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Homework Assignment No, 6 - Solution

1.) A PMOS common-drain amplifier is
shown. Assume the parameters of the
transistor are ky = 0.5mA/V2, Vyp=-1V, and
A=0. (a.) If I¢p = 0.5mA, find the small

Vop VoD

signal model parameter values for g, and r,,. Rour

(b.) Find an algebraic expression for the small j——o
signal input resistance, R;,, the output *
resistance, R, and the voltage gain, v, /v;,. Isp Vout
(c.) Numerically evaluate the small signal

input resistance, R;,, the output resistance, i
R, and the voltage gain, v,,,/v;,. - = =

F02Q05P1

Solution
(a) g =\[2Ispkp =V20505mS=0707mS and r, =

(b.) First we need a small signal model.

D FO2005P1

Obviously, | Ry, = Rg=R|lIR, |. ForR,,, we apply the voltage source, v, and set v;, =

0 and solve for v,/i, which equivalent to R ;.

=Gy Vi~ 8mVgs = Gy V= EmlVg — Vs ) = Gg vy — (0 —vy)

=Ggvi+ &, vi=Gg Vv, + g,V =(GS+gm)vr

v 1 Ry R
ou =T “Cs+gy ~1+guRs 7 | Row=Tig, Rs

R

The output voltage can be expressed as,

Vour = ngSvgs = gmfs( Vg = Vs )= 8mRs(Vin = Vour)

_ Vout 8m Rs
Vourll + 8mRs) = 8mRsVin = Vip -~ 1+g, Rg

8kQ Vo _0.707-8
() Ry =R = RyllRy=2.4MO, Ry =110 707-8 =L2k& and ™, "= 757078 =
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14.13

Vgg =18 500k

1. 4MQ + 500kQ

21
4.74 = Vo + 270001 =1+J——D—S-+270001 —I,e =104
GS Ds 250x10° DS DS HA
Vps = 18 =15 (75kQ + 27kQ) = 7.39V | Saturation region is correct.

£ = 2(250x10°}{104x107°) = 0.228mS

=4.74V | Rgg =500kl.4MQ = 368kQ

Ve =V, 00K _.997v, | Ry, = IKQJ368KQ = 0. 997k0
1kQ + 368kQ

Ry = r,[75kQ470kQ =75kOQ470kQ = 64.7kQ | Ayy, = —(0.228mS)(64.7kQ) =-14.8

75kQ
Ay =0.997 Ay, =-14.7 | A, = 368k~ ——emm = ~1 1.6
v =0.997Avn | A (~8a) 750+ 470K0 -
R]N = 368 kQ l ROUT = ra"75kﬂ = 75kﬂ
] 2(104pA} 0.912V
= 0.997 Vee ~ Vi = 4| ————t2e = 0,912V | v, =0.2————=0.183V
Ve = 0997V, | Vas -V =450 2 /v RAL 0.997
Voo 18 : o _Vpp
Ay =-— =— =-19.7 | The rule- of - thumb estimate assumes Vg = .
We have Vi =104pA(75kQ) = 7.80V = 0.433Vyp,
The estimate also doesn't account for the presence of R;.
14,315
VGS 2 VGS
Vs = —{11kQ)Ips = —(11kQ)(20mA ) 1-—%) 2 Vas = —3.50V, Ipg = -7 0= 318 pA

Vg = 20 - Ipg(11kQ + 39kQ) = 4.10V | Saturation region is correct.
2 \[——————~ 1IMQ
= ——.f20mA(318pA} =1.26mS | vy =V, ————=1.
B =g (B1804) | ¥a =V o 5karma - M7

Ry, = 0.5kQJIMQ = 0.500k2 | R = 39KQJ500KQ = 36. 2k0
1.26mS5(36. 2k2)

A=A = — =-3.07 =1. =

v Vih 1+1.26mS(11k.(2) 3.07 | Rw=100MQ | Ryypr =39k
A =-R;—28 =10 =—-84.8

! G 1+g.R, ( )1+1.26mS(1 1kQ)

Vep =100V, | Vs - Vp =—-3.5-(-4)=0.500V | v, = 0.2(0.5)[1 + 1.26mS(11kQ)]=1.49 V




ECE 3050 — Spring 2003 Page 3

14.21 ]
v =18——‘1k—9—“—;é'osv | Rgg = 51kQ[1O0KQ = 33.8kQ
EQ 51k +100kQ EQ ~ e '

(6.08- 0.7 +18)V

= =37.3pA| Ic = 4.67 mA | Ve = 36 — 20001 - 47001 = 4.54 V
5" 33.8kQ + (126)(4.7kQ) pA| Ic = 4.6  Veg =3 001 e

Forward - active region is correct. | r; = w =669Q | r, = M =11.7kQ
4,.67mA . 4.67mA
Ven = Vg 53.80 =0.985v, | Ry, = 33.8kQJ5004 = 493Q
500€} + 33. 8k
126(2. 94kQ)

=0.997

Ru = 24k 7kOUL7H02 = 2.94K2 | Ave =~ 57551576 peoka - 126(2.94kQ)

Ay =0.985Avy, = 0.982 | Ry = 33.8kQf[0.669kQ + 126(2.94kQ)] = 31.0 kO

Rg+ Ry 0.5kQ + 31. 0k 493Q + 6690Q
A=Ay —S—IN _ 982 =129 | Royp = —————[2.94k2 = 9.19 Q
"7V R, 24.0kQ | Rour 126 II
0.669kQ 5.00mV
¥y = 0.982v =0.00177v, | v, =—————=2.83V
be * 0.493k + 0. 669kQ + 126(2. 94kQ) o 1 0.00177

14.23

4x107*
Vgs = 5V| Ips =

2
operation is correct. | g£q = y2(4x107)(3.2mA)[1 +0.02(10)] = 1.75mS
B!

(5-1)>=3.2mA | Vps =5-(-5)=10V - Saturation region

+10
Iy = % =18.8kQ — Cannot neglect! | Ry =18.8kQJ100k =15.8kQ
10° 1. 75mS(15. 8kQ) s L75mS(15.8kQ) 1

Ay = =0.956 | A, =10 =9.56

V7 10° +10° 1+ 1.75mS(15.8kQ) I & 1+1.75mS(15.8kQ) 10° .
Ry =Rg =1 MQ | ROUT:-g—1~||r,, =555 Q

10° 1 0.2(5-1)
= =0.0346v, | v, s ————~=23.2 V But,
Ve " Ve 105 100 1+ 1.75mS(15. 8kQ) o | Vo< ~5 0336

v Must exceed Vg — Vg = Vs — Vi = 4V for saturation.
Vps =10-v,=10-0.956v, 24 > v, <6.28 V ~ Limited by the Q - point voltages




