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38/76 GHz PHEMT MMIC Balanced Frequency
Doublers in Coplanar Technology

Y. Campos-Roca, L. Verweyen, M. Fernandez-Barciela, W. Bischof, M. C. Curras-Francos, E. Sdnchez, A. Hilsmann,
and M. Schlechtweg

Abstract—Two 38/76 GHz push—push frequency doublers have
been realized in a 0.15:m GaAs PHEMT technology. The circuits
are based on differentL80° power divider structures: a Lange cou-
pler followed by a 90° transmission line, and a balun. The cir-
cuits achieve maximum conversion gains o4 and —6 dB for
12 and 14 dBm input signals, respectively. The fundamental sup-
pression is approximately 30 dBc in both cases. To our knowledge,
these results represent the best performance reported up to date
for W-band balanced doublers.

Index Terms—Millimeter wave generation, millimeter wave in-
tegrated circuits, MMICs, MODFETS.

|I. INTRODUCTION

OR 76 GHz automotive radar systems, signal sources with
low phase noise are required. Signal generation can Ip_e L Phot h of the 38/76 GHz balanced 1 doubler based
. . . . ig. 1. otograph of the z balanced frequency doubler based on a
achieved by either W-band oscillators or by multiplication fror]jamg,e couplefi0® line structure. The chip size Is75 x 1.5 mn?.
a lower frequency source. The second approach has the advan-

tage of allowing the use of a su.perior technology for the 0$5_18 dB at 88-96 GHz for an input power of 10 dBm. FET
cillator, so that transmitters with improved overall phase NOI$Rysh-push doublers at lower frequencies have been presented in
performance can be realized. 7]-[10].

W-band varactor-based monolithic doublers have been pFeBased on a 0.16m GaAs PHEMT process and CPW tech-
sented in [1]. Active frequency multipliers have the advantage,q&ogy, we present and compare here the achievable perfor-

better conversion gain over the diode-based type. Single-endggghce of push-push frequency doublers at W-band using two
transistor-based doublers with W-band output frequencies h@{gerent 180° phase shifting structures.

been reported in [2]-[4]. This topology has the advantage of

allowing a compact size. Compared t(_) single—ende_d designs, a Il. CIRCUIT DESIGN

push—push topology offers the potential of a superior odd-har- ] o ]

monic suppression. It consists of a pair of identical PHEMT- The first circuit discussed (Fig. 1) uses a Lange coupler fol-
stages, driven by signals havitg0° phase difference [5]. Due onved by a90° transmission line [11], while the _second _cwcwt_
to the phase relation, the fundamental and odd harmonic cdffild- 2) is based on a compact balun [12], which provides di-
ponents are cancelled, while the second harmonic signals &glly the required80° phase difference in a wide bandwidth.
constructively combined. A balanced W-band HEMT doubldp the former case, the bandwidth regarding the phase is limited

was reported in [6]; this circuit achieves a conversion loss gy_thg transmission line. Fig. 3 shows the transmission charac-
teristics of both structures.

Double 6-doped AlGaAs/InGaAs/GaAs PM-HEMT'’s with
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Fig. 5. Performance of the 38/76 GHz doubler based on a Lange coupler as a
function of the input power (above) and the frequency (beld)s; = —1.1
V, Vases = =0.95V, Vps = 2 W

The distance of the output junction to the drain of the transis-
tors has also been optimized in order to maximize the conversion

Fig. 2. Photograph of the 38/76 GHz balanced frequency doubler based again of the circuits. The output network after the junction pro-

coplanar balun. The chip sizeis5 x 1.5 mm2.
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Fig. 3. Measured transmission characteristics of the Lange codptelihe
structure and the balun.

180 ° coupler:
Lange coupler +
90 ° trans. line

Fig. 4. Circuit schematic of the balanced doubler based on a Lange coupl

vides large-signal conjugate matching at the second harmonic.

I1l. M EASURED MMIC PERFORMANCE

Both MMIC’s have been tested on-wafer using a measure-
ment set-up based on a scalar power meter. Fig. 5 shows the
performance of the doubler based on a Lange coupler as a func-
tion of the input power and the frequency. The circuit achieves a
maximum conversion gain 6f4 dB for a 12 dBm input signal.

The available input power was not enough to drive the devices
into saturation. A maximum output power of 11.5 dBm has been
measured, with an associated gain-df.3 dB. The dc-power
consumption values corresponding to input power levels of 10
and 17 dBm are 110 and 225 mW, respectively.

In an ideal push—push doubler, with perfect amplitude sym-
metry and exactly80° phase difference between both branches,
the fundamental suppression achieves an infinite value. How-
ever, in real circuits this suppression is reduced due to residual
asymmetries. The sensitivity of balanced doubler performance
to asymmetries has been analyzed by using harmonic balance
simulations in [14].

The amplitude unbalance of the Lange couiétline struc-
ture is approximately 0.5 dB at 38 GHz. In order to compensate
it, slightly different gate bias voltages have been applied to both
transistors. Fig. 6 shows the measured conversion gain and fun-
damental suppression of the doubler based on the Lange coupler
as a function of the difference between both gate bias voltages
(AVgs = Vgse2 — Vgst). The maximum fundamental rejec-
tion (35 dBc) is obtained witlAVss = 0.15 V. However, the

Suppression is so sensitiveAd/;; s that it would be impossible

to guarantee this maximum value in a reproducible way. On the

maximum power transfer to the load. To synthesize the inpgitaph, the fundamental suppression values&df;s in a 50
networks, low-pass topologies based on two parallel MIM caV range around the optimum value have been indicated. Con-
pacitors have been selected (Fig. 4). Once the optimum termidering these 50 mV as the maximum threshold voltage devi-
nating impedances are known, the network components canatien across the wafer, the worst-case fundamental suppression

obtained by linear optimization.

results to be 30 dBc, that is, still more than 10 dB better than the



486 IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 10, NO. 11, NOVEMBER 2000

T T -3 IV. CONCLUSION
—=—Fund. sup.

o Conv. gain

Two coplanar 38/76 GHz PHEMT balanced frequency dou-
blers based on differedi80° power divider structures have been
realized and compared. The doubler based on a Lange coupler
followed by a90° transmission line achieves higher conversion
gain (—4 dB) than the doubler based on the balui6 (B). How-
ever, the latter has wider bandwidth (17% compared to 12%) and
is more compactl(,5 x 1.5 mm? compared td.75 x 1.5 mm?).

The fundamental suppression values are 30 dBc. To our knowl-

Measured conversion gain [dB]

Measured fundamental suppression [dBc]

7 edge, these results represent the best performance achieved up
Ty [V]°'3 04 05 06 to now for balanced frequency doublers at W-band.
GS
Fig. 6. Measured conversion gain and fundamental suppression of the 38/76 ACKNOWLEDGMENT
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