
J.F'TU-101 

A Fully Integrated 5.2 GHz G&P/GaAs HBT Upconversion 
Micromixer with Output LC Current Combiner and Oscillator 

C. C. Meng, S. K. Hsu*, A. S. Peng**, S. Y. Wen** and G. W. Huang** 

Department of Communications &&wing, National Chiao Tung University, Hsin-Chu, Taiwan, R.0.C 

*Department of Electrical Engineering, National Chug-Hsing University, Taichung, Taiwan, R.O.C. 

**National Nano Device Laboratories, Hsin-Chu, Taiwan, R.0.C 

AMraa - A 5.?. GHz upconversion micromixer with 
output LC current combiner and iotegrated o*ciIIator is 
demondrated in 2 pm G*InP/GaAs HBT technology in this 
paper. Micromixer has a single-ended input and a passive LC 
current combiner is used to c~~etl mixer dilTerentia1 output 
into P single-ended output A cross-coupled LC oscillator with 
oseiIl*tiao frequency of 4.3 GHz and * eascode buffer 
ampIOier me also integrated in the fame chip. The die size is 
I nd. The fully integrated upcooversion mkrcmirer bw 
eonvenion gain of -2.5 ml, OP,,. Of -12.5 dBrn snd 40 dB 
RF-IF isolation when input IF=0.9 GHz and thus output 
RF=%2 GHz. The IF input return loss is better than 25 dB for 
frequencies up to 6 GHz while RF output return loss is better 
than 12 dB for frequencies IronI 5.15 GH7. to 5.35 GHz 

1. INTRODUCTION 

A fully integrated 5.2 GHz upconverter with a single- 
ended Input and a single-ended output as illustrated in 
figure 1 is demonstrated here in 2 pm GaInP/GaAs HBT 
technology. The upconvener has a Gilbert mixer core 
pumped by an integrated cross-coupled LC oscillator with 
a cascade buffer amplitier. The Gibert mlcrominer [I] 
used in this paper has intrmsically a single-ended input and 
a passive LC current combiner [2]-[4] is used to convert 
mixer differential output into a smgle-ended output. The 
upconverter with a smgle-ended input and a single ended 
output also facilitates on-wafer rf measurement. 

A double balanced Gilbert mixer has been widely used m 
analog and rf society to implement mixer integrated 
circuits because of the excellent port-to-port isolation. The 
separate feeding ports for IF (RF) and LO in a Gilbelt 
upconversion (downconversion) mzxr provides good 
isolation between IF (RF) port and LO port. Excellent IF- 
RF (RF-IF) and LO-RF (LO-IF) port-to-pott isolation can 
be achieved only if a Gdbert upconversion 
(downconversion) mixer is fed with balanced IF (RF) /LO 
signals and output P.F (IF) signals are taken differentially. 
A single balanced mixer can be used as a downconversion 
mixer to reduce power consumption because the 
subsequent low pass filter can tolerate the bad LO-IF 
isolation of a single balanced mixer. However, it is 
dlficult to separate two closely-spaced LO and RF 

frequenaes by the subsequent off-chip passive band pass 
filter for an upconversion mixer and a double balanced 
Gilbert topology is thus needed to provide high LO-RF 
isolation. In other words, good common mode rejection is 
needed to preserve the good isolation properties of a 
double balanced mixer If balanced signals are absent. 
However, the common mode rejection provided by the 
biased current source in a conventional Gilbert mixer 
deteriorates rapidly at high frequencies [S]. 

The micromixer proposed by Gilbert is the Ideal circuit 
for rmxer at rf frequencies because the intrinsic single-to- 
differential input stage of a GilbeR micromixer renders 
high speed response and eliminates the need for common 
mode rejection, A passive LC current combiner can double 
the current gain and preserve the perfect poIt-to-to 
isolation properties by converting mixer differential output 
into a smgle-ended output. A cross-coupled LC oscillator 
with a balanced cross-coupled cascade buffer amplifier is 
used here to provide balanced signals to the LO port of the 
mixer. Thus, a truly balanced operation of a Gilbert 
micromixer wltb a smgle-ended input and a single-ended 
output is achxved in this paper. 

The fully integrated GalnPiGaAs HBT upconversion 
micromixer demonstrated in this paper has conversion gain 
of -2.5 dB, OP,&of -12.5 dBm and 40 dB W-IF isolation 
when input IF=0.9 GHz and thus output RF-S.2 GHz. The 
oscillation frequency of the integrated oscillator is 4.3 
GHz. The IF input return loss is better than 25 dB for 
fiequencles up to 6 GHz while RF output return loss is 
better than 12 dB for frequencies from 5.15 GHz to 5.35 
GHz. The die size is I mm’. 

11. CIRCUIT DESIGN 

The circuit schematic of a GalnPiGaAs downconversion 
micromixer is illustrated in figure I and the photo of the 
fabricated arcuit is illustrated in figure 2. The die size is 1 
mm’. The single-to-differential input stage is not only used 
to turn an unbalanced signal into balanced signals but also 
facibtates wideband impedance matching. The common- 
base-biased Q, and common-emitter-biased Q, provides 
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Fig. I Schematic ofan upconversion micromixer with integrated output IS current combiner and oscillator. 

F1$. * Photo oftbs upconversion mlcromixer wtll integrated 
output LC current combiner and oscillator 

equal but out ofphase hansconductance gain when Q, and 
QZ are connected as a current mirror. The common-base- 
configured Q, possesses good frequency response while 
the speed of common-emitter-contigured Qz is improved 
drastically by adding a low impedance diode-connected Q, 
at the input of common-source-configured Q2. 

A balanced cross-coupled LC oscillator with a balanced 
cross-coupled cascade buffer amplifier is used to provide 
balanced signals to the LO port of a microminer and 
preserve good isolation prdperties. The cross-coupled 
cascade buffer amplifier in tigure 1 [6] has high speed 
response with good reverse isolation and thus prevents the 
local oscillator frequency pulling caused by the impedance 

mismatches at mixer LO port. The cross-coupled cascode 
buffer amplifier also reduces the equivalent input 
capacitance and allows the output of previous oscillator 
stage to bias at less curre”t. 

The Gilbert mixer core formed by Q4, Qr, Qa and Q, 
commutates the balanced IF currents to generate RF 
collector output currents. The operational principle of the 
passwe current combiner is illustrated in tigure 3. The 
current combmer doubles the output current at the resonant 
frequency, w. = 1. A passive current combiner has a 

J- %C, 
desired band pass response for upconversion mixer 
application and the size of LC current combiner at 5 GHz 
is reasonably small to he incorporated in the integrated 
circuit. On the other hand, despite of the small size of an 
active current mirror, the speed response of an active 
transistor current mirror combiner is limited by low 
frequency pole caused by the high output resistance of a 
transistor. The active current mirror can be used in the low 
IF downconversion mixer application. Thus, an integrated 
passive LC current combmer at 5.2 GHz is designed in this 
paper. A subsequent L matching network transform the 
high output resistance of combined current source to 50 
Rat 5.2 GHz Both high pass LC current combiner and 
low pass L matching network form a desired band pass 
filter at 5.2 GHz for upconverter application. 
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III. EXPERIMENTAL RESULTS AND DISCUSSIONS 

On-wafer measurements are performed because the 
fabricated circuit in figure 2 has a GSG single-ended IF 
Input, a GSG single-ended RF output and an integrated 
oscillator. The measured oscillation frequency of the 
integrated cross-coupled LC oscillator is 4.3 GHz. Power 
performance is illustrated in figure 3 and the conversion 
gain is -2.5 dB and OP,,, is -12.5 dBm when input IF=0.9 
GHz and thus output RF=5.2 GHz. 

Fig. 3 Power measurement of the upconversion nucromrxer with 
Integrated output LC current combmer and oscillator 

A micromixer has a broad input matching bandwidth and 
the IF input return loss 1s better than 25 dB for frequencies 
up to 6 GHz as illustrated m figure 4. The RF output has a 
Iunited matchmg bandwidth because of the high pass LC 
passive current combiner and subsequent low pass L 
matching network. Figure 5 illustrates that the RF output 
retnm loss is better than I2 dB for frequencies from 5.15 
GHz to 5.35 GHz. 

1 2 3 4 5 6 

RF FRQUENCY (GHz) 

Fig. 5 RF port output return loss ofthe upconversion micromixer 
with integrated output LC current combiner and oscillator 

IF-RF isolation measurement results as a function of IF 
frequencies when IF=-20 dBm is also illustrated in figure 6 
and isolation is better than 30 dB for IF frequency up to 2 
GHz. 40 dB and better IF-RF isolation occurs around 
IF=0 9 GHz and the high isolation property should come 
from a truly balanced operation of a Gilbert mxromixer 
with output LC current combiner. Finally, the measured 
conversion gain as a function of IF frequencies is 
illustrated in figure 1 and the conversion gam peaks 
around 0.9 GHz as expected because of the effectiveness 
of the LC current combiner. 

LL Input IF Power = -20 dBm 
25 ““““““’ ““_ 
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Fig. 6 IF-RF isolation of the upconversion m~crom~xer with 
integrated output LC current combmer and oscillator 
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Fig. 4 IF port input return loss of the upconverslon micromixer 
with integrated output LC current combiner and oscdlator 
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Fig. 7 Conversion gain as a function of IF frequencies of the 
upconversmn micromixer with integrated output LC current 
combwrand oscillator 

IV. CONCLUSlON 

A truly balanced operation of a Gilbert micromixer with a 
single-ended mp”, and a single-ended output is achieved 
in this paper. The micromixer has single-to-differential 
input stage and a passive LC current combiner is used to 
convert mixer differential output into a single-ended 
output. A cross-coupled LC oscillator with a balanced 
cross-coupled cascode buffer amplifier is used here to 
provide balanced w&s to the LO port of the mixer. The 
fully integrated GalnPiGaAs HBT upconversmn 
micromlxer has conversion gain of -2.5 dB, OPI,, of -12.5 
dBm and 40 dB RI-IF isolation when mput IF=0 9 GHz 
and thus output RF=5.2 GHz. The IF mput return loss is 
better than 25 dB for frequencies up to 6 GHz while RF 
output return loss IS better than 12 dB for frequenues from 
5.15 GHz to 5.35 GHz. 
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