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Coplanar Integrated Mixers for
77-GHz Automotive Applications

Ludger Verweyen, Hermann Massler, Markus Neumann, Ulrich Schaper, and William H. Haydl

Abstract—For integration in receivers at 77 GHz, three passive
mixers, a balanced diode mixer, a single ended and a balanced
resistive mixer, as well as an active single-ended gate mixer have
been realized in coplanar 0.15:m PM-HEMT technology on
GaAs. The passive mixers achieved conversion losses of about
9 dB. The resistive mixers required an LO power of only 3 dBm
and the diode mixer 10 dBm for optimum conversion. The gate
mixer obtained a conversion gain of 1 dB for an LO power of 6
dBm, but showed higher sensitivity to the IF load.

I. INTRODUCTION

N automotive collision-avoidance radar systems, the dgi_q. 1._' Schematic diagram_ of balanced diode mixer for 77 GHz with
. . . .capacitively loaded branch-line coupler.

namic range of receivers affects the achievable resolution

for obstacles at a given distance. Whereas the detection at

large distances is limited by the signal-to-noise ratio, at shortIn this paper, the properties of a balanced diode mixer, a

distances it is limited by the radio frequency (RF) saturatigingle-ended and a balanced resistive mixer, and a gate mixer

of the mixer and the resulting increase of conversion loss. Tfa 77-GHz are compared, all of them designed and realized in

properties of the mixer determine the required number of loweplanar waveguide technology using a pseudomorphic 0.15-

noise amplifier stages in the RF path and the necessary power HEMT technology on GaAs.

level of the local oscillator (LO). Increasing the integration

level and simplifying the monolithic microwave integrated II. MIXER TYPES

circuit (MMIC) process by using coplanar waveguides requires

a mixer design compatible with the integrated receiver techng}

ogy [1], comprising amplifiers, oscillators, and passive hybri

In a balanced diode mixer, a strong LO signal drives two

iodes 180 out of phase, as shown in the schematic diagram

2] R Fig. 1. The balance between the two diodes is achieved
' b%: a capacitively loaded branch-line coupler [8], followed by

In_rec_ent publicatior_ls on in_tegrated receivers for automot additional transmission line of quarter wavelength in the
applications [3], [4], diode mixers were used due to the well- th from the RF input to one diode. The LO and RF ports

established modeling techniques of its nonlinear elements isolated entirely by the passive hybrid. The cancellation

and the extensive design work in the past. However, usiBg the LO signal at the midpoint between the two diodes

a fl_eld-etff ECtI tr§n3|stor (FET)_tas t? th{_ee-tferml\lllnl\jll é}lev_lce povides good LO suppression at the IF port. The nonlinearity
various fopologies appear gquite attractive Tor MIXETt a diode, characterized by its ideality factor, is lower for a

;L similar c(ije\i/rl]ce rﬁhﬁ]fiacr:te“ftlcs ﬁlret (:xpl;)ltre\(ljvr:‘iorhmlxhné]Ma iode realized in HEMT technology than for a p-i-n or whisker
0se use amplifiers or oscillators (fo ch a iode [9], resulting in higher conversion loss. The mixer chip,

techn?Iog'y IS optlmlzed).dRe§|stlve rr?lxerz, \{vh$re the FE eﬁ;icted in Fig. 2, uses two diodes of 26 width in series
operates in a passive mode, have achieved similar conversion * " i el o diodes.

losses as diode MIXErs up to .F—band [6.]’ with superior !nter- The resistive mixer exploits the strong nonlinearity of the
modulation characteristics, while gate mixers, operating in tla

. . . X ‘Eltput conductance of the FET &}, = 0 V, when biased
active region near pinch-off, are expected to have conversion. pinchoff. As shown in the schematic in Fig. 3, LO and
gain. Different FET mixers, realized in microstrip technolog ) T

on InP, were recently investigated for 94-GHz applications [7. F are applied to dlfferent_ terminals of the_FET, resultl_ng
' zero dc power consumption and very low intermodulation

[10]. For minimum conversion loss, determined by the ratio
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Fig. 2. Chip photo of coplanar balanced diode mixer for 77 GHz; chip siZ&

15 x 1.0 mn?. Fig. 4. Chip photo of coplanar single ended resistive mixer for 77 GHz;
chip size 1.5x 1.0 mn?.

LO

Vgs

IC

Fig. 5. Schematic diagram of single-ended gate mixer for 77 GHz.

Fig. 3. Schematic diagram of single-ended resistive mixer for 77 GHz.

—O0— bal. diode mixer

capacitance under these bias conditions is significantly higher —= —O— s.¢. res. mixer
than in the saturation region at maximum transconductance.
The IF can be filtered from the drain via RF stubs.

The low LO-to-RF isolation of a single-ended resistive

5 | —a—bal. res. mixer (IF1) .. ...
—v— bal. res. mixer (IF2)

0 =

g——o—"

Conversion Loss [dB
S
T

mixer can either be compensated by surrounding amplifier B — - o2
stages in the LO and RF paths with low reverse gain, or it can ‘ D/n/ ‘ ‘ o ; ]
be overcome by a balanced topology, where the LO drives the o 5/649:1:%
gates of two FET's out of phase via a Z8@elay line and is 15p e O/ B
canceled at the common drain [12]. The single-ended resistive . %/v/ : :
mixer, shown in Fig. 4, has an FET of 30 pm width, ‘ e :
whereas the balanced resistive mixer uses two FET's gf 1 20 T s T s
30 pm width each. ]

The gate mixer, schematically depicted in Fig. 5, incorpo- Local Oscillator Power [dBm]

rates a W”kinson combiner for applying LO_ an_d RF to thejg. 6. Conversion gain versus local oscillator power of three passive mixers;
gate. At the drain, RF and LO are short-circuited, where®&s = 40 dBm, f.; = 76.5 GHz, f,, = 76.56 GHz.

the IF is connected to the load. The gate mixer is biased near

pinch-off in the saturation region of the FET to exploit th?equiring an LO power of more than 7 dBm. For each IF

nonlinearity in the transconductance for mixing. The devicei1 o : .
d . o channel of the balanced resistive mixer, a conversion loss of
geometry is 2x 30 pm. All mixers have a chip size of

13.5 dB was measured, at an LO power of 1 dBm. If both IF
1.5 x 1.0 mn?. ; : ) .
signals are added in phase via an external phase shifter, the
total conversion loss is expected to be 10.5 dB.
[ll. PERFORMANCE OF THEMIXERS The advantage of the balanced resistive mixer in comparison

The measured conversion loss of the three passive mixéféh the single-ended version can be seen from Fig. 7, where
can be seen in Fig. 6 as a function of LO power, for an Lthe LO-to-RF isolation of both mixer types is plotted versus
frequency of 76.6 GHz and an RF frequency of 76.5 GHRF frequency for an LO drive of 0 dBm. While the single-
The lowest conversion loss of 8.5 dB is achieved for thended mixer has an isolation of only 9 dB at 77 GHz, the
single-ended resistive mixer, for an LO power of 3 dBmnbalanced resistive mixer achieves an isolation of more than 30
The balanced diode mixer has a conversion loss of 9.5 di#B between LO and RF port. For the balanced diode mixer, the
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Fig. 7. LO-to-RF isolation versus RF frequency of single-ended and b%

anced resistive mixer; P = 22.5 dBm, fy = 76.0 GHz, f, = 76.4
GHz.
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Fig. 8. Conversion gain versus gate bias and local oscillator power
single-ended gate mixer;f= 20 dBm, f.y = 79 GHz, fi, = 76.56 GHz.

IV. CONCLUSION

For insertion in low-cost radar systems at 77 GHz, different
types of mixers have been realized in coplanar technology
on GaAs. Of the three passive mixers investigated, the single-
ended resistive mixer showed lowest conversion loss of 8.5 dB
for an LO power of only 3 dBm, with an LO-to-RF isolation
of 9 dB. The balanced diode mixer had similar conversion
loss, but required an LO power of 10 dBm. Its LO-to-RF
isolation, determined by the branch-line coupler, was about
15 dB. From the balanced resistive mixer with an improved
LO-to-RF isolation of 30 dB a conversion loss of 10.5 dB is
expected with both IF signals in phase.

An active gate mixer achieved a conversion loss of 2 dB
for 0-dBm LO power. Conversion gain of 1 dB was obtained
t an LO power of 6 dBm. Its LO-to-RF isolation, determined
y the Wilkinson combiner, was approximately 20 dB.
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