The MOSFET Amplifier - COMMON DRAIN

* The outputis measured at the source terminal
* The gain is positive value
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COMMON COLLECTOR

OUTPUT SIDE
1. Get the equivalent resistance at the output side,
Req
: : vbe Ri1 Rip)
2. At node x, use KCL and get i, wherei, = g, v+ — N —>E i .

3. Get the v, equation where v, =i, R, MWW

5. Calculate R; =Ry, // Ryy :
6. V. in terms of v, using supermesh, v, = v, + v,

X
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ve (= 7] TH m" be
4, Calculate Ry, =rm + (1+B) R,

COMMON DRAIN

OUTPUT SIDE
1. Equivalent resistance at the output side, R,

2. Calculatev, =g, v, R,

INPUT SIDE
3. Findv;in terms of v, using supermesh
Vi = Vgt Y,



OUTPUT SIDE

1. Equivalentresistance at the output side, R, = 1, ||Rg
2. Calculatev, =g, v, Ry, = 8,V (1,]IRs)

INPUT SIDE

3. Find v;in terms of v, using supermesh

Vi = Vgs+ Vo = Vgs+ nggs (ro| |RS) = Vgs(1+ gm(ro| |RS) )

4. A,V =V, =g,V (1,||Rs) € open circuit voltage

v =v,( mCelis )
VI T\ 14 gm (o lIRs)

— 9m(Tol||Rs)
1+gm(1ol|Rs)

7 < open circuit voltage gain



Vpp=11V
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ve &) 470 kQ j
Ry = 0.75 kQ

Von =092V, K, =4mA /V2,L=0.01V"!

Ry = 113.7 kQ
Vi =(470/620)x11=8.34V



DC ANALYSIS

Calculate the value of V¢
KVL at GS loop:

VGS - 8.34 - O.7SID

Assume the transistor is biased in the saturation region, the drain
current:

Iy = Kn(VGS —Viy )2

|, =4(8.34—0.751, —0.92)* = 4(7.42-0.751 ;)
|, =4(55.06 -11.131, +0.56251 ,°)

2.251 % — 45521 +220.24=0

—> [ =12.22 mA —> ReplaceinV,y —> Vi =-0.825V

equation in step 1

/ID=8mA VGS=2-3ID

Why choose V. =2.34V?
Because it is bigger than V



Use KVL at DS loop

Vpe+ IpRg-11=0

Calculate Vg, = Viig - Vo = 2.34-0.92 =142V

Confirm your assumption: Vpq > Vg, , OUr assumption is correct

gm = 24/ Knlpg ‘ g,=11.3 mA/V
3 =001y EEEE) V,=100V HEEE) T,=125kO
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1. The outputresistance: R,, =ro||R;=0.70755kQ

2. Theoutputvoltage y - o v (R, )=113v, (0.70755) =8V,

3.  Find v;in terms of v, using supermesh

V=V, +V,

g
Vi = Vgt 8V =9V

g &S



Output

Equivalent circuit of a voltage amplifier
Equation of v,: v, = v, = g,V (Re) = 11.3 v, (0.70755) = 8 v,

Vi = 9 Vg

A,v,=v, € open circuit voltage

AV>/i=8ng = 8Y,

9
A, = 0.889 € open circuit voltage gain



Vg (t) i Ri=Rpy =
' 113.71kQ
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Equivalent circuit of a voltage amplifier

To find new voltage gain, v, /v, with input signal voltage source, v,

v; in terms of v, = use voltage divider:
vi=| R /(R +R{)] *v, =0.9956 v,

v, = A,v; € because there is no load resistor
v, =0.889 (0.9956 v,)

v,/v,=0.885



Output Resistance for Common Drain
Vgs IX
+ —
b
RTH gmvgs ? ro RS C.J‘D VX
VgS - IX
+ —
b
gmvgs I, RS C-J‘-D VX




V

v, in terms of V, where v, = - V,

g
\Y

+ =

Use nodal analysis

VX + Vx = nggs+ Ix

IX
- —
V.
8m Vgs } r, Ry X




Using DC analysis, calculate the values of g, and ry. Assuming that, Rg = 100 k),
K. = 1.25mA/V%V, =100V,I = 0.8 mAandR, = 4kQ

Calculate the gain A, = ? and R,
S




The output resistance: R,

=r, =125kQ

q

The output voltage Vo = Vs (Req) =2 Ve (125) = 250 Vs

Find v;in terms of v, using supermesh
Vi =V, + V,

s+ 250 v, =251 v,

g

V=V,



Output

Equivalent circuit of a voltage amplifier
Equation of v,: v, = v, = g,V (Reg) = 250 v

v; = 251 v

A,v,=v, € open circuit voltage

AV%= 250 vy = 250

251
A, =0.996 € open circuit voltage gain
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R, = 4 kQ

ol

---------------------------------

Since we have R, we have to calculate R,
r,=125kQ, g =2 mA/V and there is no Rq i
R = (

RS||?”0)

m

So, R, = 0.498kQ2

v; in terms of vg
v; =v, € in parallel
Vo =[R./(R_+R,)] *AyV, € this is because we have load resistor R,

v, = [4/(4.498)] (0.996 v.)

v,/ v, =0.886



CURRENT GAIN

R, = 0.498 kQ

l| o poseeeeesessessevetiitereess
—> + o+
P Ri= 5 . R, = 4 kQ
Vs Vi 1100 kQ Ayvi 1 Vo 101 :

---------------------------------

e Outputside:iy=v, /4=v, /4
e Inputside:i=v,/R. =v./100

Current gain
=iy /;

= v, (100) = 0.886 * 25




TYPE OF BJT OPEN CIRCUIT VOLTAGE INPUT OUTPUT RESISTANCE, R,

AMPLIFIER GAIN RESISTANCE, R
COMMON SOURCE
WITH SOURCE Apoe =- (]| Rp) & Ryy or R r.||Rp
GROUNDED
COMMON SOURCE A =(— Rp gm) Ryy or Ry
WITH R, (assumer, 1+gmRs R,
= oo)
COMMON SOURCE
CAPACITOR, C;
COMMON DRAIN _ Im(l|Rs)

¢ 14 gm(lIRs) Rpy o1 Rg gi r||Rg




