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A New Linear Amplifier Using Low-Freguency
Second-Order Intermodulation Component
Feedforwarding

Youngoo Yang and Bumman Kingenior Member, IEEE

Abstract—A new linearization method by feedforwarding low- o
; ; ; utput
frequency second intermodulation component f, — f1) is pro- Matching
posed. Drain voltage modulation by the forwarding second in- Input TR :

termodulation voltage improves linearity significantly. This new o >
technique, which adopts a simple circuit configuration, has advan- . Output

tages in the stability and bandwidth due to the feedforwarding
nature and shows a very good performance in comparison with
other harmonic tuning circuits. Analytical derivation of low-
frequency feeding voltage gain ) to obtain perfect cancellation
of IMD 3 is presented. For verification of the proposed circuit
topology, a two-tone test and a CDMA signal test at carrier
frequency 2.15 GHz are performed and show about 18- and 10-dB
improvement of IMD 3 and adjacent channel power ratio (ACPR),
respectively.

Index Terms— Feedforwarding, harmonic, intermodulation, Low Frequehcy Amplifier
linear amplifier, nonlinear.
Fig. 1. Circuit diagram of the second-order intermodulation feedforwarding

amplifier.
|. INTRODUCTION

S the use of the digital modulation, such as QPSK;,s generates nonlinear gate current and forwarding second-

QAM, etc., increases quite rapidly, the linearity becomegyrder term can cancel third-order intermodulation. Finally, the
more and more important figure of merit of power amplifieleptimum voltage gairg is derived. In the Section lll, circuit
Many works have been reported to reduce the third-ordénplementation and measurement results are presented. A two
intermodulation using the second-order harmonic componerigye test and CDMA signal test results are also shown.
such as the harmonic feedback and the harmonic tuning [1],
[2]. Gen(_erally, the sec_ond harmonic tuning is _introduced to 1. ANALYSIS
improve just a few decibels of IMP The harmonic feedback Fig. 1 sh implified circuit di f th d
can improve linearity by 10-15 dB, but it has serious stabilit Ig. 1 shows a simpiilie circuit lagram 0 t.? secon
and bandwidth problems. The feedforward system has b Harmodulaﬂon component feedforwarding amplifier. Low-

used in many applications because of its unconditionaEI{{quency second intermodulation componéfi — f1) is

stable characteristics and ability to produce a broad-band 8ded by R1 a_nd_ i$ then amplified_ by_voltgge_gain/bf_
e component is injected to the drain bias circuit. Matching

highly linear amplifier [3]. But the feedforward approach is. '~ | | d h f the low-f
very sensitive to component tolerance and drift, and requir%'écu'ts.are ocated at the outer part of the low-frequency
orwarding path.

adaptive control [3], [4]. . : N
In this letter, a new linearization method using the second Fig. 2_ shows the .equalent circuit of the '°W‘freq”e.”.cy
harmonic componeritf— 1) is suggested. This feedforward-second |r_1termodul<_51t|0n compqnent feedforwarding amplifier.
ing amplifier, which amplifies the gate’s second intermodul&'9: 2() is the equivalent circuit at the fundame_ntal freql_Jen(_:y
tion term and feeds to the drain, has advantages over b8ﬁ'1d (k?) at the low frequency. For the equwale‘nt circuit

harmonic feedback and general feedforward methods. Tﬁfgalyss, we can assume thats = Rd = Itg = Iti = 0

method is very stable because of the feedforwarding natdygCce capacitive |mped§1nces are dpmlnant terms. Based on the
and also has no gain loss and no need for phase adjust ve equivalent circuits, the nonlinear channel current using

by selection of the low-frequency intermodulation term. the Taylor series expansion is expressed as follows [5]-{8]:

Circuit description and analysis using the Taylor series ;

N ) g ) s[Vgss Vas] = gm - vys (8) + gd - vas (t) + gma - v, (t)?
expansion is presented in the Section II. Analysis shows howd[g as] =g vgn() + 94 - vas(8) + gmz - v5n (1)

+ gmd - vgs(t) - vas(t) + gda - vas(t)?
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Fig. 2. Equivalent circuit for nonlinear analysis. (a) Fundamental frequency. (b) Low frequency.

where v,; and vy; are ac components of gate and draitsing (6), the second-order harmonic component of gate

voltages, respectively. voltage can be written approximately by
Now, the two tone input signal at the gate is given by 1
Vgs (t) :Al . C05(27rf1t) + A2 . COS(ZW’fgt) U!JS(t)|f2_fl ~ 50 / ZUS(t)|f2—fl dt
:%[Al ~exp(j2n f1t) + Ay - exp(—372n f1t)] :& Vooos, -V —|—V y Vyoopi]
LAz - exp(j27 fot) + Az - exp(—j2n fo1)]  (2) 4Co
C1
whereA; and A, are the magnitude of thg and f, frequency =50, Az - Ay - cos2m(fa — fu)t]. (7)

components, respectively. Equation (2) can be rewritten as_ ) . B ) )
1 1 This harmonic component is amplified and is fed to the drain.
Ugs(t) = 5(Vas—po + Vs ) +3(Vas o + Vs 1,) ) The drain voltagey, (t) can be written as

with ) B N
Vgs—jn = A1 - exp(j2 f1t) Gas(t) = vas(t) = B - vgs ()] -1 (8)

Vgsff2 = Ay - exp(j2r fot). wheref is the voltage gain of the auxiliary low-frequency am-
plifier and vy () is the drain voltage at the normal operation.
Substituting the newiy, (t) from (8) andw,,(t)|s,_s, from
(7) to (1), we have a new third-order intermodulation current
generated by the interaction of the amplified harmonic voltage
s (t) 3}72’3 = gm3 (Vg257f2 . gs fl +Vs £ Vs ) through the nonlinear coefficien_ts gind and gd> (gmo i_s
— L gy A2+ Ay - cos[2n(2fa — f1)] ) related to gate voltage only). Singend > gdo [1], [6], it
T e 2 A is clear that the major second-order coefficiengisd. Then,
The harmonic terms of the gate current generated by tis current bygmd from the interaction is given by
Cy. nonlinearity is generated and can be formulated as [9] ; (t )|gmd
tds 2fa—f1
igs(£) = [Co+ C1 - 0ga(t) + Co - vgs ()2 + -+ ] d“ﬁc'l—st(t) 5) gmd-B-Cy
- 8Ch
Where,ch[”gS(t)] =Co+Cy 'UQS(t) +Cs - UgS(t)Q + - d-3-C CAZL A
Thus, thef, — fi component of current from (5) is —m 401 2 7L
0

. s N
too Ol =i =05 Q2 = J)WVgompp - Vouy, From (4), we already have the formula of the dominant
—Vgs_fz -Vye—p]- (6) IMg3 current generated by the third-order coefficignts.

Substitutingy,,(¢) from (3) to (1), the dominant IMcurrent
(2f2 — f1 component only) generated by the coefficients
is expressed as

2
(V —f2° QS f1+Vs f: Vgs—fl)

2

cos[27(2fs — f1)t]- 9)
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s ket

Fjg. 4. The measurement results of a CDMA signal test at a chip rate of

Fig. 3. The measurement results of a two-tone test with and without fe 50 Keps with and without feedforwarding circuit.

forwarding circuit.

from 40.5 to 47.5 dBc at the frequency offset 313 KHz. This

For theoretically perfect cancellation of IMDthe following improvement is maintained for the lower power level.

condition should be satisfied:

ias (LT + (DI =0, (10) IV. CONCLUSION
The 3, which satisfies the above condition, is consequent| ",1 th|§ letter, we ha\(g proposed a very simple mgthod
derived to linearize power amplifier by feedforwarding an amplified
second-order gate intermodulation term to its drain. Based
(11) on its equivalent circuits at the fundamental and the low

3 = .
f gmd - Cy frequency, this circuit is analyzed and consequently a low-
It is very clear to see from (11) that is a real value with frequency forwarding voltage gain for perfect cancellation
zero phase and has no relation with input power leveAof of IMD3 is derived. For experimental verification, a power
and A,. Therefore, a constant gain amplifier can maintain tr@mplifier is built at 2.15 GHz and a two-tone test and CDMA
harmonic cancellation within the moderate change of the inpgignal test are performed. A two-tone test spectra show more

power level. Furthermore, the phase variation at a very Idfan 18-dB improvement of IMR And a CDMA signal test
frequency(f2 — f1) is not a problem. results also show more than 10-dB improvement of ACPR.

_gmz - Cy
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