UCDAVIS

DEPARTMENT of CHEMISTRY
I @4

A 6-18 GHz Direct Digital
Synthesis Tunable Segmented
Chirped Pulse Fourier
Transform Microwave
Spectrometer

Haley N. Scolati, Sommer L. Johansen, Anna L. Pischer, Kyle N. Crabtree

Department of Chemistry, University of California, Davis



The Importance of CP-FTMW UCDAVIS

DEPARTMENT of CHEMISTRY
I @4

Invented in 2006 with 10
first publication in 2008

CP-FTMW

Intensity (1V)
o

13
- - 1 I C -2 YB
S 0 o)

"C -1 Cavity-FTMW  |NS

-10 L, . . v . ' r , T r
15050 15100 15150 15200 15250
Frequency (MHz)

Rotational spectrum of C,H;O using
Cavity-FTMW vs CP-FTMW over a
250 MHz frequency range.

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.



The Importance of CP-FTMW UCDAVIS

DEPARTMENT of CHEMISTRY
I @4

Invented in 2006 with 10
first publication in 2008

CP-FTMW

Significant
advancement for
molecular identification

Intensity (1V)
o

1 L A AL LI
and gas phase |
" & o =
experiments 54 10 2 ala ™
G -1 Cavity-FTMW  |NS
-10 4

15050 15100 15150 15200 15250
Frequency (MHz)

Rotational spectrum of C,H;O using
Cavity-FTMW vs CP-FTMW over a
250 MHz frequency range.

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.



The Importance of CP-FTMW

UCDAVIS

DEPARTMENT orF CHEMISTRY

Invented in 2006 with 10 ey
first publication in 2008 '

. " 5-
Significant S
advancement for i
molecular identification 2 "= 1T 1T T [
and gas phase E [[ ( [
experiments 5 10 c2 L. "

: : b Cavity-FTMW |NS
High resolutlo_n_ | wodl 7 |
spectral acquisition 15050 15100 15150 15200 15250

using broadband
frequency coverage

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.

Frequency (MHz)

Rotational spectrum of C,H;O using
Cavity-FTMW vs CP-FTMW over a
250 MHz frequency range.



The Importance of CP-FTMW

UCDAVIS

DEPARTMENT orF CHEMISTRY

Invented in 2006 with 10 e
first publication in 2008 ~17 min )

. " 5-
Significant S
advancement for i
molecular identification 2 "= 1T 1T T [
and gas phase E [[ ( [
experiments 5 100 C2 ,l. ™0

1 14 hours | ~_ .,

- - ’C -1 Cavity-FTMW |[NS
High resolutlo_n_ | BT N
spectral acquisition 15050 15100 15150 15200 15250

using broadband
frequency coverage

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.

Frequency (MHz)

Rotational spectrum of C,H;O using
Cavity-FTMW vs CP-FTMW over a
250 MHz frequency range.



The Costly Requirements UCDAVIS

DEPARTMENT orF CHEMISTRY

. a0
Single Shot  , ¥
4 -
00 'de
200- 3

?:3 4004 100 Shots
é\ "
2 200-
(1)
e— E
=
= 6l |
400+ 10,000 Shots
2004
0-
8000 10000 12000 14000 16000 18000

Frequency (MHz)

Rotational spectrum of suprane over a
10 GHz bandwidth (~17 minute
acquisition time).

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.



The Costly Requirements

UCDAVIS

DEPARTMENT orF CHEMISTRY

400- Single Shot

2 9
*)
Pe

e 2

200+

4004 100 Shots

200+

Intensity (uV)

400- 10,000 Shots

200+

8000 10000 12000 14000 16000 18000

Frequency (MHz)

Rotational spectrum of suprane over a
10 GHz bandwidth (~17 minute
acquisition time).

Requires more peak power

No cavity (Q=1)

No passive amplification
Requires active
amplification

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.



The Costly Requirements UCDAVIS

DEPARTMENT orF CHEMISTRY

4\‘1
400.‘ Single Shot J) ‘\.J
200- Vo 2 _
5 Requires more peak power
SR * No cavity (Q=1)
3 4004 100 Shots . . .
= « No passive amplification
5 2 - Requires active
= o . amplification
oy 10,000 Shots
200, Increased bandwidth
~ * Increased sampling rate
0+ s
8000 10000 12000 14000 16000 18000 * 11 GHz vs 1 MHz range
Frequency (MHz)

Rotational spectrum of suprane over a
10 GHz bandwidth (~17 minute
acquisition time).

Brown, G. G.; Rev. Sci. Instrum. 2008, 79, 053103-1
Park, G. B.; Field, R. W. J. Chem. Phys. 2016, 144, 200901.



CP Spectrometers are Expensive

UCDAVIS

DEPARTMENT of CHEMISTRY

5.76 GHz

10 MHz
Ref

AWG (Chirp)

w

152-4895

xB

| x4
X2 1152 Gz @sesm GHZ M

Oscilloscope

4} | % ) @_ Switch
09614 46 GHZ 26.5-40 GHZ

26540 G

TWTA

Vacuum
Chamber




CP Spectrometers are Expensive UCDAVIS

DEPARTMENT orF CHEMISTRY

& >N:

—— AWG (Chirp) —‘

Arbitrary Waveform
Generator (AWG)

« Generates microwave chirp
« 1-10 GHz bandwidth

« $50,000-$100,000
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Traveling Wave Tube Amplifier

(TWT / TWTA)
« Amplifies microwave chirp Chamber
» 10+ GHz bandwidth, 20+ Watt
output power Y
+ $70,000-$200,000
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Oscilloscope/Digitizer
« Converts analog waveforms into
digital signals
« 8-30 GHz bandwidth, 20-100
Gsamples/sec
+ $30,000-%$200,000

Oscilloscope |
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« Sweeps over smaller
frequency intervals

« Adds tunable Intermediate
Frequency (IF)

* Requires less power,
lower digitization

bandwidth
785 -
Fdolecular i
FiD
% 764 ulﬂl::l'-:-'u
=)
= I
[
= 793 /
2 /
E '; &
i
92 Em?:hdnn
1 Y | _F'UEE-ErI Y T Y T ” o
0.0 0.2 0.4 0.8 0.8
Time (us)

Neill, J. L.; Harris, B. J.; Steber, A. L.; Douglass, K. O.; Plusquellic, D. F.; Pate, B. H. Optics Express. 2013, 21, 19743
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Fig. 3. Single acquisition cycle (58 ps data collection) of methanol (black) with 67 GHz
bandwidth, compared to a simulation at 300 K generated using the JPL spectral catalog [22]
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Fig. 4. Expanded view of the 67 GHz 58 u sec single shot segmented CP-FT spectrum of
-|_| me |: I-I-E :I methanol (black) compared to the JPL simulation.
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Same purpose as an AWG

DDS: Synthesizer whose output
frequency can be changed very
quickly

 Much cheaper
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Finneran, I. A.; et al. Rev. Sci. Instrum. 2013, 84, 083104-1
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Direct Digital Synthesizer (DDS)
* Analog Devices

« 3.5 Gsamples/sec (max)
* Free (+$50,000)

AD9914/AD9915 Evaluation Board User Guide. Norwood: Analog Devices (2017).
M4i.22xx-x8 - 8 bit Digitizer up to 5 GS/s. Grosshansdorf: Spectrum Instrumentation (2018)
15W Solid State Power Amplifier 6GHz-18GHz.. San Diego: RF-Lambda (2018).
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Direct Digital Synthesizer (DDS)
* Analog Devices

« 3.5 Gsamples/sec (max)
* Free (+$50,000)

Digitizer
e Spectrum Instrumentation
« 1500 MHz Bandwidth
« $6500 (+$23,500)

High Power Amplifier
 RF Lambda
 6-18 GHz, 15 W
« $7800 (+$62,200)

AD9914/AD9915 Evaluation Board User Guide. Norwood: Analog Devices (2017).
M4i.22xx-x8 - 8 bit Digitizer up to 5 GS/s. Grosshansdorf: Spectrum Instrumentation (2018)
15W Solid State Power Amplifier 6GHz-18GHz.. San Diego: RF-Lambda (2018).
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