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Introduction Monolayer inductance Modeling an RSFQ

For SFQ circuits without ground planes (such as most high- For a monolayer high-T¢ process (70 nm YBCO with Circuit
T ¢ circuits), inductance calculation is not trivial [1, 2]. lon-irradiated junctions [8], we firstly establish the va- A monolayer RSFQ circuit Ly

Simil culati oxit o duced when th lidity of a modeling technique through the comparison (DC-SFQ converter and
miiar=calGliation SCOMPICElEEr alSHINOALLED WSh e of calculations with SQUID modulation measurements. JTL shown here) is mod-

ground plane is partially removed in low- T circuits [3, 4]. eled according to technique

: o L Manufactured SQUIDs (Fig. 5) are modeled with a par- verified on SQUIDs. (YBCO 4, 10:~.I;SFQci—r’c'l'litwithDC-SFQandITL,
With InductEx [5] verified for ground-plane-hole circuit de- tial-element equivalent circuits (PEEC) technique [9] layer named M1 here.) reduced t0 inductance and pot nelist sche-

sign [4] in low- T ¢ circuits, we now apply it to high-T¢ circuits. (no ground return path provided) as shown Fig. 6.

We show that InductEx performs well for HTS monolayer
SQUID structures (which can be measured), and develop a
model to handle HTS monolayer RSFQ circuits.

Fig. 5: Monolayer SQUIDs (with ion-irradiated junctions).  Fig. 6: One-port PEEC model of monolayer SQUID in InductEx.

H O I e S i n g ro u n d p I a n e Fig. 11: Layout model for extracting the inductances of interest of the monolayer RSFQ circuit.
InductEx results: Ly = 4.6 pH, L3 = 2.4 pH,

For low-T¢ circuits, such as those in the FLUXONICS RSFQ Calculation results L4=050pH, Ls=2.3 pH, Lg7 = 3.8 pH,

process from IPHT [6] which has a ground plane layer, holes Lg=1.5pH, Lg=2.3 pH, Lp(1,2.3.4) ~ 2.6 pH.
may be used to increase inductance (or coupling). 3D-MLSI, InductEx and analytical calculation re-

sults for the monolayer SQUIDs are shown in Fig. 7 .

and Fig. 8. [8]. YBCO of thickness 70 nm and pen- ConCI usion

etration depth 185 nm is used. Analytical calcula-

tions are based on the telegraphist’s equation [10]. We have verified numerical inductance extraction tech-
Over a range of test structures (measured through SQUID o catetaton and messarement resut ve SQUED lon niques for a monolayer RSFQ process with ion-irradiated

modulation), InductEx calculations agrees with measure- | gg uctor lenaths ine widh = 10 umy gap to coplanar ground = 3 u junctions.
ments with an RMSE < 2.2 % [4].

We compared 3D-MLSI [7] to InductEx by building a 2-port
model of the same holed structures (Flg 5) The results are o bieasured Calculations on first RSFQ circuits show that junction

very consistent, and we proceed to use InductEx and 3D- - Analytica arm shape has significant effect on loop inductance (and

MLSI for monolayer structures with confidence (provided "o 20 30 40 so e 70 so 0 should thus be designed carefully), and that junction arm
that similar modeling is used!) Ui foop fensth fum) inductance is high. Second-generation design will have

Fig. 7: Inductance calculation results and measured values against SQUID loop in- A
ductor length for a monolayer process with line width = 10 ym and gap to ground to be O ptl m |Zed .

line =5 JUm.

For a SQUID with loop inductor over a ground plane hole
(Fig. 1), we use a 4-port model (Fig. 2) in InductEx (Fig. 3)
to calculate the loop inductance [4].
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A multi-port inductance model was developed to handle
- RSFQ-type inductance netlists.
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Inductance calculation and measurement results vs SQUID loop
inductor length: line width = 4 pm; gap to coplanar ground = 2 ym
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more complex netlists

Fig. 3: Segmented 4-port InductEx model for SQUID with ground plane hole.

Eferote ol N - R For more complex netlists, modeling with PEEC inductors is insuffi- Refe rences
cient (we need to know the parasitic inductance of junction arms).
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Fig. 9: Multi-port InductEx model of monolayer SQUID that is consistent with measurement results.
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