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Abstract,

This thesis deals with the design and construction of a
Gunn oscillator for microwave integrated circuits. The oscillator
consists of a Gunn diode placed in a cavity in which periodic
structures in microstrip waveguide are created. The periodic
structures in microstrip provide frequency-selective feedback to
the diode, enabling a stable oscillation. After the design
principle is presented, observed oscillation characteristic of
prototype oscillator is reported. Some problems as well as future

direction for improvement are discussed.
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FEATURES

Spot Frequency or Wide Band Operation
Choice of Package Styles
Range of Microwave Power Outputs

Speci}ic Types For Low Cost Commercial
Applications .

High Reliability

Special Screening to Custorner R b
Available omer Requirements

L I I I

L]

*

APPLICATIONS

* [MICRGWAVE OSCILLATORS)

* Receiver Local Oscillators For Radar, Etc.
* Parametric Amplifier Pumps
* Transmitters

* Motion Detectors (Intrusion Alarms, Package
Counters, Etc.)

* Fixed Frequéncy Sources

* [Electronically Tuneable Sources With \'I.aractor andA_
2

YIG devices _ 5
* Wide Band Mechanically Tuneable Sources

* REFLECTION AMPLIFIERS

PRINTED IN US.A,

e e

October, 1979 :

‘DATA SHEET

GENERAL DESCRIPTION

Alpha Gunn diodes are produced from epitaxial gal-
lium arsenide grown in Alpha’s own in house epitaxy
facility. This data sheet describes both the perform-
ance of low power low cost devices suitable for high
volume commercial applications as well as high power
diodes. Devices for the lowest power applications are
produced in a non-flip configuration, that is with the
active layer uppermost in the package and require the
heat sink to be biassed as the anode. A flip device con-
struction is used for the higher power diodes in which

‘the active layer is bonded close to the packlg'e heat

sink for optimum thermal performance. Such devices
require the heat sink to be biassed as the cathode.

THE DEVICE TYPES SHOWN REPRESENT THE

.STANDARD RANGE OF ALPHA INDUSTRIES

GUNN DEVICES. MANY VARIATIONS ARE
POSSIBLE TO MEET SPECIFIC REQUIREMENTS
FOR DEVICE TYPES NOT LISTED IN THIS
DATA SHEET. PLEASE CONSULT THE FAC-
TORY FOR AVAILABILITY.

Specifications subject to change without notic=.
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C. W. GUNN DEVICES FOR C—BAND (4—8 GHz)
Type Specified Frequency in Range' | C.W. Output Operating Operatin
9
GHz Pow;‘tw Min 2.2 Cu"ﬂ:‘ ;vplul anll‘ﬂ; Typleal "ﬁ:.‘.ffi‘y" ::‘:‘:}:
DGB 8211 4-8 20 200 :
DGB 8212 a-8 20 200 - Cathode | 023.001
DGB 8213 4-8 20 200 54 Cathode | 158.001
DGB 8311 4-8 50 300 .3 Cathode | 188.c01
DGE 8312 a-3 50 300 13 Cathode | 023.001
DGB 8313 4-8 50 300 L Cathode | 158001
DGB 8411 4-8 100 . 300 13 Cathode | 188.001
DGB 8412 4-8 100 400 n Cathode | 023.001
DGB 8413 4-8 100 400 4 Cathode 158-001
DGB 8511 a-8 200 0 13 Cathode | 188.001
DGB 8512 4-8 200 800 I Cathode | 023.001
DGB 8513 a-8 200 500 » Cathode | 158001
DGB 8612 6-8 300 200 13 Cathode | 188-001
DGB 8613 6-8 300 700 = Cathode | 158.001
DGB 9211 FULLBAND 5-8 20 300 i3 Cathode | 188.001
DGB9212|  FULLBAND 5-8 20 300 = Cathode | 023.001
DGB9213|  FULLBANDS5-8 20 300 - cuads ;| SO/
DGB 9214 FULLBAND 5-8 20 %00 13 Cathode | 188001
DGB 9311 FULLBAND 5-8 50 200 13 Cathode | 315.001
DGB 9312 FULLBAND 5-8 50 e 13 Cathode | 023001
DGB 9313 FULLBAND 5-8° 50 - 13 Cathods | 158.001
DGB 9314 FULLBAND 5-8 50 4 13 Cathode | 188.001
DGB 9411 FULLBAND 5-8 100 550 13 Cathode | 315.001
DGB 9412 FULLBAND 5-8 100 550 3 Cathode | 023.001
DGB 9413 FULLBAND 5-8 100 550 13 Cathode | 158.-001
DGB 9414 FULLBAND 5-8 100 250 1 Cathode | 188-001
C.W. GUNN DEVICES FOR X—BAND (8-12 GHz) S 1D
Type Specified Frequency in Range! | C,W. Out :
» . put Operatin : "
GHz Powsr Min2.3 | Current Typical | Voliags Tavical| 'remein | Package
mwW Ma ge Typical Polarity as
0GB 8181 o ats 5 75 = .
9.3-10.9 8 A
DGB 8281 93-10.9 o | 8 Anode - { Orett
DGB 8121 8-9.3 and 10.9-12 & 140 8 Anode ot i
‘DGB 8122 8-12 10 136 8 Ancde - lezi g
DGB 8123 8-12 10 115 8 Anode 153-001
DGB 8221 8-9.3 and 10.9-12 2 115 8 Anode 188001
0GB 8222 8-12 2)%0 iy 8 Ariods -+ [-9%0 508
8-12 8 8.0
DGB 8321 8-12 gg 150 8 ﬁ:g:: :g:-om
DGB 8322 8-12 i 300 10 Guitinds - | 02900t
DGB 8323 8-12 50 309 10 Cathods . | Yebiony
DGB 8421 8-12 100 300 10 Cathod o
DGE 842 = 90 10 Githose. | e ons
DGB ssz; 8-12 200 600 4 Cathode | 188-001
8-12 200 60 10 Cathode 023-c0
LI ® | @ | B gk e
DGE 8623 8-12 AO0 800 10 E:::"j' 183.001
DGB 8722 8-12 800 10 A 5 plsd
DGB 8723 8-12 soa 1000 o Cathode | 188.001
DG8 9221 FULLB 5 1000 10 geode | 158001
AND 8-12 20 Cathod
DGB 9222 FULLBAND 8-12 o0 10 el s
DGB 9223 FULLBAND 812 £ 300 10 e Al e
DGB 9224 FULLBAND 8-12 4 ks 10 i oo R
DGB 9321 FULLBAND 8-12 e rese 10 ' syl By o
DGB 9322 FULLBAND 8-12 2 g8o 10 e o 3 oo
DGB 9323 FUL L4 oy 450 1 b 023004
e LBAND 8-12 50 P 0 Cathode | 158-001
e 9324 FULLBAND 8-12 50 oy 10 Cathode 28
9421 FULLBAN o 450 10 = 188-0C1
0GB AND 8-12 100 600 Cathode 315.001
e 2422 FULLBAND 8-12 100 10 Cathets | 0%
9423 FULLBAND 8-12 100 600 10 bl i S
DGB 9423 FULLEAND 2-12 600 10 iS00 B
: 100 600 10 Cuthcre 188-C03
Cuheila 315.001

38
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C.W. GUNN DEVICES FOR Ku=BAND (12-18 GHz)
Type pecified Frequency In Range! C. W, Quiput Operating Operating Meat Sink Package
GHz Power Min,2.3 | Current Typical Voltag\;; Typical Polarity Style®S
mwW Ma
12-18 14 Anode 023-001
12-16 }g 143 ; Anode 158-001
12-16 10 140 : Anode 188-001
12-18 10 140 7 Anode 315-001
12-18 20 180 7 Anode 023-001
12-16 > 20 180 7 Anode 158-001
12-16 20 180 7 Anode 188-07M
12-18 20 180 7 Anode 315-001
12-18 50 350 -8 Cathode | 023.001
12-16 50 350 8 Cathode | 158-C01
12-16 50 350 8 Cathode | 188-001
12-18 50 350 8 Cathode | 315-001
12-18 100 500 8 Cathode 023-001
12-16 100 - 500 8 Cathode , | 158-001
12-16 100 - 500 2 Cathode | 188-001
12-18 100 500 8 Cathode | 315-001
12-18 200 700 8 Cathode | 023.cO1
12-16 200 700 8 Cathode 158-001
12-16 200 700 8 Cathode ~ | 188-001
DGB 8534 12-18 200 700 8 Cathode 315-001
DGB 8632 12-16 300 1000 8 Cathode 158-001
DGB 8633 12-16 300 1000 8 Cathode | 188-001
DGB 8634 12-18 300 1000 8 Cathode | 315-001
DGB 9234 FULLBAND 12-18 20 360 "8 Cathode | 315-001
DGB 9334 FULLBAND 12-18 50 520 8 Cathode | 315-001
DGB 9434 FULLBAND 12-18 100 720 8 Cathode 315-001
C.W. GUNN DEVICES FOR K—-BAND (18-26.5 GHz)
Type Specified Frequency in Range' | €. W. Output Operating Operating Heat Sink | Package
GHz Power Min, 2.3 | Currant Typical Volug’c Typical Polarity Styla 48
mW Ma
DGB 8091 235-245 5 100 5 Anode 023-001
DGB 8094 235-24.5 5 . 100 5 Anode 315-001
DGB 8191 235-245 10 180 5 Anode 023-001
DGB 8194 215-245 10 180 5 Anode 315.001
DGB 8291 235-245 20 250 5 Anode 023-001
DGB 8294 235-245 . 20 250 5 Anode 315.001
DGB 8141 18—23.5and 24.5-26.5 0 S 200 5 Anode 023-001
DGB 8144 18-23.5and 245-26.5 10 200 5 Anode 315.001
DGB 8244 18-23.5and 24.5-26.5 20 270 5 Anode 315-001
DGB 8344 18-26.5 50 400 6 Cathode 315-001
DGB 8444 18-26.5 100 700 6 Cathode 315-001
DGB 9244 FULLBAND 18-26.5 20 420 6 Cathode 315-001
DGB 9246 FULLBAND 18-26.5 20 420 6 Cathode 296-001
DGB 9344 FULLBAND 18-26.5 50 700 6 Cathode -| 315-001
DGB 9346 FULLBAND 18-26.5 50 700 6 Cathoda 296-001
C. W. GUNN DEVICES FOR Ka—BAND (26.5-40 GHz)
Type Specified Frequency in Range' | C.W. Output Operating Operating Heat Sink | Package
: GHz Power Min.2.3 | Current Typical Voltage Typical Polarity Style
mW Ma Vv
DGB 815 26.5-40 10 220 4 Anode 315.001
DGB 315 26.5-40 10 220 a4 Anoda 2950 1
DGB £25 26.5-10 20 300 5 Cathode 315’3‘\.
DGB 82tA -26.510 20 300 5 Cathoda 29'3-L
DGB 2334 26.5-15 50 500 5 Cathocs | 315
DGB 3355 26.5-10 €0 500 5 Catheer | 20
DGB 24z 25 3=15 1C¢0 200 5 Cithode il
CnR 245 25 50 1c0 300 5 Sotlials -




" take special testing in a customer cavity if required.

"'76'

NOTES

(1) The required operating frequency (or in the case
of wide band types the frequency range) must ba spe-
cified when ordering. The specification of any unnec-
essarily wide frequency range will result in unnecessary
expenditure,

(4) Alternative package styles are available and should
be requested as specials at the time of ordering. The
Alpha 305 package Is available for units listed with the
315 package styles. To order 305 packaged diodes,
merely replace the last numeral digit (a four) of the
315 type code with the numeral five, For example, the
DGB 9424 in the 315 package becomes a DGB 9425 in
the 305 package. The 315 package will generally be
preferred however since although it has similar electri-
cal characteristics, it is more robust and resistant to
distortion.

(2) The power output is measured at asingle frequen-
cy (except for wide band units) in a critically coupled
Alpha test cavity at 25°C. Alpha may agree to under-

i¢ 3 (5) For applications involving magnetic tuning, the
(3) The standard catalogue range of Alpha Gunn de-

vices are tested under C. W, conditions.

For certain

pulsed applications alterative device types are available.

customer should bear in mind that package types 9_2_:?_-
001, 158-001 and 188:001 have Kovar in their con-
struction and are therefore not suitable for thesa re-

Consult the factory.

quirements,

ABSOLUTE MAXIMUM RATINGS

Operating Temperature, ,

L R A R R NIy

............................-40°!o+70°Clorstlndardlypel

Storage Temperature . . ........ R T ... =55°C to +85°C

Operating Voltago ........... «+«+e.s... Eachdiode is individually rated by Alpha with respect to operating voltaga,
; Application of a bias voltage in excess of this value may lead to a degrada-

tion in performance.

OUTLINE DRAWINGS Dimensions in inches (millimeters in parentheses)
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APPLICATION NOTES

Gunn devices ‘act as converters of DC to microwave

'WQ?WMAI of
bulk gallam arsenide. e cavities in which these de-

vices are operated often appear deceptively simple. It
should be the aim of the cavity designer not merely to

design a eavity which enables the Gunn device to oper-
ate to the designer’s specifications, but the designer
should also aim to produce a cavity which will operath
just as saccessfully with other devices from the same
manufacturing batch and indeed other batches of de-
vices. Generally, most oscillators are best designed
with some sort of acdjustable matching element to fac-

ilitate this, S f in igns requir
the_understanding of device operation and m crowave

circuit_theory, together with experience and a willing-
_ness to experiment. For example, the negative resist-

ance ofa Gunn device is not restricted to a single fre-
quency, but exists over a band of frequencles when a
suitablebias voltage is applied. These devices are there-
fore capable of producing oscillations in the bias circuit
in the VHF range which are normally suppressed by a
suitable choice of bias line impedance. Normally a re-
latively low impedance quasi constant voltage source is
used together with a capacitor (typically 0.047 uF)
connected directly across the terminal of the micro-
wave cwvity from the bias line to cavity ground. The
design of the microwave circuit can significantly affect
the susteptability of a unit to bias circuit oscillations
and also significantly influence the diode turn on volt-
age. (The turn on voltage V,  is the voltage at which
the device produces single frequency microwave power
free from bias circuit oscillations and at a frequency
which gan be pushed without discantinuity to the
operating frequency at the operating voltage (V_ )
? A g op
merely by increasing the bias from VLO- to Vop,'

As shown in Figure 2, at the threshold voltage the cur-
rent drain |s at a maximum, Typically, the threshold
current |, may be expected to be 30% more than the

aperating eurrent l,,. In addition, both I, and l.-

increase as the temperature is decreased and therefore
power supplies should be designed with this in mind.
It is also desirable that the Gunn oscillator power sup-
ply should have a low ripple content, particularly if t_hn
application requires the oscillator to have good noise
performance. Power supply ripple will, in general, de-
grade the inherent A.M and F.M. noise performance of
the Gunn oscillator. -

Care must be taken to ensure that the packaged diodes
are provided with an adequate heat sink so thl_t t|'l'l
temperature rise of the package above the heat sink is
limited to only a few °C. :

The equivalent circuit of the packaged diode is shown
in Figure 1. The Gunn device chip may be represznted
as a negative resistance in parallel with a capacitance
and a small positive resistance in series with these. Ad-
ditionally, when incorporated into a package structure
of whatever type, a series inductance and a parallel cap-
acitative reactance are introduced. In general, the mag-
nitude of these parasitic reactances is reduced with the
choice of a smaller package. Hence, although the larger

" package types are offered in the lower frequency

bands, higher frequency diodes are only available in the
smaller lower parasitic reactance packages.

Typical curves showing the general characterisﬁcg of
Gunn devices operated in various cavities and at various
frequencies are shown in Figures 2 to 8.

25 Term

i
Chip Portion Package Portion

Figure 1. Equivalent Circuit of Packaged Gunn Dioda
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Figure 3. Power Output vs Temperature (Ambient)
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TUsunsun1sAMuIUM Y_ ual 8

10 DEFDBL A-C,E-F,T,0,W-Z

20 Wa, 0041 H=, 0023 El=1; E2=2 .

30 D1=.001:D2=.01

40 C=2.99793E+08:E0=8.8514%E-12

50 PI=3, 14159

60 UO=400%P 1 %9, 999999E-10 %

70 Z01=119.9/SAR(Z# (E1+1) ) ¥ (LOG(4%#H/W+SOR(16#% (H/W) ~242) ) /LOG(2. 71828) - (E1-1) 72/ (
E1+1) % (LOG(FI/2)/LOG{(2.71828)+L0O0G(4/PI) /LOG(2.71828) /E1))

' B0 202=119.9/80R (2% (E2+1) ) % (LOG (A*H/W+SOR (16% (H/W) “242) ) /LOGB (2, 71828) — (EP~1) /2/ (

E24+1) % (LOG(PI/2) /LOG(2.71828) +L.OG(4/P1) /LOGA2.,. 71828) /E2))

90 ER1=(E1+1)/2%(1+29. 98¥50R(2/ (E1+1)) 7208 #(E1=-1) /(E1+1)} *(LOG(FI1/2) /LOG (2, 71828)

+L.OG(4/PI) /LOG(2.71828) /E1) )2

100 ER2=(E2+1) /2% (1+29.98#BOR(2/ (E2+1) ) /Z02% (E2-1) F7{(E24+1) # (LOG(FPI/2) /LLOG(2.718728
Y+LOG(4/FP1) /LOG(2, 71828) /E2) )2 ,

110 WFF1=120¥FI*H/Z01/SOR(ER1) : WFF2=120%FP1¥H/Z02/50R (ER2)

120 T1=C 2%Z01EO*SOR(E1) / (2#H¥S50R (ER1) ) : T2=C 2% Z02*E0*SOR (E2) / (2¥H%SAR (ER2) )
130 DIM R1(400) ,B2(400) V(5Q) ,Z1F (400) ,Z2F (400) ;X (400) ,0M(400)

140 PRINT "FREQUENCY EETA"

150 J=1:K=1 ¢

160 FOR U=B.999999E+092 TO 1.2E+10 STEF 4E+(7

170 EF1=E1—-(EF-ERIV7 LI 4 ULLT 1} AP pEE2=EL < (E2=FR2) / CLEKUALZMA2) tPRINT U,EF2;

180 WEF1=W+(WFF1-W) /(1+(U/T1) 22D WEF2=b+ (WFF2-W) /(1 +(L/T2)"2)

190 ZIF(J)=120%FI*H/WEF1/SOR(EF1) : Z2F (J) =120%PI *H/WEF2/SOR (EF2)

200 OM=2+FI*U

210 B1(J)=0M*SRR (VO*EQ*EF 1) : R2 (J) =0M*SAR (UOXEQ*EF2)

220 X(J)=COS(R1(J)xD1) *COS(R2(J) #D2) ~(ZIF(J)2+Z2F (J)"2) xSINCE1 (J) *D1) %SIN(R2 (J)
#D2) /(2%Z1F (J) #Z2F (U 1)

230 IF ABS(X(J))>1 THEN V(K)=U:K=K+1:60T0 350

240 X1=0: X2=FI/2

250 pP=2

260 FX1=C0S(X1)-X(J):1IF ARS(FX1)<1E-08 THEN PRINT X1/FI1::G0TO 340

270 FX2=C0S(X2) =X (J) :IF ABRS(FXZ2)<{1E-08 THEN PRINT XZ2/PIP::G0TD J40

280 IF ARS(X1-X2)<1E-08 THEN PRINT X2/P1;:;:G0T0 340

290 XI=X2-FX2#(X2=-X1) / (FX2-FX1)

SO0 FXI=COS(X3) =X (J)

310 IF ABS(FXI-0)<1E-08 THEN FRINT X3/FP13:G0T0 34Q

S20 IF FXI*FX1<0 THEN X2=XJ:F)2=FX3 ELSE X1=X3:1FX1=FX3

330 GOTO 280

340 F=P=1:1IF FPX0 THEN X1=0:X2=-FPI1/2:607T0 260 ELSE GOTO 440

IS0 X1=0:X2=1 3 {

360 FX1=—(EXP (XI)+EXF(=X1)) /2-X (1) : IF ARS(FX1)<1E-08 THEN PRINT X1/PI::G0T0 440
370 FX2=—(EXFP(X2) +EXP (-X2)) /2=X(J): IF ABRS(FX2)41E~08 THEN FRINT X2/PI;:G0TO 440
380 IF ABRS(X1-X2)<I1E-08 THEN PRINT X2/P1::G0TO 440

3P0 XT=X2-FX2¥ (X2-X1) / (FX2-FX1)

400 FX3=-(EXP{(XJ)+EXP(=X3))/2-X{J)

e i e s et = e S




F

U

I
!

410
420
apo
440
450
460
470
480

* 490

SO0

o100
"’f}

30 X(F)=COS8 (Bl(P)*DI)¥CD:!B”(P)¥D°)*(ZlF(P)““*Z”F(P}*”)*QIN(BI(P)*Dl)¥SIN(F"(P)

B

IF ABS(FX3~0)<1E-08 THEN PRINT X3/FI1;:GOTO 440

iF FXJ#F!!%O THEN Yaw)XiFXia=FXs HLOE X1luX3FY1i=Fxn
EETH B

J=J4+ 1 FRINT

NEXT U

P=J+1 ‘FIND LENGTH

FOR U=Vi{1) TD V(K-1) STEP 1000000
EF1=E1-(E1-ER1) / (14 (U/T1)"2) ; EF2=E2=(E2=ER2) 7 (1 + (U/T2) "2)
NEF1=M+(WFFI~M)f(1+(U/TI)“2):NEF2=w4(NFFE—W)/(1+(UIT2)“2)
ZIF(P) =120%PI*H/WEF1/SOR(EF1) : Z22F (P) =1 20%P 1 ¥H/WEF2 /80R (EFD)
OM(P)=2¢FI%l

B1(P)=0M(F) *¥8CR (LIOFEOXEF1) : B2 (F) = DM(P)*QGR(UO*EO*EF“]

D“)/(“*Z!F(P)FZ"F(PJ}

S40
S50

S60 ARI=COS (R (F- !)*Dl)*CDS(F’(P—I)*D“)-(Z!F(P 1) /Z2F (P=1) +Z2F (P~1) /Z1F (P~1) ) %81

IF ABRS(X(P)) ~ABRB(X(F~1))<0 THEN 540
P=P+1:NEXT U

N(E1(P-1)*D1) ¥SIN(B2(P~1) #D2) /2: ARA=AR]

S70

S8 AlI=COS (L1 (P-1)*D1)*8IN(R2 (F- 1)*D")+(21F¢P 1) /7Z2F (P-1)+Z2F (P-1) /Z1F (P~-1) ) *§

AR2=03 ARX=O

N(HI(P 1)#D1) ¥COS(R2(P=1)#D2) /2: Al A4==AT1

SS90
GO0
&10
&20
&30
&40
&S50
HEHO
&H70
&80
&0
700
710
720
730
740
750
760
770
780
790
800

I3=(Z1F (P~1) /Z2F (P~1) ~Z2F (P=1) /Z1F (F— 1))¥SIN(EI(P“l)*DlJ/Z:AIE=—ﬂ13
EP 1=AR1: BR2=AR2: BR3=ART: FR4=AR4: BRI 1=A11: BI2=AT2: RIX=AT3: R14=A14
FOR M=2 TO 15
CR1=AR1*BR1+ARZ*¥BR3I~-AT1 1 *E1 1-AI2*KI 3
CR2=AR1 ¥BR2+AR2*¥BERA4-AT 1 ¥HI2-AT2%R14
CRI=ARZ*BR1+AR4¥RRI-ATZ*RI 1-AT4¥HIT
CRA=ARI*BR2+ARIXBRA-AIZ*RIZ-A14%R1 4
CI1=AR1¥H11+AR2¥EIZ+AT 1 ¥FR1+A 1 2¥BRS
CIZ=ARI*BIZ+ARI*BIA+AT I #HR2+AT2%RR4A
CIB=ARI*BI1+ARGXRIZ+AI 32 ER1+AT 4 $FRS
CIA=ARTI*BIZ+ARAXEI4+ATZ¥BR2+A1 4% ER4
AH1=CH1:AR2=CR2:AR3=CR3:QH4=CR4:QI}=CI]=A122C12:913=CI3=AI4=C14
NEXT M {

Y2=1/22F (P~1)

YINR=Y2#& (AR1"2=AR3I~24/112-AI 3~ 2) S CIARTHART) “24 (A1 1+AIT) ~2)
YINI=”KY"*(AII*QRT-AR1¥ﬁIo)/((API*ARa)““+(QIl4AIa)“")
ZIN=1/S0R(YINR“24YINI"2)

L=2¥PI1¥ZIMXC/OM(P~1) /201 /4

PRINT ZIN 5 Fosc.
PRINT ZIN,L,0M(P-1)/2/F1
FRINT ® Y12R Y121 REFLECTEORS

FOR N=1 TO J-1

— e — — — — e e—



- B1 =

810 ARI=COB(B1 (N)*D1) »COBS(B2(N) #D2) = (Z1F (N) /Z2F (N)4Z2F (N) /Z1F (N) ) %S IN(E1 (N) ¥D1) #
BIN(B2 (N) #D2) /23 ARA=AR | z
820 ARZ=0: ARI=AR2

(2 lv] AII*CUE(EI(N)*Dl)*ﬂIN(B?(N)*D2)+(!1FGN!/!2?IN)+32F(N)IZIF¢N)!ﬂﬂINlml¢N)ﬂnlll
COB (B2 (N ¥D2) £2:A14m~A]1 1

840 AIS*(Z]F(N)/ZEF(N)—Z?F(N)/ZlF(N))*S]N(Hl(N)*Dl)/2=ﬂ12=—913

850 BR1=AR1:BR2=AR2: BRZ=AR3: BR4=AR4G: BT 1=AT1: RI2=A12: BIZ=AI3: RI4=A14
860 FOR I=2 TO 15

870 CRI=AR1+*ER1+AR2¥BR3-ATI#*RI1-AID*RIZ

880 CR2=ARI1*ER2+ARZ*¥BRA-AI1*BIZ2-AI2XxRI4

890 CRI=ARI*ER1+ARA¥ERZ-AIZ*RI1-AIJ+R]I S

© 200 CR4=ARI*BR2Z+ARG*ERA-AIZ¥RIZ-AT4%EI S i

910 CI1=AR1+HI1+ARZ2*RIZ+AI 1 #*ER14+AI2EBRE

F20 CIZ=AR1*BIZ2+ARZ*HRIA4ATI*BR2+AI2%ERY

730 CISZ=ARI*BI1+ARA*¥EIT+AITHRRI+AT4xERT

P40 CIl4=ARI¥*RIZ+ARG*HIA+AITXER2+AT4¥ERE '

950 AR1=CR1:AR2=CR2: ARI=CR3: ARA=CRA:AT1=CI1: Al 2=CI2: ATZ=CIZ:A14=C14

260 NEXT 1

P70 Y2=1/Z2F (N)

a0 HH=(ARI*AR3+AII*AI3)/(GR1“2+Q11“2):HI=(ARI*AIE—QRB*QII)/(QR1”2+Q11“2):R=SQR(
RRT2+RI"2)

920 YINR=Y2¥ (AR1"2-ARI*24A112-A13"2) / ((AR1+ARI) 2+ (AT 1+AIZ) =)

1000 YINI=2#Y2% (A1 1 %ARI-AR1¥ALII) / ({AR1+ART) " 24 (AT 14+AT3) D)

1010 Y12R=2*Y2“2*Y1NR/((YE*CGS(BE!Nl*L)—YINI*SIN(BZ(N)*L))“?+(YINR*S]N(B2(N)*LJ)

22

1020 Y12I=24Y2% (YINI¥Y2¥COS (2¥H2(N) #L) —COS (B2 (N) ¥L) #SIN (B2 (N) %) % (Y INR~24YINI~2—
272 ) S LIY2RCOS (B2 (N) ¥1) =Y INT#STMNAED (M) #1) ) “2+ (Y INR¥SIN (B2 (M) +1) ) ~2)

1030 PRINT Y12R,Y121,R

1040 NEXT M ;

1050 FOR O=1 TO N

1060 FRINT ZAF(Q) 3 Z2F ()

1070 NEXT @

1080 END
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FREMIENCY
B8.999999E4+0%
9. 039999E4+09
9.079999E+0%
9. 11999BE+09
9. 15999BE4+09
Q. 199997E+09
Q.279996E+09

2 7+ 279996E+09
9.319996E+09
9. ATFIRLE+OT
9.399994E+09
9. AT99F4E+0F
Q. A7FFIIIEALO9

. 9.519993E+09
9.559992E+09
9.599992E408
9. 6399F1E4+09
9. 679991E409
9.71999E+09
9. 75999E+09
9.799987E4+09
9. BR99BFE+09
9.87998BE+09
9.9199BBE4 09
?.959988E+07
9.999987E4+09
1.00399FE+10
1. 0079%99E+10
1.011999E+410
1.01599BE+10
1.019998E+10
1.023998BE+10
1.02799BE+10
1.03199BE+10
1. 035998BE+10
1.03999BE+10
1.043998E+10
1.047998E+10
1.051998E+10

‘1. 05599BE+10
1.05999BE+10
1.0463998BE+10
1.0679%98E+10
1.07199BE+1¢Q
1.07899BE+10
1.07999BE+10
1.0839%6E+10
1.08799BE+10
1.091998E+10
1.09599BE+10
1.099997E+10
1. 103997E+10
1.1079F7E4-10
1.111997F410
1. 115997E+10
1. 319997E+1O
Y. 12799T7E+1Q
1. 127997E410
1.131997E+10
1. 135997E+10
1. 139997E4+10
1.143997E410

BETA

L BLES5920084546227F ~, BLGT200449162279
. 86991 13025103326 —. 06951 130251 02324
. B739059727926707 -.8739059727926707
LB779036204115149 -, B779036204115149
.B8B81904B824699446949 -.BB1904824699446947
. BESP09B599499314 ~, BRNSOFATG9L99R14
. 889918B88B2206232 -.B8Y9188882206232
.BY3YI2192B670176 -.B930321920670176
.8979502433572217 —.8979502433572217
. P01973BI5I719568 -, 9019736830 719560
L QOL00I2717134827 . 0&0032717134027
L 910039081 7618884 -, 9100790817461 8004
. 2180823309081344 ~,9140823309081344
L F1B1336240812963 -, F1BITIA240B1 2963
. 92219423336886F -, 9221942333688469

L F2L26GLTIOETOIFT —, FR6TEEESIOLTO19T
. 930I49TTO604245% —, 9303497306042455
LG3A8479276B17991 -, 934447923681 7991

L Q3BLHIFSOEL06TTI —, 93BLLIFTOLI VLTS
LQ427010762901565 ~. 9427010762901 5465

- FAEBLTL2A2E2T266 —. 94686TL2A426232656
L9510583504612147 -, 9010583504612113
« FOS29T3637147162 -.955293T637147162
. 2095818273558500 ~. 959581B273550568
« 6427003429386 —. FEIFL42T003429386
» 268404T720B008521 =, 2481043902008521
L7301 7352344152 -, 973017352344152
«FT77B74L1258310621 ~,97707612583104621
L9BT1904736425844 -.90831504736425844
. 98963B5L70732211 ~-.9BRLIBTLLT7O732211)
6. 012452746T700285D-03
1.216125817055061D-02
1.5098366714984%33D-02

1. 661 BA3392997635D-02

1. 710777568902601D-02

1, 6865287978722057D--02
1.516930545823363D-02
1.229103211864655D-02

6. 337169689104866D-03

L FRIBZO7RLLT RO -, 9B28707034582809
. 98354779567434642 . ~.98334779567434642
LG780010262399272 -, 9780010262399272
«F731199574369193 -.9731199574369193
L SERABLTIILROSTS ~, 96AABAT 1 6BOGTS

L FH400TTEQ2TATHY ~. 2640057602747 69

- FUPE2ATNATTLITIZ -, PLIL2ASSATTL2ITZ
L FOETNIT2T204682683 -, F003152320463268
L FTI0THISRTHA11TT7 ~.9010501687641137
» FALRTIFATEIVAET74 ~, 944683974535884674
L FARALTZ2TRAEAO0OLA7T - FADEL2T7ELAQ06ANT
LGIRABITIAG2200837 —, 93H4893472200009
L QJAJQEHAFLA I FRLD ~ . 9RARALRAFNT 19BLD
L P302176B173B7566 ~.93021746817207566
L FREIOTO00TEYOICR =, Y2E61 OTO00TO0) Y
.2219988%701940511 ~-,.921998330191851 1
LTR0A127Y01749 -.9175041279011749
LITDVERTCHL1 17066 - R1TR1LFTOTI 1706
- QOP7ILITR7041TU? -, Q0973635570415 9
L QATEHITOR0ISTIIS —. FOELHLL I0AOTSTITN
LROIGS1IAODS2197849 -, 901591 6052197844
L AQT7L2STREDLLTROS —.BP7S25786B647290
L ARTALITE L0 L0022 =, H9RALISLSL01 6002



1.14/799)E+10
1.151997E+10
1.155997E+10
1.159997E+10
1.153997E+10
1.167997E+10
1.171997E+10
1.1759964E+10
1.177976E+10
1.103996E+10
1.187796E+10
1.191996E+10
1.17539&E+10
1.1999F6E+10

_83_

L 2074048342575422 -, 88710483425946422
-8853483830076931 -.0853483830075931
«88129465163973 -.88129465163993
.87724283569143673 —-.8772429359143673
.B731729110300394 -.8731922110300394
.8691448725744909 -.B49144A725744909
-B650978358113831 -, 8650973378118331
.B56105218377032286 -.8510521637703226
-.8570077757121518 —-.8570077767121510
.B529639975258558 . 8527639975258550
.B8487213294330694 —-.3489213294330674
.844879173221785 -.844879173221785
.8403374812777991 -.8408374812797991
. 8367954723T31493T ~.B8I6TFSLAT2TITLIA93

-



: o L) 'l
oy ues Ardnl 5T @MENT T NAUBIAR

FREQ.

9.0000010E+07
9. 0200000E+09
9. 0400000E+09
9. 0600000E+0F
9.0799990E+09
9.0999990E+09
9.1199990E+09

9. 1399990E+09 .

9.159999F0E+0Q9
9.1799980E+09
?.1999980E+09
?.2199980E+09
9.2399980E+09
?.2599970E+09
9.2799970E+09
?.2999970E+09
?.3199960E+09
9.3399F60E+0?
9. 35999L0E+09
9.3799960E+07
9.39999&0E+09
9.419995S0E+09
?.4399950E+09
9.4599940E+09
2.4799940E+09
9.4999F940E+09
2.5199940E+09
9.5399940E+0Q9
9.559993J0E+09
?.5799930QE+09
9.59999J0E+09
.6199920E+09
F.4399920E+09
?.6599F920E+09
9.86799920E+09
9. 6999910E+09
.7199910E+09
?.7399910E+09
?.7599910E+09
Q.7799910E+09
9.7999900E+09
9.B199900E+09
9.8399900E+09
9.8599890E+09
9.B8799890E+09
2.89998F0E+0?
?.919980E+09
Q.9399890E+09
9.959988B0E+09
?.9799BBOE+0?
9.99998B0E+09
1.00199F0E+10
1.0039990E+10
1.0059990E+10
1.0079990E+10
1.0099990E+10
1.01199F0E+10
1.0139990E+10
1.01599F0E+10
1.0179990E+10
1.01999F0E+10
1.0219990E+10

¢ v

Gr
1.7177962D-02
1.6969706D-02
1.6726022D-02
1.6457189D-02
1.6173889D-02
1.58846591D-02
1.5605122D-02
1.5338372D-02
1.5094089D-02
1.4878914D-02
1.4698452D-02
1.4557282D-02
1.4459223D-02
1.4407405D-02
1.4404395D-02
1.4452302D-02
1.4552797D-02
1.4707125D-02
1.4915994D-02
1.5179429D-02
1.5496524D-02
1.5865128D-02
1.6281370D-02
1.6739242D-02
1.7229974D-02
1.7741591D-02
1.8258620D-02
1.8762028D-02
1.9229743D-02
1.9637891D-02
1.99562526D-02
2.0182114D-02
2.0280201D-02
2,.0247717D-02
2.0084439D-02
1.9799174D-02
1.9408706D-02
1.8935562D-02

1.8405292D-02

1.7844011D-02
1.7276244D-02
1.6723593D-02
1.6204113D-02
1.5732359D0-02
1.5319671D-02
1.4974980D-02
1.470%416D=-02
1.4517119D-02
1.4415925D-02
1.4408058D-02
1.4500777D-02
1.47029820-02
1.50259280~-02
1.5483877D-02
1.6094882D-02
1.6881621D-02
1.7872146D-02
1.9100390D-02
2.0606161D-02
2.2433063D-02
2.4623295D-02
2.7205616D-02

% = v =
UATUTUL VEUNUNIIN
EBr REF.COEF.
—-1.1854589D-03 0.09359
-1.3993406D-03 0.09320
-1.5664496D-03 0.08999
—-1.6814732D-03 0.08599
-1.7415403D-03 0.08119
-1.7460249D-03 0.07560
-1.69562417D-03 0.06925
-1.5950647D-03 0.06215
-1.4465182D-03 0.035434
-1.25544355D-03 0.04586
-1.0272488D-03 0.03674
-7.46758697D-04 0.02705
-4.8235648D-043 0.01&684
-1.77571790-04 0.00617
1.4068002D-04 0.00489
4,466048463D-04 0.01625
7.9194472D-04 0.02783
1.1114332D-03 0.,03959
1.4170051D-03 0.05139
1.7005247D-03 0.06314
1.9531059D-03 0.07477
2.1651007D-03 0.08617
2.3261331D-03 0.09724
2.4253500D-03 0.107%0
2.4518215D-03 0.11804
2.3952599D-03 0.12757
2.2470219D-03 0.13641
2.0013892D-03 0.14447
1.6570705D-03 0.15166
1.2185F42D-03 0.15791
6.9721632D-04 0.16313
1.1181752D-04 0.16724
-5.1241538D-04 0.17019
-1.1454504D-03 0.17190
-1.7552818D-03 Q7231
-2.3111465D-03 0.17135
-2.7863333D-03 0.16897
-3, 1605008D-03 0.156511
-3.4206439D-03 0.15971
-3.5609015D-03 0.15272
-3.5816072D-03 0.14411
-3.4877993D-03 0.13383
-3.2876059D-03 0.12184
-2.9908127D-03 0.10814
-2.6076347D-03 0.09269
-2.1479958D-03 0,07350
-1.6209420D=03 0.05659
-1.0344567D-03 - 0.03598
-3.9533777D-04 0.01373
2.9054346D-04 0.01009
1.0182172D-03 0.03538 .
1.7828853D=03 0. 06203
2.5798071D-03 0, 08987
. 3,4032498D-03 0.11876
4,2455598D-03 0.14848
5.09564608D-03 0.17884
5.934647872D-03 0.20960
b.7432126D-03 0, 24055
7.4755555D-03 : 0.27144
8.0738055D-03 0,.30205

B8.4482294D-03
B.44683439D-03

0.33217

0.36160



1.023998B0E+10
1, O2889B0OE+10
1.02799B0E+10
1.0299980E+10
1,0319980E+10
1.03399B0E+10
1. 03899B0E+10
1.0379980E+10
1.0399980E+10
1.04199B0E+10
1.0439980E+10
1.0459980E+10
1.04799B0OE+10
1.0499980E+10
1.0519980E+10
1.0539980E+10
1.0559980E+10
T.05799B0E+10
1.0599980E+10
1.0619980E+10
1.0639980E+10
1.0659980E+10
1.0679980E+10
1.06999B0E+10
1.0719980E+10
1.0739980E+10
1.07599B0E+10
1.0779980E+10
1.0799980E+10
-1.08199B0E+10
T1.0839980E+10
1.08599B0E+10
1.0879980E+10
1.08999B0E+10
1.09199B0E+10
1.09399B0E+10
1.0959980E+10
1.09799B0E+10
1.0999980E+10
1.1019980E+10
1.1039980E+10
1.1059970E+10
1.1079970E+10
1.1099270E+10
1.1119970E+10
“1.1139970E+10
1.1159970E+10
1.1179970E+10
1.1199970E+10
1.1219970E+10
1.1239970E+10
1.1259970E+10
1.1279970E+10
1.1299970E+10
1.1319970E+10
1.1339970E+10
1. 1359970E+10
1.1379970E+10
1.1399970E+10
1.1419970E+10
1.1439970E+10
1.1459970E+10
1.1479970E+10
1.1499970E+10
1.1519970E+10
1.1539970E+10

_85_

3.0172124D0-02
3. 3438570D=-02
3.6790388D-02
3.9832845D-02
4.2002460D-02
4,2711209D-02
4,1412749D-02
3.8820992D-02
3.4870826D-02
3.0445309D-02
2.6107964D-02
2.2191340D=02
1.8826703D-02
1.6018765D-02
1.3711149D0-02
1.1827496D-02
1.0292198D-02
9.03B6172D-03
8.0115941D-03
7.1666661D-03
&.4685353D-03
5,8894028D-03
5.4074397D-03
5.0054285D-03
4, 6698358D-03
4,3900157D-03
4.1574833D-03
3.9655677D-03
3.8089893D-03
3. 46835927D-03
3.5861636D-03
3.5142491D-03
3.4660377D-03
3.4402929D-03
3.43627351D-03
3.4537082D-03
3.4927616D-03
3.5540295D-03

' 3.63B85424D-03

3.7478021D-03
3.8837593D-03
4.0489117D-03
4.2462789D-03
4.47794649D-03
4,7527026D-03
5.0707362D-03
5.4388889D-03
5.8627890D-03
6.3479911D-03
6.8995893D-03
7.5210740D-03
B8.2132775D-03
B.9722409D-03
9.7873219D-03
1.0639034D-02
1.1497060D-02
1.2321126D-02
1.3063191D-02
1.3674172D-02
1.4112527D-02
1.4352599D-02
1.4390208D-02
1.4242440D-02
1.3942703D-02
1.3532802D-02
1.30554380N-02

7.95324810-03
6. 6722028D-03
4.3729958D-03
B8.6353534D-04
-3.84540830-03
-9.3984873D-03
-1,80916610-02

-2,0107305D-02

-2.3855425D-02
-2.6155982D-02
-2.7168820D-02
=2.7210534D-02
-2.6603493D-02
-2.56064467D-02
-2.4401890D-02
-2,.3108294D-02
-2.1798197D-02
-2.0513300D-02
-1.92759980-02
-1.8B096733D-02
-1.69788046D-02
-1.5921473D-02
-1.4921784D-02
-1.3975554D-02
-1.3078207D-02
-1,22252100-02
-1.1411951D-02
-1.0634195D-02
-9,.8879781D-03
-2, 1695590D-03
-8.4756291D-03
-7.8031039D-03
-7.1490970D-03
-6,5110512D-03
-5,.8866024D-03
~-5,2736449D-03
—-4,6701554D-03
-4.,0745091D-03
-3.4852114D0-03
-2.9009739D-03
-2.3209827D-03
-1.7446298D-03
-1.1719079D-03
-5.0342881D-04
-4,0527651D-05
5.1420701D-04
1.0569388D-03
1.5819542D-03
2.0811771D-03
2.5438611D-03
2.9558519D-03
3.2995233D-03
3.5537127D-03
3.6948649D-03
3.6991319D-03
3.5460594D-03
3.2236110D-03
2.7338044D-03
2.096B8093D-03
1.3514653D-03
5:5133869D-04
-2.4436982D-04
-9,8054134D-04
-1.561444462D-03
-2.1200265D-03
2. 4R7?AASD=00

0.39015
0.41768
0.44405
0.46918
0.49298
0.51540
0.53642
0.55603
0.57424
0.59107
0.60655
0.62071
0. 63361
0.64529
0.65579
0.66517
0.673464
0.68071
0. 684695
0.69224
0.69658
0. 70000
0.70253
0.70417
0.70494
0.70484
0.70387
0.70202
0.69927
0.69561
0.69101
0.68544
0.67887

‘0.67124

0.466253
0.65267
0.641561
0.62931
0.56156%
0,60071
0.58431
0.56644
0.54707
0.52616
0.50370
0.47969
0.45417
0.42718
0.39883
0.36921
0.33847
0.30681
0.27441
0.24153
0.20841
0.17532
0.14251
0.11026
0.07881
0.04840
0.01924
0.0084%
0.03465
0.05910
0.08176
0. 10754



1.1559970E+10
1.1S79970E+10
1.1599970E+10
1.15619970E+10
1.1639970E+10
1.1659970E+10
1.1679970E+10
1.1899970E+10
1.1719970E+10
1.1739970E+10
1.1759970E+10
1.1779970E+10
1.1799970E+10
1.1B819970E+10
1.1839960E+10
1.18S9960E+10
1.18799460E+10
1.1B99960E+10
1.1919960E+10
1.19399&60E+10
1.1959940E+10
1.1979960E+10
1.1999960E+10

_Bb_

1.25485220-02
1.2042613D-02
1.1560161D-02
1.1116361D-02
1.0720713D-02
1.0378404D-02
1.0091796D-02
9.8613853D-03
9.6865623D-03
9.5662541D-03
9.4991671D-03
9.4840303D-03
9.51968380-03
9.6050674D-03
9.7391566D-03
9.9208381D-03
1.0148699D-02
1.0420724D-02
1.0734067D-02
1.1084563D-02
1.1466444D-02
1.1871B06D-02
1.2290478D-02

-2.8270895D-03
-2.8270555D-03
-2.7363782D-03
=2.5718304D-03
-2.34835525D-03
-2.07972468D-03
=1.7765391D~-03
-1.4483434D-03
=1.1031380D-03
=7.4771083D-04
-3.8811443D-04

=2.9973980D-05

3.2137477D-04
6.60456482D-04
?.8164399D-04
1.2788113D-03
1.5453208D-03
1.7740678D-03
1.9574524D-03
2.0877042D-03
2.1572473D-03
2.15934675D-03

0.12145

-0.13841

0.15344
0.164655
0.17776
0.18710
0.19461
0.,20034
0.20433
0.20664
0.20732
0.20643
0.20402
0.20016
0.19492
0.18837
0.18058
0.171464
0.16162
0.15062
0.13874

0.12607
0.11272





