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1 Document Description

1.1 Purpose

This document is intended to provide the complete listhef ALMA System Technical
Requirements.

Many of the requirements contained here flow down from the higher level ALMA Science
Requirements therefore this document provides also a tracking indication of the origin and
relationship between a given requiremandl its source.

Other requirements are generated at the level of this document, therefore they do not refer to
a specific higher level requirement or document.

1.2 Scope

The scope of this document includes the entire ALMA array from the reception of the
astonomical signal to the generation of the collected data sent to the archive.

Even where the content of these requirements refers to specific features or performance of
ALMA subsystems, this document is actually applicable to the technical capabilities of
entire Observatory.

It is included, in the scope of this document:
1 All the 66 array elements both 12m and 7m Antennas
1 All the technical equipment located in the AOS building that are directly involved in
the generation of the output data (Correlat@sntral Local Oscillator, Fiber Optic
Demultiplexers and Patch Panels)
1 The Software necessary to the work of the above subsystems

It is outside the scope of this document:
1 Allthe AOS, OSF and ancillary buildings, including the living quarters.
T Altheco mmodi ti es (water, power supply, roads
1 The Safety and IT infrastructure
1 The interfaces to the Array operators and to the Astronomers for the exploitation of
the Observatory
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2 Related Documents and Drawings
2.1 Applicable Documents

No Document Title Reference

AD 01 | ALMA Scientific Specifications and Requiremer] ALMA -90.00.00.06001-A-SPE

AD 02 | ALMA Coordinate Systems Specification ALMA -80.05.00.06009-B-SPE
Change Allen Standard Deviation for Gain ALMA -50.00.00.06683-A-CRE

AD 03 | Stability to ASDg(2,T,tau=T) in Technical (CRE274, approved by CCB on
Requirements for BEND Subsystem 2011-10-25)

AD 04 Use of LOOffsetting for Spurious Signal ALMA -80.04.00.06022-A-CRE
Rejection (CRE78 approved by CCB
Change the Band 3 Receiver Noisernperature

AD 05 Specification in ALMA System Technical ALMA -40.02.03.0230-A-CRE
Requirements Dmument and ALMA Scientific (CRE196approved by CCB
Specifications an&equirements Document

. , FEND-40.02.06.0879-A-CRE

AD 06 | Change to IF Bandwidth for Band 6 Cartridges (CRE230approved by CCB

: FEND-40.0208.0060158A-CRE
AD 07 gg;rr‘gztiﬂﬁ;m;;?e Band 8 Cartridge (CRE272 and FECRE9
approved by CCB on 20110-11)
FEND-40.02.08.0273A-CRE

AD 08 Change Request for the Band 8 Cartridge (CRE291 and FECRB4

Polarization Efficiency (supersedes CRE71), approved
by CCB on 201204-03)
. o - ALMA -40.02.03.00662A-CRE

AD 09 sRetl,?:ﬁiE::t;iT)r?f the Band 3 polarization efficiency (CRE260 and FECRE0

b approved by CCB on 20410-23)
Change to Cross Polarization Isolation FEND 40.02.00.09%24B-CRE
AD 10 Specification for Band 6 Cartridges (CRE244 and FECRE27
approved by CCB on 201@7-06)
go?arailzgtigneorie;tgtiontal?gr?mer?[ chufagylinl:r FEND-40.00.00.0@211-A-CRE

AD 11 . . (CRE235 and FECRER2

FrontEnd and Cold Cartridges Technical
e approved by CCB on 201®4-07)
Specifications
, — . FEND-40.02.07.0253A-CRE
AD 12 igggrgc(;artndges. Polarisation Alignment (CRE232 and FECRE3
approved by CCB on 2014-28)
ALMA -40.02.09.0086-A-CRE
AD 13 | Band 9 Cartridge Cross Polarization (CRE94 approved by CCB on
200803-20)
AD 14 Change Request ftihe Band 4 Cartridge FEND-40.02.04.00236A-CRE

Polarization Efficiency

(CRE-300approved by CCB on
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201206-05)

Change dtid ftehmend i al 0 d
Saturation in the FrofEnd Technical

FEND-40.00.00.0P12-A-CRE

AD 15 fpecifications and relaxation for the Bands 3 arl (CRE-234approved byCCB)
AD 16 | Band 7 cartridges: Image band suppression '(ACI:‘RMé 83 (;p?srg\Ze?je?)?/ZCAC(B:)R E
AD 17 | Band 9 Cartridge Sideband Ratio ?(;Lyésg c;gpz)rg\?e%gé?/%p(\:g)l? E
AD 18 | Change to IF Bandwidth for Band 6 Cartridges Fgg&g%%igfo&%?&/ AC%FI;I)E
AD 19 | Band 7 cartridges: IF power variation Fgg;ﬁoa%i?ozg?SjéC%?E
AD 20 Change Request for the Band 8 Cartridge IF FEND-40.02.08.060150A-CRE

variation

(CRE-270 approved by CCB)

Band 9 Cartridge Output Power Variation versu

ALMA -40.02.09.0085A-CRE

AD 21 Intermediate Frequency (CRE-67 approved by CCB)

AD 22 Upgrade of the prproduction DGCK module ALMA -53.04.01.06001-A-CRE
design (CRE-79 approved by CCB)

AD 23 Change in the IF Switch Operations Mode and | ALMA -40.08.01.0101 7-A-CRE
Specifications (CRE221 approved by CCB)
Change the Time to Phase Switch (Requiremer

AD 24 | 442) specification in ALMA System Technical ALMA -40.10.00.0088 A-CRE

Requirements Document

(CRE95 approved by CCB)

AD 25

Change Request for Band 1 Phase Noise

ALMA -56.11.00.0024-A-CRE
(CRE254 approved by CCB)

AD 26

ALMA Operations Plan

ALMA -00.00.00.06002-D-PLA

AD 27

Change of Amplitude Calibration Device
Technical Specification to modify the attenuatio
values for the Solar Filter

FEND-40.06.02.010018A-CRE
(CRE273 approved by CCB)

AD28

Change Request for the Band 10 Cartridge Noi

Performance

FEND-40.02.10.060124A-CRE
(CRE301 approved by CCB)

2.2 Reference Documents

No Document Title Reference
RD 01 | System Design Description ALMA -80.04.00.06002-A-DSN
RD 02 Fringe Tracking, Sideband Separation, and Phg ALMA memo 287

Switching In the ALMA Telescope
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RD 03

Notes On Delay Tracking For ALMA: Resolutior
and Tolerance

BEND-50.00.00.06002A-GEN

RD 04

Frequency Band Considerations and
Recommendations

ALMA memo 213

RD 05

Gain Stability Testing For Front End and Back
End Assemblies

SYSES80.10.00.0003-A-SPE

RD 06

Gain Stability: Requirements and Design
Considerations

ALMA memo 466

RD 07

Passband Shape Deviation Limits

ALMA memo 452

RD 08

Enhancing the BaseEnALMA Correlator
Performances with the Second Generation
Correlator Digital Filter System

ALMA memo 476

RD 09

Joint Distribution of Ainospheric Transparency
and Phase Fluctuations at Chathantor

ALMA memo 521

RD 10

Simulation of Atmospheric Phase Correction
Combined Wih Instrumental Phase Calibration
Using Fast Switching

ALMA memo 523

RD 11

FrontEnd SubSystem for the 12 PAntenna
Array Technical Spafications

ALMA -40.00.00.06001-A-SPE

RD 12

Interferometry and Synthesis in Radio Astronon

ISBN: 9780-471-254928.
Second Addition, John Wiley &
Sons Inc, 2001

RD 13

ALMA System Technical Requirements for 12m
array

ALMA -80.04.00.0e005-B-SPE
(previous revision)

RD 14

Technical Specification for the Design,
Manufacturing, Transportation on Site of 6w
ALMA A NTENNAS

ALMA -34.00.00.06006-A-SPE

RD 15

Tedhnical Specification for the Design,
Manufacturing, Transport and Integration on Sit
of the ACA 12m Antennas

ALMA -38.00.00.06001-A-SPE

RD 16

Technical Specification for the Design,
Manufacturing, Transport and Integration on Sit
of the 12 ACA 7m Antennas

ALMA -39.00.00.06001-A-SPE

RD 17

Revised ALMA System Technical Requirement
Spurious Signals

ALMA -80.04.00.060042A-SPE

RD 18

Walsh Funabn Demodulation in the Presence o
Timing Errors, leading to Signal Loss and
Crosstalk

ALMA memo 537

RD 19

ALMA Use of LO Offsetting br Spurious Signal
Suppression and Sideband Rejection

SYSES80.04.00.06018C-DSN

RD 20

Revised ALMA System Technical Requiremeit
Polarization

ALMA -80.04.00.060038A-SPE

RD 21

Impact of System level polarization requirement
update on the FrofEnd subsystemspecifications

SYSE40.00.00.001215A-GEN

RD 22

Atmospheric Transmission at Microwaves (ATM

IEEE Trans. on Antennas and
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An Improved Model for mm/submm applications

Propagation, 2001, 49, 1683

RD 23

ALMA Sensitivity, SupraTHz Window and 20
km baselines

ALMA memo 276

RD 24

The Atacama Compact Array (ACA)

PASJ 2009, 61, 1

RD 25

Design of the Cone at the Centre of the
Subreflector

ALMA memo 545

RD 26

Design of the central cone for the subreflector @
the ACA 7m antenna

ALMA memo 574

RD 27

Impact of ACA on the Widé-ield Imaging
Capabilites of ALMA

ALMA memo 398

RD 28

Calibration Specifications and Requirements

ALMA -90.03.00.0001-A-SPE
(Withdrawn,CAR-13 andDAR-
21)

RD 29

ACA Calibration Plan

ALMA -90.03.00.06009-A-PLA
(Draft shown inACA System
PDR)

RD 30

Beam sqint specification: elements for a propos

by Bernard Lazareff, 20051-05

RD 31

lllumination Taper Misalignment and Its
Calibration

ALMA memo 402

RD 32

Electromagnetic properties and optical analysis
the ALMA antennas and Front Ends

ALMA -80.04.00.06026-A-REP

RD 33

Spurious Responses From IF Signals Above 12
GHz

11-May-2010 memo by P. Napier
attached to JIRA issuklV -2057

RD 34

Instrumental Delay

ALMA -80.00.00.060015A-SPE

RD 35

Fibre-Optic Link Design of the Atacama IF Data
Transfer System

ALMA memo 349

RD 36

Digital Transmission System Signaling Protocol

ALMA memo 420

RD 37

ALMA Back End Electronics Design Descriptior

BEND-50.00.00.0077-B-DSN

RD 38

ACA Correlator Technical Specifications and
Requirenents

ALMA -62.00.00.06001-A-SPE

RD 39

ICD between ACA Correlator and
Computing/ACA Correlator Software

ALMA -64.00.00.0970.42.00.00
A-ICD

RD 40

ALMA Software Science Requirements

ALMA -70.10.00.06002-L -SPE

RD 41

Calibration Device Technit Specifications

FEND-40.06.00.0009-C-SPE

RD 42

Change of Amplitude Calibration Device
Technical Specification to include Maximum
Allowable Path Error for Solar Fer

ALMA -40.06.060003CRE
(Withdrawn,CAR-268

RD 43

ALMA Solar Filter Core Evaluation in Band 9
Cartridge Setup

FEND-40.06.02.01026-A-REP

RD 44

ACA Scientific Specifications anBequirements

ALMA -90.00.00.0013A-SPE
(Draft shown inACA System
PDR)

RD 45

Missing Specification on Receiver Alignment

by Richard Hills, 20108-05
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Water Vapur Radiometer Technical
Specifications

FEND-40.07.00.06001-D-SPE

RD 47

ALMA Engineering Data Access Neetl&rchive

Access Requirements

ALMA -70.50.00.060010A-SPE

RD 48

The new 3stage, low dissipation digital filter of

the ALMA Correlator

ALMA Memo 579

RD 49

64 Antenna Correlator Specifications and

Requirements

ALMA -60.00.00.06001-C-SPE
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2.3 Abbreviations and Acronyms

AA Antenna Article

ABM Antenna Bus Master

ACA Atacama Compact Arga

ACD Amplitude Calibration Device

ACRV Acceptance Review

ACU Antenna Control Unit

ALMA Atacama Large Millimeter/submillimeter Array
AMB Antenna Monitor and Control Bus
AMC Active Multiplier Chain

AOS Array Operations Site

ARTM ALMA Real Time Machne

ASDy Allan Standard Deviation of variable y
ATM Atmospheric Transmission at Microwaves
AZ Azimuth

BE /BEND Back End

BER Bit Error Rate

BW Bandwidth

CCB Configuration Control Board

CDP Correlator Data Processor

CLO Central LO

CLOA Central LO Aticle

CORR Correlator

CRE Change Request

CW Continuous Wave

DC Direct Current

DGCK Digitizer Clock

DSB Double Side Band

DTS Data Transmission System

DTX Data Transmitter

EL Elevation

FDM Frequency Division Multiplexing

FE / FEND Front End

FESS Front End Support Structure

FLOOG First Local Oscillator Offset Generator
FTS Fine Tuning Synthesizer

FWHM Full Width at Half Maximum
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HFET Heterastructure Field Effect Transistor
HPBW Half Power Beam Width
ICD Interface Control Document
IF Intermedate Frequency
IFDC IF Down Converter
IPT Integrated Product Team
IT Information Technology
LLC Line Length Corrector/Correction
LO Local Oscillator
LRU Line Replaceable Unit
LSB Lower Side Band
M&C Monitor and Control
OSF Operations Support Faitit
OTF On-thefly
PAI Provisional Acceptance ihouse
PAS Provisional Acceptance at Site
RF Radio Frequency
RMS RootMeanSquared
RSS Root Sum Squared
SB Scheduling Block
SIS Superconductor Insulator Superconductor
SRR System Requirement Review
STR System Technical Requirement
SW Software
TBD To Be Determined
TDM Time Division Mode
TE Timing Event
TFB Tunable Filter Bank
TMCDB Startup antenna Class Reference
TP Total Power
USB Upper Side Band
uTC Universal Time Coordinated
VLBI Very Long Baseline Interferometry
WCA Warm Cartridge Assembly
WVR Water Vapor Radiometer
YTO YIG Tuned Oscillator
2SB 2-Side Band

For a complete set of acronyms and abbreviations used in the ALMA project, please go to
https://adewiki.alma.cl/bin/view/MaiAtronymFinder
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3 Overview of the System Technical Requirements

This documenipresentshe technical requirements of the ALMA telescope at the system
level. These are the parameters that determine the obheralvareperformance of the
telescope.

A quick reference summary of the requirements is given in Sectidrhé.requirementare
repeated along with detailed explanatory nateSection 7. In some cases there are notes

that apply to a group of requirements and not just to a single requirergenpolarization,

gain stability and phase stability requirements. These general notes are found Section 5.
The notes attached to most requirements in Section 7 contain elaborations regarding the
meaning, intent and scope of the requirements. Tdray an important part of the definition

of the requirement and should guide the verification procedures.

In many cases the notes contain an explanation or an analysis of how the numeric values of
requirements were derived. This may be done in the ndaiew) ueferences to other
documents. In this way the history of how the ALMA concept arrived at its present state is
preserved for the benefit of future scientists and engineers who will guide the evolution of
the telescope.

Finally, the Notes also contaiany exceptions to the general statement of a requirement.
These are usually in the form of references to change requests (CRES).

Changes to the requirements or new requirements introduced in this document are entered in
the requirements summary in Seos 6 and in the detailed discussion of each requirement in
Section 7. These new or changed requirements may come from a more recent analysis of
what is needed to meet the ALMA scientific requirements or from early operational
experience. However, thisas to be done with care. It is often too late in the project to
introduce new requirements when much of the equipment has already been designed and
built. Also, some desired specifications may simply not be achievable, especially within
budget and schedukonstraints.

However, we dondt want to | ose sight of what
ALMA science. Such new requirements or tightening existing requirements will serve as
guidelines for future upgrades or modifications to the ALMAtem.

Therefore, where it is feasible, changes in the requirements are introduced and justified (in
some cases, relaxing existing requirements). Where it is not feasible to change the
requirements, the desired performance specifications are presetbedreguirement notes

for consideration for future development and upgrades.
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Both the ALMA 50-elementmain array and the Atacama Compact Arragre covered by
these requirements. In the tables, requirements may be applicable to the M&m8&0t
Array (M), the 4element Total Power Array (T) and/or to the ACAngéter Array (7). A
blank in this field indicates the requirement is applicable to all arrays.

3.1 Changing the STR Version B to Version C

This latest version reflects improvements in our undedgtgnof the ALMA system since
the System Technical Requirements Version B (B)Rvas released in September 2006.

The major features of STR are:

l

=

The scope of the documeistlargely unchanged, except as noted below. In reality,
the STR document contes mostly requirements on the signal processing electronics
hardware, from the antennas through to the correlator output.

The requirements for the ACA airecludedalongwith those of the Main Array.

The explanatory notemeexpanded as needed.

The explaatory notesare embedded with the numbered requirements in the main
table of STRC. In STRB they are at the end of the document and can easily be
missed.

Although STRC is consistent with the higher level Science Requirements and will
take note of thesubsystem requirements, doesnot include a full analysis of
requiremerg flow-down. This is done in separate documgste Section 4. for
references)

The STR-B requirement numbering is nehanged excephew numbers will be
introduced for any new gelirements that aredded. If a requirement is removed, its
number will be retired and not used again.

Requirements that were uncertain in SBRand tagged with TBD (To Be
Determined) will be resolved.

System Requirements that are impacted by approved @RIEbe updated or noted.
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4 The Flow Down of Technical Rguirements

The source of the requirements contained he]
ALMA for Adll.enceo |

An analysis othe Science cases that generate this System Technical Requirements document

is not contained in a specific document, rather most of the requirement listed here are
associated to a sort of Ajustificatima di scu
that led to the definition of the requirement as it is now.

Several more detailed technical specifications are derived from this document and provide
requirements to specific stdystems. Those requirements need to be clearly referred to their
parentrequirements (where applicable) in this System Technical Requirement Document.

4.1 Flow Down from Science Reqgs

At chapter 6 of this document, in the table containing the summary of the ALMA Technical
Requirements, it is reported also the reference of grgin, when coming from the ALMA
Scientific Requirements docume@l) 01].

Moreover, in several cases the rationale of the flow down is described in the note associated
to the detailed requirements reporieahapter 7.

4.2 Flow Down to Software Reqs

Some of the requirements contained in this document have relevance in the definition of
ALMA SW expected capabilities and performances. For example Req #520 that asks for the
implementation of Tunable Filter BasTFB), is mapped into CORR) within the SW
Feature Spreadsheet.

Since there wasnodot a for mal requirement fl ow
requirements in this document and the list of SW features have been only recently tied
starting fran release B of the System Technical Requirement document.

Any further modification of the requirement contained here should maintain the consistency

with lower tier document and the CCB, with in the process of document change, should
guarantee that the ks are not broken.

Notice that, some times (e,g, for some SW requirements), the requirements flow down
process goes from Observatory top level requirements directly to SW requirements. Some
other times the fiend user 0 SWieguinements ®uplli r e me |
the System Technical Requirements.
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4.3 Flow Down to Other SubSystem Reqs

The requirements contained here are flown down into thesystem specifications.
Nevertheless the relevant version of the-syftems Technical Specificatioemains that
which was applicable at the time of the smylstem relevant PAI, PAS or ACRV.

New subsystem requirements derived from this document become only applicable after the
acceptance of a CRE for the update of the Technical Specification of thentedelbsystem

The System Technical Requirements that flow into Front End requirements are indicated in
the text of the individual relevant requirements in the FE Specifications.

For what concerns the Specifications of the Back End the flow down oédo@ements is
obtained including the Aoriginal 6 System Tec
convention of the Back End requirements as described below.

BEND-XXXXX -YY/ZZZ
Where: BEND standfor "BackEnd";

XXXXX is the consecutive number 000DD020,... (the nine intermediate numbers

remaining available for future revisions of this document), where xyz > 100 of Oxyz0
corresponds to the requirement numbethed System Technical Requirement Document
YY describes the requirement revision aradtstwith 00;
ZZZ describes one or more verification methods

The Antenna Specification, on the other hand
Technical Requirement Document.

4.4 Links to Operations, Maintenance, Availability Safety Reqs
Operationsand Maintenance Plans do not contain any reference to this System Technical
Requirements document.

Rather these requirements are already embedded into the lower tier hardware requirements
such that they flow down as Construction requirements ratheCparation ones.
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5 General Notes for Groups of Requirements

Hardwaresystemrequirements apply toegpformance before operational calibration is done.
The accuracy of calibratiothat is needed to meet the higher level science requirement is
included in tke system requirements notes and may be reflected in other system
requirements.

The hardware requirements apply to a properly functioning system and assume that all parts
of the system that would normally be in place during observations are workinglpi@og.,
LLC, antenna metrology).

5.1 Delayand PhaseStability: Req #151, 152 and 450 through 459

Delay and phase stability are closely related. A delay change produces a signal phase change
that is proportional to frequency, arising for example, franthange in cable length.
Alternatively, all frequencies in a bandpass range can be shifted by the same phase if the
phase of a local oscillator experiences a phase shift.

I n these requirements, the expressedfowbothidel ay
situations, path length or LO change. The units of time will be used to express delay/phase
stability, typically in femteseconds (fsec), which is 10seconds. The resulting phase

change can always be found by multiplying the delay byppeopriate frequency.

5.1.1 Introduction

Variations in the instrumentdklay/phaseause two effects:
1 loss of coherence and thus loss of sensitivity due to fluctuations faster than the

elementary integrating timel¢lay noisg, and,
1 errors in the phase of éhcalibrated visibility measurements due to fluctuations on
longer time scalesiélay drift), up to the length of a full calibration cycle.

For the requirements given here, the time scale division between delayfphssand
delay/phaselrift is definedas one second.

Variations in instrumental delay/phase (both noise and drift) arise from changes in the
electronics equipmensignal pathand in various mechanical structures; these can be
separated into two types:

1 variations which are a function of timesually thermally or wind induced (see Req
#151, 152, 451, 452), and,
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1 variations which are a function of antenna pointing angle, usukib/ to cable
movement or twisting, structural deformations under changing gravity vector or
equipment deformation (sdReq #456, 457, 458 and 459).

Delay/phase variations adanction of antenna pointing angéee separated into systematic

and random changes. By definition, random changes will tend to average towards zero with
repeated observations, while systemati@anges do not decrease, are more damaging and
should have a different level of constraint. Different requirements are given for small angle
changes which impact phase calibration and large angle changes which impact antenna
position determination andtasmetric observations.

The large angle variationsebe estimated from theesidual phaseafteran antenna position
determination; however some systematic instrumental errors may be subsumed into any
single antenna position solution.

It is assumedhiat the temporal andntennapointing angle phase error contributions are
independent anSSadditive.

For both delay/phase changes with angle and with time, the quantity that is measured is the
delay/phase difference of the signals processed througlaritemna systems. Making the
assumption that the phase variations in the two antennas are uncorfgisg2dof the
measured delay/phase difference will be taken as the delay/phase variation of each antenna
system.

In these requirements, thienits on delay/phase variations always refer to the per antenna
variations.

5.1.2 Establishing the Temporal Delay/Phase Stability Requirements

The requirementsn temporal delay/phase noise and drift, on time scge® 300 secare

based on the idea thtte delay variationgaused by the instrument should be smaller than
those caused by the natural environnfenat least 95% of the timelhesenatural limits are

those imposed by the residual delay fluctuations of the troposphere after all available
corrections have been applied.

More specifically, lhe system requirement on thetal permitted temporainstrumental
delay/phase variatiors set to be less thahe tropospheridelay error underthe beststh
percentileatmosphericonditionsafter WVRand fast switching corrections are applied.

(n.b. fast switching is an observing technique involving switching the antenna pointing
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between the target and a reference source with a cycle time of 10 or 20 seconds for the
purpose of phase calibration. # distinct from frequency switching which involves LO
switching with a cycle time of tens of miieconds.)

Statistics of the tropospheric fluctuations at the Chajnantor site are available from more than
six years of site testindRD 09. Simulations using a range of atmospheric conditions, were
done to estimate theffects of various calibration techniques, includimgpid phase
referencing to a nearby calibrator (fast switchirag)d interband instrumental phase
calibration(see[RD 01] and RD 10).

Three observingand calibration techniques were considered for use in the simulations.
Consider these threea€es:

1. Two-frequency fast switchingA phase calibrator is observed at a different frequency
from the target source, with the calibrator observations rapidly interspersed between
target source observations. This is repeated with a cycleTiroéabout 10 to 20
sec. A separate observation of a calibrator at both frequencies is then made to
determine the difference of instrumental phases between the two frequencies. This is
done less often, with cycle tinTe ~ 300 seconds #;.

This sequence would typically be usetlem observing in the high frequency bands
where suitable nearby phase calibrators are rare and delay/phase calibration must be
done at a lower frequency where the density of suitable calibrators is [iRihdq.

2. Single frequency fast switching. Again, phase calibrator observations are rapidly
interspersed with target source observations at cycle Taynbut with both at the
same frequency.

3. No fast switching. A phase calibrator is observed at intéfyahnd at he same
frequency as the target.

Thesedifferent Case$eadto differentdelay/phase stability requirementise more stringent
requirements were then selected to define the system level requirements

In Case ] the requirements are based primarily onuations withT;@0 sec and»=300

sec [RD_14d. The fast switching calibrator observation simultaneously removes the
tropospheric delay fluctuations and the instrumental phase. However, the instrumental drift
requirrment is on a time scale of 300 seconds and is determined by the need to constrain the
instrumental phase between the slow calibratidnsyhich link the phase at the two bands.
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Some parts of the electronics are common to both frequency band observatondrift in

the IF system which is common to both calibrator and target observations would not be
significant if it were not for the fact that the low frequency phase data needs to be scaled up
to correspond to the high frequency data. This scabwetpf is the ratio of the observing
frequencies, and for Bands 3 andeluals 8.7. Multiplying one data stream by this factor
destroys the common mode cancellation.

For fast fluctuation®n time scale€ 1 secondit is likely that corrections basedchawvater
vapor radiometry alone will produce residuals about the same as with fast switching alone.
In practice, a combination of theo techniqueswill probablybe used.

In Case 2boththe tropospheric correction atite instrumental calibration are germedat

one frequencyandthe delay/phasdrift is important only for intervals  ~ 20 seconds

There is one less calibration step in Case 2 compared to Case 1, and thus the instrumental
stability requirement at 20 seconds could be relaxed. Siegehidise stability at 20 seconds

will certainly be equal or better than the stability at 300 seconds, it iCHse 1
requirements, which use the longer time scales of 20 to 300 seconds, which are more
demanding and should define the delay/phase drifiregents.

In Case 3the calibrator observation canreftectively remove the tropospheric fluctuations

and serves mainly to calibrate the instrumental phase. It applieexampleif the
tropospheric effects are negligible or have been corrected ey atkeans (e.g., WVR
measurements). Then the instrumental phase drift at the single frequency is important at
interval T, and is set equal to the anticipated accuracy of the WAGRiin, Case loffers the

stricter requirement.

ThereforeCase 1formsthebasis of the system delay/phase requiremehtsh are given as
the bottom |Iine of Table 1, the ATot al I nstr

These values were determined as followhermsresidualatmospheriphase after fast
switchingphase calibration is given by KEt) of RD10,

O_l;_’ — NIDI;,[ ‘atmos® flfl" dj
whereD, is the structure functioaf the atmospheric phase variatiptig.,,.- is the velocity
of theatmosphere at the height of the turbulent laggr,. is the fast switching cycle time,

and dis the linear distance between the lines of sight toahget source and the calibrasdr
thealtitude of the turbulent layefMypical values ar&,,,,,.. = 12 m/s andt_.__, = 20 sec;

with the target and calibrator separated by 1 deg anceipbthof the turbulent layer 500 m
above ground, d is about equal to 10 meters. This means that the residual atmospheric phase



ALMA Project
SystemlLevel Technical
Requirements

Doc #: ALMA -80.04.00.06005-C-SPE
Date: 201212-10

Status: Released

Page: 250f126

is the phase structure function evaluated at 130 meters. For baselines longer than this,
atmospheric phase errors will be reeddo this level. For shorter baselines, fast switching

will offer no improvement and should be avoided.
Based on simulations, Section 7.1 and Table 6 of RD10 present the rms atmospheric residual
phase for an antenna pair, observing at bands 9 and 105holercentile atmospheric
conditions. These values are dividedv®to give the rms contribution for a single antenna.

What is called fAphase jittero i
It follows that for baselines shorteratin 130 meters, under the very best atmospheric
conditions, the instrumental phase variations will exceed those due to the atmosphere.

5.1.3 Allocation of Temporal Delay/Phase Stability Requirements

n

RD1O

The allocation of temporal delay/phase requiremanteng theelectronicssubsystems and
the mechanical structure is given in TableThe various quantities are combined in an RSS

sense.
Component Noise Drift
20 to 300
seconds
First LO- FE 38 13
First LO- BE 38 13
Signal Path FERF 22 10
2nd LO & Digtizer clock 17 4
Signal Path BE (IF commdn 24 4
Subtotal for Electronics 65 22
Structure 38 13
Total Instrumental E rror 75 25
Table 1. Allocation of Temporal Instrumental Delay/Phase Errors
(per antenna errors, in fsec)
Notes:

1. The two entres:fi2nd LO& Digitizer clockdoa n &ignal Path BEIF commond are
actually fixed values in phase which do not scale with frequency. However they are
expressed in fsec and sholld understood to apply at 950 GHEXxpressing these
errors in fsec allowshem to be combined with the other terms which do scale with

frequency.

S

cal
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2. For the First LO, the phase error expressed as(fsee)is the phase err@xpressed
as anglalivided by the LO frequencyThe qualifiers BE and-FE refer to those parts
of the First LO system assigned to the Front End and Back End IPTs.

3. The tempor al del ay/ phase error all ocatior
structure of the antenna, and arises from wind or thermal distortions of the antenna.
The delay error is a fiction of the direction of the incident wave front and direction
of the antenna distortion. These errorsat@ressed in Requirements #151 and #152.

Rapid movement of the antenna on time scales less than an integration period (e.g.,
buffeting by the wnd), is constrained by th8tructure-Noiserequirement. Slower
movement of the antenna on time scales longer than a fast switching cycle, ~ 20
seconds (e.g., quasieady wind or thermal distortion) is constrained by the
Structure-Drift requirement. THi is like a phase change due to an error in antenna
location and is therefore differential over angle. BterictureDrift requirement is
defined as thdifference in delay/phasss the antenna is switched o2ed degrees in

the fast switching phase dadation procesgn.b., this is changed from 1.5 degrees in
[RD 13 to be compatible with the antenmonrepeatable residual delay error
requirementSection 5.6.2RD 14)

Note that thisStructure-Drift term is different from phase errors arising from
shifting or twisting of electronic cables or flexing of the Front End structure as the
antenna pointing angle is changed. These erroradaissed in Requirements #456
through #459.

The dlocation of errorsn Table 1between thdéi Bucture and thefi Ectronic® is
somewhat arbitrary, with 25% of the squared error allowed for the structure.

4. The Antenna Technical SpecificatioRID 14 calls for 15u (50 g$ec) norrepeatable
residual delay error on time scales of < 180 seconds (Section 5.6.2). The RSS of
System Technical Req #151 a#th2 is 40 fsec. There is thus a discrepancy between
these two requirements that is noted here but not resolved sincslibaté be little
impact on array performancé&ee additional notes to Req #151.

5. The tempor al del ay/ phase error all ocatio
El ectronicso are addressed in Requirement :

6. The delay/phase drift requirementsTiable 1 apply on a time scale up to 300 sec,
which is taken to be the length of a complete instrumental calibration cycle. It is
desirable to meet this requirement over longer intervals so as to allow longer
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calibration cycles; a goal is to meet the dglagse drift requirement on time scales
of 1000 sec.

7. ltis recognized that the allocated delay errors produce a significant loss of coherence
in Bands 9 and 10 and therefore it is considered a goal that the system should provide
delays errors that are aifter that allocations, in order to reduce these losses

If the Total Instrumental Errodelay/phase noise requirement is met, the expecteerence
of an interferometer pair is given below at various ALMA observing bands.

Band Coherence Frequency
Band 1 0.9997 at mid frequency
Band 2 0.9986 at mid frequency
Band 3 0.9978 at midfrequency
Band 4 0.9954 at mid frequency
Band 5 0.9923 at mid frequency
Band 6 0.9870 at midfrequency
Band 7 0.9770 at midfrequency
Band 8 0.9574 at mid frequency
Band 9 0.9075 at midfrequency
Band 10 0.8184 at max. freq. 950GHz

The coherenceisgivenb§=e“ 2 where G is the rms phase err

antennas, i.ey/2 times the error contribution of a single antenna.

5.1.4 Calculating Delay/Phase Noise and Drift

The short period delayphasenoise requirement referso the RMS deviation delay/phase
from a 10sec average.The equirementapplies tothe integrated phase noise from the
highest significant frequency (~1 MHz) down to 1Hz.

The delayphasedrift requirement refers to the-gint Allan Standard Deviation with a
fixed averaging i me , u, of 10 shetwveerR@ad 3@Msdcorndnt er val s,

822, T = 0.5 * <[lidt+T) - Gg()]>

Gpis the average of the absolute or different
< é > means the aver age eatendito 10toh2d tinlksithea s a mp
largest value of the sampling interval T that is used.
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Note that this usage of the name AAll-an vari

standard.

Strictly speaking, the Allan variance refers to thgathple variancef fractional frequency

and was introduced by David Allan in his studies of oscillator stability. Here the same
formalism is used and the name Allan variance extended to mearstmple variance of
phase and of gain.

5.2 Gain Stability: Req #261,262and 263

The noise power delivered to the correlator is the product of the system gain and the sytem
temperature, G * ds where Tys= Tamost Trewr + Tspillover + Tak + Taswo IN the requirements
discussed here, only the variations in G, as a functidimef and the pointing angle of the
antenna are considered.

There are currently no system requirements on the stabilityc@fof Tspilover iN time or
angle.

Requirements on system gain stability flow down from the science requirements for the
accurag of total power observations and interferometric observations.

5.2.1 Total Power Observations

Total power observations are based on the difference of auto correlation spectral power (or
perhaps analogue total power detector output) between two switched dtareexample,

these two switched states might be two beam pointing positions using nutator beam
switching. They also might be the-source measurements during an OTF scan versus the
off-source measurements at the end of the scan. Frequency switchimgther example.

The time scale of the switching is typically between 0.1 second and 1.0 second.

Gain variations on time scales shorter than the switching period limit the extent to which the
measurement accuracy decreasel/ad’ and lead tdReq #263 and partially to Req #261.

Gain variations on time scales longer than the switching period but shorter than the interval
between external ACD calibration impact the accuracy of the calibration of the total power
observation and/or add noise whetegrating for longer periods. This leads to Req #262
and partially to Req #261.

The value of the total powegain stability requirements are based primarily on the studies
reported iRD 04 and the testing methad [RD 09, and they are stated in terms of the 2
point Allan standard deviation of the fractional gain variab@iG.
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With a CRE RAD 03] it was established #t variations of system gain will be defined in

t er m$¥=)TGe,U is not a fixed quanti R¥13d unli ke
the details of the ASD were given for the delay/phase variations but were nifitesipir

the gain variations.

Tentatively, and somewhat arbitrarilfhe four requirements on system gain stabititg

all ocated equally to the Front End componen
converter, baseband processor, 2nd LO, digitizefesignal path. On the assumption that

gain fluctuations in FE and BE are independent, 0.707 of the standard deviation is allocated

to each.

5.2.2 Interferometric Observations

The original intent of Req #261 and #262 was to constrain the system gaimrartagt
would limit the accuracy of interferometry observations and calibration. However, the
current practice in ALMA is that the cressrrelation products are normalized by the auto
correlations in the correlator,

V-'I- — ﬁz’ ﬁ;{: vy E:J_:-‘ ::/
¥ I|
e ® s &
‘\ll 4, 8, <v, v, >g; §; <v; v >

[
g, g}ﬁf:‘: v, 1:1;‘ = v; 1:1;‘ =

_ e B —8;) v; 1:1;‘ :=~/

- [
| % *
"ﬂl{ v, v = 1::}. 1::}. =

Wherev, is the equialent voltage at the input to an antenfia,= g.e % is the complex
voltage gain of that antenna ard is the normalized visibility or correlation coefficient of
the noise input signals of antennaand j. V;; is zero for compl&ly uncorrelated noise
signals and varies between t/for correlated noise.

V;; is the ratio of correlated power to the mean uncorrelated power in the two antenna signals
and therefore is independent of system gain.
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However,V;; does depend on the square root of the total power in each antenna signal, i.e., it
depends on s ThereforeV;; is multiplied by, /T to put the crossorrelation in

EVEL 3_',5_;!
physical units related to power.syg‘s measured using the ACD @ach source change and
periodically in time as the atmospheric contribution @ dhanges. Also, atmospheric ATM
models and water vapor contributions measured by the WVRs are used to estimate
atmospheric variations iffisys Note that these measurenmiiso do not depend on system

gain.

Therefore, interferometric observations do not impose a requirement on variations of system
gain with time.

One way this might change is ifsfhad to be measured on time scales shorter than is
practical with the ACD (about once every few minutes). If the analogue total power
detectors or the correlator attorrelation are used to estimatgslthe accuracy of these
measurements does then depend on system gain stability.

Although the above argument ignores comgtiions that arise from the fact that these

measurements are actually done as spectral observations and that image sideband contributes
to the signal power, these complications do not change the basic conclusion.

5.2.3 Gain variation with Antenna Pointing Angle

If the current practices remain in place where:

1) total power observations are calibrated with the ACD for each target source, and the
calibrations interval is kept sufficiently small that the antenna pointing angle does not

significantly change, and

2) interferometric observation are normalized by the -aateelations, the Jscorrection is
done using the ACD, and ngyJcorrection is needed between ACD measurements,

It follows that there is no constraint on system gain changes with antentiagpamgle.
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5.2.4 Possible Changes in Requirements Relating to Gain

1 There may be a need for a requirement on the stability of Trcvr withamd/or antenna
pointing angle if it is found that variations in Trcvr limit the accuracy of the ACD
calibration of toal power or interferometric observations.

o An example of this might be Trcvr variations in time and/or angle across a large,
several degree, total power raster scan.

o Another example could be Trcvr variation on time scales short compared to the
time betweerACD calibrations of an interferometric observation.

1 There may be a need for a requirement on the stabilisystem gain with time if the
analogue total power detectors or aatworelation data are needed to calibrate Tsys on
time scales shorter than tA€D calibration period (see Section 5.2.2).

5.3 Spurious Signals: Req #290, 292, 293, 295.1, 295.2 and 297

An extensive discussion of the flow down of requirements regarding the permitted level of
spurious signals is given iflRD 17. The analysis in that document forms the basis for the
updates to the system requirements given here.

In the earlier Version B of the System Technical Requirem&is13, the requirements on
spurious signia are found in #290, 292, 293 and 295. In the revised version given here,
these requirements retain their basic content, but # 295 has been explicitly divided into two
parts, 295.1, relating to the intensity of narrow band coherent sigmals new ragirement

295.2 relating to the amplitude stability in time of narrow band coherent and incoherent
signals. Also a new requirement #297 is introduced here constraining the stability of the
power in spurious signals integrated the 2 GHz bandwidth of tted Fowver Detectors.

Below are some general notes on spurious signals, taken from section 6E2D0L10f.

1. These requirements apply to self generated spurious signals within the array and do
not address external Radrrequency Interference.

2. These requirements give limits to spurious signals that appear in the spectral auto
correlation and crossorrelation outputs of the correlator, and which impact the
2GHz Total Power Detector output

3. In these requirements,ahterm "coherent spurious signals" refers to signals that are
coherent between antennas. Constraints on coherent spurious signals that are
coherent between polarization channels are covered in the system polarization
requirements #224 #225 and #226.
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. Spurous signals are divided into two classes, narrowband and broadband. In both
cases the requirements will include an integration bandwidth to define the integrated
power in the spurious signal. A pure sine wave or CW signal, such as an LO signal,
would bea limiting case of a narrowband coherent signal.

Incoherent and coherent spurious signals could limit the spectral dynamic range.
There is a scientific requirement, SCIE 70, on spectral dynamic range of 10,000:1, for
weak spectral lines in the presenak stronger spectral lines, and 1000:1, weak
spectral lines in the presence of strong continuum emission.

Flowing down from this are tavmain technical requirement§) Sys Req 273, that

the bandpass be sufficiently stable in time that it does not glge &ppearance of
weak lines, and (ii) Sys Req #290 to 295, that there should not be self generated
spurious features in the output spectra.

. Single dish spectral observation will generally be performed using nutator switching,
frequency switchingor OnThe-Fly (OTF) scanningA common technique is to
difference the spectrasi¢inal- reference)/(referenceyhich effectively calibrates the
bandpass every switching period or OTF subscan duration. The quality of the
calibration then depends on the stapilof the spectra for the duration of the
switching cycle or the OTFubscan.Besides the spectral stability, other issues
include spurs on local oscillators, alias response and other spurious responses within
the receiver chain.

. Pulsar and other time d@im observations are another area where instrumental

effects may impact the data quality. Such issues are beyond the scope of these
spurious signal system requirements.

In interferometry mode, spurious signals coherent between antennas can lead to a)
spurious spectral features, b) closure errors which limit calibration accuracy and thus

image dynamic range, and c) image defects, usually broad stripes and ripples
throughout the field, which limit the continuum sensitivity.

LO-offsetting and 180° phase #ehing (Walsh switching) can be used to reduce the
impact of spurious signal introduced after tfieLD by ~30dB.[seeRD 18 AD 04

andRD 19

. Suppression due to the natural fringe rate in interferometry mode is not considered
since it can be near zero on short baselines or when the baseline vector u component
IS near zero.
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The limits on the intensity of spurious signals given ing¢hegjuirements are before a) 180°
phase switching or LO Offsetting suppression in interferometry mode, or b) nutator
switching, OTF differencing, or frequency switching in single dish mode.

5.4 Polarization: Req #205, 224, 225, 226 and 264
In this section,comments that apply collectively to several polarization requirements are
presented. See Section 7 for comments on individual requirements.

In the earlier Version B of the System Technical Requirenj&1ids13, the requirenents on
polarization are found in #205, 224, 225, 226 and 264. In the revised version given here,
these requirements retain their basic meaning, but the numerical values of some requirements
are changed.

An extensive discussion of the flow down of h@arizationrequirements is given irRD

20]. In this document the values of system level technical parameters regarding cross
coupling between polarizations and gain stabititg established in order to meet the top
level scientific requirement, which states that the errors in polarization measurements should
be less than 0.1% of thetal intensity. In doing this, somessumptions are made about
calibration accuracy and the degree to which antenna based errors aradedépe

Accepting the analysis inRD 2Q doesnoét mean that the syste
should be tightened. As discussed in Section 3, it is too late in the project to introduce
changes in the requirements when moéhthe equipment is already designed and built.

Also, some desired specifications may simply not be achievable, especially with budget and
schedule constraints. However, we doné6t wan
the requirements on ttseientific performance of the telescope.

Therefore, where it is feasible, changes in the requirements are introduced and justified (in
some cases, relaxing existing requirements). Where it is not feasible to change the
requirements, the desired performa levels are presented in the requirement notes for
consideration for future development and upgrades.

In particular, the impact of the polarization requirements suggest&Dir2(] on the Front

End subsystem are dis@sed in a note bly.YagouboRD 21]. These will be discussed in
the specific notes to requirements #205, 224, 225 and 226.

5.4.1 The D-Terms
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Below is an extract fromHD 2.

The D terms dmplitude and phase) represent the fraction of the input signal vaitaye
polarization channel,, that leaks into the output of the other polarization chahel

Vi = Vi +V, =Dy

The D terms are dimensionless complex numbers, typically @itmagnitude of a few
percent in radio telescopes. W, = 0, the amount of power that is leaked to the opposite
polarization output is

< VeV > =<V, V, >*D3

This ratio is used in hardware specifications for cqmsdarization power. It is often used in
presening total power crospolarization of antenna feeds.

When a polarization cross product is taken in a ecoselator for example, the D terms
represent the fraction of the power in one polarization channel that appears as cross
polarization power.

< VeV > =< VyVy = +< WV, == Dy

This ratio is used in discussing the instrumental epadarization found in a synthesis array
image.

Slightly more complicated, the-i2rms are actually a function of the position of the source

in the antenna primary bea (). The cepolarand crosspolar power levels as a function

of beam position are the primary beam response and the polarization beam response. Three
of the System Technical Requirements discuss different aspects ct¢he®

Requirements #224 (eaxis polarization)constrains the value &-(0), the polarization
crosscoupling measured eaxis of the primary beam, which arises from RF components
such as the antenna geometry and optics, Front End optics and the Front End polarizer.

Requirements #225 (ofixis polarization) constrains the value Bf:(&) off-axis of the
primary beam, typically arising from the same RF componeni;=€). Typically the
magnitude of the crogwolarization is several time larger @kis than oraxis. This is
difficult to predict from Front End patterns and antenna geometry and is best verified by
observations using the full antenna plus Front End system.



ALMA Project Doc #: ALMA -80.04.00.06005-C-SPE

. Date: 201212-10
SystemlLevel Technical Status: Released

Requirements Page: 350f126

Requirements #226 (cross coupl#§ constrains the value d¥,:(0) the crosscoupling
power between garization channels in the IF system after the RF mixer. By definition, it
does not depend on the location of the source in the primary beam.
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5.5 Band Dependent Performance Requirements
Band | Frequency | Max. Rcvr. Max. Rcvr. Bandwidth | Front IF
No. | Range, Temperature | Temperature End Range,
GHz (100% of (80% of Type GHz
band), K band), K
8 GHz per
1 3552 26 17 polarization | HFET, 4-12
in IF range USB
2 670 90 i HFET, 4-12
47 30 LSB
3 | 840 116 43 39*° A SIS, 2SB| 4-8
4 1255 163 82 51 i SIS, 2SB| 4-8
5 1630 211 105 65 fi SIS, 2SB| 4-8
6 2119 275 136 83 fi SIS, 2SB| 5-1¢°
7 2750 373 219 147 i SIS, 2SB| 4-8
8 385 500 292 196 fi SIS, 2SB| 4-8
9 6020 720 261° 175 fi SIS, DSB| 4-12
10 | 7870 950 344 230 fi SIS, DSB| 4-12
Table 2 BandDependent Requirements
Notes:

®Noise temperature averaged over all four IFs 4 GHz bandwidth.

® Noise temperature at LO = 104 GHO = 104 GHz corresponds to RF frequencies in the range of

967 100 GHz and 108 112 GHz, which excludes the CD =

¢ IF range with all guarantied performances i$06GHz. Expanded-%0 GHz IF range allows to
observe 12CO and 13CO simultaneousigwever Req.220Receiver Noise Temperatgrdoesnot
apply to this expanded IF range and Req.B&nfipass Shape: gain vrs freq; wide Hamdaxed

over 56 GHz [AD 06].

oY1

t r[ADN0§].i t i on

4 Relaxedhoise temperaturg: 300 K, for the RF frequency ran@¥0- 373 GHz

° DSB noise temgratures.

230 K over 80% of a reduced frequency range {985 GHz) [AD 28]

93550 GHz with optimized performance and%® GHz on a best effort basis.

l i ne
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6 Summary Table of System Technical Requirements

In the identification code for the requirements"'Mfers to the EU and NA Antennaad/or
to the 64AntennasCorrelator. "T" refers to Total Power Pihtennar any other 12n

antenna used as a TP antenna. "7" refers to thre Ahtennas "T/7" refers to the ACA
Correlator and relevant array

Parametrs Req # | M | Value Sci #
Antenna
100 M | >=50 100
Ant: Number(R) 100 T |4
100 7 |12
120 M |12m 100
Ant: DiametenR) 120 T [12m
120 7 |7Tm
130 M | >0.45 at 675 GHz. 150
Ant: Aperture Efficiency(T) 130 T |>0.45at 675 GHz.
130 7 | >0.5at675 GHz
131 M | <25 microns rms 110
Ant: Surface Accurac({T*) 131 T | <25 microns rms
131 7 | <20 micron rms
Ant: Forward Efficiency(T) 132 > 0.95 for elevation anglageater than 15 80
degrees
134 M | <3%
Ant: Geometric blockagéR) 134 T |<3%
134 7 |<5%
140 M 0.6 arcsec, relative to reference source 260
within 2 deg.
Ant: Offset Pointing Accuracy 0.6 arcsec, relative to reference source
140 T L
(m within 4 deg.
0.6 arcsec, relative to reference source
140 7 L
within 4 deg.
The antenna shall perform steps of 1.5
degrees on the sky and settle to within 3
Ant: Fast SwitchingT) 145 M | arcsec peak pointing error, in 1.5 second 260
of time and 0.6 arcsec, within 2.0 second
(total).
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Parametrs Req # H# Value Sci#
The antenna shall perforsteps of 1.5
degrees on the sky and settle to within 3
145 T | arcsec peak pointing error, in 1.8 second
of timeand0.6 arcsec, within 2.3 seconds
(total).
The antenna shall perform steps of 1.5
degrees on the sky and settle to within 3
145 7 | arcsec peak paiimg error, in 1.9 seconds
of timeand0.6 arcsec, within 2.4 secondg
(total).
Ant: Delay error; structure, 151 < 13 fsec, Allan SD with T = 10 to 300
time, drift (R) seonds(drift)
Ant: Delay error; structure, 1592 < 38 fsec, RM&bout 10 seandsaverage
time, noisgR) (noise)
Ant: Phase Center long term 154 Long term Allan SD at 0.1 to 14 days < 2 280
stability (T) fsec (65 micro m)
Ant: nutator, numbe(R) 161 T | For the 4 total power antersmanly 235
Ant: Nutator, performanc€l 162 T 1.5 arcmin (on the sky) throw in 10 msec 235
or T*) (switching freq up to 10 Hz)
165 M | 175
Ant: Number StationéR) 165 T | 4
165 7 |18
Receiving Signal Path
Optics: Beam Squin(fT*) 205 < 1/10 of the beam FWHM
a) Centroid of the aperture amplituc
illumination distribution to be withid% of
the antenna diameter 48 m for 12m and
_ o 0.28 m for 7m) of the main reflector axis.
gl?éfr?eﬁ?(egure fimination |~ 507 b) Stability < 0.8 % of the antenna
diameter (0.1 m for n, 0.06 m for 7
m) for overall antenna elevation angle
and with a calibration interval of 180
days.
Freq Coverage: Front End 210 31.3 950 GHz, all atmospheric windows 10

(™)

(seeTable?)
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Paramedrs

Req #

Value

Sci #

Optics: Beam shape stability
(M

215

Beam shapstableto:

< 1% of the peak atl0dB point for
<400GHz and

< 2% of the peak afL0dB point for
>400GHz

under all operating conditions.

This applieover a time period equal to th
expected calibration interval of 180 days.

270

Receiver Noise Temperature
(T

220

See Table2

160

Optics: ONaxis cross
polarization(T)

224

a) for the Antenna plus Front End the cro
polarization shall be <20 dB before
calibration, and

b) <-40 dB after calibration

c) this applies over 30 degrees of anten
motion in azimuth oelevation and with a
calibration interval of 4 hours.

320

Optics: OFFaxis cross
polarization(T)

225

a) for the Antenna plus Front End, the
crosspolarization shall be <20 dB before
calibrationbut after the ONAXIS cross
polarization discussed RReq #224 has
been subtracted. This appliest to the-
6dB contour of the primary beam

b) assuming a 10% calibration accuracy,
this allows a crosgolarization of< -34 dB
after calibratiorand after ONAXIS cross
polarization has been removed;

c) this applies over a range of antenna
elevation of 5 to 80 degrees and with a
calibration interval of 20 days.

Polarization: IF couplingT*)

226

<-60 dB coupling between the IF channe
of a baseband pdiior all angles of antenna
pointing

Signal Dynanic range(T*)

227

The differential large signal gain
compression should be less than 8% (79
for Bands 34 (for Bands 510), for the

input signal level range 30 K to 373 K.
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Parametrs Req # Value Sci#
>10dB suppression over 90% of the IF
frequency range, SSB and 2SB
>7dB suppression over 100% of the IF
1st Mixer Sideband Rati(T) 231 frequency rande SSB and 2SB
<3 dB difference across 80% of the
combined IF and LO frequency range
DSB
) . HFET = SSB
Front End: Conversio(R) 233 SIS = 2SB or DSB
. All 2SB FE systems shall output to the B
Front End: IF outpufR) 234 both sidebands simultaneously
Freqg range, 1st IET*) 240 See Table 2
Total Instantaneous 250 8 GHz (minimum) in each of 2
Bandwidth(T*) polarizations
Gain Stability: .05100 sec ASD < 1.0* 10°on time scales 00.05 to
261 ) , 300
(T*) 100 seonds; applies tall antennas
Gain Stability100 to300 262 ASD < 3.0* 10°on time scales 0100 to 300
seonds(T?*) 300 seonds; applies tall antennas
263 NA
, " ASD < 4.0* 10 attime scales 00.05 to
(TTO,E;" | Power Gain Stability 263 1.0 sec fothe4 antennasisedfor total 305
power observations
263 NA
Polarization: Complex gain a) < 0.01 in amplitude and
Stability (T) ' piexg 264 b) <0.4 degrees of phase 320
y for ASD time perials 0.05 to 300 sec
The-20dB points of the-2 GHz baseband
filter shall be no more than 150 MHz
Baseband filter: stopband 270 beyond the nominal band edges. The filt
response€T*) rejection shall be at leagtOdB at all
frequencies beyond 400Hz from the
nominal band edges.
Baseband filter: passband Effective bandwidth of the Back End IFD(
er-p 271 antialiasing filter shall be > 90% of
respons€T*) .
nominal.
L Gain variation (g) across a badand
Bandpass Shape: gain vrs 272 channel, due to all system components,

freq; wide bandT)

under any tuning: < 8dB*°
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Paramedrs

Req #

Value

Sci #

Bandpass Stability: spectral
gain vrs timgT)

2731

1 sec:Temporal change in bandpass gain
shape of auto correlation.-40 dB over 1
second

70

Bandpass Stability: spectral
gain vrs timgT)

273.2

1 hr: Temporal change in bandpass gain
shapeof cross correlatior -30 dB over
3600 seconds

70

Bandpass Shape: gain vrs
freq; high resolutiorfT)

275

The differential variation across any 32
MHz section of the operationahbeband
bandpass between two antennas, due to
system components, under any tuning sh
be:

<2.7 dB (pp) gain and

<9 degree phase (rms)

75

Spurious signals on the Loca
Oscillators(T)

290

a) see Tables 290, 2901A and the notes
for the maximm permitted spur power for|
LO1;

b) see Table 292 and its notes for the
maximum permitted spur power for LO2;

70

Broadband Spurious Signal
Incoherent among antennas

(M

292

a) IF power in incoherent spurious signal
shall be < 10 dB per unibandwidth
relative to the nominal system noise pow
per unit bandwidth.

b) stability of the incoherent spurious
signals shall be <20 dB per unit
bandwidth relative to the nominal system
noise power per unit bandwidth.

Broadband Spurious Signal
Coherent among antenn@9

293

< -17 dB averaged over the continuum
bandwidth, before suppression by 1.0
offsetting or phase switching;

In those cases where spur suppression ig
effective, the requirement is
< -47 dB

80

Narrowband Spurious §nal
i Coherent among all
antennagT)

2951

< -28 dB before interferometric spur
suppression (spur signal power relative t
the system noise power in a 1 MHz
bandwidth)

In those cases where spur suppression ig
effective, the requirement is

<-58dB

70
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Parametrs Req # Value Sci#
< -32 dB rms of a random component, a
_.Narrowban_d Spunou_s_ Signa < -56 dB constant difference component
I Spur amplitude stability 2952 70
Incoherent or coherent amon . . .
antennaT) (the dlﬁ_‘ere_nce of the spur signal power ir
two switchirg states, relative to the syster
noise power, both in a 1 MHz bandwidth)
< -48 dB rms of a random component, a
Spurious Signal: Stability of < -72 dB constant ffierence component
spur amplitude integrated ovg 297 20. 80
2GHz bandwidth of Total (the difference in two switching states of '
Power DetectofT) the aggregate spur signal power over the
GHz baseband, relative to the system no
power)
Digital Signal Transmission 311 The cable delay in each DTS should rem
(M constant wiiin ° 8ns for at least 2 weeks.
Digital Signal Transmission 312 The Bit Error Rate (BER) for each DTS
Bit Error Rate (T*) should be better than 0
E;%g@?g%?é GHz nom ch 321 2 GHz nominal channel bandwidth
o 8 levels (3 bits), uniformly spaced, at 4
Digitization: 3 bits, 4 GHz(R) 322 GSanpldsemnd
Sampling clock: fine delay 323 Variable phase for fine delay, <1&
stepgR) sample accuracy.
Sampling clock: common to 324 Common to all channels ah antenna.
all ant IFP(R)
The synchronization between the DGCK
sampling clock fine delay adjustment, tha
Sampling clock: requires a transition from 15/16 of the
synchronizatiorio correlator 325 period back to zero or viceversa, and the
(M corresponding coarserting adjustment in
the correlator, that changes by 1 unit the
coarse delay, shall be better t&D0us
, o Any sky frequency may be placed at any
;ggggamn%e and resolution: 411 baseband frequency within £10% of 20
digitized BW
Tuning range and resolution: 412 1st IF frequency within £10% of the 1st IR 20
FE IF(R) bandwidth.
It shall be possible to run at least 4
independent arrays (swurays).
Independently Tunable sub 420 Each of them can be pointed in different 390

arrays (R)

timesto different sources and tuned to

different frequency.
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Parametrs Req # H# Value Sci#
It shall be possible to run at le&st
independent arrays (swrays).
420 T/7 | Each of them can be pointed in different | 01010
times to different sources and tuned to
different frequency.
The generation of a stdoray, for a 300s
T observation, shall not increase the durati
Subarraysswitching time (T) 425 of execution of the relevant SB by more
than 3% or 1 sigma, whichever larger.
Frequency tuning: within FE 430 < 1.5 se for intraband tuning over whole 40
band, timgT) band.
Frequency tuning: between H 431 < 1.5 sec interband, switching to a FE ba 50
bands, tim€T) in standby mode.
Up to 10Hz rate with a < 10 msec (rise aj
o fall time)
I(:_I[)eq Switching: time & range 432 (Frequency throw up to of 25 MHz sky
frequency; Spectral line total power modg
only & within the same FE band)
Up to two bands may be in standby mode
FE & LO1: number of bands 433 while one band is in operational mooe 50
in standby(R) up tothree band# standby mode and
none in operational mode.
435 Deleted
Phase Switching: LO1 180d ¢ 441 180° and 90° phase switching inserted in
90d(R) the 1st LO
Phase Switching: Settling tim 442 1st LO PLL effective time constant to
(T*) achieveh e desired plsas
Walsh functions, with maximum 128
Phase Switching: Walsh 443 sequence for 180° series; maximum 64

functions(R)

sequence for 90° series; orthogonal by

antenna;
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Parametrs Req # Value Sci #
Phase Swithing synchronization between
FLOOG (that applies the switch) and DT
(that removes it) in the same antenna sh:
be better than 100 ns
Switching delay difference, among the 4
DTXs in each antenna shall be better tha
Phase Switching: 444 100 ns
SynchronizatiorfT)
After the delay correction afied in the
Correlator, for antensxeceiving the
incoming signal in different times, the
synchronization shall be better than 100
Sign reversal relative to correlator dump,
10ns
Offset LO1, LO2 or TFB LO from their
LO Offsetting(T) 446 nominal values by integer increments of
125MHz/2?(30.5176 KHz)
;gbﬁgsﬂ%t? Phase: No pha; 450 All frequency synthesis unambiguous
Delay Errors: Time, phase 451 < 22 fsec, Allan SD with T = 10 to 300
drift (T) seonds(drift)
Delay Errors: Time, phase 452 < 65 fsec, RMS about 10 sec average 290
noise(T) (noise)
. , System shall typically operate for at least
gselz?;t:f)rr:(q'r)s- Continuous 454 one hour with no step discontinuities in
system delay > 10 fsec
456 Systematic, for (az,el) change of 2.0deg,
8 fsec
Delay Erras: Ant, small 456 Systematic, for (az,el) change of 4.0deg,
angle, systemati€T) 8 fsec
456 Systematic, for (az,el) change of 4.0deg,
8 fsec
457 Random, for (az,el) change of 2.0deg: <
fsec
Delay Errors: Ant, small 457 Random, for (az,el) change of 4.0deg: <
angle, randm (T) fsec
457 Random, for (az,el) change of 4.0deg: <
fsec
Delay Errors: Ant, large angl¢ 458 az + 180 °rms < 100 fee 280
systematicT) el +40°rms < 50 fsec
Delay Errors: Ant, large anglq 459 for full range of permitted az,el : < 32 fse

random(T)
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Parametrs Req # H# Value Sci#
Allan std dev, frequency
Freaquencystability (T*) 460
<2ell for T =206300 sec.
VLBI: Array numbe(R) 461 VLBI Support shall be provided to 380
minimum oneArray
,(ATb)squte frequency accuracy| 470 <5010
Array time: accuracyR) 481 Maintained within 10 micro sec &fTC.
Array time: knowledggR) 482 r[])éf;irence fromUTC known to within 100
Shielding effectiveness The shielding effectiveness of the antenn
ding et - 490 receiver cabin shall bat leas20 dBup to
receiver cabirfT*)
12 GHz
, : The fiber optic cable (LO, DTS & M/C)
(I\éalt_g;b(eRr)optlc cable length 492 length from the AOS TechnitBuilding to
an antenna station shall be < 15 km
Detection and Correlation
Analod power detectors: Analog power detectors, baseband chani
gp . ’ 511 (2 GHz): Accuracy 1% of full scale (after
accuracy(T*) . . .
linearity correction).
Analog power detectors: 0 -
sampling interva(R) 512 0.5 msec at >99 % efficiency
) Not used for astronomy; for engineering
Analog power detectors: 8 513 monitoring only. Requirements are in BE
GHz (R) .
subsystem requirements
Tunable Filter Bank t64-Ant 520 32-subchannel tunable filter bank
Correlator (R)
At antenna, first quantization;l8vel (3b);
At 64-Ant Correlator 4level (2b) and 16
Quantization resolutio(R) 521 levels (4b); 190
At ACA Correlator, the second
requantization >= 16 levels (4bit)
Spectral redation, minimum
for 64-Ant Correlator and 530 <5kHz 30
ACA Correlator (T)
Correlator output rate: cross 16 msec integrations and readout interva
. 5411 . 240
correlation(T) all baselines.
Correlator output rate: auto 1 msedntegrations and readoimterval all
X 5412 240
correlation(T) antennas
542 M | 128M complex correlations per second.
Correlator output rate (T) 542 T/7 | 300M complex correlations per second.
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Paramedrs

| Req# | # |

Value

Sci #

General

Archive writing rate (T)

610

M

>= 60 MB/sec.

610

T/7

>=3.6 MB/se.

Monitor points(R)

614

It shall be possible to access to the monif
points of each LRU, assembly, ssistem,
as defined in the ICD$or normal
Observatory operations, contingency
operations, maintenance or troubleshooti

LRU self identifying(R)

615

All Line Replaceable Units (LRU) with an
AMB or ARTM node shall be self
identifying to the ABM.

Control Points (R)

616

It shall be possible to access to the contr
points of each LRU, assembly, ssystem,
etc for normal Observatory opeiats,
contingency operations, maintenance or
troubleshooting

This is valid unless the asynchronous
control access is forbidden by the case
case ongoing activities.

Availability (T*)

617

The availability of the Array shall be large
than 85% with ayoal of 95% for steady
ALMA Operations.

System Restart: calibratidim)

618

It shall be possible to perform warm restg
(soft resets) or power cycles of equipmer|
at the module, subystem and system leve
including the Full System Restart, withou
recalibrating the telescope beyond those
calibrations carried out during normal
observation activities.

System Restart: tim@)

619

It shall be possible to restart any part of t
system, including the full system, in less
than 15 minutes

WVR: Installed on all
antennagR)

621

Installed on all antennas

621

—

Installed on all antennas

621

NA

WVR: Correctionerror & rate

(M

622

Path length correctioarror(rms)dL <
(0.01w + 10 € mwith asampling rate <1
Hz.

290

622

Path length correctioarror(rms)dL <
(0.01w + 10 € mwith asampling rate <1
Hz.

290
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Parametrs Req # H# Value Sci#
622 7 | NA
623 M Diver_gence from observing beam < 10
arcmin.
WVR: Beam directior{T) 623 T Diver_gence from obsemg beam < 10
arcmin.
623 NA
Phased arragR) 631 Array shall be usable as a single station 370
(phased up)
Realtime phased arrafR) 632 Realtime phasing ujis required 370
Phase sularray possibl¢R) 633 Sum output available for anylsset of 370
antennas.
Mosaic Image Dynamic Range > 1000 at
Mosaic Image Dynamic 650 band 7 and lower frequency Bands unde 220
Range(T) atmospheric condition which does not
dominate the image dynamic range.
Thenominal RF attenuation in dB shall bg¢
A = 4 + 2o, wher e
millimeters in a RF frequency range 84
Solar Filter: RF attenuation 660 GHz to 950 GHzThe actual attenuation 360
(T) shall be no more than 2 dB below the
nominal valueand no more than 4 dB
above the nominal the vala¢ all
frequencies.
665 Deleted
666 Deleted
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Paramedrs

Req #

Value

Sci #

Solar Filter: System
performance specifications
(R for a, T* for c, T for b)

667

a) Gain stability

a1) ASD < 2.0*10°on time scales 00.05
to 100 seonds; applies tall antennas
a2) ASD <4.0*10°0on time scales 0100
to 300 seonds; applies tall antennas

b) Phase stability
b-1) < 150fsec, RMS about 10 sec averd
(noise)

b-2) < 50fsec, Allan SD with T = 10 to 30
sec (drift)

c¢) Polarization

c-1) ON-AXIS: for the Antenna plus
Front End the msspolarization shall be <
-13dB before calibration

c-2) OFRAXIS: for the Antenna plus Fron
End, the cosspolarization shall be <13
dB before calibratiof his applieut to the
-6dB contour of the primary beam

360

Receiver protectiofrom
CloudSat(T*)

680

Receivers shall be protected from the
overflight of a radar satellite, such as
CloudSat.

ACD frequency coverage (T*

1222

AmbientRF Load- cover RF frequency
range corresponding ®ands 110;

Hot RF Loadi cover RF frequencrange
corresponding t@ands 310

ACD Calibration Loads
temperatures (T*)

1223

AmbientRF Loadi receiver cabin
temperature;
Hot RF Loadi 60-90 degrees Celsius

ACD Calibration Loads
accuracy (T*)

1224

Total calibration uncertainty:
AmbientRF Load +/-0.3 K;

Hot RF Load+/- 1 K*
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7 Requirements in Detail

In the identification code for the requirements "Mfers to the EU and NA Antennasd/or
to the 64AntennasCorrelator. "T" refers to Total Power PM antesmma any other 12n

antenna usedsaa TP antenna. "7" refers to them7 Antennas "T/7" refers to the ACA
Correlator and relevant array

7.1 Antennas

7.1.1 Requirement # 100- Number of Antennas

Parameters ey # | Value =l
# #
Ant: Number 100 M|O 50 100
T |4
7 |12
Allocation

7.1.2 Requirement # 120- Antenna Diameter

Parameters e A | Value St
# #
Ant: Diameter 120 | M | 12m 100
T |12m
7 | 7Tm
Allocation

7.1.3 Requirement # 130- Antenna Aperture Efficiency

Parameters ;eq A | Value ECI
Ant: Aperture Efficiency 130 | M | >0.45 at 675 GH 150
T | >0.45at 675 GHz.
7 | >05at 675 GHz
Allocation
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Values for 12 m antennas (M & T) correspond to a Ruze efficiency of 0.61 (the theoretical
value for a surface error of 25 microns rms at 675 GHz), along with a value of 0.75 for all
other contributions. Value for 7 m antennas corresponds to a Ruze efficiency of 0.73 (the
theoretical value for a surface error of 20 microns rms surface at 675 GHz), along with the
same feed and spillover efficiency and additional blockage.

Contibutors tahe aperture efficiency are:

- Ruze Loss

This is an antenna requirement and defined through the antenna surface accuracy.

- Spillover Efficiency
This is mainly a Front End specification.

- Edge Taper
Between-10dB and-12dB depending on the frequencydahe main contributor is the Front
End

- Polarisation Efficiency
This mainly defined through the feed system. Minor antenna contribution might come
through the off axis configuration of the feeds.

- Ohmic Loss
Mainly an antenna requirement and also 8@etin the antenna requirement documentation.

- Blockage Efficiency
This is purely an antenna requirement and is specified in the antenna requirement document.

- Defocus (Phase) loss
Defocus loss can be neglected as the moveable subreflector willse¢fecbeam.

It is envisaged that the verification of the actual efficiency is done also at frequencies lower
than 675GHz to confirm the theoretical behaviour of the efficiency in function of frequency.

7.1.4 Requirement # 131- Antenna Surface Accuracy

Parameters geq A | Value EC'
Ant: Surface Accuracy 131 | M | < 25 microns rms 110
T | <25 microns rms
7 | <20 microns rms
Allocation
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7.1.5 Requirement # 132- Forward Efficiency

Parameters ?I;eq # | Value EC'

Forward Efficiency 132 > 0.95 for elevabn anglegyreater than 15 80
degrees

Allocation

This is equivalent tthe contribution of the antenna on system noise temperature, i.e. that the
integrated response of the antenna to the ground shall be less than 5% when the antenna is
pointing at zeith.

The Science RequiremefAD 01] defines: Submillijansky (millijansky for ACA) point

source sensitivity at all observing frequencies, within ten minutes of integreation time, under
median atmospheric cortitins (tau=0.082) in Interferometric Mode. Under the 50 percentile
atmospheric conditions (ATM mod&D 27 with pwv=1.3 was adopted) and receiver noise
temperatures specified in #220, the sensitivity with ten minutegraition time can be
estimatedRD 23 to be 0.01 mJy at band 3, 0.03 mJy at band 6, 0.52 mJy at band 9, and 1.0
mJy at band 10 for the 48 array (50 antennas assumed, [§8@ 23 for assumed aperture
efficiency), and 0.17 mJy at band 3, 0.38 mJy at band 6, 5.7 mJy at band 9, and 10 mJy at
band 10 for the 7m array (12 antennas assumed, BBe2f] for assumed aperture
efficiency), where the forwdrefficiency of 0.95.

This requirement should have been allocated to the ANT and FE subsystems, for the
following contributions:

(1) Ground spillover due to the diffraction from the edge of the subreflector going past the
edge of the primary: This dependstbe taper level at the subreflector, which is defined
by illumination pattern from FEnd the shape of the edge of the subreflector

(2) Spillover going into the vertex hole: This is related with the design of the subreflector
central cong¢RD 23[RD 2§.

(3) Quadripod legs equipping a wedge shape profile to minimize ground noise pickup: This
is specified in the section 6.8.4 of the Antenna Requirement.

(4) Ohmic loss at the primary and thebseflector: This is specified in the section 5.8 of the
Antenna Requirement (<1% for each reflector).

(5) The size and shape of the gaps between the surface panels, the holes for e.g. the adjusters
and the OPT, etc.

(6) Effective power reflected from the membraamel terminated at the ambient temperature.
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Although no quantitative allocation is reflected to théoast specifications of ANT and FE,

the most of the items listed above were designed in both tme 42d the #m antenna to
minimize the noise contributh or maximize the efficiency.

Measurement should be made by sky dips over the elevation angles for typical astronomical
observations.

7.1.6 Requirement #134i Antenna Geometric Blockage

Parameters ;!eq # | Value EC'
Ant: Geometric blockage 134 |M | <3 %

134 | T | <3 %

134 |7 | <5%
Allocation

7.1.7 Requirement #140i Antenna Offset Pointing Accuracy

Req Sci
4 # | Value #

0.6 arcsec, relative to reference source within 260
deg and for an observation of at ledStminutes

Parameters

Ant: Offset Pointing Accuracy | 140 | M

0.6 arcsec, relative to reference source within

14017 deg and for an observation of at least 15 minu

0.6 arcsec, relative to reference source within

140\ 7 deg and for an observation of at least 15 minu

Allocation

The ALMA antennas shall point to 0.6 arcseconds rms radial with the aid of reference
pointing[RD 27]. Angular distance between target source and reference source is expected 2
deg for 12 m ArrayRD 2§ and 4 deg for ACARD 29.

The requirement shall be met during the tracking of a source for at least 15 minutes.

7.1.8 Requirement #145/ Antenna Fast Switching

Parameters ;eq A | Value 20'

Ant: Fast Switching 145 | M | The antenna shall perform pteof 1.5 degrees | 260
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Req Sci

Parameters A | Value

on the sky and settle to within 3 arcsec peak
pointing error, in 1.5 seconds of tirmad
0.6 arcsec, within 2.0 sec (total)

The antenna shall perform steps of 1.5 degree
on the sky and settle to within 3 arcsec peak
pointing error, in 1.8 seconds of tinaad

0.6 arcsec, within 2.3 sec (total)

145 | T

The antenna shall perform steps of 1.5 degree
on the sky and settle to within 3 arcsec peak
pointing error, in 1.9 seconds of tiraad

0.6 arcsec, within 2.4 sec (total)

145 | 7

Allocation

This is a new requirement that is not in the previous version of the SR J.

Requirement #140 gives the antenna pointing accuracy needed for offset pointing and this
new requirement gives the time scatewhich this must be achieved. This requirement
reflects the existing requirements on the antennas regaFdi®d SWITCHING PHASE
CALIBRATION and STEP RESPONS#or the 12meter array RD 14, the Total Power

array RD 15 and the 7meter arrayRRD 16. Therefore, it should impose no new burden on

the project.

For offset pointing, Req #140, requires thatAéMA antennas shall poinvith an error less
than 0.6 arcseconds rms radial with the aid of reference poifiRiy 27 and theangular
distance between target source and reference source is expdotddeg forthe 12- meter
Array [RD 28§ and 4 deg fothe ACA [RD 29. Note that these angular offsets are different
than those used in the step response requirement given here.

7.1.9 Requirement # 151- Ant: Delay Error; Structure, Time, Drif t

Parameters ey A | Value el
# #

Ant: Delay error; structure, | ;o) < 13 fsec, Allan SD with T = 10 to 300 sec (dri

time, drift

Allocation N/A

This temporal delay/phase drift error mainly arises from temperature changes in the antenna
structure and from gséastatic wind loading. This is a requirement on the design stiffness
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and thermal insulation of the antenna and foundation. The antenna design can use active
metrology to help meet this requirement if so desired.

The requirement is a component of theakanstrumental delay/phase drift. This requirement
is differential over the change in the angle of the incident wave front when switching to a
phase calibrator, taken to be 2 degrees away.

Historically, this Req #151 and the antenna requirememaorrepeatable residual delay
(Section 5.6.2 ofRD 14 call for time scales of <300 seconds ard180 seconds
respectively This is not strictly correct since variations on any time scale up to the baseline
recalibration tme scale can contribute to this error. However, it is impractical to introduce
more strict requirements on the antenna at this late date in the project.

See Req #4bfor the requirement otemporal delay/phagd#ift in the electronicsystem.

7.1.10 Requirement # 152 - Ant: Delay Error; Structure, Time, Noise

Parameters ?I:eq # | Value EC'
Ant: Delgy error; structure, 152 < 38 fsec, RMS about 10 sec average (nhoise
time, noise

Allocation N/A

This temporal delay noise error mainly arises from winst ¢pading on the structure. This
is a requirement on the design stiffness of the antenna and foundation. The antenna design
can use active metrology to help meet this requirement if so desired.

Unlike Req #151 on temporal delay/phase drift, this requént on delay/phase noise is not
differential over angle since the time scales are shorter than the phase calibration cycle.

See Req #45for the requirement otemporal delay/phas®isein the electronicsystem.

7.1.11 Requirement #154i Phase Center longérm stability

Parameters ;!eq # | Value EC'
Ant: Phase Center long tert Long term Allan SD at 0.1 to 14 days < 217 fs

o 154 . 280
stability (65 micro m)
Allocation
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The purpose of this requirement is to limit the variation of the antenna to antetora ve
separation, i.e., the interferometric baseline error.

The maximum permitted baseline error flows down from Science Req #280. The resulting
phase error after phase calibration is equal to the baseline error times the sine of the target
calibratorangular separation. For fast switching phase calibration with a-targalibrator
separation to be 2 deg this equals 7.6 fs, which small compared to the permitted temporal
phase drift error of the electronics of 22 fs given in Req #451. For a-targaibrator

separation to be 6 deg the phase error is equal to 22 fs. This brackets a reasonable range of
calibrator separation.

The baseline vector is defined as the vector between the phase centers of the two antennas in
an antenna pair and its compaoits areestablishd through astronomical baseline calibration.

The minimum of the time range for this requirement assumes that it will take about an hour
of observing to derive a highly accurate baseline calibration. The maximum of the time
range assunsethat regular array baselineaalibration (not including cases of antenna
moves) will not happen more often than every two weeks.

Medium to bng period antenna phase center movemeéateline changes, might arise from
antenna thermal distortion, stgadind loading, antenna station structural changes,
antenna station settling anther statioomovements.

On shorter time scales, phase errors that arise from structural changes in the antenna which
move the phase center (baseline variations) are edweReq #151 and #152. Changes in
the phase center owing to quadrupod movement would be covered here.

Phasechangesrising in the FE and BE electronic systahmet are caused by antenna
pointingchangesre constrained by Req. #456, 457, 458 459.

Requiremen#154 shall apply to all ALMA antennas and shall be applicable under all
environmental and operational conditions.

More detail:

Although the baseline vector is defined as the vector between the phase centers of two
antennas, it can be thougditas the vector between the-ait axis intersection points in the
two antennas. To this should be added the vector difference of aaryaalis offsets;
however, for ALMA, by design, this is small and variations are even smaller.

Another vector mudbe added to get from the @t axis intersection point to the antenna
phase center. However this vector points in the direction of the incoming wave front and is
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largely constant in length over time and antenna pointing. Therefore it only contributes a
constant in phase and is calibrated out by the normal interferometric phase calibration.

7.1.12 Requirement# 1617 Antenna Nutator, Number

Parameters MEC # | Value =
# #
Ant: Nutator, Number 161 | M | NA
T | For the 4 total power antennas only 235
7 | NA
Allocation
7.1.13 Requirement # 162 Nutator, Performance
Parameters Req Value :C'
Ant: Nutator, performance | 162 | M | NA
T 1.5'arc_min (on the sky) throw in 10 msec 235
(swﬁchmg_; freq up to 10 Hz)
NA
Allocation

Nutator throw shall betl.5arcmn on sky £20.5arcminof the nutator) with respect to
nutator neutral position, when the subreflector axis is paralle} {a2 02].

7.1.14 Requirement # 165 Number Stations

Parameters Req Value ECI
Ant: Number Stations 165 | M | 175

T |4

7 |18
Allocation

The requirement is aimed to specify the number of Antenna Stations and not their position.
The indicative distribution of the 175 Antenna stations is given here for reference:
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- 78 in the central cliter.
- 73 within 5 km diameer (without central cluster)
- 24 outside the 5 km diameter
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7.2 Receiving Signal Path

7.2.1 Requirement # 205 Optics: Beam Squint

Parameters Eeq # | Value 20'
Optics: Beam Squint 205 A < 1/10 of the beam FWHM
Allocation N/A

The original requirement on the offset of the antenna power beams in the two polarizations
(beam squint) is& < 1/10 of the beam FWHM This comes from a calculation by B.
Lazardf [RD 30. It is based orthe desire to keep the amplitude error in the primary beam
correction in large field imaging that is due to beam squint less than the error due to random
pointing errors.

However, beam squint also leads to errors in the difference of thelaonzed corelation
products (see Section 4.9 BD 20 and thus leads to errors in polarization measurements.

In order to meet the science polarization requirements, that analysis suggests that the beam
squint requirements shoulc bdightened and there should be separate requirements for the
systematicA < 0.025, and the random (among antenn®s),0.004, allocations for beam
squint.

In more detail taken frorfRD 20, for systenatic beam squint common to all antennas, the
error introduced into the visibility measurements of polarizatiftey calibration, has to be
kept at the same level as the permitted error in the measurement of the polarization.

oy, (after calibration) a -
Uy = 3
/, /= 10

Assuming that post prossing software is available and that the beam squint is stable enough
over many weeks that it can be calibrated out at the 98% level, then

g, (before calibration) 1 o, (after calibration)
Uy ’(I ;\*\,E Uy ’(I = .05

Next, the distance fronthe primary beantenter over whichthe science requirement on
polarization accuracy shalbpplymust be consideredhe 3 dB or 6 dB or 10 dB points of

the beanmight be used The most challenging case will be high dynamic range polarization
mosaic imaging. The beam positions in the mosaic would usually be spaced at the 3 dB
point, but thee may be spurious polarization features introduced by strong saurcss
further out. The above limits on polarization errors should apply (at least) out to the 6 dB
point of the beam.
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To achieve thisbefore calibration error out to the 6 dB point o€ thrimary beam, the
intrinsic systematic beam squint shouldze 0.025

Likewise if beamsquint among the antennas of a 50 element array is random and
uncorrelated, to meet the science requirement for polarization error while making a large
scale polarization image the limit on the visibilities associated with an antenna is:

JQ[., |'_
T =< 450 +=0.001 = 0.007
i
Here we assume thaalibration of the random beam offsets will not be of much use but just
make use of the many random errors.

To achieve thiserror level out to thé dB point of the primary beam, the random beam
squint among the antennas shoulcik£0.004.

PavelYagoubovpoints out in RD 21] that this new beam squint requirement tightens the
requirement on the alloweadf-axis D-Term beyond that which is given in Req #225.

For reason cited in Section 5.3, it is not practical to alter system requirement #205 at this late

date in the project, so this note is added here simply for information and the old spec is
retained

7.2.2 Requirement # 207 Optics: Aperture Illlumination Alignment

Parameters Req Value =

a) Centroid of the aperture amplituc
illumination distribution to be withim% of the
antenna diameter @8 m for 12m and 028 m

Ant: Aperture lllumination for 7-m) of the main reflector axis.
' 207

Alignment b) Stability < 0.8 % of the antenna diameter (
m for 12m, 0.06 m for 7m) for overall antenn;
elevation angles and with a calibration interva
180 days.

Allocation

This requirement places a lion the displacement of the ¢emd of the antenna aperture
illumination distribution from the center of the aperture. Such a displacement causes a phase
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gradient across the antenna primary beam which will cause phase errors for sources located
in the oder parts of the beam. Such displacetaesre caused by installatiotigament
tolerances of feeds, cartridges, dewars and subreflectors. The specified limibtOres

from simulations reported ifRD 31 RD 45 and is an rms over all the antennas in the array.
From the relation between illumination offsets and imaging fidelity degradation (dippin

1% case in figure 6 oRD 31), the stability <0.8 % of the antenna diametsrdefined to
assure the 5 % degradation of image fidelity during the expected calibration interval (180
days) as well as consistency with beam stability requirement #RB #5. Astro-
holography technique dhe phase information available from interferometric pointing can
evaluate this requirement. If it is found that a particular band on a particular antenna
significantly exceeds these requirements the situation sheuidvestigated to determine if

it is feasible to realign a feed, cartridge or receiver to reduce the misalignment. Periodic
calibration of the centroid alignment of all bands on all antennas should be performed by the
ALMA Operations group.

This is a newequirement implemented in Rev.C. Not considered for Bands 3, 4, 6, 7, 8, 9,
and 10, and design of the FESS and ALMA cryostat. In particular the stability requirement,
for antenna elevation changes, may become difficult to meet, especially for the B#nds w
warm optics installed on top of cryostat.

7.2.3 Requirement # 2101 Front End Frequency Coverage

Parameters Req Value EC'
Front End: Frequency 210 31.3171950 GHz, all atrlo
Coverage Table 2)

Allocation

Band edge frequency choices are explaind@d 01], section 2.2, and ifRD 04.

7.2.4 Requirement# 215- Optics: Beam shape stability

Parameters Eeq # | Value gm

Beam shapstableto:

< 1% of the peak al0dB point for <400GHz
and

< 2% of the peak a0dB point for >400GHz

Optics: Beam shape stability 215 270
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Parameters A # | Value =
# #

under all operating conditions.
This appliesover a time period equal to the
expected calibration interval of 180 days.

Allocation

7.2.5 Requirement # 2201 Receiver Noise Temperature

Parameters Req # | Value Scl

# #
Receiver Noise Temperature | 220 SeeError! Reference source not found. 160
Allocation Front End

Maximum receiver temperatures are set equdlste=Nhf/k + 4K, wheref is the maximum
frequency in the bandhy andk are the usual constants, aNd6 (80% of bands) / 10 (100%

of band)for bands 16, N=8 / 12 for bands 7 and 8, and=10 / 15 for bands 9 and.0.
Regarding bands 9 and 10;s§2 is adopted because of DSB noise temperature. See Table 2
and its notes for more detalils.

Back Endcontribution to the total system noise shallkii€s of the total for all bandsnder

all observing and all calibration conditions.

7.2.6 Requirement # 224- Optics: ON-AXIS Cross Polarization

Parameters X # | Value =
# #
Optics: ONAXIS cross a) for the Antenna plus Front End thess
polarization polarization shall be <20 dB before calibration,
and
224 b) <-40 dB after calibration 320
c) this applies over 30 degrees of antenna
motion in azimuth or elevation and with a
calibration interval of 4 hours.
Allocation Equally between the Front Ei¢e26 dB)and the antenna opti¢s
26 dB); this is worst case where crgggarizations simply add.
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This requirementflows down directly from the Science requiremer#320 limiting the
allowable error in the measured polarization at beam ceiitee flow down is analyzed in

[RD 20.

This requirement constrains the-axis D Term arising from the RF swtystem of antenna,
feed and polarizer. This is a D Term component thatoisstantacross the beam and
measured at beanenter. This Brerm will be less than the primary beam-afis D-Term
(Req #225) that usually peaks near the 3 dB point of thmlao beam pattern.

The current system requirement #224RD[ 13 constrains the oaxis DTerm to be < 0.10
before calibration (the requirement is written in terms of the fraction of power in one
polarization channel that is transferred to the other; this correspondstal Bquals a cross
polarization less <20 dB).

This requirement regls to be clarified and changed is several ways. Although the allowable
level of instrumental croggolarization is unchanged (existing CREs are discussed below),
the calibration cycle is better defined and a requirement on the stability of deasob-

Term with antenna motion is introduced.

The allowable oraxis after calibration crosgolarization error derived inRD 2Q is

o, < 0.01, this requiresafter calibration instrumental crogmlarization be <-40 dB.
However, this is not an important change from th&3dB in RD 13, since what is needed

is the instrumental crogsolarizationbeforec al i br at i on. 't is this
time and with antenna motion imga the feed and optics design.

From experience, it should not be difficult to calibrate th@ddms to about 10%. Thus to
achieves, < 0.01, the value of the oaxis D-Term should be < 0.1 and equivalently the
cross polarization £x - 20 dB; this tle same as the old value R} 13.

To achieves, < 0.01, the onaxis crosgpolarization powebeforecalibration must be stable

over a calibration cycle. The stability of the crpedarized power should be better than

-20dB relative to the epolarized oraxis power. The typical calibration cycle for measuring
on-axis Dterms is taken to have a time scale of 4 hours and require moving the antenna over
an angle between target and calibrator of about 30 degrees. Thid stiow observing a
strong calibrator at various parallactic angles. If a polarized beacon signal is used, the time
scale could be shorter.

This requirement will be allocated between the Front End and the antenna optics. Although
the antenna optics ctiibution may be small, HD 37, its variability may be large owing to
gravitational and/or thermal deformationsUntil the situation is better understood, the

q L
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requirement, before and after calibration, should be a#dcatjually between Front End
optics and the Antenna optics.

This ON-AXIS crosspolarization requirement includes crgsslarization arising from
misalignment of the polarization orientation within a FE cartridge and misalignment between
cartridges in diférent antennas.The4 deg interantenna alignmentZ3 dB) allowedfor the

FE is a large fraction of théotal permitted-20dB crosspol spec There is a possible
additional alignment error arising from the mounting of the FE in the antenna, but it is
probably much less than 4 degrees. This misalignment alone would exceezb thi&
permitted crosgolarization allocation to FE.

Also, the antenna membrane can contribute significantly to thexisncrosspolarization
term. [RD 37 cites a-27 dB measured value for a 0.5 mm think membrane. This should be
part of the antenna optics allocation.

CREs:

Several Change Requests (CREs) have been submitted to the ALMA Configuration Control
Board (CCB) regarding the flow dowof System Requirement Req #224 to specific- sub
systems. Details may be found on EDM#b://edm.alma.cl/tiny/nmzun.html

Band 8- C R EChénge Request for the Band 8 Cartridge Polarization Aligriment
FEND-40.02.08.060158A-CRE (see CRER72 and FECRHE9) was approved by the CCB
on 1:0ct-2011 AD 07].

Band 8- C R EChénge Request for the Band 8 Cartridge Polarization Effialency
FEND-40.02.08.0273A-CRE (see CRR91 and FECRB4 (supersedes CRE/1))was
approved (with action items) by the CCB onA8r-2012 [AD 08].

Band 3- C R ERelaxation of the Band 3 polarization efficiency specificaiion
ALMA -40.02.03.000662A-CRE (see CE-260 and FECRE0) was approved by the CCB
on 23Nov-2010 AD 09].

Band 6- C R EChénge to Cross Polarization Isolation &pef i cati on f or Band
FEND-40.02.06.00424-B-CRE (see CRE244 and FECRR7) was apmved by the CCB
on 06Jul2010 AD 10Q].

Front End Technical RequiremeritisCRECHhHange to the fAabsoluteo
polarization orientation alignment accuracy in the FHiBnd and Cold Cartridges Technical
Specifcation® F E49.00.00.0211-A-CRE (see CRR35 and FECRE22) was

approved by the CCB on &&pr-2010 [AD 11].


http://edm.alma.cl/tiny/nmzun.html

ALMA Project Doc #: ALMA -80.04.00.06005-C-SPE

. Date: 201212-10
SystemlLevel Technical Status: Released

Requirements Page: 640f126

Band 7i C R EBaiiid 7 Cartridges: Polarisation Alignment Accui@cy
FEND-40.02.07.0253A-CRE (see CRR32 and FECREL3) was approved by the CCB
on 28 April 2010[AD 12].

Band9-CRE fiBand 9 Cartridge Cross Polarizati onc
ALMA -40.02.09.0086-A-CRE (see ApprovedCRE94 (earlier was CRHEG®64, then
transferred)). This CRE was apped by the CCB on approximately-R0ar-2008 [AD 13].

Band 41 iChange Request for the Band 4 -Cartrid
40.02.04.060236A-CRE (see CRE300) approved by the CCB on-05ne2012 JAD 14].

7.2.7 Requirement # 225 Optics: OFF-AXIS Cross Polarization

Red | . | value Sci

Parameters 4 . "

Optics: OFFAXIS cross a) for the Antenna plus Front End, the cross
polarization polarization shall be <20 dB before calibration
but after the ONAXIS cross polarization
discussed in Req #224 has been subtracted. ]
appliesout to the-6dB contour of the primgr
beam

225 b) assuming a 10% calibration accuracy, this
allows a crosgolarization of< -34 dB after
calibrationand after ONAXIS crosspolarization
has been removed,;

c) this applie®ver a range of antenna elevatig
of 5 to 80 degreeand with a calibradn interval
of 20 days.

Allocation

There is no scientific constraint on the -affis crosgolarization, but since ALMA will
typically image objects that fill much of the primary beam, or even larger objects for mosaic
observations, it is reasonalttewant some constraint on the polarization accuracgxat.

After the onaxis crosgolarization, which can be as large as D = 0.1, is removed, the
remaining instrumental offixis crosgpolarization should be no larger than an additional D =

0.1 (i.e, crosspolarized power <-20 dB). This permits a total e#xis instrumental
polarization up to D=0.2 (crogmlarized power <14 dB). As with Reg# 224, assuming

that a calibration accuracy of 10% can be achieved over time and changing antenna pointing
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angle, the residual ofixis Dterm of an antenna should be < 0.02 (i.e., residual cross
polarized power <34 dB).

Note thatD (&) is the ratio crospolarized power to cpolarized power for a source located
off-axis in the beam and therefaeduced by the beam profile. With this definition, when
both the measured polarized intensity and its error are corrected for the beam shape, the limit
on the polarization error OFEXIS will be constant across the beam.

Concerning the distance frothe primary beantenter over which this constraint &i{)
applies, as with Req #205, accurate polarization calibration out ® dBdbeam radius is a
reasonable limit both for single field imaging of large objects and for mosaic imaging with 3
dB beam offsets. This is a relaxed specification compared to the 10 dB beam radii3 in [

13,

Calibrating offaxis polarization will require mapping the beam polarization. This could be
done with a raster scan of a strangd unpolarized compact source or by using a terrestrial
beacon. These D Terms might change with elevation angle, temperature and frequency
within a band. As a minimum, we specify that the-affs D-Term calibration must be
stable over aange ofantenm elevationof 5 to 80 degrees This will allow one beam
calibration to be used for target sources all over the sky and will also allow the use of a
terrestrial beacon for calibration.

Mapping the beam polarization at all bands will likely require maowyrs$ of observing.
Therefore D(8) should not change by more than- ©9.01 over a reasonable beam
polarization recalibration interval of 20 days.

The Requirement #225 is the same for all ALMA bands except where changed by a CRE. If

a CRE chages the oraxis polarization requirements (Req #224), this modified value also
impacts the expected error in the-akKis polarization measurement.

7.2.8 Requirement # 226- Polarization: IF Coupling

Parameters ;!eq # | Value EC'
Polarization: IF coupling 296 <-60 dB coupling between the IF channels of
baseband paior all angles of antenna pointing_;

Allocation

Contributions to the BXerm arising from cross couplinggtween the IF channels of a baseband
pair may vary on time scales of minutes, &rorter than the eaxis D-Term calibration
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period of 4 hours. Therefore Requirement #226 constrain®€) to be < 0.001 (i.e.,
crosspolarized power <60 dB) and thus is unlikely to be a significant contributor to the
total error. Even ithe variation inD;-(0) are equal to the value Bf(0), its contribution

to the total error onlyy _;r < 0.1 05 _10rar-

D-Term contributions arising before the RF mixer are covered in Sys Reqs #224 and #225
and are assumed stable and able toabbrated out with a residual error @f _r,.,; = 0.01.

Requirement #226 should apply at all antenna pointing angles.

7.2.9 Requirement # 227 Signal Dynamic range

Parameters XER A# | Value 5
# #
The differential large signal gaimmpression
: : should be less tha8?o (7%) for Bands 24 (for
Signal Dynamic range 221 Bands 510), for the in[()ut gignal level rargge 30
Kto 373 K
Allocation Front End and Back End

Gain compression allocation for the FE is 6% for Bands 3 and 4, accordiAD tb5], and
5% for Bands 510

HEMT amplifiers will be used in Bands 1 and 2, instead of i8i€ers. It is not yet known
how solar observations will be conductedbands 1 & 2. Nt that the solar filter is not
designed to be usedith band 1 ad has significant vignetting in band 2. Therefore, the
required dynamic range in bands 1 & 2 is not yet defined butrégaired level of
compression is likely to be similar to that requinedband 3, i.e. 8%.

FE compression is defined by differentiagtmc, betweerthe 77K and 373 K inputfAD
15]. This extrapolates to 7% (BandsiBfor the 11dB input dynamic range, 3@R3K, and
30K receiver noise temperature. <6% for Band9)5Metric remains differential

This requrement applies to the input signal (3@3 K), and not Tsys variations.

BE IFDC specifications are:
a. 1% compression;
b. +5% deviation from squas®w over a 13dB range, for the baseband detectors, with a
goal of £1%. This specification is covered by SYS R&fl
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Based on above, and assuming BB detectors do not contribute to the total budget as their
performance is covered separately by Req.511, the signal dynamic range requirement can be
changed to 8% instead of 1dB, for Band4. 7% will be allocated to thFE, and 1% to the

BE. Bands 510 will be required 7% total, of which 6% allocated to FE and 1% to BE

This compression requirement is not a direct flow down from Sci.350, and not satisfactory to
obtain the required accuracy flux scale with two tempegatalibrators (ambient and hot).
Special calibration techniques will be using known flux calibrators, cold sky calibration etc,
to obtain the required calibration accuracy. Other system components, e.g. ACD accuracy,
antenna efficiency, correlator line@rietc will actually contribute to the calibration accuracy

as well, so the flow down need to be addressed elsewhere.

This requirement as stated is intended for the case that the solar filter is not in use. With the
solar filter (really an attenuator) ihe signal path, stated gain compression would occur at
much higher signal level.

7.2.10 Requirement # 2311 1st Mixer Sideband Ratio

Parameters R # | Value o
# #
>10dB suppression over 90% of the IF freque
range, SSB and &S
. , , >7dB suppression over 100% of the IF freque

1st Mixer Sideband Ratio 231 rangé, SSB and 2SB
<3 dB difference across 80% of the combined
and LO frequency range$DSB

Allocation Front End

#Band 7 requires >7dB suppression over 99% of tHeskfuencyrange[AD 16].
®See[AD 17] for more details regarding the DSB case.

7.2.11 Requirement # 233 Front End Conversion

Parameters Req Value S
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Parameters Req Value EC'
Front End: Conversion 233 HFET-SSB, SIS 2SB or DSB
Allocation
7.2.12 Requirement # 2341 Front End IF Output

Sci
Parameters Req Value 2
, All 2SB FE systems shall output to the BE bot

Front End: IF Output 234 sidebands simultaneously
Allocation

7.2.13 Requirement # 240/ Freq range, 1st IF

Parameters R # | Value Sci
# #

Freq range, 1st IF 240 See Table 2

Allocation Front End and Back End

7.2.14 Requirement # 2500 Total Instantaneous Bandwidth

Parameters Req Value ic'
Total Instantaneous - . o
Bandwidth 250 8 GHz (minimum) in each of 2 polarizations
Allocation

8 GHz is achieved when usitige 64AntennasCorrelatorin TDM mode or when using the
ACA correlator. When usinthe 64AntennasCorrelatorin FDM mode 7.5 GHz is achieved
due to the need to have overlapping channels between adjacdraraish
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7.2.15 Requirement # 261- Gain Stability: .05-100 sec

L # | Value =0

Parameters " . "

ASD < 1.0* 10°on time scales 00.05 to 100 300

Gain Stability: .05100 sec | 261 seonds; applies tall antennas

0.707 of the gain stability requirement ioahted BE and FE sub

Allocation systems respectively

This requirement on gain variations tire 0.05 to 1.0 second time sca@eneeded to limit
amplitude measurement errors duri@TF analoguetotal power and spectral auto
correlation observations.It applies b all antennas of the array atalboth the main signal
path averaged over@Hz and to the -2 GHz analogue total power detectors.

On the 1.0 tdl00 secondime scale, this instrumental gain stability requirement is set by the
needto maintain accuratmtal power calibration between ACD measurements.

It is also assumed that the variable attenuators are not changed in the time betw&xn the
system gain calibrations. Also, that the requantization levels in TFB are not changed on this
same time scale

This requirement applies to tRet GHz baseband detectors, but ndi2AGHzIF detectors).

On all time scales, 0.707 of each of the gain stability requirements are allocated BE and FE
subsystems respectively.

See sectiod.2for the definition of Allan Standard Deviation (ASD).

7.2.16 Requirement # 262- Gain Stability 100 to300 sec

Parameters Eeq # | Value Sci #
Gain Stability100 to300 ASD < 3.0* 10°on time scales 0100 to 300
262 AR 300
seonds semonds; gplies to all antennas
Allocation 0.707 of the gain stability reqement isallocated BE and FE
subsystems respectively

This requirement mgain stability on the 10@ 300 seondtime scale is set by the netal
maintain accurate total power ahtion between ACD measurements. Changes in gain will
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be a small contributor to overall calibration accurany this requirement can be relaxed to
5*10”"-3 in case it becomes a cost driver.

See sectioh.2for the definition of Allan Standard Deviation (ASD).

7.2.17 Requirement # 263- Total Power Gain Stability

Parameters Eeq Value Sci #
263 |M | NA
ASD < 4.0* 10* attime scales 00.05 to 1.0
Total Power Gain Stability | 263 | T sec forthe4 antennasisedfor total power 305
observations
263 |7 NA
Allocation 0.707 of the gain stability requirement is allocated BE and FE su
systems respectively

The four antennaasedfor total power observations will have nutating seflectors The
stated requirementepresents a compromise to the *1®* desired for the Science
Requirementand what is thought achievabldowever recent tesesults suggest th&G/G
of close to 1.010™ could be achievable

The DG/G value is allocated equally to BE and FE-sybtems respectivelySee sectio®.2
for the definition of Allan Standard Deviation.

The FE requirement fdhe 12m array, RD 11], does not cover this requirement and there is
no plan to install special FEs into 4 total power antennas.

7.2.18 Requirement # 264- Polarization: Complex Gain Stability

Parameters geq # | Value EC'

Polarization: Complex gain a) < 0.01 in amplitude and

Stability 264 b) <0.4 degrees of phase 320
for ASD time periods 0.05 to 300 sec

Allocation Equally between the Front End and Back Endsydtems; RSS
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This requirement constrains the differahtgain and phase stability for an interferometer pair
is derived as shown in Section 4.4 BfJ 2Q:

o(Gy1yo—Gxyxa) (12 —Ox1x0)
- =102 and =
Gyg Gz

= 0.4 degrees

This is more relaxed than the existing Requirement #26&n1J.

The requirement on differential gain variations is calculated using the Allan Standard
Deviat i on, ASD(2, T, U=T) for T = 0.05 sec
calculate the single channel interferometric gain stability in Req #261 and #262.

The requirement on differential phase variations is calculated using the Allan Standard
Deviat i on, ASD(2, T, U) T = 0= M) >ecwdsas defmed 300 O
Requirement #451.

A requirement on the stability of individual interferometer gaing, 81d Gy, time is given

in Requirements #261 and #262. These are more stringent thah isv needed for
polarization given here. Therefore, this requirement should not be difficult to meet.

This requirement applies to the main signal path averaged over the 2GHz baseband.

The differential gain and phase stability between channels ofazailon pair are allocated
equally to BE and FE sufystems respectivelyith an RSS calculation

7.2.19 Requirement # 270/ Baseband filter: stopband response

Parameters Req Value =

The-20dB points of the -2 GHz baseband filter
shall be no more than 150 MHz beyond the
270 nominal band edges. The filter rejection shall
at least40dB at all frequencies beyond 400
MHz from the hominal band edges.

Baseband filter: stopband
response

Allocation

The-40 dB requirement is to achieve the requirpec@ral dynamic range.

o

ecC
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7.2.20 Requirement # 2711 Baseband filter: passband response

Parameters Req Value EC'
Baseband filter: passband 271 Effective bandwidth of the Back End IFDC
response antialiasing filter shall be > 90% of nominal.
Allocation

The effective bandwidth is the equivalent rectangular bandwidth that produces the same
continuum signato-noise ratio as the actual filter. See Eq. @BERD 17.

7.2.21 Requirement # 2721 Bandpass Shape: gain vrireq; wide band

Parameters Eeq # | Value EC'
Bandpass Shape: qain vrs fred Gain variation (gp) across a baseband channe
andp Pe-9 272 due to all system components, under any tuni
wide band b
< 8dB’
Allocation Front End and Back End

Notes:

®This reqlirement was originally allocated: 5 dB to Front End, 3 dB to Back End

® Front End allocation for Band 6 is <7 dB across any 2 GHz baseband k1th€ldz IF range.
This corresponds to <9dB system gain variations requirement. Additional Front End oelaxati
applies to the expanded IF rangé &Hz, <6 dB gp gain variation across this 1 GHz bandwidth
€<9 dB for Bands 7, 8 and 9

1. Need to update the note, page 28 of RevrBmove first paragraph
2. Band 6 relaxed performance, accordin§A® 18]
3. Relaxed specification, 5 dB instead of 4 dB, for cold cartridges:
a. Band 6, according tpAD 18]
b. Band 7, according tpAD 19]
c. Band 8, according tpAD 20]
d. Band 9, according tpAD 21]

This results in the relaxation of the FE budget (cold cartridges + IF switch + interconnects)
from 6dB to 7dB. Total system bandpass gain variation will be <9dB instead of <8dB.

4. Special relief for Band 6 expandee55Hz IF range, according {AD 18]
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This requirement is set by the Science Requirement on uniformity of s/n ratio across the
correlator spectral channels (1.5 dB TBC, SRR5 Aclt #65). Since quantization noise is
distributed approximately evenly across the IF bandpass, the s/n ratio is low where the IF
gain is low. The worst case occurs when observing is done using the Tpas®ynode; in

that case the-Bit digitization noise ispplied across the full 2 GHz bandpass. This leads to
the requirement that the gain variation across the operational bandpass be-g8 dB p

When the TFB is in use;l3it digitization noise is applied across the 2 GHz bandpass, and, in
the presence of llgain variations, would lead to variations of s/n ratio. If the bandpass
variations in the power output of the TFB are adjusted to be small, there will be no further
variations in s/n ratio due to theb re-quantization on frequency scales greater tB2an
MHz. The 3bit quantization leads to the requirement that the gain variation across the
operational bandpass be <13 dip.p Variations in IF gain on frequency scales less than 62
MHz will be impacted by it digitization and should be <8 dBp

7.2.22 Requirement # 273.71 Bandpass Stability: spectral gain vrs time

Parameters Req Value :C'
e , 1 sec: Temporal change in bandpass gain or

Ba_ndpas:; Stability: spectr 2731 shape of auto correlation.-40 dB over 1 70
gain vrs time second
Allocation
Seethenote of Req #273.2 Case (a) in the section 7.2.23.
7.2.23 Requirement # 273.2 Bandpass Stability: spectral gain vrs time

Sci
Parameters Req Value #
Bandpass Stability: spectra 2732 1 hr: Temporal change in bandpass gain or sk 20
gain vrs time ' of crosscorrelation. <30 dB over 3600 second
Allocation

There are two Science Requirents on spectral dynamic range:

(a) 10000:1 spectral dynamic range for looking at weak spectral lines in presence of stronger
ones, and
(b) 1000:1 for looking for wak lines in presence of strong continuum emission.
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From this flows the technical requirement that the passband shape should be sufficiently
stable such that it does not give a false appearance of weak lines. This leads to different
requirements on theagsband shape stability for single dish and interferometric observations.

Case (a) determines the passband stability for single dish spectral observations. They will
typically be performed using some form of frequency switching. A common technique is to
use (signat reference)/(reference), which effectively calibrates the passband every switching
period. What counts is the stability for the duration of the switching cycle. The spectral
baseline, after switching, should be adequately flat. Taking repedis®e values of 100 K

for a very strong line and 100 K for the system noise, the baseline variation after 60 seconds
switching should be less than (100/1074) = 0.01 K.

The difference in the passband over 2GHz shape should be taken at 60sec intervals an
compared to the mean power in the passband. This shall be smalletGha at resolution
bandwidth of 2MHz,

Case (b) determines the bandpass stability for interferometric observations. The stability of
the continuum within the passband has to be @ategand over long timescaléssume that

a bandpass caliéition is done every 60 minutes aftftht spectra are sufficiently owver
sampled that ringing is not@oblem andhat thermal noise is not significafithen hermal
changeswhich alter reflectionsand/or bandpasspple in the analogue system may limit the
spectral dynamic range. Therefore, the stability of the passband profile, with respect to the
mean signal strength within the total IF, has to be better @B for a time of ~3600
seconds ah resolution bandwidth of 2 MHz.

7.2.24 Requirement # 2751 Bandpass Shape: gain vrs freq; high resolution

Parameters Req Value EC'
The differential variation across any 32 MHz
section of the operationahseband bandpass

Bandpass Shape: gain vrs 275 between two antennas, due to all system 75

freq; high resolution components, under any tuning shall be:
<2.7 dB (pp) gain and
<9 degree phase (rms)

Allocation Equally in gain (dB) and rss in phase, among the BE and FE

The image dynamic range Science Regmient limits the permitted gain/phase closure
errors, which in turn constrain the bandpass match between antennas. Since all imaging will
be done using a spectral correlator, gain/phase variations on frequency scales greater than a
correlator spectral cimael can be largely eliminated with bandpass calibration. To calculate
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the worst case, the widest correlator spectral channel occurs in the TFB bypass mode with
full polarization products; there the 2 GHz IF bandpass is divided into-fsiity31 MHz
chamels.

If the image in each 31 MHz channel is to meet the image dynamic range requirement of
50,000:1, the visibilities should be calibrated to within rms 2.5% (assuming ~400
independent snapshots). A reasonable allocation is that the error contrdmging from
closure errors should be held to < 1%. To achieve this, the gain variation over any 31 MHz in
the operational bandpass of a baseband channel must be < 2.9,dBng the phase
variation about the mean in 31 MHz, after the removal of theesémposs the operational
bandpass, must be <9d rms (Jedble 7.20f RD 12). The phase requirement is differential
between two IF channels.

This requirement is allocated equally in gain (dB) and rss in phasengthe BE andFE

subsystems This is not a tightly constrained requirement but tests on a significant number
of antennas show that it is usually satisfied (see JISA-1543.

7.2.25 Requirement # 290- Spurious Signals: Local Oscillators

Parameters Eeq # | Value EC'
Spurious signals on the Local| 290 A) see Tables 290, 29G1A and the notes for| 70
Oscillators the maximum permitted spur power for LO1;

B) see Table 29@Q and its notes for the

maximum permitted spur power for LO2;
Allocation N/A

See Section 5.2 of this document §R@ 17] for further discussion of spurious signals.

ALMA Science Requirement #70, applied to both azdorelation and crascorrelation,
states 'hie required spectral dynamic range isOD0:1 for measurement @feak spectral
lines in the presence of stronger dnes

Regarding spurs on the LO reference signals, it is assumdtiétsagnatto-spur ratio in the
output spectnn is the same as the EO-spurratio. This may not always be true depending
on the nature of mixer design (singdaded vrs balanced mixers which suppress the LO spur
productsat the IF) and the type of modulation causing the spurs. This correspomagynce
also vary with the offset frequency owing to, e.g., mixer efficiency.


http://jira.alma.cl/browse/CSV-1543
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However, accepting the assumption, the principal System Technical Requirement is therefore
that local oscillator signalshall not contain spurgreater than-40 dBc, but other
considerations discussed below add to the complexity of this requirement.

These requirements are a constraint on the final LO spurs at the interface to the appropriate
mixer. Unless stated otherwise in the notes, these limits apply to spurs both cohdrent a
incoherent among antennas.

The limits to spurious signals on the LO references are given in the Tables below. Table
290-1 and 2961A refer to the LO1 and 29D refers to the LO2 and DGCHke1,,,, andIF1ygn

refer to the lower and upper IF1 frequenaés FE cartridge; RFBW is the full RF bandwidth of a

FE cartridge.

Table 2961 LO1 - Maximum Amplitude of Spurious Signals
Offset Freq | 0.003 Hz 1.0 Hz 380 Hz 5.0 kHz | IF1 0w IFL4igh
Low
Offset Freq | 1.0 Hz 63.0 Hz | 5000 Hz IF1 0w IFLigh RFBW
ngh IFlHiqh
Spur Level | -32 dBc -20dBc | -20 dBc at low -40dBc | See Table | -20 dBc
(Max) offset, decreasing 290-1A
to -40 dBc at high
offset

Note a) Note b) | Note c) Note d) | Note e) Note f)
Table 29G1A IF In -Band LO1 Spurious Signals
Band IF1 0w IF Lpign RFBW Spur Level(Max)

GHz GHz GHz dBc

1 4 12 14 TBD
2 4 12 23 TBD
3 4 8 32 -54
4 4 8 38 -52
5 4 8 48 -47
6 5 10 64 -57
7 4 8 98 -51
8 4 8 115 -49
9 4 12 118 -45
10 4 12 163 -45




ALMA Project Doc #: ALMA -80.04.00.06005-C-SPE

. Date: 201212-10
Syste.mLeveI Technical Status: Released
Requirements Page: 770f126

Table 2902 LO2 and DGCK - Maximum Amplitude of Spurious Sigrals
Offset Freq 0.003 Hz 1.0Hz 380 Hz 5.0 kHz
Low
Offset Freq 1.0 Hz 63.0 Hz 5000 Hz +4 GHz and
High -6 GHz
Spur Levek -42 dBc -20dBc -20 dBc -40dBc
Max decreasing to
-40 dBc
Note a) Note b) Note c) Note d)

Notes to the Tables:

a) Spurs tht are veryclose to theLO andthat are cohereriietween antennasan lead to
modulation of thdringe rotationin interferometry

With offset frequencies between 0.003 Hz and 1.@tiHe scalebetween 300 sec, a typical
calibration interval, and 1.8ec),LO spurs will produce LO phase errors that are quasi
sinusoidal in time, of the kind studied in JIRFSUeCSV-292 To keep such phase errors at
1/3 of the phase drift requirement in Tablen1Secton 5.1.3,the spurs should be-32 dBc

for LO1 and< -42 dBctotal for LO2 and the DGCKThese levels are calculated by equating
the spur to carrier voltage ratio to the permitted phase error in radians.

This requirement applies only to LO spurs thet¢ aoherent among antennas. However,

since the LOs are phase locked between antennas and the offset frequencies considered here
are within the PLL bandwidths of the LOs, all such close in spurs should be considered
coherent among antennas.

Spurs in thisoffset frequency range readily appear as a phase rotation on the astronomical
visibility which cannot be due to source structure or other known errors. After a feaffone
problems were resolved, this does not, at this time, appear to be a problem sifst¢ne
design.

b) With offset frequencies of 1 Hz to 63 Hire scaledetween 1 sec and 16 msec, the
shortest possible croserrelation integration period) spurs will typically undergo several
phase rotations and produce an amplitude error ratlaer ahphase error. Keeping this

amplitude error below 1% leads to a requiremen28fdBc on such a spur.

This requirement applies only to LO spurs that are coherent among antennas. However,
since the LOs are phase locked between antennas and thdreffsencies considered here

are within the PLL bandwidths of the LOs, all such close in spurs should be considered
coherent among antennas.


http://jira.alma.cl/browse/CSV-292
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c) This requirement is driven by the need to prevent measureable broadening of a very
narrow astronomical line biyixing with a closein LO spur. The low end offset frequency is
taken to be a fraction of the highest resolution spectral channel bandwidth wBiBhkidz
(correlator mode #25). This bandwidthrequires running the TFBvith a 31.25 MHz
bandwidthto achiere the highest possible resolutiomhe low end frequency offset is taken

to be0.1* 3.8 kHz= 380 Hz

The high end offset frequency is taken to be about a spectral channel width and is where the
appearance of a ghost line in the astronomical spedieocomes the major concern. The
permitted level of the LO spur is taken to match the requirements above and below this offset
frequency range.

This requirement applies to spurs both coherent and incoherent among antennas.

d) Spurs on local oscillat@ignals camix with astronomicaspectral lineso producenveak
ghostlineswithin thelF band. This will be a problem for both spurs that are coherent among
antennas (interferometry) and incoherent (single dish autocorrelation) and will be a problem
with all LOs. The limit on the spur intensity40 dB, is determined by the requirement on
spectral dynamic range discussed at the beginning of these notes.

For the LO1, the offset frequency of this requirement extends from the frequency of a small
spectralchannel bandwidth up to the low end of the cartridge IF bandwidth, where saturation
considerations become important.

For the LO2 the situation of a ghost line arising from mixing of an LO2 spur with an strong
spectral line somewhere in the IF1 bandpasguires a limit on any LO2 spur out to + 4
GHz above the LO2 frequency ar@l GHz below the LO2 frequency. There are similar
limits on the DGCK.

e) Spurs orthe LO1 with offset frequencies in the IF1 range gax with theLO1 signal to
produce powerfuspectral lines in the IF1 bandpass. A limit is placed on spurs that fall in
this frequency range to prevent saturation of the IF system. The requirement is that the
power in the LO spur should be less than the noise power integrated over the IFIdtrandwi

at the first mixer.

The requirements for Band 1 and Band 2 are TBD since the analysis uses Trcvr (at the feed
input) to determine the noise power at the mixer. These bands have an LNA before the
mixer anduntil a cartridge design is accepted and &\ is specified, the noise power at

the mixer is unknown.
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These requirements are more stringent than the prev@ac spur power limits reported

in [RD_13. However they are adopted here since this type of spur iseeot in early
operations and the requirement is probably met.

In no case this tightened requirement is retroactively applicable to the acceptance of HW
already designed or delivered at the time of issuing of this document.

LO1 spurs directly converted tpwrs in the IF1 bandpass may also be subject to Req 295.1
and 295.2 which are stricter than the requirement given here to prevent IF1 saturation.

f) This is a new system requirement on LO1 spurs with offset frequencies that are beyond
the high end of IE. These can arise as harmonics of the Front End WOA and can be
generated in the YTO itself, in the WE&MMC and/or in the cold multipliers. These spurs

can mix with astronomical spectral signals anywhere in the FE RF bandpass to produce ghost
signalsin the IF1.Therefore, the LO offset frequency range of this requirement should be
such that an astronomical line anywhere in the RF range of the appropriate cartridge will not
be shifted into the IF1 bandpass of that cartridge

The requirementadr harmamically related spuralready exist in most, if not all, LO ICDs to

the cold cartridges, and sets a limit of-20 dBc. This is also about a level efhat is
obtained in production. Assuming that the amplitude of the astronomical line producing the
ghostspectral line is about equal to that of the strongest astronomical line in the desired
bandpass, and since the ghost lbe@version efficiency is, to a first order, proportional to
the strength of suchO spurs the existing subsystem LO requirement20 dB above the

40 dBc needed to meet thelence requireme##70 on spectral dynamic range.

In interferometry mode, Lé@ffsetting could significantly suppress such ghost lines and
Walsh switchingcould be somewhat effective.rifige rotationwill not be effective at all in
suppressing the ghost lines since the LO spur will carry the fringe rotation appropriate for
that spur LO frequency. However, Lt@dfsetting cannot be used where full DSB
observations are needed in Band 9 and 10. Also, none of thégatioms help in total
power, autecorrelation observations.

Here are reported the plots of the masks, for each Band, limiting the spurious, as defined in
Table 2901 and 2961A.

Notice that these plots show o nmtyywherdagthei posi t

specification is referred to the absolute value of the offset.
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Band 1 related spurious - Amplitude vs frequency offset from LO1
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Band 3 related spurious - Amplitude vs frequency offset from LO1
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Band 5 related spurious - Amplitude vs frequency offset from LO1
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Band 7 related spurious - Amplitude vs frequency offset from LO1
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Band 8 related spurious - Amplitude vs frequency offset from LO1
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Band 9 related spurious - Amplitude vs frequency offset from LO1
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Band 10 related spurious - Amplitude vs frequency offset from LO1
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As stated in Section 3, in this Version C of the STR, new requirements will not be introduced
that exceed the capabilities of the currentlengentation. So this requirement is set23
dBc, but it is noted here that this might compromise the science requirement #70.

This tightened requiremeritas not been considered in as built FE hardvea@ is not

retroactively applicable to the accepta of HW already designed or delivered at the time of
issuing of this document.

7.2.26 Requirement # 292- Spurious Signals: Broad, Incoherent

ey # | Value Sci

Parameters " . "

Broadband Spurious Signal | 292 a) IF power in incohererspurious signals shall
Incoherent among antennas be <- 10 dB per unit bandwidth relative to the
nominal system noise power per unit bandwid

b) stability of the incoherent spurious signals
shall be < 20 dB per unit bandwidth relative tg
the nominal system noise power pertuni
bandwidth.

Allocation Equally between the Front End and Back Endsggtems

See RD 17 for further discussion of spurious signals.

A broadbandspurious signalhat isincoherenamong antennas is likely to liene variable
andcan lead to time varying changesédffective system temperaturelf the timescale of
variations is less than the single dish switching period, the spurious signal will limit the
continuum and line detection limits of the observation

For the purposes of part b (stabilitgf this requirement, assume that the single dish
switching period is equal to one second. The componenspiidus broadband signal that
varies on time scales of < 1 second should be constrained to not increeffectinee system
noise by more than 1% and thus must have a spectral po@8rd8 of the system noise per
unit bandwidth.

This requirement is allocated equaltypoweramong the BE and FE siglystemsi.e.,
< -23 dB of the total system noise is alibed to each subsystem

Part b) is a new requirement implemented in Rev.C. It specifically controls the time and
antennal elevation varying effects. Stable spurious, e.g. LO excess noise, can have larger
magnitude, controlled by a).
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This new requirementas not been considered in as built FE hardwamd is not
retroactively applicable to the acceptance of HW already designed or delivered at the time of
issuing of this document.

7.2.27 Requirement # 293 Spurious Signals: Broad, Coherent

Parameters Eeq # | Value EC'
Broadband Spurious Signal | 293 < -17 dB averaged over the continuum 80
Coherent among antennas bandwidth, before suppression by 1.0
offsetting or phase switching;
In those cases where spur suppression is not
effective, the requirement is
< -47 dB
Allocation N/A

See RD 17 for further discussion of spurious signals.

The most likely source of a brodnd spurious signal which is coherent among the
antennas is the signal from an astronomicals® that is aliased into the IF band owing to
inadequate image rejection in the IF filter before tHevixer. SeeRRD 33.

The impact of such an aliased signal will be negative artifacts in the image ipiarmeed

about the phase tracking center. The level of these artifacts are constrained by Science
Requirement #75 which calls for an image dynamic range of >50,000. Therefore the power
in the aliased band must be 47 dB below the power in the desireducontband.

Since such a spurious signal follows the same signal path as the desired signal through the
first mixer, it is not suppressed by 180 degree Walsh switching nor LO1 offsetting.
However, it is suppressed by LO2 offsetting.

Assuming LO2 offseiihg will suppress the spurious signal by 30 dB, the requirement on the
power from the aliased band is 17 dB below the power in the desired continuum band.

For a broaeband coherentspurious signal where LOffsetting is not effective, the
requirement ishat the spurious signal averaged over the continuum bandwidth be 47 dB
below the desired signal.
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This tightened requiremeritas not been considered in as built FE hardveer@ is not
retroactively applicable to the acceptance of HW already designedrddlat the time of
issuing of this document.

7.2.28 Requirement # 295.1- Spurious Signals: Narrow, Coherent

Parameters ;!eq # | Value #SC'
Narrowband Spurious Signal | 295.1 < -28 dB before interferometric spur 70
Coherent among all antennas suppressiolispur signal power relative to the
system noise power in a 1 MHz bandwidth)
In those cases where spur suppression is not
effective, the requirement is
<-58 dB
Allocation N/A

See RD 17 for further discussio of spurious signals.

This is the case for interferometry where the spurious signal is narrow compared to the
resolution bandwidth. Sources of such signals, coherent among the antennas, might be LO or
other reference signals, their harmonics or-lsatmonics, that find their way into the IF
channels. For this requirement, the resolution bandwidth is taken to be B = 1.0 MHz
(Doppler broadening of 1.0 km/s at 300 GHz), which is common for an astronomical
observation.

The requirement constrains theioabf the power in a narrow band spurious signal at each
antennal¥’ (in Watts) to the spectral power of the antenna system riaise(in Watts / Hz)
integrated over the resolution bandwidth B. The intent of this requirement thehator in

the radio image due to the spurious signal will be less than 1/3 of the error due to system
noise in a very long ALMA integration. The integration time is taken to be T=16 hours.

Assume that the coherent spurious signals at each antenoné egaal power, but that in
forming the image, the resulting correlator products of the spurs will combine with random
phase. Expressing the spur power as a spectral power over the resolution bandwidth, the
normalized spur spectral power in the imagéesdafore

— s e 1 e 1
Pspur tmags = W * -
Spur Image /w.-'Na (N—-1)/2 XE
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where N=the number of antennas in the array.

The error in the image due to system thermal noise is

— . 1 .1
T, = P = * r
Frmage °S¥s /*v'lfN *(N—1)/2 XW“B =T
If we want the error due to spurs to be < 1/3 of the error due to system thermal noise,
P_‘-'*purfmrzgs = 1{3 * JFImage

Therefae, the strength of a narreleand spurious signal in an antenna, relative to the system
noise power integrated over the resolution bandwidth must be

Wy .1 1/ .1
= = = [
/}B KF_;-}.S. f}3 fﬁ,"B*T
Using the values given above and converting to dB,

Wy .1 -
/g XPE}.E{ 58 dB

This is the lgel needed after suppression of spurious signal correlation products due to, for
example, LOOffsetting and 180d Walsh phase switching. The effectiveness of such
suppression will depend on where the spurious signals originate. Typically we can expect 30
dB of spur suppression, so the requirement with interferometric suppression turned off is

Wy .1 -
/5* '/p,, < -287B.

There might be additional spur suppression due to fringe rotation if the spur is introduced
before the LO1. Since this will often not be tase for internally generated spurs, and since
the fringe rate goes to zero when U=0 for the various array baselines, this additional
suppression is not considered.

In those cases where spur suppression is ineffective, e.g., when the spur is intedtduced
the phase switching has been reversed, the requirement remains at

Wy .1 -
/g XPE}.E{ 58 dB.

Verification of the spur level after suppression can be done by observing blank sky at the
South Pole with a two element interferometer. This can be acaimaglin a reasonable
observing time by testing with a very small correlator bandwidth, assuming that the spur
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remains unresolved. If the test bandwigth= 7 kHz and the desired measurement error due
to noise in the test observation is 1/3le# maximum spur level, the necessary test observing
time T, is given by

p"*l/l _1w
Sys x."E[}JiT[} 3(3 fﬂl}

Substituting the maximum value for W shown above, results in

T .
°fp = 9= "/

Using the assumed values, the integration time for the test observatitthbgou

Ty =9 hours.

Since the spectral power of the spur in the test bandwidth increases inversely as the
bandwidth (while the noise increases inversely as the root bandwidth), the requirement level,
with spur suppression turned on, incresise

W, .1 — By 17 .1 _ _
fﬁﬂ z’psj_s fﬁl} /3 VBT 58 dB + 21 dB =37 dB.

This test need only be done on a few strong spurious lines to verify the effectiveness of spur
suppression.

This tightened requiremeritas not been considered in as built FE hardvea@ is not

retroactivéy applicable to the acceptance of HW already designed or delivered at the time of
issuing of this document.

7.2.29 Requirement # 295.2 Spurious Signals: Narrow,Amplitude Stability

Parameters ;!eq # | Value EC'
Narrowband Spurious Signal | 295.2 < -32 dB rms of a random component, and 70
Spur amplitudestability-
Incoherent or coherent among < - 56 dB constant difference component
antennas
(the difference of the spur signal power in two
switching states, relative to the system noise
power, both in a MHz bandwidth)

Allocation N/A
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See RD 17 for further discussion of spurious signals.

For single dish autocorrelation observations, it is the amplitude stability in time of both
coherent and incoherent spurgosignals that will limit the accuracy of beam switching,
frequency switching or OTF observations. This requirement limiting naloaowvd spurious
emission can be derived in a manner similar to Requirement #295.1. The relevant quantity is
AP= P, — P,

whereP, andP,are the spectral power density levels in the two switching states.

As before, the mean error due to system noise after one switching cycle is

gup(1) =V2= Pgy = 1/v’3:ec—m
5

whereP;, . is the spectral power due to systemseel, is the period of a switching cycle,

and B is the resolution bandwidth. For simplicity it is assumed ¥z of the period Ts is spent in
each state.

If M switching cycles are averaged, the mean error of the average differential power
measurenent is

gpe(M) = 1}"”,%* gae(1)

A narrow spurious line with powd¥ (Watts) will have a spectral power density of
L=W/B (W/H2)
The difference of the spurious spectral power density in the two switching states is

AL=L,— L,

Let o, (1) be the RMS value ciL for one switching cycle,
gy (1) =V=< AL? =

Note thata,; (1) is the RMS ofAL, not the RMS about its mean value.
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Now, we define the requirement on a narrow spurious line in single disboarelation
observations to be that after M switching cycles the signature of the spurious line should be
less than 1/3 of the error due to system noise,

oy (M) < 1f}3 = 0,p(M)

Jﬂ.L(MJ/P — 1}{3 V2= 1
Lys W’M* B*TS,"IE

Using B = 1.0 MHz, a 16 hour integration and a one second switclyirig (Ts = 1.0 and
M=16*3600), our requirement on the spurious line with switching in use is

Ta (M)
w0 <5568

¥s

Consider two limiting cases, &)Y having a zero mean but random variations from one cycle
to the next, and 2L having a norzero mean but no random variations.

In the first case, wheréL is changing randomly,
oy (M) = 1&,’5* gy (1)
and we only require

%L(U/ _ 1/ 3.1 )
P, = /3 /1.,“"5*—% <-31.8dB

since both the error due to system noise and the error due to thgosponwn as 1/sqrt(M).
Therefore, an arbitrarily long integration will not be significantly impacted by the spur if the
difference in the levels in the two are zero mean on time scales shorter than the switching
cycle and the random component meets tlovakimit.

In the second case, where there is a systematic difference in the spur intensity in the two
switching states, thei,; (M) will be constant no matter how large a value for M is used,

au (M) =0, (1) < 1:’3 = g,p(M)

and therefore the limit on such gsgematic offset is
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D)), <5568
Sys

These two cases set the limits for the random and constant components of variations of L
between the two switching states.

These are the equivalents to the case in interferometry for a coherent spuruppeesson
by Walsh switching or Léffsetting may or may not be effective.

To verify the very tight requirement on a systematic spur difference in the two states,
measurements with a reduced bandwidth could be used as was discussed for coherent spurs,
Reqg #295.1

Variations in the broattand system noise, Psys, between the two switching states could also
add to any variation seen in sig_dL(M) / Psys. However, since the spur by definition is
narrow compared to the resolution bandwidth, this effect camrheved by subtracting the
variations measured in nearby spur free channels from the variation seen in the channel
containing the spur.

One source of narrow spurious signals is emission from the WCA of FE cartridges in standby
mode, including various hawnics of the unlocked YTO fundamental oscillator. There can

be strong LO leakage from standby WCAs into the active cartridge. Although the
frequencies of these signals are well determined and it should be possible to find safe parking
LO1 frequencies, &., where the standby WCAs do not interfere with the active observations,
the presence of numerous YTO harmonics greatly complicates this process.

This tightened requiremeritas not been considered in as built FE hardvea@ is not

retroactively applicale to the acceptance of HW already designed or delivered at the time of
issuing of this document.

7.2.30 Requirement # 297- Spurious Signal: Stability of Integrated Spur Amplitude

Parameters Eeq # | Value EC'

Spurious Signal: Stability of 297 < -48 dB rms of a random component, and

spur amplitude irggrated over

2GHz bandwidth of Total < - 72 dB constant difference component 20

Power Detector 80
(the difference in two switching states of the
aggregate spur signal power over the 2 GHz
baseband, relativi® the system noise power)

Allocation N/A
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This is a new requirement that is not Rj 13.
See RD 17 for further discussion of spurious signals.

When using the 2 GHz Tot&lower Detector, the requirement on spurious signals is similar
to Requirement # 295.2, except that it now refers to the time variation of the aggregate of all
of the spurs in the 2 GHz baseband bandpass.

The limiting cases of 1) zero mean, random vamaiand 2) only a systematic offset also
apply here, except the bandwidth is 2 GHz rather than 1 MHz. Keeping all other parameters
the same, the requirements on variations are therefore 16 dB lower than those in Req #295.2.

If only random variation is peent, case 1), the limit to the RMS of the aggregate spur
intensity is

UAL(]':]/ -1 71 <-
'P_‘-'}'s }f 3 W /.V'"—B - Ts !ﬂ,z 48 dB

Similarly, if only a systematic offset is present in the aggregate spur intensity as the system is
switched between two states, Case 2), in order to not th@vepurs degrade a 16 hour
observation,

Pl <7208
'P_‘.'}'s

The only way to verify these very low requirements is to measure the stability of the
individual spurs using the spectral autocorrelator and calculating the RMS and offset of the
aggregte of the spurious lines.

This new requiremenhas not been considered in as built FE hardward is not
retroactively applicable to the acceptance of HW already designed or delivered at the time of
issuing of this document.
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7.2.31 Requirement # 311- Digital Signal Transmission

Red | 4 | value Sci

Parameters # . 4

The cable delay in each DTS should remain

Digital Signal Transmission il constant withirf 8ns for at least 2 weeks.

Allocation

Within the Instrument Delay definitiorRD 34 the delay associated to the DTS is called T

PAD-
This includes all the delay from the fiber connector in the Antenna Pad to the position in the

correlator where the signals are actually #Ac:c¢

The part of the DTS delay fromthe digitizer to until the fiber connector in the Pad, on the
Antenna side, is considered constant and part of #fag €ontribution.

The required stability would allow that a Delay Calibration, updating the stored values of
Trap, IS NOt Necessary morean once every two weeks.

7.2.32 Requirement # 312- Digital Signal Transmissioni Bit Error Rate

Parameters e A# | Value o0
# #

D_igital Signal Transmission 312 The Bit Error Rate (BER) for each DTS shoulg

Bit Error Rate be better than 10

Allocation

When a communication error occurs in the DTS (typically a bit flip) it causes the affected
sample to contain one value that doesnodot <cor
signal o.

This value was assumed in theQ 3§ |, reported as RDe3f thatemel y |
describes the communication protocol and confirmed to be a fundamental requirement into
the ALMA System Design DescriptiofRD 01]].

The BER in this system is mainly associated to the power arriving to the DRX cards of the
correlator from each corresponding DTX.
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For what concerns the verification it is empirically established that when an antenna is placed
in a Pad, the BER requirement is satisfied when the DTS optical power arriving at the DRX
(measured as connection check after every antenna movement) is largéBtizm.

7.2.33 Requirement # 3211 Digitization: 2GHz nom ch bandwidth

Parameters Req Value EG
Dlgltlze}tlon: 2 GHz nom ch 321 2 GHz nominal channel bandwidth
bandwidth
Allocation
7.2.34 Requirement # 322 Digitization: 3 bits, 4 GHz

Sci
Parameters Req Value #
Digitization: 3 bits, 4 GHz 329 8 levels (3 bits), uniformly spaced, at 4

GSa/sc

Allocation

This requirement is intended only to provide the number of bits necessary for the digitization
of the analogue signal in the BE. Accuracy and time stability of the digitization levels are
defined at sutsystem level.

7.2.35 Requirement # 323 Sampling clock: fine delay steps

Parameters Req Value ECI
Sampling clock: fine delay 323 Variable phase for fine delay, < 1/16 samp
steps accuracy.

Allocation

This requirement was changed from its original value of 1/8 sample. See [ADr2ke

reasons for this change.
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7.2.36 Requirement # 3241 Sampling clock: common to all ant IFP

Parameters Req | .# | Value ECI
Sampling clock: common to & 324 Common to all channels at an antenna

ant IFP

Allocation

7.2.37 Requirement # 325 Sampling clock synchronization to correlator

Parameters Eeq # | Value EC'

The synchronization between the DGCK
sampling clock fine delay adjustment, that
requires a transition from 15/16 of the period
325 back to zerar viceversa, and the correspondir]
coarse timing adjustment in the correlator, tha
changes by 1 unit the coarse delay, shall be b
than® 50Qus

Sampling clock synchronizatig
to correlator

Allocation

The fine delay adjustment of thupoDGECK Nsampb
(15/16to 0 or 0 to 15/16) would require a coordinated change in the correlator coarse delay,

by 1 sample period (250ps), in order to maintain the phase coherence in the correlated
signals.

The fine delay adjustment in the DGCK is necessary to take into adtwuahange of the
Afgeometrical del ay o0 dur-adjugted sdvezal timbssmghimvadE i o n ;
interval (48ms), but it is unlikely that morethanané t hesi@ OAwmramsi ti ons
the same TE interval.

The coarse delay +&djustnent in the correlator can be performed only once per TE interval,
but it is possible to schedule at which ms of the 48 in the interval the change will take place.

The two events, in the DGCK and in the correlator, shall be synchronized such that when the
incoming signals are correlated they remain 250ps (1 DGCK sample period) out of phase for
the shortest time possible, that given the time resolution in the correlator coarse delay
adjustment, is of the order of 1ms.
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7.2.38 Requirement # 4111 Tuning range and resolution: Baseband

Parameters MEC # | Value =
# #
. o Any sky frequency may be placed at any:
Tuning range and resolution: 411 baseband frequency within £10% of digitized | 20
Baseband BW
Allocation

This is a requirement on the tuning step and rangeeoftand 2% LOs (including FTS) and
requires placing any accessible sky frequency within £200 MHz of any point in the 2 GHz
baseband. An exception is a sky frequency located within 1.8 GHz of an RF band edge.
Observing frequency selection involves antination of 1st and 2nd L@inings.Details are
given n [RD 01] section3.1.1.3.

7.2.39 Requirement # 412" Tuning range and resolution: FE IF

Parameters Eeq # | Value 20'
Tuning range and resolution: 412 1st IF frequency within £10% of the 1st IF 20
FEIF bandwidth.

Allocation

This is a requirement on the tuning step and range of'th® Xincluding FTS) and requires
placing any accessible sky frequency a) within #800 MHz of any point it2@Hz 1% IF
and b) within +400 MHz of any point in a8 GHz £'IF. An exception is a sky frequency
located a) within 7.2 GHz of an RF band edge withi245Hz £ IF and b) within 3.6 GHz
of an RF band edge with ag84GHz f'IF.

7.2.40 Requirement # 420- Sub-arrays

Req

4 # | Value Sci #

Parameters
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Req

Parameters A | Value Sci #

It shall be possible to run at least 4
independent arrays (swurays).

420 | M | Each of them can be pointed in different tim{ 390
to different sources and tuned to different
Independently Tunable sub frequency.

arrays It shall be possible to run at le&st
independent arrays (swurays).

420 | T/7 | Each of them can be pointed in different tim( 01010
to different sources and tuned to different
frequency.

Allocation

This requirement is derived directly froAD 01]: il t s hal | be possible 1t
subarrays in which the observing frequency and antenna control in each is completely

i ndependent forfthe 64Aetennad doreetater.and from the drafbcument

AACA Scientific Speci RD4#4dorthecACA Coaalatbr. Requi r e me 1

7.2.41 Requirement # 425 Sub-arrays switching time

Parameters ;eq # | Value EC'
The generation ad subarray, for a 300s
T rvation, shall not incr h ration of
Subarrays switching time 425 gszgutﬁc}noo% tshearelg\tan('f ggslc?ytrrleo(rj(;J tﬁf’:\?} 3(3/0
1 sigma, whichever larger.
Allocation 1.5% to hardware and 1.5% to software

The introduction of suarrays during an observation ¢se
http://almasw.hg.eso.org/almasw/bin/view/CONTROL/SubarraySemdatiesdefinition of
arrays and suhrrays) shall not significantly affect the execution time of a givére@ading
Block.

The proposed requirement can be verified by running first a SB that includes only a 300s
observation, without sulirrays, and record the time needed for its execution.

Repeat then the same observation running another SB that this tiodegithe generation

(and use) of one stdrray and record again the time needed for the execution.
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The requirement asks that the two would differ by less than 3%.

If the duration of the execution of an SB is intrinsically variable such that its standard
deviation is larger than 3% of the total execution time, then tkagrha becomes the

pass/falil criteria threshold for this requirement.

For the purpose of System Characterizatiom $ame procedure can be repeated with the

generation of two, three éour subarrays.
It is suggested thataeh of thesuccessively introduced sw@raysis allowed to account for

no more thar3% or 1 sigma of the execution time of the SB with oneauhy less.

7.2.42 Requirement # 4301 Frequency tuning: within FE band, time

Parameters Req | .# | Value EC'
Freque.ncy tuning: within Fi 430 < 1.5 sec for intraband tuning over whole band 40
band, time

Allocation

In the event that the frequency tuning requires a change in the Laser Synthesizer frequency

this requirement can onlbe achieved if the Laser Synthesizer is-foreed to the required

frequencies. Also, although all local oscillators in the system can switch with sufficient
speed, if the change in tuning requires a change in the IF Switch or Baseband variable

attenuatos the gain may not stabilize completely in 1.5 sec. 8Be23] and for details.

7.2.43 Requirement # 4311 Frequency tuning: between FE bands, time

Parameters Req Value EC'
Frequency tuning: between 431 < 1.5 sec interband, switching to a FE band in 50

FE bands, time

standby mode.

Allocation

This requirement can only be achieved if the Laser Synthesizer-tan@e to the required

frequencies. Also, although all local oscillators in the system can switch with suifficie
speed, if the change in tuning requires a change in the IF Switch or Baseband variable

attenuators the gain may not stabilize completely in 1.5 secABe2J and for details.
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7.2.44 Requirement # 4321 Freq Switching: time & range

Parameters ;!eq # | Value 20'
Up to 10Hz rate with a < 10 msec (rise and fal
time)

Freq Switching: time & range | 432 (Frequency throw up to of 25 MHz sky
frequency; Spectral line total power mode only
& within the same FE band)

Allocation Front End and Back End

The basic frequency changing time is chosen to match the antenna psatiiing time for

fast switching. However, for calibration of the instrumental phase difference using a single
source, faster frequency changir@.1s)is desirable.

The 10 msetime for small frequency changes is intended to support sthgiefrequency
switched spectroscopy, and thus it doesrequire that accurate phase tracking be achieved
at the new frequency within 10 msec.

7.2.45 Requirement # 433 FE & LO1: number of bands in standby

Parameters ;!eq # | Value 20'
Up to two bands may be in standby mode whi
FE & LO1: number of bands in one band is in operational mode, or up to thre
433 ) : ) 50
standby bands in stantty mode and none in operationg
mode.
Allocation Front End

This is a modification to Req #433 in the previous version of the System Technical
RequirementsRD13 and Req #435 has been deleted. RD13 the combined, #433 and

#435 required that Band 3 always be either in use or in standby mode, Now, any two bands
may be in standby mode and the requirements on switching between standby and operational
modes applies to any combination of bands. Also #433 now allows three lbands
standby mode and none in operational mode.

7.2.46 Requirement # 441- Phase Switching: LO1 180d & 90d

e # | Value Sci

Parameters " . "
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Phase Switching: LO1 180d & 180° and 90° phase switching inserted in the
441

90d LO

Allocation N/A

This is a @sign guideline rather than a performance requirement.

The 180° Walsh switching is inserted in the 1st LO FLOOG and removed by sign reversal
after digitization in the DTS Formatter. The 180° Walsh switching states are nested within
the 90° Walsh switchig states. The 90° Walsh switching is demodulated after correlation by
selective binning of the correlator output. This inner, nested switching may use the same
Walsh functions as in the outer switching loop. 90° phase switching and synchronization
with correlator binning is only needed in the Sideband Separation correlator mode and
should be disabled when not needed.

The 180° phase switching in the DTS Formatter provides suppression of spurious signals
introduced after the 1st mixer and of DC offsetsaduced in the digitization.

The amount of suppression is compromised by synchronization errors between the antennas.
Among the 128 possible Walsh sequences, 64 sequences should be chosen based on their
susceptibility to synchronization errors. Ré&d44 constrains the permitted synchronization
errors among antennas. Sé&D 1§ for a discussion of the relationship between Walsh
number, synchronization errors and spur suppression.

The goal for 180° Walsswitching suppression 80 dB.

The goal for 90° Walsh switching sideband separatieBddB.

This performance can be subject to atmospheric turbulences behavior that would
significantly degrade the achievable sideband separation.

7.2.47 Requirement # 442- Phase Switching: Settling Time

Parameters :;%eq # | Value EC'
Phase Switching: Settling time 1st LO PLL effective time constant to aebve
442 -
the desired pshase sh
Allocation N/A
CREs:

A new value was inserted for this requirement based on the following CRE.
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Req #442- CRE AChange the Time to Phase Switch
ALMA System Technical Requr e me nt s Do c-40m@.0010088-ACR¥ Asee
Approved CRE95) wasapproved by the CCB a2008Feb [AD 24].

Detailsof CREsmay be found on EDM dtttp://edm.alma.diny/nmzun.html

7.2.48 Requirement # 443 Phase Switching: Walsh functions

Parameters Eeq # | Value EC'

Phase Switching: Walsh Walsh functions, with maximum 128 sequenct

functions 443 for 180° series; maximum 64 sequence for 90
series; orthogonal byngenna

Allocation

The 180 Walsh sequence will have a completgcle time .016 sands for up to 64
antennas. The 9@Walsh sequence will have a compleyele timeof 2.048semnds.

7.2.49 Requirement # 444 Phase Switching Synchronization

Red | . | value Sci

Parameters 4 . "

Phase Switching synchronization between
FLOOG (that applies the switch) and DTX
(that removes it) in the same antenna shal
better tharlO0 ns

Switching celaydifference amonghe 4
DTXs ineach antenna shall be better than
Phase Switching 444 100 ns

Synchronization

After the delay correction applied in the
Correlator, for antennas receiving the
incoming signal in different timeshe
synchronization shall be better than 130

Sign reversal relative to correlator dump, <
10 s



http://edm.alma.cl/tiny/nmzun.html

ALMA Project Doc #: ALMA -80.04.00.06005-C-SPE

. Date: 201212-10
SystemlLevel Technical Status: Released

Requirements Page: 1030f126

Req Sci

Parameters A | Value

Allocation

A different delay set is available in the DTS Formatter independently for each of four the
baseband pairs. However, the relative delay cannot be allowed to be too large since the phase
switch event at the DTS Formatter has to syncheowith both the phase switch at the 1st

LO and the sign reversed signal from other antenna at the input to thecanedator
multiplier stage.

The switching synchronization between antenreders to the relative timing of the digital

sign reversed ghal from two antennas at the input to the ciamselator multiplier stage

and affects the capability of 90deg switching to perform the side band separation.

The timing of the 90deg switching applied in the Front End must be corrected for all
propagationdelays in both timing and signal transmission, including the variable delay
introduced in the correlator as an astronomical source is tracked.

Since the period of the 90deg switching cycles is around 2s a misalignment of 100ns is
produces a very negligibleffect.

Nevertheless the accuracy in the delay applied in the Correlator, to the signal arriving from
each antenna, is driven by other, more demanding, factors (see for example Req. #311).

Sign reversal has been relaxed to 10us.

This is intended to bthe accuracy of the correlator dump relative to the TE, a mismatch in
this timing would compromise the capability of the 90deg switching to perform the sideband
separation.

This requirement is considered not difficult to achieve and could be verifiedieyneg the
design of timings and synchronizations inside the correlator.

7.2.50 Requirement # 446/ LO Offsetting

Parameters Req Value EC'
Offset LO1, LO2 or TFB LO from their noming

LO Offsetting 446 values by integer increments of 125MHZ/2
(30.5176KHz)

Allocation

For the purposes of improving sideband suppression and suppression of spurious signals it
shall be possible to offset LO1, LO2 and LOTFB from their nominal valléss
requirement was imposed by Approved CRE #Ha&ch antenna will hee a different value
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for the offset as defined by its antenna number N, an integer in the ra+@fe The required
values for the offsets will depend on the particular observing mod&3d®for definition

of LO offset observing modégsThe possible values for the offsets are listed below (where D
is the quantum of LO Offsetthjs comes from the frequency resolution of the digital LO in
the TFB: 12bit DDS accumulator at 125MHz gives= 125MHz/2? = 30.5176kHz):

LOL1: N*D or 2*N*D

LO2:+N*D or -3*N*D

TFB LO: £N*D or 3*N*D

For the ACA correlator, which does not have a TFB LO, removal of a residual LO offset will
be accomplished by shifting the frequency origin of the FFT spectra by@amaiD.

All LO offsets must be implemented with sufficient precisiorttsat any residual phase drift

is within the allowances of Table 1. This means that all LO offsets must be accurate to less
than 10° Hz.

7.2.51 Requirement # 450- LO Return To Phase: NoPhase Ambiguity

Parameters Eeq # | Value EC'
LO Return to Phase: No phas 450 All frequency synthesis unambiguous

ambiguity

Allocation N/A

Unanbiguous means thathen theinterferometer observing frequency is changed and then
brought back to & former value, the instrumentphase difference between two antennas
also returns to its former value. This is a requirement on the LO hardware design and is
often referred to as the Areturn to phaseo

The overall accuracy of return to pkashould be small (~1/3) compared to the total phase
drift with time; 1/3 *22 fsec = 7 fsec (for th8“A.0 phase angle, this requirement should be
evaluated at 950 GHz). This will be hard to evaluate at the system level, so should probably
be verified bysubsystem tests.

7.2.52 Requirement # 451- Delay Errors: Time, Phase Drift

Req # | Value St

Parameters " . "

r

¢
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Delay Errors: Time, phase < 22 fsec, Allan SD with T = 10 to 300 sec
X 451 .
drift (drift)

Allocation See Table 1

There isno Scientific Requirenent[AD 01] for long term delaAphasestability, drift.

The system level requirement is that the instrumental drift, after all corrections, be less than
the delay drift introduced by the atmosphere undéhn pércentile conditions. This sets the
total instrumental delay drift requirement to 25 fssewd given here is the allocation to the
electronics systemSee Sectiob.1.3and Table 1 for further allocation among systems.

The IF/LO2 phase drift reqpement in Table 1 (te two entriesfiznd LO & Digitizer clocko

a n &Gigndl Path BE (IF commod) s ums ( RSS) tfrequebicy fadt switchimgy t he t
observing, to keep the phase drift contributions from the IF/LO2 and the RF/LO1 systems

equal at Band @, the IF/LO2 requirement in phase variation should be ~1/9 of the RF/LO1
requirement at Band 10. Therefore a goal for IF/LO2 phase drift should be 0.73 degrees or

2.3 fs.

7.2.53 Requirement # 452- Delay Errors: Time, Phase Noise

Parameters X # | Value =

# #
r[?()ei?g Errors: Time, phase 452 < 65 fsec, RMS about 10 sec average (noise)| 290
Allocation See Table 1

Science Requirement #290 calls for corrected visibility phase to be less than 167 fsec on 10
second time scales. This requires the steon, per antenna, instrumental delay noise to be
< 0.707 * 167 = 118 fsec. The System Requirements extends this to require that the
instrumental delaphasenoise, after all corrections, be less than the delay noise introduced
by the atmosphere under 9&rpentile conditions. This sets thatal instrumental delay
noise requirement to 75 fsec. The allocation here focomebinedFE and BE electronics
systems is 65 fsec. See Secttoh.3and
Tablel: Allocation of Temporal Instrumental Delay/Phase Errors

(per antenna errors, in fsec)
for further allocation among stgystems.

CREs:
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Band 1i C R E Changeé Request for Band 1 Phase NbAleVIA -56.11.00.00024-A-CRE
(seeCRE254 and BECRB) wasapproved by the CCB dz3-Nov-2010 [AD 25].

For Band 1 only, thdst LO contribution to the phase drift is increased from 53 fse8to
fseg and thughetotal phase noise of theectroncssystem goes from 65 fsec to 96 fsec.

Detailsof CREsmay be found on EDM at http://edm.alma.cl/tiny/nmzun.html

7.2.54 Requirement # 454- Delay Errors: Continuous operation

Parameters XEG A# | Value =l
# #
Delay Errors: Continuous System Bkall typically operate for at least one
operation 454 hour with no step discontinuities in system de
> 10 fsec
Allocation

Step discontinuities in delay would be disruptive to antenna location (baseline) calibration,
and if frequent enough, disruptive to astrommahobservations. Such step discontinuities
would not be addressed by the delay drift requirement. The delay step requirement applies to
equipment operating in a severe, not typical, ALMA environment (e.g., temperature change
at sun rise; vibration unddull slew). As an example, this requirement will determine the
range of adjustment in thé'LO Line Length Corrector (LLC). On time scales longer than

an hour, it is permissible to reset the LLCs.

7.2.55 Requirement # %66 - Delay Errors: Ant, small angle, systematic

Parameters Eeq # | Value Sci #
456 | M Systematic, for (az,el) change of 2.0deg
8 fsec
Delay Errors: Ant, small Systematic, for (az,el) change of 4.0deg
. 456 | T
angle, systematic 8 fsec
Systematic, for (az,el) change of 4.0deg
456 |7
8 fsec
Allocation
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There is not yet a Scientific Requirement for long term delay stability.

Systematic changes of instrumental phase with small changes of antenna pointing will have
the same effect as an antenna position error reduced by sine(dgléd. This effect is
differential between two antennas and differential over 2 degrees of movement and is
expressed as the requirement for a single antenna. This error may arise from differences in
the mechanical structure of the antenna (e.g., quadrigubreflector mechanism or BUS),

the Front End mechanical support (e.g., FESS, cryostat, cartridge mount), or in the antenna
LO distribution system (electrical path length changes due to cable wraps or module motion).
This requirement applies after abirrections for repeatability are applied.

Given, the permitted antenna position error is 65 um, assume 2.0 degrees angular switching
to a calibrator, and setting the contribution from systematic instrumental delay errors due to
antenna motion equal to géhphase error arising from antenna position error, then the
permitted delay error is < 65* sine(2.0d) = 2.27um => 7.6 fs.

Methodology: Average delay for 10 sec; move antenna cyclically every 10 sec. Interpolate
and difference delay between two statesjtinue for 2000 sec; average difference. Perform
this test at several antenna az/el; RMS the results without removing a mean.

The splitting of this requirement in a budget among various contributors would be very
useful for the design of the individyaarts, but in this phase of the project is impossible.

In this updated version of the document it is introduced also the distinction, in the
requirement, between the 12m and 7m Antennas.

This tightened requiremeritas not been considered in as built R&dwareand is not
retroactively applicable to the acceptance of HW already designed or delivered at the time of
issuing of this document.

7.2.56 Requirement # 467 - Delay Errors: Ant, small angle, random

Parameters ?I;eq # | Value Sci #
457 | M Random, for (az,el) change of 2.0deg: <
15 fsec
Delay Errors: Ant, snih Random, for (az,el) change of 4.0deg: <
457 | T
angle, random 15 fsec
457 |7 Random, for (az,el) change of 4.0deg: <
15 fsec
Allocation
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Random errors in total instrumental delay while smiadinges are made in antenna pointing

will have the same time scale as that of fast switching time, e.g., 10 seconds. This is a
component of delay noise and would most likely arise in the LO distribution system in the
antenna (cable wraps).

Methodology: Average delay for 10 sec; move antenna cyclically every 10 sec. Interpolate
and sum the delay in the two states; continue for 2000 sec; calculate the variance of this
series about its mean and divide by 2. Result is rms noise of time series. Peddast thi
several antenna az/el; RMS the results without removing a mean.

The splitting of this requirement in a budget among various contributors would be very
useful for the design of the individual parts, but in this phase of the project is impossible.

In this updated version of the document it is introduced also the distinction, in the
requirement, between the 12m and 7m Antennas.

This tightened requiremeritas not been considered in as built FE hardvea@ is not
retroactively applicable to the actapce of HW already designed or delivered at the time of
issuing of this document.

7.2.57 Requirement # 458 Delay Errors: Ant, Large Angle, Systematic

Parameters X # | Value =t
# #

Delay Errors: Ant, large angle 458 az £ 180 ° rms < 100 fsec 280

systematic el +40°rms < 50 fsec

Allocation N/A

This requirement on delay change with large angle antenna motion is in addition to Req #151
and #451 which constrains the delay/phase variations with time.

Stability of phase/delay during large angle antemwion is needed for antenna position
determination and for large scale astrometry observations.

A possible verification method is as follows. Measurement should made by moving the
antenna over the indicated az/el range, stopping at 5 positionssingvére process and
differencingthe delay from that of the first data point. The rms of the resulting differences,
without subtracting the average, should then be calculated.

See notes for Req #456 for systematic variations with small angle changes.
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7.2.58 Requirement # 459 Delay Errors: Ant, Large Angle, Random

Parameters R # | Value =
# #

Delay Errors: Ant, large angle 459 for full range of permitted az,el : < 32 fsec

random

Allocation N/A

See notes for Req #457 for random variations siitiall angle changes.

7.2.59 Requirement # 460- Frequency stability

Parameters geq # | Value Sci #
. Allan std dev, frequency

Freaquencystability 460 <2011 for T = 26300 sec.

Allocation

This requirement is driven by the delay error that is intced when the master oscillator
drifts in frequency in an array of unequal path lengths to the various antennas. To achieve
negligible contribution of this effect (1/10 of 22 fsec, which is the delay error contribution of
electronics #451), frequency changhould be df/f < 2&1, under the assumption of the 15

km cable difference and of the LLC keeping the cable change to zero (15km *2 / light speed

*22e-15 /10). We adopt the same definition of Allan Standard Deviation;@SC=T) as
those of amplitude (defined in the note of #261).

7.2.60 Requirement # 461 - VLBI: Number of Arrays

Parameters Req #| .# | Value Sci #
VLBI: Array number 461 VLBI Support shall be provided to minimum 380
oneArray

Allocation
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7.2.61 Requirement # 470- Absolute frequency accuracy

Parameters Req#| # | Value Sci #
Absolute frequency accurag 470 <5e10
Allocation

The highest spectral resolution of the ALMA is about 5 kHz (#530), thus 1/10 of this is 500
Hz (0.0015 km/s resolution at 100 GHz), which iswgh for line observations. 500 Hz at 1
THz corresponds to 50.

7.2.62 Requirement # 481- Array time: accuracy

Parameters Req #| # | Value Sci #
Array time: accuracy 481 Maintained within 10rsec of UTC.
Allocation

48 msec Timing Event (TE) is synchipad to 1PPS signal from the GPS receiWgi [37].

7.2.63 Requirement # 82 - Array time: knowledge

Parameters Req#| # | Value Sci #
Array time: knowledge 482 Difference from UTC known to within 100

nsec.
Allocation

7.2.64 Requirement # 490° Shielding effectiveness receiver cabin

Parameters Req | .# Value Sci #

The shielding effectiveness of the antenna
490 receiver cabin shall bat leas?0 dBup to12
GHz

Shielding effectiveness
receiver cabin

Allocation
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This requirementpplies when the cabin door is closed and the 75 cm diameter primary
vertex hole clear aperture at the antenna is sealed.

7.2.65 Requirement # D2 - Max fiber optic cable length (CLO)

Parameters Req #| .# | Value Sci #
, . Thefiber optic cable (LO, DTS & M/C)
(l\élixof;ber optic cable length 492 length from the AOS Technical Building to g
antenna station shall be < 15 km
Allocation

The fiber cable length to four stations (212, 214, 215, and 216) may be at or slightly exceed
the 15 km limit. In the detail me&ork design, a best effort will be made to keep these cable
lengths less than 15 km. The correlator is able to handle much larger cable lengths than 15
km; the significant constraints are imposed by the LO reference and data transmission
systems.
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7.3 Detedion and Correlation
7.3.1 Requirement # 511- Analog power detectors: accuracy

Parameters Req#| # | Value Sci #
Analog power detectors: Analog power detectors, baseband channel

gp ' 511 GHz): Accuracy 1% of full scale (after
accuracy . . .

linearity correction).

Allocation
7.3.2 Requirement # 512- Analog power detectors: sampling interval
Parameters Req #| .# | Value Sci #
Analog power detectors: 512 0.5 msec at >99 % efficiency

sampling interval

Allocation

Sampling interval set by requirements of OTF imagindlevhsing analogue total power

detectors.

7.3.3 Requirement # 513 Analog power detectors: 8 GHz

Parameters Req #| # | Value Sci #
, Not used for astronomy; for engineering
Analog power detectors: 8 513 monitoring only. Requirements are in BE su

GHz

system regirements

Allocation

7.3.4 Requirement # 5200 Tunable Filter Bank to 64-Ant Correlator

Parameters

Req #

M

Value

Sci #

Tunable Filter Bank t64-
Ant Correlator

520

32-subchannel tunable filter bank

Allocation
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The filter bank for64-Ant Correlatoris described briefly in System Design Descripti&b
01], section 2.6.1, and more fully in Quertier et @D 0§ and [RD 49.

The correlator modes, which make use of the TFB features, are the FDM.

64-Ant Correlatoris also required to operate in a mode that bypasses the filteirbaake
the TDM is engaged

7.3.5 Requirement # 5211 Quantization resolution

Req

4 # | Value Sci #

Parameters

At antenna, first quantization;|8vel (3b);
At 64-Ant Correlator 4level (2b) and 16
Quantization resolution 521 levels (4b); 190
At ACA Correlator, the second requantizatiq
>= 16 levels (4bit)

Allocation

The quantization noise resultingpin 3-bit sampling at the antennas reduces the SNR by
0.96. The reguantization to it (4 levels) (or 4bits (16levels)) after the tunable filter bank
introduces additional loss of 0.88-f) and 0.99 (4bit, (at a loss of x4 in frequency
resolution).The combined loss depends on the observing rfieBeld.

1 For Frequency Division modes where the Tunable Filter Bank cards arethetitctal
digitization loss is the product of 0.96 with 0.88 or 0.99 (#itadr 4-bit correlation).

1 In Time Division Mode the BL digitization efficiency is close to 0.88 (there is no
requantization and nodit modes).

1 In TDM and with 3bit correlation the efficiency is that of the digitizer 0.96.

7.3.6 Requirement # 5300 Spectral resolution, minimum for 64-Ant Correlator and
ACA Correlator

Parameters Eeq # | Value Sci #
Spectral resolution,

minimum for 64Ant

Correlator and ACA 530 <5 kHz 30
Correlator

Allocation
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The value 3.%kHz matches the scientific requirement for kKdd/sec resolution at the lowest
observing frequency (100GHz). Achieving the finest resolution may require using reduced
bandwidth and/or processing a single polarization. In the current desigrAoit Correlator

a channel spacing of 3.8 kHz (satisfyitige requirement) is achieved by processing one
polarization channel per quadrant at 31 MHz bandwidth, or an aggregate bandwidth of 125
MHz for all quadrant§RD 49. By using all quadrants to process the same charrel, t
resolution can be 4 times smaller or all polarization products can be formed but the total
bandwidth is then 31 MHz. Same channel spacing is achieved with ACA Correlator design
without constraints.

7.3.7 Requirement # 541.17 Correlator output rate: cross-correlation

R .
Parameters 4 €a # | Value Sci #
Correlator output rate: crosg 16 msec integrations and readout interval, g
) 541.1 ; 240
correlation baselines.
Allocation

The minimum readout interval is limited by the data rate, and is available onlgnibiydj
the bandwidth or spectral resolution or number of baselinesase of phase switching, a
complete cycle time for data accumulationGorrelator Data Porcessors (CDi)ght be
limited up to 2.048 seconds (see #443).

7.3.8 Requirement # 541.2 Correlator output rate: auto-correlation

Re .
Parameters " q # | Value Sci #
Correlator output rate: auto 1 msec integrations and readout interval, al
; 541.2 240
correlation antennas.
Allocation

7.3.9 Requirement # 542 Correlator output rate
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Req

Parameters # | Value Sci #

542 M 128M complex correlations per second.
542 | T/7 | 300M complex correlations per second.

Correlator output rate

Allocation

This requirement defines the rate over the digital interfaces into the Correlator Data
Porcessors (CDP) and idfdrent from the rates into the Archive (#610).

Regarding 64Antenna Correlator, 16 3Rits (4 byte) data ports (62.5 MB/sec) at correlator
guadrants (4 per quadrant) are connected to 16 CDPs. Thus currently the maximum output is
62.5 MB/sec *16 = 1 GB/seas total. This corresponds to 125 M complex correlations per
seconds, i.e. 1 (GB/sec) / 4 (byte) / 2 (real/imaginary).

Regarding ACA, the maximum output rate is expected for the following observation mode: 4
total power antennas and 12 antenna intenfigter with readout intervals of 1 msec (auto)

and 16 msec (cross), 4 autocorrelations (1 msec) and 66 armb42 autecorrelations (16

msec), 8192 frequency channels per baseband, and 4 baseband pairs. Output rate will become
about 300 M complex cor&ions per second ((66+12)*8192*4/0.016+4*8192*4/0.001).

This corresponds to 300M*4(byte)*2(real and imaginary)/4(baseband)=0.6 GB/s per
baseband, which is defined IRI[D 3§[RD 39.
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7.4 General
7.4.1 Requirement # 610/ Archive writing rate

Req

4 A# | Value Sci #

Parameters

610 M >= 60 MB/sec.
610 T/7 | >=3.6 MB/sec.

Archive writing rate

Allocation

Regarding the 121 Array, he required archiving rate 8% of the maximum correlato
output rate.[RD 4(Q defines the expected ratesédB/sec average and 60 MB/sec peak.
Regarding the ACA, the values are 6% of those of then1®ray, i.e., 0.36 MB/s average
and 3.6 MB/s peak. These data ratesdmtermined on the basis of the maximum baseline
numbers; the 2n Array will have 2016 (N*(N1)/2) baselines at most, and the ACA will
have 120 baselines at most, where N is antenna numbers (64 fortihé\ikdy and 16 for
the ACA). The rates are scaleg the ratio of baseline number&[D4( defines the expected
rates a%.36MB/sec average and 3.6 MB/sec peak.

7.4.2 Requirement # 614 Monitor Points

Red| 4 | value Sci

Parameters 4 . "

It shall be possilel to access to the monitor
points of each LRU, assembly, ssistem,
Monitor Points 614 as defined in the ICD$or normal
Observatory operations, contingency
operations, maintenance or troubleshootin

Allocation

This requirement has been reworded with respect to ringopis issue in order to remove
ambiguities in the text. SeRD 47 for a plan of detail requirements of archive access.

7.4.3 Requirement # 615 LRU self identifying

Req

4 # | Value Sci #

Parameters
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Req

Parameters # | Value Sci #

All Line Replaceable Units (LRU) with a
LRU self identifying 615 AMB or ARTM node shall be self
identifying to the ABM.

Allocation

7.4.4 Requirement # 616/ Control Points

Red | . | value Sci

Parameters 4 . "

It shall be possible to access to the contro
points of each LRU, assembly, safstem,
etc for normal Observatory operations,
contingency operations, maintenance or
Control Points 616 troubleshooting

This is valid unless the asynchronous cont
access is forbidden by the cdsgecase
ongoing activities.

Allocation

This requirement has been modified in a way similar to #614.
It is important to notice that the Monitors should be always available, whereas the Controls,
since could interact with the ongoing activities, can be temporarily blanked.

The M&C definitions ae also the basis to define the alarms and the relevant reduction rules.
These definitions anyway are left to the lower level detailed specifications.

7.4.5 Requirement # 6171 Availability

Parameters ;eq # | Value EC'
The availability ofthe Array shall be larger

Availability 617 than 85% with a goal of 95% for steady
ALMA Operations.

Allocation
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The requirement has been redefined compared to tRD i
From ALMA Operations Plan (Version DChapter 5.3AD 26)

The Joint ALMA Observatory shall have high operational availability once construction has
been completed. Existing large, interferometric radio telescopes achieve operational
availability, also called operational readss, values of between 85 and 95 percent.

The definition of Availability for a complex interferometric instrument outfitted with a
superset of the instrumentation needed for any one science project, and able to (or needing
to) adapt observing programsdioanging environmental conditions, can be difficult.

We adopt a simple definition of availabiljtgs follows

Availability = (AntennaHoursUsed)/(AntennaHoursAvailable)

The quantityd AtennaHoursUsexis simply the total number of antenna hours whicheha

been collecting science or calibration data, andfifwetennaHoursAvailableis the total
number of norweathereebut antenna hours in that same peridtis definition does not
degrade availability as a result of severe weather, but does degraddilityaflar any

reason that makes an antenna unavailable for a science observation.

Subsystems that affect all or many antennas (e.g. a correlator failure or central reference
failure) will have a larger weight in the final availability number.

The goal br ALMA is to achieve a steaestate availability of 95% during mature operations
phase.

7.4.6 Requirement # 618 System Restart: calibration

Req

4 # | Value Sci #

Parameters

It shall be possible to perform warm
restart (softesets) or power cycles of
equipment at the module, sggstem and
System Restart: calibration | 618 system level, including the Full System
Restart, without recalibrating the telescg
beyond those calibrations carried out
during normal observation activities.

Allocation

The intent $ to avoid lengthy recalibration after a routine equipment restart. Restart can
mean a reboot of computers, power cycling a module or a rack, reset of a module or sub
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system like the correlator, power cycling an antenna, rebooting the computer network up t
the level of what is known as the Full System Restart.

All those calibrations already foreseen in the sequence of activities normally done for an
observation are, of course, permitted.

Not permitted are those activities that require changes in the TM&idRr recalibration
procedures that affect the time needed to return the Observatory into its "ready for
observations" status.

Outside the scope of this requirement are all the cases of failure, troubleshooting,
investigation, commissioning, charactetiaa, planned or unplanned maintenance that
require major system shut down.

7.4.7 Requirement # 619 System Restart: time

Parameters XER A# | Value 5
# #
It shall be possible to restart any part of the
System Restart: time 619 system, including the full sysm, in less than 15
minutes
Allocation

This includes rebooting the complete computing network at all antennas. It also includes
automatic sefchecks and calibrations. The 15 minutes is the time it takes until the operators
are able to start interding with the system. It does not include time needed for thermal
stabilization after power cycling. If disks of operational system become corrupted, restarts
will take much longer than 15 minutes as they will need to be check. This should not be
common.

7.4.8 Requirement # 621- WVR: Installed on all antennas

Parameters Eeq Value Sci #
621 Installed on all antennas

WVR: Installed on all

Installed on all antennas
antennas

NA

N EIEd e

Allocation
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7.4.9 Requirement # 622- WVR: Correction error & rate

Parameters #I?eq # | Value Sci #
Path length correctioarror(rms)dL < (0.01w
: 622 | M + 10) ¢ mwith asampling rate <1 Hz. 290
WVR: Correctionerror& :
rate T Path length correctioarror(rms)dL < (0.01w 290
+ 10 ¢ mwith asampling rate <1 Hz.
7 NA

Allocation

HeredL, in ¢ mis theresidualrms fluctuation in atmospheric delajter the application of
the WVR correctiorandw is the condensed water vapor depth along the line of, ggten
in millimeter. The requirement matches the current RV€pecification[RD 46, which
applies to fluctuations about the 5 min average, and at constant air mass

7.4.10 Requirement # 623 WVR: Beam direction

Parameters Eeq # | Value Sci #
Divergence fronobserving beam < 10
623 M arcmin.
WVR: Beam direction T Divergence from observing beam < 10
arcmin.
7 NA
Allocation
7.4.11 Requirement # 631- Phased array
Parameters Eeq # | Value Sci #
Phased array 631 Array shall be usable as a single station 370
(phased up)
Allocation
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7.4.12 Requirement # 632- Realtime phased array

Parameters #I?eq # | Value Sci #
Reattime phased array 632 Realtime phasg up is required 370
Allocation

The possibility for real time phasing is required

7.4.13 Requirement # 633 Phase subarray possible

Req

4 # | Value Sci #

Parameters

Sum output available for any subset of

Phase sufarray possible 633 antennas. 370
Allocation
7.4.14 Requirement # 650- Mosaic Image Dynamic Range
Parameters ?I:eq # | Value Sci #
Mosaiclmage Dynamic Range > 1000k&nd
Mosaic Image Dynamic 650 7 and lower frequency Bands under 220
Range atmospheric condition which does not
dominate the image dynamic range.
Allocation

Science Requirement #220 sets the minimum image dynamic range as 1,000 and is taken to
apply tomosaic images only. Science Requirement #70 sets the minimum image dynamic
range as 50,000 and is taken to apply to an image consisting of a single field.

The requirement on mosaic image dynamic range only applies at band 7 and longer
wavelengths. To aatwve this, the rms pointing error must be < 1/30 HPBW (Sci Req #260)
and primary beam shape must be known to better than £0.06 of the primary beam response
down to the-10 dB point (Sci Req #270).
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7.4.15 Requirement # 6601 Solar Filter: RF attenuation

Req # | Value Scl

Parametas # . "

The nominal RF attenuation in dB shall be A =
+ 2o, where & is the
RF frequency range 84 GHz to 950 GHz. The
actual attenuation shall be no more than 2 dB
below the nominal value and no more than 4 ¢
above the nominal the ke at all frequencies.

Solar Filter: RF attenuation 660 360

Allocation Front End

The requirement has been changed fritv@ previous version of the System Technical
Requirement$RD 13]. See a AD 27] for detail scientificjustifications. Regarding bands 1
and 2, there is no guaranteed performaRi2 41].

7.4.16 Requirement # 6671 Solar Filter: System performance specifications

Red | . | value Sci

Parameters 4 . "

System performance specifications

a) Gain stability

a1) ASD < 2.0*10°on time scales 00.05 to
100 seonds; applies tall antennas

a2) ASD < 4.0*1CG°on time scales 0100 to
300 seonds; applies tall antennas

b) Phase stality

b-1) < 150fsec, RMS about 10 sec average
(noise)

b-2) < 50fsec, Allan SD with T = 10 to 300 sec
(drift)

SolarFilter: System

. 667
performancespecifications

360

c¢) Polarization

c-1) ON-AXIS: for the Antenna plus Front En
the aosspolarization shall be <13dB before
calibration

c-2) OFFAXIS: for the Antenna plus Front Eng
the aosspolarization shall be <13 dB before







