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The Double Balance Mixer Design with the Characteristics of
Low Intermodulation Distortion, and Wide Dynamic Range with
Low LO-power using InGaP/GaAs HBT Process
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Abstract

In this paper, the double balance mixer(DBM) for Ku-band INB using InGaP/GaAs HBT process is suggested for
the characteristics of low DC power consumption, low noise figure, low intermodulation distortion and wide dynamic
range. The 5 dB conversion gain, 14 dB NF, bandwidth 17.9 GHz and 50.34 dBc IMD are obtained under RF input
power of —23 dBm, with bias condition as 3 V and 16 mA. The linearity of InGaP/GaAs HBT, the broad band input
matching scheme and the optimization of bias point result in the low IMD, the broad bandwidth and the low power
consumption characteristics.
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I. Introduction system(GPS), low noise block(LNB) and so on. Becau-

se of continuous development of such a radio commu-

Wireless communication system is rapidly growing nication system, a new technology is developed in
in the demand of present electronics world that includes which the various signal control techniques are in-
wireless local area network(WLAN), global positioning cluded. So, the high RF frequency must be converted
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into intermediate frequency for channel selection. The
frequency conversion process is necessary for the qua-
lity of the signal as well as the wider communication
area using a small antenna. Therefore, the mixer is
necessary for this process and it plays a key role in
wireless communication!”. Thus, the mixer should be
designed with considering the several parameters such
as conversion gain, intermodulation distortion, opera-
tional frequency, frequency bandwidth, noise figure,

isolation and so on.

In this paper, the merits of this
designed mixer have more linearity, lower power con-
sumption, lower noise, lower distortion, better isolation,
and broad bandwidth. This designed mixer is focused
on the IMD and the noise figure, which make inter-
ference in a whole system, and they all have been
improved and satisfied the various other parameters so
that the mixer has the high performance by using the
linearity of InGaP/GaAs HBT, broad-band input-

matching and optimization of bias point.

II. InGaP/GaAs HBT MMIC Process

The HBT offers a more efficient approach in many
front-end signal-processing functions than advanced Si
homojunction bipolar transistors and III-V compound

Table 1. Characteristics of the InGaP/GaAs HBT
Process.

Parameter | Unit High .ngh High Remark
Power | Linearity | Speed

Test F2x2x20 | F2x2x20 | FIx1x10

Device
Gummel Plot

87 10 1

p > 30 (Je=2.5 kA/crt)

fr GHz| 34 507 65"

fiax GHz| 84 80~ 100™" | Unilateral Gain

BV VvV | 20235 13.8 104 | IC=100 A

BV \% 369 23.5 189 | IC=100 A

BVeo \' 7.61 72 64 | [E=100 A
Gummel Plot

Vtumen \% 1.20 1.20 1.24

! (IC=100 4A)

DCIV

Voffse v . . .

it 0.10 0.10 0.15 (Jo=2.5 KAVt )
Te 1.02 1.02 1.07 | Gummel
Y 1.10 1.10 1.13 | Gummel

field-effect transistor MESFET and HEMT) technology.
Although the GaAs HBT has higher white noise than
[II-V FETs, advantages include greater speeds with re-
laxed lithographic dimension, higher current per effec-
tive chip, better device matching, higher transconduc-
tance, lower output conductance, and reduced trapping
effects accompanied by low 1/f and phase noise. As
compared to advanced Si BJT technologies, the GaAs
HBT is limited to integration complexity, but offers
advantages of higher speeds with relaxed lithographic
dimensions, lower output conductance, effectively no
parasitic substrate capacitance, and greater radiation
hardness. The nominal detailed values of HBT models
are shown in Table 1%,

M. Design of Double Balance Mixer

This paper presents the design of DBM using the
high linearity of InGaP/GaAs HBT fabrication. It is
required that the output signal must be proportional to
the input signal in analog signal process. The merits of
double balanced mixer(DBM) are good IMD charac-
teristics, high linearity and low current consumption.
That is, DBM functions as active device with a good
RF-IF isolation, RF-LO isolation, and conversion gain.
Fig. 1 shows the photograph of the 2-finger active

Fig. 1. Photograph of the active device.

Fig. 2. Designed double balance mixer.
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Fig. 3. Schematic of the double balance mixer.

device and Fig. 2 shows the designed double balance
mixer. Similarly, Fig, 3 shows the schematic of the
designed double balance mixer. As the characteristics of
DBM, fundamental products of RF and LO from output
have been rejected. For this purpose, the input of RF
and LO should be incident as a balanced pattern and the
output port should be composed in the same way.

In this circuit, the design is focussed in parameters
between RF input port and IF which includes isolation,
IMD, conversion gain, noise figure and minimization of
current consumption output port. A device is adopted
for setting the maximum bias point in G of transistor
which acts as a I-V converter in RF input part(Q5, Q6).
The circuit is designed in such a way that the transistor
in LO input part acts as a switch(Q1, Q2 Q3, Q4) and
can be operated in cut off area by applying minimum
bias. In course of designing, in the output part, the
conversion gain is maximized. The buffer(Q9, Q10),
which is designed, plays the role of level shifting as
well as makes output impedance matching easily. The
emitter bias consists of the current mirror(Q7, Q8),
which is a way to increase the common-mode rejection
ratio and IMD characteristics. Besides, C1 and C2 are
signal path for the balanced input signal. Moreover, R4
and R9 are optimized for low current consumption and

conversion gain.

IV. Simulated and Measured Performance of
Double Balance Mixer
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Fig. 6. Measurement IMD at RF -23 dBm, LO - 10 dBm.

The fabricated DBM is provided 3 V and 16 mA
having size of 1.7 mmx1.06 mm. The DBM is attached
with die using Silver epoxy on the PCB. In this device,
DC contact is bonded to the die PAD using an
approximately 10 mil in length/l mil diameter gold wire
for the stable DC supply. The fabricated DBM is shown
in Fig. 2. Furthermore, the measurement data of fabri-
cated mixer are obtained which have 5 dB conversion
gain by considering the cable loss of 5 dB; RF input
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of -30 dBm, LO input of -10 dBm. Next, the
isolation between RF-IF and LO-IF port are —41.5 dB
and —10 dB, respectively.

The reflection coefficient of the RF port is —14 dB
and LO port is ~8.5 dB. IF port is measured as 10.6
dB and Noise Figure as 14 dB. Fig. 3 and Fig, 4 shows
the change of output power with change of input power.

The performance of mixer having characteristics of
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Fig. 9. Measurement noise figure at LO - 10 dBm.

IMD at RF -23 dBm, which is decided the lincarity
of whole receiver terminal, has about 50.34 dBc as
shown in Fig. 5 and Fig. 6. The measured wide-band
down-conversion mixer performance which is shown in
Fig. 7. The excellent broad-band characteristic is ob-
tained as compared to the existing DBM circuit on the
basis of fr, With both RF and LO ports swept in
frequency with a fixed IF frequency of 1.5 GHz, the
Mixer achieved 5 dB conversion gain, and 3 dB
bandwidth from 1 GHz to 17.9 GHz. Fig. 8 shows the

Table 2. Simulation and measurement result of the
double balance mixer.

Requirement Simulation | Measurement | Unit
RF frequency 11.7~1275| 11.7~1275 | GHz
|10 frequency 1075 1075 | GHz
Conversion Gain 8 5 dB
LO-IF return loss -87 -84 dB
RF-LO return loss -15 -259 dB
IMD 60 50.34 dBc
NF 20 14 dB
3 dB BW When both
RF and LO ports 179 GHz
swept with a fixed IF

Table 3. Low LO power performance of the double
balance mixers.

Reference RF LO  |Conversion
Frequency | Drive Gain

gﬁ;w 273 GHz| 0 dBm| 278 dB
E@K”}Igﬁ“r[;] 55 GHz| -2 dBm| -7 dB
Igz;i“HVghK"bayaShim 0~20 GHz| 10 dBm| 153 dB
éx:tﬁpé’s‘fsn 52 GHz| 5dBm| 55 dB
?(}:;1? l;ga“z:";{fgg 26 GHz| 3 dBm| -4 dB
g:i:)s s 14~26 GHz| 11 dBm| 6 dB
;’é I‘;OSS“)‘IH"”‘[M 19 GHz| -8 dBm| 5.5 dB
This Work JO~17.9GHZ -10 dBm 5 dEj
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LO-RF isolation and the frequency from DC to 7.5 GHz
which agree with the results of measurement data and
simulation data. The phenomenon in which the fre-
-quency above 7.5 GHz is due to the coupling of each
layout and its fabrication process mismatch.

Fig. 9 shows the measurement data of NF and
conversion gain with LO 10.75 GHz by using the
Agilent N8975A and 346C Noise Source. Table 3
shows that this LO power level is comparable with
the best data ever reported microwave double balance

mixers.
V. Conclusion

In this paper, DBM is designed using InGaP/GaAs
HBT for satellite communication applications. There are
characterized the merits of high IMD characteristics,
high linearity, and a good isolation between LO and IF
frequencies. The measurement data are obtained such as
IMD of 50.34 dBc at RF-23 dBm, LO-10 dBm,
conversion gain, 5 dB, NF, 14 dB and 3 dB bandwidth
from DC to 17.9 GHz when both RF and LO ports swept
in frequency with a fixed IF frequency of 1.5 GHz.
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