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Television signal Transmission in Microwave-band with Gunnplexer

Puniop Phairthong 32.1211

Praphakorn Suwanna,Advisor

Academic year 13882

Abstract

The television signal transmission in the microwave—-hand
equipped with a ready-made apparatus called "Gunnplexer” bhecause
it, is not only small,cheap and is widely used in varinus ways bub

also it =an be used in recieving and Lransmitbting 2t the same time,

]
D

This arti is to apply Gunnplexer in the television Lransmission

by using the advantage af Gunn-dicde and it is %o use the special

)
[o3

performance o eing nonlinear of the Mixer—-diode in Gunnplexer
which is used as mixer-part decreasing fregquency from microwave-
hand into VHF-band and “hen we can couple the autput from Mixer-
dinde to the television ahtenna. ThereforeiThe teleavision can

recieve ,detect signals and reconvert the output Lo composite

video signals and audio signals, cause the applied system or the

designed system less complicated.,
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3.3 Traveling-wave tube (TWT)
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3.6 Gunn Diode (electron transfer diode)

luu Ao 1963 ﬂuuuaWQHﬂﬂLizﬂmwwﬁamaq J.B.Gunn w%\. Junn 5

AUY o8
LANUan ivuaﬂwﬂuuwu GaAs Way InP uxeﬂﬁwaTMAuﬁm wﬁwmaaw Sﬁnauw 5
1u31954 ﬁcho++kyxﬂuu uﬂl111+wo—term1wal negative resistance device
aﬁuwsnﬂwmaqﬂLﬂiJuquaﬂiﬁu%aLmaﬁﬂﬂawmniuTq3L1ﬂ Aonn lull 196184 1963
Ridley. uauWa+kansinaﬁuwenoannuﬂ15mwﬁdLwﬂTuTaaﬂﬂﬂaJumaﬂwswmuw Fa-
LﬂﬁnaaaaﬂmLaua?wqﬁaﬂﬁnomdquuwm 3 WAy squmwmwanwm ﬂququﬂmuwswaﬁa
wassme lulna Tag Hilsum S GuSinu09 electron transfer amplifisrudy
oscillator(ETAURYETO) mauﬁxpoemevﬂﬂﬂﬁuﬂqwqﬂawumuauaauwaxﬁmwﬁmaq~
ﬂUQuﬂﬁiﬁuLﬁuﬁwﬂﬁaONDM(neﬁab1ve differential mobility) ﬂ@ﬂ“?kﬂﬂﬂu
51ﬂ5&ﬂﬂﬂ$auuﬂﬂ%uLéaﬂﬂ 0 Qmﬂmnﬁutuuvaaauwalwﬁw<quaﬂwtnreshold E_)
o fw

21N High-mobhility energy band lﬁdq Low-mobili +y energy band N iR

v
(=3

Average mobiliby a3 rrieraﬂaﬂﬂmvﬂauﬁmLNMWL%“%%

% WANNITNTINN ¥

quanﬂmﬂﬁﬂamauWﬁsiunﬁuuuuﬂuwaqaﬂuaa 2 4nUANSUDLaAATY AD
valence band Uay conduction band I conduction bandunaAsN 2 ﬁ%ﬂ
% dminimum %52 "valley" Lﬁuminimumwﬁﬂ 47 4U9dconduction bandiuﬁﬁﬂ
0.36 eV miﬁmwmsﬂ% 3.24 %aquuéqsbaqd %LaﬂﬂﬁaunﬂuﬁammﬁﬂumsﬁweTmﬂdw

MOQHQWNW%W'%%:J?NH&“QTG WAy ﬂq?kﬂﬁauﬂlﬂﬂﬁi(ﬂool11+V)ﬂ“ﬁ L@ﬂﬂfaﬂ

Energy
Mippn 2 180CM?/Vs
3
Conduction band 0.36aV ~
m1 .
Forbidden band ., 8000 ¢/ Vs 1.43eV
(100} {000] {1001
Valence band Wave vector

Q
7ﬁﬂ 3,24 Wﬂiaauﬂamua Band |4 GaAs

-

T lowest valley aunas easton uas mobility (4 )WY e Ly

upper valleyuuuﬁﬂﬂuﬂQ7ﬁQ”N?ﬂ uﬁ“mobility(ﬂ )Q”ﬂ? ﬁ?qNL1ﬁquﬂW?L§8u

-

QOGDLR@ETSu(Vd=ME) uavﬂaﬂxwuﬁuuuﬂivuﬂsﬁu J = neik



__76..

Tuauﬂx1ﬂﬁ1n1uuwnunﬂamﬂuwaa atammﬁaunqwumquaaqu lowest valley

WarnY n(=n ,Tn, ) Lﬂuﬂawuuuﬂuuuataﬂmiauﬁdu ﬂquu
v = 4 E
"1

=]

1
uﬂv J=n eﬂlE = neulE

v ¥t ' i
LND n, uag Q81ﬂﬁﬁ nan, :

Laaauﬁwﬂwﬂwxwumu waeowuqaumaaaaaﬂm7auawuw7ﬂuﬂwnauasxﬂu 0.36 oV
crystalline momentumﬂaouunntﬂaﬂuuﬂaaTﬂaﬂﬁﬁﬁuﬂu phonons uavtiulyle
QW crystalllne momentumqﬁuﬂﬂuﬂuﬂaLaﬂﬂiau 1%61%%%0%8081x secondary
minamaasaaﬁu LAEsinnTnatanen1sanalaud i aAnToulelectron transfer)y 20
tﬁuﬁaﬂaaaﬂnimuiaﬂﬂﬂivﬂvﬁ 1uumasa1uwaova11ny d4aANToulimobi 1ity(a, )
ﬂauaﬂnaﬁ 'y uavuuquﬂﬂaﬁutﬁaqunﬁiLaauataﬂmsaw v y 1l

‘ YT ¥zE
(n=n _+n_ ; n INVI , N, mem)

ﬂﬁiadaauﬂaqmoba11tyvu01ﬂaaanmob111+yuuqas1uLnMﬂuaﬂﬂcﬂuwﬂuim
CAran L asguaamobi1ity o L aaule fu
M= (niﬂl+nzuz)/(n1+nz)

uasﬂ1ﬂuwuﬁuﬁun$xuaﬂsnawgLﬁu

I

(n1+nz)MeE

E

R 3 v ﬁ
AITANUNTUDIANUL UY S = e(Minl+M2na)
=H‘E ,
f
2407 === ---f, .
G s
€ ]
:_J‘ |
\° i
e L Ty AR R, 4 <V, s, £
< i i Ew/em)
Region.! Region 2 10 s

Ohmic region  Region with negative-differential resistance W

d 4 o
U7 3.25 wandcurveunInX L Tavaua Tt

N



-77 -

& o & a o
Lmofer 1R LFRER LU0 0 LHAYINNTAARIUDIN | 5 AITFARY av e v,
3.

v
o oo =
FOE)  AIBBUUTLAUYDY negative

- [ c
uway J ﬂﬂ?ﬂ 25 AuUn 2 uYdcurvea v

‘ Y v :g [
dynam1c r2sistance ﬂﬂﬁthrwshold E u‘Nﬁ%ﬂﬂﬂ“?ﬂﬂﬁﬂﬂﬂﬁﬂﬂaﬁﬂuﬁmﬁwﬁﬁ
ﬁdaﬂkualucrystal aYﬂSmﬂdaﬂiﬂﬂ QLW ﬂQﬂ?WBuLiﬂﬂﬂﬂiﬂW&TﬁuﬁzﬂuNﬁﬂ(IDH)

maaLﬁmu qvﬂ11wamaﬂmaﬂﬁsqﬁaﬂuﬂmaﬂxniulﬂﬁL1N
* TA59891919¢ Gunn-diode ¥

o 't o & J A a o
Falalonlnana liwinlagll 3 layers 2 1AL TINYTENR 150 AmuAy

o v .
AYFAAF YUY copper heat sink

Golg nibbon

Layer 1

,ovef X N

_,/~——————\\___1 sm:vgm ——
Lcyer‘ﬂ-[j Gold )

| SR SAL LTI 2L S,

Copper heat sink

JUh 3.26 “mseagwaaﬂﬂﬁuvaq Gunn-d iode

. u
ATNTUN 3. 20 NWU}iﬂquW”‘ﬂﬂﬁ”
bi]

q ‘+ a_ v |8
(a)layer 1 (1% N H@IUANUNAQBLILNNG 0.0010/cm

"

() layer 2 du N-typeiiin11udne AADNT TN 9N 1es sm1am SaanaR U nlsy

a4
b

oy
pI9Y

4%
3§ 0.50/cm Sy accum layer S s NaR e T vaRan I Tosc il late = 1ag
AVUINANNAAT
» s o~ ¥
£ = 10°/L Hz 3 L A9 A2 NWUNUDITY
e v ow o .
lAaAINERY 10 am Ay lAAIINDUTENOM 10 GHz
(c)layer 3 t4u N° Hadumundseumi-2 am ﬁuuuﬂiquﬂﬂﬂmﬂﬁuaﬂﬂﬁﬂﬁﬂﬁﬂxu
maaﬁqlam arulany ﬂ“ﬂﬂ\ﬂl%ﬂﬁkﬂu Ohmic conbactuiuti anuuﬁlaxmawa‘wwwwu
ﬂwumﬂuazaﬁuwsnﬂuwﬂuﬂawuiau;mn ANUDdthreshold volhbagelUsyynn, 3 Tran
- 2

Suf i adavoetunnoqisvanm 2 x 1070 om
Sandylusdd 2.27 (Juleseadrennavenvostutlalenuuy pill packst
u



1.6
Ceramic & = J
T~

55+03
Location of _| %
i

cathode

Post—[| | [

2.3;nax ]

4% 3.27 TAs4@s19072%0NUDY Gunn-diode Wyl pill packed
' " o ) r:!'t a' = . L] v v 5
arulus 3.28 tuidusiafuroensruaiiAnainniToscillate lunutinlon
> ' o“ ¢ ] 1 > ; o [ .:,l,
Zoiduungeinainluld pure sine wan91l Harmonics 2ONANANE Feawt Ju
q

! . a ) v
A7uUDInoisetuEnn U L%y

Y
F"'L'“ T Flange Flange
il

Dimensions iy mm

Pressure

Pressure

N

Ceramic

/

Metal

[
3

i

L

Current.relauveunits.

Time , 10nseg / div

sU% 23.28 3§

. o ") 3’

t -] - “w .y

Aulusuh 2.29 uyidl
-t

i e

TR ILNRNLEUDD
4

reverse bias

y
9

CURRENT

B4

P

510 3.29 ALANBUENTIANAINAYNTYLAYDY Gunn-diode
- 9

VOLTAGE

SlREUUDINTY LA LUN1T00RT L AN g Gunn-diode

N TLAR I LY L EUANMAE N IRNAT LR AT URTD IR UYL LA LR
u e v o S & o

ca¥n s lonava 19, dnun e ADs U erorward bias av

14
4 o s
NS ﬁ%t«}&'@’}ﬂﬂmﬁ&mfﬂﬂ’) \Jﬁﬂﬂ'ﬂk&bﬂ?ﬂ&@‘ﬁ@\ﬂ«lu
3

5172



_79_

¥* Qmauﬁ%waa Gunn—diode nscillator ¥

~Wide-band(B-12,4 GHz) nwsﬁ%uﬂquaﬁacosc1-Watorawuﬂivr 1lfene
faeNNg supply vol+age$ﬁaa(ﬁﬁvwﬁm 3-10 Tdaﬁ>,§mmwmiuniuﬁw

-ﬂﬂaqznﬂwwﬂﬂsswwm 500 mw §9 1 w 14 X-band ﬁqﬂiuaﬂﬁnwwﬁaaﬂ 10%
way 200 mw 5 40 GHz FelTeindanw 2% <1uﬂﬁ71ﬁ GaAs)

7“1% InP diodes Qslﬁﬂﬁﬂd 200 mw ﬂ 66 GHz uay 100 mw % 100 GHz

fsedndau 8% uav 2% AN

“ﬁ?ﬁNﬂquﬁﬁTawﬂﬂWﬂamﬁﬂwﬂDQQWNﬂﬂauﬂﬁOﬂﬂﬂiuwﬁm 350 kHz/°s 41w

Yo1Sedaura ety lnlen

o'u"l o a ¢ h‘[y . < ‘12/‘1
ANnTY uﬂsmmﬁuwuﬁutaﬂﬂ gl Gunn—d1ode UL LUNITNARD I L WT el
3

wua !

aNUﬂ:WJ“ﬂjﬂLLSHUuﬂﬂ?%mEQD%“ Lﬁ% MluﬂﬂL@ﬂ s Tﬁﬂﬁﬂﬂﬂiﬂ ,ﬂﬁ?ﬂgﬁﬂﬁﬂﬂ@
v

a 4 v 3 aou.:: v
nleene waﬁqﬂﬁ supply V01+a€PﬂTNNWﬂ ;NNWWN?Uﬂ“TﬁW LAvANI/INWTL
v 2 kY = LI [

1@@1%?1@17Mﬂ{ Wgﬂq%(( bnﬂd) u&“”ﬂk?&“"adﬂqﬁ?uﬂ“iuﬁu7lﬁﬁq’@WBSV”U

19 38&\%&%@3ﬂmﬂkwlﬂmhﬂ ﬁﬂ““? ﬁ Gunn- daodp meﬁ;uauﬂwmﬂ@&ﬁL%wiﬂm&—
%

%a sn7 " Gunnplexer " AENA1IN 8¢ luunmnely

B



unn 4

« ¢ 4 4
NUULURINLIOT (GUNNPLEXER)

IR TR S R E G SRS T v
AUBLUANLFDT L UUDUNTAN LF LuNTTRDANT LuanuANEn LN AT LW UTENaunIY
a

dudrdy 3 auAD
4.,°1) éau%ﬁﬁ%i?%m%ﬂﬁ@qwm ﬁarrier uaznﬂu frequency modulation

4.2> Faumiiminii iedun 1 F

4,3) Horn Antenna

1 v
FUv 4,1 AnEuyrIzUINU2Y Gunnplexer
- @ !
' LR [T ] 3
4d,1) ANUNMMVMBINNIANANIY carrisr (AL LUY Trequancy modulation
e
v
[~ v
” i -~ Ty 2
Aruddsynauniy

431 ¢!l Gunn diode
4,1.2 Varactor diode

45123 Rectangular cavity



I
20
g

ﬁ VARACTOR BIAS

I.F OUTPUT

MIXER

AWKy ta¥ frequency modulator

BYPASS BIAS
/ CHOKE

_~POST
COUPLING




o & .
a7n5dn 4.2 ¥ iRU Gunn dionde Wiy Varachtor diode nﬂuaiqaﬂlu cavity
Y

Tma Gunn diode Lﬁ%ﬂ?ﬁ@ﬂqkﬂﬂnwﬂﬁﬂiﬂkﬂ* ﬂTLQMﬂﬂu X-
1 .. (-] k73 [~ 4
#47% Varactor diode Way¥ rectangular cavity ﬂ?ﬁuﬁﬂLﬁu

wioxNnyLidy frequency modulation THEJW@dP%ﬂMNW variabhle

74 varactor diode (ﬂﬁdﬁﬂluﬁid reverse bias) ma Lmaﬂﬂﬂﬁﬂﬂﬁ

band (10 GHz)

Tank Tune cc

t

capacitance

a
TN

AS8N varachor dinde Lﬂﬁauy 299¥N1 %A1 capacitance ﬁaﬂyuaﬁaauuﬂaﬂ

C:) [ 14 a' a: & v ¥ v
any Ferin1¥m1ud resonance wpe Tank cot. tiRmunilasludae e TRy

ANFDINTITHOARL AN (Modulating Signal) LHIMANAIATON varactor diode
bl 4

d &
L?Wﬂ@vﬂﬁ frequency modulation

o g
a.1.1 nuulalon (Gunn diode)

1
=]

v s 3 & a:
ﬂuu1mlamtﬂu 501id State Microwave Y9ylanuid nT% qulﬁu Reciever

Local oscillator . RF power fenerator ,Parameitric amplifier pump

sourse , CW radar 4a4  21danisiienulu NDM e

Eh: (fll

3 uxt
4

gaulylasirdoanun 196109 Gunn diode SoDeutuoUnTd solid state
v q

o o !dn.\( oot i ;3 ' '
Microwave AJENUNAD ﬂ?i&ﬂ%@ﬁ&iﬂﬂ?hﬂﬁ %&uMLﬂﬂﬂiﬂﬂmﬂﬂdﬂﬁqé AN AN

[~ o ‘:’I = 3 v 3 iod
ﬁBLﬂﬂﬁaﬁmuﬂﬁW ﬂaﬁﬁﬁﬂﬂﬁﬂﬂﬁﬂﬂ ﬁQQUuﬂﬂ11@N1%1UﬂWNﬁHUUﬂQLuﬁﬁﬂ@U?uNﬁm

rasistance ; guaTWﬂuwgavﬂﬂﬂawaﬂﬁaxmguu P‘H%W Nﬁi

15 mW ﬂﬁ 1T W uSﬂQWﬂuhiﬂﬂﬂnﬂWWQGﬂﬂ NmJﬂquﬂNWDWQWMD“

dﬂéﬂﬂ?daﬂ

ion Wfa Negat ive

DDATL ANAINY

U

LNaLﬂﬁUﬂﬂigﬁﬂﬂ}GQsN@Yiaﬂﬂﬂﬂ Tﬁ #1151y Gunn diode w&waoamwfmﬂaanwuﬂ

{(frequency stanlllty)uﬁﬂﬁizyﬁm -3503 %Hz/ °c i“ﬂ 4.4 WA P“’LJ%QD

3
TNgy CW.power 293 (UDP dinde MU Impatt diode T@l“&bﬂ

Gunn diode lﬁﬂ“ﬂ@vﬁﬂe
¥

&

5.0 BRIRREREBEBRAREREREL i
DDR oo diamcnd
l.UE\DD ;-_
5 £~ 3D 3
2 jo.sE~_3 3
- - c'\\\\ 3
AN ]
301k 3
u o 3
° .Oit -
o \ -
-9 - vV
L 1 s iarst i L
t0110 20 190 " 300
Frequencv GHz)

715 4.4 wanenTiUTaucNeY CW.power 794 Gunn diode NY

TQﬂQ”'Wﬁ]“

impatt diode



- Cw sen e

15 T T

DY DR onm
10 *png ) dizmoad

LR Y
"hc
p-i1

A0 3 At agedut

LARTLA U

Bfficiancy (X)

!lllll~llllllt

HIE £ X3 J-;".*_‘ [

T

11

st 131t i .

T : 0.
304
HO Freque‘ncy (GE!DS

?ﬂﬂ 4.5 wandnistUSouifevlsyangaiwtes Gunn diode NY Impatt diode
1ﬂﬂ 4, uﬂﬂdqﬁtﬂuﬂivﬂﬂﬁﬂﬁuﬁad Gunn diode L%”UﬂLImpat‘ dinde

0 l u

ﬁﬂﬂﬂﬁﬂﬂﬂlﬁuﬂu uﬂt%aﬁﬁﬂdﬁ?"ﬂﬂﬁﬂﬂwuﬂvﬂﬂﬂGﬂuﬂﬂﬂﬁﬂﬂﬁOqﬁﬂﬂuLﬂL%Duﬁﬂﬂ

B
1N

v &
uuﬂﬂwﬁﬂﬁd“ui[ﬂﬁiﬁivﬂﬂﬂqﬁﬁﬂu Cunn dlndp ﬁﬂ ﬂ?ﬁﬂﬁ?ﬂdfﬂlu
10%?&&&@&%@« Gunn diode ﬂ?dmlaﬁ parasitic reactance 1{538
Fl
&ﬂﬂdlﬁ?ﬂﬂ 4,6
Y
M N 7 (T DIALMON 1
< Lﬁ:. l
' pj_'l“ :
=LY ey & _izer -Gy -
| T|| 1
e E R .
S [}
t 1 § Guan
B S P T 28

N /
FUN 4.6 19ATANNAYUDY Gunn diode
Yy Lt

8= ""‘“‘Ep.n DO-DVor soas
A% Y e 531 B

ﬁ%P‘ii ._v——-——T
il

— 1S ! es__J
182 s L— -.

S 4.7 LARNISNWMEANEUDNTDY Gunn diode WUY pill package N1%
b1

3
s st a . _ " e




~34-~

&
aauaﬂr 4.7 LPUANBUENYUDNUDY Gunn diode ﬂua7Q1u package WUu

pill ﬁqiﬁqquﬂqWHtuﬂqu X-band ﬁj@la ﬂ?Llﬂ 15U Gunn dinde wqﬁqwuqu

3479 X-band 2uiMY parameter m;oqﬂeu

L = 0.25 u4H

=
c, = 0.15 pF
¥
C = 0.15 pF
2
c = 0.1 pF
[~
R = -200'Q
o
5 : : ~
W W W
3 S &
S £ g
S S Q
///ﬁ VOLTAGE VOLTAGE VOLTAGE
ESAK! ( TUNNEL) READCIMPATT) GUNA

Y% 4.8 wERIn T US s LRI UANENEN Y IRNATUASNT LU LD
1

Gunn diode . Impatt dicode , Tunnel diode



t
&0
i

!

A.1.2 ﬁxuﬁﬂtmaﬁWﬂTaﬂ (Varactor diode)

Varachtor diode ﬂ~ﬁq1u Wuﬂﬁﬁhﬂﬂwiﬂqlld ﬂu PN diode ﬂawuﬂqu@
. b
CRR N4 wu;ﬁu Nonlinsar Capacitance luAnuay Reverse bias AUNAUD INU

% sunction dsenom 1670 - 1077 om’ TaT9as1 2018 18, AR UILULEDINTS
Doping wagn aaﬁauma ﬂad Varactor diode ¢ama‘1quiﬂ% 4.3, 4.10 Uny

4.11 ANNRNY

Alir=ioum
contncsifiln S10, filnm

\2
n+ lubstra:\:?\\

LA S NS LY vy

p epitaxial laver

~
Metal contact

Vol S v /
FUn 4.9 %aﬂﬁlﬂﬁﬁﬂfﬁﬁﬂﬁ@iuﬂaﬁ Varachor diode
u

Hetal . +
———*L-———-—- Epitaxial layer — ———ge n substirate se— | Metal
contact conta:t

- p—side ——tp—— n-side
1018 A

17 |

)

10

-3

1016 ]

10t

1
10 I

Doping denatty (cm

1013

Tﬂﬁ 4,10 uﬂﬁdﬂﬁﬁuﬁuﬁﬂuuﬁﬂﬂﬂﬂi Doping 429 Varactor diode
b



1ﬂﬂ 4,11 aqqsauuaamao Varactor diode
1wn7ﬂﬂ 4.10 2wdeinaiduin Doping uiianfilndfiy contact avgawn Sioan
AINATUNIY R ﬂLiﬂW&ﬂ@ﬂﬂﬁq(auumwu1ﬂawwuﬂﬂ1utﬂu Depletion regionyn)
ANNRIUNY R aumaagnﬁuﬂumaLnuﬂsugjpama €,(junction capacitance)
dausiainiionin L wavsifudseauuy ¢ SAaandesiuediuminaouuna uay
cartridge capacitance
L fanTeedseaom 0.3 nH

o~

¢ umAlemydsvunm 0.3 pF

=3
1.'!

A miuAn R_ uay ©, 9 ClRguudasnna ludastnaavenuarnagy JReuuta
A11NNS1 4109 Depletion region UNUINAIAYUaIVaractor diode f9 N1Im
s7uidu Nonlinear capacitance §etuAns uonunud /WG | AEARINInNIN R
ﬂﬂ?ﬂumaﬁﬂﬁﬁwﬁﬂﬁuﬂﬂﬁﬂ Lwa1wuuuﬂawxﬁwaﬁuﬁ$nmﬂ R, %a161uﬂ17ﬁﬂu1muﬂz
Varactor diode a“N“?ﬂﬂWﬂ“sﬁu Voltage-variable capacitance 1hogng
AU,
M . :
Qmauﬁ%uwaﬂianwsﬁ R_ Rdsuifeates
1) Qmamﬁﬁnwa@ﬁmé
{1.1) cut off fregquency U84 Varactor xﬁa?ﬁ reversa bhias
£ = 1/2%R _C,
Lﬁa CJV ﬁa junction capaacitance %ﬁﬂﬂ? v
RB AD series resikstance
(1.2) Quality Fastor [Q ] %ﬂ?ﬁug £ %494 Varachtor (No L
Q@ =+ / F
{2) ﬂmauumﬂwaﬂau

(30 Varactorﬂﬂ%ﬁ@ﬁuqu Harmonic generator ﬂmﬂuumﬂﬂﬁﬂauﬁadmuﬂv

ADIRNIANANY



Varactor uidsyna moduliating signal Qsﬂﬂx%ﬂ?ﬂu

(2,15 Dynamic cutoff frequency

£ = 1/27R_[1/C - /¢ 1

< = d,min Jo

Y =3 o: 3] Y]
LND r_:J D junction capacitance " reverse bias lnany
Breakdown A8IaUNIN
c 29 sunchion capacitance iNetfouerlalluda wis

3o

Tusai iy o

(

~

.2) Dynamic quality factor
@ =5 /wr_= [f£__/f

ﬁa S Lﬁu First fourier component Y4t ime-dependent glastance

Q..

(ﬂWTLﬂﬂﬂulﬂLﬂ&ﬂ%Nﬂﬂ@ﬁ@?ﬁNQ) Tﬂﬂ 0.17< r <0.25

By s My
Lﬂﬂﬂmﬂ&ﬂﬂﬂ@ﬂquLﬂaHRMTNﬁﬂﬂqﬂﬂﬂuiW Varactor diode aaaﬂuﬂﬁﬂu Ly

o

g anmqma“umun“n...
1.N1TI% li?ﬂ:“ﬂdﬁﬂu Tank sct. ﬁﬂhﬂ.aﬁuazj Auunyasasnin 1R
Résonance frequency sﬂaauuﬁaaﬁaa AT 97U L ud Ny ; Varackor QuNE14
capacitance range Yseynm 531 Do 10:1
.1437 swikching %38 gaﬂmtaﬂammﬁmgklmiLaw Lmaiuaatﬂaau-
yﬂRQLﬁuwaﬂw reaﬁ+ancplqﬁ1ﬂjaﬂtﬂﬂﬂu1J ﬂ“nﬂlaﬂﬂﬂLTTQ”ﬂ Transmission
line mbu1u1ﬂ3Luﬂqvﬂﬂ1v attenuat ion Lﬂaau1mmﬁﬂ Mﬂqwuauﬂaﬁ@maaamm“m
- o &

sﬁﬂﬂ‘ﬂﬂy "‘ﬂ@ Amplitude moduiation :Wﬂqu moduliaating signéf LN

%aracbor diode

S.Tﬂﬂﬂmﬂxﬁa Nonlinear reachance %Jﬁﬂi%&%@ﬁ“i uwama 5 N
1 Tom v22 Y {. = 2 iy : a T
wNLﬂﬁL)ﬂﬂLWLﬁW i A9uUuNITUQI LY Varactor diode L pUUUIUNITINLIY

| 13

SMBNNWA IH1N YUIUNNTRLTANDN "Harmonic Generateor”
v

[

s v 0 8 4 . { -

AN¥TY VYarachtor diode %i%iu Gunnplexsr L%uﬂﬂ?ﬂ?sﬂﬂmﬂﬁyigﬂ 1
T ‘l'/ A . . . v o ‘«1_"‘ i @ v l N 8\119
AWLTI LY modulabing signal (UMNUTUIL Alon Fenn Wlo@nﬂmmmﬁxl L4

8

ctangular caviby ﬂkﬂ?”“‘aMOQ Tank cct .Y q'Iﬂ?L?f L&Oﬂﬁﬁ]? qﬂaﬂ

JLQ

5TguundroeTank cob.

kﬂ%ﬂuuﬂadmﬂu ﬁuﬁatiﬁﬂvlm Frequency modulation

13



»

4.1.3 Rectangular cavity

1
=]

JZau: afiont 0973 Trunudnn 931 aansoiied umﬂmwaﬂuﬂaaﬂﬂfvﬁnxn 37995
Lnﬂqwndus%e 6 ﬂﬁuUﬂvﬂ‘N}ﬂﬁﬂaﬁ cavity Smduminfina s e utu nfoududa
quwmaﬂuﬁéﬁﬁuuumLquﬂaﬁanL R

wmiawwﬁuﬂﬂuammawunn13aWﬁuuuﬁm tRectangular cavibyfineiddtuay

ﬂ@ﬁuﬁﬁui

£ = (1/2.fm'g)/km/a)2+<.n/b)2+<p/d>2

Lﬁa M (Permeability) = A M
Tpsfh  u_ = 4v x 1077 H/m
& e a v
T Relative Permeability U24Gunnplexer FINII “ﬂDENLuHNLﬁ
Mmoo =
r
way € (diglectric constant) = ¢_¢g_
Taad ¢ = 8.85 x 107 F/m
¢ F Relative dielectric constant

FIRSUAN 2.D.0 a”ﬂ Wﬂdﬂ% 4.12 FIUANUOQ m,n,p LQuAIANN TE

Mode ﬁaLuuﬂﬂruaﬂanwmfﬂﬂaQﬂamamaaauﬁuiwﬁﬂx¢ cavibky @1MTuGunnplexer
adlulwwn T, f m=2,n=0,p=2 AINMFAIUWIML TNy glddn £ vaeGunnpiexer
ﬂszuﬁm 10 GHz LuﬂaauﬂaUxuwiﬂw 4.3 vy Tunnerﬁduuuaﬂi nqngwap

ﬂwqwﬂﬁuwwzﬂaa cav1nyLﬂaﬂu11 uuﬂaﬂwlwma;mniTmuuu%LﬂaauTﬂm acﬂwNQﬂs
WRT F_ S g5, B0 UiiS e ns £ qvan) ady Iris ﬂuma\xﬂﬁiwmauﬂwugﬁﬁa

drudatyd iris uolf Huana £ty uaduidiag 1L Antay 1147@Lmausmtaﬂﬂ

206 99 ufufut lnTontuiaas JunedtTenarui e Jacﬂaflﬁ e e Savy
s129a1anndduattudldaneisie nisdumnen aﬂ&na waEnTUSuna 99 aenva-

=3 6’ ﬂ' 4
UAANTVNULTALFADT

Y
/Wl
-
+ E
b
- a 4,’///
a’ P a ;:;ad-‘ £

TU0 4. 12 TidiTEnaun1ITAUMARNH0T LTUUNTYRY Rectangular vity
ki) u



4.2) @UNMRUINAN L Ueduam (F

Aauiﬁaaﬂﬂufﬂﬁaa Farite zirculator,Mixer dxﬂdPﬁGmQMQaﬂjuﬂ“Lll
1ﬂﬂ tﬂaﬂ Fer1te c1ruulaturtﬁu?GQ?‘DuiﬂQuﬂﬂauﬂﬂﬁ %\NWLﬂWWﬂU Mixer
diode Ryl ﬂauﬂauaeaaﬂ ﬂwwu1ﬂnmwxaw3ﬂﬂWQxﬂaqvxﬂwsamLaa‘ﬂﬂuwmﬂﬁaau
yoENIN  Mixer d1odenﬁwu1ﬂuuaom1wmnﬂnuﬂﬁULw uﬁW%mwaaimaawmammauum
ﬂawuxu«uuanuaimadmawu wamaoﬂﬁﬁuﬂaaﬂawunqz;ﬂﬂawuv IF = IF;H - F.
%QQutﬁu«mm mﬂswmqﬂmﬁﬂadmntﬁa€1ﬂ73ﬂ Qvtwuaﬁmﬂwunl 1aa1nnsinfuse
ﬂﬂuﬂiﬂﬂﬂﬂﬂuﬂﬂd(ﬂauﬂadLﬂﬂﬂﬂﬂﬂiﬂﬂﬁﬂuﬂtNﬂNUi&ﬁOGLﬁ@?i?ﬂ&ﬁ@ﬂLﬂLmaiﬂﬂN
ﬂauﬂ071wﬂﬂﬂﬂﬁdmﬁLﬂWNﬂL1971ﬂTaﬂ)

4.2.1 Lﬂai17ntﬁaﬂxatﬂai (Ferite circulator)
LﬁuaﬂﬂimﬂauaqﬂiuﬂNLTNTﬂi dﬂnﬁutmadﬂutquﬂCmagac T)quiﬂﬂ 4.13;ﬁuqﬂ
ﬂuaﬂanWaﬂwqﬁu Laamuwadxwusxiﬂkﬁjﬂtatmaswuwaxaﬁl._,3 LAR IR 'ﬁuﬂaﬁﬂ
Lm?aﬁﬁwﬁ ﬂﬂm HAR ENANT n.iaﬁwﬂuﬂuu Jne~Way Sequential Transmission
’ 5Wﬁumﬁﬂaw55ﬂ1 Lua¢uﬂ~xu1ﬂwﬂw07ﬂ A3UNDTY zgﬁuxawﬁgwwaén wavuoin 8
: CHuda UNUD n QULQDWQ&WWmQWHWﬂQT 3 avunwlidsuadn 1(m1u%mﬂWGQW$wyu)

\ Yaa sl twatn 2 aauaqumwaﬂﬁqwa{ﬂ ravénultuesn 2 Tazlaiazlivedn

3 (R NNANT SNTTRNRD
9

Mixer diode

2
transmitter

. ' ; (Reclangular cavity)

o a ot '
71}?\ 4,13 La®INITNINIYUED S '—Q‘Qﬂ 4,14 (U 71 Y‘Lrﬁt’)ﬂkﬂkmaﬁ
v oy 4 ¢ Y PR

LWDT L3N LLORL RLADT ufniwan.ed
U

FAMTUN19NN9 BTOIFerite circulavor 14 Gunnplexer Lﬂul ﬂ?d?ﬂﬂ

.14 Antenna ﬂuauwﬂwaﬁﬂmauﬂsULwﬂm“avw1u1ﬂﬂ Mixer diode ﬁanﬂawnﬂﬂ
xaﬁﬂwﬂuasﬂ ﬂduﬂauﬂﬂuacaaﬂ1Uﬂvnm\NWﬂwqwasﬂ Transmitber wdadnulif
antenna  uiaviunediuda iR Mixer diode ANANAT L AullTe %aLﬁuLﬁaaﬁq

NIBTEAUR (ﬁqumaauuasLﬁuﬂssxaﬁunUﬂwsﬁwqﬂumaq Mixer diode)

L



...90..

4.2.2 3nigoqinlon (Mixer diode)

w1 ge9 tnloan lfin Gunnpiexer g§u1@Taa%ﬁ%awuﬂuﬁwum37u§1uTﬂsLaw L5
ﬂ1ﬂnﬂua)3“lﬂTd@LﬂLDﬂﬂamﬂﬁuLﬂﬂhauaLuﬂdﬁﬁﬂdvﬂaU.ﬁ@?ﬂ Gradual WAY
Picewise nonlinearity ﬂﬁﬁ%& zﬂasuuaaﬂ“uswLﬂaiamﬂ {Terminal

Characteristic) LiudeTUd 4.15
. k']

e,

oY
?ﬁﬂ 4,15 Terminal Characteristic

uﬂ&NNNﬂeTLWWﬂWﬂﬂDH&uﬁﬂkwqhiaiﬁiﬂﬂdu

e (x) 2oz (8 O4% % (L QEEERNERRERD 1 TiAl R + &= v
= 1 in 2 t 3 inm N 41
vyl . | :
DARULL9LAUWIE 2 {NaJLTNE L1d
e (L) = k & (L) + < e ()
] 1 A 2 11

Lo
ui‘(uau u

D9 IMARUNTLL TINO L UY

r.';cu'l \ d
wavAaufasoon iy Ju

e ()} = B cos WTb Y uﬂauﬂsju“u Ferite circulator 473
v
Q51ﬂ7\
e (L) = E cos W t + 2 cos W t
{ 2 ® T T

=

kK (E cos W&t + E cosW t) + k (E cosW t+E _cosW_&£)°
1 R R T T 2 R R T T

Wae e (t)
= k E cosW +t+k E cosW +t+k E2 coszw L4k E2 ooszw t+
1 R r 1 T T 2 R R 2 T T

2k E E cosW tcosW t
4 T R ® T




¥

ANNANNTITNT SRS LNUNF

i cos A = cos2A + 1
2co05AcosB = cos{A+B)Y + cos(A-32
g .

g o~ o
ILLRUIN I NBA ZkQEqETGOSWRbcoszt Luu&ﬂDNﬂNﬂ REM3

LN ERY LY
2%k E E cosW tcoaW £ = 2k E E [cos(W +W >t + cos(W_-W )t
= R T R T 2 R T R T » T

{Nod Zk E E Cos(W W DR ﬂatﬂawﬂﬂaﬂﬂﬂﬂ1ﬁwﬂﬁwﬂﬁﬂqﬂﬂﬁﬁuﬂﬂdﬂﬁﬂuﬂﬁﬂﬂﬁ

II

RIYDIMixer diode u&uLﬂDNuLUGﬂﬂN?TﬂNW%O@ﬂNWﬂW?ﬂ vﬂ?qﬂaaﬂiﬂ ﬂ?%&ﬂ?&

\1

Squﬁutﬂamﬂaﬁunaaquﬂwu1mLmitawﬂmauﬁ?nﬂﬂﬂaaaaﬂxwLm
k']

Mixer dioce

BT N
e J

i ' % e,

€p= Egcosut

e,: Etcoswj

1% 4.16 LARINITNIINUUDY Mixer diode
a

e — s e — o . " . ﬂ:




_.92_

4.%) Horn Antenna

’ a:“!uu v ¢ a (’53 3 . YY)

Horn Antenna? {nL0NuNLWaN L3074 Uniiul Pyramidal Horn NAINHULUAANI
v n: = o v J o"a" v b |
Fa5U7l 4.1 uar 4.17 ﬂswmmaaaiu:ﬁuzawawnwmuuusaiuﬂiﬁnuaawauwiwaWﬂiu

“ 1]
druaNalnIaTiW  ANTRDONKLY LRNDNT I DUAY BeamwidthlapufoInis
Tagiawly Beamwidth auTonmun lafoun E-plane uay H-plane ARTRAMTYU
L]

AnunneaanTann ¢ quane 13 lumns1 919879
a

: Dimension Parameter Half Power Beamwidbth Gain in dB

537 CB/A) 1010gL0.5¢4TAB/ A°) ]

A = 3LA E-plane
VED

0.B1A H-plane = B0/ CA/A)D 1010gl (1B.3)L/AJ

w
it

A fD AIINENIARUC L NRT)

e 4.17 WARIANMEMEUDS Pyramidal Horn
3 w . { ;::6‘;2514 u“( & §ex o o -
NWW?US&?%ﬂiﬁﬂﬁﬂuukwﬂﬂLﬁ@?&&ﬂﬂﬂ?ﬂﬁu?%@ﬂ%
A = 0,092 LT
B = 0.074 LUNT

= 0.104 LAY

o

N
pas
1

.03 LART

Gain in dB = 1010g(0.54rAB) = 16.76 dB
AZ
Beam width in E-plans = 20.96 dB

Beam width in H-plane = 25.45 dB



\_

e

MA-87127 -ELECTRICAL SPECIFICATIONS

RF Center Frequency
Tuning
Mechanical
Electronic
Linearity
Frequency Stability
RF Power vs. Temperature’
and tuning.valtage
Frequency Pushing
Input Requirements
DC Gunn Voltage Range
Maximum operating current
Tuning Voltage
Noise Figure’
RF Output Power!

Model.

MA 871271
MA87127-2
MA87127-3

NOTES: 1. Tuning voitage set at 4.0 volts,
2. Operating voltage specilied within this

range on each unit,

3. 15dB IF NF at 30 MHz,

-g3-

\

10.150 GHz'

“$100 MHz
60 MHz Min,

110 40%

—350 kHz/ °C Max.
6 dB Max.

15 MHz/V Max.

+8.0 10 +#10.0 VDC?
500 mA |

+1 to +20 Volts
<12dB

P out {(mW)

10 Min. 15 Typ.
20 Min. 25 Typ.
35 Min. 40 Typ.

OUTLINE DRAWING

GUNN

S

Operating Temperature —~30° to +70°C

\

VOLTAGE
. TUNING :
VOLTAGE
FREQUENCY
(\\{- TUNER

h

IF OUTPUT

e

2.0

e i

Y MATES

5,08

(8-32 TAP FOUR PLACES]

WITH
. UG-39/U

INCH
CcM

c

J

sUn 4.18
4

LHAITONANN 9UOY Gunnplexer
L]



-Q4-

%ﬁLﬁSﬁﬂGunnplexpr’ﬁﬂ? dﬂwhﬁqun“iaammmﬁmlﬂiﬂﬂuuuxﬂmquuuaaawu
ﬂ@quvadﬁaﬁﬂjﬁq FM demndulation LhiW“WW&ﬂﬂW%ﬂ?ﬂW?ﬂLﬂﬂ&&m“mLﬂ«ﬂﬂu
;ﬂuuuu AM demodulation AWWQAﬂQHqﬂﬂﬁdemodulat1onuuu FM 17 19057177
ﬂﬂ?ﬂLﬂﬂuLLAMquxﬂiﬂﬂuﬂﬂwﬁiﬂqLﬂﬂﬂmm“mFMiﬂﬂ”S Feqy ﬂﬂﬂ?xﬁﬂ??U@ﬂTdﬂiW?ﬂ
o3

De

nTRinAdane FM e Ingfia
ANUNALAL ALY M RF vaaTﬂiﬁﬂﬁ%oa§1uéwu VHF -UHF Qstﬁuﬂ1$waﬂQLaﬂuuu
Amplitude modulation mnliifethmriann luTnsviaudsanunsodinadane Fu
370 mixer diodey@dGunnplexer \f %aq%ﬁqumxFiaéquﬁﬂumsﬂﬁsmamQLaéuuw
WYL Frequency modulation WRAIINALADINAINNENNUSLN 1DENITENININNT
demodulation wyy FM Uay AM

—ﬂﬂﬂﬂﬂW? demodulation Y939 FM W?@ﬂkﬂﬂ FM

ﬂﬁ:ﬂLﬂﬂﬂmﬂWm M aﬁﬂ aﬂﬂumvxﬂaﬂuﬂ 1Lﬂaﬂuuﬁﬂﬁﬂﬂﬁﬂ3lwﬂqﬁlﬂﬂpﬁd

LUREULLRINN IRNAT NS S iturcaTdmTunine FM wieuaaﬂaawawuanianaw
“Frequency discriminstior” 39NANNITHALUUD9 FM 137 18730
6 (£ = Acosfw b+k [F(btidt]
[

M = i

NNANS diF?erentiateQ515
t
d¢ /dt = Alw +kFF(t)] sinlw b+kfff(t)dt]
- =] )

- v q o .
qwnawﬂw<ﬂwamu@sL%udﬂﬂﬁ?wﬁuQMMWmFMiﬂLuGQQﬁd1FfenentxaeopQ515—

ﬂWWWNﬂNTG amplitude URAY TPPQ”PﬂCyﬂLﬁN"uhﬂﬂﬁﬂ‘MIWNQ foe WﬁGQﬁﬂﬂu“

Grindunondliny envelope devectonfufunnsiimauuuan fagld ecer oon

a

an 1999 [ desl fferent 3+OPQ3N frequency characteristic ﬂeuﬂ&ﬁwﬁ

di
f o s oo
Lusydn 4.13 Tagn '

Yo 3 ¢
—5U7 4.1903) N udsdasdondy Hw) = jw

v,

o 6] o

) Qﬂuﬂﬁ?[ﬁidﬂi RL yny ditferentiator “Eﬂdﬁﬁdﬂ‘ﬂdw Tud

o

-34n 4. 193¢
b 4 4

(WU aNTuL TN HCgw) = JwL/(R+jwl) = jwl

~54% 4.19Cc) LUBANT L4 slope UOIWANDUALDIVIIAT Tank Tune Unudiffer-
o

pn+iato"

—1ﬂﬂ 4.19(d) LJ%ﬂW?ﬂﬁ dﬂﬂNRﬁ?Aﬂuﬁ?ﬁQ?Tune 2 1999 LwaTme linear—

&

slope Nﬁﬂﬂaﬂ QﬂﬁiuNNRWDUﬂhaﬁﬂﬂﬁﬂidﬂi % U9 u?dﬂiﬂ@ﬂ@ﬁﬁﬁﬁ%ﬂ?ﬁ

(= L

"Balanced frequency discriminator” ﬂaaﬂuuwaum:mwﬁﬁa;UW&W.awﬁWﬂ
LY AR V) “

¢
ﬂDO?GQTQELﬁuﬂuﬂ
k4



_95_

vawl
‘f'ﬁ(lﬂ ’ e ﬂl‘

bueremiutor

[0

o)

dhﬂ 4.19 3y FM demodula+1on Taaldr99

QWﬂﬂﬂHﬂdemodulat1onmaqFM

(e

1

L%ﬂﬁiuhﬂ%?“

\/

discriminatonr

ﬂﬂ?ﬂ@ﬁﬂ

afinAu s Insad

Sosadsenane ¢ thTEPEﬂtiatDPad xﬂ?ﬁﬂ%ﬁ“ﬂ“%“?ﬂaLﬂﬂﬁWW?MFMiﬁﬁﬁf Th

HHWQ{“Q Uﬂﬂ%ﬂ? Gﬂ?ﬂ?ﬂ front endﬂ@dﬁﬂiﬂﬂuQ“WDOU5uﬂDULﬂﬂ?ﬂTank Ltune

circuit luanumusﬂﬂ 4. 19(b)Wia(d)ﬁﬁNadﬂﬂiuﬂahﬂaﬁdif?ereﬂt1atDPﬂ1

R?%ﬂﬁfﬂkﬂﬂuUUAM ﬁ?a Envelope detectiy uWﬂ?ﬂﬁuwaaua m?kﬂﬂq uwznuuwuw

ﬁﬁLﬂﬂ?“ﬂ?ﬂﬂ&ﬂﬂ?ﬁ?uﬂ%11ﬂqﬁﬁﬁu ﬂdﬂ?%ﬂamplatudeuﬂﬁwkﬂu P(t)ua mwmﬂﬂm

dﬂ] side uand;ﬁawuu Aﬂﬂﬂ?? TumTﬁuWWﬁTQﬂW*@uﬂﬂu i "W?uﬂﬁﬂ““ﬂWTML“m

Wy AM

8t



.
l

f

i

fugeu] mLBE LU L) Litusxa tduunpLALLUR BN wedBely 02 b WML

JRESROE Y

39S AL
v Se *
duy 4
Joubis Jowg
quny *
: Guryojow
rMu * esunpaduwg
o soig
4O I0I0A
TOOoT 1NO 41
Y
Jjnpou <
aduung | KRG
4
Aadne
bund
43ATION

.

e e e Ew e e e e —

424409qNG  punog

!
!
1
{
!
!
1
|
f
3

i
I Mwe'e
“ 250
[
)
1
. '
. g 0 OjPpow |
A 40y O, AW G*
SV IERCIT L — sToudus - 3 - Yol > e
“ 180w - dAy W= FET:|
e Ao Y o AN e e e - - | -
f
42yng
IO UDILuer) -
Pubis 0%p|A —ed ' puo > < —
1ONLLW
Al
Hw
- UHUBXR PUNOE PuD soig
el
opin 31sodwoy 4O} ICAN
Y
b M BB ARTES T I Npou s
3 s, udxadiing -t
Liddns
an

YALITWSNVYL




-g7-

unn 5

TIITNARALIUIAYHINITINAQD Y

INITNHRIDY
5.1 aauvaﬂuwadaﬂdﬂﬁﬂﬁiﬂﬁﬂﬁﬂﬂaﬂwinGunnplexer {(Gunn 9upply)

euDﬁqqﬂ unnplpxprkﬂuaﬁﬂimﬂﬁdLNWQ?L?ﬂﬂqﬁNﬂﬂﬂ&W“mW V#””ﬂ?qNﬁLu

ﬂwuﬂQWNQTNTmiLaw(oso111abor> Tﬂﬁ@ﬁﬁﬂﬂmﬂuumeﬁuﬂaaGunn d1odptﬁuwaﬂ

N

%urunnpgex_ dﬂ??qﬂﬂﬁlﬂkadibiﬁuﬁm 3 PG 1]?% ﬂﬂ ﬂuﬂ““&D”qi

.n!.‘i

1%¥011Gunnplexerqyii ﬁamaumwaauasﬂamawutaawwaNWﬂTumwu e e wa
ﬂﬁﬁuﬂdﬁﬁnluﬂﬁiﬁ“ﬁa Luswaazﬁuluﬂ%qq%%mué%aaiﬁquuaaaﬂaﬁﬂmﬂtﬂﬁwae%

6/ o a ‘ o c;
10&mqm1voa+ageiaﬂ e Than lagsisdsneu092999nnanenasdn 5.1
b L]

£ AANNTITNILIULDINIRT Gunn supply *

vuovEsydanid 1o 220 v ST AT R IRAUD 97 297 gnoudag LU LR
PPDtPP‘Wap% LJ&ﬂiﬂaGNWLﬁu 12-0-12 Vac uaawﬂu Half wave rectifier
~ . 2
Tagldlalon 2 s ¥l unsavssuna 17 Trad SAREUGY C(2Z0MF/25V) T

09 Filber) uarSeant 415y Tnputu9idiiregulator (14 LM317>% ADURRA

& o - B = ; b ¢ ez @ w
Ud C(47OQAP‘23"3 Y € filter inputldddredulator WRAIIININITUTY V
R
v oo \1 - § _ , T Iy = | X i v v :‘
FiinN@ma 1t F-- OI)NﬂW’WLJW’d\ﬁJGLW3I7 Ty 3 12 an (UUTUILRLEID
“ '
¥ =3 'T’! pr ' 4 S v e Sy ot .
MORIUUDITIRTUDIAU protect ) e L0 UnTua 17N 9028 INNTED L TENIY "SCRY
N 3 < ]1 (=] = - b ﬁ’ @ U ‘' r“t:l"
PINWUNTIONTUTUN VR SO0 M1M3L2INUN URIANENAINLEDNSNDTY V?W\Hafﬂ A
. 4
Q2 o FIC U - = o ' = U
wav s ﬂﬂﬁiai, LUDLEDRMARYERLT YUY 309»-%&@3?7437““'ﬂﬂ@“VDL+3§ LNy
3 R B
) ¥ ,..é, r_ - A s v ! . . UG R
g 13an a3 um4uILBDUSﬂQWﬂﬁﬁﬂﬁsﬁuﬂaﬂﬂu 313ﬂ9@3Qﬁﬁﬂaﬁﬂu%ﬂﬁgaqﬁﬁ?ﬂﬂt3
L i M o . 9 £ v a o ¢ ) v oo
Oud igvoltage ﬂkj““” (RUCE ranieeniny 8 12an SCRILUNTLURININTEAUN
3 : 9

=] 3 §
1LANCgate) 1ISCR SCRAEH 9N 7 AN B UR
BANT YN O L UATD I5CRUANRINT 1A S FURWRR IS [ o= O 9043ﬁ~11mﬂﬂu<*ms“vnsg
3 1 j 8 —la - 3 ‘1” '1 lf u:xlur__”_
WaLAL 1 wam) 70 xaqq:oﬂﬂﬂauﬂWﬁpﬂwanuqn # n1g LB 999dnenun l9scrRuLY

v

Faa a
uNﬁDL?EPlﬁiiﬁi"”rﬂwbar ornf chion"

[



IN OUT‘ \/O
LM 317 S 1 1o G“’“"‘f‘:"fl"
AD3 .
100
2'20/uF
) 1 1) 1KS
+ | Tasv 2w | 4700uF é 1%‘%’: 1oanF
B? +_J_ 10/4F L R
T m 1Kﬂ »
R Wsth A T/ T

30V C@ SCR 5o
& N

S00a

] - (
U5 5.1 2997unasanzdnan liinAeR(Gunn supply) 8 Tran
b

v



5.2 149449 impedance matching 200ato 75

. O
¥

n3aaa1ﬂﬂunwsﬁwaﬂu%iﬂzﬁuﬁaaiuawaﬁwﬁﬁgﬁmnﬂs mismabohle ZFeaw. dy
¥
waqﬁﬁwﬁuawuamzaaxﬁ LWTIENNT AENDUNRU VD YA LAY DNAND LR L AARINNL Rel

v

Hﬁa%utﬂquﬁﬁqiﬂ&ﬂﬁaﬂﬂdﬂ L%%LﬂﬂﬁﬂU&ﬂLﬁailﬂ78$ﬁﬂLU%“ﬂﬂi&WﬂDuiWﬂLﬂT

U 371%?7@Laﬂﬂ1J1@ﬂWLﬂﬂﬂﬁi mismatch mmVﬂammﬂmuiaq
Tﬂ'ﬂﬁﬁ&qavﬂﬁisﬁ POUDIIngaudhﬂuﬁﬂﬂﬂ“ﬂquﬂiﬁLN“W 75(1LWDﬂﬁqQﬂﬂ8

nﬂﬁaanuuuaﬁwauaunﬂmaamwwuﬁmﬁawu uﬂulaﬂﬁﬂﬁﬁLﬂﬂ mlsmatchﬂuﬂaﬁﬁ QOQW

Lﬁ%ﬂﬂ ﬂ@é&ﬂﬂ? matthWﬂ’OO!lkﬂid 75flqﬂﬂﬁuﬂkﬁ87 ﬂTSﬂ(%GNGNMHﬁ“ﬁU?“

N 200 )

N19A11I0 Impedance matching 200ato 75a
> ™ o o t a (c; a
Taadnt 71 lains10A1 Dudiunugnunas 9109 mixer diode NTIUUA L HE I L NDY

ﬂ“%ﬁdumﬁ 20011wwmﬂﬂmumaaﬂﬁmvumwumuﬁw301@1 AryTenoumnig R Aouu uny

e
E

n

o ad U. 2

<
awl

e .

L—il_
e

o ) = I - e
TUN 5.2 ANUHGEYDNUWAUTIUDI iR LOA
b

UJ;Q& junction capacitance , R Lﬁuﬂiq uﬂﬁuﬂbﬁ“ 200 o NN

' .
R Y- M ¢ o 2

= v
iulmat ng “\ﬂexﬁqﬂvﬂﬂm1ﬂtiﬁLNﬂT?UﬂWﬂS CJF i.Tﬂﬂdiuk“m 10pF) 130
; o

)

R

LR9n r-network matching F S dnuaeaNTUR 5.3 adey Taed lun19i¥umatch
L1

™ {
NRNLUIN
Y

T
I

SUﬂ 5.3 w—network matching nxaaﬂqﬁ
o

[



-100-

v L v ! (o éin: :; al '
QWﬂW?QﬂﬂLﬂﬂﬂ?N%adﬂmmﬁmlF LTIULT U ANNNIANARUDIFM nasuYsy
v o q

-uz [y [
M 12 MHz #euuavlem1 @ 224 matching nestwork (U

Q = f_/BW
o £ Lﬁuﬂaﬂuéﬂaeﬁququﬁsz dsram 50 MHz
BW = 12 MHz
arld Q = 4,167

sniBon o = 4 (olddunui P druldvunednawiven Tusdf 5.4 uanedeaTh
- W L]

1+ i a d aﬂl 3 I~ v |:ll’
nAa0 9 L FUTENDUANTATUIN AruanTan L San L iR uuif ok
o

X = R /4Q
<t = .
X = R .[(R /R )/EQ2+1—(R /R )1
ca L = L - L
X = [QR +#(R R /X_1/(@%+1)
L = -3 L cz
Ao
X K
C1 e ] %RL
T30
S
= = =
JATNORDY impedan matching
aun ol
q
——————— > C = 3B pF
—————— > € = 90 pF

X = 74.34Q-———mmm > L = 0,235 uH

7
'7ﬁxaaﬂ1ﬁ Trammur N LS aundad@icapasitancelsyu M20-120 pF

o a

ﬁﬂﬂ%ﬁb ﬁ?%ﬂ“iﬂﬂqumatcnlng nptwnrktﬂ%” ﬁ@amﬂﬂﬂﬂllﬂaﬁﬂidﬂtﬁﬁiLﬂTW&

uaﬁmaLDWﬁWﬂﬂﬁﬂﬂﬁﬂaﬂﬂ]mcnax1a1 73!21ﬂﬂﬂa£wﬂﬁ83RF Amplifier %ﬁﬁﬁﬂﬂﬁ

1ﬁ01u370k71LWﬂduﬂUiﬁﬂWC1 ﬂuiﬂ&mmﬁiRF ﬂ&?ﬂﬂﬂﬂ%ijaquﬂiﬂﬁlﬂﬁwuﬂ &580

v d o oda 4 oa
1adanan S ofE o ant Aantsmat o hiiaNuTo
9 9 4



5.3 7429 RF preample1er

3 v 1 V‘J
LﬂuaﬁuﬂﬂwquﬂvdeNWQWMﬂu AN NI IRTUNIATUN {@yﬁiﬁﬂNﬂLﬁailﬂ1aﬂ

’T“WNQT'\'WTYH\?’}'L\OEM‘IJ?UN’]N 50 MHZ NQ@]‘;’]‘UEJ’\EHJ?"ZJ"\N 24 dB memmmnw

i’l@@ﬂLLUhmanchxngq'ﬁa')N’\ E\O"Uln“’a’)ﬂﬂ’éuﬂﬂ 300n LLR“Z\)’)E!AIF!LLBWL'&EIE} 750

+12 Volf.
——0

oA 2
K3 1’

soopF
o.').'bb/ﬂ'( 5°FF \ SOFF
"\ T RANN T
| e T L 3 it s0pF
B I P L a0pF 81 s0p
'e < 1zopF a0 R~ o
t / ) IAN
| % T r qw& To T.V. anfenna
{ 3 Ly | 470n .
20041 ¢ 154 1 ;:4PF b3
Hiyer Impedance L ;
dicde maitchin v ¢ ! 7?5
3 910
L N
200 2

L, = OJ%ﬂH

@, and Gy Ly = 0.06/4H
¢au26
Ly = O.o%/«H
BEC
Ly = op%ﬂﬂ
Lg = 0.13/«H

U9 5.5 7495 RF preamplifier (9RTNU87Y 24 dB)
L



-102-

5,4 7423 Sound subcarrier 5.5 MHz

0+\7. Volt.
l I o
(13
! o.ompf ok 4 10K

Avdio in

i“’/‘

o.oo|/1F
t TO Vavaefor A;odg

2M222A

BSios 5
5200 ﬁ&

[l

4

1 pF
ceramic fil L F

5.9 MH4

Yideo in |
A
@\m:'zfm m ___l

21x

m

Tﬂﬁ 5.6 TU1999 Sound subcarrier 5.5 MHz
L'} L]



|
—
L]
)

!

* HANANTNIINY ¥

uuagﬂuaﬁuﬂaquqq aaﬂu oh)

|
'

L@ uuﬁﬂﬂﬂ“ﬁuﬂﬂLU"ﬂ]LﬁﬂLﬁdﬂmﬂﬁwﬂaﬁtaﬂvﬂWOQQWNGNG o1 5un1187%
494 Pre-smphasis |palAn RC hime constant u1m751unﬂ1ﬂu 50 ASec W1
1qQﬂwawauuuﬂauuauaumLﬂ@ﬁﬂuamawﬂawﬂﬂsvuwm 8.2 i1n1 mersdaliderusa
nasﬂmxaﬂﬂwn17udmnsaﬂuuu FM #a 1

u.aﬁuvaqaaaﬁLaLmai<Osc111ator>Lﬁuuuu Hardley osci 1latorﬁﬂkﬂﬂ
nﬁi»ﬁaﬁsaﬂLﬂaﬂw:ﬂauﬂauuULuaﬂﬂu Loop gain YTexnm 1 1MAmTounnninLan
Yo Arar wBusentsooadtanaiuaalfain

£ o= 1/2nfLC

Toaf L = LL,  usy C Sy capacitancesinu091uTALAOT lalon  uav
ﬁ Trimmer 30 pF WY 100 pF

11uﬂﬁiu”ﬂﬂt&ﬂﬂ\ﬂﬂﬁWNﬂLﬂﬂ1ﬁQWﬂﬂﬁiLﬂ&'uuﬂﬂdﬂﬁcapacx anceunyIn-
'usmsmailnlamnua sanEnAARNATONHA uusﬂagunﬁ R0 L Fe a5 ﬂuwuﬂmn'aw
warn i 3onld FET ‘u&:uunwiw QWNuLﬁuﬁﬂﬂ$m¢aﬂﬂﬂﬂﬂﬁd“uﬂﬂﬁﬂdﬂa»q133
WAYE 191 8Ran1T 1 Luda aﬂwauﬂwauwﬂauwumuﬁﬂdmaa

s.aquﬁﬁxﬂai(su fer)%ﬂ@ﬁunﬁuﬂuﬁuQWﬂsuﬂaumaiﬂ TmﬂﬂauwﬂﬂaouﬂLﬂaﬁ
aes g9 5adaLla0s 5.5 MHz iiu BPF(Bandpass filber) L E0N: ANEANERRD

ﬂﬁﬁaqﬂqﬁqﬁdqutﬂﬁuu ﬂﬁLDﬁﬂwﬂaﬂwuﬂuﬁﬂadﬂ?ﬁﬂﬂ?”ﬁﬂm 30 kn.ﬂ?ﬂQﬂﬂdE&\ﬂ

ﬂﬂ@ﬁ&ﬂzﬂﬁﬂad 27U HLUOWSGWT?ﬁQ%ﬂlﬁaﬂ”SGQGQiuuﬂﬂLﬂﬂﬂﬁuﬂWGﬂﬂﬂ 1GWN“EQJ

1‘!!

Lﬂaﬂﬁﬂﬂwﬁaﬁaaﬂ%iﬂgﬂai ﬂﬂﬂﬂﬂ?&\&\?ﬂ“ﬁﬁ“&@“ﬂ%ﬂaxwu@uﬁﬁnﬁ Q?ﬂ?u%ﬂé"

v vy
vaR a3



-104-

AINaa LAY HANIINNADN

137499 Sound subcarrier 5.5 MH=z

a at o i RE- ]

1, 1)NIN197Afrequency spectrum 30 o latnnTy aﬂnaaﬂimﬂ EHIR PRE DR
umai Qmﬂﬂwn171mﬂadmﬂ$auawuiﬂLm911 18 <Wmmnﬂ7aqammWMﬂww» amnﬂivaaﬂ
bwaﬂfrequency spectrum UD qaquu

1t
NANIINAAD S

0 dBm
-34 .
A 44 i £_ = 5.5MHz
‘ ~62
4 L1 43

-30 4

A { Y

' A '80 dBm
g, af, M afe sfo sh

a U t a ‘a { v ~
1. 209N9R L gRLauanNY Ll 4R LS L Es 1 Ratatne L a1 L ~
AANITNAIDY
¢ dB,
-3
,%.
-b%

-6 T

f

d : ~ 80 dBm




2> fyanmnwuay St de

k4 t
I~ =

5. D AANATIRRAR L AN LMD UAYL. I UAATII LI AUUENE N AFUNINATULRY L B 2
Y oy

HANNTNNAB Y

232y

ARy I
“ }(? P e

» £ (MH

AAnNE 5.5 MHz ADRIUUDILANY a1vﬂmWﬁ11 4.5 MHzauN L Hud1uen ¢

ﬂ?ﬂ%ﬂi&ﬂ@ﬁiﬂﬁ?ﬂ Uiy maauaaﬂduauﬂnm.mﬂﬁanﬂu ﬂ“uﬁyavﬂkaﬂﬂ”CDlﬁr sub-

uu

carrier 4,43 MHz uauammﬁmﬁﬁﬂ

o

RN E LUK ﬂwsﬂmaoquﬂwlummvﬁﬁﬂ Gunnplexerf?FUNTTURANNIMAIY 6T

u

M v
AN -

ﬂﬁﬁﬂﬁﬂumﬂﬂﬂﬁvqﬂﬁﬂ'Quﬂﬂ@ﬂﬂﬂﬁWMN“LﬂﬂGQGﬂﬁﬂx?i@

=} o v v

2. 217019 IRANAINAR L BN UUR2. 1 A1200a% 1aa ey

gantTInNaasd

1daun ﬂaaamﬁuaawmﬂmtadduﬂvammﬂmrﬁmﬂou

LREQ 26 mV

AW 130 mV
ﬂﬁ?ﬂ“u?m Moduliaticn index (g) {990 B = Af/f
LND +f @D Maxzimum frequency deviation ﬂ\h)miﬂﬁﬁﬂﬂ“ FP ﬁ?ﬂ*“wquenuy
pushing 799 Gunnplexer FefAninady 15MHZ/Volt Taefidnafiiiausaasann
ﬁﬂ1uaaﬂauaﬂu$ﬂtﬂa?adaﬂumﬁLﬂﬂﬂu 0.065 T“aﬂ(ammﬁmnﬂw) Fefuay 18

. sf = FH,(0,065) = 0.875 x 10° MHz
£ @D mawu%QaQQmaciqqﬂm%uamQLaﬂ Tuiildansvann 6 Mz Fotuasld
B = 0.,1625



3)ﬂW7ﬂ®ﬂaﬁﬂdLN v U

-106-

3.1 L"i’a G’Q’Wﬂq ‘L&ﬂ'\i'ﬂ’]ﬂ’\ p @\'Q‘a \!’T\)uﬂ:l \!1’1"\;‘ ‘,&ﬂ

{NN&Gﬂ@ﬁﬁﬂdqﬂﬂ 591 iy

ﬂ'\'i"hdﬂ 6]"}1’\‘0")"’?)(71(.6\5’2!&1!,@‘3 \‘}NE)’)G](L‘IHL spectrum 3n81y7er‘)LWD'}(ﬂﬂ’15ﬁﬂ‘lU‘1

'aﬂnmqwmaa\a L‘N'JLL‘UG 5 ﬂ‘m'uaqﬂmmmua"ﬂmma\mmmmriﬂm I"\E'ﬂ’\ﬂ"ﬁ"ﬂ?@i} ¥

RRRELEA DN loss ﬁu a\ﬁ7UQﬂﬂ1@ﬂaLalﬂwﬂﬂaﬂ RF preamplifier Lmﬂqﬁ7ﬂ1ﬂﬂu

b ﬂuﬂ'é‘iu( waﬂaﬂmumuum 13 Z\}EI i) ﬂﬂ‘l.!ﬂll

Sppc+ rum analyzer (i fl@?ﬂ‘ﬂ‘iﬂﬂl’@\l—

oy 0s?
HANNITNNND Y
g ol
B IR o; ) \{iy 'Y}
L6 AMR/INTU LA PNWULLREAUDIVU
9
carrier5.5MHz | Sideband! Sideband?2 574
;
dB mw dB. | mW | dB_| mW | dB_ mwWi uV AW | LR |
I . -4 -1 v o - 3
| A -4 0.349% -32 63110 | —bF 2x10 |-3994b [0.7A@: 0.3V V6 'a;ﬂ. W‘"‘"f“
i
i bt t 7
.3 -L 1.0025) %.bF | £1231W 393 ‘J;él "
B - 30 1x1 - 2.5 x10 -~ E -2q. -3l - L < - thy
* 5 5 2 S FET PEOR T I N
!
] ; . SO
L X% -3 1004, # smowsan|
> i -4o 1%10 -6t tRax0| - - 49 —+,2 vl u,',)g D11~ 66,
' ; . ’-,vwrfeum
T Dl \ - o £ - S .
N, i " | 5.095} it s e - e
| D =53 | 5.012x%0 =72 163% 10 - - R m&s‘sw/v 30-50 /. wovlale
i ' ! Sslada |
T_.._..__......._..._,_ P . e e s e o .i,. i 1. PRUSGPPPRSEPS PR : — - - ‘
| -3 4 -% X 35 W41 Show i ! /l s 0
¢ B L5 30623 ¥ “14 zagixg e A v i
N o2 1o i e , 1 x\o;"/hv Lf"l‘l,ll“)—‘y | 'A’)‘w‘Js -5:‘; ¢
§ * ! f : X
, i ~ e
- 3 L § L 5 T S ol
1 -30 1510 ~g G FMEIx, - - bd. 51| _.}M b @ wg | 9025w
! . Mg @ [» 2 ,
; 1 + 1
3 ¢ ‘} 2 l ) A e
g G - - - . [ i _ - - _ fula e | Fuler v
H ' ]
; | ; , . i
: ! i 1 4




-107-

QWﬂwanﬁﬁﬂmaaeﬁﬁwT%Lsﬁuﬁelnemmae@mnwuﬁqum%§u1ﬁtﬁu 7insaifiald
ﬂsvuwmwanﬂiﬂmaaoéGQ%d LDNANLEI81N1T0SA NF 189 RF preamplifier
iﬁﬂﬁﬂ noiseﬂﬂaﬁaﬁkﬂ?ao Spectrum analyzer = -85 dB
-80 dB

] v 1 -
noiSEﬂLﬁﬂﬂuLNDﬂWﬂﬁ71ﬂ(ﬂ00 RF pream.)

v
5oﬁu NF 1299 RF preamplifier = 5 dB

3.2)H1ANTNAADIRIAT I

NANITNARD Y
. v av v |- B
TEALNIICLUAT) Lﬂfmﬁaqaqumﬂiuﬁm
200 o B \
700 c
1300 E-F
ANTA UL
= G - = 3 +G
, .r(aBm) ’t(dBm? L C¢EB ) o (d3)) a8 A
(o P An Andenasenudun ingnas
P, AD MIRILOILATOINI(25 mV)
G,,G_ Ao 9RT1U8181DILAIDINIA
La aa Free space loss
G, Ao Sws1rane@uay RF preamplifier
vasNI A CLAAT) P AU
r(dB8m)
200 _2697
700 -37.5
1300 -42.5
1
N1TAIwAMNNTAGL AL L Ha 93 INTE a9
ANTNITANBIU L= 20 log, _(4vrd/A)  dB
19 Q
ﬂﬁ?ﬁﬁu?m%ﬂi lft‘Fresnel zone
QWTﬂﬁiﬁﬂuum oF = .Jd d_A/(d +d)  Lam7




-108-

NANITAT UM
Syayn1g(m) OF (m) L (AW L (nARDY) P (NAaag)
1 o dB' o d 8 r dBm
200 1.2247 98,7 ‘ 102 . -30
700 2.2913 105.5 112 -40
1300 3.1225 114.5 125 -53

*ﬁNWﬂLWﬂ*ﬂW?ﬂWU?mOFz ﬂﬁﬂﬁ?ﬂ“u?mﬂiﬁﬂuﬂﬂﬂﬂfﬂﬂudkwﬂl&i@?ﬂuﬂﬂﬁ“ﬂﬂaﬂ
ﬁﬂquﬂﬁiﬂﬁﬂﬁfqvﬂﬂtﬂﬁaﬂﬂﬂﬂqﬁwuﬁﬂﬂﬂdﬂﬂﬂﬁﬁﬁLﬁu?vﬂvtﬂﬁﬂu OoF
Qﬁﬂwﬂﬂﬂiﬂﬂﬂaﬁﬁskﬁulﬂ?ﬁﬂﬁ?ﬁGﬂmmqmiﬂiﬂﬂuﬂ?ﬂﬂuukwaﬂtﬁ@;ﬂﬂﬂ?ﬂﬂﬂ%
NmuﬁﬂuuuM?ﬂMﬂﬂﬁﬂdquﬂmuﬂﬂﬁwuﬂuLﬂﬂﬁﬂ?ﬂqﬂaﬂquLﬂmﬂﬂ Ao ﬁﬁNW?ﬂ%Uiﬁﬁ?
1w7maua1mawaﬂuw17 7ﬁdﬂ17@ﬁuuuﬂqiﬂﬂﬂ7“uﬂm §00-700 1yMTCLNTAC) QY
ﬂﬁﬂﬂﬁ11ﬁiﬂ13ﬁTUTﬂ7ﬂﬂu 3 LﬂﬁaﬂﬂﬁﬂzuﬂuﬂHTVUUﬂNWUﬁﬂuﬂﬁﬂﬁﬁﬂlﬁqﬂﬂLﬁu—
tﬂaﬁﬂu deaﬂﬁzlﬁaLﬂ473uLUﬂwmu1ﬁuuﬂWN1791ﬁlﬂﬂULﬂ?SﬂiUiﬂ?ﬂﬂuﬂ?ﬂlﬂ

ﬂWWﬁﬂwuuasuuaﬂﬁuwmuw

—iaTgaiianar 1Al N 1TIAAINNE L A8 990 vaud INT0T LTI AINDTIN 91Ut Ty

G
mdwunﬂﬂq(1u1m3L1u) ﬂduu1N4WQ"LﬁuﬂﬁﬁﬁﬁuﬁmﬂgaﬂﬂaaG%GﬁadqﬁﬁﬂQﬁﬂﬂLﬂﬂﬂ

uaa ﬁdﬂmﬁ“LﬁmﬁuﬂﬂqﬁLﬂ@ﬂWTNﬂwaﬁﬂquﬂﬁ?ﬂﬂu?&

-Dﬂﬂ1NUWQm1ﬁ1ﬂLﬂﬂ1N1ﬂ Luu Nﬂ&ﬂ871®13ﬂ uﬂﬁmWWTﬂﬂqﬁﬂﬁ380ﬂuUUn9tWOPk

ﬂﬂVJﬂLﬂT?NﬂU“LﬂT%Pﬂ“L Wiﬂ(kﬁuﬂﬁiﬁaﬂu”ﬂ Impedance matching)

'aﬂﬂimﬂqﬂﬂ1Lﬂ51 TR 1) Nﬂl%831ﬂ1aﬂ ,nuuﬂmlaﬂ aﬂﬂﬂﬂﬁﬁqﬁ31ﬂﬂ1ﬂ ﬁd-

y v

ﬂaﬂaﬂﬂﬁﬁqﬂmﬂﬂﬂ?bkﬂﬂ QﬁﬂqGﬂﬂﬂ“?ﬂﬂa?Gﬂ?ﬂﬂ??yiuuﬂiuﬁGD”“OMW“
-TuﬂﬂiﬂﬂﬁadmﬂﬁLﬂﬂﬁmﬁqﬂﬁuﬂﬂpﬂﬂﬂf ﬂﬁ?LnuﬂWQ,RTWVﬂ L%80W|ﬂﬂﬂﬂ1mﬂlﬁqu
ﬂ?fﬂﬁﬂﬁﬁ&%ﬂﬂﬂﬁu uﬁuy INARD | ﬂﬂqﬁ?”ﬂ“ﬂﬂéiﬂ@ aqfﬂﬂﬁdﬂﬁtuﬂlﬂ‘uﬂéuﬂ”

AITNAIUD
A



-109-

asﬂuQVQQﬁsm
ﬂﬂﬂﬂiﬂn&ﬂ@uﬂaﬂLwaanﬂﬂﬂsnmﬁuwuniugsaqnwsaeammﬁmTﬂirﬂuTuaﬂu1u—
Tas12dradul i win 5o LﬁumaqvLn@ﬂaﬁuLﬂwquuL1aqvaaﬂ17aaa17ﬂquNTm7
LawﬁasauﬂﬂﬂaaﬂﬂsuﬂWQQqﬂﬂaiyxﬂshawﬁqsauﬂaaﬂﬂsuﬂmaﬂL5Q7Uﬂu%aaiﬂn?ﬂ
fudiuinigod uanqnnuaaL1n1q1uﬂﬂiﬂaammmeniﬂﬂuWQmanmqa
Qﬂﬂﬂﬂ?ﬂﬂﬂaﬁdGQ?ﬂﬂTWGﬁuﬁ@uWLﬂqﬁﬂU$8UUﬂ1ﬁ1uﬂWTﬂGRQQWNTﬂTﬁﬂiqﬁ
maxﬁuﬁﬁwwaﬂqﬁaaﬁNWSniﬁTﬂtﬁuuwéaéwaﬁnmw?ﬂﬁwmQ%ﬁww§uﬁuﬁLw§nLﬁa§165
TANBIN1TATN 92 49F impedance ma+rhinﬁéGﬂuqﬁﬁﬂﬁunﬂ17glﬁmm“ma%u%0Lﬁa
uﬁﬂuqﬁﬂuiuuumaaﬂﬁﬁaaammwmiﬂsﬂmuuﬂwuqﬁnaquanna 1000 uasTnafia-
HFoRoiliee 25 TaAtma ﬂﬂﬂﬁﬂﬂﬁ@ﬂignﬂﬂﬂﬁﬂﬂa LLuSUULﬂTuaeaﬂﬂﬁuﬁau WAL
&ﬂuﬂsnuwaﬂﬂﬁmWnaLmuaeqﬁﬂmaauaaLﬁwmﬂﬂﬂawuﬁauquﬁuuuim PR LRI

.ﬂTSGTUTﬂiﬂﬂu dnaiauiale 4av



-110-

N1 iLafN



o

v Sm——— |

* a2 4 e ew

Adjustable 3-Terminal
Regulator for Low-Cost
Battery Charging Systems _

With the introduction of the LM317, a 3-terminal adjustable
regulator, it bacomes relatively easy to design high-perform-
ance, low-cost battery charging systems. Even single bat-
tery celis can be charged on this new regulator, which is
adjustable down to 1.2V. The internal protection circuitry
can be used to limit charging current as well as to protect
against overloads. The output voltage is easily adjusted so
muitiple voltage chargers can be made.

The ability to accurately adjust the output voitage of the
LM317 makes it especially attractive for constant voltage
battery charging applications. Batteries are most quickly
charged by “constant-voltage” charging circults; however,
close control of the charging voitage is necessary to pre-
vent overcharging, especially with nicket cadmium celis. The
internal protection circuitry of the LM317 is helptul in pro-
tecting against accidental overload conditions commonty
occurring in charging systems.

INTERNAL CURRENT LIMIT

The peak charging current or output current is controlled by
the internal current limit of the LM317. This current fimit wil!
work even if a battery is connected backwards to the output
of the charger. Should a fault condition exist for an extend-
ed period of time, the thermal limiting circuitry wilt decrease
the output current, protecting the regulator as well as the
transformer. A constant voltage charger circuit is shown in
Figure*1. The output voltage is set with resistors R2 and R3
and given by

R3
Vour = 1.25 (1 +§—2)
R4

K77 WV AT a

l |

a1
M3z

R2

ll 240

A 4 o7

TL/H/8484-1
FIGURE 1. Constant Voitage Charging Circuit

-Since, in low cost applications, no filter capacitors are used
on the output of the rectifier, the battery is only charged on
the peaks of the sine wave. This requires the peak output
voltage from the transformer to be at least 50% greater
than the battery voltage plus 3V. Howenyer, little cost premi-
um should result since the average current from the trans-
former is lower than capacitive input filter circuits. Optional
resistors A1 and R2 are used to further control the charging
characteristics. Resistor R1 controls the output impedance
of the charger allowing a “taper-charge” characteristic to be

National Semiconductor
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generated. The LM317 can also be used to limit the peak
charging curent to a partially charged battery at a value
other than the regulator current limit. With R1 in the circuit,
the output impedance is:

R3
= R + =
Zour (1 RZ)
including R1 in the feedback loop decreases the value of

resistor needed for a particular output impedance reducing
cost and power digsipation.

For example, with a 6V gelled electrolyte battery the regula-
tor can be set to give a 6.9V output. Nominally, the battery is
discharged to about 5V, maxing R1 0.40 output impedance
and limiting the charging current to 0.5A at the start of
charging rather than the internal current limit of the regula-
tor. With a fully discharged battery or under short circuit
conditions, the peak output current is still 2A for the
LM317K with the resistor dissipating 1.6A as opposed to 8W
if a 2Q resistor were usea directly in series with the battery.

Resistor R4 can be included to provide a fow “topping-up”
current for a charged battery.

This regulator configuration provides some other important
featurss to the charger. If input power is removed and a fully
charged battery is connected to the charger output, there is
no damage. Under these conditions about § mA of current
will be drawn by divider R2, R3. Since there is no ground
connaction to the LM317 regulator, very littie current flows
through the LM317. in this respect, the LM317 differs from
other 3-terminal regulators, which can be damaged by ap-
plying power to the output terminal with the input open-cir-
cuited. If the battery is connected backwards, the LM317
will current limit and thermal limit normally, protecting the

charger.
DECREASING CURRENT LIMIT

Adding a single NPN transistor can be used to decreasse the
current iimit of the charge as shown in Figure 2.

TL/H/8484-2
FIGURE 2. Constant Voitage Charger
with Peak Current Limiting
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Resistor R1 senses the output current and tums on Q1
when Igyt R1 equals about 0.6V. Transistor Q1 puils the
adjustment terminal negatively decreasing the output volt-
age and controliing the output cument. A limitation of this
circuit is that it does not work for direct short circuits. The
output voltage must be above about 0.6V for the external
current limiting to be active. The intemal current fimit of the
M317, of course, is still operative. This is not usually a
problem since batteries charge to above 0.6V very quickly.
Resistors R4, RS and R6 protect the regulator and transistor
for both direct short circuits or reverse battery connections.

D1

D2
e
. TUH/8484-3
FIGURE 3. Charger with No Battery Loading when

Power is “OFF"

As illustrated in Figure 3, in float or standby appiications, itis
desirable to remove ali loading from the battery when input
power is “OFF.” When power is “ON,” Q1 is saturated,
grounding the voltage setting divider R2, R3 and the circuit
works in & similar manner to the charger circuit in Figure 1.
When power is “OFF,” Q1 is opan, eliminating any loading
on the battery. A sebatate pair of low current diodes D1, D2
are necessary to bias Q1, rather than the power bridge recti-
fier. if R1 was tied to the output of the bridge, reverse cur-
rent flow through the LM317 would keep Q1 “ON" and load-
ing the battery.

p

A simple constant current charger for any type of battery is
shown in Figure 4. A resistor R1 between the adjustment
terminal and the output of the regulator sets the output cur-
rent at:

1.25
lour = &7

Rt
— 1 LM317

EY

FIGURE 4. Constant Current Charger

Current can be set at anywhere between 10 mA and 1.5A by
appropriate resistor choice. Current régulation is very tight
at any current level since only 50 pA flows out of the adjust-
ment terminal. This circuit is also immune to damage from
shorts or reverse battery connections. The input voltage for
regulation should also be about 1.5 times the battery volt-
age plus 3V.

UNIQUELY SUITED

The ability to acjust the output of the LM317 3-terminal reg-
ulator makes it uniquely suited for battery charging systams.
Little has teen included about charging spectfic types of
batteries, since the characteristics of the charger should be
matched to the battery. These charger circuits, aithough
very simple. perform well. They are easily modified for voit-
age, current or even tamperature coefficient by making the
divider string temperature sensitive. More complex chargers
can be made since the output of the LM317 is easily con-
trolled by driving the adjustment terminal. Finally, the charg-
ers are inherently protected against overloads and fauit
conditions.
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A New Production
Technique for Trimming
Voltage Regulators

Three-terminal adjustable voltage regulators such as the
LM317 and LM337 are becoming poputar for making regu-
lated supplies in instruments and various other OEM appfi-
cations. Because the regulated output voltage is easily pro-
grammed by two resistors, the designer can choose any
voltage In a wide range such as 1.2V to 37V. In a typical
example (Figure 1) the output voltage will ba;

R
Vou1'=VREF(—2+ 1) + R2eippny

R1
28Vpe
|
LMI17/LM317
(BLOCK Vout
DIAGRAM) = ouT 2v
+*
Vaer <
T-125V | S
<
T ADS
l'am
>
:; R2
Jb 2,05k £1%
TL/H/8495~1

FIGURE t. Basic Regulator

In many applications, when R1 and R2 are inexpensive
+1% film resistors, and the room temperature accuracy of
the LM117 is better than +£3%, the overall accuracy of
+5% will be acceptable. In other cases, a tighter tolerance
such as 1% is required. Then a standard technique is to
make up part of R2 with a small trim pot, as in Figure 2. The
effective range of R2 is"2.07k +10%, which is adequate to
bring Vout to exactly 22.0V. (Note that a 2000 rheostat in
series with 1.96 kfl +1% would not necessarily give a
1+ 5% trim range, because the end resistance and wiper re-
sistance could be as high as 100 or 20Q; and the maximum
value of an inexpensive 10% -or 20% tolerance trimmer
might be as low as 1800 or 1600.)

In some designs, the engineering policy may frown on the
use of such trim pots, for one or more of the following rea-
sons:

— Good trim pots are more expensive.

— Inexpensive trim pots may be drifty or unreliable.

—Any trim pot which can be adjusted can be

misadjusted, sooner or later.

To get a tighter accuracy on a regulated supply, while avoid-
ing these disadvantages of trim pots, consider the scheme
in Figure 3.

National Semiconductor
Linear Brief 46
Robert A. Pease

Vin =28 Vo to%
[
ouUT vour
317 e
ADS <SR
:» 128 21%
>
:. R2
1» 1.2k 1%
R3
< OUTPUT ADJUST
)
y

TL/H/8495-2
FIGURE 2. Regulator with Small Adjustment Range

Vin .
v Vour=22.0v:i%

‘ourl
. :m

&8s
2126 S0k Qi St
> 1% 1’ 5% ® ,5% ]

AAA

> A2
> 1.96k

L:l%
TU/H/8495~3
FIGURE 3. Regulator with Trimmable Output Voitage
When first tested, Vour will tend to be 4% fo 6% higher
than the 22,0V target. Then, while monttoring Voyr, snip out
R3, R4, and/or RS as appropriate to bring Vout closer to
22.0V. This procedure will bang the tolerance inside +1%:
—If Voyr is 23.08V or higher, cut out R3 (if lower,
don’t cut it out).
— Then if Voyt I8 22.47V or higher, cut out R4 (if tow-
er, don't).
— Then if Voyr is 22.16V or higher, cut out R5 (if low-
er, don't).
The entire production distribution will be brought inside
22.0V £1%, with a cost of 3 inexpensive carbon resistors,
much fower than the cost of any pot. After the circuit is
properly trimmed, it is relatively immune to being misadjust-

l_.A'A A

ed by a screwdriver. Of course, the resistors’ carcasses

must be properly removed and disposed of, for full reliability
to be maintained.

An alternate scheme shown in Figure 4 has R6, R7, and R8
all shorted out initially with a stitch or jumper of wire. Tha
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i procedurs s to open up a link to bring a resistor into
sffect. The advantage of this circuit is that Vour starts out
Jower than the target value, and never exceeds that voltage
during trimming. In this schems, note that a total “pot resist-
ance” of 215Q is plenty for a 10% trim span, becauss the
mimimum resistance is aiways below 10, and the maximum
resistance is always more than 200Q—it can cover a much
widar range than a 2002 pot.

The circuit of Figure 5 shows a combination of these trims
which provides a new advantags, if a 2% max toleranca is
adequate. You may snip out R4, or link L1, or both, to ac-
commodate the worst case tolerance, but in most cases,

Vin
[in
- ouT
M7 u Vour= 220V
ADJ R1
120 21%
R2
1.9k <1%
: RS
SRS 120 £5%
R7
LINK 2 g ]
a8
LNk 3 P

TL/H/B495-4
¥ Vour is lower than 20.90V, snip fink 1 (if not, don't).
Then #t Vo is lower than 21.55V, snip link 2 (if not, don'y).
Then il Vo is lower than 21.82V, snip kink 3 (if not, don't).

FIGURE 4. Alternate Trim Scheme

the output will be within spec without doing any trim work at

all. This takes advantage of the fact that most 1% resls-
tors are weli within +14%, and most LM337's output volt-
age tolsrances are between — 1% and +1%%, to cut the
average trim labor to a minimum. Note that L1 could be
made up of a 2.70t +10% resistor which may be easier to
handle than a piece of wire.

In theory, a 10% total tolerance can be reduced by a factor
of (20 — 1) when n binary-weighted trims are used. In prac-
fice, the factor would be (1.8" — 1) if £10% trim resistors
are used, or {1.97 — 1) if £5% resistors are usad. Forn =
2, a 10% tolerance can be cut to 3.8% p-p or £1.8%. For
n = 3, the spread will be 1.7% p-p or +0.85%, and most
units will be inside =0.5%, perfectly adequate for many reg-
ulator apptications.
National Semiconductor manufactures several families of
adjustable regulators including LM117, LM150, LM138,
LM117HV, LM137, and LM137HV, with output capabilities
from 0.5A to 5A and from 1.2V to 57V. For complete specifi-
cations and characteristics, refer to the appropriate data
sheet or the 1982 Linear Databook.

L

R2
121k 1%

R4
3.9k 5%

Lz Vour = - 188V 22%

1uf

|C TANTALUM

ey
=

TL/H/8495-5

i [Vout! Is smasier man 12,75V, snip L1 and R wil get bigger by 6%.

Then # [Vourtt s brgger than 14.20V, snip R4 and it will get smafier by 3%.

FIGURE 5. Circulit Which Usuaity Needs No Trim
to Gst Voyt Within +2% Tolerance
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Applications for an
Adjustable IC Power
Regulator

A rew 3-terminal adjustable IC power regulator solves many
of the problems associated with older, fixed regulators. The
1M117, a 1.5A IC regulator is adgust'ablo from 1.2V to 40V
with only 2 external resistors. Further, improvements are
made in performance over older regulators. Load and tine
reguiation are a factor of 10 better than previous regulators.
fnput voltage range Is increased to 40V and output charac-
teristics are fully specified for load of 1:5A. Rellability is im-
proved by new overload protection circuitry as well as 7100%
bun-in of all parts. The table below summarizes the typical
performance of the LM117.

TABLE!
Output Voitage Range 1.25V-40V
Line Regulation 0.01%/V
Load Regutation I, = 1.5A 0.1%
Reference Voltage 1.25V
Adjustment Pin Currrent 50 pA
Minimum Load Current (Quiescent Current) 3.5mA
Temperature Stability 0.01%/°C
Current Limit 2.2A
Ripple Rejection 80dB

The overload protection circuitry on the LM117 inctudes cur-
rent limiting, safe-area protection for the intemal power tran-
sistor and thermal limiting. The curent limit is set at 2.2A
and, unlike presently available positive regulators, remains
relatively constant with temperature. Over a2 ~55°C to

" Application Note 178

National Semiconductor

+150°C temperature range, the cuent fimit only shifts
about 10%.

At high input-to-output voitage differentials the safe-area
protection decreases the cument fimit. With the LM117, full
output cument is available to 15V differential and, even at
40V, about 400 mA is available. With some regulators, the
output will shut completely off when the input-to-output dif-
ferential goes above 30V, possibly causing start-up prob-
lems. Finally, the thermal limiting is always active and will
protect the device even if the adjustment tarminal shouid
become accidentally disconnected.

Since the LM117 is a floating voltage regulator, it sees only
the input-to-output voltage differential. This is of benefit, es-
pecially at high output voltage. For example, a 30V regulator
nominally operating with a 38V input can have 70V input
transient before the 40V Input-to-output rating of the LM117
Is exceeded.

BASIC OPERATION

The operation of how a 3-terminal regulator is adjusted can
be sasily understood by referring to Figure 1, which shows a
functional circuit. An op amp, connected as a unity gain
buffer, drives a power Darlington. The op amp and biasing
circuitry for the regulator is arranged so that all the quies-
cent curent is delivered to the regulator output (rather than
ground) efiminating the need for a separate ground terminal.
Further, all the circuitry is designed to operate over the 2V
to 40V input-to-output differential of the regulator.

PROTECTION
CIRCHITS

\ 4

ADJUSTMENT |

> T oureur

TUH/TI6-1

FIGURE 1. Functional Schematic of the LM117
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A 1.2V reference voltage appears inserted between the
non-inverting input of the op amp and the adjustment termi-
nal. About 50 nA is needed to bias the reference and this
current comes out of the adjustment terminal. In operation,
the output of the regulator is the volitage of the adjustment

terminal plus 1.2V. if the adjustment terminal is grounded, *

the device acts as a 1.2V regutator. For higher output voit-
ages, a divider R1 and R2 is connectsd from the output to
ground ag is shown in Figure 2. The 1.2V reference across
resistor R1 forces 10°MA of current to flow. This 10 mA then
flows through R2, increasing the voltage at the adjustment
terminal and therefore the output voitage. The output volt-
age is given by:

VQUT=1.2VX(1 +g§) + 50 pA R2

The 50 pA biasing curent is small compared to 5 mA and
causes only a small error in actual output voitages. Further,
it is extremsly well regulated against line voltage or load
current changes so that it contributes virtually no error to
dynamic regulation, Of course, programming cutrents other
than 10 mA can be used depending upon the application.

Since the regutator is floating, all the quiescent current must
be absorbed by the load. With too fight of a load, regulation
is fmpaired. Usually, a 5 mA programming current is suffi-
cient; however, worst case minimum load for commercial
grade parts requires a minimum load of 10 mA. The mini-
mum load current can be compared to the quiescent current
of standard regulators.

APPLICATIONS

An adjustable iab regulator using the LM117 is shown in
Figure 2 and has & 1.2V to 25V output range. A 10 mA
program current is set by R1 while the output voltage is set
by R2. Capacitor C1 is optional. to improve ripple rejection
so that 80 dB Is obtained at any output voltage. The diods,
aithough not necessary in this circuit since the output is
limited to 25V, is needed with outputs over 25V to protect
against the capacitors discharging through low current
nodes in the LM117 when the input or output is shorted.

M117

Vin Vin  Vourj—e $— Vour
ADJ I
S A1

o1
:» 120 1N4062

e b6
+

TUH/7334-2
FIGURE 2. Basic Voitage Regulator

The programming current is constant and can be used to
bias other circuitry, while the regulator is used as the power
supply for the system. In Figure 3, the LM117 is used as a
15V regulator while the programming current powers an
LM127 zener reference. The LM120 is an IC zener with less
than 101 dynamic impedance and can operate over a range
of 0.5 mA to 15 mA with virtuaily no change in performance.

Another example of using the programming current is
shown in Figure 4 where the output setting resistor is
tapped to provide muitiple output voltage to op amp buffers.
An additional transistor Is included as part of the overload
protection. When any of the outputs are shorted, the op
amp will current limit and a voltage will be developed across
its inputs. This will tun “ON" the transistor and pull down
the adjustment terminal of the LM117, causing ail outputs to
decrease, minimizing possible damage to the rest of the
circuitry.,

Ordinary 3-terminal regulators are not especially attractive
for use as precision current regulators. Firstly, the quiescent
current can be as high as 10 mA, giving at least 1% error at
1A output currents, and more error at lower currents. Sec-
onaly, at least 7V is needed o operate the davice. With the
LM117, the only error current is 50 pA from the adjustment
terrinal, and only 4.2V is needed for opsration at 1.5A or
3.2V at 0.5A. A simple 2-terminal current regulator is shown
in Figure 5 and is usable anywhere from 10 mA to 1.5A.

Figure 6 shows an adjustable current regulator in conjunc-
fon with the voltage regulator from Figure 2 to make con-
stant voltage/constant current lab-type supply. Current
sensing is done across R1, a 11 resistor, while R2 sets the
curent limit point. When the wiper of R2 is connected, the
10 sense resistor current is regulated at 1.2A. As R2 is
adjusted, a portion of the 1.2V reference of the LM117 is
cancelied by the drop across the pot, decreasing the current
limit point. At low output currents, current regulation is de-
graded since the voltage across the 1Q sensing resistor
becomes quite low. For example, with 50 mA output current,
only 50 mV is dropped across the sense resistor and the
supply rejection of the LM117 will timit the curfent regulation

117

Vin—<Vin  Vour Vour = 15V
ADS

> At
> 240

—AAA

2 h2

» 1.4k

B AAA

== Vagg = 605V

7 01
129

TU/H/?334-3
FIGURE 3. Reguiator and Voitage Reference
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o about 3% for a 40V change across the davice. An aiter- off the 10 mA is an LM108 ahd an LM129 zener. The zener
nmate current regulator is shown in Figure 7 using an addi- provides a common-mode voltags for operation of the
fonal LM117 to provide the referenice, rather than an LM108 as well as a 6.9V reference, if needed. Input signals b
1M113 diode. Both current regulators need a negative sup- arg impressed across R3, and the curent through R3 is de-
ply to operate down to ground. livered to the output of the regulator by Q1 and Q2. For a
Figurs 8 shows & 2-wire current transmitter with 10 mA to 250 resistor, this gives a 40 mA current change for a 1V
50 mA output cument for a 1V input. An LM117 is biased as input. This circuit can be used in 4 mA to 20 mA applica- |,
a 10 mA current source to set the minimum cument and tions, but the LM117 must be selected for low quiescent L
provide operating current for the conirol circuitry. Operating current. Minimum operating voltage is about 12V, =
M7

Vin =g V, Vout—@ 15V
"‘ ADJ
R1
128

1
w2222 §
A2 - 1
330 \
]
a7 / 10v
< ]V 4

(it

M2222 1 \
a3 - 7

508 s
(F/11 1) L &

< +
R4
§00

1 .-

TUH/TI04-4
FIGURE 4. Regulator with Multiple Outputs
LM117
At
Vi v v —
o MU, ouT = AAN—@— louT o 125V
ouT "R_‘
L—————‘ 10mA < loyt S 1.5A
TUH/TI3-5
FIGURE 5. 2-Terminal Current Regulator
LM117 Rt 7
1
-V
Vin —{ Vin ANVouT AN ans OVT 12V 0 25v
Sw 2
1N4s82
CURRENT >129
ADJUST
i L L Al
T 10 uF *
‘—I—' d v-
-18v
TL/H/7334-6

FIGURE 6. Adjustable Regulator. Constant Voitage/Constant Current, 10mA to 1.2A ~
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FIGURE 7. Adjustable Current Regutator

M7

+==Vix Vour
ADJ

Viy 215V
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R
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S8V
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TL/H/7334-8
FIGURE 8. 10 mA to 50 mA 2-Wire Current Transmitter
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