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Voltage Isolator with PCB Transformer

Verawat Sirirat

Therasith Panyasombat

Dr.Nontawat Chuladaycha Advisor

2001
Abstract
Thesis is about the education and experiment of the Signal Transfer including Voltage
Signal Isolation of coreless printed-circuit-board (PCB) transformers. PCB transformers is a
modern PCB technology can replace traditional core-based transformers in some industrial

applications and can be reduce limitations associated with magnetic cores.
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L, = AN 13EM9YA primary

C, = m capacitancey®4Uf primary
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- primary winding
- dielectric laminate

- secondary winding

UNIINITHI self — inductance YD primary (LA secondary

L=33M, (1)
Lg=)> M, @)

TUN15N15H1 Mutual inductance 55117314 primary Q¢ secondary
Np N

Mps :ZZM/J' @)

J=1i=1

TUNIINITNI leakage inductance YA primary

TUNIINITN Mutual inductance between two circular tracks

v | —k|z|
My = S(kry, kr,).S(ka,, ka,)Q(kh, , kh,)e " dk
7 hIn(r2 / ri)h, In(aZ/al)d[ (kry, kr,).5(Ka, , ka, )Q(kh, , kh,)

(5)



Taodmuald
Jo(kry) - Jy(kry)

S(kry, kry) = .

Jo(ka,) - J,(ka
S(kay, kay) = 2otka2) =~ Jo (K21

k
& h +h,
wez> ——=
2

2 h +h h, -
Q(kh,, kh,) = —-(cosh k +—=2 —cosh k1—=

k 2 2
Wez=0,h -h, =h

2 e —1
QUkh A, ) == =255 ©)

k K
Mo permeability of vacuum;
Jo(\) first kind Bessel function of order zero;
a, inner radius of the ith circular track;
a, outer radius of the ith circular track;
h, height of the ith circular track;
iy inner radius of the jth circular track;
i outer radius of the jth circular track;
h, height of the jth circular track;
z separation between the circular tracks.

] v ¥
MINaUNS (1) D9 (6) 1aAeDas parameters NYUBYAD geometry Y89 PCB Transformer

A1 inductive parameters ﬁtﬂ’éﬂuuﬂaﬂﬁ
1) outermost radius (r);
2) number of turns (N);
3) conductor width (w);
4) lamination thickness (z);

5) conductor thickness (h).
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B. udsm$uausey (N) NUSANNANA (Transformer Series # 2)
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TaoudlsAsuanson (N)NIATY primary (L8 secondary
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Incuctancas versus Number of Turas (ixed lransformer racive)

3000
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C. ulsdauseu (N) fU2ees21a track (s) AR (Transformer Series # 3)

Tﬂﬁlk&ﬂiﬂlﬁ1u3ui’0‘ﬂ (N)3n 1 ﬁa 40 391

i0nun
Pt

Nt} Tures Nef Torma Nl Tuess Ned§ Tem

nductancesa vergus Numbar of Turns {fued track zaparaticn)

30050
! rGeiredd /ype!
35070 B Lp_NMeasured {nh)

e Nps_Maasumed nH}
20020 & LUk_Maasyred (nH) i

===lp_Calculaled inH) |
1503 = MNMps_Calcuistad [rH)
Uk Calcuiatad (aH)

Indactance (nH)
I
<

5 20 2% 32 35 40
Number of tums

107 7 nsmluaasnanisualsmisuuseufiuszer sensrack(s)inei

D. mJ‘5ﬂ'mJm‘}’iunMu’NiﬁLaminate Thickness (z) (Transformer Series # 4)

TaoualsA1310 0.4 89 1.55 mm

Na 0 Turns
«=0.5mm
w=0.55

s v
é @ Lp Moosared ms) H
£ 200 b 5 8 Lo Veswewd 1]

,’:,/ & Un Metsared jody

100 k- Dl _Caceatel (80
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. V . : 1N Gl e §

o] 0.5 1 1.5
tamirate Thickness (rm)

n

119 8 nnluaasnamsulsmnnurULHL993



E. uilsmanuniaveududnii (w) (Transformer Series # 5)

Tae1/5A1910 0.1mm 849 0.4mm
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1U89AI11 (2) (Transformer Series # 6)

Tawualsa191a 1 lm f19 100 Lm
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400 } - B puv ‘
350 |- : 5 R > :
-— 3m b
g
200 | . -
150 | A | @ Lp_Measured (nH) )
- ¢ Mps_Measured (nH)
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=L p_Calcuiated (nH}
= I —ps_Calculalod (nH)
0 i —— LIk_Calkulated (nH)
o 10 2 30 40 50 60 70 80 90
Conductor Height (um}

N=8 Turns
s=0.5mm
w=0.5s

Inductances Versus Conducter Helght
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TaeuilsA191n 1MH D9 30MHz

Inductances versus Frequency

10

650
600 L‘-&* -
e e e )
550 -
T 500 { =e=Lp_Measured (nH)
8 450 ! =o—Mps_Measured (nH)
% 400 | —e—Lik_Measured (nH)
2 350 | .
300 M SENC & 2
250 | i !
200
o s 10 15 2 25 20
Frequency (MHz)
~ ' Adq v
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1AL
DSt N A TRANR AR S ST 8
Trasformer Series #l w2 #3 ¥4 #5 L)
Outeninwst radius of the tansfuanes, ¢ 3-33 num O 1m 1-21 6t 6 e 6 mm
Number of piimary wms, Ny 10 ums 1-0ms  {1-40rmms |10 s 10 ums ¥ rarms
Namber of secondary tums, N, 10 tums J-Wtams  (1-d0tums |10 tume 10 turms 8 tumns
Separation between primary trucks, & P 0.5 ma 0.5 mm 05 mm 0.6 mm
% N +1
o
Separation between sacondury tracks, 5, 7 6 0.5 0.5 im 105 mm 0.6 rum
i) N 42
Conducter widh of parasy windiag, w, 0.4245, .53, .55, 0.5, 0.055,-0.954; 10.55,
Conductor widih of sexondary winding, w, {04245, 0.3s, (.33, 053, 0 (55,4955, {033,
Inner mdius of the 1Y coil of the primary winding, a, woog w, 8 W w, o3 %, 1, w, s
R L L o L O A
Inner mdius of the 1* coil of the secordlary winding, &, PTRS./ DU/ PR/ PO P S PYOIS. JE/S DY E. PYRS. 2%}
12 22 112 102 202 202
Caonductor thickeess. h ¥ iSpm Sum Spum 35 pm 1-100 jum
Larmunate thickness, ¢ 1.55 mm 1.55 mm 155 mm 04-1.55 mm §1.55 mm 1.55 mm

{ ' a g ;’,' "
JUN 12 uanInsIinesa19e 719 6 MInaass



1k

P a ] a’l Jd 2o a ' '
Tasmsoonuuylindoutlassiaurudlsud  Tanuaziluinanfimgizdt msuws

1 = o o @ g i
(’Uf’]\‘iﬁu']mﬁ“ﬁaﬂfﬂgﬁﬁﬂyﬂlglﬂu,g@ﬂall ﬂ\{luuﬂ'ﬁ@ﬂﬂ!’fu‘lﬂﬂu?ﬂﬂa“%glﬁu']gﬂu'ﬁq@ [P

1 [ [ @ l

{ [ ' [ Qy [t ¥ <
adudyaan N gINnIsLeaad Yy udwusznaENLTUd ugdamnuuiman

'
A o 1 o

< 9 = o Y A (Y ~ Y 9 A
DI UTHINLILHANLAY MNIANOGLaATYIMU Glﬁlﬂaﬂllﬂﬁiyﬂlu’]mmLﬁ']ﬁ@Qﬂ’]ﬁlncl"]f UATIN

'
3 I3

Y @ 3 dyd a 4? a
masmﬂuwmuuﬂa ammmiumumﬂmuiumma’qa

[

2.3 #anMIM NIV ITI AN

wihfivesasesie Wganuondmileliaawasndumits lugduuulagiuuy
nila Taglufimsdoustofumluih
uiailunsesdes’d s 1995 fio
1. 2993151y saudonu

vsuasussdudluanud

o

3. 209555 sAudyananudge

4. YOINNA AT U

'
=

5% 'inﬂSﬂE]NW'lLamﬂgﬂ’J'liJQq\‘i

|
[ dcvoltage Zero Span 4’\ Voltage Control [ Zero Span

L +12vi0-12y Low Frenquency Oscillator ~ |——— /| High Frequency

pm Comparator O ) o
1.1MHz High Frequency PCB transformer Drive Circuit

ol - \—]

\

{ < o
U7 13 vden laezunsumsihauuesasessu

2.3.1 2999U5u1l952Avd Ry 194 Zero and Span)

o

TavdnAudrsedudyanaaen Dozl 1ddnes liegluszduiimanz aufudis

v [ Y a =1
foams ¥ wu lurwsmausnisidesnsldszauduanadunn assvuia +121ad09 -12

o g Q

A s £ = v g A & o
I’JE‘IGT "lﬂﬂauimammmmeﬂmmﬂ"l@chM566 mr’ﬂu"lacmﬂmusmmﬂumma PITULLI

o ~ =2 < P ° v o ' o 4
ﬂu@]ﬂui‘ﬂiﬁ‘ﬂ 7.61’)6% 13N 11.61'3@@&51%’0\‘11’]’]ﬂ’]5‘ilﬂ‘Elﬂﬂﬁ’lu‘[lﬂﬂuiﬁﬂuﬂ']ﬂﬂm'lﬂ 241’3@@!



[

a L4 o [ { a J
TWaaaauniiviig 41ad Avarawn 6 wh Taedaszaudygu lasndyanudunn +121ad
[ d 1 s & ' o o o
Ysuasslfieninnuegdt 76Tad  dsifemmiganldlumsaiunuassuasus sy
- aAa d | 9 's P e P 1 a 9
anud uazivuwn -12Tadlfuaesidieninnegh 11.61ad Fennegeganldlums
] 1 L]
mugsuawssiuiluamd  aungidesdassAudygaldunduiuiidiowngn

v Y
a o

autavereesutasssusiuanudiy 0z e NudNnAuA UTEAULTIAITUIRBIAY

2.3.2 m‘ESLﬂmuidﬁmﬂuﬂﬂua(Voltage to Frenquency Conversion)

& o [ £ a 9 o 1 oo o vy a a 3/

desimsiloudyanantmevadgugindafasmdygran lddusandog i 14
1 v @ a 4 ] o . v
MszAudyaIuianauilosnInmMygynieveIeuLman(leakage inductances)s¥¥I1NNT
ST nSovavesdaanaindsu lonudurmnandyanasuniumsizisdesld
v & . vl Ay v W 2 0
wanuanudgs deanasunumaislinadevinavesdyanundadeluinenisenaydh
Y o a g A v o A J ::y 9 9 ]
Wdyanafivinamaiuvieaans  lumsflesdusuanennfanariusensdsldmsds

3

an ‘3 Y 9 o 1Y Y ﬂ Ada
wanamuuataeatunly lumslsnusezinmudasdyanausuiuanudnisuie
a = i a a 2 o dy 3 9 o A1 oA
wewldgaasiiuannudindonly Fedaanasuniuivzim ivuavesdygradniaedlnm
wlaoundas 1y 1dud lieansanessi ldanudvesdyanandawlaounlas )14
d‘y o Y = gy J & ao
Tumsnaasstisimsulasusssuiuanudlasld ledwosLMses  Fadldnums
v ] T 3 v
MIMNUULLUTFUAIUANANUA(Voltage Control Oscillator) Teilouswuinuaiuanud
o ¢ § o Ao o a g [ 1 [ $ :
Wadezanas uazilousiduanasanudnadeziudy ussduiiudiundusuanud anudes

nfavutlaseglugas 460kHz s 1.1MHz

233 ﬂ]iﬂ%ﬂﬂ‘gﬁzﬁﬂ&tfgﬂflmﬂimagm(High Frenquency Zero and Span)
& Y dy v Sl A4 A a
inanndyanuildnninsulawsutiuanudizduiadnnauenlaga 5
d o & v @ et d R o Iy g/ A (4 ' a
Thavuazgaenszduiumdedgyianiion 5 Tan Jaihld ldanudnalasusuenlage
VA o Y o @ v o E3 = } = a
ogfi 5 wag 10T2e% ideshmadTuszdudyanalvasaunnlasuulrsegiueuilaga o

¢ A o o o o’-:iyl; o A o o 1 9
uaz 5 Tan iethdyanaiant lWaugumshauvesesiviasds nuveanieutas

2.3.4 MSNMasaseu(Drive Circuit)

9 i
msdedayanarunnd gl lUdmmasgiiu dyaadlade: liansodei
W8 suiludestimamvsidsvesdygis  Teslddyanadndniisg deeluaruguns

o

o g Ao LY .& A o w '
iouda-TaveswnnesuammaPower Mosfet) Niluseiuawa 5 Taavdsdimdwinnd



v 9/ tY a I - [ A Jlrl 1 o 9
Tnariumdeudadmualguglunudaanaiivzdeinu lasiiFueslaloadeviuiumsle
P v o1 Ya 9 o 2 [} < o A @

wilasietlosiu lildinszua Tnadounduiloannnavesanunivingududessduves

doyanautldonly

2.3.5 10 3fTeuflauns 1A MAFI(Voltage-Comparator Circuit)
THuSoudouuswuaesmiidiady  emdwssdudumuminn sy msia
o n:xy w 1q ¥ ST J ~ kY c?ld oW € .0 A 1
vosaotuouilnsditivg luldwvsilaunn iy ldvesnsesiide mifuundssensiels
o | 3 { a T 4 a -
aeedueni] Tursssnounuamesanufigs duwnadenansg  wBuynuIngedy

a a

[ d‘ 9/ 9 d dl 9 T oW [ t:{l 9
dyanahesnainvdoulasmuvandogll  Tavewiyni ldezmiduusuiiswldnouna

s A o 4 a & ' ¢ 2 o [ I3 o da
191N AiJfJﬁi‘tlumu"lfuﬂﬁlﬂ@u%!Wﬂ?ﬂhﬂﬁflﬂﬂ’)']f[‘h!ﬂ cmfﬂzmﬂﬂm@mwmﬂugﬂ‘waaﬂmmm

&
YU

2.3.6 msuﬂaammaaﬂmmﬁuaf renquency to Voltage Conversion )
o 3 e \Je.p B g .
nnmsdedyanannuswiuiuanuiiiue 1idedfe aunsafivzaananis oy
a o @ { ° @ { g < {
wlasmanenlagavesdyaueen 1118 ndwmnfisimauasdfyaaidwniuang
Y v s/ A & oo oW 9 A 9/ o o d'dy 9
sadaIunenlag disdidiudyguieigasiszdesiimsudasdyanannuaild

1 v
Wudyapamseduiedrly8nnsa



14

=
UNn 3

ﬂ1‘§ﬁ1uiﬂ!!&ﬁ$ﬂ1iﬂ%,1ﬂ

Y ~

v Yy o o a4 v v vl
il'lﬂ‘il'f)llfwlulﬂﬂﬂH’IﬂUﬂTl‘Vl'lﬂ'liﬂﬂﬂllﬂﬂﬂu@uﬂﬁ@Iﬂﬂlaflﬂ‘ﬂﬂxﬂi’lﬂﬂuﬂtlﬂﬁﬂ‘ﬂﬁ

U

v o 1 a g1 o @ a a a
HUA 3 AINUAINTINADTANNUAD SANUUIA LSYUAINAT , ABUANAT 1AL SIYUALAT

Tasiinanayuduyios 10 SoUMAY

= ] qy 4 a a a
51 14 ndfoulasrulsudving 1.5 wufwas 2.0 uAmAT 1ag2.5 UALAS

o o ] Qy 4 4 P
wimsszaeugunsaiasuukulTudentseasd Taveonuuy i ldae Tlnldlu
d' J o T v A 3 ~ r.& [ ~ a :g Y
msiweudeglnsaluaazdafivinaduigailoaarnavesdygiasuniufezmavu lanelug

{ A 3 A o 2
15 l¥awdge uazdsznounteudasumnadniigadifuurulsud



15

recsese S1wpd

- " i i

v %06 | | T |
+ NTvm m A m 5 :
8IEN'T i = . _
: AN —— A i
“ i+ prmmed b (4% i
ool “ P INCD (o ! N 0 08 :
P ¢ <+>\ 2 (o] S P + 0+ a g
: ATl ; 2 99SIN'T L P i
” b S0 i IPLNT :
i uedg pue 010 — §7, 9.0, (@ H L ¢ 1001,
” SPIPNI | ¥ ST A IR oot “
,_ 8 Kouanbat ] Y51 ” >L _ _ U+ an "
W w ................................ - u == V——. ” " "
s € (O |
! 1NOIIY) DAL m uoIsIAU0,) Aoudnbual] 0y ofeijop m m uedg pue 0107 m
omremim s e mms e A WY i d e




16

UNN 4

nIINAadasHan1INaasy

% U a d’ d‘ v
4.1 ﬂﬁ‘nﬂ@ﬁ)\ﬂﬂﬂ]!!i’)iﬁjﬁgﬂ NANNDANY

4 v o d A a a
iomanuduiusae Tasldnnud 500kHz , IMHz uaz 2MHz yaanwdlduouilaga

10 Vpp

o

~ v o a a 9 [ a
11371940 2 mmauwuﬁmmaﬂmmuﬂagwuauﬂawmmﬁu 1.5 S UAURT

AA euilaga uenilaga 9ATINMTAINIY
Aulgugii(vpp) | A unAvgii(vpp) TEAULTIAY
500 kHz p 1:36 0.68
1 MHz 3 2.03 0.68
2 MHz 4.5 3.08 0.68

V

= v o d Pt a 9 @ A~ a
A1TWN 3 ﬂ'J’liJﬁiJ‘WHﬁﬂ'J"IiJflﬂ‘ULH’J?JﬂagﬂﬂﬂﬂllﬂﬂQﬂlu'lﬂiﬁﬂ 2.0 (YUALUNT

A wenilaga ieN1laga BRINITAIHIU
autlgugili(vpp) | dundsnii(vp-p) TTAUTIAY
500 kHz 2.3 1.8 0.78
1 MHz 3.6 2.78 0.77
2 MHz 51 4.2 0.76

~ v o = o a Y [t a
f1319N 4 ﬂ’ﬂiJﬁiquﬁﬂ’J'liJﬂﬂUu’fmiJﬁgﬁﬁn@uﬂﬁﬁ‘ﬂﬂ?ﬂiﬁh 2.5 I URANAT

A wenilage wouilage DA INT AN
Amlgugl(vpp) | funAegii(vpp) STAUUTIFY
500 kHz 3 2.3 0.76
1 MHz 4.8 3.62 0.76
2 MHz 7 5.31 0.76




L%

IR R A

-;’::-m:h""ﬂﬁ»“*jﬁ
& cAliul N

)

v 1 a  w ¢ Ay
4.2 N13INARVIIAATDUANUAHBTIAITNDANY

(1"{4‘.‘(‘,,)’.’\’:\‘75{’,‘”,1‘""‘7:’"\"’
YidoruUailiibl 161 1%

17

domanuFuiusvesdudnuaus Tasldnud S00kHz , 600kHz , 800kHz tas 1MHz

nnaud Idueulaga 10 vpp

{ v w { o T a o o @ a
ﬂT‘J".Q‘ﬁ k) ﬂ'ﬂil'duwu‘ﬁﬂT\‘llaﬂ‘ljﬂ’\@uﬂﬂuﬂu“ﬁﬂﬂ@uﬂﬁﬂﬂlu’lﬂiﬂﬁ 1.5 ¥ UALUAT

AN BuRnUAUTY BuUANUAUT
Aurlgugii(UH) AunAegi(LLH)
500kHz 1.567 1.398
600kHz 1.563 1.394
800kHz 1.556 1.388
1MHz 1.551 1.383

v
[

A1519% 6 mmﬁnﬁuﬁmmﬁﬂu

Y o a9 v a
Mo uAnNLAUSHIBLlasvUIATAN 2.0 SHUALUAT

A BUANLALCH BuUARUAUS
Al gunii(LH) AunAugl(LH)
500kHz 2.249 2.077
600kHz 2.245 2.073
800kHz 2.238 2.067
1MHz 2.233 2.062

v

o v @ {
AMINN 7 ANUTUNUTANWDAY

v a o L4 o a
m'emﬂmmuﬁmi’f@uﬂawmmﬂﬁ 2.5 EURAUNT

AWA dUARUALE BuUANUAUSY
augugl(ULH) AunAvII(LLH)
500kHz 2.826 2572
600kHz 2.818 2.563
800kHz 2.804 2.550
IMHz 2.794 2.541

4.3 MINADITNIMTYNUITATAILY

A Y v - dAg 4 a o a
sudenlantouawriniiudvinandnigaie  vwesell  1suRwas  lunis

< wa 1 a 4
naaeunszvaniiugueauiAnuvesvdsulasyial

49734




NaUNNAIGR —12V
Tek Run: 100MS/s  Sample
E ¥ i
= a0 So
11.68V
........................ :
Holee i i L e
""fQIlig....z...l..,.Z:?fll:i:%ii;:;:iil;;l:; Cch2 Mean
-12.14 ¥V
E A L BN e W
- A T 1S R
i S0V " 6.0 i/‘ — i 500Rs Chi 7~ 33V
= @ o o Aa 9
710 16 dyanayalsulyedyans@msunndaiga)

CHI daygaieen , CH2 deygaudn

g

Tek Sl 50.0MS/s 351 Acgs
£ 5wl
E 1
Ch1 Pk—Pk
5.0V
: : ; : Ch1 Freq
e e, S, S B Sl S R A B O 460.68kHz
. : Low signal
: amplitude
S S T % O L S o o ' ”;"é:“:é:”:;::::5::;;4 Ch2 Mean
12.76 V
m .............................
Chi— 500V [gm— """ TR R v 'o‘o'p's’ No0) i R

o '
Aa o

d' o 9 =
10 17 Fyanagaunlasssiuiiuanud@aunndiga)

CHI daygaeen , CH2 dayanaudi

18



19

Tek HIJH 50.0MS/s 1052 Acgs
£ T ]
Chi Pk—PK
5.4V
Ch1 Freq
460.82kHz
Low signal
amplitude
Ch2 Pk—Pk
5.2V
Ch2 Freq
o NN g 460.88KHz
2% Low signal
3 amplitude
hT 550 v m SO0V ‘o'o’u‘s' CHT 55V
N _E Za Z ‘Noea! i
U0 18 Fyanagal il edyapunnudge@suymdiga)
CHI dyygiaeen , CH2 Fyanmdh
da
NOUNN OV
Tek § 100MS/s 0 Acgs
E IE: ¥
] v E)
i R L
AN bR (B - L e
49 iazv
TN N, R a i B o A5
e 0 T S % O 6 W SR Ch2 Mean
: oV
TSV B 00V S00ns CHT gV
: L LY U $ é
3Un 19 dyanagaliulsdyga@mniviie)
CHI feyy 14N , CH2 dyaaudn



Tek 50.0MS/s

¢
13

: I o
R RN~ ST SRS Iy, S
AT 500V ChZ 100V Wi 005s Chi 7§37

g‘iJ‘n 20 deyay mﬂfﬂuﬂamﬁﬂmﬂumma

CHI drya/1ai00n , CH2 deyaiandn

Tek 50.0MS/s 5090 Acgs
7 Sy |
£ 3

Ch1

SOOV

su 21 dyanagadiulyedyanannudgs

[

o/ =

o o

3

CHI duaaiesn , CH2 dauaunaudn

o

o

o o

Ch1 PK—Pk
5.2V

Ch1 Freq
445.70kHz
Low signal
amplitude

Ch2 Mean
12.56 V

Ch1 Pk—Pk
5.6V

Ch1 Freq
444.38kHz
Low signal
amplitude

Ch2 Pk—Pk
5.2V

Ch2 Freq
445.34kHz
Low signal
amplitude

20



21

s % 44 4 w
naunns.3v dlunnuddganannsadeiiumniion)asg7skHz
Tek 100MS/s 198 Acgs

£

Ch1 Mean
9.36V

ep———— e o) Mean
: 5.30 V

PRy ¢ 48

i 500V Ch2 5.00V W 500ns Chi 7 8§35V

71 22 FyaugedTudedygu@ouyms.av)

Y

CHI dygas0en , CH2 daygyiaudn

Tek BETH 100MS/§ 7265 A1(_:qs :
i

Ch1 Pk—Pk
4.8V

: : . : : Chi1 Frlfq
1 - R W, AN ) E. W gy | W B o 4N 866.44kHz
[ : : i ; i ] : ; : 1 Low signal
; i : amplitude

A s ki i e i s gk Ch2 Mean
[ : : : : I : , : : ] 9.63V

Baerwr siws 26 ams 13

GHE 500V Ch2 5.00V M 500ns CRi 7

U0 23 dyanagaudawssiuduaufi@auwms.av)

CHI dygai0en , CH2 deyaaudn



Tek 100MS/s 20 Acgs
13 2 5

1
£ v i

......................................

CHi 5.00V 500V W 500ns Chi 5V

319 24 a

L} )

o o £

CHI dyunaieen , CH2 dygy1aidn

xs-oov ..... M‘Soonsch'lxz.gv

a

317 25 Fyanavalgugidunns.av)

R4

Ch1 Pk-Pk
6.8V

Ch1 Freq
€63.56kHz
Low signal
amplitude

Ch2 Pk—-Pk
4.8V

Ch2 Freq
864.80kHz
Low signal
amplitude

ayugalivlsdyanannua gamauyns.3v)

Ch1 Pk—Pk
8.2V

Ch1 Freq
877.68kHz
Low signal
amplitude

Zd



Tek HIIEH 100MS/s 35 Acgs
E e ]
13 . £
i i....;iiililii%ili‘.'.‘.Z‘.Z;IZI}:IZ'.'.:::i'. .....
L‘ : ; ]
W 5. 007 ot 1S N Mso0ms CRi 7 3.3V

L R - S e T ARt

1

0 i i i e e e e S e s T -

M SOOns Chi J'

CHI1 dyanmeen , CH2 dayanaudn

Ch1 Pk-Pk
5.4V

Ch1 Freq
873.24kHz
Low signal
amplitude

Ch1 Pk-Pk
5.4V

Ch1 Freq
875.64kHz
Low signal
amplitude

Ch2 Pk-PK
6.2V

Ch2 Freq
881.60kHz
Low signal
amplitude

. PR
27 HYIUYANDUNUANDIANNAGINBUNNS 3V)



nounngIgaI2v anuagigaimunsadenundeuasla(1.00MHz)

TeK Run: 100MS/s Sample
E.

E T i
Chi Mean
7.81V
x?li??MJZZ:;::::%E::;;::::%Q::;: Cthean
C NEVLLE 77, TN | 1248V
2 S S E O TP
EE 500V CRZ 500V WM 500ms Chi 774V
3171 28 dynagaliulysdyga@mounniav)
CHI doyaaioen , CH2 deyayiaudn
Tek EiEiEH 100MS/s 23 Acgs
E. o
ch1 Pk—Pk
4.3V
; : : : : I : : : ; ], ChiFreq
Jobbe o e 1.09476NMH2z
: : : : . i : : : : Low signal
amplitude
Ch2 Mean
8.04 V
R S:00 v WEE 5.00V W S00Rs CRT 784V
717 29 Faymnagaulaussdudiuanud@ounmiav)
Y

CHI dgyaieen , CH2 dayayiaudn

24



Tek SEIH 100MS/s

s

317 30

Q

CH1 fyanaoon , CH2 ﬁmmmm

oo

TeK EITH 100MS/s 8 A_'(;qs \
£ o 4

d

s g phs wien B s e o o s TE w5 i

LIS S S Tt o S e S e e e e 1

3 e i T o e it i e o e e

Ch1 Pk—-Pk
6.0V

Ch1 Freq

] 1.09288MHz

Low signal
amplitude

Ch2 Pk—-Pk
4.6V

Ch2 Freq

11.08696MH2

Low signal
amplitude

e gAlTy ﬂsaﬁmmmmmam(muwn12\«)

Ch1 Pk—Pk
.0V

Ch1 Freq

| 1.08864MHz

Low signal
amplitude

23



26

Tek 100MS/s 60 Acqs
3 s 3
4

Ch1 Pk—Pk
5.0V

1 Ch1 Freq
1.08992MHz
Low signal

amplitude
Tek 100MS/s 29 Acgs
o AN e s V5 \ L™ st B
S A R S Ch1 Pk—pPk
4.6V

1 Ch1 Freq
1.08884MHz

Low signal

amplitude

Ch2 Pk—Pk
4.6 V

Ch2 Freq
4 1.08992MH2z
Low signal
amplitude

~ [ 4 = Ha
311 33 FyaayaneuntamesnNNAgINBURNI12V)

CHI feyanaioen , CH2 daygnaudn



frequency(Hz)
1100k

1050k

1000k

950k

900k

850k

signal

(olt)

~ v o d @
7U% 34 nslanuduiusvess Ay

AUV IUOUNNAUAIY

4 s
ﬁmm‘vgmanwsnu




28

=
Unns

=Y d
unIasalazagl

nnmnaaestoudygannudairqudiiadueilfgamuinavesdyanai

o U g

=

awsadein )18 szdiuldhinfoulasnnalugasiidseaninmlunmsdwindugna

' £

= < 4 A A -4 a v 1
‘nﬁmmmuﬂawummﬂ Llﬁ3&ﬁ®ﬂ?1wﬂtwuw1ﬂ“ﬁuﬁﬁ'ﬂll‘ﬂﬁﬁ’l)Zﬁ'liJ'lﬁﬂNﬁﬁﬁu'lﬂJLmLﬁﬁﬂ

o

A kY @ Y a a ~ o Y a aly 9/::1:3 9 1
wio lindesnumenewnsdwaniogil milsniniudyanudunaonildaruds uie
dunaldudiodwimdygia udinavesdayanansalfouldudanud lin/feuwlag
R o Y A 3/ A A a o @ ~ A
wihliaenldmsuegmanenaniiendnmosravesvinadyanaiinldou 1y
A ~ o 1 a o ot 9 3 o
WenlSsumsunamsianduanuaudnudeutasisenuvua nugUns ANy
v o d a [ o 9 (=1 f Y a o 4 ~ A dgl
duiusvewRuAnuaugiUvinandomlas  seiud ldmdudnuaudeziivinamiuium
] A o o WYy YA o 1 Ay Y v o
v aniioulas uagAmdudnuausnia 14 Indifsaduain ldannasvlanudusius
' v a o o v 2~ va
sgniaunaTududnuAud  uaaehiannsoaandeulasdadiguaunia lagndesmudu

LUy

[

-4 '
nnmsnasesfloudyaauuunssuansswmna +121a% fe -12Than dhyanaass
Y

[ o Ay a o

Y 9 a Y ' Ao ~ 9 [
ummammammmwaaﬂ “VlNWU“Uﬂ‘VJG]EJﬂiJ‘ﬂﬂHVlﬂU’N ﬂﬂilﬂﬂ"l?!ﬂ‘ﬂﬂﬂﬂuﬂﬁﬂﬂﬂ

L] QU

£
y ~

o v da { $ § <; [ v o a
ma1ldafe ldsdwadnenuisldauldnen 875kHz mnfinnuddinisuwasi ldezia

dy & 1 ol ' 1 ] @ ~ =
oy hilifiosnanavesaummimanfigyme lWsendumsdeiudyanas  uaziinnudgs
" dy 9 o Y 1 [ =3 v sld' d‘
ahiimdeudasezihanlddegaundnmmgug uaninmmaassannsonaass ldnanud
~ P ] PR a ] :sy 9 & Y ﬂ
qegail  1L09MHz #ldannsanaassianudganiilldiioenasesmsutasusefuiy
ddgud o o A %
anwdnldtgndiiananud 1.1MHz
P a 4 pai 9 1 a o1 o 9 =3
domAnsennng Wi Rnnmsnesewsamnsdimesaeg  dldniudga
g b §
ﬁuﬁmﬁmﬁmm PCB Transformers A7)

) o Voo o o A& A ° 9 Y1 P | v
Series # 1 ANUUTOUMNY UATANNLIY 3291191 1aA Mutual Inductance NUIUAY
v 4

Tudnvazndeudranzduadu sildmusaniunum Inductancednen I ed

' v v
Series # 2 AIUTIUANNY uATAIMINY 9219 18R Mutual Inductance (AR v
dnvazndudulfsaunsiideres vliarugue Inductancerner Idenn
Series # 3 ANuUTEUANAY  uazSAlanasmuiiusey ¥ ldlaa Mutual

' k4

a [ { o w o ' ' 9
Inductance tivAy Tudnyazidudulfaunsmdea ildauau nductances1en 14



2
gINTU
Series # 4 ATIWIUTOLLAL AN 1AANUYUIVOURUPCB (laminate tickness) 813
. v v '
M ianunndeo 9218 AMutual Inductance TRUAY 1AATLcakage Inductancea@ad MR
v 0 ¥
HUWINYU92 1A AMutual Inductance aAR9 UAATLeakage Inductancel Wi
Series # 5 AvuseutasSailmdy uaaunievesatoPcB limady waf lddoah
a 1 Aou o~ & a A dy U = g <
WITWADIANNNIANIUIAAAAUNDAIGMITUANVHUUAVIY  usaz)douudas luuinidn
Series # 6 I useunassAlivhiy udanuniugavesaepcB iy wafi ldde

T a o1 Ao o~ A LY
ﬂ'lWTi'l?JWI@SG\N"’]ﬂ?ﬂﬂq}u'lﬂlhﬂﬂﬁﬂuLlﬂﬁ\ﬁﬂﬂ‘uﬂ

d'o v A Vv [ n:i Yy 1o L 7 d' YN 1 a <
nImuseUaE AN uanud 19 ldwi liminy wafh lddesimnimesaie
Ao o ] = @ =} a o ] ~ [F=) 1 £ [ Q’/ 4 =1
niativua ldwfsunlaannin  Swsiinessoonsh inadenseutawdulsud 8o
AN AIMIgeesa I uaganudnlFon  uagdeivlfiseunsantuqum
1 A =t o [ Qy 4 U ) ll Gli/il
Inductance@199)A® YUIATAN , T1WIUTOU HazaNnurvaumulsud Tasnouiiilylddes

1 a o [
@@mmumgmazvmmmasﬁmmaamé’mnu



30

t&l @ dl Y o U v lﬂl = 1 gj 1 Y o ¥ & Y ¥
nansihuenansianuliduwiunistdanuienisdnyivingu leugislmhlulduselosuaunisim

lidnsdilas visdu Bnnsudlidnuallenuasiessdadadivedenarsynasaninisuiiluly



LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

August 2000

/National Semiconductor

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Connection Diagrams

Metal Can Package

&)

OFFSET NULL N
INVERTING INPUT @‘} (6) outPut
NON=INVERTING INPUT FFSET NULL

®

DS009341-2

Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number H0SC

Typical Application

Dual-In-Line or S.0. Package

A/

OFFSET NULL—{ 1 8 —NC
INVERTING INPUT —{ 2 7V
NON~=INVERTING —{ 3 6 F—0UTPUT

INPUT
V- —4 S p—OFFSET NULL

0S008341-3

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JO8A, MOSA or NOSE

Ceramic Flatpak

N :‘2 ° '::I NC
+OFFSET NULL x:3 _8:1 NC
-INPUT L: LM741W 7: v+
+HINPUT CEr o ] ouTPUT
V- |:5 16:| ~OFFSET NULL

DS009341-6

Order Number LM741W/883
See NS Package Number W10A

Offset Nulling Circuit

!

DS009341-7

© 2000 National Semiconductor Corporation DS009341
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Absolute Maximum Ratings (note 2)

If Military/Aerospace specified devices are required, please centact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)

Supply Voltage

Power Dissipation (Note 3)
Differential Input Voltage

Input Voltage (Note 4)

Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature
Soldering Information

N-Package (10 seconds)

LM741A

122V

500 mW

30V
+15v

Continuous
-55°C to +125°C

-65°C to +150°C

J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

surface mount devices.

150°C

260°C
300°C

215°C
215°C

-55°C to +125°C
-65°C to +150°C

LM741
+22V
500 mW
+30V
+15V
Continuous

150°C

260°C
300°C

216°C
215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering

LM741C
+18V

500 mW
+30V
+15VvV

Continuous
0°C to +70°C
-65°C to +150°C

100°C

260°C
300°C

215°C
215°C

ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (ot 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rs £ 10 kQ 1.0 | 5.0 20 | 6.0 mV
Rg £ 50Q 0.8 3.0 mV
TAMIN s TA & TAMAX
Rg < 50Q 4.0 mV
Rg < 10 kQ 6.0 7.5 mV

Average Input Offset 15 uv/'c

Voltage Drift

Input Offset Voltage Ta = 25°C, Vg = £20V +10 15 £15 mV

Adjustment Range

Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tamin S Ta € Tamax 70 85 | 500 300 nA

Average Input Offset 0.5 nA/°C

Current Drift

Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
Tamin S Ta € Tamax 0.210 1.5 0.8 HA

Input Resistance Ta = 25°C, Vg = £20V 1.0 6.0 03 | 20 03 | 20 MQ
Tamin € Ta < Tamaxs 0.5 MQ
Vg = £20V

Input Voltage Range Ta =25C +12 | £13 \Y
Tamin € Ta € Tamax +12 | £13 \Y

www.national.com




Electrical Characteristics (Note 5) (Continued)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain | Tp = 25°C, R, = 2kQ
Vg = £20V, Vg = 215V 50 V/imv
Vs = £15V, Vo = £10V 50 | 200 20 | 200 VimV
Tamin < Ta € Tamaxs
R, 22 kQ,
Vg = 220V, Vo = 15V 32 VimV
Vg = 15V, Vg = £10V 25 15 V/imv
Vg = £5V, V4 = 12V 10 V/mV
Output Voltage Swing Vg = 220V
R_ 210 kQ +16 \Y
R.22kQ £45 \
Vg = 215V
R 210 kQ +12 | £14 +12 | £14 V
R 22 kQ +10 | £13 +10 | £13 \%
Output Short Circuit Ta =25C 10 25 35 25 25 mA
Current Tamin < Ta € Tamax 10 | 40 mA
Common-Made Tamin < Ta £ Tamax
Rejection Ratio Rs 10 kQ, Ve = £12V 70 | 90 70 | 90 dB
Rs £50Q, Vg = £12V 80 | 95 dB
Supply Voltage Rejection Tamin < Ta < Tamaxs
Ratio Vg = £20V to Vg = 5V
Rg <500 86 96 dB
Rs <10 kQ 77 | 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 025| 0.8 0.3 0.3 ps
Overshoot 6.0 20 =) 5 %
Bandwidth (Note 6) Ta =25C 0437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 0.7 0.5 0.5 V/ps
Supply Current Ta =25°C 17 | 2.8 4.7 2.8 mA
Power Consumption Ta =25°C
Vg = 220V 80 150 mw
o Vg = £15V 50 | 85 50 | 85 mW
LM741A Vg = 220V
Ta = Tamn 165 mw
Ta = Tamax 135 mw
LM741 Vg = 215V
Ta = Tamin 60 100 mW
Ta = Tamax 45 | 75 mw

Note 2: “Absolute Maximum Ratings” indicate limits beyond which dama

functional, but do not guarantee specific performance limits.

ge to the device may occur. Operating Ratings indicate conditions for which the device is

www.national.com
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Electrical Characteristics (Not 5) (Continued)

ings"). Ty = Ta + (6 Pp). :

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
ja (Junction to Ambient) 100°C/wW 100Cw | 170°Cw 195°C/W
6ic (Junction to Case) N/A N/A 25°C/wW N/A

tions are limited to 0°C < Tp < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).

Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram

Note 4: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
Note 5: Unless otherwise specified, these specifications apply for Vs = £15V, =55'C < Tp < +125°C (LM741/LMT41A). For the LM741C/LM741E, these specifica-

~

Q13

7.5K

—I\TS

'P—EOW

R7 f Q

45K
R8

N

15:1__‘.

6

8 Q9 Q12
3 2 [NVERTING
NON=INVERTING
INPUT at Q2 INPUT R5
$ 39K
m—lGil
Q3 30 pF
r{ N
Q6 Q10 Y
Qs Q1 02:/{
OFFSET NULL — S_OFFSET
NULL
R1 R3 R2 R4
1K 50K 1K 5K

i

R12
50K

<

>
R11
f 50

o
S
Q

4

720
v-

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum Rat-

4
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OQUTPUT

R10
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Physical Dimensions inches (milimeters) unless otherwise noted

(8.830—9.388) 890 9 388)
0.315-0.335

(8:001 —8.509) DIA

MAX
! _ 0025\ contROLLED

0.165-0.185

P (0.635)
{4.191-4.699) LEAD DIA

\ Y vy
REFERENCE PLANE *“T‘ —— —— SEATING PLANE

0.035 K
0.500 | 90150040
0.839) {0.381-1.015)

, 0.350-0.370
T

1>H<=— 0.016-0.018 DIATYP

{0.406—0.483)

0.195-0.205 DIA
(4.953—5.207) PC.

0.023-0.045
(0.737-1.143)

0.028-0.034 A 0.115-0.145

.711-0.864 ROl o

@ ) \%< (2.921~3.683)
/< DA

45° EQUALLY
SPACED
Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number H08C

HOBC (REV E)

r— 0.400 MAX ———»]
R0.010 TYP
N @ F &

w1

0.220  0.310 MAX
0.291 GLASS

R0.025 TYP L
I [ I O 3 R R
0.045
™ " o.065F
0.290 l«<— 0.005 GLASS
0.320 'I MIN / SEALANT
)
l f a7
L 0.180 - < 0.020
YAY 0.200 | .
i 0.060

i /i 505
N 0.200 I

90° & 4° TYP

0.008 0.0180.003 TYP
0.012 P

o
95050 TYp i 4508 0.055 MAX —J ~— b
I T BOTH ENDS '

— 0.100£0.010 TYP Jo8A (REV K)

Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number JOSA

5 www.national.com
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LM741

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

10-Lead Ceramic Flatpak (W)

NS Package Number W10A

0.373-0.400
[~ feara—t018) |
0.090
> {2.288)
o SLILIELE. 210005
(2.337) oy N I - 0.81320127)
R e @ N 0.250:40.005 RAD
i A (6.35£0.127) PIN NO. 1 IDENT
oFoNT L® e
OF [2] T3] 1a
oy 0280 0.040
7™ < ns ik (—1.n1s)m_"l e OPTION 2
] 0.300-0.320 (0.762) - (-(%——gf) _0.145-0.200
m ‘ Zﬂ"i1°——>l/<—- o (3.683 -5.080)
Senedl *{ *’ e A o130+0.005
) TT1 Yy @3mzaiz) }
- im0
s - g:::. _ U | (3.175-23.556) olo
0.009-0015 | - (1.651) 90° +4° 0.58)
0z9-0s8) (03,;,"5’ TvP HIN
o LoiBz0008
a3z 004 {04572 0.075)
- (s pn +‘,ma) & 0.100+0.010
295 _p 381 (2.540%0.254)
0.15+0.015
(1143 £.0.381) Y | BT
0.050 (1.524)
fzm 1M s
Dual-In-Line Package (N)
Order Number LM741CN
NS Package Number NOSE
0.080 o [<0.270 MAX-]
0.055 0.050 £0.005 ——-[ |<— —>f |« 0.005 MIN TYP
03035 Naly il TYp b
0.026 r- 10 \
TYP T
0.370
0.250
1
1]
0.270 MAX 0.260 2
GLASS 0.238
1 0.012
T 0.008
B
1 ! DETAIL A
DETAIL A —/ os70 | ——
0.250
PIN #1 1 ( )
IDENT W10A (REV E
0.006 || 4 i
0.004 oot _J
TYP * 0.045 MAX
0.015 TP ~Tve

Order Number LM741W/883, LM741WG-MPR or LM741WG/883
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LM565/LM565C
Phase Locked Loop

General Description

The LM565 and LM565C are general purposs phase locked
loops containing a stable, highly linear voltage controlied os-
cillator for low distortion FM demodulation, and a double bal-
anced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capacitor,
and a tuning range of 10:1 can be obtained with the same
capacitor. The characteristics of the closed loop
system— bandwidth, response speed, capture and pull in
range — may be adjusted over a wide range with an external
resistor and capacitor. The loop may be broken between the
VCO and the phase detector for insertion of a digital fre-
quency divider to obtain frequency multiplication.

The LM5GSH is specified for operation over the -55°C to
+125°C military temperature range. The LM565CN is speci-
fied for operation over the Q°C to +70°C temperature range.

Features

B 200 ppm/"C frequency stability of the VCO

& Power supply range of £5 to £12 volts with 100 ppm/%
typical

éu National Semiconductor

May 1999

& 0.2% linearity of demodutated output

@ Linear triangle wave with in phase zero crossings
available

@ TTL and DTL compatible phase detector input and
square wave output

& Adjustable hold in range from £1% to > £60%

Applications

® Data and tape synchronization
& Modems

m FSK demodulation

FM demodulation

Frequency synthesizer

Tone decoding

Frequency multiplication and division
B SCA demodulators

E Telemetry receivers

® Signal regeneration

2 Coherent demodulators

Connection Diagrams

Metal Can Package

Dual-in-Line Package

'VCC
) TIMING Ve 1 e
o CAPACITOR 7 3
HPUT —— NC
’ TIMING A ] 12
ResisTon INPUT e NC
veo_al| o
OUTPUT veo e
VCO CONTROL PHASE COMPARATOR _ 5 10,
VOLTAGE VEO INPUT T Ve
REFERENCE __ 6 ﬁ]_ S TIMING
o REFERENCE ouTPUT m — CAPACITOR
OUTPUT VCO CONTROL ___7 8 __TimMING
PHASE COMPARATOR voltage — [ LT RESISTOR
VCO INPYUT
0S007853-2 OS007853-3
Order Number LM565H Order Number LM565CN
See NS Package Number H10C See NS Package Number N14A
© 1999 National Semiconductor Corporation DS007853 www.national.com

doo-] paxyo0T aseyd JG9SINT/SISNT

37



38

Absolute Maximum Ratings (Note 1)

Operating Temperature Range

If Military/Aerospace specified devices are required, LM565H -55°Clo +125°C
please contact the National Semiconductor Sales Office/ LMS85CN 0°C to +70°C
Distributors for avallability and specifications. Storage Temperature Range -65°C to +150°C
Su Voltage +12V Lead Temperature .
Pofvz:l Dissi;?ation (Note 2) 1400 mwW (Soievin; 10 semi) eale
Differential Input Voitage 1V
Electrical Characteristics
AC Test Circuit, To = 25°C, Vg = 16V
Parameter Conditions NS Heee Units
Min Typ Max | Min Typ Max
Power Supply Current 8.0 125 8.0 125 mA
Input Impedance (Pins 2, 3) -4V < V,, V3 < OV 7 10 5 kQ
VCO Maximum Operating Co = 2.7 pF 300 500 250 500 KHz
Frequency
VCO Free-Running Frequency C, =15nF
R, = 20 kQ ~10 0 +10 -30 0 +30 %
fo = 10 kHz
Operating Frequenc¥ -100 -200 ppm/C
Temperature Cosfficient
Frequency Drift with
S:sp'y \fgkage c1 | 10 02 | 15 %IV
Triangle Wave Output Voltage 2 24 3 2 24 <] Vi
Triangle Wave Output Linearity 0.2 05 %
Square Wave Output Level 4.7 54 4.7 5.4 Voo
Output Impedance (Pin 4) 2 5 kQ
Square Wave Duty Cycle 45 50 56 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Output Current Sink (Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity fo = 10 kHz 6600 6600 Hz/V
(C}):;n;)dulated Output Vaoltage 1£10% Frequency Deviation 250 300 400 | 200 | 300 450 MYy
Total Harmonic Distortion 110% Frequency Deviation 0.2 0.75 0.2 1.5 %
Output impedance (Pin 7) 3.5 35 kQ
DC Level (Pin 7) 4.25 4.5 475 | 4.0 45 5.0 \
Output Offset Voltage
Vs oVl g 30 | 100 50 | 200 mv
Temperature Drift of |V, = V| 500 500 uvrc
AM Rejection 30 40 40 dB
Phase Detector Sensitivity Kp 0.68 0.68 V/radian
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not gt specific p fimits. Electrical Ch i smte DC and AC electrical specifications under pamculartest conditions which guar-
antee specific p fimits. This that the device is within the Op g Ratings. are not d for p where no limit is
given, however, the typical value is a good of device perfi
Note 2: The maximum junction temperature of the LM565 and LMS85C is 4150 'C. For operation at el d , devices in the TO-5 package must be
derated based on a thermal resistance of +150°C/W junction to ambient or +45°C/W junction to case. Thermal of the duakin-line pack is +85"C/W.
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Typical Performance Characteristics
POWBI: Supply Current as a Lock Range as a Function VCO Frequency
Function of Supply Voltage of Input Voltage 100
e
" Eiiiiass
S i
SSF DAMPING g =5 i
NFratio ] z e : ~ea1
135 =3
NN f = A
100 2iils=2 L1 S 7 Bioe 2N —S
a e © i a3
g v | LR Ve = 12V, H BE
—t SES R 4] e ® T # 1
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102 = ks 1 Ce L1uF Il €= 1022 ¢F ||
it X N _J_J i A i
= 00 W W W% 1M
1 10 169 1000 FREQUENCY (H2)
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10! DS007853-15
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T2 v
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Oscillator Output Phase Shift vs Frequency VCO Frequency as a
Waveforms = Function of Temperature
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