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Measure the values at the MUX output and compare to ADC read to verify the ADC412

calibration.413

Cold tests needed:414

Find IREF = 4µA. Calibrate ADC LSB at VREF_ADC = 0.9 V. Measure the voltages415

from Section 5.4.3 at the analog MUX output and compare to ADC read.416

During QA find out if and how much these chip values change during the stages, build417

statistics418

7 DV Tests (Preliminary)419

7.1 Thermal Cycling420

7.1.0.1 Destructive Tests421

• For ⇠10 modules in total in ITk: Thermal cycling from �55 �C to 60 �C, do basic422

electrical tests after every 5 cycles, until module not working or disconnected bumps423

>50%.424

• For ⇠5 modules in total in ITk: Shock test with dipping in liquid nitrogen, do basic425

electrical tests after each dip, until module not working or disconnected bumps426

>50%.427

If done, what is the share between the countries/clusters?428

8 Test System429

Figure 2: Diagram of an electrical test setup.

For electrical tests, the schematic of a test setup in a laboratory is shown in Fig. 2.430

The central box is the common development of a cooling unit [21] that is compatible431

with the common module carrier [11] for one triplet or quad module. The volume within432

	
Diagram	of	an	electrical	test	setup	
	
(ex	https://cds.cern.ch/record/2702738/)	
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SLDO (�C) Low Temp. (�C) Interm. Temp. (�C) High Temp. (�C)
Planar �35 �15 20 30
3D �35 �25 - 20

Table 1: Table of suggested testing temperatures.

4 Production and Assembly Flow 62

Figure 1: Production flow.

The module production flow, including tests along it is shown in the schematic above. 63

It starts with the reception of bare modules and loaded module printed circuit boards 64

(PCBs). Both should have passed QC in their previous stage. Until after wirebonding, no 65

electrical testing can be done (except for the bare single modules for triplets). Therefore, 66

it is important to perform a full electrical characterisation right after wirebonding at low 67

and high temperatures, to ensure the wirebond quality and the correct Iref setting. A 68

second full electrical characterisation at different temperatures is performed at the end of 69

module production, before the shipment to the loading sites. Between other steps, basic 70

electrical tests shall be performed to check that the module is still functional. 71

4.1 Module Handling 72

([1] 1.17) The front-end chip (FE) chip is an electrostatic sensitive device and must be 73

handled properly to avoid damage from electrostatic discharge (ESD). The international 74

standard IEC 60747-1, chapter IX must be followed. The working environment, including 75

tools, materials and containers for handling and transport of modules should provide for 76

ESD protection (refer to IEC 61340-5-1 and IEC 61340-5-2). All operators dealing with 77

the items must be grounded to same potential as the equipment with at least the use of 78

grounding wrist straps. To avoid damage from particulates bare modules, module PCBs 79

and assembled modules must always be handled in a clean room environment with a 80

particle count corresponding to at least class 10000 (ISO 7), or better, using properly 81

N.B.	Unpowered	chip	

To	achieve	low	temperatures	with	chip	ON	
we	need:	
1.  Cold	plate,	kept	cold	by	a	chiller	
2.  A	Peltier	cell	(or	more,	sandwiched)	
3.  A	flow	of	cold	dry	air/nitrogen	
	
How	to	get	to	cool	down	the	gas?	See	next	
slide	
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CERN	prototype	
https://indico.cern.ch/event/900869/contributions/3794081/attachments/
2008605/3355335/slides.pdf	ß	original	presentation	

•  Use	a	copper	plate	to	cool	
down	the	gas	

•  The	cooling	power	is	
provided	by	the	cooling	
fluid	coming	from	the	
chiller	

•  The	cooling	“pipes”	go	
first	to	the	copper	plate		

•  Then	to	the	cold	box	

M.	Bomben	-	cooling	modules	-	16/06/2020	 2	



Cold	plates	
A	quick	search	gave	me	these	results	(maybe	already	mentioned)	

•  RS	->	AAVID	thermalloy	–	code	RS:	880-5881	

•  Farnell	->	Wakefield-vette	–	code	Farnell:	2785482	
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How	to	use	them?	
•  Buy	two,	place	one	on	top	of	the	other,	use	one	for	gas	and	the	other	

for	coolant?	

•  Or	in	which	other	way	would	you	use	it?	

M.	Bomben	-	cooling	modules	-	16/06/2020	 4	



Another	idea:	copper	coils	
Use	a	copper	coil	in	which	the	gas	
flows	
Immerse	this	in	the	cold	fluid	tank	of	
the	chiller	
	
	
I	have	found	several	products	like	this	
on	amazon.fr	
	
e.g.		
“Immersion	Wort	refroidisseur/
refroidisseur	pour	Home	Café	Bière”	
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