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A Multichip M odule Technology for Rapid Single Flux Quantum Cir cuits
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M. MAEZAWA

H. YAMAMORI A. SHOJI

A multichip module (MCM) technology for rapid single flux quantum (RSFQ) digital circuits
is described. We demonstrate chip-to-chip propagation of single flux quantum pulses using an
active MCM technigue in which active transmitters and receivers are integrated on an MCM
substrate as well as on a chip. A prototype MCM consisting of an RSFQ chip and an active
MCM substrate has been designed and fabricated by a standard Nb-trilayer technology and a
solder-bumped flip-chip technology. The correct operation of the circuit has been confirmed by
low-speed testing. Bit-error rate (BER) of the circuit has been also measured down to 10°, and
extrapolation of the error-function fits suggests sufficiently small BER, lower than 10°%, at the
optimum bias point. Experimental margins for the bias voltage have been aslarge as +/— 34 %.
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Fig.1 Concepts of (a) passive and (b) active
multichip module techniques.
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Fig.2 Block diagram of a prototype multichip module
(MCM) for chip-to-chip communication experiments.
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Fig.3 Layout of bonding pads for flipchip packaging. In
this experiment, pad diameter and center-to-center
pitch were r = 100 pum and d, = 200 pm, respectively.
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Fig.4 Schematic of a signal connector corresponding to the

®)

layo
30p

ut in Fig. 3. For circuit design, we assumed L, =
H, R;,=0.25 mQ, M, =5 pH, and M, = 3 pH.

Fig.5 Schematics of (a) the transmitter and (b) the receiver. Crosses
denote ideal Josephson tunnel junctions without a shunting resistor.
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Table 1 Circuit parameters of the transmitter and the receiver in Fig.
5. Symbols J, R, I, L, and C denote the junction critical
current, the junction shunting resistance, the bias current,
the inductance, and the capacitance, respectively.

INT A =4 1& INTA—5& &
J; 0.255mA L, 0.96pH
Jo 0.125mA L, 0.32pH
Js 0.353mA Ls 0.60pH
Js 0.153mA L, 1.48pH
Js 0.230mA Ls 0.87pH
Jes 0.383mA Lg 1.00pH
R, 0.81Q L, 0.50pH
R, 0.75Q Le 0.76pH
R, 47Q L 3.41pH
Rs 0.96Q Lio 2.06pH
Rg 0.810Q Ly 1.32pH
I, 0.247mA Lip 1.03pH
I, 0.121mA Lis 0.70pH
ly 0.312mA Co 1.8pF
I 0.189mA C, 1.8pF
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Fig.6 Calculated waveforms of the chip-to-chip
transfer circuit consisting of the transmitter,
the connector, and the receiver.
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Table 2 Summary of ETL Nb-trilayer process for

rapid single flux quantum circuits.

L1+

5 K7L—> (GP) Nb (200nm)

HEAZE1(11) MgO (20nm)/SiO, (180nm)
TawTvES W) Nb (100nm)/Al-AlO, (6nm)/Nb (125nm)
HEARE2 (12) SiO, (100nm)

A (R) Ti(2nm)/Pd (55nm)

#EIEE3 (13) SiO, (100nm)

FCAR (W) Nb (300nm)

REREE (14) SiO, (350nm)

/Sy K (PD) Ti (2nm)/Pd (300nm)/Au (400nm)
EABAER®E 1.6kA/cm2

RAMEETE 2.8umX<2.8um

> — MNE#R 1.2Q

MgO Nb Sio,

=== [

AVAIO, Pd Au

Fig.7 ETL standard Nb-trilayer process for rapid single flux quantum circuits.
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Fig.8 Microphotographs of (a) the transmitter
and (b) the receiver.
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Fig.9 The prototype multichip module (MCM).
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Demonstration of chip-to-chip communication using
single flux quantum pulses. Top and middle traces
are output voltages Vour and Vo, respectively: each
rising and falling edge corresponds to appearance of
a single flux quantum pulse. Bottom trace is input
current I,y: each rising edge corresponds to
generation of a single flux quantum pulse.
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Fig.11 Bit-error rate as a function of the common

bias voltage V,. Dots show experiments
and lines are fits to the error function.
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