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COLD (87 K)

System overview

5V -7V

« DC-DC boost converter: HV for SiPM bias at cold SOURCE
(PoC)

« Power supply provided by PoC (Power optical

Converter): 5V to 7 V range PWM

GENERATOR FEEDBACK

«  PWM generation with two possible controls:
CONTROL

- Inner feedback setting output voltage at nominal
point (e.g. 48 V)

- Optical input to change the setting voltage within few
volts

- Analog feedback control loop circuit
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Content

DC-DC boost design

- Performance
- External PWM control

Control design

Operational Amplifier
characterization for analog
feedback control loop

Conclusions

DC-DC boost
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DC-DC boost prototype, version 2

« Improved input and output filters With EMI shield

« Optimized analog feedback control circuitry

‘:" ﬁ..‘} f | | §
o2 O 45_“33 L 7L 0 Jj

E13 2225A

Tests with external PWM control
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a) DC-DC prototype top layer
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DC-DC prototype results
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« Qutput voltage at RoomT limited by the inductor series resistor. At LN2 T, it is
possible to reach 68 V at 91% of Duty Cycle
« The efficiency at LN2 at 48 V is greater than 40%
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DC-DC prototype results
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Control design

Internal feedback: output voltage control at COLD (87 K)

desired set point

5V -7V

The set point can be: sc(aurga
Po

« Nominal: set at design stage and fixed S

GENERATOR FEEDBACK

throughout the entire run (standalone mode) v,

- External: set point adjusted through external

communication (in case of failure, nominal

set-point)
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Control design: analog feedback circuit
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Ry Experimental results of the output step rejection response, with

a load change from 50 kQ to 8.33 kQ
Vout =48V, Vin =5V, output voltage measured with AC coupling
at 300 K (red trace) and at 77 K (blue trace)
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Control design: external set point

« External PWM signal drove through 6ol |
optical fiber: external set point
» Reference level changes
* AC-coupling in case of external % 07
PWM, otherwise reference set by 8
voltage divider
20 |- R
Vo 'k.z.sr'g.- _E_Van =5V 300K
3 HEEEEE ~4- Vin =5V TTK
4 ) m = i Reference 0 ' '
o1 1 + ovel 20 30 40 50 60 70 80
? B! - External Duty-cycle (p) [%]
SEEEEEAEEmEE/ ma *Test with electrical connection
RX (waveform generator)
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Component characterization: OpAmps

Characterization circuit for OpAmps

10

Ry C2
Offset voltage, quiescent current, offset “WWA— |
and bias currents 51 -
First test with DUT: OpAmp LMV321 o L KU
Auxiliary OpAmp: OP27G Ip1c

DUT in climate chamber with LN2
Injection

Data recovery at each temperature step

Automatic test bench control
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Characterization testbed

 DUT in climate chamber with LN2 injection

Climatic chamber

Semiconductor analyzer for quiescent

Auxiliary OpAmps at current measurements
ambient temperatures
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Experimental results:
OpAmp characterization = | *
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Future developments

Test of DC-DC externa control through optical fiber
Characterization of different OpAmps:

* MCP6291

* MCP6N11

 LMV321

e TLC271

 AD8293

Use of automated test bench for reliability tests for active and
passive devices

Issues:
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Dewar with more capacity necessary
High-rate multiplexer for data acquisition unit necessary
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From laser to SiPM — Cryo-PoF setup

CryoT
Fiber 2 4

-
Fiber 1 FC-FC
joint

SiPM

« GaAs laser source 808 nm;

« Graded index multi mode optical fiber with black plastic
sheath;

« Optical power converter,V___ =6V, 30% efficiency in LN;

max

. Cold amplifier MiB for DUNE HD, V. = 3.3 V;

« DC/DC boost converter V1 INFN Mi — placed in a metallic box
to reduce noise, possibility to tune SiPM bias as a function of
laser power;

o Hamamatsu SiPM, 1flexi board with 20 SiPMs in parallel.
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From laser to SiPM - Results ryo. ~PoFwm

CryoT

Fiber 2 SiPM

Fiber 1 FC-FC
joint

. Testsin LN (T = 77 K);

« 20 SiPMs in parallel ( 1 flexi
board);

. three SiPM bias tested :
45V,46V,47V (3,4,5V ov);

. evaluation of the Signal to
Noise Ratio (SNR);

« comparison of the results:
PoF vs copper line.
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[
From laser to SiPM — PoF Results ) ~RoFwm
R V. laser =-2.83V
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PoOF vs copper cable — SNR results Yo, PoFm
SNR is calculated for each SiPM bias tested.
SNR
SiPM bias Overvoltage Copper cable PoF

45V 3V 7.830 7.520

46 'V 4V 10.665 0.409

47V 5V 13.004 11.070
The performances of the PoF are comparable with the copper cable ones.
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DC/DC boost converter Yo, ~RoFm

Fiber 1 FC-FC

joint

‘ . oome
V. laser i

V. DC/DC

V measurment without SiPMs connected and with SiPMs at maximum load. Vout DC/DC

V. laser — V laser source input, proportional to the laser power;
V. DC/DC — V output from the OPC, that is the DC/DC input ;
V_ .. DC/DC — V output from the DC/DC, that is the SiPMs bias voltage.
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DC/DC boost converter >ryo. ~PoFm

Fiber 2 SiPM

Fiber 1 FC-FC
joint
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Results

Waveform from the oscilloscope
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Results
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Results
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Results

10 ~PoFwm
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