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Charge . | valuate electronics comcigurations with regarcl to;

. Reliabilitg of in-cryostat electronics 2 [Jow often will
crgostat need to be openecl due to internal electronics

failures?

e \/acuum contamination
> Optimization with respect to electronics comciguration
> Testing, mitigation, certification

J Eva]uate “]ntcmal” VS “Extcmal” Back E_ncl E]cctronics
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Paseline con{:iguration >
Minimization of Cryos‘cat FPenetrations

Large Synoptic Survey Telescope

Sensors

Ra{:’c

Front [~ nd Electronics (~ -1 OOC)

Back [T nd [ lectronics (~ - 20()

Crgos’cat wall

I 7~Oct~05 Brookhaven Nat‘l Laboratorg (2)



Alternate co rncigu ration 2

Large Synoptic Survey Telescope

Minimization of Crgostat electronics for
o Reliability
. Outgassing, vacuum compatibilitg

Sensors

Ra{:’c

Front [~ nd Electronics (~ -1 OOC)

Cryostat wall

PBack [T nd [ lectronics (~ - 20()
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Large Synoptic Survey Telescope

1 7-Oct-05

High part count components will dominate failure rate

5aci< Im nd I lectronics - Keliabilitg

[unction chhnology Qty/scnsor No Sensors th
16 bit ADC 0.6u CMOS 32 201 6432
Differential amPli{:icr 2.5u”2 bipolar 32 201 6432
Opamp 2.5u”2 bipolar 32 201 6432
Reference 2..5uA2. bipolar 2 201 402
Frame buffer O.18u CMO5 2 201 402
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Large Synoptic Survey Telescope

5ac]< I nd [ lectronics —~ Keliabilitg (com’t)

J Semiconc}uctormcailure rates are rcPortecl bg vendors (Analog
Devices data on a_” AD Parts>

o [Tailure rates follow exponcntial Clepenclence onjunction
temperature

o [ ailure rates double for each ~8Cjunction temperature
increase

o Junction temperature s clepenclent on ambient & thermal

resistance of Package
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Large Synoptic Survey Telescope

1 7-Oct-05

}5ac]< IF nd [T lectronics - Keliabi]it9

MTBI atjunction temp

e+55(_ (air cooling from room temp)

o+20( (heatsink to liquicl cold P]ate @~o(_

(tgpical, estimate on]g)

MTDBF (55C) per Camera MTDBF (20C) per Camera
Function part (x 10°Hrs) MTBF (Yrs) part (x 10°Hrs) MTBF (Yrs)

16 bit ADC 259 4.6 4,976 88.%
Differential amplifier 273 4.9 5,254 9%.2
Opamp 273 4.9 5,254 93.2

Reference 273 77.7 5,254 1,492.0

Frame buffer 259 7%.5 4,976 1,413.1
1.5 29.%

B will operate at

°~ ~ZOC ambient cold liquicl
o <<40(_ AT rise tojunction (low Powcr)

e <L 20 Cjunction temp (likelg closerto 0 )

Preclictecl to be negligible

Scmiconductorjunction failures are

Brookhaven Nat‘l Laboratorg

(6)




“|nternal” congiguration

Large Synoptic Survey Telescope

ack [T nd [ lectronics
— Pack Fnd [lect —

Flex & Fiber |nterface/  Data

Raft Front [ nd PBoard F Octal ADC Frame Puffers Fiber

Timing/
Control

|nactive Polgamidc (m™2) ~ 8 m?

Active Polgamidc (m™2) ~ 5 m?

Nano-connectors| 1] ~1,230 Cryostat wal
Fin count(2] ~7%,800

Cryostat Pcnctrations ~1,500

[1]connectors requiring breaking vacuum to rePlace
[2]based on 60 Pins per connector

I 7~Oct~05 Brookhaven Nat‘l Laboratorg (7)




Large Synoptic Survey Telescope

Flex &
Ra]c’c Fron’c End Board

1 7-Oct-05

“|nternal” congiguration

(connector minimization)

Back E_nc! E]ectronics
]

Fiber |nterface/  Data
Octal ADC Frame Bugers Fiber

—

Flex

Timing/
Control

|nactive Polgamidc (m™2) ~ 8 m?
Active Polyamidc (m™2) ~ 5 m?
Crgostat wall
Nano-connectors ~83%0
Fin count ~50,000
Crgostat Pcnctrations ~1,500
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Large Synoptic Survey Telescope
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High Densitg Fee&-through Developmcnt U Geary)
Pased on

o FCBS with 2x Nano-connectors on each side

J Epoxg Pottecl on ﬂange with O~ring

* Ix ﬁeedthroughs Perﬂange (one raFt)
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(557

Large Synoptic Survey Telescope

Crﬂostat ﬂangc with 21 raft Fcedthrougl’n assemblies
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Large Synoptic Survey Telescope

Flex &
Ragt Fron’c End Board

1 7-Oct-05

I xternal” comciguration

—

Back E_nc! E]ectronics
]

Fiber |nterface/  Data
Octal ADC Frame Puffers Fiber

Timing/
Control

|nactive Polgamidc (m™2) ~ 5 m?
Active Polgamidc (m™2) ~ 1.6 m*
Nano-connectors ~1,608
Fin count ~96,480
Crgostat Pcnctrations ~24,120
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Large Synoptic Survey Telescope

Flex &
Ra]c’c Fron’c End Board

1 7-Oct-05

“Ex’cemal” comciguration

(connector minimization)

—

Back E_nc! E]ectronics
]

Fiber |nterface/  Data
Octal ADC Frame Puffers Fiber

Timing/
Control

|nactive Polgamidc (m™2) ~ 5 m?

Active Polgamidc (m™2) ~ 1.6 m*
Nano-connectors ~1,230
Fin count ~7%,800
Crgostat Pcnctrations ~24,120
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Large Synoptic Survey Telescope

Comparison . Internal vs [~ xternal

|nactive = Active FA Nano- Crgostat
Co n{:iguration FPA (mAZ) (mAZ) connectors Pcnctratio ns
|nternal ~8 ~5 800~ 1,200 ~1,500
[~ xtemnal ~5 ~1.6 1,200~ 1,600 ~24,00

J Crgostat electronics will have to be clean regardless of comciguration

o Standard Practices exist
> A” cryostat electronics on Polgamiclc (Kapton) Pcbs
> A” active electronics have conformal coating ( eg Conothane, )

> Some outgassing data exists (cg NASA, ...)
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Large Synoptic Survey Telescope

Conclusions & recommendations (bq consensus .... sort oF}

e Pascline confziguration should be vigorousl9 Pursuecl.

. f’ligh Densitg vacuum fceclthrough should be Cleveloped as backup “Plan B
o All in~cryostat materials must be tested and certified

J A” materials hanc”ing Proccclures must be s!:)echCiecl (eg Baking, c]eaning) etc)
. Remecliation techniques (eg gettering, Bagling, ..) must be invcstigatecl and
documented

. Telescope (site) handling facilities must be spechcicd

. erostat Materials (_ertification should rise to an | 99T “T ask” with it’s

own gacilitg and manager.
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