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The Determination of S-Parameters From the Poles
of Voltage-Gain Transfer Function for RF IC Design

Shey-Shi Lu, Senior Member, IEEE, Yo-Sheng Lin, Member, IEEE, Hung-Wei Chiu, Yu-Chang Chen, and
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Abstract—A method for estimating the S-parameters of active
circuits using hand analysis is introduced. This method involves
the determination of S-parameters from the poles of voltage-gain
transfer function. It is found that the information on the frequency
responses of input/output return loss, input/output impedance, and
reverse isolation is all hidden in the poles or equivalently in the de-
nominator of the voltage-gain transfer function of a circuit system.
The method has been applied to three commonly used RF circuit
configurations and one fabricated CMOS wide-band amplifier to
illustrate the usefulness of the proposed theory.

Index Terms—Broad-band amplifier, poles, S-parameters,
transfer function.

1. INTRODUCTION

T IS well known that the frequency response of voltage gain

of a circuit can be determined from the poles and zeros of the
voltage-gain transfer function [1]. While knowing the voltage
gain (or S) is enough in traditional analog circuit design, ad-
ditional information on the input and output return losses (or
S11 and Ss2) is indispensable in microwave radio frequency
(RF) circuit design because input/output impedance matching is
important. In addition, the reverse isolation (or reverse voltage
gain S12) of a circuit has to be found to ensure circuit stability.
Usually, the conventional analog circuit design starts from the
calculation of the voltage-gain transfer function. One of the sys-
tematic approaches to derive the denominator of a transfer func-
tion efficiently is to write down the simultaneous equations by
node or mesh analysis [2] and then find the determinant of the
simultaneous equations. Some examples of how to derive the
voltage-gain transfer function of a circuit efficiently can also be
found in [3]. From the denominator and the numerator of the
transfer function, poles and zeros are found, respectively. With
the information of poles and zeros plus dc or mid-band gain,
the frequency response of voltage gain of a circuit can be de-
scribed. In a 50-€ lossless transmission line system, So1 is con-
sequently obtained because it is twice the voltage gain if the
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source impedance associated with voltage source is 50 €2 and
the output port is matched [4]. As to the input and output re-
turn losses (or S1; and Ss9), cumbersome calculations have to
be done to find the input and output impedances, not to mention
the tedious work in obtaining reverse voltage gain, which is one
half of S15 in a 50-Q circuit system. That is, all of the neces-
sary quantities (or S-parameters) are calculated independently
according to the traditional approach of analog circuit design.

For the circuits whose expressions of Y -parameters, Z-pa-
rameters, or other small-signal parameters can be easily
obtained, the expressions of S-parameters can be obtained
by plugging these small-signal parameters into the S-param-
eter transformations [5], and then simplifying these equations.
However, such an approach is too complex and tedious to gain
useful insights. There are methods of plugging in to determine
S-parameter macros on SPICE for the analog circuit [6], but
they do not give the analytical forms. Therefore, in this paper, a
technique to perform useful S-parameter estimation using hand
analysis is introduced. Specifically, a method for the determi-
nation of S-parameters and input/output impedance from the
poles of the denominator of the voltage-gain transfer function is
presented. It is found that input/output return loss, input/output
impedance, and reverse isolation/gain can be derived from the
expressions of poles or, equivalently, the denominator of the
voltage-gain transfer function. That is, input/output return loss,
input/output impedance, and reverse isolation/gain can be found
in a unified way. In Section II, the theory of determining S-pa-
rameters from the poles of the voltage-gain transfer function is
presented. In Section III, three commonly used RF circuits are
taken as examples to illustrate the proposed theory.

In addition, broad-band amplifiers are used in a large variety
of applications, such as wireless systems, instrumentation,
and optical communications [7]-[11]. Among the variety of
broad-band amplifiers, the Kukeilka configuration is one of
the most popular circuits [11], [12]. However, no detailed
analysis of this kind of circuit implemented in CMOS tech-
nology has ever been presented. To verify the proposed theory,
in Section IV, we present the derived analytic expressions
of the closed-loop poles, voltage/current gain, input/output
impedance, input/output return loss, reverse isolation/gain, and
transimpedance gain for the CMOS broad-band amplifier with
the Kukeilka configuration. The predicted results (12.8-dB
gain and 2.0-GHz bandwidth) from our theory are consistent
with the simulated (12.3-dB gain and 2.1-GHz bandwidth) and
measured results (10.5-dB gain and 1.7-GHz bandwidth), sug-
gesting that our theory can be successfully applied to CMOS
RF IC design.

1057-7122/$20.00 © 2005 IEEE
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Fig. 1.
system in the context of a 50-€2 measurement/simulation system.

Setup for the measurement/simulation of the S-parameters of a circuit

II. THEORY

Assume that the voltage-gain transfer function of a circuit
system is known and is given by

N(s,Rs,Rp)

H(s,Rs,Rp) = A - D(s, Rs, Rr)

ey
where Ajs is dc or mid-band gain, Rg = 50 €2 is source re-
sistance of the voltage source, Ry, = 50 (2 is load resistance,
and N(s,Rs, Rr) and D(s, Rs, Ry,) stand for the numerator
and denominator of the transfer function for solving, respec-
tively, zeros and poles. Note that the numerator and denomi-
nator, in general, are functions of Rg and Ry,. In a 50-2 system,
Rs = Ry = 50 Q. To facilitate the following discussion, we
will call the denominator of the transfer function the character-
istic equation D(s, Rs, Rr) = 0.

The setup for the measurement/simulation of the S-param-
eters of a circuit system is shown in Fig. 1. Rg (the source
impedance associated with the voltage source) and Ry (load
impedance) are connected to the input and output ports of the
circuit system, respectively, and are equal to the characteristic
impedance (50 €2) of the input and output transmission lines,
which are assumed to be lossless. S1; and S2; can be obtained
by setting V5, = 0 and V; # 0, while S92 and Si5 can be ob-
tained by setting V73 = 0 and V5 # 0. What are also shown
in Fig. 1 are the expressions of the S-parameters in terms of
the parameters shown in Fig. 1. Since Ss; is twice the voltage
gain under the previous assumed condition, S21 can be obtained
easily and is equal to 2 - H(s, Rs, Rr,). In order to find input
return loss = 20 log |S11], S11 has to be determined. By defini-
tion, S1; is given by

Z in — RS
 Zn+Rs
where Z;, is the input impedance of the circuit. The poles of
S11 are the roots of Z;,, + Rg = 0. From the expressions of

S—parameters in terms of Z- or Y -parameters [6], it is found
that the denominators, or the poles, of all S-parameters are the

S11 2

same. Hence, Z;,, + Rs = 0 is equivalent to the characteristic
equation D(s, Rg, Ry,) = 0 for the poles of voltage gain. That
is

Zin+R5:0ND(S,R5,RL):O 3)

where the symbol “~” stands for “equivalent to.” The zeros of
S11 are the roots of the zero equation Z;;, — Rg = 0. This
zero equation can be viewed as the transformation of the pole
equation Z;, + Rg = 0 with Rg replaced by — Rg. This implies
that

Zin - RS =0~ D(S, —Rs,RL) =0. (4)

In other words, the zeros of S1; can be obtained by replacing
Rs in the expressions of the poles with —Rg. At dc or mid-band
frequencies, S11 = (R;, — Rs)/(R;. + Rs), where R;, is the
input resistance and is assumed to be known. Therefore, S1; can
be written as follows for all frequencies:

Ziw—Rs Riw—Rs D(s,—Rs,Rp)

Sp=22_°%— : G
H Zin+R5 Rin+R5 D(S7RS7RL) ( )

Once Sy; is known, Z;;, can be readily obtained. According to
(3), the other way of finding Z;,, is to isolate Rg from the other
terms in the expression of D(s, Rg, Rr,) = 0, and the sum of
all of the other terms as a whole is Z;,,. Once Z;, is known, S
can be readily obtained. Based on similar arguments, S;2 can
be given by

Zout - RL _ Rout - RL
Zout + RL B Rout + RL

D(s,Rs,—Rp)

Soo =
2 D(s, Rs, Ry,)

(6)

where R, is the output resistance and is assumed to be known.
Once So is known, Z,,¢ can be readily obtained. The other
way of finding Z,, is to isolate R; from the other terms in
the expression of D(s, Rs, R;,) = 0 and the sum of all of the
other terms as a whole is Z,;. Once Z,, is known, S5 can be
readily obtained.

S12 is twice the reverse voltage gain. Since the poles of Si2
are the same as those of H (s), S12 can be completely described
if the dc or mid-band gain and the zeros of the “reverse circuit”
are known.

III. APPLICATIONS

To illustrate the method presented in Section II, three circuits
are used as examples: 1) the shunt—shunt feedback amplifier;
2) the source inductor feedback low noise amplifier; and 3) the
simple common source amplifier.

A. Shunt-Shunt Feedback Amplifier

The schematic and the small-signal equivalent circuit of a
two-stage local shunt—shunt feedback amplifier are shown in
Fig. 2(a) and (b), respectively. For clarity and simplicity, gate-to-
drain capacitance and the output resistance of transistors are ne-
glected. The transfer function of voltage gain H (s) is given by

gm2 — Rz") RFRy, 1
14+ gmoRr D(s,Rs, Rpr)

(s) = 2 %)
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Fig.2. (a) Schematic and (b) small-signal equivalent circuit of the shunt—shunt
feedback amplifier.

where
s s
D(s,Rs,Rr) = |1+ T 1+ T
RsCys Rr+ Ry,
1+gm2RL 952
Rr + R
=(14+sC,s1Rs)[14+5C, 50— ]. (8
(1 5Cm S)<+8 ”1+ngRL> ®

Once H(s) is known, So; is two times of (7). According to
conventional circuit analysis, Z;, and Z,; have to be calculated
in order to find S1; and Sss. Based on direct circuit analysis,
they can be shown as follows:

1

Zin = 9
SCgsl ( a)
1
Rp + O
Zout = 952 (9b)
1+ gm
+ gm2 Coos

Based on our theory, if we rewrite the expression of
D(s,Rs,Ryr), Zin and Z,, can be found, and they agree
with (9a) and (9b) as follows:

Im?2 + SCgSQ 1
D(s,Rs,Ry,) =sCys R
(87 s L) st < 1+ ngRL > <SCgsl s

1

R
F+ 5Cys

+ Ry

1+ gmo——
gm2 80952

gm2+30g52
=50, | Im2 T "Tos2
s gl<1+gm2RL>

X (Zin + Rs)(Zout + RL). (10)

The second way to find S;; and Sy with our theory is the ap-
plication of (5) and (6) to yield

S
1+ —T
D(s,—Rs, R “RC.
5y =1 D& —Rs RBe) _ BsCoel (11a)
D(s,Rs, Ry) 1+ —3
RsCys1
L R
522 _ griﬂ L . D(37RS7_RL)
= +RL D(S7RS7RL)
Im2
1+ i
1 1
— - Ry Rrp—Ryp Cng
— g’r{LQ . 179777,218{L . (llb)
— 4+ Ry 14+ 1
gm2
Rr+Rp

1+gm2RL Cgsz

It can be shown that the results of (11a) and (11b) are equal
to those obtained by inserting (9a) and (9b) into (5) and (6),
respectively.

B. Source Inductor Feedback Low-Noise Amplifier

Another commonly used RF circuit is the source inductor
feedback low-noise amplifier as shown in Fig. 3(a). If we ne-
glect the gate-to-drain capacitance and the output resistance in
the small-signal equivalent circuit as shown in Fig. 3(b), the
transfer function can be shown to be

sCi(r + sL)

H(s) = D(s, Rs, r)

—gm1 - Rp, (12)

where

D(s, Rs, RL) = (1 + SCgsl(RS + leLs)

+5°Cya(Ls + Ly)) - (1 + )
Wh2
(14 s(RC1 + R,Cy +1Ch)
+ 8%(rRpC1Cy + LCY)
+s°RC1C, L)

13)

where ware = gma2/Cys2. By isolating Rs and Ry from the
other terms, Z;, and Z,,; were found to be

Zin = +s(Ls+ Ly) +waLs (14a)

SsUgs1
14+ s-rCy + s2LC,
S(Cl + 02) + 827‘0102 + 83L0102

Zout = ( 14b)

where wir1 = gim1/Cys1. The results of (14a) and (14b) are in
agreement with those derived from direct circuit analysis. Once
Zin and Zg,¢ are known, S1; and S»» can be obtained.
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Fig. 3. (a) Schematic and (b) small-signal equivalent circuit of the source
inductor feedback low-noise amplifier.

The second way to find S1; and Soo with our theory is the
application of (5) and (6) to yield

D(87 _RS7 RL)

Sy =1. 2\ =S, )
. D(s, Rs, Ry)

+s(Ls+ Ly) + wamiLs — Rs
_ SCgsl

(15a)

+s(Ls+ Ly) +waLs + Rs
SCgsl

D(s,Rs,—Rr)
D(S,Rs,RL>
14+s-rCy + s2LC,
_ 5(C1 + Co) + s2rC,Cy + 3LC,Cy
B 1+ s-rCy + s°LC,
S(Cl + 02) + S2T01C2 + 83L0102

Sy =1-

Ry,

.(15b)

+ Ry

Itis clear that the results of (15a) and (15b) are equal to those ob-
tained by inserting (14a) and (14b) into (5) and (6), respectively.

Vd
RL
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+
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Fig. 4. (a) Schematic and (b) small-signal equivalent circuit of the simple
common source amplifier.

C. Simple Common-Source Amplifier

In the previous two examples, the focus is on S1; and S,
and the transistor feedback element C'yy was neglected for the
sake of clarity. However, this assumption inevitably results in
zero Spo or infinite reverse isolation. A simple common-source
amplifier is shown in Fig. 4(a). Now let us consider its small-
signal equivalent circuit with Cy4 taken into account, as shown
in Fig. 4(b), and turn our attention to the calculation of Sis.
S12 is twice the reverse-voltage gain. Since the reverse-voltage
gain has the same poles as the forward-voltage gain, the re-
maining thing to do is to find the zeros and dc (or mid-band)
reverse-voltage gain. By inspecting Fig. 4(b), the zero is at zero
frequency with a near dc gain of RssC,q and hence ;7 is given
by

Rsngd

Spp =279t
7 D(s,Rs, Ry)

(16a)

where

D(87RS7RL) :(1 + S(RSCgs + RLng
+ Rs(g9mRe + 1)Cga) + 5° Rs R CysCya).-
(16b)

The results of (16a) and (16b) agree with those derived from
direct circuit analysis.

IV. ANALYSIS OF CMOS BROAD-BAND AMPLIFIER
WITH THE KUKIELKA CONFIGURATION

To verify the proposed theory, a Kukeilka configuration
broad-band amplifier with dual feedback loops fabricated with
a 0.25-pm CMOS process was designed and analyzed.
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Fig. 5. Schematic of the designed dual-feedback broad-band amplifier with

the Kukielka configuration with a 0.25-pm CMOS technology.

A. Circuit Architecture and the Expressions of Its
S-Parameters

The schematic of the CMOS broad-band amplifier with the
Kukeilka configuration is shown in Fig. 5. The input stage con-
sists of a single nMOS M1, which drives the output stage com-
posed of an nMOS M2 with local shunt (R g5 ) and series (Rs2)
feedback. There is also an overall shunt-series feedback loop
composed of resistors Rgo and Rpj. Capacitance C'ss is added
in parallel to Rgs2 to introduce peaking, which compensates for
the overdamped characteristics of this configuration and hence
enhances the bandwidth [14]. Clearly, this amplifier can be ap-
proximated by a two-pole system with open loop poles of w1
and w2 given by [11] and [13], as shown in (17a) and (17b)
at bottom of the page, where Cj; and Cyo are the total gate
capacitances of M1 and M2, R;1 and Rg,12 are the equiva-
lent substrate resistances of M1 and M2, g,,,1 and g,,2 are the
intrinsic transconductances of M1 and M2, g,,p1 and g.,po are
the transconductances of M1 and M2 due to the body effect,
Gt = gm1/[1 4 (gm1 + gmp1)Rs1] and Grp = gmo/[1 +
(gm2 + gmb2)Rs2] are the effective transconductances of M1

195

and M2, and wy; and wro are the cutoff frequencies of M1 and
M2. The closed-loop poles of the voltage-gain transfer function
and all four S-parameters of the amplifier are given by [1], [13]

WpnlsWpn2 = _§(wPl + WPZ)

1
ii\/(wm +wp2)?2 —4(1 + Twpiwpa (18)

where T is the loop gain, which will be derived later. In the fol-
lowing, first, the expressions of voltage and current gains and
input and output impedances at dc frequency will be derived.
Then, the expressions of the frequency responses of the ampli-
fier’s S-parameters will be described.

1) Voltage and Current Gains and Input and Output Imped-
ances: Fig. 6(a) is the A circuit for the broad-band amplifier
without the global shunt-series feedback to calculate the voltage
gain. The voltage gain of Vo / Vi, without the global feedback
is

_ ‘/out
Vi

~ G;anFQ <1

Ay

= G, Rr1Glys - (RF2|| Reunl|[Rec || Rr)
_ RKl)
Rpo
where Ry [(Rr2 + (Reun2|[Roc||RL))/(1 + Gy -
(Rsub2||Rec||Ro))]|[Rsub1 || Rbias] is the impedance at point

K1 looking into the gate of M2. The voltage gain with the
global feedback with inspection is then

(19a)

Rin
" Rin+ Rs

Vvin Vout _
Vs Vi

Aysp = Ay (19b)

where Rj;, is the input resistance of the broad-band amplifier
with the global feedback, which will be derived later. Fig. 6(b)
is the A circuit for the broad-band amplifier without the global

Wyl R 9Im1 ~ wT1 (17a)
pl ~ Coi Gm ~ O R
R Ind (R + Rs)|(Rey + Rsa)] Ot 718
1 + le—Sl
14 gmp1 - Rs1
Im2
Wp2
Cy2 - gm2 Rps + (Rsubz2||Rec||RL)
' R R Rsu R ias
oo Bs (\T+ @ (Ranall ey T 2] ) [ ffse)
1+ gmp2 - Rso
w
~ g (Baal| Rec|[Br) (17b)
F2
R, — Rp1+ Rso _ Rp1 + Rgo on
1+ Ar-fr Rps + (Rsub2||Rec||RL)

1+G,, Gl Rsa- {(

Rqub1 || Rbias
1+G;n2'(RSub2||Rcc||RL)>||( subt || R )}
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Fig. 6. The A circuit of Fig. 4 for calculating (a) voltage gain and (b) current gain.

shunt-series feedback to calculate the current gain. The feed-
back factor (31 is equal to Rga/(Rr1 + Rs2). In addition, the
current gain I, /I, can be easily determined to be

Iout

Ar

I
=(Rp1 + Rs2) -G.,; -

I

By inspecting Fig. 6(b), the input resistance of the A circuit
is Rp1 + Rgso. According to the traditional shunt-series feed-
back theory, the input resistance with feedback is given by (21),
shown at the bottom of the previous page. Then, the loop gain
T can be represented as

U
m2

Rps + (Rupz||Rec||Rr)
14+ G (Reun2||Rec|| Re

)) ||<Rmh1||zzhias>] .
(20)

Rs
Rs+ Rp1 + Rso

I'=Ais pr=Ar-

_ Ar - Br
1+ (1+Ar-6r)

Br

R (22)

Rs

Fig. 7 shows the circuit diagram for the calculation of output
resistance. A test voltage V, is applied to the drain node of
M2. Assuming that the current flowing through the feedback
resistance R is negligible, the voltage at point P1 is Vp; =

G! .5Vo1Rs2. Hence, the voltage at point P2 and the current in-
duced at the source of M1 is Vpy = G ,Vo1Rs2Rs/(Rs +
Rpy) and Igo = G!,1G5Vo1RsaRs/(Rs + Rp1), respec-
tively. As a result, the resistance Ry looking into the drain of
M1 is given by

Vo1

o

Iro

Rs + Rpy

Ry = _ ST OAFL
K2 RsG' G’ Rss

) || (Rsubl ||Rbias) . (233)

Therefore, the output resistance is given by

Rpo+Ri»

Rou :Rlou Rounz2||R =
t cll(Rsub2 || Rec) 3G Rres

|(Rsub2|| Roc)-

(23b)

2) Frequency Responses of S21, S11, So22, and S12: Once

the two poles and dc (or mid-band) gain of the voltage-gain

transfer function are known, the frequency responses of So; can
2AvsF

be determined easily. That is
<1 + ) <1 + )
(24a

where Ay g is the voltage gain with the global feedback at dc
(or mid-band) frequency. It is known that all S-parameters have
the same poles, and the zeros of S1; (wz1 and wz9) and S
(wzs and wzy) can be obtained by replacing Rg and Ry, with

Sa1 = 2 X (voltage gain) =

S S

Wpn1l Wpn2
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Fig. 7. Small-signal equivalent circuit for calculating output resistance at dc frequency.

—Rgs and — Ry, respectively, in the expression of poles [13].
Therefore, S1; and S5 can be expressed as follows:

o _Zm—Rs
11_Zin+RS
(rom) ()
_Rin—Rs wz1 wz2
=gl s (24b)
() (i an)
Wpn1 Wpn2
Zout_RL
Sog = ———
2 Zout+RL
S S
1+ — ) (1+ =
Rouw — Ry, ( wz3> < wz4)
:R —I—R - B P (240)
S G RO
Wpn1 Wpn2

S12 is the reverse voltage gain, which can be found easily once
Rout 1s known as follows:

Rs+Rp1
S =2 GI R — T = = Rias Rsu
2 {[ ml( F2+<G%1G%2R52RSH( bin| bl)))]
R ) Rs+Rp1 ., }1
1+ +R +G R
( RCC”RsubZ L 1L

wWzs

. S S
<1+ ) . <1+ )
Wpn1 Wpn2

where wzs = 1/(Cy1Rg1) is the zero caused by Cyy1 and Rg;.

(244d)

B. Experimental Results and Discussions

The circuit parameters of the designed CMOS broad-band
amplifier are indicated in Fig. 5. This circuit was fabricated with
a 0.25-pum CMOS process, and the size of M1 and M2 was both
0.24 pmx 320 pm. The total power dissipation was only 25 mW.
The values of the resistors were as follows: Ry, = 350 €,
Rcc = 150 Q, RFl = 80 Q, RFZ = 650 Q, and R52 =
14.5 Q. The capacitance C'sy was 7 pF. The die photograph
of the finished circuit is shown in Fig. 8. Note that the circuit
only occupied a small area of 600 pm x 700 um because no in-
ductor was used, which is an advantage of the resistive feedback
amplifier.

|

Fig. 8. Die photograph of the dual-feedback broad-band amplifier fabricated
with a 0.25-pm CMOS technology. The chip size is 600 pm x 700 gm.

An HP8510 network analyzer in conjunction with the
Cascade probe station was used to measure the characteristics
of this broad-band amplifier. In addition, Advanced Design
System (ADS) of Agilent technologies was used to generate
the simulation results. The simulated, measured, and predicted
results of |Sy1], |Sa2|, and |Sa1| are shown in Fig. 9(a), 9(b),
and 10, respectively. Clearly, the calculated S-parameters are
all in good agreement with the simulated results, which verifies
the validity of our proposed theory.

As can be seen, in Fig. 9(a) and (b), the measured in-band re-
turn losses |.S11 | and | S22 | were smaller than — 10 dB. The simu-
lated results are in good agreement with the measured values. In
Fig. 10, the measured |So1 | exhibited a flat response with a 3-dB
bandwidth of 1.7 GHz. The predicted |S21]| at low frequencies
with the method we propose was 12.8 dB, which was in good
agreement with the simulated |S21| (12.3 dB). The measured
result was about 2 dB lower than what had been predicted and
simulated. In addition, the predicted bandwidth was 2.1 GHz,
comparable to the simulated result of 2.0 GHz but higher than
the measured result of 1.7 GHz. Because the foundry guaran-
tees the CMOS SPICE models with error rates within a 10%
range, the discrepancies between the measured results and the
simulated and calculated results should mainly result from the
SPICE modeling errors. In particular, the parasitic silicon sub-
strate effect was not fully included in the SPICE model of the
CMOS process that we used.



198 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS—I: REGULAR PAPERS, VOL. 52, NO. 1, JANUARY 2005

0
-5
=10 _!=B=8:B=8 BBH&: qf
- oo ®%0u4.505 M
m .15 9000 0005.0:00
2
T -20 ]
(/2]
-25 —O— Measurement
—+— Simulation Result
307| _e—oOur Theory
-35 T
0.1 1 10
Frequency ( GHz)
(a)
0
.5
-10 4
: Ew
. J=s=s:seuseenueess ToTIET
@ 15 ]
©
N
wﬁ-zo 7
-25 —O— Measurement
—3— Simulation Result
307 _e—Our Theory
-35 T
0.1 1 10
Frequency ( GHz )
()

Fig. 9. Simulated, measured, and predicted results of (a) |S11| and
(b) | S22| of the CMOS broad-band amplifier.
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Fig. 10. Simulated, measured, and predicted results of S»; of the CMOS
broad-band amplifier.

V. CONCLUSION

The methodology for the calculation of S-parameters from
the denominator or poles of the voltage-gain transfer function is
presented. First, S1; can be obtained by replacing Rs with —Rg
in the expression of the denominator or poles of the voltage-gain

transfer function while S35 can be obtained by replacing R,
with —Ry. Second, the input impedance can be obtained by
isolating Rg from the other terms in the expression of the de-
nominator while the output impedance can be obtained by iso-
lating Ry from the other terms. Third, S12 can be determined
by finding the zeros and dc (or mid-band) gain of the “reverse
circuit.” Our theory has been applied to three circuits and the re-
sults of S-parameters and input/output impedance derived from
our method are the same as those obtained from direct calcu-
lations. In addition, a broad-band amplifier with dual feedback
loops fabricated with a 0.25-um CMOS process was used to
verify the proposed theory. The experimental results are consis-
tent with those predicted from the analytic expressions of .S-pa-
rameters determined from the poles of the voltage-gain transfer
function. These results show that our proposed method is very
applicable to RF IC design.
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