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Abstract— A quasi-optical linearizer array with bias controllable
AM-AM and AM-PM predistortion characteristics is presented. The [
4 x 4 array of Schottky diodes demonstrates 2.5 dB of gain expansion a0 [
and 25° of phase compensation al. band. [
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|. INTRODUCTION

(%) avd

OWER amplifiers are typically driven into saturation@ 30 |
to meet system requirements for power and efficiency. I
However, since both the gain and the phase shift through 25 | .
the amplifier are functions of the input drive level, the high I T ]
power and efficiency performance comes at the expense of 201;“’ A P v
degraded amplitude and phase linearity, resulting in AM-AM Pin (dBm)
and AM-PM distortion in the transmitted signal. For modu- @)
lation schemes in which information is encoded in both the
amplitude and phase of the carrier wave, it is clear that both
amplitude and phase linearity are needed.

Shown in Fig. 1 are typical transfer characteristics for a
MESFET-based power amplifier. The point of maximum
power-added efficiency occurs when the gain is 4-dB com-
pressed. This is accompanied by a phase shift that is ad-
vancedl5° with respect to its small-signal value. )

To counteract these distortion effects, a predistortion Iin%
earizer [1] can be inserted before the amplifier to create @
signal distortion that is opposite to that of the amplifier. In
other words, the linearizer should exhibit gain expansion and
phase delay as the input power increases. This would result ]
in an amplifier with greater dynamic range. e T T e e T T

This paper demonstrates the first free-space linearizer ar- Pin (dBm)
ray that can be cascaded into a quasi-optical transmitter (b)
front end. Research in quasi-optical amplifiers has recently

; ; _ i i ig. 1. Measured characteristics of a 36-W, MESFET-based (Fujitsu
demonstrated improvements in power [2]-4], efficiency [SELMSMZ) power amplifier: (a) output power and power-added efficiency

gnd operating freque_r_my (6], [7]. As Co_mm_l"r_“cat_ion applicga-s a function of input power, and (b) amplitude and phase transfer charac-
tions for these amplifiers emerge, maintaining linearity witkristics.

also become a critical issue.
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II. DESIGN The principle of operation is based on the diode linearizer
in [9], and is summarized here for completeness. The diode

The configuration for thé x 4 quasi-optical linearizer is o
current is given by

shown in Fig. 2. The unit-cell is 4 cm4 cm (\,/8 square at
1 GHz) with 2-mm-wide bias lines and radiating leads. The

substrate is 0.254-mm-thiduroid with ¢, = 2.2. The grid Iy =1 (1 - e_qv‘i/kT)

is loaded with Metelics MSS-40,045-E28 medium-barrier

Schottky diodes. A series chip resistor is connected at tvdereVy is the diode voltage antl is diode saturation cur-
edge of alternating rows. The equivalent circuit model faent.

a single unit cell is shown in Fig. 3. The lead inductance As the RF input power increases, the parallel diode pro-
and capacitance for the grid are determined from a full-wadeices a rectified curreidt that induces an additional voltage
model for the grid [8]. drop across the bias resistB:
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Fig. 2. A Schottky-diode linearizer array. Bias resistors are connected at 1 10 1E+2 1E+3 1E+4 1E+5

the ends of alternating rows. Ry (chms)

Fig. 4. Simulated gain and phase compensation at 1 GHz. The increase in
R, is an indirect measure of the increase in RF power.
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Fig. 3. Equivalent circuit of a unit cell with lead inducatance and gap ca- o 20 [0)
pacitance. 0 &
B a
o) 10
4
Vi=Vee = Ry(Ig+ I) 0
The reduction in the diode voltage under large-signal con- 0 2 4
ditions causes an increase in the diode dynamic resistance Relative Input Power (dB)
given by

Fig. 5. Measured gain and phase compensatiofor= 470 Q2 andV,. =

1 kT 11V.
Ra(Va) = = — e 1Va/kT

T 0L /ova gl

Using the equivalent circuit model in Fig. 3, together witlthis case, the gain expansion was 2.5 dB and the phase com-
the manufacturer’'s packaged parasitics for the diode, an @ensation wag5° at 1 GHz.
pression forSy; was derived. Fig. 4 shows that as the diode At higher frequencies, the linearizer demonstrated as
resistance increases, the result is gain expansion and phageh as 12 dB of gain expansion afid® of phase shift.
delay. These are the characteristics required to linearize Since amplifiers typically achieve maximum efficiency at 3-

amplifier such as the one in Fig. 1. 4 dB gain compression, such large values of gain correction
are not required.
. EXPERIMENTAL RESULTS Individual elements in a free-space-fed amplifier may sat-

The linearizer was measured using a power sweep onutate nonuniformly, and therefore the required amount of
HP 8753B network analyzer. Each port of the network angain and phase predistortion will also be nonuniform. The
lyzer was connected to a wideband horn antenna. The didufearizer array architecture of Fig. 2 can account for this by
grid was placed 10 cm away from the source horn and 45 eraing different bias resistors on peripheral vs. central rows.
away from the receive horn. To drive the diodes into saturkig. 6 shows that adjusting the diode voltage allows different
tion, a 4-W power amplifier was used at Port 1. The incideamounts of phase delay. The amount of gain expansion can
power on the grid ranges from 0.25W to 2.5 W. A free-spac@milarly be adjusted. Of course, there are other quasi-optical
through calibration with the grid in place was performed. amplifier architectures that facilitate uniform field excitation

Fig. 5 shows the gain and phase compensation charac&aross the array [10], [11].
istics for one combination of bias voltage and resistance. ForThe nonlinearity in single-tone amplifiers is characterized
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Fig. 6. Phase compensation as a function of diode bias.

[5] T.B.Mader, E. W. Bryerton, M. Markovic, M. Forman, and Z. Povi
“Switched-mode high-efficiency microwave power amplifiers in a free-
space power-combining arrayEEE Trans. Microwave Theory Tech.
vol. 46, pp. 1391-1398, Oct. 1998.

[6] M. P. DeLisio, S. W. Duncan, D.-W. Tu, S. Weinreb, C.-M. Liu, and
D. B. Rutledge, “A 44-60 GHz monolithic pHEMT grid amplifier,” in
1996 IEEE MTT-S Int. Microwave Symp. Qi§an Francisco, CA, June
1996, pp. 1127-1130.

[7] J. J. Sowers, D. J. Pritchard, A. E. White, W. Kong, O. S. A. Tang,
D. R. Tanner, and K. Jablinskey, “A 36W, V-band, solid-state source,”
in 1999 IEEE MTT-S Int. Microwave Symp. Dignaheim, CA, June
1999, pp. 235-238.

[8] S. C.Bundy and Z. B. Popo¥; “A generalized analysis for grid oscil-
lator design,TlEEE Trans. Microwave Theory Techol. 42, pp. 2486—
2491, Dec. 1994.

[9] K. Yamauchi, K. Mori, M. Nakayama, Y. Mitsui, and T. Takagi, “A mi-
crowave miniaturized linearizer using a parallel diode with a bias feed
resistance,IEEE Trans. Microwave Theory Teghvol. 45, pp. 2431—
2435, Dec. 1997.

[10] M. A. Ali, S. Ortiz, T. lvanov, and A. Mortazawi, “Analysis and mea-
surement of hard horn feeds for the excitation of quasi-optical ampli-
fiers,”in1998 IEEE MTT-S Int. Microwave Symp. QiBaltimore, MD,
June 1998, pp. 1469-1472.

by the AM-AM and AM-PM transfer curves, as in Fig. 1[11] M. Kim, J. B. Hacker, A. L. Sailer, S. Kim, D. Sievenpiper, and J. A.

Higgins, “A rectangular TEM waveguide with photonic crystal walls

For_ multitone appllcgtlong, the non“nea”ty mamfeSt.S itself for excitation of quasi-optical amplifiers,” 999 IEEE MTT-S Int. Mi-
as intermodulation distortion and adjacent channel interfer- crowave Symp. DigAnaheim, CA, June 1999, pp. 543-546.

ence. Since the predistortion linearizer is itself nonlinear,
it creates its own intermodulation products that add out of
phase with those of the amplifier.

A two-tone linearity test was conducted using input fre-
guencies of 2.10 GHz and 2.11 GHz. Although the spectrum
analyzer could not measure the phase of the resulting third-
order intermodulation products, their role would be to cancel
the intermodulation products of the succeeding power ampli-
fier. Future work with collaborating investigators will focus
on the linearization of quasi-optical amplifier to achieve si-
multaneous high efficiency, linearity, and dynamic range.

IV. CONCLUSION

A free-space linearizer that can be inserted into a quasi-
optical transmitter has been presented. It demonstrates
2.5dB of gain expansion arzh° of phase compensation at
L-band.
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