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Aim of the talk

To present the joint activities of the microwave photonics group of University of
Bologna (UniBo) and IRA-INAF for the realization of a 18GHz wideband analog optical

downlink system of the VLBI antenna in Medicina and a Fiber transfer delay
measurement system (FTDMS)

Outline

Alntroduction to mm -W VLBIINAF Antennas
A Design of 18 GHz Analog Optical Fiber Downlink for INAF VLBIAntenna s

ADesign of Antenna Downlink Fiber Transfer Delay Measurement System (FTDMS

A Conclusions and perspectives
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Current Needs for INAF VLBI antennas

A Recent upgrade of Medicina and Noto INAF
dishes to reach up to 100 GHz operations

A Installation of Tri -Band IF receivers to perform
observation in K band, Q band and W band

Verte x Room A Each IFreceiver provides 1-18 GHz output at the

Vertex Room

A Digital Acquisition System located at the Control
Room
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Current Needs for INAF VLBI antennas

A Recent upgrade of Medicina and Noto INAF
dishes to reach up to 100 GHz operations

A Installation of Tri -Band IF receivers to perform
observation in K band, Q band and W band

Verte x Room

A Each IFreceiver provides 1-18 GHz output at the
Vertex Room

A Digital Acquisition System located at the Control
Room

A Need to transport efficiently the whole band

from the Vertex Room to Control Room

A Need to have knowwledge about the delay
variations introduced by the cable
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18 GHz Wideband Optical Fiber Link
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18 GHz Wideband Optical Fiber Link

Analog Optical Fiber Link

__________________________________________________________________________
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System already installed for SRT
with an external committment
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Requirements and Current Status: SRT

Specs required for SRT(External Commitment )

Frequency band 1-18 GHz
(mean vaﬁzl?n band) Lol 2=
Gain Smoothness Il;%lrfg\r/]vi?jﬁ\l;z dB
Input Return Loss >10 dB
Output Return Loss >10 dB
Input P1dB* >-11 (-6) dBm
Input IP3 >-11 dBm
Input IP2 >-11 dBm
NF <6 dB
Cost <17.5 Ka

* -6 dBm was the original specification which has been relaxed to
-11dBm because the spec was not reachable with COSTsystem
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Requirements and

Current Status: SRT

Specs required for SRT(External Commitment )

Example of Input P1dB measurement of SRT link no. 1

Input P1dB Measure 1-20GHz

Frequency band 1-18 GHz N
Gain 14 N2.5 dB p . |
(mean value in band) ' i G SRT links meet all specs except input P1dB
~ @ -9
Gain Smoothness lt\)irgg\r/]vi?jﬁ:;z dB :
Input Return Loss >10 dB §
E
Output Return Loss >10 dB 2
Input P1dB* >-11 (-6) dBm g
Input IP3 >-11 dBm
Input 1P2 >-11 dBm
NF <6 dB . . . . : ; .
2.5 5.0 7.5 10.0 12.5 15.0 17.5
Cost <17.5 Ka Frequency GHz
* -6 dBm was the original specification which has been relaxed to Strong Trade -off NF vs. IP1dB

-11dBm because the spec was not reachable with COSTsystem
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Design Status: Is it possible to meet the specs with COTS?

T T T T T T T T T T T T

Intrinsic Optical Link -
e T T T T T T T T T T TS SCoSooomooooomooo-es \\‘. . 3“ . }%%SE“(
External ) (
CW Laser Optical > PD i )
Modulator J t S 00 oo |

Development of a ad -hoc
Simulation tool

°
()

3 | Test of all possible combinations of
o

MWLL RF Input from IF RFOutput COTScomponents
Receiver
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Intrinsic Optical Link
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Intrinsic Optical Link
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Best Compromise of Full Link Simulation with COTSso far
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C Improvement of IP1dB compared to current technology (even with slight worsening of NF)

C Next step : optimization/customization of

C Next Step: Test of new architectures

pre - and post -amplifiers .
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Current Needs for INAF VLBI antennas

A Recent upgrade of Medicina and Noto INAF
dishes to reach up to 100 GHz operations

A Installation of Tri -Band IF receivers to perform
observation in K band, Q band and W band

Verte x Room A Each IFreceiver provides 1-18 GHz output at the

Vertex Room

A Digital Acquisition System located at the Control
Room

A Need to have knowwledge about the delay
variations introduced by the cable
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Fiber Transfer Delay Measurement System

A Basedon Mi chel sonds mi cr ov Remote control and
interferometer over optical fiber processing

RF

A A Frequency Response Evaluator ( e.g. Amplified
VNA, NA, etc..) Is used to generate ORX
and receive RF tones and measure the ReflecE)Ls- ' o
amplitude frequency response

VOA o

A The field emitted by the directly FUT = 4 BC
modulated optical transmitter (OTX)

- - -

can be expressed in the following
form:

o — A1 :angular RF frequency
©© O\/p a ANIO 00 A & : optical modulation index

F o
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Fiber Transfer Delay Measurement System

. Remote control and Frequency
S
A The Balanc_ed Co_upler!(BC‘) s processing Response Evaluator
used to split the field 'O (0) into -
two fields of equal amplitude RFT RFl
0,0 ~ | Amplified o
ﬂ Reflectors IL ORX
=@
O (0) A Reference fiber VOA
FUT — 4 BC
O (0) A Fiber Under Test (FUT) L
. -
of length v
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Fiber Transfer Delay Measurement System

A After travelling into the respective Remote controland | Frequency
path [ (9and [ (9 experience a processing Response Evaluator
reflection from a reflector  (Mirror, .
Grating, PC connector, etc é) RFT RFl

Amplified
. : i OTX
A A reciprocal delay  W'is observed Reflectors ... il ORX
corresponding to the fiber delay ~ -.’_‘_.’.
(delay on reference path is assumed VOA
. o
negligible),
FUT — = 4 BC
A Adjucting the Variable Optical e rn

Attenuator (VOA) we can equalize
the fields amplitude 8

I:> (9 =y O J|If = (@g .9 .
(3 = Doare (@, < . W
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Fiber Transfer Delay Measurement System

A The detected current “Q results then in

Q ® |0r(© OFf(9)|
[0r @ [0r©®] ¢r{0FO}

A Fiber length much higher than laser

_ Reflectors
length coherence A incoherent e ‘ - A—
(optical) process VOA : [ h
@
Q ¢[00 [0F (9 FUT — [T
BC
] @ @

A 'Y @ )| isfunction of the
delay difference between

Reference and FUT —> H (04 )| ° J4F ° (@4 W)
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Expected behavior

Example of frequency of minimum  shifting

0 A The value of the delay shift can be

= then estimated by tracking one of the
S 10} minima presentin |{ | where the
o relation between k ™ minimum

o 207 frequency and W is the following:

-O ~

N 30 . CQ p
E a0l (S

S .

< T tTuLEi \

-50 ! I ! |
0 5 10 15 20 25

Higher sensitivity at higher frequenc
fRF (MHz) 19 y g q y
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Expected behavior

Example of shofting of frequency of minimum

0 The value of the delay shift can be then

) estimated by tracking one of the minima
< -10+ : .

= presentin |[{ | where the relation
N T ..

— between k ™ minimum frequency and W

N =20t . .

2] IS the following:

-O ~

N -30¢ ‘ cQ p . ...
= Tt

5 40

< T tuvéi

-50 ! ' ‘ ' ~
0 0 10 15 20 25 Higher sensitivity at higher frequency
fror (MH2Z)

Prototype installation over the INAF VLBlantenna of Medicin a
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Prototype Installation on the VLBlantenna of Medicina

Optical
Cable

Installation over a spare (unused ) optical fiber
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Summer Period Test (Raw Measurements)
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Winter Period Test (Raw Measurements)
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Performance improvement with little postprocessing
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Possible installation over the same fiber used for transmission

Control Room

PLI

DAQ <€—| ORX

Control and 71 Vil
Processing (y 1
of Monitor

Signal

------ > [S211°2

fu
) 50/50
> Optical | —>

T)F() (E/O) Coupler

: £ QJJ
< Optical |€—
RX t(cc;';lE) yﬂ\

1aUIquIod
/1emyds Th¢ kA

=t
=
S

I
OGR

TS
= ” » T
~ = S -
oS SN

A Selective reflector based on Distributed
Bragg Grating

A 11 isthe only wavelength reflected

A 4 istransmitted .
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Summary and Advantages of the FTDMS proposed

Advantages

A Picosecond -range of precision easily reached
ANo Loop is required

A No Optical Frequency Combs lasers

ASimgIe and effective system with possible integration over the same fiber where
the RF signal is carried

Weak point

A Only for monitoring (not direct compensation)
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Conclusions and perspectives

Conclusions

AThrough the collaboration between UniBoand | NAF two omic
p h ot o nsystemxdfor mm-W VLBI antenna downlink are under design:
A 18 GHz Low Noise and High Dynamic Analog Optical Fiber link
A NF/P1dB Trade -off reduced compared to current technology
A Next Step : Test of Custom devices + New architectures

A Simple and high -precision Fiber Transfer Delay Monitoring System
A Consolidated technology
A Next step: feedback from users A system improvement/realization
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Thank you for your attention

jacopo.nanni3@unibo.it
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Extension to more fibers using Optical Switch (example of 2

fioers)
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Comparison Summer -Winter period

5
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PostProcessing over Temperature

NanoVNA Raw (blue) vs
Copper Mountain Raw

40 (black)

Average of difference =2.19ps
Std of difference = 2.9bs

NanoVNA PostProc (green) vs
Copper Mountain  PostProc

(purple)

Average of difference 8.025ps
Std of difference = 0.ps
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