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Abstract
At the conclusion of the Supporting Collaboration Research on "Development
of High Performance Detectors in the Far Infrared Range" carried out from
FY1990 to FY1992, the results of developing Schottky barrier diode and its
application to plasma diagnostics are summarized. Some remarks as well as

technical know-how for the correct use of diodes are also described.
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713 20-25% TH D,

EKHFE T, RO AN F -5 [ERNMRICKL 2 BER T 7 X2
KCBWTHREL L7ZDOV - - BLUSBDI ¥4 — 2 LAAEDEL AV
YEELAIEEE . SCHER IR -SRI [REBRMERECB TS 7
7 X ERREACEE MR R)] OFHEEO--BRE L T, 1989-1990FEAY F F O
VEEBUEHLZOFROTH 2, C0EBEHET H25 C77 . DOV —¥—
i, 80 DTEACO, LV —H —DFIEIZE ) | TAVF—30ml, /SIVAF1-15pus &
BELTWD, BEARELTTF2TNFETA VHRD 2H L (RBL, BER
TWHEIECD,C V- — T 24 GHz DIFE 54 b b, SBD I F ¥ — i3 FflikEH IR
FE 8,000 k, ZHi%16-20dB, IF {5 513 S 1.4 dBESMMESRE 14K 7
VP TTHIBEINDY, SFh— L7 v T7DOLE—Fr ZBAHES57dBE %
BLT., 20O X7 AHFIL 22,000-65,000K LFManTwd, ChoDfE®
Awzé, QAN s<02 THHHET L AN oGl Eh Tnin,

% < BB LA DKRE CHEARFROFMNEERES LB I TEY, R
HHL L OBFEFERSA TV D, BERBL VR (i /n[)=104BET, Th
AT L TS(k)=10%10° & %2 | BEFHOHE OSEP=1 I THEWIZKEL L
5o o THANEERFOKIFHITRASFH L - —RBEOE T -3k #
MAREL TR, 20DV EFEECRENT2HET 570/ NV A T 72idEH
iR (CW) E—FObOPERENL , EFRNFERCE 72 ) ) HIE T 100 um—
1.2 mm b7z o TREBRIE O 0D EES TV —F — ., WEBE HCN LV —F —
(EE 3BT umD L VSRS 10— 10 mW BB o5 Twb, $7/-800umT 1
WOLABEBLhEAAY I bur bHVnLR TS, F2.4 IERNL —F -
AEBROFAEZR L, RESFEIF T L LTEHESEE LD, WThHSBDE#
HLTw5,

385 pm

D ,0 LASER b’

S8D»

SBD ¢

- + -
N T L T

2.5 44 > b &y v BELHIERE O



F#2.4 EFH L —F - BELELE D5

ERER Pty FEHA R EESRE ko A2 bV | EEXEK
JIPP T-U | HCN(500,30mW) ~NF 1 ¥ 4 | 3-15 em™ (4ch) | Drift& ITGDMode | Kawahata et al'®
25 Ak=2.6 cm’ (<1 MHz)
GAMMAI10] HCN(20 mW) RESAL ¥ 1-18 cm™ Flute Mode Saito et al™”
Ak=1.0 cm™ (<20kHz)
DII-D CH,F(1.22mm,5mW)} | N5 T ¥4 >~ | 3-16 ecm™ (3ch) | ELM 's (O Doyle et aI'®
2R Ak=0.7cm” {(<100kHz,500kHz)
TEXT CH,F(1.22mm,14mW)| ~7 T ¥4 | 1-15 cm™(6¢ch) | Drift& ITGDMode | Brower et a1™®
2k& Ak=10 cm™ (<1 MHz)
ASDEX CH,OH(119um,) rEY LV 2432 cm™ | Drft & ITGIX?) | Holzhauer et al™
AFOF¥AL Y Ak=12cm” [<200 kHz}
Microtor | CHF(1.22mm,5mW) | RE &1 >~ 1-i8 cm™ Drift Wave, IBW | Semet et a*”
CH.K(447pm 20mW) Ak=10 cm” | (<100kHz,50MHz)| Park et al®®

T ATHICEHIFRHREIN TR EE, HELNT-ERNTEINE I IS

nNTwah,

1, 2
P.=—PFPqr
s 4 0

£

24222
LA#

2.4)

F24 CRLEHEBEICEFEHEINTVEERN LV —F — & SBDI T4 — %4
e, BELVARV, BRHETEEES L XNV 2 E2FHMET A ER250L 510k 5,

F2.5 WEIBELRE BT 2 ERES LRIEWRELIES L RV

EE | AREN ZFERBREEEMESEN» vrrolturigh | BREET LI
1.222 mm 5mW 5,000 K (3.5x107° W) 8x10M W Ai=8x10% cm™
0.337 mm | 50 mW 30,000 K (2x10™ W) 7%10°W A=3x107 cm™

*REROWEEIE S0k Hz, ¥ 70 b0y REITIZ B=4-5T, T=10keV., DO REf
R 095 & LTEHE -
AF Y DBRBEHARZ PVEIEPOA A VIBELZRDLIBEICIZ, E5ESTHE
WETLD, H=1MW, 7SWVRTE> I pus DRBHENSVADEFRIA L —H —
KFEIVETHEZ EREBCER L7 ChICHEST S LI 2E MLV —-F -0
Z5Tbho20d54, AFE-FELTREFEZ2EHTRTI VTS EATRE
Y, TOXTMBRACHEENTEZ60-140GHz FV YA T O Y OHEAL
BEah, EffzhTwns?,

2HI, STHEBERIT, WEKETL L) 2 HERE 2 79 Avh /S L R
L ERTERE, BEAOV —F —HETHEED/NNT — AR P VEESH, T
LhLaHEREHIEL. ChhoAF VEBEERDE I EFHFLPH,
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C. ¥4 7utarips

H4ratrorRGHER. I AHREBOL I CHLADBETAE T 7 X
~HCHABETABA AR TH L, BEHERETYA 70 o v B,
BLU2OBRABEICE—s 2F0, —BOHIEENESHFFELHRABIBVWTK
E (), BETHEDS K& 25, L7 o THED 30-50kG DB AREE
AT P NVOEESRFIE 80-300CHz O/ T A Ltk b, 3K FICh55XK
HREITHETIHE, TV IERSKEDLIVEEF Yy AV T A VY -k
FEAL. AN Y AGEIO SRR L EEFERT L S VH, 2REH
HEERLICHBOEARARS P VGAEZELISEACENTOY 4 Y ANIKSBDE &
F—%MAhEbEd, BARSEALINIE 285RWELE LS L, B 200-300
GHz CIF25 D ROND LI T40% SNIEEBL L TE S,

BEREEEH EnAFABEC T VABESREsRVWY A 20 bao v IRERIEEITR S
ECEA A —VEWH B, chid, HEE: 0fATCEFREEZHAEF TR TH 2
&, B, A—HBEELTEZEME TR T L&D B0 X # R EERIC#E
BTE22E0OBHEAEL TV,

2.3.2 PLAiEHBOEH
A RIFEA 2 — VT e

T L YV lE SN FEOBRSEF L XEFNEE SR E T —_NVEHRIC
I B5E 0, BAES~10ER LR 2ZF v VA VTHFPERA IR TS, L
PLEIL, FFRLCEONERTELEL L, TORMAEIES T\, &,
HHEBLUXERCBWTRBLTE ., 775 AT0BEBREBECHLEV)
Ay THeHcEE L, 2 - VEFEE IR TWwS, I, ASs MG
VX, 35— R ERBWY—MRE - MR L 79 AMme B L -1,
COEBBBEERNEZ T VA ECEALTHECLY) M7 A HEOBEERRE— B
CEBLHFETH S,

fEAHA A=V, ASEELT CO,L—F — L 155F D PbSnTeRE 7 L 4
¥V, T2 75 ARDABCECLON-OFEFH T, Furit—%bsnid
SBDEFIVE/ Y v 7 REET LA ORBIC LY I VES L UERIEEE
CAIEXNTE LT, AFERRBREROEF v 2NV ES, BFERIT1RE
TR shao b, BIEXREY V7Y Y rEBIRES THREShARBET
DEF] L K FERDERTCHR T 2EHTREET 05, 2008 L3TgT, 7
—RVEROFEFMLETI2E0FEEH 5,

PHA A —VEESFLEOBEBESAE LTE, DROBEOLV VX, 35 —%HT S
OXZROREPEFMECEEL TLAZ L, BB T VA Ty T+ ,14#
BT2-0BEZFHAOr 0 - PERTERV L, i) 77 XAvehrirHE
KABASBAYVE L R L EBELLNDE, BEEFIS 75 XTI THOASKE
R, A=V T T PR INLIBERF LA 7AE-LATHEL, VLY XL L
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BHGTRAE—LNG A= EBBRAN TR WIRE T2, —F., 79 X<roktaE

2HDTHY. BANEEREHEE By, BRENENTELRIMEL 25 &
JWRREF IS hTw B,

FEAENC B VTR, XHEAR AR B EEEIR [KEMREREICB T3
75 X< AR (R FR)] oS8R —RE LT, 1989-19904E KA F
T AR LY F — ERIERKFEARBENREFKENFRE L O Mg 2 — 2
FETALEREMTbR, FUyvI10EBEREA LB E L CHEEMEI ALY,
Hr210 ICRES LI A A —VEEEOHM > K2.6 I0RT, @ITHAFERT,
BIRBELUCEBERIOGHz, B H40mW R 2 TG4 A s 2EHL 2. Bl #
DI FUYEBYE-—AATY v #ilE ) AFKLEBHEECSE ShE, ASFHEY - A
BEELY Y A & 0360mmx90 mm £ % 5 & RERSL, 75 X2 HEEEE D
N—F 5, HIEADOE ZE1$400 mmx140mm DBEREOETH L, 7T X< h@E- 7-
EBERAGL Y ALY BIMLS AL BBUY AR T v 50 L Y BRBE L &
3B,

K2.6(b) BBRHBET VA DB THY), TVFF+FF VAL TEISA 775 &
NARFHT v 7+ 0O T BEFAAIN:, 77T ORERIEREOEFRICEST
WRSLEDVS LD, THFTCRERKEE- FAER L2 0, E7 7 FHFF
EITICERE LT VAPBLEIC 25, Y <10THE., 25mmx25mm O 5 EEK |-
K74 bPIVTITA4 LN BESINLIFIOT V77T VA DERBEEICE —
A1) — FRESBD® BPEFHINTV S, FERTRRE, REROEITICL o THIE X
NLHEEMNLSREEREL 2D, VY X2 ERERROT —NA T4 VE EEL
F4 F A+ oEALEE

T =2;fs/n (2.5)

CETWTHEE SN DDTH D, 7750, A HEHAZCHTOASERE, £, i
WV ADF 7N —, n IAEOEBINETH B,

TYTFAVE-F VARITA A —FLDAVE—F VAEEEZEZ~150Q &
BHELIRET B, RYIA T VT FOBERETZ AL DAEEGD YD HTHRE S
NWEBBEREE R 2 v JORTFH7 v 7 73, EEECARIEESA Y E—F XD b
7y TERGT IS, ERCEERIES IR TB)., EEBS0E 2 E2 32
CEREINIAF-FEeEDS PV E—F UV ABERER-TB Y, BEBMEEE S 5.
FNFNOBRHEFOEFFIEELYR2IICRLY. ARFH7 Y FFTRY—2 2%
BOoW, RUFAT 7R TEEE > Twb, EFFBER~60V/W &R
FED b

BINEF DERIMEFMET 272912, Airy Pattern DRE 2 MAHA 2 — VIEHER
THWTTo 7z BlEiR., 79 XL T 2B RIERFEEX, 208%
BMESFELCHEP L HETH S, SEXHRIITRL, HRnstEr., O deHEo
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BELV VXL 5 FAEDEEST TH 5 Airy BEUIIE L.

.

(2.6)
THEXONDB, 7272, LI 1ROy EVEE, KBEFHRETOERE, xBL
CzBENhFhAEHMBLUV Y I LEBDEHTHE, EEBEO T4 vF 4 v 5l

AR,
-__ — no. n
E(x)= ,Z‘m E(zfc )sm 0[2 fc[ Y3 )] (2.7)

T5 2 b % Whittaker-Shannon OBEEA{LEBE H WA LIZE hBo s, 72751,
Enr2f) ZREY ¥ TN, sinc(x)=sintx/nx Th b, NAKFEHR7 57 FHicH<, Ky
FAT Y FFTROMOYA Fo— 7ﬁk%wocnu7yf+®#ﬁﬁﬁﬁmt
OEEZITRHOI/IOA NI PEBL LD EEZ NS, BHEBH LT
@ﬁﬁﬁﬂﬂ%%ﬁ@Tgéﬁ¢ﬁﬁﬁ\$W§47/TTT@&MM\R*%E
T Y7 FTTlE4.6mmTH ), BEPERSBICBERTVL I L3005

EEBRTR, NRFHT7 YT FT7VARBESELHY., MHEBEEZHAEY I 2L —
avERETY, BEEIERIEE LR B ITHEI L IO, TTATK
BWH, BESAUAECEILEY, $BE _RT7 VA BEHB+EHET2 L0k
D TIXRDO=RKTA A —TVHE~NODREREFHEINS,

SIDE VIEW

LiLs Lo s te &7 SUBSTRATE BOW-TIE ANTENNA ARRAY
i : tels o SR
T &
KLYSTRON Bsd | DETECTOR
WINDOW _ x
o L
TOP VIEW i ) z
—@":&_’# = , Lo
L Lzly Lls e Lelz  Lels Lo XI—- SUBSTRE%!?RTZ
1m i 230mm
%
SiDE YIEW . lz_‘ YAGI-1IDA ANTENNA ARRAY
. L L . LSLGL L v ya 30.00mm —
L L : W&Jssmma
H LENS
KLYSTRON H LDETECTOR
vacum SeITTER
WINDOW s
TOP VIEW A
Ll b L . Shbrlale . SUBSTRATE
; v
' z | ! 02mm
—+
Toim x ‘
om (a) (b)

X2.6 @fidH 1 2 — VHEOBBER, OREET VA of™
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------ THEORY

(a) —e— EXPERIMENT

DETECTED POWER(A.U)
—_—

,__‘03 I
s
.c N
Pt o8 00 4
5 ar ® ° 1 2 3 4 5 7 B 9 101
3 o ©° ANTENNA NUMBER
L ]
o -]
o -1r » B
- 5
o ® IS »
- -Zr ® W &
s = / 3
&8 < -
° o : I [
= Pt
-3 L 1 1 L : L E ;, L\
56 87 68 g8 70 M 72 ] HERA
FREGUENCY (GHz) T vy I A

12 3 4 5 %6 7 8 810

ANTENNA NUMBER
K27 BERT LA 0¥ F Rk 2.8 =71 —3% — v OEE®
OXEv 44, @ARFEE @R 74, GOAREH

B. 79w ra—7 7 —OIE@ETFBEERE BLONMAZ L IR ME

232 CRABLAIVZ T4 T oy YEEELEHIC T 7 X2 F AL EEE O
(ko) A7 FPVEIBICER S TWS, FAY VEELETIE, BE S N5 B
A 0L T, 77 v /D&M k=2ksin(6,/2) THALNE, 8 BAFYE
—ADEBEBAG=2kay L HREVWLEFS D, O Ak =2/a, PERES NG,
72720, BEABE OB, ¢ 2 BEF 1 2 2AHE— 2 FEETHE, — 4.
BETHRBTS77 7 k-7 7 -BIFEEEME ORI L EBEOTEDN L K
HOBBELELN, MAHIV FSA MVETRETEEZ 2RO Vo X EMEERIC X
VREREC L AEREORTEL X4 MELH L LTI LD TH S, MEL
bERLEEZAE L, AFY—A0LEP Y OB ToHER T DEESHIEEL. &
BEREBOWEREICHEL T i,

BEO—2ELT, DCO,V—F— R CEERD U - TE—A2EHLTRE
— AT T 7 A NEBRIENIEEREROEIESWEL 252 &, i) BEHEE
BOAABEL - OLFERFEREALENRLEZ &, 2EFH L, BIL, £F v ¥ 2VEH
BT hbbREB7 LA 2EHTRIE, 175Xy =y + CRFGDA. T%b
Lk,)ANRY PADTEBLREI LIRS,

SBD% I ¥#— & LTCHWAREELTL-50GHz $2 Wik 70GHz © I YT & H
W7 rw I U VER T 7 -EHIHEFS . MIMGEL L TR IIAT VT FT LA
I —AY— FESBDEEZ LA LOBHVLATB Y, ExBEERERKICLIY) Fv
TSI VEZTLFY 7 VEOSTRBEIFTER ST WA,
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24 TS XAREBENCEH T HSBDAELIE . I X —BERHOESE

HIVE»SH 7 I VEEMBERORIES LSBDEHZE /I ¥V — 2 A4
Ghel 7T XA HliZ1970E %L D 6 1980 I HIT TREMICREL -, B
B, 73 XA<EFE., BE, BEERRE0OS0M,. Fh50BERS O BIE IR
REFERE LTHREOEBHUADEBICEH S ATV, BBECBNTH., B
A S5-STAEFERERBS NAT A NVF—HIHE [EFRECLIZBERTIAD
Wil 2 ZBICEFNBHEB L 79 A<t OMRBHOZTHIEA S 2o 72, HR
TOHSBDE L USBDI% 27 I F ¥ — 0t EH L, HVEICB 2 EFNE 7
S A<l EENIcEET A EIC o2,

B, EESBRMAERIFEITER OFMEFETL T3, ChLbEEL, %
Chlmo TERFHE BV THLEEEZ LN FEREDTORIICE 5,

DT e R 185 um LT (EHE 1540 GHz DL YR E 2 5D, £F v
ANBIUREEEO -0, MNiLpOTF L —F -8 SBDRFZEFE L Ly,

i) KETEE @ 26-90 GHz, 100-400 GHz " EEHM CH D, TEL PSR VNA—Fy =
T ThAN—TE-0, ILFHOFETIREIRSS L USBDERESHRORESLETH 5,
/. 5-10ps DENSNVAL—F—EDHARIATE), SHEEENFEECTDH 2,
i)t 4 7 T b o YRS 100-800 GHz DIAHESHE I ¥ —H 50wk T7 L A Blig
HE/ I3 —0RRELNLS,

WMIVZF 4 TEEL D EFEEE— FTIX1540GHz Bl B, BEEE— FTiX 60-140
GHz #*FE&HEMM L % 5,
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3. Bl a v b ¥ - F¥AA-FLZOME

3.1 @Er»ic
WA, Y73 ) EEEFRAWABEE 77 A<itdl, BBECEBEL. s
BlL—§—, BERLFE. DTFHAFEFEOTHOMEIBERCE->TETEY, SOH
BOEREIFELTETNES, :

7V PEFOMETE, BHEETEHNE) B i, Rl E LTEEK
E, BESOLONRERINS, FFETIE, 79 X<ille 00 & T80 F I8
THRHZE/ I FF -0 LTEHWLNRTWAPYGaAsY 3 v b F - ¥4 4 — FORES
2 T2 72,

3. 2 FTIANNVYEREBE /IXFF—HYy2vyItd ¥4+ —FDOHE
AR THWTWEYay bd— - NYT7— - 44— F (LLFSBDE#RT2) K
lCRINAHLAFRDL DT, n* ' :
R DGaAsEAR ElznBin ¥ ¥ ¥
¥y VEB(E E1300A. A #E
FE 2.5x10°- 5x107 cm)AsHERE L
Thb, 2HIISI0RE (g
1500A) #HFEL, F#Iicar¥
T rE—-NEEL, 3 v b
4B (PtdbvidAyPt) T
T 5. AROEMIZAuGe/NIT
F—-—IVvI7EBEERL T
5, COBERIFETEL RS
MELTE FTIVEDIKRSE K1 SMMi#R i FISBD D%
FECLTEAER2RET 2D
WHLEADTHE, NADAOBRIEHAOSuMAD 5 04umD b D EFHEL T 3,
F7IVERBEELBYREOR LD, ¥4+ — FEEOMML. ErE K
fedml bk, # L TEFNERREOBRL B E L, £, BEFEHRs, EWFE K fo.
B UM00GHzIZ BN TO YT AR ERE y(VIW) D 7 4 4 — FEEE, GaAsi & DAFY
BENYEFHEOHEGIHE ST 2o TO—FIZH2 D54 I1RT, COFRICLR
. RefEiZ 5 A 4 — FOEEFEALT HICENLTHENL, NdPHENT A ICERT, B4
T%, RRBEEFROND & A F— FEFIZ, NdDEINT5I2ENT, 0.5um7* 50.3um
WEALT B &b, TOEE, BAEEnF1I5-EL L TEELT- TWAD,
GaAstE B OTFEE D0 tem B3 B % 5 & BIF iR B o i nin, EFFR
BEWMETLTCCS (5) o —#lELTn=200% %, HEER LT, BREFE20%
BT35:. 20720, 1AV nEr SN HEORFDEE 2 ER L., Nd=3 X107
cm3, BE0AUmD ¥ A F — FOREEZIT - 729,

Whisker antenna
SiOn layer
Schottky metal
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(A)

Exposure

7277707777

BHF Wet Etching

; GaAs

1.0mm

GaAs
Polish
‘ Rear side

GaAs

ey N/AuGe Ohmic
Contact
e Atmospheric
CVD grown

GaAs Sio 2 layer

| -
Photeresist
R T read
GaAs
E-beam
‘/I’hotoresist e .‘__.-Photoresist
g——Si0, —SiO ,
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LO frequency f;:

IF frequency fg:

Mixer operating temperature :
Epi-layer doping density:
Substrate doping density:

Diode capacitance at zero bias :
Diode built in potentat :

Diode ideality factor :
Diode series resistance at DC :

Thickness of diode chip :
Width of diode chip :

Diode chip length :

Antenna coupling efficiency :

Diode reverse saturation current

Diode capacitance law exponent :

1.4 [THz]

1.0 [GHz]

300 [K]

2.5X10"7 fem™

3.0X 10" [em™]

7.3X 10" [A] for 0.4 um diode
0.3 [fF] for 0.4 um diode

0.96 [V]

0.5

1.08

83.3 [€] for 0.4 m diode with epi-
-layer thickness of 800 A

100 [ pm]

200 [ pm]

200 [ pm]

0.5
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LO frequency f: 1.4 [THz]

IF frequency f: 1.55 [GHz]
Mixer operating temperature : 300 [K]
Epi-layer doping density: 1.0X10"* [em™]
Epi-layer thickness: 300 [A]

Substrate doping density:
Buffer layer doping density:

3.0X 10" [cm™)
6.0x10" [cm™]

Diode reverse saturation current : 1.9X10™ [A]
Diode capacitance at zero bias : 0.25 [fF]
Diode built in potential : 0.96 [V]
Diode capacitance law exponent : 0.5
Diode ideality factor : 1.5
Diode series resistance at DC : 35.6 {Q]
Thickness of diode chip : 75 [ um]
Width of diode chip : 200 { um}
Diode chip length : 200 [ pm]
Antenna coupling efficiency : 0.5
FERE bE R R
IF Y -HFmEoss K] 2600 1950
ZEHE K osp) [dB] 9 8.4
RKELOE ) [mW] 1 0.42
/N A T AEI [ Al 300 280
£1  EBE L HHEO LB

S5

1) P.H.Siegel, A. H. Kerr and W. Hwang, "Topics in the Optimization of Millimeter-
Wave Mixers,” NASA Technical Paper 2287, 1984.

2) W.C.B. Peatman et. al., "Quarter-micrometer GaAs Schottky barrier diode with high
video responsivity at 118 pm,"Appl. Phys. Lett., vol. 61, No. 3, pp 294-296, 1992.

3) H.P.Réser et. al., "Nanostructure GaAs Schottky Diodes for Far-Infrared Heterodyne
Recievers,” which will be appeared in IR Physics, 1993.
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4.3 MEASUREMENT AND STUDY OF THE EMBEDDING IMPEDANCE
PRESENTED BY THE WHISKER ANTENNA OF A SCHOTTKY DIODE
CORNER CUBE MIXER

4.3.1 INTRODUCTION

The technique of microwave limb sounding from space as implemented by the Upper
Atmnosphere Research Saieilite (UARS) has been shown to be an extraordinarily powerful tool for
the study of the Earth's atmosphere. The technique can be further enhanced if the observational
frequency is raised, largely because of the increased strength of the signal. With the advent of
NASA's and ESA's future Earth Observing Systems (EQOS), impetus has now been given to the
area of submillimetre wave devices to take full advantage of this fact.

This research area has been of interest to radio astronomers, plasma physicists, molecular
spectroscopists and atmospheric researchers. Due to the fabrication difficulties associated with
waveguide based devices at these frequencies, the emphasis has mainly been placed on mixers
making use of an open or quasi-optical stracture. Of these the most studied by far has been the
"corner cube” mixer. The basic layout of a typical corner cube mixer is shown in figure 1.

Signal
& L0

Whisker

Whisker Post / Diode
Movable Comer Reflector
figl

Such mixers are comparatively easy to physically realise compared to their waveguide
equivalent but suck a simple format has it's associated disadvantages. From a performance
perspective the most obvious is their relatively poor coupling efficiency but this is usually
acceptable for most uses and is somewhat compensated for by the lower losses in the signal path.
Indeed excellent performance has been obtained by various researchers using designs
incorporating subtle variations of the basic concept. For space applications, however, most of the
designs in current use have one serious flaw which is the need for the contact to the diode to be
made via a long whisker. This is necessary because the whisker not only forms the electrical

contact to the diode but also forms the main antenna element. It is usually four wavelengths (42)
at the signal frequency in order for the coupling efficiency between the mixer and the input beam
to be optimised, although recent examinations report that shorter whiskers may be appropriate!:2.
This in itself would not be a problem if the diodes that are to be contacted were much larger than
those required at teraheriz frequencies (= 0.5um in diameter). Only the smallest of whisker tips

can be used to contact the diode anode. As the whisker can be anything from 6-50[m in diameter
it represents a large mass with respect to the whisker tips dimensions. In order to visualise the
scale of this physical mismatch it useful to consider the dimensions of the scaled whisker in our
model. For the thickest whisker investigated (50um in diameter), whilst the 250X scaled whisker
tip is represented by a piece of wire 0.Imm in diameter, the whisker itself is made from copper
pipe that is 13mm in'diameter and is over one metre in length. It is not surprising therefore that in
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real life once a contact to a diode has been made, the mixer has to be treated extremely carefully
for the contact to stay intact. The chances of such a structure reliably surviving the vibration and
thermal environmental tests required for space flight are probably minimal. The ngours of space
qualification should not be confused with those experienced in an astronomical receiver or during
an airborne experiment. A device intended for space flight not only has to survive the
qualification procedure, the rigours of launch but once in space has to survive for the entire
duration of the mission in a stable condition and of course must never fail. For NASA's EOS
programme the expected mission life time is 5 years. The format of the device will almost
certainly have to be altered in some way in order for the corner cube to be considered a viable
option.

The first part of this report therefore examines the part played by the whisker in the
operation of the corner cube mixer to determine as to what extent the structure can be modified to
make it more rugged. Secondly, the embedding impedances measured are used in conjunction
with a computer analysis to assess the overall effect of the modifications on the mixers
performance.

4.3.2 SCALE MODELLING OF THE CORNER CUBE MIXER

(I) Whisker Antenna Impedance

The corner cube mixer was to be examined using a technique similar to that described by
Eisenhart and Khan 3. A HP8510C network analyser having a maximum operating frequency in
coaxial line of 20GHz was available to make the measurement. For full frequency coverage a
250X model was required. Because a complete model would have been too large a 50X model of
just the whisker post arrangement was first considered. This model could be examined only to a
scaled frequency of 800GHz but it was hoped that this would be sufficient in also approximating
the whisker posts effect at higher frequencies. This proved to be the case and it was then possible
to ignore most of the whisker posts structure. The complete 250X mixer model then took the
form shown in figure 2. The whisker antenna impedance is the characteristic impedance of
whisker antenna minus the effect of it's tip.

Modified N-type connector
fig. 2
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To measure the thickest whisker antenna's impedance it was necessary to make a simple 50Q
transformer to dimensionally match the N-type connector to the 13mm diameter scaled whisker.
The signal could then be launched directly into the whisker antenna. The whisker antenna

impedance was found to be much lower than that measured at the whisker tip (30 - 50Q versus

90 - 12022 ). The same procedure was carried out for other whisker diameters and the results are
plotted in fig 3.

For wmning purposes it would be useful if the diode embedding impedance could be altered
by varying the whisker dimensions. The easiest of these to change in real life would be the length
of the whiskers first section. This was tried in the model. It was found that this could be altered

with no effect on the impedance measured at the end of the 50Q transformer. In order to
understand this the model was again examined in the time domain and it was found that the
reflections from the bend were down at the -20dB level. This was not true if the first bend was

very abrupt. Provided the first bend was of the order of =A/4 in radius the active part of the
antenna was limited to the length of whisker between the tip and the first bend. This has also been
found by Matrese and Evenson 4. The impedance could however be changed if the whisker was
terminated too soon after the bend. If this distance was several wavelengths or more the final
termination had no resuitant effect on the embedding impedance at the diode. It was therefore
apparent that the full whisker was not required for normal mixer operation and could be replaced
by a simple right angle bend with no resultant loss of performance.

Whisker Antenna Impedance as a Function of Wire Diameter

100

90

20 5

70 7

60_

50 -

Whisker Antenna Impedance (Ohms)

40 —Tr—r———r—
0 5 10 i5
‘Whisker Wire Diameter (mm)

fig3

The antenna appeared to be working as expected. The presence of the main lobe and side
lobes could be established in a crude manner by placing a small metallic disc in the field and
observing the magnitude of the reflection in the time domain.

(@)  Whisker Tip Impedance
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This impedance was rather more difficult to measure than that of the whisker antenna itself.
The main reason for this was that even for a scaling factor of 250 times, the diameter of the
whisker tip was still only 0.1mm. Because of this an airline structure was used for the transition
between the N-type connector and the scaled whisker tip. It was not possible to machine a scaled
version of the tip directly, instead a short length of wire (2mm) of the appropriate diameter was
soldered between the whisker tip and the N-type connector pin. It was then possible to vary the
effective whisker tips diameter very accurately. By using this arrangement it was possible to
represent the true physical form of the whisker. The whisker could be reconnected easily in a
reproducible manner, the details of the arrangement are shown in figure 4. It should be noted that

for all results the distance between the whisker and antenna apex was set at 1.2A for the scaled
frequency corresponding to 1.4THz. Changing this parameter for each frequency would have
made the measurement time consuming and laborious. In addition, the small change resulting in
the diode embedding impedance could not have been easily resolved using this technique.

Different wire thicknesses corresponding to different tip diameters were tried for a range of
whisker diameters.

Short Length of ‘
Thin Ling (2mm) Detachable Pin

Airline (Modified
N-Type Connecior)}

fig4
The combined results are shown in figure 5. The parameters plotted are the real component

of the normalised tip impedance versus the normalised tip diameter and are defined as the
following:-

Zi
Znorm = £ 1
Zans
Where:- ‘
Znom = Real component of the normalised tip impedance.
Ziip = Real component of whisker tip impedance.
Zant = Real component of whisker antenna impedance.
__Dap
Dnomﬁl - D A12
whsr
Where:-
Dnorm = Normalised tip diameter.
Diip = Diameier of the whisker tip.

Dwhsr = Diameter of the whisker.
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The reactive component of the embedding impedance was not considered as it's magnitude was

always less than 50 Q and the technique was not deemed accurate enough to state the measured
value reliably down at this level. The plot shows the effect of the tip diameter on the diode
embedding impedance for all frequencies. For the thickest whisker wire, the cone section at the
whisker tip represents a considerable fraction of a wavelength at the signal frequency. This
represents a section of non uniform transmission line, the input to which is the high impedance

(=200Q) of the whisker tip itself.

Nommalized Whisker Tip Impedance versus Normalized Tip Diameter
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The effect of this is to transform the lower impedance of the whisker antenna to some
intermediate value. For thinner whiskers this is not the case. The geometry associated with the
whisker etching process results in a much shorter cone section. Consequently the signal does not
see the short length of high impedance line at the whisker tip, instead only that of the whisker
antenna. The normalised impedance of the whisker tip therefore approaches the value 1.0 for
successively thinner whiskers. For the typical whisker diameters currently in common use the

embedding impedance is found to be approximately 120+/-20 Q. The embedding impedance
presented to the diode for different diameters of whisker wire is shown in figure 6. The diameter
of the whisker tip is the same for all measurements (0.6jim). It can be seen that even though the

characteristic impedances for different thickness whisker antennae vary substantially (from = 30 -

100 Q, fig 3), the impedance measured at the whisker tip is relatively similar. For the 50um
whisker antenna the embedding impedance at the diode is over four times that of the whisker
antenna characteristic impedance. This effect can presumably be neglected for lower frequencies
in the millimetre region where the wavelength is considerably larger than the whisker tips length.

433 COMPUTER MODELLING

In order to further understand mixer operation a computer model has been used. The
program is a modified version of the original by P. H. Siegel et al> and allows for the
optimisation of conversion loss and noise performance as a function of LO power and DC bias.
The IF port is always assumed conjugate matched.

Whilst the computer mode! does not take account of additional effects that may be present at
terahertz frequencies (i.e. plasma resonance, surface loss etc..) it has been used with some
success at lower frequencies? and does provide an approximate guideline with regard to expected
performance. Also, like the scale modelling it does give insight to the effects of circuit
adjustment, for instance, embedding impedance and diode parameters. In this way it is possible
to assess the overall action of each parameter on the mixers performance so as to establish tuning
trends which can then be used to optimise the device in an understandable manner.

The diode embedding impedances obtained from the scale model were input into the
computer program along with values for the diode parameters (table I). These were obtained from
well known formulas but measured parameters from actual diodes were used as a reference

(0.4um diameter with an epi-layer thickness of 800A).

Local oscillator frequency 1.4 THZ
Intermediate frequency 1.0 GHz
Mixer operating temperature 300 K
Diode reverse saturation current 7.319 A
Diode capacitance at zero bias 0.3 fF
Diode built in potential 0.96 V
Diode capacitance law exponent 0.5
Diode 1deality factor 1.08
Diode series reststance at DC 83.3 Q)
Diode chip thickness -width-length 100 um - 200 pm - 200 pm
Antenna coupling efficiency 0.5
Table I

The measured embedding impedances for the conventional 4A whisker were as follows:-
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Zemb(fLO) =133.6 ~j 5.0; Zcmb(zfu)) =827 -j 11.05 Zemb(afLO) = 62.5 +j 18.9;
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The impedances for the signal side bands are assumed to be the same as those used for the
corresponding LO harmonics. This is considered reasonable bearing in mind the low IF
frequency used. The predicted performance for this mixer configuration gives reasonable
agreement to that measured in the real device®. The program was used to determine the effect of
various diode parameters. Figure 7 shows how the conversion loss of the mixer varies as
function of diode diameter. Decreasing the diameter should initially give an improvement in
performance which eventually reverses to a degradation for very small diodes. The effect of
varying the epi-layer thickness is shown in figure 8. These trends are currently under
investigation and diodes having the theoretically optimised parameters are now being fabricated
for assessment. The only truly valid way of verifying the model is to vary the mixer format in a
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controlled way and check that the change in the device's performance agree with the predictions.
This will require a comprehensive iterative investigation during which full control over both diode
and antenna parameters will be essental

434 DISCUSSION

The main finding of this work is that the embedding impedance presented to the diode will
essentially be independent of the whiskers diameter and length of the first secdon. This is true
provided that the first bend in the whisker is not too sharp and that the final termination is not
made too close to the bend. If the first bend in the whisker is made too sharp a standing wave will
be present on the whiskers first section. The reactive component of the embedding impedance can
then be substantial allowing the real component to be varied as a function the first section length.
A similar argument applies if the final termination of the whisker is positioned too close to the
bend.

Obviously the technique used has it's limitations, for instance the scaling of the real mixers
surface finish was not possible and discrepancies due to the skin effect have not been considered.
However, these measurements do show the tendencies of embedding impedance variation with
whisker tip parameters which will also be present in the real device. For example, when the
whisker diameter is reduced, the tendency for the characteristic impedance of the whisker antenna
to increase is apparent. '

These results suggest that only a limited improvement in performance could be found by
varying the whisker diameter (D). Experience gained during the optimisation of lower frequency
(=350Ghz) Schottky diode mixers in waveguide would suggest caution however. Mixers
assembled using only 12um diameter whisker wire displayed a wide variation in performance
even though near identical whiskers were used. This was finally traced to undesirable effects
related to the excess pressure exerted on the diode anode by the whisker tip. This resulted in an
increase in the diode noise and a degradation of the diode characteristic. Only when these effects
were removed by improving the contacting process was it possible to optimise the devices in an
understandable manner. The force exerted by a whisker is proportional to D# so it is likely that
similar effects may be present for current corner cube mixers. It is possible that the use of thinner
whisker wire will result in improved performance whereas these results suggest that it should
not. The reduction in the force exerted on the diode may lead to an overall improvement even
though the RF match to the diode has not changed.

= RO
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The physical resilience of the structure could be improved dramatically if the diode were
contacted using a much shorter whisker. This can achieved by fixing both the diode and the
contacting whisker to a dielectric substrate® 7. The antenna element of the mixer can then be
fabricated using photolithographic techniques. Techniques which make the assembly of such
small circuits possible are now becoming available. Figure © shows a circuit designed for
operation in waveguide at 600GHz {fabricated by the Millimetre Wave Technology group at the

Rutherford Appleton Laboratory, Oxon, UK }. The circuit has been realised using a novel Sim

wide quasi-planar whisker which is contacted to the Ium diode and then fixed in place using
Indium solder. The rough cylinder lying alongside the substrate is a human hair approximately

70um in diameter. The contacting process is controlled with great precision using stepper motor
drives and piezo-electric pressure transducers to determine safe limits for the force acting on the
diode. Further work is currently underway but already the concept shows great promise and
ideally lends itself to terahertz devices.
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