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Talk Outline

* Scope

N
PH-<ENIX

WBS 1.4.1.3.3 Attach HDI/Backplane

WBS 1.4.1.3.7 Bond Chips to HDI ~ FPHx Chips\

WBS 1.4.1.3.12 Wirebond chips to HDI
WBS 1.4.1.3.8 Test Chips and HDI

WBS 1.4.1.3.4 Attach Sensor

WBS 1.4.1.3.5 Wirebond Sensor to Chips
WBS 1.4.1.3.6 Test Assembly

— WBS 1.4.1.3.9 Encapsulation

Wedge Schedule
Procedure and Manpower
Status of Production
Summary
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Scope

Work with vendor to:
— Prepare assembly lab(s) COMPLETED

— Develop assembly procedure

« Receive backplanes, high-density interconnects
(HDIs), sensors

— All components arrive tested and qualified
— HDIs populated with passive components

« Assemble received components into wedges N

« Execute QA and testing procedures PROGRESS
 Enter QA/Test results into database

« Store assembled units

« Deliver assembled wedges to detector assembly
facility at BNL
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Wedge Schedule

Highlights of Dates Important to Wedge Assembly
« 2" Prototyping/design of components, fixtures: Completed

* Procure and Q/A sensors: Completed

* Procure HDI: In progress

« Fabrication of backplanes: Completed

* Procure Wedge Assembly fixtures: Completed

* FNAL testing of production run of FPHX: Completed

« Wedge assembly: 6/2/10 2/4/11
— WBS 1.4.1.3.3 Attach HDI to Backplane: 6/2/10 11/29/10
— WBS 1.4.1.3.12 Wirebond FPHX to HDI 6/16/10 12/13/10
— WBS 1.4.1.3.5 Wirebond sensor to FPHX 7/7/10 1/6/11
— WBS 1.4.1.3.9 Encapsulation 8/4/10 2/4/11

« Endcap assembly (wedges onto disks): 11/8/10 3/9/11

Important dependencies
« Critical path components: (Large) HDI

N _ )
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« Prototyping assembly work complete
— Several prototype modules
— Fixtures prototyped and in process of revision

— Sidet established that assembly is well within their
technical expertise

— Sidet provided production estimate
« Production SOW in place
« Poised to begin wedge production
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'| Bond backplane to HDI
Bond FPHX chips to HDI

Chip readback
Pulser test

Source Test

Chip readback
Pulser test
Source Test
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Wedge Assembly Procedure (2)

Additional technical details

— Arclad 7876 (50 micron thick) to laminate backplane, HDI, sensor
and chips

— Tra-con 2902 Silver Epoxy to provide conductivity between bias
plane and sensor

— Sylgard 186 for encapsulation
Assembly done in “batches”

— Small wedges: groups of 5 at a time

— Large wedges (projected): 3 (or more) at a time
Each step recorded in a traveler document

— Oiriginals kept at Sidet until end of project

— Copy shipped with wedge

— Traveler data also recorded in database for online search/access
QA Testing

— Recorded in paper and electronic log

— Recorded in database

dy .
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Wedge Assembly in Action
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| station

Wirebondin
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QA and Testing of Wedges

Basic Procedure includes:

* Power up to verify low voltage and bias channels are operational
 Download/readback of configuration to the FPHX chips

« Threshold and noise measurements of the FPHX chips

* Readout of strips in response to external stimulus (radioactive source)
* Record results in database

» Procedure calls for testing at various stages of assembly

» Test single module at a time (current ROC limited to one wedge at a
time)

» Final qualification is performed after assembly completed and before
shipping

» In-place for the small production, and has been effective at identifying
potential problems as early as possible, allowing us to correct them in a

timely manner.
» Example: Replaced FPHX chips: 3 (small) and 4 (large)
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QA Procedure

* Five tests performed

1. Scan output current settings (15 values)
and record current draw for wedge at
each

2. Scan Chip lds and read back (default)
values for each register

3. Scan Chip lds, enable two channels and
pulse once

4. Perform calibration (pulser) run

5. Place Sr90 source above wedge, take

data for 15 min

* For first iteration (sensor not yet
mounted), source test is skipped

« Total test time takes ~20 min (dominated
by source time)

« Simple user-friendly GUI

‘—v__
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Sr90 source held ~3in
above wedge
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QA Testing in Action

Wedges mounted in rigid

Pass-through from clean i .
g Wedges transferred in enclosure for testing

room to test area ESD boxes
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QA Results (Typical)

Chip by Chip Hit Distribution Source Test Distributions
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Calibration test with pulser:

« Enable one channel at a time
(on each chip at same time) Source test.

« Scan through 63 pulser * Sr90 source @ ~3in
amplitudes « All channels enabled

 Pulse 100 times e Test duration = 15 min
 Test duration = 30 secs

@ @
. -
Ry D. Winter, FVTX Review November 2010 REG/'T 13
PH-“ENIX Ry



Manpower Requirements

« Assembly calls for Sidet technicians
— Manpower- and time-intensive tasks require technical skill
— Oiriginally to be handled by senior techs, then load taken by junior
techs as experience is gained
» Assembly: Tech Supervisor, Sr/Jr Technician
» Wirebonding: Tech Specialist, Sr/Jr Technician
« Encapsulation: Technician

— [Small wedges] In the end Tech Supervisor (Bert Gonzalez) did all
micro-assembly

« FVTX personnel in charge of testing

— Requires 1-2 people for span of production time

* AAron Veicht (Columbia Grad Student) on-site full-time

» Dave Winter (Wedge Manager) on-site on rotating basis

» Additional students and postdocs available from other institutions
— Testing rate

» Chips only: very rapid (typically 4-6 per hour), more than keeps up with
production
» With sensor: slower (typically 1-3 per hour), longer setup and running time

N _ )
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Status of Production Cost

 |n current estimate, production spans ~40 weeks
— Primary bottleneck is wirebonding (31.5 weeks)
— Testing takes place in parallel

— Does not include attaching of pedestals or HDI
bending

* Quoted cost was $248k. Includes:
— Labor
— Materials and Services
— Indirect

« $65.5k spent (charged) to date

— Represents ~25% of cost, produced 2/8 FVTX
planes so far

— On target with original estimate

N _ _
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Production Progress

Overall production has been
extremely smooth and
successful

— Sidet is highly skilled &
professional

— Assembly & QA well-designed
— Wealth of remote expertise

Small and Large HDIs began to
arrive at Sidet in June 2010

Large wedge production (of first
articles) completed in June 2010

— 20 modules fully assembled and
tested

Small wedge production
completed Oct 2010

— 117 modules fully assembled and
tested

mulated MWedges
= &

XX
TR

Integrated production

Calendar Day
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Production Statistics

) | () 29 7/19 18

HDI to Backplane 10 1.5
| 2 33 8/16 7

Chips on HDI 30 3.4

34 8/23 24
Backend WB 8 14

35 8/30 34
Sensor to HDI 15 2.2

36 9/6 15
Frontend WB 21 12

37 9/13 15

 Wedges were started and moved through assembly in batches (5
for small wedges)

* Average number per week =17 (21.2 excluding two worst weeks)
« Peak per-week throughput = 34

» Bottlenecks
— Wirebonding
— Testing with sensor (setup is longer, source exposure is 15min)

g dy
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Yields — Large Wedges

« 25 HDIs delivered to UNM in May
— 24 "passed” all tests
— 23 shipped to Sidet

« 23 wedges started

« 20 wedges completely assembled and
tested

— 2 needed rework and are ready for
encapsulation

Paused due to readout card issues and start of
small production

— 1 has a bad HDI that slipped thru QA
« Total of 299 FPHX chips placed!

20 fully working large wedges produced
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Yields — Small Wedges

« 120 sensors delivered to UMN
— 118 passed all QA test and were delivered to Sidet

« 120+ Small HDIs delivered to UNM In June

« 120 wedge assemblies started (we thought we had
120 sensors)

« 117 wedges fully assembled and tested

« 1 wedge has sensor which draws too much current
— Defies both fixes and explanation

« Total of 1200 FPHX chips placed!
— Including large wedges, grand total is 1499
— Only a handful of chips (< 8) had to be replaced

117 fully working small wedges produced
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Production Problems (Injection Linel)

Chip by Chip Hit Distribution
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Some wedges
developed a problem
with the Side 1 pulse
Inject line

They produce no

response to pulses on
Side 1

They work fine In
response to a source

Develops over time (ie.
all HDIs passed their
tests at UNM)

Currently affects
39/118 small wedges




Inject 1 Investigation

Side 1 inject is the only trace to
run along bottom layer

— This means it connects to the
input pin by way of via thru all 7

layers

Systematically probed points
along trace to find source of
break

Concluded the break was at/near
via on bottom surface

Not seen so far in large wedges,
but steps have been taken by
Dynconnex to minimize this
happening in the current run.

Solution is to hand-solder a wire
from input pin to the trace,
bypassing weak area.
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Production Plans

« Impact of large HDI delay
— Directly delays production
— Current estimate has HDIs arriving at Sidet ~ mid-Dec.

 Potential schedule compression drives need to economize
In two places:

— Sidet through-put: Increase personnel
« Train a “Second Bert” for chip placement

» DES project has completed at Sidet, giving us two full-time
wirebonders

— Testing through-put: Improvements in order of
preference/ease:
» More active Sr90 source to reduce exposure time
» Adopt testing shifts (obviously requires second person)
« Add second test station

* Nominally should allow a doubling of throughput (originally
5 per day, double that to 10 per day)

"@? i
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Schedule (with higher throughput)

WHBS Task Mame Start Finish 2003 200 S0
2nd Halt 13t Half 2nd Half 15t Half 2nd Half 1=t Half
atr3 [ ard | atrt [ a2 | o3 [ awrd [ atrr | G2 | aws [ ctrda | atr1 |
1 FVTX Project Fri 12105 Tue 92711
1.1 Start Construction Tue 411105 Tue 471103
1.2 Start R&D BML Mon 17206 hdan 152106
1.3 Start R&D LANL Mon 17206 hdan 152106
1.4 Wedge Components Thu 34507 Tue 22211 ' : : : :
1.4.1 Wedge sensors Fri 24508 | Tue 222411 : : :
1411 Vendor selection Fri 21508  Thu 41003 3
141141 develop criteria Fri2fsls  Thu 2/28M03 E n dS 2/2 2/11 :
14112 “Yendor gquotes Fri 20291058 Thu 4M10/15
1.4.1.2 procure prototype sensor Wed 61108 Fri 82809 ¢ 14 WkS fro m n OW
14121 mazk et Wed BA105 | Tue 7/S/08 § IRT
14122 Fensar manufacture Wed TS Tue 10023008 i I n CI u d e S h O I I d a.yS
141235 test prototype sensor Wed 10/29/05 Tue 2109 ,
14124 wire hond FPHX Wlon 3M 609 Fri 4110003 S @ 501 Wk)
14125 1=t prototype wedge azsembly hlon 40 309 Fri 2503
14128 test wedge assembly(zystem test) o 50109 Fri /28508
1.4.1.3 Procure sensors Wed 11/40% Tue 272211
141354 procure zensorfully tested) Wied 11,409 Tue 372310
14132 Sensor GUA Wed 102710 Tue 4/20M0
14133 Attach HDI to Backplane Wed /210 Fri 1/21 M1
14137 Glue chips to HDI Mon BFM0 0 Wied 126811
141312 Wire hond chips to HDI Thu BA0M0 | Mon 1/3111
141358 Test chips and HDI Tue BMSM0 Thu 2i5M1
14154 Attach sensor Fri BM&M0 Tue 25511
14135 Wire bond senszor to chips + HOI Wied Br23M0 Fri 201111
14136 Test chip,zensar + cable aszemblies Won BF25M0 0 Wied 2MEM A
14138 Wire band encapsulation Thu 7HMH0 Tue 272211
1.4.2 FPHY (hin Thu 34507 | Thu 52710

N _ _
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Summary
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Wedge assembly comprises WBS items 1.4.1.3.3 —
1.4.1.3.12

Small wedge production completed

— Very smooth, no major issues

— Spanned June — Oct 2010

— 117 working wedges (needed 96+8)

— High yield due to both well-designed assembly and QA
procedures

Large wedge production to restart in mid-Dec
— Dependent on HDIs — projecting week of 20t Dec
— Duration should be 6 weeks

Doubling throughput will ensure assembly can
maintain schedule
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Backup slides
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Example Traveler Document

PH

PHENIX FVTX Module Assembly

Mﬂ(é‘k‘ Number:

HDI Mounting

e
Operator:

Site: .,,%
Assembly Fixture #:

Notes:

FPHX Mounting
Date: £ LD i
Operator: @"—
Site: _M._

Assembly Fixture #: _.L__
Notes: 4“#

,7/&?/#2 i

Backend Wirebonding

Date: I;Z/S 2 %
Operuor

Site: 24 /Pcé e
Notes™ U mﬂm
ey rw-l; FRU Fme s

7o a7 Bomd 1250 ¢k
L -3 Rhbords -IF
3Owims - Bemdng 2 QT

Sensor Mounting

Date: _
Operator:
Site:
Assembly Fixture #:
Notes:

Frontend Wirebonding

Date: _f?;é{/l_fé;/g_ja__
Operator: _ Z22%

SIECMERE ek /0.
Assembly Fixture #:

Notes:  Aomderng coent
W po jppufdens,

Encapsulation

Date: _Qé/z.l,émLQ__
Operator: __22u4
Site: ___FAKL
Notes:

R

A
ZI\N

evision 1

N
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FPHX PLACEMENT

R} #o |14 Backplane ID:

R}"’? u1s u2 RAL# S
#3#9 |ute mim: 2/ Us [p2# 9
f3%9 |u17 D Ud |p2 # /4
R3# /0 |U18 w738 —gy2/m)| V5 |A37 Y
R3# /) |U19 U6 [R2#/2
R3#/2 [U20 U7 R #/3
34 /3|21 us [R37 ¢
vaé, u22 u9 [p3# 5
RY# 57 |u2s uto|p3# 4
RY* 4 fuza vi|p3 #3
Rys 3 |us u2|f3 #
Ry # 2 {u2e v13|p3#/

2%  |VL[Rar7

If found, please contact David Winter, winter@alum.mit.edu
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l(’stlng N tcs HDI + FPHX
Ww b :« m\w-llJ ok ’m; &“m‘h et #o b vey nety €JdCo= 1. fedk mverhy ded
HOT dmg < 0.002 nA € SV Rras
(bbb heg < fem cl.«—«.é!ﬂuf‘w Yoaad ” l,u#'&amw{
51 Wik (8 15 ¢ ohns proa.

Testing Notes HDI + FPHX + Sensor:

Row Sowee 38F (pa 814FF)  Lovks 9/\1«1‘

Testing Notes HDI + FPHX + Sensor + Encapsulation:

source (|08 PACO-8 sl Ricu Lotilannols D~
ok




Traveler Web Interface
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€« C M 5 b/ phenic bl gov W i dr aft/frbewedgehssembly Databasefr aveler _form. php

[ Mews [ Finances (] Programming [ ] Athleticore [ PHEWIX .|

. Mevis [EJ Facebook  €) NYRR D Makiko & Dave weddi.,

O i@

"7 other bockmarks

™ Traveler_Large_005_r...jpg

v ™ Traveler_Large_00S_fr..jpg ™ qgifsicle-1.60.kar.gz

4

T B . Assembly Stages Assembly Tests Tnject] Prob Det Assembly (TBD)
Backpl ID |HDIID || # clups placed || Sensor ID Em:ap % Sensor \Enﬂ Station | E/W || plane || Pos.
1 [targe | Gomsback oo [ 2 8 26 x [ v [EEEEEEE
2 ltarge | fonvback Gy | 8 9 26 2 | ¢ [
3 [targe | Gommback o || 4 4 26 FERA | e
4 ltarge]| Ronwback @) | 7 JB 26 FRA |
5 |ltarge]| fonvback ay | 46 1 26 |« [
i Jowlemaen] o [ 1 % | a |« ISR
7 ltarge]| Ronvback @) | 48 13 26 % [« [
8 |ltarge]| fonvback ) | 49 14 26 s |« [
e tamsen] |5 % | » |/ R
10 [targe | Gonbark (pdp || 151 16 26 x|« [N
11 targe | Fonttbark (pdp || 152 18 26 ERA
12 |tacge ]| fontback (pdf) | 153 || 19 26 PEIRA |
13 [targe | Bomback (pap || 154 20 26 2z |« [N
14 [targe | Fronbark (pdp || 155 21 26 ERA
15 |[targe | frontback (pdp || 156 22 26 x|« [
16 |[torge | fomback ) | 158 || 23 26 7 [« I
17 [targe | Gonbark (pap || 159 2 26 BRrA T
18 |[targe|| fontback (pap || 70 25 26 » |« [N
19 |torge | fontback (papy || 71 26 26 X [ L
20 [terge | fomback @ap || 72 z 26 a0
21 |[targe || fronvback (pdf) | 73 28 26 41 X 1

3 show all dowrloads.. .

s

N
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Occasionally FPHXs do chip
during wirebonding
Procedure exists to replace
damaged chips

In one case, HDI “lost” a
chip id pad ;
Confirmed with probe
station

Wirebonded to good

pad
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Managing the Schedule

* Input constraints
— Wedges are started in batches, and more or less move thru system that way

— Between chip placement and wirebonding, arclad needs about 2 hours to
“harden”

— Testing keeps pace with production (latency problems with source testing are
solved)

— Ag epoxy needs at least 4 hours curing to be effective
* Assume 2 batches of 5 at a time

Note:
ek ____lu_IT Twlmn[r 10w IR
f HDI+FPHX 10 10 10 10 50 : encapsulation scale
| I with size (various
\B—E—V\LB————————:LO———19——1(2—]&O——1—0——5g—1 amounts)
Sensor 10 10 10 10 10 50 *  Other tasks do not

« 5/batch considered
FEWB 10 10 10 10 10 50 average —_ W|” be
Encap 10 10 10 10 10 50 slower at start, and

faster later

N _ .
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Silicon Detector Center @ FNAL

Ml WELCOME TO:
SiLICON DETECTOR
CENTER

N * R
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Primier facility for
building and testing
vertex detectors for
HEP experiments

Five large-scale clean
rooms for assembly
and testing

Several wirebonding
stations

Wide expertise with
Silicon and CCD
technology

— CDF, DO, CMS, SNAP
among others




Example of managed process flow

PE

week1 |week2 |week3 |weekd |, week5 |week6 |week7 |week8 |..incio
Bert
HDI 104 HDI BP 104104 HDI BP 208|Bert
Chips 40 chip HDI [24 chip HDI |40 chip HDI 104 16 chip HDI |40 chip HDIJ40 chip HDI 208}
Sensors 40 sensors 40 64 sensors 104
[Tammy
Chips 40 chip HDI 40|64 chip HDI 80 chip HDI 184 Tammy
Sensors 16 sensors |20 sensors 364 sensors |20 sensors |20 sensors 80

week 9 |week 10 |week 11 |week 12 week 13 |week 14 |(week 15 |jweek 16
Bert
HDI 104 HDI BP 312|104 HDI BP 416|Bert
Chips 16 chip HDI |40 chip HDI |32 chip HDI 296 40 chip HDI40 chip HDI 376
Sensors 80 sensors 24 sensors 208 80 sensors 288
[Tammy
Chips 24 chip HDI 208[80 chip HDI 288 Tammy
Sensors |20 sensors |20 sensors |14 sensors [20 sensors 154 20 sensors [20 sensors |20 sensors 214

week 17 \week 18 |week 19 |week 20 week 21 |week 22 |week 23 |week 24
Bert
HDI 420
Chips 40 chip HDI{ chip HDI 420
Sensors 80 sensors 52 sensors 420
Tammy
Chips 80 chip HDI 52 chip HDI 420 [Tammy
Sensors 20 sensors 20 sensors 254120 sensors |20 sensors |20 sensors [20 sensors 334

week 25 \week 26 |week 27 |week 28
[Tammy
Sensors  [20 sensors |20 sensors |20 senfdrs \RAEH@ersHV T X R&iew November 2010 Tammy
I~ =TT/ 2 5

& g fme
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