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1.  INTRODUCTION

This proposal is for the continuation of a project started in 2005 with the unanimous recommendation of the
Observatory Technical Council.  The work is being done in collaboration with the Microfabrication Laboratory at
the University of Virginia (UVML), with which the NRAO has an established record of successful instrument
development. (The SIS mixers for ALMA Bands 3 and 6 were developed by NRAO and UVML, and before that all
the Nb SIS receivers for the  12-m telescope.)  The UVML has recently acquired major new fabrication equipment
which puts them in an excellent position to develop this exciting new technology for quantum-limited SIS mixers at
1 THz and beyond.

The 350-µm atmospheric window (780-950 GHz) is important for the next generation of terrestrial radio
telescopes as well as for instruments in space.  At present, no heterodyne receivers for this band can achieve the
nearly quantum-limited sensitivity of niobium SIS receivers below ~ 600 GHz.  On ALMA, the 350-µm band (Band
10) is the highest frequency band, and building more than 70 ALMA receivers for this band a few years from now
will not be possible without a significant advance in mixer performance.  It is therefore appropriate for NRAO to
develop the technology for quantum-limited receivers in this band.  The goal is to develop reproducible, reliable,
inexpensive, quantum-limited SIS receivers based on NbTiN technology which has given promising, though not yet
consistent, results in other laboratories.  The mixers will be designed to support a wide IF bandwidth which is
desirable for both spectral line and continuum measurements, and in a form suitable for sideband-separating and
balanced operation.  Success in this work will provide the critical remaining element for the construction of receivers
for ALMA's Band 10.

2.  PROGRESS TO DATE

(a) NbTiN thin film fabrication and testing. Initially it was necessary to develop a stable and repeatable process
for depositing high quality NbTiN thin films.  The result shown  in Fig. 1 is a typical resistance vs. temperature plot. 
The sharp transition and high critical temperature indicate a high quality film.  

(b) SIS junctions with AlN tunnel barriers.  Using a newly acquired AlN tunnel barrier growth chamber
equipped with an inductively-coupled N2 plasma source and an in-situ ellipsometer for monitoring actual angstrom
thickness tunnel barrier growth, UVML has characterized the AlN tunnel barrier growth dynamics � see Fig. 2.  

Fig. 1.  Resistance vs temperature characteristic for a NbTiN film
made at UVML.  The sharp transition and high critical temperature
indicate good film quality.
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(c) Lithography.  UVML is currently working to developing the necessary NbTiN lithography processes to
fabricate the < 1 µm diam SIS junctions needed for operation ~ 1 THz.  We are taking advantage of the recent
acquisition of several state-of-the-art processing tools including a chlorine-based Oxford inductively-coupled plasma
reactive-ion-etch system, a Raith E-beam lithography tool for submicron sizes, and a Zeiss field-emission scanning
electron microscope.  A mask set is being designed with test junctions of various sizes and test circuits for
characterizing the properties of the NbTiN (London penetration depth) and oxide films (specific capacitance,
effective dielectric constant) which are needed before a mixer can be designed.  

(d) Si membrane substrate with beam leads.  Essential to our mixer designs for operation near 1 THz is the use
of Si membranes with beam-lead contacts.  Compared with conventional circuits on thick wafers, which can be cut
up with a dicing saw, beam-lead devices cannot be diced mechanically but are separated by lithography, with the
added complication of alignment between the top and bottom mask patterns.  UVML has successfully made
circuitswith beam leads on 3-um membranes, and now appears to have a robust process.  Fig. 3 shows an HEB mixer
on a Si membrane for operation at 450 µm.

Fig. 2.  AlN thickness as a function of ion energy (A, B, C), all at
150 W.  The film was exposed to the plasma for the 5-min. time period
indicated by the vertical lines.

Fig. 3.  A 600-720 GHz HEB mixer fabricated at UVa.
The circuit is on a silicon membrane with gold beam
leads at the sides and ends.  The membrane is 840 µm
x 82 µm x 3 µm thick.  The gold beam leads along the
sides are 34 µm wide and 3 µm thick. 
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2.  MIXER DESIGN

The initial choice is between waveguide and quasi-optical mixer configurations.  Quasi-optical mixers based on
planar twin-slot and twin-dipole antennas have had some success, but waveguide designs are preferable if they can
be fabricated with the small dimensions required near 1 THz.  Advantages of waveguide mixers are: (i) better beam
efficiency; (ii) easier integration of the mixer with a wideband IF preamplifier and the magnetic circuit required to
suppress Josephson currents in SIS mixers; (iii) straight forward construction of balanced and sideband-separating
mixers without bulky optical components whose alignment is critical; and (iv) compatibility with a waveguide
orthomode transducer developed for this band at NRAO (the alternative, optical polarization diplexing, is bulky and
also requires difficult alignment of the components to keep the beams of the two polarizations aligned).  A further
practical (and economic) advantage of the waveguide mixer results from its smaller chip size: because the waveguide
mixer chip occupies about one tenth of the wafer area of a quasi-optical mixer, ten times as many waveguide mixers
are obtained from a wafer.  In the ALMA context this is important: it is likely that one 50-mm wafer would contain
sufficient waveguide mixer chips for the whole of ALMA Band 10, whereas with quasi-optical mixers, ten wafers
would be required.

Because of its low dielectric constant, most millimeter-wave SIS mixers are made on quartz substrates of
thickness $70 µm.  Thinner quartz substrates, as required for submillimeter wavelengths, are very fragile and
difficult to fabricate and handle.  To make robust, highly reproducible, SIS mixers for submillimeter wavelengths it
will be necessary to use a different type of mixer package.  The solution lies in two recent developments at UVML: 
thin silicon membrane substrates, and beam leads.  Although silicon has a higher dielectric constant (εr = 12) than
quartz (εr = 3.8 for fused quartz), the use of very thin (~ 3 µm) substrates greatly reduces the importance of the
dielectric constant and it  becomes practical to use silicon.  In addition, the high strength and robustness of silicon
membranes make them very attractive as a substrate for submillimeter wave integrated circuits.  Beam leads are thin
metal tabs, usually gold, extending from the edges of a planar circuit element (e.g., SIS mixer chip).  Because they
are formed photolithographically during fabrication of the circuit, they can be much smaller and thinner than leads
attached manually using a bonder or conductive epoxy.  Since the substrate is supported by its beam leads, shoulders
are not required in the substrate channel in the mixer block and the substrate and channel can be narrower than in the
conventional configuration; this results in higher cutoff frequencies for undesired channel modes and facilitates the
design of wideband circuits covering a full waveguide band (frequency ratio ~ 1.5:1).  In industry, for applications in
the microwave bands, beam leads are an established technology in conjunction with thick substrates, and their
reliability and longevity are well established.  At submillimeter wavelengths, beam leads are used at JPL in InP
frequency multipliers for the Herschel HIFI radiometers.  At UVML, beam leads have been successfully used with
circuits on thick quartz substrates and silicon membranes, the latter illustrated in Fig. 2.  The use of beam leads with
thin silicon membranes allows almost ideal electrical and mechanical connection between the mixer substrate and the
mixer block at frequencies beyond 1 THz. 

3.  SUPERCONDUCTING CIRCUITS AND SIS JUNCTIONS

Niobium is an almost ideal superconductor for circuits operating well below its energy-gap frequency
(~700 GHz).  It is easy to deposit and pattern using standard lithographic techniques on substrates such as quartz and
silicon, and the technology of Nb/Al-AlOx/Nb tunnel junctions has been highly refined over the last 20 years.  
Above ~650 GHz, photons have enough energy to split Cooper pairs in niobium and the RF loss increases rapidly. 
In addition, mixer operation is impaired near the energy-gap frequency because the photon-induced steps of the
negative half of the I(V) characteristic begin to interfere with the mixing process, which leads to a degradation of the
noise temperature of a mixer.  NbN has a higher critical temperature TC ~ 15 K (cf. TC ~ 9 K for Nb), with a
correspondingly higher energy gap frequency, but it has anomalously high RF loss, and, despite considerable effort
over the years, NbN tunnel junctions have shown poor mixing characteristics.  Some success has been obtained
using NbTiN (Tc ~ 15 K) SIS junctions up to 1 THz, and this is the material we propose to use for the 350-µm band
(780-950 GHz).  

The NbTiN processes is being developed in the University of Virginia Microfabrication Laboratory (UVML). 
NRAO has had a long and successful history of collaboration with the UVML dating to the 1980's when our work on
Nb/Al-AlOx/Nb junctions for radio astronomy, now the standard, was initially greeted with scepticism by the
millimeter radio astronomy establishment.  The collaboration produced the first truly broadband and tunerless SIS
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mixers, single- and multi-chip sideband-separating and balanced SIS mixers, and a single-chip balanced sideband-
separating SIS mixer.  The receivers for all bands on the 12-m telescope use NRAO/UVML SIS mixers.  Most
recently, the collaboration has produced the sideband-separating SIS mixers for ALMA Band 3 (84-116 GHz) and
Band 6 (211-275 GHz).  

In the last year, UVML has acquired from UVA several major pieces of fabrication equipment which are now being
used for this work.  This significantly reduces the development cost compared with the corresponding project in the
earlier NRAO five-year R&D plan.  The process for depositing high quality NbTiN thin films has now been
developed at UVML, as described in section 2.  The first SIS junctions will be NbTiN/oxide/Nb, which has been
used by SRON for HIFI Band 3 mixers (close to ALMA Band 10), and our first NbTiN mixers will use these
junctions.  However, a substantial improvement in receiver sensitivity will eventually be possible with
NbTiN/oxide/NbTiN junctions with their higher energy gap, and development of these all-NbTiN junctions will
occur in the final phase of the project.  Test circuits are now being designed with junctions of various sizes and
circuits for characterizing the properties of the NbTiN (London penetration depth) and oxide films (specific
capacitance, effective dielectric constant) which are needed before a mixer can be designed.  

4.  OPTICS AND LO INJECTION

An advantage of a waveguide receiver, as opposed to a quasi-optical receiver, is the almost ideal Gaussian beam
produced by a well designed waveguide horn.  Corrugated horns have been made for ~ 1 THz, but they are very
expensive and impractical to integrate into a mixer block.  Alternatives are smooth-walled horns such as the Potter
design which has limited bandwidth, and the wideband design by Granet which has been used sucessfully on the
Herschel HIFI instrument.  The Granet horn will be integrated into the mixer block and will be used in combination
with an offset ellipsoidal mirror to produce a beam waist at the dewar window.

The usual way to couple the LO power to a submillimeter-wave mixer is with a beam-splitter in front of the
receiver.  This has several disadvantages:  If the beam splitter is to have low attenuation for the signal from the
telescope, it must have high attenuation in the LO path, which means high LO power must be available � usually a
problem at ~900 GHz.  If the beam splitter is adjusted for lower attenuation in the LO path, it attenuates the signal
and also couples additional noise into the receiver in the upper and lower sidebands.  An alternative approach is to
use a Martin-Puplett interferometer as a tuned LO diplexer; this gives good LO coupling but requires mechanical
tuning and works over only a small fractional IF bandwidth; it is therefore incompatible with our need in working
receivers for a large IF bandwidth � e.g., a 4-12 GHz IF for ALMA.  Efficient use of LO power is obtained in a
balanced mixer, in which all the LO power is divided between two identical component mixers and the LO sideband
noise is inherently rejected by the phasing of the LO and signal power to the component mixers.

We plan to use the simple LO beam-splitter for initial measurements.  In the final phase of the project, the
sideband-separating mixer will have a separate waveguide LO port and internal LO couplers; this will allow the final
LO multiplier to be located in the cryostat attached to the mixer directly or through a short thermal transition.  

For focal plane array receivers, the low LO power consumption of balanced mixers will important.  By using a
balanced mixer (with two elemental mixer chips), it will be possible to reduce the LO power by at least 10 dB while
also reducing the contribution of the LO sideband noise to the receiver noise.  This will be explored in the final
phase of the project.

5.  MEASUREMENTS

The success of the niobium SIS mixer fabrication process at UVML has been the result of much development
and optimization of deposition and lithography processes.  To obtain NbTiN circuits with the consistency,
reproducability and performance required to make ~70 receivers for ALMA Band 10 will require a similar process of
methodical development and optimization.  For SIS mixer design, the important material parameters are: the London
penetration depth and the surface resistance of the NbTiN films; the specific capacitance, subgap leakage current and
knee voltage of the junctions as functions of the critical current density; and the properties of the associated oxide
films (specific capacitance, effective dielectric constant).  All these quantities must be known before a mixer can be
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designed.  As it is impractical to deduce these quantities from mixer measurements, a set of test circuits is being
designed to determine them directly by measurement.  

A key measurement and diagnostic tool for tuned circuits operating in this frequency range is the Fourier
transform spectrometer.  A commercially available FTS, included in our earlier five year R&D proposal, costs
~$250,000.  Recently, such an instrument was acquired by UVML, and this will be available to us for work related
to this proposal.

6.  WORK PLAN & BUDGET

The 350-µm mixer development is expected to take three years.  Details of the work plan are given in Table I. 
The first year will be spent mainly on material characterization and optimization of the fabrication process.  This will
entail measurements of SIS junctions and test circuits.  Also in the first year, the mixer block, optics, LO injection
scheme will be designed.  In the second year, initial measurements on mixer circuits will be made by FTS to provide
feedback to the design process.  By the end of the second year, the first SIS mixers will be tested.  In the third year, a
second design iteration will optimize the mixer performance for the desired band.  Also, in the third year a sideband
separating mixer will be developed, and possibly a balanced mixer to reduce the LO noise and LO power required. 
NbTiN process development is expected to continue throughout the three years, with mixer wafers being produced in
years two and three.  Initially, the focus will be on NbTiN/ox/Nb junctions, but in the second year it is hoped to have
a working process for all-NrTiN junctions.

The annual labor and budget requirements for years 1-3 are shown in Tables II-IV, and Table V shows the
combined labor and budget for the whole three year project.  The budget assumes the following:

(i) The existing IR Labs liquid helium dewar, vacuum equipment, control rack, and IF system � used for the
600-720 GHz HEB mixer project �  will be available for this project.
(ii)  Access to the UVa Fourier transform spectrometer.

The cost of this project is considerably lower than estimated in the NRAO 2005-2009 Five Year Plan.  This is a
result of items (i)-(iii) above, recent progress on NbTiN films at UVML, and the acquisition by the UVa group of the
equipment necessary for the NbTiN process development.  The budget for the NbTiN fabrication contract with
UVML is given in Table VI.  

7.  MILESTONES

Year 1, Q1 Design of mask set with test circuits
Year 1, Q2 First measurement of NbTiN film properties
Year 1, Q2 First NbTiN/Ox/Nb junctions
Year 1, Q3 Begin development of < 1-µm junction lithography 
Year 1, Q4 Design mixer circuit

Year 2, Q2 First FTS measurement of NbTiN circuits
Year 2, Q2 Design mixer block, optics, LO injection scheme
Year 2, Q2 First NbTiN/Ox/NbTiN junctions
Year 2, Q3 First measurement of mixer with NbTiN/Ox/Nb junctions
Year 2, Q4 First FTS measurement of NbTiN/Ox/NbTiN junctions

Year 3, Q1 First measurement of  NbTiN/Ox/NbTiN mixer
Year 3, Q2 Complete optimized mixer design
Year 3, Q3 Test optimized mixer
Year 3, Q3 Design sideband-separating mixer and/or balanced mixer
Year 3, Q4 Fabricate sideband-separating and/or balanced mixer
Year 3, Q4 Test  sideband-separating and/or balanced mixer
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8.  BUDGET SUMMARY

Year 1 Year 2 Year 3 Totals  

Equipment & Materials $23,000 $10,750 $6,750 $40,500

Labor + benefits $165,000 $150,050 $205,850 $520,900

Contracts (incl. UVML) $389,363 $463,642 $381,135 $1,234,140

Totals $577,363 $624,442 $593,735 $1,795,540

UVML contract (included above)
Year 1 Year 2 Year 3 Total 

$306,363 $310,642 $315,135 $932,140
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Table I � THREE-YEAR PLAN

350-micron SIS Technology Development Three-Year Continuation ARK  12 April 2007

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

NbTiN test circuits
Design x
Test set x
Measurement x x x x x x

Mixers (DSB)
Mixer circuit design x x x
Design mixer block x x
Design & fabricate magnet circuit x x
Fabricate mixer blocks (6) x x
Assembly x x x
Test set x x x
Testing x x x x

Sideband-separating of balanced mixers
Design mixer block x
Design & fabricate magnet circuit x
Fabricate mixer blocks (6) x
Assembly x
Testing x

LO injection
Design x
Fabricate/purchase components x

Signal optics
Design x
Fabricate/purchase components x

Dewar customization x x

FTS measurements x x x x

Preamps
Fabricate (6) & test x

LO and signal source
Multiplier chain (2) x
Acquire ALMA 100 GHz LO source x
Fabricate & test x x

NbTiN development and wafer fabrication (UVML) x x x x x x x x x x x x

Computer & peripherals x

Misc. hardware & consumables x x x x x

Consumables (LN, LHe)
LN x x x x x x x x x x
LHe x x x x x x x x x x

Year 1 Year 2 Year 3



-8-

Table II � YEAR 1 BUDGET
350-micron SIS Technology Development Year 1
Three-Year Continuation

FTE FTE FTE FTE Materials Test Outside Line  Line  
ResEngr Engr Programr Tech Equipment Contracts Totals Totals

$   FTE 

NbTiN test circuits $0 0.00
Design 0.02 $0 0.02
Test set 0.02 $0 0.02
Measurement 0.05 $0 0.05

$0 0.00
Mixers (DSB) $0 0.00

Mixer circuit design 0.3 $0 0.30
Design mixer block $0 0.00
Design & fabricate magnet circuit $0 0.00
Fabricate mixer blocks (6) $0 0.00
Assembly $0 0.00
Test set 0.04 0.25 $20,000 $20,000 0.29
Testing 0.1 $0 0.10

$0 0.00
Sideband-separating of balanced mixers $0 0.00

Design mixer block $0 0.00
Design & fabricate magnet circuit $0 0.00
Fabricate mixer blocks (6) $0 0.00
Assembly $0 0.00
Testing $0 0.00

$0 0.00
LO injection $0 0.00

Design 0.2 $0 0.20
Fabricate/purchase components 0.1 $0 0.10

$0 0.00
Signal optics $0 0.00

Design 0.1 $0 0.10
Fabricate/purchase components 0.1 $5,000 $5,000 0.10

$0 0.00
Dewar customization 0.1 0.2 $0 0.30

$0 0.00
FTS measurements $0 0.00

$0 0.00
Preamps $0 0.00

Fabricate (6) & test 0.1 0.2 $18,000 $18,000 0.30
$0 0.00

LO and signal source $0 0.00
Multiplier chain (2) $0 0.00
Acquire ALMA 100 GHz LO source $60,000 $60,000 0.00
Fabricate & test $0 0.00

$0 0.00
NbTiN development and wafer fabrication (UVML) $306,363 $306,363 0.00

$0 0.00
Computer & peripherals $0 0.00

$0 0.00
Misc. hardware & consumables $3,000 $3,000 0.00

$0 0.00
Consumables (LN, LHe) $0 0.00

LN $0 0.00
LHe $0 0.00

$0 0.00
Totals 0.71 0.2 0.1 0.87 $3,000 $20,000 $389,363 $412,363 1.9
FTE cost $78,100 $19,000 $7,000 $60,900 $165,000

TOTAL COST (incl. labor and benefits) $577,363
Checksums: 0.00 0.00

Notes:
No travel
Use existing IR Labs LHe dewar & vacuum equipment
Use existing control rack
Use UVA FTS
Use existing test equipment where possible
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Table III � YEAR 2 BUDGET
350-micron SIS Technology Development Year 2
Three-Year Continuation

FTE FTE FTE FTE Materials Test Outside Line  Line  
ResEngr Engr Programr Tech Equipment Contracts Totals Totals

$   FTE 

NbTiN test circuits $0 0.00
Design $0 0.00
Test set $0 0.00
Measurement $0 0.00

$0 0.00
Mixers (DSB) $0 0.00

Mixer circuit design 0.2 $0 0.20
Design mixer block 0.1 $0 0.10
Design & fabricate magnet circuit 0.15 $3,000 $3,000 0.15
Fabricate mixer blocks (6) 0.2 $30,000 $30,000 0.20
Assembly 0.12 $0 0.12
Test set $0 0.00
Testing 0.2 0.1 0.12 $0 0.42

$0 0.00
Sideband-separating of balanced mixers $0 0.00

Design mixer block $0 0.00
Design & fabricate magnet circuit $0 0.00
Fabricate mixer blocks (6) $0 0.00
Assembly $0 0.00
Testing $0 0.00

$0 0.00
LO injection $0 0.00

Design $0 0.00
Fabricate/purchase components $10,000 $10,000 0.00

$0 0.00
Signal optics $0 0.00

Design $0 0.00
Fabricate/purchase components $0 0.00

$0 0.00
Dewar customization 0.1 $0 0.10

$0 0.00
FTS measurements 0.05 0.05 0.1 0.05 $0 0.25

$0 0.00
Preamps $0 0.00

Fabricate (6) & test $0 0.00
$0 0.00

LO and signal source $0 0.00
Multiplier chain (2) 0.05 0.05 $110,000 $110,000 0.10
Acquire ALMA 100 GHz LO source $0 0.00
Fabricate & test 0.1 $0 0.10

$0 0.00
NbTiN development and wafer fabrication (UVML) $310,642 $310,642 0.00

$0 0.00
Computer & peripherals $4,000 $4,000 0.00

$0 0.00
Misc. hardware & consumables $3,000 $3,000 0.00

$0 0.00
Consumables (LN, LHe) $0 0.00

LN $2,100 $2,100 0.00
LHe $1,650 $1,650 0.00

$0 0.00
Totals 0.55 0.25 0.3 0.64 $6,750 $4,000 $463,642 $474,392 1.7
FTE cost $60,500 $23,750 $21,000 $44,800 $150,050

TOTAL COST (incl. labor and benefits) $624,442
Checksums: 0.00 0.00

Notes:
No travel
Use existing IR Labs LHe dewar & vacuum equipment
Use existing control rack
Use UVA FTS
Use existing test equipment where possible
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Table IV � YEAR 3 BUDGET

350-micron SIS Technology Development Year 3
Three-Year Continuation

FTE FTE FTE FTE Materials Test Outside Line  Line  
ResEngr Engr Programr Tech Equipment Contracts Totals Totals

$   FTE 

NbTiN test circuits $0 0.00
Design $0 0.00
Test set $0 0.00
Measurement $0 0.00

$0 0.00
Mixers (DSB) $0 0.00

Mixer circuit design 0.2 $0 0.20
Design mixer block 0.1 $0 0.10
Design & fabricate magnet circuit 0.15 $3,000 $3,000 0.15
Fabricate mixer blocks (6) 0.2 $30,000 $30,000 0.20
Assembly 0.12 $0 0.12
Test set $0 0.00
Testing 0.2 0.1 0.12 $0 0.42

$0 0.00
Sideband-separating of balanced mixers $0 0.00

Design mixer block 0.1 $0 0.10
Design & fabricate magnet circuit 0.15 $3,000 $3,000 0.15
Fabricate mixer blocks (6) 0.2 $30,000 $30,000 0.20
Assembly 0.12 $0 0.12
Testing 0.2 0.1 0.12 $0 0.42

$0 0.00
LO injection $0 0.00

Design $0 0.00
Fabricate/purchase components $0 0.00

$0 0.00
Signal optics $0 0.00

Design $0 0.00
Fabricate/purchase components $0 0.00

$0 0.00
Dewar customization $0 0.00

$0 0.00
FTS measurements 0.05 0.05 0.05 $0 0.15

$0 0.00
Preamps $0 0.00

Fabricate (6) & test $0 0.00
$0 0.00

LO and signal source $0 0.00
Multiplier chain (2) $0 0.00
Acquire ALMA 100 GHz LO source $0 0.00
Fabricate & test $0 0.00

$0 0.00
NbTiN development and wafer fabrication (UVML) $315,135 $315,135 0.00

$0 0.00
Computer & peripherals $0 0.00

$0 0.00
Misc. hardware & consumables $3,000 $3,000 0.00

$0 0.00
Consumables (LN, LHe) $0 0.00

LN $2,100 $2,100 0.00
LHe $1,650 $1,650 0.00

$0 0.00
Totals 0.85 0.35 0.2 0.93 $6,750 $0 $381,135 $387,885 2.3
FTE cost $93,500 $33,250 $14,000 $65,100 $205,850

TOTAL COST (incl. labor and benefits) $593,735
Checksums: 0.00 0.00

Notes:
No travel
Use existing IR Labs LHe dewar & vacuum equipment
Use existing control rack
Use UVA FTS
Use existing test equipment where possible
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Table V � THREE-YEAR BUDGET
350-micron SIS Technology Development 2007-2009
Three-Year Continuation

FTE FTE FTE FTE Materials Test Outside Line  Line  
ResEngr Engr Programr Tech Equipment Contracts Totals Totals

$   FTE 

NbTiN test circuits 0 0 0 0 0 0 0 $0 0.00
Design 0.02 0 0 0 0 0 0 $0 0.02
Test set 0 0 0 0.02 0 0 0 $0 0.02
Measurement 0.05 0 0 0 0 0 0 $0 0.05

0 0 0 0 0 0 0 $0 0.00
Mixers (DSB) 0 0 0 0 0 0 0 $0 0.00

Mixer circuit design 0.7 0 0 0 0 0 0 $0 0.70
Design mixer block 0.2 0 0 0 0 0 0 $0 0.20
Design & fabricate magnet circuit 0 0.3 0 0 $0 $0 $6,000 $6,000 0.30
Fabricate mixer blocks (6) 0 0 0 0.4 $0 $0 $60,000 $60,000 0.40
Assembly 0 0 0 0.24 $0 $0 $0 $0 0.24
Test set $0 0.00
Testing 0.4 0 0.3 0.24 $0 $0 $0 $0 0.94

0 0 0 0 $0 $0 $0 $0 0.00
Sideband-separating of balanced mixers 0 0 0 0 $0 $0 $0 $0 0.00

Design mixer block 0.1 0 0 0 $0 $0 $0 $0 0.10
Design & fabricate magnet circuit 0 0.15 0 0 $0 $0 $3,000 $3,000 0.15
Fabricate mixer blocks (6) 0 0 0 0.2 $0 $0 $30,000 $30,000 0.20
Assembly 0 0 0 0.12 $0 $0 $0 $0 0.12
Testing 0.2 0 0.1 0.12 $0 $0 $0 $0 0.42

0 0 0 0 $0 $0 $0 $0 0.00
LO injection 0 0 0 0 $0 $0 $0 $0 0.00

Design 0.2 0 0 0 $0 $0 $0 $0 0.20
Fabricate/purchase components 0 0 0 0.1 $0 $0 $10,000 $10,000 0.10

0 0 0 0 $0 $0 $0 $0 0.00
Signal optics 0 0 0 0 $0 $0 $0 $0 0.00

Design 0.1 0 0 0 $0 $0 $0 $0 0.10
Fabricate/purchase components 0 0 0 0.1 $0 $0 $5,000 $5,000 0.10

0 0 0 0 $0 $0 $0 $0 0.00
Dewar customization 0 0.1 0 0.3 $0 $0 $0 $0 0.40

0 0 0 0 $0 $0 $0 $0 0.00
FTS measurements 0.1 0.1 0.1 0.1 $0 $0 $0 $0 0.40

0 0 0 0 $0 $0 $0 $0 0.00
Preamps 0 0 0 0 $0 $0 $0 $0 0.00

Fabricate (6) & test 0 0.1 0 0.2 $0 $0 $18,000 $18,000 0.30
0 0 0 0 $0 $0 $0 $0 0.00

LO and signal source 0 0 0 0 $0 $0 $0 $0 0.00
Multiplier chain (2) 0 0.05 0 0.05 $0 $0 $110,000 $110,000 0.10
Acquire ALMA 100 GHz LO source 0 0 0 0 $0 $0 $60,000 $60,000 0.00
Fabricate & test 0 0 0.1 0 $0 $0 $0 $0 0.10

0 0 0 0 $0 $0 $0 $0 0.00
NbTiN development and wafer fabrication (UVML) 0 0 0 0 $0 $0 $932,140 $932,140 0.00

0 0 0 0 $0 $0 $0 $0 0.00
Computer & peripherals 0 0 0 0 $0 $4,000 $0 $4,000 0.00

0 0 0 0 $0 $0 $0 $0 0.00
Misc. hardware & consumables 0 0 0 0 $9,000 $0 $0 $9,000 0.00

0 0 0 0 $0 $0 $0 $0 0.00
Consumables (LN, LHe) 0 0 0 0 $0 $0 $0 $0 0.00

LN 0 0 0 0 $4,200 $0 $0 $4,200 0.00
LHe 0 0 0 0 $3,300 $0 $0 $3,300 0.00

0 0 0 0 $0 $0 $0 $0 $0
Totals 2.07 0.8 0.6 2.19 $16,500 $4,000 $1,234,140 $1,254,640 5.7
FTE cost $227,700 $76,000 $42,000 $153,300 $499,000

TOTAL COST (incl. labor and benefits) $1,753,640
Checksums: 0.00 0.00

Notes:
No travel
Use existing IR Labs LHe dewar & vacuum equipment
Use existing control rack
Use UVA FTS
Use existing test equipment where possible
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Table VI � UVML NbTiN FABRICATION BUDGET

Year 1 Year 2 Year 3
A. Personnel & Benefits

1. A. W. Lichtenberger, PI
25% effort CY @ $110,000 CY 27,500 27,500 28,875
Allowance for salary increase 0 1,375 1,444
Fringe Benefits - 23.25% 6,463 6,786 7,125

 
2. Research Scientist Jian Zhang

50% effort CY @ $55,000 CY 27,500 27,500 28,875
Allowance for salary increase 0 1,375 1,444
Fringe Benefits - 23.25% 6,463 6,786 7,125

3. Two Graduate Students
88 hrs. mo x $27.00/hr x12 57,024 57,024 57,024

 SUBTOTAL PERSONNEL & BENEFITS $124,949 $128,345 $131,911

B. Materials and Supplies
1. SOI,  Si, quartz and other subtrates 20,000 20,000 20,000
2. NbtiN, Nb, Au, CrAu Targets 10,000 10,000 10,000
3. Special Resists & Chemicals 10,000 10,000 10,000
4. Gases and Liquid N2 and He 5,000 5,000 5,000
 SUBTOTAL MATERIALS & SUPPLIES $45,000 $45,000 $45,000

C. Equipment - Sputtering System/Repair Maintenance
1. Replacement and New Equipment 35,000 35,000 35,000

SUBTOTAL EQUIPMENT  (no overhead) 35,000 35,000 35,000

D. Technical Services
1. Cleanroom Fees $650/month/person:  2.5 people 19,500 19,500 19,500
2. Machine Shop 1,500 1,500 1,500

SUBTOTALTechnical Services 21,000 21,000 21,000
 

F. 500 500 500

G. Other Contractual Services  
 1. Tuition Remission (2 student) 23,400               23,400               23,400               

2. Student Health Insurance ( 2 student) 5,000                 5,000                 5,000                 
3. Publications 200 200 200
4. Copying, communications, misc 250 250 250

SUBTOTAL OTHER 28,850 28,850 28,850

H. TOTAL DIRECT COSTS $255,299 $258,695 $262,261
    

I. $51,064 $51,947 $52,874

TOTAL (Direct + Indirect) $306,363 $310,642 $315,135

Travel - Conferences

Indirect Costs - 26% MTDC 
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