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Miller Effect
Cascode BJT Amplifier
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Prototype Common Emitter Circuit
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Multisim Simulation
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Introducing the Miller Effect
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The feedback connection of C, between base and collector
causes it to appear to the ampilifier like a large capacitor (1—-K)C
has been inserted between the base and emitter terminals. This
phenomenon is called the “Miller effect” and the capacitive multiplier
"] - K" actingon C, equals the common emitter amplifier mid-band
gain,i.e. K=—g, R_.

u

Common base and common collector amplifiers do not suffer
from the Miller effect, since in these amplifiers, one side of C,
Is connected directly to ground.
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High Frequency CC and CB Models

Bo

.+_
=V,

s
.

<}>gm v,

, <

Common Collector

C,.is in parallel with R .
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C,is in parallel with R_..
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Miller's Theorem

I 7 I =] I.=1
+— e + 1_,_4 i +
V, V, =KV, <=> V, %Z] ZZ* V,=KV,
, T - ) ) :
- L 7
V.-V, V,—KV 14 V., V ;
j=2 172 P 1 1 —s Z,= 1_ Y Z jZTTfC“
VA VA / I, I 1-K
1-K |
'j2mfC,(1-K)
=> Zzz V2 :sz— Z = < ~ /
-1, —1I i—l l—i .
K K if K>> 1

Let's examine Miller's Theorem as it applies to the HF model
for the BJT CE amplifier.
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Common Emitter Miller Effect Analysis

cmu L. Determine effect of C,:
I — : A -
Rslg B[ y_" lC y Using phasor notation:
APy ' ' ' o
]R ]RC:_ngn+[Cu
GL v-sig §Rb gr-pi — ! .piHQ gm-v-pi §Rc or <
ngn VOZ _gm VW_I_]CH)RC

S IE where \ ——

]CHZ(VW—@)SCH n
Note: The current through C,, | |
depends only on V! I, =(VW+\gm V.Ro—1I.R.|sC,

v

o
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Common Emitter Miller Effect Analysis Il

From slide 7:
Io =V +8uV Re—1Ic Re|sC

u

u

Collect terms for 7. and V. :

1+sR.C,|I.=(1+g,Rc|sC,V,

L _lIrgaRdsC, | sl+gRC,,

© |I+sR.C,| T [1+sR.C,) T

Miller Capacitance C : C,,=(1-K)C, =(1+g,R.)

q
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Common Emitter Miller Effect Analysis Il

C.,=|1+g,Rc|C

u

For our example circuit:

l1+g, R-=1+0.040-5100=205

C =(205)-2 pF~410 pF

eq_
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Apply Miller's Theorem to BJT CE Amplifier

I — —
i Z N 1L=1, I,=1, N
Vi V,=KV, <=> V, IZ1 Z?_I V,=KV,
_ _ K>1
= - - T "
Zevx AT
1-K oL
| K
For the BJT CE Amplifier: z=- and K=-g R,
JwC,
1 1 1
=>  Z= and Z,= ~
w(l+g, R.)C . '
J g.Rc) Jw(1+ 1 Te JjwC,
ngC 8

4

Ceq:(1+ngC)C

U

Miller's Theorem => important simplification to the HF BJT CE Model
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Simplified HF Model
m ()
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Simplified HF Model

Miller's Theorem
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Simplified HF Model
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The Cascode Amplifier

A two transistor amplifier used to obtain simultaneously:
1. Reasonably high input impedance.
2. Reasonable voltage gain.
3. Wide bandwidth.

None of the conventional single transistor designs will meet
all of the criteria above. The cascode amplifier will meet all

of these criteria. a cascode is a combination of a common
emitter stage cascaded with a common base stage. (In “olden
days” the cascode amplifier was a cascade of grounded
cathode and grounded grid vacuum tube stages — hence the
name “cascode,” which has persisted in modern terminology.
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The Cascode Circuit

CE Stage CB %tage
C 1 ' C R Fc2} Ql v
b l y ] [ 0
r |y S A Ve e
| . 1 QU1 R 1Y QE | cl
l |
= R Eli Lea =V ey L) _ “R
R C 2, L —Vcc V (< = vt R | v 4
" Bl e T A ¢
i | >
V ¥ L E2 ﬂL—L— — &
T E f Ry=R\IRS = R, =—%=—==low
E I, l

ac equivalent circuit
Comments: -
1.R, R, R,, and R _set the bias levels for both Q1 and Q2.

2. Determine R for the desired voltage gain.
3. C, and bep are to act as “open circuits” at dc and act as “short circuits”
at all operating frequencies of interest, i.e. /> f ...
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Cascode Mld—Band Small Signal Model

1. Show reduction in Miller effect
> 2. Evaluate small-signal voltage gain

OBSERVATIONS

a. The emitter current of the CB stage is
! the collector current of the CE stage. (This
<R. also holds for the dc bias current.)

ieI:iCZ
b. The base current of the CB stage is:

. iel icZ
B+1 B+1
c. Hence, both stages have about same
collector current i.;~i;and same g , 7, .
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Cascode Small Signal Analysis cont.

T

The input resistance R to the CB stage

_ ¥ is the small-signal “R " for the CE stage

‘ Ihfl%rn .{"l}gmpm ib]: Lo _ Lo
| p+1 pB+1
R Fer | L, B =i The CE output voltage, the voltage drop
v Tli Jle <p  from Q2 collector to ground, is:
3 HDgnY s e Ve -
: Trn o Vegr =Veqr = T i by == Ly=— e
9 el B+1 <  B+1°
R, o] SR, Therefore, the CB Stage input resistance is:
1% -
- —1,, B+I1
_ Veg2 - Rinl _ e _ r,
Aver - stuge = ng -y _—RE<1 =>|C, =(1+ E)cu<2cu
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Cascode Small Signal Analysis - cont.

.

I;T'ﬁ

Now, find the CE collector current in terms of

‘ 1. ll [% “=—— theinputvoltage v:  Recall i, ~
b S '{:;l}gmphef * V
s 7 - S
| Lpy™
R_.,- I'E.‘Ii |I o Rs||RB+rW2+<E+1)RE
AN i
) Tl i!:j' i “ '.E:R Bvs ﬁvs
< + . _ = =R, .~ ~
| s e P R R (B 1R, (B+1)R
SR, g i‘% for bias insensitivity: (B+1)R, >R ||R,+r,
i - Vs y — — Vou
I~ B V,=—iRe | =>|A= . =
OBSERVATIONS: E -

1. Voltage gain 4 is about the same as a stand-along CE Ampilifier.
2. HF cutoff is much higher then a CE Amplifier due to the reduced Ceq.
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Approximate Cascode HF Voltage Gain

R

V() _ R,
Vi f) 1+j2mfC. R

124 S

A,(f)=

where
re
C{n=Cn+C6q:Cn+(1+ 7
RS:RSHRBNRS

)C,<C,+2C,

E
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Cascode Biasing

U]
R} ',“:L] Cl l":;Rf:

Chyp 1 vV,
I -~ ai
[ A L T
El
R C =2 e
" e .V
b || . @2
¢I
- E2
ﬁRJ R
l E

T

1. Choose 7, — make it relatively large to

reduce R, ,=r,,=V /I, to push out HF
break frequencies.

2. Choose R . for suitable voltage swing
«c V., and R for desired gain.

3. Choose bias resistor string such that
its current I] is about 0.1 of the collector

current / .
Cl

4. Given R, I, andV = 0.7 V calculate
BE?2

R,
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Cascode Biasing - cont.

(7 I
R:’ Ziii ! :'RL‘
Cm?? VB] Yo
{ L ] ‘I
| R,
R C $2p —wv. =¥
5 b VBZ C2
(| — , Q2
& R <
1'%

Verr=V eV =Ve=(Vp=0.7V)
=V o= Ve =V otV g
~V =07V =V 5,+0.7V
=V 5=V

&

Since the CE-Stage gain is very small:
a. The collector swing of Q2 will be small.
b. The Q2 collector bias V_=V_-0.7V.

5.8t V,,—V V=V 1V

Thiswill limit V_ V5, =V cpy=V 3,=0.3V
which will keep Q2 forward active.

6. Next determine R . ltisdrop V' =1V
with the known current. P V=V

27 11
Vcc_ VB]

I,

7. Then calculate R . R,=
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Cascode Bias Example

! A i
R - R R
c 3 e Veerd R-1.75 "¢ IR
byp =V 'y
T | :R [, @1 | % — @1 Verr=V e IcRe=1= 1R
R C 2 T L s
=y A : ;QE =2V % {Qz VCE2 ] =[2V
- R z IR +0.7 JI
: 3 R ‘ ERE /
- 1 i
1 hE
o Igy~lo=1g~1c=10~1g
Cascode circuit Typical Bias Conditions
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Cascode Bias Example cont.

T U8
>R, 1. Choose .., — make it a bit high to lower
v -IR-17 " IR, i J "
: + or r .Tryl =5md=>r=0025V/1,=50.
‘A’ _Lﬂ1 Veer=Vea—IcRe—1=1c Ry
10 — . . .
) Jf :j; 7 2. Set desired gain magnitude. For example
J( —, Q2 Viﬁ |fAV =_10, then R/R,.=10.
ITRA07 =
HtOT 2R, IR, 3. Since the CE stage gain is very small,
1 L Veg,canbesmall. Use V. =V, —V,, =1V.

T
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Cascode Bias Example cont.

k) I A R.
v -IR-17 IR, Vee=12 Ic=5md. |4,|====10
Jf o Venr=Vee—IoRo—1—1I.R,
1.0 i— — Ve :
) _Y Determine R . for a 5 V drop across R,..
J{ —, @2 V=1 %
R,.=———=—=10000
IRA+0.7 SR, _A_ 510 A4
IR R. R,
| — o —
T R, T 10 100 Q2
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Cascode Bias Example cont.

f . Vee=12 R.=1kQ [.=5mA. R,=100Q
ﬁl -]IR -L%RC I Make current through the string of bias
NN Y resistors 7 = 1 mA.
A ™ VCEJZVC_CI__]CRC_I_ICRE 14 12
R, 1.0 J: — Ve R1—|—R2—|—R3: € — _3212/(.(2
. B =12V [y 1-10
A he Q2 VCE2 1 .
- We now calculate the bias voltages:
S p IcRH07 x A
e £ R, Vee=loR—17V=12V—-05V—-1.7V=98V
% Vgigo=V = Vp=1.0V

V,=I.R.+0.7=5-10"-100+0.7=12V
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Cascode Bias Example cont.

R}Ix TR( VBZZ 10_3 R3: L2V
Cb.m V | Vo
| [ Bl E'n1 R3:12k.(2
Rc &, eV V=110 R=LO0Y
- H*" B2 I:GE =12V
[R R,=1kQ
73 3R, R,=12000—1200—1000=9.8k 2
| { !
T
R,=10kQ

Vee=12 R.=1kQ V=12V
[.=5mA. R,=100Q V,—V,,=1.0V
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Multisim Results — Bias Example

% R 101% R
1
10 k Ohm 7 1k Ohm v
bep
L . Q1
R R2 —Vcce
y C, 2] 51k Ohm — 1oy
o om
AYAYAY ] Py ® Q2 l
g @ 144 Y R3 R |
1.2 k Ohm £
100 Ohm 7
L

| V.. —(7.32940.971+0.339) 12V —8.639
Check I : I.,=— =
R 1000 2

C
I, about 3.4 mA. That's a little low.
Increase R3 to 1.5 kK Ohms and re-simulate.

=3.36 mA4
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Improved Biasing

% RI Rc
10 k Ohm § 1k ©Ohm

1 Qt
R = 10 uF R2
: ) C 940.9m N ;1 I( Ohm
50 ohm o
ATATAY * ’

.

551.3m

l

—Vcce

- 12V

| Q2
10 uF
Vs@ 1360 Y ; R3 R
1.5 kK Ohm 1UDE0hm
L

Check 7 /.=

V o—(5.04840.9414+0.551) 12/ —6.540 7

=5.46 mA

R

1000 (2
That's better! Now measure the gain at a mid-band frequency

with some “large” coupling capacitors, say /0 uF inserted.
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Single Frequency Gain

R R
J C
10uF 510k Ohm {1k Ohm
bep "
f— [ Q2N2222A
R
— R 2 87a.8m Y — Vco
50 Ohm 1%’UF 1HOhm =T T
b
— s [ Q2N2222A
T00.0m Y oy Vs | R
0.1 vr100 kHz10 Deg . o< Ri
- 100 Ohm
& ot °

Gain |4 | of about &.75 at 100 kHz - OK for rough calculations. Some attenua-
tion from low CB input impedance (R, = R,||R;)and some from 5 r..
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Bode Plot for the Amplifier

X
: | _ Phase | Savel
— ertical — Horzontal ————————————
18.84 dB B | | Em
: F| 30dB = |F[4D = [MHzE
: I| odE =R 3 Hz [
§ 15.38dE
g =] = 24.26Hz
e f; In G G Ot G

Low frequency break point with 10 uF. capacitors

i~ Bode Plotter x|
| _ Phaze | | Save |
— hrtical — Horizontal —————————
18.84 dB Bl L] | Em
] |F| 20dE 2l F|s0 2] [Hz =
1| 0de = |11 = |Hz &
15.68dE
. ElE] 39.43MHz=
L N G In f; G Ot ﬁ

High frequency break point — internal capacitances only
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Scope Plot — Near 5 V Swing on Output

=
/N

Ti 74,4375 m=s T2 74,4424 ms T2-T1 4.9479 ns=

Wbl |-498 . 4382 mY W 492 .4188 mW WA 982 .8558 mW

WH1 4.1899 B2 -4.2878 W “WHI-WE1 -8.4222 M
—Time base Trigger Channel A — Channel B
[z.00pzs div =l | Edge  EE = | [Z00 v Div 21 1| 2 wrDiu =] | Reduce |
K position | 0.00 ﬂ Lewel 0.00 = ¥ position | 0.00 ﬂ ¥ position | 0.00 ﬂ m
Nl o | 2o | BNEN - (c[E«] | Bl o oc] BB o| o] save
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Determine Bypass Capacitors

] IR Low Frequency f<f
12 By
‘Cmﬁ l S v From CE stage determine C,
L <R ——
Rs Ch 572 | —_L;r;cp C, > 10 ~ 10 F
AAA H I ng ZE 2T(fminRB||rbg 2T(fmmRB||<ﬁ+1)RE
R, ‘R Ro=Ro|IR;
. + 2
From CB stage determine bep
e 10 .
P 27Tfm,-n <B+1>RE+rn)

where R -> R
S E
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