Highly Linear CMOSRF MMIC Amplifier Usng Multiple
Gated Transistorsand itsVolterra Series Analysis

Bonkee Kim, Jin-Su Ko*, and Kwyro L ee Senior Member, |[EEE
Department of Eledricd Engineeaing and Computer Science, KoreaAdvanced Ingtitute of Science and Technology,
373-1, Kusong dong, Yusong ku, Tagon, 305-701, Republic of Korea
* RF Products, System LSI business Semiconductor, Samsung Eledronics,
Suwon P.O.Box 105, Kyunggi do, Korea
e-mail: bkkim@dimple.kaist.ac.kr

Abstract

CMOS RF MMIC amplifiers are fabricated with
linearization technique using multiple gated transistors
[6]. At 900 MHz, double and triple gated amplifiers
show 2.5 - 45 dB larger figure of merit (linearity-DC
power consumption), which means that only 1/2 ~ 1/3 of
DC power is needed to obtain the same OIP; value.
Using Volterra series analysis and harmonic balance
simulation, it is shown that the linearization technique
with the 2nd har monic ter mination can increase 11P; by
amount of 16 dB max. without additional DC power
consumption at optimal bias condition, which can
reduce more than 90 % of DC power consumption with
the samelinearity performance.

|. Introduction

These days, the needs for mobile tele cmmunication
such as cdlular telephone, PCS (personal communication
system), GSM (Globa System  for  Mobile
Communicaions), IMT-2000 (International Mobile
Telecommunicaions-2000), etc., are increasing rapidly.

As digital communicaion is used increasingly, the
lineaity of an RF amplifier becomes more and more
important. Recently, high lineaity is required even for
LNA's (low noise amplifier), in addtion to power
amplifiersand diver amplifiers.

To reduce nonlineaity of amplifiers, severa
lineaization methods were developed, and urtil now, those
are used mainly in powver amplifier applicaiong1]-[5].
However, in the cae of CDMA transcever, transmitter and
recaever are isolated by means of only dudexer. Becaise
the maximum output power level of power amplifier is
around 28 dBm, and the duplexer attenuates only around 4
dB, the spurious dgnas of transmitter ad as main
interference sources. These signals fal into the recever
signa band by means of intermoduation and cross
moduation. Thisisthe reason why the lineaity requirement
of recent LNA is beacoming much higher.

AsLNA’sand diver amplifiers are being integrated into
transcever chips, the lineaity (IP;) requirement per DC
power consumption is getting stringent. To fulfill the

lineaity spedficaion with minimum power consumption,
the neal for lineaizaion technique with small power
consumption is emerging.

In this paper, RF CMOS MM IC amplifiers are fabricaed
with lineaization tedhnique using multi ple gated transistors
[6]. In sedion I, the measurement results of fabricated
amplifiers will be given. In sedion Ill and IV, CMOS RF
amplifiersare analyzed using Voterra series analysis[7],[8].
According to analysis results, IP; can be improved further
using 2nd harmonic termination. In sedion V, conclusions
will be given.

. Experimental results of
double and triple gated amplifiers.

single,

Using g, cancdlation concept in [6], CMOS MMIC
amplifiersare fabricated.

Fig. 1 shows shematics of fabricated CMOS RF amplifiers
using multiple gated transistors. Fig. 1 (a) shows conventiona
common source amplifier, which is named as single gated
amplifier (SGA). Fig. 1 (b) and (c¢) show dowble gated
amplifier (DGA) and triple gated amplifier (TGA),
respedively. In those figures, R;'s, 2R;'s, and 2(R;'s ad as
stabili zation resistors and bias circuit smultaneoudy. V is 3
V, V,,is0.8 V for dl amplifiers.
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(a) schematic of single gated amplifier (SGA)
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(b) schematic of double gated amplifier (DGA)
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(c) schematic of triple gated amplifier (TGA)
Fig. 1 Schematic of fabricated amplifiers.

Fig. 2 shows meaured g, of SGA, DGA, and TGA. As
shown in that figure, magnitudes of g, of TGA is deadeased
significantly at the vV range of 0.8 ~ 1.4 V.
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Fig.2Measured g,," of SGA, DGA, and TGA

Measured OIP; vs. Vs graph is in Fig. 3. Here, goplied
input RF power is—20 dBm, and used input RF frequencies are
900 MHz and 901 MHz. DGA and TGA have 45 dB and 2.5
dB max. larger OIP; than SGA, respedively.
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Fig. 3Measured OIP; of fabricated amplifiers.

In mohil e application, it isrequired to oltain high OIP; with
smaller DC power consumption. A figure of merit (FO.M.)
concerning lineaity and DC power consumption can be
defined as
[OIR,(mW)
G2——{dB) 1
0Poc (MW) @ @)

where P, is DC power consumption. This vaue mmpares

F.O.M.=10log

lineaity of circuits & the same DC power consumption
condtion.

Fig. 4 shows F.O.M. of fabricated amplifiers. SGA has
optimal values around V, + 0.2 V, which means that V g of
conventional common source MOSFET amplifier shoud be
set around this value to obtain high lineaity with minimum
DC power consumption. DGA and TGA increased these
optimal values by amourt of 45 dB and 25 dB max.,
respedively. In the cae of DGA, 4.5 dB higher FO.M.
means that only 1/3 of DC power is needed to oltain the
same OIP; value.
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Fig. 4. Measured F.O.M. of fabricated amplifiers.

Fig. 5 shows measured fundamental output power and
IMD; of fabricated amplifiers as inpu power varies. IMD,
suppresson effed continues to P,z power level.
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Fig. 5 Py, @and IMD; vs. input power.

1. Nonlinear Volterra series analysis of
CMOS RF amplifirs and its
application to multiple gated amplifiers.

In sedion II, the importance of g, is dwown. In this
sedion, using Volterra series analysis, other nonlinea
factors will be investigated, which affect tota lineaity of
CMOS amplifier. Fig. 6 shows anayzed modd of
conventional common source anplifier. In this figure, Cg,
Cyar Om Coe €tC. have nonlinea charaderistics as V and
V4 varies. Considering only g, norineaity, IIP; is
cdculated. [7], [8]. Other comporent values except g, iS
asaumed to be mnstant at a given hias condition, and then
only the dfed of g,, nonineaity is anayzed.
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Fig. 6 The used equivalent model of
common sour ce amplifier.

gnhorlineaity is considered upto the 3rd order as

iDS = I DC + glvgs + gzvgs + g3vgs (2)
1. 1.
where,g,=0,.,0, =— w93 == 0O
€€, g, =9 9 Zg 9; 319
Equationsin the previous work for BJT [7] are @mnverted
to be adequate for MOSFET case, and the results are;

1 3
1R (2w, —w,) = 5
@ 6REZ, ()] IH ()| 1A ()] e (Aw, 20)
H @) = SHICalZ (@) + R ]+ j6CyZ,(@) 4
0y~ JWCy[L+R(g, + jaCy)]
A= 1 A+ j6CuZ (@) (5)
g, +9(w) Z,(w)
£(Dw,20) = gy~ Gog ©®
O = 20 2 1 C @)
=73 B ro0w) g rgwf

1+ juCy[Z,() + Z(@)]+ jaC [z (@) + Z,(w)]  (8)
h Z,()

9(w)

Z,(@) = R + |6y [Z (@R, +Z,(@)Z,(0) + R.Zy(w)] (O)

Using these equations, 11P; of 600/0.5 NMOS device is
cdculated, and compared with simulation results using HP
ADS harmonic balance simulator with BSIM3v3 MOSFET
model. Fig. 7 shows cdculation and simulation results of
600/0.5 NMOS device As shown in that figure, cdculation
results coincide with simulation result at Vi of smaller than
12V (V4 + 0.4 V). From the figure, it can be said that, in
this region, only g, nonineaity dominates total li neaity of
CMQOS amplifier.
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Fig. 7 Calculation and simulation result of
600/0.5 NM OS device.

Above this region, asgm’' and gm" values become small,
another nonlineaity source dominates total lineaity of
amplifier. Consequently, cdculation result deviates from
simulation result. However, becaise this region hes
optimum figure of merit (lineaity-DC power consumption),
from now on, fabricaed amplifier will be aayzed in this
region.

Fig. 8 shows cdculation and simulation results of SGA,
DGA, and TGA. For al amplifiers, calculation coincides
with simulation.
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Fig. 8 Calculation and simulation results of
(8)SGA, (b)DGA, and (c)TGA.

IV. The effect of 2nd harmonic
component on linearity of CMOS
amplifier.

In equations (3)-(9), Zg(w), H(w), A,(w) are linea
transfer function d fundamental frequency, and determined
by required gain, noise figure, input/output match, etc.
€(Aw,2w) value depends on Zg and Z, a sub-harmonic
frequency (Aw) and the 2nd harmonic frequency (2w). Fig.
9 shows maghitudes of £(Aw,2w), gs, and gog term of SGA
and TGA in (6). As siown in those figures, in the cae of
SGA, gog has comparable value to g;. However, it is siown
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Fig. 9 M agnitudes of g, gog, and £(Aw,2w) of
(a) SGA and (b) TGA.

that although g; is cancdled in TGA significantly, gog
dominates (Aw,2w), in ather words, totd lineaity of TGA.
In our case, Zg (Aw) and Z, (Aw) are sufficiently small, and
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does not affect e(Aw,2w). £(Aw,2w) value in the cae of Zg
(2w) or Z, (2w) equals zero, is $own in Fig. 10. As shown
in that figure, e(Aw,2w) is reduced significantly. Zg (2w) or
Z,(2w) value can be made zeo using input or output 2nd
harmonic termination, and the simulation results are in Fig.
11. As shown in the figure, TGA with the 2nd harmonic
termination can increae IIP; by amourt of 16 dB max.
withou additional DC power consumption at lineaity-
optimal-V -bias condition, which can reduce more than
90% of DC power consumption with same lineaity
performance Fig. 12 shows IMD,; simulation results of
SGA and TGA with/withou 2nd hermonic termination.

£(8w,26)

-9
——

RN

WNTFd -
LYV 'w}{ CSmeeeeo
10 12

14 16

Vgs(V)

Fig. 10 M agnitudes of g;, gog, and £(Aw,2w) of TGA in
the case of Z4 (2w) or Z, (2w) equals zero.
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Fig. 11 Simulated |1 P; of SGA, TGA, and TGA
with 2nd har monic termination
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Fig. 12 IM D, simulation results of SGA,
SGA with 2nd har monic ter mination,
TGA, and TGA with 2nd
har monic ter mination.

V. Conclusions

RF CMOS MMIC amplifiers are fabricaed with
lineaizaion technique using multiple gated transistors.
Doube and triple gated amplifiers show 2.5 - 4.5 dB larger
figure of merit (lineaity-DC power consumption).

By Volterra series analysis, it is siown that lineaizaion
technique using multi ple gated transistors can increase |1 P,
by amourt of 16 dB max. and 7 - 10 dB typicd withou
additional DC power consumption at lineaity-optimal-V
bias condition.

Using the two techniques (multi ple gated transistors and
the 2nd harmonic termination), it is posgble to reduce more
than 90 % of DC power consumption with the same 1P,
performance of CMOS RF amplifier.
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