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Overview	

•  Reminder	of	passive	diode	performance	
•  Test	of	acHve	pixels	

–  amplifier	design	
–  injecHon	circuitry	
– performance	

•  Submission	of	3×4	mm2	array	
–  STM	postponed	submission	Hme	to	22nd		April	

– Hybridiza7on	in	Andrea’s	talk	today	
–  Simula7on	covered	in	Federica’s	talk	tomorrow	
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KC35A	
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Layout	of	the	STM	test	chip	(KC53A):		
•  22	I/O	and	VDD/GND	pads	
•  8	pixels	(50	x	250	µm2):	CollecJng	diode	+	Amp.	
•  4	pixels	(50	x	250	µm2):	CollecJng	diode	only	

Design	and	layout	by:		
Ø  H.	Shrimali	and	V.	Liberali	(MI)	

First	version	delivered	July	2015:	
•  shorts	between	power	lines	and	ground	
Fixed	version	delivered	29	Jan.	16	



Passive	diodes:	I-V	
•  I-V	measurements	(and	C-V	as	well)	need	to	

keep	into	account	ESD	protecHon	diodes:	
–  0.8-1.4	pA	leakage	current	@	50	V	

on	50×250	μm2	pixels	
–  whole	chip	leakage	current,	dominated	by	

buried	layer	below	I/O	pads	

•  “Programmed”	break-down	at	70	V.	
•  STM	would	like	us	to	set	also	protecHons	

between	SUB	and	GND	(mulHple	7V	
breakdown	structures)	
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INTERNAL DIODES SCHEMATICS
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Passive	diodes:	C-V	

•  Measured	capacitance	parameterized	as:	

–  CP	:	parasiHc	capacitance	
–  Vo:	built-in	voltage			

–  			

•  Measurement	compaHble	with	
expectaHon:	k=1.8	V-1pF-2	

•  Corresponding	depleHon	is	
22-24	μm	at	50	V	
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CV MEASUREMENTS
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Substrate	datasheet:	
100-150	Ωcm	

Q = eAdNA

V = eNAd
2 / 2ε
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=
2εA
d

Output	pads	0.12-0.15	pF	



Passive	diodes:	source	tests	
•  Cross	check	rate	with	241Am	source	
•  Low	rate	due	to	small	acHve	volume	

–  photoelectric	peak	at	~0.1	Hz	rate	with	1	mCi	source	
–  rate	proporHonal	to	depleHon	(as	expected)	
–  peak	shape	dependent	on	depleHon	(range	of	60	keV	electron	in	Si	~33	μm)	
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Ac7ve	pixels:	power	consump7on	

•  Current	absorpHon:	0.28	mA	(VDD=1.8	V)	
•  corresponds	to	35	μA	pixel		
•  in	agreement	with	expectaHon	from	the	device	simulaHon:	

–  9	μA	for	the	amplifier	
–  25	μA	for	the	biasing	circuitry	
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INFN Group V

Fig. 5  shows  the  simulation  environment  to  simulate  the  particle  injection,  creating

600 electrons.  For realizing 600 electrons,  the mono shot of current  with 10 nA of amplitude and

10 ns of pulsewidth is applied at the NWELL terminal of the circuit.

Fig. 6 Output at the NWELL terminal with applying current injecting pulse of 10 nA and 10 ns.

Analog signal processing circuitry
The particle signal, detected at the  NWELL terminal of the  DNWSUB is amplified using

folded cascode single ended amplifier. The MOM capacitor (MOM) is use to block DC quantity of

the input signal. The purely AC quantity is applied to the amplifier. The input is given to a pMOS

device  so  that  better  noise  performance  can  be  achieved,  comparing  an  nMOS input  stage.  The

amplifier is composed of DC biasing circuit [3] [4] and the gain stage [2]. The complete circuitry

including current biasing is shown in Fig. 7.

Fig. 7 The folded cascode amplifier with the supporting circuitry.

Fig. 8 Frequency response of the amplifier.



Ac7ve	pixels:	test	setup	

CERN,	29	February	2016	 A.	Andreazza	-	STMicroelectronics	 8	

•  8 active pixels 
•  7 with injection  

enabled 



Ac7ve	pixels:	injec7on	
•  InjecHon	through	a	current	mirror	

–  nominal	1/103	reducHon	factor	
–  operaHng	below	saturaHon:	1/70-1/94	

–  not	too	different	from	simulaHon…	
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INFN Group V

option  in  the  schematic  has  been  kept  as  50 V  as  shown  in  Fig. 2.  The  area  of  the  diode  is

250 μm × 50 μm. However, the ST 180 nm BCD process has a scaling factor of 0.92, transforming to

160 nm. The scaling factor of 0.92 has been taken in to account. The area and the perimeter of the

diode DNWSUB has been designed accordingly. 

Fig. 3 A unit pixel detector with the biasing circuitry.

Fig. 3 shows the unit pixel detector using the  DNWSUB diode and the resistor realization

using pllmos4. Note that the body of pllmos4, realizing resistor, is connected to NWELL terminal of

the circuit.

Fig. 4 shows the schematic to simulate the junction capacitance of the diode. For the known

sine wave of amplitude A is applied as an input at the NWELL of  the circuit. The capacitance at the

particular node is abs(i(t))/(A*ω). For the simulation setup of Fig. 4, the junction capacitance offered

by the diode can be calculated using the skill function as follows:*

C_junc = ymax((IT("/C0/PLUS") / (2 * pi * 1000000 * 0.1)))

Fig. 4 A pixel detector circuit under test, to measure the junction capacitance.

Fig. 4 has two blocks at the hierarchical level 0. The block resistor_to_diode is the currrent

mirror circuit, used to bias the pmosll4 connected to PBIAS_DETECT.

The dark current injection simulating environment

Fig. 5 Particle injection simulation.

*The skill function can be written using calculator. 

*The calculator can be evoked from ADE –> Tools –> Calculator.
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Figure 2.5: Schematic diagram of current generator

is a current pulse whose pulsewidth is nearly 10 ns. If the minimum collec-
tion of charges in this period of time is nearly 600 e�, the driven transistor
has to generate a 10 nA current. It’s impossible to generate such a small
current. A possible solution is to inject a higher current and to reduce the
ratio of mirrored and injected current. So, M2 width channel has to larger
than M1. In our design M2 width channel is 103 times larger than M1; so
mirrored current is 103 times smaller than injected one. So, if the mirrored
current is 10 nA, the injected one is nearly 1 µA, which could be generated
by a current generator. So, M2 is a NMOS transistor whose width is 300 nm
and whose length is 400 nm. Instead, M1 length is the same of M2, but its
width is 103 times larger. In particular, M1 is design with 103 transistors in
parallel with the size equal to M2 (W (M1) = 103 W (M2)).
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Ac7ve	pixels:	pulse	shape	
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OUTPUT PULSE

InjecHon:	
3	μA	×	200	ns	

Single	pulse:	
noise	~10	mV	RMS	

Averaged	pulse	
Probe	
pickup	

peak	
60	mV	

return	to	baseline	
~100	ns	



Ac7ve	pixels:	linearity	
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OUTPUT PULSE
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◼ ︎Iinj=3 µA (changing pulse length) 
▲Iinj=5 µA (changing pulse length) 
▲Δt = 100 ns (changing Iinj) 



Ac7ve	pixels:	comparison	with	simula7on	
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Comparison with Simulation (200ns)

140 mV 263 mV



Ac7ve	pixels:	comparison	with	simula7on	
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Output on KC53AB ACTIVE Pixel



Ac7ve	pixel:	noise	
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NOISE MEASUREMENTS

● We measured the output noise of the active 
pixels (no input current)

The noise RMS without 
nothing connected to the 
oscilloscope is ~6 mV

OutBuf Noise ( 6.6 mV rms) 

1	MHz	10	kHz	 100	MHz	 10	kHz	 1	MHz	 100	MHz	



TPM1	layout	
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•  Inspired	from	demonstrator	layout	
(picture	below)	

•  Lateral	space	to	be	tuned	to	match	
alignment	with	FE-I4	

•  Letover	space	ad	bo'om	of	pixel	region	
is	only		20	μm,	may	be	increased	in	
mulHple	of	the	50	μm	pixel	size.		Sommario specifiche 1 

• Geometria: 
– 1.18 mm liberi prima della sovrapposizione  

con FE-I4 

• Consumi:  
– analog current: 5-20 μA  

per FE-I4 pixel (50×250 μm2) 
– si richiede di mantenere la stessa densità di 

corrente per area 
– Consumo totale (analog) per 25 mm2: 2-8 mA 

• I/O: 
– SPI protocol: clock, data in, load, data out 
– 4 single ended pads 
– optional: 4×2 LVDS pad (otherwise LVDS to single ended conversion on test board) 

• Supplies: 
– at most 4 bias voltages and 8 bias currents: all pad accessible. 
– requirement for operation: at most 2 LV bias+ 1 HV bias: 

additional bias either generated on board or internally to the chip (but keeping 
assessibility via pads) 

A. Andreazza - Demonstrator layout 2 Milano, 04 marzo 2015 
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Pixel	cell	
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Pixel block-diagram

Genova + Mandi + Milano 



HV-CMOS	in	ATLAS	
•  Two	large	size	demonstrators:	

–  AMS	180	nm	(Genève-Karlsruhe),	available	
–  LFoundry	(CPPM-Bonn),	submi'ed	
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MLM3_RUN-1(CPPM) - Fev 2016

• Seat 1 : LF-CPIX ( see details)

• Seat 2 : LF-CPIX with new guards rings strategy 

• Seat 3 : test features 

Monday , February  22, 2016 CPPM 2

SEAT 1 SEAT 2 Test Features9,505mm

10mm 10mm 5,84mm

Other	technologies	being	
tested:	
•  XFAB	(SOI)	
•  TowerJazz	



Testbeams	
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Possible (?) time slots for 
hardware test



Summary	and	short-term	plans	
•  Detected	signal	from	passive	diodes	

–  sHll	to	fully	understand	depleHon	depth	and	rate	
–  TCAD	/	Geant4	simulaHons	(help	welcome)	
–  trying	to	organize	irradiaHon	tests		
(setup	in	development	with	Politecnico)	

•  Fixed	KC53AB	received:	
–  all	components	are	operaHonal	
–  gain	lower	than	expected	and	large	dispersion	
–  sHll	to	understand	mismatch	between	measurements	and	
simulaHon	

•  Large	pixel	matrix	to	be	submi'ed	by	mid-April	
–  can	be	matched	to	FE-I4	chips		
–  possibly	also	to	RD53	prototype	
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ATLAS TCAD workshop 
CPPM, 11-12 May.   



BACKUP	



BCD8	Technology	STMicroelectronics	

•  Among	the	compeHng	technologies	BCD8	has	several	appealing	features:	
–  availability	of	different	devices	integrated	in	the	same	process	
–  epitaxial	process:	can	easily	grow	on	different	substrates.	
–  possible	to	reach	thick	depleHon	layers:	30	μm	looks	an	opHmal	compromise	between	

signal	and	material	thickness	of	the	detector	
–  long-term	availability:	it	is	one	of	the	major	producHon	line	for	ST	automoHve	products.	
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BCD8 Technology (STMicroelectronics)

BCD = Bipolar + CMOS + DMOS

http://www.st.com/web/en/about st/bcd.html

D. Riccardi, A. Causio, I. Filippi, A. Paleari, L. Vecchi, A. Pregnolato, P. Galbiati, C. Contiero,
BCD8 from 7V to 70V: a new 0.18 µm technology platform to address the evolution of
applications towards smart power ICs with high logic contents, in Proc. 19th Int. Symp. Power
Semiconductor Devices & ICs, 2007. http://dx.doi.org/10.1109/ISPSD.2007.4294935

R. Roggero, G. Croce, P. Gattari, E. Castellana, A. Molfese, G. Marchesi, L. Atzeni, C. Buran,
A. Paleari, G. Ballarin, S. Manzini, F. Alagi, G. Pizzo, BCD8sP: An advanced 0.16 µm
technology platform with state of the art power devices, in Proc. 25th Int. Symp. Power
Semiconductor Devices & ICs, 2013. http://dx.doi.org/10.1109/ISPSD.2013.6694422

V. Liberali (INFN-MI) 30 Settembre 2014 7 / 19



Noise	performance	
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S/N	~	2	for	600	e	signal	



CMP	
•  BCD8	now	available	also	
through	CMP	
–  easier	to	get	new	people	
started	

–  increase	of	costs	with	
respect	to	iniHal	informal	
contacts:	
•  2600	Euro/mm2	
if	Area	≤	5	mm2	

•  13000	Euro		
+	[(Area-5)	*	2100	Euro]	
if	5	mm2	<	Area	<	15	mm2	
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cmp.imag.fr 


