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Abstract - A novel broadband T/R module with four 
channels used in B multi-frequency phased array transceiver 
for mobile satellite communications is presented in this 
paper. The T/R module is comprised of two receive channels 
st 12 and 21 GHz and two transmit channels at 10 and 19 
GHz. Measured results indicate that the T/R module has 
excellent channel isolation of uver 60 dB for the two low 
frequency channels and uver 32 dB for the hw high 
frequency channels, small gain and phase variations among 
the channels, good noise figures and 1 dB compression point 
output power. The module can be utilized as a building 
block for a multi-frequency phased array transceiver. A 4- 
element phased sub-array using 4 TIR modules has been 
demonstrated and shows that the T/R module works well. 

I. INTRODUCTION 

Rapid development and progress in tele-communication 
and radar technology have urged increasing requirements 
for system performance, such as large information 
capacity and the ability to trace multiple mobile stations 
and satellites. Broadband and dual-frequency transceivers 
are being developed for enhancing wireless system 
information capacity [I]. Phased array transceivers are 
also being developed for tracking targets in mobile and 
satellite communications [2]. The T/R module presented 
in this paper is comprised of four frequency channels at 
X- and Ku-band. The hvo channels at 10 and 19 GHz are 
for the transmitter and another two channels at 12 and 21 
GHz are for the receiver. These frequencies were chosen 
to demonstrate nature of the technology. Other 
frequencies can be flexibly selected by adjusting the 
passband frequencies of the multiplexer. The module 
should have many applications in phased array systems. 

II. CONFIGURATION AND DESIGN 

Figure 1 is the layout of the T/R module. The module 
consists of two novel microstrip multiplexers with 
suppressed 2”d harmonic parasitic passbands, a broadband 
MMIC low noise amplifier and a broadband MMlC 
power amplifier. 

A. Low noise amplifier 

The gain of the three-stage amplifier is approximately 
given by: 

G = G, + G, + G, @B) (1) 

where G, (n = 1, 2, 3) are gains of the chip amplifier at 
each stage. The noise figure of a multi-stage amplifier is 
given by [3]: 
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where F,,M. and G, are the noise figure, input 

impedance mismatch and power gain, respectively, of the 

nlh stage amplifier. Measured gain of the three-stage low 
noise amplifier is 27.5 and 23.5 dB at 12 and 21 GHz, 
respectively. Measured noise figure of the amplifier is 4.4 
dB ar 12 GHz and 8 dB at 21 GHz. The measured results 
agree very well with the calculations. 

3. Power amplifier 

Measured gain of the three-stage power amplifier is 
20.5 dB at 10.04 GHz and 22.6 dB at 19.14 GHz. 
Measured output power edB at the 1 dB compression 
point is 23 dBm at 10.04 CHz and 18.5 dBm at 19.14 
GHz. 

c. Muliiplem- 

The circuit layout of the multiplexer is shown in Figure 
2. The multiplexer with the four channels consists of four 
bandpass filters with passband center frequencies of 10, 
12, 19 and 21 GHz. The two channels at 10 and 19 GHz 
are for the transmitter. The other two at 12 and 21 GHz 
are for rbe receiver. Isolation among the four channels is 
required to be greater than 30 dB for the system 
application. The multiplexer efficiently restricts the 2”’ 
harmonic parasitic passband of the 10 and 12 GHz filters 
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Figure 1. Layout of the T/R Module 

[4]. Performance for one of the 2”d harmonic suppressed 
filters is shown in Figure 3, in comparison with a general 

Figure 2. Layout of the four-channel multiplexer 

microstrip edge-coupled bandpass filter without the 
harmonic suppression. Figure 3 indicates that the 2”d 
harmonic level is over 38 dB below the fundamental 
signal. The effuzient suppression of the 2”d harmonic 
parasitic passbands allows the 19 and 21 GHz channels of 
the multiplexer to be insignificantly affected by the 
parasitic passbands that overlap with the fundamental 
passband of the 19 and 21 GHz channels. The multiplexer 
is simulated using &land’s IE3D electromagnetic 
simulator [S] and measured using an HP 8510 network 
analyzer. The measured results indicate that the insertion 
losses at 10, 12, 19 and 21 GHz are 1.81, 1.90, 2.88 and 
2.51 dB, respectively, and that the return loss is 20.6 dB 
at 10 GHz, 10.7 dB at 12 GHz, 22 dB at 19 GHz, and 16.5 

dB at 21 GHz. The measured isolation for each of the 
channels is greater than 32 dB. Simulated and measured 
results agree well. 
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Figure 3. Measured S21 of a general micrOstrip 
edge-coupled bandpass filter and of the 2nd 

harmonic suppressed filter 

The four filters with the different passband frequencies 
used in the multiplexer have exactly the same dimensions 
except for the lengths of their resonators. Each channel’s 
passband frequency can be flexibly changed just by 
changing lengths of the resonators of the relevant 
bandpass filter and adjusting phase balances among all of 
the filters and T-junctions. Simulations show that the 
multiplexer works well over an even wider frequency 
range from 1 through 28 GHz. 
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III. PERFORMANCE OF THE T/R MODULE 

The overall gain of the T/R module is approximately 
given by:. 

G=G, -LM, -LM,, (dB) (3) 

where G, is gain of the three-stage amplifier, &, is 

insertion loss of Multiplexer 1 and &,, is insertion loss 
of Multiplexer 2. The noise figure of the entire T/R 
module is approximately calculated by: 

F=L,, +F, (4) 
where &,, is the insertion loss of Multiplexer 2 and F, 
is the noise figure of the low noise amplifier. The output 
power 4, of the TIR module may be calculated by: 

4, = ?a, -I;,, MB) (5) 

where P,,, is output power of the power amplifier at the 

1 dB power compression point, and L,, is insertion loss 
of Multiplexer 2. 
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Figure 4. Measured gain. return loss and isolation 
of the T/R module 

The measured noise figure of the T/R module is 6.4 dB 
at 12.185 GHz and 10.9 dB at 21. 025 GHz. Measured 
gain, return loss and isolation for the T/R module are 
shown in Figure 4. Figure 4 indicates that the measured 
gain of the receive channels is 23.9 dB at 12.185 GHz and 
17.6 dB at 21.025 GHz, that the return loss is 12.4 dB at 
12.185 GHz and I4 dB at 21.025 GHz, and that the 
isolation at the transmit channels is 61 dB at 10.04 GHz 
and 32 dB at 19.14 GHz. Figure 4 also shows that the gain 
and return loss of the transmit channels are 16.9 and 25 
dB at 10.04 GHz and 17.2 and II.6 dB at 19.14 GHz, 
respectively. The isolation at the receive channel is 62 dB 
at 12.185 GHz and 40 dB at 21.025 GHz. Measured 
output power vs. input power curves are shown in Figure 
5. The measured curves indicate that the measured output 
power & at the 1 dB power compression point is 21 

dBm at 10.04 GHz and 15.1 dBm at 19.14 GHz. Table I 
lists a comparison of calculated and measured results for 
the T/R module. The measured and calculated results 
agree well. 
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Figure 5. Output power of the T/R module 

The intended application of the T/R module is in a 
multi-frequency phased array transceiver. The T/R 
module has been used to demonstrate a 4-element phased 
sub-array. Measured results of the four T/R modules 
indicate that the maximum absolute variation in gain 
tiplitude and phase among the four T/R modules is 2.7 
dB and 38.7” at 10.04 GHz, 1 dB and 38” at 12.185 GHz, 
1.1 dB and 31” at 19.14 GHz, and 1.6 dB and 39” at 
21.025 GHz. The maximum absolute variation in gain 
amplitude among the T/R modules is less than 0.5 dB 
when gain control circuits are adopted. The excellent 
amplitude and phase balance allow the phased array to 
achieve a low side lobe level, optimal system gain and 
good beam scanning. Measured results indicate that the 
beam scanning of the phased array is over i 27 degrees at 
each of the four channels. The antennas and phase shifters 
used for the phased array are described in [2]. 

IV. CONCLUSION 

A novel broadband T/R module for phased array 
applications in wireless communications is described in 
this paper. The T/R module is comprised of two novel 
multi-frequency harmonic-suppressed microstrip 
multiplexers, a broadband MMIC low noise amplifier and 
a broadband MMIC power amplifier. Measured results 
indicate that the T/R module demonstrates excellent 
performance over a wide frequency range from 10 
through 21 GHz. The passband frequencies of the four 
channels of the T/R module can be flexibly changed from 
2 through 21 GHz simply by adjusting the passband 
frequencies of the multiplexers. The T/R module has 
application in a multi-frequency phased array for wireless 
communications. The application further demonstrates 
that the TiR module works very well. The module should 
have many applications in broadband and multi-frequency 
communications and radar systems. 

1327 



ACKNOWLEDGEMENT 

The authors wish to acknowledge Mr. Mingyi Li and 
Dr. TX-Yeoul Yun of Texas A&M for their assistance in 
the phased array application. They also want to thank Dr. 
Jim. Carroll of TriQuint for donating the MMIC chips, 
and James Klein and Brad Heimer at Raytheon for their 
help. This work was supported in part by LJ. S. Air Force 
and RST Scientific Research Inc. 

REFERENCES 

[l] T. Robinson, B. Agamral, S. Lloyd, P. 
Piriyapoksombut, K. Rampmerier, M. Reddy, and D. 
Yates, “A highly integrated dual-band hi-mode 
transceiver chipset for CDMA TIAIEIA-95 and 
AMPS Applications,” IEEE MTT-S hr. Microwave 
Symp. Dig, Boston, MA, June 2000, pp. 265-268. 

[2] T. Yun, and K. Chang, “A low cost 8 to 26.5 GHz 
phased array antenna using a piezoelecbaic transducer 
controlled phase shifter,” IEEE Trans. Antenna 
Propaga., vol. 49, pp 1290-1298, Sep. 2001. 

[3] R. E. C&n, Foundations for Microwave 
Engineering, McGraw-Hill, Inc., New York, 1992. 

[4] C. Wang, and K. Chang, “Microstrip multiplexer 
with four channels for broadband system 
applications,” Willy, 611. J RF Microwave CAE II, 
pp 48-54, Nov. 2001. 

[5] &land Sofhvare Inc., “IE3D, Version 7.01” 

1328 


	MTT024
	Return to Contents


