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• 	Mo@va@on	
• 	SAMPA	ASICS	for	ALICE	TPC	and	MCH		readout	upgrade	

• 	Overview	of	the	full	chip	
• 	Analog	front-end	

•  Architecture	
•  Simula@ons	&	Measurement	results	

• 	Pulse	shape	&	Peaking	@me	
• 	Gain	value	and	linearity	
• 	Noise	&	PSRR	
• 		“on	the	field”:	reading	a	GEM	detector	

• 	10	bit	SAR	ADC	
• 	Simula@on	&	Measurement	results	
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ALICE	Upgrade	Strategy	
•  Operate	ALICE	at	high	rate,	record	all	MB	events	

–  Goal:	50kHz	in	Pb-Pb	(~10nb-1	in	Run3	and	Run4)	

•  Upgrade	detectors	and	electronics	during	Long	Shutdown	2	(2020)	
– GEM	TPC	with	con@nuous	readout	

• High	rate	capability,	preserve	PID	and	tracking	performance	

– Muon	Chamber	(Forward	muon	spectrometer)	

• High	rate	capability,	new	electronics	needed	(same	as	TPC?)	
	

TPC	requires	a	new	readout,	MCH	too.	
A	common	project	to	design	a	new	ASIC:	SAMPA	
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SAMPA	design	specificaGons	
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• 	TSMC	CMOS	130	nm,	1.25V		technology	
• 	32	channels,	Front-end	+	ADC	+	DSP	
• 	package	size	≤15x15mm2	(total	footprint)	
• 	nega@ve	input	charge	(reading	GEM,	ALICE	“TPC”)	

• 	Sensor	capacitance	12	–	35	pF	
• 	Sensi@vity	20mV/fC	&	30mV/fC	
• 	Noise:	ENC		≤		480	e-	@	18.5pF	
• 	Pulse	Shape:	~160	ns,	tail	to	baseline	in	less	than	290	ns	

• 	posi@ve	input	charge	(reading	MPWC,	ALICE	“MCH”)	
• 	Sensor	capacitance	40–80	pF	
• 	Sensi@vity	4mV/fC	
• 	Noise:	ENC		≤		950	e-	@	40pF	(1600	e-	@80pF)	
• 	Pulse	Shape:	~300	ns,	tail	to	baseline	in	less	than	550	ns	

• 	Crosstalk	<	0.2%	
• 	ADC:	10-bit	resolu@on,	10MS/s	
• 	DSP	func@ons:	pedestal	removal,	baseline	shik	correc@ons,	zero-suppression,	…		
• 	Data	transmission:	≥	4	e-link	at	320	Mbps		to	GBT,	SLVS	I/O	
• 	Power	<	32	mW/channel	(FrontEnd	+	ADC)	
	 Marco	Bregant	

TPC	Mode	

MCH	Mode	



SAMPA	Block	Diagram	
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First	prototype	produced	at	the	
end	2014	

Tes@ng	building	block	
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MPW1:	1	sample,	3	chips				

MPW1:	sample	split	in	three	chips	
•  Chip1:	analog	(CSA	+	shapers),	5	chs	
•  Chip2:	ADC	(1	ch)	+	LVDS	Receiver	and	

Transmioer	prototypes	
•  Chip3:	full	chain	(CSA-Shaper-ADC-DSP),	3chs	

5mm		

5m
m
		



Second	prototype	being	
fabricated	now	

(presently	we	are	in	the	tape-out	phase)	

Full	size	prototype	(FE+ADC+DSP,	32	channels)	
11	SLVS	output	links	@	320	Mbps	
Die	Size:	9575	x	8985 	µm2	(without	scribes)	
Engineering	run	(cheaper!):	10	wafers,	>1500	pieces	
Packaging:	BGA	(custom	15x15	mm2,	372	balls),	1000	chips	(MOC)	
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Full	(FE-ADC-DSP)	32	channels	prototype		
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SAMPA	Performance		

MPW1	test	blocks	measurement	results	
&	

Simula@on	for	MPW2	full	prototype	
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Pulse	shape	[20mV/fC,	160	ns,		Neg]	

11	

40mV	over	2.2pF	
=	88fC		

		gain~20.4	

Peaked	@	137ns			 	->	Too	short	
Undershoot.		 		 	->	To	be	fixed	

MPW1	



Pulse	shape	vs	InputCharge		
[4mV/fC,	300	ns,	Pos]	
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Pulse	shape	vs	InputCharge		
[20mV/fC,	160	ns,	Neg]	
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Pulse	shape	vs	InputCharge	
		[30mV/fC,	160	ns,	Neg]	
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Pulse	Shape	vs	Detector	Capacitance	
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No	significant	effects	in	the	expected	range	of	detector	capacitance	

MPW1	



FrontEnd:	Response		[20mV/fC,	160	ns,		Neg]	
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Constant	slope	up	about	100	fC	pulses	
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FrontEnd:	Gain	linearity	[20mV/fC,	160	ns,		Neg]	
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Very	good	(<.2%)	in	the	0-80-fC	range.	
	 	beoer	than	1%	in	the	80-100	fC	range	
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Input Capacitance [pF]
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Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
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CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Simulation
BR3CH2 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH2 - Pos - 1.25V
BR3CH5 - Pos - 1.25V
CH2 - ORSAY - 1.25V
CH3 - ORSAY - 1.25V
CH4 - ORSAY - 1.25V
CH5 - ORSAY - 1.25V
CH2 - 1.19V ORSAY CH2
CH3 - 1.19V ORSAY Input
CH4 - 1.19V ORSAY Input
CH5 - 1.19V ORSAY Input
CH2 - 1.31V ORSAY Input
CH3 - 1.31V ORSAY Input
CH4 - 1.31V ORSAY Input
CH5 - 1.31V ORSAY Input
CH3 - 1.25V DUBNA Input
CH4 - 1.25V DUBNA Input
CH5 - 1.25V DUBNA Input

Noise	@4mV/fC	300ns	

Marco	Bregant	

Simula@on:	capacitance	loading	the	input	pad	(die)	
Experimental	measurements:	total	capacitance:	

ª  package	(5pF,es@mated)	
ª  test	board	(10pF,	measured)		
ª  discrete	capacitor	plugged	on	the	board	

Noise	in	the	target:	ENC		≤		950	e-	@	40pF	(1600	e-	@80pF)	
	

MPW1	
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Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Simulation
BR3CH2 - Neg - 1.25V
BR3CH3 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
BR3CH5 - Neg - 1.25V
Dub_CH1 - Neg - 1.25V
Dub_CH2 - Neg - 1.25V
Dub_CH3 - Neg - 1.25V
Dub_CH4 - Neg - 1.25V
Dub_CH5 - Neg - 1.25V
Ber_CH1 - Neg - 1.25V
Ber_CH2 - Neg - 1.25V
Ber_CH3 - Neg - 1.25V
Ber_CH4 - Neg - 1.25V
Ber_CH5 - Neg - 1.25V
Orsay_CH2 Neg - _ _
Orsay_CH3 Neg - _ _
Orsay_CH4 Neg - _ _
Orsay_CH5 Neg - _ _

Noise	@20mV/fC		160ns	

Marco	Bregant	

Simula@on:	capacitance	loading	
the	input	pad	(die)	
Tests:	total	capacitance:	

ª  package	
(5pF,es@mated)	

ª  test	board	(10pF,	
measured)		

ª  discrete	capacitor	
plugged	on	the	board	

Noise	above	the	target:	ENC		≤		480	e-	@	18.5pF	
Removing	the	unused	80ns	shaping	op@on	from	the	circuit	should	permit	a	
redistribu@on	of	the	gain	along	the	chain,	allowing	a	significant	improvement.	
	

MPW1	
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MPW2,	Noise	@20mV/fC		160ns		
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MPW1-FE:	PSRR	simulaGon	
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Chip 01: Power Supply Rejection Ratio (PSRR)

160ns 30mV/fC ) RED
300ns 4mV/fC ) YELLOW;
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RED:	160	ns	30mV/fC																		GREEN:	300ns	4mV/fC	

Marco	Bregant	

SIMULATION	
MPW1	



MPW1-FE:	PSRR	measured	
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RED:	160	ns	30mV/fC													GREEN:	300ns	4mV/fC	

!10.00%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

1.00E+05% 1.00E+06% 1.00E+07%

dB
#

Hz#

PSRR#(Ch3Diff/Vdd61)#

20mVP160#

4mVP300#

Shape	of	the	PSRR	reproduced.	
Value	even	a	factor	3	worse..	
(but	not	a	easy	measurement..)	
	
The	present		of	a	“bump”	in	the	50-60MHz	
region	(corresponding	to	second	peak	on	
the	simula@on)	was	only	visually	verified	
performing	a	sweep.	
	
Agreement	Simula@on/Test	
	
PSRR		improved	in	MPW2	

Injected	a	sine	in	the	VDD,	PSRR	calculated	as	the	ra@o	between	spectral	intensity	(a	the		
given	frequency)	of	the	FFT	of	Ch3_differen@al	and	FFT	of	VDD	measured	on	pin61	of	the	chip	

Marco	Bregant	

MPW1	



20mV/fC	neg	|	30mV/fC	neg	|	4mV/fC	pos	
(VDD	1.25V)	
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Vout_AC SIMULATION	
MPW2	
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Let’s	try	tesGng	it	with	a	‘real’	
detector	



Measurements	with	GEMs	(Bergen)	

4

Chip1 SNR measurement setup

Sr90 – Beta source

Collimator

Plastic Scintillator Chip1 carrier board

GEM chamber

Chip1 is directly connected to the GEM pad 

– flexible Kapton cable is not used

GEM Chip1 ADC

Plastic
scintillator

Discriminator
Gate 

generator

Trigger

β (2.28 MeV)  

Threshold ~ 0.5 MeV (0.6V) 
HV = - 1250 V 

Start 

Ch#2

NIM

Detector

Sr90
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Measurements	with	GEMs	(Bergen)	

5

MIP using Sr90 – Landau distribution – single pad (6 x 15 mm
2
) – 7 mm drift

MIP charge 

= MPV / gain of chip1

= 56 mV / (20 mV/fC)

= 2.8 fC (1.7480 x 10
4
 ENC)

MPV= 56 mV 
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MPW1	



Measurements	with	GEMs	(Bergen)	

6

Noise – Chip1 

Chip1 noise = sqrt [(total)2 – (ADC_buffer)2] 

                    = sqrt [(2.1)2 – (0.45)2]  

                    =  2.05 mV = 641 ENC

● Capacitance: single pad + readout pin = 7 pF 

● Best case – kapton cable is not used to connect GEM pad and chip1

ADC + buffer
Chip1+ADC+buffer

20 mV/fC gain and 160 ns peaking time
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MPW1	



	
	“ADC”	

	



SAR	ADC		
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−

+
SARComp

2Cu 4Cu 8Cu 16Cu

Cu 2Cu 4Cu 8Cu

b<9:0>

VREF+
VREF-

VREF-VREF+

VIN+

VIN-

CLKC

32Cu

32Cu

16Cu 64Cu

32Cu 128Cu 256Cu

256Cu128CuCu

Cu

valid
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Cu
2

VDACN

VDACP eoc

sample_clk

sample
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ADC:	sine	wave,	10kHz	
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MPW1	



ADC:	ramp,	10kHz	
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MPW1	



Marco	Bregant	

Dynamic	test	νin=468.750kHz	
νs=10MHz		
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MPW1	



Simulation (LDO out-side): channel 01

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
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|[d
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 SINAD = 59.561 dB 
 
 ENOB = 9.5999 bits 

 SFDR = −64.35 dB

SAMPA: ADC voltage reference November 8, 2015 5 / 33

MPW2	SimulaGon	
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SIMULATION	
MPW2	



Digital,	main	features	
•  DSP	func@onali@es	fully	programmable	
•  Either	triggered	or	con@nuous	reading	opera@on	
•  Baseline	correc@on	(3	available	algorithms)	
•  Digital	shaping	filter	
•  Zero	suppression	
•  Handling	the	data	packaging	
•  DSP-by-pass	(direct	streaming	of	raw	data)	
•  11	e-links	for	communica@on	
•  Daisy-chaining	of	chips	
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Conclusions	

•  A	new	ASICs,	32	Ch,	Front-end	+	SAR-ADC	+	DSP	
is	being	produced	

•  First	MPW	with	single	blocks	produced	and	
tested	
–  Some	early	prototype	problems	found	and	
understood.	

–  Front-end	works,	needs	some	tuning	
– ADC	works	

•  Wai@ng	for	the	full	32	channels	prototype,	
fabrica@on	is	star@ng	right	now.	
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Oslo	

  

Test with signal generator

Dubna	Slide N°3 

• Measurements of (each cable + oscilloscope) Noise (Noise co) :  
– Use of sdev from amplitude of the noise 

• Measurements of total Noise (Noise tot):  
– Use of sdev from amplitude of the noise 

• Quadratic value of the outup noise of the channel (Noise ch) : 
 
 

• Input noise obtained by dividing by the measured gain 
• Conversion from fC to e- 

 
 

 
 

Test Bench 

𝑁𝑜𝑖𝑠𝑒  𝑐ℎ௡ = 𝑁𝑜𝑖𝑠𝑒௧௢௧² − 𝑁𝑜𝑖𝑠𝑒௖௢² 

Orsay	
São	Paulo	

In	the	different	labs…		
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SAMPA	CSA	Architecture	
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