21ST INTERNATIONAL SYMPOSIUM ON SPACE TERAHERTZ TECHNOLOG OXFORD, 23-25 MARCH, 2010.

An SIS unilateral finline mixer
with an ultra-wide IF bandwidth

Yangjun Zhou', Jamie Leech Paul Grimes' and Ghassan Yasgin
*Dept. of Physics, University of Oxford, UK
fContact: yangjun.zhou@physics.ox.ac.uk, phone 004485183433

Abstract—In this paper, we will present the design and the
simulation of a 230GHz finline Ultra-wide IF Bandwidth SIS
mixer. This mixer will be used in a novel millimeter-wave
heterodyne interferometer: GUBBINS. GUBBINS is designed @
demonstrate high surface brightness mm-wave interferomey
at modest spatial and spectrum resolution. Its observatioal
targets are the spectrum of the Sunyaev-Zel'dovich effectni
the brightness galaxy cluster[3]. The archetype of the mixe
design described here is an antipodal finline SIS mixer desigd
by Paul Grimes in Oxford Experimental Cosmology group in
2008[1]. Here several improvement and modification are made
to simplify the design and fabrication, and also enhance the
IF bandwidth. An unilateral finline replaces the complicated
antipodal finline. No RF bandpass filter is needed after finlire.
The tuning circuit design presented here aims to achieve wit RF
coupling bandwidth, even though only a single junction is ued. A
multi-stage IF transformer follows the IF bonding pad matching
the IF output of the mixer to the input of the IF amplifier, as well
as reducing the impact of the parasitical capacitance intrduced
by the RF finline and RF radial stub.

I. INTRODUCTION

In recent years, considerable astronomical research fegis be

focused in the millimeter and submillimeter band. The iasre
ing sensitivity of the millimeter and submillimeter receiv

signal to be well coupled from the junction to the input of

cold IF amplifier over a wide IF bandwidth.

The finline mixer chip introduced here is not sensitive to
mixer block fabrication tolerance, hence ease the req@ntm
for the precision of the mixer block.The large chip area also
allows elegant integration of complicated planar circuitaoa
single chip.The SIS finline mixer design presented belowis a
improved unilateral finline design based on a direct tréomsit
from slotline to microstrip, mounted on a 6@ silicon sub-
strate. The silicon substrate reduces the impedance eliffer
between finline slot and microstrip transmission line, vhic
acts to improve the scattering parameter performance. The
designed includes the following components:

« A silicon substrate with 2-stage rectangular notch at the
front end, used to transfer the signal from unloaded
waveguide to loaded waveguide. The mixer chip is
mounted in the E-plane split mixer block, supported by
grooves in the waveguide wall.

« A unilateral finline transition to couple the signal from
loaded waveguide to microstrip transmission line, where
the SIS junction is fabricated. Quarter wavelength serra-
tions are added to each side of the finline to prevent RF
power propagating in the grooves.

enables the observation of fainter astronomical targef, e.
the cosmic microwave background radiation. A novel het-
erodyne interferometer telescope- GUBBINS (220GHz Ultra-
BroadBand INterferometer for S-Z) is under construction in
Oxford, with the aim of observing galaxy clusters via the
Sunyaev-Zel'dovich effect and demonstrating high surface,
brightness mm-wave interferometer at modest spatial and
spectral resolutions.

The observation of the continuous source,like cosmic mi-
crowave background, requires extremely high brightness se
sitivity. The sensitivity of a receiver does not only depemd
the noise performance , but also on the available instaoteme
bandwidth over which detected power is integrated. In a het-
erodyne receiver, the instantaneous bandwidth is detednin
by the IF bandwidth. Also, wide IF bandwidth mixers allow
spectroscopic observations to detect several spectes bir
multaneously. But wide IF bandwidth SIS mixers are stilerar

A multi-stage microstrip tuning circuit around the SIS
junction to tune out the parasitical capacitance of the SIS
junction over a very wide RF bandwidth. A 5-stage RF
choke is integrated in the tuning circuit to prevent RF
signal leaking into the IF output port.

At the rear of the chip, the IF bonding pad is used
to transmit the IF signals from the mixer to the IF
transformer using several aluminium bond wires. It is
carefully simulated in HFSS to present inductance as low
as possible and good transmission performance over a
wide IF bandwidth.

A five-stage quarter-wave microstrip transformer is in-
corporated onto the IF connection bonding pad to match
the mixer output to the 50ohms SMA connector and IF
amplifier input over the 2-20 GHz IF band.

currently because several key design challenges are waitfy Mixer design

be solved. Wide RF bandwidth signal has to be coupled intoThe mixer is fed by a waveguide diagonal horn which
SIS junction efficiently, while the IF signal generated ire thcouples into a unilateral finline taper, the taper then cou-
SIS junction should not leak into the RF circuit of the mixemples the signal into a microstrip line which contains the
The SIS junction must see a reasonably constant embeddsagerconducting tunnel junction[4]. The device is fed by a
impedance throughout the IF bandwidth. This enables the dfiniature microstrip line, the field of which does not intera
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Fig. 1. AutoCAD photo of an ultra-wide IF bandwidth finline SShixer
chip. The RF signal is coupled from free space from the rigitt the IF
signal signal leaves from the IF bond pad, on the right.
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tuner is needed. The mixer chip will be fabricated o860 ¢, |
silicon substrate and uses a 200/10/100 nm thick NB-AIOx-Nk:
trilayer, a 490 nm thick SiO dielectric evaporated sepdyate & |
in two layers, 240nm and 250nm, with a dielectric constant of =«
5.8 and 400nm thick Nb wiring layer. ]
A schematic of diagram of the mixer chip in shown in Fig.1.
In the following section , we will introduce the detail of éac
Mixer component. ]
1) Transmission line: The finline mixer is deposited on a ..., | ‘ ‘

T T
180.00 200.00 220.00 240.00 260.00 280.00

60um silicon substrate which supports the structure in the Freatond

E-plane of a re(_:tangmar Wavegl'"de' .The wafer is SUppO_”%S. 2. (Top)HFSS model of the unilateral finline.(Bottorh¥r scattering
in a groove which runs along the sides of the waveguidgarameter of such unilateral finline across RF bandwidth.
Waveguide dimension is standard WR-4 , 550 x 1100 ym.

Impedance matching between the loaded waveguide and free

space is achieved by a 2-step binomial multisection notch
shown in Fig. 1. The length of each step is approximate

one quarter of the guide wavelength at that section and tr

-26.00 —

In the calculation of the unilateral finline taper, the Optim
%]Eer Method is used[5], which takes a maximum allowed
e

a

rned loss for the taper (e.g. -30dB), and then calcsilate

gf;;ﬁg?gé Or: elf;ChivS(;(re]pthC:?mbee(;Ijaer:irem(I)?evea% thEeI b:éon} e corresponding cutoff frequency profile along its length
an. g b 9 . Transverse resonance method is used to give the relatpnshi

microstrip Z, [2]. The widths of each step are optimized N etween the cutoff frequency , the slot width and the prop-

the HFSS software. agation constant. Because the cutoff frequency of undater
itp]In Zny1 9=NON 1y Zr, ) f@nling is right above the IF frgquency_range, no RF bandpass
p Zn " 7 filter is needed after the finline, which reduces the length

As stated in the previous paper[1], a lot of care has to 9& the chip, hence the loss. Figure 2 shows the computed
taken in the fabrication of antipodal finline to avoid thenoar SCattering parameter of an unilateral finline taper depdsin
spikes that can potentially AC-short the chip , especiatly & 604 silicon substrate using HFSS software. We found that
the stage when the fins start to overlap with each othipe bandwidth of the finline taper |s_rgstrlcted by the 2-stag
To overcome this difficulty, A newly developed unilateral€Cctangular notch , rather than the finline taper itself.
finline transition is used to couple the RF power into the 2) Tuning circuit: The RF choke is integrated in the tuning
mixer chip[5][6][7]. An important advantage of this design circuit design. We have designed three tuning circuits of
that it provides an extremely wide bandwidth transitionniro different sizes, using the same design method and rougély th
the waveguide impedance to a low microstrip impedance.Fgame performance, but with various dimensions . Here only
Nb film with 500nm thickness deposited on 60 silicon one designed will be illustrated and introduced in dethT
substrate, an impedance of approximatel23§obtained with schematic diagram of the tuning circuit is shown in Figure 3,
a finline gap of 2.5:m. A microstrip bridge with a width of with 20Q ,1m? SIS junction with a critical current density
2.2um is deposited across the slotline on a 490nm thick layef 14 KA/cm? and a specific capacitance of 7542 . It is a
of SiO and terminated by a shorted quarter-wave radial stuingle junction tuned out by two series microstrip stub teda
The finline itself is also terminated by a quarter-wave radidefore and after the junction, each tuned at two different
stub which forms a RF short. The quarter-wave radial stub fsEquency, giving a wide RF coupling. The 2,on wide
finline shorts the signals to the microstrip bridge, and tthen microstrip transmission line deposited on 490 nm thickness
radial stub of the microstrip shorts the signal again and th&iO dielectric layer presents an impedance of roughiy(20
directs the signals to the 2:#h microstrip line. ideal for the the coupling to the 2Q SIS junction. Before
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Fig. 3. (Top)Diagram of the tuning circuit with the integret RF choke.
Dimensions are inum and the SIS junction is shown as a purple dot. The
7-step stubs after the junction are the RF choke. (Bottom$$iEalculated
scattering parameter of the tuning circuit. The red lineresents the return
loss while the purple line represent the insertion loss.

the SIS junction, a 3-stage Chebyshev transformers is wsed
realize impedance matching between & microstrip line 20001
and the SIS junction.

After the SIS junction, 6-stepped width section RF chokes

2500

are added to block the unnecessary RF signals leaking int " oo E—— ko s
the IF port. The first section of the RF choke also acts as the
microstrip stub termination in the tuning circuit. Fig. 4. ~ (Top)HFSS model of the IF bond pad.Bond wires are show

. . . grey. The blue pad is the ground plane while the red pad is telibg
3) IF connection and transformer: The IF S'gnal generated pad. The orange pad connected to the bonding pad by grey svipart of

in the SIS junction is transmitted to the wiring layer bonehe IF transformer.(Bottom)HFSS calculated scatteringapeter of the IF
pad at the rear of the chip. This bond pad is connected to tffgnection,normalized to the mixer output impedance of2p
IF transformer through three 50n» diameter aluminium bond
wires. The 5-step IF transformer is fabricated on 254 thick ) ) ) o )
Roger's Duroid 6010 substrate. The bonds are kept as shi§i{f Present simulation results for the whole chip, inclogi
as possible to minimize the inductance of the bond wires. Apilateral finline ,tuning circuit, IF bond pad and IF trans-
each side of the chip, there are two bond wire providing f@"mer along RF bandwidth, IF bandwidth and various DC
ground connection to the mixer block. The gap between thi#S Point. But other receiver components , like the cryosta
wiring layer and the ground layer is optimized in HFSS twmdow, IR shields _and the LO injection beamsplitter are
achieve good performance in the IF coupling(Figure 4). not m_cludet_j. Th_e mixer performance al_ong _the RF band for

A five step quarter-wave microstrip transformer is designd@® Single junction design is present in Figure 6 and the
following the IF bond pad connection to match the mixeﬁ)erformance .alor?g the IF band for the .smgle_Junctlon dpag_n
output to the 502 SMA connector over 2- 20GHz IF band.|S presented in Figure 7. In these RF simulation, the mixer is
The finline and large area stub on the chip will introducgiased at a fixed voltage 2.2mV and pumped by a fixed LO
considerable parasitical capacitance. Thus the widthemgth Power of 40nW, while the performance calculated at a fixed
of the first section of the IF transformer is optimized inF frequency of 10GHz. In the IF simulation, the voltage bias
Ansoft Designer to enable a good match between the compRINt and pumped level are the same with the RF while, but
output impedance of the SIS mixer chip and the @0oF the RF frequency is set to be 230GHz.
amplifier(Figure 5).

I11. CONCLUSION

Il. SIMULATED MIXER PERFORMANCE We have designed a novel silicon-substrate unilaterahénli

As well as the HFSS simulations shown above, the mixarixer which is expected to exhibit wide RF coupling band-
designs have been extensively simulated by the softwaedbawidth and ultra wide IF bandwidth of 2-20GHz. The appli-
on Caltech’s SuperMix simulation library. In this sectiowe cation of the novel unilateral finline allows wide RF signal



21ST INTERNATIONAL SYMPOSIUM ON SPACE TERAHERTZ TECHNOLOG OXFORD, 23-25 MARCH, 2010.

1.2 237 385
5.439

-
-

T 229 0.5

bond kil
to mixer I I i } ws  |F out
0.508 0-308 .
1.05 0.638 0.395 '
IF bond pad plus IF transformer Y1—o]
= : A), feermie |
/4
%_mn_ v\ /V\ \/\/\,\ \/
. \
é 3000
T 1050 201 3050 2000 50.00

Fig. 5. (Top)Combined scattering parameter of the IF borttigral the 6-step
IF transformer, normalized to 2Q at the input end and 5Q at the output
SMA of amplifier. The dimension shown is in unit of mm. It is calated
by the Ansoft designer. The scattering parameter of IF badlip exported
from the HFSS simulation.(Bottom) Diagram of the IF outpransformer,
fabricated on 254m thick Duroid 6010LM. The unit in the diagram jgm
and the left hand side of the IF transformer is connected eolfhbond pad
and the right hand side is connect to the output SMA.

coupling , elegant integration of complicated planar diras
well as minimum parasitical capacitance. The simulaticulte

from SuperMix demonstrates both the wideband RF and IF
operation could be achieved by this high performance mixer.
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Fig. 6. Supermix calculated mixer conversion gain and ntéseperature

against the LO frequency the entire mixer chip. The mixeraséd at a fixed
bias voltage of 2.2mv and pumped with a fixed LO power of 40nhe TF
frequency is 5GHz.
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Fig. 7. SuperMix calculated mixer conversion gain (top) aode tempera-
ture (bottom) against IF frequency. The mixer is biased 2in2.and pumped
by 40nw of LO power at frequency of 230Ghz.



