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1 Description

1.1 Purpose

This document summarizes the acceptance in-house test results of a particular Band 9 Pre-Production Cartridge.
In particular, this document includes:

· an identification of the configuration status of the cartridge;

· a partial design verification matrix summarizing the acceptance in-house test results for this specific Band 9 Cartridge, including the verification method, specified and measured performance figures, and references to relevant detailed test reports; and
· a summary of the status of any NCRs and/or RFWs that are applicable to the acceptance tests of this cartridge.
Detailed results of individual tests, including plotted and tabulated results, are contained in the test reports referred to in the design verification matrix.
1.2 Scope

This test report is specific to a particular Band 9 cartridge, the configuration of which is defined in Section 3.1 of this report.

Detailed test reports and electronic data files are contained in a single zip file attached to this report (RD 04).

Cartridge operating procedures are contained in the Band 9 Cartridge Operating Manual (RD 05), while optimum bias conditions for this particular Band 9 cartridge are contained in the appropriate Tuning Table Document (RD 10).

2 Related Documents and Drawings

2.1 Reference and Applicable Documents
	No
	Document Title
	Date
	Reference

	AD 01
	Band 9 Cartridge Technical Specifications
	2003-12-17
	FEND-40.02.09.00-002-A-SPE

	AD 02
	Band 9 Cartridge Statement of Work
	2003-10-06
	FEND-40.02.09.00-003-B-SOW

	AD 03
	Band 9 Cartridge Acceptance Procedure
	2004-11-05
	FEND-40.02.09.00-018-A-PRO

	RD 04
	Band 9 Cartridge SN 001 Test Reports and Electronic Data
	TBD
	FEND-40.02.09.00-044-B-REP.zip

	RD 05
	ALMA Band 9 Cartridge Operating Manual
	2006-10-09
	FEND-40.02.09.00-048-A-MAN

	RD 06
	ALMA Band 9 Cartridge S/N 001 Configuration Overview
	2006-09-05
	S-00051-F

	AD 07
	Band 9 Cartridge Acceptance Test Plan
	2006-01-25
	FEND-40.02.09.00-020-A-PLA

	RD 08
	ALMA Band 9 Cartridge Test and Inspection Overview
	2006-09-18
	FEND-40.02.09.00-012-A-PLA

	RD 09
	ALMA Band 9 Cartridge S/N 001 Compliance Matrix
	2006-06-06 update
	FEND-40.02.09.00-046-A-GEN

	RD 10
	ALMA Band 9 Cartridge S/N 001 Tuning Table Document
	TBD
	FEND-40.02.09.00-062-A-MAN


2.2 Detailed Test Reports

The following detailed test reports are contained in RD04 and are referred to by their document number (not including revision number) in the compliance matrix.

	Doc. Number
	Document Title
	Date
	Status
	Comments

	S-00044-G
	ALMA Band 9 Cartridge S/N 001 Heterodyne Sensitivity Test Report
	2006-10-11
	Released
	

	S-00045-E
	ALMA Band 9 Cartridge S/N 001 Total Output Power Test Report
	2006-09-21
	Released
	

	S-00046-E
	ALMA Band 9 Cartridge S/N 001 Cold Health Check Test Report
	2006-09-21
	Released
	

	S-00047-E
	ALMA Band 9 Cartridge S/N 001 Output Power Stability Test Report
	2006-10-02
	Released
	

	S-00048-C
	ALMA Band 9 Cartridge S/N 001 Cross Polarization Test Report
	2006-09-20
	Released
	Tested with WCA 9.1 (config. of 2006-03-24)

	S-00049-C
	ALMA Band 9 Cartridge S/N 001 Gain Compression Test Report
	2006-09-20
	Released
	Tested with WCA 9.1 (config. of 2006-03-24)

	S-00050-E
	ALMA Band 9 Cartridge S/N 001 Signal Path Phase Stability Test Report
	2006-10-02
	Released
	

	S-00052-0
	ALMA Band 9 Backpiece S/N S‑05‑0‑012 FTS and Sideband Ratio Test Report
	2006-09-20
	Released
	Mixer Pol. 0

(from RD06)

	S-00054-0
	ALMA Band 9 Backpiece S/N S‑05‑0‑009 FTS and Sideband Ratio Test Report
	2006-09-20
	Released
	Mixer Pol. 1

(from RD06)

	S-00056-C
	ALMA Band 9 Cartridge S/N 001 Room Temperature Health Check Test Report
	2006-04-18
	Draft 0
	Tested with WCA 9.1 (config. of 2006-03-24)

to be repeated w WCA9.3

	S-00062-0
	ALMA Band 9 Cartridge S/N 001 Cold Beam Pattern Test Report
	2006-10-13
	Draft 0
	Tested with WCA 9.1, x6 multipliers (config. of 2005-12-02)

	S-00068-A
	ALMA Band 9 Cartridge S/N 001 Acceptance In-House Inspection Report
	2006-10-02
	Draft 1
	Mass determined for config. of 2006-07-19

Inspection to be repeated

	S-00116-0
	ALMA Band 9 Cartridge Baseplate S/N 001 Vacuum Leak-Rate Test Report
	2006-09-20
	Released
	Tested with config. of 2006-07-19 (48 µm mica windows)


2.3 Abbreviations and Acronyms

AD
Applicable Document

ESO
European Southern Observatory

NCR
Non-Conformance Report

NOVA
The Netherlands Research School for Astronomy
RD
Reference Document

RFW
Request for Waiver

RuG
University of Groningen

SRON
SRON Netherlands Institute for Space Research

3 Configuration Item Identification and Test Result Summary
3.1 Configuration Item Identification

	Product Name
	Band 9 Cartridge

	Serial Number
	001

	Production Report Reference
	RD06


3.2 Applicable NCR’s and RFW’s

	NCR Number
	RFW Number
	NCR Name
	Non-Conformance
	Report Reference
	Major or

Minor
	Status

	B9-NCR0044
	FEND-40.02.09.00-055-A-RFW
	Sideband mismatch
	sideband mismatch > 3 dB for some combinations of FIF > 9.2 GHz and FLO < 634 GHz
	Section 4.1, Line 5.2

S-00052

S-00054
	Minor
	pending

	B9-NCR0045
	FEND-40.02.09.00-057-A-RFW
	IF power variations
	power variation out of spec due to excess gain slope
originally observed gain slope partially corrected with slope-correcting amplifiers
	Section 4.1, Line 5.3.2

S-00044
	Major
	pending

	B9-NCR0046
	FEND-40.02.09.00-052-A-RFW
	Cross polarization
	measured cross-polarization level ~ ‑17‑18 dB
	Section 4.1,

Line 5.7.4

S-00048
	Major
	pending

	B9-NCR0049
	FEND-40.02.09.00-053-A-RFW
	Cartridge mass
	Added cooled mass ~ 2.05 kg vs. spec = 2.0 kg
	S-00068
	Minor
	pending

	B9-NCR0067
	FEND-40.02.09.00-063-A-RFW
	Vacuum leak-rate
	Measured vacuum leak-rate exceeds specified value
	S-00116
	Major
	open


3.3 Verification Conclusions

	Product Compliant:
	RFWs pending


3.4 Comments

	In-house acceptance tests of cartridge #1 were completed using WCA 9 S/N 001 and x6 LO multipliers. A number of these tests were affected by the performance of the prototype local oscillator in WCA 9 S/N 001, including excess LO noise and drifts in the LO output power.

An upgrade to the LO configuration has resulted in partial retesting using WCA 9 S/N 003.  Only tests directly influenced by the LO performance have been repeated.
The acceptance in-house inspection and room-temperature health check will be repeated/completed prior to delivery.



4 Acceptance Test Results
The following partial design verification matrix summarizes the results of acceptance testing of the Band 9 Cartridge, including the requirements, the measured performance, the verification method, the level at which that verification took place (i.e. sub-assembly and/or cartridge), and a reference to the detailed test report in which relevant additional information can be found.  These test reports are identified in Section 2.2.
Only those requirements that have been verified by test, or which are identified in the Acceptance Test Plan (AD07) as requiring verification by test, are included here.  A full summary of the compliance status of the cartridge, including compliance with relevant applicable documents to the Cartridge Technical Specifications (AD01), including ICDs, is included in RD09.

With respect to the verification method, the following abbreviations are used:

· R
Review of Design

· I
Inspection

· A
Analysis

· T
Test

· Tsup
Supplementary Verification by Test (at a lower level of integration, or as input to an analysis)

· S
Similarity (reference to a previous project)

· Sn
Similarity (reference to a previous cartridge, where n is the serial number of that cartridge)

· N/A
Not applicable

Review of design shall take place at the PDR and/or CDR.

NCR’s or RFW’s that result from non-compliances in this verification are included in Section 3.2.

4.1 Summary of Test Results
	Sec. in AD01
	Name
	ALMA Specification #
	Req.
	Result
	Compliant
	Verification

Method / Level
	Test Method
	Detailed Report
	Comments

	
	
	
	
	
	
	Sub-Ass.
	Cart.
	
	
	

	3
	General Requirements
	
	--
	--
	--
	--
	--
	--
	--
	

	3.1
to

3.5
	Operations mode
to

Metric Hardware
	FEND-40.02.09.00-00010-00/I
to

FEND-40.02.09.00-00110-00/R
	various
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	4
	Functional requirements
	
	--
	--
	--
	--
	--
	--
	--
	

	4.1
to

4.2
	Mixer type
to

Mixing scheme
	FEND-40.02.09.00-00120-00/R
to

FEND-40.02.09.00-00130-00/R
	various
	--
	C
	--
	R
	--
	--
	

	4.3
	Frequency coverage
	
	--
	--
	--
	--
	--
	--
	--
	

	4.3.1
	RF input port
	FEND-40.02.09.00-00140-00/R
	602-720 GHz
	--
	C
	--
	I
	--
	S-00046
S-00044
	

	4.3.2
	LO input port
	FEND-40.02.09.00-00150-00/R
	614-708 GHz
	--
	C
	--
	I
	--
	S-00046
S-00044
	

	4.3.3
	IF output bandwidth, Fcentre
	FEND-40.02.09.00-00160-00/R
	4-12 GHz
	--
	C
	--
	I
	--
	S-00044
	

	4.4
	Polarization State
	FEND-40.02.09.00-00170-00/R
	2 orthogonal, linear polarizations
	--
	C
	--
	I
	--
	S-00048
	

	5
	Performance requirements
	
	--
	--
	--
	--
	--
	--
	--
	

	5.1
	Cartridge noise performance
	FEND-40.02.09.00-00180-00/T
	TN,rec < 168 K over 80% of band

TN,rec < 250 K over full band
	Total Power:

TN < 168 K for FLO = 630...710 GHz

TN < 250 K for FLO = 614, 622 GHz

Variation with IF:

TN < 1.25TN,req (210 and 312 K) for all FIF, FLO
	C
	--
	T
	TN,rec
	S-00044
	measured in 50 MHz bandwidth

	5.2
	Sideband mismatch
	FEND-40.02.09.00-00190-00/T
	< 3dB across IF band
	Pol. 0 and 1:

< 3.8 dB for all FLO, FIF
< 3 dB for all FIF for FLO > 634 GHz

< 3 dB for all FLO for FIF < 9.2 GHz 
	PC
	Tsup
	A
	analysis of mixer FTS
	Pol. 0

S-00052

Pol. 1

S-00054
	

	5.3
	Cartridge IF output
	
	--
	--
	--
	--
	--
	--
	--
	

	5.3.1
	IF output power
	FEND-40.02.09.00-00200-00/T
	--
	--
	--
	--
	--
	--
	--
	

	
	Total in-band power
	
	-37 to -24 dBm in 4-12 GHz
	Pout,hot,4-12 = -30.5 to -27 dBm at all FLO, for both polarizations
	C
	--
	T
	TN,rec
	S-00045
	bandwidth = 3.7 - 12.6 GHz

	
	Total power
	
	< -22 dBm in 10 MHz to 18 GHz
	Pout,hot,0-18 = -31 to -27.5 dBm at all FLO, for both polarizations
	C
	--
	T
	TN,rec
	S-00045
	bandwidth = 0 - 18 GHz

	5.3.2
	IF power variations
	FEND-40.02.09.00-00210-00/T
	--
	--
	--
	--
	--
	--
	--
	

	
	2 GHz sub-band
	
	+/- 2dB
	Pol. 0:  3.2-4.1 dB p-p
Pol. 1:  4.3-4.8 dB p-p
	NC
	--
	T
	TN,rec
	S-00044
	measured in 50 MHz bandwidth;
variation within 2GHz compromised due to gain slope

	
	Full IF band
	
	+/- 3dB
	Pol. 0:  3.7-5.6 dB p-p
Pol. 1:  6.4-7.8 dB p-p
	NC
	--
	T
	TN,rec
	S-00044
	measured in 50 MHz bandwidth;

gain slope due to SIS mixer impedance mismatch and isolator loss

	5.4
	Gain saturation
	FEND-40.02.09.00-00230-00/T
	< 3% for 373 K vs. 77K
	measured compression = ‑1% to 3%
	C
	--
	T
	TN,rec + external signal source
	S-00049
	negative compression implies increase in response at 373K

	5.5
	Amplitude stability
	FEND-40.02.09.00-00240-00/T
	σ2 < 4x10-7
	all FLO, both polarizations
σ2 < 3x10-7
	C
	--
	T
	Allan variance
	S-00047
	

	5.6
	Phase stability
	FEND-40.02.09.00-00250-00/T
	< 2.5deg up to 300 sec. (16 msec samples) 
	1.2-2.4º peak-to-peak after removing 0.8-1.4º variation at 1 Hz
	C
	--
	T
	signal path phase sampled over time
	S-00050
	sampled at 300 Hz with dead-time every 20 samples
p-to-p variation includes 0.8-1.4º at 1 Hz (cryo-cooler)

	5.7
	Optics
	
	--
	--
	--
	--
	--
	--
	--
	

	5.7.1
	RF beam efficiency
	FEND-40.02.09.00-00260-00/T
	coupling to subreflector > 90%
	> 96%
	C
	--
	T
	near-field beam measurement
	S-00062
	

	5.7.2
	Polarization alignment
	FEND-40.02.09.00-00270-00/T
	E-vector of polarization 0 towards centre of cryostat
	as specified
	C
	--
	I
	TN,rec + rotating grid
	S-00048
	

	5.7.3
	Polarization align. accuracy
	FEND-40.02.09.00-00280-00/T
	< 2 deg
	< 1.3 deg
	C
	--
	T
	TN,rec + rotating grid
	S-00048
	

	5.7.4
	Cross-polarization
	FEND-40.02.09.00-00290-00/T
	< -20dB
	-16 to -18.5 dB
	NC
	--
	T
	TN,rec + rotating grid
	S-00048
	see comments in S‑0048 and related RFW

	5.8
	Stabilization time
	FEND-40.02.09.00-00300-00/T
to

FEND-40.02.09.00-00305-00/T
	various
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	6
	Mechanical and Electrical Requirements
	
	--
	--
	--
	--
	--
	--
	--
	

	6.1
	Mass
	FEND-40.02.09.00-00310-00/T
	< 2 kg
	added mass ~ 2.05 kg
	NC
	--
	I
	mechanical measurement
	S-00068
	cooled mass added to blank cartridge body 

	6.2
	Eigenfrequency
	FEND-40.02.09.00-00320-00/A
	> 70 Hz
	not tested
	--
	--
	--
	--
	--
	test to be performed on later cartridge

to be reviewed at CDR

	6.3
	Volume
	FEND-40.02.09.00-00330-00/I
	within D = 170 mm and H = 475 mm
	as specified
	C
	--
	I
	visual inspection
	S-00064
	

	6.4
to

6.7
	Orientation
to

Connectors and RF ports
	FEND-40.02.09.00-00340-00/T
to

FEND-40.02.09.00-00400-00/R,I
	various
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	7
	Operating conditions
	
	--
	--
	--
	--
	--
	
	--
	

	7.1
	Local oscillator
	FEND-40.02.09.00-00420-00/T
to

FEND-40.02.09.00-00450-00/T
	various
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	7.2
	Thermal environment
	FEND-40.02.09.00-00460-00/T
	--
	--
	--
	--
	--
	--
	--
	

	
	temperature ranges
	
	< 4K

10-18K

80-130K
	cartridge tested at:

T4K, cryostat = 4.0 K

T15K, cryostat ~ 12 K

T110K, cryostat ~ 67 K

T4K, cartridge = 4.1 K

T15K, cartridge = 12-13 K

T110K, cartridge = 66-69 K
	PC
	--
	R, Tsup
	various
	S-00044

S-00045

S-00046

S-00047
	Cartridge tested at a single temperature (T4K, cryostat = 4 K, all other temperatures as defined by the test cryostat).

	
	temperature stability
	
	4K +/- 2 mK

15 K +/- 50 mK

110K +/- 100 mK
	--
	--
	--
	--
	--
	--
	Cartridge output power, phase stability measured in test cryostat.
Cartridge test cryostat not representative of ALMA cryostat

	
	warm up during operation
	
	shall survive warmup to 300K
	not tested
	--
	--
	--
	--
	--
	verification not required in AD07

	7.3
	Vacuum conditions
	FEND-40.02.09.00-00470-00/R
	Component outgassing shall comply with Dewar ICD
	helium leak-rate after 20 min. exposure to 1 atm. helium = 1.8x10-6 mbar·L/s
	NC
	--
	I
	--
	S-00116
	Mica windows are leak tight.  Leak-rate dominated by diffusion through Viton o-rings.

	7.4
	Environmental operating conditions
	
	--
	--
	--
	--
	--
	--
	--
	

	7.4.1
	Vibration
	FEND-40.02.09.00-00480-00/T
	Cartridge shall survive vibration levels defined in Environmental Requirements
	not tested
	--
	--
	--
	--
	--
	to be tested on a later cartridge

	7.4.2
	Acceleration
	FEND-40.02.09.00-00490-00/T
	shock loading

3g (vertical)

2g (hor.)
	not tested
	--
	--
	--
	--
	--
	to be tested on a later cartridge

	7.5
	Storage/shipping conditions
	FEND-40.02.09.00-00500-00/R
	Cartridge shall comply with Environmental Requirements
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	7.6
	EMC
	FEND-40.02.09.00-00510-00/T
	Cartridge shall comply with EMC Requirements
	not tested
	--
	--
	--
	--
	--
	acceptance test at PAI not required in AD07

	7.7
	Monitoring and control
	FEND-40.02.09.00-00520-00/R
to

FEND-40.02.09.00-00550-00/R
	various
	not tested
	--
	--
	--
	
	--
	acceptance test not required in AD07
excess noise observed in readout of SIS bias current

transients observed due to switching of temperature sensors

heater rise/fall time much shorter than specified

	8
	RAMS requirements
	FEND-40.02.09.00-00560-00/R
to

FEND-40.02.09.00-00580-00/R
	various
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	
	
	
	--
	--
	--
	--
	--
	--
	--
	

	Non-Cartridge Specifications
Identified in AD07
	--
	--
	--
	--
	--
	--
	--
	

	
	Cartridge cold plate alignment
	FEND-40.03.00.00-00230-00/T to

FEND-40.03.00.00-00235-00/T
	???
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	
	LO phase stability
	FEND-40.00.00.00-00600-00/T
	???
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	
	LO frequency switching
	FEND-40.00.00.00-00530-00/T to

FEND-40.00.00.00-00590-00/T
	???
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07

	
	LO phase switching
	FEND-40.00.00.00-00630-00/T
	???
	not tested
	--
	--
	--
	--
	--
	acceptance test not required in AD07
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