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ABSTRACT

This project presents design and implement a line fault detector which test a drop wire 2 core
diameter 0.9 mm covered with PVC insulator. This project based on reflected wave principles by
transmitting pulse into the cable. Pulse will be reflected when meet the damage of cables. The round
time trip and reflected waveform can be detected by pulse detector circuit . The microcontroller will be
display position and type of occurred damage. System of line fault detector compose by pulse generator
circuit, pulse detector, counter, display unit , control unit and processor. From testing, we concluse that

line fault detector can be meet damage position and type of damage for the cable.
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4.1.7 STUUTYRIMUIND (#MAX 038, #NES55)
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Gen. L8YiWm

( #MAX 038)

1IN 2 kHz Gen. J_L 2 kHz

( #NE 555) — VAN
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Micro processor Unit LCD Display
8031 CPU
3
8255 1’0 PORT

Data 8 hits

Short/Open Detectar
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gﬂﬁ 4.23 Block Diagram
AR arINTeY

MPU (#8031 & #8255)

Key Pad

Hyrwsniinude  msld aodiung shims indeuthy deyaiisngediinin 8 Biss
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. <y v a o q ¥ ' o ¥ 4 9 a o Yy & o
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4.2 Micro Controller
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4 1 ' o Y o 1
* gunsawoude il udfeyaniouen (external data memory) Taudnadmlg

v
weRATa 10 64 K

) 1 ° @ . o
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¥oluos wuldsunsy iuteya $1ulnives/ $HIUDMIADS
d o w (d
INHINDS 51a
8052 AH | 8K x 8 ROM 256 x 8 RAM 3 x 16-Bit 5
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Inssadanmanenves MCS-51
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waemyandaiudgnlfaulumsaadedumissanusimenendas Taovimtha
Tumsimuadumiueamsaludd (4, - A) g 1Fmuduuuuiafmdndiuns
Sudafeyavina 8 ia (D, - D,)
4 sl 9 1 o Jd a 4 a
® wmesa 1 (Port 1)1 841 1dun v1 Py, - P,, fluvwesaduyaminauuy 2 fsma
) o o g a J ° 1 [ J a
dmsulgnuinnly Taed ldanudhbuyanesadesimsdoun 1 Tdwsasia
A W 9 g A =, e ¢
voInoia omrualiiunesaduna uenvniidmiviwes 8032 oz 8052 7
7 ° < o_w
wosA Py, taz P, azgmiunidanuiiuen T2 uaz T2EX mudrdudae
¢ a Y 1 g S a I3 a
°  vmeIA2 (Port2) il 81 lduA 11 B, - P,, Wusnmosadunammnauy 2 fiema
) o o a 7 o U @ ' a
dmivldaui ) Tasd 1Fnuiiuduyanesadosims@eun 1 Wdudazia
s A, g ¢ a s o O o 4 a
vowosa ommnualiiiunesaduna uenvinwesativzianufunesaduna
¢ Y o o ] a 1o 1 ° v o Y
winauaniudignlsnulumsfadedumiiennudineuendls Taovmthilu
° o 1 o
msfmuadumlsennsa luag (A, -A,)
a 1 I~ a a
° mein3 (Port3) il 811 1un w1 by, - P, Wuviwesadunaeninauuy 2 fisma
o o o a J o 1 [ 1 a
dmsuldaum ) Tash ldaududuyanesadesims@oun 1 ldwdazia
s A Y /4 a ¢ 4 gvd ¢ a s
voanesa iomvualiiluneinduya wennanesatis:liuwesndunaedya
Y o o kU q Y da J 12 d'
udaiudagnldnulumhinfiayaie q duaaluaisien 4.3
=) Yo Y ) ° 4 = Y
® 5 (RST) lFdmsumsTimamsiinuveslulnsaoulnsames Tasmssasndos
1 S a { a dao o 1
asaa iz 1 ed1afeouu 2 mFulwia luvazieondaminestamnueg
® 41 ALE/PROG Wundyayia iformyhiiniuqunisuans (latch) mdiumi
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d' Y A a ' d
AN 4.3 UAAIHUINWIAY VOILUAAZVIVDINDIN P,
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TdsunsuninmolunSoninarouen Tastiaauzdu o vemnedaldlulns
Ao Tnsamessufidwinmianuiinioueni duvisenase 0-0FFFH(0-
< v o a @ . g ' o
IFFFH auiluwes 8052) ae1alsfnmdrinfloadu (security bit) luniaoaus
y o o o @ 1 o
EPROM gnTilsunsu'd lulasnouInsamesz lusumdminnioanudiniouen
dy t.:iyw o Y Ao 1Y ) o 4
tav wonninivitidaimihniuus sy lddmsumsTusunsu (v,) v1na 21 Trad
ol luseniams Tsunsu EPROM
d| a a ay a a
© 91 XTAL, XTAL, (u19unauazio1anav091995aUIesAseoadammosiona

. . o s Y 1 1Y a
ulﬂlﬂ’é){(invening oscillator amplifier) fﬂ‘Vi‘i‘Ui‘h’ﬂﬂi?Hﬂﬂﬂiﬁﬁﬂaﬂwu@ﬂ

Tnssadumeluves MCS-51
Tnssadumoluveslulnsaoulnsamesaszga MCS-51 uamsdagiit 22 Tasdauiid

4 19 L4 i g
INTOINBABATUNS (*) azTimmnz uiwes 8032 1ag 8052 imiu
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B=0 A1mual luiinsnsewSuNA 1LY Cursor
B=1 fimualihifimansenSuiidumnis cursor (nszwsuifugifmaon)
5. DISPLAY SHIFT
RS RW | DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 1 s/C RIL * *
S/C=0 fvualiiasu Cursor muiama R/L 11 1§
sic=1 fmualdideudoanuuuimaeasniuiiona R/L 11 1 column (Heunnussiia)
R/L=0 fnualiifsama linide
R/L=1 fmualdinamaluniun
6. FUNCTION SET
RS RIW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 1 DL N F * *

o Y a 1 o A o -
DL=0 ﬂ?ﬁuﬂiﬁﬂﬁﬂﬂﬂ@ﬂﬂ 1BATA Module ULV 4 bit

v
DL=1 fMnualinsaadeiy teadd Module (Huuuy 8 bit 9edUna1 MIAMUAAT D/L 1

o { 4 v o g _d . & " '
@1150n32911 149 DB4 — DB7 FadTimsmualiiduuuy 4 bit deudnsausn 1a91ns1elw

¥ o ° v 9 Y
@ean9zh 19 Loadd Module HmsSudoyauuy 4 bit iud

N=0 MHUATIUIUDTINAUUY 1/8 Duty t1ag 1/11 Duty




N=1 fHUATIUIULTINAULIY 1/16 Duty

F=0 fmmualidisnystuuuy 5%7 Dots
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° v o { vy g ]
F=1 finualidadnysiuiiy 5%10 Dots (ns il ueadd M,odule ifuuy 57 oguda ozl

lnanz'ls)

7. SET CGRAM ADDRESS
RS RIW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 CGRAM  ADDRESS

@ITATIAMUA Address 94 CGRAM tilo Tdin1smvua TBudamseuiazidou Joya

o e <7 { o o A
NADINNU QZEﬂuuhjﬂ‘]ll Address ﬁﬂ1ﬁu@]'ﬂu‘ﬂ

8. SET DDRAM ADDRESS

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 DDRAM ADDRESS
dmTuMIfMuA Address 499 DDRAM iiio Idhmatinua 13udanise uazidion doya
ndennil vz liniu Address N uARuT Aumiiavos Address Tunaazguaziinuuanaig
AR T3S YIAoUT SR luvh iy Fauaasdanseae 1ui
(m3uilazimualdinh 700U 1 awe meanvazainlumsisonld)
34 DMC 202
80 | 81 |82 |83 |84 |85| 8 |87 |88|89|8A|8B|8C|8D|8E|8F |90 91 |092]03
Co|cCt|c2|c3|cajcs|ce|C7|c8|Co|CcAalcB|cc|cD|CE|CF|DO| D1 |D2|D3
9. BUSY FLAG AND ADDRESS READ
RS | RW DB7 DB6 DBS DB4 DB3 DB2 | DB1 | DBO
0 1 BF ADDRESS
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o o ' ' § = o Y
@TMIUMIOIAT BF (Busy Flag) F1uaniendiunionvos 1oadd Module Tumssudoya
81 BF=0 mnonawimieuiiorSudoyano 1U14 uddh BF=1 munoanuhishindey uenoinits

1Fun15811A1 Address Y99 CGRAM 150 DDRAM €41

MIBIHNAzITeude3ai DDRAM/ICGRAM

1. WRITE Yoya TO DDRAM OR CGRAM

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 0 Toyn

dmsumsileuteyaaimiunisi DDRAMHS CGRAM Tauiforhins @ unuda
Address 9zQnuiuv50alaoda Tuida s muaind) D Tufida Entry mode set 1azms Souas

. v
o

1¥}1 DDRAM 1159 CGRAM f3usu ADUNTNMAIIIMIBIMUA Address 7119

2. READ ‘i’fﬂialﬁ FROM DDRAM OR CGRAM

RS R/W DB7 DB6 DB5S DB4 DB3 DB2 DB1 DBO

1 1 Toya

dmsumseudoyasinmitendt DDRAM wie CORAM TauilerhmsSounda
Address 1zgnuiiun3oanaslaodn Tuld mufimmunaindt VD Tufida Bntry mode set 1azn13g 1y

. 3
o @

o 4 o 1 1 aa ° pai
211U DDRAM 38 CGRAM A¥uAUT Aounthfdafiinssimun Address nla

uImamsvenldsunsuniuny

1 iilesielidoalsy 1eadd Module adausn Meluvzilinig Reset szun Tnodn Tusiadanz e
(a1 10 ms n&IATsERULTE AT 4.5 v U&AaTiT LD Reset fana1nvznszidennen
do'lalf
- MM clear ﬂ'e)mwﬁywuﬂ (clear display)
= ﬁmuﬂqmﬁuﬁﬁﬁwﬁﬁq Function set fio DL=1 (Aasosuszuylulnsa Juuuy 8 bit),

N=0(ueraadaya 1 Uss1in), F=ORMUAGISAYTUUY 5*7 Dots)

- MvuaguauliAd20f1d1 Display ON/OFF fio D=0(liiuaaadoya), C=0(Cursor OFF), B=0

(Blank OFF)



70
- ﬁmuﬂqmﬁnﬁﬁﬁaaﬁﬁa Entry mode set fio UD=1 (Increment), S=0(No shift)

M3 19U 19a%A Module dpasoliunIUMT Reset Molurhauisoudesnousazasie

] [~
aov1dA20 BF(Busy Flag) n5001002 19msnianaiild

= { o < 1 ] o w 1
2. m3149U 1oadA Module 1zdoamondosiumadTlsunsmiudaulng YARITINI 50
& ' A A v & ° v o & sAa a Y
NI IUNTOEUTBY AN zgnMnuan Ty Iuimuaniiegnd Tsunsuezdes

B W i Ay yd 1y S ad . a oy
ﬂ’]ﬁuﬂﬂmﬁUUWWW\?‘T] Wﬁa\iﬂ15'l'lﬂﬁ3uﬂu i]1ﬂuuﬂﬂglﬂUﬂ']5@']ullﬁ$ﬁlﬂueuagaﬂﬂz1u

DDRAM #4nAavonuie Tuaaswaiues aauswaziooauesdid 1Usunsvainisoanytle
nnlusunsudrediainssgagluurudan Allone o XDMC202.ASM Fadaulngjoz 1

v v o a Y a ' o y Yy A g
WIDUNUAUAIUDIARA Lm%zmuamamﬂmau'ﬂwn‘mma

M31HandnYINo AUV

Ao v o o Y oMY o o £ o
DAY A Module %Zﬁ'liﬂiﬂiﬁaﬂﬁ’mﬂﬁi‘l’l@f’)ﬂlmﬂmxﬂﬂ Iﬂﬁlﬂi&’?’l'lulﬂ 8 AIDNHT HINaAn

b.

g Y o Ao Y v ' o < Yy =
mande Tiims Inaagduuundmua Budraslumissnusi CGRAM 1uies Address iénsa

E4
CGRAM vz 4104 6 bit Taud 1 1diianun 64 byte ( Ao 8 Fa8nBIRUTY row) Hazn1sGonlde

t4

ﬁnysﬁaaﬂuuu"ﬁ'ﬂﬂ%’iﬁﬁ 00-07 (30 08-0F 718) Suaou Tums Tnaadadnys sxfudad
I fnuA Address Y99 CGRAM §20f1da Set CGRAM atign Tnansnysdausniaz 1

Address AR 0
2. Woudoyafithughiuvesiasnys drosids WRITE foya Taoguiwufis1d s byt
Aowilaiasnys Aoided row 1InueIULasdtaas1d bit 7 0-4 v ms Tnaniiozain

ladeifiodllisouq Tavlidoasimua Address Il

'
Ao A

. t4 3
3. dnysiiTnanasliudr aunsodenldAnaea 1o luvaefised WGeeed $ans

]
S 1

v
Tnanaiildnssindauduvesldsunsyidiay

dy 2 A 1 & A v @ 1 a
Gluiﬂ‘iﬂﬂuuli'lﬂznl"lf 1909 Module 31 DMC202 $3UVYUIA 2 x 20 AIDNHT LIAZAD OU

d Y 1 [ @
weTWe 1Y VO Port Anymzmidevziilusagy 5.23

1 { @ % @ n’z’ v
dudifedundidyunezlsznoudiotoyadianin Board Tustade 5.1 Wanun Taodo

' A

[~
yavzuduilu 2 dau e

' b
1) Yoya Miludoya 8 bits 910719 8 bits counter duTizAvrIM THies tazdefy Portl

a A

U939 8031 CPU 8N



71

Ed [
1 s

2) foya a5y drudifediuildlumsasnasunaziatos nmvealusunsudaiise

@ @

a dy
APYAVDITYUIUAIU

- Ay uen shiria circuit ¥911910 D-FF2 1agazaofiu Port3 4049 8031 CPU

o

- YY1 VDN ON/OFF Counter ¥911910 D-FF1 11azazAon Port3 Y04 8031 CPU 13U
@AY

v v 1
dyanuiianuaiiogliniimed99s laoaseiuda 8031 CPU 1auld Port ¥04 CPU Fa'ldun

7]

Portl 1z Port3 UN4AIMU 2993 NAIzABAagY 5.24

o D 1.0

P11
S NRAR
o P44 | CPU

711 5.23 293msAedan Joya i 8031 CPU Port
5.2.4 CPU & /O Port (8255)

wa 4
AuENAM M55 Y99 MPU fio

CPU 80C31 (40 pin — Dip of MCS51)

GRIGTRLITRITOY 11.0592 MHz

MEMORY 32 Kbyte (27C256)

PORT 12 bit 910 Port] & INTO, INTI, T, T1 489 MCS51

24 bit 910 PortA, PortB, PortC, Y94 8255 PPI
CONNECTOR 16 pin (Port1)
26 pin(Port 8255)
Port dn¥uri 1 1Fmuilu vo g v naaldg i
- 8255 Port dmFulFnuiudan 1o vesszuy Faezaeldruludnuas Memory Map Tag

A WYY Address fiD

PortA = 8000H
PortB =8001H
PortC = 8002H

PortD = 8003H (Control Port)



- 12bitPort fim O 12 bit 910 CPU oms I¥ausass
N%smﬂ%muﬁwmﬂuﬁagﬂ 524 FIWLUAAINTAITABIZHIN CPU 80C31, 8255 1O

Port 11ng EPROM 27C256

il
el
-
al
l’l;l’! 'H !

Faki

&
3

I}

rrzzrNTIT

HEFEEE

1

ISR EEE]

T¥razza

t(33zz333=
T z

T
1

S il

IENEINSES

=

31 5.24 299sMs¥iau MPU

oA I~ ! 27 i . P [ qs.:
gunsaif1enivzdeiy MPU 9z¢oH1M Connector 16 pin 11ag 26 pin §atiy (31534041100
Port finvponiienduazaInlumsdo o unssiamnsaagmsianmos MpU 18 525

= 0 q Yy 5 Sy 4
FIVZUTAY Input 1AL Output Y057 UV TAws i Ididr lamsiauInesauveamail ety



>

Sef—

8255
/O PORT

ADDR.

=

80C31
CPU

v
UBHR

31 5.25 FwzuaAs Buwn 1Az YN YoeTzUL TAuT




uni 6
¢ o
govhus uazWandumsldanu
TuTasenuiisegld Tsunsu vemauud Tumsi@ouTisunsuniugy 80C31 CPU uaz

utlaa(Compile) Yoya uoamad Wudeyagiu 16 Tav Tusunsy SXA51 Fevz utlaudu Wy

4
= [~ o
anaga HEX luunilsvzusiuii 2 wado fe

d o
— - i mse v o g -

SUMIRINU

HAAIAIUNS DU

Tumsyiau

na TEST




!

ATdYYIUATNOUNTY

:

Hunar suow Uszunawa

HaRINaRen LCD Yoy

TTULNN vAMITIgA

yes

na TEST

AUNITNINU

o,

317 6.1 Trla 31157 (flowchart) M3¥1IUY0s oW

v A =) 1

Tudwves weWung mahau diudfyngafodiuves MENU m3 Test transmission
HavgiimseTuiwednazdon Tauiies10gil MENU Test Transmission 14 (o5 1amsnaad
a 1 8 A (] dy 4 [ A
TEST Tdsunsuezdely Tdsunsudos &9 Tdsunsudes 7 Tusunsuozaumensinsaiiaoi
o w o 5 < g : Y
Mdamarouiuiy @a 2905 ¥5e Ta 2993 luduneuiivzidalneld Port 3.2 §4 Port 3.2 HiTly
o = & & o a v Ay y v Y 9 = @ 4 g
YawNw19n DFF-2 dalludygin Jaatda 295 deitldnanBudrluund 5 wdmniisa
4 ] 1] ¥
(Wa 2995 w30 Ta 2995 18uds Tsunsuazda Ui Tsunsudes ae'ldl 7 Tusunsudenii Tusunsy
wihmsindeudodeyaving 8 bits Tnvezindeuiiodoyalaunsenin Portl (8 bits) Faso Tavas
@ = < a 4 Aa L4
fUNIA 8 bit Counter B0 Foyann Portl vzgninouiu 3 lulenfyames e Teamesa
3 o 1 [ 1 aa P | A o v @ 4
nnfwhimlu A Tdguiumlu33mnedB Fuiludii1dvims quuazde Amunngas13uda e
< @ o '
aauaiez dwadns udniluuannade'li
3 A 9 J [~ 9 aa J 3 ) Py o A
Tudupeums waoude A1 PORT 1 wufu 11y S3mansA 1u Aeufiezshmsiniou
v o aa o a dy o
dwTdsunsuezdea 185 udyueyanAidoroudyaaoyand (Enable) & 9was2915A910 Port 3.4

& e i o 2 o e L o ,
FINDU1IN D-FF1 90 (310 TUsuns AU unIuveanadnuInn Port2.4 TU50ATUS02%10 15
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& i ' o ad P
maouthy mﬂ’fm&la Fddasneia fe mnEuly S3amedB HUTNNNAGAT FIaNI0IUaA
g - o
m:‘mxﬂumumaumu

;’,' = 1 ad a .
YUADUN 1 W'Iﬂ’ll’lﬂﬂlﬁﬂﬁ'iﬂ‘ll@ﬂﬁ1ﬂ‘ﬂﬂﬁﬂﬂ (Drop Wire)

9Un30inAa@Y 1. @10 Drop wire V1A 200 (AT 1 99
) s A

2. Handunuuelsines 11A504

3. 9oa%a lad Int(Oscilloscope) 11504

1) imsflouiad laSulilidnnuntraiad 0.4usec fowdhlulumonaaeu

2) uiianad 1d (msnagevss Ta Yarean) dagal 6.2

Tk FTHE SOMS/ 56 Acqs
1 L m o

T ¥ p | 1
LIELEN B LN N B S O N N B N S B O (B S0 AN O A B R B S N S A I o e o o

.................................................. W__—
1.18¥

Z pd g : : : : ch1 Ampi
YA SV SRR RO Vel SRS, PLEOF t
y : : : P : : i 1 MYnstable

: : Y . . ; hiskogram

D ot gttt ettt e V«— Fecr Chi Braw

1  221.8m%
LI NS T/ AN A\l < . o] Low signal
] rm— PPN AT 1 AN - T ey mp"tuda

| @ FYIR WY 5L D ¢
R T | B VTS 1 (ol T

26 Mar 2000
00:48:13

‘ljﬁ 6.2 Waﬂ”l'iﬂﬂZ’ff]iJ‘H15‘”6“’1’1'lx‘ﬂliN‘Wﬂﬁ‘lﬂﬂQﬂUWﬂﬁﬁleﬂuﬂﬂU

@ :/I 8/ N 4 { 4 a @
A sl i T = 2.4usec Fafoszvzmafindudumaluazadunoluaie

v
NATDY YUIA 200 AT AU UNUAIGAT

10 S =t sm
Tag v:—c— ;t:Z
T ' b
s = 5 unua s =200me5, 7 =24%x10"s
x10° (2 4x107

\/_
Je, =1815

@ :I‘ 3 { 3 b4
auiuludusoun 1 lmegld e, =1.815
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:l’ d’ ) Q/
VYUADUN 2 mmmammﬂuqm

c T
10 §=—=.—
2
3x10°) T
§=|—— |.—
1.815 /2
s =(0.82644x10° )1

[19391n ANND YU = 8.902 MHZ (310 MAX038)

b4

aniu danuunitn 1 ga sxlimumiiiy
1

1
Tr=—=—
fro 8.902x10

Tx=0.112x107°  sec

'
LY

ufe dyanonniin 1gn azfimwuna =0.112x107 sec
pnurpees

v
o

WU dYnunimngn  slimunm =n(0.112><10%)sec
s =(0.82644x10*f0.112x 10 )

(_ae

s =(9.256),,n

msdSuidanrlunaduiiugiu 16 02 18gasdade Ao
I3 (OA)IG ("’)16

Ce

UADUN 3 wlamnmunovesgasudalaluTusunsy

e

210 (S)IG = (OA)16 (”)16

1 (04),, v2gnifu3Tu55amesB
1 4 g a

1 (n)  vzgnmdABudiy 910 PORTI 1ifin131u S5mmeda

1 A [ Jd' o 1 1 i dy = S~

A1 s fie waawinh liunssuumsuanwade’lyl f1s & sxfidushuay

v 9
U 16 iy gsmnnstmﬁﬂfmumm'ia‘lumsam:a:gmﬁﬂ"lﬁmﬂqm il
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1) wﬂxﬁwﬂﬁazﬁwmﬁﬂ
FWawmesB =(04),
Famesa =(01),
veifiud1 MPU 1T dyananniin Idifios 1 gn Fam (n),s i (01),,
dnhinzld 5= 4B
8= (01)16(0"4)16
= (OA)lﬁ = (10)10
1hufle szozmgafinzinisialdneld TRy U1 8.9 MHZ 1Az CPU 8 bits 0 10

LUNT

2) szuzgaganoziimsia
FAmaesB = (04),,
FimaesA = (FF)

vz MPU 1Ty doyapanniint Yduniiqe (FF),s an %38 (255),, gn
9

aaiuayld s=AB
S22 (FF)m (OA)lé
$ = (9F6)16 = (2550)10

1o szuzqugaiozhnisialdniold Fyarauniin 8.9 MHz 1o CPU 8 bits &6 2,550
o v = = & & & ' 2 v o < ¢
s anvauzmsldnunies dedlaniensusn mFosezedluaniie Sudumsinm SaosTes
v '
fonruh

LFD-1 VERSION 1.0
BY T.ANAN

INITIALIZE SYSTEM
PLEASE WAIT

SYSTEM ALLRIGHT
PRESS MENU
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A = <] dy & o A A ' o J ag a A
o03 Yaon U WAUIZMUUA Key MENU (Key 1) LW@LZ“I?Jﬂ??ﬂzlﬂﬁﬂuﬂﬂﬂﬂlﬁﬂﬁSﬂ i

) 9
WNAAOU(TEST) a0 TaainTesaz 1o MENU 1iaendail

CONFIGURATION SYSTEM
CHANGE DIELECTRIC MENU 1(n% MENU)

TEST-TRANSMISSION

PRESSKEY MENU 2(h@ MENU)

v v ¥ v *
#1na MENU 419 fui5o69 wliingegly 2 MENU i ady Tt dadu $13198eans
= 1 ad a Y n’: A o = 1
wWasua ladianasavesmeldnald MENUT 1niTune Key CHD (Key 2) tWoviimsn/dous a
dianasn Feezd 3 A1 Wilaou naseznanlfeusin Key CHD Adi@uaminty Tagazils1ng Yoy
< g &
Wuvden dail

CONFIGURATION SYSTEM
DIELECTRIC 3.24

CONFIGURATION SYSTEM
DIELECTRIC 0.58

CONFIGURATION SYSTEM
DIELECTRIC 0.65

. . b4 )
tiedlddoanam ladidnadndrle Tingaiianiun uazline Key MENU ifieoenain
MENU CHANGEDIELECTRIC m1la8ieinasnazgn Save Tnusalusi@auiisidowns uasly

n3dindl¥deamsnadoumolidon MENU Test TransmisssionTaunaidenain Key MENU (Key 1)

£ v Y4
%d%:ﬂi‘mg‘uammmu

TEST TRANSMISSION
PRESS KEY
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A <4 Y v vy vq vy
iodsing MENU Hauin didlddesmsnaaoudio flddedna Key TEST (Key 3) 9

u u

Usingwamsnaaou 3 uuy adulyld de

NOT TERMINATE
LINE TEST

TEST TRANSMISSION

QREN"C6 T,

TEST TRANSMISSION
SEDBTMTCCTLY -4

a & P s & Y MY Y yvgyy
HANINATBUILINAVUHANTN A MISaINe  tazszuaninane]? M@ 15doams
4 4 > EY
nATBUBN NaINTanA Key TEST 1815009 uazdidlddeamseensinmsviauly MENU 5 1ina
3 k4
Key RST (Key 4) 32119 Restart 15u9)n0t19111i8na54
{ 3 o ;’f offent a a o
finenmswinuaves Tlsunsumsiiay msldauianunazns simuauuuasas
a ] @ = o A o
nAARUA0EAY 4 fid fin MENU, CHD, TEST, RST HamInadeUIzueMiluIzezN I INgANIMS
@ =< d' a = 9 A 1 1 dy 9 U = ~ a d?l ' ay A
Fa'lUtgausnimofade D1lgARDMIETEN NN A1gaae lilinnudomonadu 3y s wie
v ¥
¥19) In339zue L lvuninzweaisvesay azdszeziueglu s1uda Aawsmimants

< v
‘vmaaumuﬁmwmﬂuswzmﬂﬂ



v

=
Unn 7

MSNATBUMININY

v da aad a
7.1 naaeumandesindinvesmanida
b v v '
Taotloudyananiaduuia 5 v @28 ImfAaDuty cycle) 2% AW 2 kHz MninSessiia
o L4 £ a A Y a 1Y 1
wywiag 1l lumoadainsuszezanaoimouas 1eeadalaa Indasresugana
d’ a 1Y Y o 1 d.w w Y o 1 Ja quy:{ 1 Y o 1
awAumshluazndy idniinmiiaidmdnnamauesinasanszormoas q ugni

{ 91:/’ I~ 1 ~ Ja qad” a 4 @ o
lﬂﬁlelmmnlumﬂm-@m#a%uﬂmmmmeuﬂmafluiﬂmﬂwmﬂ?m‘mmmm‘ﬁn:ﬂ——

AINN 7.1 uaasnamsnadoumosianag

ANNEIMBIALANATOU FHOMAFURUMA (1Sec) sudesiinAianmsnaae
(1uay)

50 0.60 3.2400

100 1.21 3.2942

200 2.39 3.2131

300 3.62 3.2761

400 4.79 3.2265

500 6.10 3.3489

Aundo 3.2664

v &
7.2 ﬂ1i‘ﬂﬂﬁ’6‘ﬂﬂ]i‘l‘lﬁ1uﬂlﬂﬂmiﬂd
o A @ o v Ay v o a - a EY [
“Ll'llﬂiﬂﬂﬁﬂizﬂziﬂﬂ‘lﬂiﬂﬂulmﬂﬂ"lﬂllﬂ‘ﬂﬂﬁ'ﬂ‘ﬂﬂ‘u’d1ﬂlﬂmﬁ Drop Wire U 2 Core IUNTU

quna13 0.9 mm. Tavvhmisnaneuiiszozas 50-600 s wansnaTeUR AU 19R 72

A1319% 7.2 HAAINAM INATDUTIOHUA Drop wire 2 Core 0.9 mm.

A1UYIITY Open Circuit Test Short Circuit Test
widia (1was) szuzenefiinld | senwaaia szozmeiiald | sanwnain
21nIA5 04 ndew % 1NASea ndeu %
50 60 20 60 20
100 90 10 100 0
150 160 6.6 150 0
200 210 5 210 5
250 240 4 240 4




A1 7.2 (A0) LAAIHAMINATOUA10TIA Drop wire 2 Core 0.9 mm.
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Short Circuit Test

AITNYIITY Open Circuit Test
nia (uas) szozaoiiiald A1NNAAN szozaoiald A1N1UAANA
1NIAS04 nieu % MNA3 0 nAeU %
300 290 33 310 3.3
350 340 2.85 330 5.7
400 400 0 410 2.5
450 440 B 2.22 460 2.22
500 490 2 500 0
600 570 5 590 16




UNNS

a J
aluazInsal

8.1 ayUnmwsuianunvesnsesniuy
4 o o = y £ e Y o a 4
nyevinszozmoiganesnuuunazas19iululassuiilaldudnnmsvesmsiianau
aziiouTasmsdedygnunduiadidr 1) lumomdafifanissrianazas19iatiaamnauiy
Y 4 o [
malagldluTnsaouTnsames Mcs-s1 wes #80c31 Tunsmivquuaszszananamnsnfasso

fiian3513A¥03e18 (Drop Wire) 18Tua23 50 - 700 was TaoTiaAanaaainmssaluibu s

=& ' a A a dy dyn: [ v =
wnANAaNaniAaTulifannilymlng 2 dau fo
o a o d
8.1.1 @ fudlaaas
& A & 2y A o Jda v ' R
Tymifiwude Weswnanideswdaaiadiinnunianuuin q deeen liuasiad fma
Ay v Y = v = & o = Y, '
1n #74123 fildeenuuuld linvwnhenauiiqe dszna 0.15 pSee. FevdandnuudInud
o daa dy @ ] % 1A ]
Wadhinnuahanailimngiumsnasoussozaolugie 50 — 200 wns Feegldaiiuon
y & -y v o o ] & 4
uazgnaeunniiga TumsnaasstisnigunsalldSafiszozinnnt 200 was Falumsnaaeiss
v v
dunsndaldtia 700 was Taoldadudufios 1wy winiu @awedafad = 0.15 usec) dath
v EY Y d [ dgl ) @ 1 [ 4 Y
aus1aeImsigdnsaiansodaszes lnaunadusesdesdsuuaemsdawaduroenisiin
nhevesiadimnzauiuszuzmoivziimsnaney uarmenguldiinsfosuds wuh A

@ o o oF ol A T
TUNUDTUDI ﬂ"J']3Jﬂ'sJ}.NwacﬁnﬂixﬂzﬁTﬂWﬂﬁﬂUuu%ﬂﬁﬁ

ﬂ’J‘IiJﬂ%Qﬁﬁ“hT’ch 5zﬂ$ﬁ1ﬂﬁﬂ$ﬁ1ﬂ1imﬂﬁﬂﬂ
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General Description

The MAXO038 is a high-frequency, precision function
generator producing accurate, high-frequency triangle,
sawtooth, sine, square, and pulse waveforms with a
minimum of external components. The output frequency
can be controlled over a frequency range of 0.1Hz to
20MHz by an internal 2.5V bandgap voltage
reference and an. external resistor and capacitor. The
duty cycle can be varied over a wide range by applying
a-+2, i ~facilitati igth-moduta-
tion and the generation of sawtooth waveforms.
Frequency modulation and frequency sweeping are
achieved in the same way. The duty cycle and
frequency controls are independent.

Sine, square, or triangle waveforms can be selected at
the output by setting the appropriate code at two
TTL-compatible select pins. The output signal for all
waveforms is a 2Vp-p signal that is symmetrical around
ground. The low-impedance output can drive up
to +20mA.

The TTL-compatible SYNC output from the internal
oscillator maintains a 50% duty cycle—regardless of
the duty cycle of the other waveforms—to synchronize
other devices in the system. The internal oscillator can
be synchronized to an external TTL clock connected
to PDL.

Applications
Precision Function Generators
Voltage-Controlled Oscillators

Frequency Modulators

Pulse-Width Modulators

Phase-Locked Loops

Frequency Synthesizer

FSK Generator—Sine and Square Waves

/X1 /N

M AXIM

High-Frequency Waveform Generator

Features
¢ 0.1Hz to 20MHz Operating Frequency Range

¢ Triangle, Sawtooth, Sine, Square, and Pulse
Waveforms

¢ Independent Frequency and Duty-Cycle
Adjustments

350 to 1 Frequency Sweep Range

15% to 85% Variable Duty Cycle
Low-Impedance Output Buffer: 0.1Q
Low-Distortion Sine Wave: 0.75%
Low 200ppm/°C Temperature Drift

* o+ o o o

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAXO038CPP 0°Cto +70°C 20 Plastic DIP
MAX038CWP 0°Cto +70°C 20 SO
MAX038C/D -, 0°C to +70°C Dice*
MAXO38EPP  -40°C to +85°C 20 Plastic DIP
MAXO038EWP -40°C to +85°C 20 SO

*Contact factory for dice specifications.

Pin Configuration

TOP VIEW \—
ReF [1] Y 20] v-
GND [2] [10] our
0[5l i axaan g oo
mla]  maxoss  fig] v
cosC s [16] ov+
6D [ 15] oonD
0ADJ 7] E SYNC
FADJ E 1__3] PDI
oND g 12] Poo
N fio) [11] ono
DIP/SO

Maxim Integrated Products 1

For free samples & the Iatest literature: htto://www.maxim-ic. com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.



High-Frequency Waveform Generator

ABSOLUTE MAXIMUM RATINGS

VH IO GND e -0.3Vto +6V Continuous Power Dissipation (Ta = +70°C)
DV+ to DGND ...-0.3Vto +6V Plastic DIP (derate 11.11mW/°C above 2 O ) E— 889mwW
V-0 GND oo, +0.3Vto -6V SO (derate 10.00mW/°C above +70°C) .......c.ccoovvni... 800mwW
Pin Voltages CERDIP (derate 11.11mW/°C above +70°C)............... 889mW
IIN, FADJ, DADJ, PDO ...covvveivven, (V--0.3V) to (V+ +0.3V) Operating Temperature Ranges
COSC ., +0.3Vto V- MAXO38C_ _ oo, 0°Cto +70°C
AQ, AT, PDI, SYNC, REF ..o -0.3Vto V+ MAXO038E_ _ -40°C to +85°C
GND tO DGND ..o ..20.3V Maximum Junction Temperature ...........c....ccocoooveceenonn.n. +150°C
Maximum Current into Any Pin ............cccoovverirrecenrre, +50mA Storage Temperature Range............................ -65°C to +150°C
OUT, REF Short-Circuit Duration to GND, V+, V- .............. 30sec Lead Temperature (soldering, 10sec) — +3002C

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, GND = DGND = OV, V+ = DV+ = 5V, V- = -5V, VpapJ = VFaDJ = VppI = Vppo = OV, CF = 100pF,
RIN = 25kQ, RL = TkQ, CL = 20pF, Ta = TmiNn to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
FREQUENCY CHARACTERISTICS
Maximum Operating Frequency Fo 15pCF < 15pF, N = 500pA 20.0 40.0 MHz
Frequency Programming ™ VFADJ = OV 2.50 750 ok
Current VFADJ = -3V 1.25 375
[IN Offset Voltage VIN +1.0 +2.0 mv
Frequency Temperature AFo/°C | VFADJ = OV 600 i
Coefficient Fo/°C VFADJ = -3V 200 Ppm/“C
Frequency Power-Supply % V- = -5V, V+ = 4,75V to 5.25V +0.4 +2.00 .y
Rejecton (%Q\%FQ) Vi = 5V, V- = -4.75V t0 -5.25V £02  +1.00
OUTPUT AMPLIFIER (applies to all waveforms)
Output Peak-to-Peak Symmetry Vour +4 mV
Output Resistance Rout 0.1 0.2 Q
thutput Short-Circuit Current lout Short circuit to GND 40 mA
SQUARE-WAVE OUTPUT (RL = 100Q)
Amplitude Vour 1.9 2.0 2.1 Vp.p
Rise Time trR 10% to 90% 12 ns
Fall Time tF 90% to 10% 12 ns
Duty Cycle dc VpaDJ = 0V, dc = ton/t x 100% 47 50 53 %
TRIANGLE-WAVE OUTPUT (RL = 100Q)
Amplitude Vout 1.9 2.0 2.1 Vp.p
Nonlinearity Fo = 100kHz, 5% to 95% 0.5 %
Duty Cycle dc VbADJ = OV (Note 1) 47 50 53 %
SINE-WAVE OUTPUT (RL = 100Q)
Amplitude Vout 1.9 2.0 2.1 Vp.p
o ) Duty cycle adjusted to 50% 0.75 o
Total Harmonic Distortion THD - %
Duty cycle unadjusted 1.50

2 | MAXIM



High-Frequency Waveform Generator

ELECTRICAL CHARACTERISTICS ‘continued)

(Circuit of Figure 1, GND = DGND = 0V, V+ = DV+ = 5V, V- = -5V, Vpapy = VFADJ = Vppi = Vppo = 0V, Cr = 100pF,
RIN = 25kQ, RL = TkQ, CL = 20pF, Ta = TMin to Tmax. unless otherwise noted. Typical values are at Ta = +25°C.)

8EOXVIN

PARAMETER [ sYmBOL | CONDITIONS | MIN TYP MAX | UNITS
SYNC OUTPUT
Output Low Voltage VoL ISINK = 3.2mA 0.3 0.4 v
Output High Voltage VoH ISOURCE = 400pA 2.8 3:5 v
Rise Time tR 10% t0 80%. RL = 3kQ, CL = 15pF 10 ns
Fall Time tF 90% to 10%, RL = 3kQ, C| = 15pF 10 ns
| Duty Cycle dcsync 50 %
DUTY-CYCLE ADJUSTMENT (DADJ)
DADJ Input Current IDADY 190 250 320 HA
DADJ Voltage Range VpaDJ +2.3 \
Duty-Cycle Adjustrnent Range dc -2.3V<Vpapy 2.3V 15 85 %
DADJ Nonlinearity dc/VFaDJ | -2V < Vpapy <2V 2 4 %
vcvrt]sr[l)g:[)lj Output Frequency o, | -2v Doaor 8y N\ o %
Maximum DADJ Modulating Ebe > MHz
Frequency ’
FREQUENCY ADJUSTMENT (FADJ)
.FADJ Input Current IFADJ 190 250 320 HA
FADJ Voltage Range VFADJ +2.4 \
Frequency Sweep Range Fo -2.4V < VFADJ £ 2.4V +70 %
FM Nonlinearity with FADJ Fo/VFADJ | -2V < VFaD) < 2V £0.2 %
Change in Duty Cycle with FADJ | dc/Vrapy | -2V < VFADJ < 2V +2 %
Maximum FADJ Modulating t 2 Mifiz
Frequency
VOLTAGE REFERENCE
- Output Voltage VREF IReF =0 2.48 2.50 g.52 Vv
Temperature Coefficient VRef/°C 20 ppm/°C
Load Regulation VREF/IREF ?1%/3;!23;;}:4?&/&5?;;%) 1 i mV/mA
Line Regulation VREFIV+ | 4.75V <V+ <5.25V (Note 2) ] 2 mV/ivV
LOGIC INPUTS (A0, A1, PDI)
Input Low Voltage ViL 0.8”
Input High Voltage ViH 2.4 Vv
Input Current (A0, A1) L i1 | Vao. VAT = ViL, VIH +5 pA
Input Current (PDI) liL, iH Vpepl = ViL, VIH +25 HA
POWER SUPPLY
Positive Supply Voltage V+ 4.75 5.25 Vv
SYNC Supply Voltage DV+ 4.75 5.25 v
Negative Supply Voltage V- -4.75 -5.25 \
Positive Supply Current I+ 35 45 mA
SYNC Supply Current Ipv+ 1 2 mA
Negative Supply Current I- 45 55 mA

Note 1: Guaranteed by duty-cycle test on square wave.
Note 2: VRefF is independent of V-,

MAXII 3




High-Frequency Waveform Generator

Typical Operating Characteristics

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, Vpapy = VFADJ = VpDI = VPpo = 0V, R = 1kQ, C = 20pF, Ta = +25°C, unless
otherwise noted.)

OUTPUT FREQUENCY NORMALIZED OUTPUT FREQUENCY
vs. lIN CURRENT vs. FADJ VOLTAGE
100M s 20 1 1 1 g
] 18 lin = 100pA, COSC = 1000pF — &
tl - 33pF
10M a 16
s P i
i P S
™ LA A c%‘ i
E - = P S 2 0s
> 100k af af A 3 06
g = =
2 . : - 33nF 0.4
Lé‘j 10k A A A = 100nF 02
5 = = = b
&
=) Pg LA -3 -2 -1 0 1 2 3
ek = TuF Vrapy (V)
P Pl 3.3uF
100 A~ 21 DUTY CYCLE vs. DADJ VOLTAGE
= {93 100 .
- 7] f I 47pF 90 N g
10 E 100pF 80 N
/, H 2 - - ;D\ 70 \
1 o = E 60
= = S 50
0.1 £ 40 <
1 10 100 1000 ol A
1IN CURRENT (uA) 20 \
N
L = 2001A T
0
EP R =gt | 0 1 Y & &)
DADJ (V)
NORMALIZED OUTPUT FREQUENCY DUTY-CYCLE LINEARITY
vs. DADJ VOLTAGE vs. DADJ VOLTAGE
1.10 — S 20 —
= H — lin = 500pA 3
5 L= JORA ' ] g 15 i
& 1.05 lw=2l5uA' & 10 ~. y
g | Lo we-som e AN 1V
& \‘ = 05 1A RN\ 1IN = 250pA
5 1.00 = =
g - w\ g 0 Vi Jl/lr\
S R~ = ~—1] N Iiy = T00pA
s} £ -05 <
g_' 0.95 liN = 100pA = / \
b AN L 7 N
: 0.90 {52508 E 18 \\//I S(J/JA N 7
[ W T 1 ' J5 IN < g
g Iy Iy S5004A 3 20 ||'N=2.5|,LA) \\ //
l | l 2 IiN = 10pA N
0.85 25
20 10 0 10 15 25
DADJ (V) " DADJ (V)
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High-Frequency Waveform Generator

Typical Operating Characteristics (continued)

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VbADJ = VFADJ = VppI = Vppo = OV, RL = 1kQ, CL = 20pF, Ta = +25°C, unless
otherwise noted.)

SINE-WAVE OUTPUT (20MHz)
s %

8EOXYIN

TOP: QUTPUT 50Hz = F o Iin = 400pA

BOTTOM: SYNC Cr = 20pF
i = 50pA
Cr=1pF

TRIANGLE-WAVE OUTPUT (50Hz)

TRIANGLE-WAVE OUTPUT (20MHz)

v 10
TOP: OUTPUT 50Hz = F o i = 400pA
BOTTOM: SYNC Cr = 20pF
IIN = 50pA
Cr=1pF

SQUARE-WAVE OUTPUT (50Hz)
A o

TOP: OUTPUT 50Hz=F
BOTTOM: SYNC

N = S0pA

Cr=1pf

MAXIMN ’




High-Frequency Waveform Generator

Typical Operating Characteristics (continued)

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VDADJ = VFADJ = VPDI = Vppo = 0V, R| = 1kQ, CL = 20pF, Ta = +25°C, unless
otherwise noted.) .

e

SQUARE-WAVE QUTPUT (20MHz) FREQUENCY MODULATION USING FADJ

0.5v

@ -0.5V

Iin = 400pA TOP: QUTPUT
Cr = 20pF BOTTOM: FADJ

FREQUENCY MODULATION USING Iy

TOP: OUTPUT TOP: OUTPUT
BOTTOM: Ijy BOTTOM: Iy

PULSE-WIDTH MODULATION USING DADJ

+1V
o
-V

B +2V
ov
-2V

TOP: SQUARE-WAVE OUT, 2V p.p
BOTTOM: Vpapy, -2V o +2.3V

M AXLIN




High-Frequency Waveform Generator

When the MAX038's frequency is controlled by a volt-
age source (VIN) in series with a fixed resistor (RIN), the
output frequency is a direct function of ViN as shown in
the above equations. Varying ViN modulates the oscilla-
tor frequency. For example, using a 10kQ resistor for
RIN and sweeping VIN from 20mV to 7.5V produces
large frequency deviations (up to 375:1). Select RiN so
that lin stays within the 2pA to 750pA range. The band-
width of the IIN control amplifier, which limits the modu-

_lating signal's highest frequency, is typically 2MHz

IIN can be used as a summing point to add or subtract
currents from several sources. This allows the output
frequency to be a function of the sum of several vari-
ables. As VIN approaches 0V, the Ij error increases
due to the offset voltage of !IN.

Output frequency will be offset 1% from its final value
for 10 seconds after power-up.

FADJ Input
The output frequency can be modulated by FADJ,
which is intended principally for fine frequency control,
usually inside phase-locked loops. Once the funda-
mental, or center frequency (Fo) is set by IiN, it may be
changed further by setting FADJ to a voltage other than
OV. This voltage can vary from -2.4V to +2.4V, causing
the output frequency to vary from 1.7 to 0.30 times the
value when FADJ is OV (Fo +70%). Voltages beyond
+2.4V can cause instability or cause the frequency
change to reverse slope.

The voltage on FADJ required to cause the output to
deviate from Fo by Dx (expressed in %) is given by the
formula:

VFADJ = -0.0343 x Dx [5]

where VFADJ, the voltage on FADJ, is between
-2.4V and +2.4V.

Note: While lin is directly proportional to the fundamen-
tal, or center frequency (Fo), VFADJ is linearly related to
% deviation from Fo. VFADJ goes to either side of OV,
corresponding to plus and minus deviation.

The voltage on FADJ for any frequency is given by the
formula:

VFADJ = (Fo - Fx) + (0.2915 x Fo)  [6]
where:

Fx = output frequency

Fo = frequency when VFADJ = OV.
Likewise, for period calculations:

VFADJ = 3.43 x (tx - to) + tx (7]
where:

x = output period

lo = period when VFADJ = 0V,

Conversely, if VFADJ is known, the frequency is given
by:

Fx=Fox (1-[0.2915x VFADJ])  [8]
and the period (tx) is:

tx=to+(1-[0.2915x VFaDJ])  [9]

Programming FADJ

— FADJ-has-a

be furnished by the voltage source. The source is usu-
ally an op-amp output, and the temperature coefficient
of the current sink becomes unimportant. For manual
adjustment of the deviation, a variable resistor can be
used to set VFADJ, but then the 250pA current sink's
temperature coefficient becomes significant. Since
external resistors cannot match the internal tempera-
ture-coefficient curve, using external resistors to pro-
gram VFADJ is intended only for manual operation,
when the operator can correct for any errors. This
restriction does not apply when VFADJ is a true voltage
source.

A variable resistor, Rf, connected between REF (+2.5V)
and FADJ provides a convenient means of manually
setting the frequency deviation. The resistance value
(RF) is:

RF = (VREF - VFADJ) = 250pA (10]

VREF and VFADJ are signed numbers, so use correct
algebraic convention. For example, if VFADJ is -2.0V
(+58.3% deviation), the formula becomes:

RF = (+2.5V - (-2.0V)) + 250pA
= (4.5V) = 250pA
= 18kQ

Disabling FADJ
The FADJ circuit adds a small temperature coefficient
to the output frequency. For critical open-loop applica-
tions, it can be turned off by connecting FADJ to GND
(not REF) through a 12kQ resistor (R1 in Figure 2). The
-250pA current sink at FADJ causes -3V to be devel-
oped across this resistor, producing two results. First,
the FADJ circuit remains in its linear region, but discon-
nects itself from the main oscillator, improving tempera-
ture stability. Second, the oscillator frequency doubles.
If FADJ is turned off in this manner, be sure to correct
equations 1-4 and 6-9 above, and 12 and 14 below by
doubling Fo or halving to. Although this method doubles
the normal output frequency, it does not double the
upper frequency limit. Do not operate FADJ open cir-
cuit or with voltages more negative than -3.5V. Doing
SO may cause transistor saturation inside the IC, lead-
ing to unwanted changes in frequency and duty cycle.

MAXI/N
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Figure 2. Operating Circuit with Sine-Wave Output and 50% Duty Cycle; SYNC and FAD.J Disabled

With FADJ disabled, the output frequency can still be
changed by modulating In.

Swept Frequency Operation
The output frequency can be swept by applying a vary-
ing signal to 1IN or FADJ. IIN has a wider range, slightly
slower response, lower temperature coefficient, and
requires a single polarity current source. FAD.J may be
used when the swept range is less than +70% of the
Center frequency, and it is suitable for phase-locked
loops and other low-deviation, high-accuracy closed-
loop controls. It uses a sweeping voltage symmetrical
about ground.

Connecting a resistive network between REF, the volt-
age source, and FADJ or IIN is a convenient means of
offsetting the sweep voltage.

Duty Cycle
The voltage on DADJ controls the waveform duty cycle
(defined as the percentage of time that the output
waveform is positive). Normally, VpapJ = 0V, and the
duty cycle is 50% (Figure 2). Varying this voltage from
+2.3V to -2.3V causes the output duty cycle to vary
rom 15% to 85%, about -15% per volt. Voltages
oeyond +2.3V can shift the output frequency and/or
“ause instability.

MAXIM

DADJ can be used to reduce the sine-wave distortion.
The unadjusted duty cycle (Vpapy = QV) is 50% +2%;
any deviation from exactly 50% causes even order har-
monics to be generated. By applying a small
adjustable voltage (typically less than +100mV) to
VDADJ, exact symmetry can be attained and the distor-
tion can be minimized (see Figure 2).

The voltage on DADJ needed to produce a specific
duty cycle is given by the formula:

VDADJ = (50% - dc) x 0.0575
or:

VDADJ = (0.5 - [toN = to]) X 5.75
where:

VDADJ = DADJ voltage (observe the polarity)

dc = duty cycle (in %)

toN = ON (positive) time

to = waveform period.

Conversely; if VDaDJ is known, the duty cycle and ON
time are given by:

dc = 50% - (VDADJ X 17.4)

tON =to x (0.5 - [VDADJ x 0.174])

(1

(2]

(13]
(14]

11
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Programming DADJ
DADJ is similar to FADJ; it has a 250pA constant cur-
rent sink to V- that must be furnished by the voltage
source. The source is usually an op-amp output, and
the temperature coefficient of the current sink becomes
unimportant. For manual adjustment of the duty cycle, a
variable resistor can be used to set VDADJ. but then the
250pA current sink's temperature coefficient becomes
significant. Since external resistors cannot match the
internal temperature-coefficient curve, using external
resistorsto-program VpADJ is intended only for manual
operation, when the operator can correct for any errors.
This restriction does not apply when Vpapy is a true
voltage source.

A variable resistor, Rp, connected between REF
(+2.5V) and DADJ provides a convenient means of
manually setting the duty cycle. The resistance value
(Rp) is: E

RD = (VREF - VDADJ) = 250pA (15]
Note that both VRer and Vpap, are signed values, so
observe correct algebraic convention. For example, if
VDADJ is -1.5V (23% duty cycle), the formula becomes:

RD = (+2.5V - (-1.5V)) = 250pA

= (4.0V) + 250pA = 16kQ

Varying the duty cycle in the range 15% to 85% has
minimal effect on the output frequency—typically less
than 2% when 25pA < )y < 250pA. The DADJ circuit is

wideband, and can be modulated at up to 2MHz (see
photos, Typical Operating Characteristics).

Output
The output amplitude is fixed at 2Vp-p, symmetrical
around ground, for all output waveforms. OUT has an
output resistance of under 0.1Q, and can drive £20mA
with up to a 50pF load. Isolate higher output capaci-
lance from OUT with a resistor (typically 50Q) or buffer
amplifier,

Reference Voltage
REF is a stable 2.50v bandgap voltage reference capa-
le of sourcing 4mA or sinking T00pA. It is principally
ised to furnish a stable current to 1IN or to bias DADJ
and FADJ. It can also be used for other applications
>Xternal to the MAX038. Bypass REF with 100nF to min-
mize noise.

Selecting Resistors and Capacitors
'he MAX038 produces a stable output frequency over
ime and temperature, but the capacitor and resistors
hat determine frequency can degrade performance if
ey are not carefully chosen. Resistors should be
1etal film, 1% or better. Capacitors should be chosen

2

for low *‘emperature coefficient over the whole tempera-
ture range. NPO ceramics are usually satisfactory.

The voltage on COSC is a triangle wave that varies
between OV and -1V. Polarized capacitors are generally
not recommended (because of theijr outrageous tem-
perature dependence and leakage currents), but if they
are used, the negative terminal should be connected to
COSC and the positive terminal to GND. Large-value
capacitors, necessary for very low frequencies, should

be-ehosen-with—care—since potentially Targe leakage
currents and high dielectric absorption can interfere
with the orderly charge and discharge of Cr. If possi-
ble, for a given frequency, use lower IIN currents to
reduce the size of the capacitor.

SYNC Output
SYNC is a TTL/CMOS-compatible output that can be
used to synchronize external circuits. The SYNC output
is a square wave whose rising edge coincides with the
output rising sine or triangle wave as it crosses through
OV. When the square wave is selected, the rising edge
of SYNC occurs in the middle of the positive half of the
output square wave, effectively 90° ahead of the output.
The SYNC duty cycle is fixed at 50% and is indepen-
dent of the DADJ control.

Because SYNC is a very-high-speed TTL output, the
high-speed transient currents in DGND and DV+ can
radiate energy into the output circuit, causing a narrow
spike in the output waveform. (This spike is difficult to
see with oscilloscopes having less than 100MHz band-
width). The inductance and Capacitance of IC sockets
tend to amplify this effect, so sockets are not recom-
mended when SYNC is on. SYNC is powered from sep-
arate ground and supply pins (DGND and DV+), and it
can be turned off by making DV+ open circuit. If syn-
chronization of external circuits is not used, turning off
SYNC by DV+ opening eliminates the spike.

Phase Detectors

Internal Phase Detector
The MAX038 contains a TTL/CMOS phase detector that
can be used in a phase-locked loop (PLL) to synchro-
nize its output to an external signal (Figure 3). The
external source is connected to the phase-detéector
input (PDI) and the phase-detector output is taken from
PDO. PDO is the output of an exclusive-OR gate, and
produces a rectangular current waveform at the
MAXO038 output frequency, even with PDI grounded.
PDO is normally connected to FADJ and a resistor,
RPD, and a capacitor Cpp, to GND. RPD sets the gain
of the phase detector, while the capacitor attenuates
high-frequency components and forms a pole in the
phase-locked loop filter.

MAXI/IA
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Figure 3. Phase-Locked Loop Using Internal Phase Detector

PDO is a rectangular current-pulse train, alternating
between OpA and S00pA. It has a 50% duty cycle when
the MAX038 output and PDI are in phase-quadrature
(S0° out of phase). The duty cycle approaches 100%
as the phase difference approaches 180° and con-
versely, approaches 0% as the phase difference
approaches 0°. The gain of the phase detector (Kp)
can be expressed as:

Kb =0.318 x Rpp (volts/radian)  [16]
where Rpp = phase-detector gain-setting resistor.

When the loop is in lock, the input signals to the phase
detector are in approximate phase quadrature, the duty
Cycle is 50%, and the average current at PDO is 250pA
(the current sink of FADJ). This current is divided
detween FADJ and Rpp; 250pA always goes into FADJ
and any difference current is developed across Rpp,
creating VFADJ (both polarities). For example, as the
ohase difference increases, PDO duty cycle increases,
he average current increases, and the voltage on Rpp
and VFADJ) becomes more positive. This in turn
Jecreases the oscillator frequency, reducing the phase
lifference, thus maintaining phase lock. The higher
PD is, the greater VFapy is for a given phase differ-
Nce; in other words, the greater the loop gain, the less
he capture range. The current from PDO must also

M AXIMN

cha/ge Cpp, so the rate at which VFADJ changes (the
loop bandwidth) is inversely proportional to Cpp.

The phase error (deviation from phase quadrature)
depends on the open-loop gain of the PLL and the ini-
tial frequency deviation of the oscillator from the exter-
nal signal source. The oscillator conversion gain (Ko) is:

8EOXVIN

KO = Awo + AVFAD] [17]
which, from equation [6] is:

KO = 3.43 x wo (radians/sec) [18]
The loop gain of the PLL system (Ky) is:

Kv = Kp x Ko (19]
where:

Kb = detector gain
Ko = oscillator gain.

With a loop filter having a response F(s), the open-loop
transfer function, T(s), is:

T(s) =KD x Ko x F(s) + s [20]

Using linear feedback analysis techniques, the closed-
loop transfer characteristic, H(s), can be related to the
open-loop transfer function as follows:

H(s) = T(s) ~ [1+ T(s)] [21]

The transient performance and the frequency response
of the PLL depends on the choice of the filter charac-
teristic, F(s).

When the MAX038 internal phase detector is not used,
PDIl'and PDO should be connected to GND.

External Phase Detectors
External phase detectors may be used instead of the
internal phase detector. The external phase detector
shown in Figure 4 duplicates the action of the MAX038's
internal phase detector, but the optional +N circuit can
be placed between the SYNC output and the phase
detector in applications requiring synchronizing to an
exact multiple of the external oscillator. The resistor net-
work consisting of R4, R5, and R6 sets the sync range,
while capacitor C4 sets the Capture range. Note that
this type of phase detector (with or without the =N cir-
cuit) locks onto harmonics of the external oscillator as
well as the fundamental. With no external oscillator
input, this circuit can be unpredictable, depending on
the state of the external input DC level.

Figure 4 shows a frequency phase detector that locks
onto only the fundamental of the external oscillator.
With no external oscillator input, the output of the fre-
quency phase detector is a positive DC voltage, and
the oscillations are at the lowest frequency as set by
R4, R5, and R6.
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Layout Considerations
Realizing the full performance of the MAX038 requires
careful attention to power-supply bypassing and board
layout. Use a low-impedance ground plane, and con-
nect all five GND pins directly to it. Bypass V+ and V-
directly to the ground plane with TUF ceramic capaci-
tors or TpF tantalum capacitors in parallel with 1nF
Ceramics. Keep capacitor leads short (especially with
the TnF ceramics) to minimize series inductance.

IF SYNC is used, DV+ must be connected to V+, DGND

~mustbe connected to the ground plane, and a second
InF ceramic should be connected as close as possible
between DV+ and DGND (pins 16 and 15). It is not
necessary to use a separate supply or run separate
traces to DV+. If SYNC is disabled, leave DV+ open.
Do not open DGND. :

Minimize the trace area around COSC (and the ground
plane area under COSC) to reduce parasitic capaci-
tance, and surround this trace with ground to prevent
coupling with other signals. Take similar precautions
with DADJ, FADJ, and IIN. Place CF so its connection
to the ground plane is close to pin 6 (GND).

Applications Information

Frequency Synthesizer
Figure 6 shows a frequency synthesizer that produces
accurate and stable sine, square, or triangle waves with
a frequency range of 8kHz to 16.383MHz in 1kHz incre-
ments. A Motorola MC145151 provides the crystal-con-
trolled oscillator, the +N circuit, and a high-speed phase
detector. The manual switches set the output frequency;
opening any switch increases the output frequency.
Each switch controls both the =N output and an
MX7547 12-bit DAC, whose output is converted to a cur-
rent by using both halves of the MAX412 op amp. This
current goes to the MAX038 IIN pin, setting its coarse
frequency over a very wide range.

Fine frequency control (and phase lock) is achieved
from the MC145151 phase detector through the differ-
ential amplifier and lowpass filter, U5, The phase detec-

16

—_reasonable fideli

tor compares the =N output with the MAX038 SYNC
output and sends differential phase information to US5.
US's single-ended output is summed with an offset into
the FADJ input. (Using the DAC and the [IN pin for
Coarse frequency control allows the FADJ pin to have
very fine control with reasonably fast response to switch
changes.)

A 50MHz, 50Q lowpass filter in the output allows pas-
sage of 16MHz square waves and triangle waves with

generated by the +N circuit.

Chip Topography

FADJ GND IIN GND  PDO
__ 0.106" N

(2.692mm)

TRANSISTOR COUNT: 855
SUBSTRATE CONNECTED TO GND
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