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A FET Transceiver Suitable for FMCW Radars

Klas Yhland and Christian Fage8tudent Member, IEEE

Abstract—We present a new FET transceiver suitable for fre- Vids,de
quency modulated continuous wave (FMCW) radars. The circuit
obviates the need for dual antennas, a circulator, or a coupler for JE N
the separation of the transmit and receive signal paths. A FET is —1 X
used simultaneously as an amplifier for the transmitted signal and A “ TX
as a resistive mixer for the received signal. At the optimum bias D xXol =5
point, the circuit has an output power of 7 dBm and a conversion - G A —
loss of 9 dB. Also, the noise performance is investigated. The circuit A“ RX }
performance is shown to be insensitive to bias voltage variations. ___li
Furthermore, the transceiver's simple topology makes it suitable Antenna
for commercial high-volume applications. Vags,dc

Index Terms—MCW, radar, transreceiver. Fig. 1. Circuit diagram of the FET transceiver.

I. INTRODUCTION

N RECENT years, considerable efforts have been made to

develop automotive anti-collision or cruise control radars.
Demands for high volume, low cost, and small size make
solutions based on microwave monolithic integrated circuits
(MMICs) favorable. The most common choice of radar type
has been the frequency modulated continuous wave (FMCW)
radar.

As in any microwave transceiver front-end, the separation
of the receive and transmit signal paths poses problems. There
are several ways to facilitate this separation in FMCW radar
front-ends. One is to keep the signal paths separated all the wa , o

. . . Fig. 2. Layout of the FET transceiver test circuit.
through the antenna, using one transmit and one receive antenna
[1], [2]. However, the need for dual antennas increases the size
and cost of the radar. A second approach is to use the samefMCW radars (Fig. 1). The transceiver is well suited for im-
tenna for transmission and reception and to separate the sigpégsnentation in MMIC technology. A FET is used simultane-
with a circulator connected to the antenna. The circulator cansly to amplify the transmitted signal and as a resistive mixer
be a passive ferrite device [3] or an active semiconductor circtit down-convert the received signal. For the sake of simplicity,
[4]. However, a ferrite circulator has to be placed outside atlge circuit is verified at 10 GHz with the HFET NE 32 400 from
MMIC circuitry and an active circulator increases the devichHEC.
count. Instead of a circulator, a power divider can be used [5],
[6]. This method, however, wastes one half of both the trans- [I. CIRCUIT OPERATION
mitted and received power. It is also possible to use the sam

S . ; She circuit, shown in Fig. 1, is a combination of a common
circuit for output power generation and for down conversion of e ) .
: . A : source amplifier and a resistive mixer [8]. If operated as a
the received signal [7]. This circuit has the lowest device count. o .
ommon source amplifier, the HFET would have been biased

However, since most MMIC semiconductor processes are opti-

mized for FET’s, the diodes necessary for this circuit may ha\%th a drain to source voltagd’¢,) of about 2 V and the gate

poor quality if the circuit is built as an MMIC. 0 source voltage¥,;) at half the drain to source saturation

To avoid the difficulties when separating two signals closelcu.rrem in order to obtain maximum output powéfrk) and

spaced in frequency [1]{6] and the disadvantages associ qal . On the other hand, if operated as a resistive mixer, the

with diode circuits [7] we present a FET transceiver suitable for. T WO.U|d have bee_n_b|_ased at zérg, a_nd Vys close to
pinch-off in order to minimize the conversion loss (CL). Our

idea is to find an intermediaté;, — V,, bias point where the
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I1l. V ERIFICATION 2.5

A. Test Circuit

A test circuit was built using microstrip technique on a 5
0.38 mm thick teflon substrate with. = 2.33. The circuit was

built in a 5092 environment without any tuning of the circuit. %D )
The layout of the test circuit is shown in Fig. 2. A commercially = 15
available bias-T was placed outside the microstrip board to f
separate the IF antdy;, 4. %
%2
B. Output Power and Conversion Loss .é
The input signal (IN) at 10.2 GHz was provided by an HP A 0s

83 620 signal generator. When measuring CL &h¢, the re-
ceived signal (RX) at 10 GHz was provided by an HP 8350
signal generator. A circulator at the transmit-receive (TX-RX)
port was used to enable measuremen®gf simultaneously as
RX was applied Prx and Py were measured using the diode
detectors HP 85025D and HP 85025E respectively. Fig. 3. Contour plot of measurerx /CL at Piy = 3 dBm.

Fig. 3 shows the measurdéyx /CL plotted versud/,, and
Vas. The optimum gate to source dc bidg,{ 4.) is approxi-
mately 0 V and the optimum drain to source dc big (4.) IS
approximately 1.1 V. The optimum is flat arférx /CL varies
less than 3 dB for &7, variation of 1.5 V and &/, variation
of 0.6 V.

Fig. 4 showsPrx, CL, and Prx/CL versus input power
(Pv). As can be expected from [8], the circuit require®&
of a few dBm to function properly.

10— : —-10

Bry and Pry/CL {dBm]
Conversion loss [dB]

C. Noise

The noise power density at the IF port was measured using an
HPB8565E spectrum analyzer with a preamplifier having 33 dB
gain and approximately 2 dB noise figure. The TX-RX port was :
terminated with a 50 load. Also here IN was provided by an =10 -5 0 5
HP 83620 signal generator at 10.2 GHz. In this measurement IN power [dBm]

the transceiver and the preamplifier were powered by batterigg, 4 measured transmitted powePsx), conversion loss (CL), and the
Fig. 5 shows the double sideband noise power density I’efermdtlentPTx/CL versus input powerfiy) atVy, 4. = 1.0 VandV,, 4. =

to the TX-RX port Posp) versusf;p at Py = 3 dBm. 0.0 V.
When sweepindg’n from 6 to 2 dBm,Prsy increases with
approximately 2 dB over the whol  range. This corresponds -100
to the increase in CL. When further decreaskg, from 2 to = {lr 0
—4 dBm, Ppsp increases approximately 15 dB. % 110 Hyg 10
For the purpose of verification, the HP 83620 signal gener- £ \1L| o
ator was equipped with a bandpass filter having 200 MHz band-  z~120 Y 107
width. This did not lowerPpsg for f;r > 100 MHz. Thus, at g L ! ;&
least at highf;r, the noise generated in the transceiver domi- 5 ~13° 10 £
nates over that supplied by the signal generator. §~~140 106§
i AT e
IV. DISCUSSION ANDCONCLUSION é ~150 ‘ 'WLQ‘ ‘958
The width of the optimum in Fig. 3 has several causes. When %_160 b 10“%
increasingVys, Prx will increase with about the same amount & “"\”,—I
as CL. Thus, in thé’,, direction we can trade CL foPrx. In ~170 10°
the V,, direction the dc level has little influence dirx and 0t 10° 10° 107 10® 10

CL as long as the ac magnitude at the FET gate is high enough IF frequency [Hz]

to swing the device from pinch-off to fully conducting. In both

5. Measured input DSB noise power densi®y ¢ ) and input DSB noise
directions the width of the optimum increases with mcreasmg%perature versus IF frequendy £) at Py = 3 dBm, Vi, ¢e = 1.0 V and
Piv. Also the noise performance improves with increasifig  V,.. 4. = 0.0 V.
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and for aPy higher than 2 dBm it is insensitive to variations in [2] H. D. Griffiths, “New ideas in FM radar,IEE Electronics and Commu-

PIN.

The simple circuit topology and the insensitivity to bias vari-

ations make the presented transceiver suitable for commercial

high-volume applications.
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