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Custom frontend v2 ﬂ(".

Karlsruhe Institute of Technology

® 16 coaxial signal line breakout
(TX and RX)

® Includes transformer, low-pass filters,
amplifier on each line

® Additional feature
® Temperature sensors
® Trigger input/output for calibration

® 1 unit built (partial assembly),
2 more In preparation
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Prototype system installed in Rome

=

Funding for hardware secured, system can stay in Rome
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Measurements October 2024 @ Rome - ‘(IT

I Generation of 30 resonator tones + downconversion of carrier signals
I Detection and extraction of pulses on all resonators
vl Setup infrastructure for remote access

Sweep of integrated VNA showed incorrect result depending on settings
Converter clocks not synchronized -> impossible to acquire circles
Several bugs

Improvements verified during remote measurement on 03.01.2025
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VNA on FPGA

Wideband
measurement
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Locate resonators through frequency sweep

5 January 15, 2025 Timo Muscheid (timo.muscheid@kit.edu)

AT

Karlsruhe Institute of Technology

® Adjustable parameters:
® Frequency range
® Averages
a Setup time
® Transmission line delay

® Work In progress:

a Adjustable input power
@ Fix random phase jumps

Part 1. Status report



Comb mixing: Custom FPGA module ﬂ(".
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Fully digital mixing of entire frequency comb with phase stability
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Comb mixing: Resonance circle acquisition

Resonator @ 894.0487670898438 MHz

Resonator @ 871.3894653320312 MHz

Resonator @ 809.1488647460938 MHz
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All resonance circles acquired simultaneously (< 50s for 8000 points a 1000 samples)
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Pulse acquisition S(IT

Karlsruhe Institute of Technolo

® 45 min on 29 resonators: Exemplary pulse package:
> 10.000 pulses detected 0]

_25 4

® Measurement limitations:
® Uncalibrated location on 1/Q circle
@ Simple trigger with digital differentiation

oo
s
—100
® Energy resolution => TBD -125-
—150

—1751
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Events successfully detected on 28 channels
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Work package 1. Channelization scheme S(IT

Current channelization scheme: & Limitation:
g0 ® Only one tone per channel
\ ® Channel spacing: ~2 MHz
-1125 1&5 T . f/M:z
T, u Closely spaced tones cannot
A be downconverted, one tone is
e W / \ ,—\ ,—\ discarded
1211 3 e ® Measurement with 29/38

resonators (~76%)

/ \ Channelization concept needs
I
1

_ Improvement for full scale system
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Improved channelization concept S(IT

® Two options:
® Higher number of bins
® Multiple usage of single bins

. 125 135 c. . fIMHz
..". N ....
® Advantages:
mm Al mm a Fully flexible
l &, l\\ ® Minimal additional ressources

>

. Development of new firmware module
for bin selection in progress
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Work package 2: Output power ﬂ(".

-8 dBm (1 tone) +5 dBm (1 tone)
-50 dBm (128 tones) -36 dBm (128 tones)
. T R-Fgo-C_ : G C-ry-o_ !

|
—>» DAC —'—)3{—) —>» 14 dB —> —> -55dB

" FPGA 5 5 i

<« ADC (—.—32(— <— 14 dB €«— <«——+20dB

-12 dBm (1 tone) -25 dBm (1 tone)
-53 dBm (128 tones) -66 dBm (128 tones)

Output power not sufficient for full scale system (+5 dBm per tone)
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External Power Amplifier Evaluation ﬂ(".

MW7IC915NT1 Amplifier:

Driver Application — 900 MHz

* Typical Single-Carrier W-CDMA Performance: Vpp = 28 Volts,
Ipg1 = 52 mA, Ipgz = 134 mA, Py = 1.6 Watts Avg., IQ Magnitude
Clipping, Channel Bandwidth = 3.84 MHz, Input Signal PAR = 7.5 dB

@ 0.01% Probability on CCDF.

Karlsruhe Institute of Technology

Evaluation Board:

Gps PAE ACPR
Frequency (dB) (%) (dBe)
865 MHz 37.9 171 -50.4
880 MHz 38.0 17.4 -50.6
895 MHz 37.8 17.5 -51.3
* Capable of Handling 10:1 VSWR, @ 32 Vdc, 880 MHz, Py = 23.5 Watts CW | i

(3 dB Input Overdrive from Rated Pg)
* Stable into a 5:1 VSWR. All Spurs Below -60 dBc @ 30 to 41.5 dBm CW

Pout-

* Typical P 1 dB Compression Point = 15.5 Watts CW

Driver Application — 700 MHz

* Typical Single-Carrier W-CDMA Performance: Vpp = 28 Volts,
Ipq1 = 50 MA, Ipgz = 144 mA, Pyt = 1.6 Watts Avg., 1Q Magnitude
Clipping, Channel Bandwidth = 3.84 MHz, Input Signal PAR = 7.5 dB

@ 0.01% Probability on CCDF.

Gps PAE ACPR
Frequency (dB) (%) (dBc)
728 MHz 37.8 17.2 -49.5
Amplifier can provide the required power
768 MHz 37.7 17.3 -51.4
January 15, 2025 Timo Muscheid (timo.muscheid@Kkit.edu) Part 2: Current efforts


https://www.digikey.com/en/products/detail/nxp-usa-inc/MW7IC915NT1/2257709?msockid=21afda9d810063eb207fce6180006212

Other work packages \‘(IT

® Trigger implementation
® Master thesis on complex triggers started in December
a Currently drafting filters for implementation in FPGA

® H5 file format conversion
a Python methods almost done (VNA sweep, resonance circles and events)
@ Evaluation how to implement into userspace code on the platform

® Front-end board assembly underway
® Demonstrator at Gran Sasso
® Noise measurements in Karlsruhe
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Time schedule S(IT

Karlsruhe Ins of Technolo:

® 2024: Operation of one prototype wafer with 60 MKIDs
| Firmware of room-temperature readout system ready with simple trigger (v)
® Custom frontend v2 to be installed v

® 2025: Operation of one full-scale wafer with 145 MKIDs
® First tests at Gran Sasso | wip
® Change parameters of channelization module [ wip
B Implement complex trigger to reduce background noise | wip

Development progress is well on track with the milestones

14 January 15, 2025 Timo Muscheid (timo.muscheid@kit.edu) Part 2: Current efforts



Backup Q(IT

Karlsruhe Institute of Technology
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SDR readout concept ﬂ(".
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Incorrect VNA measurements (10.2024) ﬂ(".

Magnitude Phase

--—A—-'"-’)
—20 - |(
2 -
_25 .
l -
_3{] -
0_
_35 -
_1 -
—40
—2
T T T T T T T T T T T T
8.325 8.330 8.335 8.340 8.345 8.350 8.325 8.330 8.335 8.340 8.345 8.350
led le8

January 15, 2025 Timo Muscheid (timo.muscheid@kit.edu)



18

Comb mixing: Firmware integration

AT

Karlsruhe Institute of Technology

Zynq Ultrascale+ RFSoC

Up to 16x

ADC —>

DAC <

Mixer

Channelization

Event
Detection

VNA

Comb
Generator

AXIS
Switch

DDR4
Controller

Seamless integration of new module into existing firmware
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Comb mixing: Resonator shape A(IT
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Pulse measurement analysis S(IT

. _ ® Resonator with highest number of
Distribution of captured events: events (> 2000):

2000 ® 802.084 MHz

@ 859.235 MHz
1500 -

® No event captured on resonator at

1000 - 853.521 MHz

® Resonator with smalles circle
>00+ ® Trigger threshold to high

0 111 “_'_J_Ijlll | I II

0 20 40 60 80 100 120
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