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Abstract—We report upon the development of a 874 GHz on the membrane and beam-lead fabrication process
bias-able sub-harmonic mixer using planar Schottkyliodes. The  developed by JPL, and successfully used for theldpment
outaien i Horng iomons o oneis copaerr 1 Sehouky diode based mulipers for he HIEeinmen:
on ag5 micro’ns trF:ick GaAs n%embrane. Predicted F:)erftfnance onpoard HE_RSCHEL Space Observatory [315] I.t feasua
gives optimal conversion losses of 10 dB and a 3 dandwidth P&l of series planar Schottky diodes placed inamaid
from 820 to 920 GHz. This work represents the higee configuration inside the waveguides cross-chanasl first
frequency Schottky based MMIC sub-harmonic mixer introduced by Carlson et al. [6]. A beamlead cotexkto the
development to-date. cathode of the®ldiode provides a DC/RF ground, whereas an
on-chip capacitor connected to the anode of theratfode is
used to decouple the RF ground from the DC bias lin
ATMOSPHERlcremote sensing of stratospheric ice clouds igottom line shown in red in Fig.1). This configtioa is

of key interest in understanding the hydrologicale of  similar to a MMIC frequency tripler developed by &&rini
climate systems for life on Earth. Several missibage been et al. [7].
proposed that would monitor globally the ice watentent of
cirrus clouds using passive sub-millimeter radi@net LO input
instruments (e.g. CIWSIR/GOMAS Explorer mission E-probe
proposals to ESA). Studies of such missions have
demonstrated that ice clouds’ signature is morenguoced
and better spatially resolved if high frequencyraals (i.e.,
664 GHz and 874 GHz) rather than lower frequendy su
millimeter channels are chosen. High frequency oletmalso
allow specific information about small grain size particles
(typ. < 300 um) to be retrieved [1]. Sensitive hetyne
receivers based on planar Schottky diodes argrsthie most
appropriate for long life, room temperature instams
operating at frequencies up to 2.5 THz.

|l. INTRODUCTION

Series pair of planar
Schottky diodes

] - Sum thick
Despite the fact that several milliwatts of outpotver from GaAs m cmb

multiplied microwave sources have already beeneaeldi at :
440 GHz [2] and higher [3], the provision of thecBd Fig.1: view of the 874 GHz MMIC SHP mixer circuit.
Oscillator is still an issue for high frequencied-snillimeter

wave receivers. Therefore, a biasable sub-harmwoiner is [ll. DESIGNMETHODOLOGY

desirable in order to reduce the LO power requirgsidy The design methodology uses a combination of three-

forward - biasing each diode individually, as alréadymensional electromagnetic simulations (using HFGE
demonstrated at lower frequencies [4]. Ansoft [8]) coupled to linear and non-linear circui
simulations (using ADS from Agilent [9]), as dedad in
[10]. First, the diodes dimensions and doping dmesen for
best performances in the desired frequency ramge & set of
non-linear Harmonic Balance simulations. The rasglt
electrical parameters of each individual diode arseries
Il. 874GHz SHPMIXER ARCHITECTURE resistance of 20Q, an ideality factor of 1.3, a built-in
A schematic view of the 874 GHz biasable sub-haimo potential of 0.8 V, saturation current of 320A, and a

MMIC mixer is shown in Fig.1. The MMIC circuit isalBed junction capacitance of 1.15 fF. The ideal embegldin

In that context, we present here the design andlojgment
of an 874 GHz biasable sub-harmonic (SHP) mixetuféag
a membrane based MMIC using planar Schottky diodes.
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impedances for an anti-parallel pair of diodes withbias Preliminary measurements give DSB mixer convergigses
voltage applied is g = 43 + |.53 at RF frequencies, anghZ of 10.5 to 12 dB and DSB mixer noise temperatuttevésen
= 55 + [.135 at LO frequencies. Second, a 3-Dinmradi 3000 K and 4300 K in the frequency range 800-85@ GH
model of the diodes cell is simulated electromaiga#y

using HFSS and tuned for lowest conversion losSemlly, V. CONCLUSION

the rest of the circuit is modeled electromagnéticand The design and development of a novel 874 GHz sub-

tuned to present embedding impedances as closesale harmonic biasable mixer using MMIC GaAs membrane

to the ideal values over the broadest bandwidtsibles planar Schottky diodes is presented. A biasablebiastess
Predicted mixer performance is presented in Fig.Zersion of the MMIC chip have been fabricated. iriglary

Simulations suggest DSB mixer conversion losses @easurements show good agreement with the simuoiatio
approximately 10 dB. The simulated 3 dB RF banduwidt

extends from 820 GHz to 920 GHz. VI. ACKNOWLEDGEMENTS
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