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Wc. rcporl on t hc flrsl hctcmlync  mcasurcI IKIIts vi[ll a (liffllsiol-]-co(~lccl”  hot-electron
bolomdcr  mixer jn [he submillimdcr  wave band, klsing a wavcguidc. ]nixcr cxmlcd  to
2.2 K. ‘1’hc best rcccivcr noise tcmpcmlurc.  at a local oscillator frc.qucnc.y of 533 G] Iz. and
aII jntcrmcdiatc  frcqmncy  of 1.4 G] IY uws 650 K (Lloublc sidclmnd).  ‘J’hc 3 dll 1}; roll-
off frequency was around  1.’7 to 1.9 G] IL w’ith a weak dcpcndcnm  on the. dcvicc bias
conditions.
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IIolomctm  have been usd in IIIC past as hc.tcdync  mixers pri]nari]y bccausc of
the.ir hi:,h scnsitivi[  y and their abi]ity [o opcJ’alc al w y hi:,h frcqucmics. 1 IOWCVCI’,  lhc vcI”y
slow thmnal  response. time li}nits the jn[crmdiatc  f] c.c]ucncy (1 l‘) to a rai)gc. too low to bc
of practical va]uc for mmt  applications, a n d  so bolonlctcr  ]Ilixcrs have I1O( found
Wkksprca(i USC. Rcccnt]y I1OWCVCT, a Ixw t ypc of bolomc[c]  mi XCI has been proposed
which lIas a Illcrmal rc,sponsc tilnc as shoI t as a fcw 1 ()’s t~f picosccon(ls;  this leads to
practical 11(’s of several G117. It consis[s of’ a niobiunl  (Ntj) n]icrobridgc and relics on

] ‘1’IN mitmbrid~,c  is IJIadc.  slml (-0.2.8 pm) tor/rdI”or/  d(~fi~sion  as a coo] in.g mc.chal]ism . .
ensure that this rapid  out-diffusion of the clcc.troIIs dominates over clcctI’c)ll-]lllollC)ll
interactions. 1[ js also narrow (-O.14 ill)]) [0 provid(: ati app(o  Jwiatc dcwicc resistance for
matchins, to 1<] J and ll; circui[s. ‘J’hc niobium film is very thin (--1 O rim), which results jn a
very shml mean free. path (-1 -10 nm) and an cnhanccd  clc.clIc)Il-clcctlol]  interaction?. ‘J’hc
dissipated submillimctcr  wave cmrgy is [hcrcforc shwcd bc(wccII  a]l lhc clcdrons  jn a very
shor[ time, allowing the electron tcmpcraturc to imwsc rclatiw 10 lhc lat[icc.  ‘J’hc. resistance
of the micmbridgc.  bolomctcr is a function of the clcctrm  tC1ll])C’l”iItl  ll’C, which pmvidcs (1IC
mechanism usc(i for hclcmdync mixing.

1[ should bc noted that sLIpcrum(iLIcl illg hot-c  lcclmn  lx)k)IIIclcrs  cock] by cldroII-
2“ () ]I:~VC aC]IjCVC(] 1] ~ IO] 1- off frc(j(]cncic,s  of: 100  hfl I IY, for Nb kviccsplmlon itll(’t”(icliorl

and rc.cc.ntly up to 1.5 G1l Y, for niobium nitride (Nt~N)’], for opo  ation at mill imctc.r wave
frcqucmics.  1 lowcvcr, ]ow-noise. hctcmdync rc.ccivcr pcrfoIIIlal  Icc in the submillimctc.r
band has not yet been dcmms[ralcd with lhcsc dcviccs.



in this confcrcncc  paper wc I)ricfly dcscribc t h e  first hctcmlync  rcccivcr
mc.asurcmcnts at submillimc(cl  wave frcqucncics  wit] I a diffusion-cooled sl]]>clcollclllc(i]]g
hol-clcctrcm  bolomctcr  mixer (a more cxtcnsivc discussion is ~,ivcl~  else.whcrc8’9 ).

‘1’hc sl]t>l]]iclol]-si~,c(l  bolomctcr  was fabrjcatc(l  from N l) (m a fusc(l C]LUMY substrate
Wi[l) It]c (till~cl~si~lls il~(li~:~[c(t :IIx)vc,  see, fi:,ll~~, ] . ‘J’hc transition]) lC1llpC.llItlll”C of thC thin
film was measured to bc. - 5.3 K, which corrcsjxmis  {o ;i gal) frcq[mncy  of410 G] 1~, ‘1’hc
dcvicc  was moun(cd into a twotuncr  wavcgui(ic  mixcv block (icsi$,td  for operation around
s47 ci}]~  ]‘) ‘J’IIC mixer was cooled (iowl] to 2.2 K in a vacl]ll]]l  cryostat, that WaS,.
equipped with focusing optics, a window to (})c 300 K c]]~rilo]~lllc]lt,  and l; Juorogold
fil[crs to rc(iucc the infrared heat ]oad on the mixer block.  ‘1’tr 533 Cil IY local oscillator
(1 .0) powc.r was supplied by a X2X3 multip]icr  that was pumpcxl  by a (;untl oscillator.

]n the mcasurcmcnts  of rcccivcr mist tcmpcraturc Ihc 1,0 was ccmplcd into the
rcccivcr beam by a foldd ] ‘abry-]  ‘mot di]dcxcr 11, and the outpu( of the mixer was cxmplcd
to a cooled 111 iM’J’ amplifier intcrlncdiatc  frequency (1 I‘) sys[cn] wit]) a ]misc tcmpcraturc  of
6 K, ‘1’hc ll; band was fi]tcrcd down to 320 Mll~ ar(mnd a ccntcr frc.qucncy of 1.4 Gllz.
‘1’hc rccc.ivcr sensitivity was (ictcmincd in a Y-factor  mcastlrc]nr.nt  where, 295 K and 77 K
blackbd y loads (1 {ccosorb  absorber) were switchd i] I to the I cceivcr si~nal  path, whi lc the
output 1 t i powc.r was mcasllrcxl. ‘1’hc bcs[  )’-factor measured ill this way was 1.15 (ill,
which cmcsponds  to a rcccivcr ]misc [c]npcraturc  of 6S0 K double sideband (1) S11).  The
mcasurcmcn[s  in(iicalcd  a mixer convcrsim  of -11.4 d]] (1) S11). l;i:,urc  2 shows an IV
curve of Ihc 1 .O-pumped dcfvicc  uDctcr opt inli~.cd  coI Idilions at a j~l]ysical  tcmpcraturc of
2.2 K. 11 also shows the ll; mtpu(  powcl  of tl]c rcccivcr.

1 /01’ lncasllrcll)cnts of the bololnctcl’  1 Ii roll-off, IlarI ow-t Nln(l COmpmcnts  of the
rcfccivcr were appropriate] y modiflcd  or rl:plmd.”1  ‘hc molcd  11 I A4’I’ am] )Iific] was rcplaccd
by a more broadband (0.5-18 G] IY) IJlirl’  anylificr,  ad the rcsonall(  1 ‘abry-l’c.rol  diplcxcr
was rcplaccd by a diplcxcr made from a thin Kaptoll  mcml)]anc. ‘1’hc input signal 10 the
rcccivcr  was thcrma] blackbdy  racliatioll from 7’/ K and 295 K absorber loads.  ‘1’o
dctcr]ninc the (icpcndcncc  of lhc c.onvcrsio]]  on [hc Iii, (k outplll power was fil[crcd to
1 Mllz banclwjdttl  and (iown convcr[c(i  10 1 0  Mllz.  I]sinf a sj)cc(rum anal y~cr.  ‘1’hc
] () M  ] ]7 OUIJNI[ fl”OIll thC NI;I]YXC1” W:l\ SUbSC(]UCllt ]Y dCtCC(Cd  t)y ii POWCI’ lllCtC1’. ‘]’0
acwratcly charadcrizc  the mixer response, careful calibration of IIm gain and noise of lhc
II ~ systcm were rcquirc,(i,  the (ietails of whict) have l)ccIl prcvious]y  (liscusscd9.  l;igurc 3
shows the norma]ix,cd  mixer umvcrsim cfficicmy as a fllnction of in[crnmli:ttc  frequency,
when the bolomctcr is IX: biased in Ihc optimum rcj’,imc at the lower cnd of {hc resistive
branch of t hc 1 \J curve. A fit [cd CLIIVC with the thcorct ical frc.quc]lcy  dcpcndcncc

[( 2-1
~ + ,fll’ /. fh’,)11- off )]

is also showII ‘ 2, Where the roll-  off fl’cqucllcy ./’1<0[[-  off=
.
1.7 G117.. O[hcr bias pGint at highc.r IX hi:is voltages {;avc loll-off  frcqucncics of up [0
1.9 GI17,

~,_suAJ AJA1/..

An ultra-fast, hot-clcdron  bdomctcr  nlixcr has been OjEI a[cd at 530 G] lx, which is
WCII above the gap frcc]ucncy of the sLl]3cIccJ]IclLlctor.  Since, (hc bolomdcr  mixer rc.lies oll
hca[ing  of clcc[rons, it is cxpcctcd  to work wc.11 up to several ‘1’1 12, where competing
Schot[ky  and S1S mixers am difficult or inqmssibl(’  to opcra[c. ‘J’hc noise tcmpcraturc,



conversion cfficicncy,  and 1 Q power arc compal  able (o comlm[itivc S1S mixers at
500 (i] ]7,. ‘1’bc.  m e a s u r e d  ]]; ro]]-off is l]VJ hi:,hcst  ac]licvcd foj a scnsi[ivc bolomctcr
mixer. ‘1’his lIctc.m(lyIm sc.nsor should find practical a]q>licalions  al vcJ’y bi@ submi]limctcr
Wave fl”c(]llcmcks.
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1 ;ig.3: Mc:IsLIId  (mmnalixxl)  col~vcrsiojl VCI S(IS frcq~lcncy  aIId a fI[tc(l single-po]c
101 l-off Curve.


