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MOTIVATION

CHALLENGE : The calibration of ultra-sensitive THz/meV detectors in cryogenic 
environments is a significant challenge, as standard fiber optics absorb THz radiation 
and tunable sources are limited. 

SOLUTION : A system is being developed using a photomixer and hollow circular 
waveguides to deliver tunable frequency THz photons to cryogenic sensors. 

IMPACT : This work is motivated by the need to calibrate SQUATs, which are 
sensitive to single THz photons and meV phonons.
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PRINCIPLE OF OPERATION High frequency photomixing to generate and detect THz.

Emitter PCSReceiver PCS

THz photons

2 lasers (f1 & f2) 
overlap, same 
polarization

Beat note formed 
and focused on 

GaAs photomixer

Photodetector response 
modulated at fTHz =  f1 - f2 

Photocurrent converted to 

EM wave at THz frequency 

by antenna  

See backup slides for details
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Receiver: same but…
Larger optical path & 
e-h pairs accelerated 
by THz radiation. 
Lock in amplifier 
used to measure 
current
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HOW DO WE DETECT THZ?

THz radiation from transmitter Probe beam suppliedIncreased optical path

Same combined laser beam sent down a longer optical path to detector 
PCS onto which the THz signal is incident

Basically an interferometer!  
1. Light Source : laser

2. Beam Splitter : 2 beams, a probe beam and a test beam. 

3. Optical Paths:  probe beam travels a longer fixed path. Test beam 

travels along a changeable path (by distance)

4. Interference Pattern
GaAs & Si Lens

https://www.google.com/search?sca_esv=df6bb7b4e6fcd0a4&rlz=1C5OZZY_enUS1161US1161&cs=0&q=Light+Source&sa=X&ved=2ahUKEwi8pYask4aQAxVCFzQIHfnOJpEQxccNegQIDxAB&mstk=AUtExfBVv7olgdgznc3-47IELk1_eBpNygkGvQORQrGTmcnoe89-o6U-rx_wsxk8PsDFaDgsJy-8S1s5mk7YBZ5jOCyYDovqhfx8K3G2iqJ5ZWd4gJk4bzWtX5x4vRPu_XLSFM47HKo3_-0pXPL1aA7nRS_BReAClBZovZgh0xFnWlH8Tm5z-fY806zEuxs_S-eMtUMA&csui=3
https://www.google.com/search?sca_esv=df6bb7b4e6fcd0a4&rlz=1C5OZZY_enUS1161US1161&cs=0&q=Beam+Splitter&sa=X&ved=2ahUKEwi8pYask4aQAxVCFzQIHfnOJpEQxccNegQIEBAB&mstk=AUtExfBVv7olgdgznc3-47IELk1_eBpNygkGvQORQrGTmcnoe89-o6U-rx_wsxk8PsDFaDgsJy-8S1s5mk7YBZ5jOCyYDovqhfx8K3G2iqJ5ZWd4gJk4bzWtX5x4vRPu_XLSFM47HKo3_-0pXPL1aA7nRS_BReAClBZovZgh0xFnWlH8Tm5z-fY806zEuxs_S-eMtUMA&csui=3
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WORK DONE @ SLAC
1. Several  S/N Improvements:
● Cables modifications:  shielding, twisted pair
● New grounding schemes:  remove voltage offset
● Faraday cage alterations:  two orders of 

magnitude higher signal.
● As a result the "EMI noise" previously observed 

has been significantly reduced, though a 
lower-level intrinsic noise source remains.

2. Winston Cone tests
3. Waveguides:  needed for longer-term 
4. Sourcing of new photo-mixer heads  for better 

alignment
5. Collaborating on THz→SQUAT desig n 

Work by Tonya P, Betty Y, Emily S, Sidney S & Noah K

From Betty & Emily S. With a 12.6 +/- 0.2 cm  PSD head spacing.

Filter inserted (orange) no filter (blue) 
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4K INTERIM FRIDGE OPERATION @ BERKELEY
Goal : THz being sent to SQUATs at the LD400 MXC. 
Interim test:  photomixer head setup at 4K stage.

4K

Emitter cables
Optical cables
Receiver cables

Bracket to hold PSD receiver and emitter

Custom cable clamp
 fit test 

Currently working on moving THz system into the 
LD400 after bench top testing for familiarisation

Plot from Brennan C.
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FUTURE WORK

4K INTERIM TESTING:

● Installation of THz system in LD400 and initial room & cold temperature testing/alignment

1K INTERIM TESTING:  Ideally new PSD heads

● Modification of existing 4K set up (waveguide etc.)

● Room & cold temperature testing/alignment

4K INTERIM TESTING 1K INTERIM TESTING

THZ→SQUAT 

APS 2026

10/25 11/25 12/25 01/26 02/26 03/26 04/26
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FUTURE WORK
THZ → SQUAT CALIBRATION:

Design work being done in collaboration with SLAC

● Design considerations:

○ Thermal shorting considerations

○ Waveguide or free-space coupling

○ Blackbody radiation filtering

○ Beam considerations diffraction, etc

○ Robustness necessary for transfer to other 

systems (e.g BREAD)

Future future : combining system with MEMs! See Sidney’s talk

Schematic from 

Tonya P.
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THANK YOU!

Emily Perry (eaperry@lbl.gov) 
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BACKUP

Emily Perry (eaperry@lbl.gov) 



12

OTHER CALIBRATION METHODS
● JJ injectors 
● Filtered black bodies 
● Radioactive sources
● Frequency multipliers 

JJ controlled by a current circulated through two 
or more attached microinjectors. This allows for 
manipulation of the junction's energy profile.

They can incorporate filters that precisely shape the spectral 
output of the blackbody to mimic or isolate specific types of 
noise, as seen in this AIP article.

Involve calibrating microwave components to 
generate higher, precise frequencies for qubit 
control
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OTHER CALIBRATION METHODS
Method Description Pros Cons

THz 
calibration 
system

Supply THz via photomixing directly to 
SQUATs at cryogenic temperatures

Directly supplying  signal  
you want to measure.  

Broadband, robust
Crogenically compatible 
(starts in fridge)

R&D needed for design, expensive

Josephson 
junction 
injectors

JJ controlled by a current circulated 
through two or more attached 
microinjectors. This allows for 
manipulation of the junction's energy 
profile.

High sensitivity, exact 
manipulation
Crogenically compatible 
(starts in fridge)

Modelling complications/extensive 
amount required because of spread 
of JJ prop (critcal current). Not 
tunable

Filtered 
black 
bodies

They can incorporate filters that precisely 
shape the spectral output of the blackbody 
to mimic or isolate specific types of noise, 
as seen in this AIP article.

Reproduction of noise profile
Crogenically compatible 
(starts in fridge)

Slower on/off. Not tunable

Frequency 
multipliers

Involve calibrating microwave components 
to generate higher, precise frequencies for 
qubit control

Minimal hardware, cost 
reduction. Also supplying 
signal here

frequency multiplication is that the 
phase noise of the input signal is 
also multiplied by the same factor
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PRINCIPLES OF OPERATION
High frequency photomixing to generate and detect THz radiation.

Principles:

● 2 lasers (f
1

 & f
2

) with identical polarisation are overlapped 

to generate a THz beat note

● Beat signal focused onto Gallium Arsenide photomixer 

(also referred to as a Photoconductive Switch/PCS)

● The photodetector response is modulated at f
THz 

=  f
1

 - f
2

 

● Modulation of detector’s conductivity + applied EF means 

THz waves radiated by antenna 

Laser 1: f
1

 

Laser 2:  f
2 THz beat frequency (f

THz
) = f

1
 - f

2
focusing lens

GaAs PCS

Si lens 

THz radiation
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HOW PCS’s WORK
Photoconductive switching: 

● The photons from the combined laser beams are absorbed by the 

LTG-GaAs semiconductor, generating electron-hole pairs

● LTG-GaAs a very short carrier lifetime 

→ generation and recombination of charge carriers is quick 

→ enables electrical conductivity to oscillate with the beat freq.

L N F Dela Rosa et al 2024 Semicond. Sci. Technol. 
39 075010

Conduction 

band

Valence 

band

Eg
hvi = Eg

hvf
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HOW PCS’s WORK
Photoconductive switching: 

● The photons from the combined laser beams are absorbed by the 

LTG-GaAs semiconductor, generating electron-hole pairs

● LTG-GaAs a very short carrier lifetime 

→ generation and recombination of charge carriers is quick 

→ enables electrical conductivity to oscillate with the beat freq.

Photocurrent generation:

● DC bias voltage applied to the interdigitated electrodes* drives 

charge carriers, creating a photocurrent. 

● Because the # carriers is modulated at the beat freq (f
THz

), the 

photocurrent also oscillates at f
THz

 

*interdigitated electrodes are electrodes 
with a “finger locked” pattern. Provides a 
high surface area in a small volume, ideal 
for sensing applications.

DC bias voltage

THz beat frequency (f
THz

) = f
1

 - f
2
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HOW PCS’s WORK
Photoconductive switching: 

● The photons from the combined laser beams are absorbed by the 

LTG-GaAs semiconductor, generating electron-hole pairs

● LTG-GaAs a very short carrier lifetime 

→ generation and recombination of charge carriers is quick 

→ enables electrical conductivity to oscillate with the beat freq.

THz radiation:

● Photocurrent travels to the integrated antenna, which converts the electrical current into a corresponding 

electromagnetic wave at the terahertz frequency. 

● The antenna radiates this signal into free space, and a silicon lens is attached to the back of the device to 

improve signal coupling.

Photocurrent generation:

● DC bias voltage applied to the interdigitated electrodes* drives 

charge carriers, creating a photocurrent. 

● Because the # carriers is modulated at the beat freq (f
THz

), the 

photocurrent also oscillates at f
THz

 
Si lens 

THz radiation
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HOW DO WE DETECT THZ?
● The THz system uses a coherent detection technique 

Coherent Incoherent 

Signal inputs Amplitude (A) & phase (ɸ)  - measures the 

entire complex amplitude

Intensity (I) & power (P)

Operating 
principle

Involves a receiver that uses a local 
oscillator (a laser) that is synchronized with 
the phase and frequency of the original 
transmitted signal & mixes the 2. 

The receiver does not need to 
synchronize with the transmitted 
signal phase. It detects the signal based 
on its magnitude or power. Does not 
detect phase changes

Advantages Noise cancelling, greater sensitivity, retains 
phase information

Simplicity, bulk deployment (low cost), 
more robust

Applications Air traffic control radar and long-haul 
fiber-optic communication

Navitagation, radar detection
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HOW DO WE DETECT THZ?

THz radiation from transmitter Probe beam suppliedIncreased optical path

How is coherent detection achieved with the THz system?
● homodyne detection: same combined laser beam sent down a longer optical 

path to detector PCS onto which the THz signal is incident

Basically an interferometer!

● Light Source: A light source, often a stable laser, provides the light. 

● Beam Splitter: division of light into 2 beams: a probe beam and a test beam. 

● Optical Paths: The probe beam travels a longer fixed path. The test beam 

travels along a path that is changed (by distance)

● Interference Pattern: Waves recombined producing interference pattern of 

bright and dark fringes. GaAs & Si Lens

https://www.google.com/search?sca_esv=df6bb7b4e6fcd0a4&rlz=1C5OZZY_enUS1161US1161&cs=0&q=Light+Source&sa=X&ved=2ahUKEwi8pYask4aQAxVCFzQIHfnOJpEQxccNegQIDxAB&mstk=AUtExfBVv7olgdgznc3-47IELk1_eBpNygkGvQORQrGTmcnoe89-o6U-rx_wsxk8PsDFaDgsJy-8S1s5mk7YBZ5jOCyYDovqhfx8K3G2iqJ5ZWd4gJk4bzWtX5x4vRPu_XLSFM47HKo3_-0pXPL1aA7nRS_BReAClBZovZgh0xFnWlH8Tm5z-fY806zEuxs_S-eMtUMA&csui=3
https://www.google.com/search?sca_esv=df6bb7b4e6fcd0a4&rlz=1C5OZZY_enUS1161US1161&cs=0&q=Beam+Splitter&sa=X&ved=2ahUKEwi8pYask4aQAxVCFzQIHfnOJpEQxccNegQIEBAB&mstk=AUtExfBVv7olgdgznc3-47IELk1_eBpNygkGvQORQrGTmcnoe89-o6U-rx_wsxk8PsDFaDgsJy-8S1s5mk7YBZ5jOCyYDovqhfx8K3G2iqJ5ZWd4gJk4bzWtX5x4vRPu_XLSFM47HKo3_-0pXPL1aA7nRS_BReAClBZovZgh0xFnWlH8Tm5z-fY806zEuxs_S-eMtUMA&csui=3
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HOW DO WE DETECT THZ?

← THz radiation from 

transmitter 

Downconverted IF output

Increased optical path
Probe beam supplied

Incident THz

Similar to before…

● Probe beam causes electron-hole pairs to be generated as before

● But this time these charge carrier are accelerated by the incident THz radiation 

● This acceleration produces a small current in the 

detector that is directly proportional to the strength 

of the THz electric field at that instant.

●  A lock-in amplifier is used to measure this current 

with high sensitivity.




