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1. 

1.1. 

Introduction 

This document describes procedures and test configurations needed to verify that the sideband 
ratio meets specifications, given in the Band 4 Cartridge Specifications [AD01].   

Purpose 

 

1.2. 

This document applies to the work-package for the Band 4 cartridge described by the statement of 
work in [RD01]. 

Scope 

 

1.3. 

The following documents are part of this document to the extent specified herein. If not explicitly 
stated otherwise, the latest issue of the document is valid. 

Applicable documents 

 
Reference Document Title ALMA Doc. Number 

[AD01] Band 4 Cartridge – Technical Specifications FEND-40.02.04.00-001-A-SPE 
[AD02] Data formats for cartridge operating 

parameters 
FEND-40.02.00.00-016-A-STD 

 
 

1.4. 

The following documents contain additional information. 

Reference documents 

Reference Document Title ALMA Doc. Number 
[RD01] Band 4 Cartridge –  Statement of Work FEND-40.02.04.00-002-A-SOW 
[RD02] Band-4 Cartridge Acceptance Test Plan FEND-40.02.04.00-024-A-PRO 
[RD03] “Sideband Calibration of Millimeter-Wave 

Receivers,” Kerr, Pan, and Effland, 27 
Mar 2001. 

ALMA Memo #357 

 
 

http://edm.alma.cl/forums/alma/dispatch.cgi/iptfedocs/docProfile/101104�
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1.5. 

A list of the acronyms used in this document is given below. 

Acronyms 

 
 

ALMA Atacama Large Millimeter Array 
ALMA-J ALMA Japan 
CDR Critical Design Review 
CIDL Configured items data list 
FE  Front End 
FEIC Front End Integration Center 
ICD Interface Control Document 
IPT Integrated Product Team 
NAOJ  National Astronomical Observatory of Japan 
NINS National Institutes of Natural Sciences 
PAI Preliminary Acceptance In-house 
PAS Provisional Acceptance On-Site (at FEIC) 
PDR Preliminary Design Review 
WCA Warm Cartridge Assembly 
 
 
 

1.6. 

"Shall" and “must” are used when a specification or provision is mandatory. The verbs "should" 
and "may" indicate a specification or provision that is not mandatory. 

Verb Convention 
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2. 

2.1. 

. Description 

2.1.1. 

Specification 

[FEND-40.02.04.00-00190-00 / T] 

Image band suppression and sideband mismatch 

The image-band suppression shall be 10 dB or better across the full IF band. 
 

2.2. 

 Image Rejection Ratio is  measured at the IF output of the WCA with the first LO  
supplied by the ALMA project 

Verification Method 

 There are 4 outputs, dual polarization and 2SB, with the IF band of 4 – 8 GHz. 
 Image-band suppression to be made every 100 MHz of IF for LO frequencies 133, 

137, 141, 145, 149, 153, and 155 GHz 
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3. 

Figure 1

Test Configuration 

 is a block diagram of the cartridge test system.  The cartridge is installed in the 
NAOJ test Dewar, and the sideband source injects a signal into the receiver with a horn 
located between the dewar window and the chopper wheel. Four IF outputs, one for each 
sideband and polarization, enter the “Warm IF Plate” via a 6-to-1 input switch and are 
further amplified, attenuated, and bandwidth-filtered by a YIG filter. The Power Meter is 
an Agilent E4419B and the power detector is an Agilent E4412A CW power sensor. A 
X9 VDI Frequency Extension Module (FEM) is used for the sideband source. The 
transmitter horn of sideband source is surrounded with absorber.  

 

 

Figure 1: Block Diagram of the Band 4 Cartridge Test System 

 

3.1. 

 Agilent 4419B power meter and an Agilent E4412A CW power sensor. 

Equipment 

 YIG filter  
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 X9 VDI Frequency Extension Module (FEM)  

3.2. 

 A linearity of the warm IF plate is calibrated. 

Calibration 

 

3.3. 

The image rejection of the cartridge is calculated from using the techniques of Kerr et. al 
described in [

Basic Test Concepts 

RD03].  
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4. 

4.1. 

Test Procedure 

1. Select the LO frequency. 

Test Flow 

2. Set 2SB mixer using a tune table. 
3. Configure the Warm IF Plate input switch to select polarization 0. 
4. The software rotates the chopper to the ambient load position and then adjusts the 

Warm IF plate attenuator. 
5. Adjust the sideband source to achieve S/N ratio 20 dB for both sideband outputs. 
6. Measure the power levels for sideband outputs, with and without sideband source, 

following the sequence listed in Table 1. 
7. Record ambient room temperature, mixer bias points, Warm IF Plate IF attenuator 

settings, LO frequency and IF. 
8. Step the YIG filter on the Warm IF Plate to the next IF and repeat steps 4 to 7. 
9. Repeat steps 4 to 8 after switching receiver output to polarization 1. 
10. Calculate the IRR. 

 
 

Table 1: Measurement flow of the power levels 

  Channel Chopper Signal Source 
1 USB HOT OFF 
2 USB COLD OFF 
3 LSB COLD OFF 
4 LSB HOT OFF 
5 LSB HOT ON 
6 USB HOT ON 
7 USB HOT ON 
8 LSB HOT ON 
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5. 

Typical IRR data is shown in 

Example of test data 

Figure 2. 
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Figure 2: Typical IRR data 

 
 

6. 

The accuracy of the measurements is determined by a combination of errors in the output 
power measurement errors. The power meter (Agilent E4419B) and power sensor 
(E4412A) have a combined differential accuracy of about 1%. A typical error of gain 
compression is around 1%. From error propagation for the case of a 10 dB image 
rejection, a typical error on the noise measurement is estimated to be around 0.3 dB. 

Error Analysis 
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7. 

 

Data Formats 

Data shall be stored as specified in CSV format [AD02]. 
 

Filename: BBNNNN_IMAGE_SUPRESSION 
 
BB = 04 
NNNN = keyCartAssys is an integer which identifies the particular cartridge 
configuration being tested. 
For each unique value of (FreqLO, Pol, SB) there will be a collection of records: 
 
・ keyBand = 4 for band 4 cartridge,  
・ keyDataSet= an integer which indicates serial number of dataset for a 

particular cartridge assembly,  
・ fkCartAssys = keyCartAssys,   
・ TS = timestamps strings date YYYY-MM-DD  HH:MM:SS. 
・ FreqLO = LO frequency. 
・ Pol = an integer with the value 0 or 1 indicating polarity.  
・ SB = an integer where 1 = USB and 2  
・ CenterIF, BWIF= the center frequency and bandwidth for a measurement.  
・ R = Image suppression given in dB.  
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