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Risonatore l/4 accoppiato a una linea di trasmissione
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<latexit sha1_base64="CoA+XNr2OzFaz1XqqqRPz4C97+A="></latexit>
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<latexit sha1_base64="ic2GtAP7A1jmA6IL2d6Y/rWCtoE="></latexit>

RLC parallelo con 
parametri unloaded

Effetto del capacitore di accoppiamento

� = ↵+ j�

<latexit sha1_base64="QWodvq16ww4UpLD8qIrwuRDAPMs="></latexit>

↵Al = 2⇥ 10�4m�1

<latexit sha1_base64="WnRUbnE0M81GsSYp5LWdJwqTkTk="></latexit>

Per Al superconduttore su silicio

k ⌧ 1

<latexit sha1_base64="Z9gctDJG/iHDBUxaUCVKo3y3bpk=">AAACLXicbVDLSsNAFJ3UV42vqEs3g0VwVZKi6LLoxmUF+4CmlMnkph06mcSZiVBCf8Pf8Afc6h+4EMSl/obTB2hbDwwczjmXe+cEKWdKu+67VVhZXVvfKG7aW9s7u3vO/kFDJZmkUKcJT2QrIAo4E1DXTHNopRJIHHBoBoPrsd98AKlYIu70MIVOTHqCRYwSbaSu4/oB9JjI4T6bKCPbF4nI4gCkPfA5x57tgwh//a5TcsvuBHiZeDNSQjPUus6XHyY0i0FoyolSbc9NdScnUjPKwezLFKSEDkgP2oYKEoPq5JOfjfCJUUIcJdI8ofFE/TuRk1ipYRyYZEx0X815lAgKfLSYHwf/y7czHV12cibSTIOg0+VRxrFO8Lg6HDIJVPOhIYRKZu7HtE8kodoUbJtivMUalkmjUvbOyue3lVL1alZRER2hY3SKPHSBqugG1VAdUfSIntELerWerDfrw/qcRgvWbOYQzcH6/gHMnKlm</latexit>
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Risonatore a frequenza tunabile

LSquid =
�0

2⇡

1

Ic,squid cos⇡�(B)/�0

<latexit sha1_base64="XGpbaQ9K2P0I2nynh4qtPGTbg2U="></latexit>

L=l/4
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<latexit sha1_base64="RDuE0UDXURNgCsB5KmsP6GjMvd0="></latexit>

!squid � !0

<latexit sha1_base64="slbg/L+MAQfWxz8MiLCPDv6oJGk="></latexit>
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Flux Pumped JPA

L=l/4
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<latexit sha1_base64="PIcwj89p9EWirq5PkI7gP2R+yXM="></latexit>
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<latexit sha1_base64="719hIto+jZ4Ktois2exmnbArKi8="></latexit>
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<latexit sha1_base64="OV+iSPLxAXZPAUmKcUMhXMILTJA="></latexit>

e sviluppando

�̈r + !2
r(�(B))�r =

CC

CC + Cr
�̈C

<latexit sha1_base64="JwL5du+CTTQlXzYPUl0YrDaeP+s="></latexit>

Risolvendo il circuito (ponendo IC= Ir)

�(x, t) =

Z
dtV (x, t)

<latexit sha1_base64="EECikAEMrHjFnErKm2FOiAJ6irs="></latexit>

�r

<latexit sha1_base64="t/t0wvtUPsY4YWLUV86iCMaKmi0=">AAACLXicbVDLSsNAFJ3UV62vqEs3wSK4KklRdFl047KCfUAbymR60w6dTOI8hBL6G/6GP+BW/8CFIC71N5ymAW3rgWEO55zLnTlBwqhUrvtuFVZW19Y3ipulre2d3T17/6ApYy0INEjMYtEOsARGOTQUVQzaiQAcBQxaweh66rceQEga8zs1TsCP8IDTkBKsjNSz3W4AA8pTuNeZMil1ecx1FIAodZMh7ZkLeP/X79llt+JmcJaJl5MyylHv2V/dfkx0BFwRhqXseG6i/BQLRQkDs09LSDAZ4QF0DOU4Aumn2c8mzolR+k4YC3O4cjL170SKIynHUWCSEVZDOecRzAmwyWJ+Gvwv39EqvPRTyhOtgJPZ8lAzR8XOtDqnTwUQxcaGYCKoeb9DhlhgokzBJVOMt1jDMmlWK95Z5fy2Wq5d5RUV0RE6RqfIQxeohm5QHTUQQY/oGb2gV+vJerM+rM9ZtGDlM4doDtb3D50PqeQ=</latexit>

�C

<latexit sha1_base64="JkmbufZLEU/Q0HWFi4gRgICbG+k=">AAACLXicbVDLSsNAFJ34rPFVdelmsAiuSlIUXRa7cVnBPqAJZTK9aYdOJnFmIpTQ3/A3/AG3+gcuBHGpv+G0DWhbDwwczjmXe+cECWdKO867tbK6tr6xWdiyt3d29/aLB4dNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQxrE7/1AFKxWNzpUQJ+RPqChYwSbaRu0fEC6DORwX06Vca2J2KRRgFI20sGrFuzPRC9X79bLDllZwq8TNyclFCOerf45fVimkYgNOVEqY7rJNrPiNSMcjD7UgUJoUPSh46hgkSg/Gz6szE+NUoPh7E0T2g8Vf9OZCRSahQFJhkRPVBzHiWCAh8v5ifB//KdVIdXfsZEkmoQdLY8TDnWMZ5Uh3tMAtV8ZAihkpn7MR0QSag2BdumGHexhmXSrJTd8/LFbaVUvc4rKqBjdILOkIsuURXdoDpqIIoe0TN6Qa/Wk/VmfVifs+iKlc8coTlY3z9PZqm1</latexit>
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Equazione 
oscillatore 
parametrico

�in
0

<latexit sha1_base64="BGHoxjrxd7U8eBMWM3O3kmMutUs="></latexit>

�out

<latexit sha1_base64="Nt6TipOuCqQgj8vw2q6GIFSsDGc=">AAACMXicbZDLTgIxFIY7eMPxhrp0M5GYuCIzBKNLohuXmMglASSdcoCGTjv2YkImvIiv4Qu41TdgZ1y48SUsMIkCnqTJn/9857T9w5hRpX1/4mTW1jc2t7Lb7s7u3v5B7vCopoSRBKpEMCEbIVbAKIeqpppBI5aAo5BBPRzeTPv1J5CKCn6vRzG0I9zntEcJ1tbq5EqtEPqUJ/BoZs7YbXHBTRSCdFvxgD4kwmhrAu/+Mp1c3i/4s/JWRZCKPEqr0sl9tbqCmAi4Jgwr1Qz8WLcTLDUlDOx6oyDGZIj70LSS4whUO5n9buydWafr9YS0h2tv5v6dSHCk1CgKLRlhPVALPYI5ATZe5qfgf3zT6N5VO6E8Nho4mV/eM8zTwpvG53WpBKLZyApMJLXv98gAS0y0Ddm1wQTLMayKWrEQlAoXd8V8+TqNKItO0Ck6RwG6RGV0iyqoigh6Rq/oDb07L87E+XA+52jGSWeO0UI53z9+LKvp</latexit>



Guadagno del Flux JPA

�out
1

�in
0

= 1� 2
1 + ⇠ sin ✓

1 + ⌦2 � ⇠2

<latexit sha1_base64="VbIzKqyqNvmPGowWetlwYhVTVqY="></latexit>
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2

�in
0
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<latexit sha1_base64="HVtJf2HS8IEQkeBkrdERQ4vwxJc="></latexit>

⇠ =
FQ

!0!p

<latexit sha1_base64="Bs3kzShvVcsdStBj9GTVvZkm/l8="></latexit>

⇠ < 1

<latexit sha1_base64="qi8ICJuiyW/HdIslEz6QmF3xGE0=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVwVWeKogsXRTcuK9hW6JSSydxpQzOZMcmIZehn+Bv+gFv9Azcibvsdpg/Qth4IHM45l3tz/IQzpR3n08otLa+sruXX7Y3Nre2dwu5eXcWppFCjMY/lvU8UcCagppnmcJ9IIJHPoeH3rkd+4xGkYrG40/0EWhHpCBYySrSR2oUTz4cOExk8pGNlYHsiFmnkg7S9J3bp2h6I4NduF4pOyRkDLxJ3Sopoimq7MPSCmKYRCE05UarpOoluZURqRjmYdamChNAe6UDTUEEiUK1s/LEBPjJKgMNYmic0Hqt/JzISKdWPfJOMiO6qGY8SQYEP5vOj4H/5ZqrDi1bGRJJqEHSyPEw51jEeNYcDJoFq3jeEUMnM/Zh2iSRUm35tU4w7X8MiqZdL7mnp7LZcrFxNK8qjA3SIjpGLzlEF3aAqqiGKntErekPv1ov1YX1Z35NozprO7KMZWMMfJw2pFg==</latexit>

Amplificatore parametrico

⇠ > 1

<latexit sha1_base64="aTg5fdhJkOnBMv200WHb4ylVLYQ=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVwVWeKoispunFZwbZCp5RM5k4bmsmMSUYsQz/D3/AH3OofuBFx2+8wfYC29UDgcM653JvjJ5wp7TifVm5peWV1Lb9ub2xube8UdvfqKk4lhRqNeSzvfaKAMwE1zTSH+0QCiXwODb93PfIbjyAVi8Wd7ifQikhHsJBRoo3ULpx4PnSYyOAhHSsD2xOxSCMfpO09sUvX9kAEv3a7UHRKzhh4kbhTUkRTVNuFoRfENI1AaMqJUk3XSXQrI1IzysGsSxUkhPZIB5qGChKBamXjjw3wkVECHMbSPKHxWP07kZFIqX7km2REdFfNeJQICnwwnx8F/8s3Ux1etDImklSDoJPlYcqxjvGoORwwCVTzviGESmbux7RLJKHa9GubYtz5GhZJvVxyT0tnt+Vi5WpaUR4doEN0jFx0jiroBlVRDVH0jF7RG3q3XqwP68v6nkRz1nRmH83AGv4AKl2pGA==</latexit>

Oscillatore parametrico

⌦ =
2Q

!0
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2
� !0

⌘

<latexit sha1_base64="M708evywRsvmznaWMKfOA9ZCHh0="></latexit>
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�C = �in
0 + �out

<latexit sha1_base64="nScpJ1FobNaScl9tNhgP42FlyvE="></latexit>

La soluzione per il segnale “out” rispetto a quello “in”
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Resonator Parameters

Resonator Length 2.6mm
Substrate silicon er=11.9 eeff=6.451
Bare resonator frequency 11.3 GHz
Impedance Z0=50 W
Bare resonator capacitance 220 fF
Bare resonator inductance 0.9 nH
Coupling capacitor 20 fF
S=12 µm e w=7 µm
Q=175

SQUID Parameters

Junction area 0.3-0.6 µm2

Junction Ic=1.95 µA
Junction Cj<0.5 pF
Junction Ej=967 GHz
Junction Lj=169 pH
Junction freq fjj>> 10 GHz
DC SQUID 
Area 9x9 µm2

inductance/Resonator inductance 
LS/LR=0.094
M circa 5 pH
Lgeom circa 150 pH ?

JPA Bias

fpump=2fresonance
Flux bias 0.375 f0

df = 0.0025 f0
Pump Power -68 dbm
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!r =
!0

1 + LSquid

LlL

<latexit sha1_base64="RDuE0UDXURNgCsB5KmsP6GjMvd0="></latexit>

⇠ =
FQ

!0!p

<latexit sha1_base64="Bs3kzShvVcsdStBj9GTVvZkm/l8="></latexit>

⇠ < 1

<latexit sha1_base64="qi8ICJuiyW/HdIslEz6QmF3xGE0=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVwVWeKogsXRTcuK9hW6JSSydxpQzOZMcmIZehn+Bv+gFv9Azcibvsdpg/Qth4IHM45l3tz/IQzpR3n08otLa+sruXX7Y3Nre2dwu5eXcWppFCjMY/lvU8UcCagppnmcJ9IIJHPoeH3rkd+4xGkYrG40/0EWhHpCBYySrSR2oUTz4cOExk8pGNlYHsiFmnkg7S9J3bp2h6I4NduF4pOyRkDLxJ3Sopoimq7MPSCmKYRCE05UarpOoluZURqRjmYdamChNAe6UDTUEEiUK1s/LEBPjJKgMNYmic0Hqt/JzISKdWPfJOMiO6qGY8SQYEP5vOj4H/5ZqrDi1bGRJJqEHSyPEw51jEeNYcDJoFq3jeEUMnM/Zh2iSRUm35tU4w7X8MiqZdL7mnp7LZcrFxNK8qjA3SIjpGLzlEF3aAqqiGKntErekPv1ov1YX1Z35NozprO7KMZWMMfJw2pFg==</latexit>

Amplificatore parametrico

⇠ > 1

<latexit sha1_base64="aTg5fdhJkOnBMv200WHb4ylVLYQ=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVwVWeKoispunFZwbZCp5RM5k4bmsmMSUYsQz/D3/AH3OofuBFx2+8wfYC29UDgcM653JvjJ5wp7TifVm5peWV1Lb9ub2xube8UdvfqKk4lhRqNeSzvfaKAMwE1zTSH+0QCiXwODb93PfIbjyAVi8Wd7ifQikhHsJBRoo3ULpx4PnSYyOAhHSsD2xOxSCMfpO09sUvX9kAEv3a7UHRKzhh4kbhTUkRTVNuFoRfENI1AaMqJUk3XSXQrI1IzysGsSxUkhPZIB5qGChKBamXjjw3wkVECHMbSPKHxWP07kZFIqX7km2REdFfNeJQICnwwnx8F/8s3Ux1etDImklSDoJPlYcqxjvGoORwwCVTzviGESmbux7RLJKHa9GubYtz5GhZJvVxyT0tnt+Vi5WpaUR4doEN0jFx0jiroBlVRDVH0jF7RG3q3XqwP68v6nkRz1nRmH83AGv4AKl2pGA==</latexit>

Oscillatore parametrico

DC Flux 0.375 f0DC Flux 0.375 f0
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DC Flux 0.375 f0



STUDIO SU TOLLERANZE PARAMETRI E OTTIMIZZAZIONE (ONGOING A. RETTAROLI)

DC Flux Bias = 0.375 phi0
Cc = 20 fF
dphi = 20E-4 phi0 (-67.43 dBm)
Csi = 0.86 con il valore nominale di Ic.

Ic +10%

Ic -10%



DESIGN FBK (BENNO M.)

- Area giunzioni: un dispositivo ha ponti 1,5 x 0.5 e 
l'altro 1,5 x 0,6. Questo dovrebbe generare aree
(con 30° di angolo d'evaporazione) rispettivamente
di 0.57 e 0.29 um2
- Area Squid: l'area interna è 4 x 4 um. NB al 
momento la linea di corrente è larga 2 um e dista 14 
um dal centro dello SQUID.
- Per Eps_r assunto il valore Tamb 11.9 (volendo si
può usare il valore di 11.45 trovato da Paolo per le 
basse temperature). Eps_eff dovrebbe essere 6.346 
secondo calcolatori on-line
- Lunghezza risonatore: 2.62mm dal centro capacità
al centro SQUID (altri fanno da inizio a inizio ......)
- S e W risonatore: Lo slot è 7 um e la linea centrale 
della CPW è 12 um.
B Margesin

Capacitori di accoppiamento di 3 + 3 digit (larghi 4 um con gap 
4 um e lunghezza 100 um). Usando le formule del lavoro di 
Gevorgian (IEEE Transactions on Microwave Theory and 
Techniques, vol 44, no 6, pag. 896 June 1996) trovo valori di 14 -
18 pF.
B.M.


