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Abstract—This paper presents a methodology that system- current source (VCCS). Important reasons to proceed in this

atically generates all 2-MOS-transistor wide-band amplifiers,
assuming that a MOSFET is exploited as a voltage-controlled
current source (VCCS). This leads to new circuits. Their gain
and noise factor have been compared to well-known wide-band
amplifiers. One of the new circuits appears to have a relatively low
noise factor, which is also gain independent. Based on this new
circuit, a 50-900 MHz variable-gain wide-band low noise amplifier
(LNA) has been designed in 0.3%:m CMOS. Measurements show
a noise figure between 4.3 and 4.9 dB for gains from 6 to 11 dB.
These values are more than 2 dB lower than the noise figure of
the wide-band common-gate LNA for the same input matching,
power consumption, and voltage gain. IIP2 and IIP3 are better
than 23.5 and 14.5 dBm, respectively, while the LNA drains only

way are:

» Wide-band amplifiers exploit the transconductapggeof
the MOSFET to define small-signal functional properties
such as input impedancéyy and gain. Thisy,, depen-
dence is essentially accounted for, modeling the small-
signal operation of the MOSFET in saturation via a linear
VCCSI = g -V with g = g,, [Fig. 1(a)]. This model is
valid over a wide frequency range.

» Widely used textbook wide-band circuits [5] such as the
common gate, common source, common drain, and the
common source shunt-feedback amplifier stages can be

15mAat3.3v. seen as 1VCCS or 2VCCS circuits. They are used as

simple wide-band LNAs or as building blocks for the
construction of larger wide-band LNAs.

Index Terms—low noise amplifiers, LNAs, systematic genera-
tion, variable-gain amplifier, voltage-controlled current source,
VCCS, wide-band amplifier.

The aim of this paper is to answer the question, are there
. INTRODUCTION other useful two-MOS-transistor wide-band amplifiers than the
IDE-BAND low noise amplifiers (LNAs) are used in Well-known 1VCCS and 2VCCS circuits mentioned above? To
communication systems where several signal channéd the answer, we have developed a systematic methodology
are processed simultaneously. For narrow-band LNAs, Id@¢neratingll the wide-band amplifiers with 2VCCSs.
noise figure, high gain and impedance matching are obtained’he paper is organized as follows. In Sections Il and III,
at relatively low power consumption exploiting the qualitfhe systematic generation methodology is presented. Section IV
factor of coil-based matching networks [1], [2]. This solutioleals with a comparison of the gain and noise performance of
is not practical for wide-band applications requiring morthe generated amplifiers. The amplifier with the best noise per-
than one decade of bandwidth such as for cable TV networikmance is then selected and Section V presents the design of
(i.e., 50-900 MHz bandwidth) due to the complexity of th@ wide-band LNA. Section VI deals with the measurements and
required wide-band matching networks. In such cases, solutidsSection VII, conclusions are given.
exploiting the wide-band nature of transistors and resistors
are typically used. Wide-band amplifiers in deep-submicron
CMOS are attractive in order to enable the realization of
low-cost highly integrated systems. Nevertheless, wide-bandOur aim to find new wide-band LNA circuit topologies is
amplifiers are typically designed in silicon bipolar or GaApursued generatingll the amplifier circuits with two MOS
technologies, while little work has been published in CMO8ansistors. However, even if a MOSFET is considered as a
[31, [4]. three-terminal device (i.e., neglecting the bulk), many different
Designers generally conceive new amplifier circuits exwo-port circuits with two transistors are possible! To manage
ploiting their creativity, intuition, and experience. In contrasthis complexity, a systematic generation methodology has been
this paper presents aystematicapproach, which leads toconceived, which consists of two main parts:

new wide-band CMOS LNA circuits. Specifically, we have 1) Generate All 2VCCS graph& MOS transistor in satu-

developed a methodology thatstematicallygeneratesall ration is modeled as a linear VCCS with a graph repre-
the wide-band amplifier circuits with two MOS transistors, sentation given by a and¢ branch [Fig. 1(a)]. Graph

assuming that a MOSFET is exploited as a voltage controlled  theory is then applied to findll possible circuit topolo-
gies. Using a symbolic analysis prograati the graphs of
two-port circuits with 2VCCSs (i.e., VCGSand VCC$S

with transconductances, andg,) are generated and an-
alyzed. This leads to 145 potentially useful cases: the
2VCCS graph database [Fig. 1(b)]. Linear two-ports of

Il. THE SYSTEMATIC APPROACH
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Fig. 1.
topological properties of a VCCS can be represented by a graph witind:

(a) A MOSFET in saturation can be modeled as a linear VCCS. T
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ig. 3. (a) Two-ports parameters plds: andZ;, define the functionality of

€two-port. (b) The reverse reasoning is used for the systematic selection of
wide-band amplifiers with two MOS transistors.

branch. (b) All potentially useful graphs of two-port circuits with 2VCCS have

been generated (i.e., the 2VCCS graph database) [6], [7].
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Fig. 2. A 2VCCS circuit as linear two-port described By, B, C, D}

parameters, which are function of the transconductaggeand ¢, of the
2VCCS. Two-port equations usiqgd, B, C, D} parameters are also shown.

2VCCS graphs are described in terms{of, B, C, D}

transmission parameters (see their definitions in Fig. 2).

2) Select two-MOS-transistor wide-band amplifigsaphs

of 2VCCS circuits that functionally act as wide-band am-
plifiers are selected. Graphs that can be implemented as

two-transistor circuits are ultimately considered.

The first part of this methodology is presented elsewhere [6]
[7]. In this paper, the second part concerning the amplifier s

lection and design is presented.

I1l. SELECTION OF TWO-MOS-TRANSISTORAMPLIFIERS

The functional behavior (e.g.Z1~, ZouT, and Ayr) of a

requirements of a wide-band amplifier. Then constraints on
the {A, B, C, D} parameters of 2VCCS two-ports are derived,
which are used as selection criteria. Graphs of wide-band am-
plifiers are ultimately implemented as MOS transistor circuits.
This concept is implemented in a four-step procedure. To do
so, we have assumed a real source impedafiice Rs as we
were interested in cable-modem-like LNA applications and a
capacitive on-chip load impedanc¢g, = 1/(s - Cr) (mixer
input capacitance for a zero-IF receiver). In the next sections,
each step of this procedure is discussed.

A. STEP1: Amplifier Functional Requirements

The following functional requirements are found important
for a wide-band amplifier:

 Forward gain(Avyr). A forward voltage gainAdyp|>1 is
needed to boost weak input signals above the noise floor
of the following stage.

* Input impedance(Zx). Source impedance matching
Zimn = Rs is required to avoid signal reflections termi-
nating the input coaxial cable.

« Stability. In RF/microwave designs, stability is typically
required unconditional [8]. The latter means a stable am-
plifier for any value of passive source and load impedance.

« Frequency behaviolA two-port is assumed wide band if
its transfer functions are frequency independent for more
than one decade of frequencies (e.g.: 50-900 MHz for a
cable TV network).

B. STEP2: Constraints of4, B, C, D} Parameters

'The above requirements are translated into constraints on the
{2}1, B,C, D} parameters.

1) Useful Combinations off A, B,C, D}: Useful com-
binations of two-port parameters are obtained studying
the dependence oy and Ayy as a function of the
{4, B,C,B} parameters andZ;. The aim is to obtain

linear two-port circuit is univocally defined if its two-port pa-impedance matching and voltage gain over a wide range

rameters and the source impedafigeand load impedancs;,

of frequencies. According to thé&y expression in Fig. 2,

are known [Fig. 3(a)]. We select graphs of 2VCCS wide-barat least two nonzero transmission parameters are necessary
amplifiers reversing this chain of reasoning, that is [Fig. 3(b)lo provide aZyx different from {cc,0}. This corresponds
upon assignedzs and Z;, we first define thefunctional to nine combinations of transmission parameters, namely,
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Fig. 4. Qualitative behavior of|Z:n| versus frequency for different 10 1

combinations of two-port parameters, assumyg= 1/(jwC'7r).

a)
Amp1: UNKNOWN

Amp2: UNKNOWN

{AC, AD, BD, BC, ABC, ABD, ACD, BCD, ABCD}, 0
where the letters refer to nonzero transmission parameters Mb oH[ ™
(for instance {AD} refers to a two-port with parameters 2 out 9
{A,0,0,D}). Fig. 4 shows the qualitative behavior &y OH[, ma 04>1—| MaOUT
versus frequency for the cases selected above assuming 1 IN 0
Zr, = 1/(jwCy). IN

Clearly, _the strong frequency depehdence Ak ham- Amp3: KNOWN Amp4: KNOWN
pers a wide-band impedance matching for cadekD} 0

and {BC}. For the other caseAC,BD,ABC,ABD,
ACD,BCD,ABCD}, a wide range of frequencies exists

o[ Mb | Mb
. ouT
where Zix is real and can be matched to the sourge. 1 2 2 out
However, case{BD} and {BCD} show a frequency de- |§1_H 5 Ma 0 Ma
1 IN
b)

T

pendent gaindyr = 1/(B - jwCyr), while case{ABD}
cannot simultaneously provide a wide-bakig; (i.e., requires
|A - Z| < |B]) and Ayr (i.e., requires|A - Zi| > |BJ).
Concluding, the defined wide-band amplifiers are two-porfdd: 5. Four generated wide-band amplifiers represented in terms of (a)
with transmission parameterSAC, ABC, ACD, ABCD}. " CCSsand (b) transistors.

2) Value of {A, B,C,D}: The forward gainAyr of a o ) R _
two-port driving a capacitive load;, — 1/(jwCy) can be SO far. This is done checking the availability of the desired
written as | two-port circuits within the 2VCCS database. However, only

graphs that can be implemented as two-MOS-transistor circuits
are ultimately considered. This means that only 2VCCS graphs
4] using VCCSs with three terminals are considered. Starting from
From (1),|Avr| is larger than 1 if A|<1. an initial set of 145 2VCCS graphs, 19 graphs corresponding
Conditions for the unconditional stability of a two-port netto cases{ ACD, ABC, ABCD} are found while no{AC'}
work are [9]: cases are present in this database. However, ultimately only one
{ABC?} and three{ ABC D} cases fulfill all the requirements.
Fig. 5(a) shows their representation in terms of VCCSs.

1 1

Avpl= — = < Y. 1
[Ave] A+ jwCLB| = v (1)

§R{ZIN} >0 and §R{Z22} >0, YZp, and Vw (2)

whereR{} is the real part an&>, is an impedance parametery
of the two-port. Using{ 4, B, C, D} parameters and fof;, = '
1/(jwCL), (2) leads to

A-C+D-B-wC2

STEP4: Transistor Circuit Implementation

The graphs of 2VCCS wide-band amplifiers are now imple-
mented as follows. 1) VCCSs are replaced with nMOS transis-
tors because they are faster than pMOS transistors. 2) Circuit

R{ZIN} = >0, VCp and Vw =
{Zi} C?+D?-w2C%  ~ L arrangements that re-use dc currents are chosen to minimize the

P70 — D >0 3 number of bias sources. This lowers power consumption or re-
{72} = c =" ®) duces the performance degradation due to bias circuitry (e.qg.,

It can be verified that to satisfy (3), itis necessary and su1‘ficieH’[aS noise).
to require{ A, B, C, D} parameters to have all the same sign.
IV. COMPARISON OF THEGENERATED AMPLIFIERS
C. STEP3: 2VCCS Graphs Selection The four generated wide-band amplifiers are shown in
Graphs of 2VCCS wide-band amplifiers are now selectddg. 5(b) (biasing not shown). Next to well-known wide-band
using the constraints on thed, B, C, D} parameters derived amplifiers such as the common gate (Amp4) and the shunt feed-



BRUCCOLERIet al: GENERATINGALL TWO-MOS-TRANSISTOR AMPLIFIERS 1035

TABLE | TABLE I
AMPLIFIER'S SMALL SIGNAL PARAMETERS AMPLIFIER'S NOISE FACTOR (NEF = NEF, — NEF;)
| /g, 1/g, 1+g./gy 0 Ampl Pl = AN A& | <21 A
1/ga 1/gy -84/ 8 gRs Amp? [ +NFF. A4 MLl A
| Vg | Re#Ry/(1+8Ry) | 1-gRy | eR/(@Rst]) BRI | EF 2 A An r ANER A A
{ 1/g, R, 2R, 0 Ampd [+HEF,+4 MEF, 14 —

back common source (Amp3) amplifiers, two other wide-banc 16 i
amplifiers (Ampl and Amp2) are found. The latter, as far we Amp3
know, are new two-MOS-transistors circuits. Nevertheless_ 14™

Ampl and Amp2 are related to Amp4 and Amp3, respectivel;% \INr1 N 5
Amp1 can be derived from Amp4 if the terminal of VCCS |, 12 B 0#; o :
is disconnected from the node (0) and connected to the noi€ \ P o INoe!
(2). Amp2 is obtained from Amp3 if the- terminal of VCC$ W 10
is disconnected from the node (1) and connected to the noi2

(0). An important question now arises: Do these changes It 8 o ‘f,)wb I 3

the interconnection of VCGSead to circuits that also have a uw ;LQOL”

better performance? To answer this question, we compare tg ~| o 2 \
small signal parameters and noise facforof Ampl versus < 4 (SN \ ‘ 2dB @1§2dB

Amp4 and Amp2 versus Amp3. For a first order estimatior Amp1 : f R {+NEF

of the performance only the signal path is considered whil 2 | . |
a simplified modeling of the MOS transistors with VCCSs is 0 5 10 15
used. This means that parasitic effects such as MOS outg VOLTAGE GAIN A, [dB]
CondUCtanC@d' bOd.y tr.ansconduaanc@&b' an(-j CapaCitanceS Fig. 6. Noise figure versus gaity r for the generated amplifiers upon input
are neglected. This is because the node impedance of ,tr@gcﬁmg(NEFa — NEF, = 1.5,

generated wide-band amplifiers is dominated by the MOS gate

transconductance,, and the relatiory,,, > max{gmy, g4} ) ]

typically holds. Moreover, due to the low node impedandg: Noise Figure

(x 1/gm), the effect of capacitances can be neglected up toTo analyze the noise figure (NF) of the amplifiers, a model for
relatively high frequencies. As a final note on modeling, wihe thermal noise of the VCCS is needed. This is done placing a
state that narrow-band coils-based amplifiers are typicalpise current source in parallel to the output port of the VCCS
more sensitive to inaccuracies in the device modeling respectith a power spectral densit&?b’w/Af:

the wide-band counterpart. This is because energy storing/dis-

20

sipating parasitic elements decrease the quality faGtoof K
matching networks and shift the resonance frequency (reactive Af = 4kT- NEF - g, (4)

parasitic), strongly affecting the performance.

whereg, € {g.,9,} and NEF is the noise excess factor of
A. Small Signal Parametersiiy, Zour, Avr and Avg VCCS, (i.e., the noise (4) divided by the noise current of a re-
ﬁe,(ijstor withR = 1/g,). For instance, if the VCCS is a deep-
submicron MOS transistor, thepm = g, and NEF = ~ -
(gd0/gm) > v > 1[10] holds, wherey andgqo have the usual
meaning.

In Table I, the small-signal parameters of the 4 wide-bal
amplifiers are shown as a function of thg andg,. As far as
Zin, Avr and Zoyr are concerned, there is no basic differ
ence between Ampl_and A_mp4 (1 = 1/‘%).' However, for The noise facto¥’ of the four amplifiers is shown in Table II
Ampl the voltage gaitlvr = Avri + Avr,o IS the SUPEIPO- o vion o he gairlyr upon input matchingZixy = Rs
Z't(':%?n‘:;é?]eg%?é”;;ggowfgf\hfﬁfﬁ 5;;”:?‘3:‘1 ;” ;gf‘;‘:‘ér‘;"a’%;r all the amplifiersf is limited to1+NEF ) (i.e.. for| Ay
source follower stage Mb with gaiftyr.» = 1 This extra gain infinitely large). This occurs because the input matchifhg =

contribution, allows Amp1 to easily provide gain higher thaRS requirement imposes the transconductagicef the input

1. Amp2 provides a somewhat increased forward gain with r CCS to be equal td/Rs. This limits the output signal-to-

spect to Amp3. Both circuits have a reverse gain in the ord pIs€ rat_u_) (SNR) and sé' Neverthelgs;, differences among
of 1/Ayr!. This may not be enough for applications requirin%e amplifiers arise from the way this limit can be reached. This

high isolation between the local oscillator and the LNA inpu shown in Fig. 6, where the noise figuNd’ = 10log, (1)

. . IS plotted versus the forward gaityr upon input matching
In this case Avgr can be decreased cascading a second sta -
Avr g 9%.x = Rs having assumed thA{EF, — NEF, = NEF =
| AvrAvr| = 1 can be obtained also using an ideal pasgiven step-up 1.52.
transformer. However, practical implementations of on-chip wide-band trans-
formers (e.g.: 50-900 MHz for cable TV modems) on standard CMOS processesdSince NEF is bias dependent via bottand the ratiqy.q /g, the identity
suffer for relatively poor performance. NEF, = NEF, = 1.5 is an approximation.
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Fig. 8. A 50-900 MHz variable-gain wide-band LNA based on Amp1l. The
load is the on-chip bond pad capacitaidégs .

F\v’; Rsal, ,

Fig.7. Path of the noise current associated with VE@SAmp1: output noise

. flows out from VCCS. This current produces twlly corre-
voltage cancellation occurs fgg Rs = 1.

latednoise voltagelsal, , andal, . /g, respectively across
the source resistoRs and the input voltage port of VCGS
We see that Amp2 has a better NF than Amp3. More intefsee Fig. 7). Since the output noise voltdge... is equal to
estingly, the NF of Amp1 is significantly lower than in all thethe instantaneous difference betwegal,, o andal, o/ g,
other cases (i.e., more than 2 dB lower uplter = 12dB) and exactcancellationof the output noise due to VCGS,, oui =
it is constant This behavior is uncommon for low noise am« 7, . (Rs —1/g,) occurs forg, Rs = 1. In this case, using (5),
plifiers, which typically show a rather steep increase in NF fahe noise facto#’ of the amplifier is easily shown to be equal
decreasingiyr. To understand this behavior we look atthe Nip 1 + NEF,.
of Amp1 in detail. The (spot) noise factérof a linear two-port  Changing now the value @f, (and so the forward gaidvr)
is related to its output noise power spectral dergfty,;/Af  one would expect thé” of Amp1 to vary too. However, for
and the gaimdyr as [2] NEF, = NEF, = NEF and upon input matchingix = Rs,
(7) can be rewritten as

(5) Viour NEF ) Virs
Af 4 Af
Equation (8) says that the output noise power of Amp1 is pro-
portional toA%.. Using (6b) uponZiy = Rg, we find thatF’

is equal tal + NEF for any value ofy, (i.e., any value ofdyr).
Vf,EQ,m It is because of this better noise factor compared to the other

° A%VF . (8)

F=1+—=L (6a) amplifiers that we have selected Amp1 for a silicon realization.
‘K}cs In the next section, the design of a wide-band LNA based on
P— Amp1l is discussed.
V2 (1 + 5’—5) . "’AO;T
ni?m = 112 (6b) V. DESIGN OF AWIDEBAND CMOS LNA
VF

LNAs are nearly always found in any receiving systems
where F-1 can now be interpreted as the ratio between thgnhere high sensitivity needs to be achieved. In such systems,
equivalent input nois&? ., r of the two-port and the noise wide-band LNAs with variable gain may be desirable in order
of the sourcd’? . For AmpL, the output noise power spectralg relax the linearity requirements of the following (active and

density is so inherently noisy) mixer circuit. Moreover, there are applica-
- tions where only a little increase in noise figure is acceptable at
nour _ 1 @ n Iz, ) (gRs — 1)2 ) low gain in order to preserve the signal-to-noise-plus-distortion
Af g |Af  Af (g Rs+1)? ratio (e.g.: [11]).

The new amplifier topology Amp1 represents a possible op-
Interestingly, forg, Rs = 1 there is no output noise contributiontion if a noise factor in the order df+ NEF is acceptable. This
coming from input device VCCS regardless the value éfiy! is typically the case of a cable modem like application where a
This noise cancellation mechanism can be better understoodafse figure between 4-6 dB is found. In Fig. 8, the schematic
one look at the path of the instantaneous noise current comifga variable gain 50-900 MHz wide-band CMOS LNA based

out from VCCS, as shown in Fig. 7.
Depending on the value gf, and the source impedanég;,
an instantaneous noise curréijt, - o« = I, /(1 + goRs)

on Ampl is shown.
This LNA is designed to match a #-source while driving
an on-chip capacitive load;, of about 0.3 pF. For the test chip,
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;501 102 10°  Wherel' is the NF of Amp1 as given in Table Il whilBextra

FREQUENCY  [MHz] accounts for the remaining independent thermal noise sources
associated with the distributed poly-gate resistance of the MOS,
the substrate resistance and the biasing devices. The distributed
gate resistance can be minimized using a multifinger layout
the capacitance of the output bond p@glsp has been used. structure with the gate contacted at both the sides [12] while
Variable voltage gain from 6 to 12 dB is obtained changing ttiBe effective resistance between the body of the nMOS and the
width of transistorM,,; in four discrete steps using transistor&xternal ground is reduced using a many substrate contacts near
M,, and M,3. This is done placing two pMOS switchdg$p, the device [1]. The bias circuitry has a less negligible impact on
andM p» in series to the drains df/,> andA, 3. These switches the overall noise factofin.. Specifically, 2p; and Rp, are

do not degrade the LNA performance being out of the RF sigrfile main contributors. FaR g, > »> max{Rs/2,1/(4g;)}, ne-

path. The gates of transistal,; » 3 are ac coupled to the RF glecting other capacitanceBgxrra becomes
input node by a simpl€-R (Cgi-Rp1) high-pass filter with

Fig. 10. Forward gaimvr versus frequency.

. 1 2 ClzalAilF
a+3-dB corner frequency much lower than 50 MHz. This aI-F ~1 Rs 4Rp; T e
lows also to set the dc voltage at the gatesif 3 to Vpp.  *FXTRA XA ot B m s s - o2 O Ay
From the biasing point of view, transistoid,, A/, and resis- (Ave—1)?

tors Ry, Rp3 operate as a current mirror, driven by an externgle first term represents the effect of the current mirror

source. Within the frequency band of interest, capacitéhee n7, A1, Rp,, Rps assuming thaCp, effectively shunts the

shunts the gate a¥/,, to Vss while A3 further decouples/, gate of M, to Vss. It can be made small foRp, > Rs.

from the biasing node. To save ar€&;; andCp; are realized However, forRs = 75 Q and a dc current of about 1.5 mA, the

with MOS transistors. _ voltage acrossip. easily becomes large. As a compromise,
The noise factofixs of Ampl can be written as Rp» = 750 Q is chosen, which limits the increase in noise

factor to 0.1 while keeping enough voltage headroom for the
Fina = F+ (FExTtra — 1) (9) circuit. The second term is associated with the nois& gf
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Fig. 13. NF versus frequency for different gain settings. Fig. 14. NF at 500 MHz versud+r for Amp1l (both measured and simulated

using MOS model 9) and a common-gate (CG) LNA obtained form Ampl
connecting the gate a¥/;; » 3 to Vpp and resizing them for the same gain.

and prevalently degrades the NF at low/medium frequencié¥ the curves are referred to 50.
ThereforeC'g; = 2 pF andRpg; = 100 K2 have been chosen
to achieve a good compromise between the reduction aof'the 0 IIP2: f,=200MHz and f,=500MHz ; IIP3: f, =450MHz and f,=500MHz - __

in the low side of the frequency band, area consumption and i< 27’
increase of" at high frequencies due the parasitic backplate S ok- : ‘
Cp1 (between the input node dss). . 5 /
=20 RN 4077« S NSRS S y
VI. MEASUREMENTS 3 ;EM /
The LNA has been realized in a 0.38a CMOS. In Fig. 9, : -40 ‘
the chip photo is shown. The LNA forward gaityr, reverse Q 11P3=14.7dBm
gainAvr, and input VSWRy are shownin Figs. 10, 11,and 12,5 -60 R i
respectively. They were obtained from on-wafer measureme > ///:,/ .
of S parameters. R e e
Forward gaindy varies in four steps from 6.2 to 11 dB while & /
the worst-case-3 dB bandwidth (i.e., maximum gain) is some-3 -100 R P
what above 900 MHz and is mainly limited by the (dominant 20 10 5 10 20 30
output pole (i.e.Rout is about 24Q2). Reverse gaidyr is INPUT POWER P [dBm]

better than-30 dB over the whole band. At low frequeneiyr
is limited by the finite output conductance &f,. At high fre- Fig. 15. 1IP2 and IIP3 for maximum gain.
guencies, the gate—source capacitandggf» ; creates a para-

sitic path to the input node thatincreasbsg. The inputvoltage  (yhe frequency limitation is due to the availability of only a
standingwaveratio VSWH islessthan 1.6 overthe whole band,; h-frequency tuner).

The noise figure measurement requires more care. The LNAc g4y, a relatively constant NF between 4.3 and 4.9 dB is

is designed to match a #3-source while driving a capacitive 5seryed for all gain settings. Residual variations of NF are at-
load. To measure the LNA noise figure (with HP8970B), tW@.py 1tad to the impedance mismatch at the LNA inputody
problems are faced. First, standard@aterfaces for the LNA  ¢ot and the bias dependenceyef Fig. 14 shows the NF of
are required. This is particularly important at the LNA outpu'g\mpl at 500 MHz (both measured and simulated values) versus

where the impedance can be as large as 240hus, a Mi- g gainA, - together with the simulated NF of a common-gate
crowave tuner is used to match the LNA output tdbfbr each  (~5y | NA.

gain step and frequency point. At the LNA input, we do accept 1o wide-band CG LNA has been obtained from Amp1 in

the relatively small mismatcltyy = 75 2. Second, it can be Fig. 8, connecting the gate of transistdis; » 5 to Viop and re-

easily shown that the available power géiy r.xa barely ex- g ing them in order to obtain the samer. In good agreement
ceeds 0 dB. This leadsto a sensitivity problem in the NF meter as
i =

,the accuracy relatION,FLNA + Ga,V:LNA > 5dB + NFI\’I,ETER 3F is constant forZ;y = R, which is not the case for our measurement
is not fulfilled [13] This problem is solved pIaCIng ande-ban@etup Cs = 50 2 andZy = 75 ). A somewhat lower and more constant
LNA (Mini-Circuits ZFL-1000LN) behind the tuner. Using this NF is expected foZZs = Zix = 75 €2, as was verified by simulations.
measurement setup and after accounting for both the tuner an“grom simulation, a limited increase of all the NF curves is expected for fre-

. . uencies approaching the3 dB bandwidth of the amplifier. However, as the
PCB losses, the noise figure of Amp1 has been extracted fr r resonates the capacitance at the output node, this effect is not observed

measurements (Fig. 13) for frequencies from 400 to 900 MHaring measurements.
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VII. CONCLUSION

A methodology generating systematicalytwo-MOS-tran-
sistor wide-band amplifiers has been presented, assuming that
a MOSFET is exploited as a VCCS. The methodology renders
o two new circuits. Using a VCCS-based symbolic macromodel,

1 gain and noise factors of the new amplifiers have been compared
to well-known circuits. One of the new circuits (i.e., Amp1l)
has a relatively low noise factor, which is also gain indepen-
dent. This amplifier has been used to design a 50-900 MHz
variable gain wide-band LNA in a 0.35m CMOS technology.
Measurements on the new LNA show a rather gain-indepen-
dent noise figure below 5 dB. This value is at least 2 dB lower
than the noise figure of the wide-band common-gate LNA for
the same input matching, power consumption, and voltage gain.

This demonstrates that our systematic methodology can be a vi-

30
/-—0
25 ....................
— o
5
g2
&1
[an)] : :
heol H H
-1 —e~ 1IP2 (f,=200MHz and f,=500MHz)
S 5 —— IIP3 (f,=450MHz and f,=500MHz)
g —s— 1dBCP (f,=200MHz)
o 0
e
O N
-10
6 7 8 9 0 11
FORWARD GAIN A [dB]
Fig. 16. 1IP2, IIP3, and 1 dBCP versus,r.

TABLE Il
MEASUREMENTS ATMAXIMUM GAIN.

11dB
LB Bundwidih 50-900 MHz

| NswRL

~ 0B m
274 dBm
14.7 dBm (2]
-0 dBm 3]
1.5 mA [4]
0.35 in CMOS
VVVVVVVVVVVVVVVVVVVVVV 0.06 mm-~ [5]
[6]

with simulations, the new wide-band LNA based on Amp1 pro-
vides a rather constant NF, which is at least 2 dB better thar”!
the (simulated) NF of the wide-band CG LNA for the same

matching, power and gains. (8]

Fig. 15 shows the input-referred second- and third-order in-[g]
tercept points (IIP2 and 11P3) extrapolated from measurement
data at maximum gain. [10]

In Fig. 16, 1IP2, IIP3, and 1-dB compression point (1 dBCP)
versus the forward gairyw are shown. IIP2 is between 23.6 (11
and 27.4 dBm and IIP3 is between 14.5 and 14.7 dBm. The
1 dBCP is betweer 8 dBm and—6 dBm, which is about20dB 112!
smaller than the corresponding values of 1IP3, while 9.6 dB is
expected from simple theory [2]. These high values of 1IP3 com#13]
pared to the 1 dBCP suggest that some nonlinearity compensa-
tion effect occurs.

Itis well known that a common-source amplifier stage with
MOS connected in diode configuration as load can have a ve
high 1IP3 (i.e., thel-V conversion of the load is the inverse
function of the inpul’—I conversion) but finite 1 dBCP (limited
by biasing for class-A circuits). For the common-gate amplifie
and Ampl, a similar behavior occurs.

The LNA drains only 1.5 mA at 3.3-V supply and the die are

able approach to find new useful circuits.
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