Field Effect Transistors

Lesson #9
MOSFETS
Sections 5.1-3
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Homework

NMOS Transistors
— Problems: 5.3,5.4,5.6

Load-line Analysis
— Problems: 5.14-19

Bias Circuits
— Problems: 5.21, 5.23

JFETS

— Problems: 5.56, 5.57, 5.65
CMOS
— Problems: 6.48-6.50 6.69-6.70, 6.71-73
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Homework Answers #1

NMOS Transistors

— Problems: 5.3 V, =1 V; KP=30mA/V?, L=5mm, W=50mm
* Recall:
— Cutoff: v;=0, i,=0
— Triode: voe> Vi Vips< Vs Vie ip=KI[2(vgs Vi, ) Vps~ Vos'/
— Saturation:vge> V,,r vpg> Ves- Vi, iip=K(vgs V,, )?
* Vo=4V, vpg=10V
— v~ V,,=4-1=3<10= v, SATURATION
— =(50/5)(30/2)(31)=1.350mA
* Vos=4V, vps=2V
— Vg V,,=4-1=3>2= v,  TRIODE
— iy =K[2(ves Vi, ) Vs Vsl =(50/5)(30/2)[2(3)2-22]=1.20mA
* V=0V, vpg=10V
— V- V,,=-1 CUTOFF
— =0
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Homework Answers #2

e NMOS Transistors

— Problems: 5.4 V, =3 V; K=.5mA/V?, v =5V
 Saturation:vge2V, ; vpg 2Veg- V,, sip=K(vee V., )?
— NMOS will be in Saturation for v, 2v,g— V,,=5-3=2V

to

* Triode: vgs2V,, vips< Vas- Vie ip=K[2(ves Vo) Vps Vps']
— NMOS will be in Triode Region for 0<v,¢ <v;g— V, =5-3=2V

* ip=K(Ves Vip )?=5 (Vg 3)7

25

20
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Homework Answers #3

e NMOS Transistors

— Problems:5.6 V, =1V
* Vos=O0V, vpg=5V
— vge— V,,=-1 CUTOFF
© V=3V, vps=1V
— v~ V,=3-1=2>1= v,s TRIODE
* Vo3V, vpg=06V
= Vs V,=3-1=2<6= v,y SATURATION
* Vo=V, vp=10V
=5-1=4<10= v,3 SATURATION

= Ves— Vi

e Load-line Analysis
— Problems: 5.14

 Distortion is a result of the curvature and non-linear spacing of the
characteristic curves
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Homework Answers #4

e Load-line Analysis
— Problems: 5.15 20

e Ry=1k, V,, =20V \\\\\\\Riﬁk oo L 51
e Ry=2k, V,,=20V i mA

« R,=3k, V,,=20V 1

=2k _
D =4
10 & VGS Y

5- \ yos =3V

=3k
0 2 4 6 8 10 12 14 16 18 20
vps Volts
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Homework Answers #5

e Load-line Analysis
— Problems: 5.16
e Ry=1k, V=5V
e Ry=Ik, Vy,=10V
e Ry=1k, Vo, =15V

20 1

Vgs = IV
i, mA
15 9
Vop=15V
10 Vhp=10V Ves =4V
5‘ = \ b = 3V
\ \ vGS =2v
0 | ~ — N | N | |
0 2 4 6 8 10 12 14 16 18 20
vps Volts
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Homework Answers #6

e Load-line Analysis

— Problems: 5.17

RD
1k
|

M1

1 Mname
Vin
VGG

20
\ Vs =5V
i, mA

]
[

Gate Circuit X
Vos =V, (1) + VGG
= sin(20007z)

Drain Circuit
VDD =i,RD +v
20=1,1000+v,

Voo =4y
0. GS

5- \ b= 3y

w=2v

0 2 4 6 8 10 12 14 16 18 20

vps Volts

Since v < 1=V, , the FET remains in Cutoff. V,,,=20V
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Homework Answers #7

* Load-line Analysis
— Problems: 5.18, V, =1 V, K=.5mA/V?

It - I V521 VDD =-
20V |
sin(2000pt) é) - 1
R2
300k
0

a) By Superposition
Vs(t)=3+sin(2000rt)
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Homework Answers #8

e Load-line Analysis
— Problems: 5.18 b-d)

0

Vo=
/V
VDS 'min =11 \
/ VisT3
L—1 /"
/ VDSQ =16 | 7|
Vs 4
v

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 6 17 18 19 20 21

Vs

max

19
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Homework Answers #9

 Load-line Analysis Vps=3V
— Problems: 5.19, V, =1V, ‘
K=.5mA/V? 11N

* Move the load line to ' \‘\\
intersect Vi, . at the edge - /
of the Saturation region 1 \\\

* Saturation:vo>V, ) vpg> // NN
Vos= Vi sip=K(vgs= Vi )? 1 \‘\\

* Veosma=4 2 Vos min =3 o ~

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

in=K(vgg-V, )?=.5(3)*=4.5mA
« RD max=(20-3)/4.5=3.778k Q
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Homework Answers #10

* Bias Circuits |
— Problems: 5.21 £ Blieg 2 % — a7k
_ I/IOZI V, K:25WZA/W | . . E M1 VD= T/?/\v —]iq M1 VDD—j___L
J L RS l 07Meg RS .
i i Yo g l } L

0 0 0

The voltage around the equivalent gate circuit:e  Roots are v;=2.468, -1.319

VG =vgs + R « Choose v;= 2.468 since Vo>
=Vgs + ReK (Vs _Vm)z Vie=1 i ,

KRy +(1=2R.KV W+ RKV. VG =0 Tro=Kes=V,)" =.25(2.468-1)
Ves® + (o =2V, s +V, =2 =0 e

Gs KR, to/7GS © Tto P K The voltage around the Drain Circuit :
NETPE ERPS T VDD =V, + 1y (RD + RS)

Gsz 235 235 Vpso =15—-0.5387(9.4)=9.9359 1
Vs —(1.1489)vgs —3.2553=0 BME 372 Electronics [ — 106
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Homework Answers #1 1

e Bias Circuits |
— Problems: 5.23 1 hteg 2 — % Tk
B I/ZOZ4I/’ KZZ.SWZA/W %E M VDD— s/?/\, g M1 VDD::Lt
1 Ff,\zﬁeg s 0 l 5Meg % s [
VG = ves + Ry O ] | wT | |
= Vs T RK (Vs =V,,)’
2 2
KRgvgs +(1=2RKV, Jves *RKV, =VG =0 . Roots are V=6, 1
2 1 > VG
Vos T ( =2V, s +V,, = =0 * Choose v;= 6 since V>V, =4
GS KRS t GS t RSK GS— GS
1 10
VGS2+(T_8)VGS 4_T 0 IDQ:K(VGS_Vto)Z :1(6_4)2
Vs =TV +6=0 =4ma

VDD =V 50 + 1, (RD + RS)

Viso =20—4(2) =12V
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Homework Answers #1

* JFETS
— Problems: 5.56, V, =-3 V, I,,c=9mA

e Saturation: vg>V, and vpg> ves Vi in=K(vesVi)?

-3

K = IDsg =200 g0 v =—5, CUTOFF
v,” (=3) OR

in= K(VGS - Vt0)2

dmA=1mA/V*((vy —[-3V])

Ve =1V sincelV o >V,

2
Ves 6V +5=0
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Homework Answers #2

 JFETs
— Problems: 5.57, V, =-3 V

 Saturation: v, o= v V,, = -1-(-3)=2V
. Vps= -2-(-3)=1V
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Homework Answers #3

— Problems: 5.65,|V, |=2 V, [ q=8mA

« JFETS
D 11
o > +—__— 15V
+ VGS B
S

a) vgs=0, 1,=1=8mA

+VGS -

A

15V

o

D
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Homework Answers #4

 JFETs
— Problems: 5.65,|V, |=2 V, I,c=8mA +15V,
+15V, I o v,

Ik VAN O SRR
; /) b Bed

= ®
. |+VGS' lll V
= o—oV J7 + Vg - 5

2 1

J : | 52

4 MVes-
v
-15V
v -15V

d) J,In Saturation : vq, =0, I,=Icc=8mA, V,=15-8=7V
c)J,In Saturation : vsq, =0, 1,=I,=8mA ’ o 2o ?
Assume symmetry between Js and J, and therefore,

J;: Since 1,=I),¢ then in saturation and [,=4mA.
Vagz =0, since V,=- vsg; =0 since V, is at
the source of J;. Vg, =15 K=lps/V,,'=8x107/4=2mA/V?; V,, =-2, I;=K(vgss— V)",

Wwe get Vgs= Voss= - 5858V
Finally, since I,=I,¢=8mA, GS3 TGS
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Homework Answers #4

Vor=3 V
 CMOS Inverter
— Problems: 6.49 KP,=50mA/V?, KP,=25mA/V~, ¢ S
Vir=1V, V=1V, (W/L),=3, (W/L) ,=6
— Output 1s grounded; calculate 7,,,, for G= ‘ i .
Vpp=3,5,10 when v,=0 -
D

PMOS now delivers current to ground and v, =-V,, .

]SHORT - ]DP = K(VGS _ I/top)2 - K(_VDD - I/top)2 Vl- G L__ DNMOS
I_

=75x107°(=V,, +1)° -

VDD IDD mA |Power mW | | _T_

3 0.30 0.9 — =
5 1.20 6
10 6.08 60.75
BME 372 Electronics I —
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Homework Answers #5

CMOS Inverter

— Problems: 6.50 If the input 1s high, how much current
does the output sink when v =.5V, repeat for the input
low and the output=4.5 V

o If the nput 1s high the PMOS i1s cutoff and the NMOS is in the
triode region.

iy =i, =K[2(s =V, Wps —Vps ]=T5x107[2(5-1).5—.25] = .28 ImA

o If the mput 1s low the NMOS 1is cutoff and the PMOS 1is in the
triode region. Since the transistors are symmetrical, the

current 1s -0.281 mA

ip ==K[2(vgs =V, Wps —Vps 1=—T15x10"°[2(=5+1)(=.5) = (-0.5)"] = —.281mA
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Homework Answers #7

» CMOS Gates -
— Problems: 6.69 -
S
.
F=AB+C)=A+(B+C)=A+BC g
B.—{k_ c._Jk_
note: N, = NA(NB + NC) |

P, = PA+(PB)(PC)
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Homework Answers #8

— Problems: 6.70

F=A®B=AB+ AB
F = (NA)(NB)+(NA)(NB) = [(NA)(NB)][(NA)(NB)]
— (NA+ NB)(NA+ NB)
= (NA + NB)(NA + NB)
Nside = (NA+ NB)(NA+ NB)
Pside = (PA)(PB)+ (PA)(PB)
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Homework Answers #9

— Problems: 6.71

+Vop

A B C |D E P N
¢|A[BIC|DIE] M2 | M1 | NA| NB | NC | NC [ NE | (NA*NB+NC+ND*NE)M2 | M1 C
110]0]1]0]0] ON|OFF]|OFF[OFF| ON | OFF | OFF ON OFF| Low |0
0[{0[O[1[0]0]OFF| ON | OFF|OFF| ON [ OFF | OFF OFF ON | High| 1

Steady State current is zero since when the PMOS section is off (and the NMOS section in ON)
capacitor discharged through the NMOS section and no current is flowing or when the PMOS
section i1s ON (and the NMOS section is OFF) it connected to the capacitor (open circuit).
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Homework Answers #10

Hg
— Problems: 6.72 .
4_{J J .Q{J >
F=A+B+CD T Ti
et
|

]
Hiz
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Homework Answers #1 1

— Problems: 6.73 ¢4% "

)
/|

F=(AB+CD)E HJ

—t g=3
L
x

i{
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