Vout () = g1, (RD I — )

‘/in jWCL
_ ngD
1+ j(UCLRD
‘/out . . ngD
T(]W) = >
‘ 1+ (wCLRp)
ngD

= 0.9gmRp

\/1 + (w,1 dBCLRD)2
W_14p = 4.84 x 108 rad/s

Jorap =5 =
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113 (a)

1
W-_3dB =
(g:ﬂ H Tﬂ-2) OL
1 ~
W-3dB = ~
2+ R 1 Rp
(T fiﬁB)CL (grn2 + +BB) CL
1
B e [ Tes) C

1

W-3dB =

(7“01 I gﬁ | 7”02) Cr




shown in the following plot:

11.4 Since all of these circuits are have one pole, all of the Bode plots will look qualitatively identical, with
some DC gain at low frequencies that rolls off at 20 dB/dec after hitting the pole at w_g qp. This is

(jw)|

Vin

Vout

20log|A,|

Slope = —20 dB/dec

W-_3dB

For each circuit, we’ll derive |A,| and w_35 4B, from which the Bode plot can be constructed as in the
figure.

(a)

1
A = | g (— H m)
gm2

1
w-3dB =

rro + Rp 1 Rp
Ayl =10mi | ——= ) |~ gm1 | —
|Ay| 91( 1+5> 91( + )
1
w_3dB =

m2t+ R -
()

|Av| =19m1 (Tol H 7"02)

1
Wosds = (To1 || 7o2) CL




Ay

W-3dB —

1
9dm1 | Tol H H To2
g

m2

)

1

(o1 Il 55 11 72) €




11.5 Assuming the transfer function is of the form

Vout (]w) _ A’U
Vi U (w2
(1 +j w—pl)
we get the following Bode plot:
3
=
ERS
SEY
20log|A,|
|
Wp1

Slope = —40 dB/dec




(jw)‘

Vout
Vin

201og |A,|

Slope = —20 dB/dec

Slope = —20 dB/dec
|

|
21 X 108

|
21 X 109

21 x 100




11.7 The gain at arbitrarily low frequencies approaches infinity.

Slope = —20 dB/dec




11.8 The gain at arbitrarily high frequencies approaches infinity.

(jw)|

Vout
Vin

Slope = +20 dB/dec
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11.16 Using Miller’s theorem, we can split the resistor Rg as follows:

Vee

$he

® Vout
Rp
R
Vin Ql 1+ F_R
9m RC
Rp
1+gmRc

Rp
|l T Rp
A =|—g gm IiC RC H - -
! " <RB + T'r || 1+f7:RC' 1 + !777111%0




11.17 Using Miller’s theorem, we can split the resistor R as follows:

Voo

M,
® Vout
R
§RL 1+gFmRL
TS
gmiry,

Rp Rp
1— gm Ry, 9m RL H 171+anRL
o 1+gmRp, gmBRp,
Rs + e
gm Rp, RFp
171+7:mR,L 14+ gm | RL ” 1_1+977I1.%RL
gm Ay,




11.18 Using Miller’s theorem, we can split the resistor r, as follows:

Yoo

® Vout

v

To
1—gm Rc

3

1

9m H I'n || 1_!]7;:RC

Rp+ L 7|

To
1
gm Rc

: Re || ————
1—.(177:Rc ) ( 1=

)




A { fow = '
A2 DeJan= TN

s

-

o }‘w%
e

X '
e | (w2 H i §
o= T 7 Gt
ém éjﬁ{iﬁ@ii}j J‘?I; i\j {i }

Cuz GIA0) , tegjectin st cpe
A§ A0 Ye —@® P {\ji{:ﬂ — o

L = % s bsd it Wil — 0.



— _9mTo ):

11.20 Using Miller’s theorem, we can split the capacitor C'r as follows (note that the DC gain is A, Tronr

VDE

[
or (1 tti) ]
l ® ICF (1- )

9mTo

Thus, we have

Cin =|Cp (1 _ ﬂ)
14 gmro

As A — 0, r, — o0, meaning the gain approaches 1. When this happens, the input capacitance goes

to zero.
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11.26 At high frequencies (such as fr), we can neglect the effects of r, and r,, since the low impedances of
the capacitors will dominate at high frequencies. Thus, we can draw the following small-signal model

to find fr (for BJTs):
|| -
i 11 i
I —
Iin Oﬂ' :|:U7'r dmUn

Iy, = jwug (Cr 4+ C))
B Jw (Cr + Cu)
Tout = gmVr — jwC\ vy

= Ur (Gm — ijH)

I; .

= m (gm — jwCl)
Tout _ 9m —ijM
Lin Jjw (Cr +Cy)

\ 9% + (wCM)2

w(Cr + Cu)

Iout

I;

g2, + (wrCy)”
wr (Cr + Cu)

gfn —l—w%Cﬁ =w

=1

2 (C2 +20,C, + C?)
gfn = w% (C’,% + ZCﬁCH)

o = gm
VC2+2C,C,
Jr= I

27/C2 + 2C,C,,

The derivation of fr for a MOSFET is identical to the derivation of fr for a BJT, except we have Cgg
instead of C; and Cgp instead of C,,. Thus, we have:

_ gm
Jr = 271”\/6%3 +2CasCeap
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11.37 Using Miller’s theorem to split C,1, we have:

1
(RS H rﬂl) {Cﬂ'l + Cul [1 + Im1 (Tol H 7‘02)]}

Wp,in =

1

9m1 (Tol ”TO2)

Wp,out =
(ro1 || 7o2) {sz +Ces1+Ces2 +Cpn |1+ é} }

gm1 (,‘ﬂers) (ro1 [l T02)

W ) ()

Wp in Wp, out

=
g
S
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11.39 (a)

1
Wpin =
» Rs[Cgs+ Cap (1 + gmRp)]
1

Rp [ODB +Cap (1 + o )}

=[3.125 x 10'% rad/s

= 3.846 x 10'° rad s

Wp,out =

Vout s) = (C(GDS - gm) RD
Vihew as? +bs+1
a= RsRp (CasCap + CpeCap + CasCpp) = 2.8 x 1072*

b= (1 + ngD) CapRs + RsCas + Rp (OGD + CDB) =57x10""

Setting the denominator equal to zero and solving for s, we have:
—b+ Vb% —4a

2a
jwpi| =|1.939 x 101 rad/s|

|wpe| =|1.842 x 10! rad/s

We can see substantial differences between the poles calculated with Miller’s approximation and
the poles calculated from the transfer function directly. We can see that Miller’s approximation
does a reasonably good job of approximating the input pole (which corresponds to |wy1|). However,
the output pole calculated with Miller’s approximation is off by nearly an order of magnitude when
compared to wps.



11.40 (a) Note that the DC gain is A, = —oc if we assume V4 = oc.

1
“Pin = Re [12) [Cr + Cp (1— Ay)] (0]

Wp,out = @

(b)
Vout (s)= li (Cus —gm) Ri
Ve Ri—oo as24+bs+1
a = (Rs || Tﬂ) Rr, (CWCH + CcsCH + CWCCs)
b= (1+gmRyL) Cu (Rs || rx) + (Rs || rx) Cx + Ry (O,u +Ccs)
lim (Cus — gm) R = Cus — gm
Ri—oco  as®+ bs+ 1 [(Rs || 7x) (CrCp + CcsC + CrCcs)] 82 + [gmCu (Rs || rx) + Cp + Cos) s

Cus — gm
s{(Rs || 7x) (CxCp + CcsCp + CxCcs) s+ [gmCu (Rs || 72) + Cu + Ces}

|wp] :@

|wpa| =

ngM (Rs || T‘W) + CH + Ces
(RS H TTF) (chu + CCSCH + Cﬂ-CCS)

We can see that the Miller approximation correctly predicts the input pole to be at DC. However,
it incorrectly estimates the output pole to be at DC as well, when in fact it is not, as we can see
from the direct analysis.



11.41

1
wpi| = lim
ol = I g B G s T ¥ (s ) O 4 T (G 7 Cs]
lim (RS H Tﬂ') Ry (CTI'C;L + OCSO,u + Cﬂ'CCS)
Rr—oo (1 + ngL) CM (Rs || rx) + (Rs H T‘W) Cr+ Ry, (CH + Ccs)
(RS ” rﬂ) (Cfrcu + CCSCM + CTI'CCS)
gmCu (Rs || rz) + Cu + Cos

|wpe| =

The dominant-pole approximation gives the same results as analyzing the transfer function directly, as
in Problem 40(b).
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Wp1 = 1
Rt o+ [ (2 7))
~ 1
(B | r2) {Cra+ i [1+ 421}
Ich =4Ic2 = gmi1 = 4gm2
_ 1
P @ [ 7m1) (Crr + 5C,0)
1
wp2 A —
7.5 |Cos1+ Cess + Cus + Cra + Cia (1 N ?Tnf)}
= 9m2
| Cos1+ Cosz + Chuz + Cra + 5C0n
_ 1
Wp3 = Rco (Cesz + Cu2)

Miller’s effect is more significant here than in a standard cascode. This is because the gain in the
common-emitter stage is increased to four in this topology, where it is about one in a standard cascode.
This means that the capacitor C,; will be multiplied by a larger factor when using Miller’s theorem.
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1 (W
Ip =< (—) pinCor V2 = 0.5 mA
L 1

(W/L), = (W/L), =

W1=W2:45um

[\]

W
Im1 = gm2 = TMWCO:E‘/;)U =5 mS

Cap1 = Cgp2 = CoW =9 {F

2
CGSl - CGSQ = gWLCox = 64.8 fF
1

Wp,in = =27 x 5 GHz
Rq {CG51 + Capi (1 + %)}
Ra =384 Q

1
w = =
p,ou
RpCcp2

o -
Av = _gmlRD =

=27 x 10 GHz
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