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INTRODUCTION OF MAPS TECHNOLOGY

From digital photography

INCIDENT(PHOTONS

,,,,

to charged partide
detection

CHARGED PARTICLE , 7

-7 drain source
XTIV * on-pixel only NMOS

NWELL DIODE NMOS TRANSISTORS IN PWELL transistors allowed

DISTANCE_
7

micro-photograph

MIMOSA V 1x10° pixels

‘warmest ' colour
= highest electric
potential in the device

MonolithicActive Pixel Sensors (MAPS)

he detector is a standard VLSI chip. The active element is a thin moderately
doped silicon layer, operated undepleted . The readout electronics is seated on
top of this layer. The built-in potential, resulting from differences in doping, screens the
detector from the electronics parts and confines the charge diffusing to the readout
electrodes. The charge collectors are n-well/p-epi (substrate) diodes. Only NMOS
transistors are used for in-pixel readout electronics, but full CMOS electronics is used

on the detector periphery. MAPS ADVANTAGES:

decoupled charge sensing and signal transfer (improved radiation tolerance,
LEPSI= IfeS random access, etc.), small pitch (high tracking precision), low amount of o

ittt

ELECTROSTATIC POTENTIAL~
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APPLICATIONS DRIVING MAPS DEVELOPMENT

» HIcGH ENERGY PHYSICS (FLC~ 500-1000 GEV) .

» HIGH RESOLUTION OF IP
» Detection efficiency = ~99%

» SIP<5um @ 10 umGeV / (p sin%? Q)

Multiple scattering < 0.1% X, / layer .

Thin layers ~50 pm of Si (5 layers: R;=1.5cm; R;=6 cm) 1

» HIGH GRANULARITY S
» Pixel pitch 20x20 pm?

» HIGH OCCUPANCY

» Fast readout (25 pus — 50 ps ) - background
» On-line sparsification

W RADIATIONS  D.75-10°n(1 MeV)/lcm?/5y
lonising dose= 500 kRad/5 y

Chosen technology has
to combine: granularity, TESLA CMS

small thickness, high . vertex: ~800M pix. 39M pix.
readout speed, radiation Granularity { ecal: 392x108 76x103

7
1- CCD Laddars

2- cep’Ladders Foam Gryostat
]

1 l 1
-0 0 10 20
Z {cm)

hardness
Material tracker: 0.05X, 0.30 X,
LEPSI% (IreS budget |vertex /layer: <0.1% X, 1.7% X, [-3-
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APPLICATIONS DRIVING MAPS DEVELOMENT
SUCIMA-SILICON ULTRA FAST CAMERA FOR ELECTRON

AND GAMMA SOURCES IN MEDICAL APPLICATIONS A
}} HADROTHERAPY PROFILE/CURRENT MEASUREMENT
» On-line beam monitoring | 22000 rad/s (0.05 + 50 Gy/s) electron
detector
SLIM — SEm (secondary emission)
for Low Interception Monitoring 20Hk\é e beam
Innovative Non-Destructive Beam vacuum chamber
Monitor for the Extraction Lines of a hadron beam
Hadrontherapy Centre f
A .
» BRACHYTHERAPHY secondary emission foll

SEm electrons from 0.1 — 0.4 ym
(Al-Al,O,-Al) foils
AR -

» Intravascular Brachytherapy: local radiotherapy

Brachytherapy reduces the restenosis rate, also in the case of a
use of STENTS.

Dose (15-30 Gy) delivered by temporary (few minutes) implant of

radioactive seeds or wires.

HIGH DOSE and HIGH DOSE RATE: dose evaluation is crucial
=< D
: 40mm -

s ( ¢ ¢ ¢ € € € € ¢« € € ¢ € @ ¢ ) |

3 (16 seeds) 2.08 GBg (56 mCi) ,: Wl

— [
1EPS)=- (IleS 90Sr or 144Ce 5 + 5000 rad/s (0.05+50 Gy/s) | [ -4-
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APPLICATIONS DELINEATED

»» HYBRIDE PHOTODIODE DETECTOR (HPD) FOR

MICROSCOPY OF THE CELLULAR DYNAMICS
» Detection and tracking of interactions of single biological
molecules in their natural environment
» Measurements of single molecules - low concentration
of fluorescent markers and _
microscopy of intracellular ——

(PHOTOMULTIPLIER

Receplor sites

ionic exchanges (flux Ca%),

Single photon detection —
sensitivity and high speed (LLUMINATING APERTURE)
of acquisition (1000 fps)
e\ R W - U

DETECTOR PINHOLE
" [CONFOGAL APERTURE}

L]

DICHROIC MIRROR
LIGHT SOURCE (BEAM SPLITTER)
{e.g. LASER)

FOCAL PLANE

s |N-FOCUS LIGHT RAYS ] ..

a — QUT-OF-FOCUS LIGHT RAYS 3
Lance Ladic
...... - ladicfics.ubc.ca -5-
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APPLICATIONS DELINEATED

»» TRANSMISSION ELECTRON MICROSCOPE

» TEM - imaging technique whereby electrons focused onto a specimen are
causing an enlarged version to appear on a fluorescent screen or photographic
film or can be detected by a CCD camera (directly or scintillator-coupled)

»» ADVANTAGES OF MAPS

AND HOW ONE CAN GAIN W.R.T.
EXISTING TECHNIQUES
(FLUODRESCENT SCREENS, NEGATIVES
OR CCDs):

» High efficiency - thanks to direct detection,

» On-line image — some processing possibly integrated
on a detector chip,

» High sensitivity (single electron sensitivity),

» No bluring due to charge transfer,

» High speed by use of multiple readout channels,

» Radiation hardness — conversion to voltage in place
where collection.

Idea of P.Rehak, J.Wall ... and goal of my 1-mont stay @ BNL
-6 -
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MIMOSA V 1X10° PIXEL DEVICE

» CHIP-DETECTOR DESIGN
A

T || A
g_
2 1TOP ||w
=
4 arrays N
510x512 —
B 17350 pm>»
< P1BOT
- 17x17
e Mm pitch ||V
g analogue readout]|analogue readout » 0.6 um CMOS process with 14 um epitaxial layer,
T [2E&BOT LEFTITOR&BOT RIGHTI| ) 4 matrices of 512 x 512 pixels read-out in parallel;
l ngfaB'gg"EgLTI od;%'lggﬁog?gLT pixel: 17 x 17 um?, diodes: P1 - 9.6 pm?2, P2 - 24.0 pm?,
control logic and all pads aligned along one side,
oo ...00000
MIMOSA V RESLILTS:
. Noise mean ENC: 20.74 e
CIEISSITCEII detection efficiency MIPs (g): 99.3%
ixel sch . spatial resolution MIPs (o): 1.7 ym
pixel schematics pixel-pixel gain nonuiformity ~3%

a v
LEPSI= Q[eg MIMOSA = Minimum lonising Particle MOS APS -7 -
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MIMOSA V 1X10° PIXEL DEVICE

Grzegorz DEPTUCH

»» ARCHITECTURE OF THE PROTOTYPE

RE SELOL__ : | SHUTTER
— ] ROW |
SeasNIANNETS O g,
Q_ ! - 'L RE_SEL xx 8 Tt Tt S SELECTED
| , , ROW 1, LT M2 2 ¢ for READOUT
: ' ' | M1 | | = READOUT
COLUMN
T wn [ N0 | DIRECTION
T T T LINE003 =7 2 EH
ROW_SEL003
z alllm g S JAN g [ M3 g FASTSCAN
= _2|||® 2] wmm e '
22| EE||™ g5 cs aw| 2 S FHE IR pypry 3xd
[ 1 1 | PIXEL READ
i —— HoR Wk, [EEL R
| 1 I EiNEsp CEmEm-mE— DIRECTIONS
Mcoll McolZ :H:i:u s
READOUT
DIRECTION
1 CLOCK | UMM
_ _ CONTROL —<RESET | S ING
COL|| SEL SHIFT REGISTER §12b| LoGic S EFFECTIVE
7| RESET EITgnll;EDUCED
== LoaIc +[RSTMARKER > (T X Te) X m
ROW_SEL SHIFT REGISTER 512b| < — o 7*5ibe tion
OF summing
RE_SEL SHIFT REGISTER 512b OF e | SERSTecA ] """l consecutive
4% READOUT |Pixels
’ fres” Matrix of sequentially addressed DIRECTION -
LEPSI=" Q:w pixels, multiplexed on single output buffer. —
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MIMOSA V 1X10° PIXEL DEVICE

»» ARCHITECTURE OF THE PROTOTYPE

. next pixels
» column continuation

Grzegorz DEPTUCH

=P 17pum *

ROW_SEL

——————»

ittt de

VSW6_B EE VSW6

I. E E E E E
N
c . c
£ £ £
g S W5
% £ M1 - reset transistor - 3=
X c X c
a g M2 - source follower a g
§ ; gndl M3 - row switch § ;
" " ®[*MIMOSA 5 size e
* next pixels pixel 6n pixel 6n+1 pixel 6n+2 pixel 6n+3 pixel 6n+4 pixel 6n+5
= column contmu:gtotgm part ~8 pF parasitic
of MIMOSA V line capacitance
- Tond - gnd - gnd - gnd - gnd - gnd
BIAS_75pA COL_SEL_B<2n> COL_SEL_B<2n> COL_SEL_B<2n> COL_SEL_B<2n+1> COL_SEL_B<2n+1> COL_SEL_B<2n+1>
= COL_SEL<2n> | COL_SEL<2n> | COL_SEL<2n> | COL_SEL<2n+1>{[— COL_SEL<2n+1>|— COL_SEL<2n+1>|[—
L I @ L I L I LT I LT I LT |
T e ETT T T T T
e de E E E £ £
COL_SEL_B /170 gnd| 4 §§ gnd| gnd| gnd| gnd| gnd|
[e] =
gnd = % g gnd gnd| gnd gnd gnd|
COL_SEL /170 ¢ Beo o ¢ c c c
~3.5 pF parasitic %J %J %_I
line capacitance
¢
BIAS_25
vdd Gain X5 R2 Gain X5 R2 Gain X5 R2 Gain X5 R2 Gain X5 R2 Gain X5 I—\N\/‘Rz—
R1 N ARL R1 R1 \ R1 N MR \
column level V_REF +gain V_REF & K & +gain V_REF fain V_REF fain
signal summation
VSW1_B EE VSW1 VSW4_B EE VSW4 VSW5_B EE VSW5
Ryiv temporal noise
: number of "
times ganged pixels higher
gn.
In summing operation of signals from 3 consecutive pixel,
2 groups of signals are activated alternatively i.e.
[ Gain x1 or X0.5 the first group: VSW1l, VSW2, VSW3
ﬁ Ll . the second group: VSW4, VSW5, VSW6
LEPSI= Ife o> -9-
.

Betherches Sutuinssm.es
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MIMOSA V 1X10° PIXEL DEVICE

» DEFAULT READOUT METHOD

RESET 5 FRAME , FRAME 41 NEXT RESET
4x
512x512
I11
. o
NN I W: AN [ 1 [T
electronics | electrohics § electronics | electrorjics electronics | electronics electronics | electropics
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT
000 ..0p0po | |gobd .0popd || ood ..00opg |joog  ..00ooiD4d
A___
| — Y_k=leakage current
B ] S
— Lk=signal + leakage current

LEPSI% d[eg -10 -
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WIRE BONDING STANDARD MAPS
/IEERCONNECHON
| w w PASSIVATION and INTERCONNECTION LAYERS

N* N PWELL  n* N PWELL and NWELL - ELECTRONICS LAYER
Periphery electronics NWELL NMOS NWELL
NMOS + PMOS Pixel array area P-EPI LAYER

12-16 ym

p** WAFER BODY

_v 500-700 um

POSTPROCESSING

NEW SUPPORT for stability

PASSIVATION and INTERCONNECTION LAYERS
PWELL and NWELL - ELECTRONICS LAYER

P-EPI LAYER

Periphery NWELL

electronics Pixel array area

v ¥ V¥

p** WAFER BODY
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1
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0
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O
L
u
z
0
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W
0
0
v
0L
=
m
O
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ILLUMINATION

PASSIVATION and INTERCONNECTION LAYERS
PWELL and NWELL - ELECTRONICS LAYER

Periphery NWELL
electronics area

P-EPI LAYER

SURFACE E-FIELD PASSIVATION
+~100 nm SiO,
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BACK-SIDE ILLUMINATED MIMOSA V DEVICE

»» BACK-SIDE ILLUMINATED THINNED M5 DEVICE
— AS A TEST VEHICLE FOR DEMONSTRATION OF
20KEV E DETECTION CAPABILITY FOR BEAM
MONITORING SYSTEM AND OTHER AFFINED
APPLICATIONS

» Back-side passivation « A » + entrance window 160nm

» Back-side passivation « B » + entrance
window 75nm, 110nm and 160nm

» Bonding with 17 um Al wire
» Device thinned down to

epitaxial layer to ~10 um in collaboration
with industrial partner

TR

-12 -
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HPD FAcCILITY @CERN

peltier cooler peltier

HV signal
connector — connector connector
I ¥ |
|
shield / ~1.5cm
nd plate
g M5 chip AV
0-30kV
- ~5cm

high voltage | Csl photocathode [ —joocnen

plate —— vacuum pump

X pos

High
Voltage arc lamp

1

I UV photons /
I coltimator— / mirroir:

220 nm

SIMPLIFIED VIEW OF VACUUM POT WITH

PROXIMITY FOCUSING OPTICS HPD usING Csl PHOTOCATHODE

-13-
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HPD FACILITY @E:ERN

ThT

2N° STEP (ELECTRONS
EMITTED FROM Csl
PHOTOCATHODE

EXCITED BY PHOTONS
(220NM EDGE) FROM

ARC LAMP

LA N\

1T STEP (ELECTRONS
FROM PHOTOCATHODE:
BOMBARDED BY RESIDUAL
IONS, OR FROM PHOTONS
FROM MICRO-DISCHARGES
(2x 10 MBAR) (?)
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HPD FACILITY @CERN - SIMULATION

»HIT DiISsTRIB. (500 E-) oN MIMOSA V FOR POINT SOURCE

° ’ o o.. % o
>00" o ] : ..'0: ...o s
. o.oe: .Oo..'.... ~o o’
RO L AL TS
® o o ..." s‘ ..‘.‘O‘:.. .. g;.
g
7] o %o 4% o ° w® ¢ o
A ° M T .,:'-.-" .':_:'o‘,,a: T S
e s° 00005500 SShe 0.0. '3.:. °
RN A A S R
° ..:. .'o.::.. «” .3 .‘ ¢
500 S R Tk
-1000
-1000 -500 0 500

PSF RMS, = 360 um, RMS, =280 pm

SIMION 3D 7.0, C. Joram, 15 June 2004

e
1eps (ires 15-
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Untitled Position: 0.00nm Energy: 2.50KeV BackScattering Coefficient: 0.1395% Untitled Position: 0.00nm Energy: 3.00KeV BackScattering Coefficient: 0.1270%

0.0035- ]
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for 2.5 keV e 0.0030 for 3 keV e _
20000 events | 20000 events
5 0.0025 -
Q
N E
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o
Z 0.0015 4
® i
T 0.0010
T
0.0005 -
0.0000
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HPD FACILITY @E:ERN SIMULATION

IVL4 1VV.VVU T

Hits (Normalized)
for 20 keV e
20000 events

2458.7 nm

5.0%
10.0%
25.0%
50.0%
75.0% 4917.3 nm  o.0010

90.0% Hits (Normalized)
for 20 keV e

20000 events

1 lint. 16% of #total events

-3532.1 nm -1766.0 nm 0.0 nm 1766.0 nm 3532.1 nm

Untitled Position: 0.00nm Energy: 20.00KeV BackScattering Coefficient: 0.1645%

T60NM ENTRANCE WINDOW STOPS
COMPLETELY E- < 2.5KEV
» BACKSCATTERING WILL
<POLLUTE> RECORDED SPECTRAS

» 19.6KEV TRANSMITTED @Z20KEV (9 5%)%%0"

0 4 6 8 10 12 14 16 18 20

9.35keEV @ 10KEV (90%), S5KEV @6KEV (80%)
ﬁ A FOR 160NM ENTR. WINDOW
LEi e QI:ES

0.0005

# Hits Normalized

Backscattered Energy [keV]

Entee o

.(“.'.‘.% |||||| o 1 ;
reherchesSutati=sgus
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HPD FACILITY @CERN MIMOSA V - RESULTS

» 20KV NO COOLING
1 Pixel — Cluster Signal Distribution 4 Pixel — Cluster Signal Distribution
1400 600
1200
1000 500
(7] [72]
_g 800 _g 400
S 600 £ 300
E -3 =+
= 4 ~ JHHHI
0 I 0
50 100 150 200 250 300 350 400 100 200 300 400 500
Cluster Signals [ADC] Cluster Signals [ADC]
9 Pixel — Cluster Signal Distribution 25 Pixel — Cluster Signal Distribution
600 600 f
500 500
0 400 «n 400
2 2
£ 300 £ 300
o [H]
* 200 [T — #* 200
= AR
0 1 {iim) 0 i
100 200 300 400 500 600 100 200 300 400 500 600

Cluster Signals [ADC] Cluster Signals [ADC]

o HISTOGRAMS FOR RECONSTRUCTED
r
[ EPS)= QI:eS SIGNAL CLUSTERS 44623 HITS [-18-
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HPD FACILITY @CERN MIMOSA V - RESULTS

» 15KV DATA FOR 1ST STEP — NO COOLING
1 Pixel — Cluster Signal Distribution 4 Pixel — Cluster Signal Distribution
400
1500
1250 300
£ 1000 k4
£ 750 £ 200
£ *
500 100
250
0 i 0 i
50 100 150 200 250 300 50 100 150 200 250 300 350
Cluster Signals [ADC] Cluster Signals [ADC]
9 Pixel — Cluster Signal Distribution 25 Pixel — Cluster Signal Distribution
400 400
0
2 300 2 300
= €
S 200 s 200
=+
100 100

100 200 300 400

100 200 300 400 .
Cluster Signals [ADC]

Cluster Signals [ADC]

o HISTOGRAMS FOR RECONSTRUCTED
o
[EPS)= QI:eS SIGNAL CLUSTERS 16254 HITS [-19-
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HPD FACILITY @C:ERN MIMOSA V - RESULTS
MW 4a4kV — 20KV

500 ~//r T v T v T v T v T v T v ‘ v
450_- —#— seed pixel peak position _
1 —&— 2x2 pixels peak position PN .
Ty 4004 —v— 3x3 pixels peak position / 1
Q 350 1 —a— 5x5 pixels peak position /. ]
< ] / ]
© 300- / > _
S o] v -
= 250 4 ’ -
g, ] .
© 200-_ -
E 150 .
© — ]
S 100 / — i
- ./ -

(7p)
Ry = ;
O __'7/ I ' I

T T v T v T v T v T v
0.0 5.0 75 100 125 150 175 20.0 225
Accelerating voltage [kV]

» Close to linear dependence « signal magnitude v.s. accelerating voltage » for 7.5 — 20 keV; x-
axis intercept at 2.48kV, dependence broaken for 4 keV no detectable signal observed

o PRELIMINARY PLOT TO BE COMPLETED
.
LEPS)= QI:eS WITH LACKING POINTS

||||||

-20 -




Direct detection of electrons in backside illuminated CMOS imagers, BNL 30 Oct. 2004 Grzegorz DEPTUCH

HPD FACILITY @CERN MIMOSA V - RESULTS

512~

512+

»17.5kV
ARC LAMP

ON

~200K HITS

400
380
360
340
320
300
280
260
240
220
200-]

8

FuLL
1 X 10°
IMAGE
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2882
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HPD FACILITY @CERN MIMOSA V - CALIBRATION

P SSFE
71 Count

Seed pixel histogram

5.9/6.5 keV
calibration peak

\ let's look closer I

» Histogram for seed pixel S/IN=3.5 cut

mmmmm

LEi % IfeS 32716 HITS [-22-
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HPD FACILITY @CERN MIMOSA V - CALIBRATION

»SSFE
Model: Gauss
Equation: y=y0 + (A/(w*sqrt(P1/2)))
5.90 keV *exp(-2*((x-xc)/w)"2)
RA2 = 0.98771
yo 48.72 135.85
xc1 241.45 +0.18
w1 15.45 +0.45
A1 53869 +1631
7)) xc2 266.93 +0.43
Q w2 11.09 +0.97
] A2 13780 21299
c
11
— ] Count
fad 6.49 keV :
—_ 2 gauss fit

Signal [ADC]
» Histogram for seed pixel S=210 cut

o
LE % (IreS 46552 (29000) HITS [-23-
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HPD FACILITY @CERN MIMOSA V - CALIBRATION

55
» FE 1 Count

5x5 pixel cluster histogram

160 ADC

» Peak for summed signal partially approaches to the

» Histogram for 5x5 pixel calibration peak

s
LEi % Q!:eg 32716 () HITS| -24-
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HPD FACILITY @GERN MIMOSA V - CALIBRATION

ion peak after subtraction of the leftside tail Booodframes ln

NurrberofenztglyﬁES tion
Extrapolated r of hits for seed pixel :

Mg =~1.6° 10 DIODE

100 % 3.3pmuE=;-
VoluneoffullchargHt L PIXEL . ,s&:.g_‘f
Ve=3.3% 2.5+ 8 = ~74 e &
Volume . 5.1ym i
Vpt 17% 10-4_ 3005 A - - - - -
Ve D100 %= ~2.5% = x ‘
Meandepmofdiodefrom backside : =1 e
%orfphortons ™ L’
Percentage rsuonl |er Q' Ve
% = v L
29000, " 1.6 106 2.4% < >
17um
photonsandb ™ s :

- 138€ h' %=59%

Simply “edgy”

160ADC, 241 ADC” 100%= 66%and 241 ADC® 1640€ h",
model of n-

® 3232¢e h'
andO 5keV Iatc:errtrance 138€e h',

well/p-epi diode
(1.8um @ 3V)
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SH(T) AUTORADIOGRAPHY WITH MIMOSA V ...

» Common requirement in biology: to map radioactive labels - 3H, 14C, 32P, 35S, 125]... in
thin tissue sections, electrophoresis gels (of DNA or proteins), etc. X-ray film (the
default imaging medium) and exposure times (~days to months) - 3H. 3H betas
(endpoint 18.6 keV) weakly penetrating in any detection medium.

POLYMER SOURCE
281 kB (20/05/1999)
1X1X0.1 cmMmS3

3H-polybutyl methacrylate source

prsfm (ires 26-
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SH(T) AUTORADIOGRAPHY WITH MIMOSA V ...

T [ 1 0 [ 0 [ 0 [ 0 il
u] 50 100 150 200 250 300 350 400 450 512

Grzegorz DEPTUCH
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SH(T) AUTORADIOGRAPHY WITH MIMOSA V ...

» <CLEANED FROM Tritium source 25 pixel cluster
50 -
DETECTOR ARTEFACTS>
IMAGE OF THE SOURCE 1L
image -

500

400

(endpoint 18.6 keV)

200

100

270

405 540

ignal Amplitude [ADC]

P AFTER SOME
INITIAL WORRIES,
CLEAN AND WELL
CORRELATED WITH
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MIMOSA V- 1°T TESTS IN SEM AND TEM E-MICROSCOPE
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MIMOSA V- 1°T TESTS IN SEM AND TEM E-MICROSCOPE

P» SCANNING OF WHOLE ARRAY SURFACE WITH E- BEAM

(40KEV TEM HIT MULTIPLICITY IN SINGLE IMAGE—~— 1E-)

» Image of a cristal specimen » Image of a metal needle
obtained with high dose exposure obtained with low dose exposure
(average of 200 frames) (average of 300 frames)
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MIMOSA V- 1°T TESTS IN SEM AND TEM E-MICROSCOPE
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mean signal ADC
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MIMOSA V- 1°T TESTS IN SEM AND TEM E-MICROSCOPE

Grzegorz DEPTUCH
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MIMOSA V- 1°T TESTS IN SEM AND TEM E-MICROSCOPE

»» ELECTRON SPECTRUM FOR 40 KEV

5x5 pixel cluster

1 40 keV e-
5x5 pixel cluster

578065 entries
Gaussian fits

A Model: Gauss

y=y0 + (A/(W*sqrt(P1/2)))*exp(-2*((x-xc)/w)*2)
R*2 = 0.974
y0 =1152.72 +147.97
xc =377.21 +0.53
w =49.09 +1.32
A =785348.86 +24155.37
R*2 = 0.973
y0=838.96  £19.51
xc = 736.62 +1.86
w =63.03 +4.71
A = 44984.58 +4434.34

Entries [#]

-/\

L) - Signal Amplitude [ADC]
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FINAL PROTOTYPE FOR BEAM MONITOR
2|

» ELECTRON IMAGER i

» sensitivity to 20keV e-

» image & after demag. =~16 mm,

» signal range: 10%+ 108 e/mm?/s @ 20
keV energy ®» p beam: 3 (0.3 @ 20) -
9x103 of 20 keV electrons @ 200x200
pum?2 pixels / 100 ps,

» time resolution = 100 ps (signal
integration and 10 kHz readout),

» spatial res.: 5000 cells or more...,

» no dead time (missing beam
fluctuations is not an option).

» Four sub-arrays of 28x112 pixels
read out in parallel ® e, <100US,
no dead time — alternate integration
and readout in halves of pixels,

» Total array of 112x112 153x153um?
square pixels, each pixel —
interdigited array of small n-well/p-

epi diodes.
whe il dalds
g e NilTi H!:?!:E!‘-. s
LEPS/= !!:Emg » delivered ~15™ of July, tests! - 34 -
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FINAL PROTOTYPE FOR BEAM MONITOR
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» Design risks: AR R
tox over whole pixel —no DIFF |}l sl 0 1[0

type defined, FEE R
yp N\ ENEE

i

A 1 \ X - \ u\h%\\&.‘
(=9

LEPSI= “‘ﬁﬁ »w CVF=~250nV/e- @ 500fF; noise ~1000 e" § 280 e kTC (ENC) @ 500fF - 35 -

K BB




Direct detection of electrons in backside illuminated CMOS imagers, BNL 30 Oct. 2004

Grzegorz DEPTUCH

FINAL PROTOTYPE FOR BEAM MONITOR

» PIXEL SCHEMATIC DIAGRAM

Half B [@wwen war= | Switch to vdda  Half A
a 1 for ' .
' whole column E to cut Consumptlon
> . when line
' POWER_ON ! _
R -----* precharging
vdd[ HOLD HALF B vdd| HOLD HALF A
M1b E M1a E
D—-I M2b D—-I M2a
RES_HALF B : M3b RES_HALF A : M3a
- - I b “: ROW SEL B — I b “: ROW _SEL A
_ M5b _ M5a
& [ & [
79% | d CAPA_ON M4b|_ p1x our B 79% o CAPA_ON Mda] prx our a
: - : o
'-';J CthoIdZ ChBolﬂ | |-|;J chAoIdZ ChAolg |
i M1 - reset transistor ]
2 5pF| 0.5pF M2 - hold switch = 5pF| 0.5pF
gnd gnd] _ gnd M3 - source follower gnd gnd]  gnd
M4 - access switch
M5 - capa choice
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RADIATION HARDNESS

RADIATION

HARDNESS

»» NEUTRON IRRADIATIONS

1600 -
fluences up to P O %
10 N jppeyeq/CM? acceptable (2 orders of . /
magnitude above FLC 1200 é‘
1 1 t e @ requirements= 2, PY IJIEI
—_— o
T T T 10° Nypeveq/CM?year) £ 1000+ ﬁ
R 0 2 ® i
. . . a 7
carrier lifetime altered 8 o B Mimosa I I-diode pixels o
2 O Mimosa [T 2-diode pixels
P IONISING IRRADIATIONS j e Mimosal Idiode pixels &
_ O 600- O Mimosa | 4-diode pixels
doses up to this level

tests up to acceptable above FLC 400 N
a few 100 krads requirements 50 krad/year,
exact sources of 10 10" e o
performance losses under Fluence [neutrons/cm?]

investigation (diode size
and placements of
transistors are important
parameters)

prsfm (ires 37
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CONCLUSIONS, PLANS ...

P» ABILITY OF BACK-SIDE ILLUMINATED THINNED MAPS
DETECTORS FOR LOW/MEDIUM ENERGY E- IMAGING — SHOWN!,

» 1) LOW-INTERCEPTING BEAM MONITORING: PRINCIPLE
SHOWN, FINAL DEVICE, TESTS !,

2) HPD FOR BIOLOGY: PRINCIPLE SHOWN, WORK ON
POSITION RESOLUTION + SPEED + DUTY CYCLE, TESTS !,

3) AUTORADIOGRAPHY (®3H ETEC.)! PRINCIPLE SHOWN,
SPATIAL RESOLUTION FINE, WORK ON DUTY CYCLE!,

4) E° MICROSCOPE!: FIRST RESULTS RUITE PROMISING, WORK
ON DATA, PROPOSE DEVICE ADAPTED TO THIS APPLICATION,

» STILL GOOD UNDERSTANDING OF THE DETECTOR NEEDED;
How MANY BLIND PIXELS? UNIFORMITY OF SIGNAL FROM
DIFFERENT PIXELS?, ETC...

» FINISH WITH ANALYSING OF DISPONIBLE DATA A.S.A.P.,

»» PREPARE NEW PCBS + TEST CHIPS WITH DIFFERENT
ENTRANCE WINDOWS AND BACK-SIDE IMPLANTATIONS @ HPD —
1 WEEK IN SEPT./0OCT. (?), NEW TESTS WITH MICROSCOPE (?),

LEPSIQ«“ d[e% ~38-
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