

=833 kO
V,=A,V,=(-22.16)(4 mV) = —88.64 mV

b




Example 4

Determine £, £, , and V, for the network of Fig. below ,
If V;=0.1 mV and r,;=50 kQ.

+15V

% 3.3 kQ

| H -
e | | e
 — Ipsgs=8 mA Z
Z 1.5 kQ Vp=—2.8V -




Solution:

2L (o Vos, | 175V
Vas, =—175 V. g = 2pss| 1% | 2EWA [y TP VI 5 14
0 2 v, | 28v T 28V,

J St L aa o
Z,=Rs|| r, + R, 15 kﬂ” 25kQ+3.3 kO 1 kﬂ|"8_'3 kO
I+ g,7; 1+(2.14 mS)(25 kQ) 54.5

=1.5kQ | 0.52kQ =386.1 Q

=Rp || 73=33kQ | 25kQ=2.92 kQ

4o EnRo+ Ry /1y (214 mS)33 kD) +33kQ/25 kO
1+ R, /7, 1+3.3kQ/25 kO

L]

7 3 2 7
_ 7.062+0.132 _7.194 _
1+0.132  1.132
V,=A,V;=(6.36)(0.1 mV) = 0.636 mV
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Low-Frequency
Range




General Frequency Considerations

The frequency response of an amplifier refers to the frequency range in which the
amplifier will operate with negligible effects from capacitors and device internal
capacitance. This range of frequencies can be called the mid-range.

* At frequencies above and below the midrange, capacitance and any
inductance will affect the gain of the amplifier.

e At low frequencies the coupling and bypass capacitors lower the gain.

* At high frequencies stray capacitances associated with the active device lower
the gain.

e Also, cascading amplifiers limits the gain at high and low frequencies.




Typical Frequency Response

‘,f

0

[

| <

NE

1

r

Bandwidth > (Parasitic capacitances

of network and active

(Cc> Cylor Cp) devices and frequency

\ — dependence of the gain of
the transistor, FET, or tube)

/

High-frequency

| L ——

10 fi 100 1000 10,000 100,000 fu 1 MHz 10 MHz f (log scale)

AVmid
0.707A,

Low-
frequency
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Typical Frequency Response

_ ‘Vtz?‘ _ ‘Avlnjdvi‘z
Omid R, o R,

and at the half-power frequencies,

0.707 A, V|2 AVl
PUHPF e R — 05 R
0 0
Py, = 05P,

-

The multiplier 0.707 was chosen because at this level the output power is half the
midband power output, that is, at midfrequencies

bandwidth (BW) = fy — f1




Cutoff Frequencies

el
Bandwidth
p (Ce Clor Cp)
The mid-range frequency om0\ -
range of an amplifier is
] Low- |~ High-frequency
called the bandwidth of froquency ™
" 10 £, 100 1000 10,000 100000 /| MHz 10MHz f

the amplifier. ’

=[]

Bandwidth -

The bandwidth is defined

by the lower and upper %
cutoff frequencies. s ;{m’ -
Cutoff — any frequency at patee] )
which the gain has
dropped by 3 dB.

1) 100 1000 10,000 f lOOf(!X) 1 MHz J
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FET Amplifier Low-Frequency Response

At low frequencies, R

coupling capacitor (C, y )
C.) and bypass capacitor — Ce

(Cy) reactances affect the ¢ R g

1l
!

R,
circuit impedances. @ §”“ ‘%RS




Coupling Capacitor (C,)

The cutoff frequency due to Voo
C; can be calculated with \ ;*
'LC 2aR ; R;)C *’ e -
T « 4 . -j C
sig i’/“G —N;::» r}i -I:
W R
where , ; :

v, l\’ — System




Coupling Capacitor (C)

The cutoff frequency due to
C can be calculated with

1

where

RD = RD " I'd

IL
n
Ce
System e R,
Rﬂ‘

f = A\l
LC ZR(RO +RL)CC + ‘ Rs.lg f':r.
Vs

I ——
L ——

1l
!




Bypass Capacitor (Cy)

The cutoff frequency due to
C can be calculated with §Rn
1 It v
fis = A -~ -
ZnReqCS + ‘ R"'I ( Lr
where M ’_\I_’ X gns =

1
RE{] =RS "g— I'dEﬂﬂQ

m

)
1

System -—




FET Amplifier Low-Frequency Response

The Bode plot indicates that
each capacitor may have a
different cutoff frequency.

The capacitor that has the
highest lower cutoff
frequency (f) ) is closest to the
actual cutoff frequency of the
amplifier.

A"m-d (di)

J

| i
f 1
| 10

-6 dBfoctave
=20 dB/decade l‘

Actual frequency response

=12 dB/octave
=40 dB/decade




FET Low Frequency Example

~-For the circuit in slide 8, if the circuit parameters are given as

Co=001 uF, Ce=05uF,  Cs=2 uF
Rie=10kQ, Rs=1MQ, Rp=47kQ, Rs=1kQ. R;=22k0
[pss = 8mMA, Vp= —4YV Vg = @ Q, Vpp =20V

a) Kind the low cufoff frequency.
fi,=15.8Hz

ng = 46.13 Hz
fi.=238.73 Hz

The low cutoff frequency is max(f, , f; , 1, )=238.73 Hz

Department of Systems and Control Rafal Raed Mahmood Alshaker




Example 1

- Determine the lower cutoff frequency for the network of Fig. using the fol-
lowing parameters:

CG =00l uF, Co=05uF, Cg=2 uF
IDSS - SHIA, Vp = —4V Vg = & ﬂ, VDD =20V

Vn!)
Rp
Ce
It ’
' 0 ‘U

partment of Systems and Control Rafal Raed Mahmood Alshaker



Solution:

a. DC analysis: Plotting the transfer curve of Ip = Ipgs(1 — Vgs/ Vp)2 and superimpos-
ing the curve defined by Vg = —IpRg results in an intersection at VGSQ = —2V and

Ip, = 2mA.In addition,
- 2IDSS v’ 2(8 mA) -

= = S
SmO =yl T 4v =
VGSQ —
gm_gmol—TP =4m51—ﬁ = 2mS
Rsig V=V, v,
v, ) °
Ay, === —gu(Rp||Rr) = —(2 mS)(4.7 kQ[2.2 kQ) ) o | (R
- Vi AN 2% { Y R,
= —(2 mS)(1.499 k() + -1 111
= -3
Rafal Raed Mahmood Alshaker
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I I

B _ = 158 H
fLG Qﬂ(Rsig + R,)Cg 2m(10k + 1 MQ)(0.01 uF) E
Rsig 1'I, :1."._, V"—?
R :
V, CG Zm Vs Rp
’\} RG Vg.&- + I'd RL
i v v v




1 1
- 2@(R, + R)Ce 2m(4.7kQ + 2.2k0)(0.5 uF)

JL, = 46.13 Hz




8m Im
Rsig Vy
AN
8m !gs
,\I Td RD RL
Rc & Ves l’
A AR
w -
I1s : : = 238.73 Hz

© 27RCs  2m(333.33 Q)(2 uF)

Since f; 1s the largest of the three cutoff frequencies, it defines the low cutoff fre-
quency for the network




Solution:

a. DC analysis: Plotting the transfer curve of Ip = Ipgs(1 — Vgs/ Vp)2 and superimpos-
ing the curve defined by Vg = —IpRjg results in an intersection at VGSQ = —2V and
Ip, = 2mA.In addition,

2IDSS il 2(8 mA) _

= = S
gm0 val 4V m
VGs, -2V
gm=gm01—V—P =4mSl—-_4—V = 2mS
f : : = 158H
= = = . z
' 2m(Rgg + R)Cg 2m(10kQ + 1 MQ)(0.01 uF)
fi : : 46.13H
= = E - Z
Le ™ am@®, + RHCe ™~ 2m(@.7kQ + 2.2k0)(0.5 uF)

Cs Ry = R3||glm =1 kﬂ||ﬁ = 1kQ[05kQ = 333.33Q

| 1
© 2mR,Cs  2m(333.33 Q)(2 uF)

fi = 238.73 Hz

Since f; 1s the largest of the three cutoff frequencies, it defines the low cutoff fre-
quency for the network

Department of Systems and Control Rafal Raed Mahmood Alshaker



FET Amplifier High-Frequency Response

Capacitances that affect the
high-frequency response are

v
* Junction capacitances ;R
Cgs! ng? Cds Lu' V.
C 1% 2 ¥a
Wi . " r*-rr b
* Wiring capacitances ! N\
—an—)| —— I
th Cwu R g " / = §-‘-‘
+ ){( ' L e I
v, 0\, H“; — I el |
* Coupling capacitors - iﬂ I‘-‘
- -

CG! CC = = =

* Bypass capacitor
Cs




b l_l['ll ‘RL
Rsig
AN L + ol,
Vs ,\} RG§ e * &m Vs Ta Rp R, - ¢
Th, — [h,




Input Network (f;;;) High-Frequency Cutoff

¢ 1 Ry, = Rgg Il R
Hi — AN
2nR Thi Ci |
-+
C; =Cw; +C gs + Chii Er, ’\’ - C;
Cmi =(1=A,)Cgq

Rhi = Rsie IRg

Department of Systems and Control Rafal Raed Mahmood Alshaker




Output Network (fy,) High-Frequency Cutoff

- 1 Ry, =Rp IR ry
27R 1o Co AN

fHu

Cn = CWD + Cds + CMG
1 bq'l'h” m = C{')

Cno =
.

RT]’ID = RD I RL Il Irq —
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Example 2

(a) Determine the high cutoff frequenmes for the network of Fig. using the
same parameters

Ce = 0.01 uF, Ce = 0.5 uF, Cs =2 uF
R, =10k, Re=1MQ, Rp=47kQ, R¢=1kQ, R, =22k
Ipss = 8 mA, Vp= —4YV, rg= ® (), Vpp =20V
with the addition of
Coa=2pF, Cg=4pF, Cu4=05pF Cyp=5pF Cy, =6pF Voo
(b) Review a PROBE response for the full frequency range and note whether it sup- ‘%

ports the conclusions of Example 11.10 and the calculations above. c
¢ oV,




Solution

(a) RTh. = Rsig‘ ‘RG = 10 kﬂ”l M(Q = 9.9 k()
From Example 11.10, 4, = —3.

Ci=Cp,+ Cos + (1 — A4,)Cqq
=5pF +4pF + (1 + 3)2 pF
= 9 pF + 8 pF
= 17 pF

_ 1
S, = 2R, C;

B |
~ 2m(9.9 kQ)(17 pF)

R’rh2 = RDHRL
= 4.7 kQJ2.2 kQ
1.5 k)

= 945.67 kHz

—_—

Co=CWO+CdS+CMG=6pF+U.SpF+(1—

) 1
S, = 315 Ky @17 pb)

= 11.57 MHz

-3

- 2.!_{)35 B 2(8 lT]A)

Vas, 2V
_ _ 91 — —_ = | =
2 gm{;.(l 7 ) 4mS(l — V) 2 mS
Ay =77 = —gu(Rp|[Rr) = —(2 mS)(4.7 kQ[2.2 kQ2)

1 )2 pF = 9.17 pF

Il

—(2 mS)(1.499 kQ)
-3




Home Work: v, =20V

Determine the o
: R,=18kQ
following for the network
1. 1o andVqe, >|: {Ziszgvm“’*
2' VDS
3- Vo L Rg = 1.5kQ
4.\, ]




Drawing the self bias line
V. +1 R -10V =0

Vg =10V - 15 (1.5kQ)

Ves !
- 0S5
WhenV.. =0V, I, =2V -667mA =
1.5kQ +
When I, =0mA, V, =10V q 150
s=1L
Ves lp Ves:lp _
0 Ibss (0,9) -
0.3V, lpss/2 (-0.9,4.5) == V=10V
0.5V, lpss/4 (-1.5,2.25) _:
Ve OmA (-3,0) =




Determining the @Q-point

Ipg=6.9mA
VGSQ=-0° 35V

VDS :VDD'(VS )' ID(RS+RD)

=20+10-(6.9mA)(1.8k2 +1.5k?)
=7.23V

V= Vpp - 15 (Rp ) = 7.58V

Vs = VD B VDS
=7.58V-7.23V =0.35V

Department of Systems and Control

Rafal Raed Mahmood Alshaker



Exercise 4 20V
i /”():'2.5 mA

Rp
Determine the required
———oV, =12V

- values of R, and R,

"l IDSS=6mA

VP :—3 V
| sz




Determining I/GSQ for the network

Ves I Ves o
0 Ibss (0,6)
0.3Vp Ipss/2 (-0.9,3)
4 Ip(mA) 0-5Ve lpss/4 (-1.5,1.5)
Vi OmA (-3,0)
6 [DSS v v
5 R = Veo _ Voo ~ Vg _ 20V -12V
D
4 IDQ IDQ 2.5mA
= 3.2kQ)
5 / 2.5 mA
S —975m
| 2 Po
Y ] R, = _(VGSQ) _ —(-1) _0.4KO
| ; > IDQ 2.5mA
-3 -2 -1 0
| Vis
V, i
Vs =1V




ome Work
* Determine IDq, VGSq, VDS, VD and VS

Vpp=20V

Lo

R,=18kQ

]DSS — 9 mA
Vp= —3V

Rs=1.5kQ

VSS:-—]OV
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