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ctivities at M
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M
ark Bautz, Steve K

issel &
 Rick Foster

O
verview

:
•

CCD
 perform

ance &
 status

•
Sensor base status

•
A

E/TCE status
•

Prospects for back-illum
ination
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CCD
 Perform

ance &
 Status

•
CCD

 Inventory and Test
•

CTI vs chip location on w
afer

•
Q

uantum
 Efficiency and Spectral Resolution

•
Cosm

etics: hot pixels &
 bad colum

ns
•

Edge glow
 sum

m
ary (no new

s)
•

Charge injection
•

Radiation test results
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CCD
 Inventory:

 Packaged D
evices at CSR

•
13 packaged devices delivered to date

•
9 devices in flight packages, from

 3 w
afers:

*
3 from

 w
afer 1 (~250 nm

 BPSG
):

ß
 2 for sensor base engineering tests (c5,c9)
ß

1 for edge- etch dem
onstration (c3)

*
1 from

 w
afer 6 (~130 nm

 BPSG
):

ß
 full calibration, then used for radiation test (c1)

*
5 from

 w
afer 4 ( 50-75 nm

 BPSG
):

ß
4 “flight candidates” (c3, c5, c6, c7;  2.5 calibrated to date)
ß

1 dam
aged during packaging (c4)
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CTI vs Chip Position
•

X
IS2 CTI is m

easurably higher than that of X
IS1 devices:

2 - 10 x 10
-6 for X

IS2 vs < 3 x 10
-6 for X

IS1
•

Charge injection tests im
ply extra CTI due to very short-

tim
escale trap (possibly Cu contam

ination?;  cf Steve)
•

Screening results indicate that CTI is best nearest the
center of the w

afer, and degrades system
atically tow

ard
edge.

•
O

n w
afer 4,  3 central chips (5, 6 &

 7) have CTI < 5 x 10
-6

•
W

e w
ill attem

pt to choose flight devices from
 chip

positions 5, 6 &
 7.
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W
afer 4 CTI

1
3

4
5

6
7

8

2

9
10

11 8.3,8.1,8.0,7.9

9.9
    9.0
          8.2
              7.3

5.4
    3.5,3.0,2.4

2.3,1.5,1.4,2.0
2.8,2.7,3.5,4.5

(x 10
-6)
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Q
uantum

 Efficiency

•
Q

E m
easured for 1 w

6  and 2 w
4 devices

(3rd w
4 in now

 being m
easured)

•
Q

E is as expected
•

BPSG
 is m

ain change from
 X

IS1
•

Final BPSG
 thickness is 50-75 nm

•
D

epeletion D
epth ~ 65 mm

, sam
e as X

IS1
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Relative Q
E:  X

IS2 vs X
IS2

W
afer-to-w

afer variation due to BPSG
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Relative Q
E: X

IS2 vs X
IS1
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X
IS2 CCD

  A
bsolute Q

uantum
 Efficiency

 M
easurem

ents &
 M

odel

Error Bars: RM
S spatial variation over CCD 
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CCD
 Q

E M
odel Com

parison: X
IS2/X

IS1
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H
ot Pixels &

 Bad Colum
ns

•
X

IS2 devices show
 35-75 “hot pixels”

(few
er at T=-70C!)

•
Each hot pixel produces ~ 1 event/readout:

Can D
E &

/or telem
etry accom

m
odate these?

•
Typically ~ 50 “bad” colum

ns; m
ay be

related to “hot pixels”
•

Suggest Japanese side review
 raw

 data
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10
7 5.9-keV

 photons 
Q

E N
on-uniform

ity of w
1.4c7

O
verclocks
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Q
E N

on-uniform
ity in w

1.4c7

Colum
n N

um
ber

Events/col in rows 900-999 
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Response to Edge G
low

•
H

ave N
O

T identified cause of interm
ittent edge

glow
, but glow

 is probably related to saw
 dam

age.
•

H
ave dem

onstrated edge-etching, originally
developed for A

SCA
, on X

IS2 CCD
.

•
W

ill package &
 calibrate at least 4 additional

devices (from
 w

afer 7) for use in flight sensors.
•

Propose to fly only edge-etched devices.
•

First edge-etched, w
afer 7 device expected at CSR

this w
eek.
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Putative Edge-glow
 M

echanismp-n junction
n p

m
icro-cracks

•Back-junction is a reverse-biased diode
•Function is to rem

ove charge from
 “deep” background events

•M
icro-cracks on edge of chip (from

 saw
ing) near p-n junction

can produce (locally) high electric fields.
•H

igh fields lead to im
pact ionization &

 large num
bers of

electrons-hole pairs.
•Som

e of these electron-hole pairs recom
bine &

 em
it near-IR

photons  w
hich are “detected” as edge-glow

.
•Etching edges rem

oves or reduces curvature in m
icro-cracks.

back of CCD

front of CCD
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A
stroE2 X

IS Engineering Status

A
stroE2 Science W

orking G
roup M

eeting
M

arch 2003
ISA

S
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Topics
•

Sensor Base
–

H
eatsink A

ssem
bly Redesign

•
D

esign O
verview

•
Therm

al Perform
ance Test Results

•
Torlon standoff delam

ination issue
–

Sensor Base
•

A
nalog and Therm

al Control Electronics
–

Electrical
–

M
echanical

–
Softw

are/Firm
w

are
•

Program
m

atics
–

Schedule
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Top R
adiation Shield

M
IT-LL C

C
ID

41 C
C

D
w

ith C
harge Injection

C
ustom

 M
ade M

arlow
Therm

al Electric C
ooler

H
erm

etic Feedthrus

A
u coated C

u H
eatsink

A
lum

ina
Substrate

Torlon Standoffs

Sim
ple assem

bly of H
eatsink

w
ith H

ousing

Flexprint

A
l H

ousing

R
eady For Bonnet!

X
IS Sensor Base Q

ualification M
odel
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•
Engineering U

nit
Therm

al
Perform

ance
–

Initial Therm
al

Perform
ance

Tests of Sensor
Base w

ith the
redesigned
heatsink show

ed
excellent results.

–
N

oticeable
im

provem
ent

over A
stroE1

perform
ance

Sensor Base
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Sensor Base (Cont.)
•

Torlon Standoff Configuration
–

The CCD
 is held in position w

ith 3 Torlon posts
bonded to a copper heatsink

–
The torlon provides structural support for the CCD
and has very good therm

al isolation properties
–

The adhesive bondline (H
ysol EA

 9394)  betw
een the

bottom
 of the torlon standoffs and the heatsink is used

to take up the m
achine tolerances of the standoffs and

the therm
al electric cooler (w

hich is sandw
iched

betw
een the CCD

 and the heatsink).
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Sensor Base Standoff D
e-lam

ination

–
Bonding the torlon to the gold plated heatsink w

ithout
delam

ination after exposure to therm
al cycling, random

 vibration
and shock loads has proved to be “challenging” (It is hard to
glue som

ething to gold and have it hold up under our conditions)
–

A
 design m

odification has been im
plem

ented that w
ill add a

m
echanically secured, epoxy filled collar to the posted after the

posts are initially bonded in place.
–

Since these collars are not in the therm
al Path, they w

ill have
negligible effect on system

 therm
al perform

ance.
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Sensor Base Q
ual. Test Results

•
In 1

st sensor base qualification tests, torlon sim
ply

bonded to A
u. O

nly norm
al part cleaning, no

special surface treatm
ents:

–
Result: D

id not survive therm
al cycling

•
In 2

nd  sensor base qualification test, A
u surface

abraded before bonding:
–

Result: Survived therm
al cycle &

 random
 vibration, but

not shock.
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Torlon Standoff A
dhesion Tests

5 .. D
elam

inated during therm
al cycling

•
D

ecided to stop and do a
series of adhesion tests
before 3

rd attem
pt to

qualify sensor base.
•

Surface treatm
ents

follow
ed by therm

al
cycle and static load
testing

•
N

ext Sensor Base
Q

ualification test w
ill include

surface treatm
ent and collars.

–
H

opefully final test! Then
on to flight assem

bly
Standoff

A
dhesion Test
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A
ddition of Torlon Standoff

“Collars”
R

evision 1 …
 Torlon Posts epoxied to G

old Plated C
opper H

eatsink
R

evision 2 …
 Torlon Posts epoxied to G

old Plated C
opper H

eatsink w
ith

A
u plated copper  “C

ollar” fastened to heatsink and gap filled w
ith epoxy

Torlon Posts

N
ew

 C
ollars
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Collar Bottom
 V

iew
 w

ith epoxy
fill holes

Fill H
oles
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A
nalog &

 Therm
al Control Electronics

•
Electronic D

esign is com
plete and project

w
ell into fabrication phase.

•
N

o com
ponent part procurem

ent issues
•

H
ave had som

e quality problem
s w

ith
printed circuit board vendors.
–

O
ne vendor closed.  Fabrication of certain

boards transferred to another vendor
–

M
ultiple coupon analysis failures from

 a
traditionally reliable vendor have required
several rebuilds of PCB by vendor

•
Review

ing several ICs for additional spot
shielding, w

ith Tantalum
, to im

prove
radiation tolerance.
(N

B: A
sk W

ada-san, A
stro-F re D

A
C8800)

•
H

ousings fabricated, painted and inhouse
aw

aiting PCB com
pletion.
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A
ctel FPG

A
•

Identified “Bugs” are in 1 of the 3 A
ctel1280

devices on the controller board A
ECM

D
•

A
ECM

D
 is tightly integrated w

ith other
A

ctels and  has a high gate utilization.
•

It is risky to  re-route the chip w
ithout

com
prehensive retesting:  N

eed to test
everything, not just the circuits redesigned to
address bugs.

•
W

orkaround identified for H
K

 Read Bug
•

W
rite-W

rite bug does not affect any  current
instrum

ent  m
odes.

•
D

ecision m
ade to use the original A

stro-E
X

IS A
ctel FPG

A
 designs.

•
A

ctels program
m

ed and controller boards
currently being assem

bled.
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U
pdated A

stroE1 A
E/TC

E
(U

nit to be returned from
Japan for upgrade ??)

Target D
ate For Flight

A
E/TC

E &
 Sensor Base

D
elivery to Japan
(A

ugust 2003)

ISA
S Project M

aster Schedule



10 M
arch 2002

Rick Foster

Schedule
•

G
uardedly optim

istic about being able to deliver the Flight A
nalog

and Therm
al Control Electronics (A

E/TCE) one m
onth early

(A
ugust 2003)

–
D

esign and parts procurem
ent w

ent w
ell.

–
N

agging quality/delivery problem
s w

ith printed circuit board vendors.
•

Still review
ing ability to do an early delivery of sensor bases

–
W

e have slow
ed dow

n to investigate  the standoff adhesion and detector
edge glow

 problem
s.

H
eatsink qualification should be com

pleted end M
arch03.

1
st flight sensor base assem

bly should begin m
id  A

pril03.
•

N
eed to finalize the details of the Japanese engineering unit A

E/TCE
upgrade to support  integration tests activities in Japan early this
sum

m
er.

–
Plan is to bring the unit to M

IT, w
here a new

 D
river Board w

ill be put
in and the backplane m

odified.
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Recent D
evelopm

ents in
Back-illum

ination
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Chem
isorption for Back-illum

ination

In process developed by M
. Lesser of U

. A
rizona:

•
W

afer is thinned
•

Back surface  is cleaned &
 oxidized

•
Thin layer of A

g ( ~1 nm
) adsorbed on back

surface
•

H
fO

2  coating (5 - 50 nm
) deposited over A

g
•

W
afer is diced and devices packaged
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Experience w
ith Lesser Coating Process

To date tw
o LL CCD

 types (ccid20 &
 21) have been treated

w
ith this process:

•
Thinning &

 packaging steps done &
 LL

•
O

ther steps done at A
rizona

Lesser has “coated” BI devices for 3 N
A

SA
 m

issions, though
none of these has flow

n yet:
•

H
ST A

CS (G
SFC: backup devices)

•
K

EPLER (G
SFC)

•
Lightning-M

apper (M
SFC)

Process tim
e (for coating) is about 1 w

eek
Y

ield for coating claim
ed to be “very high” (> 80%

)
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BI CCD
s for X

IS?

•
M

IT w
ill deliver 4 X

IS sensor bases, plus spare,
w

ith FI CCD
s, per agreed schedule.

•
W

e have sufficient parts to build 2 additional
sensor bases.

•
W

e are investigating schedule on w
hich BI CCD

s
for X

IS could be available.
•

W
ould a sw

ap of tw
o sensor bases (BI for FI) after

Septem
ber be feasible?


