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M Introduction
M Why monolithic active pixel devices:
" same unique substrate for detector and electronics:
- thin device = reduced multiple scattering effect,
- no complicated and expensive detector-electronics connection with bumps,
- detector radiation hardness - no bulk charge transfer (CCDs).

M Why pixels CMOS:
= standard, well established CMOS industrial fabrication process:
- access to the most advanced technologies,
- convenient way of design - standard software tools, design kits and libraries,
- good price and high yield !
- low power consumption,
- system-on-a-chip capability - integration of amplifiers, ADCs, signal
processing units etc. on the detector, random pixel addressing,
- very good spatial resolution (~1 um) - small pixel size, { when submicron
- electronics radiation hardness (layout rules). process used

1998 - IReS/LEPSI Strasbourg, R&D on CMOS MAPS for charged particle detection,
1999 - first small scale prototypes,

1999-2000 - first beam tests (o~1.5 pm, € ~99%),

2001 - first large (106 pixels) scale prototype submitted,

M CMOS MAPS — the option for the TESLA VD
l EPSIMW H IhreS
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 Operation Principle of MAPS for Particle Detection

® Baseline architecture - similar to CMOS camera © Charges generated
in non-depleted
INCIDENT(PHOTONS region collected
® Twin-tub CMOS PASSIVATION through thermal

process on
epitaxial wafer ...

diffusion (or they
recombine...) ...

© Typical epitaxial
layer thickness
~10 pm ...

© Charge confined -
potential barriers at
layer interfaces -
improving collection

© Moderately doped efficiency ...

epitaxial layer =
long minority
carrier lifetime ...

® Active volume
underneath the
readout electronics

= 100% fill factor;
charge collected by
deep n-well/p-epi

‘ warmest ’ colour = highest diode.

potential in the device
| reS

® Thin active
volume = low
signal expected ...
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 Motivation for Monolithic Pixel Devices (l)
Motivation: Vertex Detector LC - TESLA TESLA- 800x106 pixels

Charge Coupled Devices -

granularity ©, material © but RH ®, speed ® Monolithic Active Pixel Sensors -
Hybrid Pixels - alternative combining good
RH ©, speed © but granularity ®, material ® features of both

—
Lebarsioi o |
Electronigus 5t o
Physigue tles
Bystimes Institut de
Mspumenssoy Recherches Subatomiques
STRASBOURG




Brookhaven National Laboratory - CMOS Active Pixels Sensors, April 2003 H Grzegorz DEPTUCH _

M CDS technique
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 Radiation Hardness (lll)

MIMOSA 1V MIMOSA 1V
pixel layout suffering from pixel layout allowing good
poor charge collection charge collection
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Brookhaven National Laboratory - CMOS Active Pixels Sensors, April 2003
i CSE* optimised for VXD environment (l) - self-reverse polarisation of diode

Classical 3T pixel design

> A
=
VDD VDD =
[®)
RE_SEL xx = . .
N U ] _physical signal
[ | o ! T N occurence
M2 ® S / !
Ml .9 ] /
' COLUMN Sal | / .
LINE xx oE ! ! S Isatulratlon
> oo ! ! S e»ve
VAN e "' f time
5 W I drawing not to scal
;I PIXEL "l/ PR rawing not to scale
el 2 RESETyoLTAGE DROP
due to the leakage current

@ On-pixel amplification requires suppression of the leakage current effect -

preserving charge integration!
*CSE - Charge Sensitive Element
-7-

LEPSIM:;:::: H Ihres




Brookhaven National Laboratory - CMOS Active Pixels Sensors, April 2003 H Grzegorz DEPTUCH _

VI CSE* optimised for VXD environment (ll) - self-reverse polarisation

CSE Optimised for VX Environment

positive power

supply |P** DIFFUSION row positive
selec power supply 2

forward

bias COLUMN 1
D2 LINE T m2

N* NWELL N** DIFFUSION

o T

positive
power supply 1

P** DIFFUSION

2%’533-’2}’”’ NF NWELLA J////////////
or buffer reverse P* PWELL > I
. ; eakage
bias -I_-:‘"! lieak

+ particle

L =707, 7777777777 7777777

Self-reverse polarisation of charge collecting diode,

In darkness, the diodes D2 conveys only a small value leakage current, thus it
represents very high value resistance (10°-10'> Q).
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M CSE Optimised for VX Environment [otal charge in N pixels_}

@300
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I CSE Optimised for VX Environment - self-reverse polarisation design

Effici f keeoi T 4 Pixel Recharge Process
iciency ol keeping g 100 MIMOSA TV I-diodé pixel sélf-bias
reverse polarisation at S 5.0 readout speed: 3.27 ms/frame, temp.: 10°C
high discharging o
resistance, S\q 0.0
)
%0 -5.0
. <
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. -
after *Fe X-ray photon hit  § 4*/—5.9 keV photon hit occurrence
& -20.0
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1 Pixel - Cluster Signal Distribution
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M MIMOSA VI -design

pixel row: n-1:

READOUT CALIBRATION
v
=/ ~—
SMP2 L L ] Gain=100 uS
D J Gu—¢ [ o )
\PIX OUT1
m 1
Charge sensing L 52 LT — 1
element 3+3.3V: 1 C /( PIX_OUT2
[vad | s1 A ]
diode ‘! pixel
g : | | s row: n
o : -
E SZCd,for E PWR —‘_ o
L : ON/OFF operatilnfg pd?ointk
control feedbac
u:l Q cc1 1 I . +1:
Lo, . pixel row: n+1:
3 %ZS arev Gain=1 Gain=5- 10‘ o '
3 . .
2 \ SF - source follower Column level circuitry
; - VA - voltage amplifier (signal discrimination,
¢eeeeeeieeeeeeeeieeeeat LT - linearised transconductance analog-to-digital conversion,
multiplexing, data compression)
Charge converted to voltage on diode cathodes; resulting voltage buffered by SF,
Amplified voltage stored on first capacitor,
Second capacitor stores amplified voltage from previous cycle,
The signals are substracted on the transconduction stage, and currents sent for discrimination,
Differential voltage gain ~0.10 mV/e", differential current gain ~9 nA/e-.
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M MIMOSA VI - design
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M MIMOSA VI - design
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M MIMOSA VI - simulation

@ SPICE simulation of plxel response

2.1 . _ 20 2.1
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. . < ] linear fit a=0.00884,b=0.17, SD=0.061 = ]
(b) for signal of 1000 e~ (schematic) ~0.10 mV/e:, 2 ; v ]
c ] N
(¢) post layout simulation ~0.09 mV/e. E ] ]
O 10 ]
5 ] ]
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S 51 ]
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i MIMOSA VI - analogue part - preliminary results

M Pixel readout phases
3H-Mar-HB3 . CHAMMEL 1
B:59:28 no source (analog persistance) Coup] ing—
A [ecroy | | m
gé FIJSU | 1 Z | Grounded
m |
E.50 ps TOMHZ '8 1 | OC 1Mo
‘—qu'q'SLUFIS A T B e .. | Gr"DL.IrIdEd
9 | AC1MN J
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5.8H p=s ECL TTL
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3 OFF
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5.50 ps
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3 2 v | 3 0OC Z.o0 W
4 50 mv AC B HNORMAL

illoscope, single channel, one pixel @1MHz (for easy visualisation)




Brookhaven National Laboratory - CMOS Active Pixels Sensors, April 2003

i MIMOSA VI - analogue part - preliminary results

M diode parameters ...

Leakage current
measurements
Lgioae=Ttorear/ (30%128)

T=-10°C, 0°C, 20°C

20'05'"'I""I""I""I""I""I""

18.0 ]| —®—leakage @ -10°C increase bias
" 3| —O— leakage @ -10°C decrease bias

16.0 —~ —&— leakage @ 0°C increase bias
3| —O0—leakage @ 0°C decrease bias

—A— leakage @ 20°C increase bias

12.0 __ —A— |leakage @ 20°C decrease bias
j | —@—leakage @ 30°C increase bias
—O— leakage @ 30°C decrease bias

Leakage current / diode [fA]

Bias Voltage [V]

—
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Leakage current / diode [fA]
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to source
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0 —+———r 17
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1| —®— leakage @ O krad increase bias
1| —O— leakage @ 0 krad decrease bias
40 1| —@— leakage @ 100 krad increase bias
1| —O—leakage @ 100 krad decrease bias
1| —4A—leakage @ 300 krad increase bias
30H A leakage @ 300 krad decrease bias

@ 20°C /
24h after 25
irradiation , 44 ]
A DA T
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i MIMOSA VI - analogue part - preliminary results

M Other results...

On-pixel amplifier bias current

POWER_ON

q
AMP_OUT PUT >
Mg

AMP_INPUT 1)
Cc

3 BIAS_SF
gndl gnd]

Test procedure:

_ Analogue power
@ 1, =10MHz supply current

VCAS=1.1V 1=15.1502 mA

VCAS=0V 1=14.9815 mA
:> Ip1as=3.6 BA
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i MIMOSA VI - analogue part - preliminary results
M Differential output sampled during READ OUT phase

30-Mar-p3 no source
19:39:50
1 SO
18 k5 -
35 . Bmy +
18 kS
35 Hmy I o B B LA T L I o B o B o B
2 T
18 kS T
2.[E W T
“‘t_77us pkpk (1) 263y
mean(]) 2.28643 W
sdew(]) 3 _EY9m\. : :
rms (1) 5 JEGaz Pixel noise
ExT TTL ampl(1)  # 26 . 3my
1 3.5@mY DCB}
E 3_BOmY OCEg
3 2 W 5 | 3 0OC 2.60 Y ~
4 EE my AC G ~ 4.3mv 0

TIMEBASE
EXTERMAL

1HEEEE
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10 kS/div

f——SamElini———

—Sample Claock
Internal

ECL BY

—FExternal—

OCHE0 | nieyygy!

—Sequence—

OFF

—FRecord
1EEK

On

samples

EXT

MORMAL

digital 8bit oscilloscope, single channel, external sample clock, 100k samples
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i MIMOSA VI - analogue part - preliminary results
M Differential output sampled during READ OUT phase

3H-Mar-H3 55 TIMEBRSE
Shsa 19 Fe source
1 EXTERNAL
18 kS 1EEEELE
35 Amy samples at
18 kS5/diw
168 k3 —5amp l ing—
35. B Eingle Shot
—Sample Clock
-3 Internal
18 kS5 ECL &y
2.8 Y —External—
OCHEN MEERN
= —Sequence—
Tint 77115 i
pkpk (1) 243 . Ym\y Half of —
mean (1) 2 2EETE Y maximum OF F Iy
sdev(]) 3. 27m signal ——Record
rms (1) 2 : amplitude 1AEK
EXT TTL ampl (1) 230 . 2m\ samp les
1 3.50my DCESH
W 3.50m0 DCE} S N ~110 EXT
3 2 VL [ 3 0OC 2.600 W S=1640e"
4 50 my AC O  MNORMAL

ascilloscope, single channel, external sample clock, 100k samples
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i MIMOSA VI - analogue part - preliminary results
M Differential output sampled during READ OUT phase

Single pixel >Fe source spectrum (integration time = 77us)

1m L] LI I ' L] I L] LJ L] L] l L] L) LI J l L] L] L] L] l L] L] L] L] l L LI B l L] L] LJ L] l L] L] L] L]
T \ - -
900 - \ ES Distribution of signal amplitudes | _
\
] \ Single pbal - pixel #0 ]
800 - E no commection -
- N -
700 - .
- ‘ -
\!
E 600 - :E -
- NR -
N -
\
500 - \ -
o ::: <
400 - 3 4
w 4
. N
wh
300 - i\ 4
. R -
W\
200 - H conversion gain 4
- 555 callbration peak 5.0keV -
o N\ :
] . ]
=.~= \P:: LL}
000 0058 010 015 020 025 030 035 040 048
Absolute Signal ampiitude [V]

Laborsioe o | - 20 -
Elcrrvaigue ot oo
Piystguie des
Syatines Institut de
btumenzsor Recherches Subatomiques
STRASBOURG




Brookhaven National Laboratory - CMOS Active Pixels Sensors, April 2003 H Grzegorz DEPTUCH _

M Current mode CSE - pfotaf ET
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@) t | Opower supply 1

| | i M2
:OUT GND SF E Opositive
to current mode I ++ power supply 2
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A
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+i
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DC bias photoFET current
1W 2
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Small-signal photoFET current
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M Current mode CSE - plotaf-ET

V_dd. u u =
N el .. Pixel design with #£etefET element
My sensingi 8| BI
;Epﬁo/o-s slement - MIMOSA |V test structure
: 1 Q H ]
EIOJ.7810.42 S é %
= Y 8
READ/REF SW |  UlTTUTTTT == JI_‘ phOtOFET layout
RE|F:/§EAD SW = 1”'3?8'; Ipryx1 REF/READ_OUT non-epl 0‘35um9 MIV
- Mgo -0/0.54
L IDLBW 1'—'1.3/0.3 Msq Iprxo READ/REF_OUT
- Ly 1.6/0.3 | Ms60.9,0.3 Ms70.9/0.3 3.3?0.:‘" < >
O Bml:>—|s—10nA My T 08| 08103
2 oy P /0. 0603 T T
ml | o Ce1 ol Cs2 L e
IV, M | Mg _lgo'F) Mg (90 fF) - = ——
2.0/4.8 2.0/4.8 2.0/4.8 —" 2.0/4. = N
gnd| gnd] gnd gnd gnd gnd]
REF/READ_STORE
REF/READ STORE B b e\ e e IS T e L
READ/REF_STORE

READ/REF_STORE B

ADVANTAGES of photof ET:

* DC bias = high transconductance
e Easy current mode memory on pixel

e Continuous signal monitoring - wired OR

iporsiei
P»)ysﬁ.]we% "
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M Current mode CSE - plotef ET

Detection TR

performance | [ E— -

of 3Fe X-ray IEHI-_-'_’?I ' Clk_sampling_

photons R . / . _for ADC
Output signal for
empty photoFET

current sample
Readout of Example of output
reference signal

current and corresponding to
clamping output hit occurence
to V_CLAMP SWeeps:  awverage U —— — —— —— —— — —

=X ®Fe Spectrum measured with single photoFET
5000 | and double sampling amplifier

READ CLAMP/READ
6.9 us pulse

Entries [#]

2
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M Current mode CSE - plotaf-ET

vdd 2V -3.3V

15_0¢n3?3LI IrLLS’-’&s’ﬂ ILL%'%” FLJ 780 LJ 2o MIMOSA IV; Transimpedance
- (20u2) I ege . .
. (ID—L]_SV) ey chopper-stabilised amplifier with
Iy oy B L@H—#I_ﬂ,%;g_m“_ﬂgg} | ) g double sampling operation
|_|Ma.m37. ’_‘
= DC output response

Dﬁi Vourpur = V_CLAMP — VGs,Ma14

Small-signal output response
Mas1a Mas1 J—
6.0/3.07 _11_.010.3 Vv OUTPUT —

] i 10 015 0
40160 .—_l am2-":
Mam1 [‘ [—_| 120.0/20.0 gm,M 1 1 .
8.9/21.6 a . i
lJ_Ll 4 0/6 5. 0/1 5 lJ__Ll REF/READ_OUT

e g e saal o, T 8mbM.,,  Sds,M,, \ READ/REF_OUT

Timing for Read-out of photoFET Pixel and Transimpedance Double-Sampling Amplifier

2.3us 2.3us 2.3us
p7 READ/REF_OUT

, READ/REF_OUT () I e IR i

os READ Crawe/rEAD [0 o [ it S

ps READ/REF STORE L |'—'| __________

p3 READ/REF_SW o j%uﬁ __________
¥

2.3us 2.3ys
, REF/READ_STORE ﬁg

46 46
, mee/meap_sw _TT e e

0 IDLE SW L [ S —

INT strobe_signal — T L MIMOSA IV (—  ————
- pulse width = 200ns 1-diode pixel - photoFET structure

clk_sampling_ for ADC _ integration time ~1 ms

Test performance - rtransimp=600 kQ
LEPSI;::;:::: i

L STRASBOURG
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M Current mode CSE - pletaf ET
Detection 0s Single photoFET Pixel - Transient Signals 601

performance ' L ' ' o ' ' ' ' ]
of Fe X-ray 7

hotons ’
P 0.7 MIMQOSA IV

{ntegration tirhe Ims |
> femp.: 26 - 30 °C | 3

e % = 5-5” ‘E
S g ) 7
g % £
= 5 - § S
2E S s ] J - . : ] 8

o ~N i 700 125 250 3_7.5 50.0 Ia?i?/.:sc;f: 8 5_
.g E g & . Time [ms] re 3-
S 2| 3 g4l 5
; .2 éﬂ 0.4 i A ~ : i ) 5-0“ o
> 3 'i —O—Output voltage of the double sampling ampllfler
~EE —o—Current of the photoFET PMOS device 350_0.1
72 % 3 00 F+——F—7F— 7T T VT T T T T 1 0.0
g > ﬁ 0.0 250 500 750 100012501500 17502000 225025002750 3000
_— O B .
s S8 Time [ms]
Summary of performances measured with single pixel prototype:

G, s ~ 330 PIV Noise |6 = 1.4 nA = 2.7 nA

GOy ~183 “\7_ Noise o> =6mV+8mV
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M Current mode CSE - p4otaf-E1

Operation modes

© Auto reverse . .
® weak inversion, Ipc pros=low

polarisation
—a Vs €In(@+1, )
vdd 1 vdd 2 BS,M1 leak
I O I : | — IDC,PMOS oc O
] charge | Vs, mi1t+Ves, M2
: M2 sensmgi IDC,PMOS oC e
: :l element: _
i i @ Charge integration Not ytical fi but f
: : . . * Not easy analytical form ... but for
; M1, : with reset transistor Y ;
' @ ; integration mode ...
] I NWELL : vdd l=vdd 2 < vdd 3 g
: PMOS P-EPI : - - - - photoFET output current
) PR tsheefioetl Sl - vdd 1 vdd 2~ [vdd 3 p I . 1
— actual
IDC,PMOS charge gm e =033% /B/ -
: LMo sensing | pMOS M T
ISF |OUT | >element Lﬂl : a <1 Vdd ph | 28V
I ' ! . I_sf 10pA
M3: RESET Vot 1V
M : 10.50 10‘00 20‘00 30‘00 =10‘00 50‘00 60‘00 70‘00 80‘00 90‘00 10(|)00
d ' 1 IFJ : number of electrons
gn A ¢ "1 : . .
: NWELL : . %10 re5|d‘uals ‘
:| PMOS|p-EPI : l N I
6‘00 PMOS 5 ol I

number of electrons

| - l l -
_2 |- |
lout . f
E : 1250 2500 3750 5000 5250 7500 8750 10(;00

E»ammmam _ 26 -
| tnd
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i Paths for new chip design ...

“fast, high resolution, and macroscopic
size MAPS detector”

Use of linear sensor - 3T approach:
e Off-line CDS - « no intelligence » - (MIMOSA V),

* DDS - kTC noise, column-level processing
(sparsification).

Use of self-reverse biased sensor:

* Both readout modes as for linear sensors,

* Voltage mode - charge-to-voltage conversion - amplification,

auto-zeroing, difference calculation, column-level processing
(sparsification) - (MIMOSA VI),

* Current mode - charge-to-current conversion

- amplification, memory cells, column-level processing (sparsification) -
(photalFET MIMOSA 1V).

On-pixel
amplification

debarsioiw
S
Bysiimes
B
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% line represente
a) slow read-out (serialised pixel information),

b) physical signal extraction with off-line CDS,

c¢) non intelligent but slow read-out easily fits DAS,

d) minimum SNR ~10 for the seed pixel in order not to lose detection efficiency,

¢) parallelism in reading out information translates in practice to on chip data sparsification,

f) Processing on-chip of CDS type (in non-agressive way) requires memory (digital) - space??

\

~8.70r12.1 cm

A

A H
3 total
1TOP S 5 or 7 modules
4511a0rrg¥2 NI 1020x1024 pixels
X =~ ] e
B 17350 pm>» each module
EEREREREERREEE one reticle EEREERRSEEREEE
P1BOT size
i 17317 £19400x17350 pm?
E um pitch 8 ::;

analogue readout | analogue readout analogue readout [|analogue readout analogue readout | analogue readout

TOP&BOT LEFT, OP&BOT RIGHT| [TOP&BOT LEFT|[TOP&BOT RIGHT ‘— TOP&BOT LEFT|TOP&BOT RIGHT]
digital control digital control digital control digital digital control digital control

TOP&BOT LEFT|TOP&BOT RIGHT| |[TOP&BOT LEFT OP&BOT RIGHT TOP&BOT LEFT|TOP&BOT RIGHT]

00000000 00000000 v oneslabofsilicon [ (J[JC1 0 0O 0301

analogue signal bus I

VME bas;itria[;:lg l;t system (readout clock frequency 40 MHz)

and hardware data processing unlts

l EPSIMWM H M
| stitut de
LTSI Recherches Sul b t ml u
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iV Paths for new chip design ...

e Offt-line CDS

*used as a function of the MIMOSA chip vesion
VDD :'l:flet?g:ce c9ntrol - ‘ T auxiliary references* references for on-chip amplifiers
Vn o ety —ara dad | | z:f:f?;z’,:zﬂ |
analog pwr. supp
digital pwr. suppl
hi fi tiol oo}
Ron Voltage reference
for internal amp. . ] ‘ﬂ - ] ] ] ] ]
§ % b hreference fgr differentigl line drive{s
51 <
Cd 58a v
Von VOLTAGE
REGULATOR
GND current references digital interface ‘ ‘ ] I ]
ower supply
. . Front-End Board Y5V, 5, GND
kTC noise suppressin
PP 5 Interface Board
Readout with circular buffer memory architecture T
. . . digital interface
allowing Correlated Double Sampling (CDS) (off-line) ’
]\l 3 =2 2
FPGA % x % e
- XILINX 3 © o
L 4096 x 16b 0 counter position . 8
e . 8192 x 16b
I« W 1
F1|F1|F1|FO|FO FO|FO|FO| FO| FO|F1|F1 F1(F1 _ adcress aata
pixel pixel| pixel| pixel| pixel{ ~~"" pixel| pixel| pixel| pixel| pixel| pixel|pixel]l =" pixel| pixel VME interface bus bus MSB __
4094(4095|4096| 1 2 4092(4093|4094| 4095|4096 1 2 4092(4093 I I I ”
frame 0 1) frame 1
TRIGGER

write pointer direction

In new version of DAQ cards (VME/USB2) CDS
(pedestals, noise etc.) values computed on -line ...
1

Institut de
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| Pgths for new chip design ...

~ 5-12cm >
A Irmrr——— > T » 1 |, B>
° o ° ° —+—» ‘ — =
Stitching issue ... T < ~ G—
| - > — g O—>
-+ —»lgk
= = 1ylau|2gG>
o . = i . = T - = 1T -l E G__>
o ndividual— ndividual —> ndividual—>»%5 85
) : g G . 1yl 9 0l& S| F—>
chip_| chip chip_[) 8’3 5_ S
~2x2 cm? ~2x2 cm2 +—» ~2x2 cm2—> T 4|13
2 - - ——> %,_ G+
shift register shift register U shift regiét'e'r CTa——
direction of data transfer ——» ©°N€ slab of silicon
et .'-.:.-',._;'.:r'I.-'{i"'{."":'! « Stitching technique - starting to be well established

fabrication service at some foundries (AMI, Tower, etc.)
« Stitching offered in sub-micron processed on 8’ wafers
* Available stitching precision ~0.1 pm !!!

* Stitched blocks must overlap

* Stitching design rules see US Pat. 6,225,013

2.1” x 2.1 Stitched Die on 8” wafer
after American Microsystemes, INC - www.amis.com -
-30 -
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iV Paths for new chip design ...
* DDS - signal readout — pixel reset — reference level readout

1. readout of signal

nd
]i_ in-digital data
sparsification

S W T optional SiH
¢I)
_/ diffen I/l ? data

roces
block

COLUMN ) VOPEN' _L ! transmision
LINE xx o
I 1 low-resolution
f ____2d_ 1 2.5 bits but fast! paraIIeI column
L‘g e Pt pipeline
B . wi
o a 2. res#t of pixels in one row
£adout of signal after reset
- in-digital data
o o i o go
analogue and digital ... Ig/l }» g8 - ata

w-resolution \

o

High resolution

________ 2-5 bits but fast! parallel column
processing e o ith pipeline
) al multiplexing
Low resolution T A(SR in-digital data
processing % T ( ) optlonal S/H l\l sparsification
i | ' (&) gﬁ
Design criteria: reLosen] 1 |<°:/| h 52 fransmision
]
power,_ Space’ ?p.e.ed’ wowl Lt :I:_nd :____":“]_:_ : 2|o5“l’)|2§slglljltltflgsnt' parallel column
practlcal feasibility Jprocessing

# cach access to pixel requires at least 3 clock cycle.
LS ires *
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iV Paths for new chip design ...
* DDS
# no CDS instead DDS; penalty: decreased SNR w.r.t. CDS off-line:

Gy =2 G @ non fully efficient reset @ noncancelled interferences

total
% at current state of experience the only one method to satisfy:
a) column parallel readout, b) large size of matrix, c) fast read-out clock frequency.
¥ necessary data processing on chip to:
a) accomodate to decreased SNR, b) fit data throuput to any DAS.

source of ‘ noise ’ - imperfection of reset operation - use hard reset only!

Reset transistor above threshold Reset transistor below threshold

™~ ~

T 4 T ¢

3.5

38

=~ =

S S =

g 23 < 53-6? R A

2 2 /s ~W/L=1 S =5 5 8 7

3 [ #L=2 S s22 28 |

S S 3.4 =~

2 1.5 W/L=3 = T e

S 1 S 3 SS=z¢

%o reset transitor current §‘° ) E: E E E E:.,

S 0.5 @ t=1 ns ~80nA for W/L=1 3 W/L=3

= / = 3.0 3 3 3 3
0 2x10° 1% 4x10°"°  6x10°"° 8x10°"" 1x10°°® 0 0.2><10'3 0.4x107 0.6x10™ 0.8x10™ 1.0x10"

Time [s]

Time [s] Efficiency of reset operation
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iV Paths for new chip design ...

M Algorithm for on-line data sparsification - take into account charge spreading

500
400

# Entries
- Now
o o o
S & o

o

800

600

# Entries
I
o
=3

1 Pixel - Cluster Signal Distribution

50 100 150 200 250 300 350
Cluster Signal [ADC]

MIMOSA I 1-diode pixel
Nent: 20492

Big Peak
Mean: 68.67

HEEHHI 0 O0+0

SD: 31.13
R2: 3.78
Second Peak
Mean:1271.67
SD: 5.59
R2:3.78
eV 6.49 keV
[

9 Pixel - Cluster Signal Distribution

MIMGSA T I-dioJe pixel
Nent.j 20492
Big Peak
Mean:224-54
RMS: 15.65
R2:2.29

50 100 150 200 250 300 350
Cluster Signal [ADC]

e
P»)ys&]we%

| tttd
mmmmx thSbtmlu

1000

# Entries

# Entries

800
600
400
200

600
500
400
300
200
100

4 Pixel - Cluster Signal Distribution

Bi

IMOSA 1-dioim

Nent: 20492

Peak

RMS:

Mean:|176.54

11.98

R2: 2.52

Cluster Signal [ADC]

50 100 150 200 250 300 350

25 Pixel - Cluster Signal Distribution

MIMOSALl 1-diode pixel
I\ Nent: 20492

Cluster Signal [ADC]

X-ray source - >°Fe - 5.9 keV photons.

50 100 150 200 250 300 350
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[ L |

Sample/Hold circuits

Bank of Wilkinson type
3bit simple ADCs / channel

ST I
single
DATA IN channel
22 [ :hrelshold decicion
pixels evels —tfor p_I c
cluster th_r_1 — low thresh. o "'6‘-%
: ' frlom . Crpys
| closes noLs
thr_ns p_1 neighbours §3 CI>’.§
threshold - [T 20l
registers My 1 7>~ |block of| |decision
FIFO = I__l_\1 12 comp. | |block
' T | 11
p_nf threshold levels
digital_ S|g?al
summing to increase
|mmunlt§’( to noise, {atc{l signal
detection of centroids ofs °"et
depth of FIFO in columns information
allowing to cope —]
with asgumed%nd [ ||
+= fimited fumber of Ipata buffer (FIFO)
column|matrix stored pixel signals and addresses
bt/ \obi/ \abi/ G bi ‘
Digital data and hit address hlgh speed
|HIT‘?| [mir 2] [Air 2] [mir 2] [ 2] [ 2] [Air 2] [Ar 2] encoder + data transmitter dlgltal link

[ - 34 -
P»)ys&]we%y“

| lt!d
mmmmx thSbtmlu
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iV Paths for new chip design ...
* Pixels with
. . . How to read data
signal amplification
5 P from vertex detector ?27?
What requires and constrains physics ...
What machine duty (timing) allows ...

H Grzegorz DEPTUCH |

<4
S/H in on-pixel memory cells...

Reading and processing

in dead time of the machine... Continuous reading...
) TRAIN _ __ PROCESSING and READOUT On-line, on-chip
H DUTY CYCLE - data processing...
sxslexs| ___[Bxs[Texs [oxs [ BX's
integrated|infegrated intograted| | integrated | integrated integrated, , Fast readout clock
T 0 o :
SH s oh Q? d LL> . Q> - Increased power consumption
i 2 IIm ifi ifi ifi H H
clt _colz __,  cellm sparsified sparsifie sparsifie high system complexity
TESLA:
. rate 4...5 Hz, BX/train 2820...4886, BX . 337...189 .
T aod time 169 ma sep ns Examplg of MIMOSA VI based systel_'n.
100 fF “ncapfet” capacitor ~200 ns/plxe_l + 25 us readout_:> 125 pixels
uncommitted force: rows in parallel
0.35 um CMOS - 4.67 x4.67 um?

0.25 ym CMOS 4.25%4.25 um?

Institut de
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[Vl Pathe far new chin dacinn

What to process, Lo——m; |
current or voltage ??? ehid > o

Mig ;200£8)
Imposed solution: VeEEoniz | BBAL  ppiow,
p ACCESS, ACCESS; DP—M—iL Eil flhzoff-:zl

photefET CSE #‘inﬂ ? D N ol =S e

¥ efficient way for low c lm i [
. . t : al Iprxi Corminal
noise pixel design, —JI1 Ly : >
1 Msn Mg+ gain
»auto reverse bloased T Mg s T T IMy,  XpFaE D—ar—
nwell/psub junction, M M parasitic | REE out
. . . mn - m1 line cap. mean BN
¥ possible implementation :l c "'1’2’---:| c difference
gs cooe gs gnd readout path
of current mode memory u
. n n o
cells on pixel, B me, mwEE T s, ORI §
»relatively easy method for TIME FORADC
~100MHz 4——10cycles —» - 10 cycles ——» & 11 cycles —»

=
)

.S I I e I I e I I I I O B I I et I O

signal extraction via
implementing signal
sampling and CDS function,

# similar in concept and - =

example for 2
memory cells
>
(2]

(2]

m
1]

g

performances to o T 1 —
« DEPFET »! bllt... in S e s R e T T
monolithic approach! YU S N T S S~ N N N N SN - SN N N N s A A

MIMOSA VII development -
-36 -
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M Current designs ...

(31,31)

OO

E_ E]-‘/ pixel

OO

g5 el

SUCCESSOR*-2
thotof ET for dosimetry application

reset_b<xx>
pwr_on<xx>
row_select_b<xx>
V_bias_sw<xx>

column_select_b<xx>| Read-out frequency

l comP1

1 COoMP2

vdd

current_ref

sf_bias_switches

(@

Institut de
Recherches Subatomiques
STRASBOURG

Matrix size Matrix_single 32x32 pixels
Matrix ganged 32x32 super-pixels (96x96 pixels)

Pixel Size 12.5x12.5um?
N-well area 28.7 um?
N-well perimeter 20 pm
Total n-well node capacitance ~30 fF @ 3 V (10x10° e =55 mV)
10 MHz

Transimpedance Amp. Gain 250 KQ
Single Ended Input Amplifier S:m 200 MHz w/ 2 pF c017.310da]?1

out

40 ym ————|

e

P
&

reset_b
pwr_on_sf
pwr_on

Integration period

oo ULNANM -~ AR
read-out it
—n__

Basic Timing Diagram

\\\ T 3 R b R TR N S R
S S R A

IR
R

o 'l,;’/lé
SRR

£ oz
B

7

ez

ez

rosonanaronan;

2

.

B | SN e ) l%‘%kﬁ% =y
0 | 3 5N

ol
TRNERE T

Ganged current

*SUcima Cmos ChargE SenSOR
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M Current designs ...

rowsxcolumns=128x64
pixel ° ’ rT J
Fegisto HI I aR ol | et [ I
register 8 e by ' = o g, i .
# H L B BN H H L B BN H H
EI:S ‘IES.li El:si ES:l El:Si Es:li
nai ong & gna pai ond - nai gng na! o
[v'd (7] 2 pitch 2 memory pitch 2 memory pitch 2 memory
w ; 8 25x25um? cells 25x25um? . cells 25x25pum? cells
=
be Y : |
2[ 227 7| T
9 E E 8 g X > & x YJp _H
" ofl =@ gv S| || nerd | N N | Nard Nerd N || ey
charge W | L w snw mna
digital Ll o
n O . . . . . .
pattern (7] o <w o i g s e o o
; < w > pitch 2 memory pitch 2 memory pitch 2 memory
o iz l: 25x25um? cells 25x25pum? cells 25x25pm? cells
|| D250 .
() O w E [
Dzt 5 T
Xlloouw| 9 |
m E ) 4 o b4 T 1 A_I
g HRIE A ET Koo f TR ) Koo d Tt 7
E o phil phid phil phid’ phil phid
Charge : ‘ H H nmw H nEwm H H
dlgltal : 1:5 5:1 1:5 H 1:5 5:1
pattern E it:hqnd znd' gnd}| it:hqnd' 2nd‘ gnd| i‘::;lg d znd‘ gnd ]
D5 wa5pm? "eeild S5 25pme st S 5rasum? st
(Jout (Jout (Jout [ 1 —
[ L_il 'Jl
CLK o LAY 5 g Ui . (A% 1:25.3_1:2 'Iﬂ_
~10 MHz g g 1=
process| E e i g 2 5 COMMON MODE
-_— < <
rn o . N . and
e o= g “as g "ea g DC BIAS
register w < S g )
5 8 3 3 1 3 SUBTRACTION
= 2 2 2
°<‘ @ L — : | : ‘ :
o L @ q @
J¢
CLK D - @ > @ >
&) L < g8 7 § 28 7 3
~100 MHz T
00 o5 ¥ ¥ ¥
out 0V outn out 127
out 0...31 out 32...63 Olit 64...95 ou{t 95...127

;@ )

¥

¥ ¥
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M Summary

® Alternative approaches for pixel configurations - appealing:

* possible use of lightly doped non-epitaxial substrate,
e auto-reverse polarised CSE,

e current mode CSE photoFET,
M test performances on array structure < SUCCESSOR-2, MIMOSA VII.

* design with amplification, double sampling, column parallel readout,

M perform analysis on whole population of pixels < DAQ ready.
M couple 24 analogue channels to discrimination stages = test performance of discrimination.

 analogue memory for on-pixel data storage,
M current mode approach for memory and column readout.

« implementation of algorithm for on-chip data sparsification,
M task repartition < pixel.

® Optimise granularity, on-pixel functionalities, readout method, readout speed, power

+ material budget to fit application needs.

LEPSIM:;:::: H Ihres ‘




