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Goal	of	the	study	
•  Goal	of	this	study:	investigate	influence	of	T-cycling	on	mechanical	

and	electrical	properties	of	pixel	module	
•  T-cycling	done	with	with	climatic	chamber	in	CERN	DSF	QART	lab	
•  Inspection	of	modules	can	be	with	new	Nikon	X-ray/CT	machine	

installed	recently	in	DSF	clean	room	
•  In	May:	learned	how	to	operate	climatic	

chamber	with	module	inside	and	what	can	be	
do	with	Xray/CT	machine		

•  Next	week:	another	measurements	at	DSF	
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Thermal	study	in	Pisa	

•  Peltier	setup	uses	the	same	top	Al	plates	
as		one	with	chiller	and	operated	inside	
Xray	box	

•  RD53A	modules	used	in	the	study	were	built	in	Florence	and	tested/
studied	in	Pisa		

•  To	test	modules	cooling	setups	has	been	build:	cooled	by	1)	chiller	
and	2)	air	cooled	Peltier	
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Thermal	study	in	Pisa	

•  Chiller	set	to	+15C,	Al	cooling	plate	+16C,	Air	+20C		
•  Carbon	Fiber	support	structure	+23C	
•  Module	rails	+36C	
•  Chip	measurements:	+70C	
•  HDI	(thermal	camera	measurements):	+45C	

ΔT	(CF-plate)	=	7C	
ΔT	(rails-CF)	=	13C	
ΔT	(chips-rails)	=	34C	
ΔT(chips-CF)	=	47C	
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Thermal	camera	image	
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Thermal	study	at	QART	lab	
•  Substitute	heavy	Al	cooling	plate	with	a	light	Al	mesh	to	avoid	

condensation	during	T	ramp	up	
•  Two	T	sensors:	T1	–	CF	ladder,	T2	–	Al	plate.	Measurement	with	

digital	thermometer	
•  Thermal	cycles	between	Tair	of	+5C	and	-20C	

–  At	air	T	=-20C:	T1	=	-7C,	T2	=	-16C	
–  test	module	at	-20C	after	a	few	cycles	
–  LV	power	ON,	HV	power	OFF	
–  about	15	T	cycles	over	night		
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Thermal	study	at	QART	lab	

Two	T	censors	place	on	T1	CF	and	T2	on	Al	mesh	
Air	T	=-20C	
T1	=	-7C,	T2	=	-16C	
Measurements	on	chips:	+48C	
ΔT(chips-CF)	=	55C	

Air	T	=	+5C	
	
Measurements	on	chips:	+75C		
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T	vs	time	in	QART	lab,	T-cycling	

-  One	cycle	is	about	one	hour	
-  Power	cut	at	the	end	of	measurements	
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Noise	issues	after	T-cycling,	HV	OFF		

0 50 100 150 200 250 300 350 400
Columns

0

20

40

60

80

100

120

140

160

180R
ow

s

D_B(0)_O(0)_H(2)_PixelAlive_Chip(4)

Entries  307
Mean x   199.4
Mean y   92.84
Std Dev x   39.82
Std Dev y   63.26

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04
D_B(0)_O(0)_H(2)_PixelAlive_Chip(4)

Entries  307
Mean x   199.4
Mean y   92.84
Std Dev x   39.82
Std Dev y   63.26

D_B(0)_O(0)_H(2)_Pixel Alive_Chip(4)

0 50 100 150 200 250 300 350 400
Columns

0

20

40

60

80

100

120

140

160

180R
ow

s

D_B(0)_O(0)_H(2)_PixelAlive_Chip(5)

Entries  244
Mean x   207.7
Mean y   68.96
Std Dev x   17.25
Std Dev y   23.22

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035
D_B(0)_O(0)_H(2)_PixelAlive_Chip(5)

Entries  244
Mean x   207.7
Mean y   68.96
Std Dev x   17.25
Std Dev y   23.22

D_B(0)_O(0)_H(2)_Pixel Alive_Chip(5)

0 50 100 150 200 250 300 350 400
Columns

0

20

40

60

80

100

120

140

160

180R
ow

s

D_B(0)_O(0)_H(2)_PixelAlive_Chip(6)

Entries  295
Mean x   227.3
Mean y   113.2
Std Dev x   22.12
Std Dev y    69.6

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04
D_B(0)_O(0)_H(2)_PixelAlive_Chip(6)

Entries  295
Mean x   227.3
Mean y   113.2
Std Dev x   22.12
Std Dev y    69.6

D_B(0)_O(0)_H(2)_Pixel Alive_Chip(6)

0 50 100 150 200 250 300 350 400
Columns

0

20

40

60

80

100

120

140

160

180R
ow

s

D_B(0)_O(0)_H(2)_PixelAlive_Chip(7)

Entries  421
Mean x   246.7
Mean y   99.91
Std Dev x   14.04
Std Dev y   56.86

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

D_B(0)_O(0)_H(2)_PixelAlive_Chip(7)

Entries  421
Mean x   246.7
Mean y   99.91
Std Dev x   14.04
Std Dev y   56.86

D_B(0)_O(0)_H(2)_Pixel Alive_Chip(7)

9	



Noise	issues:	HVOFF/ON	
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No	issues	before	T-cycling,	HV	OFF	
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Observations	
•  After	T-cycling	down	to	-20C	(about	20	cycles)	

–  	A	lot	of	noisy	pixels	appear	in	the	first	and	last	raw	
•  Questions:		

–  can	one	trust	ΔT	(chips-CF)	=	50C	in	climatic	chamber?	
•  how	much	one	can	trust	on	chip	T	sensors	without	calibration?	
•  need	to	use	module	with	calibrated	T	sensors	(ADC)	on	chips	

•  Next	steps:		
–  simulate	the	module	and	cooling	setup	to	verify	observed	large	ΔT	
–  repeat	study	in	climatic	chamber:	keep	LV	and	HV	OFF	during	T-cycling	and	turn	

on	LV	periodically	to	emulate	T	during		power	accidents	(ΔT	=	60-70C)	
–  repeat	study	with	CROC	module	and	final	module	design/components		
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