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Abslmcf - An integrated downconverter for active an- 
tenna arrays is presented. From 5.125 GHz to 5.875 GHz the 
downconverter shows more than 20 dB conversion gain and a 
noise figure of less than 3.8 dB with a minimum of 3.3 dB. In- 
put 1 dB compression point is -18 dBm. Image rejection het- 
ter than 35 dB is achieved using an integrated lumped-element 
handpass filter. A switchable symmetric input amplifier is pro- 
posed to calibrate amplitude and phase errors without degrad- 
ing the noise figure. 

I. INTRODUCTION 

In the last years, there has been a growing interest in mul- 
tiple antenna systems. Among the potential benefits are the 
increase of system capacities, the reduction of intersymbol 
interference or higher possible data-rates using space-time 
coding [I]. 

With upcoming wireless LAN standards at 5-6 GHz the 
used wavelengths become sufficiently small to apply the 
smart antenna principle to mobile communication systems 
and portable devices. But additional to the small space 
needed for the antennas, those systems have to be compact, 
robust and producible at low prices. 

Several integrated receivers have been published [2]-[41 
for traditional single-channel systems. In a smart antenna 
system some additional requirements have to be fulfilled. 
Cross talk over the common feeding network has to be 
avoided. The local oscillator (LO) signal needs to be dis- 
tributed by a diwding network, the resulting losses need to 
be accounted for. The active microwave components, con- 
nections, and high-order filters in the stages following the 
downconverter introduce different and time-varymg phase 
and amplitude errors, which need to he determined and cal- 
ibrated. 

In this paper a completely monolithically integrated 
downconverter is presented which can be directly mounted 
with each antenna element without the need for additional 
external components. For this design, the Triquint TQTRx 
process was used which features 0.6 pm-MESFETs with a 
transit frequency of 20 GHz and suitable passive elements 
like spiral inductors with a quality factor Q around 20 at 
5 GHz. 

Fig. 1. Block diagram of th; chip. 

II. SYSTEM ARCHITECTURE 

The block diagram in Fig. I shows the basic function- 
ality of the developed circuit. A heterodyne architecture 
is used. One way to calibrate the downconverter is to 
switch between a precisely known reference signal (calibra- 
tion mode) or the antenna input (receiving mode). Using a 
passive switch with a typical insertion loss of 1-2 dB [5] 
would significantly degrade the noise figure. Therefore a 
switchable low-noise amplifier is proposed. 

The pre-amplifier is followed by an integrated image re- 
jection filter. The high intermediate frequency of 1.45 GHz 
makes image filtering possible, while the “quiet” image 
band (LO is above RF) relaxes the requirements on the im- 
age rejection. The high-quality passive elements offered 
by the MMIC-process are used to perform filtering without 
the need of off-chip components. A passive resistive mixer, 
showing low noise and good linearity, is used to convert the 
signal down. Narrowband amplifiers are used as gain stages 
at IF and for the LO signal. Additionally the LO amplifier 
provides backward isolation. 
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Fig. 2. Chip rmcrograph (Chip size is 1.95 mmx 1.6 mm) 

III. C1RCUlT DESIGN 

A. Switchable LNA 

The first LNA stage consists of two symmetric 300 pn~ 
enhancement F!ZTs connected at the drains (see Fig. 3). An 
inductive source feedback is used to improve the linearity 
and increase the real part of the input impedance 161. 

Fig. 3. Switchable LNA stage 

The impedance at the connected drains is strongly de- 
pendent on the states of the two transistors. The interstage 
matching TV the following two stages assumes that the tran- 
sistors are alternatively switched. One transistor is biased 
for best lmearity at a current density of Id/w=40 PA/pm, 
the second one is switched off by setting the gate bias to 
v&.,=0 v. 

Differences in gain or phase of the two parallel input 
stages lead to calibration errors. Therefore completely sym- 
metric layout is used. The transistors are located very close 
to each other and show the same gate orientation to avoid 

device mismatching. 
Taking into account that one switch-state might be used 

for a long time in receive mode, while the calibration should 
be possible in a comparably short interval, thermal effects 
on the devices need to be considered. To keep them on the 
same temperature, the transistors are physically connected 
at the drains. To get a rough estimate, the following as- 
sumption can be made: if both transistors are thermally in- 
dependent and the paths of heat transportation are limited 
to the way down through the substrate, the working tran- 
sister will heat up due to its losses, while the other stays 
at room temperature. With a drain current of 7 mA at 3 V 
and the thermal conductivity 0.5 W/Kcm of GaAs the com- 
puted temperature difference is less than 0.1 K indicating 
that thermal effects can be neglected in this case. 

A further crucial point is the large-signal behavior of the 
switch in off-state. As low-power enhancement FETs are 
used, strong input signals exceeding the threshold voltage 
V,h switch the transistor on, thus degrading the isolation. 
As the isolation at high input power levels is needed for the 
application in any practical system it is important to control 
this effect. To avoid the use of negative control voltages the 
transistor width was increased to lower the input impedance 
and therefore also the voltage swing on the gate. 

This approach leads to a trade-off between maximum tol- 
erable input power and current consumption. It is assumed 
that signals stronger than the aimed I dB input compression 
point do not occur, as the usual system designs imply that 
the receiver always works in its linear region. The device 
was made large enough that the isolation does not degrade 
below this power level of -20 dBm. Corresponding simu- 
lations were carried out using the TOM3 large-signal model 
[71. 

The image filter consists of a third-order bandpass filter 
realized with lumped elements according to Fig. 4. Since 
the filter is sensitive to parasitics, its layout was carefully 
optimized. 

The crucial limitations in achieving high stopband attenu- 
ation are internal coupling and the absence of good ground- 
ing. On semi-insulating GaAs substrate magnetic coupling 
is dominant, which was considered for the layout. To cir- 
cumvent the grounding problem, filter ground and amplifier 
ground were separated. By providing a number of bond- 
wires to ground the package parasitic L, was kept suffi- 
ciently low nbt to degrade the stopband rejection. GSG- 
pads were added to permit on-wafer measurements of the 
filter. 
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Fug. 4. Image filter and mixer 

C. Resistive Mixer 

Fig. 4 shows the downconverting mixer that USES a “cold” 
(Vd,=O V) FET in the resistive region. A wide 600 w 
deep-depletion FET is chosen to achieve high linearity [S]. 
With a signal applied on the gate, the drain shows a large- 
signal impedance which is convenient to match to the RF 
and IF ports [9]. The matching was done using a low-pass 
and a high-pass T-structure for IF and RF, respectively. To 
achieve the highest possible conversion gain, the gate is bi- 
ased slightly below threshold. The gate is matched to the 
LO amplifier to increase the overall efficiency. 

All devices arc biased using integrated bias networks so 
that no additional off-chip connections are needed and fur- 
tbermore the process variations are compensated. 

IV. EXPERIMENTAL RESULTS 

The fabricated die was bonded on a Duroid 6010 sub- 
strate and tested. Fig. 5 shows the measured conversion 
gain as a function of LO power. It saturates at 26.2dB for 
LO levels higher than 0 dBm. 

Plo [dB] 
Fig. 5. Conversion gain vs. LO power level. f,qF=5.5 GHz. 
f,F=l .45 GHz 

Fig. 6. Measured(-) and simulated(- -) mxge filter response 

30, I 7 

Fig. 7. Frequency response of both channels(- -I-), image(& 
and noise figure(*). Pro=5 dBm 

Fig. 6 shows the on-wafer measurement of the integrated 
image-filter compared to the simulations. The measured 
bandwidth is smaller, but still sufficient. The filter inser- 
tion loss is 6 dB and therefore higher than simulated. The 
stopband attenuation is better than 35 dB. 

To measure the frequency behavior of the whole chip, 
RF and LO frequencies were swept, keeping f,,xl.45 GHz 
constant. The resulting curves are depicted in Fig. 7: Over 
the 5.125 GHz to5875 GHz range, thegain is above 20 dB. 
Image rejection is 36.7 dB at 5.125 GHz and raises to 50 dB 
at 5.875 GHz which is a very good result for integrated 
receivers. Over the interesting band the very low SSB 
noise figure is below 3.8 dB with a minimum of 3.3 dB at 
5.6 GHz. The gam difference between the two input chan- 
nels stays below 0.7 dB. 

Fig. 8 shows the large input signal behavior: 1 dB gain 
compression occurs at an input power level of - 18 dBm, 
which is higher than the typically needed -2OdBm for 
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Fig. 8. Large signal behavior of selected(-) and 
deactivated(- -) channel at fRF=5.5 GHz 

WLAN applications. 
The switch isolation of the LNA is 17.65dB at low 

power levels, decreasing to 16.55 dB at the compression 
point. The expected degradation of the switch isolation oc- 
curs at input power levels higher than 15 dBm, having no 
practical importance. From a two-tone measurement with 
Af=lOO kHz the IP2 at the input is determined to - 10 dBm. 

The circuit draws 55 mA for the signal path (LNA, mixer 
and IF amplifier) and 21 mA for the additional LO ampli- 
fiers, resulting in a total 76 mA from a 3 V supply. Fig. 2 
shows the micrograph of the developed chip. Total chip size 
is 1.95 mmx 1.6 mm. In Tab. I. the circuit performance at 
fRF=5.5 GHz is compared with the recently published re- 
sults of other integrated 5-b GHz receivers. 

v. CONCLUSIONS 

In this paper, the design and characterization of a one- 
chip monolithic downconverter for 5.125-5.875 GHz is 
presented. A novel switchable low-noise amplifier is pm- 
posed for system calibration. The use of passive input 
switches and the associated losses arc avoided, thus lead- 
ing to a very low system noise-figure of 3.3 dB, which, to 
the authors knowledge, is the lowest noise figure reached 
for integrated receivers in this frequency band. 

The measured amplitude difference between the two in- 
put ports is smaller than 0.7 dB, allowing a calibration of 
the downconvertet itself and all following stages. 

Usmg on-chip image filtering, more than 35 dB rejec- 
tion are obtained. Measured conversion gain is higher 
than 20 dB and the total power consumption is 228 mW, 
whereby the signal path dissipates 165 mW. 

The presented downconverter is perfectly suitable for 
compact and inexpensive active antenna arrays. 
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TABLE 1. 

PUBLISHED PERFORMANCES OF INTEGRATED 5-6 GHz 
RECEWERS 

III 

I31 

[41 

I51 

161 

I71 

[81 

191 

REFERENCES 

H. Gesbert. H. Bblcska, D. Gore, A. Paulraj, “MIMO Wire- 
less Channels- Capacity and Performance Prediction”, 1EEE 
Globecorn 2000, vol. 2, p. 1083 
M. Copeland, S Voinigescu. D. Marchesan. P. Popescu, 
M. Maliepaard, “5-GHz SiGe HBT Monolithic Radm 
Transceiver with Tunable Filtering”, IEEE I: on Mi- 
crowave Theory and Techniques, vol. 48, no. 2. , p.170, 
Feb. 2000 
T. Lee, H. Samavati, H. Rategh, “5.GHz CMOS Wireless 
LANs”, IEEE 7: on Microwave Theory and Techniques, 
vol. 50, no. I, p. 286, Jan. 2002 
B. Razavi, “A 5.2.GHz CMOS Receiver with 62-dB Image 
Rejection”, IEEE J. of Solid-State Circuits, vol. 36, no. 5, 
p. 810, my2001 
.I. Alves Tortes, J. Costa Freire, “Monolithic Transitors SPST 
Switch for L-Band”. IEEE Z on Microwave Theory and 
Techniques. vol. 50, no. 1, p. 51. jan. 2002 
E. Haney, F. McGrath,P. O’Sullivan, C. Kemnarrec, “Ultra 
Low Power Low Noise Amplifiers for Wireless Cammunica- 
tions”, 15th Annual GaAs IC Symposium Technical Di- 
gest 1993, p. 49,oct. 1993 
R. Hallgren, P. Litzenberg, “TOM3 Capacitance hlodel: 
Linking Large- and Small-Signal MESFET Models in 
SPICE”, IEEE i? on Microwave Theory and Techniques, 
vol. 47, no. 5, p 556, May. 1999 
F. Ellinger, R. Vogt, W. Bachtold, “Compact Monolithic ln- 
tegrated Resistive Mixers With Low Distortion for HIPER- 
LAN, IEEE 7: on Microwave Theory and Techniques, 
vol. 50, no. 1, p. 187, Jan. 2002 
S. A Maas, “Microwave Mixers”, Nanvwad. MA, 1993 

438 


	MTT025
	Return to Contents


