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2 GHz Down Conversion MMIC Mixer using SiGe HBT Foundry
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Abstract

In this paper, a double balanced gilbert cell MMIC mixer was realized in Tachyonics SiGe HBT technology.
The fabricated mixer has 17 dB conversion gain, 9.8 dB noise figure, —4.2 dBm output 1 dB compression point,

-27 dBc RF to IF isolation, and the good input, output matching characteristics. It draws 10 mA from a 3

V supply. The simulation and the measured results are closer to each other, which confirms accuracy of the

model library and reliability of the process.
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T. Introduction

The advance in satellite and IT technology has
popularized the wireless communication system, and
with the variety of user groups and large communi-
cation traffic, the frequency applied is getting higher.
This paper presents the design and test results of
down conversion MMIC mixer developed using

Tachyonics SiGe HBT process, used on 2 GHz .

(FEH) Y~ A4 (Department R&D Center, Tachyonics Corp.)

frequency for the receiver stage on a pes and cellular
phone. This process is highly cost efficient.

. Design and Layout of Active Down
Conversion Mixer

The internal block diagram for the mixer is as
shown in Fig. 1. The output IF frequency 250 MHz
is obtained as the difference between input RF signal
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Fig. 1. Internal block diagram.

frequency 2.0 GHz and LO frequency 1.75 GHz.
The voltage supplied to the circuit is d¢ 3.0 V and
the basic size of the applied transistor is the same as
the Tachyonics SiGe HBT library 1x8 npn tran-
sistor. The schematic in Fig. 2 shows the active
double balanced gilbert mixer used in this paper. QI,
Q2 are the differential amplifier driver stage, which
amplifies the RF signal, and reduces the noise from
Q3, Q4, Q5, Q6 switching quad. If the conversion
gain of the mixer is too high, the input IP3 can be
saturated, so we used a emitter degeneration resistor
between the emitter coupled pair Q1 and Q2 to
enhance the linearity and lower the conversion gain.
The local amplifier in Fig. 3 is similar to a
differential amplifier. When the input local power
grows higher in the gilbert-cell mixer, transistor QI,
Q2, Q3, Q4, Q5, Q6 in figure 2 saturates and the
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Fig. 2. Double Balanced Gilbert Mixer.
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Fig. 3. Local amplifier.
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Fig. 4. Mixer layout.

linearity of the mixer falls. So considering the mixer
gain and linearity, a local amplifier was used to keep
the input level of the local power under —10 dBm.

Fig. 4 is the layout of the designed mixer. The
metal line was miter bended to minimize the
discontinuity. To minimize the effects of bonding
wire, we maximized the ground availability and used
several bonding wires. The size of the chip is

1.28x0.81[mm’]. The transistor and resistors were
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placed considering the symmetry of the circuit. Also,
to ground the vec reliably, a RF short capacitor was
used inside the chip. The placement and routing was
done, with the same conditions of the basic transistor
for the parallel connection of the transistors. The
resistor variance was minimized by the layout of
resistors, where the resistor pattern length is §
squares longer compared to the area. A dummy
resistor was added to the resistor that determines the
bias, so that the resistor value could be changed in

the future by changing the metal mask.

. Simulation and Measurement Results

Fig. 5 is an evaluation board for the designed chip
using FR4 substrate of er=4.8 and 0.8 mm thickness.
The mixer chip was tested in the form of COB(Chip
On Board) type. The PCB size was 30x30[mm2] and
the wire bonding was made using a gold wire of
Imil diameter.

The designed 2.0 GHz mixer was evaluated using
a network analyzer(HP8510C), spectrum analyzer
(HP8563E, E4407B, E4405B), noise figure meter
(HP8970B), signal generator(HP83623B, HP8664A,
ESG-D3000A). The conversion gain of the 2.0 GHz
mixer is shown in the “One Tone test result” in Fig.
7. The gain is slightly higher than 17.0 dB for the
input power of —40 dBm, and the simulation results
shows about 18.4 dB. The measured conver sion

gain of the mixer is about 1.4 dB lower compa-

a8 5. Y8 NAF
Fig. 5. Test JIG.
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Fig. 6. Zoom in COB PCB.

red to the simulation. However, considering the loss
of PCB, the effects of the boding inductance, and the
loss of the measurement equipments, the difference
is not too much. As the RF input power increases
from —-50 to —10 dBm, the conversion gain is
nearly constant upto -25 dm.

The measurement of the noise figure of the mixer
was done using HP8970B noise figure meter. The
measured result was 9.8 dB which is slightly better
than 10 dB estimated by the simulation. Fig. 8§
shows simulation and measured results of “Two
Tone test,” where the input RF power is swept from
-50 to —10 dBm. Measured IIP3 is —10 dBm and
the linearity of the designed mixer seems to be very
good. Fig. 9 shows the simulation and measured
results of the RF to IF isolation, 22 dBc and 27 dBc
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Fig. 7. One Tone test result.
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B 1. NEHAY vs Y ¥nE
Table 1. Simulation vs Test results.

Parameter Sim |Target| Test | Unit |Condition
RF= 40
Freq. 0 2. .
RF Freq 2 0 2.0 |GHz dBm
Overall | IF Freq. | 250 | 250 | 250 |[MHz
Lo 175 1751 1.75 |GHz
Freq.
1F=250
CG 1841 1704 170 dB MHz
Output
. Pl dB -32 5.0 4.2 |dBm
Mixer 1 out 1P3] ~13.0 | ~11.0 | ~11.0 |dBm
NF 100 13.0 98 dB | SSB
LO Level| -10.0 | =10.0 | =10.0 |dBm
RF to IF | -22 =251 -27]dBc
Voltage 3.0 3.0 301 V
Power
Current 1121 1204 101 | mA

0]4-3} 2 GHz Down Conversion MMIC Mixer 7}t

respectively. Table 1 summaries the main features of
the designed mixer comparing the simulation and the
measurement results with the initial design targets. In
most cases, the test results were a little short of the
simulation results, but were better than the target

specification in most categories.

IV. Conclusion

The 2 GHz active double balanced down conver-
sion MMIC mixer designed in this paper is an
essential part used in the receiving stage of a
wireless communication system. The fabricated chip
using SiGe HBT process with a 40 GHz fr shows
the performance of 17 dB conversion gain, —4.2
dBm output P1 dB, —11 dBm IIP3, 9.8 dB noise
figure, 27 dBc RF to IF Isolation. The current
consumption is 10 mA with 3 V supply. The chip
size is 1.28><0.81[mm2], but has the possibility of
shrinkage. The designed down conversion mixer is
made from a double metal process and has excellent
frequency characteristics and linearity. Through the
design, fabrication and evaluation procedures, we
were able to verify the accuracy and excellency of
Tachyonics SiGe RF Library. We can also expect to
find a definite solution for RF MMIC Foundry
Service.
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