Cascode Amplifier Example - Spring 2002

— Xy
Rp(x.y) X4y Function for calculating parallel resistors.

R,:=390000  R,:=200000 R5:=56000 R ,:=100

R(c:=20000 REg:=4300 Rg:=1000 R :=10000

Vp|us::35 Vminus =-30 Vgg:=065 V{:=0025 f:=199 «:=0.995
ry:=20 r g *=50000
vgi=1 With v 4 =1, the voltage gain is equal to v, thatis A, = v .




First, the dc bias solution
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Solve for the Thevenin equivalent circuit looking out of the base of Q1

v _Vplus'R3+Vminus'<Rl+R2> ~ ol = Rj ‘
BBl Ri+Rp+Rg 148 Ry+Ry+Rg

R3

Rgg1=Rp(R1+R2R3)

The bias loop equation is

|
E
Vee1—V minus‘m Rpg1tVeet!E1RE

It follows that the solution for | Elis
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o= — [ op = 23.6022
E1
| eoi=al | o= 1.0499¢10 °
E2 =01 g1 E2° L
VT
e =— [ o= 23.8113
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Now, check to see that Q1 and Q2 are in the active mode

V B1 =V BE+ | ElR E-I— V minus V B1°- —24.8126

,:V plus'<R 2tR 3> +VminusR1  E2

Vgo RiTR,T R —1+B-RP<R1,R2+R3> V g = ~5.0528
Vec1=Veo-VeE V 1 =75.7028

Veei=Ve1- Vel V cp1 = 19.1098 Thus active mode for Q1.
V2=V s 0 g2 R e V ¢ = 14.1065

V2 =Ve2-Ve2 V cg2 = 19.1594 Thus active mode for Q2.

Now for the ac solution




Make a Thevenin equivalent circuit looking out of the base of Q1
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Vipt VSRS+RP<R2,R3> Vipy = 0.9777
Rip1 =Rp(RgRp(R2R3)) R p1 = 977.6536

Rie1 =Rp(RE.Ry) R g1 = 97.7273
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Next make a Thevenin equivalent circuit looking out of the emitter of Q2

_ro+Rp(ren Ree)
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Now make a Norton equivalent circuit looking into the collector of Q1.1t follows that the circuit for the
output voltage and output resistance is
v
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Vo =-icoecR P<r ic2R th>
A=V A, =750.9832 This is the voltage gain.
For =R p(R T r o = 1.9959¢10°
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The circuit for the input resistance is
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fini=Rp(Tib1 Rp(R2.R 3)) rip= 15604010



The following simpler solution is based on the r  approximations for Q2 .

I _ r:
| coge =00 ClSC'Ll | cosc = 7:6526°10 3 The — Y is a current divider.
Mie2t ic1 Me2t Mic1
Vo= icocR P<R tc2’ri02>
AyiEvg A, =750.9823 This is the voltage gain.
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Fout =Rp(ric2R¢) M out = 1.9959¢10
— \ _ o102

Fip =Txt (1+B)(re1+ Rygq)  Tipy = 24304+10

fin=Rp(rip Rp(RoR3)) i 15624010"



