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front end. This is because of the high/f noise and shot noise

of the oscillator FET. In the integrated Doppler-radar transceiver
front-end design, the mixer FET operates at the origin of/#%
characteristics does not produtéf or shot noise [16]. Therefore,
the overall system performance is greatly improved and independent
of the used semiconductor devices.
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Fig. 4. Signal and noise output as a function of the bias voltage of the mixer.

60-GHz Monolithic Down- and Up-Converters
Utilizing a Source-Injection Concept

IV. CONCLUSIONS Mohammad Madihian, Laurent Desclos, Kenichi Maruhashi,

An integrated low-power Doppler-radar transceiver front end was Kazuhiko Onda, and Masaaki Kuzuhara
developed using two adjacently spaced low-power FET active an-
tennas, with one of them being biased to oscillate as the transmitter

and the other being biased not to oscillate, but to act as the mixehﬂ\bstract—This paper deals with the design considerations, fabrication
’ rocess, and performance of coplanar waveguide (CPW) heterojunction

Opgration theory was (;iiscussed 5“,”9' experimentally verified. T@ﬁT (HJFET) down- and up-converter monolithic microwave integrated
design demonstrated higher sensitivity at low Doppler frequenciggcuits (MMIC's) for V-band wireless system applications. To realize a
than the self-oscillating mixer scheme. It can be used as the framiker featuring a simple structure with inherently isolated ports, and

end in low-power Doppler-radar systems such as intruder detectoy§t permitting independent port matching and low local oscillator (LO)
power operation, a “source-injection” concept is utilized by treating the

HJFET as a three-port device in which the LO signal is injected through
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I consists of two T-type networks connected in parallel for suppressing
both the image and LO frequencies. Use is made of spiral inductors in
vd the IF matching network for resonant-type filtering and IF frequency
matching. The LO matching network allows unconditionally stable
operation for the down-converter, both in the presence and absence
of an LO signal. The short-circuited transmission lihg in the
LO matching network facilitates the transistor's gate and drain dc
IF Filter biasing.

Image Rejection Filter

B. Up-Converter

LO The up-converter comprises a source-injection up-mixer and an
output filter to suppress the LO signal and other unwanted frequen-
cies. The IF signal, after passing through the IF matching network,
is applied to the HIFET gate terminal, and the LO signal is applied
to the HIFET source terminal through the LO matching network.
The resultant RF signal is extracted from the HIFET drain terminal
after passing through the RF matching network and the filter which
consists of two T-type networks connected in parallel. Similarly, use

RF is made of spiral inductors in the IF matching network for resonant-
type filtering and IF frequency matching. The LO matching network

;]: for the up-converter is the same as the one for the down-converter
MMIC.

The structures described utilize the inherent isolation characteristics
of the FET terminals under the pinch off condition to separate the
IF, LO, and RF signals without the use of any hybrid circuit. Since
the LO signal is directly applied to the source terminal, the LO has
the largest effect on the device transconductance modulation and,
consequently, on nonlinear mixing enhancement, facilitating a low
LO power operation.

frequencies for facilitating 100—-200 Mb/s transmission of data, voice, Both small-signal linear and large-signal nonlinear parameters of a

and video in a millimeter-wave wireless local area network (LANjliscrete 0.15:mx 100.m AlGaAs/InGaAs HIJFET were used in the

system. Mixers are key elements in a frequency converter, and requiitguit design. To investigate the stability of each mixer, the three-
rigorous design methods to achieve optimum operation. It is desiraplert network was reduced to a two-port network by replacing the
to develop mixers featuring a simple structure with inherently isolaté® source with a 532 termination, and stability factok” and the
ports, and yet, permitting independent port matching and low locstability measureB1 were simulated by sweeping the drain current,
oscillator (LO) power operation. which represents the effect of the LO signal on FET transconductance
Conventional FET mixers employ either a “gate mixing” or a “drairmodulation. Unconditional stability of the converters was assured
injection” topology to produce the desired frequency component ly optimizing the series transmission lidg; in the LO matching

applying the LO signal to the gate or drain terminals of the devicaetwork. Details of the circuit design steps are discussed in [13].

respectively [1]-[8]. Introducing a “source-injection” concept, and

treating an FET as a “three-port device,” we have recently proposed

a class of FET mixers with the above features, which has been

confirmed for a 24-GHz up-converter [9]. This paper applies the sameThe V'-band down- and up-converter MMIC's were fabricated

circuit topology to develop a 60-GHz down-converter as well as am a 3-in undoped Si GaAs substrate. Molecular beam epitaxy

up-converter by redesigning the frequency selective elements s®MBE) AlGaAs/InGaAs HJIFET's were used in the MMIC's. A

as filters and quarter-wavelength transmission lines in the conver@PW structure was used for transmission lines which permits chip-

circuits accordingly. size reduction and realization of transmission lines with different

characteristic impedances without affecting the overall chip layout.
II. CIRCUIT DESIGN To suppress odd modes, metal bridges were extensively employed
to connect ground planes along the lines, particularly in the vicinity

é?é a line discontinuity. A metal-insulator—-metal (MIM) structure was

applied for fabricating dc blocking and bypass capacitors. The HIFET

used in the converter MMIC’s has a gate length of Quivband a total
gatewidth of 100um (50 umx 2 fingers). Typical transconductance

A. Down-Converter of 380 mS/mm and of 70 GHz, both at a drain bias of 4 V, and a

The down-converter comprises an RF image-rejection filter andréverse gate—drain breakdown voltage of 10 V have been measured

source-injection down-mixer utilizing a heterojunction FET (HIJFETjor the HIFET’s. Measured pinchoff voltage for the HIFET is -1.6

as a mixing element. The RF signal, after passing through tke

image-rejection filter and RF matching network, is applied to the

HJFET gate terminal. The LO signal is applied to the HIFET source

terminal through the LO matching network. The resultant IF signal IV. PERFORMANCE

is extracted from the HJFET drain terminal after passing throughOn-wafer Cascade Microtech probes were utilized to evaluate the

the IF matching network. From Fig. 1, the RF image-rejection filterhip performance.

Fig. 1. V-band down-converter equivalent circuit.

Output Filter

Fig. 2. V-band up-converter equivalent circuit.

IIl. FABRICATION PROCESS ANDDEVICE CHARACTERISTICS

Equivalent circuits for the coplanar waveguide (CPWjband
down-converter and up-converter monolithic microwave integrat
circuits (MMIC's) are shown in Figs. 1 and 2, respectively.
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Fig. 7. Up-converter small-signal matching characteristics for RF, LO, and
Fig. 4. Down-converter conversion gain and IF output power versus RF ports.

power.
af ‘ ' ‘ ‘ ' ] almost constant conversion gain for an RF frequency within the
& 10 ] 60-62.5 GHz band. Fig. 6 exhibits conversion gain against LO power
T 12t ] for an LO frequency of 60.4 GHz and an RF power-e25 dBm at
£ 14 1 61.4 and 62.4 GHz. Conversion gain saturates for LO power levels
8 1:: higher than 7 dBm. As stated earlier, the conversion gain of the down-
S 200 ] converter is dominated by the insertion loss of the image-rejection
2 22f RF Power=-25dBm ] filter.
E -241 LO Power=7dBm b
S :gg; LO Freq=60.4GHz ] B. Up-Converter
6’0 o o2 3 ” e 56 The completei//’-ba_nd CPW up-converter IC has a chip size (_)f
3.5 mmx 1.8 mm. Fig. 7 shows small-signal matching characteris-
RF Frequency (GHz) tics for the IF, LO, and RF ports. Measured in-band return loss for the
Fig. 5. Down-converter conversion gain versus RF frequency. IF and RF ports is 8 dB, and for the LO port is 5 dB. LO suppression
at the RF and IF ports is better than 20 dB, and RF suppression at
A. Down-Converter the IF port is better than 47 dB.

The completd’-band CPW down-converter integrated circuit (IC) Large-signal up-converter measurement results are shown in
has a chip size of 3.3 mm2 mm. The FET gate bias was -1.6 V,Figs. 8-10. Fig. 8 depicts conversion gain as well as IF output
corresponding to the pinchoff voltage, and the drain bias was 0.7 Bower variation versus IF power at 1 and 2 GHz for an LO power
Fig. 3 shows small-signal matching characteristics for the IF, L@nd frequency of 7 dBm and 60.4 GHz. Conversion gain is constant
and RF ports. Measured in-band return loss for the IF and RF poi@s IF power levels lower than-6 dBm. Fig. 9 represents conversion
is better than 15 dB, and for the LO port is better than 8 dB. L@ain versus IF frequency for an IF power ef6 dBm and an LO
suppression at the RF and IF ports is better than 22 dB, and Rgwer of 7. dBm at 60.4 GHz. Maximum conversion gain for the up-
suppression at the IF port is better than 25 dB. Measured passhgf@verter is-9 dB for an IF frequency of 1 GHz, which is dominated
and rejection-band insertion loss for the image-rejection filter weRY the insertion loss of the output filter, as stated earlier. Fig. 10
7 and 16 dB, respectively. exhibits conversion gain against LO power for an LO frequency of

Large-signal down-converter measurement results are shownSk4 GHz and an IF power ot6 dBm at 1 and 2 GHz.

Figs. 4-6. Fig. 4 depicts conversion gain as well as IF output power

variation versus RF power at 61.4 and 62.4 GHz for an LO power and V. CONCLUSIONS

frequency of 7 dBm and 60.4 GHz. Conversion gain is constant forDesign consideration and performance results for CPW down-
RF power levels lower thar-35 dBm. Fig. 5 represents conversiorconverter as well as up-converter MMIC's incorporating source-
gain versus RF frequency for an RF power -5 dBm and an injection mixers and RF filters were described. In the circuit design,
LO power of 7 dBm at 60.4 GHz. The down-converter has ae FET was treated as a three-port device in which the LO signal is
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. 2 A E R L B — T ] lar transistors (HBT'’s) containing 2—-16 emitter fingers are demonstrated.
10 [ /%’* The parameter extraction is based on a small-signal equivalent circuit.
12 IE Ereq= x/* ] The scaling parameters compare favorably with the measured data from
'14 C req=1GHz / /.,l—l ] the process control monitor.

-4 - * L R . . . . .
A6 [ / Index Terms—Heterojunction bipolar transistor, parameter extraction,
18 L . § scaling rules, small-signal model.

e IF Freq=2GHz ]

20 [ / i
L . ] I. INTRODUCTION
24 | /

Conversion Gain (dB)
8
T

r X 1 GaAs-based heterojunction bipolar transistors (HBT’s) are promis-
26 | /-' _ ] ing power devices foL-band (mobile telephone) andi-band (radar)
-28 r x/ LO Freq=60.4GHz 1 applications. Based on a T-shaped small-signal equivalent circuit,
:g B . IF Power=-6dBm . scaling rules for multifinger power HBT’s have been derived to

e b o ] allow for the optimization of multiemitter cell design and monolithic
-25 -20 -15 -10 -5

oL
(3]
=Y
o

microwave integrated circuits (MMIC’s). Each circuit element is
LO Power (dBm) assigned a physical property _by compa_rison wi_th the equivalent circuit
of the HBT topology. The derived physical scaling rules hold not only
Fig. 10. Up-converter conversion gain versus LO power. for various emitter areas [1], but also for all critical device design

parameters. As a result, the rules can be used to evaluate multifinger
applied to the source terminal. With an LO power and frequency it cells [2] and provide feedback for process control data.
7 dBm and 60.4 GHz, both converters can operate at any IF frequency
within 0.5-2 GHz, with a corresponding conversion gain withiito Manuscript received February 27, 1997; revised April 7, 1998.
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loss. The frequency converters reported in this paper are expecte¢hi@p siemens.de).

find applications in millimeter-wave wireless LAN systems. Publisher Item Identifier S 0018-9480(98)04947-3.
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