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1 Design of RF Mixer

This project involves the design of an RF mixer with IF operating at 300MHz using HP
ADS software. The fabricated mixer performance is subsequently compared with the
simulated design. Below are the design specifications.

Performance Criterion Value
RF Frequency 1.8GHz
RF Power -30dBm
LO Frequency 2.1GHz
LO Power +7.0dBm
IF Frequency 300MHz
Conversion Loss <9dB
LO-RF Isolation >30dB
LO-IF Isolation >25dB
RF-IF Isolation >20dB
Input IP3 Intercept > 12dBm
1dB Input Compression > (0dBm

Table 1 Specifications of the mixer circuit

The subsequent sections describe the design methodology for the mixer sub modules.
Section 2 describes the measurement results and discussions. Section 3 concludes the
design project.

1.1 LO Input Balun

The LO balun forms the first part in the mixer design. Basically, it splits the un-balanced
LO input into a differential LO signal for the diode ring. An important objective is to
achieve maximum power into the diode ring and achieve 180° out of phase between LOP
and LON as indicated in Figure 1 below.

Figure 1 shows the schematic of the LO Balun. It consists of an outer ¥ ArLo and %4 ALo
which splits the LO signal into -270° and -90° respectively. It also has an inner structure
of two % ALo microstrips connected between LON and LOP and ground. This is use as a
return path for the IF current. It will appear as open circuit at LO frequency and will not
affect the LO Balun operation. Also, to simulate the actual loading of the RF side Balun,
RF termination and IF termination, an approximate model of the RF Balun is designed
using ideal transmission line and connected to the RF side of the diode ring.
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Simulated RF Balun Load

Figure 2 shows the result of HB simulation on the phase and magnitude of LON and LOP
as well as their difference. The amplitude and phase balance (means 180°) achieved are
0.029dBm (Ref Figure 2 plot 3) and 180.22° (Ref Figure 2 Plot 4) respectively, which is

good enough.
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Figure 2 LO Input Balun Simulation result

1.2 RF Input Balun

The RF Balun design is similar to the LO Balun with the same requirement. On the right
of the schematic shown in Figure 3 is the RF Balun and connected on the left is the LO
Balun designed earlier and the diode ring. The latter two are connected to simulate a load.
The simulation is done by injecting RF signal into the RF Balun with the LO termination
(50Q) at the LO Balun. The IF connection is actually not loaded with IF termination as
shown in the diagram. This is in fact the desired situation as the IF port termination are
not supposed to load the RF Balun.

The purpose of this simulation is to ensure that the RF Balun will provide a differential
RF signal into the diode ring with good amplitude and phase balance (180°).



RF

MLIN
TL50
MCURVE

Wao MCURVE
Cunvetd L=(LenLOg/2)-50mil +LenLOad] Curve20
wko w0
Radius=uL 0 ) Radiumwl 072 e
weurvE
, Comvar
miss vome Caves
W W

Lo -
LeLenL Oqr2+50mil Radius2 v

LN
TLeo

20mil
L=LenL Otg/4-82mil

e
wewaomi 188
Rasiusmwomit {1 Gl

: g
c3
LOP C=0.07 pF RFP

o
T

WeuRF
LtenRFota

Radus-2uRF

Cuvezs.
wezmi
W=500 mil Radis=25 mi

mnaJ
[=ue
Lobons 77 mi

T N
Werzmt Wz Sy Weto i
o o st Lt
"
I G T
TLsy HEZBAT weizmi g MEE
e ahenLOta Resoszs 2 Tte
LtenLotgsazmi | ] L=
A
ML
67
Weo
o LeCentogzyts0mi
Cuneterise
) W20a2Om
MCURVE .
Cunet2 52
Wao Wor
Radiumn 072 Cune2t i tRr e
i
w0
T o2 |
st Ti6e
w0 wao o
L= (lenL 002} S0l Or2+LenL LeLoniogzon i
“LenRFg/2 2001 JE
ubt-
- Rz
T
Wane
(et ta
LoLaunch R —
R

R2
R=50 Ohm

No IF Termination

Figure 3 RF Input Balun

Figure 4 shows the simulation results of the RF input Balun. The magnitude and phase
difference are approximately 0.461dBm (Ref Figure 4 Plot 2) and 179.6° (Ref Figure 4
Plot 3) respectively. Similarly, the results are adequate.
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Figure 4 RF Input Balun Simulation Result

1.3 RF Input BPF

A 2nd order BPF filter is designed for the RF input. This is a simple coupled-line filter.
For a coupled A/4 section, the following equation applied:

Z0 =+/Z00Zee

where Z0 is the characteristic impedance, Z00 is the odd mode characteristic impedance
and Zee is the even mode characteristic impedance.

By letting Zo = 50€2, Zoo is tuned (Zee will change according to the equation) until a
desired bandpass response is achieved. Take note that the two coupled-line sections are
identical or symmetrical. Once the Z00 and Zee are found, LineCalc is used to find the
correct width, length and spacing for the coupled-line. Figure 5 shows the schematic of
the RF input bandpass filter.
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Figure 6 BPF Simulation Result

As shown in the diagram above, the BPF insertion loss is 0.49dB and return loss is
25.86dB at 1.8GHz (RF). The BPF will improve the isolation for LO-RF and IF-RF.



1.41F LPF

In order to filter out the RF component at the IF port, a simple LPF is design. The LPF is
realized by using two "4 Arr sections of transmission line. As shown in the diagram, the
open stub will provide a short circuit after the % Arr . The other 4 Arr section will in turn
provide an open circuit at the connection between the LPF and RF Balun. Hence the RF
Balun is not loaded by the IF termination.
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Likewise, the RF signal will not be able to reach the IF termination and this improves the
RF-IF isolation.
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Figure 8 IF LPF Simulation Results

As shown in the diagram, the RF signal will be attenuated by about 35dB when it reached
the IF port. The IF insertion loss is about 0.08dB. Also, the impedance at RF frequency is
about 14KQ, which presents a near open circuit to the RF signal and will not load the RF
Balun.

1.5 Preliminary Mixer Simulation

The LO, RF Baluns, RF BPF and IF LPF are now combined with the diode ring.
Simulation is performed to the whole mixer circuit. Figure 9 shows the simulation
schematic circuit. Figure 10 shows the simulation results. Notice that the conversion loss
for the IF is 6.415dB.
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Figure 9 Preliminary Mixer

Preliminary Mixer Simulation
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Figure 10 Results



1.6 Final Mixer Design

The final schematic is as shown in Figure 11. The schematic is similar to Figure 9 except
that tuning is performed to improve on conversion loss.

LO

Figure 11 Final Mixer Design
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The diagram above shows the signal magnitude plot at the RF, LO and IF port. Also the
port isolation results are shown in the bottom right corner of the diagram.

LO-RF isolation is obtained by subtracting the magnitude of LO component at the RF
port (marker : m12) from the input LO power of 7dBm (PLO = 7dBm). Result : 79.58dB.

LO-IF isolation is obtained by subtracting the magnitude of LO component at the IF port
(marker : m13) from the input LO power of 7dBm. Result : 102.23dB.

RF-IF isolation is obtained by subtracting the magnitude of the RF component at the IF

port (marker :
33.56dB.

11

ml4) from the input RF power of -30dBm (PRF= -30dBm). Result :
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Figure 13 1dB Compression and Conversion Loss

Figure 13 shows the IF power and IF-RF power plot. 1dB compression is 3.5dBm (Ref
marker : m15) and conversion loss is 6.023dB (Ref marker : m7). This shows that the

conversion loss improves slightly after tuning.
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freq ConvGain freq IP3input
300.0MHz -6.084 <invalid>Hz 18.496

Figure 15 Input IP3 Intercept Result

With reference to the ADS design examples (RFIC->MIXERS PRJ->MixerTOI.dsn), the
IP3 intercept simulation circuit in Figure 14 is designed. The final mixer schematic
(Figure 11) is represented by the symbol, mixer7, in the middle of Figure 14.

Referring to Figure 15 above, the input IP3 intercept is 18.496 dBm. Below is a summary
of the all the simulation results.

Performance Criterion Target Specification Simulation Result
Conversion Loss <9dB 6.023dB
LO-RF isolation >30dB 79.58dB
LO-IF isolation >25dB 102.23dB
RF-IF isolation >20dB 33.56dB
Input IP3 intercept >12dBm 18.496dBm
1dB input compression >0dBm 3.5dBm

Table 2 Performance summary of simulated mixer circuit

13



1.7 Layout

Finally the mixer design in Figure 11 is used to generate the layout for fabrication (Ref
Figure 16).
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Figure 16 Final layout



2 Measurement Results and Discussion

This section discusses the measurement results.

2.1 Calibration

To obtain accurate measurement results, the cabling insertion loss and source power
levels are calibrated. Using similar RF cables, the IF cable loss is determined by
connecting the frequency generator directly to the spectrum analyzer at the IF frequency.
The cable loss was determined to be 0.2dB. The RF and LO generator power are
subsequently calibrated to provide to required datum level at the spectrum analyzer.

Port Power level
RF -29.16dBm
LO +6dBm

Figure 17 Calibrated power levels at the RF and LO ports

2.2 Conversion Loss

From Figure 18, assuming a constant cable loss at 0.2dB, the IF power level is -
36.48dBm. Therefore, the conversion loss is 30 - (-36.68) -0.2 dB = 6.48dB.
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................................................................................................. 1234
WA SB : : , : : : : : :
SD FC . . . . . . . . .
................................................... i eeeeee-o. | MARKER 1
CORR : ; . : : : : : . ON OFF
More
. 1 of 2
CENTER 3688.88180 MHz SPAN 280.8 kHz
RES BW 3.8 kH=z VBW 3 kHz SWP 198 msec

Figure 18 Conversion loss at IF port
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2.3 Port Isolation LO-RF

To determine the LO-RF port isolation, the power levels at LO frequency is measured at
the RF port. Figure 19, the LO-RF port isolation is 7 - (-54.16) -0.2 dB = 60.96dB.

19:208:39 38 OCT 2PA3

V2 MKR-TRK 2.18808010 GHz
REF .8 dEBm AT 10 dB -54.16 dBm
PEAK - R
LOG : : : : : : : : :
19 ...................................................................................................
dB/ : : : . ; : : : : START
: : : : : : : : : FRER
CENTER : : . : :
.2.1888825 GHz L SO S e, STOP
FRE®

WA SB
sSC FC
CORR
: ; : : : : B . . Lock
CENTER 2.1000@25 GHz SPAN 288.0 kHz
RES BW 3.8 kHz VBHW 3 kHz SHP 1806 msec

Figure 19 LO-RF isolation

2.4 Port Isolation LO-IF

The LO power levels at the IF port is measured as shown in Figure 20. The LO-IF
isolation is 7 - (-41.78) -0.2dB = 48.58dB.

19:18:45 39 OCT 2883
MKR-TRK 2.188P8018 GHz
dBm

47
REF .@ dBm AT 18 dB -41.78
PEAK : : : : - : - - - %

LOG : : : : : : : : :
18 ...................................................................................................
dB/ . . . : : . ! : . START
: : : . : : : : : FREG
CENTER : : . N :
.2-1000000 GHz EHRUURUPNS SURURUR SOUR e : sTop
.......... SRef
CF STEP
................................................................................................. AUTE MAN
WA S8 : : : : : : : :
................................................................................................ FREQ
CORR : : : : : ‘ ; : OFFSET
Band
- : - 5 : - - - - Look
CENTER 2.10@00006 GHz SPAN 200.8 kHz
RES BW 3.@ kHz VEBW 3 kHz SWP 1088 msec

Figure 20 LO-IF isolation
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2.5 Port Isolation RF-IF

The RF power levels at the IF port is measured as shown in Figure 21. The RF-IF
isolation is -30 - (-60.91) -0.2dB = 30.71dB.

149:18:25 3@ 0OCT 2843
MKR-TRK 1.8@860810 GH=z

7
REF .8 dBm AT 10 dB -68.91 dBm
PEAK — o E

LOG : : : : . : : : :
13 ...................................................................................................
de/ : . . . : : . . . START
. . . . : . | : : FREQR
CENTER
,2i.80@80000 GHz L STOP
............................ 2rop
CF STEP
................................................................................................... AUTQ MAN
WA SB : : : : : : : : :
SC FCl ..., e e e D e FREQ
CORR : : : : : : : : OFFSET
Band
. . - - : - - - - Lock
CENTER 1.8000080808 GHz SPAN 288.8 kHz
RES BW 3.8 kHz YBW 3 kHz SWP 198 msec

Figure 21 RF-IF isolation

2.6 1-dB Input Compression

For 1-dB input compression measurement, the RF input levels are slowly increased from
-30dBm to 5dBm and the IF power levels are measured (Ref Figure 22). Figure 23 shows
that that the 1-dB input compression point is at 2.2dBm. The output IF power level
spectrum for RF input at -3dB is shown in Figure 24.

0
-30 25 20 -15 -10 -5 % 1 2 3 4
-1
£
@
£ 2 2
8 g
§ <
§ 32 -3
3 s
2
£ o
[
-4
1dB &
-5
Input Power /dBm

Input Power /dBm

Figure 22 Plot of input and output power levels Figure 23 Enlarged figure showing 1dB
showing compression for inputs >0dBm. compression point
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19:29:58 368 OCT 2883
MKR-TRK 308.86106 MHz

REF 323.8 dBm AT 58 dB ~4,668 dBm MARKER
PEAK - - - - ; . B . " + CF
LOG : : : : : f : : :
1B ..................................................................................................
a8/ : 5 : : : : : : . MARKER
TS TS PR SO U U UL SUUUUUUUU SUUUUUURU SRS S 4
REF LEVEL : : : : :
33.9 dEm : : : : : NEXT
.................................................. NEXT
REXT PK
................................................................................................. R]GHT
WA SB ‘ : : : : : : : :
sc ol L .
CORR : : : : : : : : : NEXI:??
E More
- ~ 1 of 2

CENTER 300.8018¢ MHHz SFAN 288.8 kHz
RES BW 3.6 kHz VBW 3 kHz SHP 108 msec

Figure 24 1-dB input compression

2.7 Input IP3 Intercept

To measure the input IP3 intercept, a RF 2 tone signal is required. Figure 25 shows the
output 2 tone power levels after the combiner. The measured power levels for the 2 tones
are approximately equal. The input power level is chosen to be sufficiently small (-
10dBm) so that the higher order nonlinear terms are negligible. The frequency separation
of the 2 tones is chosen to be small for negligible effects from the filters.

19:36:22 30 OCT ZzZeasz
MER-TRK 1.888813 GH=z

REF -28.0 dBm AT 18 dB -35.84 dBm
PEAK . . . . . . .
LOG
ég, ATTEN
AUTO MAN
SCALE
LOG LIN
PRESEL
PEAK
WA SB
SC FC
PRESEL
CORR DEFAULT
More
: : : ; : : : : : 1 af 3
CENTER 1 .888888 GHz SPAN 5.888 MH=z
RES BHW 38 kHz VBW 38 kHz SWP 28.8 msec

Figure 25 Output of 2 tone power levels after combiner

From Figure 26, with an input power level of -10dBm, the measured output power level
at the 3™ order modulation product frequency is -70dBm. Therefore, the 1IP3 is % (60.02)
+ (-10 + (-35.84 - (-30))) dBm = 14.17dBm.
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19:4

s
REF
PEAK

LOG
10
dB/

WA SB
SC FC
CORR

9:29 3@ 0CT 2@@3

MKR & -1.888 MHz
15.@ dBm AT 10 dB 68.82 dB
' :
B e KN S S Sy
-1.988 MHz :
caas an: | Rt e
; : : o
i : J( . . " :ﬁ :
CENTER 299.475 MHz SPAN 5.000 MHz
$RES BW 3.8 kHz UBW 3 kHz SWP 1.67 sec

Figure 26 3" order modulation product at 302MHz.

2.8 Fabricated Layout

HAKEER

MARKER
AMPTD

SELECT

123 4

MARKER 1
OH OFF

More
1 of 2

Figure 27 shows the fabricated mixer design of dimensions 7 cm by 7 cm.

: -

Figure 27 Photograph of final fabricated mixer design
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3 Conclusion

The mixer circuit is design, fabricated and measured. Table 3 is a comparison of the
simulated and measured performance of the mixer circuit with respect to the target
specification. The measured conversion loss and 1dB compression point are closed to that
of the simulated result. The differences between simulated and actual results for
conversion loss and 1dB compression point are only 0.4 and 1.3dBm respectively. The
isolations are less than the simulated result. This is due to the inter-microstrips coupling

that are not modeled in the simulation.

Performance Target Simulation Result
Criterion Specification

Conversion Loss <9dB 6.023dB
LO-RF isolation >30dB 79.58dB
LO-IF isolation >25dB 102.23dB
RF-IF isolation >20dB 33.56dB
Input IP3 intercept >12dBm 18.496dBm
1dB input compression >0dBm 3.5dBm

Table 3 Performance summary of fabricated mixer circuit

The designed mixer has therefore met all the required specifications.
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Measured Result

6.48dB
60.96dB
48.58dB
30.71dB
14.17dBm
2.2dBm





