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PROGRESS ON
MMWAVE DOWNCONVERSION



SCOPE OF RF DESIGN

Normally:

* Antenna

* Cryogenic amplifier(s)
* Down conversion

At Nikhef:
* Focus on down conversion and digitization
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TEPS (2021)

» Design of two PCBs
* Preliminary tests
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BABY STEPS — LESSONS LEARNED
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TODAY'S BOARD
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Target Specs
Block diagram
Route to prototype

The Prototype arrived

Measurements

Planned measurements

Digitization
What's next?
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TARGET SPECS

* Input range ~ 25.5t0 27.5 GHz

» Total conversion gain 60 to 65 dB

* Noise Figure 4.5 dB

* First IF 2500 MHz, Final IF 450 MHz

 Input return loss better than -10 dB (=2 S,, < -10dB)
* Qutput return loss better than -15 dB (=S, < -15dB)
» External refence for the PLLs 100 MHz
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BLOCK DIAGRAM

IF 2500 MHz IF2 450 MHz

Mixer 1 Mixer 2

In —{ LNA Bandpass w Bandpass — Bandpass ’ Lowpass f—s Out

Tunable 23 to 25 GHz @ PLL @ PLL

Fixed at 3 GHz

100 MHz refence
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ROUTE TO PROTOTYPE: SIMULATION
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LNA and Filters are “S-parameters blocks”
Freg in 26.5 GHz
Freq Out 450 MHz

Simulated gain 58 dB (Including layout
effects)
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ROUTE TO PROTOTYPE: MEASUREMENTS
« Test PCB for connectors and

transmission lines
* Nickel Is unwanted
» Surface roughness
 Measured S-parameters

Insertion loss

Return loss
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ROUTE TO PROTOTYPE: MEASUREMENTS (2)

Gain LNA + BPF

LY ‘
k] =
'r -~ - 20
% S ADS
Ny Wy zF “_.
A, B

, /ﬁ\  Test PCB for
AN s 1. transmission lines

ool el 2. Connector to

-80- RaRS

PO o L N N PCB transition

0O 5 10 15 20 25 30 35 40

S21 Gain [dB]

e 3. BPF
~_o- TS 4. LNA + BPF
c 1/ 5. LNA
g 40
e ol f
? -SO_W -
e+ S S N U S S

0O 5 10 15 20 25 30 35 40
Frequency [GHZ]

Progress on mmWave downconversion N iEI.I of

M Naafs, G Visser, P Bos 07-10-2022




THE PROTOTYPE ARRIVED

MCL 3 4M2
')(\L[ *()f,)()

» Left: RF Input connector
» Right (top to bottom):
Ny Wi, vy Output, Ref In, control,

o
R E e 211 un €123 il ¢,
T17h4:s 2iR o3 a2 3 :

' “t  RE ’ R2S vl
watl & :
Wl G, 29 : : -

= =it G [ g {3 p Owe I
R31 il = : B . RN, Sl 1
C145 == Ok o ) : | e % 5 i

U=} 01 CE5

R9 w2 C64 Cgel? -
waC63 S -
T o 2
(’)»
™ Nl 60994
©@ ‘, o | c117 TP4@ C118 (OD). Jily
< ; - ‘ .
~ galcel o, i — . ‘C75“ " 1) ] d \
. 021 LBi2 2 ‘ rroen  [ae) C93 S"} ‘
EPTE $=p22 \
: - WD . |
; A f == F 5
- @ '__‘9‘ ] & O
10 e T, y O, = Y °
l TPS(:S‘J R20 = _].0, Ci14 O__
L )
mmWaveDownConverter D13

Progress on mmWave downconversion

_ Nik[hef
M Naafs, G Visser, P Bos 07-10-2022




“FIRST LIGHT” Source (26.5(3Hz)
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e Downconversion works
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MEASUREMENTS - CONVERSION GAIN

+ * Gain < expected
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MEASUREMENTS — INPUT MATCHING

Input matching mmWave e LNA (miS)matCh Shape
S recognisable
5 « Mismatch should be
S o dominated by LNA
g - » Connector — PCB transition
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PLANNED MEASUREMENTS

* Measure the frequency
response and gain properly
=+ Maybe: measure individual
components (de-embedded)
* Measure the noise figure
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DIGITIZATION — WHAT WE CAN DO

« Set sample clock to 5GHz
» Configure / setup the ADC and DAC

 Readout via FPGA's internal analyser (JTAG)
« Setup a Linux environment for future house keeping

FPGA: ZYNQ ULTRASCALE+
RF SOC ZCU208
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DIGITIZATION — WHAT WE WANT TO DO

» Readout at 5Gsps via 100GbE with RDMA

 Read raw ADC data on PC-side for algorithm development
* Buy some new HW to make this possible

 Run Doomon it :)
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WHAT'S NEXT?

» Setup / control Is clumsy and fragile
-> Controller PCB

» Metal case
» Controller software development (NEP)

* FPGA firmware development
Closing the signal chain
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WHAT’S NEXT? (2)

== °* ODbsolete components -2 redesign

-« f==i1 . Different requirements (e.g. BW, IF, etc.)

» Lessons learned from this prototype

* Now practically blind & mute above 20GHz

- Setup proper measurement system

L_OW evel * Very expensive
sighal generator

* Frequency
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QUESTIONS / SUGGESTIONS?
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RF DESIGN 101

 What is RF design
 Component size large
compared to wavelength

* \oltage / edrrent

 Power and S-parameters
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