
Gem Tracking Meeting 
SSCL 

November 5, 1991 

Abstract: 
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Agenda, list of panicipants and transparencies contributed to the Tracking Meeting 
held at the SSC Lab on November 6, 1991. 
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GEM Central Tracking Meeting 
SSCL Director's Conference #1 

November 6, 1991, 10 :00 am 
Agenda 

Morning Session: 

Current mechanical design of Ron Barber 
Si + Interpolating Pad Chamber 

Si111alatlorts Sh&•11n Mel~ee 
and eompaRy 

LOI Cost and Methodology Ron Barber 

Afternoon Session: 
,,(j°'P ~ .. ~--R,-1- b 

News from Yale Charlie Baltay 
Si + Pad Engineering 
Simulations 

Si Pixels Steve Shapiro 

LOI Tracking Section Kate Morgan 

30 min 

66+ Ii Ii Ii 

30 min 

/5 ~ 

30 min 
30 min 

30 min 

60+ min 

1116/91-KM 



Pad Chamber Design Status 

Reviewed Design and Specification• 

Identified Major Design laauea 

Proposed Specific Design Concept• 

Identified Design Qapa 

Identified Specific ft•D Area• .. 
Begin defining propoaala for R&D 

t?dlN\. ~£Vrbw 
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Identified Major ~eslgn Issues 

- Need to generate design apeclflc8tlons 

- Stability Requirements - 25 micron• 

- Wire to pad tolerance,+- 1% over 2cm, +-5°/o over 25 cm. 

- Low Radiation Length rectUlr•m•nt - 1.5% per superlayer 
.... ".. 

- Electronics Cooling (high hHt flux) 

- Gas Ionization heating 

- FWD and Central region alignment 

- Ind Support Structure 

-Assembly 



Design Proposal 

Modular Assembly Of Components 

- Chevron Pad and algnal traces fabricated into a conductor J 
Insulator laminate wltn readout traces/connectors. 

- Pad and trace laminate bonded to graphite epoxy structures. 

- Modular chamber construction of o CTE Graphite Epoxy. 

- Chamber modules supported at the ends. 

- Single piece cooling manifold with mounted electronics, power 
supply and signal readouts. 

- Self-contained 2 phase room temperature evaporative cooling 
sy•tem. 
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t)e&ign Gaps 

- Wire bias voltage supply and termination design. 

- Gas temperature rise due to Ionization. 

- Relative alignment and stability of Central and FWD region 
may lead to an integral support structure. 

- Chamber Module stacking Interference. 

- Forward Region Modules. 

- Variation of Pad area and total number of readout•. 



Centr•I Tracker R&D Plan Development 

- Description of design requirements 

- Description of R&D Issues 

- Proposal to meet dealgn requirements and address the Issues 

- Proposal for R&D aupport In FY 92 (93 & 94) Including: 

Manpower 

Hardw•r• coet• 

Miiestone• 

~ 
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Silicon Tracker B'P 

-::v 02 'i'asks 

Slectronics 

1. 8 channel wide Semi-custom Analog 
rad hard circuit design and testing. 
Heat load specification. 

2. 8 channel wide Semi-custom Digital 
rad hard circuit design and testing. 
Heat load specification. 

3. Output driver technology review, 
selection, and prototype design. 
Heat load specification. 

Mechanical 

1. Silicon Tracker Conceptual design, 
analysis, and systems studies for the TDR. 

2. GEM subsystems Integration 
(Funded through Integration) 
and management. 

3. Silicon Ladder prototype including: 
design, analysis, specification, production 
planning, bonding, thermal analysis. 

4. In-situ alignment measurement system 
design and prototype evaluation. 

Pad Ch•mher lnqineerinq apd B i p 

Mechanical 

1. Cooling System design and prototype 
testing. 

2. Structural Chamber design, analysis and 
materials study. (Yale Coordination) 

Total a 
Jt$ Total. (140 Jt$/l'TI:) 

Manpower 

.5 

. 5 

. 5 

1.9 

( • 7 5) 

. 25 

. 8 

.5 

. 4 

. 3 

5.65 

'•1& s 

:Jo 

100 

20 

( 15) 

15 

30 

40 

• 

20 

20 

345 
1136 



Silicon Tracker M9chanlcal R&D 

Develop and Test a Slllcon Ladder Prototype 

- Ladder Structural dealgn and analysis 
- Design and apeclflcatlon of Siiicon Wafers 
- Evaluation of fabrication aources and production planning 
- Prototype development 
- Develop assembly and bonding process to maintain 

back to back alignment 
- Wafer bonding adhesive tests 
- Assembly tooling fabrication and testing 
- Prototyre Structural Test 
- Therma modeling of multiple heat sources on the wafer 
- Thermal mock up and measurement evaluation 
- Power input cabling design for electronics and bias voltage 
- Signal cable output and strain relief 
- Local power distribution and connections. 
- Develop Electronics assembly tooling 
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Silicon Tracker Conceptual Qeslgn 

Mechanical Design Effort 

- Truss Space Frame 
- Central and Forward Region subassemblies 

Wafer Ladder design 
Global Power Distribution 
Signal cable readout routing 
Cooling ring design 
Kinematic mounts 

- Central region support cylinders 
- Outer gas enclosure 
- End enclosures with signal, power, and cooling system feed 

thrus 
- Detector end supports 
- Assembly Alignment system• 
- Thermal analysis 
- Materials engineering analyal• 
- Structural and dynamic modal ... 1ye1a 
- Development of fabrication tech."'tk1ue• 
- Beam Tube design 

.. 
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CENTRAL ll<AU. -d COST l!STIMA TE 

-R~B~ 

CENTRAL TRACKER COST ESTIMATE 

BROUGHT TO YOU BY 

THE CENTRAL TRACKER DESIGN GROUP 

111/21191 

Page I 



Estimate Status 

Completeness 

R&D FY 92 $ Estimated, PrellmlMry Task list completed 
FY 93-94 Project Plan Dependent (not done) 

Conc/Prellm Engr. FY 92 $ E1tlm1tea IM Tllk Hit complete 
( lncludlna 111 ... tlen freM lntlgratlon) 

Con1tructlon 

Schedule 

Hardware e1tlmate1 In gaall Mtlll, but lack documentation 
Some Task1 nMd better definition 

Cen1truetlen ftl1n Identified CrltfHI Path lllMI 
Need to d1vel8' lntelf'Mlll OeMtructlon I "'D lll1n 



Manpower Rates 

Engineering and Design 

Based on LANL Engineering and Design effort 
Included 20K$ I FTE for M&S support 

Inspection Q/ A 

Combination ot LANL Engr, Tech and SSCL or Industrial effort 
M&S Included under Project Management but not well defined 

Assembly/ Installation 

Extensive use of 55K$ Craft rate to minimize cost 
Effort will come from SSCL. ContrlCt, or Industrial effort 
Also Included some LANL ~n11_lneerlng encl Technician Effort 
We have nm yet Itemized SICL l1bor eupport 



.•. 

Level of Definition of Tasks 

Components 

Engineering, Design and Analysis 
Well understood when tied to components 
# of Drawings not estimated 

Inspection Q/A Well understood when tied to components 

Assembly I lnstallatlon Need to establlsh clearer rates for assembly, handllng 
and testing operations 

WBS Elements 

Systems Testing Some teat are defined In detail othera are not 
Need better breakdown of labor ta1k1 
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Design Proposal 

Modular Assembly Of Components 

• Chevron Pad and signal traces fabricated into a conductor I 
Insulator laminate with readout traces/connectors. 

- Pad and trace laminate bonded to graphite epoxy structures. 

- Modular chamber construction of o CTE Graphite Epoxy. 

• Chamber modules supported at the ends. 

• Single piece cooling manifold with mounted electronics, power 
supply and signal readouts. 

- Self-contained 2 phase room temperature evaporative cooling 
system. 
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Si1igpp Tracker B&P 

FY 92 Tasks 

Electronics 

1. 8 channel wide Semi-custom Analog 
rad hard circuit design and testing. 
Heat load specification. 

2. 8 channel wide Semi-custom Digital 
rad hard circuit design and testing. 
Heat load specification. 

3. Output driver technology review, 
selection, and prototype design. 
Heat load specification. 

Mechanical 

1. Silicon Tracker Conceptual design, 
analysis, and systems studies for the TOR. 

2. GEM subsystems Integration 
(Funded through Integration) 
and management. 

3. Silicon Ladder prototype including: 
design, analysis, specification, production 
planning, bonding, thermal analysis. 

4. In-situ alignment measurement system 
design and prototype evaluation. 

Pad Chnmher lpqin9erinq ond B & D 

Mechanical 

1. Cooling System design and prototype 
testing. 

2. Structural Chamber design, analysis and 
materials study. (Yale Coordination) 

Totals 
It$ Total (140 lt$/FTE) 

Manpower 

. 5 

. 5 

.5 

1.9 

( • 7 5) 

.25 

. 8 

. 5 

. 4 

.3 

5.65 

M&S 

100 

100 

20 

(15) 

15 

30 

40 

20 

20 

345 
1136 



2. Interpolating Pad Chambers 

a. Mechanical - chambers and support structure 

Cost Estimate 
i. En ineerin & Desi n FTE Total GEM OTHER 

R. Barber Los Alamos) 0.5 75 75 ---a-
0. Makowiechi (BNL) 0.25 32 32 0 
W. Enrnet (Yale) 0.75 70 0 70 
A. Disco (Yale) 0.25 24 0 24 
T. Petersen (Yale) a.so 25 0 25 
J. Sinnott (Yale) 0.75 32 0 32. 

Kouba (Michigan) 0.50 30 30 0 
288 137 m-

ii. M&S for Prototypes (Yale) 75 0 75 
M&S (Michigan) _.1Q_ _.1Q_ 0 

115:· 40 75 
----'-
~----

b. Readout Electronics 403 17T 226 

; . Engi neerin{ $ Design 
Engineer BNL) LO 125 125 0 
Chuck Bower (Indiana) 1.0 40 0 40 
Mark Gebhard (Indiana) 0.6 20 0 20 
Jim Pttts· (Indiana) 0.7 25 0 25 
3 Engineers (Wash. Univ.) 0.75 50 50 0 

260 m- 85 

M&S (BNL) 50 so 0 
M&S (Indiana) 50 so 0 
M&S (Washington Univ.) 13 13 0 

113 113 0 

373 288 BS 

Total Interpolating Pad Chambers 

776 465 311 



CENTRAL TRACKING R&D REQUEST SUMMARY 

Technlogy GEM Other Total 

1. Silicon Microstrips 625 0 625 1($ 

2. Pad Chambers 465 311 776 

3. Scintillating Fibers 100 210 310 

4. Straws 75 · 25 100 

Totals 1265 546 1811 k'5 

·r•- ---- - -·--·· ~..-. ..... -----~_.,..,,,... • -~,.,.....,..,,,__ ._..__...,,,,~ .. ~;---• ,,.., __ ·- • ,,....,..... - -:- --:;:.·=----~-~~-ir.= _,. -.,., - ~-•- ....,._ ' -. -- .., ... -:.:. 
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HYBRID_PIXEL DETECTOR 

DEVELOPMENT 
.. 

I WHAT IS·A HYBRID? 

II THE GENERIC PROGRAM 

III THE ROAD TO THE SSC CHIP 

IV WHY PIXELS ? 

V ARE THEY REAL ? 



Stephen L. Shapiro 

Stanford Linear Accelerator Center, Stanford, CA 94909 

John F. Arens, J. Garrett Jernigan 

Space Sciences Laboratory, University of California, Berkeley, CA 94720 
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Hybrid Detector Approach 
Optimizes Performance 

HUGHES 

Si P-1-N DIODE 

ARRAY\ 
_;;,.-- ...... 

,... ,-/'<. _,, >~ • 
-5000ilcm 
N-TYPE 
SILICON 

'"' ..... ';-.... -,...,......... ........... 
,...~?"'_.... 
',~ < ~......_,..> DIODE ARRAY .... ,.,,,,. -.... ,.> ' _...,. ,,,,. 

~ -, .. ~·/ 
24,000e-

. COLLECTED . -·~·rr:i .. 
' ,; 

/ 

256 

REAO-OUT CHIP 
- 1il cm SILICON 

·--~-. (> ~~m. >'.'.::--,~ µm 

''~. ':::·;:~~~- --~··,; ~~~~··- - -· . 

PIXEL REAo-oUT/ 
MULTIPLEXER 

..... ;:.-~ ... -· 

PARTICLE 
DIRECTION 

!!!Ii--~=-
INDIUM BUMPS 

TYPICAL 

n29-SP9 MC18 

• Each element separately 
optimized 

• Changes in detector 
or readout easily· 
accommodated 

• Yield losses in detector 
and readout processing 
not compounded 
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I HYBRID ARRAYS PROVIDE 
OPTIMAL PERFORMANCE IN A 

VARIETY OF CONFIGURATIONS 
YRESET &RESET Yoo 

., 
' I 

I I : I I I I --------,-----~, 
i I CLINE 

RESET: 
FET 

• 
ADDRESS 
ENABLE 

: -=-• • ! ADDRESS SELECTION CIRCUITS 

I ~ SIGNAL 
1 c· - FET ~------------------------------------------------ -
: ' MOSFET ll 

i READOUT CIRCUITS qYoo = SY 

I t I 
o.a-slGNAL 
pf I1NTEGRATION 

~_.a.-.....; - CAPACITOR I 
I 
I DETECTOR 

• • • • • • • ~couT 

: i r YoET : ' . 
-INolYlouAL-PlxeL~ CHARGE STORAGE - - !. - - .i- - - - - - - - .:. 

AND RESET CIRCUITS - CLOAD 

SUMMARY OF DEVICE PARAMETERS 

ARRAY DIMENSION 10 X64 
PIXEL SIZE 120 MICRONS 

10K 

DETECTOR MATERIAL GERMANIUM, SILICON 
NUMBER OF READOUT CHANNELS 10 
POWER DURING "WRITE" CYCLE OmW 
POWER DURING READ CYCLE 10mW 
PERESENT CLOCK SPEED 1 MHz 
THEORETICAL CLOCK SPEED 10MHz 
RADIATION HARDNESS 1 MRad 
NOISE AT ROOM TEMP <300 ELECTRONS 

ADDRESS 
DECODER 

• 
----------' 

256 x 256 
30MICRONS 

SILICON 
2 

OmW 
2mW 
2MHz 

10MHz 
? 

c300 ELECTRONS 
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UNCLASSIFIED 

1(5ENTA1ION __ ~~~~-~~-~-~--~~-----------~---~-~~~-

ClUfSTER ORlf;!NATOR OATF V<l NO------

1806 - HYFRID JD: 
1635 -
1484 -
1284 -
10$3 -

88:3 .. 
682 .. 
481 -
2Sl -

:30 -
Count 0 2 4 

IVA 137 

t• 

15-JIJ~-i· 37 13:58:41.03 
TE"P ,le• 300.0 
Centr3l ad Pixels 0 
Total ~ Pixels 3 

SJGHAL RESPOllSE 
100.000 % 
of Pi~els 

B 10 12 14 16 IS•'!.( 

ARRAY MEAN 
ARFAV SD 

I sub 
luss 
ludduc 
luddout 
1•3!10~ 
lu3f ast 
ludet 

15.28 1V1C 
0.52 1Y1C 

-0.001 IA 
-0.602 1A 
0.6~2 1A 
!. 765 1A 

-0.915 IH 
-0.014 1A 
0.000 MH 

l~.00-
18.00-' 
17.00-
16.00-
15.00-' 
14.09-
13.00-
12.00-
11.00-
10.00-
9.00-~ 
8. 00·fi1iit;;"! 
7 00 -·::: ., 

• 
6.00-
5.08-
4.88-
3. 00-
2.00-
1. 00-
0. 00-

.v c 

• --·------...---~-~--- -··--.-~-- •" ··~··•·m-•-"~~------~--:=~-""''""""-~'~;;..:;...--==:.:.::.:..:.:..:_:_:, __ , _____ "".,__ • ..,.- ..... _. ,..,,..,..,:.:-: ::.._.::::.., :::":':': .... , .. _1.~, ••---·~-~ _ .... ..,_. . .., ______ ... ..,.., .... ' ' .,~-· ---"- ., ..... ..,, 



(a) Voouc 

·--------- ------ ---

Row Select 
(slow scanner) 

(b) 

<1>2 

l 
<!>SMC 

3-90 <1>2 

I 
I 
I 
I 
I 
I 
I 

: Unit Cell 1 

~----- ---------- __ J 

Vo ET 

ifReset Column 
Select 

(fast scanner) 

TAP1 
.__ .. 

v3(gnd) 

••• 

Vooour 

Output 

5kil 

Vssour 

<I> 28 

Vo END 

6586A8 
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PIXEL DETECTOR 

ANP,LOG AND DIGITAL SIGNAL 
PROCESSING ELECTRONICS 

21'r,' 

Si PIN 
ANALOG AMP 256X256 

BOARD 

2 S/H 

[>-./ oi ' """ ANC I HUGHES .. • 
I 1i v AID READOUT I r 
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Figure 6.1 o A Three Dimensional Plot of A Number of Minimum Ionizing Particles Incident on A 
Detector Array Demonstrating Excellent Signal-to-noise And the Power of Two Dimenslonal Arrays to 

Eliminate Confusion In Complex Events • 

..... 

..... , 

··-
••• JS 

.. ., . 

.. .,. 
•.• :o 

e.oi.s 

e.010 

··-..... 

39 



Figura 6.11 A Two Dimensional Plot of A Minimum Ionizing Track Traversing the Detector Array at an 
Angle, Demonstrating Potanllally Excellent Spatial Resolution . 

40 





PIXEL DETECTOR DEVELOPMENT COLLABORATION 

• Hughes Aircraft Co. .. 
. I 

G. Kramer, C. Pfeiffer, B. Wheeler, J. Gates, S. Augustine, T. Collins, .. 
0. Barkan, S.;Y"oiley, G. Atlas, G. Yacoub, D. Wolfe 

• Lawrence Berkeley Laboratory 

0. Nygren, H. Spieler, S. Holland, M. Wright 

• Univ~rsity of California - Berkeley Space Sciences Laboratory 

E. Arens, G. Jernigan 

• Stanford Linear Accelerator Center 

S. Shapiro 

• University of Pennsylvania 

N. Lockyer 

• University of Oklahoma 

J. Gutierrez, P. Skubic 

• University' of California, Davis 

D. Pellett 

• . Yale University 

P. Karchin 

• University of Washington 

P. Mockett, V. Cook 
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PIXEL PROTOTYPE UNIT CELL 
FOR SMART SPARSE READOUT HUGHES 

12504-CVl MC97 

'/'""""""",,,,.,,,,,"Ill llllUlll ... 

I ·- ··~I 
.,.,. .... ~ 

• .,,,,,,. •01 .. ,,.,,, .,,,,.,,,,,,,,.,,,. """! 

• SH-N>W • SH-COL • fU!Aa.eot..E 

AHALOO STORAGE 

' ' 

1~ __1- ~ I~ x ~~'I 
' ' 

! I j I I 7 J-rt>-Y---4 
~ ~ ,, , ,,,,,,,,,,,,,,,,,,, ,, ,,, ,,,,,,,,,,, .. , 

TEST CHIP ONLY PREAMP 
INDIUM BUMP 

CONNECTION TO SI 
P-1-N DETECTOR PIXEL 

~ Vour-AOW 

' 

:vAEF-ROW 

~ 
t,,,,,,,,,,,,,,,,,,,,.,,.o,,,.,,,,.,.,,,u,,,., 

'/''""""'"' .,,~ 
~ ~ 

: : VDO ' , 
! ~ 

; b-~' ....,.....-; 
COMPARATOR 4.., 

SIMPUAED UNIT CELL (PIXEL) 
ARCHITECTURE 

' ,.,,,.,,~ 

Hll"-eoL 

8 COlll"COL 

°'""8ht0 '"'f lhll ...... ....,. ........... "'.-.. .__,....c.n,...,, u.s.~...-mni:•,_~..._"'*' 
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PIXEL DETECTOR 
READOUT DESIGN 

PERFORMANCE REQUIREMENTS 

SPECIFICATION f ROTOTYJ>E GOAL 

NOISE s; 200 e- rms s; 200 e- rms 

PIXEL SIZE 50 µm x 150 µm 40 µm x 40 µm 

SPARSE SCAN 

SELF CLOCKING 

PRIORITY SELECTION 

NEIGHBOR READOUT 

TIME RESOLUTION s 50 ns 16 ns 

TIME STAMP 16 ns 16 ns 

READOUT SPEED s; 10 µs 1.5 µs 

ARRAY SIZE 32 x 64 512 x 512 
(1 in2) 

RADIATION HARDNESS 10 MRAD 

'IECBNOLOGY 1.2 µm CMOS 0.5 µm · 

SOS/CMOS 

a.ncK SPEEDS >100 1viliz 1 GHz (MAX) 

FILL FACTOR NA <?: 94% 

POWER s; 20 µ W /Pixe; s; 1 WATT/CM2 



UNIT CELL 
(PIXEL) SUMMARY 

A. BASIC PIXEL: 

20 FETS 
4 CAPS 
17 LINES 

4 POWER RAILS, 
3 BIASES 
6CLOCKS 
4 OUTPUTS 

B. FOR TEST PURPOSES: 

C. RESULTS: 

2 FETS 
1 CAP 
2 LINES 

NOISE 
POWER 
RESPONSE 
SIZE 
DEAD TIME 
FEEDBACK CAP 
OPEN LOOP GAIN 

D. MISCELLANEOUS: 

.... 150 e· (rms) 

.... 18 µW 
s SO ns 
SO µ m x ISO µ m 
400 ns 
10 r F 
200 

PRESENTLY FABRICATED IN 1.2µ m SINGLE POLY
DOUBLE METAL (pitch=3.S µ m) CMOS PROCESS 

100 MHz OPERATION AT ROOM TEMPERATURE FOR 
WORST CASE PROCESSING CONDITIONS 

CONTAINS TRANSIMPEDANCE AMPLIFIER, 
CHARGE STORAGE, ANALOG BUFEFERING, FAST 
COMPARATOR 





Plx•I Detector SSC Prototype ArchH1ctur1. 
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FILL FACTOR 
. ' : . . ·. . . . . . ,. . . - · .. ~- . . . . - . . 

256 X 50 X :t FET VARIO US ROW REGISTER -----..__ ~· 
..---~~~~---. .----~~ 

256X256 ROW 
' 

X20 FETS 

PIXEL ARRAY 

100 µ PADS 

RAM 

CORE 

CONTROL 

LOGIC 

.I 

256 x 20 = 5120 FETS I COLUMN IN PIXEL ARRAY 
50 X 1 = 50 FETS I COLUMN IN CQL RAM CORE 

5 X 8 = 40 FETS I COLUMN IN COL REGISTERS 

010 go - 1 75°1 FIL ... L FACTOR - 1oox1oo -- 96°10 
/C 5120 - • /O /C - 102X102 

. .. ~ 

WITH PAD AREA => 94°/o 





Test Chip Illustrates 
Smart Readout 

HUGHES 

12496 

Input simulated hit (~Q = 5000 e-} in pixel at position column 5, row 5 

Column clock (32) 

Output indicates hit 

Hit in.column 5 

• Array indicates hit at specific time 

• Feedthrough from 
row and column 
serial output 

Hit in row 5 

• Hit pixel information outputted to memory 
• Analog information stored in unit cell for later retrieval 
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10 MRad/year 

1 MRad/year #: · /J'!. -

0.1 MR.ad/year 

10 100 

r.L (cm) 

33 -2 -1 Charged particle rate at l • 10 cm s . 

!:!.. ~ '2 0 e. - J 

9 
10 

1000 



IO 
(mA) 

10.00 

1.000 
/div 

BEFORE 

5 OAYS AFTER 
10 Mrad "(Sj) 

~ 
\ 

' \ 

.oooo'=-=-~__:_,.s.e::t:::'.'.'.'.'.'.::~.__~~-'-~~-~,___J 
.0000 5.000 

VG .5000/div ( v)· 

Performance Characlerlstlcs of a Hughes BIMOS NMOS Transistors Before and After 10 
Mrad SI Shows Satli>factory Operations at this Radiation Leval. 

: 

ID 
(uA) 

500.0 

50:00 
/div 

AFTER 
4El3 NEUTRONS/cm2 

OOOO~__..:-:-_,_...:,__._-=.::;;;;:::;:::::::::;:_~__,_~,____.~_J 
• 5000· 1. 500 

VG .1000/div ( V) 

Performance Characteristics of 1 Hughes BIMOS NMOS Transistor Before and Atter 
10Urycm2 (Average 2.5 MeV) Shows Satisfactory Operation at this Radiation Leval. 
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> 100 -
c 
.S! -.!! 
a. • 'ti 50 > 

l'(PE .fr.Jvl;./l.s/oN 'LN 'S1L.1c..ot-J D~li=.c.To'L~ 

"D. PJ:T=%.L ct,~. 

fit: Naff= N0 exp(-ccl>) - f3cl> 

c = 4.5 x 10·14 cm2 

f3 = 0.024 cm"1 

• 
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f 

Fig. 9. Depletion voltage versus proton fluence for SI detectors. Type inversion occurs at 
~ = 1.5 · 1013 / cm2 • The line is the best fit according to equations (1) and (2). 
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CMOS/SOI HARDENING AT 100 MRAD(SI02 ) 

J.L. Leray, E. Dupont:Nivet, J.F. P6r6, Y .M. Coic; M. Raffaelli 
CEA, Centre de Bruy~es·Lc·Chltel,BP·l2, F91680-Bruy~res·Le·Chite~ France 

. 'and · 
AJ. Auberton-Herv6, M. Bnie~ B. Giffard, J. Margail 

CEA, 8SX, F38019, Grepoble, France 

Abstract 

Hardened CMOS/SOI 29101 JDicroprocessor, 
:lementary cells 111d transistor& have been irradiated at 
levels betwcell 10 Mrad(Si~ and l Grad(SiO:z) (f"Co and 
10 ke V x-rays). SIM OX buried oxide behavior in the range 
of 100 Mrad(SiO:z) 111d a ch111Del·stopped MOS/SOI 
structure avoiding lateral' leakage current are presented. 
fhese two. items indicate the feasi"bility of a CMOS/SOI 
technology operating in the hWldred Mrad(SiOz) range. 

I. Scope of the Study 

A. Need for Very Hjgb Total Dose Leyels, 

10 to 100 Mraci (Si~ (or above) of total dose 
hardness must be considered in domains such as : 
l) Core inStrumentation in nuclear power reactors 
(containment accident may lead to 100 Mrad(Si~ or 
above {l,2D, · 
2) Control electronics 111d actuaiors in space-based nuclear 
power geilerators, 
3) Reaction chamber instrumentation for future super 
particle colliders, ·· 
4) Tokamak fusion reactor instrumentation (3]. 

These very high levels may be associated with high.
temperature environments (4) that might give S.OJ. 
particular advantages over standard OaAs or bardelied 
CMOS-Bulk devices : very reduced active volumes 111d full 
insulation provide smaller junction leakage current even at 
300'C{5]. 

B. The lrradiatjon Condjtjog Pilemma .. 

For very high dose assessments, irradiation time is a 
·key parameter. This pai>er aims at exploring the 
100 Mrad(SiO:z) domain. For that· purpose, there must be a 
tradc:,off between irradiation duration and dose rate : at 10 
rad(SiO:z)/s, which is typical Wider normil radiation 
eicposure, 100 Mrad(SiO:z) represents a third of a year. Such 
a duration is excessive and cumbersome. 

0018·9499/90/1200.201 

Thus, very high dose testing requires a high dose 
rate. If the test is performed in a short time, MOS threshold 
voltage may recover or reboWld due to charge detrapping 
and interface state build-up or recovery. Therefore, the 
reliability of the test is distorted. This precludes a priori the 
exclusive "high dose rate" tests. A utopia would consist of a 
te~t duration equal lo the operational lifetime. 

A trade-off must be foWld. As CMOS/SOI consists 
of front thermal oxide, buried oxide, and lateral insulator, 
thi:re might be discrepancies for recovery kinetics among 
them. I\. spcdal study must be done in each cases. 

THE FORESIGHT 1 CELL 

HAS BEEN FABRICATED IN 

AN SOS/CMOS TECHNOLOGY. 

WE HAVE TEN DEVICES 

AND ARE HAVING THEM 

BONDED THIS MONTH. 

I WILL BE TESTING 

THEM THIS YEAR AT 

SLAC. 

THEY SHOULD BE HARD 

TO BETTER THAN 

1 MRAD. 



(a) 

Si Si 

(c) One Side Thinned by 
Combination of Chemical 
+ Mechanical Etching 

~ 

Si 

(e) Electronics Indium Bump 
Bonded to µ Strip or Pixel 
Detector 

Si Det 

(b) Bonded Together 

Si x Si 

(d) Electronics Created on 
"EPI" Using SOI Technologh 

~1 
Si 

(f) Silicon Removed 
as in (c) 

Det 

-Sµm 
11-90 

6783A1 



WHY A PIXEL VERTEX DETECTOR ? 

* MORE RADIATION HARD THAN MICROSTRIPS BY 

VIRTUE OF THEIR SMALL SIZE. 

INITIAL S/N = 120 : 1 

* THE INNERMOST BARREL OF PIXELS CAN BE PLACED 

AT A SMALLER RADIUS THAN CAN STRIPS, e.g. 

5 CM. RESULTING IN LESS EXTRAPOLATION ERROR. 

* .A PIXEL VERTEX DETECTOR WILL HAVE LESS 

MASS, SINCE EACH PIXEL LAYER IS EQUIVALENT 

TO AT LEAST TWO LAYERS OF STRIPS (THREE ?) 

* THE COST IS APPROXIMATELY THE SAME AS STRIPS, 

SINCE THE AREA COVERAGE IS SO MUCH LESS. 

* A FEW CLEAR, HIGH RESOLUTION TWO DIMENSIONAL 

DATA POINTS ALLOW UNAMBIGUOUS ROAD FORMATION 

FROM THE INNER RADIUS OUTWARD TO LARGER RADII. 

10 MICRON RESOLUTION IMPLIES < 200 MICRON 

ERROR AT A RADIUS OF ONE METER. 

* HYBRID TECHNOLOGY ALLOWS REPLACEMENT OF THE PIN 

DIODES, WHILE RETAINING THE READOUT ARCHITECTURE. 



-D 

HYBRID SCH.OTTKV FPA HISTORY 
- HUGHES-

DESIGN ARRAY SIZE PIXEL SIZE READOUT 

CRC-205 
2 

SCCD/GM sax 62 75 x 75 µm 

CRC-228 75 x 75 µm 
2 

ORO/ SFD 58 x 62 

CRC-234 50 x 50 µm 
2 

DRO/SFD 128 x 128 

CRC-304 
-z 

DRO/SFD ""~ y ')I;~ 30 x 30 µm 

CRC-350 30 x 30µm 
2 

DRO/SFD 256 x 256 

CRC-352 24 x 400 24 x 24 µm 
2 DRO/SFD 

CRC-365 ')!;;~ x 2~6 30x30µm 
2 DRO/SFD 

CRC-389A 244 x 400 24 x 24 µm 
2 DRO/SFD 

CRC-3898 20x20µm 
2 DRO/SFD 512 x 512 

CRC-412 
2 

DRO/SFD 488 x 640 20 x 20 µm 

HUGHES 
n60-SP9 MC18 

VEAR 

1982 

1983 

1984 

1985 

1986 

1986 

1986 

1987 

1987 

1988 



IS THIS TECHNOLOGY REAL ? 

* THERE ARE ·MANY EXAMPLES OF EXISTING ARRAYS 

FOR DETECTION IN· THE INFRA RED, OF X-RAYS, 

AND C~GED PARTICLES. . ' 

* 256 X 256 ARRAYS HAVE BEEN DETECTING 

CHARGED PARTICLES FOR YEARS. 

* A TELESCOPE OF THREE 256 X 256 ARRAYS WILL 

BE PLACED IN A FERMILAB BEAM NEXT WEEK. 

* NON-RAD HABD, SMART ARRAYS HAVE BEEN 

FABRICATED AND TESTED. (FORESIGHT 4) 

* FORESIGHT 5 - THE IMPROVED ARRAY HAS 

BEEN FABRICATED, AND IS BEING TESTED. 

* A BAD HARD SMART PIXEL CELL HAS BEEN 

FABRICATED IN SOS/CMOS AND IS BEING 

PREPARED FOR TESTING. (FORESIGHT 1) 


