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1 Description

This document describes the technical requirements for the ALMA Band 9 cryogenic IF amplifier.
1.1 Purpose

The purpose of this document is to define the cryogenic low noise amplifier for the ALMA band 9 cartridge.

1.2 Scope

The scope of this specification is the ALMA Band 9 cartridge.

1.3 Applicable Documents List 

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

	Reference
	Document title
	Date
	Document ID

	[AD1]
	ALMA System: Electromagnetic Compatibility (EMC) Requirements
	2003-12-12
	ALMA-80.05.01.00-001-A-SPE

	[AD2]
	ALMA Product Assurance Requirements
	2003-12-14
	ALMA-80.11.00.00-001-B-GEN

	[AD3]
	ICD between Band 9 cartridge and Band 9 bias circuits
	
	FEND-40.02.09.00-40.02.09.05-A-ICD

	[AD4]
	ICD between Band 9 cartridge and Dewar
	
	FEND-40-02.09.00-40.03.01.00-A-ICD

	[AD5]
	ALMA Environmental Specification 
	2003-12-14
	ALMA-80.05.02.00-001-B-SPE.pdf


In the event of a conflict between one of the before mentioned applicable documents and the contents of this document, the contents of this document shall be considered as a superseding.

1.4 Reference Documents List

The following documents contain additional information and are referenced in this document.

	Reference
	Document title
	Date
	Document ID

	[RD1]
	Band 9 Cartridge Technical Specifications
	2003-12-17
	FEND-40.02.09.00-002-A-SPE

	[RD2]
	ALMA Product Tree
	2002-11-01
	ALMA-80.03.00.00-001-L-LIS


1.5 Acronyms

A limited set of basic acronyms used in this document is given below.

AD

Applicable Document

ALMA
Atacama Large Millimeter Array

FE

Front End
ICD

Interface Control Document


MTBF
Meantime between Failures

OVC
Outer Vacuum Container
RAMS
Reliability, Availability, Maintainability and Safety 

RD

Reference Document

1.6 Verb Convention

"Shall" is used whenever a specification expresses a provision that is binding. 
The verbs "should" and "may" express non-mandatory provisions. 

"Will" is used to express a declaration of purpose on the part of the design activity.

1.7 Requirements Numbering

The requirements within the present document are numbered according to the following code:

[FEND-40.02.09.04-XXXXX-YY / Z(ZZ)]

Where:

FEND-40.02.09.04 identifies the ‘Band 9 Cartridge – Cryogenic IF Amplifier’ as based on [RD1];

XXXXX is a consecutive number 00010, 00020, … (the nine intermediate numbers remaining available for future revisions of this document);

YY describes the requirement revision. It starts with 00 and is incremented by one with every requirement revision;

Z(ZZ) describes the requirement verification method(s)., where T stands for Test, I for Inspection, R for Review of design and A for Analysis. Multiple verification methods are allowed.

2 Environmental requirements
2.1 Cryogenic/Vacuum

[FEND-40.02.09.04-00010-00 / A]

The amplifier must operate at 4 K in vacuum. The material and construction shall allow the amplifier to be used under vacuum condition for very long time. The out gassing of particles from the amplifier shall be compatible with the ALMA cryostat specifications [AD4].  Provision shall be made for the venting of closed volumes.  Additionally, the amplifiers shall be designed to withstand a minimum of 50 thermal cycles from room-temperature to 4.2 K.
2.2 Operating temperature range

[FEND-40.02.09.04-00020-00 / T]

The operating temperature range of the amplifier shall be 2 - 6 K.
2.2.1 Operating temperature stability
[FEND-40.02.09.04-00025-00 / T]

The amplifier shall meet the technical requirements stated in Section 3 under the operating temperature stability conditions stated in [AD4].
2.3 EMC requirement

[FEND-40.02.09.04-00030-00 / A]

The Band 9 IF amplifier shall comply with [AD1].
2.4 ESD requirement

[FEND-40.02.09.04-00032-00 / A]

The Band 9 IF amplifier shall have an integrated ESD protection. It shall comply with level 1 of the specifications stated in [AD1].
Vibration 

[FEND-40.02.09.04-00034-00 / R, T] 

The amplifier shall survive vibration levels as specified in Appendix 1 of [AD5]. 
Acceleration

[FEND-40.02.09.04-00036-00 / R, T] 

The amplifier shall comply with the following survival specification: 3 g shock load in any direction.
2.5 Storage and shipping conditions 

[FEND-40.02.09.04-00038-00 / R]

The Band 9 cartridge shall comply with [AD5]. This section applies only to the storage mode. 

3 Technical Requirements
3.1 Electric and electronic requirements

[FEND-40.02.09.04-00040-00 / T]

All requirements shall be met with the bias signals specified in [AD3]. 

3.1.1 Frequency range
[FEND-40.02.09.04-00050-00 / T]

The amplifier shall cover a frequency range from 4 GHz to 12 GHz.
3.1.2 Nominal input/output RF port impedance 

[FEND-40.02.09.04-00060-00 / R]

The nominal impedance Z0 of the input and the output port shall be 50 Ohm.
3.1.3 Input reflection
[FEND-40.02.09.04-00070-00 / T]

The input reflection coefficient |S11|2 shall be less than -8 dB over the full frequency range, as specified in 3.1.1. This value does not include an isolator.
3.1.4 Output reflection

[FEND-40.02.09.04-00080-00 / T]

The output reflection coefficient |S22|2 shall be less than -15 dB over the full frequency range, as specified in 3.1.1.
3.1.5 Amplifier gain

[FEND-40.02.09.04-00090-00 / T]

The gain of the amplifier |S21|2 shall be between 30 dB and 35 dB over the full frequency range, as specified in 3.1.1.
3.1.6 Gain flatness

[FEND-40.02.09.04-000100-00 / T]

The divergence of the amplifier gain form a constant gain shall be less than 2 dB (peak-to-peak) over the full frequency range of the amplifier.  Within any 2 GHz section of the 4-12 GHz band, the peak-to-peak gain variation shall be less than 1 dB (TBC).
3.1.7 Gain compression

[FEND-40.02.09.04-00110-00 / T]

The amplifier shall reach its 1 dB compression point at a power level of not less than -20 dBm total output power.
3.1.8 Relative gain stability

[FEND-40.02.09.04-00120-00 / T]

The relative gain stability of the amplifier expressed as Allan variance σ2(2, T, 0,9*T) shall be  less than 1.0 10-8 for T in the range 0,1 and 1 second.

3.1.9 Signal path phase stability

[FEND-40.02.09.04-00130-00 / T]

The signal path transfer function should maintain a phase stability of better than 0.1( (TBC) for any 5 minute period over the full frequency range.
3.1.10 Amplifier stability

[FEND-40.02.09.04-00140-00 / T]

The amplifier shall be for any frequency unconditionally stable.
3.1.11 Amplifier Noise Temperature

[FEND-40.02.09.04-00150-00 / T]

The noise temperature of the amplifier Ti shall be less than 5 K at a physical temperature of 4.2 K.
3.1.12 Power dissipation

[FEND-40.02.09.04-00160-00 / T]

The DC power dissipation Pdiss shall be less than 9 mW.

3.1.13 Number of transistor stages 

[FEND-40.02.09.04-00170-00 / R]

The number of transistor stages shall be compatible with the bias wiring and the bias electronics, as specified in [AD3].

3.1.14 Nominal operating points

[FEND-40.02.09.04-00180-00 / R]

The nominal operating points of the stages shall be within the ranges described in the ICD between band 9 cartridge and the band 9 bias circuits [AD3].

3.2 Mechanic requirements

3.2.1 Mass
[FEND-40.02.09.04-00190-00 / T]

The mass of the amplifier shall be less than 50 g.
3.2.2 Dimension envelope

[FEND-40.02.09.04-00200-00 / T]

The dimensions envelope of the amplifier excluding connectors shall be 50 x 30 x 12 mm.
3.2.3 Mechanical drawing

This drawing represents a general idea about the amplifier. The ALMA amplifier should have the shown orientation of input, output and bias connectors.
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3.2.4 RF connector type

[FEND-40.02.09.04-00210-00 / I]

The RF connectors shall be standard female SMA type connectors (IEC 169-15). They shall allow for a minimum of 500 connecting operations. 
3.2.5 Bias connector type

[FEND-40.02.09.04-00220-00 / I]

The bias connector shall be standard male MDM-type 9-pin connector (ITT Canon MDM-9PH038B-A174). It shall allow for a minimum of 500 connecting operations. 

The pin-out of this connector shall be in accordance with the following table:

	Pin No. 
	Signal type

	1
	GND

	2
	VD1

	3
	VG1

	4
	VD2

	5
	VG2

	6
	VD3

	7
	VG3

	8
	N/C 

	9
	N/C 


3.2.6 Metric hardware

[FEND-40.02.09.04-00230-00 / R]

All hardware used in the amplifier, including but not limited to fasteners, tapped holes, etc., shall be metric.

3.2.7 Mechanical tuning

[FEND-40.02.09.04-00240-00 / R]

The amplifier shall not require any mechanical tuning during operation DOCVARIABLE  "mmm" \* MERGEFORMAT .

4 RAMS requirements

4.1 Lifetime 
[FEND-40.02.09.04-00250-00 / A]

The lifetime of the amplifier shall exceed 15 years.
4.2 MTBF

[FEND-40.02.09.04-00260-00 / A]

The MTBF of the amplifier shall exceed 128 (TBC) years.

4.3 Product assurance

[FEND-40.02.09.04-00270-00 / RI]

The product assurance for the amplifier shall comply with [AD2]. This includes, but is not limited to documentation and design reviews.
4.4 Maintenance
[FEND-40.02.09.04-00280-00 / R]

The amplifier shall not require any periodic maintenance. It shall be designed for continuous operation.
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