Vpp = 6V
Vg = 4V

Rg = 10kQ
R, = 5000
R = 2000
R, = 2000
R, = 3000
k. =2 mAIV2
V, =1V




Vpp= 6V
Vg = 4V

Rg = 10kQ
R, = 5000
R = 2000
R, = 2000
R, = 300Q
k. =2 mAIV?
V,, =1V

1. Triode

2. Enforce (device equation)
iD — O'OOZ(VGS — 1 — VDslz)VDs

3. Solve

a. Circuit Equations
Vgs =4V

ip = (6 —vpg)/500

b. Solve

(6 —vps)/500 =0.002(4 — 1 — vpg/2)vpg
6 — vps = 3vpg — 0.5vg2
0.5vps2—4v,g+6=0

Vps =4 +/-sqrt(16 -12) =6V or 2V ... Choose 2V
ip =(6-2)/500 =4/500 = 8 mA

4. Check
Vas— Vi, @ 0, Yes
Vos < Vgs = Vin, Y€S



Vpp= 6V
Vg = 4V

Rg = 10kQ
R, = 5000
R = 2000
R, = 2000
R, = 300Q
k. =2 mAIV?
V,, =1V

1. Saturation

2. Enforce (device equation)
ip =(0.5)0.002(vgs — 1)

3. Solve

a. Circuit Equations
Vgs =4V

ip =.001(4-1)°=9 mA

b. Solve
Vps =12 -500(0.009) = 7.5V

4. Check
Vas— Vi, @ 0, Yes
Vps 2 Vgs — Vi, YES



1. Saturation

Rg Ro 2. Enforce (device equation)
ip =(0.5)0.002(vgg — 1)
QN 3. Solve
a. Circuit Equations
= Ves ™= Vbs

iD = (6 - VGS)I5OO

b. Solve
Vpp= 6V (6 —vgs)/500 = 0.001(vgg — 1)?
sz =4V 12 -2vgs = Vgs? —2Vgs + 1
R = 10kQ Vgs?—=11=0
20 : gggg Vgs = +-sqrt(11) =+/- 3.32V ... choose 3.32V
R2 =300Q
= 2
3" _21'\','AN 4. Check
tnh ©



1. Saturation

2. Enforce (device equation)
ip =(0.5)0.002(vgs — 1)

3. Solve

a. Circuit Equations

Vgs = 3Vpg/Dd or vpg = (8/3)vgg
Iro = Ip * IRy

irp = (6 — (5/3)vg5)/500

irq = (8/3)vg5/500

Vpp =6V s
V.- =4V . Solve
Rg = 10kO (6 - (513)v55)/500 — (5/3)V /500 = 0.001 (Vs - 1)?
R, = 5000 12 - (20/3)vs = Vs? - (6/3)Vgs + 1
R. = 2000 Ves? + (1413)vgs =11 =0
21 - gggg Vgs = (-14/3 +/- sqrt((14/3)? + 44))/2 = choose 1.72V
K, =2 mAIV2 Vps = 2.87V
V. =1V ip =0.518 mA

tn =

4. Check

Vas— Vi, @ 0, Yes
Vos > Vgs = Vin, Y€S



1. Triode

0.5Vpp
Vee . :
2. Enforce (device equation)
R RD iD — 0°002(VGS - 1 - VDS,Z)VDS
G
3. Solve
Q, a. Circuit Equations
Vgs=4-200i, orip = (4 - vgg)/200
R iD — (3 - Vos)l700
S
. b. Solve
- (3 -vps)/700 = (4 - vgg)/200
6 — 2vpg =28 — Tvgg Or Vgg = (2vps + 22)/7
Vpp = 6V
Vo =4V (3 =vps)/700 =0.002((2vpg + 22)I7 — 1 — vps/2)Vps
R = 1 OkQ 3 - VDS — 1 .4((2VDS + 22)/7 - 1 - Voslz)VDs
RG - 5OOQ 3 - VDS — (.2(2VDS + 22) - 1 .4 - '7VDS)VDS
D - 3 - VDS — ((°4VDS + 4.4) - 1 .4 - '7VDS)VDS
RS = 2OOQ 3 - VDS — 3VDS - .3VDSZ
R1 - ZOOQ O.SVDSZ - 4VDS + 3 — 0
R, = 3000
k, =2 mA/V2 Vps = (4 +/- sqrt(16 — 4*0.3*3))/.6 = 0.8V or 12.5V
V, =1V Choose 0.8V
n

Vgs = 3.37V
ip=(3-0.8)/700 = 3.1 mA

4. Check
Vas— Vi, > 0, Yes
Vps < Vgs = Vin, Yes



Vpp= 6V
Vg = 4V

Rg = 10kQ
R, = 5000
R = 2000
R, = 2000
R, = 300Q
k. =2 mAIV?
V,, =1V

1. Saturation

2. Enforce (device equation)
iD — 0.001 (VGS — th)z

3. Solve
a. Circuit Equations
Vas=4-200ip orip = (4 -vgg)/200

b. Solve

(4 -vgs)/200 =0.001(vgs — 1)
20 - 5vgg = V52— 2vgg + 1
Vgs2 + 3vgs—19=0

Vgs = (-3 +/- sqrt(3*3 — -4*19))/2=3.11V or -6.11V ... choose 3.11V
Choose 3.11V

in =0.001(3.11-1)2=4.45mA

Vps = 6 — 700i, = 2.885V

4. Check
Vas— Vi, @ 0, Yes
Vos > Vgs = Vin, Y€S



1. Saturation

Rg Ro 2. Enforce (device equation)
ip =(0.5)0.002(vgs — Vi,,)?
QN 3. Solve
a. Circuit Equations
R Ves = Vps
S iD - (6 - VGs)I7OO
] b. Solve
v — 6v (6 - VGs)I7OO — 0.001 (VGS - 1 )2
sz - 4V 6 - VGS = '7v682 o 1 '4VGS + .7
Rg = 10kQ TVes? - 0.4vgs-5.3=0
2“ : 2883 Vgs = (0.4+/- sqrt(0.16 + 4*.7*5.3))/1.4 = 3.05V or -2.48V
Rs = 2000 Choose 3.05V
R, = 3000 ip=4.2mA
k,, =2 mA/V?
Vin =1V 4. Check

Ves— Vin > 0, Yes
Vos > Vgs — vtn’ Yes



1. Saturation

2. Enforce (device equation)
ip =(0.5)0.002(vgs — V,,)?

3. Solve

a. Circuit Equations

Vgs = Vps(300/500) = 0.6vpg
ip = (6 —vpg)/700 - vp/500

b. Solve

Ve m BV (6 —1.67v<)/700 — 1.6 7v,/500 = 0.001 (Vs — 1)2
VDD =4V 6 - 4VGS = '7V682 -1 '4VGS + .7
RGG- 10kQ TVgs? *+2.6vgs-5.3=0

o=
20 : gggg Vgs = (-2.6 +/- sqrt(2.62 + 4*.7*5.3))/1.4 = 1.46V or -5.17V
Rs = 2000 Choose 1.46V
R, = 3000 Vps = 2.43V
k. =2 mAIV2 ip=0.206 mA
Vin =1V

4. Check

Vas— Vi, @ 0, Yes
Vps 2 Vgs — Vi, YES



. Saturation, Triode

1

2. Enforce (device equation)

: - th)2
ip2 = 0.002(vgg, — Vi, — 0.5vps,o)Vpso

ing = 0.001 (Vs

1

Qy.

N

a. Circuit Equations

3. Solve
Vgs1 = Vps1

ip = (6 — (Vpsq * Vps2))/500

Vgs2= Vps1 T Vps2

Vpp= 6V
Vg =4V

b. Solve

Use Matlab and 3D plot to find intersection

Vgsq = 3.1V, vpgq = 3.1V

Rg = 10kQ
R, = 5000
R = 2000
R, = 2000
R, = 3000
k=2 mAIV2

V, =1V

Vgsz = 3.9V, vpg, = 0.8V

ip =4.2mA

0.04

4. Check

Vas— Vi, @ 0, Yes

Vos > Vgs = Vin, Y€S
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