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Fundamental
Concepts

* Bode's Rules

¢ Association of Poles
with Nodes

¢ Miller's Theorem
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High=Frequency
Models of Transistors

* Bipolar Model
* MOS Model
* Transit Frequency

Frequency
Response of Circuits

¢ CE/CS Stages
¢ CB/CG Stages
* Followers

* Cascode Stage
¢ Differential Pair




Al A Roll-Off

F_req uency (a) (b)
increase

> As frequency of operation increases, the gain of amplifier
decreases. This chapter analyzes this problem.
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[ Natural Voice ] [Telephone Systenq
[ N [ )
20 Hz 20kHz f 400 Hz 3.5kHz f

(a) (b)

» Natural human voice spans a frequency range from 20Hz to
20KHz, however conventional telephone system passes
frequencies from 400Hz to 3.5KHz. Therefore phone
conversation differs from face-to-face conversation.
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Path traveled by the human voice to the voice recorder

{ Mouth J —>{ Air J —_ { Recorder J
Path traveled by the human voice to the human ear
[ Mouth } —>[ Air } —> [ Ear }
\ [ Skull } /

» Since the paths are different, the results will also be
different.
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(a) (b)

| High Bandwidth| | Low Bandwidith]|

» Video signals without sufficient bandwidth become fuzzy as
they fail to abruptly change the contrast of pictures from
complete white into complete black.
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MA o
Vi“()ﬁ % C, Vi;_l-ut 1.0 p————

~Y

> In this simple example, as frequency increases the
impedance of C, decreases and the voltage divider consists
of C,and R, attenuates V,, to a greater extent at the output.
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Rp = Vin

© N l © Vout
[ £

T ? 9nVin TR, =c,
ILII“rll"lm_ll-: M1 I CL = = ;

1 o

(a) (b)

1

Vout = _ngin (RD || C—sz

» The capacitive load, C,, is the culprit for gain roll-off since
at high frequency, it will “steal” away some signal current
and shunt it to ground.
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A=20log(1/~2) (5) = Veu (5)
V, ¢ -3-dB =-3dB Vin
V. A Bandwidth -3-dB 1
no |- > _a— Rolloff =—0, (RD E]
. L
E _ _ngD
1: - RDCLS +1
)
R C Vout — ngD
ot Vio | JRECiw® +1

— ngD @COZO

» At low frequency, the capacitor is effectively open and the
gain is flat. As frequency increases, the capacitor tends to
a short and the gain starts to decrease. A special
frequency is w=1/(R,C,), where the gain drops by 3dB.
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Gain x Bandwidth

Rc=
Vinn_la-ch % Cc,

° VOLIt

FOM.=

Power Consumption
1
RCCL
ICVCC
B ICVCC

1
e

ngC X

» This metric quantifies a circuit’s gain, bandwidth, and power
dissipation. In the bipolar case, low temperature, supply, and
load capacitance mark a superior figure of merit.
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‘H (s= ja))‘

\/RlzClza)2 + lj

» The relationship is such that as R,C, increases, the
bandwidth drops and the step response becomes slower.
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Transfer function

O S
1+
H(s) = A,

a)zl

s ) )
1+—— |-..
0)22

- P

slope of +20dB/dec.

slope of -20dB/dec

» When we hit a zero, w,;, the Bode magnitude rises with a

» When we hit a pole, w,;, the Bode magnitude falls with a

CH 11 Frequency Response
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Vino_“_. M ,

ooV

. out | _ ngD
Vi | R3C2w* +1 1
“rlTR.C
out — ngD zngD ) L
in lo-100,, V100 +1 10

» The circuit only has one pole (no zero) at 1/(R,C, ), so the
slope drops from 0 to -20dB/dec as we pass w,,;.
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Vout + if a)pl < C()p2 . VDD
V <20dB/dec
—40dB/dec R D %
@y a)llo2 W > - o Vout
Rs
Vin I_: M1 — CL
bae) 1 e
[ )
Vout _ gm RD

i Vi \/(1+a)2/a)§1X1+a)2/a)ﬁZL
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- 1 N 1

‘wpl‘ = = _ 1
(Rs || l]cm el Rc
N In/
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VDD

Ck
Rs l_l Vout
|I/in(’ M I M1

» The pole of a circuit is computed by finding the effective
resistance and capacitance from a node to GROUND.

» The circuit above creates a problem since neither terminal
of C; is grounded.
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Z V. V. 4
1 1 2 2 A\/ 0

> If A, is the gain from node 1 to 2, then a floating impedance
Z: can be converted to two grounded impedances Z, and Z,.

CH 11 Frequency Response 17



» With Miller’s theorem, we can separate the floating
capacitor. However, the input capacitor is larger than the
original floating capacitor. We call this Miller multlpllcatlon
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Cr

Rs l |
Vino—MW I M, vino_val M, Icout

a ) e 1 I
1 Doyt =
win — 1
Rs(1+9,Rp )Cr RD(H— jC,:
- / \_ OnRp J
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V., RCs+1 Vin

In

Vout B RlclS Vout _ Rlcla)
\/ R’Clw} +1

» The voltage division between a resistor and a capacitor can
be configured such that the gain at low frequency is reduced.
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v R, %—“: 20 Hz 20 kHz
0 M
Cli 1 L <27 x(20Hz)
/g, RC.
1.
1
C C > =79.6nF
1Y) I - i 100k x 277 x 20 §
] O In > 07 x (20kHz)
R =100 kQ CL
g, =1/200 O —C S =30.80F

- 200x 27 %20k

» In order to successfully pass audio band frequencies (20
Hz-20 kHz), large input and small output capacitances are
needed.
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RDE R; % RD§
Y+ L m, P+—L m,

? O Vout

Vine s M, ;1? Vincodll5 M, ;1@

(a) (b)

[ Capacitive Coupling | | Direct Coupling |

» Capacitive coupling, also known as AC coupling, passes
AC signals from Y to X while blocking DC contents.

» This technique allows independent bias conditions
between stages. Direct coupling does not.
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IH| A

Midband - Midband -
Gain

[Lower Corner] [Upper Corner]
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Reverse

P
oy
@

e /,f

firc /,z
iy

D =

o < '3///2’
SN A
Forward

» At high frequency, capacitive effects come into play. C,
represents diffusion capacitance at the forward biased BE
junction, whereas C and C,, are the junction capacitances.
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E
T B o o C
l n , +
t & T J J CR% 'n=Vrn ImVn %"o%ccs

Substrate T Cecs l
E
|I ‘1 o C
B o
cné I
_. -
Q
E

» Since an integrated bipolar circuit is fabricated on top of a
substrate, another junction capacitance exists between the
collector and substrate, namely C .
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vino_lafh

- Vino

» C.g1 and C_, appear in parallel,
and sodo C, and Ccg, -

CH 11 Frequency Response
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Fringing C
Ve
R/
2
T
n+
Gate oxide |C

h - | W - J Overlap C

p-substrate T \ / T

/
Junction C

» For a MOS, there exist oxide capacitance from gate to channel,
junction capacitances from source/drain to substrate, and
overlap capacitance from gate to source/drain.
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Cs =C +C
Csp =C,+C

region

S
Inversion T I
overlap,GS

S

overlap,GD

» The gate oxide capacitance is often partitioned between source
and drain. In saturation, C, ~2/3C ., and C, ~ 0. They are in
parallel with the overlap capacitance to form C;5and Cg,.
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Voo

|'/l::'ut

Voo

Vout
Cep1

vil'lc I 4E M1 1 Coe1tCos2

I +Cos2

Cas1 I L =
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=i GND Zin :_||r7r > gm in |n
C.s
+ IS-Q‘I Iout gmrﬂ' ﬂ
— = =
’in@ Cl-.. Vin T |, p . rCs+l rCs+l
in * out —
= - i Cle? +1 I
- : et el oy pciof = g -1x
‘nut ac :
" GND — @ =2rf ~3n
l_,,, The transit frequency of MOSFET's
lin Vm 1s obtained in a similar fashion.
n J_. g
- w, =2rf. ="

GS

» Transit frequency, f;, is defined as the frequency where the
current gain from input to output drops to 1.
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W L:1gm— 65nm
 On = 7 HCo(Ves =Vau) (Voo Vo, ) 400mV —> 100mV
.. _2 lout ac
< Ces _gcoxWL ——I" o\p From Pgoblem 11.28,
I turati _ O H,
in saturation i II_: ", 27 f, = EF(VGS V., )
lin r» Vin = fr today 100 400
Cin 7 — = 0)\2 o \2 ~ 59
= J=- fr 1os0s (65><10 ) (lxlO )

If y, =400 cm® /(V -s),
f ~226 GHz @ 65nm

T ,today

» The minimum channel length of MOSFETs has been scaled
from 1um in the late 1980s to 65nm today. Also, the
inevitable reduction of the supply voltage has reduced the
gate-source overdrive voltage from about 400mV to 100mV.
By what factor has the f; of MOSFETSs increased?
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K The frequency response refers to the magnitude of the \

transfer function.

> Bode’s approximation simplifies the plotting of the
frequency response if poles and zeros are known.

» In general, it is possible to associate a pole with each node
in the signal path.

> Miller’s theorem helps to decompose floating capacitors
into grounded elements.

» Bipolar and MOS devices exhibit various capacitances that

Klimit the speed of circuits. /
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K Determine which capacitor impact the low-frequency region
of the response and calculate the low-frequency pole
(neglect transistor capacitance).

» Calculate the midband gain by replacing the capacitors with
short circuits while still neglecting transistor capacitances

Include transistor capacitances.

Merge capacitors connected to AC grounds and omit those
that play no role in the circuit.

Determine the high-frequency poles and zeros.

>
> Plot the frequency response using Bode’s rules or exact
Kanalysis. /

Y VYV
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Ve (o) RlIR___(RIR)CS
V. R1”R2+é (RR,)Cis+1
‘V_X _ (Rl ”Rz)Cia)c _ 1
Vin s, \/(Rl IR,) Cla? +1 V2
A
Thus, fsig,min V_X l in 1 max
Vi || ) 0dB
f* [dBJ/ ‘
'20 Hz f

» C, acts as a high pass filter.

» Lower corner frequency must be lower than the lowest
signal frequency f;, ..;, (20 Hz in audio applications).
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Hwt
Vk
ngD

zero pole

ngD
1+ngS

i i -
1 1+gmRs o

RsC, RgCy

degeneration+- r\|_6
V., (s) = -R, " ()= R, ~ —0.Rp (RsC,s+1Hegeneration
VX RS +L VX RS || 1 + 1 RSCbS+ngS +1
o C,sSs g,

> In order to increase the midband gain, a capacitor C, is
placed in parallel with R..

» The pole frequency must be well below the lowest signal
frequency to avoid the effect of degeneration.
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Y

RThev

1

1
VThev é_ I cmg VX

e

‘wp,in

CE Stage

'
rR"'RS
RThev=RS|| I
Cx = Cl.l (1 +9ImRy)

Co=Cp (1+ 1

VThev = Vin

CH 11 Frequency Response

RThev |:C|n +(1+ gm )CXY :l

l l ° Vout
I Cout I cy =R

1

p,out = 1
R |C 1+ —|C
|: out+£ ngLj XY:|
CS Stage
VThev = Vin Il = @
RThEV= RS in MOSFETSs

Cx=Cgp (1+gnR,)
Cy=Cep (1+ ——)

ngL
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» (a) Calculate the input and output poles if R, =2 k. Which
node appears as the speed bottleneck?

R =

Rs Vout

Vino—W Q4

R, =200 Q, I.=1mA
=100, C_=100 {F
C, =20 fF, Cgs =30 fF

CH 11 Frequency Response

1

‘a)p,in

(Rs ”rﬂ)[cﬂ +(1+ ngL)Cﬂ]

1
1
R | Ces + 1+ngL Cﬂ

=27x(516 MHz)

a)p,in

=27x(1.59 GHz)

a)p,out
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> (b) Is it possible to choose R, such that the output pole
limits the bandwidth?

‘a)p,ln >‘ pout
1 |
>
(RS”r)[ 1+gm ) ] R{C +[I+IJC}
ngL .
Ifg R, >1,

=|Ces +C, =0 (R ]1)C, JR > (R )€,

With the values assumed in this example, the left-hand side is negative,
implying that no solution exists. Thus, the input pole remains the speed
bottleneck.
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CH 11 Frequency Response

W 2X
bias current <+ 2X

[

\

capacitances ¥ 2X

-

a2 , N
bandwidth T 2X

gain ¥ 2X

\gam-bandW1dth — constant >
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+

l % © Vout
Vhev Cin Vx Im¥x Cou Rp
R S |
| CyS +R—+ C,uS
At node Y: (VX _Vout)CXYS = ngX +Vout __l_CoutS :VX :Vout -
RL CXYS —On
Atnode X: (V,,, =V, )Cyys=V,C,;s +VX Vi
Thev
| CXYS+RL+CoutS v
:>V0utCXYS—(CXYS+CinS+ j : Vi = —1
Thev CXYS —On RThev
C,/S— R
— \\//Lm(s) = ( XY2 bgm )1 = where a= Rriey Ry (CinCXY +CouCxy +CinC0ut)’
" as’ +bs +
b=(1+9,R )CxRie, + RrneuCin + R (Cyy +Coyt)

CH 11 Frequency Response
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[mz =S }
XY

2
as’+bs+1= LI | I R 1 + ! s+1
o o 0,0, @, o,

- -1 -1 -1 5 . .
It o, >0, = o,+o,~a0, [ Dominant-pole approximation 1

=b= L
a)pl
/‘(0 ‘ _ 1 N
" (1 + g m RL)CXY I:eThev + I:aThevCin + RL (CXY + Cout)
| W |: E —_ (1 + g m RL)CXY RThev + RThevCin + RL (CXY + Cout)
” a RThev RL (CinCXY + CoutCXY + CinCout)

\_ v

» Direct analysis yields different pole locations and an extra
zero.
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CsB2

lIHF—lIl _rlll Cin =Coasi

"T :I- Coe2 C,, =Ceqp,
Voo CGD2 Cout = CDBI +Ceoz Cosz
V, o—l M
b 2 CGD1 out
Rs I|'J":::ut Iﬁj Flﬁ l out
= l'3051 Cou

. 1 R
) [1+ 9 (Ko 1762 )IC xy Rs + RsCiy + oy [l o, XCxy +Co)
o ~ 1+ i (Fo1 11 T2 )IC xv Rs + RsCiy + (o || Foz XCxv +Coe)
\p Rs (r01 102 )(CinCXY +Cout Cxv +CinCout) -
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VDD 30

R
_E, zu.égggéég_ SN b ExactEq
Rs Vout '*Em Sioiiiiziod 5225:': R
v L S xRN e ....... g 505E
in>——lfs M, ; -3 dB’ bandmdth NN i
S e
C. =250 fF o -m.....llmlted by mput pole::===
GS — E :
CGD = 80 fF .5 20k - Z
e R R R SR S S e
CDBZIOOfF 30 I I I zI:z:i:i:ii : ¢ - z:z:I:i: Tz zozoz=z:ix
gm :(150 Q)_l 1o’ o Frequency (Hz) & 10"
A=0 This error arises because we have multiplied C_, by the midband
R =2kQ / gain (1+g,R ) rather than the gain at high frequencies.

Miller’'s Exact Dominant Pole
@, | =27%(571 MHz) \a)p,m = 27 % (264 MHz) @, | = 27 %(249 MHz)
‘ Dy out 27”(428 MHz @, out 27r><(4 53 GHz) ‘ @) out 27r><(4 79 GHz)
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)
lCﬁ+(1+gm )C JS”r ]

N/
"N/

[CGS "‘(1 +0n

I:QD )CG D ]S
Y
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» As with CE and CS stages, the use of capacitive coupling
leads to low-frequency roll-off in CB and CG stages
(although a CB stage is shown above, a CG stage is similar).
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G .
C, =C..+C
Jd 1 X GS SB
= M, :_Il—o—o Vy,
Vi, o—AW\ & p,Y R C
- L™~Y
— CSB [ro — ]

= KCY =Cqp +Cps /

» Similar to a CB stage, the input pole is on the order of f;, so
rarely a speed bottleneck.
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~

) aH=
DD M
AR m, F“:J. : l " Fou
° Vout M, :"_. V, I Cpe1*Cep1*Cas2 * Cpa2
Rs —
My Vo Vino—‘M—l X -
Rs" Cemy*+C
Vi I sB1 ¥ Casi
(a) (b)
a 3 1 B 1
a)p’X = 0 a)p,y = 1
R || — |(Cgz +Cos1 ) 0 (Cos +Capr +Casa +Cosa)
\ ml m?2

/
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Magnitude of Frequency Response (dB)

(R, =200Q B BRI EE B R HEHE R
—_ _zﬂ G 4 4 ====:=lT . . ==:===.ﬂ a e i A S il
gGS ;é(S)OfFfF 10 10 Frequu;l?cy (Hz) a)p,Y 10 a)p,Xm
GD K \
Cog =(100 fF)_l W, ‘ = 1/(RS [ QLJCX =27x(5.31 GHz)
g, =(150 Q m
2=0 w,¢| =R, /Cy =27x(442 MHz)
p.Y L/ ey
\R,=2kQ / N
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C

- VCC

L
Rs 1
Vino—W X I:Q1
Cr T y
v

(a)

l° out
1™

In

» The following will discuss the frequency response of
emitter and source followers using direct analysis.

»> Emitter follower is treated first and source follower is
derived easily by allowing r_ to go to infinity.

CH 11 Frequency Response
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At node X: ~eu +;: ~Vin + (Vo +V )Cﬂs+v—”+VﬂCﬁs:0
S r7z
At output node: V—”+V”C”S+ng =V _,Cs = V_= 1 Vouly S
r -
- 1 N - +C s+g,
+—25 z
V :
o = I withr, > g gherea—R :(C,C,+C,C +C,C )\
V., as +bs+l1 d,
- 7 C Ry |C
|a)z|=g—mz . b=R,C +—+(1+—j—L
C;z \ On On /
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X
Vino—W—+—[; w1, | N20dB/dec
CGS — Y ! a)pl C()pz , a;
1 l ° Vout Vout
'I™N-20dB
® =c, Vi I 0dBidec
T 1 | 40dB/dec ?
- - sz .
/ a)plﬂa)pz CU' \
R
1+Cﬁs a:g_S(CGDCGS +Cop (CSB +CL)+CGS (CSB +CL))
out On i
= Con +C +C
V- 2 b — R C + GD SB L
( Vin as” +bs+1 $~GD g P
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—_ )
DD s Ll
Cop Coe -
I—. o -4f
Rs X 4"_"' 8
IIIIIFln“} ‘M II-: M1 E -5
Ces 2
'|' Y o -8f
V L
IQ out § ol
ICSB"'CL =g |
— S
- = -14
10

R =2000 )

CL :100 fF 23

Coe =250 fF ®pq 41X
CGD =80 fF 3_1 1250
C,, =100 fF

. i:\%] dB/dec

g, =(150 Q)"
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10

10° 10°

Frequency (Hz)

a=2.58x10"'s"?

b=58x10""s
@, =0, /Css =27x(4.24 GHz)

10

®, =2x|-1.79 GHz+ j(2.57 GHz) |
®,, =2 -1.79 GHz—- j(2.57 GHz) |
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<

|

omtCE WV, as’+bs+l

et
:

Csaz

CGSE é Mz ——Hnw

a2 R, )
a= g [CGDICGSI +(Cgpy +Cpsi N(Ceg, +Cp, + CDBZ)]
m1

b=R,Cyy, + Cepi +Cssi +Cpr+tCpg,
= DI

\ gml J
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A 1 = Gy (I_A\/)CXY:

R +—

I

C
[Cin =(C, or Cgp )+ — QX;RL }
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r ﬁ/x Rsr C s+r_+R
V. =—| : ==
Y X rCs+p+1 UX rC s+p+1
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— Vpp

R
Vino_"/vall_,. M,

Cas
T 0

=

Vo, RrCs+r +R Z ot
= ou

Iy rC s+ /f+1
withr — o0 in MOSFETs and g, -r = /f

T

[vx i RSCGSs+1} Vo _L(RCs+D)+R,

ly ) CesS+0, I - r (C,s+9,)+1
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|zout|‘ Vy _Rsr,Cs+1 +Rs |zout“
Iy rCs+p+l1
RS 1 Vi JL*R_ R . R

1

~ +—

B+1 l, p+1 p+1 g, +1 pg+1 g,
@ low frequency

» The plot above shows the output impedance of emitter and
source followers. Since a follower’s primary duty is to
lower the driving impedance (R;>1/g,,), the “active

inductor” characteristic on the right is usually observed.
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V, M —
R I M, [rm OO] ro1llroz
L Y
Vino_II:M1 t— Vout -
”V_X_RSCGSSH
] . IX CGSS_|_gm

-
Vx
X

|
N

-
(rOl H rOZ )CGS3S+1

Cis3S + O3
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Assuming I, = oo for all transistors,

_ _(1_ Smaller input
A = In C, =(1-Ax)Cx capacitance than
U2 ~2-C,, in CE or CS.

» For cascode stages, there are three poles and Miller
multiplication is smaller than in the CE/CS stage.
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1
Wp.x = : Oy = 1
’ (RS || r7zl )(Cﬂ'l +2C,ul) % g(CCSI +C7r2 +2Cy1)
2
Vee g
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-L © Vout
C + C
oo, T 00
Rs X Y
in Q4
C C..,+2C
T e
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I:T l ° Vout
Vo[ M, I Cep2* Cpg2

Y
V. s X R g
" M Casz* Capy (14 =22 ) + Cpg1* Csp2
= I Imi
a 1 )

1 Jm
|:CDBI+CGSZ+(1+ 2jcem}
\ gmz gml /
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3':' | | | | | |
Voo %
RL 3 20f :
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Cop1 5 ob...c..:
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L - - =
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e _10.. TeaTaT.
= e ;' Himited by output
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Ry=2000 & '
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Cpe =100 fF
- - Ka)p,x |=27x(1.95 GHZ)\

A=0 @,y|=27x(1.73 GHz)

=2 (442 MHZ)J o
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a)p’)( — g a)p,OUt _ 1
R{Cem"'[l"‘mlJCGm} RL(CD82+CGD2)
\ gm2 /
Voo
Vi o—“:J MS/DE” R The addition of M,:
\’& al Vout Dlpy ¥ > gy ¥ >
CGD3 Vb1 .—I MZ a)p,x l’

M,: Constant Rs Y
current source V,,o—M xl M,

. o D

@,y = : 3

g|:CDBl + CGsz + (1 + gm2 JCGDI + CSBZ + CGD3 + CDB3
\_ m?2 ml I
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Vino—W _j- I
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C C 1 -
as1tCapq (17 7 ) I
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2 1 N
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\_ L gm2 1
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Cep2t Cpg2

ICGsz+ Cepq (1+ imz

m1

) +Cpg1*+Cspa

- 0
Zow = R

t ; (CGDZ +CDBZ )S
N y
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| Half Circuit

» Since bipolar differential pair can be analyzed using half-
circuit, its transfer function, I/O impedances, locations of
poles/zeros are the same as that of the half circuit’s.

CH 11 Frequency Response
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W 0 Vipa Vin1 I: I Cog1
Casi T My | =Cep

1 IHv

| Half Circuit

» Since MOS differential pair can be analyzed using half-
circuit, its transfer function, I/O impedances, locations of
poles/zeros are the same as that of the half circuit’s.

CH 11 Frequency Response
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1

(o0

~

/

Rs X

Vin_Wle
Imi =

Ces1t Cop1 (17 )
Im3 I

CH 11 Frequency Response

p.X —
Rs[Cosi (1 + 91y 7/ 91m3)Cop1
1
m3
Cogr +Cgs3 tCggs +| 1+ Ceor
gm3 gml
o 3 1
p,out
\ R, (CDB3 +CGD3)
o Vout
Ceps* Cpg3
9m3
Cgs3tCgpq (1 1 )+Cpgq+Csp3
m
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Gain
gmARp
ARp
2Rgg *+ ;—
1 2 Om .
RgsCss Css
_ g .
@ low frequency AV _ AR, _ 0,AR;, ( ResCssS+ 1)
AVey 1+2(Rss 1 ] RysCssS+20,, R +1
\_ I 555 )

» C will lower the total impedance between point P to
ground at high frequency, leading to higher CM gain which
degrades the CM rejection ratio.
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GD3 I

Csp2

Csa1 I
= Ma ; =

4 N

» Source-Body Capacitance of M,, M,
> Drain-Body Capacitance of M,
» Gate-Drain Capacitance of M,

k /
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Icz ::Blsz

For Q,, assuming V.., =800 mV, For Q,, assuming V., =800mV,
| :ﬂVCC —Vee, — 1.7 mA Vee = 182Rez + Ve, +Reley
Cl )
Ra ol =—ee Ve _yg3mp
C2 *
= Ve, =V, In(lg, / 1,) =748 mV Re, / B+Re

Vo, =V, In(l., /15,)=0.88 V
Iteration yields

le, =1.17 mA, g, =(222 Q)"
=r,=222kQ

=1, =1.75mA=g,, =(149 Q)"
=r, =149 kO
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100 k Re: R % 1kQ R
g:j 81 ¢ pzﬂﬂnF
Cq
X
Vine— C, [.'

Q4
200 nF ot

Rz 1kQZRg

a2 ) )
), . =
. (r7Z'1 || RBl)Cl
= 27z><(542 Hz) y

Ry =Rl + (6 1R, |

—

v

@1 dominates the low-
frequency response

CH 11 Frequency Response

fa) B 1 )
= (RC + RinZ)Cz
% =7z><(22.9 HZ) y
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I

L1 )
[Ra ” gmlj Cl

— gmlRSI +1
RSICI

\ =27 x(42.4 MHZ)/

CH 11 Frequency Response

(. n __Re 0
in2 l_lA\,z
A, = =0n,Rp, =—06.67
\:> R., =1.30kQ )

4 1

“2 (R, +R)C,

=27 X (6.92 MHZ)

low-frequency cut-off at o, ,
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ac GND
{0
R
Rp = 1kQ pz T 1 k<2
x Re
Rsg Vout
vin—W—lom, [ | 10kQ
200 £ Rinz My
ac L
GND -

CH 11 Frequency Response

=—0 (RDI | Rinz) =-—3.77

~ =0mRpy = —6.67

ot ~25.1

/
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Magnitude of Frequency Response (dB)

Frequency (Hz) a)pl
CH 11 Frequency Response

=27 x(308 MHz)
=27 x(2.15 GHz)

With Miller effect,

(I_A;;)CGDZ ~1.15-Cgp,

~

\

1

RL2 (1-15 ) Ceoz + Cosz)

=27 x(1.21 GHz)

~

/
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