Microwave engineering in physics 2025:
key topics & notions
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Waves in a TEM transmission lines
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Frequency dependence of L or C generally leads to dispersion
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Reflectrometry and input impedance
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Elementary impedance matching: 1/4-wave transformer
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Reflection of a resonator: internal and external loss
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TE/TM waveguides with a propagation cut-off
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Microwave network analysis
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From T-matrix to S-matrix
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Matched
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Nyquist-dohnson noise
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(parametric) Amplification
M. Devoret lecture @ CdF

SCATTERING MATRIX OF DPA FOR ARBITRARY ®

L (t)=L, [1+2£sm(2a)0 )] —ann— 4"(1) |
stiff pump conditon @ @200—— MM ,
Amplifier 4 () —\W\— '=2zc

negative X ' 20 12 2iwgt _ ,~2iogt ) _ in out (,\ _ &y 17in
load resistance... O+21d+ 0,0 za)og(D_(e c ) ATV " (t) v (1)=0-V"(2)

: — 2
ljziRr\r,nvoAmc Paance = i, (woil_ ) 1 |®|w] T 21_ CD[a) 20,|=2V"| @]
Aft " jout - _- ——— in 1+L92+§
ewsteps: | Ll [r 00 s s [+os] rz(l—iS)z—gz
“0 2L A" [-ag]| 10 5" 01 4" [-o] 2
R Pt ) 1 L] 00 | R e e
_Aout _a)l]- _S O O r_ _Ain _(01]- é’_ ;)12 <1
L2 LR
|F| > 1 SYMPLECTICITY: ‘r| _‘S| =1 G tang =25~ %

s —rs=0 r




Mlcrowave offlce smte for Iumped element S|mulat|ons
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HFSS suite for distributed systems simulations

I\ ANSYS Electronics Desktop - Project! - HFSSDesign1 - 3D Modeler - [Project1 - HFSSDesign1 - Modeler]
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Figure 5.5: Electric field density of resonant modes in a rectangular cavity.
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Microwave engineering in physics 2025:
what we did not cover



Non-reciprocal devices
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Hybrid couplers
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Antena designs
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Filter design
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Qubit measurements

Come do a project in our labs!
(Brantut, Scarlino, Kippenberg, VM, ...)

Read out circuit
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