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outline

= CMOS MAPS in 180 nm INMAPS technology: Apsel4Well
» testbeam results, efficiency vs threshold
» results of the lab tests on inductions

= Vertically Integrated DNW MAPS: Apsel3D_TC
» lab characterizations
» interconnection of the two layers
» tests on inductions

NOTE: signal amplitudes in mV are not corrected for the buffer scaling factor (0.9)
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Apsel4Well reminder

= 32x32 matrix organized in 2x8 macropixels (MP)

» can mask selected MPs ;

» data-push & triggered readout architecture

= 3x3 analog-only chips

= thickness: 5 and 12 pm

= resistivity: standard (10 Qcm) and high (1 kQcm)

*)corrected for buffer scaling factor

thr. disp. 34 10 80
i  noise 17 5.1 42
i gain (mv/fC) | 860*:C) (diff. spectr. 35Fe)
! gain disp. 5% |
: MIP - 115.5 930
! 5Fe peak - 203 1640 |
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(

(©)central pixel (chip42)

= block diagram of the pixel analog front-end:
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shaping with a current mirror in the
feedback network (Vritmir adjusts
discharge time and gain)

analog output available for pixel (31,31)
can inject a charge only in pixel 31,31

the signal is negative



Apsel4Well on beam

= analog INMAPS and 3 chips 32x32, (hiQQ,12 pm) have been tested with a
120 GeV/c pion beam

» analog INMPAS results not available yet

» preliminary results available for digital chips:
e efficiency vs threshold (DAC)
ﬂ@ efficiency vs angle
| ® resolution
e resolution vs angle

o lattice & pixel isotropy (still convolved with telescope resolution)

= The main issue with this chips is related to the low maximum efficiency
reached and its deterioration at low thresholds:

. . . — 90 —I ! ! ! I ! ! ! | ! ! ! | ! ! ! | ! -

» current explanation: inductions effects S e :
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Efficiency vs Threshold

Eff [%]
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= £max ~ 89% (@ 2360 DAC ~ 300e7), deterioration at lower thresholds.

= possible answers:

» inefficiency due to the fact that the pixel is already fired (on noise, or
other...): excluded (v. bkp slide 20)

» inefficiency due to induction effects (positive induction related to digital
activity masks negative signal from particles)

» other effects that may be related to the low maximum efficiency: charge
sharing (v. next slide and 27) and too high threshold (v. bkp slide 28)
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Efficiency Within Pixel

in-pixel efficiency (still convolved

with telescope efficiency):
= Low efficiency regions: the released charge is P )

shared among more than 1 pixel and not enough to E 45
go below threshold. >

0 5 10 15 20 25 30 35 40 45 50
X [um]
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Induction Effect #1

1. When a timestamp or a hit is readout we observe big positive spikes on the analog
output (50 - 100mV). Also in correspondence of some BCs, signals going towards the
matrix (TS update) induce positive and negative spikes

File Verical Timebase Trigger Display Cursors Measure Math Analysis Uilities Help

trigger n
c3 .

BC N .
| ErenicleipdGelsrabblal
A
Measure P1.rms{(C1) P2 max(C1) P3Imin{C1) P4mean(C1) PS--- P&--- P7--- P3---
value a7mv g2mv A6 my <383 v
mean 7887 mv 71870 mV -16.07 mV 14 W
min 50my 42 mv 24 my 45my
max 119 mv 124 mV -7 my somv rdclk = 100ns, BC = 10“5
sdev 1531 mv 21.05mv 402 mv 2270 mv
num 53 53

stalus v

imehase 352 s
2.00 psidiy

rigger =
Stop 700 mV
dge  Positive

2.00 Vidiv 5.00 Vidiv
-5.900 V ofst -18.40V ofst

100kS 5.0 GSis

MS2013 1222152 PM
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Inductions Effect #2

2. When rdclk/fastclk > 20MHz (50ns) we observe an oscillation independent of the BC
period present only if fastclk is active (due to activity in the periphery).

March 27t 2013

File Verdical Timebase Trigger Display Cursors Measure Math Analysis Uilities Help

data valid

T R R R R R R O R T I T T OO EE R R . R R R T EE

BC

& @ -
;w‘ gyt gt g ey, 1 e e e e ey gt ety
Measure P1.rms(C1) P2:max(C1) P3Imin{C1) P& mean(C1) P8 PG -~ P?=e- P8«
value 201 mv 55 mv -0mv 13.9mvy
mean 15126mv ea00my  n7smv 10s4smv rdclk = 50ns., BC = SUs
min 7.8 mv 39 my 31 mv -972 WV )
max 26.0 my 112 mv 8 mv wamv thr = 2345 DAC (~1 /3 M|P)
sdey 3515 mv 1281t mv 539 mv 3.755 mV o

587 1 Emes = 85%

 50.0 mVidiv : : 5.00 Vidiv

imebase -1.06 psd Trigger 4
1.00 psidiv) Stop 160V
500kS 50GS/sjEdge  Positive

3132013 45045 PM

-4.0 mV ofst : -19.90V ofst

T 50mv

MIP = 115 mV



Induction Effect #3

3. We observe big (50 - 100 mV) positive (negative) spikes when fastclk starts (ends) in
the periphery. The superimposed oscillation is present only if fastclk > 20MHz and is
attenuated in ~ 30 ps.

File Verdical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help
20ps
fast clk
T 50mv
analog output | \ MIP = 115 mV
) .}
wEmteieriy Y ey ISy T Iore e tntin T (et oot |f ool | Iy o pRmodats (e m T NSt el Bt S el £~y = m
: j ‘.;Ll-,-‘{‘."r‘v,'"4#"".)-‘//’[/(%(-'*“\“*“‘\'-W\NLM-«-'»W?‘M “"*.',',LT-, 'T‘.IJ‘U ; .,I,‘,‘,'.‘v‘,',‘.‘M‘fr.aL-,&mwaM&ww.ﬂ-v.wwl_«w.\. "7‘,‘,».
L LA -"r'v' r 14 L:.".\
it N
g |
_L_______________J_!X§:__________
o ‘ trigger ‘ .
3 A
Measure P1:ims(C1) P2max(C1) PImIn(C1) P4mean(C1) P&« - PG -~ P7.-- P8 -«
value 1308 mVv 58.2mvV -543mV -2.28 mV
mean 12,9998 mV 57590my  -5537TmVv 22687 mV
min 1216 mV 551 mv -57.6 mV -2.41 mV
max 1441 mv 59.6 mV 538 mv 1.97 mv
353.5 WV 1,022 mv - rdclk = 50ns, BC = 5ps
Imebase 3.6 pg [Trigger =
20.0 pysidwiNormal 700 mV
1.00MS 50GSisjEdge Positive
B ror Trigoer
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Tests on Analog 3x3 Matrices

= Tests on a 3x3 analog matrix show similar effects when digital signals run on the chip.

easure  Math Analysis  Utilities Help

Idx Edge Time
1 -282 ps

» positive pulse triggered by the start of
the train and sensitive to the frequency
of pulses

» negative pulse, same amplitude as the
positive one, triggered by the
interruption of the pulses

» when train is shorter, the two pulses
merge

i
StdVer P1:pkpk(C2) P2:ampl(C2) P3:max(C2) P4:min(C2) P5:sdev(C2) P6:mean(C2) P7:base(C2) P8:top(C2) P9:--- P10:--- P11 P12
value 222.8mV 2228mVv M1.7 mv 111 Amv 2227 mV -233mv 111 Amv M1.7 mv
mi 222766mV  222766mV  111.693mV  -111.073mV  22.2669mV -2.3342mv. -111.073mV 111693 mV
min 222.8mV 2228mVv M7 mv 111 Amv 2227 mVv -233mv 111 Amv M1.7 mv
ma: 2228mvV 222.8mV 111.7 mV 111 1mv 2227 mV -233mvV -111.1mv 111.7 mV
File  Vertical Timebase Trigger Display Cursors Measure a Analysis iliti d — — — — — —
| 1dx Edge Time 1 1 1
1 v k3 A

y O = = ety
1 147 ps . .
imeba: -80.4 ps||Trigger (RIS
5 OO n S 50.0 mVidi 2,00 Vidiv] 20.0 ps/div| Auto
Short S000m 4150 V ofsf 'Ig “'Tl s|Edge  Positive
I I . 120512012 6:11:14 AM

LeCroy

pulse *

train - I 50mV
analog . / x 1. maximum effect obtained with pulse train |

output : period of 25 - 30 ns
. 2. level of induction is ~proportional to the
| | | | ; amplitude of the pulse train
e PIRaEY | adomy | amomd | dotmy | esemw mm | Aty enmy o T Pl Pl ; 3. the effect 'iS independent Of the Stimulated

value 1252 mv
125208 mV  118.1986mV 115190 mV -10.018mV  423772mV  17.7146 mV -4.0889mV 1141097 mV

meai
min 1252mv 11820 mV 1152 mv -10.0 mv 4238mv 17.71mv -409mv 1411 mv 3
max 1252mv 11820 mV 115.2mV -10.0mv 4238mv 17.71mv -4.09mV 11411 mv : t k
s Lo T e e rac |
num 1 1 1 1 1 1 i
stat v v v
imebase -1. s| |Trigger  (EDEIE
rovf At . e effect in some low(Q) c 1ps seems Sma er
50[]0m 4150v ft S/s|Edge Positive
hl hQ, 12um

LeCroy 12/5/2012 6:06:48 AM . —— e s TR O G AdE s LA it S b s o e
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Apsel3D_TC reminder

A st e s

thr disp | 11-14 |3.4-4.3] 80- 90 |
» can mask selected MPs F o oie 54-6211.7-1.9 0 |

= 8x32 matrix organized in 4x4 macropixels (MP)

» data-push readout architecture ' gain (mv/fc) | 290 (digital) | 320 (analog) §

! gain disp. 20%
POMIP 40 1000
! 5Fe peak 80

= 3x3 analog-tier only chips

= block diagram of the pixel analog front-end:

I
E@' » bandwidth-limited preamplifier to
| improve signal-to-noise
T lleg 7 » analog output available for pixel (31,7)
. b’ B in-pixel » can not inject a charge
Qﬁl — N | 1logic » the signal is positive
Cp Vin
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= tested on beam (2011):

0.98
0.96

Apsel3D_TC - analog-tier only

Efficiency
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» 3x3 cluster signal MPV = 1000 e-
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differential spectrum of the 3x3 pixels (*°Fe):

LI [ i =v ) | L S |

= tested with a °°Fe source:
» 5.9 keV y, 1640 e- = 2xMIP

» measured gain = 320 mV/fC (half the
expected value) and quite dispersed

o feedback capacitance of the preamplifier
realized exploiting parasitic capacitance of
two tracks

g - o value estimated from post-layout simulations:

I T not reliable (= low gain) and quite dispersed

(— dispersed gain)
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Apsel3D_TC calibrations

Symmetric fit

occupancy for pixel (30,0) (symmetric

fit)

= Noise Scans: v

» need to fit with asymmetric function | e
something ¢ &, ~ 85% og, Or = 1.7 - 1.9 mV | S
asymmetric in P B I B 7
the circuit? : ; 5.0 } ;

comparatorz © OR ~ 1N agreement with what seenon 9| 1
the analog output of pixel (31,7) | —
» limited threshold dispersion I
© 3.4-4.2mV (”2.5XGR) u:"""’""" S A Ll L L. I

Thresheld [DAC]

Asymmetric fit

occupancy for pixel (30,0) (asymmetric fit)

16 . | I | | 1 mdf 34G7
: rob 392
14 B n[DAC] £1.1
L o, [DAC] 0441
i o [DAC] 0212
1.2~ v [MHz] 238
DDCIJm
‘1 e e p——— o ___ __ —
= [
2 [
(1]
S8 ]
0L
& [
06— —
04 —
0-2 3 J L E
n L 11 1 | L1 1 1 | L1 1 | 11 1 | 11 1 1 | ]
1300 1350 1400 1450 1500

Threshold [DAC]

= Gain Calibrations with *>Fe (1640 e- = 2xMIP), differentiated digital scan:

» central value = 285 mV/fC, very large dispersion, 0(20%) (even within a MP)

Differential spectrum for pixel (6,0)

Threshold [DAC]

‘ 22 ndf 9304/8 Gain distribution {converged Feb5 fits)
- Prob 0.3173 in di
80 . Peak(u)[DAC] 1504+ 1.0 10" npn Gau‘]I - h_{?am_d,m
20E GOOdi fit i Peak(c)[DAC] 77260890 B Entries 174
: = : Peak(int)[mHz] 7016+ 89.4 i i i ean 2654
v - Exp(c)DAC]  0.01714+ 0.00442 8- IsperSIOI!‘MS BO.75
% E)q})(in}t][mHz] 8478+ 1763 E of ~20% :
2 3 T N
© — = L
14 = = B
4 = 4
5 E -
3 2
0 150 200 250 300 350 400 450

Gain (mV/C)
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» difficult to pilot
with a single
threshold — 8x32
digital matrices
not tested on
beams
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Interconnected Chips

= response of the digital 8x32 devices to a >>Fe source:

chip5:

all pixels are
interconnected!

chipé6:
30 failures (12%)

chip7:
13 failures (5%)
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Tests on Inductions

= No significant inductions visible at the analog output of pixel (31,7):
tested at very high clk rates:

® rdclk = 50 MHz (20ns) .
o BC = 2.5 pis readout running:

Flle Vertical Timebase Tngger Display Cursors Measure Math Analysis Utililes Help

® checked that pixels
beloning to the same ide n ORI =
MP as pixel 31,7 are ™ ot e e o o o o o o o ol
fired MLE

ko

analog output';‘»"r"a?@ o ﬁﬁ;’%%&ﬁ“ﬁ ‘th“gm‘é - | d e i

» small induction, order of
the noise (2 mV) due to the
clk, on chip? testboard?

BC
} 1 /4 MI P ( 1 OmV) = 5 X nO] Se Measure Fl.rms(C1) PZmax(C1) P3min(C1) P4 m;an(._:l) P5--- P&--- Pl--- Pg---
value 836 yv 18mVy 46mv 800 yv
. mean 1 €{9E mv 4584 r""'f -3 31‘5 n'\:‘ 288.5 uv
» safe operations = oy D A imm
PATS
(Timebase 000 pd Trigger CA
200 ps/div) Stop 1.08V
100!6 5.0 GSls Eooo Negative
T 5mv
WMU20134.0543PM
MIP = 40 mV

March 27t 2013 Giulia Casarosa
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Tests on Inductions

= No significant inductions visible at the analog output of pixel (31,7):
tested at very high clk rates:

® rdclk = 50 MHz (20ns)
o BC = 2.5 pis no readout:

Flle Vertical Timebase Tngger Display Cursors Measure Math Analysis Utililes Help

® checked that pixels
beloning to the same . . ...
MP as pixel 31,7 are
fired

—A‘:;l‘\:“‘ "
' ol g, : RS o jv;:.:"f?‘-;o’s.-_,\,‘c N\
analog output 77T B T Vi e e e i
: : N g EE—
» small induction, order of e oo

the noise 2 mV) duetothe = - —F-—f-—o- oo pr——roogooo———r o
clk, on chip? testboard?

BC-

4 1 /4 MI P (1 OmV) = 5 X nOise Measure FPl:rms(C1) PZmax(C1) P3 mlr:u;-.ill:v P4 mr:amj..:l] PS--- P& -- Pr--- P8~ --

value 181 mv I1Tmy 53 498 uv

o mean 1.5586 mVv 3.27T my -2.60& mV -210.7 uv

» safe operations Samy, e
1938 mV as526uv

2“5 05 65

H v v

(Timebase 000 p4 Trigger CA
200 ps/div] Stop 1.08V
100kS  5.0GS/s]Edge  Negative

3122013 40658 PM

T 5mv

MIP = 40 mV
March 27t 2013 Giulia Casarosa
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Conclusions

= Apsel4Well:

» serious induction effects deteriorate the performance of high resistivity
devices, less pronounced on low res ones

» need to understand the cause of the observed induction

» other effects (as charge sharing) may also play a role to explain the low
maximum efficiency

= Apsel3D_TC:
» promising results from analog devices: 98% efficiency
» 3 working interconnected chips
» large gain dispersion prevented the test with beams
» no significant induction

March 27t 2013 Giulia Casarosa
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Apsel4Well: Pixel Multiplicity

= pixel multiplicity in standard calibration is
smaller than 1:

» too low to cause inefficiency

» test also in data-taking mode (pixels are enabled
all the time, no observation windows)

= pixel multiplicity in data-taking mode:

» confirm testbeam observations

» still too low to cause observed inefficiency

Pixel Multiplicity

March 27t 2013
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-~ calib. mode ++ -
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Threshold [DAC]
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Threshold [DAC]
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1073 4
o4 testbeam
10% 4 data .
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Apsel4Well Inductions: oscillation

= when rdclk is fasten to 50ns, an oscillation appears
» period ~1.5us, ampl ~ 20 mV

Flle Vedical Timebase Trgger Display Cursors Measure Math Analysis Ullitles He

. data valid H

—
analog output

WWV JM\A—;‘W}\ e W ..... ;Wv

A

Measure P1ms(C1) PZmadC1) PImin(C1) Pameani(C1) P5--- P&--- PT--- PE---
value 121 mv 57 mvV 29 mv 25mv
maan 10667 mV 4982 MV -2800mv S52 WV
min gamvy 3t mv -49my -32mv
max 131 mv 86 mv 20 mvy 28 mv
Sdev 9728 v 1523 mV 4.23mv 1.246 mV
num 49
status v

mebase 00 pd [Trgger 3]

] 2.00 Vidw 5.00 Vidiv 5.00 psidiv] Stop 700 my)

13.50V ofst -5.900 V ofst -19.40 V ofst 250k 5008is|Edge Positive

IMS20131203:37 PM

note: MIP = 115 mV
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data-push mode, thr = 2400 DAC

= positive induction (-~ 100mV) covers a non-negligible fraction of the time between
two BCs: if a MIP hits the pixel in this time, the signal doesn’t cross the threshold —

inefficiency!

Flle Vedical Timebase Trigger Display Cursors Measure Math Analysis WUilitles Help

= data valid TR NP R RO AT A i e e

w S ¥
/Y N

Tf??éﬁ%@iﬁ%??

© -

L Tt ae——m e

Measure P1.rms(C1) PZmadC1) PImin{C1) Pamean(C1) PS--- P&--- PT=-- PEB---
lue 21.9mV 97 mv 18mv 3ITmVv
maan 17.666 mVv 7344V 1415 mvy 9336 mvy
min 7.0mv 37 mvy -53my -Temy
max 474 mV 161 mv 11my 204 mVy
Sdev 5519 mv 2070 mV 843 mv 4166 mvV
1.877e+3 1877e+3 187783 1.8772+3

v v

imabase -1.06 ps Jger 1
1.00 psidiv] Stop 160V
S00KkS S500GS/is]jEdge Positive

AN W2013501.07 PW

note: MIP = 115 mV
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Apsel4Well: angle dependence

Eff vs. angle

CHIP 13 CHIP 14

= 1 1 1 1 1 1 H
100 - -

-l 1 1 1 1 1 1 1 |_
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SR R EE TS TS W R W INEEEE FRETE PRI FRENE FEEEE NET RS FRE T EEERE

0 10 20 30 40 50 60 70 10 0 10 20 30 40 50 60 7
Angle [Deg] Angle [Deg]

THRESHOLD: 2360 — 280e + 5%

A.Lusiani, M.Chrzgszcz 201
Preliminary results on INMAPS Results 8/18
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[ —9— . ; —_— :
'] S N I I I B I -+ (I | = T T FRETE I PR BT PR R i
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THRESHOLD: 2360

A.Lusiani, M.Chrzgszcz 2012
Preliminary results on INMAPS Results 11/18
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Apsel4Well: resolution

Resolution X vs angle

CHIP 13
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Preliminary results on INMAPS
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CHIP 13

Y [um]

Apsel4Well:

Lattice isotropy

E
25 =
>
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5
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THRESHOLD: 2360

Preliminary results on INMAPS Results
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CHIP 14

lattice & pixel isotropy

CHIP 13

A.Lusiani, M.Chrzgszcz 201
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Before deconvolution the telescope resolution!
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Preliminary results on INMAPS Results
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Efficiency Within Pixel, 5x5

Apseldwell pixel layo

0 5 10 15 20 25 30 35 40 45 50
X

In-pixel efficiency map
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Landau from ?°Sr Measurements

landau
= Landau measured with *°5r on analog devices
» MPV = 115mV, sigma = 24.6 mV 2 :
=0.06— —
= use gain to translate mV into e § | :
. o o o .q_-’Q.Co:- —
= Vary the central pixel collection efficiency £ f :
0.C4'_— =
Expected Sensor Efficiency - Landau 0“:_ _:
a:, I’ T ] | T | B B B 1 T ] L I 1 I— : :
s | central pixel coll. eff. | s ]
E : .:— & B . ® 70% ; 0.02 : —:
| —e gy Y 62.5% g - X
! . 2 y: @ *— 55% N 0.01 —|
- =) - -
09} . a
E i e 4 o if 00 l:l‘.'l‘O111“10‘"l11510()lll?1”10(‘ll?Slcmlll'?“l()ﬂlll'ﬁgﬂlllAiOO()
oal @ . Q (e-)
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chipd Apsel4Well: °°Fe calibrations
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Apsel3D_TC characterization

Noise scans: Chip5

s In some cases the fit doesn't converge propérly.ThOSe pixéi; are not used
for the plots below. 221 fits converged (there is 1 dead pixel).
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Apsel3D_TC characterization

Noise scans: Chip6

s In some cases the fit doesn"ﬂ’icﬂconvérge propéwrgly'.ii;ﬁbse pixé]g are not used
for the plots below. 204 fits converged (there is 28 dead pixel).
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