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Delatcheur: a generic tool for latch up measurement during
irradiation campaign
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3. Futur plans for Delatcheur
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Context of Delatcheur: latch-up measurement

» Generic tool used for ASIC qualification in latch-up event

» Whatis a « latch-up event » ?

lonizing radiation
+

Parasitic structure (thyristor)
S =

Solar cosmic radiation Short circuit
. =
- Potential Destruction

ASIC

Charged particles

Latch-up event in space application
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Context of Delatcheur

I I 220-230V
Particle accelerator Supply voltage (220-230V) USB port connected

\ to Arduino

Computer

Delatcheur
Power supply
in each channel

Particle beam

-~ Typical setup with the Delatcheur
ASICn
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Goal of Delatcheur

» Generic tool used for ASIC qualification in latch-up event

» In general, the goal of delatcheur is:
* Providing power supply
* Measuring power consumption
e Shuting the power down, if overcurrent
e Counting latch-up events

Delatcheur box
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Design of Latchupuce PCB

Presentation of Latchupuce PCB

>

>

PCB thickness: 1,6 mm

PCB FR4 180°C

Halogen Free

1200 vias, 4 500 nets

Size of PCB: 155 mm x 173 mm

Stackup: 8 layers

Number of component: 1 000

Different type of package (TDFN, QFN, SOIC, 0402...)

L1:

L2:

L3:

L4:

L5:

L6:

L7:

LS:

35 um
35 um
35 um
35 um
35 um
35 um

35 um

35 um
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Stack up of Latchupuce PCB
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\ 2 2

Top: 10 um
Prepreg: 140 um

Core: 254 um
Prepreg: 140 um
Core: 254 um

Prepreg: 140 um

Core: 254 um
Prepreg: 140 um

Bottom: 10 um
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Design of Latchupuce PCB

; Out_2 )

Channel 1 - (Positive channel)

Channel 2 — (Positive channel) |

Out_3

[ Channel 3 — (Positive channel)

| Out_4 ||

Channel 4 — (Positive channel)

| Out 5 [{

Channel 5 - (Positive channel) |

| Out_6 N

Channel 6 — (Positive channel)

Power supply
to ASICs

| Out_7 ||

Channel 7 — (Positive channel) |

[ out_s ||

Channel 8 — (Positive channel)

| Out 9 ||

Channel 9 - (Positive channel)

Out_10

J| Channel 10 — (Positive channel) |

Out_11

Channel 11 — (Generic channel)

Out_12

J| Channel 12 — (Generic channel) |

USB

Arduino
DUE

+15v | O

Block diagram of Latchupuce PCB
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Bloc diagram of one positive channel

7

Voltage Regulator

15V 5, + —

Digital potentiometer

\_
ASIC
O Supply voltage: 3.3V
Adjustable by value
[ Current sensor ] of potentiometer
Switch control

Value of current i
consumed
{ Logic gate }

NOR

Block diagram of Latchupuce PCB
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Design of Latchupuce PCB

» Simulation with LTSPICE (Linear Technology)
= Positive and negative regulator
= Adaptation of voltage reference
* |nput and Output of external ADC
= Analog positive channel
= Analog negative channel

» Design with Kicad (Version 6.0)
=  Schematic with hierarchical blocks
= Routing with hierarchical blocks

» Technical performance:
= 12 channels (10 positive and 2 generic)
= Positive voltage range: From 500mV to 15V
= Negative voltage range: From -15V to -500mV
=  Current range: From OA to 500mA
= Fast throughput rate of ADC: 188 kSPs
= Low noise component

ua -
o

!

e

W

[
) F
1l I,
Ieh|

Layout of Latchupuce PCB Latchupuce PCB
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Latch-up detection

> dTto enable All these

parameters
» dT to shutdown [ can be modified

by user

» dT off
| threshold
» The goal of the Arduino program is:

** Channel settings:
= Used channel or not

Latch-up detection

Latch-up

= Supply voltage

=  Current threshold

= dT to enable, dT to shutdown, dT_off
Reading value of current consumption
Reading value of power supply

J J /
000 000 000

3

*

Put shutdown circuit, if overcurrent

3

*%

[
|

dT to enable dT to shutdown dT off

Latchupuce chronogram

Make comparison between current consumption and current threshold

Send data to PC (Counting latch-up events and current measurement)
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Testbench for Latchupuce PCB

Load with 100 Q Latchupuce PCB
resistor

Testbench for Latchupuce PCB
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Latch-up monitoring: testing

PyQt Delatcheur - X
initialization ‘ Slow control plots ‘ Fast DAQ plots | ReadFile ‘ Calibration |
Cenfiguration COM PORT c Vin+ ARDUINO CODE | start Dag | . Calibration file | change calibration | Elapsed Time
P - Power IN —— 0:00:00
[LoAD conFiG | [devityacmr  -|[1s.00 [s[jvioe | | stop DAQ | \ ‘
T —— vin- dT_Slow(us) dT_Echi
| save conrig | = ~Echtus)
|-15.00 |*| 200000 = |1000 |2
" Channell Channel2 Channel3 Channeld L
ON/OFF oT_ON {us) ONJOFF dT_ON {us) ONJOFF dT_ON {us) ON/OFF dT_ON (us) : { |
T - - S < - -  supply —
@® - - @ oo @ oo @ o -
Precision ONJOFE @  Frecision ONOFF @  Frecision ONOFF [ ] Precision ON/OFF [ ] : :
Thresh. (mA}  Imen{ma) Thresh. (mA} Imon(mA) Thresh.(mA) Imon{mA} Thresh. (mA) Imon{mA) ! ! |
10 <l 1619 10 30333 10 ! 0.000 10 3| 0030 i HE
Supply (V) Vmon(V) Supply (V) Vmon{v) Supply (V) Vmon{V} Supply (V) Vmon{V) : : o
0500~ 2.550 0500 |+ 2550 0.500 |+ 2550 0.500 |+ 2.550 ‘ : €
| | S
Channel5 Channelé Channel? Channel8 - I : S
T_oN
ON/OFF dT_ON (us) ONJOFF dT_ON {us) ON/OFF dT_ON (us) ONJOFF dT_ON (us) ! j o)
= e — < = - = r L 1 4 ol
. spf o ‘ sp| © . spf o . spf o dT to Enable dTtoShutdown  dT O Time o
Precision ONJOFF ®  ecisononore @  Procison ONOFF @  Precision ONjoFF o T Sy 5
p
Thresh. (mA) Imon(mA) Thresh. (mA)} Imon{mA} Thresh. (mA) Imon{mA} o
Thresh. (mA) Imon(mA} o Bk 2| 1000000 5] 5
10 2 -0.070 10 =/ 0.000 10 2 0.000 10 2| 0.000
Supply (V) Vmon(V) Supply (V) Vmon(V) Supply (V) Vmon(V) Supply (V) Vmon(V)
0.500 4| 0.000 0500 |l 0.000 0500 4/looo0 || 0500 410000 |&
Data Write Mode
Channel9 Channel10
(e Continuous () Trigger
ONJOFF dT_ON (us) ONJOFF dT_ON (us)

@ oo
Precision ON/OFF
Thresh. (mA) Imon{mA)
10 < 0.000
Supply (V) Vmon(V)
0.500 < 0.000
s

'@ oo

@  Frecision ONOFF

Thresh. (mA) Imon(mA)
10 < 0.000

Supply (V) Vmon(V)
10.500 +| 0.000

Pre-Tirgger Time (us)

Post-dTOff Time (us)

» Each channel can be configured independently

Journées des Métiers de I'Electronique de I'IN2P3 et de I'lIRFU @LPC Caen
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Latch-up testing: calibration on going

» Calibration of Vset and Imonitoring => ok

» Calibration of Vmonitoring: on going (without
calibration, we have range from 500mV to 10V)

initialization

Slow control plots ~ Fast DAQ plots = ReadFile | Calibration

MEASURMENT DEVICE

Keithley2750

Channel 1 s
POLARITY S
+0 ® o
Préci,ON/OFF 2
V min 050 |3 =
- : > 01
V max 1050 | -
——=u @
Nb Step 21 A: : 0.0
NbMeas. |5 s
START )
V set s
e = 0.0 4
P 3
3 ]
Measurment NB - —2.5
o
0 = -5.0 1
>
| UPDATE CALIBRATION e =7.51
o
SAVE CALIBRATION § ~10.0 A

COM Port | /dev/ttyUSBO

Stop |1 |-/ Parity | None
c«rnnec(Q 2P ty -

1 Mon - | Measured (mA)
L
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SERIAL SETTINGS

* | Baud | 19200 ~  ByteSize |8 |.

~ | TimeOut |1.00 | %/ Write TimeOut | 1.00

y = -0.039+0.0366X

o
1

y = 1.423-0.0740x

0 ps % % 100
Calibration for positive channel
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Latch-up testing: on going

PyQt Delatcheur o x

initialization | Slow control plots | Fast DAQ plots | ReadFile

Powe r — time frame (S) | ‘|

Su pplxN h- é gm Channel 1 Channel 2 Channel 3 Channel 4

~ u“ v .
- "ol

N

s
"444..4.1 ‘i

J‘U_ﬁ, v

nb latchup | 193 nb latchup |0 nb latchup | 0 nb latchup |0

Ras pbe rry P|4 Channel 5 Channel & Channel 7 Channel 8

nb latchup | 0 nb latchup |0 nb latchup | 0 nb latchup |0

Channel 9 Channel 10 Channel 11 Channel 12

LatChupuce Load (resistor 100 Q) nb latchup 0 nb latchup |0 nb latchup | 0 nb latchup |0

Calibration for positive channel

= &



Next step and use of Delatcheur

» Test on going: Complete functional and performance
testing of Latchupuce PCB

» Mechanical status: Mechanical part will be done by end
of June 2023.

» For irradiation campaign test at GANIL on 06/07 July
2023: Use the delatcheur in order to be able to supply
voltage ASICs in beam test

» For ATLAS Experiment: Monitoring 12 channels for

irradiation of opamps for LSB board (ATLAS Liquid Argon ST T e
| 25 V2
1 V4
= 1 1,7
h 7’5 cm I | e e e e e o o o o s e e e s _I’%z 25 cm
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Conclusion

.
.

' 4
Ry

» Design and developpement of Latchupuce PCB

4

= N By - N
H

» Functional and performance testing on going

» Material status:
= One Delacheur available with test on going
= Four additionals Delatcheurs ready to be produced (including

components)

-
&
&
P
&
o
&
ot
o

» Test beam scheduled next month at GANIL.

Latchupuce PCB
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Thank you for your attention, any questions ?
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