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1 IClcrmlync mcasllrcmcnts have been made at 533 G] IZ using a novel

st~~~crcc~]]dl]cti~lg  hot-clcctmn  bolomctcr  in a wtivcgui(ic mixer. ‘1’k bolomctcr  is a 0.3 p m

long niobium  microbridgc  with 1’[.=5 K. 3’IIC.  short  ICI ]g(h ensures that electron cliffusim

domi na[cs over elect ron-phonon  in[cracliom as tbc clcdron cool ing mechanism, which

should allow hctcroclync dctcc[ion  wi[b intcrmcciiatc frcqucncics (~j) of several G}]?,. A Y-

fac~or  response of 1.15 dH has been obtained al an if of 1.4 G}lz with 77 K ancl 295 K

loads, indicating a rcccivcr nojsc  tcmpcraturc  of 650 K 1)S13. ‘1’hc.  -3 d]] rolloff in (IIC if

response occurs at 1.7 G}lz,.
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IIolomdms  have t-mm LIscd occasional] y over the years as hctmdym  detectors duc to their high

scnsitivit  y, ancl their ability to operate at submi  11 i Imtcr and far-i nfrarul wavc]cngt  11s t ‘?. 13010  mctcrs arc

si mp]c sqLJarc-law  or total-power detectors. There is m instantancom  rcspcmsc  at the sigaal frequency

(if) as wilh clcctrmic  mixers such as Schot[ky  diodes or S1S tmnc] junctions, and there is no harmonic

rcspmsc.  “1 ‘hc principal disaclvant  agc of a bolomctcr mi xcr is [hc long

limits the intermediate frequency ((O to low values, usually of

thermal rcspcmsc  time, T,,,, which

order M 1 Iz, for a cmvcnt ional

scmicmductor  bolomctcr.  This is too low to bc mcfa] for most  molccu]ar  line spectroscopy applications

in r;i(li(~;tstro]~o]~ly,  atmospheric chemistry, and plaactary  scicncc.

]{cccntly,  however, a nmd stl]>c.]co]l(l[lctil~c  transition-dgc  bolomctcr  has lxxx] propmcd  which

is both fmt and scnsitive3, It has a thcmal  rcspmsc  tilnc as short as sc.vcral 10’s d picosccon(ts,  leading

to H m]loff in the ~j’response of several G] 17,, which is high enough for practical hctcmct  ync applications.

‘1’his bolomctc.r mixer shmlcl opcralc  W C]] to 1;/’ frcqucncics  of many ‘1’1 17,, since there is no

supcrconctuct  i ng, energy gap limitation as in an S1 S mixer. 1 n fact, rf power is absorbcc]  more uniformly

d)OVC  thC SIJ])CI’COllCt  LICt iVC CllCJ”~y  ,g:i]l  fl’Cq LICIICy. ‘] ‘}lC llli XC~ lK)i  SC tC1llpCMtllK  CaIl  bC. VCYy ]OW:  :1 f C W

limes the quantunl  limit. Very low local oscillator (1 .0) power is required: = 20 nW for a Nb dcvicc. ‘1’his

is cxnnparab]c.  to the, rcquircmcmts  for an S1S mixer an(i is aII impmlant  i SSLIC at high submi 1 I imchx wave

frcqucncics  where I.0 power is difficult to gcncratc. ‘J’hc r[ impcdancc  of the dcvicc is csscntial]y

rcsis(ivc and is ctctcrmincd  by the gcomc(ry  of the film, which grcat]y simp]ifics  the ):f circuit dc.sign.

Ilnlikc a Schottky  dioclc or S1S tumcl junction, there arc no parasitic rcactanccs to lUIIC out. g’hc real r~

l“C.Sist/ltlCC  of the bdmnc(cr  should bc indc.pcndcnt  of frccjmncy  from about the energy gap frequency up

10 a frcqucnc  y corrcspcmciing to t hc i nvcrsc clcd  mn-electron c.last  ic scat tcring t imc, which is

approximately 1 ~)0 ‘1’1 lZ for a thin Nb filn]3.

Wc hcm prcsc.nt the first dcmmstrat ion of a hctcrodyac  bolomctcr  mixer wi[h both low noise ancl

a large [f banclwidth operating at 533 (3117,. l;igurc 1 shows the gcomc(ry of the clcvicc,  which consists of

a stll~l]]icro~~-lcl~gtl~  strip (microbridgc)  of Nb bctwccm two normal metal gold contacts. It is impor[an{

tha{ the film 1X very thin, <10  m), ad hcncc  in the “dir[y  limit”. Such (iirly limit films have a very hi@

claslic scat [cuing  rate duc to surfNw and bulk scaticrinx  ad hcmc a shml clcctrcm mean free path. II has

bCCl)  fOLllld  fOl’ SLICh fi]lNS th:l( thC C] CCttOI1-C]CCtl’011  illtC1’dCt  i OIl iS CIlhaIICCd, rCNl]tiIl~  ill a she ] ’1  C]CCt l”OI l -
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clcdron it)tcradicm  time, ‘ccc, ami the elcc[roII-]JIIoIloJl  inlcractim is wcakcncd4. ~’bus, whew absorbjng  1:[

J)OWC.I’,

on t h e

the c]cc(mns heal up  l“C]at  ivc to the ]at[iCC!  tcl n] Icralurc.  ‘]’hc C.]cclrical  resist ancc in the fi ]m de] )cnc]s

clcctmn temperature; such a dcvicc js knowIl as a “hot-electron” bolomctcr.  Sjnce only the

electrons are heated, the heal capaejty  ~. can bc very

A high thermal conductance G between the

thermal rclaxat  ion t imc ‘c=CXi is rcquircci for a high

small, especial 1 y fm. a sllbI]liclol~-si~,ccl  (icvkc.

Cl CCtI<OnS m(i the “bath” ami hence  an ovcral 1 shor[

if ‘1’hc unique  feat we of Ihis device  is that it uses the

uipi(i d(~/i4,sion d hot clcctrms  out of the micmbricl~,e  into the normal metal as the coo]i ng mechanism. III

order for diffusion 10 {icmlinate  over c]cctrm-phcmon  i nlcract  ions4, it is ncccssaJ”y  for the microbriclf,e to

be short; Iypical]y less t h a n  1 pm foJ”  thin Nb fit Jns. ‘J’hc appropriate bridge ]cJlgth  1. is given

:tJym)ximatcly by 2.. {1). z,,, , where. ]1 is the diffusion constant, WhcII at] clcc[mn absorbs cJlcI”gy from

an r[pholon,  it shares its cJIcIgy  in a [imc z,, . ‘Ike I’CSLI  iting hot C] CCII’OIIS  diffuse a dist ancc -1 ./2 in either

direct  ion, at which point lhcy cncount  cr a normal JmLIl heat sink. “J’hc t hcrmal ccmiuctancc  is cictcrmincd

through the Wicdcmann-]  kmz rclatim by the total rcsjs[ance  RN of the microbriclge  (sec.  ref. 5 for a more

dct ai led discussion of the (icvicc  operation). Simi lat. {icviccs which IC1 y on an c.lcctI”oIl-~JllcJJIoII  cooling

mechanism 4’(’ have l’CcCJItly  achicve(i  aII ifltcmc(iiate frequency roll-off as high as 1 G] 17,, using  a thin

niobium nitri{ic film7.

‘1’hc bolomcter  USCC1 in the receiver mcasuremmts consists of a 0.] 4 pm wicic  by ().27 pIn long

by ] O nJn thick strip of Nb on a quar{y substrate. ‘1’hc lcJ~gth is defined by the gap between the contacting

goki pa{is;  sec. 1 ‘ig. ]. “1’hc thick Nb ]ca(is form the coll])]i~lg-]~rol>c  anti T:( choke fiitm for the wfivcguide

mixc.r mouJIt. ‘1’hc device  was passivatcci  by 40 nm of SiO. ‘J’his cicvicc  has a transition tcmpcraturc

‘ l ’C = 5 K, the wjdth of the transition  is A“l’, = 1 K, and (he JmJmud  resistance js R ~ = 20 Kl, I ‘or

these very thin films IIIC sheet resistance is higher and the “l’C  is lmvcJ. than the bulk values.

‘1’hc bolomcler chip was JIIOUJItCd jnto a 547 C;IIZ two-tuner wavcguidc  mixer block$c’  which was

coded  to 2.2 K i J) a vacllllJn cJ”yoslat,  A Imll[ip]  icr (irivcn  by a ~iunJl  oscil  Iator gcncrate(i the ]Ocal

oscillator power al 533 G] Iz. A cooled }lliMT amplific.r with an isolator was usccl as the first s[agc ill lhc

if amplifier chain, which opcratc{i at 1.4 G] IZ wjth a total jf noise temperature of 6 K. A 320 Ml 1~,

bamipass  filter was used to limit the. (f bamiwjdih.  ‘1’hc rcccjvcr sensitivity was dctcrminc(i  through Y-
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factor mcxtsurcmcnls  with 295 K and 77 K blackbmly  loacls  in the signal beam path outsiclc  the crym[a[.

1 ;jg. 2 shows tbc best Y-factor response ac.hic.ve.d  after a(ljmt ing the wavcgLlirlc  backshor[ and 1 i-plaac

t uncr for best coupling  of lhc 1.0, ancl optimizing the 1,0 power. ‘1’hc 13cs[ response k in the resistive

branch of the 1 V curve at a bias voltage ~LRt above where the dcvicc switchc,s  back into the low-resistance

state (the bias circuit woLIlct not allow for a s[ablc bias in the. mgativc rc.sistancc  region of the IV curve).

‘lIIIC  largcs(  Y-factor was 1. 15f0.O 1 d]l, corresponding 10 a doub]c sictcbml (1 ISB) receiver noise

tcmpcraturc of 650 K.

III a separate mcasLwcmcmt,  the noise tcmpcrdt urc and gain of the (f sys[cm were accLmtely

dctcrminccl  by mmncct ing a tcmpcrat  urc-cent ml Id 50 (L terminal  ion in p]ac.c  of the mixer. Using this

cdibr:ition, it is possib]c  to cstimalc  tbc conversion cfficicmcy  11 and noise tmpcrat  urc ‘l’,,, of the

bolomdcr  mixer (including diplcxe,r  10SSCS and contribut  ions from the warm ad cold optics). ‘J’his  gives

11 = -11.4 d13 (l>SB)  and T,,, = 560 K (DSB).

‘1’hc rcccivcr  rcspoJ)sc  w a s  also Jncasurcd  at 4.3 K  yickiing  a Y-fac.(cw of 0 , 3  d13 w h i c h

corresponds to a rcccivcr noise tcmpcrat  Lm of abou[ 3000 K (11S13) ad a conversion efficiency of

-19 dll (11S13). At this higher opc.rating  tcmpcraiurc  tlIc optimal amount of 1,0 and 1X: power that will

bring the clcdrm temperature up to ‘l’C is lower. ‘1’hc.  cmvcrsion  efficiency wi 11 Ihcrcforc also bc lmvcr

Sil)CC it dC]EldS OJl t hCSC JX)WCH” ]CvC] S l[). TIN incrcasc in noise is likd y duc to the poorc.r  cmvcrsim

Cfficicncy,  and Jlot 10 an incrcasc  in mixer ou[pLIl  misc.  ~’his is dcmlinatd by ftuclLlations  in the c]cclron

tcllll)cl’:ltlll”c”, which is always near ‘J’,. ‘1’his cxp]anat  ion is suppmld  by the fact that the incrcasc  i J) mi sc

corrc]at m wd 1 with the. dccrcasc  in conversion efficiency.

An jmpmlant  issue for a bdomclcr  mixer is the! response dLIC to the broacltxmd  thcmud  radiation

from the 295 K calibration load, which CCNIIC1  heat the lalticc  as WCII as saturate the mixm. ‘lo cimm lllat

wc were col”l’czt]y Jllcasllring [hc iJltJ’illSiC  hclcroctync  pm]mlic.s,  SCVCJ’aI  tests were Jnadc  10 check  for

non-hctcmdync contributions to the response.. switching bctwmm ]oads in t}Ic signal path with ],0 pmwv”

applicxi  aId with both loads at 295 K gave J)O rcspoJIsc,  which shows [hat (hc mixer rcspmsc is not dtm

to standing waves in the local oscillator path. Swi[chitlc bdwccn  295 K and 77 K loads without  1()

]>OWCJ”  did JIOt  give ally cmtplll  POWCI’ ~CS])OIISC. ‘1’hc  s a m e  s w i t c h i n g  w i t h  o p t  inmm 1.0 pc)wcr  app]iccl  cikl

not shif[ lhc bias voltage of the dcvicc.  mc.asurabl  y (lhc nwasm’cmcnt scnsi  t ivjt  y was 2 pV) with the
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bolomc.tcr cmcnt-biascct at tic, incljcating  that the mcasmd  mixer rcspmsc. was not a msu]t of a bias

point shif[ duc 10 heating from lhc hot and cold loads.

in a scpamtc  mcasurcmcnt,  an acklitional Gmn oscillator wtis conncctcci  to the lmlt  ip] im, which

thereby gcncratd  both power at lhc ]ocai  osci ]]ator fm]Lmncy  and a weak signal that cxmlcl  bc LJscd  as a

momchmmat  ic soLJrce  for mi xm experiments. ‘1’hc (f output was ccmncdccl  [0 a spcclILml analyz,cr.

McasNrcmcnts  wcm made wjth the mixer block at 4.3 K and 2.2 K. in both cmcs the mixu output  did

indeed conltiin  a distinct monochromatic signal, which could bc tLmcd mm’ the. whole available 1 to

2 G] 1 y. ~~ band by a(l~ust  ing the frccjucncjcs of the two GLmn osci 1 I at om. A mcasummcnt  at 2.2 K

showed that the diff’crcncc in (foLItpL~t  power when switching bet wccn a hot and a cold blackbocty load in

lhc. rccci vcI’ beam showed the same bias vo]tagc dcpcndcncc  as did the m[put power duc to the

IIlolloclll(llll:itic  signal source. ‘J’his  fact fLulhcr sLlppol”ls  [hat the mcasmd Y-fidc[m is ciuc. to a hctcmdync

rc.spcmsc.  Adclitional] y, a supcrconduc(i  ng magncl  inside t hc cryostat  was usccl to app] y a magnetic ficl(i

of approximately 400 Gauss to the bolomctcr,  but was obsmvcd to have no cffcd on the monochromatic

if output power to wit hill the accLu”acy  of this mcasmcmcnt  (0.2 (i 13 ). “J’his suggc.sts that ncmc of the

response was duc to Joscphsm  effect mixing in this micmbrkigc,  and that the r~ heating, was gcncral]y

un ifom wit h no 1101 spots or sLIl)cI.collCILIcl  or- IlorI13:il  boundarjcs’  2.

An important  pmpcrt  y of a bdomctcr  mixer is the (f clcpcndcncc  of the conwmion  cffidcncy,

which is set by the thcmal  response, time.. l>uc to sip,nificant  outJmt power variations wjth frcqmncy in

the multiplier/t wo-Gunn  source, wc chose to dctcminc  this dcpcndemc wjt h a broadband blackbody  r:f

signal smu”c.c  and with a spcct rLml anal yzcr used as a t unab]c  ] M ] I z fi [tcr after t hc if amp] ific.r chain] 3.

‘1’hc if systcm of the rcccivcr was rcconfigw”cd  wjth a bmadhand  1 d W amplifier that was c.oolcd  to 77

in place of the 111 iMT amplifier and jsolatm. ‘1’hc mc:isurcmcnt  was done by switching bctwccn a 295

and a 77 K load it] t hc rcccivc.r beam, thcmby varyinp, tllc  mecivcr if output  power. 1 )LIc, to v:triations

K

K

in

the Spectrum all:dyZCr  lcspcmse, patliCLlla~  Care was takcm ill the gain Calibration of the if chain  ‘3. ‘J’hc

rcccivcr was t Lmcd to maximize the 1,0 coupling to the bolomctcr  in the same way as fm. the Y-fact m

mcasm’cmcmt  dcscribcd  cadicr, but the applied 1.0 power ICVCI was slight 1 y higher. An cadicr Y-factor

mcasurcmcnt  where the device IV ctwvc indicatc(i the same amount of 1.0 pump power yiclcic(i  a rcccivcr

noise tcmpc.raturc of 660 K (1) S13).



,.

} ~igurc  3 shows the rclat ive ccmvmicm cfficicmy versus inte.mmijalc  fmc]ucncy al 3 bids Jmi nts above

the drop-bad vo]lagc. A fitted cLu’ve with the cxpcctcd  frcc]ucncy  dcpcncicncc’  ( ] +-( fi/f,,,ll,Yl)2)-1 is also

shown, Where f,(,,,(,fl is t hc intcmcciiatc frequency at which the convcrsi  m cfficicnc  y drops by 3 ci13. ‘1’hc

mlloff  in l~ig. 3 occurs  at 1.7 to 1.9 G] lx, As can lJC seen, f,(,,,,,fl (iocs not increase as quickly as the

collvclsio  Jl

ban[iwkith”

‘J’IIC

efficiency ciccmascs with bias vol[agc. ‘1’his su ppmls the pmiiction of no fi xc(i “gai  II-

prmiucl  for this dCVjCCIO.

mcasurcci ml loff frccjuency  al iows the acid effect ivc thermal comiuc[ancc

bo]oJnctcr  to bc ca]cLdatcd  from f,,,ll,,f,  = ]  /(27r’T,,t) w h e r e  T,l, =~/G,.  I W t h i s  (ie,vicc

(i,= 1 S nW/K, which compares WC]] with 1)~ mcasLII’cJncnts  thal wc have ]wcvious]y rcpwlcci

c1, of the

lhis gives

for similar

micmbri cigcs 14. ‘Mc 1.0 power app]icci  to the bo]omdcr  mixer can lhca bc approximatui using  P,[) +- Pi)C,

= G’i:(rJ’C2-”]’h2 )/(2rl’C)  where ‘l’C is taken to bc 5 K, ‘J’l;---2.2 K is the mixer physical  tcJNpcJWLwc,  PI)( is the

JJC; dissipalc~i powe]”,  and G’ = ~i,. ‘1’his yic]cis  1’1,{)  = 15 nW which is consistent with the cxpcctcci  Jow

I.0 power mcjuircmcnls  for this dcvicc.

A simuJtition  of the bo]cmctcr  mixer that takes into account the  tCJNpCJ”:IILIJ’C  profile in the (icvicc  has

bccl)  made usiJlg  a finite ciiffcrcnce Jncthoci.  ‘J’hc heat diffusion in t he bo]o1llcIcJ’  iS assllmc.d  to follow the

Wicdcmam-1  kanz, Jaw, w h e r e  t h e  tJIcmai con(illc[ivi[y  i s  propalicmal to tcmJmatLwc,  ‘1’hc

JwoJmr[iona] ily ccmslant  was a(ljLlstc(i  to agree with 1X JlmasLIrcmc,Jlts 14. ‘]’hC Ca]CdtitC(]  llli XCJ” COJIVCJ”SiOll

efficiency at low intcmcciiatc  frcqLlcncic.s  is 6.3 d13 (l JSII), an~i the -3 (i]3 m]loff occLm  at ] .3 G] Jz.

‘1’hcsc  values al’c in rcasonab]c  agreement with lhc mcaslll”c(i  results, an(i  }lCJICC Va]jda[C  the basic physicai

Jwinciplc.s  of this bdomctcr.

]n summary,  a novel transition-edge bo]omcter mixer that uses ciiffL~sion  as a cooling  mechanism

fOl” ]10[ C] CCtJOJIS  haS been dCJllOJIStl’alCC]  at 533 {i] ]7,. ‘1’hiS llliXCl” J3K)VidCS very ]OW hctcmiync  l’CCCiVCl”

noi sc tcmpcmt  urcs, wi 11] high inlcmc(iiatc  frcqucncics.  ‘1 ‘hc -3 (iB if response  extends to 1.;

(ii ffmion-coolc(i  bolomcter  mixer is cxpccte(i  to perform WC]] up to at ]cast several 1’1 lZ with

in pc.rformancc.  II is thus an attractive altcrmtivc  to ]css-sensitive Schot[ky  mixers at very

‘1’11~,) submill imclcr  wave fmqucncics.

GI17. The

ittlc  change

high ( > 1
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1 Ug. 1: SIiM photo of the cliffusion-cooled bolomc[c.r.

1 ‘ig.2:  “1’hc cumcnt-vollfigc  (IV) curve for the bolomc.lcr  with local oscillator power app] icd. The dashed

lines show the regions  in w}~ich switching occurs. ‘1’hc dcvicc rcsistmmc is negative below about 0.4 mV.

~’hc nomal ~csistance J<~ is 20 Q. ‘1’hc ~ ou[pu[ power is shown for both a hot (295 K) and a cold

(77 K) load in the receiver signal pa[ll.

J ‘ig.3: ‘1’hc mixm convmsion  as H function of intcrlncdiate,  frequency for three (ii ffcrent bias conditions.

‘J’hcsc  data arc nomudiz,cd to the conversion at low (f for a bias voltage of 0.35 mV. ‘J’hc bias voltages

and the roll-off frequcncic.s of the Jltled Ihcorc[ical  CUNC.S arc 0: 0.35 mV, 1.7 G}Jz; A: 0.40 mV,

1.8 GJIx,; O: 0.48 mV, 1.9 GJJy,. ‘]’hc three J>(: bias points NC marked in [he IV curve  in the inset.
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