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1. Introduction 
Millimeter-wave (mmW) imaging systems offer a good complement to infrared (IR) 
imaging systems. High resolution IR systems suffer high attenuation in cloudy and foggy 
atmospheres, while mmW systems will penetrate through clouds and fog offering an 
excellent all-weather imaging system. l n  ow application, we aim at integrating both 
mtnW and IR detectbn capabilities in one sensor and thus combining the advantages of 
high resolution and all-weather detection capabilities. 
Antenna-coupled metakoxide-metal (MOM) diodes have been used in the past for 
detection and miwing in the IR [ I  J and mmW [2] portions of the spectrum A MOM diode 
with law enough junction capacitance, corresponding to a small enough junction area, to 
rectify IR radiation will also rectify mmW radiation; thus is a good candidate for this 
application CPW-fed twin slots vere successfully coupled to Schottky diodes 131 and 
SIS mixers [4] for detection in the mmW region. Dipole antennas were also successfully 
coupled to MOM diodes for detection at 10.6pm[l]. 
In this paper we integrate both types of antennas and report on aNi-NiO-Ni diode 
coupled to a dipole antenna far 28 THz response and a CPW-fed twin slot antenna for 94 
GHz response. 

2. Sensor configuration 
The sensor configuration is shown in Fig.l. Two mmW slot antennas are CPW-fed. The 
CPW is modified to allow placing the MOM diode. The MOM diode is connected to an 
IR dipole antenna as shown in Fig2 and Fig.3. Ihe two horizontal cuts in the ground 
plane are defined to allow for detector bias [ 5 ] .  The diode contact area is 0.075pm2. The 
length of the mmW slot is 1250pm. its width is 25pm the CPW strip width is 50pm 
corresponding to a 410 CPW characteristic impedance. The IR dipole was designed for 
?I2 resonant operation at 28 THz its total arm length is 3pm and its cross-arm width is 
0.25pm. 

3. Sensor fabrication 
The device is fabricated on a high resistivity Si substrate coated with a 5 0 0 m  layer of 
Si02 for electrical isolation. The substrate was coated with a l5nm layer of Cr and 150 
nm layer of A". The CPW-fed twin slot structure was then patterned in electron beam 
positive resist and bn milling was used to etch the slots into the Au ground plane. The 
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hottJm .MO31 diode electrode and 3n IR Jipolc 3nlcnn3 um were delined md a NI Inyer 
of I?Om w3s then deposited using 11: magnuiron spuncnng ‘lhe lop e l c c l r d e  along 
with the secrind IR antenni armucre p a t t u m d  A kt0 h ) e r  or3 Snm wn.q thcn dcposiied 
using Rt: diode spunenn: lolloa.cd hy inotlier I40m Ni Iqer dcposilcd usin$ I)C 
m,pnr.rron sputrcnng 

4. Experimental Herults 
For te,iing Tllz rc,ponac. thc detector was 8rradiaicd hy J CO: lase1 at I O  hpm. An b I 
lens I ,  used to fucus the beam inln 3 Jiffraaion limited spot onto the JCVI;C A 
meehsnical chopper was used IU modulate the laser h e m  21 3 t’requency of 2.6 k l l i  For 
icsting in thr GI11 region, radiation from a 92 S ( i l l z  Gunti occ~IIStur 31 2SmW 01 output 
pawer w a  input inlo 3 PIN d i d c  swrtch that IS modulated ai 3 k t b  using a lun<tion 
generatur 2nd tinally J horn mtenna \1’3j L S C ~  IU nsJiate Ihc de\ ice l h e  modulnrd 
delcctur response ,tb(n31s were .implitied And ihcn csprured using 3 loch- in 31npl11ier. 
t i 6 4  shows 3 plot fur the IK. nunH‘ response and the second derivatt\e d i  the LV 
shnncten,tic ; w e  vs biJs wl13 c of the d t ~ d c  -The sensor N.S ~ n c ~ s u r d  to ha\e 3 

respectiwly at thu ahow tncniioncd modul3tton frequenaes 
For simultmcnus rebpunsu \enfication 1K and inniW radutiun ! I U K  niodulaied 31 2 o 
and 3 k l l r  respecuvely and m3de rmul lmcuu4) 1widcn1 on the JL.VICC An imnge oi thc 
ipcctrum analyzer output. I ig .S ,  venlies simulraneous JudLhAnd opctauon oitlie dtvi:e. 

detectiwty (D’J of I ~ l 0 ” : m l l P  F W311 And 1 ~ 1 0  cnilla ’ \ V a t  in the I K  dnd mmW 

5. Conclu&ms 
The simultaneous wsponir to 9l G l l i  3nd 2k .IHz radr~tiun using 3 du3Lband 3nteiiii3 

wuplcd hlOM drdc  WAS rerificd n m \ V  rc>p.m,c c m  b: i i h e r  ~mpmvr.d by u,ing 3 

subnrAlr lens for rcducing ~urt’xe.\va\e l o ~ s e s  IK  rrponlu can he funher Iniprwed by 
dcxeasing ihu pncuon which will dr.r.rr.~sr h e  iLnction c~pac‘rmic 2nd therefore 
mcrc~re lhc CUI-ON frequr.niy.,flhe de\lce 
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DC cut I 
Fig. 1 CPW-fed twin slot antenna-coupled MOM diode configuration 

Fig.2 SEM image showing connection between the MOM diode and the bond pads. 
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Fig.3 SEM image of MOM diode coupled to an IR dipole antenna. 

0 Infrared response . Millimeter-Wave response 
1 Semnd derivative of I-V Cuwe 

Fig.4 IR, mmW response and the second derivative of the I-V characteristic curve (In 
arbitrary units) vs. diode bias 
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2.25 1.31 2-45 2.55 1.61 2.75 1.81 2.95 1.01 3.15 3.15 
Frcqucncy (&) 

Fig.2 Spectrum analyzer output showing simultaneous response for 94 GHz and 28 THz 

2854 


