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e Introduction: ILC project, vtx-d and requirements

 DEPFET technology:

principle, present production and thinning approach
e Sensor characterization: clear, rad. tolerance

e Overview: ILC DEPFET-System

e R/O - electronics (CURO- FE):

architecture, circuit realization and results
e Results with present system (lab, beam test)

e Summary and Outlook
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International Linear Collider

e design phase: ILC - TDR 2007, starting 2017 ?
» 3 detector concepts: LDC (TESLA), SiD, GLD

o : e precision measurements: 4(1/p) = 5-10°/ GeV
@; (1/10 LEP, LHC)
7 Il ¢
) et e . . .
> < defined initial state

* luminosity L = 3:10%¢ cm=? st , E,,upto 1l TeV
electron-positron collision
ligh energy physics experiments

33 km

e [inear accelerator

¥-ray laser

= no synchrotron-radiation : AE, . o E*/m*

e superconducting accelerating cavities ( >25MV/m ):

damping ring

e ] slectron sources
§ (HEP and xray laser) o
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Beamstrahlung (e*e” Pairs)

Radius [cm]

6.0
I

800 GeV, 3T
500 GeV, 3T
800 GeV, 4T
500 GeV, 4T

layer 1: 0.05 hits / mm2 / BX
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ILC Vertex Detector (LDC)

Impact Parameter Resolution (d )

> ~ track
TR h J ﬁ { b Y <p>=1..2 GeV
c= /a + ~ 3
pfm'e'{ | b : 300um
e 5 layers, r: 15mm ... 60mm a <Spm(po1int precision) c, T 75um
: _ _ _ b < 10pm (multiple scattering)
e pixel size: 20-30 pum, spatial resolution of a few pum
e module: ~ 13 x 100 mm?2, 22 x 250 mm? Technoloqi
_ : echnologies:
ov.erall 1GPixel . CCDs / ISIS
e thin sensors d=50um: 0.1% X, per layer - MAPS/CMOS
* low power consumption (simple gas cooling) - DEPFET

« radiation tolerance: 200 kRad (5 years)
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DEPFET principle of operation

internal Gate

rear contact
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DEPFET Fabrication

HLL located at the Siemens plant

design, fabrication and testing in Neu-Perlach (founded 1992)
of DEPFETs at the HLL MPI Munich: = Halbleiteriahor

e 800m? clean room (class 1),
e 6“ process line,
e min. feature size 1.5um

Fermilab, 17.07.2006
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DEPFET Applications

XEUS pixels on same PXD4 wafer run as ILC

EUS ILC

The X-Ray Evolving Universe Spectroscopy Mission

p+ drain

polysilicon gate

imaging spectroscopy particle tracking
Xray astronomy HEP p source
polysilicon clear gate
7.68 x 7.68 cm? 1.3 x 10 cm? (x 8) o
1024 x 1024 pixels 520 x 4000 pixels (x 8)
1 MPix 1GPix - "
E pa—
] T=-50°C
75 um 10003
§100;\~ Al-Ko Si-Ko Escape Peak }
300 ... 500 pm MWMWWNWMM
1031

~100 el. ENC T
0 1 2 3 4 5 6 7
Energy (keV)

energy resolution:

126 eV FWHM @ Fe>>- k line
corresponding to 4.9 e ENC

50 ps / frame
50 ns/ line

1.2 ms
2.5 us
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sensor production for the ILC

fabricated: matrices with up to 128x64 pixel, 450um thick
linear double pixel structures (22x36 um?2 pixels) (high density layout)

2 vadd ] 4 | | t
g _ | R0 O OO ate
=mN=dmy=— - =
=l =1 | M
1111 gate N
= a k| [
- il A BC source
— =TI T s = =
- L1 L] clear [ N
m =00
=t S et it '
f—,_;——'— 17972037378 374 : ' Bu B Ra S e Drain 2 — Clgar
O [ IR R R R (P+)
e Y e i e drain 1 drain 2

/ also: clear gate

- new production started recently 03/2006:
special clear gate

e matrices up to 512x512 pixel
e full ILC length column & row test structures to support clear operation

-10 - Marcel Trimpl, University of Bonn LAB
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DEPFET clear operation

ext. gate Cleargate  Clear

rear contact

Fermilab, 17.07.2006 Marcel Trimpl, University of Bonn




DEPFET clear operation (details)

Drain 1
(P+)

« ‘clear gate’ to lower the clear barrier
Clocked and static operation possible

« deep high-E n-implantation in some devices

to lower clear voltages Source

(P+)

Drain 2
(P+)

perpendicular to channel

along the channel

clear gate source drain
channel
el internal
gate
high-E

(some devices)

Fermilab, 17.07.2006 -12 - Marcel Trimpl, University of Bonn @ LAB
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clear efficiency

e Measurements on mini matrix devices Complete clear in only 10 ns:

e ‘noise’ becomes minimal if 2
. | < _

clearing is complete! - —a—Ugjoaron = 8V

3 O oise % UClear-on = 10V

g 20- —*— UClear-on = 14V
2 / 12 i

. 19' UClear—off = 3 V
E 1 : 15 |
@ o 18 S
8) 21

§ P 17 4
—_ 24 1
9.2 16
- ) 27 i
30 15-

high-E
0 l20 l 40 l 60 l 80 l160l1éol1;10l1é0l1il30l2(l)0l220
At (Clear) [ns]

32

10 12 14 16 18
U (Clear on) [V]  (Clear off = 2V)

(o]
o]

e complete clear achieved with static clear gate!
e required voltages small (56 — 7 V) —
important for future SWITCHER!
e clear (gate) operation does not decrease
after irradiation (1MRad) [C.Sandow, Bonn]
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» various designs (high-E, no high-E)
e geometries (length of clear gate)
e operating conditions (static or clocked clear gate)



radiation tolerance: sensor

irradiation up to 1MRad using %°Co

PXD4-2, J14, 60Ce, (GSF)
— T T T T T T T T

>Fe
shaping-time = 6us, @ RT

~ 1MRad

k]
|
-
(=]
-
L&)
o
4+
[
3
L+l
L&]

3.8h 1235h 293.6h

annealing

T RS NS T RE T NS R
200 600 800 1000 1200

Dose (krad)

200krad
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matrix operation

« low power
consumption,
e low multiple
scattering
but line rate:
= 20MHz

GATE SWITCHER
row selection for readout

CLEAR SWITCHER
row selection for reset

amplifier / multiplexer
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ILC - DEPFET module (L1)

sensor: ~50um

frame: ~300um

steering

‘‘‘‘‘‘‘
....

\
cavities in frame can slow contro
save material ) . . .
chips 50pm thick thinned sensor (50 um) thick support
& bump bonded in active area frame (~300 pm)

13mm

»
Ll ]

»d
L ]

material budget (1%t layer, incl. steering chips and frame) ~ 0.11 %X
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Producing thin DEPFETs

sensor wafer

----i"\i

1. implant backside . bond wafers with 3. thin sensor side 4. process DEPFETs 5. etch backside up
on sensor wafer SlO2 in between to desired thick. on top side to oxide/implant

wafer bonding:

[L.Andricek, MPI Munich]

Fermilab, 17.07.2006 -17 - Marcel Trimpl, University of Bonn LAB

Silizium Labor Bonn



ILC DEPFET-System

Clear DEPFET Matrix (450um thick)
Switcher 64x128 pixels, 36 x 28.5um?

LTI da - CEoL.EAEAE

_ USB 2.0 based
Analog board with digital interface

Gate ADCs, DAQ ... board
Switcher

. HAATES \
P \ ;.AvJPP
s -g
T

Current Readout
CURO 11

Hybrid-PCB
[H.Kriiger, Bonn]
Fermilab, 17.07.2006 -18 - Marcel Trimpl, University of Bonn LAB
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steering chip SWITCHER

A
=
=
S
v
v
2x64 outputs Pads for control
daisy chain inputs

» functionality proven
« RAM & sequencer (digital) tested up to 80 MHz
e power consumption ~ ImW / channel (@ 30MHz

Fermilab, 17.07.2006 -19 -

Features:

e produced 1/2003
e 2 x 64 channels (A’ and 'B’)
e switches up to 25 Volts
- ground levels arbitrary
« internal sequencer (flexible pattern)
« daisy chaining of several chips
for modules possible
e 0.8 pm AMS HV - technology
e radiation tolerance may be problematic!

_ : 1 1 :
3@3 . ks . )
| B 4| 20vi

Switching 20V @ 30MHz

[I.Peric, Mannheim]

Marcel Trimpl, University of Bonn LAB
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SWITCHER: speed

—=— VDDA =10V
—e— VDDA = 15V

- —#A— VDDA =20V

Fermilab, 17.07.2006 Marcel Trimpl, University of Bonn LAB
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DEPFET readout: drain vs source

source (follower) R/O drain R/O
l's voltage
readout
| —D>AU
CGS
CGD_
; Al R
voltage is “kept N el
- constant”
= constant bias current I; provided
« charge in internal gate translates * keep Vpg constant, measure Iy, directly
into source voltage node change - fast response: limited by RC time
CL (1+Cgs/cgd) of R, (CURO) and C,

T =2.2X A US
— few ns @ C, =40pF

no option for ILC

Fermilab, 17.07.2006 -21 - Marcel Trimpl, University of Bonn LAB
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readout mode @ ILC

ILC: no ,,trigger” - hit detection / 0-suppression in readout chip

select _  _  _  _ Jsis?fr%ed ved L. . _ Jsigipea  pea |L
i- (i
ndb@dlc  feme J_I_@ ___________ @@ row 0

<«——— signal accumulation —

frame i

select Jsig+ped ped |_ _________ _Jsig+ped ped |_ _______ - :
(i-1) (i) (i) (i+1) row n

sample [ [l N ) N A _
cloar | S S | I

<«—— signal accumulation ——

advantage:
- 0-suppression while processing one row

- fast CDS (suppresses 1/f noise)
needed: -complete ,clear” (demonstrated!)

Fermilab, 17.07.2006 -22 - Marcel Trimpl, University of Bonn LAB
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overview: CUROQO-Architecture

CURO — CUrrent ReadOut

e current based readout
— low input impedance by regulated cascode

- pedestal + signal is stored in current memory cell

e pedestal current is subtracted at input node
after reset (fast CDS)

 signal current buffered (alternating) in 2 cells
— hit-identification, FIFO storage

e FIFOs digital part is scanned by HIT-Finder

» Hit-Finder finds up to 2 hits per cycle:
- analog currents to outA, outB
- digital hit position stored in HIT-RAM

Fermilab, 17.07.2006 -23 -

DEPFET-current

current
buffer A

current

compare|
[N current
( ’ buffer B S
storage:
| P N
ped * “sig
S /) N,
Y Y Y\
analog| 1/0 'ﬂ
FIFO

outA

I I N _V
v v
Ou’gp_l_x_t_ MUX
A
HIT-Finder
HIT-RAM
hit-address
DIGITAL - Part l
serial-out

Marcel Trimpl, University of Bonn
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CURO I (testchip)

= TSMC 0.25um
= S5metal layer

= contains all building blocks of CURO-Architecture
= radiation tolerant layout rules with annular nmos
= 05/2002

EoE
- == -
oy =

Wl
. --'-_I;‘.
. | _
. 1) ‘_..
. .,‘....,_

r/o concept proven !

Fermilab, 17.07.2006 Marcel Trimpl, University of Bonn LAB
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CURO II

~ steering unit:
~ 20 steering signals

(- TSMC 0.25um
e 5 metal layer
e 4.5 X 4.5 mm? (

- 11/2003
\_ /

12x 8bit DACs
gl —mareaesanaet s, Biasing, test currents,
i} thresholds

!E "ﬁf

LLLLLILLLLY

pads (communication):

fast signals: LVD
ast signals: LVDS 128 input channel

(DEPFET - Matrix)

ANNRNENNNNNNNNNRNNRRERNERE|
{ 1]

JENRRNNNNNENER

T LT LT P

A LTLLTITITITTTTITLTLT

| 1]
N—

Hit-Finder, \ o i analog part:

RAM, FIFO - ' ' current memory cells,
comparator

Fermilab, 17.07.2006 -25 - Marcel Trimpl, University of Bonn @ LAB



input cascode

channel i

(Iped+ | ig) or Iped

444 same power (1.5mW /channel)
4 same load (10pF) A ANALOG - Channel
_ . . cascode current
401 control dynamic behavior I buffer A lyg
] P : current
] / (pole-zero cancellation) — "‘compare
< 36+ buffer B
= 1 storage:
b 344 Lo+
E _ ped ~ 'sig
-2 324
_ v v v v v v
30 <
2-
26—- 1= CL. Rln
0 I 2I0 I 4IO I 6IO I 8I0 I 1(IJO I 150 I 1£I10 I 1€Ii0 I 1EI30 I 200 |n
time [ns]
ime [ns p ® ® O—Ci M2 louta
( . JoutB
g e _-CFB
v, =—"2 high by higher I d C
gr — igher g,,, by higher Ig;,c — speed vs. power e Yy
27 C,
present-matrices : 7.5pF; final ILC-matrices: ~ 40pF !! — 'sm@
CUROIIb: power down feature —» out
IBias = 1pA static operation — fix input potential .
500uA — high speed operation cascode compensates load capacitance
Fermilab, 17.07.2006 - 26 - Marcel Trimpl, University of Bonn @ LAB
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current memory cell (principle)

in : out
S1 S3
Sz
=1+ IBl M1 -
— G
[Hughes/Toumazou]

(use of cascode techniques !)

Fermilab, 17.07.2006

store current ??

charge: input (S1) and sample-switch (S2) closed
-> charge gate-capacitance of M1

sample: open input (S1) and sample-switch (S2)
—> voltage at capacitance ,same*
-> current ,same”

transfer: close output-switch (S3)
(right after “sampling”)
-2 1, = - |I;, at output node

- 27 - Marcel Trimpl, University of Bonn LAB
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current memory cell (advantages)

in : out
S1 Ss
Sz
=1, + IBl M1 -
— G
[Hughes/Toumazou]

(use of cascode techniques !)

Fermilab, 17.07.2006

advantages:

e drivers not needed

e high dynamic range (with reduced supply voltage)
e precise current subtraction easy

Marcel Trimpl, University of Bonn LAB
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hoise vs. time response

w
=
o
e
[0}
o)
=
=
3
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two stage sampling cell

schematic: layout:
I L%

S o -
S s 2\ 575, S 4(‘3;4
RN E

Nwerk B roirF | NDIFF poLy [l cont B meET1 [ viar [l A

25 um

coarse fine | éi
stage stage
- - \J
-4 e
(+) improves linearity 40um

coarse sampling:

(non-linearity due to charge injection)

AT=18.6+0.1ns

(-) more complex steering ! (all signals generated ,,on-chip*) B

different designs:
coarse stage: fast, noise does not contribute
fine stage: ,slower”, optimized for noise

AT=121+0.1ns

Ch1l 500mv H4.00ns A Chl J-10.0mV

calculated noise: ~ 25nA, bandwidth: 50MHz

Fermilab, 17.07.2006 -30 - Marcel Trimpl, University of Bonn LAB
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Linearity + Pedestal Subtraction

gain : 1.0005
offset : -1.67 pA
non-lin. : 0.287pA

integral non-linearity [uA]

slope =1.53%

Fermilab, 17.07.2006 -31- Marcel Trimpl, University of Bonn LAB
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Noise & Dispersion

S
5

comparator response [%)]

100
! thresh [nA]

L

precharge. compare
calibrated
o= 32nA q"]m —| u

range = 160nA

from
buffer /B comp_in I, precharge

O—@——
uncalibrated to digital

6 =425nA FIFO

comp_clk
range = 1385nA
| +1 M2
/ l thresh 'trim

# entries

5700 5900 6100 6300 6500 6700 6900 7100
threshold
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fast O - suppression

Hit-Finder: parallel tree architecture
e finds up to 2 hits per clock cycle

e propagation delay:

;

Jlog(#channels) = 7 only !

%

serial hit finding

e clock > 2 GHz needed
e ,aggressive“ even with 0.09 pm !

g

leaf (. lower" part)

J

— up »
0 @_ up_back back
out
0 @— down_back
[P.Fischer] down #

Fermilab, 17.07.2006 -33 - Marcel Trimpl, University of Bonn LAB
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Hit-Finder: Layout

7 level = 128 leaves

) g challenge:
128 leaves
of the tree
| | in linear layout
|| overall: 3200 x 85 um?
|8 E<aa | E
(on | pedam | B [25 im
| \J
EESYaEN SR SRE A R

rad. tolerant design !

Fermilab, 17.07.2006 -34 - Marcel Trimpl, University of Bonn LAB
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CURO II measurements (cont'd)

@25V, RT

40 60 80 100
frequency [MHz]

Fermilab, 17.07.2006 Marcel Trimpl, University of Bonn LAB
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System Measurements

LRl s ’
6 AR AT
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Hybrid with CMOS-Imager Matrix in AMS 0.35um

€D TESLA System Headquarters

CMOS matrix

1158 Board Sequencer fieq
& Use-> 53
=

i other IZT-J

4. 200 WHz

Browse..

| Wiits CLK ralin
$3Boad L

w PLL/2

Take FlatField

SILAB LUSE Board 1.1 - ID 6, Fw Wer: 4, FPGA Fw Ver: 255

Plat Hitmap
ADC Values -> Memo

s e

C=p
Fodd

Fermilab, 17.07.2006

§ot
chag

#EdssEaREs

-37 -

Zl0

7

©
—
<
Lo
&

/N SN " N |_
reset[0] L H H—" select [0]
” L 0 L 0 L O [
Q *9' :’ *9' I_
reset[1 H H 5
[1] ] T ] select [1]

i
‘é

res

— select [2]

h
1]

1
St

ZInZ

lout[0]

reset
circuit

lout[l]  lout[2]

e Jh—
"]

I I_ Uped

sig ped

I— select

Marcel Trimpl, University of Bonn
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zero suppressed r/o (CMOS matrix)

Hybrid with CMOS-Imager Matrix in AMS 0.35um

€D TESLA System Headquarters

Erowse..

Save as..

Feinitialize

Switcher Cantral
Curo Control

Sequencer Ctil

ADC Test Form

HWE Test Form

Power.
on oft

Reinitialize.

1158 Bosd
SRakt
FiFn
Switcher
CURD

USB Board Sequencer fieg
@ UsE -5 53
=
" other [0 =
4,200 MHz
Browse...
I Wite CLK ralin
CORLL
Ei?éd ® PLL/2
= CORLL/
- OPLL/E
other =
Bionss Digital Hit Dats
Irit
— | Datect hits
IniFile
@ temp [last) Fiead HitRAM ¥ temporapfile [ cumulative
CCMOS T
© other Analyze hits [V last filename Shaw_fifo_contsnt  [v Plat

DUNKEL

HELL :

Matri

Sample Frame: 10 Plot Hitmap
Take FlatField ADC Values -» Memo

full analog frame

lightspot of a desk lamp

E
:

zero suppressed analog readout

analog

e e §
Co=———I

OO CO O C LT o—
==l Ol O =T —

==
[

2,
v
<,
i,
3.
i
i,
i
&
.
.
u;
10030,
ra

E
‘
E
‘
E
‘
E
|
i

[
[}
[
=

zero suppressed matrix r/o works

next CURO: neighbor logic

[R.Kohrs, Bonn]

SILAB LUSE Board 1.1 - ID 6, Fw Wer: 4, FPGA Fw Ver: 255
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ILC DEPFET—SysTem m The Iab

75 pm thick Tungsten-Mask

F A ST irradiation with >°Fe
U (6keV vy, 1700 €°)

““‘ ”“‘ “m system performance:

fooun - Teum shum 25 - speed: line rate ~2 MHz B §
' e noise: 220 e~ (from noise peak) h!:

2250 600
2000 INL = 0.75% (8500€” dyn. Range) 4
1750 5004
j 42 —
1500 - _ 3
] S 400 <
g 1250 < do &
= ] = ©
o 1000 1 5 300 é’
o .
750 - {2 §
4 c
500 A 200 -
250 ] gy =280 pA/ € 4
0 ———— 100 fFr-—v—"--—7—--—+—"—r—"-"1—""1—"
35 40 45 50 55 60 65 70 75 80 85 1 1% 20 25 30 35 40 45
E. [keV] E, [keV]

Integral-Non-Linearity = 0.75% for 8500e"
Fermilab, 17.07.2006 -39 - Marcel Trimpl, University of Bonn @LAB
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noise contributions: system

noise after CDS
2]
y gﬁl
(ENCT ¢) = a1y 2
q

5 1 cos(2m.T - x)
x(1+ 22) )

12 / 2 Jm ' — 2T
(ENC3,) = 4kT 3 E ver (1 — e 2mvT)

steering
strobe

Fermilab, 17.07.2006




scaling potential of the DEPFET

2000 :

influence of internal amplification:

simple MOSFET model

1500

S/N~g, o |

- - - d) I |

(when noise is dominated < oo 7

. ~ | DIOS/ToSCA-/ |

by readout chain) < | “Smuaton ]

500; ;

| present |

n devices |

. . 07 L L L | L L L | L L L | |
noise improvement: 0 > s 6 8

: effective channel length L (um
 ILC operation lower than room temperature A

* redesign of CURO
e new DEPFET sensors (higher gq)

— ENC = 100 e achievable

Fermilab, 17.07.2006 -41 - Marcel Trimpl, University of Bonn LAB
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Test Beam Results

Telescope- = DEPFET

Scintillator Modules System

= Beam T24 @ DESY, Electrons @ 6 GeV
= Reference telescope: 4 Si-strip planes

e noise — 16 ADU

*S/N ~110 (450um sensors !)
e position resolution:
CERN test beam in August 2006

Fermilab, 17.07.2006

| Purity versus Seedcut |

Efficiency
Foo- Foor-
= L =
[+ =3 L
0 e [
EQQ_— BU_—
s so-
97l a0
96— 20~
_I ||||||| |I||||I||||I||||||||||||||I O_I
950""% 10 15 20 25 30 35 40 0

Seed Cut (g)

2
Seedcut (a)

| Numer of pixel 3x3 |

50 seed,

20 neighbor

-42 -

:I:I Signal sBooF
[ 1Background 2500 E

18005
1600
1400
1200
10005
800
800~
400
2005
OTIDI INNE NN

[ ]signal
[ ] Background

Clustersize

[3.]. Velthuis, Bonn]

Marcel Trimpl, University of Bonn LAB
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summary

 DEPFET pixel based vtx-d presented

- features: high S/N due to fully depleted bulk
- present production (—30x30um? pixels, matrices: 128x64 pixels, 450um thick)
- clear, radiation tolerance demonstrated, thinning concept established

« Readout ASIC (CURO) using current mode techniques:
- pedestal subtraction, fast CDS, on chip hit-detection and 0-suppression

 CURO II performance:
- noise: < 45nA — ~ 160 e (g,=280pA/e’) / 90e" (g,=500pA/e- = design value)
- analog speed: 24 MHz line rate (48MSPS) , sufficient for ILC !
- hit-identification and O-suppression : > 100MHz , sufficient for ILC !

e ILC-DEPFET-System:
- operated at ~ 2MHz line rate, noise: 220e-
- 6GeV e~ test beam at DESY: S/N ~ 110 (450um sensors)

Fermilab, 17.07.2006 -43 - Marcel Trimpl, University of Bonn LAB
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outlook

System:

* increase system speed (2MHz — 20MHz 1)
» reduce noise (190e- possible, next system should achieve <100e-)
e beam test @ CERN -> spatial resolution and establish pixel telescope

CURO IIb:

« on-chip common mode computation/correction (easy with currents)
e cluster logic (keeping at least the closest neighbor)

e improve input cascode (readout larger matrices)

« implement (fast) power down feature (pulsed mode configuration)

e on chip ADC (IP from nordic semiconductor)

New sensors:
e 512x512 matrices, 25x25um?2
e production of thin DEPFETSs (longer time scale)
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Potential during collection - 3D Poisson equation (Poseidon)
(50um thick Si, Ny=101cm3,V,, ,=-20V)

n+ clear contacts

External (internal) Gates SO | |
/\ S0 T
- o—— PR
- BOT L | L L | L L | L
. - I | I | | I L I
Cell size 36 x 27 ym? =20 0 20
—20 0 20
x [um]
color cod
s v ist
_4 5 potemgo\ emergyZLe ] 4 5

potential energy [eV]
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Top Wafer c) process = passivation

\ #l

Handle <100> Wafer \ \ /!
N open backside passivation
a) oxidation and back side implant of top wafer

/S

b) wafer bonding and grinding/polishing of top d) anisotropic etching from backside (TMAH)
wafer
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Multiple Scattering

* During passage through matter Coulomb scattering on
nuclei=>deviation from original track

. Deﬂecteo _ 13-;(':\26\/ 2/x/ X, [1+0.038 In(x/ X,)]
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Uncertainty in predicted position

2 _ 2 2 2
Otot — PDEPFET T Tintrinsic telescope T Tnultiple scattering

e Remember: GMsle/Etotz | Position resolution®2 vs 1/E*2 |
. 00 —
» Using these scans both errors can be E00 3 D
= % direction

estimated and corrected for assuming: | ¢

— Resolution proportional to pitch %
. 0o

— Telescope performance equal in X and Y £
200

* Note: F
8300

— August: error MS + intr=8-9um
— January: error MS + intr=6.2 4m
- (Daniel: 6.94um) i | |

1 I 1 1 1 I 1 1 1 I 1 1
0 0.2 0.4 0.6 0.8 1
Inverse beam energy®2 (1/Ge\W"2)

Fermilab, 17.07.2006 -50 - Marcel Trimpl, University of Bonn LAB

uuuuuuuuuuuuuuuuu



Position resolutions

« Note that these values are estimated. Expected to be better.
However, subtracting 6.2 or 6.9 make huge difference.

* 7-distributions 1n Y asymmetric, magnitude depending on
seed odd or even
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Estimated Power Dissipation

For Vp,.i, =5V and I, ... = 100pA (conservative values): Pppprer = 0.5mW per active device

Drain Drain

Layerl (8 Modules x 2 sides x 512 = 8192 pixels), duty cycle = 1/200 (idealistic case):

Sensor: only active pixels dissipate power = 8192 x 0.5mW /200 = 20 mW
SWITCHER: 6.3mW per active channel at S0MHz (measured)
= 16x6.3mW /200 = 0.5 mW
CURO: 5 mW / channel (extrapolated) = 8192 x2.8mW /200 = 220 mW
Sum: ~ 240 mW
Scaling up from 18.7 Mpixels (L1) to ~493 Mpixels for 5 layers gives: Total:~6.3 W

Note: Largest dissipation (CUROs) is outside active area where cooling is less problematic!

This calculation assumes that all chips can be switched into a stand-by mode with ~zero power dissipation between

bunch trains. This feature must be included in future chip versions.

given a safety margin total power still < 10W
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