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Abstract
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= f L/E s /'1 - W'LC/4

L

Bigte
L LR

Tﬂn 2:.5.3 Two-Psss Constant-k 1u1ﬂﬂ8§ T Uay «

ﬁﬁﬁﬂﬂ?ﬂ??ﬂkﬁ%ﬁ?%ﬂ?;&ﬂaﬁ ¥ 4
%QBWﬂﬁwaﬂﬁﬂﬂﬁﬁﬁﬂﬂ 2.5.1 Tﬂ&@%

[2.5.181]
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{911347A240 Cutoff @O
w=27/Jic [2.5.19]
4a¥ Nominal Chsracteristic Impedance (Ro) 4

Ro L/C = K [2.5.201

Toafen K A8% dinen 2as. 18 aule
Ro d (1= WoWe ) £2.5.211

A

C ity of
(0 Z,_ = Ro lagfi W = 0
éw Propogstion Fector QWﬂﬂW?WG; e Dy, | Q315

o8 = A7 o e\ DWW d WD I [2.5.22]
L L 4 L)
Taafanal utneao sautseno s
1. Yoo w <Owe—Nadiste hestted Tiitec surNIG  2.5.21

QLUANSAT Real WALANNNTN 2.5.2130UdReAT Imsginely u@ W /¥e -1

e?

T
2

svLuANRL uay
ol I = - owrwe A AW et =W e )

LI

1

2, Togh W< Wo s ariiu Stopbend Filter #un9%  2.5.21
st e Y indaCliDy kGRS 2 AN 151 [ Basuny
_1<e’<0 (Zsfimon178A  Limit 8I0 W -> Wo uaE W -> @ S
NiTannoy(Attenustor Rate) ﬁ W >> ¥Wc %8&%% 40 dB/Ceascade

dnfiAn WA uaE. AYaRnew auuaﬂ@ﬂ»1u3ﬂn 2.5.4 Q¥ELLARLRUIN
n1TRAMEN() sELily 0 %ia aHWtanuﬂﬂn1naaﬂﬂuwun Cutoff ariaune
x —> co'sﬁaw-)cn

Ay Low-Pess Filter 1u7ﬂn 2.5.3 1319¢1% Z_ = jwWL
UAY z = 1/jWe ﬁo Propagation Fector “uﬁﬂ?kﬁuaﬁﬂﬁ1u Low-
Pass Filter 7937 T Network Ua¥ QIR Cutoff (We) uay
Nominal Chseracteristic Impedance(Ro) Qulﬁﬁauﬁﬂ1u T Retwork
Pl s aun19h 2.5.19 uaw 2.5.20

Fw= 0 17ael¥ Z.0= L= fe 1 Tneh Z, @9 Image
Impedance %092997 Low-Pess Uy v Network uﬁ Z‘T Uay Z“
dnfneden i fufiaanafin o

High-pess Filter Qzuaﬂ¢1uzﬁ% 2.5.5 (519 Lfu UL U0
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Inductoriay Cspecitor Svu AT NN Jﬂh %4 Lcw-Fass 1{%H1ﬁ&uﬁ17ﬂ¢u

Ro = J L/C £[2.5.231

We =1/ 2.JLC [2.5.241

a. B

Passhend

]

]

1

]

1

i

1
/ !

ot

51N 2.5/ spguinyee  Low-Pass  Constant—k " uTif 2.5.3
] L ] u

G o,

2:5.5 m-Derived Filter Sections
a I
tiﬁszlﬂﬁ31ﬂ1711?%\TQRlﬂ07uﬁu Constant K ~fuﬂiuT3ﬁu1u
ﬂﬂvﬂ kﬂ Eﬂﬁﬂﬂﬁaﬂﬂﬁau Qeu ‘“9&?171 ﬂ Cutoff uﬂﬁ1 Image

LY

Inpedafde my RE ML Snaenilasidu nelaiRoTuLy m-Derived
»

Afo

b

e 1Oy ¢ !
Feavdalumaudthmfidniuly  nasfatmesuyy  Constant-K 1971

n 2.5.8%

|2 ? |12 I
L 2L 2L
»—Lw——-

7ﬂﬂ 2.5 5 Hich-Pass Consteant-F 1u7ﬂ T Uat v
QUU&QGHW?Q&lﬂaiu{ﬁ m-Derived ZiAUNITIINELY  Constant-K

l??ﬂvuﬂu1ﬁﬂﬂ?ﬂ Zl' uay Zz‘
Zt' = m.Z [2.5.251]

t

INFAITIEN 2.5.1
z

iT

firsy vglin
3 a i
Jitz it 2 va g e
1 2 1
ez 7 VAR A [2.5.26]
1 a i
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wian 20 sela

N
"

Z/m+Z /4m - mZ /4
2 1 1

Z /m + (1—m‘)/4m.zl £2.5.271

Z,' A¥nnumunng 2 aureauntafivdeTifi 2.5.6
L u

Zi 2 zZis2 zi/2 zZir2
P*—”Jv\—g—ﬂﬂf——d —AAA——s
}22 %22
CAd 4=

mZi 2 mZi/ 2

7ﬂﬁ 2.5.6 m-Derived Filter 970 Constant-k
]

AW Tu Low-Pess Filter sl 2, =/|wL uae z, =1
/3WC RNEUNITH 2.5.25 uay 2.5.27 ‘u1ﬂ
Z,' = jvlm [2.5.281
Z,' = 1/§WCm + (1-m"), JWL/4m [2.5.28]
mi/2 mi /2 /m 2C/rn

WV\j:cm..__!

L/

i—ms4m L 4-, /1—m C

ﬂwnzﬂﬁ 2.5.7 1913¢¥1A1  Propegetion Factor 18310RN179

o

1 + (Z /722 ') + / CZ. Y/Z7 ) 147 /42 ") [2.5,301
t 2 1 2 t a

Z"/Zz’ JWLm / [ (1/jWCm) + jWLm(1~m’)/4m ]

- 2Wm/We ) /€L 1 - (1-m™)(W/We)? 3 £2. 5,811

Tea we = 2 7 Jic
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1+ Z /42" =0 1 - (WWe)® 1/ 01 - (1-m™)(W/We)®
[2.5.321
87 0<m< 1 uaninae e awiduat Real waw | o | > 1

s?w%’u W > Wc 5»1&'1& Stopbsnd Qvt?uﬁ W = Wc 5’1'015'1111& Constant-K

aai u
aunTeioilio W = W_ aula

W =Wo i Jeas [2.5.331

~~ Constant-k
attenuation

TiN 2.5.8 FUAYDINNTAATONYDY Response §1%3YM  Constant—k,
|

m-Derived WaY Compeosite Filter

2.5.6 ANTEONLYYISITHAIADT 1AE3S Insertion Loss
( Filter Design Ly the Insertion Loss Method )
7gaiﬂasna%ﬁﬁﬂviezﬁnwfaﬂnautﬁaﬁué 0o usdihnd uaraw
Snramout TuatuRt 7 Stopband warniInoudto A e(da | Jusmars
Linesr 1%&7# Pessband

aa a (ﬂ’ -1 a. Ly
?ﬁﬂWTHUﬁaﬁlﬁ?ﬂ??ﬁﬁiﬂO?ﬂﬂT#Qﬁ%ﬂ?vuﬂ17ﬂ8U5u8€ﬂ1&ﬂ évu1u

= & o

c: [ %) -3 o (GU
Y Insertion Loss ngﬂﬁﬂesugungo ﬁenqsnwiﬁuaasﬁa\maﬁyan!as
Q@ v a utl a
lnatAg ey vonuaR
—améxﬁ%ﬁaeﬁﬁfwnwsgat%sﬁw5¢l1i
‘ [ ]

( Characterizetion by Power Loss Eatio )

P, = M&NUINNINURAINE / ME991u7 1nan
= P / P
tne icad
b e ‘r(W)l’ ] [2.5.341
IL =

10 log PL? [2.5.351
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T";Eﬂa';
Pl 5ﬁswnﬁ1§qz§aﬁwﬁaawu
IL - Insertion Lless ﬁﬁ?ﬁlﬁu dB
70
p(W)l’ = NOW') /7 € M(W) + New™)y 3 [2.5.361

2 4
o M uar N luaTwaTu Seadhunusse Ju we unuRs lNENNTN
2.5.34 qvia

P = 1 + (W )N £2.5.371

LR

Eeximally FlatléuﬁnaynPnlsﬂnQW Binomial ﬁ;a BLttcrworth

Response ”Qvﬂ11ﬁﬂﬁ7ﬂaﬁﬁi84911&W%80 Pesshand uﬁawwntaxunn%an
Taemriss fofer n0§7%§733£ﬂ67
P =1+ k(W) £2.5.381

LR
[

- ° '4
159 N - 97974 Order 49¢293992 (M09
We = A2740 Cutoff

Wo TeauuaiupEaNn

=

by B ||

[ v
1“ Pessbend Qvl?ﬁﬂﬁuﬂ W =0 a3

N P

LOATINITARLZENA Y 1ML 1+ ko oA W -2 dB A1k = 1
‘-

Marimelly

lat

0 0s 1.0 s wha,

1ﬂn 2.5.9 UANIHRYOY Maximally Flat Uay Equel Ripple
nua W > Wo ﬂﬁ?aﬂﬂ8%18wﬂﬁikd%uﬂﬂtﬂ?ﬁn 2.5.9 uaunua
W >> We, ﬁL. ® k' WwWo)® awnzﬂ 8ﬂ7ﬁﬂ11§§lm8ﬂﬁ3#é1ﬂﬁv
#3nvanTiiuidn 20 dB/Decade ‘
Equal ripple 51 Chebyshev Polynomial 1§ﬂ11 Insertion
Loss ﬁU?éﬁT Low—-Pass Filter éﬁ Order % N Quiﬁ
P =1 +k T  (W¥Wo) £2.5.391

LR
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Feaerlgan  Cutoff w71 Curve TRY  UAEMTASYAYSVYIY
L ] L ]
Pecchand 9eNTeeuv0s Ripple 1mady 1 + k* delusif 2.5.9

2

a1 T 0 eelaTewane ¢ 1 lash {x Citie &Y 3w

ANTRLA Taafsﬁﬁuae Ripple lngA1 x &eansedann T, (x) © 1/2(2x)"
99

W >> Wc Q815d1 Insertion Loss lﬁﬁﬁu

r\*" gwl
:SD- =

FiEl
2 2N
PL‘ = (k /4).(2%/Wec) £2.5.401

5ﬂ7ﬁﬂﬁ7l§3§uﬁvlﬂ“ 20N d3/Decade k@ﬂﬁ?ﬁﬁlﬂm1uhdﬂ
Chektyshev ﬁaiéwuwnﬂiﬁiuuuu Polynomial Reponse

Elliptric Function ANSEMTTeA CuTRLeY  seTin 19N
Rﬂﬂaulﬂ&ﬁu 1“ Stopband ﬁDSVﬂWﬂ?ﬁﬂ?8ﬂ71ﬁﬁn??”ﬂﬂukﬂ?ﬂ Stopband
ﬁa?u Elliptric Funtion uﬁnﬁ%o Cuttoff auu 4§Qt“ﬂ1 ?{pﬂle 12
ﬁ?@ Stopband ﬂﬂ?ﬂt&u7i Pesshand ﬂ’“1ﬂ§1u7ﬁﬂ 2 5 10 ﬁ\??ﬂTﬂ
sefnnTaRnou  wnh Psesband AN ) wasarimaannauind Stopbend

(A )

min

Pig

min

rmay

wiw,

iﬂﬁ 2.,5.10 Elliptic Function %99 Low-Pess Filter

2.5,7 Mexinium Flat Low-Pess Filter Prototype
7937Low-Pess Filter seiTenoumig 2 éauﬁﬁuaﬂc1uzﬁ% 2.5 11
SEm0 L wav € 171eeiduin mdutunudvesuwasanedan = 1 Towd
(ot a0 (Cutarr o = 1 \99naunNTH 2.5.48 1§5n71nﬂtht%e
faeenn N = 2 sela
P, =14 w' [2.5.41]



YN 2.5.11 2957 Low-Pass Filter M KN = 2
L ]

v a a a é & a0 '
ﬂ"iau‘fﬂ@i’ﬂuﬂﬁﬁﬂﬂ‘r)\?:!‘}'Qalg}a’%t’zmﬂ'}ﬁﬂjﬁﬂ

Zin = WL + R.(1-jWRC)/(1+W R C) [2.5.42]
ue 2
e =0T n-2 1) /0Zin D) £2.5.431
5ﬂ71n17§qt%sﬁnﬁaawuﬁwuwinn%auiﬁtﬁu
pLY % 1 “ZSAN- Sk Y
= 1
1 - [(Zin-1/(Zint1) 1, 0(Zin ~1)/(Zin" +1)]
‘Zin+l 5
- [2.5.44]
2(Zin+Zin")
Teelrl. “Zin  Zint = coR foLie W RE [2.5.45]
a 5
wag  [Zin+l|® = R S i
1 +wWRrC 1+ WiRC"
£2.5.46]

RINFUNITH 2.4.44 qrin



1+w rc” R ) W —  WCR

o
[}
o+

LR

4R 1+w R ¢c? t+w Rc”

(1/4R) (R™+ 2R+1+ R2W2C2+ wL?+ w'L?r%c”- aw'Lcr™
b L Sobal 3

/AR (1R + (RC+ 13- 2ICRIW ® LiCRTW: 3

[2.5.471
ﬁeaﬁq1u&ﬂawﬂau1u§TuL§aa1u w tﬁ?aﬁt%&ﬁﬁun&1uaun17é
2.5.41 1% R = 1 , P ripmiimnl] \Sotunouty (naxyes W
fovvaald avld

c Yy L= Tre= 0N =D [2.5.,48]

#30 L = c (doan W' = 1 seld
WL el o/ 40\ =8 [2.5.49]
APRY =37 [2.5.501

lunnefhunnatn Filter lﬁﬂﬂ11ﬁTﬂﬂn17liu¢ﬁ%?ﬂﬂaﬁﬁeﬁﬂTs
nau,N umxunweﬂeuQVnanuwsnxkuaw N 1fgnn  #1%Fun17 Normalized
Yoen1soonilin  Low-Pess Filter  aplfsutunuduosurasdiaiinfy
1 Towd wawarnah Cutors W= 1 L5198 1aRI A 1IlTE NEUYD 92 997
@ouly Ladder 5¢zﬂ% 2.5.12
G119 2,52 FrlusEAtAILD A ulTEnoY @7y Low-Pess Filter
Zwdu N = 110 31meeT Ledder AdrulssnousEiiniud 8, F0
et tiurasang aude g ., fo SaTunuThIRaR rutrenoutnant

vvﬁ@&ﬁﬂ““ﬂ?ﬁ uﬁsuuumuﬂuaaunu1ﬂ

g mmwmumumvaam&uﬂ (7JY| 2.5.128)
Fhﬂ')’l&i"’&kﬁﬂ#ﬂ'\‘m 161 ﬂn 2.5.12h)
g = mazzﬂﬂum'mmaumu

(k=1-N) ﬂﬁﬂuﬁﬂﬁuﬂuﬁnmaﬂuwu
a é
g = ﬂﬂﬂvwﬁﬂwunwunTnaﬂ an g, L uantnginetrotunn
' o a w &
AR THAAT I RAR an g Lﬁuauﬂnlwasﬂaagniu
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;ﬂn Z45.12 1335 Ladder %23273999 Low-Pass Filtep
a) 1@Q?yv£7&ﬂkﬂ1ﬂﬂﬁ7ﬂ9ﬁﬁ“ﬂﬂ1u
b) 1€Q7Q¥iiuﬂuﬂﬁﬂﬂﬁfﬂauﬂﬂaéﬂ7ﬂ e

Nooa 9 9 % 9 9 L] % % 9id gu
1 2.0000  1.0000 @ 33

2 4142 3031424 1.0000

310000 2.0000 1030 1.0000

4 07654 18478 18478 07654 10000

5 06180 16180 20000  1.6180 0.6i80 1.0000

6 05176 14142 19318 19318 14142 05176 1.0000

704450 12470 18019 20000 15019 12470 04450 1.0000

8 03902 LIMIL 1.6629 19615 19615 1.6629 Li111 03%2 1.00%

9 9573 100007 15321 15794 20000 18794 15321 1.0000 03473 1.0000 .

10 03129 09080 1.4142 17820 19754 15754 17820 1.4142 09080 03129 1.0000

Source: -\c'rmlrd fom G. L Matthaci. L. Young, and E. M. T. Joncs, Microsare Filiers. Impedance-Maiching
Nervals. and Coupling Structures {Dedham, Mass.: Ariech House, 1980) with permission.

9160 2.5.2 191 9UERIAIEIULTENDYLEY Yexinally Flat Low
Pess Filtepr ( g = 1,Wc = 1,N = 1-10 )

1aa1xusﬂn 2.5.12 a1n15ﬁnauﬂ7snauununu1ﬂ waraE 1¥n19noy

swonundouty  lumseonuuuSosr1¥emate  srdosdmanmuariin

Lay Order 19979979aLRDT a1u1u7ﬂn 2.5.13  ssuanemaniiives

mTsamouiiSerulaneAn N fueud Normslized  fadoenng

N > 10 (91870719011 1A 1R8N1TEN7A Cadoese fin
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Attenuation (dI3)

R -T2
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| %
: \\ \\\?\\R\
S

7, 1.0 2.0 30 5.0 7.0 10
|&3 : ‘
?ﬂn 2.5,13 shnsﬁﬂuaﬂ ﬂawu“aumﬁﬁao AT RATISY nnﬂawun

Rormelized 104793708t N0T

2.5.8 Equal-Ripple Low-Pass Filter Prototype
97NEUNTTN 2. 5.39
NS 1 BRUT S (WY ~ £2.5.511
LR N
z - v W o o
Tag. 1+k® ‘@oseeivod Ripple 14 Passbend . ufAn1wAluidea
499 Chebyshev Rrig
T (0) = 0 (S0 N (Tuiaud
1 %9 N téutané
- - g I's av
ANFUNTTA 2.5.51 QLUARI IRIFUIT 2 I9THALABTELNOATINT
anderdyouiy unity 7w =0, N dhuiard  cardnainay fe
k

2

. 1 [
ﬁwﬁaowuaeuﬂWiﬁu 1+ nW=0,N Lﬁuxané %eqsséuiwéqaaa
ﬂwasﬂuaannﬂxﬂaq N

awwsuavuﬂsuﬂonTuagafﬂatﬂasiﬂn 25011 5n7wn77§qz§aﬁwﬁc
QWuQ5891ﬂlﬂeﬂﬁ@#ﬂﬁﬁﬁﬂﬁ?ﬂﬂ?&ﬂaﬁ‘Lﬁﬂﬂ?7n 2.5.47

90 T ) = 2x -

NAYNITH 2.5.47 uay 2.5.51 sela
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14k AW -aWR41) = 131/74R [ (1-R™) + (R cr+L’-2LcRDHwW

2_2_2 4

FC RWS ] (2.5.521
Zieet I 7i97870770%@1 R . L UAE € D119 INTINTEANLDY
o 2 L% I”Jﬂ. v
Ripple ¢ fiwualag k> ) Seuuh W = 0 svlia

2

k: =0 {2= R /AR £2.5,53]

el
1

Vb 2K gk g itk Zo N zéutaﬁé [2.5.54]
nELnTiTeinatuens W uar WP anTastuseld
ik" = L TR [2.5.551
~ak 280 A NN\ H 2R ) /™ [2.5.56]
g P VR, e e NP LR B AP0 PR
Unity Q?iﬁeéqgaanuuujaQT- Tow-Pass Filter (9173¢% Normalized
SN L uRaATE | ~LasAINNA CULORE. - Wa 't =l LavaInToR
ﬁsegﬂéﬂiﬁuaaas Ladder 1u2ﬂﬁ 2.5.12 ﬁagaﬁ1§1unwsaaﬂuuﬁ§ua%ﬁu
TtauN0d Ripple 1 FA9190 2.5.3  ALUARIAAINLTENONLENI 49T Low-
Pass Filter§§ﬂ17 Normelized 1{ Tﬂaaeﬁisﬁuﬂaa Ripple %'0.5 dB
Lar0.3 @B Tag N =1-10 sedeinmiiuirdufivaudvaslnan ¢, ldimd
1§ N Lﬁutaﬂé 8t funnTanneutas Stophend zﬂﬂfwﬁaeuaﬂsﬁﬁzﬂﬁ'

2.5.14 T998A0INTWLAIINAT N ¥09 Ripple
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TABLE 94 Element Yakees for Egual Ripple Low-Pass Filter Prototypes (g, = Lo o = 1. N =
i tu 10,05 dB and 3.0 dB rippk) - ; 5

035 438 Ripple

N @ L R * & o *» g o :

| 0.698 1.0000 i ’

214029 07071 1.9841

315963 10967 15963 18000 -

416703 LIS26 23661 08419 . 19841

5 17058 12296 25208 176" ). 758 1.00007

6 17254 - 12479 2474 13137 24758 Q8696 19841

7173727 12583 2631 1344 26381 12583 17372 1000 ¢

R 17451 12637 2455 1390 26964 13389 25093 0.879%6 19841

9 17504 12690 26578 13673 27239 13673 26678 1.2690 17504 1.0000

10 17543 12721 26754 1375 27392 13806 27231 13485 25239 08842 1.9R4)
30 d8 Ripple

N a il — B % 9s 9 o o > 90 g

1 17955300 1.0330

2 3103 05339 5.8095

333487 07107 33487 10300 . s

4 34359 07483 43471 05920 5.8095

~  §T 4817 G 07518 4531 OIS 348170 1.0000

6 35045 07685 46051 (7929 4264F £6033 58095

7 3518 07723 4638 0539 46386 GY723 25182 1.0000

8 35277 07745 46575 G089 46990 08018 44990 0.6073 58095

9 35380 070 46892 CEHB 47272 OSIIE 46692 07760 35346 1.0000

100 35384 07771 45768 (08136 47425 08164 47260 0.8051 45142 0.6091 58095

Source: Reprimed from G. L Mardad. L Young. sad E M. T. Jones, Microwave Filiers. Inipedan.c-Maiching
Nerwarks, and Coupling Structure: (Dedham. Mass: Ancch House, 1580 with permission.

: :
AT 2.5.3 AIILEN AR UL TENOLYD 92 99T Equal-Ripple
low-pass f‘ilter‘(go = t,¥c = I,N = 1-10
0.5 dB Ugy 0.3 dB %99 Ripple
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B f=ut

-

®)

TR 2.5.14 7T WULANIAINLALNLEYDY NITAANOEALAISAA
] L ]
4 v
Normelized ¥943435WRLADT 1AETLAUYDY Ripple

8) TeRUYDY Ripple n 0.5 dB

b) sv6uyoy Ripple M 0.3 dB

é
2.5.9 piTutasdatnes
( Filters Transformation )

3IN74397 Low-Pess Filter N Normelized lngar RATDUMW

¢ a H
Re = 1 Tawu s UAEAIINA Cutoff We = 1 370Ul

e G
LALENUERIINE
L11a1uﬁinﬁuﬂa§1{lﬁu?qatﬂigh-Psss Filter,Bsend-Pass Filter 3?0
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Band-Stop Filter 1ﬂ ﬂﬂﬂﬂ?‘dﬂeﬁﬁﬂﬁy?i Low-Pass Filter
-9 1?ﬁ3§3ﬁ%2€iﬁ uay ﬁ?ﬁﬁﬂ
( Impedance and Frequency Scaling )
uu1wvaqﬁxﬁuﬂuéqunﬁiaaﬂuuu QﬁiiéﬁﬂQWEﬁﬁﬁﬂﬂﬂéuﬁéédﬂﬂ
casTwan sefianidu Unity ¢ (fuud 8 N lu Equsi-Ripple Filter
)

4 ' v T o al\ltﬁ 5 v
ihulaﬂﬂ ATAITLATUENTLYD S LHAAISELATINLUY  Unity 1“ ) 2k

A ﬂluﬂﬁ“ﬂaéiﬁﬁﬁﬂﬂﬂ w!ﬂﬂ??ulﬂﬁﬁﬂﬂﬁaﬂwuﬂuﬁ Qsiﬂ

LY== Ro.L [2.5.571
C' = 4 Ro [2.5.581]
R_' = Ro . [2.5.581
RL' = RO'RL [2.5.601

GUNAYDIANNLNAI¥ S 99T  Low-Pass  Filter  |91&141709¢
] 1 v
L1B81A20R Cuboff €09793F Low-Pess Filter lefsud Unity fi9 Wo
{ pieiis) ¢
TﬂsuuwanasﬂkuﬁwzﬂuagﬂuuﬂﬂLmOT 1/We laeseiny W ate W/Wc
W <~ W/Wo ls.s13
o \1»! v \ & o w 1 im
Tei9ay ldanansiniragi dedidseulvafe
PTOUW) = P (W/WE) P.5.621
LR A LR o . » ;
o ot 1 a o r- ] -3 o
Taa We Barnun Cutoff 1wy (ArtuiNo W = we Tearwnsnnae

1
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Name

ACC 1

ACC2

AMS 1 & 2

Anik C1

Anik C2 i
Anik C3

Anik D1

Anik D2
_Arabsat F1
Arabsat F2
ASC |

ASC I

ASC I

Astra

Aurora |

Aurora Il

Aussat Al

Aussat A2

Aussat A3
Brazilsat A1 (SBTS)
Brazilsat A2 (SBTS)
BS-2A

BS-2B

BSB-1 & 2
CCC-1

'U=031t0 1 GHz
L=11t01.17 CHz
$=1.71 3 GHz
Cl1=34103.95 GHz

Overview of Current and
Flanned Safellites '

Location

110° W
148° W
015 F
107.5° W
Yio° w
117.5° W

104.5° W

110.5° W
019° E
026° E
128° W
083° W
064° W
019°°E
143° W
146° W
160° E
156° E
164° E
065° W
070° W
110° N
1105 E:
031° W
165° W

Bandis)

X4
Kt
C1. K2 |
X2

X2

X2

K1, K2

2=371t04.2CHz
X=6.5t010.7 GHz
K=10.7 10 15 GHz"

Operator

US-Adv Comm.
US-Adv Comm.
Israel
Canada-Telesat
Canada-Telesat
Canada-Telesat
Canada-Telesat
Canada-Telesat
Arab League
Arab League
US-ASC
- US-ASC
US-ASC ,
Luxembourg-SES
US-Alaskom
US-Alaskom
Austrzlia-OTC
Australia-OTC
Australia-OTC
Brazil
Brazil
Jepan
Japan
U.X.
US-Columbia

,
Launch Da
Unknown
Un.";now.—!
Unknown
1985
June 1982,
Nov 1982
Aug 1982
Nov 1984
1988 %
1985 |
1985
1988
1990.
1988

Oct 1982
1989
1985
F9ES .
1987
1986,
1986
1984
1986
1990
Unknown

»

te




Namne
Celestar ]
Celestar 1l
Comstar D2
Comstar D4
Comstar K1
Comstar K2

CS5-2A
CS-2B
DES:1
DFS 2
Dominion
Eiresat

Fkran 13 (Stat-
sionar.T)

Eutelsat-1 F1
Eutelsat-] F2
Futelsat-] F4
Eutelsat-]1 F5
Eutelsat-11 F1
Eutelsat-]1 F2
ExpresStar] -
ExpresStar 1
F-Sat 1

F-Sat 2
Finansat 1

" Finansat 2
Fordsat Fl
Fordsat F2
GStar Al
GStar A2
GStar A3
Galaxy DBS 1 & 2
Galaxy 1
Gala:., 1l
Galaxy 1l
Galaxy IV
Galaxy K1
Galaxy K2
Galaxy DBS 1
Galaxy DBS 2

Gorizont 3 (Stat-
sionar 12)
Gorizont 4 (Stat-
sionar 11)

Gorizont 7 {Stat-
sionar 11)

Location
170° E
070° E
076° W
076 W
075° W
130° W

s
E

o

—
IJ 9 W L;J
0\

m U)
'J|

E
wE
1]9 W
0315 W
099° E

OFa° E
007° E
010° E
013° B
003° E
036° E
07 768
YT
007° E
011° W
178° W
048° W
101° W
093° W
103° W
105° W
136° W
101° W
134° W
074° W
093.5° W
140° W
071° W
130° W
101° W
101° W
040° E

011° W

011° W

A-10

Bandis)
K2 K5
K1, K5

Opcrator =
US-McCaw
US-McCaw
US-Comsat
US-Comsat
US-Comsat
US-Comsat
General .
Japan

Japan

W. Germ=m
W. Germany
US-DVS
Ireland

USSR

Eutelsat
Eutelsat
Eutelsat

- FEutelsat -

Eutelsat
Eutelsat

US-Fed Express
US-Fed Express
France

France
US-Finansat
US-Finansat

CATET

AT&T
US-GTE
US-GTE
US-GTE
US-Hughes
US-Hughes
US-Hughes
US-Hughes
US-Hughes
US-Hughes
US-Hughes
US-Hughes
US-Hughes
USSR

USSR

USSR

Launch Date
Unknown
Unl{nown
1984

1981

1988

1988

1983

1983

1988

1989
Unknown .
1900
1984

1984

1985

1987
1988
1989
1990
1988
1989
Unknown
Unknown
Unknown
Unknown

~Unknown

Unknown
1984
1986
1988
1989
June 1983
Sept 1983
1964
Unknown
Unknown
Unknown
Unknown
Unknown
1979

1984

1983

Page No.
462
462
281
281
279
279

148
155
153
148
164
164
285

285




Name

Gorizont 8 (Stat-
sionar 6)
"Corizont 9 (Stat-
sionar 5)

Gorizont 10 {Stat-
sionar 13)

Gorizont 11 (Stat-
sionar 7)

Gorizont 12 (Stat-
sionar 4) e

Inmarsat II F1
Inmarsat 11 F2
Insat IB

Insat IC

Insat ID
Intelsat IVA F3
Intelsat IVA F4
Intelsat V F1
Intelsat V F2
Intelsat V F3

- Intelsat V F4

Intelsat 'V F5

(MCS-A)
Intelsat § fV =JF6
(MCS-B)
JIntelsat§ BVE- &
(MCS-B)

Intelsat V F8
Intelsat VA F10
Intelsat VA Fi1
Intelsat VA FI12
Intelsat VA F13
Intelsat VA F15
" Ttalsat

JCSat 1

JCSat 2

Marecs A
Mzarecs B2A
Marisat Fl
Marisat F2
Marisat F3
Morelos F1
Morelos F2
Nahuel A
Nahuel B -
NCN-1

NCN-2

Location

090° E
053¢ E
080° E
140° E

014° W

026° W

1727:5° E

- 074° E

093:5° E
074° E
177° W

021.57Wal

174° E
001° W
053° W
034.3° W
063° E

018.5° W

066° E

L2911 B

0245° W
02755 W
060°°E
053%W
050° W
013°E
150° E
154° E
177:5%E
026° W
015° W
0725°E
176.5° E
113.5° W
116.5° W
080° W
085° W
101° W
148° W

Band(s)'
Gl ki

Gl

C1

C2, K1
L3S/ G2k

€, Kank:
14, ikl

@R
&21K1

C2, K1

&\ K1

G2/ K¥ K2
C2, K1, K2

crccffxm

K4

" Operator

USSR
USSR
USSR
USSR
USSR

Inmarsat
Inmarsat
India
India
India
Intelsat

Intelsat
Intelsat

Intelsat
Intelsat
Intelsat
Intelsat

Intelsat

Intelsat

Intelsat

JIntelsat

Intelsat
Intelsat
Intelsat
Intelsat
ltaly
Japan-JCSC
Japan-]JCSC
Inmarsat
Inmarsat
US-Comsat
US-Comsat
US-Comsat
Mexico

“ Mexico
Argentina

Argentina -
US-NCN
US-NCN

Launch Date
1983

1984

1984
1985

1986

1989
1990

1983
1988
1990
1978
1977
1981
1980
1981
1580
1982

1983 ¥

1983

1984
1985
1985 .
1985
1987
1988
1989
1968
1990

Dec 1981
1984
1976
1976
1976
1985
1985
Unknown
Unknown

' Unknowni

Unknown]

i

213
524
241
241
147
479
479
454
210
191
515
461
387
387

434
434



Nanie
Olympus
Orion |
Orion I
Orion 111
Pacstar 1
Pacstar 2
Palapa Bl
Palapa B2P
Palapa B3
Poiok 1
TFotok 2
Potok 3
Raduga 14
Raduga 15
Raduga 16
Raduga 17
Raduga 18
SABS 1 &2
Sarit

Catcol 1A & IB
Satcom FIR
Satcom F2R -
Sztcom F3R
Szatcom F4
Cztcom K1
Sztcom K2
Sztcom K3
SBS1

SBS I

SBS I

SBS IV
SBSV

SBES VI
SDRN-Central
SDRN-East
SDRN-West
SDT-1
SDT-2
Simon Bolivar
Spacenet ]
Spacenet II
Spaceret IIIR
SpaceSat ]
SpaceSat 1]
Spotnet 1 & 2

Location
019° W
037.5° W

047 W

050° W
167°%E
1750 E
108° E .
113° E
118° E
13.5° W
80° E
168° W
085° E
1285 F
045°E
P35 E
@25° Jal
017° E
019° W
075° W
1396 W
072° W
131° W
083° W
085° W
081° W
067° W
§993° W
097° W
Q958" W
089° W
1220%)
062° W
0595 F
160° W
016° W
110° W
110° W
045° W
120° W
069° W
087° W
124° E
128° E
119°W

A-12 .

Band(s)
K3,E- -
K1, K2, X5
K1, K2, K5
K1, K2, K5
C K

C K

C2

E2

C1

a1
]
C1
C1
C1
K2
K

@2
Cc2
C2
@2

K2

K2

C2, K2
G2:K2
C2, K2
€2, K2
K E=:
K E
K4

Operator .

ESA

US-Orion
US-Orion
US-Orion
Papau'New Guinea
Papau New Guinea
Indenesia
Indonesia
Indonesia®

USSR

USSR

USSR

USSR

USSR

USSR

USSR

USSR

* Saudi Arabia

Italy
Colombia
US-RCA
US-RCA
US-RCA
US-RCA
US-RCA
US-RCA
US-RCA
US-MCI
US-MCI
LS-M(I
US-1BM

'US-IBM

US-IBM
USSR

USSR

USSR |

US-5at Dev Trust
US-Sat Dev Trust
US-PanAm SC
US-GTE

US-GTE

US-GTE
Japan-Space Com
Japan-Space Com
US-Nt] Exchange

Launch Date
1988
Unknown
Unknown
Unknown
Unknown
Unknown
1983

1989
1989
Unknown.
Unknown
Unknown
1984
1988
1986

L1985

1986 -
Unknown
1989
Unknown
X834 ..
1983
1981
1982
1985
1985
1989
Nov 1980
Sept 1981
Nov 1982
Aug 1984
1987
1989
198"
1986
Unknown
Unknown
Unknown
1988
1984
1984
1988
1988
1989
Unknown

Page No. |

200
238
238
238
464
454
496
491

185
185
442
505
487+ -
534
131
209
142
202
278
424
271 =
416
294
302
302
302
348
336
327
311
404
261
437
437
192
380
380
253

£ 399

266
306
486
486
362



Name
S:atsionar 10
Ciatsionar 12
Siatsionar 14
STC1&2
STW-1
STW-2
STW-3

TDF 1A & 1B
TDRS A
TDRS C
TDRS D
Tele-X
Telecom F1
Telecom F2
Telecom F3
Telstar 301
Telstar 302
Telstar 303
TV Sat A3 & A5 7
LU.G.A.-Satl
U.S.A.-Sat Il
USSB 1
USSB.2
Vid~osat |
Videosat Il
Westar A
Westar B
Westar 111
Westar IV
Westar V
Westar VIS
Westar VII
Zohreh 1
Zohreh 2
Zohreh 3
Zohreh 4

Location
170° W
040° E
095° E
110° W
125%E
070° E
1255 E
019° W
041° W
1715W
041° W
0058 E
008° W
005° W
003° E
096° W

. 086° W

12528\
019° W
056° W
058° W
110° W
148° W
032° E
37.5# B
073° W
J32°°W
091° W
099° W
12285 W
091° W
140° W
034° E
026° E
041°E
047° E

Band(s)
@1 Kl
C1

C1

K4

C1

C

C

S, K3

C2, L, K2
G2:L K2
@2.:K2
K3=E

@7, K5, X
C2,. Ko\X
S, CrRX0KS
C2

C2

AR ARRK

Operator
USSR
USSR
USSR
US-Comsat
China
China : °
China
France
US-Spacecom
US-Spacecom
US-Spacecom
Nor/Swe/Finland
France
France

rance
US-AT&T
US-AT&T
US-AT&T
W. Germany
US-ISI
US-18]
US-USSB
US-STC
France

rance
US-Western Union

US-Western Union -

'US-Wes'tem Union
US-Western Union
US-Western Union
US-Western Union
US-Western Union
Iran
Iran
Iran
Iran

Launch Date
Unknown
1984
Unknown
Unknown
1984

1985 |
1988 i
1987, 1989
1983

1988

1988 e

1988

1984
1985
1987
1983

1984

1985
1987, 1989
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
1979

1982
1982
1988
Unknown
Unknown
Unknown
Unknown
Unknown



A-14

A2 VHF/UHF MANUAL

The standard colour code applies axcept for voltage

Colour Voltage (V)
Yeliow 6-3
Green b 16

Blue 20
Grey : 25
White 3
Black 10

Pink 35

Marking of polyester capacitors

— 1st significant figure in pF | Standanrd
41— 2nd significant figure in pF } cOiour
% — Multiplier 8%
' ——.I?*uvc,z,ﬁ
— Voltzge T #
10C Srown 20 Biack
250 Red 104/ White
400 Yellow| |[* 5% Green

inductances

Self inductance of 2 straight wire .
At radio frequencies, the seif inductance of a straight round
wire is given by b >
‘ = 4
L = 0-0021(2-303 logyo 7~ 1) uH
where [ = length in centimetres
Y = dia in centimetres

p 4
1000
800
600 : 7
500 - : - swg
40C s
300 S
: 1 21]0-25inch
. internal
200 , ,} R
i : =14 :
I A /2/7/{_/:{—12
e A 1 L = -
2 A A A _{.25}0:125 inch
Y {00 A A - internal
s } P ET R 21 ) drameter
g’ 80 i A _/T’ 2
2 80 P Z AR i WP
- -~ -
sC > J%{e/ 2 = |
> 5 .
s0-—454
= 7
3044 e
A Y
" s
20 ’4 -
4
’
1C

2iEhgeng e gt g Tgul g
Turns 2

The Inductance of 0-25In internal dlameter coils with turns
speced one diameter apart

i/ i
|

-
.

Inductance of a single-layer coil
The inductance of a single-layer coil of length at least cqualto
its radius is given by
| Rl o S
; 9r + 10/
where r = radius of coil (in)
-1 = length of coil (in)
N = number of turns 1. C
This applies to both close-wound znd spaced-turn coils. Cof
- : soA %
respondingly, the number of turns for a given inductanic 8

N-L foeiE
’.2

1000 T
80C . L 1
| i
s0C . a’
A 7
= e
400 < 18

puH

30C -

N

= i . g 5
E // // ey
¥ 20C
3 7T % alE
5 A pad /é/;_:__,:_A
H @ //r/ fb
b / // | i
£ 100 2 ]
Va5 ——
8C + 3 LA ‘ ] ¢
7 ! EZEY |
o A s
5C 7/;A , "":’_:,,,',,.4
404 : +— T
{ ] '—4—“’—‘
3c 3
g “En4 5. ' JiF 8 9 3 i

Turns |

The Inductance of 0-375In Internaf clameter coils =7 tyr®d
speced one diameter apen :
Zin

@i v

1000
800

€00
500

400

300

200

Inductance (nH)

100
80

60
50

R e e e e L
Turns

|
: |
The Inductance of 0 5in internal dismeter col™e |
spaced one Ziameter 2581
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NPN SILICON

chege

Symbci Velue Unit
MEEO 15 Vdc
Veeo 25 Vo
Ezse \io'zze Vizo 25 Vdc iy
Catiecior-Current — Continuous ig 35 mAde ,\ ¥ }"F__T .
Teiet Device Dissmer.on @ Tp=106<C Pp 180 mw T z, ;
Derzie Absve 4.0 mW/«C =
Storzge Tempera:o-e Range T -€510150 g5 o
| Sy ] STYHE2:
THER I £ RIS Tir. € PN 1. COLLETTOR
AL CHAF ACTERISTIC.S . EMTIER
Ctezraciatistic Symbol Max Unit 3 BASE
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BFWO2A

/f,..—-—/

ELECTRICAL CHARACTER‘ST!CS f 255 niéss biherwine aaled)

= F!Tﬂe'lﬂlc- S 1 Sx mbol . ] Min 1 Typ J Max [ unit }
OFF CHARACTERISTICS g 5 . i :
Colle-.or-Emitter Breahdown Voliage V(8R)CEO 15 — —_ Vdc -
{ic = 1.5 mAdc. Ig = 0)
Coliezno v Breerdown Voltaga V{BRICBO 254 #5 — - Vde
{ic=0" mfYc. ig=0)
t mune--Base Byeakdown Voliage V(BRIEBO 25 — — Vde
fig= 01 AT =C) . : sie SR
Cotiezior Cutoff (\uénenx icso - - - - 50 nAdc
e = 10Vde i = 0)
Cti CHARACTERISTICS
l’[-.C'en‘Gen v ] [ l 20 l 50 l 150 l _J
(ic=20mAcc VCE' 5.0 Vdc)
DYNLWIC CHARACTERISTICS ¢
Cure1-Gein Bendwid h Product fr — 4.5 ar GHz
= 10 mAde, Vgg = 10 Ve, {=05 GHz)
ase Capacitance - Ceb — 05 1.0 pF
10 Vide, { = 1.0 MHz, Emitier Guerded
FUN.' TIONAL PERFORNANCE
pi—om Noise Figure {Tuned) i / N"Dp( & = 27 — dB
(ic = 10 mAdc, Vg =10 Vec, =05 GHz) H
No-se Figure (Untunes, Rg = R = 5041) NF - 30 - dB
iz = 10 mAde, Veg = 10 Vde (= 0.5 GHz)
WMex-—om Aveidable Gain (1) MAG — 16 o dB
{iz = 10 mAadc, Veg =10 Vdc, 1= 0.5 GHz)
inse~.on Gain i$2112 — 14 h_ dB
tiz = 10 mAdc, Vo = 10 Vdc, {2 0.5 GHz)
. 15212 ¢
a iS1i 2) (152212 .
Y
g FIGURE 1 — 30-5S00 WHz BROADSAND AMPLIFIER g
11k
l Wv—T‘O-ZG \"
5[ —~c4 c5 = 5

(10-100) pF

L1 211 ]

¥
{33 uH | = 014F =0 4F
12 -
3wy Sl c3
“33yH G 1uF

o sttt |
w AN
Rg=750

—<R =750
Veg=10V
c = 10 mA

ason <300
2 .
i 7
(3-10} pF

C3.C4, C5 — 0.1 u4F Chip Capacitor
L1. L2 — 33 4H Moioed Inductor

Al Resistors 1/4 W.20%

Py
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2-162



#@WI2A

FISUREZ — EROADEAND GAIN (Circuit Figure 1)

A-17
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FIGURE 3 — 2nd AND 3rd ORDER INTERCEFT POINTS
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N
EFV22A
S : e FIGURE & — NOISE FIGURE
FIGURE 8 — NOISE FIGURE versus COLLECTOR CURRENT
versus COLLECTOR CURRENT Untuned, Rg = R =500
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BFV/22A

BFWS2A COMMON EMITTER S-FARAMETERS

INPUT QUTPUT REFLECTION FORWARD REVERSE TEANSMISSION
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY
(VCE=10 V.1 = 10 mA) (VEE=10V,Ic = 10 m4)

v
2-1€5

Vce
Vot (mA; :s.”
50 o
(eR4:]
02
O 7
016
052
031
.14
015
016
0.40
0.22
50D 034
EDD 0.16
=020 017
20 100 033
i c1g i
£00 014 55 ot
€20 017 3% -32 5
1200 0 1e 142 28 €3 0164 67 034 -37
25 100 0.27 -69 21¢ 122 0.022 70 C65 -27
200 015 -111 X247 104 0038 71 047 -27
£20 0.16 172 55 €5 0085 73 035 -25
£00 018 183 35 75 0132 70 033 -3
020 0.20 142 29 €5 0163 68 033 -36 o
10 50 100 073 -30 111 146 0026 71 090 -14
200 053 -52 &8 124 0.044 €3 075 -21
500 021 -88 &7 S84 0082 €2 057 -25
800 014 -136 <4 80 6120 €2 053 -30
=090, 011 161 26 73 0143 €62 ¢.53 -34
10 100 057 -39 167 137 0023 70 082 -18
200 0.35 €2 1.5 115 ¢.038 66 0.65 =23
500 012 -117 s4 e9 0.078 (3] 050 23
£00 003 163 0.5 7 0118 67 047 -28
| 3020 c 03 168 28 71 0144 66 0eg -32
15 100 046 -46 188 130 0021 70 077 -20
200 0.26 -68 12.6 110 0035 68 060 - -22
500 [eXex:] -137 56 &7 0076 n ca7 -21
(o] 009 177 37 77 0117 €38 045 -27
1000 G110 153 30 T 0143 £8 C 46 -31
20 200 033 -50 215 126 0.020 70 G724 -21
220 o1 -73 130 107 0034 71 058 -21
500 008 154 57 &6 0075 72 046 -20
ED0 010 168 37 76 0117 70 0as5 -27
1300 on 148 30 71 0142 €9 245 -3
25 00 034 -54 223 i 123 0019 70 o7 -20
00 017 -79 130 105 0033 n 057 -20
500 COE -1€6 57 g6 0075 73 047 -19
€20 on 162 37 7€ 0116 70 045 -26
1000 013 124 30 70 741 69 046 J -30
E’:ﬁww——— RS A e s o PR e e e gy - e e e e e ey |
e e e L PR I A e R e . i s e B — i O
W R FDEV .
OTOROLA RF DEVICE DATA e~
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20

\

= r 7 s B T MAXINMUM RATINGS
ZF ZAIS,A/Zi‘:Zzig,A : 4?&2( 8 IZV\.'_Z‘SA = :
2 e = H J 5 T ons S
Sifgg g g L b i | :
2N2223,8/2K2222 A | | aizs | anzeioa | v
j . i Reting Symbol 2N222% 2N5582 | Unit
2N5581/82 ’ Veeo | T30 T Tan <= a0 | vac
Gl oE = ; / 5 vd
JAN, JTX, JTXV AVAILABLE ¥er0 & a6 i B <
S ~. VEpp . .50 | _ 60 6.0 Vdc
ghizzie A &y i ; ; = mAde |
282218 A e : Ic 800 30 800 | niAde |
CASE 75.02 : y2N221E R '2N2221,A | 205581 ]
TO-28 {T0-205-D; SV LE 1 ! T 2Nans s |212222 A | 2NESE2 |
Pp i ‘
e !
g’.:zz;,: 0.3 G4 0.€ | Watt ;
ciag - z <5 33 woer
et 22~u3 257 2.28 333 imw <
TU 1€ {70200 ! STYLE 1 PD \ :
30 32 20 | :
17.1 655 | 1143 | g
TJ. Terg -€5 10 - 200 { T
! s R
£ TRANSISTOR
NPR SIICON
’
ELECTRICAL CHARZCTERISTICS Ta= se noted.)
=
L Cheracteristic J Symbol ! Win 1 Max | Lnit !
OFF CRARACTERISTING
swn Voltege ViBRICEO i ! Vo l'
h'm £ Sutix 30 LY | i
£-Sufix INB581, ZNE5E2 40 — ] b -t
VizRIc80 | oo
Non-g S R =3 | 1
£.Su=), ZNESE1, 2NE3ED 7 AR ;
! Vizaieen BT e
{BRIEBD ! vog i
ton-& SuHix 3.0 —_ H :
£-ScH, 2N55E1, ZNBEE2 0 - ! i
ICEX — . TS g i nade 5
A-Sufix 2NS5E1, ZNEEE? H
ico pAd:
- 5.0% L
- .01 H
— 10
TA — 10 ]
Eriaer Cx =% Current 80 — 10 nAdc —i
Agp = 2Ivde, g = 0) £-S%ix, 2N5581, 285582 i
IBL & 20 | reoce |
ASSx | I
T L=
hre | el
= 10 Vac) 20 = | .
35 - : |
; |
G2 = 1.8 ade, Vog = 10 Vde) INIITEA, IN2ZPYA, ZNEEEY 25 — i
2NIIT3A 2W2222,A, 2NE5S2 .50, - i
S i
{hCo= 1 mEzZaVeE = 10 Vde) INZ2 35 - }
8 75 - !
Iig = 10imaa; = 10Vdc, TA = —55°C)  2ZNZI'SA ZNI221A, 2NE5E1 15 - ,
INIZTEA ZNIZZZA, 2NESE2 35 - i
]
1
e = 150 —A5eVeE = 10 V(1) 40 120 !
200 30 | j

IMOTORC _~ SEIMICONDUCTORS

T 430
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ELECTRICAL CHARACTERIST!

A-21

22, A SERIES 2N3581782

CS {cuntinued) (g =

C unless otherwise noted.)

= Cheraceristic Symbol Min Nex Unit |
l {ic = 352 madc, Vee = 1.6 Voct) - IN2Z7E A, 2N2221,A, 2N5381 20 —-_ .l
. SA, 2N2222,A, ZND5E2 50 = |
(Ic = 522 made, Vg = 10 Vdel1) 20 2o
i 30 b S
- 2 - 25 o
40 =
Collector-E~inter Szt i VCE(sat) ] Vdc
f{lc =182 mAde, Iz = = — ' 04
1, 2N5582 I - 0.3
(lc=5 50 mAac) _ = Nor-2 Suffix , - 1.6
; £330 x ZNESET, ONSEE2 I =&l
| Bese- on Vohegels) ! VBEisat) i Vdc '
e 15 medc) Nor- Suffix ) c6 13
A-Su® x 2N5581, 2N5582 0.6 1.2 ’
(i = 502 mAde, I = 50 mAce Nor-4 Suffix — 2.6 ’
A-S.%x 2NEBST, 2N5582 — 2.0 '
SWALL-SIGNAL CKARACT ERIST.CS
f Current-Gein — Bendwi=ih Prozuc2) ! fr NMHz !
{ic = 20 mAdc, Vog = 20 Vo, f= 192 Wiz - 250 = l
2N2222A, 2N5382 /. 300, — |
Output Cepecitznce(3: ; - Cobo - g0 pF f
IVeB = 3TVdc, g = €, € = 1034r) ;
Inpat Capecizznce(3) Cibo pF i'
(VER = B.EVde,Ic = 0,1 = 167 (Hz) Non 2 Suffix - 30 '
A-S1# 2N5581, 2N5582 - 25 !
fnput er'pf.-:z ise hie tohme
(ic = 1.6 mAds, Voz = 10Vae, f = 1.0 kHz) 1.0 85 |
2.0 8.0 |
{ic = 10 mAge, VCE = 10 Vaz, # = 1.0 kHz) ZN22186 2N2227A 0.2 1.0 :,
] 2NZ2185 2N2222A .25 125 |
Volizge FeeZozch Retic P X 10-4
(ic = 1.0 mase, Vee =9\ 56 kHz) EA 2N2221A — 5.0 o
A 2N2Z22A — 0 i i
lic = 10 m23e Ves = 10Vee, £ = 1.0kHz)  2N22egs anzzzy 1A — 25 !
, —~ 4.0 I
Smell-Signz’ CL-rent Gzin hie - — '
(ic = 1.0 = 23¢, Vg = 10 Ve, f = 1.0 kHz) N2Z185 IN2221A 30 150 l
ZN22°34 2N222zA 50 300 l
e = 10 mAse, Vep = *0Vas f= 1.04Hz) 2N22164 2N2231A 50 300 |
ZNZ2185 2N2222A 75 375 '
Output Admi=zace hoe #mhos
(ic = 1.0 mAde, Veg = 10Vee, § = 1.5 kHz) 2KN2221A 20 15
, 2N2222A 50 35
(lc = 10 mage, VeE = 10 vz, f = 1.0 kHa) IN22184 2N2227A 10 100
2K22124 2N2222A 25 200
Coliector Ezse Time Conciam b'Ce - 150 ps
llg = 20 m235 £ = 3L Vde, f = 31.8 MHz)  2.5uix
Noise Figure NF - 20 B 'l
(ic = 100 23c, VCE = 10 Vdc, 1
Rg = 1.0kzm, = 1.5 kHz) IN22784 2N22224 |
Fee' Part of Cz—mon-E~"ttor Re(hje) - 60 Ohms l
High Freque impecence
(lc =20 . VeE = 20 Vde, f = 302 MHz) 2t -221" 2N221SA
N222124 2N2222A

(1) Pulse Test: . lse Wioih < 300 pc
(217 is definec zs the frequency et
(3} 25581 enz 28

5E2 2¢ Listed Ccp end Cep, for these con:

<, Duty Cycle = 2.0%.
hhlch 'hie' ertrzpotates 1o unity.
1Ins end velues.

SMALL-SIG*. 2L DEVICES
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SN2218,A2N2218,A72N2221, A 2N2222 A/2N55E 182

ctherwise noted.)

*ELECTRICAL CHARACTERISTICS (continued) Ta =

] . T =
F‘ = i Cheracteristic- — — J Symbol J NMin | Max Unit |
1 SWJCHING C+ .7 “CTERISTICS
| Delay Time 7‘(\‘5(; ‘=5:G \Ltjjc \"gg(af?: “'i‘v,’oc, 1d — 0 ns 7
Rise Time C = 150 mAdc, lpy = 15 mAde) e i 1 = 25 2% [
se Tim (Figure 14) A 4 :
Time (Vee = 30 Vde, Ig = 150 maAce, tg — 2255 ] ins
= Iz3 = Ig2 = 15 mAde) = 1
s e = t — 50 ns
ime {Figure15) f L
Active Region Ti—= Constant TA — 25 ns
- - {ic = 150 mA _VCE = 30 Vdc) (See Figure 14 for 2022184, ZNZ238A,
| 2N2221A 2NzZzZa)
FIGURE 1 — NCFAALIZED DC CURRENT GAIN
40 =R T ", R
- HEE N
< E=Eh et~ T N VIESI0V
S DiEE e e R |
z o= : Tl
o 1= ! ] \'\ ' ' R | |
= 5y b ] d
= i TSRO TR ) S
g kR N —— ( _!‘;\\‘ Nf**&—il'\ :*—
I~ o3 : ! AYIRE S ] NS
= ! 1 clelell W, 1 i “ :
By I 7] .__-—-——--u::\li?sg |
=] = e e ~= &
z 1
3 : ' <
S, T \\ |
oo i BNANY
2 ! | =N B\ |
%] c7 1.0 20 30 20 30 50 0 100 789 309 590
32 COLLECTIE CURRENT (mA)
e
FIGURE 2 — COLLECTORC=ARACTERISTICSIN SATURATION REGION
. 1 | Ve g
= ———  Tris graph shows the effect of bzse cur.ent on collestor current. B,
% i ‘\ Ty= 250 j - (current gain 2t the edge of szturation) is the current gain of the
z ct 4 ‘ -} trznsistorat lvolt, anc B, (forced gain) is the ratio of 1./1, in 2 circuit.
£ \\ |
b ) , EXLNPLE: For type 282219, estimate 2 bese current (ls) to inzure
= = \ ! sz'uration at a temperature of 25°C znd 2 collecior current of
B ~ o 15C mA.
£ \\ \-\.‘i\ Observe that at I = 150 mA an overdrive factor of at least 2.5
z \ ; is requirec to Crive the transistor well intc the saturztion region. From
et - ! Figure l,_r‘l is seen that h, @ 1 vo!tis approsimately C€2 of h, € 10
g ~—— 3rd vo'ts. Using the guaranteed minimum gzin of 100 € 150 m& and
= o —— 10V, B, =62 and substituting values in the overdrive equztion,
g \ ! we find:
S l Sy
o2 o s -
% e = he @ 1.0V 2
ﬁs = L Sz I,=60 mA
! A I/ls 150/1, Etis
o I
4 10 20 30 40 ¥4 o
Fc'Lr. CVIRDRIVEFACTOR
MOTORC _A SEMICONDUCTORS * SIMALL-SIGNAL DEVICES
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2N2218,A2N2219,A2N2221,A2N2222,A 2N5551/82

FIGURE 3 — “ON" VOLTAGES FIGURE & — TEMPESATURE COEFFICENTS
S i E - NS
i ‘ - [ I
' g 18 (25°C 2017500 LA
| 4 T 0t B T e P
E P { /; = t £y for \'lcr‘;;-l ! ;_!L_/ ]
= : : et 5 L | Ty /'-/____-.-“nc" e
£ = 2 ok = I
: i
z —— JET = Fi
: L y i o | i v
2 - : = B =
S | t < ! i ; | )
PEEi o I ! { e
H 1 s <1 ! Tl €vefor Vel L
! s AL I R | 1 ;
. — = R e i | i (£
1] | VeE () € ig/1g = 10 fiit gty 3 ank i T ] T B
o [EI0ER: T B R AT mEEil == 2t |!| RNl il el
65 L 20 £.0 10 2 $0 100 2 500 (.50 0 £0 1t 20 L] 100 q0n
Ig. CCLLECTORTLERENT (mA) 1g, COLLECTOR CUEPUNT (214)
h PARANETERS
Vige = 10 Ve, f = 1.0 kHz, T = 25°C
This c-oup of graphs illuscates the relziionship between hie and other “h" parameters
for thm series of transistots. 7o obtein these curv kigh-gzinanc e lo in unit vere
selecte? anc the same units were used to develop the corresponding',
on each graph.
FIGURE 5 — ¥«PUT IMPEDANCE FIGURE 6 — VOLTAGE FEEDEACK FATIO
NS | 1] T FEN ! A~ S == WY | BEBIEESES
3 T 1 i
A N 17131 o g* AN W oot BRI
o IR o 3 7 i AR ESEE: ! 4 ] ! |
S ~ s imt i : 3\2 rd o i E e
220 ~ — = =T i | HEH R
o * = i
gt : g N = 1 A
i
= & R St —
= = RS T S T 1 (25 R
E S N . AN D]
= Ll N B IL Y el R
£ § e J: N 71 i e
= : TN : 1
el S 50 4B @Y § SEENET
g N\ 113 1 ! I
c7 : 2o YRR ] i SRR HR RN
o m R T i A SERES
T 11 Iy, s b
ealt [ £ 1t Jil‘{,di\ BED i
C.1 62 o5 12 20 50 g 20 ol 02 [} iy 20 50 i Fol
lc. COLLEC T CURRINT tmAde) Ic. COLLECITR CUPRINT (mhdc)
v
FIGURE 7 — CURRENT GAIN FIGURE 8 — OUTPUT ADMITTANCE
200 T -
| e ]
EES
‘é g ] = 3 ]’l
E3 = i ] T REW/A
= Hoen i : 1 Y7
= S | HEveV4
= = 7
B : | BPZ 4
3 foe it i d
£ 2 2% i _,/ J/ |
5 B as! i R i
b | ‘ \ 7 1
P i A ] | !
¢ | ] Pt g SO
1 D
1 : T ] S ‘
f i i f ‘ : 1 R | ]
3 : | i .0 | e A RN B EEBRE!
01 L2 [B 1620 50 16 20 01 62 [y ey 59 1o 20
fc. COLLECTOR CURFINT (madc} lc. COLLECTOR CUPREINT (mAdc)
SMALL-S.CZINAL DEVICES MOTOROLA SEMICONDUCTORS
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\ 1

22218, A/2N2218,A/2N2221, A 2N22% 2, A 2H5581/62
A3 E
S TCHING TIME CHARACTERISTICS

\
2 ek
FIGURE & — TURN-ON TIME T .. 7T .- - FIGUREJ0.— CHARGE DATA
s e "N ‘ if' 1003 == j : - : =
LRCEE BT : e T S e
S \\ : l f ol oy — le/h=10. L
z i 1! Li i | T Vee = &V iUNESS NOTED) =
RN L e Vee = §V{UNESS NOTED) 7 T
+ T BE ; padil |
% AN EAPIREA B 5
2 NN SR g
= = =
ALNZEr S
z NN =
e P NN
14@ Vzy = 0
% ——
1l
bt |
Pl : . .
ie sC 10 & F0 50 w0 2% 30
I, COLLECTOR CUFZENT tm
.
FIGURE 11 — TURN-OFF BEHAVIOR 5
37 T T T = J] L 300 T et : | ] J —I——J
B o | E=un W : S i ! o
233 - 200 T — T - —_
—— T TN & /s RN A il A | | |
i , TN : 0 ] I 1
i NS BEEES W -gen NI [T HpSsd
=2 B NEBA L T N S AN < ‘a oy [ BT
S | sy N D AL = N Sl T
= AI3 8, il W C 5 B >3] L TESE
I | Lomlmty 1] (AL ;o Py g . i S = 1)
= o (Ll [V L QT g = [ Pall f B
% ! Ity = 10 \1\ Lo \ i & Ic'ly = 10 \\ ot \
S , P dB ) N = Vg i L
2 33 ; = 7 \\, T \“ T ¢ A x | \J\I‘ s
= A ' Y - SILTUNRN P -~ /% L — T
v W ) i g ¥ .
LO* GAIN TYPES : } 1 i HICH GAIN TYPES y J: _1
7,=25% W% i MRl y/ | 1,=25C ' ]!
SEE T ) Bha P N2 el tLs 1
10 20 » 50 70 100 7L, 30 10 20 30 55 W 0% 70 300

le. COLETIORC Ic. COLLECTOR CURRENT {mA)

NOTOROLA SEMICSKOUCTORS : - SMALL-SIGNAL DE'ICES
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N 2N2218,A’21\‘2219,A12N2221,A'2N2222.A.’2r\):581!82
)
' "» FIGURE 12 — DELAY AND RISE TIME FIGURE 13 — STORAGE 1In £ AND FALL

\} EQUIVALENT TEST CIRCUIT TIME EQUIVALENT TEST CIRCUIT

t GENEEATCR FISE TIMES 20ns DUTY CYCLE = 20% +30%

- o

Ph < 200 ns R . ~ 100 ps

Y purvovele- e 0y —.II |—_ 2

»;, 5l Te - —— < %0ns

\ «16.2V i :

<‘ ‘ L
1.0k
0 WA
K INSIE
—138V le 100 k ches
= CinS 25pF — = Sese -igV Cin€ 12pF
“- 5 - !!(f,i'x:”E\’ECm = 502 ps | l‘_ ROE TIMES S0 ag
\'\
\\
A\
.

S ALL-SIZ AL DEVICES
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M) rroTamors

(C10116

TRIPLE LINE RECEIVER

Active current sources pr(“v?de the MC1011€ with saleilent
cammon mode roise rejaction. if any amplifier in = vachage is
rotused, cne input of *' & amptifier must be conread *o Vg
(pin 11) to prevent upsett: ing the current source bizs netvesrk,
Complementsry outouts are provided to eliow crivinp twisted
irlines, tc enzt'e cascading of severa! ampiificrs in e o oin. or
Yy 10 Zrovide complernent outputs of the inpe! ciunction.

n

o 13

Pp =85 m\¥ typ/pkg (Mo Lozd)
thd = 2.0 ns typ
tr, tf = 2.0 ns typ {205—-80%)

M"CL IE'H SERIES

TRIPLE LINE RECEIVER

——

F SUFFIX
PLASTIC PACKAGE
CASE 648

L SUFFIX
CERAMIC PACKAGE

CASE €20

LOGIC DIAGRAM

16— 7
P2 —Eeo—— 14
13— 15
=39

Vsg

Vezy = Pind

Voo = Pin 16

VEg = Pin8

-

PIN ASSIGRIMENT

Bin

an

3-32




€€t

ELECTRICRL CHARACTERISTICS

Ench MECL 10,000 sarles has been deslgned to meet the de apecifications,
shown ir the test table, after thermal equilibrium has been established. The
circuitis in a test socket or mounted on a printed circuit board and transverse
air flow greater than 500 linear fpm is maintained. Outputsiare {erminated

. !
50- -
through a 50-ohm resistor to —2.0 vol.ts. Test procedures are shown for only . 7657 VOLTAGE VALUES .
one gate. The other gates are tested in the same manner. o)
@ Test 3 5 / Rk
Tomperature | Vigimax | ViLmin | VIHA min V'L‘t\rﬁnx Vng
-30°C -0 390 -1.800 -1.205 -1 U0 [0
el illoh] Sl : |~
+25°C -1105 1 Pin
wsoc | -0 700 1825 1.0 ! 1"
MC10116 Teat Limits -
itk sl 8 e i e TEST VOLTAGE APPLIED TO PINS RELOW:
~200¢ 426"C - A4 ! :
Chaenctaristic Symbal Min Max VIHMA min \ VILA max | VB
Pawer Supnly Drain Current Iy n 510,12
tnpay Caerant T T 1Y oy 3 - B I g IROLRE]
e AT T 10 Hna00
R Gl 6o 20, [NLL ), ate e 2= MRS D)
Thah Outrin Voliage Von ? -1.060 | -0n%0 | -0 960 oo | -onon H,10.00
v =1 060 -0 nen -0 o S0n S0 nmn
SO . B W Bl UL il 4085 1 i) A L, e s L) O IOE - AN N 4T SN .
VoL 2 100 | -1675 | ~1650 S1650 | -1 825
3 -1.890 | -1675 -1.A50 ~ -1650 -1.825 A
High Threshold Voltage VoHA p) -1.0n0 - -0.980 . \ -0010 a -
\] -1,010 - <0910 0010 ‘A
Low Threshold Voltage VoLAa 2 - -1.655 - - -1.630 = A
3 3 -1.655 . . 21,630 a
Relerance Voltags Vag " 21420 | -1.290 | -1.350 510,13
Switching Times (50 §2 Load) ! ' ! !
Min Max PAin Typ - . Pulse In Pulse Out H -32v
Propagation Delay (PPN 2 1.0 3.1 () .20 a 21 5.10.13 0 1.16
'a- ). 2 H = 20 ' .
. e 3 ‘ f ; i ; :
.3 3 ! a ! :
Rise Time P 2 1.1 36 1.1 2 :
120% 1o BON) 1 3 3 |
1Al Time 1. 2 Y
(20% 10 0N 11 3 3
.

QH-OLO%"

LZ-V




PHASE LOCKED LOOP

el

SENESS4

ELECTRICAL CHARACTERISTICS v =5V T,=25'C. !, = 5Mrz s = 400,A uniess otherwise specilied B
SE564 ] NESE4 !
PARAMETER TEST CChIiTIONS ; ' T - UNIT
¢ Min Typ | Mex « Min @ Typ | Heax
Mianimum VCO frequency C, = ( tstray) | =50 65 45 ; 60 f MHh2
o
' Lock range Input 2 200mViIms T, = 25°C i2140 70 4 70 % 0f !¢
‘ =1255C {526 30
! = Luh3ET O D
! =0°C 70
' =70C 40
' Ceplure range Irput 2 200m Vs, Ry = 270 20 30 20 30 (% ol
vCO freguerncy arift with fo=SWHz T, = - 83°C10125°C £00 1000 (PPM.C
temperature = _Q&GuE*70"C 40) | 1250
fo= 500K 1, BaeBn ({0 125 0 250 500
=62 1070°C £00 ! 850
| VCO free running frequenc 5 | J
| ks C.=g1pF 4 5 6 135 | 5 | 65 MHz
i Re= 1009 "Iniernal : i
VCO frequency charge with Voo =445V Lz 5BV 3 8 I 3 8 % of !,
supply voltape i !
| Demodulated cutput voltage Mecgulation trequency: 1KHZ i i
| fo=5N.Hz input Ceviation: i
| 25:T=25"C | 16,1 28 1% | 28 Imvrms
1%T=25°C i J8 14 8 14 {mVrme
i =0°C | 13 imVrms
! ~\J &57C L T\ 10 i’mv(ms
i =764 ! 15 imVrms
| =325 4 | 16 . mVrms
;[D,stomon Devigtions 1% 19 8% | 1 n 1%
! Signa! 10 noise ratio Sid concition, 1% 1010% dev : 40 40 a8
i AM rejection ST0 eon O 1o LATEL VKA ‘ 35 85 B
I
{ Democulatec Output at Mcooulatien frequency: 1KH2
i operating voltage f. = EMHz input deviation 1% :

i Veeseay ] 7 12 - ) 12 mVrms
: % cc =BT . H g 14 8 fla ;mVrms
Supply current Vie S BvEh | ‘ |-{¢5-/] 60 ¢l 45 |60 mA

" Output 1
i V7 output tezhage current Vo= OVuP 16,8 1 20 1 20 uh
{ "0 output voliage lgor= 2004, Fir 16, 9 03 0.6 03 | 06 v
j lgur= EMA Pin 168 | 0.4 0.8 0.4 08 \%
TY 5’!(‘M PFLFOM. AN(T (‘HARAF[FRI“H(‘C
; LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR vs FREQUEKCY SE NE 564 TEST CIRCUI"'
! 000
f € b ———d --—“ !
: ? '.'—A—‘ tein, ¢oc_.=~ R ~~i N ) i § T
: C : : ‘T'—l y - |
x > ; F’m " : i ; i =] &% e
i Fondiain o e ; 5 G
vy | = H ! l—T—I—q—D
2 ! ; | s 1o 1 W
e i < eyt €3 . tob T IS
- S Al o— ) [T N =
?, 5 = & T = — oruoo -
s — ot = e
: Emaleml s e
z g ) 5 5
1 1 W00 100 100 1o "—‘”jﬁ"""f“ 4 ! puneeEay 1 C?
FEEC IENCY avg = "y
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PHASE LOCKED LOOP
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TYPICAL NORMALIZED VCO
FREQUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

TYPICAL NOEMALIZED VCO
FRECUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

NCRMALIZED VCO FRECQUENCY
AS A FUNCTION OF TEMPERATURE

BIAS CURRENT (LA} PIN 2
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PHASE LOCKED LOOP

SE/NES64

FUNCTIONAL DESCRIPTION
(figure 1).

The NES564 is a monohthic Frese loched
icop with 2 post Jelection prezessor The
sse of Schottby clamped transis

1.mized device geomelries ¢rtends the oy

cuency of pireragtion 1o greater 15an 5Ch 2
cuenty ol g

i additiontc the classical PLL zophicationg
ine NESES canbe used as a modulator with

ie frequency deviation

Tre culput vollage of the PLL canbe winitten

.« shown n the following equat:on

Equation 1

VO T conversoan gan ol the VO G

= lreguenty of the input signe

YOG

= lree 1enmng equency Of e

The process of recovening FSK
vilves the conversion of the PLL outpul 10

siguats an

lcgic compatible signeals, For 2ta
rates, 3 considerabie amount of carnier will
Leopresent at the cutput of the FLE due 1,
e wideband nslure of the loop hilter Ta

EQUIVALENT SCHEMATIC

avs010 the vse cf comphcetea fillers, & com
e H tesis ¢ Schmitt tngger s
reqQuiIres convers on gamn of the

VCO fised. the oulpst voltzge as given by
Equation 1 vanies according 1o the frequen-
Sonce this dilfers

Ly (evia

nofdn tron fg,

3 1o System, i1 :€ necessary that
e tysteresis of the Schmadt tngger be ca
that 1 can be
01 & particular evstem This s
aCComplines nthe 5€4 by varvina the volt-
@9¢ at pin 18 which tesuits in @ change of

from Lystem

table of beng _changed
‘

Cplineed

BT R S alatal

! fi s i Mbe\§ Wt fricger
—_—

ForFSK signals, an important factor o be
(onsidered s the o't an the free running
frequenty of the VOO itse’t I ttus changes
Sue tc temperature, eccoreng 1o Equation 1
it willlvaS 1o a criangean the de levels of the
FLL Oulput, eng corseguently 10 efrors in
the digital culpst sigrel This 1s especially
true for nerrow hand signals where the devis
abion o o itselt may be less than the
change i f due totemperature This etlect

canbe elim.nzted f the dc or average value
ol the signzl s retrieved &nd used as the
reference 1c the comparator In this manner,
variztions i the dc ‘eveis of the PLL output
do not f”em the FSK output

VCO Section

Dus to s mherent fugh fte:;uenc; periorm-
ance an emiter coupled oscillator 1s useg in
the VCO. Inthe circut shown in the equivaient
schematic, t:zasistors Oy, 2nd O,y with current
sources Oy - O form the besic oscifiator,
The approximate f1ee wnong freg jency nithe
Leciiztan is snown o the foliowing equation

% Equaticn 2

Wl ONTERNAL)

it
Seaterra tequent, setting capecior

Variztion of ¥q (phzse delector ouvtpyt volt-
ttie fr1equency oscillg:
lor Asindiczied by Equetion 2, the frequen
cy of the osciiiator has 2 negalive

of th

Figure 1
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SEINES64

lemperature coellicient cue 1c the oSt ve
temperature coefticient of the mzrciithic re-
sistor. To compensete fcr this. & current 'R
with negetive temperature coet! Zient 15 n-
troouced 10 echieve a Icw frecuency caft
with tempergture

Phase Comparator Section

The phese comperator ccneists 2! 2 gz zle
belanced modulstar with & himater anplier
Sehigle o tne d
vertical PNPs are vsed to ctle s TT( ic.el
inputs The loop gain Can bLe varief by
changing the current in Cy arc Cyg which

1o mprove AM rejection

eflectinely chenges tme gz n of the ci'leren AS shown it the eQuivelen! sthematic the
tetampihers This cenbe eccompiishen by dcretnever s !-medtythe lrarsductance

nrogui.ng 8 current 8l pit 2 empifier Cop— Qa3 togetner with 2n exter.
nei capacitar which s cor-ecled &t the am.
Post Detection Processor pifier cutput {pin 14) Trus f0rms anintegra.

tor whose outpu! woltage s shown in the
following ezuation
Om | B
Vg = Csil Ezuetion 3
2

Section .
Tre pcst Jelecion £ ocessor consists ¢f a
Nly gein transconcuctarie ampliler ang
emperztor Tre amgitier ca~ be vsed as a

eluever 10r gemoguleion OfufESK sig-

fialh, st as o US! Gelecton Ltembn: Ligar

e

~

to [ § =
Im =

[
EM ger odulet-on, The comparalor Fes ad- N
sstable bystleresis so thet crhese ptter in the

pul'signal can be elimireled:

With proper seiect.on of Co, the wntegraior
time consie™t can be veried so that the out- i
put voitage :s the cc or everage veive of the |

<,
in

& sv

Figure 2

= ~ 1 input signa! for vse in FSK, or 2s a pos
FH DEMODULATOR AT 5V et 9 Sopehos!
detection lilteran hinear demodulation
9 Ihe comgersilr w10 hys'sresis i1s made ¢p
\l'z 1§ saim & ¥ 2Ty of Qsg=Cs5 with positive feedtzck being
00 proviced Ly Q.--Q.. The hysieresis s
']_ vanied by chenging the current in Cep with a
T = LOOF FUIER resulting veznigtion in the loop gez'n of the
L SOb compzraicr. This miethod of hystetesis con
FNMINPUT CaILF 18 2 1M 4 ,1 ¥ .
forbves o—ry € < _[i — trol, which1s & dc control, provides symmet-
fm s kML 1 Y pPe I, rnc veriation around the nominal velue. *
BIAS FILTER i 7 csa Ep—o 3
— 1F 1 Y
- 3 e »*.o.{ FCSTDEYECTIO FILTER .
c:.,rij__— Design Fermula
3 2
: I The {ree runnmng frequency of the VCO s
8 e 8 12 5
$3bF shown by the followiing equation
i u
Ib-bMNl

quation 4
FREGUENCY SET CAP

FM DEMODULATCR AT

[P a_{}__/ '3 .
AL

ter - ThH2

12

a0pf

&

12v MODULATOR

¢
‘ 0 :
1 1 s v
() 'L tOCK BENGE ATUSTMENT T 5 L:ju':'(v‘tilvhc
>0 o0t e e
k1’j LGOF FILTER FS 7
/
q ¢ | = MOTGLATING T ,’/
{ ] cee ; P = i s
- ; tomp : 10K
iNpPUT can SRR T B I']_ , conk I
.

i “mo_-”z:b
i
Q—-£7 b o . ; : wlie
BIAS FILTER __E{ €k iy £N4LOG CUT —*{ tid
- —o—3 1¢ -—o_{

Y- SMHy — g SWH:r
[ 1

EOINCY sE1 Cae sv ' FEECUENCY SET CAP
RLS

5, WOLULETED OUTRUT
TN
Figure 3 Figure 4
A

i

of

i
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i

“.F

1 TaHr

(R P
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- 1 +3

FCSY DEVECT:ON FUILTER E' WY 12 -—T
i
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SE/NES64

>

MODULATION TECHNIQUES

The NESS<4 phese iocked loop cen be modu-
leted et € ther the loop filter ports (pins 4
anc 5) or tne «input port {(pin 6) 25 shown in
figure 4. Tne approximale moduishion fre-
Guency cenbe deternmunec fromtne freguen-
Cy CONversion gain curve shown i figure §

The loop filter dizgram shown is erplaineg

—y the foliowing equeation

13Kk (INTERNAL)®

By 800iNg Capaciorste pins 4 enc S 2 pole 'S Tris curve will be appropriate for s.gnals
zCGo€ea 1o the 1oop trensfer funclion &t njected info pins é gnd S5 &s shown in
{ re 4
FSK Demodulation
TreE€4 PLL 118 particularly atiractive for
APPLICATIONS FS¥.gemcodulation since it conleins zn inter
na'vollege comparatorend VCC which have
FM DEMODULATOR TTL comgalible inputs ang oulputs. and il
The NES64 cen be used et zn FM cen operate 1oma singie 5 voli power sup-

demadulatar The connechans (01 o) cratinn iy Demodulaled devollages assccialen

al 5V and 12V gre shown in higutes 2 snd 3 with the mark and space freguenciey are
respectively The input sig 1S 8C.COoUpied

with the output signel teng extracled et pin
14. Loof futerning is orovided by the capaci-
tors at pins 4 &nd & with additione! filtering
teing provided by the cepacitor at pin 14
Since the conveision gainc! the VCO 15 not
«ery high, to ctteir cufficient demoduleted
sutputl signa! the freGuency deviel:onin the

nputl signal shouid be 1% O hagher

na recoverel with @ singie externaicepacitorin
e g retnever without utilizing extens.ve fil-
tering networks An internai compzrator
acting as.a Schmitt wrigger with an 2d;ust-
elle hysieresis, shapes tne demodilated
vo'tages mio compeatible TTL cutput tevels.
he hgh frequency des:gn of the 564 en-
ables it 10 demzdulate FSK a! high data
tates in excess cof 1.CM beud

3

% 3

Figure 5 shows a highfrece ey ESKEd
coder cesigned for input ‘“equency devi-

2hons of x 1 UMKz centeres zrounc a free-

rennming frequency of 10 8M=z The vzlue of.

the timing ca

racitance rec.ored wes esti-
matec from figure & (0 be approx mately
40pF. Atnimmer capacdor wes egdgec 1o line
fune 1o 10 15 BtAHZ

c

The Iock ramce graph inor=tes thal the
= 1 OhHz freguency Cevialicns wil be within
the toce 1ange o7 ingut sig €Eve s Qrezter
iten aLrrorimziely 507V vt zerc £0n 2 ias
Current Vihie strniclly this ‘.gure S apprc-
griate oniy for 3MHI 1l ca~ be used as a
guice dor lock renge est.mztes at"cther 1, |
frequenties i

The hysteresis wes a0usied ex};e‘.’:'-—.enlam
vig the VURH petentiomeler 270 Zk( Lias ar-
rznge~ient 10 give the wa.esmafe shown in
f:oure 7 for 20K 500K, 2M tzuc reles w
squars wave FSK moculation Note the mag-
Aiude and phese relationships of the phase
comparators culput voltages withrespect to
€ach other anc to the FSK octput The high
f~equency sum compcerents of the 1mput and
VCO frequency also zre vic.ble as noise on
the phase ‘comparators oulpuss.

n

10.8MH2 FSK DECODER USING THE 564

s TN
o Y S, l
; e i S T T )
kL —a .
i 4 el T eversts .
! | = i rs ;f[ss - 9. N
Y Shih X 4‘ ~S
‘ | < ’
i . 12 AL "
|
|
i
i 5 RO
| = s
| =T T
i NEITI 23
| b | —Q——.V
1 « % T
pee = :
R | [EE]
tE=n

Figure 5
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NI
Tor 'sce-pin a4

Ce~ trace-pir &

OUTLINE OF SETUP PROCEDURE

1

- Set I, (current

Determine Cperating frequency of the
vCO- .

Il < Nin feedback loop, then

fo= N x 1.

- Calcuiste valye of the vCco frequency
b LA D

sel canacitor

sinking into Pin 2) for
21004, Afer operation is obtained, this
value may be adjusted for hest dynamic
Sehavior,

. Check veO output 1reQUen:y with digi.

tal counter at Pin ¢ o¢ Cevice (loog open,
VCO 1 o Cet). Agjust Ce tumi or fre.
Quency adj. Pin 4-5 1o, exact cenler fre.
Suency if needed.

. Close Dop ang inject input signel 1o Pin

6 Moritor Pin 2ang 6 with iwo channel

SCope. Lock shouid occur with .‘m:.;
€gual tp 90 {phese err )

5-140

6

- The input

(c) 2.0M EAUD
Figure 6

It puisez bBurst or ramp 1(equency 1S
used for gt signal. special i0op fiiter
design mMay be tequited i tlace of sim.
Ple single Capacitor filter gn Pindangs,
(See PLL zpplication section in Ana!og
Manual) %

signal to Pin g and the VCO
feedback signal to Pin 3 must have a
Cuty cycle of 50¢; for proper Cperation
of the phzse detector. Due 1o the nature
of a balanced Mixer it signals are not
50% in Suty cycle, D.C. offsets will
OCCurin {he locp which lendtocreate an
artficial or bizseg VCO offset.

For multigier Circuits where phase jitter
'S & prebiem 1oos finer Capacitors may
alue of 10-5) F.on
Pina4, 5 ALD carefyl supply decouphng
may be reletsary, This includes the
Counter chy - Vi - lines,

“For additicnal informati

Signetics
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,nASE LOCKED LOOP

SE/NES565

f

DESCRIPTION

The SE/NESES Phase-Locked Loop PLLYis
a self-contzined, acaptable filter and de-
moculator for the frequerncy range from
0 001Hz 1o 500kHz. The circuit comprises a
voltage-controllied osciliator of exceplioneal
stabiitly and linearity. a phase comparator,
an emiphifier and & Iow-pass fiiter és shown
in the block diagram. The center frequency
of the PLL isdetermimed by the free-running
frequency of the VCG: this frequency canr be
adjustec externally with a resistor or a ca-
pacitor. The low-pzss filter, which deter-
miries the capture character:stics of the
loop. isformegd by aninterna!resistorandan
exiernal capacitor.

FEATURES

* Highly stable center frequency
(200ppm/°C typ.)

* Wide operating voltage range (=6 to =12
volts)

¢ Highly linear demodulaled output (0.2%
typ.)

* Center frequency programming by
means of a resistor or capacitor, vollage
or current

e TTL and DTL compnﬂblc squarc-wave
output; loop can be opened fo Inser!
digital frequency civider

¢ Highly linear triangle wave output

* Reference outputifor connection of com-
perator infrequency discriminator

¢ Bandwidth adjustable from < =1% to
> =60%

¢ Frequency adjusizble over 10 to 1 range
with same capacifor

APPLICATIONS

¢ Frequency shifl keying

* Modems

¢ Telemelry receivers

¢ Tone decoders

* SCA receivers

* Wideband FM discriminators

¢ Data synchronizers

* Tracking filters

* Signal restoralion

* Frequency multiplication & division

NOTES

1 SOL — Releasec in large SC package only
2 SOL gng non-stancarc gsnout

3 SOC gng non-standard pmout

PIN CONFIGURATIONS

F.N PACKAGE * PACKAGE
T = N Y :
& e 38 r_-, -
iPUT T [T NC 7] 3] ne
wPuT T T ne G 12 v :
- — .. EXTERNALC
=] 't KC ] (7 fom veo
— — ISER o) EXTERNALR
i = ;xu AL'C = = gieo
— = N s 2R
| =3 |+ For vco - e
e J — — 2 RIFERENCE o DEM 99 JLATED
DEMODULATE [ESmEXTE SNALA Tho £
ot FORVCO g iz OVIEY
TOP VIEW TOP VIEW
ORDER KUMBER ORCER NUMEBER
SEMELTN NE 5650 T .
ABSOLUTE MAXIMUM RATINGS  T:=25°C unless stherw s
PARANMETER RATING
WMesmum cperating voliage 26 Y
InoUt voltage 3 Vp-p
Stcrage temperature -€570 180 2
Opsrating temperature range L
NE565 9to ~70 e
SE565 -35.t0 +125 °c
Pcwer gissipation 300 mW

BLOCK DIAGRAM

S 73 0.
ol L7 ) Al
= —. T ¢
L Fe2 . ’J
“PUT O—rF T AL SEv0s oumElT
= x e ) ANPIFIER 285 7
o— ETESTOR - . )AL CoTRY
o
ot
£ = 0]
ANA
e, l
A |
1w = o4
b
EQUIVALENT SCHEMATIC
_FREOUENCY SETTING RESISTOR v
2 s Ve o >ID° ---------------------------
il e ! L iae
—t, : % i { 1 ‘ki: C:
. = T Ly ——5 OUTPUT
| R A | =5abr—s e j ouTPUT
gl *’*g—*\ —7 !, & REFERENCE
E i e ! o o
STT S| : S obed
*..._1 : e
g i : |
— |
P ey i
i R i oy ;
§ : S T < LN
e — sk
Ao e r |
Sy S
) o s LZSIGNAL 3 s5Ne,
VT ¢, FREQUINCYSETTING VCO PHASE IRPUT et
CAFLCITOR *  OUTPUT COMPARATOR
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SEINES65

ELECTRICAL CHARACTERISTICS = ctherwise specified
l SE565 NE565
PARAMETER TEST CONDITICNS : 4 UNIT
| Min | Typ  Max | Min | Typ | Max |- -
SUPPLY REQUIREMENTS ! 2]
Supply voltage ; -6 =12 [ 26 =12 Vv
Supply current i B2 18 12.5 mA
INPUT CHARACTERISTICS e =
Input impecence? H 7 10 5 10 k0
Input level required for i =50kHz. = "T% 10 10 mVrms
tracking i frecuency devizi:on
VCO CHARACTERSTICE : !
Center fregquency 5
Max:mum value 300 | 500 500 “kHz
Distribution2 Distribution tekem 220ut £ .
o= 50KkHz, By = 50k} C:f 12007F| -10 0 | =101 -30 0 [-30 %
Dnft vaith temperziure fo = S50KHz 200 300 ppm/cC
Drift with supply s oitage faf="90KHz Vogd= 26 %027 volts 0187118 0:2:151.5 %/V
Triangie wave X
Output voliage level 1¢ 2.4 3 19 2.4 3 Vp-p
Linearity 02 05 %
Sguare wave
Logical 17 output valtage fo = 50kHz +49| +52 +49|-52 Vv
Logical "0" output voitece fo = SCkHz -0.2; +0.2 -02|-02 v
Duty cycle fo = 50kHz 45|50 | 55 | 40 | 50 | 60 %
Rise time 20 | 100 20 né
Fall time 50 | 200 50 ns
Output current isink) 06 1 06 1 mA
Output current iscuice! 5 10 5 10 mA
DEMODULATED OUTPUT CHARACTERISTICS ;
Output voltaze level Measured at pn 7 4.25| 451475 40| 45| 50 \
Maximum vollece swing? 2 2 Vp-p
Output voliage swirg =10% {requency ceviztion 250 | 300 200 | 300 mVp-p
Totai harmonic-distcrtion 0%2 i{40.76 04 |15 %
Output impecances . 3.6 36 k()
Ofiset voltage (V6-VT! 30 | 100 50 | 200 mV
Offset voltzge vs temperature (dnfy 50 100 g/ C
AM rejection 30 40 40 dB

NOTES
1. Bothonputterminals ‘ipins 2 enc 3
trem C volls 10 -4 ve'ts

mustrele veSent.lal cC bies

This tias may range

2 Trieelerna'resistance 1o (recienc, e0y ' ment ‘B mustbawezvaive between 2r ()

ang 20k{)
3 0
«  Output not bu'ferea

5-142

t voltaDe swings negative &s npul frequenty mcreases
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TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPPLY CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

»
o

R, = FREQUENCY SETTING
RESISTOR

POWER SUPPLY CURRENT — mA

1 14 18 2 €
TOTAL SUPPLY VOLTAGE — V
LOCK RANGE
AS A FUNCTION OF
GAIN SETTING RESISTANCE
(PIN 6-7)

Vi =tV
\'— =&V

[l

|
> x
wcn
~ -

T

|

|

i

1

&

s
s

%
%:11' § ! !
|

OUTPUT (V;-Vg) — V

]
| )
A\ ©
(] \ 1 P ¥ .

€.20.4 0.6 GC.E 1.0 1.2 &01.6 1 EbE C
RELATIVE FREE-RUNKNING FREQUENCY — fo

VCO CCNVERSION GAIN

o

~

\" ~EV

- €V

u "

=}
o

NORMALIZED FREL-RUNNING FREQUENCY
-

oL D 15 O AR %o
VO.TAGE BETWEENFINTAND PIN 10 — V-V,
CHANGE IN FREE-RNKNING
VCO FREQUENCY AS A
FUNCTION OF TEMPERATURE

t TR | W4
V- =8V !
<} 2 PP G LY
o @ ! { /
h !
1.5 4
= ! ¢ . 7
| 10 T f ‘ V :
otk | Y a
zz | /.
o
e N |7 TISTA
E|2y -0 (h e e :
z|E J . : i
T 17 .0 e 5
g Vg ]
z :
< < : i
5 = ‘ T

~75-50-25 0 25 50 75 100 125
TEMPERATURE — °C

LOCK RANGE
AS A FUNCTION OF
INPUT VOLTAGE 3
1000 T
Ve Vo= iV
s e - e
& 10¢
>
(= V= =6V
| i y
= \
z ¢
s
1

0204 .06 0.8 1.0 1.2 14 16 16
RIALIZED LOC RANGE
VCO OUTPUT
WAVEFORM

i
|
i

A A’""/\,“—
AU ) VAV

L'

; =

2 ~T—‘r“:
0
|

-

vesv- zgy | el

QUTPUT PINA4 — V QUTPUTPING — Vv

DESIGN FORMULAS
(See Figure 1)

12
Free-rurining frequency of VCO fc=

8¢
Lockh-renge f =z —— in Hz
Ve

]

Cepture-range fc =2 : \/

wihere ; = (2 Ex303 X Cy

TYPICAL APPLICATIONS
FM Demodulation

The 565 Phase Locked Loop 1s & genere!
purpose circuil designed for highly hinear
FM democulation. During lock, the averzge
ac level of the phase comparator cuiput
signal is directly. proporticng! 1o the fre-
quency of the input signa! As the input
frequency shifts, it is this cutput signa!
which czuses the VCO 1o shiftits frequency
10 match that of the mput Consequently
the lincarity of the phase comparator output
with lrequency Is Cetermuned by the
voltage-to-frequency transfer funclicn of
the VCO.

cause OfmitS uniqueé~and highiysiinear
e 565 P_L can tock 10 &nd track an
signal over a very wige bandwigth
y T60%) with very high linear:ty
Tyithin O 5%

typicel connection Siagram is showrn in
igure 1 The VCO {ree-running frequency is
ven approximetely by
-0

the center of the frequency
renge. C1canbe any value but R1should be
within the range of 2000 to 20,000 chms vaith
an opt:mum value on the orger of 4000 obms.
The source can oe direct coupled if the dc
resistances seen {rom p:ns 2 and 3 are equal
and there is ro DC wvultage difference
tbetween the pins A shon belween pins 4 and
5 connects the VCO to the phase comparator.
Pir € provides & DC relerence voltage that is
clese 10 the DC potentia! of the demodulated
output (fun 7) Thus, i @ rewstance is con-
nected botween pins 6 and 7. the wain of the
outlpu! stzge cen be reduced with little
chenge in the DC voltage level gt the outpul.
This gllows the lock range to be cecrezsed

Signetics

ar.c shouic besgdjustec to be at

input signg!

with little change in the free-running fre-
quency Inthis manner the lock rangs can be -
decreased from + 60%¢ of {, 10 approx:mately
+ 2070 of I, (&t 2 &V).

A sme!icapacitor itypically 6.001.Ftshould
be conneclec betweenpins 7 and 61oelimi-
nete possible osciilaticr in the control cur-
renrt source i

A single-pole loop h.’:erfrs formed by the
capacitor C2. connected between pin 7 and
the positive supply, and an interna! resist-
ance of approximately 3600 ohms

~
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SEINES65

Frequency thft Keying (FQK)
FSK refers 1o cata transmussion by reins of
acarnerwhichis smﬁf_—c be
frequencies This frequency sht s usually
accompiished by driving a VCQO wvaith the
binary cata signal so that the twe resuiting
frequencies correspond 10 the "0 and "1
states (commonly celled space am2 mark of
the binary cala signal

WeEen fv‘- opreset

A simple scheme using tne 5£2 :C receive
FSK signais ‘of 1070Hz anc 1270H:
shownin Figure 2 As tre sgnal o
the input. the loup iccrs 1o tne -
Quency and tracks it between 1rs
Quencies with & correspeno.rg
the output

The ioop “iter capacitor CZis crozer
€r than usual to'eliminatle cvers-gowon 1he
oulput pulse. anc a three stage AC laader
filter 1s used 10 remove the cairer compo-
ent froim the output The benc ezge ol the
lagger fitter s chusen 1o be ajif: oo

halt wey between the maxmiumir ¢y ing
fin this cese 300 bauo cr 2 Z2no twice
the input frequency | (pp:oa: mzately
2200Hz2). The outpul signa! cam now be
mace logic compatible by COf‘v"teC!mg 2
voltage comparator betwean the outputand
pin 6 oftheicop. The free-running "ecqen-
Cy is acdjusted with R1 so as o rtesult 1n a
shightly-positive voltage at the cutput with
fin = 1070Hz.

The input connection s typical for cases
where & dc voltage is present a! tne scurce
and therefore a cirect connect.an 1s not
desirabie. Both input terminals e-¢ returned
10 ground with identicel res:stcrs iin this
en 1o €fect & 600-

case. the values are ches
ohm input impedance)

Frequency Multiplication

There are two methoos by which ‘requency
multiplication can be achieveg us: ing the
565

1. Lock:" 5toaharmonic oftheinputsignal

2 Inclusion of a digital freguercy civider or
counterinthe icop belveentre VCQO ang
phase comparator

The first method 1s the simplest and can be
échieved by sething the free-runring lie-
Gquency of the VCO 17 & muitiple of the input
frequency Alimitetion ofthe sctemie s that
the lock range decreases as s SCLessively
higher and weaker harmonics are usec for
iocking M the input fiegu y i5 U be
constant with little trach ng required. the
loop can generally be locked to any one of
the first § harmonics For higher ¢rgers of
multiphcation,

o1 {or cases vl
JoCk tange 1s desired the secund sohieme e
more desirable Anexarnipie of this might be

o large
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Figure4-

a casewhere the input signal varies over a
wide fiequency range and a farge multiple
of the input frequency s required.

A block ciagrem of the second scheme is
shown n Figure 3 Here the 1005 1s broken
between the VCO arnc the phase compara-
for, anc 2 lriequency dwiderisinserted. The
fundamental of tt ¢ o:vided VCO freguency
1s lockeg te the input frequency inthis case
so that the VCO is zctually running at a
multipie of the \mputirequency. The amount
of muinphczaticn is cetermined by the fre-
Quency civider. A typical connection
scheme s shown in Figure 4 To set up the
cireunt. the frequency, Iimits of. the input
signel must be cetermined. The free-
running drecuency o' the VCO 1s then ad-
Justed by means of R1and C1ias disclissed
under B4 demoduletion so that the output
frequency of the divigzr 1s midway between
the inputfrequency mits The filter capaci-
tor C2.shoulc belarce enough to eliminate
var.gticns in the demodulated output volt-

age ‘et pin 7). 1n orcer to stabilize the VCO
frequency The cutput can now be taken as
the VCO squarewave outpul and ifs funda-
mental will be the desired multiple of the
nput freguency iy s long as the loopisin
lock

SCA (Background Music) Decoder

Some FM stations are authorized by tre
FCC 10 breadcast uninterrupted
ground music for commencal use 7. de
this a frequency modulated subcarrier of
€7kHz 1s used The frequency is chosen s

hack-

Signetics

as net 1o inietere with the norma’ stereo or

moraural program. in addition, the level of
the subcarner is only 10% of the ampiitede
of the combinea signal.

The SCA signall can be filtered out and
demodulated withite NES6T Phase Locked
Loop without the vse of any resonant cir-
Cutts. A conmection giagram is shown in
Figure 5. Thus circuit also serves as an
example of persion from a Single powser
supply.

A resistive voltage givider 1s used to estab-

h 2 bias veltage for the input 'pins 2 and
3! The demodula’ edimultipiex! F!/ signalis
feo 10 the input thoough a two- stage high-
passhiter. both toetiect capacitive coupling
and to attenuate the strong signal of the
regulfar channel. A total signal emplituce,
between 80mv anc 300mV. is required at the
INpUt 1ts sousce should have an impedance
of less than 30.000 shms.

The Phase Locked Loop 1s tuned to 67kHz
with @ 5000 chm potentiometer only zp-
Frorimate tuming isrequired, since the loop
will seek the signal.

The demodulated output pin 7) passes
through a three-siage low-pess filter to
provide de-emphzsis and atlenuate the
high-frequency noise which cfien accor-
panies SCA f:ansmussion. Note that no ca-
pacitor is provideddirectly st pin7, thus, the
circuitis operating as afirst-order ioop. The
demodulated output signal s ir the order of
50mV and the frequency response extends
10 7TkHz
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*For additional information, consult the Applications Section.
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ORDERING INFORNATION
ﬁ Cevice % Tempe-sture Runge Pocisge ',I
Farmiasen sou o
;’.—W—W e e RiC1426 |
= e [—ey r
e ancoe hei586 .
T z o Car
~5%Cto - 125C

[ roses g Cerama DIP

Specifications and Applications - {} - - - Lo S

Information MODULATORCEMODULATOR | |

SILICON MONOLITHIC \

ANC Tia) O 3
BALANCED MODULATORIDEMODULATOR INTEGRATED CIRCUIT

\
d for use where the output voliage is & prozuct of an B }
{=ignz!! and 2 switching function (carrier). Typicel e =
Gs suppressec carrier and eamplitude modulation, G SUFFIX !
ection, FM detzction, phese detection, &= choppet j/\ METAL PACKAGE i

See Motorola Application Note AN-531 for e3ditiona! CASE 603-04

7

Jesign informstion. v, !
. i /'//// £E
® Exciiient Carreer Suppression — 65d8 typ € 0.5 MHz 107 % ‘Signal - Output !
5028 typ @ 10 MHz ' inpot - Carrier :
¢ ~djucizb’s Gzinend Signal Handling : B Input (
gin Adjust 2
¢ E:lzncec ‘rputs and Outputs Gein d_’ (;“ < Carrier J
e +igh Co—mon Mode Rejection — BSdB typ Gein Adjust \:b\ input I
= Signalinput — 8 + Cutput
Eizs {Top View}
’
=
I “ k) L SiFFIX
L ﬁ\\gl CEREMIC FACKAGE
ﬁ ol CASE £22-08
FIGURE 1 - Mo Aot Ny
SUPPRESSED.CARRIER
OUTPUT W AVEFORM D SUFEIN
PLASTIC £ACHAGE
CASE 72 A.02
50-14
P SUFFIX
PLASTIC FACKLGE i
CASE 62506 i
+ Signal
Input O = VEE
Gain Adjust [ & NC -
SUPPRFE'ESU:‘DEC:,A;RIER T AdONY a0t
el 4 - Signal
SPECTRUM o 5 el
Biag = = - Carrier Input
+ Output INC
] v + Carrier
NC Input {Top View)
FIGURE 4 - AMPLITUDE £:ODULATION SPECTRUM
FIGURE 3 -
AMPLITUDENMODULATION
CUTPUT WAVEFORM
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MCQSS, NiC1586
Y
\ G

\
MAXIMUY BATINGS® (T = - 25°C unless 0. erwise roted)

\‘\ e F.!l‘ing‘ < - - . " Value Unit "
1 = :
aphied Vinage : v 30 Vde
(Vg =iV7. Vg - Vi, Ve - V9, Vg - Vg Vj = Vg, V5 - Vy,
Vg - ¥z Vg - Vg Vp - ¥g. V3 - Vo). ... _ il g e ey el W = e eI S i rer
Differe=iz’ Input Signal Vi- Vg =80 Vdc
Vi-Vq | =(5-18)
-, - Maximom Blas Current 3 i =1 Ie : 10 mA
nce, Junction to Air v ORela cw
Ir-Line Packzge 100
Doz’ In-Line Package BEEE (N e 005 =
e i
zture Ranze f TA €
MI1ees | Oto -70
MCI5835 ’ -5510 =125
Tempersture Range J T:,Q -6510 - 150 <

= 1.0 mAdz, R = 3.8¢0, Rg = 1.0kA,
cx 27e singie-e~ded uniess otherwise noted.}

ELECTRIZAL CHARACTERISTICS® (Vo =
Ta = =25°C unless othewise notedi “All s

| MC1585 K.C1455 1
! -
Che zctesistic ! Fg. | Wote | Symbol | Min | Typ | Maox | Mo Tvp | Mex | U
———
ugh : 5 3 very #Virms;
Virns) sine wzve #nd in = 1LkH: P 4 — — 40 =
justed tozero 3 - 140 — — 140 —_
’ mViree:
: C = LokH — feoel o2 | — ‘coel oe |
o¥se not adjusted fo = "2z — 20 | 100 | — 20 200 i
Carrie- Soppression if g 2 Ves aﬁﬁ
10 kH2, 300 mV(rms)
C = 500 ¥Hz 60 mVi~ws! sinc wave 50 €5 == 40 €5 —
{c = 70 MAz 60 mVirmsl cine wave — 50 — —_ 50 9 ¥
Trancaz~ Tiznce Bandwict iMegritube: (R = 50 onms! 8 8 B33 R ¥ M
mV{rms! sine wave —_ 300 - —_ 300 — =
i€ wave '
2’ input Por, Vg = 220 mVirms! sine wave — 80 — 5 80 |

Vg = C.5Vde
Sigrz’ Gain 10 3 Avs 1 251 384 — ] 28 | 35 | v
Vs = 120 mVlms), f = 1.0 kHz Vet = 0.5 Vde

SingieZ~Sec Input Impedance, Signa! Por, f = 5.0 MHz 6 -
Para’e input Resistance fip — 203 — - 200 — =1]
Pz-z'« $npu Czpacitance Cip P 2.0 - —_ 2.0 - pr
Single-E-o«d Cutput impedznce, f = 10 MH: e 6 —
Pz-2'¢ OCutput Resistance fop —_ a0 — - 40 = w1
Parzwe Output Capacitance 0 - 50 — — 5.0 — p*
inps B.2s Current % - i kb
bs = L2 AN €2y WS &5 [ 12 | sl Wi | »
] 2 & 2 o) = 2 | 51— 42 | »
Input OS2t Curtent s - pA
lios = Fi-lazhoC = br-lg bosl | — f 07 | 60§ — [ 07 ] 720
5 . lioCl — A%070 5081 £ | 07 | 70
Average Tempeature Cosficien. of Inp.: Offset Current 7 - TCiio} —) 20 - —_ 2.0 - nA~C
M = -55Cto ~12:C) !
Outpsm C<set Current 7 — Yool - 14 50 — 14 80 pA
(lg-te* 4
Avezge Tempetature Coshicient of Output CHse! Current 7 — TCioo! — 90 — —_ 30 —_ nAC
(Tp = -S5EC1o = 125%C)
Com=ar-toZe input Swing. Sipnkl Port, fg = 1.0 kHz ] 4 (%1% - 50 - - 0 - Vpp
Commo~—hode Gzin, Sipnz! For, fg = 1.0 kHz, ] — ACM - | -] — — | -85 — ez

Ve = ¢85 vde

Com~—o~—00¢e Quiescent Gutput Vokage (Pin € o1 Fin €) 10 — Vout —_ B0 | ~— Xy 80 —_ Voo
Dite~e——a Cutpin Vohege Swing Cerability i - Vout — ee | — — B0 - Vpp
1
Powe~ S_pply Current 7 6 mAg. !
I - ke ice —j20|30] — |20] a0
he IEE — | 30|40 ] — |30 | sc

DC Powwsr Dissipation 7 5 Pp — 33 - —_ 33 —

—
smber references penisin 10 this device: when pecke in & meizlcan, To z -ertzin the corresponding pin numbers for plastic orj

pacieged Sevices refer 1o the firs' pege of this ep=cification sheet.

*Pr e

e
/"‘"

> - MOTOROLA LINEAR/INTERFACE DEVICES
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MC1456, C1586

GENERAL OPERATING INFORMATION "

Note 1 — Carrier Feecthrough bass current, Pp = 2 Ig Ve - Vo) 15 Vg — \/10! v here sub-
Cz—ier feecthrough is riined as the cotplt voltage 21 camier soripts refer to pin numoers.

frequemcy vwrio Only the carrier eophec isigna' ve'izge = O).
.ieved by belancing the curents in the differ- -
z=plifier by means of & bias irim potentiometer (Ry of The folliowing is & pa-tial tist of desion equations needed 10

Note 6 — Desipn Equations Lo 2 2

&

Figure 5). opsrete the circuit with other supply voliages end input condi-
tions. See Note 3 for B¢ equztion.
Note ¢ — Cacrier Suppression £ Operzting Current
zonier suppressinn isgefined 2¢ the retic of eath siceband out- The inte-2! bias currents zre set by the conditions &t pir 5.
put tc zz-rier ootput for the carrier 2nd signal voliage ievels speci Asscme.
tied. :
Cerier sup,ras3’on is very Cependent on czrrier input level, & lg=lig=lg
:22. 5 fon ce cf the czrrier Boes not fully ‘
switek itghing devizes, and resuils in lower signa’ tg<<ic {or ail trensistors
¢an, tence lovver Carrier suppression. A higher tan optimum Caf- i
in urnocessary device and circuit camier feed- then:
which egzir Oegenerztes the suzpression figore. The
choratterized w & 60 mV{rms) sinewave V- O s
input sigha'. This leve! provides optimum carier suppres Bo= <500 Ny here:  Rg s the resistor betwesn pin

's > g &+d groznd

ca-rier freguencies in the vicinity of 500 KKz, ~and i 4 G o
0=035V a1 T =+25°C

y re.ommenied for balances moouoizicl applications
s independet of siona' level, Vg, Thus

The MCiS2E has been cheratier oi tie congition I =~ 1.0

m2 and is the generzlly recommended vaiuve.

carUign sLppres
na! leceis. howewver, 3 linezr operating mode must be m
¢ +z-monice of the modulating B Common-hode Cuiessent
!be generetes 235 & e des.oE oUtput as spurious
sidesanzs of the suporessed casrier. T hic regoirement places an
uppe- limit on inpot=sion2s emplitude {see Nete S and Figure 201,
Ncte zis2 that an oj-timen, cerrier teve! is rezommended in Fig-
ur2 22 for good cerrer surcrescion @d minimum spuricus side--

g 2l-in ot trensielnr pain put Veliage

‘gt V™ - 'z R

Not2 7 — Bicsing

hanZ g=neration.

23 hecher frecus
to mimimize Carie feefthrosgh. Sheeiding mey be necessery in
o0-0c- to prEvent casroine coupling betwween the carner input
laa=t -2 the Oulput seals.

The MCIS36 reguires three de bizs voliade feve's which must be
o2 ireu 1 layDat is very important in order set externally. Guiociines for stiting up these three levels inciude

iring €t leat 2 volte coilector-hast bias on e!l transistors
~ iz not exzesding the vohages given in ine absoivie.marimum

z 1able;

Nci 2 — Sig.a' Gain end Merimum Input Level 33 Vvde 2 {{Vg, Val -V, vghii2 2 Vde

adec’ low. freguencies is d £ b
adec’ 2t lov. freguencies is definec as the 3 vde = HV?rVS!"("l v B 27 Vde

WVvde = (Vg Vg) — Vel 2 2.7 Vdz

o 26 mV. -
AVS= Tg herere = io tmk) f iy ; A :
54" The foregoing conditions sre based o the following anroNime:

1 tons:

& consient d. pote- et is enplied o the carrier inpul terminalks 1o

ch twd O 1he upper tBNSEIER TonT 2nd e TeneisioTs Ve = Vg vy = Vg Vy=Va
¢ = 05 Vdcl Thic i effect forms 2 cescode cifferentia’

£ias currents flowing into pine 1, 4, 7, 203 € zre iransistor tase

1 rezr oo2rgion rrauires thet the signal inz T be below @ gt corrents end can normeily b negicted if external bias Gividers
faivales determiness by F'E #nd the biz current Ig ae Gesigned 10 cany 1.0 mA ©r more.
Vg < g B (Ve peak) Note 8 — Transsdmittance Bandwidih

Carrier trenssdmitiance banc~idth is the 398 bandwidih of

Note that in the test circuit of Figure 10, Vig corresponds to a 4 , 4
the device forward transadmittance & delined by:

mom value of T voit peak.

maxi

Noe & -- Cnmmen-*lode Swing

The ccmmon-mode swing is the veliage which may be appired

10 5ot bases of tre signal Gitferentie! emplifier, without seiurating Signs! +rensadmitmnce bandwicih 1 the 308 hanawidt! of the
the corrent sourass OF withaut sstere ting the citferential smplifier device 10-ward transadmitiance as defined by
.

g devices. This swing

ineif by saing rg 10 3710 the upper swit
s vzr.zhk Otpmading on the paticulsr

;i1 snd biasing condr . T i tsignal)
ticns chosen (ae- tec i 6). Y218 © \: Tsignall

Not & —Power Dissipation “Fir. number references pertan to thic device when pacheged «= 3
sipetae-. Pp, within the integ-ared circuit peckape metal cen. To esceriein the correspending pin numbers {or plas
itage-current prod 1c or ceramic packeged devices refer 1o the {irst page of thiy
soecificetion sheet.

V r 65Vde, Vo =0

Fover &
2t iculete. 22 the sommaton of the vo

< ezzh pory, v . msurarg Vg = Vg lg = ig = Ig 2nc gnonng

2 WMOTOROLA LINEAR/!NTERFACE DEVICES
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TYPICAL CHLRACTERISTICS {continued)

Typical characteristics were ©Hia nzs w

Ve =60 mVirms), 1g= 1 hHz Vg =

FICURE 15 — SiDEEAND AND SIGNAL FORT
TRANSADNITTANCES versus FREQUERCY

5

cuitshownan Figure 5,1c = 500 k2 (sine wave),
~\Vms) T a = +25°C unlessotherwiss noted.

F!GURE 16 = CARRIER SUFPRESSION

versus TENPERATURE

|

1AM

Yo1 INANSAL

10, CARRIER FREQUERCY (AH2)

FIGURE 17 — S!'GRNAL-PORT FREQUZNCY RESFONSE

Avg, SINGEEFNDED VOLTAGE GAIN (i)
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t'GURE 18 — CARRIER SUPPHESSION versus FR
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FIGURE 20 — SIDEEAND HARMCONIC SUPPRESSION

versus INPUT SIGNAL LEVEL
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TYPICAL CHARACTERISTICS {contirued)

FIGURE 21 - SUPPRESSION OF CARRIER HARKONIC
S:DEEANDS vesus CARMER FREQUENCY

1

|
i
i

gos - -Ci s 10 50 10 52
0. CARFIER FREQUENCY (MH2)

FIGURE 22 - CARRIER SUPPRESSION
versus CARKRIER INPUT LEVEL

OFERATIONS INFORNATION

. = manoiithic belanced metuletor cir-

a~. upner gued d Herentia' amplifeer
zmplifier with cual current

©Utput colec
‘on cf

Nashe—zt.czb srztyus of Unes

1sict of only the sum &-d
2 w0 It es. Thus, the Gevice may be
cedy radsin ubly balanced mixer, progutt
cy Gsubier, and other e2pplicalions reguinng
cutput signe! characiersstics.

e ¢ Herentia! amplifier he it emitters connected
- =5 $0 155 2n exierna! emifter resistzace mey be
ternal icad resistors are employed 3t the device

Siznal Lewss

TSt ooze- cuad differential emplifier may be opsrated either
im 2 linez- or & saturzted mode. The lower differenta’ amplifeer
«: zperzE~ - z linezr mogde for most applications. 7

For i -iv=! Operelion 2t both input ports, the cotput signal
wili contz= s-m and difierence frequency compone and heve
2n amolinaos which is 2 function of the procuct of the input sig=a!
sTiplitude . 3 %

For hec--bve' cperation 21 the camrier input por and lineer
omeratior 7 the mod.leting signal port, the output signal will
co1sin su—- 3 diferenze frequency components of the mocu-
4resuenty 30C the fundamentz! and ood harmonics of
ency. The output #mplitude will be & consiant
Fe! emplitude. Any emplitude veriations

: ]
g ® |
g 1
g %
S =»
4 ] i
&« i 1
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:&,,’ 3 T 7 ? (clxwr."r\’z 3
e ey B B s
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FIGURE 23 — CIRCUIT SCHEMATIC
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FIGURE 24 - TYPICAL MCDULATOR CiKCUIT
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CAKRIER NULL

e |

r.enters for plestic o ceamic &3t

STE  Fue aLmber references pertain 10 Tis device when pathagec in a metal can. TC ascertain Tie correipending rin
skaped oew.ces refer 1o the st page ©f this specificztion sheet

MOTOROLA LINEAR/INTE

v
8-18

RFACE DEVICES




[MC1436, MC1596

ot 3

-44

OPERATIONS iNFORMATION (continued)

The tinser signal handiing capabilities of 8 ditferential amplifier
ore well defined. With no emiiter degeneration, the maximum
input voltage for linesr operaton s e2pproximately 25 mV pesk.
Since the uppsr differentia! olifier has its emitters internelly
connected, this voltage epplies 10 the car-ier input port for all
conditions.

Since the lower differential smplifier has provisions for an
externs! emitler resistance, its hnesr signs! hendling range may be
adjusied by the user, The meximum mnput voltage for linesr op-
eration may be approsimeied from the fullowing expression

Y v(ns) (RE)VOHS peak.

This expression may be used to compute the minimum vaive of
RE for & given input voltage smphitude.

FIGURE 25 -~ TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Caroer Input Approximate Output Signal
Signat (V) Voltege Gain Frequency(s)
Ry V,
Low kevel dc G M
2Rg + 20t (X])
q
T L
High-level dc RE v. 2r’ ™M
R Velrme)
Low-leve! ac ‘——?-’:ﬁ—— fotty
2\:2(—‘1—1(95 + 2!
0€37R {c 4t 24
High-leve! ac =L €+, 3fc 2 fu,
RE + 2r¢ SIE 1T, /M4

The gain from the modulating signal input port 1o the
the MC1595/MC1495 gain parameter which is most often of interesy
to the designer. This gsin hag significence only when the lower
differentis! amplifier is operated ir 2 linear mede, bus this inciudeg
most applications ¢cf the device.

As previously mentioned, the upper Qquad differential amplifier
may be operztled ether in & linear or 8 ssturzted mode Acproxi
mate gain expressions have besn develcped for the MC1sg5/
MC 1486 for s low-level modulsting signet input eng ‘N_‘Nlbwéng
cartier input condinong

1) Low-leveldc
2} High-ievel dc
3} Low-kevel ac
4} High-ieve! ac

These geins are summarized in Tibie 1, 2ieng with the fre.
Quency components contanad in the cutput sigasl,

NOTES:

1. Low-leve! Modulzsting Signal, Vs, assurned in 1! cases,
Vi s Carrier Input Voitags.

2. When the output signal contsing muftipéa frequencies,
the gain exprescion given it for the cutput amplitude of
each of the two desired outputs, fC + f and fc - fy.

3. Ail gain expiessions ae for a single-erded cutput. For

& ditferentisl output zonnectien, muitiply ench expreg.
tion by two. 3

. R = Loed resistance,

Rg = Emitter resistance between pins 2 and 3, 7

fo = Transistor dynamic emitnr resistence, st +269C

oo

26 mv
Ig {mA)

fe ==

7. K = Boltzmann's Constant, T = temperature in degrees
Kelvin, q = the charge on 8n cleztron.

%1: & 26 m\V gl rocm wempsrature

APPLICATIONS INFORMATION

Double mebenid wuprosted carrier meddulation s the base
apliceton of the MC1525/MC 1496 The supgested circun for
this epplication is shown on the front page of this daa sheet.

In some applicotions, it may be necesary 1o cperate the
MC15U6/MC1436 with a #ngle de tupply voitage instead of duat
supplies) fsgu:e 26 shows & balsced modulator designed for
Operation with a single +12 Vde sepply. Pesformance of this cir-
Cuitis similar 1o that of the dual supply modulator.

AM Modulztor

The circe . shown in Figure 27 may be used as an amphitude
modulztor with 8 minor modification,

All that is iequired o shift from suppressed cerrier 1o AM
Opeistion 15 1e adjust the carrier null prrintiometer foi the proper
amount of cartier inset Lor in the output signat.

However, the suppressed arcer null cieuilry as shoan in
Figire 27 doer not have wallicient adpustment tange T herelore,
the madulator may be nedified tor AM eeratioe by changing
two resistor values in the null circutt es shown 1n Figure 28.

Product Detector

The MC159G/MC 1498 makes an excellent SSB product detec-
tor (see Figure 29).

This product detecior has & sensitivity of 3.0 microvolts end a
dynemic renge of 80 d8 when opera: ¥ 8t @n intermedate fre-
quency of 9 MHz.

The detector is broadbanc for the entire high frequency range.
For cperation at very low intermediate frequencies down 1o 50
kHz the C 1 UF capacitors on pins 7 and 8 shouid be increased ©©
1.0 LF. Ao, the output filter at pin 9 csn be tailored to 8
specitic intermediate frequency and audio amplifier input im-
pedance.

As in all applications of the MCiS32/MC1436, the emitter
resistance between pins 2 ang 3 may be :cressed or decreased to
adjust circuit gain, sensitivity, and dynamit range.

This circuit may also be used as an ARt detector by intraducing
carrier signal wt the carrier input sng an AM signal 8t the 858
input

The carrier signal may be derived fiom the intermediste fre-
Guency tignel o genarsted foceily, The carrier signs! may be in-
treduced with or without modulstion, provided its leve! #
sufficiently tugh 10 saturste the upper quad differentia! amplifiel.
1 the carrier signal is moduliated, 8 303 mVirms) input kevel 18
recormnmended.,

Output g
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1C1496, MC1536

APPLICATIONS INFORMATION {continued)

Doubly Balinced Mixer

The MCIBOG MCIA06 may be aed 23 o doubly batanced
mevet with either broaduend of tuned nertow band aput any
output networks,

The local cscitiatar sigral is introduced a1 the casrier input
P21t with ¢ recommended amglitude of 100 mVims)

Fure 30 thows a mixer with » broadband input ang g tutied
oLt pul,

F

guenty Doutler

The MC1596/MC1496 will operate as a frequency doubler by
wiroducing the seme frequency at both input ports.

Figurez 31 and 32 show ¢ Sroadbond frequency doctier and 8
tuned output very agh trecuency (VHF) duubler, respectively.

Phass Detection and FM Detection

The MC16064AC 1496 sl function o o phese detector. High.
level input signals are introduced st both inputs. When both inputs
are 2t the same frequency the MC1596/MC1496 will deliver an
Output which is 3 functicn of the
wo input signals,

An FM dotector may be constryct
tor prinzipl. A tuned cucuit is xdded at one of the inputs to
CBURE he two input signei to Vaty in phase &< ¢ function of fre-
Quency. Tha MTTEQE/MC 1496 will then prowde an output which
15 2 function of the input signal frequency.

phase ditference between the

ed by using the phase detec-

NUTE ®m namter teleiencet ey

numbe:s for plastic or Ceramic pazaegoc

sln et devii s when pa hepedt in & metal can 1o fscerlain the currerpo ng pin
1 devices refer 10 the firs: Page of this specdication sheet

TYPICAL APPLICATIONS X

FIGURE 26 - BALANCED MODULATOR
<32 Vdc SINGLE SUPPLY)

FIGURE 27 —BALANCED I.’.ODULATOR-DEMODULATOR
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FICURE 29 - PRODUCT DETECTOR .
FIGURE 28 — AMMODULATOR CIRCUIT {+12 Vdc SINGLE SUPPLY}
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BALALICED MIXER
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FIGURE 30 - pousLY
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