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SCUBA-2 Overview

SQUID Multiplexer Wafer
Bump Bonds

Detector Brick

Implanted Absorber

Silicon Nitride
Support Membrane

Detector Frame

SCUBA Imagers are fabricated using two separate wafer-scale chips -
Detector and Multiplexer

Each wafer sub-arrays consists of 32 × 40 array pixels (1280 total) on a
1.135 mm pitch

Four sub-arrays are tiled to make a focal plane

Two focal planes, 450 µm and 850µm



SCUBA-2 Multiplexer

Standard NIST SQUID process

Nb/AlOx/Nb junction

ECR-PECVD low-temperature SiO2

3 wiring levels, 10 lithography levels

0.8 µm minimum feature size

. . . with some differences

Wafer-scale pattern (made on a
stepper) - 60 reticles!

Two additional layers (SiO2 and Mo)
for bump-bond compatibility

In-process testing



SCUBA-2 Multiplexer

Standard NIST SQUID process

Nb/AlOx/Nb junction

ECR-PECVD low-temperature SiO2

3 wiring levels, 10 lithography levels

0.8 µm minimum feature size

. . . with some differences

Wafer-scale pattern (made on a
stepper) - 60 reticles!

Two additional layers (SiO2 and Mo)
for bump-bond compatibility

In-process testing



SCUBA-2 Detectors

Brick Wafer

Absorber ion implantation

Oxidation

Patterning for brick formation

Handle Wafer

Detector Substrate Wafer

Grind/polish to desired brick thickness

Grow silicon nitride membrane

Reaqcuire alignment marks

Fusion Bonding

Scottish Microelectronics Centre

TES Detector Fabrication

Bilayer formation and patterning (Mo/Cu)

Additional normal metal (Cu)

Passivation (SiO2)

Shielding/bump interface (Mo)

Mechanical Electrical



SCUBA-2 Array Integration

TES Detector Wafer

Flatness determination

Bump formation (In) Imager Hybrid
Final Micromachining

Blanket-etch handle removal

‘Bosch’ etch brick and frame formation

Laser dicingSQUID Multiplexer Wafer

Flatness determination

Bump formation (In)

Selection of wafer pairs

Cold-welding hybridization

Focal Plane Integration

Thermal mount on ‘hairbrush’

Wirebond

Cryogenic and optical test

Sub-array
Flex

Niobium
SQUID preamps

Series-array
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Readout Electronics

UBC readout electronics - next talk



Two Detector Subarrays Are Now Cold

Carl and Kent in Edinburgh November 30, 2006



Key Results

Prototype Arrays

Basic mux and detector functionality

Measured detector/mux interactions - detector design changed and tested

Measured mux crosstalk issues - multiplexer design changed and tested

Measured NEP and optical response - well within requirements

Science-Grade Arrays

Two currently cold at the ATC in Edinburgh

Working TESs and heaters on both arrays

Optical response

Further software development is key next step
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Yield

Multiplexer wafers - obtain ∼50% usable parts after cryogenic testing.
First cryogenic testing ∼ 1 year ago.

Detectors wafers - obtain ∼40% for starting stock (mechanical wafer
bonding)

Detector wafers - TESs and deep etch high but unknown

Hybridization - 100% so far



M.07.0X
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New sub-mm Imagers

Less risk, less flexibility
• ∼1K pixel/subarray
• 1.135 mm pixel pitch
• 130 mK

Less setup cost

Earlier initial production

Other wavelengths possible
with minimal development

More flexibility, more risk
• ∼4K pixel/subarray
• 0.5 mm pixel pitch
• More pixels per output

channel
• Simpler magnetic shielding
• Other operating

temperatures?

Less production cost (per pixel,
per sub-array?)



Multiplexer improvement

Second-order gradiometric SQUIDS

Much less magnetic shielding required
(∼100× reduction in effective area)

Improved SQUID noise (2× - helps
muxing or reduces unit cell)

Improved dynamic range (4×)

The new designs will allow us to shrink the multiplexer unit cell to ∼ 0.5 mm
and allow pixel 4× increase in pixel count.

We believe new designs can achieve significant yield enhancement over older
SCUBA-2 designs.
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Detector Improvements

Since original SCUBA-2 start, NIST now has all tools necessary to replicate
SCUBA-2 detector mechanical wafers (STS Deep Etch, Wafer Bonder)

Simplification
• Can fabricate on thin flat wafers (& 100 µm)
• Use temporary carrier wafers (wax mounted) as necessary.
• Some implications for passband at shorter wavelengths
• Other methods (SOI, polymer bonding, . . . ) under study

Bump Bonding
• Now have potential two sources for Indium bump bonding, Raytheon and

NASA GSFC
• Goddard has experience bonding fragile parts - microshutters for NGST

Higher Operating temperature -lower G with membrane perforation
Other possibilities

• Different geometries (HCP, match to spectrometer, . . . )
• Multi-color sensitivity



Relieved (Low G) X-ray Pixels



Testing

SCUBA-2 has taught us the importance
of fast turn-around on testing.

We have invested in a very large
dilution refrigerator to enable
large-scale testing of imager
components.
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