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Introduction

Gain, noise temperature and total power variation of ALMA mixers as a function of LO power is required to
calculate how LO amplitude noise degrades receiver stability.  This memo provides measured gain, receiver noise
temperature, and total power vs. LO levels for ALMA Band 6 mixers [1].  Although unbalanced sideband-
separating mixers are planned for the Band 6 receivers, measured data for balanced mixer-preamps are also
included here for comparison.
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Equipment Setup

The equipment configuration used to measure the gain and noise temperature of the mixer-preamps is shown in
Figure 1.  Although Figure 1 shows the setup to measure single-ended mixer-preamps, the setup for balanced
mixer-preamps is almost the same but includes another mixer bias supply to power the second component mixer.

LO power was measured at the output of the tripler using an Anritsu ML-83A power meter with MP84B1 head.
All power levels quoted in this memo are referenced to the output of the LO plate and do not include waveguide
and coupling losses between the LO plate and mixer.

Mixer and preamp gains are found using the usual �∆P/∆T� equation by taking the ratio of measured noise powers
to temperatures when the input is connected to hot and cold loads.  The gain of the IF system is obtained by
connecting its input to a hot and cold load using the 6-way switch in the Dewar:
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where

GIF is the IF system gain,
PhIF is the power output from the IF system when its input is connected to a hot load,
PcIF is the power output from the IF system when its input is connected to a cold load,
ThIF is the radiometric temperature of the hot load connected to the IF input,
TcIF is the radiometric temperature of the cold load connected to the IF input.

In a similar fashion, overall system gain is found from a �∆P/∆T� equation when power levels are measured with
the RF input of the mixer switched to hot and cold loads using the chopper wheel.  Gain of just the mixer-preamp
is the overall system gain normalized by the IF system gain, which becomes:
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where

GMXR-PREAMP is the gain of the mixer-preamp, and
PhRF is the power output from the receiver when its input is connected to a hot load,
PcRF is the power output from the receiver when its input is connected to a cold load,
PhIF is the power output from the IF system when its input is connected to a hot load,
PcIF is the power output from the IF system when its input is connected to a cold load,
ThRF is the radiometric temperature of the hot load connected to the receiver input,
TcRF is the radiometric temperature of the cold load connected to the receiver input,
ThIF is the radiometric temperature of the hot load connected to the IF input,  and
TcIF is the radiometric temperature of the cold load connected to the IF input.
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The 20 dB attenuator installed between the mixer-preamp and the IF switch helps maintain nearly the same noise
power levels when measuring RF and IF system noise with hot and cold loads.  This attenuator was measured on a
network analyzer and its value must be added to the measured mixer-preamp gain.

Graphs

Figure 2 through Figure 7 show results for a single-ended mixer-preamp.  Similar data were measured last spring
for balanced mixer-preamp, and those data are shown in Figure 8 through Figure 13.

For the single-ended mixer-preamp operating at optimum LO power levels, gain and receiver noise temperature as
a function of IF are shown in Figure 2 for two different LO frequencies.  At an LO frequency of 230 GHz, noise
temperatures span 40K to 50K as shown in Figure 2, compared to 45K to 55K quoted in Reference 1 for the same
mixer-preamp topology.  Measured noise temperatures at 260 GHz in Figure 2 span 42K to 70K, compared with
49K to 61K in Reference 1.

Measured mixer-preamp gains in Figure 2 are within measurement error of being the same for both LO frequencies
and range from 37 dB to 30 dB.  This is essentially the same as the limited gain data presented in Reference 1.

Irregularities are evident in some of the measured points in the mixer-preamp gain and receiver noise temperature
data shown in Figure 3 and Figure 4.  The irregularities probably result from system gain changes because the data
were measured over several days time and the LO powers were not changed monotonically.

Single-ended mixer noise power in the 60 MHz passband of the IF filter is plotted in Figure 5 as a function of LO
power at a LO frequency of 230 GHz.  The power level at each IF is adjusted using a programmable attenuator on
the warm IF plate to maintain a single power meter range when the chopper switches between hot and cold loads.
This means that the attenuator value must be added to the IF power reading to find the power level assuming a
constant IF attenuation.

Balanced mixer-preamp data is presented for completeness, although the baseline plan for ALMA Band 6 cartridge
uses sideband separating, single ended mixers.

The balanced data were measured at 240 GHz and 260 GHz LO frequencies, but through an oversight, the single-
ended data were measured with LO frequencies of 230 GHz and 260 GHz.  The balanced data, which were
measured six months earlier, spans a much narrower range of LO levels than the single-ended data.  A much larger
LO power range is spanned during measurement of the single-ended data to show more clearly the optimum noise
temperature and optimum mixer-preamp gain.

Gain and receiver noise temperature as a function of IF for a balanced mixer-preamp operating at optimum LO
power levels is shown in Figure 8.  Balanced mixer noise power in the passband of the IF filter is plotted in Figure
11 as a function of LO power at a LO frequency of 240 GHz.

Theoretical Sensitivity to LO Power Variation

Analysis of the mixer using the quasi five-frequency method [2], and assuming a 50-ohm IF load, gives the
dependence of gain and noise temperature on LO amplitude shown in Figure 14.  Note that the range of LO
amplitude shown in the figure is approximately 3 dB − i.e., ± 1.5 dB about the point of minimum noise
temperature.
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Figure 1: Equipment Setup for Gain vs. LO Power of Single-Ended Mixer-Preamp for ALMA Band 6
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Figure 2: Gain and Noise Temperatures vs. IF, Single-Ended Mixer-Preamp
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Figure 3: Gain vs. LO Power, 230 GHz, Single-Ended Mixer-Preamp
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Figure 4: Receiver Noise Temperature vs. LO Power, 230 GHz, Single-Ended Mixer-Preamp
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Figure 5: IF Noise Power vs. LO Power, RF Hot Load, 230 GHz, Single-Ended Mixer-Preamp
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Figure 6: Gain vs. LO Power, 260 GHz, Single-Ended Mixer-Preamp
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Figure 7: Receiver Noise Temperature vs. LO Power, 260 GHz, Single-Ended Mixer-Preamp
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Figure 8: Gain and Noise Temperatures vs. IF, Balanced Mixer-Preamp
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Figure 9: Gain vs. LO Power, 240 GHz, Balanced Mixer-Preamp
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Figure 10: Receiver Noise Temperature vs. LO Power, 240 GHz, Balanced Mixer-Preamp



National Radio Astronomy Observatory Band 6 SIS Mixers

Printed:  13 February 2004 Page 15 of 18

BBIA371-A-UVAVIII-L811B-1-0-C2-6-BMIF4-12P.02

-29

-27

-25

-23

-21

-19

-17

-15

-15 -14 -13 -12 -11 -10 -9

LO Power at Mulitplier Output (dBm) 

IF
 T

ot
al

 N
oi

se
 P

ow
er

 (d
B

m
)

IF = 4 GHz
IF = 5 GHz
IF = 6 GHz
IF = 7 GHz
IF = 8 GHz
IF = 9 GHz
IF = 10 GHz
IF = 11 GHz
IF = 12 GHz

Balanced Mixer/Preamp IF Power vs. LO Power

Flo = 240 GHz     Measured 2002-05-07

Data File: "\\CVFILER\cv-cdl-sis\MeasSys\Data\GainVsLO\Balanced.xls"  Sheet: "IFPwrvsLOpwr240"

Figure 11: IF Noise Power vs. LO Power, RF Hot Load, 240 GHz, Balanced Mixer-Preamp



National Radio Astronomy Observatory Band 6 SIS Mixers

Printed:  13 February 2004 Page 16 of 18

BBIA371-A-UVAVIII-L811B-1-0-C2-6-BMIF4-12P.02

20

22

24

26

28

30

32

34

36

38

-15 -14 -13 -12

Power at Mulitplier Output (dBm) 

M
ix

er
/P

re
am

p 
G

ai
n 

(d
B

)

IF = 4 GHz
IF = 5 GHz
IF = 6 GHz
IF = 7 GHz
IF = 8 GHz
IF = 9 GHz
IF = 10 GHz
IF = 11 GHz
IF = 12 GHz

Balanced Mixer/Preamp Gain vs LO Power

Flo = 260 GHz     Measured 2002-05-07

Data File: "\\CVFILER\cv-cdl-sis\MeasSys\Data\GainVsLO\Balanced.xls"  Sheet: "GainvsLOpwr260"

Figure 12: Gain vs. LO Power, 260 GHz, Balanced Mixer-Preamp
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Figure 13: Receiver Noise Temperature vs. LO Power, 260 GHz, Balanced Mixer-Preamp
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Figure 14: Theoretical dependence of gain and noise temperature on LO amplitude using the quasi five-frequency method and assuming a 50-ohm IF
load [2]


