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ABSTRACT

The realization of matched impedance wide band

amplifiers simulated using 0.35pm CMOS
technology is reported. The technique of multiple
feedback loops was used to archive terminal
impedance matching and wide bandwidth. The
experimental results showed that a small signal gain
of l2.7dB a 3-dB bandwidth of l.7GHz with in band
input or output return loss less than l0dB were
obtained. These values agreed well with those
predicted from the analytic expressions that have
derived fbr voltage gain, transimpedance gain.
bandwidth, and input and output impedances. A
general rnethod for the determination of frequency
responses of input/output return losses (or 51. Szz)

tiom the poles of voltage gain was proposed. The
intrinsic overdamped characteristic of this amplifier
was proved and emitter capacitive peaking was used

to overcome this problem. The tradeoff between the
input impedance matching and bandwidth was also
found.

I.O INTRODUCTION

Wide-band amplifiers are used in variety of
modern electronic system such as microwave or
lightwave communication, instrumentation and
wireless system. Among the many versions of wide-
band amplifiers, the Kukielka circuit configuration is

the one of the popular circuits. Recently, CMOS
technology has attracted much attention because it is
potentially a low cost process. Multiple feedback
loops were used to archive terminal impedance
matching and wide bandwidth simultaneously.
Capacitive peaking technique was also used to
overcome the intrinsic overdamped frequency
response of the Kukielka amplifiers and thus enhance
the bandwidth. It is well known that the tiequency
response of voltage gain of a circuit can be
determined from the poles and zeros of the voltage-
gain transfer function. While knowing the voltage

gain is enough in traditional analog circuit design,
additional information on the input and output return
losses 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) 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 systematic approaches to derive the

denominator of a transfer function efficiently is to
write down the simultaneous equations by node or
mesh analysis and then find the determinant of the
simultaneous equations.

2.0 CIRCUIT DESIGN

The schematic circuit of the Kukielka wide-band
amplifier is shown in Figure l. The input stage
consists of a single transistor Ml driving the output
stage consisting of a transistor M2 with local shunt
(Rn) and series (R52) feedback. There is also an

overall shunt-series feedback Ioop composed of
resistors R52 and Rp. Local shunt feedback around
M2 gives low impedance at the collector node of M2
for the output terminal impedance matching, Then,
global shunt feedback is applied around this voltage
amplifier via Rn to achieve the input matching
condition, To verify the proposed theory, a Kukeilka
configuration amplifier with multiple feedback loops
simulated with a 0.35pm CMOS process was
designed and analyzed.
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frequency will be derived. Then, the expressions of
the frequency responses of the amplifier's S-

parameters will be described.

2.2Yoltage, Current Gain and Loop Gain

In order to estimate the wideband amplifier
performance, the current and voltage gain, the open

loop gain and feedback factor need to be calculated.
Figure 2 is the equivalent circuit of the circuit shown
in Figure I excluding the global shunt-series
feedback.
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Figure l: Schematic Diagram

2.1 Circuit Architecture and the Expressions of Its
S-Pa ra meters.

The input stage consists of a single NMOS Ml,
which drives the output stage, composed of an

NMOS M2 with local shunt (Rp) and series (Rs2)

feedback. There is also an overall shunt-series
feedback loop composed of resistors (Rsz) and (Rs).
Capacitance C52 is added in parallel to R52 to
introduce peaking, which compensates for the
overdamped characteristics of this configuration and
hence enhances the bandwidth. Clearly, this amplifier
can be approximated by a two-pole system with open
loop poles @pr of [rrpz, Cgr and Cgz are the total gate

capacitances of Ml and M2, R,u51 and R,,63 are the
equivalent substrate resistances of M I and M2,
g61and gpl or€ the intrinsic transconductances of Ml
and M2, g,6; ond 9,52 BI0 the transconductances of
M I and M2 due to the body etfect:

(, ,U: :

And

u ni-' =

I w'"'".

lu.g*z*{lmb"u fts:

1l -grn: *gril$:38$:

are the effective transconductances of Ml and M2.
and ol11 and o12 are the cutofffrequencies ofM I and
M2. The closed-loop poles of the voltage-gain
transfer function and all four S-parameters of the
amplifier are given by

t
d-- dp,,*a = -- U-. - U--y.- /..- 1 /: /-

{,<'t,.t' @p:}- - *'I - Ilr.rpt@p:

where T is the loop gain, which will be derived later.
In the following, tIrst, the expressions of voltage and
current gains and input and output impedances at dc
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Figure 2: The Small Signal f,quivalent Circuit

The voltage gain Ay without global feedback is given
by

,{l = ;{ , 6*,: Ri. 6*^ : fi,. R.. R., t1
' ,rl

, 6,,,:R,.
nsJu,r:€ I&*r R:,.-. : Fp,

The whole voltage gain of Figure I with global
shunt-series feedback is given by

Snl
v - v^... R.-

AysF=,1 .ff=R__*r.rlt

where R;n is the input resistance of the wideband
amplifier with global feedback. If R1, is matched to
R5, then

tt,{r.s,=rdyuf 6*, fi,,
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The current gain is given by

I ^...
.+. = -3: - ff', - R;: 6,,;C.,.,
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The total current gain is given by

L.. 1., 8.
J.---'-: ,-_--- {"') t, I fi,-fi, *Rij

--T;, - E*
| - J****;'fi,

otr*
I - g*rRsr

{n}I 1

ft;; * {.R6r r'8ti
z€

I t 6'^l -R66 i R; !

Note that the shunt-series feedback theory does not
provide the method of deriving the close loop voltage
gain, but provides the whole current gain (with
feedback) by the modification factor (l+Ap), so the

Ay5p relies on the calculating result of R;n. On the

other word the loop gain and feedback factor must be

obtained. The feedback factor is given by

fr=-fl;: /i,ri*R;;

.t **----"*"7
6*li.fs - ftsr l

--, .*Pr - tgtgrat i Rf: -'fts6 i B1 ' 
rr:TrE ^ 1, fTllf, ,fr[*]f ,

u,? "- --:-: . R, ft.
ft,-

Hence the loop gain T of this shunt-series feedback
amplifier can be represent as

ft.
I=,{lfrPr=&t R.-Rr,;8",J T'

t
FE

= A;F:

Thus the close loop transfer function can be wrilten
AS

: arr! - (rr!1

:
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2.4 lnput and Output Resistances

'{,, -;-;*-;
r-.1 jP

The close loop poles of any two poles system can be

obtained by the following characteristic equations

n /drl
S - jr - rah : 0
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2.3 Position of Poles

The Kukielka topology has two dominant poles.

The open loop transfer function of the amplifier (in
the absence of global shunt-ser'ies feedback) can be

wriffen as
,{s

As=

L

0 0

F-igure J: Output Schematic
s51*** t**--i
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According to the open circuit time constant theory,
we can write the two approximate open loop poles as
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Figure 4: The liquivalenl Circuit to Measure Output Resistance

gain) can be determined. However, the traditional
theory on frequency response does not provide a

general way to determine the frequency responses of
input and output return losses, i.e., 511 and 5;^

Here, the determination of the frequency responses of
input and output return losses from the poles of
voltage gain is proposed. 311 and S22 are given by:
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Figure 5: Simplified Equivalent ( ircuit

By inspecting the input resistance R;na is Rfl + Rn.
From the shunt series feedback theory, the input
resistance seen to the right hand side ofthe resistance
(R5) with the global feed back is given by

flri * fi51

| * A;Fr
fir1 - fitt

2.6 Transimpedance Gain

The open loaded transimpedance gain can be

calculated by

,s..I --*."*;
slI -;'(er*''

R,, =

t *- 6,st t 6n;\, fr., ##*k,

I
.tl rta'j
Pt P:

Where Pl'and P2' are the two poles with Rs:cc and

R1=oc. In the 50Q loaded system, the transimpedance
gain can be shown to be

"rl ,1., =;--, o Ry ftr,
L-ntP,'

5-r
7r = 1;;* ' 3o

2,7 Design ,rrr,,r"
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The circuit in Figure 4 can be simplified to the one

shown in Figure 5. From this circuit, the impedance

R'ss1 cBIl be shown to be r f;: * &p: I - 6*; R1; i.

Therefore, the output impedance under the

assumption that R". old R6;i5 are very large and

Ro,t=Rs (equal 50O) is given by

R*t = R*r R,, =:ffi. R,.

1 {^t.dt,ft, * i 1lz * Ay fi

-l*,4t

2.5 Frequency Response

Once the two poles and dc or midband gain are

known, the frequency response of 521=2x(voltage

Under the assumptions that 6,u1 R1 i*r l,
fiu1 , : 8r, and d.ryr * t{:. The condition

ruptr = rtrp;c&n be reduced to

Rt- = G*. fi, fi.. rq'

than

fy: = r 1,'11.5e[5i,Es, 8r. :

R3'R1,'fi,, t
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In which gnr is dependent on the size of bias of Ml,
which is decided according to the acceptable power

consumption and noise figure. According to equation
before, R1 is given by

Ey1 +, (1 * AlPlRs = (t + cvFr)f,s

The Fr (or Rs2) must be determined in order to find
the value of R1 is desirable in the requirement of a
low noise figure, which means that a large A1S1 ar

4yBs' is favored. Rsz can be decided by the output

matching condition. By setting &ot to R1, the
following equation is obtained.

b _drp,.trr 
* (#'i (z - r,.pri

notir = -iIiFiiFIr iz * ArFt\
Rr=

Based on the equation above, the value of (52, in
general, can be obtained.
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4.0 RESULTS AIID DISCUSSION

The resistors have the following values: Ru* :
6500, Rc" : 150O, Rn : 80O, Re : 650Cr, &r = 0(1,
R"z = 12 O, Cgr :2.5.5 ff, Cg, : 162.4 ff. Input
Reflection Ratio, S21= 17.7 dB, Input Return Loss,
Srr : -8.9 dB Isolation, S12 : -25.3 dB, Output
Return [oss, S22 = 4 dB, Bandwidth : 1.7 GHz,
Power: 1.5 mW.

This circuit was simulated using 0.35pm technolory
and the size of Ml and M2 are both 0.35pm x 20pm.
The total power dissipation is only l.16 mW.

t- ae a

Mator

f,sl = Z+/l,vfiv 8*
Ro is determined by the dc bias point, which should
be around 1/3 of the supply voltage. The bandwidth
can be estimated to be 1.414opr or 1.414{opz,

assuming maximum flat condition.

3.0 METHODOLOGY

The CMOS circuit desigr process consists of
defining circuit inputs and outputs, hand calculations,

circuit simulations, layout of the circuit, simulations,

and reevaluation ofthe circuit inputs and outputs. [t*E FE?. d
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A general method for the determination of the

frequency responses of input and output return losses

from the poles of voltage gain was also presented.

The simulation results showed that small signal gain

of l0.5dB and a 3dB bandwidth of l.7GHz with in
band input and output return losses less than -7dB
were obtained. The calculated values of small signal
gain, bandwidt[ inpuVoutput resistance, and

frequency respons€s agreed well with those from
experimental results. Thus the verification of
proposed equations was demonsfrated.

Figure 8: S-Parameter

The result shows:
Input Reflection Ratio, Szr:18.3 dB
Input Return Loss, S11= -8 dB
Isolation, Sln: -23.5 dB
OrlputRetum Loss, S22: 4.7 dB
Bandwidth: 2.1 GHz

The layout ofthe finished circuit is shown in Figure
9.

E.+x.ggg tq.\( atsfll{ft

1: Result Comparison

The measured Szr exhibited a flat response with a 3-
dB bandwidth of l.7GHz and in band return loss lS1ll
and l^Szl were smaller thm-:7d8. The predicted Szr at
low frequency by the method we proposed is l8.7dB,
in good agreement with the simulated Su 18.3d8.
The measured result is about 0.5 dB lower than the
prediction, which is possibly due to substrate loss that
is not modeled. The simulated l&rl and lS22l also
agreed well with the measured values as shown in
Figure 7, respectively. Also shown are the calculated
values of frequency responses from our theory for
Szt, Str Szz, Zzr and 27. Reasonably good agreement
with the experimental results is found. The predicted
bandwidth is 2.0GHz, which is comparable to the
simulated result of 2.lGHz but higher than the
measured result of 1.7 GHz. The discrepancy may be
due the parasitic substrate capacitances.

5.0 CONCLUSION

I The realization of matched impedance wide band
amplifier designed by 0.35 pm TSMC
complementary metal oxide semiconductor
technolory is repor0ed. The technique of multiple
feedback loops was used in the arnplifier for terminal
impedance matching and wideband simultaneously.
The simulated result small sigpal gain, bandwi&h"
input and output resistance, and frequency response
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of s-parameters agreed well with the predicted and

measured results. The methodology for the

calculation of S-parameters fiom the denominator or

poles of the voltage-gain transfer function is

presented. First, Srr and S22 can be obtained with Rs

in the expression of the denominator or poles of the

voltage-gain transfer function Second, the input

impedance can be obtained by isolating R5 from the

other terms in the expression of the denominator
while the output impedance can be obtained by

isolating R1 from the other terms. Third. 511 can be

determined by finding the zeros and dc (or mid-band)
gain of the "reverse circuit." The theory has been

applied to three circuits and the results of S-

parameters and input/output impedance derived from
present method are the same as those obtained from
direct calculations. In addition, a wideband amplifier
with multiple f'eedback loops simulated using

0.35pm CMOS technology was used to veriff the

proposed theory. The simulated results are consistent

with those predicted from the analytic expressions of
S-parameters determined frotn the poles of the

voltage-gain transfer function. These results show

that our proposed method is very applicable to

amplifier for example RF IC design.

6.0 FUTURE IMPROVEMENTS

The wide band amplifier can be improving on

their electrical characteristic. There are also can be

improve on the frequency response, gain and reduce

the noise effect. The improvement can be

implementing by using the latest technology such as

the shortest length of technology of FET. Another
way is by using of different material such as GaAs
replace the silicon oxide.
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