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i$ discussed. ‘1’hc ]n(xlcld dcvicc is a sut>lllicron bridyc  IIt[ldc I’[0111 ;1 1 () llm thick  (illll 011 ii high  [hcl”ll}:ll Col)(tllC(illlCC

sullsl[atc. I’hc  Inixcr pcrlbrm)ancc  cxpcc[c(i for (his (lcvjcc i s  ~InfllyK4 it] (I)C l’ralllcw’or’!i  01” ii [l!()-lclllllcl”:llllrL’ I])odcl

which  i]~cludcs Ilc:i(in:  both  O( [hc CICCWOIIS WKI t h e  la[(icc.  Also.  t h e  c~mtribution  ol’ IIC:II  dif’1’usim I’]f)rn (hc I’ilt]]

lhm[lgh [IIC  sut>s[tdtc ;IDLI 1’1-[)111 the  l’il III 10 lhc IIOIIII:Il  mc’(al COIII:ICIS is cv;llu:l[cd. ‘1’hc  in(rir]sic  converxiofl cll;cictlcy

Luld LtlL’ misc.  [clnpc  ItNu Ic. h:lvc bcc.n calc~]ialcci a s  f u n c t i o n s  ot’ [k dcvi~’c si7c, locul oscillator (I  ,0) po~vcr, ml

:Irllt)iclll [cllllmld[lll’c. Assur]lirlg  dlcrll  la] fluc[u aliens ;Ird JoIlr~soit Hoist [() k (hc Ill;l ill SO UICC’S of llOi  SC, a lllillill~lllll

sillp,tc sicictmd (SS1)) Inixcr n o i s e  ICI IIJ>CI”:IIUIC  01 = 2000  K  i s  pcdic[cd. ];OI our llKKICICd dcvkc, (hc inlt’ir]sic

coll\rclsiotl  cl’ficicncy  w an II; or 2.5 [il Iz is 1 () d]] or I>t’ttct  :Irl[i the r~qui[cci local  oscilia({~l ~K)wcI  is - i 10 pW.

I’ACS:
85.25 .AIIJ Sl][>crc-ol~clcLl[i]lg  dcvicc  chamc(cl  i/:i[ion,  cicsign and lnod~lin~,
84.2 S,1’1>  Slll)c]c(}ll(il]c[il]g in f’rvd, slli>t]]illirnc[cl :Ill(i Illilli]l]ctcr  w:lvc (Ic[cc[ors
()’i.57, KlJ IIO1 OIIIC(C I S; inl”rarc(i, sut~t]~illimc[u WIVC, mictowavc,  :In(i miiowovc tcmivcrs nr)(i dc[cctots
07.8-/. + v SpKcboIIIc  ar]d space research irls[[nlll]cr]ts, ai]l)ard [us, cor]lponcrl[s  (stilcllifcs,  s]~dcc whiclcs,  etc. )
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/),, == (), 15 CII~:/S.  ON m m M T~l,,,, s r,,,, whcr) 1, ~. (), ? pill and d ~ 10 I)fn. ‘1’huf. I()[’  suhlllicrlm  blidyc

]cI)&![hs  l[~c c’m)litlg duc  [o (hc phonoll  diffusion should play  n I’OIC, I:or 10l)~Cl” S;IIIII)}L’S  (h~ dif’fll  Siol) [illlC illC[’L’:lW’S

[
-1

)

-1
r a p i d l y ,  III gcnml, the  cl[cc(ive tilnc 0( plmon csmpc is r[ll = ?{,~ + rj,j

Ycl [Iilo[twl [hcml:ll  pIoccss  a[rcc(iny [hc Illic[otlridgc Ihclln:ll rulakalion  slxcd :Inci Illc 101:I1 lilcrmI:Il rcsis[dmc

is IIw diflusioll olhca( in [hc Sutwlr:l(c, If (hc chal:ic(cris(ic  in-p lane  (icvicc  si7c /, is ctmscn  (() bc nluch  sIIl:Iiicr [Imll

(l IL’ Slli)sllil[c  lhicknms (1,1,  llIc  cl’~cclivc  IIkmnl  rcsis[dllcc  of tt]~’ sullslld(c  is foumi m [26]:

(1)
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T
, -, ~, 1 + j(o c“

z(m) = R() - 1-1  [ ’

1- c’- r ,
I i  ;[0- ‘“

l - ( ’

(13)

IV. Noise ‘] ’cmlmatuI’c.

lclllpcr:IlurL’ C(m[fitlutiol) is given by:

(15)

‘1’IIc Ct)n(ribu(ioll of’ Johtlson  n o i s e  should  hc cvalualed  by (aking  in(o X’C’OLIII[  [IW Cllhilncc’lllcll[ Oi’ Ihc n o i s e

dLIC (o the scl~-hca(ing  in :1 bo]omdcr. Simply,  orw C: III u s c  lhc cqLiiva[cn[  noise circuil  ink(x!Lw(.d in [q~] (m’

l;i:. 4 ) .  I:ollowing: [3’2,33J, wc a s s u m e  (ha~  [hc classiciil .lohllson  noise SOLII”CC  fJ = J4L’,)R(,’I;() 11)11s1 tlpl)CW (W’iCC



V. Numerical Rmullso

Nutl)ct”ic:ll silnui:t(ions  WL3”C pcIfotIIlcd  ~or an }11111  ]I)ixct wilh  pnTiIIIIc[cIs  which I’L’lm’scrIl  rcalii[ic  cs(i!nd[c’s

Ikw a dcvicc  (0 bc used in practical  Uyocoo]cd  mixer np])lic:llions: ;11)  211C:I 01’ 0. 1 X().1 )LIH2, a [hick ncss of 10 nlIl,

‘/’{,  = 85 K ,  31’{.  = 2 K ,  nomal  rcsis[ancc A’,l  = 200” f), an(i ;III opcrii(ing  lml~l,ctaluw oi’ 1’ =. ()(, K, A  mupliug

I:w(or (z was  chosen 10 bc 1 for simplicity (a will dcpcrld t)il (hc dclails  01 lilt mix~v clllbcddcd  circuit  :Ind op[ics), so

/’,,() Iqm’scn[s lbc 1 .0  power  ubsorhcd  in the dcvicc.  [hnlout piol in }~if). S(a)  Icp Icscn(s [he ICSUI(S of’ simula~ions

[W~I(Cts]).  ]ig,ulc S(b) shows  [hc SS11 !I]ixci convclsiot)  c(’licicl)cy UIKlCI Ihc S: IIIIC co[lditions,” ‘J’IIc  conlours in

l:ip,s. 5:11 c I)lollcd  Vclsus  dc :incl 1.0 power  sirlcc  lbcsc  :Ilc two itlllml LIIIl aIId cxp(’I itlrn[;illy V;II idblc p; IImnclcls fur

[I }11 l]] nlixct, With the given dc d I.0 powcl scales, t h e  lop 1 iglll cxmcl of all ])IoLs coIIcspoIIds  (0 the  not IIIal

SI:I(L’, (hc boItom  Icil  coII~cI c(mcspmls (o a ncw]y s~ll)c[col)clllc[itlg S[:IIC. At boti~ 01’ Ihcsc  ulg,cs tbc m i s t

kTIIlpcI;ItuIc is vciy  high. 111 [k nearly slll>clc’(l[l(lllclillg  slak, wlmc (I)c 1,0 power is low,
,.

7~fL is high.  111 lhc

noIIIJal  slate, where (k corlvcrsion  10ss is vcl-y high, ‘/~1 i s  bigll. JLIS[ :1[ ttw nliddlc of (k r-csisti~c tliinsi(ioll,  (!IC

l)oi SC lCll)p C1’:l(lllL’  1’CdCIKX  ils Ininimulll  vdlw (-zoo{)” K) and (hc COIIVCI sion Cf(icicnc’y is ,gtc:llct” than  uni(y. ];iglll”c 6

II



<s/? ()/96 9...5 S ,.\ Al

bclmv [hc op(imoi  point  (Ilc mntrihution of Johnson noise  is vcly  SIII:III nnd (I)c thcunal Iluc(ua(ion  noise, 1~~1’ :11

7;,, rcprcscn(s the (ml m ixe r  no i se  tcmpmlurc.  Also ,  IJ,,() )) l’,)(.  a[ k op[imuln opcr:lling point (see l;ig. 5~1 ~IIKl

‘1’:thlc 2). q’his allows us (0 sinjplity lhc numerical pmccdurc using I;q. I 5 for (hc (0(:11 minimum noise’ (cmpNdllll’C

cs(iillit(c.  1’, ~, can  bc found  fmnl  ILqn’s 9, as follmvinr:

(I 6)

arl(i 7;,1 is jus[ gil’cn  by Ii]. 15 .

An ir))l)orlnnt  practicni  consi(lcration  in l’atwica(itlg a hiytl-l’c 1  II ill IIlixcr is dcvicc sim.’l’o an:llyyc thr cf~cc~

01’ lIIC dcvicc sim on 7hf and P, ~, one should  (urn (0 1 iqn’s 9. in a Iincdr  :lI~{~roxilll:itioll” J~q. 91) can lw wi i[!cn m

R.’,)/, -1 R;, ‘ -t //;,; = (), (17)
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VI. Conclusion.
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l;ig. 10. Si7c  dcpclIdcIIcc of (IK n]ixcr noise lCIIIIWI;IIUIC (solid Iincs)  [III(I oplill]a]  1.() poivct (d;ishcs).

1 :111(1 1 ‘, I, =- ().1 ~lll); 2 all(l 1 ‘, // = 0,3 /[111:  3 and 3’, /. = 1.() /[11); 4 :111(1 4’, f, = 3.() p]]),

~’=.()() K,



A

104

103

\
\
\

/

4
\

66 70 74 78
Temperature (K)

82

l;ig. 11. I’e]npcratl]re dcpcndcncc  of (1K mixer noise lclNpcl:I(N[c  and op[i]nal I.0 power.

I, = ().1 pm, d = 10 111)1.
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