Designing Single Ended UHF BJT Mixer

Designing A Single Ended UHF BJT Mixer Using the A3 Software

Objectives:
A simple UHF Mixer operating at 430.0 MHz is dessigdn The RF signal at 430.0
MHz is down converted into IF frequency of 20.0 MHz
The mixer is targeted to have no attenuation (cmiwe gain of 0dB) and an
operating noise figure of less than 10dB.
The design steps are divided into 5 parts. Thesehe DC biasing of the mixer
circuit, S-parameters measurement for RF and Ipytimatching, output matching
and final design verification.

Background:

- The transistor chosen for the job is BFR92A whiomes in SOT-23 package. The
maximum ¢ sustainable by the transistor is 30.0mA, with srfaon frequencyfr =
S5GHz.

Since this is a large signal nonlinear circuit, gahtial harmonics will be generated,
therefore the chosen simulation method isHlemonic Balance Method

The transistor is biased in emitter degeneratedhommemitter configuration.

The mixer is driven by a RF source with 500hms seuesistance, and LO (local
oscillator) source with 500hms source resistanecksaustaining a load resistance of
500hms. The block diagram of the mixer is showhRigure 1.
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Figure 1 — Block diagram of the mixer circuit.

Step 1: DC biasing and S-parameters measurement

The raw circuit of the mixer is shown in Figure RO signal is pumped into the emitter
of Q1 while RF signal is imposed on the base of Qlhis configuration improves
isolation between the LO, IF and RF signals. Yoll wotice that each signal is
connected to different pin of the transistor. Ti@signal is quite large, the BE junction
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of Q1 serves to attenuate the LO power (See booRdmavi [1] or Lee [3]) This will
minimize radiation of the LO signal through thea®e antenna. To further improve
isolation, the IF and RF port should have the feifgg characteristics:
At IF port, RF signal should be shunted, only allogvlow frequency signal (IF) to
pass.
At RF port, IF signal should be shunted, only allagvhigh frequency signal (RF) to
pass.
These characteristics can be simulated be insedtinfgcial elements at both ports. The
impedance of the element is a function of frequenieyADS, this is implemented using
the equation based linear elements, which can ¢@esaed from theEgn Based-Linear’
linear component palette.

o)

For instance foZIP1 at RF port, the impedance is equal to 10hm whgmasifrequency
is less than 100MHz and 10000hm at other frequencldese artificial elements can be
realized using lumped elements after incorporatirgmatching networks at RF and IF
port. The subsequent steps will illustrate thecpdure.
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Figure 2 — The schematic of the raw mixer with no matching.

DC simulation is performed on the schematic andittuesistor voltage and current is as
follows:

VC VE VB IC

1.82V 0.39V 1.14V 1.17mA
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S-parameter Simulation

For mixer operation, we are only interested witlpegBameters at 3 frequencies (IF =
20MHz, LO = 410 MHz and RF = 430 MHz), thus a swexgn is used instead of
measuring the S-parameters at all frequencies. Siveep Plan window can be accessed
from S-Parameters control as shown in Figure 3.
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Figure 3— Sweep Plan setting.

The result of S-parameters simulation is shownwelo

Table 1— S-parameters for raw mixer circuit.
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Step 2: Harmonic Balance Simulation of Raw Mixerc@it

In order to illustrate the effect of having propepedance matching circuits at both RF

and IF ports, we perform a quick analysis of the raixer circuit.

The schematic is

shown in Figure 4. {and G are arbitrarily added with the purpose of filtgriout RF

signal from the IF port.

Current probes are addsdmeasuring power requires both

voltage and current information. If performing Hemic Balance simulation for a circuit
with multi-tone sources, some precautions haveetdalken to ensure convergence and

sufficient accuracy.

The LO source, being larger in magnitude shouldagsgned to frequency [1] and

given a higher order (more harmonics are considered
TheMaxOrder variable should follows the order of LO.
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Figure 4 — Harmonic Balance simulation of raw mixer circuit

Conversion Gain of Mixer
The conversion gain &s defined as:

Gc = Powelir/Powergrg or Ge = 10logo(Powers/Powergg)

For this raw mixer schematic, it is (Refer to Apger2 for the data display)
Gc =-18.866dB for RF_pow = -20dBm.
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Step 3: Performing Matching at RF and IF Ports
The input impedance at RF port ig Z 72.572 — j215.008 (From Table 1). We would

like to transform this to 30/ to match to the RF source impedance. The scherati
achieve this is shown in Figure 5.
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Figure 5— Matching network design for RF port.

The input impedance at IF port i Z 493.913 — j44.028 (From Table 1). We would

like to transform this to 30 to match to the IF load impedance. The schentatic
achieve this is shown in Figure 6.
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Figure 6 — Matching network design for IF port.
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Optimizing the IF Matching Network to Filter Out Hi gh Frequency Signal

The matching networks from Figure 6 is good enoiagtihe IF port. However it is still
not sufficient for suppressing high frequency slgnaote that the configuration of the
network is low pass). & = 47pF at 410MHz is only 8.2 We would like to increase
Cm2 further to reduce this impedance (recall thatah#icial deviceZIP2 at RF is only
1W). This can be achieved by using aetwork, with more degree of freedom we can
choose G to suit our purpose. The completed circuit isvamon Figure 7. Now at
410MHz, |Xm2 = 4.00N. This should be sufficient for bypassing RF slgaa the load

is 50W, so this impedance is 10 times smaller than logzedance.
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Figure 7 — Matching network design for IF port usipgetwork.

NOTE

Note that in carrying out the impedance matchingcedure, we are assuming the
transistor to be operating in a quasi-linear modkeis nonlinear so as to produce the
mixing effect, yet the linearity is small enough that the usual linear procedure and
concept of impedance can be applied. Usuallyishesvalid assumption.
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Step 4: Complete Circuit Simulation and SSB Noisaysis

After including the matching networks, the raw nmix@cuit becomes as shown in Figure
8. At RF port, Iy together with Gy, shunts the low frequency IF signal (at 20Mhz,
220nH inductance is considered small, onlyWp7 While at IF port, G, serves to shunt
the RF signal.
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Figure 8 — Complete mixer circuit.

We now set up the Harmonic Balance Simulation @abntiThis time in addition to the
usual harmonic balance analysis, the nonlinearenaisalysis is also activated. The
Option control is to set the operating temperatufée nonlinear noise window can be
accessed via the Harmonic Balance control as sowigure 9. The parameters for the
Noise[1] tab is as follows:

Sweep Type : Point. We are analyzing spot noise. he

Input frequency = RF frequency.

Frequency: This is the frequency where the noidE port is measured. It is equal to

IF frequency or (RF frequency) — (LO frequency).

The Noise[2] and NoiseCons tabs are not used. Wiogse simulation is enabled, the
software will calculate the noise figure (NF) amguizalent noise temperature (TE) at
various ports of the circuit. These values will ineluded in the dataset after the
Harmonic Balance simulation is completed.
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Figure 9 — Setting up nonlinear noise analysis through &{aistab.

NOTE ON NOISE SIMULATION

1. Small-signal noise is used for circuits like amplif In this case the amplifier circuit
will be linearized at the d.c. bias point. Equesa noise source will be impose on
elements such as PN junctions and resistors. 1@ystése and noise figure are then
computed, either at one frequency (spot noise) barad of frequency (wideband
noise).

2. Nonlinear noise is used for large signal circuite power amplifier and mixer. It is
used with Harmonic Balance simulation where thesemanust be computed at the
fundamental frequency, but also at the harmonicsvel. Moreover the noise
voltage and current must be computed at variousatipg points of the steady
voltage and current since the circuit under analysia large signal circuit. Thus
nonlinear noise analysis requires much more contipntgpower and memory than
just pure Harmonic Balance analysis.
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3. Oscillation noise is used for computation of phagise of oscillator. Again the noise
voltage and current need to be computed at varesating points under steady
state condition.

4. There are 2 methods for noise simulation, usinghtbese[1] and Noise[2] tabs, and
using the NoiseCons tab. NoiseCons tab is useddweral noise simulation, this
eliminates the need to change the values on thseNgitab. It can be used for noise
sweeping calculatiorPlease refer to online help of ADS for more informaon.

Result
Upon running the simulation and using the dataldisps in Appendix to show the signal
spectrum, the conversion gain (for RF input powter2®dBm) is calculated as:

Gc =-0592

This is a substantial improvement over the raw migiecuit in Step 2, where the
conversion gain is only —18.866dB or 0.013. Thédtage and current magnitude
spectrum is depicted in Figure 10. From the figaris proven that output at IF port
consists mainly of a 20MHz component, the RF comepts are highly suppressed.
Furthermore the nonlinear noise analysis shows ttiatnoise figure of the mixer is
roughly:

NFgs = 8.984 dB

Which is an acceptable value for single transistoxer.
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Figure 11A — Time domain steady state output voltage andeatirr
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Figure 11B— Time domain steady state input voltage and otirre

Step 5: Gain Compression Test

By modifying the Harmonic Balance Simulation cohtrge could change the schematic
of Figure 8 into a gain compression test. Thiddee by sweeping the RF power level as
shown in Figure 12.

Gl | 03* 1= 333= I

0
0
* # 1>
- 17 -2%
T -2
# ./7>
# "[75
$ *#7
- 7 24 -2%
! 7
7
, @ 78 2,8
74%6
76
$76
7

Figure 12— Changing the HB Simulation control for gain cosgsion test.
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The result of gain compression test is shown irufggl3. It is seen that 1dB gain
compression occurs roughly at RF input power lefelsdBm.
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Figure 13— Gain Compression test
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Appendix 1 — Photograph of the constructed UHF mixe based on schematic of
Figure 8
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Appendix 2 — Agilent ADS Data Display Used (ADS 2@)
Data Display for Conversion Gain and Nonlinear odalysis:
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Data Display for Gain Compresssion Test:
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Appendix 3 — Measurement Results

A measurement is carried out to verify that theenidoes indeed function properly. The
Setup is shown in Figure A31. Key instruments usexan Agilent ESG series signal
generator, a normal 100MHz bandwidth bench toptaligiampling oscilloscope (DSO),
power supply and an Agilent 89XX series Vector 8igAnalyzer (VSA). The VSA is
only used as a spectrum analyzer in this instathces any low cost spectrum analyzer
will do.

Agilent ESG series
signal generator

Aailent 89XX
series VSA

100MHz digital
sampling
oscilloscope
(Tektronix)

Mixer & LO

Figure A31 — The measurement setup.
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supply
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Figure A32 — Close-up view of the mixer.
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The settings for the various instruments are devi!:
LO:

RF source:  frequency = 430.0MHz, Power = -20dBta 50V load.

LO source: frequency410 MHz, Power =-5.48dBm into\B0oad.
Power supply for mixer: 3.0V.

Figure A33 — Time domain IF output when RF signal is actidate

Figure A34 — Time domain IF output when RF signal is deactdat
The mixer can work properly for RF power level down-50dBm, when IF output is

almost equivalent to the noise floor. It can wtoka lower RF power level if the LO
power level is increase (say to 0dBm).
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