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Abstract
Presently, Magnetic has. been developed for
making +to magnetic core, widly in the electronic and

industrial'iworld and the adjustly magnetic has been used
in excellent task with different frequency such as the
core has adapt for transformer of swiching power supply
or flybsck transformer for T.V. by different frequency

Here in, we have mixed materisl in to core ss
the result testing by analysis automachine, we founded how
much frequency we can take the right of how much frequency
in which are suitable in each work also we have
acknowledge thap how much the remainder of residual
magneticsm and density maegnetic,

Incase there is residual magnetic, it will be
occure the losséng and energy in magnetic core “eddi-
current" as this result it happend the hot core and
incomplete circuit.

So +the resuit core of the experiment in
suitable frequcney of ea;h will be usefull for going on

the work.
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Gt) = P, Sin wt

Gotin ArdnenlilnusfioninTufounbn svutsanndn @ ..

o

waEan  w o tufie
tfla w = 21 ¢

g
faty ﬂﬁﬁﬁiﬁmlﬁﬂﬂﬁﬂquﬁOQiﬁuLﬁﬂQﬁﬂﬂ?vuﬂ1ﬂﬂﬁuQuuﬂ7ﬂﬂuﬁﬁ

90910y e flly

Liﬁaﬁuwsnnﬁuuxﬁu§m71ﬁTﬂﬂauqﬁd1ﬂoﬁvquaﬂsudauﬁﬁn uaelu

1935 uraualen g

g Be/ g3V eR. \|AF

3 o o v_§
(S0 P, tﬁunﬁiqmtﬁﬂ?uaoasautﬂﬂaﬁﬂniuua1wa7uuuuvﬂLﬁudnm

AINANNIT (2.44) UQr (2.45) dﬁﬂﬁ?émlﬁﬂﬂﬁﬂquuﬂukﬁgﬂiﬁu

P [uiniy
(B % (2,46)

ﬂﬁ?ﬁﬁﬁﬁﬂ@dﬂﬁiqml%ﬂﬂﬁﬂquuﬂulﬂgﬂTﬂﬂuﬂﬂdﬁLﬁu 3ndninoss
FaffunseualualrverairldTaan1981udn P uavdruiudn P, anﬁuﬁzﬂ
ns uddumndn P, léwSoluuaead sl sraunsouandnsndiunisan
t%aﬁoaaoawnn77qmtﬁasvu Tagonduaunis (2.46) Tagase et
nnsnasovansulinEnfldunda P ﬁqn P__.. iMfiu faaubinen  ffu

INANNTIT (2.46) vl

p/f = a + b f (2.468)

2

1o 8 = K,_ (B__) Bt fudnmadia

b= K_ (B__ 2> Bafludrasi
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Faaun1g (2.46a)

arldan

fiy

P/f
P/f 19711U & uavAwoIalavunstdut

Ladrv1ang kel

niny

q

ANQFNUNY

N1y L duns s lag

v a 1 o -
&HM.: LUBDINU . BluIN oInqy oaaLnIlay
JISC 2551 SEM 1165|  DIN 46400 AISI BSS 610 LYSAGHT
GRADE | W/kg | GRADE | W/kg | GRADE | W/kg | GRADE | W/kg | GRADE | W/kg’
- V13| 135 | M 19 1.39 L 63 | 139
g S 12 145 {1V 15 | 150 | M 22 1.50 | B 100 152 | L 68 15
zm S 14 1.65 {1V 1.7 170 | M 27 170 { B1o7 | 161 | L 75 | - 165
. S 18 2.00 | 11120 | 200 | M 36 1.92 | A 146 1.87
& S 20 230 |11123 | 230 | M 43 225 | A170 225 | L 100 | 220
c A7 | 245
m S 23 270 | 111726 | 260 | M 45 2.65 | A 216 284 | L 120 | 2.65
w 11 3.0 | 3.00
= S 30 370 | 1 36| 3.60 A 253 337 | L 160 | 3.53
w) -
= M 47 4.17
= . N
& S 40 5.00
2 L 370
¢
“ 8=

o t aa -l -
A1119 2,20 (WANLANTSNaWINT S MIUTsumey

-l -
. Pnax M 1TESLAS, f72050 Hz, 0218141 0.5 mm

b

1 AMNIUSINUHKAINMUY 0,42 mm | WOE 0.63 mm
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2.2 widowdaely ¥

2.2.1 Tas9da3ng
uﬁauﬂaoWﬁﬁﬁuUUQisuﬂﬂﬁqﬁﬁuOQﬁ11ﬂﬁu CHunuufisus siefouly
W1AIfh (constant-potential transformer) imﬂaaﬂﬁaniauquﬂu

xw%naaoqﬂ Taausiargnaraaeidruruseuiinfiy wSoluiinduild #of
%ua@ﬁuqﬂﬂsvaoﬁm00017ﬁﬁ1ﬂ1ﬁoﬁu.unutu%n%utﬁuuduru%nUﬁoq fus
asuduqntﬁﬁﬁﬂTfﬁ?ﬂﬂﬁ?UﬁeadweﬁtﬁuauauWﬂﬁw HofSolal¥ L Anng
aids  (loss) aneluunutuSndut foeunatnuani s iniisddini o Tuin
wﬁauﬁauﬁqﬁﬂfuuﬁoLﬂﬁauTNﬁwﬁﬁaQﬁaqTUﬁ 2 ofe 8o uwwuusniu
1ﬁ§1w¥utﬁuusoLﬂﬁauWNﬁnqnnuioLﬂﬁauﬂwﬁﬁﬁwqﬁnawmtﬁuusotﬂﬁau—
1Nﬂﬁ§0t%ﬂﬂiﬁ " step-up transformer " dduﬁnuuuuﬁe&uqﬁ
Lﬂ%ﬂqunusoLﬂﬁau1wﬁn§01ﬁamtﬁuuioLﬂﬁauTNﬁ1£11%aniw " step-
down transformer" gnadahldFuiids il i luifanirsnainugugd
( primary winding ) ﬁﬂavﬂﬁdﬁﬂﬁwﬁe1waonuwt%ﬂniwwﬂadﬂqﬁagﬁ
( secondary winding )

wiowtaoludrudei Surfialngn 18 s olia Tasfinisuisindnsue
19INT1TI9 n%an17ﬁﬂzﬂﬂaounutw5n wyetdeosiae

1. "Core type" | Huuuubifiaeasuaiininleasifion

2. "Shell type” tHuwuufifiieaswiingn 2 2933

3. "Berry type"Lﬁuuuuﬁﬁﬁoﬂiuﬂtﬂﬁﬂnieaﬁﬂ (distributed)
sonlyTnasoy e 8 uuuﬁ1ﬁuaﬂ01ﬁﬁozﬂ 2.14 (a, b UaL c)

trer, B L.V-"hdlﬂq

2 . Vi
,7;; dLv winding 7 1,
Ahe A HV winding b AAHY vinding
144 ‘ A
‘ »
Limb tron
() ) ’
g Windings

ﬁ iron

r e €%
CSEEN

%i@i?& Lominoted

©

sufl 2.14 n17ul 9 1inun sudaua s uiarudnsuenisan wwpuiulin (core)
8) Core Type b) Shell Type <¢) Berry Type
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WUy core type (E” 2.148) &uﬂéewﬁemaeﬂﬂa?ﬂnﬁo primary
Wav secondary Wwldsousnudavdnsuosunuindn  nrsiuwyuinal¥an
A5 Inavo et s sulndn « flux lesksge HHLARINUAAIATIAD
aoly BerrIWlg i duus ot 1iinBnfindos (linkage flux or mutual-
flux ) ﬂﬂﬂvﬂﬁoﬂaouﬁnﬁeﬁu usd1uun primary WAL secondary
wanfwlYununvs sunutwlnudas i sudravin T Aan1s ¥ tnauos  flux
wnfafu (31 2.17 ) FeSwanon 151 9 uue udoura s Tuinotn 9ag ¥4
( seriously ) UnfudIuuy core type SinliRundouvasvunalug

Wwyy Shell type (g1 2.14b) ﬁﬁﬂﬂavﬂﬁo primary Uav
secondary Huwl3fiununatsvesindn  drufiudovosunuindndn 2
ﬂﬂﬁuﬁﬁﬂﬂﬁﬁﬁlﬁu low-reluctance flux path ﬁulaa

dwmfuuyy Berry type (71 2.14c ) &uﬁunutu%nvweaq
fur9souquaaa wnuin8nisq GufieedoesTaseadnotfuuuy  shell
Toufiunuindnnsransoonlusoununalnt wan i wuvit SuupufitlaSes
vwsefiTaseadregennn

2.2.2 NITNUUNRIN

naTvuuaaInvo sndautasuteld 2 wuulugn Ao

1. Wyy concentric ﬁtﬁuzﬂn$onsuuan ( concentric-
eylinder ) 1" 2.15 (a) uuuﬁﬁmaavausqéwaénﬂaﬂu Hotl 180990
nﬁﬁﬁwauauﬁuLﬁuavﬂﬁqﬁﬁﬁmﬂavﬂﬁutao 220814 un1 791 coil Huiu
naeuﬂoﬁﬁuauau aurufionafisentairudu foen1a1nn151d winding
L3110l core avfuiSoldduusedn ¢ L.V.side =Low volltage-
side ) aéﬁw01u%oUaaﬂﬁﬂniﬁuayﬁesvuwﬂﬂaﬁu%au1ﬁﬁninﬁnﬁaa

2. wwpysenudouty ¢ ssndwich ) uyufl (31 2.15b) 478l
nrsant duus susindnfidalna (1eskage flux ) I¥anasly vaaIauT 9
Frutotfu 2 dquudauﬂ%omaouﬂuieﬁﬁﬁuﬂssnuﬁdﬁﬂﬂwaonﬂaaﬂuioqo
¢ 31 2.15b )mﬂaaﬂﬁqﬁﬁouiogo wazus i iudaulug Suvnaranos
unafionuing1a1SiY (varnish ) 891 Suauruuarsidudne, ¢ cotton )

ﬁusauqnaouﬂoﬁnﬁuﬁo
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’ LV winding

. Core
H Vv inging . il Vrinding
Ve

V]

?

X

=

HV winding

=

Intulcted specers i LVvinding
scporcte vingings
{c) (b)
sUfi 2.15 wuuwsenisinuaainyesudiswia ety

8), LUy Concentric

b). WYY Sendwich

2.3 nopijuarudnnisyosudowsa sl

(Transformer Theory and Principle)

2.3.1 wann1TYomiouyay (Transformer's Principle)

'
o }

wioulaelsenaudlnunain 2 sefilusduuunuinin (31 2.16)

! 3
qaﬁﬁaTﬂﬁquuﬁoﬁﬂLﬁﬂﬂﬁﬂﬁt%ﬂﬂiwqﬂﬂgugﬁ ( primary winding )
TﬂﬂﬁﬁuiotﬂﬁauTNﬁwmnﬂﬁauag V. (V) volts ﬁngﬂuﬁoﬁﬁa1ﬂﬁonﬁ—
senollin (loed H 1Fundnuaniiegl (secondery windirg ) Tand
wstafouwluianasoaf load 1By v, (v)) volts $1uruwosunaIn

N9 primary UWQr secondary ﬁﬁﬂujuiaULﬁu Np (N’) uar N (Nz)

=
v

AEdY Eruflddusadelithonase L Buduus sdngous egeffte Hofidu
ogfiun1sTdeu
(SondouvaolgFuns siafowlisih v volts t411ufiun primery
(pri. auirlfLAianas inioatius suafeulida V_ n196inu seconda-
ry (sec.)(3U 2.16 yGutioudiinarhif 1oad wrdofinny lunshi dul
V_=E_=V_
_og-



LAMINLTED C()R[

':‘ ,, Sfca/.'azp) V c Vv, .
]

gplﬂlﬂ}’ r"t“'

-

R 2.16 wanni9iasduussndonlas

2.3.2 9 3 A EAN
( Voltage and Current Ratio )

N3 € 2.16 ) 1§05 1oad UIFONI96NY sec, ﬁﬁﬂﬁlﬁﬂnsu
ua 1, Tuasgnig sec. uarfiussiafoulidanadon loed =v_(V_#E_)
grunredn pri.fufifinTeua o wavustaouluidn V_  99nN191n
source foan1sdeinaselufinudndasadan VoIV fusidalndif
fudnsadauwas N_/N_ uarfiarIndiBgsfudaunSygosdasadau 1 /1
fiufido vl SenIndBaedy v 1 (Fofinns L VAn Y0 1,
LRiafunie sec. duSiwarn ¥ 1 VRtuuilsdan fufe

Vol = V1,

Lﬁuuiodauium ¢ Friiados  (1ink) LARIATEY pri. WAL sec.
FofuS o I¥ i Annns inligaius vieowluinfufio 2 wa (B, uae E
FaAnvo ot ot afoufit Antull Sudni Sudrufusruausovuosnarnudarvan
%oTﬁawnﬂawuﬁuﬁu§nﬁungmaonﬁiLuﬁadﬁwﬁoaunﬁs ( 2.47 )

e = Nd ¢ /dt (2.47)

wsvtedoulwr fivsigad Sul uenslnumenie

(S0 e =
N = ﬁwuvuﬁaumaeﬂﬂaanﬁTﬁfuﬁﬂiﬂnﬁitﬂﬁauuﬂaomao
LAuuT susl i ndnsdeniint
d@/dt = 3aTtUBounys L duus susiwdnsdomiant2an
fino E,JE, = N_/N_ =a = 5ﬂ77§7ﬂﬂ17£ﬂ§ﬂuuﬂa0ﬁ80-'

wioulay (Transformation Retio) (2.48)
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' [} i |4
(o E, war E,  Aousviafoulufiifafuluwemin pri.  uav

z

L %

sec. AWy N fiu N, fBad1uiuseunosmnalaniy pri.uat sec.
LBurte éww%uuiotﬂﬁauTHﬂwﬁﬁdﬂao pri. Uat sec. #a 2 defuusn
#1991nu5 91 AR uTuin L Anainna T inianiafife e Bntoniindy  avdu
§53130% 1% vector wpe v

E way E wndn Fedlu  drvanaefiatsardausotadonludnfids

1 2

. wae V_ Swauandnelysin vector w83
( terminal voltage O uuifiudndrulnensefudruivvnatnuasufay
fruTasuseanauds favldarudutuddannns (2,49
V. /v, = ND/N- = Transformation ratio (2,48)
ﬁﬁunniﬁnﬁﬁqmtﬁﬂﬁﬁﬁe1wﬁ1a1nﬂ1ﬂ1uuﬁauuaa&uﬁLﬁuﬁnuaut%n
fon fidaArfiidodufioly  Huffosrafesanléinmd s ldsy (power-
output ) ﬁuﬁﬂﬁoﬁthﬁﬁ1ﬂ (power input) NA3in iy ﬁuﬁﬁa
V_ I_cos _ =V_1_cos (2.50)

A1 cos _  tumal&ennyfnues load udifeesnin power
Pactor 9INT9 pri.uay sec.SAruuanA1vLfie e Snton FefuSeona
nana1éin

Vool 24 1/ (2.51)

» P - -

o - -
»9o Vp V(g7 /1 = N / N (2.62)

30 2.51) 1
1 N = ] N (2 .63

wiouvasfavimiafinol Foluiildr 41 un edan pri. fuSuluady
w?aWﬂﬁﬁnﬁﬁlﬂﬁauuﬂaqLﬁuﬁowvuq (pluser &t fuluns ot Buuvuss
AT LURBuN19nTy L SonBua (Fluctusting) uSofaviufinisidadaly
AT 888751152851 0dRs T anSonanednsafld  Seaek 1k Rnnng
tifigrdiusstaSouludnfunie  sec. SuifioenannnnTLUEsuLaI0
(AUUT9  (Flux change) iu aviudrlunsefildidrlunne pri. $idn
asfinaont a1 Baei 1rlis AnSunne  sec.  FofuSerinlRudoutaef
Fnwae Leulunis L vEsudnvosus e afounaenseualulur easnTeualuady

tntu

2.4.3 nniuﬂndvuﬂquﬁﬂluuﬂuLnﬁﬂ

duuﬁqmtﬁﬁquunulnﬁn (core loss)ypIndowlastiufuagtivaiiu
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' .I g ) .ll [T . ] ) .
fuoslwfaaI¥tuudouvas uaaéoﬁuamhumawuuuﬁuuuaoaﬂﬂaeLéuuﬁoﬁ

4o
Lo

=20e <

wlunnuwdniun 1utuaﬂauﬁnsuabﬂkuwuwmaounuLwanumasuwu
1mual fudaod1 91988 dvungmtﬁﬂquunulnanﬁﬁaqaacaﬂwoﬁa

l.Gf_

m 1B8u1Ui1f0931n hysteresis W, = PB

Mma X

2 2

v (Rl ioennsrua eddy w_ = aB £

(S0 P war a Hudmefiveeto(muar(w angdy
' 4
B .. LﬁuﬂvﬁununuuuguqﬂmaoLﬁuusoquunuxuan

£ fluadnafivosnsuisLuBeuue s L duus swhinindui fia
s ufindoua gy

fufodrufigui BeonanTuwnuinlin  w, = w o+ w,
= EE— S =AY £

mea X ma X

2
.

SofuiFodosnisuidnfiuss P war o Ewrldlasnnsld
1ufisianatisin afuaosnaufiL i lfiudoutas Taal#arumuiwine e i du
w3 aual L wEnSA A of uﬁvfﬂdﬂdduﬁgmtﬁﬂ%aaaomgoﬁﬁaﬁnfmﬁﬁLﬂﬂ% Avin
T¥Surun1dn P uara ﬂﬁﬁoﬁuﬁﬁwqﬁﬁwudunﬁdﬁgmtﬁaﬂaoudasadwoTﬁ

1 (Y]
2.4.4 pr3l¥iaSoamnnafidauoaudiowtay (Polarity Marking)

ﬂﬂs?ﬁtﬂ?aqnuﬁﬂﬁﬂawaaﬂaﬁaanquwnnﬁauﬂaQﬁenwoﬁﬂu¥u1w
uardrudngludul fufedrdy  amsgrufildniats oeruluntsuiidivo
atn%nwn%aﬁonqvﬁu ﬂﬁtﬂéaeuuﬁﬂﬂaeﬂaﬂﬂaﬁﬂnnoﬁﬂuuiogoLﬁu H,
war  H,  aaudady dauntednuusesing fu X, uav X, nsl¥Lasoq
nuﬂﬂﬁ%uaéﬁun17ﬁuﬁﬂa1mﬁa§uuunuLu%n&unﬂﬂﬁ H, way X, S
sonndoofu  Tufidedn & H, fiu + wSoffu coi1 udr x, fifl
fa1fiu + w0y coil  tdwiBeafy  warlubuesifioafu H, uav
X, faonadosofuuarfiudrn  fuBoifu - wSovsnn coil  avfusin
w&nn1aftnun s o 1%  (Serndn H, fiu X, wxisotdrsaad
wdraneid R B, H, uda¥n  voltege § H_ X, avlden

Voltage #fiA6Ndn Voltege fi H H, o7y 2,17 Hufe
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Vi

71 2.17 uannisliiafesnunadiupsndoulasi Soiriinilou
fusasiot gnerafiu
V.=V, - Vv (v, > V) (2.,54)

3 1 2

Vy, <V, w8 v, <V

H.V

. . k=)
wididy H, defiy X, udaln voitege §i H, fiu X, ae’ldrge

ﬁo;ﬂ 2.18 fufo
V. = V. + V (V, > V) (2.,56)

3 1 2 2

Nin voltage i H,H

2

V., > Vv, wSo v, > v,

.~ . . ) o v €
Lo nisas1saoutieaosisuln (34 2.18) uarldnatwen sy
%) . & Y
N15 2.54 War 2.55 Nufivuiealylt niTikiaSosunnedl wiavane

» vV

drguoandourastiupndosudr aannis2.54  dwld v, desnin v,
LwiwviwmmaaﬂﬁoaacqﬂﬁuﬁﬁﬂnwanaouioLﬂﬁauthuﬁﬂaﬁwaauﬁuLﬁada
H, drffy x, uwiifleda H, 4oty x, A 1kfentswacuseiafion

1 1 $

Thiwfaniniafatu dedufaiqald v, wannidn v,

v ) 3]
31 2.18 1R Lag st rasriouyasfiing iy
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14 ! L7 v
Tun1 9y ifidu nas Ik tafosmaunainue sndourasiun ldTaatuun
v 1.4
H, ust H, Tusxlagounou wavniudeiinisdedagy 2.17  ufoqy

d g " . v ~] - d [] LA
2.18  filg Lﬁaqﬁ1ﬁqmﬂMUﬂﬂﬁuﬂuﬂﬁi 2.54 w99 2.55 ARanr1¥49

]

vansansloniodnu Lov. tie x,x,
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¥ANN15I0 Uarn15a319

uﬁnnﬂiﬁugwuﬂaonWifﬂwnqmauﬁﬁﬁaoﬁaquﬂLuﬁﬂﬁqﬁquﬂﬂuﬂdﬁuﬁ
§199 %omkuwuwaﬁaowwswﬁLmafﬁﬂoq wardtnis¥asrldofuneTudse-
mﬁﬁwuétéui nw7ﬁwu1mwﬁqmauﬁﬁwae%aquﬁLnﬁnﬁﬁﬁﬁwwfuﬁaquﬂtn%n
g mTunistufin (magnetic recording) WaLdIMTUNITASIIURAINNEY
Tuuuaing %q?uﬁaqﬁuﬁﬂanséaanuuuﬁ0ﬁond17ﬁwﬁoﬁUﬂuLﬁuadwo
u1nﬁ1ﬂa1uﬂsnasuﬁﬂmw1ﬁweq fLRnTUlE 14 a2l Sui B
<non—1ineer>wao€ﬂquﬁlu5n .nwsgmtﬁﬂwaoﬁmmwmﬁaaLﬁﬂ%umﬁuﬂuWQ
ﬂaouauﬂﬁgmﬁqwmq uaudnwﬁsﬁﬁLﬂafﬁuqﬁnuwnuﬁaﬁtﬁﬂaﬁaoﬁun17ﬁw.

WIileohiluy

o a (4 ' o ) o
3.1 nwsnwwuﬂﬁuﬂﬂaoqﬂnﬁmnwouumuﬁnn?%ﬂuﬂﬁuﬂvﬂun 10 KH_

uavﬂaﬁuﬁﬁuqﬁgoniw
qugﬂﬁ 3.1 uaﬂeﬁeﬁdaﬁﬂemaaqﬂniﬁﬁtﬁu%aqnﬁouﬂtu%n 614
éﬂuﬂawuﬁgo WaLANT19f 3.1 uaﬂoﬁodﬁﬂvﬁuﬁﬁqﬁﬁuﬁaqnwouﬁtwﬁn
wppdien  Sl4lusuranuidous 10 kit fudutly quzﬂﬁ 3.2 WA
Hatruninuf ﬁ?ﬁﬂu?aquﬁtvﬁnudasuuuﬁﬂu¥u§aquﬂLw%nﬁqﬂﬁﬁﬂﬂaaﬂ
Fninluinssias (TV deflection Yokes) arl¥lugrumuidous 16-

KH, §9 64 KH_, flyback transformer av'l¥ludrumrnufifous 16-
KH_fie 64 KH_, ﬁutvaftmaéﬁqﬂﬁuwaaﬂwqaatﬁaLﬁuﬁquﬂdﬂuﬁ%oud
40 kH_ 1 fusuty dofuarifiuinnnsinaeinanadoinasludnsaefnsion
KuBodosnrsarnuiidmTunaaoud 10 ku_ fugutly

Tagtawnrotn e dwfunisoenuuuunassgiiuuaings av. fu
nﬁiﬁﬁnnﬁnﬁaquﬂLuﬁnﬁﬂﬁﬁdﬁnnsgmxﬁﬂﬁﬁw Feavifufodifu  wusne
ﬁaonﬁsqﬁqﬁnsdﬁﬁuﬁﬂﬁmﬁnqnuﬁﬂ%ﬂ Lﬁaﬁauﬂﬁn17ﬁﬂdﬁn17qmtﬁﬂﬁﬁﬁw

finnLfinadnagndo gattuAlIIsudugIT9IN T INEfD IBNINg
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(a)

(b)

(c)

(d)

o " ' éo 0 o o ' ¢ o ' o
71N 3.1 uaﬂamaaﬂljﬂaoqﬂnimﬁnwﬁuannaaquuLuanﬁqﬁquﬂjuﬂkungg
(a) L Hundoutasdmuunasdnsluuvaings

-

(b) vnareniud nuldluInedial (Deflection Yoke For T.v.)
*) ) d &) [ 7] (Y] 1 « %)
ce) ¥awdindntiufing 1 nsy HDD (d) FrwdinSndufindm¥y VTR
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Classification Use Frequency Major Characteristics
ba?dwidth materials
Tradsformer Transformer for 20 kHz Mn-Zn High magnetic flux
switching power = 500 kHz  ferrite density, Jow loss
supply
Flyback transformer 16 kHz‘ Mn-~Zn High magnetic flux
for TV = 64 kHz ferrite density, lTow loss
Deflection yoke Deflection yoke 16 kHz Mn=-Zn High magnetiq flux
for TV - 64 kHz ferrite density, low loss,
Mn-Cu cost
ferrite
Circuit element Inductance Several Ni-Zn High frequency
. transformer ten kHz =  ferrite magnetic permeability,
100 Mz Cu-Zn High=Q, small amplitude
ferrite operation
Dust core
Magnetic recording Magnetic head 100 kHz - Ferrite High magnetic flux
10 MHz Sendust density, high magnetic
Amorphous permeab%lity, thin-film
alloy form, hardness
Record}ng media -100 kHz =  y-ferrite High magnetfc flux
10 MHz Ba-ferrite ° density, high coercive
force
Mechan{sm Yoke for Several SiFe High magnetic flux
‘micro-motor ten Hz - density, high ;agnetic
10 kHz permeabiiity, low loss
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Monolithic Funciion Generator

GENERAL DESCRIPTION

The XR-2206 Is 8 monolithic function generator ir.e-
grated circuit capable of producing high quality sine,
sguare, triangle, ramp,-and ulse waveforms ot high-
tiedilily and accuracy. The oulpui wavelorms can be
t-oth amplitude and liequency modulated by an exter-
ra! voltage. Frequency of operation can be selected
erlernally over a range of 0 01 Hz to more than 1 MHz.

Tre circuit is ideally suited for communications, instru-
mentation, and function generator applications requit-
g sinusoidal fone, AM, FM, ot FSK generation. It has a
typical drift specification of 20 ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequen-
¢y range, with an exiernal conliol vollage, having a
very small alfect on distortion.

FERTURES

~ OR I
OUTPU‘; 2

MULT OUT I 3 : SINE 1
SHAPER

CAPACITOR
L [e]
TIMIL—G‘ E 4

Low-Sine Wave Distortion
Excellent Temperature Stability
V'ide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
L Compatible FSK Controls
v/ide Supply Range

kZjusizble Duty Cycle

APPLICATIONS

Wiveform Generation
Sweep Generation

AMIFIA Generation

VIF Conversion

FSK Generation
Prase-Locked Loops (VCO)

AESOLUTE MAXIN.UM RATINGS

Power Supply

Poeer Disslpation
Derate Above 25°C

Yotat Timing Current

Storage Temperature

0.5%, Typical

20 ppv*C, Typical
2000:1, Typical
0.01%V, Typical

10V 10 26V
1% 10 99%

26V

750 mw
& mwi*C
6 mA

-65°C1o +150*C -

RESISTORS
L[E
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ORDERING INFORMATION

Operating "rempm!uu

Part Kumbar Patkage

XR-2206M Ceramic ~55°Cto +125°C
XR-2206N Cetamic 0°Cto +70°C
XR-2206P Piastic 0°Cto 4+ 70°C
XR-2206CN Ceramic 0°Cto +70°C
XR-2206CP Plastic 0*Cto +70°C

SYSTEN DESCRIFTION |

The XR-2206 is comprised of four functional blocks: a
voliage-conttolied oscillator (VCO), an analog m.uttiplier
and sine-shaper; & unily gain buffer amplifier; and a set
of curient switches.

The VCO actually produces an output frequency pro-
portional 12 an input cutrent, which Is produced by a re-
sisfor from the timing terminals 1o ground. The current
swilches route one of the fiming pins current 1o the
VCO contiolled by an FSK input pin, o produce an out-
put frequency. With two timing ping, two discrele outpul
frequencies can be independently produced for FSK *
Generation Applications,



XR-2206

ELECTRICAL CHARACTERISTICS :
Test Condiions: Test Circuit of Figure 1, V¥ = 12V, Tg = 25°,C = 0.01 pF, Ry = 100 k), R = 10k}, Ry = 25 ko

unless otherwise specified Sy open for triangle. closed for sine wave.

XR-2206M . XR-2206C .
PARAMETERS MiN ] TYP | MAX ] MIN J TYP 1 MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Vollage 10 26 10 26 v
Split-Supply Voltage 45 2131 %5 +13 v
Supply Cutsent 12 17 14 20 mA |Ry =z 10kD
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz |C = 1000pF. Ry = 1k0
Lowest Practical Frequency 0.01 . 0.01 Hz C=50uF Ry =2MD0
Frequency Accuracy 21 +4 +2 L% ol lp | 1o = 1/R4C
Temperature Stability 10| 250 %20 ppm*C | 0°C s Ta s 70°C,
Ry = Ry = 20k 0
Supply Sensitivity 0.01 ] 0 0.01 %wN Viow = 10V, VHIGH =
20V,
Ry=Ro =200
Sweep Range 1000:1] 2000:1 2000:1 =L |"Hg Ry = 1k
L@gRy=2M0
Sweep Linearity
10:1 Sweep 2 2 % fL = 1kHz, 1 = 10 kHz
1000:1 Sweep ’ 8 8 % | I = 100 kHz, Iy = 100
kH2
FM Distortion 0.1 0.1 . % 2 10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 | 0.001 100 pF See Figure 4.
Timing Resistors: 1 2000 1 2000 k@
R; & Ry
Triangle Sine Wave Output { See Note 1, Figure 2.
Triangle Amplitude 160 160 mV/k 01 | Figure 1, Sq Open
Sine Wave Amplitude 40 60 80 60 mV/k 0 | Figure 1, S Closed
Max. Output Swing 6 . b Vpp
Output Impedance 600 600 *n
Triangle Linearity X 1 1 %
Amplitude Stability 0.5 : (¢R lo]:] For 1000:1 Sweep
Sine Wave Amplilude 4800 4800 ppm/°C | See Note 2.
Stability ‘ ¢
Sine Wave Distortion : ’
Without Adjustment 2.5 2.5 % |Ry=30k0
With Adjustment 0.4 1.0 0.5 1.5 % See Figures 6 and 7.
Amplitude Modulation . .
Input Impedance 50 100 50 100 k0
Modulation Range 100 100 %
Carrier Suppression 55 55 ’ a8 :
Linearity * 2 2 Y, | For 95% modutation
Square-Wave Output ’ . ’
Amplitude 12 ©12 Vpp [Measured 8t Pin 11,
Rise Time 250 250 nsec {C_ = 10pF
Fall Time 50 50 nsec |CL = 10 pF
Saturation Vollage 02 | 04 02 | 0.6 v I =2mA
Leakage Curient 0.1 20 0.1 100 pA  {Vyq = 26V
FSK Keyi=g Level (Pin 9) 08 1.4 2.4 0.8 1.4 2.4 v See secllion on circuit
controls

35 v Measured at Pin 10.

Reterence Bypass Voltage 2.9 3.1 33125 3

Note 1: Dutput amg litude Is directly proportional to the resistance, R3. on Pin 3. See Figure 2.
Mots 2: For maximum amplitude stability, R3 should be a positive lemperature coethcient resistor.
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Figure 9. Clrcuht Connection for Fr;qumcy Swasp.
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Frequency-Shift Keylng:

The XR-2206 can be operated with two tepatrate timing
resistors, Ry and Ro, connected 10 the timing Pin 7 and
g. respeclively, as shown in Figure 12. Depending on
the polarily of the logic signa! at Pin 9, either one or the
other of these timing resistors is activated. H Pin § Is
cpen-circuited or connected to 2 bias voltage =2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
< 1V, only R3 is activated. Thus, the output frequency
can be keyed between two levels, {1 and 1, as:

fy = W/RyCand !y = 1/RC

For split-supply operalion, the keying voltage at Pin 8 Is
telerencedto V—, .

Dutput DC Leval Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 is biased midway between V* and ground, 1o
give an output dc level of =V +/2.

AéPL!CATlDNS INFORMATION
Sine Wave Generation

Withou! Extarnal Adju:lmcnl:'

Figure 10 shows the circuit connection for generating 8
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V+/2, and the
typical distortion (THD) is <2.5%. il lower gine wave
d'stortion is desired, additional adjustments can be pro-
vided as described in the foliowing section.

The circuit of Figure 10 can be converied 1o splil-supply
operation, simply by replacing all ground connections
vith V= For split-supply operation, R3 can be directly
connected to ground.

With External Adjusiment:

The harmonic centent of sinusoidal outpul can be re-
duced to = 0.5% by additional adjusiments as shown
in Figure 11. The potentiomeles, Ra, adjusts the sine-
shaping tesistof, and Rg provides the fine adjustment
for the wavelorm symmetry. The adjusiment procedure
s as follows: '

1. Set Rg 8t midpoint, and adjust Ry for minimum
distortion.

2 With Ry set 8s above, adjust Rg 10 1urther reduce
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
lriangle wave generation, by simply open-circuiting Pin
13and 14 (i.e., S open). Amplitude of the friangle is ap-
Proximately twice the sine wave outpul.

XR-2206

Figure 12 shows the citcull connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted, by the choice of timing re-
sistors, Ry and Ry; the outpul is phase-continuous dur-
Ing transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-,

FSK Generalion

Pulse and Ramp Generalion

Figure 13 shows the circuit for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminal (Pin 9) is shoried to the square-wave output
(Pin 11), and the circuit avtomaticaily frequency-shitt
keys ltsell between two separate frequencies duting
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% 10 99%, by the choice of Ry and R3. The val-
ves of Ry and R should be in the range of 1 kit to 2
M.

PRINCIPLES OF DPERATION
Description of Controls

Frequency of Opu.aﬂan:

The frequency of oscillation, 1. is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistot, R, connected to either Pm 7 or 8.
The frequency is given as:

1 'o-ﬁEHl

and can be adjusied by varying either R or C. The rec-
ommended values of R, for 8 given frequency range, as
shown in Figure 4, Temperature stability is optimum for
4 k1 < R < 200 k0. Recommended values of C are
{rom 1000 pF 10100 uF.

Fuqu-ency Swesp and Modulatlon:
Frequency of oscillation Is proportional 1o the fotal tim-
Ing current, 17, drawn from Pin 7 or 8:

_ 32017 (mA)

73] Hz

Tirming |erm;nals (Pin 7 or 8) are low-impedance points,

and are mternally biased at + 3V. with respect to Pin 12,
Frequency vaties linearly with Iy, over 8 wide range of
curren! values, from 1 pA 1o 3 mA. The frequency can
be controlied by lpplymg a conlrol voltage, Vc. 1o the
activated timing pin 8s shown in Figure 8. The lrequen-
¢y of oscillation is telated to V¢ as:

1 R vVc
fome 4 —(1-—2)H2
RC Rc( 3
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vihere Vg is in volls. The voltage-to-frequency conver-
. sion gain, K, is given s:

K = VC = - 232 Hav
. RcC

CAUTION: For salety operation of the citcuit, It
should be limited 1o <3 mA.

Output Amplttuds:

. Maximum output amplitude [s inversely ptoportional to

the external resistor, R3, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximately 60
mV peak per k0 of R3: for triangle, the peak amplitude
is approximately 160 mV peak per kf of R3. Thus, for
example, Ry = 50 kft would produce approximately
= 3V sinusoidal output amplitude.

Amplitude Modulation:’

Output amplitude can be modulated by epplying ade b

as and a modutating signat o Pin 1. The inlernal impe3
ance at Pin 1 is approximately 100 kil. Output ampli
tude varies linearly with the applied voltage al Pin 1, for
values of dc bias at this pin, within 2 & volts of V* /2 ag
shown in Figure 5. As this bias level approaches V+ 2
the phase of the output signa! is reversed, and the am
plitude goes through 2ero. This property is suitable for
phase-shift keying and suppressed-carrier AM genera
tion. Total dynamic range of amplitude modulation Is ap
proximalely 55 dB.

CAUTION: AM control must be used in ¢onjunction
with a well-regulated supply, since the Quipul amplitude
now becomes 2 function of V*.
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