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Pornthip Numeinth. (2002). Design and Construct of Digital Earth Tester Device for Qutside
Plant Telephone Systems. Master thesis. M.Ed.(Industrial Education). Bangkok : Graduate
School,  Srinakharinwirot University. Advisor Committee: Dr.Pairust Vongyuttakrai,

Assit.Prof.Dr. Teerapol Thephasadin Na Ayuthaya

The objective of this was to conduct an experiment, result of which will become the bases to
design and construct a digital earth tester device for outside plant telephone system and to test its
efficiency.

In order to design and construct this device, all equipment and functions were divided in 3
main parts. The first is consisted of a current source, which can supply 3 levels of amperes. 10
milliamperes, 1 miliamperes and 0.1 miliamperes. The second part consisted of voltmeter, which
can measure up to 120 millivoltages at the frequency of 500 Hertz. The third part consisted of is the
digital display part which is contained the analeg to digital converter and also 3.5 digits of 7
segment.

The digital earth tester device can measure earth resistance the result of experiment show
that 3 levels (0-19.9) Ohms, (20-199.9) Ohms, and (200-1,999) Ohms.

To test the efficiency of this device, three electrode methods to compare with the standards
specified by Telephone Organization of Thailand (TOT.) was used. Detail of the result of the
experiment conducted on the Digital Earth Tester device by using the level of loudness as criterions
are as follows:

1. Earth resistance experiment has an average error 3.63 percentage.

2. Resistance experiment consisted of 3 levels of 1(0-19.9) Ohms), 2) (20-199.9) Ohms and
3) (200-1,999) Ohms have an average error of 2.18 percentages, 0.85 percentages and 2.94
percentages, respsctively.

3. Single ground rod resistance experiment to separate the ground telephone system has
an average error of 3.68 percentages.

4, Single ground rod resistance experiment that included ground telephone system has an
average error of 116.79 percentages. The digital earth tester did not support this measure.

The result of the experiment showed that the digital earth tester for cutside plant telephone
system could measure earth resistance at 0-2,000 Ohms and have an efficiency similar to equal to

TOT's earth tester.
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'lun'mgﬂimé‘fwﬁ%‘mmsc-mh':msmﬂmmmhuqﬂnmhﬂ?aﬂmﬁwﬁw‘mqﬂnsrﬁm’%aa
Insian  Aggnnieng 9 nadudsuazneduiy  szaanin@adedanuld Tantiumaniin
{Conductor)

'lmhmwma'[mﬁwﬁ‘n‘%aimmmqﬂn‘mfﬁ‘l%‘lumaﬁnmmm@'l'ﬁ'vfwum:gm%aufmti'\ﬁ
magaaolavmotads n:xfu;ﬁfu?msf?mum:manméimiaﬁﬂﬁ‘mumwﬁmm? wanenit
qumuﬁéfaag’lu&muﬁom 9 ﬁv:gnm‘m%aﬂmﬁaﬁu'[mummﬂLﬁa Lﬁnﬁﬁmm‘ﬂﬁ'@ﬁ'ﬁ%ms
smansadfiada wiadwumsioyadie 9 feiula éaﬂs:nawﬁui’aqua:qﬂnsrﬁeha g Alfiiudant
sumsdsilooiuusssesiy #aFunin Outside Plant e Copper wire, Cable uas Insulated wire
dudnirlumsgaimms  mwenldmaaw (Cross-arm) Tag Gama 4ay ﬁ-amd‘n‘fﬁ’]uqﬂnmf
3005u  fauriofouenm  Uewn uR: Manhotes IsifluRallosiumafineldawn  dsumadiumw
dsznow 1

1.1.1 My wwniszinnasananson
1.1.1.1 3uuninegreae (Metwork)
1.1.1.1.1 & & Subscriber line
Subscriber line Lﬁumumauﬁda‘lﬁ@%ﬁ%mi Inséwimmsne dean Tude

Lﬁ'i"lﬁ‘i;a.lmu'[mﬁ'wﬂnma eandanlsaudingn Bumiu Subscriber Cable URzEUAINEIMLN
ponilugasnon  seuinitsFoniumunidindums (Feeder Cable) daunanfisasSunmuads
iswnis  (Distribution Cable) %\1shuu‘mﬁammaLﬁaﬁumatﬂumuﬁﬂammmgummunszﬁ'&
ﬁaqaﬁuunmmﬁaﬁmzﬁaﬁmu‘lﬂmﬂﬁ@ﬁ ua:zhuﬁmmﬂLﬁaﬁgnﬁeg’imﬂﬂéﬂﬂﬁgﬁwﬁUmh
muadisdaiome gmwisznaut ssznwilszney 2 gaugnswivemoailisdumanumuada
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fomwuiaiadaieng Lﬂ%ﬁquﬂmua:gnaﬂmzqﬁﬁnmu (Terminal box) tﬁmﬂuqﬂﬁ‘lﬂﬁ'ﬁamu
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1.1.1.1.2 Trunk Ceble Plant

& o A O » L - - * Qur
Trunk cable  Midueodnilszunniis ﬁ'lwaimlwqmmumaqmmaﬁanuﬂ.ﬁ
P Pyl
wIolfuneny  Trunk cable 1{luBnTeniifn “Inter office junction Cable® w3 Toll Cable amw
dsznau 3



" Feeder ble N
Lcad wp czble / l o <

™~ 04~ 100 ﬂg\d > Diswiburion |

Undergrovad cable \ G4-T00% \\ cable !

lC;— 0a-24 \ CCP ae jid :
\ Distribution §) & o

Office  poder eabie ‘aable Q8 DA !
\ \B
\ 1

Fixed dustributien block @~ —— — = — - - -
nmwdsznau 2 (dwnmsrMemy Feeder Cable wa: Distribution Cable

1.1.1.1.3 Toll line plant

o, o . v @ ar r- Y o

i raanonnessnite - Toll office LUIRIUNW asowmmwmua'm:h
#y Coaxiat Cable Toll PEF insulated Cable w3a optical Fiber Cable

~—-

B officc

B town

nwdsznou 3 KRESININGANY Junction ulzab Toll Cable

1.1.1.2 msutvdszinnlaedsnsneene

1.1.1.2.1 s raEatailianinad (over head line plant)

mEdIANMiaNRGRI® MuBTINIS ANeLgNIUMIUIINMINIZ 89
&Iquﬁu?amnﬁaumé”auﬁtﬁoﬁjrumumuma Sssmannufmofinaniwinesdumewan
Subscriber tWINzIININIEDBLURTzUsIRdaafsurunInemolda

Numsnawmiloudnitentszneudommaiisssnmens g @wusessund
iwenenales (Guy) swszws (messenger wire) ua:qﬂnszﬁ‘é’u g fldwrauen  swlunisuanw
sudInsniiesdanassussfonslinnnuswaudiouse sﬁal‘ﬁ'mqnwla'fmmmamumauuanmq
WU
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swnemolatn Salaowr gluus soszpnilndnaslifidtu annndn 1 was
LR OWE B USMITUNMIUSIMETINTA %ﬁamnmms:ﬁwmmgvﬁ fuTIMAToEI I RITURIN T
mMsnsnumisfudunmori messineldawiunuinnesiume Toll cable mumsinaus:



A w A [N a y [V

amunfiadunma mofnsldonasnailslasase (direct buried Cable) wWiansluviefausufila au
e ' - o = A A - v

ofAUSMWNIBINUY  MIIMMMKBIaEMURONYE  Wiaanuduiludw 9 aazvihunlglsznaulums

frsmiuuvivutsendumaunanzauuasdswia  mowidadsiems  mMdenusuiluiazesn

c oo -~ L Xl , a . a ea o d
punaduneldauild  neifauegivanwaestouaeday  ludsdwgiffuwalivhiesmem

widadaumaduwaolddudutinuices 9

3 U I 3 Tu.

yin "}-———&;“-: wHunEWNIR

=S e
IIIIIIIIIII!IIIIT’IIIIIIII!IIIIII mmmua
[
nIw
—
arunhae mT
v
arwineosaniiia 1-1.2 W93
. -
wiunaunia
™I . o
@ - ¥ oo
arunanTus

mwdszneay 4 wewaeunIaMatlaink

weiwnawn3 asiurdu iy

LZT:_ZZ% / __'"l. i’_"—'___ —= :’_ - _11;2221}
T
TIILUUNAN
i
i
| AT LELf 5 Ty,
’ ¥
nIwy

4.2 TRENNTR

3uUY T
g iy
=
=4
=
2\|& ‘g
-8 g @
< =
1= c
€
-

%_

O

4.3 ny3tiayfuvie Yave

AWIZNAY 5 URGINITIERILLA Lﬁﬂlﬁﬁ%uﬂﬂﬁdiﬂ pasarazIitnmsesnuwan



10

1.1.1.2.3 nsraeaialdiia

mufinsldnzaemuvieluwiihnte 9 Gunit Underwater cable  fauamnis
ldviaamziaiiunin Submarine cable mpdansInasesinzdlasaediuiiee sauunesdy
mufifiinz{y (Armored Cable)

1.1.1.3 nUse s szUUNITEY

1.1.1.3.1 msdsluszunBes (Voice System)

Unfuaa Lﬁuwmﬂum‘ﬁw‘qmmwmﬁ'umafmﬁwﬁtfu Tasianasnduiie:
Foedaaul  dandrmomas  ewllugle 300-3400 HZ ﬁl-n”lumsﬁaaumﬂm%wﬁtfuﬁ
avanecfaiaoulss  sumodanlslusuuingame Open wire non-loaded Cable WAz
loaded Cable mzssdganmluszuuaItEDRlTrsdwsUlumwraiu, Inssuzmalng 9. U8z

uszremidldlnadin

1.1.1.3.2 Twszuuaduwme (Carrier System)

nsdaluszuuaduwmsdl  1dautidsadluuay (Modulate) funnud
aRuwmzuazdaliunuauiin i wWane: Tdsuasiu widn 9 i MAIWT YN
(Channel) luﬂﬁagmuuaznﬂaﬁ'\u?umfu srdpsiigunsaldmivuen  (Demodulator) e

fygnuenuieduwmzeenldinfoudnnuiiine masluszuuniuwineitn flagnauszuy
aun® i{ua;‘jﬁ'm:uwaatﬂ?mumaﬂn‘m’fﬂrnamﬁe 9 wndlpdaw  lwszun  F-24
mansnsdld 24 gesdiyanm  Tanlganemileg ma-mu‘lm‘uﬂun'ﬁﬁs-ﬂuaﬂmu Ui
FURBIzdal m‘smmmnﬂawm‘mmaua m‘mummnﬂaumm URIIATBIUINA NN UL
gan  szWihaeInade uas indasfusrdasfionormitnaudggn zﬁammué’ryrgﬂmh“ﬁrﬁum
é‘fum‘sdﬂmmud wlidlunsdeuda fimsfiadefaasnitefils: sn9lnay uasSmwangla
wufiin Ssezflumtssainmanziedsaadetomfifszuzlng q ua:mmud‘lwuumn Fa0z
Wumadenda

mudldastussuuafuwme st

(N) Open wire carrier system 1fuszuy Amanzanlunisdess  §wums
mwmmymmﬂnnnnmmmﬂamaumﬂnaaan‘lﬂu.a~1umeauuumimmmuﬂs,mnuaunau
U872 m'saamy:y'mﬂ‘mln‘lumumnm'wuwmuswnumunu % S2UL 2CH, 3CH, 6CH uss
12CH Iuﬁaqnuummﬂﬂﬂwmu open wire unuezlifilfinmeiemunesldiuwlsdnsuta

(2) Non-loaded carrier Cable iHusnafioonuuy dwiuldluszuy F-24 . F-60
unz X-60  Feezdasnemoluszesing Touldmmaids 2 wurrwuginll Sndunitadmiy
Iddsunzdnidunitedmivisiu loouondygndsussiueananiu ideiloafumssunan (Cross-
talk) e:rammlnqmmwwmmummn wisuninsasluszuy dwire amwiszney 6 (1) - (5)

o | Z .
AMAltsznou 6 (1) nannmaiesduns Modulation
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A, Af, £ D A

M —————a 5 B A

. w e
nwilsznau 6 (2) aawmmmﬂﬂu'l*'ﬁﬂ‘amnﬁa

A ™ ) = d
A- 10509INnIAWY M - WAUPAY F - nI89a A D - weneud

e.
(D003 6otk [ ]
[ 1 «300- 3 o
@ Qe

(%)

nwdeznou 6 (3) AITHILLL 2-W URT 4-W
(8) @u 2 1% (b) &b 4 Wdu

If “I0BKilz Amp, Amp,
7 >F >1
! < &

. -
mwﬂs:nauﬁ@) NIEILLL 4-W anunm

n
mwisznau 6 (5) nsaslesldamoiada 1 1w wszenoeilia 2 1w

(a) wudia 1 &% (b) wuds 2 18w
A d4 o | .
mMwiliznau 6 (1) - (5) LEGIMIMANARRAMUDGIAUANMUNSS UeLRITAITSUL 2W 4-W

{(n) Short-haul Carrier Cable

fwszuy T-125R  Ssldenuadialiuuun Paperdead sheath usssnuanils
PEF-P toll Cable \flumuda wilddens 1 ¢ dmiudouasiy Toufierudnssuasuuandtanin
uazmoadafnlseldifns 1 1w szuzmshlddalszsna 25 na - 100 na.
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F, Amp, Fl
WaEs
| 12-60xHz t—
! F, Amp; | '

0-108%Hz

£0-108kH1y

' d v e ! E) -~
nwilsznay 7 mMIRILYyY 2-W ﬂ‘]'\ungd Iﬂﬂl‘?f NINTHINUNUHANIINNU

(1) Coaxial Cable
Ve A .
seuumseailuuuy C-4M, Cp-12 MTr, C-60M uss DC-100M <aesaluiu
b Coaxial cable THa 2.6/9.5 mm. JTUUMTAIUUY P-4M, uss P-12M &b coaxial tilwuuy
| & & a A o . P
1244 mm. Fgwnd 2 wuniduwanasgwiiwviue las CCITT misesnuuveny coaxial 4
. = s w & o e o . ey o . =
fAgRbvsIRygrlanus axdsslidnmdmmidszanne 3.6 lunsdinlsay coaxial cable fiusu
' ) . d ig > a o X 1 a F - a
f9 dadudmnnudgs wlivilWife Cross-tak  dawulidndufncdoenempoeondu 2 1w
A . as ) ° > . N . G a o
wolslumsssuazsy ssesvinldmulfasmldswan Tuduwmstsmade msmesmadadwann
nudunulasu
G, dr . o e X
qmawmm‘lﬂmmmu coaxial cable HNI%
X [ a = | ar A ,
(1) msRowassyynidoliafvunumealszunmay 9
Loaded > Carrier > Coaxial
[ d. e o « b -~ &
(2) ammrg1mﬂa\1mﬂtﬂumuiiﬂ'nmﬁ§a msaamysm‘lm:uquuu a
- ] Oy 1] [l L " = g a3 - 1] J’ O
famiurinioees  winsssyoaensamaiassaziionudtini auagnudssinnuesae
&4
Loaded Cable : 7-21% HadnmMuudanyy
Carrier Cable : 64-69% %adaMULTILTS
Coaxial Cable : 89-95% UaIAMUWTINTI
(3} Cross-talk WRZIFLITUNIWGNY 9 HlovWTzeny Coaxial Cable %
' - . L 4 ared o s o, = -~ .
kRswRaavzl shield v}u‘l'm Outer conductor uazenuieLiauLUbldRIAUngs anfia  skin
d L. A O
effect daldlUsunIn dreuit nadlnfifuann
o A e a  d
(4) i Loss Way (M 100 KHZ) wWamsuiummeaidsnaly
O NLC = 1.85 dbkm (1.2 mm 9)
0L COX = 0.75 dbfkm (2.6/9.5)
fwes o andludamsunu \/f uRzfUBY  (frequency
A . d
characteristic) 2z flat nNMANUNGI
v . . | - & P oo g
(5) $wed impedance ozliwRowuilas dmuenuaiiansslFasinsvient
wacd
1aa
A . - [ .
(6) wiswmaswsmusndndlflumeldgalionoufisuiuamosguuy
P ' o 3 . .
carrier TIFINIOHIG 1,000 V dwueny Coaxial swnsnssldds 5,000 V
(@) snenduloura (Optical Fiber Cable)
o o e A i A = o~ N A
snanfuluugs SafetnmudssmsdisnlRsufivumomdslsunndisg A
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o o w ™ . A Y A A
aatasnduwwinian: musoerlfiFnwlussvuae 9 lweSstomsdunizesns wnzewl
b av s SYw - a Y . Y 4 Y . r:] u
$1iniun  Aeasiaazan umsg:ys%waaam:mmuauaaimunuaaun'na (Wide band) asldiilu
mpdlssinnes 9 ldunune

1.14.2 AINADINTYSITBNHATHNITEBNLLL TN EEADWWEN
AN NFIRODNRUL I LHWR NS WRD T azmawﬂmﬂunmmq’{ﬂﬁnwuawa NN
- a -] - a .
alinsdedefomsinnmnd Umasingasuniuds 9
awuuaﬂn‘smﬂlwﬂmamawmwuumwauﬁ wazdlosnudunTosing g nAusTsy
PAMINITFNBOIUBT YRY URZITHENS 9 Sindnilesdosnszvlantdsznda  efunn
a ' XA - = ™ o
FOLARBIATRDIMIAINGIRNVADINNIIUMN 9 TUABUVBIUWINWAUIRINTTUNIDBNLUY
- ey o A Y ° ar A [T = & ~ &
mqua:qﬂnsmﬂh aaoaauiinudmulnzIinm eazldnsrnilude 9 dedeluis
1.1.2.1 AIANUETUNIWLDIRK W
ar A . e “ & . A va e " o« A -
dadrvasawinivieusiy  wiagunalineg nhidfesinliifiansguidunasny
' - & o d, o
L‘é’m‘sun‘mmnmuuan uaﬂﬁuwumumuluﬂmuu?mwﬂné't?\m mummnmu'ﬂmﬂuau‘m
a-mmuammwm pneiaatinagw  tuluenn  open wire anmunlwmmaanﬂsn wiaseliuaz
mnnﬂunﬂ-m‘lmnaﬁwunmﬂaan%umu m:m'lﬁmuawm‘\wmw*\'hﬂumu'lﬂ Haazrlw
amunwum@nmﬂﬁ odouamwamiuf duilwduiiudr  Aesnemudiowindumminn  Sees
Juipowiouin 9 ¢ ﬂeuumnmummamum«a-mmﬂmnmwaﬂmnumua,mﬁwﬂﬂlﬂLm'lﬂ
Twanle mmﬂaanﬁumumwgﬂmn 9w wisrlssarn W lumemwiuwan  dry air vie
= "
tulasouuiafazsiean
1122 anuaInuuBIaladiaa-nia
wmadmtnusnonensaniu  saRwleil auninleneg exdimsfiass 1inw

A & Qe O . a o & e & . Ay e T
wan dedinozldfusuamusnnirimisnnwinmolnungs aauwirquazgunsniang 9 pleaanaas
[ [ 4 - & e & o 4 , T
dpsfinrunanuazdesiuduanuhosifietuiugyniciuasFinuasuyne ussluenpdonnazgnilow

o - A A4 & a o . o P a . o &, A a
wrsldline  wefluRpssmitnmuiggrusswisdumenmodueindy - Gakudaniuiiy
g A a [ a A a ' as
mma:ﬁqnmmgamai‘lmnu‘lﬁlﬁaumnmnwunumum‘lm

Ot ] a4 1] A4 + a

1.1.2.3 nMgREnaURAZAIANUMMNKY B8N dasagmulus

o [5 o e 1 - o & dX o
Amuadiuaadlumsist waz 2 uazmwdsznay 8 lu myvslinisnungyifuralaussunhiuny

F a & o o o & o - o o o
qﬂnmfn‘.%‘lumsmmua:mwaammﬂmaﬁlﬁma WIaUNIMIAMBaLARRNIzdNiiRMIAL

' e - ’ ar o wr .
T 1 ﬁ'\ﬁuﬂﬂ']ﬁ!}!mmﬂ%‘ylaﬂﬂﬂdmﬂﬂ's ﬂ'\nﬁg&lmﬂIﬂ?ﬁwmﬂﬂﬂalﬁ‘l

Office Single Ttlcphone Office Subscribes
Loss Reference
Hierarchy Several Telephone Office Allocation
Single telephone office g8d8B
District Office,
R;‘E,‘al Ofﬁtt Multi Toll office branch offlice} 8 dB . \
Centra) Office . telephane When line concenteatoss
office Non toll office branch 141 asc used, the loss i
office allocated between ulfice
Sinale wekenh p - line concentrator and
. ingle telephone office line concentrator -
End Office 7dB  {subscribers.

Several telephane office

[ A

r e e e e e
Subordinate Office 7d8

e e Y ————————— e ————————— e
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M3 2 nnudununWnszuRnseasmpss vngumy Insdwdly dagdien

Switching Equipment DC. Resistance
Automated A-H type 1,000 0
Automated crossbar CI-C2 iype 1,000 §
Automated crossbar C3-C4-CS-C400-Cds0, DEX 1,560 0
Automated A-H 1ype and crossbar 1,000 0
Common baltery type 8000
Magnetic type 1000 9

.2 1032 mm == Conwentional

}0_4 mm
3.2 km

End offict oy 4.0 km

=5 0.6% mm
83 nan- -

. o o
mwilszney 8 ausnizesmmanImidinalumadmuadyonuhggdoluay 7 dB

PBX or

- AnAaArtments
office parmss

———— — House
!Oﬂ':u: ine | [Taase ﬁfﬁj teiephone seis

5 dB—em—2 dB

- o P! : .
n'IWiJi:naﬂ g nqﬂuﬂﬂtqumﬂ 511]’ Lﬁﬂluuﬂﬂ:"ﬂ?ﬁ

Sub EO T DC RC RC DC T EO Sob
'___.' 05 “—jl.— 7
po— 75 H 0 (] '] 0 0 —tom § —=—-175
! - 5 - { B}
Sob: Subscriber D District Center
EO: End Office RC: Regional Center
TC: Tl Center

N ;o ] - ' .
nwisznau 10 asy trunk ua:ﬂ‘]ﬂmm‘!mﬂwtﬁ&"l%umﬂﬂ?a
<

- » A d '3 > L .
ssusninagauesmuaidiaudazraimslulofimuadwesmold Loss 1dla
Win 7db LdwegudnmIsweInIainh 2uia 0.32 wa. eamsonsiding 2.5 Alawas udidn
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. [ A o o o o W .
impedance TaYB¥IN 0.32 M., asli Matching nuweTasinsdwriuuy 600  asuudsdinoud 1
Alawns
1.1.24 nsaugansinda
o 3 Ada & & - f . =
MY open wire dMwIuGMINAANSLULT AR fimaunatn 9 dana mwnoeids
o oW < a o, P e a A « . Y & a X » - . -
1.1Jummﬂuwugmumﬂuagmunu WoduiEuwituga Cross-talk fitiavastfiodiu usssviiatnalsds
‘l [ d o X & el P , d a o - W A o W o
¥ Cross-talk ALAaTwuR lwuuaumgmm'ma:m% Tumsnquijusimunsonszdldiianssu
s ] ) A‘ 1] el r- z -4 .
Qamﬂﬂﬂmm Cross-talkk Aezlatfie®w lumisam Cross-talk mmumummauunﬁagmua:ﬁ
L r.y 1 z o L3
indmnulunsaannutnrsssmaailia §1umn open wire wwazyiiMsluiaw (Transposition)
L. = A [ A =T = - a Bt | - A
suflumpidnruige fozdadiienuindyduier  lwFesvesnsugans
. = o da & w
W 9sfimsvin Test splice sWalW Crosstalk Mifieduwuinonas
[ -3 o I3 ) L 3 1 [¥]
1.1.2.5 M B NRLAKYILDIFIRHIVEADIYIINTHAR DA
o & o * . [ . v Qs L3 © o . A
drdAnawiuesmusuiszgraliviiuuiiesiligumwassnusiaing &
& d o a & = oy oA e o . dg . . - . N
foziiRussuniwnotu  daladuwidesns usr  dhmosanld Loading Coil UIZUZWIITZHIN
i - P X . oA , .
Loading iinan@smwiesiiliifia Echo UR: singing % lussvumugaaidaunwiiu  (coaxial
- v e « e oo v [ o . A o [
Cable) fsBuRuauyilusiusuonivsiliiiemasNounsuvafygne  (reflection) Havsvinlv
. o & & a - = ° o o o
AUNIWTEITNHEUNINY AINY lutunsumsuanuaznisaananasitivanusuladluiiae
o
1.1.2.6 AMUASNWUDINTY
- @ . LY - - i d a A a
SEAINTINMNGIWILILNEURAN  AABIIIREITUMUATS 9 Mifiediuandu
o . . P o ar - T e r d -
sTIuan@ 9w wiglddu nulfouulasuesgmmgll gnnny saunirqauncl Aozl
nIRanIIrdIligmnIwig uazluduneunmseenuuusufesdosiiindanuailnoaivyesizquas
aﬂnsmwlﬂummﬂmmu msﬁ“nmma"wn’m‘lun'ﬁﬁm‘fa‘rwmu AR Toniaulaes
Au Suazifamnimiau msuuwwaawumu arvesnanansluduynanangy swmsilamaldnm
fu lueunuw mwmu‘lwum mudawlneuasarndin  (Conductor) Suiftesannsis
. A L3 S
rnlusnyospiaouunows  SeesdasRmsanlienuawlolumafonidume  urznInaselu
: AQ’ * (3 ﬂA- B F-|
AunasnanzaRsilasnwkpIne
1.1.2.7 Msrva1gzanslananuanowaTaLarfasunI
4 o a o A I
Luammmnmw‘lné”numu‘lvlunm u?a'lnanum'lﬂﬁ'l Favzlafuananuan
mu'lvlw:am UASAENTUNIU  (Noise) @id 9 \Rad mmﬂLmua'hluwnumu'l.ﬂusamnavmm
aumwmunmﬂ%’[mﬁwv{ u.avm'lﬁaﬂmmma q fiemnRuw sonulumsfanpamanmse:
1101%%10%‘11‘1mu'lvlusagamam'luumwamam'lsnnm:maauqﬂnsmﬂmnuaumﬂumna'n uaslu
o o - - - . .
nadisnuadialdtuimoegindfusaiwi gaineziianIanniawne Wi (Electrolytic
A & o e d e N A
corrosion) maamnn'm'a'l%amaan-s:ua‘lvl gnmmrmimolwgmunasngaasezndn@uaviam
- s . A4
-a:.lnsmwmm-smmi]mnu TS mMsNsENy open wire wismpiaidasiwlddsamunnivy
mmmlwuaumanmw'amﬂmmﬂmnuﬂwm ma'laﬂmnmgumﬂummﬂwa,aﬂn‘mwmﬂmh
&
1.1.2.8 MIBiaceeEIRIEABIEEAINADMTINTITNBIEY
o ) z .
n’mﬁanmeauazm‘smamqﬂnﬂﬁfmumumr.mauuan zanIdafisauazaIn

o higt A E-3 L) g
Y ﬂé-ﬂ'l‘l&ﬂ'ﬁﬂq?‘\ﬁﬂﬂ'l e mﬂ&ﬂ:ﬂqﬂHSdtﬂﬂtﬂiﬁl“
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. a & .
1.1.2.9 Tassrasmnisrsaanasnisfnnsocaolsevsa
Ag o v e ' “ - o
mun‘lﬂnmqmuanaqua:qﬂnsrﬁmav] rRadRanIMIRINZANALY  URZAIIN
. P ] , a . . R .
§IRYUBIENINTITONUANWNAL 194 NITINENY Carrier, §bU coaxial,  uazaw optical
Fiber Bezainslwnussiassiniuiies tienuiues URZATMNIWYDIED muuaﬂnsmw'l'nn
wdsnfonNosNuINTaLLas ST RER
wr ) ar '3
1.1.3 m‘i‘wmww‘mnwé'f‘mmﬂmﬂfﬂ‘iﬁwnmauunn
lws.u-m.uusmjaams’mmumammawaaamwu‘l'ﬁmu open wire mammwms:y
maammuawmnﬂu arusissmslEnsdwindinnidhuemuda  dauay open wire  #i14
- ' I . o v d a
agmum:waamaan TﬂuLmmumwamunumnump’lmu open wire wulimyzayfazliile
° [ I X da & . o Y oar ' o
mmurﬁ'lﬂmﬁwﬁmn wzdaImsthandananin ey uesdsledTunaniznusamsiaon
a A
WURITBIRNTIZOMAURTRITUNINEY 9 Bnunane
o P s Ad a ar g w & A a & o
mummama.n:m:l%’m‘luwnmnmwj‘lﬂmﬁwnmn wrrlfiionlunsdenstan
+ . - z L Gr ° *
sy laimens u.msnmﬂmauuﬂmsgmytﬁuwmmumu'lumuu'm WTEzmaa B ltwIaEnd Ll
A Y , [ P a d a
wanzaunozlinluzuenelng g danlalimiwameny Loaded 1aidiriuatfinfiorsansssu
P ™ . E = o . = a d .
nggsomelueolilonss udimowan Loaded uniiliuaFmausnguanuiisesdyg iy
Y N o N o o o N
289 ‘lummmm:mmwnga 916 %8990 Cut-off Frequency uszfin Impedance lumias
' A d e o m . . .
Tuneh dsuzdifgmienann wwifie singing, echo use time delay
’ Ry - . . A d [y a X g
dounddlaWanInalanITaITIUL  carrier inanazumlgwufieduwah  uasszuy
. & a4 o ' » . 9 a o
Carrier  Uaz@iniwazilizwdanilumsasszrzmslng (Toll circuits)  sufwilunmiaw
= . d & ow oA A o . o ' 2 .
IMARANTEININAG q uuiWefidasmidutesdygds  (channel)  1wldwsmn q %as
aryty"lmnmnn'hﬂu 1 ﬂmﬂ saufldvmuwiuion q s lnidunaesesdygin m
wnfintlssluszuy camier WuAfdasie Rpatudes Cross-talk 1ummanmmnm 9
muniiiaunusiv (Coaxial Cable) azluifa Cross-talk 1umsmmwnm 9 ﬂwuuu
mumiiaunuinenunsofosasld 960-10,800 FosfgIn 1ummsammwmmwammmmua'l‘n
nsznsiuawauiuslannin ua:‘l.'m"ml.ﬂmﬂaen“umu (Sheath) uwﬂuﬂwuummwmamn
LﬂuamuuﬂvtﬂaanﬂumuLw:n;mmwmﬁmnuuwaﬂawmﬂamq ww Hestuanud dwiniwn
nuBamIRNNIon nuuﬂ‘lﬂ'lmga NUGBUIANTIUNNBRZ NSRRI owlae
o o 9 A - T - . o
sumdshiudau agwansfinuwezminsneadarmunivsesmuasidainaunnuaz i
N . a & ' A - a . A e, & ° A
$uranishansean ua:mulm’saan’rsmgasnm dodde g Aldndnaudiin  dwndams
wWazosuwenafalud g luszuumsitoms usslussuumsiaanssaiieame
-3 Chet A -]
1.1.4 Ypdrnnfvzaasditefielumananuuy
A 3 @ [y = [ - . s A P
WaladSvsudszannlumsnesiouda  fosdosFusonuuununsaiisvesudasne o
sraodlilinnudaenusivouvassmudiazenu  louditefsussnndin  umsireeuReaLu
z -3 o =1 £ Qe o
szamukivzdasiimsligulnewidenulumsesnuuy ma'lwmanwm]rmma LAURBINT
‘numlﬁmm*mmuamwumanwmammnuu 9 Bevzdasdnilafevadoaedalyi
1.1.41 Meaemeaiia
g 0 [ o . o ae [T
wlszasdigagaunsnunosiissueuthueng Insdwed nemsliuinsiuns
Fy oA Qaas ad A Y o £ A o P . ar . Aﬁl
mﬂwaaamﬂmuqmmwmm‘m aserdiestitafismedinadadinieg dau  ww gunsninlSlusume
(Switching) EMBEY AUASNULTIUSS
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1.1.4.2 9 wmaanuuuzaodlszvda
& = | @ o a | 4 I
anlndudrnweanwuuiidmaiuwlideguwaouundaniu malmmuumﬁna
. d . 8 . r-v-1| B A L5
auanugmang  galundazuuusuiivsdesiimnlFoudfiou Lﬁanufﬂszﬂuanqﬂ uazlvua
iz u’ﬂﬁﬁaqﬂ
1.1.4.3 iuownaluladlul q sl
= ! . v oa o ™ - . W
nsfadaRea TR UL qa-maaumsﬂmﬂﬁm utlaataunalulabiluig Fig!
i 1w e uBEnnTeRnd drudeanisy fuefaes Lwuﬂnanﬁmwlumﬂﬂmmﬂammu PRTY
mTﬂsamsm,mmuam‘luammmuuawum'[umﬂﬂmmmﬂua,aﬂn-smml-mﬁrvmm'luumnﬂanu
wirdluomranawlng
N L] o d g
1.1.44 Radmrsanuazaniilsezdosdilefsanmwiiin 9 aan
o . A9 ga & . & [ Ta——.
aunsolsingg  ldfensluszurtsmonauuenin  1ldsudniwalavass  @n
- - ar ) ' s a
AMWEINA Ansneeanitizma dadios ouw ussdu g Bnann nseanuuunosefiasdadlv
auuiisnse ussnRuNRuAURMWLIRS AN 9
¢ - & & Y L J o
1.1.45 qﬂn‘imﬁ’li’mmmmuazmaﬂﬁmwﬁ'u‘lauazﬁmmﬁumumu.-w
L =, [] A z = L - ey [ o S [ 3 4
NulusumisfadefsmsuniinnusuwuilndTadomsuinmsundauuetng
a & € 3 A e -~ -7 o o - r-1 . | A
vin aak  adnsdidn 9 Aldesdadidanudiulosszdunsudauss muu—n‘lunsmnqﬂmm"lmu
" Y | e o g P [V | . o ' - =
anuEBwsauIAaTIneHRanln 'lw!u Yyay FeesRodsuunly douusy Wfuganwun@lomsa
A o a A o a o o ' da X a [ ot
ial¥nshndaRemsiding aasansfosuniudl q Aistufazdesldlng
o ¢ o o
1.1.46 fosonismisiggunsefidesldifadsloml wiaveiinsidenlnel
1nwmsm1mmﬂwm]n'smnmumulmnmﬂ?Tumﬂﬂmnnaﬂ hmaaﬂnsmuu 9
gagansatganudatdidaa maur‘ﬂmﬂuﬂm Lwa‘lwn'rsaanuuwuﬂ'smﬂmu
1.1.4.7 AMVHATEBZIIRTNISSONUDL
3 o o 1 ; z [ L5
SR BRTHNIGIRTI LR ERRUIa TRz lsigzaan mﬂ:'lﬂmanm'm'lqu‘lms
A " o4 d z 3 o =
wizlgnmaiuiies ussnnee ok 98Y G9WW FTUZIRIMIZONUUL uRzmshpse fe
o ° Py A o a & . Y A a E o a
ALIMININITANGIY  LiBlRRERnspIasaInlumsAanIuRsMieRTY  IRalwutneEnl
-
AMUTILITU
1.2 srsadalnsdwidszinmens 9
Y a el ar v P A Jiu £ - o
munidslnsawiladnmswamniwunior 9  ieflFmowsiidssinimwlsmsauas
| . ' = o M ' a4 [
AU ene manmmﬁum'l%’mu"lumsmgwnmm rzadnuaziitlumsaanuuy  lwmiesle
. -t J1wa - = o
naTtIEeN iedanlaiussesiSuusn audailegiin
=] o o &) N
1.24 ssaifianaraamiuilane (Metallic Cable)
- & o o
1.21.1 ms_luuunawmu.lun'izmmsazLﬂﬁanﬁummﬂumzm
1.2.4.1.9 nstnoraw g
o & o Y 0 N
smumaidndszinng a:‘ma'magumu'[mﬂww"lﬂmmugﬁn (subscriber Cable)
] o o
Feuslinatiuenmaiine e (over head cable) wislgmalumealdau (Underground Cable) fi
WA . 1] - O -~ d. '3 . O 4 » Iy
1@%399ﬁ'nﬁﬂmugmmﬂmaua:ﬁmwmmaau moedaniidwaugisoni 200 dornadiueny
= " u . J -3 A o ] 3 ] o =
wiissoye (Distribution Cable) suemumbsifiswauganni 400 @ﬂ:im‘mﬂumummn
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A dg e PN . o ‘
duN1e (Feeder Cable) awadanlfiflu Trunk w:lidn  Capacity Unbalance @aninanu

Subscriber (ol &w Trunk  ousTsuawal9slgiiumwIn Loaded el

1.2.1.1.2 Tassd@s9vasans
1.2.1.1.2.1 ®96341  (Conductor) sasddunaunidon
(Ammealed Copper) fvwindusngudnans 0.4 auu. 0.5 un. 0.65 un. uRz 0.9 uw.
1.2.1.1.2.2 awiwviy (insulation) lwimlinszanw (Paper tape) wia iilu
uwuy pulp
1.2.1.1.3 Quad
a‘mﬁqﬁﬂuﬁa:tﬁuﬁgnﬁmmuuﬁ": MUFRGBINITIMIN 4 1 F0 and
inarddriwieydluuuy Star-Quad
12114 mMswnSeudaren (Stranding)
mmmﬁaﬁﬁﬁ’m’mﬂﬁauniﬁ 200 gjﬁ::ﬁ'uﬂwﬁzu 5 (Layer) uszudinzwesd
Tracer Quad 8y 1 Quad Lﬁﬂéﬂﬂ%'umsiugjmu
famamswnzooudazsu vsifiamensstiutu suszuz pitch Tuusinz
Quad #ilnddwezfivzuz Pitch udcedwly wudla 100 ¢ iszneushy 51 Quad usz 200 ¢
tlizneudt 102 Quad mmmﬁﬂﬁﬁﬁ'\muﬂmnnh 400 & wzvinduuuy Unit luudaz Unit
xdsrnousiunag ﬂ)‘i?u usinctwesd) Tracer Quad o 1 Quad &)W Unit wn 9sfl Tracer

. . - N .
Unit uWR: unit sysusINeszaInuaziwluntsiien Unit

&, o « o
ﬂ'\W'lJ?:ﬂﬂiJ11(1) ST TN Pulp n'l'Wll'i:nﬂll‘l“(Z) Q‘Hﬂ%ﬂﬁ“ﬂ?ﬂm?“‘ll'ﬂ“kﬂﬂﬂ?:ﬂ1ﬂ

A a
nmwusznou 11 &1&11&111:\3.]6.'%7\129113

b omm 1200 Polr Unit Type Catle

MAIznau12 ueaseumLdan Lﬂﬁanﬁu Wuasmuasaraddirunwiwuuy  Unit



mwdsznau13d  areanidaliwuunTu o (layer type)

FOY D
8809

Tace quad 400 Peérs 00 Pairs 800 Pairs
Crdinary quad

82 'b
@AY
G

? ad
“‘” ﬁ] \\-\ a 4 mm
| l \—\zo // a 0.5 mm
\ RN~ -
%or \ \zo>< [ [o_Aeessom
o I [ ==
= =i
o 777 ] T josn
oLnO 4

: 3
—_— )

mwisznauis qmau%mu &9
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1.21.1.5 uwliominae

lunznnesseu(ead alioy) ﬁahur-mmlaeﬁqnw’%auauﬂu&é’umguﬁnmﬂmﬁu
67 un. iRenaziiidumuesdasmuussdusasufiaidl 3 Alanfwmmsisudiuns Wuiatwiwainni
1 2 lu

1.2.1.1.6 amsulidnolnfivaly

o . A .
1. anuMUNI% 1 AIgIRan 20 C

0.4 mm 147.5 ohms/km
0.5 mm 93.5 ohms/km
0.65mm 56.5 ohms/km
0.9 mm 29.0 ohms/km

2. ANRTINATRINHYDIRWIY
o [l 4 J [
dpalaisaundy 2,000 megohms/km # 20°C
d o
3. ﬂszgmumm
' d o d
auaRy ; 0.0560 microfarads/km vivun 1,000 HZ
A
4. AMUNWULIILATOUTDIRWIN
D.C 500 Volts luszoziign 1 wiA
‘ ] - & . - v o d
5. ﬂ'ﬂu'luam;ammmuﬂwﬂwumun m'luauqamaamﬁwumun Janenun

' . oA
1,000 HZ a:ﬁaaﬁm'lumnn'nmﬂu,am'lum‘na3

av19 3 mﬁaiauqmmash capacitance

Mean value Maximum vatue

Forlocaluse 300 ypF/500 m 1,600 puFr/500 m

Unit type cable For junction usc 100 7150 m 800 pF/150 m
Concentric laver

300 ppF/500 m 1,600 puF/500 m

Note: The above table shows the value for standard length Ly =130 m or 500 m.
In other cases :

Not less than 100 m.: /7L,
Less than 100 m.: /1007,

Key: L =length in meter of cable under test.

a o & = ~ g
mmﬂmﬂﬂ&%‘!%ﬂ%uvu pulp BRADIVARUTUOS pulp ﬂﬁu&?@lﬂ’]%‘lﬂzﬁﬂ‘a‘m
o o o - . o - a ' .o - o .
“%17“‘331mlwaﬁnﬂuuuﬂiﬂﬂqutﬂﬂnszmﬁ 113 o pulp @:Ln‘!:ﬂﬂuuﬂﬂgnua‘nﬂm?w\ mu%ﬁ&ﬁﬂm
Qe ] . - w Xa
aa.l‘umﬂn‘ﬂuuutﬂﬂn‘!:m‘ﬁ ‘iammﬂngﬂdlﬂwim ¢ Adua0

51 queniiimslui pulp ezlismuussauldigend usemslsiruga
malwWihitouni
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IWT
04 = txpe
insaleted  gable 04 man pualp

Brakioan Voltage (AL}

nwyseney 16 WlnuwWisy Breakdown Voltage

- . a_da,
fUALURLLLY pulp 9=l breakdown voltage gam'\uuummﬂmanﬂm

awusiluminszawdszuine 20%
¢i1 Electrostatic Unbalance 1N 1wiszneu 17 ugAINTSMAausu

. . A o -
wibauuL Star Quad Unit 0.656 uu. 1,000 § 183 pulp Insulated ma:mwnqmn'wmn'nunumﬂ

nizaw

X

cunathuandnizans

nwilszney 17 Fi‘]uﬂﬂﬂliﬁtlULﬁUU Electrostatic Unbalance

5.2 arussmulumomdsuuy pulp NITIBITIMERALURILRIAA)
° o a_ - P i a o w“ o a [ e A4 o v o P
dusiirezse wisdamullanfioy ssliimlmadmindaunsinld devibiifanisiresnssusiv
1.2.1.2 aidaawwnszaie (Paper insulated stalpath cable)
12124 mabvorlifidem
- 3 s P -
mmadiadznniiihlfisnaduenmadadumsee  Junction vzldrssnmaiiie
o @ a o« & o a = . A P-4
Tadundolsuruluemedld  Iuodivawionasmuoussamwuaspiidszing  uszBnatswiemouuui
=

-

o Y . o e & - e Y '
ezummunsmnnmuuuunLﬂﬁanﬁummﬂum:m fguilizanSanutlanuviosausnataanIEBRLL
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Lﬂﬁanﬁummﬂuw:ﬁ‘a ﬁé’uﬂszﬁw‘ﬁmwﬂaﬁuﬁa%”aummraun’hmuuumﬂaanﬁmﬂum:ﬁ‘a FaRUns
muaiaua:mﬁ’wmu%'aﬁﬂs'{d‘muniﬂuuuﬁtﬂﬁanﬁmﬂumzﬁa RONTINIMOLLUL  stalpeth Sanusonisdn
nien MIRNID MIAREELOMURINHADMINTIUNN

1.2.1.2.2 TassaTsvasasadanwiwnscani

a’mﬁ’aﬁw:gnﬁu@hUmﬂn'szmuﬂ?a Pup Al uazmﬂﬁiﬁﬁ‘:\mum:gnﬁuﬁw
n:aﬁtﬁnuua:u:iumﬁn%aﬁmi’]uuuugnﬁn (Corrugated) \wedrutumssaameida

u.riua:gﬁLﬁuua:ﬁu‘lﬂmum‘mmwaaﬂmummﬁa ATHLYIUG I UHRWANBNTW
w‘iau.a:ueiumﬁmfm:ﬁuﬁuﬁ'u"hhfﬂﬂﬂ'i‘n 5 . ai‘mmtﬁm:gm‘ﬁauﬂ"‘mmwﬁga (High frequency
heating) \Wailasfunawin 1ﬂ1ﬁd1utﬂ'ﬂ1ﬂ1€x’ué'amnﬁv'umuLmﬁm:ﬁﬂﬂqud"mmiﬂiznaumamﬁ an
afamits tﬁalﬁmsé’anshﬂﬂqﬂgﬂ?nﬁnq%@m%:tﬁﬂmnmss%aumtﬁuﬁ’laiﬂngmfﬂﬁammfuﬁﬁﬂﬂﬁu
#2u Polyethylene (PE) lap3Bms Extrude anulavssmiadnitdzwe 0.4 wu. 0.5 uu. 0.6 .
uez 0.9 3. lassaPsvesmuauaadiunmwilsznay 18(1) (2)

Qrdinary quad

nwilsznau 18 (1) lasseeane Stalpsth mwusznou 18 (2) mIvatdu Units

W A = A ;d
Jofuasmp stalpeth Uasine
:' o P - & o, o
(1) #1%RunLn ansafvsutieuasmMIaanIvn tade
o z & W X G [ o = o
@ lumsGadsimfunodsznmifianutlenuressvenmiay dsenansanRaay
o L3
Wonla
) [ Qo 1] A - A‘ G - A‘
3) laifimsannieumainihussmanil dounwisstifiebwivmoadsdszinni
oo ' a_ d 14 - e d-
dveunh muadlanseniuitiuazns
(4) m‘sﬂ‘nga%'nmé'luua:'hhﬁmmuﬁuwmmnﬁﬂm
, LS a Sat P o - A
(5) nwdsmiduszifiowldn Samanzaunesnemuldmmu wislusmuniiinig
. r
ITIVTHIILYERENEY Stalpeth ¥X HBINAIN
St : stell
al. : Aluminium

Peth ployethytene
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1.2.1.3 aiia ¥¥@ PEF-LAP Junction
anouLuil wieniuammiy LAP (Laminated aluminium Polyethylene) AmANIATE
aotizsumitazfiniiaouuy Stalpeth @o '
(1) sevhenoadaazgania
) mwmﬂwmmuﬂgnns:ﬁ'\mnusan‘s:mnaz@"m‘hmuwu Stalpsth fawu
WWwnszanw
(3) ®w PEF-LAP ftazl Cross-talk wasfelisuiludasiims test-splice saNTOAR

usaa’m‘lumrnamu &8 PEF-LAP Junction wanslumwiszney 19

nwdsznau 19 0.5 mm 1800-pair PEF-LAP Junction cable

1.2.1.4 \@iiia Bidm Local PEF-P

-,

SwamdasiuInsiwitldifadwilnsmanann  Tesewizatnsfislusladng q &
viofpumuinidaagldnumiuswauann uasvinfswannlsivenoedsawa 0.4 vy, $1maw 2,400 §
aaninfudridimweiasiulndwiiie  fezdosfimmyaoun neviefesmu  luidisslwg 9 fisims
oo TwILiuesidEn  uasTeenoaeszuwann ke satignuneritiasdosimoieiiafid
té’ur-hg.m:Tna’ue'laﬂmn'iué’utﬁ&!mié‘m‘:ugjmm:ﬁmmnﬁu Weldwaiuaudasns  aerudsldvna
ﬁﬁa‘mﬁaﬂwmmﬁumguﬂnma 0.32 wu. uazawwvuilu PEF (Polyethylene Foamed) T @
mutrnvgenelans 4,000 ¢ eanuscldmuzwin 0.32 wu. 4,000 gunw

(1) mmineeneifidm
mu PEF-P Isnaflwmmafiadumsludiodlwg
(2) TasserFrsuasmeaiiin wiia Local PEF-P
1. iilwsradnhfiidushauiindadumaluitiosing
2. awawiluuuy PEF wwa 0.08 wu. Wesane 20%
3. Quad tJwuuy Star-Quad
4. Unit Usznaudy 51 Quad Unit §miugemulaitfiv 1,800 § uaz 102 Quad
Unit e‘im%’umuxmﬁnﬁﬁémm@jmnn'ﬁ 2,400 ¢
Qmam%ﬁﬂﬂmm PEF-Insulation A8
(1)fién Dielectric constant Kaudafivurumunfiauiwmiunszas
(2) ﬁ"mmuﬁﬁumua:‘lsjtﬁmn‘mféummﬁ asjuaalu%f1

: . . P ] - A '
(3) ¢ Dielectric constant unsafiesynliiimaaousissaieniieuns de



. A a o
1u1291.7-1.4 laamnlioudanuesnesonnia sanaadlwnwilsznay 20

24

. o ar d =
(4)1 Dielectric loss Infi@inetiuwan PE s75uen awwdluuuy PEF  azil

. w ' A = a A4 F = -
f1 loss %AHNTT AWIUNTRNTZA Lumam‘lu‘szuuﬂauw‘mu: ﬂ-ﬂu‘i:ﬂ:ﬂ‘l\‘llﬂﬁuﬂziﬂﬂ

A ) e . W o & o P
flauwrilunszon uarmsNezaa Electrostatic coupling lWitanasBniuAlapnmsyia Test joint

MIuaLa

O 0
N@
— wﬂl o

onntect

(5)awminile PEF uszviuiluuuy Star-Quad

=

ALY, S

- - . a d
VWHDRIALRNNIIRULRLUAN

Tupous

IS ATLD
SPetRr Al FOAN. BUARCY

Prasmse o QOGO Shever:
Wrigry wWedin O monen
pOiyothyiers

WwAaCH T Qo
attailoe o e

A CORIDmAL AT

La LT H

sorvent-Ankie
pror MDY B0

ey Giltuon (0 LWoignt
BA1OC0 SV 0T 1 SOuwort

[Ewiie nl 3

nwiszneu 20 YUIWMIHAN PEF Insulation



Quter diamecer of insulation: 0,49 mm,
Conductor aize: 0,32 mm)

mwlszney 21 nWAeILIY 199 PEF-Insulation  mwdisnav 22 anmends 0.32 . 4,000\3

.— Ist layer
--— 2nd layer
7 3rd layer

stranding direction

b ) z o ar et
nwdsznou 23 NMIRRARLILARTUIAANIINTITINNY

P Qe
AwiszNeU 24  1ATEIWMNRLY

25



nwilsznay 26

26

ii
20
= ‘ 100%%
g 18 0 =
g g
E 60
a 16 q‘?
"o,
14
p-v} 40 60
Foaming degree (%)

nwIznay 25 TravueIWedIaInAuasAl Dielectric B89 PEF-Insulation

1. Dry paper insulated |} Attepualion constant

2. PEF insulated of telephane cable
Comparison

14 i

3.2 Dry paper I_nsulned 4

.0

2.8
db/lm 2.6
{ 2.4

| 2?2
2.0

1.8

1.6

1.4

1.2

0 10 20 30 40 50 60 70 80 %0 100

§ (K C)

‘Lr. t . = | . [ | . a
N ‘3U‘ljlﬂﬂﬂﬂ1§!ylﬂlﬁlﬂamﬂuﬂﬂﬂ tnsulation silunszenenufn Insulation 1w PEF
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1.2.1.5 Colour Coded Polyethylene insulated and Sheath (CCP Cable)
1.2.1.5.1 msviuoaeldfisemw
anmh:anmi{m‘fhﬂ%’tﬂumuﬁ‘mmnqumutmé’wﬁ‘lﬂﬁam‘%aa%’u Sals3uny
ready-access terminal mswwindrmiwuny Sz elWmiedaind Sag wndu Seesvilvnng
WRanwy e‘jmnﬁa:@imﬁﬁu ready-access terminal a4 tuazRERINTIANG

M CCP widsanmiuwaiuuuuainnu

CCP-P : Polyethylene Sheath
Non-self Supporting Type
CCP-P-SS : Polyethylene Sheah
Self-Supporting Type
CCP-Cable ___|
CCP-P-AP : Alpeth Sheath
Non-Self Supporting Type
CCP-AP-SS : Alpeth Sheath Self Supporting Type

lumaBenldmonbaudazsiann  axdasdriloformmassniidaznauazanw
| o [ d A . '
VeIMIFanINoUsINEn asusauwIn Self-Supporting azlfluaoiun Solaifl Messenger wire 1841
. & va & -~ | o
WmRpDY §mang CCP-AP uu azlfdansiuudnaiifinissuniusnessumd wievnmissuniuanay
Wusegs lunsdlldifluimibneme ezdeslddaniy ready-access terminal waznisdassaansovinls
. a o a o Adeaa oy . a , - ° ' ‘ [y
Swmrzalaanhiliswwdunilsine 9 fwiwdamafangay  Sesantaduangsoyng Wldiide

P ‘s \ P < . a .
ﬂs:‘[wﬂﬁmnnqﬂ hn'ijw:ﬁ‘w o galafiony o CoP azfianunsasdiwnluszuuieme

A o
nwilsznou 27 Lﬂieawumuluﬁ:uu 8-z
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mwilsznow 28 #8 CCP-P-SS luuwy S-Z

1.2.1.5.2 Tassade
1) 820025 JunssuasduenaudnaerIn 0.4 vy, 0.5 uu.  0.65 wa.
<
uRz 0.9 Wy,
ade u . Y oA =
@) awwm anlfifluaniufie P.E fag 8 & fe ®iGuw  @ndes Rilinn &
a = a s o o
w9 729 Fu2 Whena &
(3) Quad \{lwuuy Star-Quad type RUwusiez Quad 3 5 & AWEW TWR09

a el L] A A s 4 Pl : a o
FVUYT FUAS AU UWASEIW U 3 B RTII FUWIAR &0

{0 Pair unit
et

"

mwydsznew 29 (1) mMswuindenlvuuy S-Z mwilsznay 29 (2) R unit uuy Alpsth
mwuisznow 28 mMswnAenlwuuy S-Z uazidsznowiy Unit
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Y I Y

P = .

Y AU

9 (D | v ~—

N A e .

B T ATy
L

Conventional methods S5-Z method

Layont of 5-Z suranding machine

;lupply stands 2 3 4 5

Adhesive

appiicate Quad cradic Phase  Face plage
T shifter  (ape serviy
head
n-
Unst stracding cradie Capstan Thke-up el

—

DDDDDI% © N

g e -l
AwdIznoy 30 TuaawmIWwNADIluIzUY 8-Z
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"] i

an 1 an 2

L] U
o o o w d v o o o«

A16u WU 1 LWAun 2 WRWN 3 LFUN 4

1 W k) wma @
2 {ARBY 2417 Wes A
3 SiTe) 217 wnnia @i
4 Lwag 273 wIwIa @n
5 224 117 UINIR #in

(4) mIwwndoutn Unit

1 Unit Usznausiu 5 Quad q9um 1 Unit dszneudan 10 & 10 Unit &

' 4 . . & a o . L o4 d e . . e
100 § m3nezduun unit iU afinWusoLudaz unit AamUnWuusaz unit axdFuanaanwly

AIUFAIIUMITIE 5

a A a ' .
@19 5 abﬂﬂwa’lﬁﬂnﬂwusﬂuuﬂﬂ: unit

SRl _é:ﬁmjmu Emmmwmaﬁn fau faue ‘&mmmﬂw;aﬁn
1 1-10 Widu 11 101-110 d@u+ihena
2 11-20 wand 12 111-120 mAng+inmna
3 21-30 Hen 13 121-130 s
4 31-40 Lo 14 131-140 umﬂfﬁmﬁ
5 41-50 129 15 141-150 ias+ima
6 51-60 B AT T 16 151-160 KB
7 61-70 WRES+YM 17 161-170 IARaI+En
8 71-80 Wo+am 18 171-180 e+
g 81-90 UAI+IN? 19 181-190 UAI+G
10 91-100 e Ee T ] 20 191-200 3i29+9n

1.2.1.5.3 qmawﬁﬁmﬂﬂﬁq

(nrngwdnans
(33.)
0.4
0.5
0.65
0.9

(1) anusumusaasimdd Dc. # 20°C

dnasgw (2 km)

139
88.7
52.5
274

drgsga (€2 /km)

147.5
93.5
56.5
29.0
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(2) APUAIRNIUDOINKIY

SN unIRTaIaRIUszaadldiaunit 5,000 ML) km) Farzniealana
a -
Hiuazaedishnudnild DC 500 Volts

. P
(3) &1 Capacitance LAREHIW

T L . v ds A o A
mm@\‘lm:maa’lumnm’lmﬂm%um ween 1,000 HZ

R A
SURRUFIRG
U q
nF/Km
wdin 50 € wiswaunin 60
wiila 100 ¢ wIaunN 55

(4) slisuaauay Capacitance

. | A . o o = ' , o K
mmar.lu.a:mgaqwaomﬁﬂmuqmmnﬂﬂun 1,000 H, smnﬂa@munagh

=l e o A . [3 ' A a o [ J
Quad 1ipafu szaasddrliannninimuadide Wi

- ' | .
supaneada ; 500 was sLaat (PF) 1399 (PF)
gy 50 ¢ wIaveonin - 800

dwaudea 100 ¢ wiaunnh 150 800

A o a P - W & . o ;e
1“[”9“1561‘2“ L : f2a10UNaISIUSILLUANTIINITI® 61 L &UN2N 100 LNy ﬁiﬁ&lﬂ‘)m’mu 100 wuay

1.251.4 qmauﬁ'&imuda

lunwilyznay 31 \flusin Impedance uazsin Attenuation

ey \ tdan
@Sy AN g
ﬁL L kﬂ r/‘/ 08
} \\Y>\<L/ -
, \ Q - a 08 pe
of | SO e
Les= o
- | //// —josem

mwissneu 31 umaamﬁwﬁmaamuﬁa
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1.2.1.6 swwalda nitn Jelty Filled
El :‘ - o o~ - :" 3 . » ] ~ LY
Waidud T lwapwaradniedatirss e sodusinugesiswesmoedaludnsan
P . . o - - - w &l A - .~ . A
o uazdddeulidlusuy 9 flasfnliifagdnliufaniu IR WL BIRBRITANEMWAY
wudnnamuwmsrasawiudae  aygragpdslilumodann  Aafnssunouie 9 useilauon
- » A - s o o
anIanniew uaznnosvlwamouale
[ - - o d a q g LY % P &R P
msdanfath lfisamadamursnfazilosnwlilvisd i vennls wafidluniseand
wwoaufmilUlumoibsvuiaidin  atragumoadadsiems  wIemovsadnasSusssununms
o [ d o o . e o I aa A a q e A
navesufage unzdaduilgmaufalualidedaiu lunsuiligmidoransit deesfinalulwmuday
R a o =] 4 ¥ e
anviiaidn ) wezBndtwiie et luAlulveinwdnldaraaae
- a @ J‘ -9 g ar -9 -
Ftusnaomiawiniienunundu  wilumsufampozaasltnafinuinuasisauwsle
a Eom . vt A e .
TTULIMMIAaIn lindesfiaanuunwiastiwniumewiels
Ot L o [} I3 = A e » A‘d
dsznmsuashlaonsoamsdssnoudniflusesivsussmmaia aFsmIdananaiiinm
wa W I . d a 4 X e b
autaa wmuns wsvosir luliBudweranmes  inmInaaeg WaiagPiwiuvuldaniusy i
o f o . A o - A ~ A a
musanesBudiuldiduszanm 6 wes oive St RnsonluGesn1sHEamETY  ussa Ui eRe
o od | - o
ud Aemsnaesvsgnanldlutenin

anRuRaITTznay
1. sxdieslivilnmaulifues Polyethylene LEONANINGS
2. v:e‘i’aaﬁmmmﬁ‘mmumﬂwﬁwgaua:"hil,ﬁammwnw'lwﬁ'\
3. :hr.wiam'ﬂﬁaaa'lwm.:‘mmu'lai‘hqmﬂgﬁa:gwﬁm"n
4. zdadldmilprannuazauisedweanldisumsiinsdesy
5. swﬂﬂgnuﬂ:mu'lsnnﬂﬁéﬂuluﬁ“aqmmﬂ

o JF eda  savannudrelinadunmadalaiu  (oadsdsienig)
« ., - & - ) z
nsdamsihiznauuy MilusuumIninvuneuuesmIWINAYY (Stranding process) wlsndumanuaz
& ar a ool
dwuuy P Alpeth. LAP unzqmanimslidihuulndifiseiumowmadinna 9

1.21.7 sravaiiia ¥ite Armored
a o oo o ar 2 4 o ar LA |
smaisneenuuylidmivivusinisionniouan Fyeziifaqlosnunauruiine
= J o = o L g 1l . o
ANURINULTNT  mwdssnieseanuuylsrwmivemadsldadulonlylensiiuwviasesamn s
A‘ =l L7 . 3 .
armored  “aclisesuvufe  wuuldimlutivminduseuiRonduae  (Steel tape armored Cable) uss
LULILFUAAANAL (Wire armored Cable) UUUIEURIMRRNRUDENBUTIAMT aUsIna leunniuumny
LHULAAN

duuﬂsznawaﬁﬂqﬁlﬁﬂumﬂzﬂmﬁ'u
1. Stes! taps armored
. o P | >
suyusindwman ﬁmnﬂwi‘sumsmﬂ fslsznay Asphalt uaziimdwa
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mwdsznauy 32 Steel Tape Armored Cable

2. Wire armored
¥ Or -~ A d . & o
gulsznauiniiouny Steel taps armored HANUNTINTIE wire armored WuiLdW
- - B G ﬂr Qe o d
arananiwinsizilosnw muamlumwﬂ‘sznau 33 muﬂs:mwm:lm‘n'luusnmﬂﬁ’aemsmwmwu

YBIFLFI WuTalkwidl naeay Iwneanza

Mwssneau 33 Wire Armored Cable

1.2.1.8 Self supporting Distribution wire (SD wire)
1.2.1.8.1 msigm
e SD Wire 1~ﬁ'ti‘lumuﬁhu'lﬂﬁujnhﬁaglwmun 1uu‘§nmﬁm‘smmﬂzmmm§
wrluszozne 15 9§ Tahife 30 lushmfimsaanziuiudnnn wienwandoimssasissins
Lﬁaamnme;uamaﬂx:ms mn:muﬂs:mwf{ﬁwn‘nﬁm?ad'muamuﬂ'w‘lﬁdw
1.2.1.8.2 Tavsase
(1) 80D usanasLasiitdiusguinas 0.65 uy. uaz 0.9 wu,
(2) aww ﬁﬁumaﬁ"aﬁnﬂu PE
(3} gene maadnhy 2 1w ez 1 gy usz gimmfmzﬁu
@L PV.C andgmy  maih 2 1§ exfiinfuamuds 1 iall uazﬁjmmfm:ﬁuﬁ'w P.V.C Bna¥s

~
wits uaaalumwilssnaw 34



{1} One-pair SD wire

Black PVC ] Supporung
2.6 min Galvanized Stee! Wi Wire
Conductor
~ White colared PE
Black PE
Black PE
Black PYC
(2) Two-pair SD wire
—— Conducior
White Colored PE
Black PE
Black PE
Black PVC
2.6 mm Galvanized sieel wire
Black PVC
Black PVC
— White marikung
—_
(1) Six-pair SD wire
Brown PVC (racer pair)
Black PVC Conducior
Whitz Colared PE
Black PE
s Pair Ve
Black PVC
Black PVC
White marking
White marking

26 mem Colvanized stee! wire
Black PVC

nwidsznau 34 waaIMwWaaTTISaINMMAUR S.0 Wire

34
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1.2.2 aawaldaunwsas (Coaxial Cable)

1.2.2.1 @&#& Coaxial 2.6/9.5 mm.

8¢ coaxial 8.5 mm. f;ﬁta”ud1giuﬁnﬂﬁawaamav’f‘m—nﬁulu 26 mm. uaziEuengud
naspsInedindunan 9.5 mm. Sauwrwdumdasfulyliidusadinduluuasuanunfotuaniu
Al Polyethylene (PE disk) #szuzvinanuiszanm 33 mm. &b coaxial URSTWRBAVTRUN 2L
mUueEunaAn uaznszanmny iivedastumssuniu

TWIUMRENVEY  coaxial PsznauummeiDanuiioous 1,2,4,6,8,12,18 unzluay
tmﬁaﬂ"umsggjmuﬁ‘l-ﬁ'éﬂﬂ%’u luszuuaueu msthgsine  unzlddwiudumodsiuszozmslailng
uIndn (Short haul) %aﬁﬁmhg‘mﬁnmwmmﬂﬁ'zm 0.65 mm. %39 0.9 mm.

gmdmiumy coaxial wulielusrazmalnas ua;ﬁa‘immgnhﬁe'fmmsé‘meiaﬁ'utﬂu

wuan g levsswesanuduaadlunwilsznoy 35

mwilsznou 35 tﬂugﬂmwﬁﬂmmmu coaxial Lowdin 9.5 mm. 18 Waa

Steel 12
Paper 12pe /\ pe Outer conductor

Inner conductor

Polyethykene dick
() S 1ype
Paper tape Outer conductor
4 Steel tape
loner conductor
Polycthylene disk
(b) W type

mMwiszney 36 lasinsuosnenn coaxial 9.5 mm.
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mwisznay 37 wWwniwdipuasane coaxial

X}

q

ﬁla@ B3
e
RPop

(1) liopper (2) Feed Track  (3) Applicator Whee! (4) Knife (5) Center Conductor
(6) Dielectric Strength Testing Equipment (7) Copper Tape (8} Notching Die
(9) Forming Die  (10) Stee! Taps (11) Paper Tape (12) Take-up Reel

L) o . P
Mwdsznay 38 uRAIYTUNERMITHRNEE coaxial 1AtlUR 2.6/9.5 mm.

1.2.2.2 #v coaxial 1.2/4.4 mm.

mmntﬁauuuﬂ.‘fﬂsznauc‘i’wam&i’aﬂ‘ué’u‘lui’iLé’umguﬁnma 1.2 mm. ’9asuend
sEwEnARaNa1 4.4 mm. unziauwanntusswinesadinsesliliunsie awmnwnudun PE
Rutfuatanabhdiuly  dsueadlumwilsznou 39



<0
c
i
A —
o R 2% Fused par)
% AR ¢
- h _——— o . - inner
o | Q— s : ;
i (e o R K — conductor
a - .
S e — \ s ] —
b . :EI;:‘I Outer canductor
- P

12) Tape &rmensions 1by Completed coaxial whe

(c) P.E tape @ Q’ﬂu ial

. ) aA o o
nmwizney 39 dlu P.E tape uazgmy coaxial memilsniiail 4, 6, 8, 12 ussgenufedmols &
IWa 0.5 umz 0.65 mm

@Y7 6 ISUUSIUSIT0d Balance Cable

's:uHsia wouARRAES AN | TzozviwvessminIuFyQ I T G
Voice band 0.3~3.4 kHz 1c¢ch - Junction PEF cable

toll PEF cable

T-12 SR 12~120 kHz 12 ch 9~13 km (max) toll PEF cable
PCM-24 1.544 Mb/s 24 ch 1.45~4.11 km {max) Junction PEF cable

toll PEF cable




AT 7 STULUAURIVEd coaxial Cable

38

FEUUFYE wauARUA Jeatih LTS witla
AOANMIY N
4.5 km 9.5 mm coaxial
cable
CP-12M 308~12,435 KHz Voice 2,700 ch 2.0 km 4.4 mm coaxial
cable
C-80 M 4,287~61,160 KHz Voice 10,800 ch 1.5 km 4.4 mm coaxial
4MTV 9 ch cabte
DC-100M 97,728 Mbfs Voice 1,440 ch 3 km 4.4 mm coaxial
4MTV 3 ch cable
DC-400M 400.352 Mb/s Voice 5,760 ch 1.5 km 4 4 mm coaxial
4MTV 12 ch cable
i
Wi
]!
Faninlu
aum

aAMiman /

SUIN

miniin (Shield) /

1.2/4.4mm § Tube
Coaxial Cable

nawilssney 40 UEAIATIFINLEIEY coaxial WDRuLY 1.2/44 mm



a7 8 Taalvinany

39

UMy

Tasaade

8709 bl

Lé’umguﬁnma

AUIRNUTER I L uLas A wan

Polyethylene tni

aman MUNaIue Lé’umguﬁnma 4.44 .
Shielding urwnrEn

AUIUTER IR InUnssauRLWNRINUIaD
wianuans 27 P.E

IWIUNRAA 4, 8, 8, 12 waoR

‘i'i'\wmgli“u 89 balance

10 T3 820 ¢

) o ¥
AMLENITVBITIL Coaxial Cable HAsH
= : e L
(1) finsNgusoIRgy Iy
Loaded > Carrier > coaxial
o A . a s P T - O - -
2) aganahsslumadumalflag swdnfusinfiuisseanonmeanzinnnuda
. - - ) - ‘l: - T ﬂ‘: . v ] B F‘ J
winnuaiwesuas  widslumumoedaiy  nadwmaessyanasuesdenuilivindw  dviiu
sgnulszinnuasanuiifa
Loaded Cable : 7-21% 204677IMTIDDILED
Camier Cable : 64-69% HINTIUTIVDILED
Coaxial Cable : 89-95% WHINTIATTIDILRD
-t a . g . & -
(3) ¥ Cross-talk WRZLRHITUNIWATY 9 Giauwnzluey Coaxial wu T
" w 1»& “ o a 4 o [
WanaLinai iwwunanioanunissuniuludasesindifios
Lt . ol o
(4) mgrg'amgtgmu‘lumuuuaﬂ
[ | =t
ananud 100 KMz
O NLC = 1.95 db/km (1.2 mm.)
X COX = 0.75 db/km
. A
(5) &1 Impedance ATAIN
(6) ﬂuu‘saé'u'lvlﬁ‘ﬂﬁga _
gwiuluene carrier dousedolilumelduszunm 1,000 v udluae  Coaxial
. .
wREInglanstseyme 5,000 vV
o - -
1.2.3 smEnlaun (optical Fiber)
1.2.31 anpmzawuasmaiaelfigem
a e ad g w o a o N a '
solagna wamuamuunugmmmmm‘[am: feazludiusdamTsunmiuaméuusony
- g e - e .=| - w o & 5 A ' ar a
Wan m‘sgtymumytyﬂmlumuuuau funundunis  aavuenulouid dsllanuasasigiuazilsznda
o aw o A ~ [ B [ P P
mmum'ﬂﬂmﬂumumlm:uummaa'lﬂ'nmﬂgﬂuuu S dusnvasluszvuinsdwinmw  dsezfuln
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A ' a a Aq w & . = @ G oA . .
swinwn  demanavloumeniuiminaenldilumudslaning smoloui Soiltaanas 9atins  luudvng
NIIAAAITIIRN HUAETMITNIITNENEIY W molrwiain  SmimuussMuIT0ans wIRY IR

muFg s liiuetnann mwlszney 41 uss 42 ugasdedvasmeuscsnisinli g

Inter-City Trunk

Long-kayl
Large<apacity ‘

Circuit near Elec-
tric Power Feed Line

Low Loss

Tarsmisston  Characterisrics

Broad Bandwidth

Non-clectromagaetic
induction

Light Weigh

Physical Characteristics
|

Small Diamecer

Intra-Office Wiring

mMwilsznau 41 Tefuasmuidulouia

Optical Fiber Cable Application Existing Cabic
{
Loug-bual < ..
SM L Capacity 9 Smm Coaxigi Cable !
I sk Cable
Short-haul Medizm Toll/Junction
ol Small Capacity Balanced Cable
. ! Submarine
M > Large Capacity Coaxia| Cable
Submarine (Non-Repeated) (Repeated)
Cable
) . Submarine
Gl Small Capacity Balanced Cable
{Non-Repeaied) {Non-Repeated)
sm: il Gl Subscriber Line Balanced Cable

SM: Single-Mode, Gl: Graded-Index

amtizneu 42 vouvans 14duloudrlunsfoais
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‘luﬁaamwmnuu%auswmmuluuﬁ’;‘tfu‘luﬁ‘maamuluuﬁ":maﬁmwnuuseﬁa'lﬁga
nanEuaInnaILas dszanm 10 w'nua:gan'hmﬂa:@ﬁtﬁﬂuﬂt:mm 20 v dleiliuAmitacarinfiy

muLé'uluuﬁ'amﬁuﬁmmsﬁamsﬁag 2 WYY eHonu fa WU SM uwa: Gl auldw
lowhr sM - Suuudnhouszwianuiggidvlumoiidon dmmouuy 61 Kumsdsmovldioiiym
dnflafvurumouy sM

1.2.3.2 maiawnuasualwamauwlawna

mms?uluuﬁ'aﬁag 3 7 ﬁauawa‘lugﬂﬁ 2.32 auria Step Index(Sl) UsIHUMA
1umui{‘tfuﬁuuuﬂn@haﬁumﬁau'lﬂmi—wha core Ny clad ﬁsﬂé’nwm:uﬂuunuﬁ'uﬂﬂm (Step index
profile) &% Graded Index (GI) uuu.aafo-mu'lz]ua:‘almaam‘lumanmm-aumu Single Mode (SM)
uuuaﬂ Mode (@efidunaly

:' Ld-d N
—=1% —

Reladv refructive X
Pelarlv re @) Stp index type (51 type)

A

~1% (%) Greded index oype (GY eype)

L oA
| —

»0.3%

| B

{c) Singls mods e (5 typej

Musznay 43 PRI IMBLLSMIUR NI BIGTIRIIA

1.2.3.3 Tasvassussae
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General Description

The Maxim ICL7116 and 1C1. 7117 are 3% digit monolithic
analcg to digital converters. They differ {from the
Maxim ICL7106 and ICL7107 in that the ICL7116 and
ICL7117 have a Hold pin which makes it possible to
hold or “freeze” a reading. These integrating A/D
converters have very high input impedances and
directly drive LCD (t1CL7116) and LED {ICL17) displays.

Versatility and accuracy are Inherent features of these
converters. The dual-siope conversion technlque auto-
matically rajects interferance signals commoen in
ingustrial environments. The true differential input is
particularly useful when making ratiometric measure-
ments {ohms or bridge trensducers). Maxim has added
a zero-integrator phase to the ICL7116 and ICLT117,
eliminating overrange hangover and hysteresis effects,
Finaily, these devices offer high accuracy by lowering
rollover error 1o less than one count and zero reading
drift Lo less than 1uV/°C.

SAAXKI AV
32 Digit A/D Converter
With Display Hold

Features

¢+ Improved 2nd Source! (See 3rd page for “Maxim
Advanisge™).

+ Hold Pin Allows Indefinite Displtay Hold

+ Gusrsnteed First Reading Recovery (rom
Overrange

¢ On Board Display Drive Capabliity — No Exiernal
Clreuttry Required: LCD-ICLT116, LED-ICLTIIY

¢ High Impedance CMOS Ditterentlal inputs

+ Low Nolsa (< 15uV p-p) Without Hysteresls or
Overrange Hangover

#+ Clock and Roleronce On-Chip
4 Zero Input Gives Zoro Reading

¢ True Potartty Indlcation for Precision Null
Appilcations

Applications Ordering Information
These devices can be used in a wide range of digitat PART TEMP RANGE PACKAGE
panel meter applications, Most applications, howaver, -
involve the measurement and display of analeg data: ICL7TUECPL  0°Cla +70°C 40 Lead Plastic DIF
ICLINBCIL  0°Cto +70°C 40 Lead Cerdip
Pressure Conductance - .
voitage Current ICLITM8CO  0°Clo+70°C 44 Lead Piastic Chip Carrier
Resistance Speed ICLTNEC/D  0°C o *T0°C Dice
Temperature Material Thickness ICLTIICPL G°Clo *70°C 40 Lead flastic DIP
ICLINMICHL  0°Cto+10°C 40 Lead Cerdip
Typical Operating Clrcult  |ICLTWICQ  0°C1o+70°C 44 Lead Piastic Chip Carrier
[icLmi7c/o *Cile+70°C Dice o
teo Pin Configuration
Ly
o] | [Toe view <
wags' e I'—mcﬂg ¢ %gﬁ
- £ 4] [14]
_____I n Test
RLOSEY o b0 L Y % % REF B
_Jlo—— GFEH - fi2 | v 1] Gl
AL WA & 7] Bt comer
HLr11G —_h{ [I C-wis
3 TG gy [} comxea
i o L a8 Erie i
- &z {17} u
— el 7 W iE iCi7i7 i
3 [ 7} W
T — *; é (1T iy
: o5 T 6oy
-] ; B IR
— - T og 20 s
otk it 33 mt—n:!% i
ro. 1 SPsEND )19/
Deziys 50
(Deraited Ciecuit Dingrom—See a3t poga} Sog last poga for Plastec Chip Cartier Pin Conligurrtion

Tha ~Mawim Advaniape™" sigrutias on sied qualny level, At no diliong! cost we offer s oecong-gource Gavice that s subject (0 the following: guer erntesd
parinmmancy over tomasrature abunz tightes (8t SpeCITECAtions & Many Ky parematera; e Rv wh Ihat rasult in amproved
Dortormance waliow cheaying tho iry.
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ICL7116/7117

32 Digit A/D Converter
With Display Hold

ABSOLUTE MAXIMUM RATINGS
Supply Vollage

Powar Dissipation {(Note 2)

ICLTB, WV 0V e iecnieanas cerenan PO 15V Ceramic Package . 1000mwW
ICLTMT VP IOGND ..iniiiniisiireniearennanarannen +6V Cardip Package ..
tCLT117 V7 10 GND weeeanes <OV Plastic Package ............. P
Analag Input Voltage {either input) (Note 1} . ......... Vi Operating Tomperature Range . «.. Q°Cto+70°C
Refergnce Inpud Voitage (aither Input) ....... vreeeeie WDV Stotage Temperature RO .. ....v. - . -65*C 10 +160°C
Clock lnput Lead Temperature (saldering, 60 sec.y ........ vereaee. *300°C
WL ... I bebeemeratareanan P
ICLTT .
Mow £ Input voltage may excood supply woilagas., provided ho input curront ia fimitod 10 £ 10GLA
Mote 2 DRsipation rating Ayzumes (evice H mounied with afl loads soldored 10 printed circuil baard,

Strwasta sboee 1R00E WM wenor " O10Iwte baximum: RETANS “MaY Cavts DAIetet! CAMEGE 1o My avica. TREI0 29 EIFBEa 18103 Oy BT Iunrt0ne’ apes aLon Of i SRt 31 ey
o any othar d SBOw | i n the op ioreal “cat is Aot unphad. £ e gty PO SOSOATE MMa caTrUI S8 T CONCIIANTS Kr 0 11 NTed L0000 ey
aiac dovice roletivty.

ELECTRICAL CHARACTERISTICS o)

CHARBACTERISTICS CONDITIONS l MIN TP MAX UNITS '
Zoro Input Reading Vo= 0.0V T om0 2000.0 +000.0 Digital Roading !
Full Scate = 200.0mV T e .
Ratiometric Reading Vi ® Yags = 100mV o999 |I8N000 1009 Digital Reading .
Rallover Ercor (Diflerence in Wy = V@ 200.0mV -1 102 +1 Counts !
Reading for Equat Postive antd ;
Negative ReadingNearFutiSeae | ¢  + |\ L. . ;
Linearity (Max. Deviatlon from Ful Scale = 200mv -1 10.2 +1 Caunts !
Bes! Straight Line Fit} or Full Scata » 2,000mvV : ]
Commaon Made Rejection Ratio Vs = 21V, Vi = OV - P
{Nola 4} Full Scala = 200.0mV |
Noiso (Pk-Pk Value Not Excesded Vi = OV HERT? i uv
85% of the Time) Full Scate » 200.0mVY ! H
Leakage Current @& Input Vi = OV . 1 0 pA
Zoro Reading Drit V= 0V 0°C < Ty < 70°C 0.2 1 sV C
Scole Footor Tamperaturs Vi = 199.0mV . 1 5 ppm~ T
Coatticient FE<T, <T0°C -
(Ext. Rol, 0ppmv™C) N
i V* Supply Cutrent {Does Not Yy T0 T o8 1.8 mA
+ Include LED Curranl tor mn : H
{ V" Supply Currant 117 Onty 06 18 mA
. Anualog Common Yohage (Wan 25() Between Common & 24 28 3.2 v
Rezpect to Pos. Supply) Pos. Supply
Temp, Coofi. of Analog Common 2511 Botwoen Common & 80 ppmSTC
| ¢wah Rospoct to Poa. Suppty) Po3. Supply
tnput Rosiswance, Pin ¥ (Mota 6) 30 70 kil
! W, Bin ) (7116 Onty) TEST 15 |, v
— :
V. Fin 1 (7117 Only) GND 1.5 v -
Vs Pin 1 (Both} vi.is v
7116 Only [Ngta 5) Vitov -8V 4 3 6 ! v '
Pk-PK Segment Drive Voltage, { i
Pk-Px Backplana Drive Vohtage 4 L k) v i
7117 Only {Excep! Pin 18) “wts50v 5 a0 ma
Segment Sinking Curromi i Sogmant Voltage = 3V H
(Pin 19 Oniy) H w0 % i
Mote & Untess ¢ ioe motod, ppociticotions appty W both (o TG and 7117 ot T, = 25°C, oo 2 8KHL. 7118 is 183104¢ in the circvit of
Figure 1. 11T {3 tosted in the cirguit of Fifure 2. -
Mote &:  Rofor tp ~Difforontial input” discusston. | Maxtms CL7108ACL DY gata shoot} : .
Nole §:  Bockplong drivo b in phase with sogmen drive foc "off’ cogmant, 180° ot 6 phato tor ‘or’ segmant. Fraquoncy ks 20 timas

conversion rata. Avarage DC componant ks {003 than 50mV. .
(Note 6:  Tha TH18 fogic tnput has an bvicrnal pull-down resistor connactod from HLDR, pin 1, to TEST, pin 37. Tho 7117 logic input has
on mitcre pull-down resistor eomnocted from KLDR, pin), to GROUND, pin 20,
::m#:fufvmnggcmn?mmd:gﬂmdmy-au;ﬁw 1°F554 ) Cntd O ineon e [l e
DMGAL e T THED I A DI Enchusind ov et FTD SR SCEWY (O EASTRO o ENPTICA

2 AAAXIAN
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¢ Guaranteed Overload Recovery Time
& Signiicantly improved ESD Protection (Note B)

¢ |ow Noise

ELECTRICAL CHARACTERISTICS: spociticat

V* = GV Ta = 25°C. feuncx © GBKHE: test circuit - Figura 1 (ICL7116). Figure 2

M AXI/VE

312 Digit A/D Converter

With Display Hold

4 Maxim Quallty and Reliabllity
& Incroased Maximum Rating for input Current (Note 8)

ABSOLUTE MAXIMUM RATINGS: This dovice conforms to the Absalute Maximum Ratings on adjacent page.

{(ICLT117) unlesa noted)

¢ Key Parameters Guarantead Over Temperature
+ Negligible Hysteresis

ions bolow satisty or exceed all “lested” parametars on adjacent page.

—

PARAMETERS CONDITIONS MIN TvP WMAX UNITS E
rZero Input Roading Vg = 0.0V, Full Scate » 200.0mv I
| T,=25°C (Noto 7) -000.0 +000.0 +000.0 Dhgital
ofcs T, 570°C (Note 11) 0000 0000 +000.0 Reading
| Ratiemotric Roeding Viu = Viges = 100mV
T,225°C (Note T) a99 99911000 1000 Digital
cs Té?ﬂ'c {Naote 11} 98 9591000 1om Reading
Rotiover Error {Ditlerence in Wy = #VYy = 200.0mY
. Reading for Equal Postive and T, ~ 25°C (Note 7) -1 202 1 Counts
. Negative Reading Near Full Scale) C=7T,<70°C {Note 1) 0.2
- AT -
* Lingarity (Max. Oeviation from Full Scale = 200mV -1 T 0.2 -1 Couts
| Best Straight Line Fitj or Full Scate = 2.000mVY i
} Commaon Moda Rejoction Ratio Veu =21V V2 OV 50 v .
‘ Full Scata T 200.0mV |
["oise (Pr-Px vatue Not Exceeded Voy = OV 15 v :
_95% of the Time) Full Scale = 200.0mV ! |
[input Lookage Curment [ Ve = OV, T, = 25°C {Note 7) | v w0 pa |
b jeresT,S10°C 20 00 | _ ;
| Zerc Reading Drilt H V=V —1
G < 1,5 70°C {Note 7) 0.z 1 WP C ]
— —_ — —_
i Scale Factor Temperature Vo, ™ 199.0mV 1 5 ppmi°C
I Coetticient CET,=70°C
! (Ext. Rel. Oppm/~C)
v* Bupply Current Vo o OV
{Docs Not include LED T‘, ~25°C 0.6 18 mA |
Cumrent for T117) 0°CsT, sT0°C 2 |
v~ Supply Current 7117 Only 0.8 18 mA
Anateg Common Vottage (With 25401 Detween Common & 24 28 a2 v l
Agspect 10 Pos. Supply) Pos. Supply H
m— " |
Temp. Coetf. of Analog Common 25ki1 Between Common & 15 ppm/*C |
(Wih Roopect 10 Pas. Supply) Pos. Supply i
| input Reststonce, Pin 1 (Noto 6 30 70 . (13} __“
i Wo. Pin 1 {7116 Gndy) TEST+15 | v
¥, Pin 1 (7917 Only) GND +1.§ v
vy, Pin 1 (Both) vl v
7116 Only (Node 5) v to V" o9V 4 H 6 | v
Pk-Px Segment Drive Vollage, |
Pk-Ph Backplana Drive Voliage .
7117 Only {Excepl Pin 18) v =50V 5 8.0 mA l
Sepmem Sinking Current Segrent Voliage = IV |
{Pin 19 Only) 10 16 ma,
7116 Only — Teei Pin Voitago With Raspoctta V* q § [ v
Overload Rocovery i ¥, changing trom 10V Maasyement
{Nots 10) to J o Cycles !
MotaT: Yoot condition b ¥, 2ppliod Betwcan pines UN-HT and IN-LO. L. 1844) regigtor an Figures Y and 2.
Note B: Al pigsd uosdesigned 1o withstand slectrostatic gisehorge (ESD) levols in excras of 2000V (Tost circuit per MIL. Std BBAC.
Method J015.2, :
Mota Ot :;dpm uonagm'may anceod tha supply voltaga grovidod the inpul current 0 lmited to =1mA (This revises Note 1 on the
jecont pegel.
Naotz 10: Numbar of mansuromant cyctes for diupla; 0 giva accurdio recaing.
Wote TE  1A/11 resistor Is removed b Figuros 1 and 2.
A AXKILAA 3
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ICL7116/7117

32 Digit A/D Converter
With Display Hold

Detailed Description

The Maxim ICL7116 and ICL7117 3% digit A/D con-
verter are similar to the Maxim ICLT106 and 1CL7107,
except for the addition of a Hold pin. For a detailed
product description, package dimensions, and appli-
cations Information {other than the operation of the
Hold pin described below) refer to Maxim's ICL7106
and ICL7107 data sheet.

Hold tnput

The Hold input is a digital input with a logic threshold
approximately midway betwesn V™ and Test (ICL7116)
or V* and Ground (JICL7117). The ICL7116/7117 con-
tinuously performs conversions, independent of the
Hold inpul. When the Hold input is connected to V*,

however, the display latch pulse is inhibiled, and the
the dispiay latches are not updated. The Hold input has
a 70 kilohm pulldown resistor 1o Test (ICL7116) or
Ground {{CL7117) and the Hold input will be pulled low
ititis left open. When Hold is low the ICL7116/ICL7 117
updates the display 8t the end of each conversion, The
Hold input is CMOS compatible, and can alsc_be
driven by a switch connected to V™ (Figure 1 and 2) or
by a PNP transistor.

Unlike the ICL7108 and the ICL7107, the ICL7116 and
ICL7117 do not have a Reference Low input. Apply the
refarence voltage between Reference High (REF HI)
and Common,.
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Figure 1. Maxim iCLIT16 Typica! Oparating Cireuit.
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General Description

MIX536A and MXB36 are true RMS-10-DC conven.-
‘hey feature low power and are designed 0 accept
avel input signals from 0 to 7Vrwms for the MX536A
) to 200mVRms for the MX636. Both devices accept
lex input waveforms containing AC and DC com-
nis. They can be operated from either a single sup-
r dual supplies. Both devices draw less than TmA
liescent supply current, making them ideal for bat-
rowered applications.

' and output offset, positive and negative wavelorm
netry (DC reversal}, and full-scale accuracy are
‘trimmed, so that no external rims are required 10
2ve full rated accuracy.

Applications

Digital Multimeters
Battery-Powered Instruments
Panel Meters

Process Controf

Pin Configurations

0P VIEW

T\
Vi E E +Vg
ne. [2] [13] N
v 5] amaxana fne
Cav E MX5364 E NC.
o[5] MX636 o] comvon
gur out [ ALY
surm 7] 6] o
oe

Pin Configurations continued at end of data sheet.
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True RMS-to-DC Corniverters

Features

4 True RMS-to-DC Cenversion
4 Computes RMS of AC and DC Signals

¢ Wide Response:
2MHz Bandwidth for Vams > 1V (MX536A)

1MHz Bandwidth for VeRms > 100mV (MX636)

¢ Auxiliary d8 Output: 60dB Range (MX536A)
50d8 Range (MX636)

+ Single- or Dual-Supply Operation
4+ Low Power: 1.2mA typ (MXS536A)

800pA typ (MX636)
Ordering Information
PART TEMP. RANGE PIN-PACKAGE
MX536ACID 0°Cto +70°C Dice**
MX536AJCWE 0°Cto +70°C 16 Wide SO
MX536AJD 0°C to +70°C 14 Ceramic
MX536AJH 0°Cto +70°C 1070100
MXS36AIN 0°Cto +70°C 14 Plastic DIP
MX536AJ0" 0°Cto +70°C 14 CERDIP
MX536AKCWE 0°Cto +70°C 16 Wide SO
MX536AKD o°Co +70°C 14 Ceramic
MX536AKH 0°C 1o +70°C 10 TO-100
MX536AKN 0"Cto +70°C 14 Piastic DIP
MXS36AKQ" 0°Cto+70°C 14 CERDIP
MX536ASD -55°C to +125"C 14 Ceramic

Ordering Information continued at end of data shest.

* Maxirm reserves the right to ship ceramic packages in lieu of

CERDIP packages.
** Dice are specified 8t Ta = +257C.

Typical Operating Circuits

Cav
ol [ o

Viy —

el

g

ABSOLUTE
VALUE

SQUARER
[IVIDER

CURRENT
MIRROR

p— Vs

Typical Operating Cireuits continued at end of data sheel

1.AX01.AA

axim Integrated Products 1

r free samples & the latest literature: http:/fwwwe.maxim-ic.com, or phone 1-800-998-8800.
r smalif orders, phone 408-737-7600 ext. 3468.
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SOLUTE MAXIMUM RATINGS

y Votage Dual Supplies (MXS36A) ... =18V Qutput Short-Circuit Duration ... Indefinite
{(MXB36) ... Lz 12V Operating Temperature Ranges
Single Supply (MXS36A) ... ..+36Y Cammercial (J, Ky ... ... e e 0°Cto +70°C
{MXB386) ...... L+24V MY (S) oo -55°C 1o +125°C
Voltage {MXS36A).................cc. ..x25V Starage Temperature Range ..........oee -55°Cto +150°C
{MX636}......... e b e e 12V Lead Temperature {soldering. 10sec)...........oiinnns 300°C
r Dissipation {Package)
stic DIP (derate 12ZmW/*C above +75°C) ..... ...450mw

all Outline {derate 10mW/*C above +75°C}.. .
ramic (derate 10mW/°C above +75°C) .....curveeee
-100 metal can (derate 7mW/°C abave +75°C)...... 450mW

es beyond those listed under "Absolute Maximum Ralings ™ may cause permanent damage 10 the device. These are stress ratings only, and functional

ion of the device at these or any other conditions beyend those indicated in the operational sections of the specifications is not implied. Exposure [0
fte maximum rating conditions for extended periods may affect device reliability.

CTRICAL CHARACTERISTICS—MX536A

+25°C, +Vg = +15V, -Vg = -15V, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
sfer Equation Vour = [avg. (Vin)2] 1,
raging Time Constant Figure 3 25 ms/pF Cay
NVERSION ACCURACY
! MX536AJ, AS +5 20.5 mV =% af
| Efror, Internal Trim (Note 1) XS I6AK 03 Reading
MX536A) 0.1 £0.01
| Exror vs. Temperature Tmnto +70°C MX536AK +0.05 +0.005 my +% of
I . . o
’ pe MX536AS 20120005 | Reading/"C
+70°C o +125°C MX536AS +0.03 £0.005
mv 2% of
al Error vs. Supply 0.1 =001 Reading/V
MX536AJ, AS 0.2 % of
| . i
al Error vs. DC Reversal MXS36AK 201 Reading
al Error, External Trim MXS36A4. AS +3 0.3 mV =% of
te 1) MX536AK =2 201 Reading
ROR vs. CREST FACTOR (Note 2)
Crest Factor 1t 2 Specified Accuracy o of
. 0
fitional Error Crest Factor = 3 0.3 Reading
Crest Factor = 7 10
"QUENCY RESPONSE (Note 3)
ViN = 10mV 5
dwidth for 1%
= H
Jitional Error (0.09dB) Vin = 100mv 45 kHz
ViNn= 1V 120
Vi = 10mv . 90 KHz
1B Bandwidth Vin = 100mV 450
Vin =1V 2.3 MHz

FA AKXV




:CTRICAL CHARACTERISTICS—MX536A (continued)

179

True RIMIS-to-DC Converters

+25°C, +Vg = +15V, Vg = -15V, unless otherwise noted.)

PARAMETER l CONDITIONS MIN TYP MAX UNITS
JT CHARACTERISTICS
=15V Supplies Oto? VeMs
Continuous RMS Peak Transient +20 Vpk
it Signal Range
+5V Supplies Ol VRMS
Continuous RMS Peak Transient 27 VpK
2 Input All Supplies +25 VpK
it Resistance 13.33 16.7 20.00 k2
MXS36AJ. AS 0.8 2
at Offset Voltage NX536AK 0% 01 mv
'PUT CHARACTERISTICS
MX5364AJ +1 +2
Ta = +25°C MXS536AK 0.5 1 my
MX536AS +2
et Voltage MX536AJ. AK 20.1 .
Ta = T 0 Tmax MX536A5 =02 mviC
Supply Vohiage MX536AJ, AK =0.1 iy
MX53B6AS £0.2
put Valiage Swing +15V Sup?lies o1l 12.5 v
+5V Supplies Oto2
put Current Source S mA
Sink -130 A
rt Circuit Currert 20 mA
lput Resistance 0.5 o]
QUTPUT
MX536AJ +0.4 +0.6
or g&“;ﬂ’;‘\‘,‘gfswms' MX536AK =02 =03 dB
MX536AS +0.5 +0.6
ale Factor -3 mVi/idB
% of
ale Factor TC {Uncompensated) 0.33 Reading/"C
F 0dB = 1Vrms 5 20 80 HA
fF Range 1 100 A
T TERMINAL
7 Scale Factor 40 YANRMS
JT Scale Factor Tolerance 10 +20 %
tput Resistance 20 25 30 k2
ltage Compliance (+\-’:s-t; 5) v

Al# K0 FR
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CTRICAL CHARACTERISTICS—MX536A (continued)

+25°C. +Vg = +15V, -Vg = -15V, unless otherwise noted.)

180

PARAMETER | CONDITIONS | MIN TYP MAX UNITS
FER AMPLIFIER
t and Output Valage Range (+\-,\;S-t(2:!.5) v
t Offset Vohage Rs = 25kQ2 +0.5 +4 mv
t Bias Current 20 300 nA
t Resistance 108 0
Source +5 mA
nut Current
Sink -130 PA
rt-Circuit Current 20 mA
ll-Signal Bandwidth 1 MKz
v Rate (Note 4} 5 Viys
zCTRICAL CHARACTERISTICS—MX636
+25°C, +Vg = +3V, Vg = -5V, unless otherwise noted.)
PARAMETER CONDITIONS MIM TYP MAX UNITS
sfer Equation Vour = lavg. (ViN)2]'?
aging Time Constant Flgure 3 25 msipF Cav
IVERSION ACCURACY
t Error, Internal Trim MX636) +0.5 1.0 mV +% of
es 5, 6) MXB36K $0.2 0.5 Reading
1l Error vs. Temperature MX636J 20.1 :0.01 mV =% of
> to +70°C) MX63I6K 0.1 £0.005 | Reading/°C
\t Error vs. Supply £0.1 20.01 F';:a‘;;i:‘g‘j‘&
MX636J +0.2 +% af
al Ermor vs. DC Reversal ViN = 200mV MXEIGK 01 Re:\sding
3 Ecror. External Trim MX636) +0.3 =01 mV +% of
te 5) MX636K +0.1 20 Reading
ROR vs. CREST FACTOR (Note 3)
Crest Factor 1t 2 Specified Accuracy
Jitional Error Crest Factor = 3 0.2 R::t!:: 9
Crest Factor = 6 -0.5
“QUENCY RESPONSE (Notes 6. 8)
dwidth for 1% Vin = 10mY !
itional Ervor (0.0968) Vin = 100mY 90 kHz
Vin = 200mV 130
ViN = 10mV 100 KHz
18 Bandwidth Vin = 100mV a00
ViN = 200mY 1.5 MHz

AKX
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CTRICAL CHARACTERISTICS—MX636 (continued)

+25°C. +Vs = +3V, -Vg = -5V, unless otherwise nated.)

PARAMETER | CONDITIONS ! MIN TYP  MAX | UNITS
JT CHARACTERISTICS
Continuous RMS, All Supplies 010200 mVRMS
. +3V. -5V Supplies x2.8
t Signal Range Peak Transien +2.5V Supplies +2 VeK
+5V Supplies +5
E Input All Supplies £12 VPK
1 Resistance 5.33 6.7 8.00 K
MX636J 0.5
it Offset Volage MXE3IGK ~02 mV
PUT CHARACTERISTICS (Note S)
. MX636J +0.5
| Ta=+25°C MXB36K 202 mv
el Voliage =
Ta = T 10 Tax £10 pvIcC
With Supply Voltage +0.1 mviv
) +3V, -5V Supplies Oto1l
put Voltage Swing 25V 10 216.5V Supplies Bwo1 1.4 v
put Resistance 8 10 12 KQ
DUTPUT
MX636.J 0.3 0.5
o ImV € Vin < 300mV YETEIT o 02 di
le Factor -3 mvidB
le Factar Tempco +033 *rC
-0.033 aBrc
3 0dB = 1VRMS 2 4 8 pA
r Range 1 50 HA
r TERMINAL
1 Scale Factor 100 HANRMS
T Scale Factor Tolerance <20 £10 +20 %
put Resistance 8 10 12 k)
. Vg to
tage Compliance (NSS_ 2.0) v
FFER AMPLIFIER
-Vgto
ut and Cutput Voltage Range (+Vs - 2) v
MX636. +0.8 %2
ut Offset Volage Rg = 10kQ2 636K 05 3 my
wt Current 100 300 nA
t Resistance 108 0
wput Current Source +5 mA
Sink -130 pA
ort-Circuit Current 20 mA
all-Signal Bandwidth 1 MHz
w Rate (Note 5) 5 Vips

AAXI1AA
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'CTRICAL CHARACTERISTICS—MX636 (continued)

+25°C, +Vs = +3V, Vg = -5V, unless otherwise noted.)

PARAMETER | CONDITIONS [ MIN TYP MAX | uniTs
[ER SUPPLY
d Performance +3/-5 v
| Supplies +21-2.5 +16.5 v
le Supply +5 +24 v
scent Current (Note 10) 0.8 1 mA

1: Accuracy is specified for 0to 7VRMs. OC or 1kHz sine-wave input with the MX536A connected as in Figure 2.
2: Error vs. crest factor Is specified as an additional emor for 1VRMS rectangular pulse stream. pulse width = 200ps.
3: Input voltages are expressed In volts RMS, and error as % of reading.

4: With 2k extemal pull-down resistor.

5: Accuracy Is specified for 0 to 200mV. DC or 1kHz sine-wave input. Accuracy is degraded at higher RMS signal levels.
6: Measured at pin 8 of DIF and SO (louT). with pin 9 tied to COMMON.
7: Emor vs. crest factor ks specified as an additional error for 200mViems rectangutar pulse input. pulse width = 200ps.

8: Input voftages are expressed in volis RMS.

9: With 10kQ extemal pull-down resistor from pin & (BUF OUT) to -Vs.

40: With BUF input tied to COMMON.

Detailed Description

MX536A/MX636 uses an implicit method of RMS
Jutation that overcomes the dynamic range as well
her limitations inherent in a straightforward compu-
1 of the RMS. The actual computation performed
e MX536A/MX636 follows the equation:

VrMS = Avg. {VIN2VRMS]

nput voltage, VIN, applied 10 the MX536A/MX636 is
essed by an absolute-valuefvoltage to curent con-
r that produces a unipolar current hy (Figure 1).
current drives one input of a squarer/divider that
uces a current l4 that has 2a transfer function:

_hz

-

current 14 drives the internal current mirres through
vpass filter formed by R1 and an externat capaci-
Cav. As iong as the time constant of this filter is
ter than the longest period of the input signal, |4 is
aged. The current mirror returns a current, 13, to the
re/divider 10 complete the circuit. The current 14 is
a function of the average of {112/14). which is equal
RMS.

current mirror also produces a 2 - |4 output current,
-, that can be used directly or converted 10 a volt-
using resistor R2 and the internal buffer to provide
w-impedance voltage output. The transfer function
e MX536A/MXE36 is:

Vout =2 - R2 - Irms = Vin

The dB output is cbtained by the voltage at the emitter
of Q3. which is proportional to the -log Vin. The emitter
foliower Q5 buffers and level shifts this voltage so that
the dB output is zero when the externally set emitter
current for Q5 approximates 13,

Standard Connection
(Figure 2)
The standard RMS connection requires onty one exter-
nal component, Cav. In this configuration the
MX536A/MX636 measures the RMS of the AC and DC
levels present at the input, but shows an error for low-
frequency inputs as a function of the Cay filter capaci-
tor. Figure 3 gives practical values of Cay for varicus
values of averaging error over frequency for the stan-
dard RMS connections (no post filtering). If a 3pF
capacitor is chosen, the additional eror at 100Hz will
be 1%. if the DC error can be rejected, a capacitor
should be connected in series with the input, as would
typically be the case in single-supply operation.
The input and output signal ranges are a function of the
supply voltages. Refer to the electrical characteristics for
guaranteed performance. The buffer amplifier can be
used either for lowering the output impedance of the cir-
cuit, or for cther applications such as buffering high-
impedance input signals. The MX536A/MX636 can be
used in current output mode by disconnecting the inter-
nal load resistor, Ry, from ground. The current output is
available at pin B (pin 10 on the "H" package) with a
nominal scale of 40UANRMS input for the MX536A and
100pANRMS input for the MX636. The output is positive.
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AN AXLN
MX536A

ABSOLUTE VALUE/
VOLTAGE-CURRENT
CONVERTER

CURRENT MIRROR

Ve

Vin

n

(1]

02rA

Fs 1° Cav

Ly
_@.«
W,

[
ONE-JUADRANT
SQUARER/DMIDER

re 1. MX536A Simplified Schematic

Cav
= | K-
1
.
Vo ol {ofasone)  fuafe-
(2] 3]
w3 ey [
4 QJ ]
Gl [ o
Vour 6 . ¥ g—g =
reE

ALAXLAA
MX536A
MX636

re 2. MX536AMX636 Standard RMS Connection

AAXLAA
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=]
H

] 1 01

11

QUTPUT SETTLING TIME TO COMPLETE
99% OF STEP_ (seconds)

. 0.19% T
N
¢

0l =3 00t
1 10 60100 *

FREQUENCY (H2)

S T REAT T

= 3. Lower Frequency for Stated % cf Reading Error and
g Time for Circuit shown in Figure 2

High-Accuracy Adjustments
accuracy of the MX536A/MX636 can be improved
e addition of external trims as shown in Figure 4.
ims the ofiset. The input should be grounded and
djusted 10 give zero volts output from pin 6. R1is
ed 1o give the correct value for either a calibrated
\put or a calibrated AC signal. For example: 200mV
nput should give 200mV DC output; a £200mV
-to-peak sine-wave should give 141mV DC output.

Single-Supply Operation
the MX536A and the MX636 can be used with a
e supply down to +5V {Figure 5). The major limita-
of this connection is that only AC signals can be
sured, since the differential input stage must be
od off ground for proper operation. The load resis-
s necessary to provide output sink current. The
t signal is coupled through C2 and the value cho-
so that the desired low-frequency break point is
ined with the input resistance of 16.7kQ for the
36A and 6.7k$2 for the MX636.

re 5 shows how 1o bias pin 10 within the range of
supply vottage (pin 2 on "H" packages}. It is critical
no extraneous signals are coupled into this pin. A
acitor connected between pin 10 and ground is
mmended. The common pin requires less than SpA
put current, and if the current flowing through resis-
R1 and R2 is chosen to be approximately 10 times
common pin current, or 50pA, the resistor values
easily be calculated.

Choosing the Averaging Time Constant
\ the MX536A and MXE36 compute the RMS value
C and DC signals. Al low frequencies and DC. the
ut tracks the input exactly; at higher frequencies,

Cav
-1+
1

—m/\/— . L—
Vin ABSOLUTE s

VALUE

1
2]
g __E SQUARER

DIVIDER

MXS36A | MX636 Vs
AAAXILAA 5002 20002
MX5364 36503 5400
MX636 750k52 470k

50kS1 SO0k

Figure 4. Optionat External Gain and Output Offset Tims

Cav
-1+
\r
Q s
S
2
I BB
= ] J
[+ [
Vour 6 1 g—
sl ;
o I0 tk™—

MX536A | MX636

AMaxiAan [R| 2 7002
MXS536A Rz | o 39Kk0

MXB35 2t af 33uF

Figure 5. Sing'e-Supply Operation

the average output approaches the RMS value of the
input signal. The aciual output differs from the idea! by
an average {or OC) error plus some amount of ripple.

The DC error term is a function of the value of Cav and
the input signal frequency. The output ripple is inverse-
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MX536A

15

25

SETTLING TIME
RELATIVE TO $¥pus INPUT SETTLING TIME

9 1
m 0m 100m 1 10
RMS DVPUT LEVEL (V)

MX636
% 10
5 N
&
- 15
2z il
gy i
E E s
Z N
8
g o q
= ) ks
= i
0
m 10m 100m 1
RMS INPUT LEVEL {V)

re Ga. MX536A Settling Time vs. input Leve!

oportional to the value of Cav. Waveforms with high
t factors, such as a pulse train with low duty cycle,
ild have an average time constant chosen to be at
L ten times the signal period.

g a large value of Cay to remove the output ripple
sases the setlling time for a step change in the input
al level. Figure 3 shows the relationship between
and setling time, where 115ms setlling equals 1puF
av. The settling time, or time for the RMS conventer to
e to within a given percent of the change in RMS
, Is set by the averaging ime constant, which varies
roximately 2:1 between increasing and decreasing
it signals. For example, increasing input signals
lire 2.3 time constants 1o settle to within 1%, and 4.6
 constants for decreasing signals levels.

ddition, the settling time aiso varies with input signal
Is, increasing as the input signal is reduced, and
reasing as the input is increased as shown in
res Ga and 6b.

Using Post Filters
ost filter allows a smaller value of Cav. and reduces
le and improves the overall settling time. The value
>av should be just large encugh 1o give the maxi-
n DC error at the lowest frequency of interest. The
t filter is used to remove excess output ripple.
res 7. 8, and 9 give recommended filter connec-
s and values for bolth the MX536A and MX63&.
le 1 lists the number of time constants required for
RMS section to setile to within different percentages
e final value for a step change in the input signal.

AAXKLAA

Figure 6b. MX836 Settling Time vs. Input Level

Table 1. Number of RC Time Constants
(1) Required for MX536A/MX636 RMS
Converters to Settle to Within Stated % of
Final Value

FOR FOR
PARAMETERS INCREASING | DECREASING
AMPLITUDES AMPLITUDES

Basic Formulas avih - eTRC | sy 4 e-TIRC
Settling Time 1% 4,61/2.01 4.61/4 .67
to Within
Stated 9 of 0.1% 6.91/3.11 6.91/6.91
New RMS
Level 0.01% 9.2v4.21 921921

Note: (1) Seitting Times for Linear RC Filter

Decibel Output (dB)
The dB output of the MX536A/MX636 originates in the
squarer/divider section and works well over a 60dB
range. The connection for dB measurements is shown
in Figure 10. The dB output has a temperature drift of
0.03dB/°C, and in some applications may need to be
compensated. Figure 10 shows a compensation
scheme. The amplifier can be used to scale the output
for a particular application. The values used in Figure
10 give an output of +100mVv/dB.
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.
1] ABvSﬂliJUEIE T_f-] s
ne. [2 13] ne.
co ] S [

dB|s -J CURRENT
MIRROR

 oul+—{ g | 1

S

MAXIA1
MX536A
MXE36

.

¥ ———7 {—=fmowie|  [1a}— %

VALUE
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n MX5364
o L 1 ] 1] ez
Cav E (‘hhfl%pg 10
—
18] 1 §_ LA g &
ey L3 }l
R ’V\/\r <
= Ry _I_ C3
= &— VRus out
* MX536A = 25k02
MX636 = 10k2

7. MX536A/MX636 with a One-Pole Output Filter

2 Hi
% A PK-P RIPPLE
S Y NI (onE PoLE)
& [IHN\] c2-41pF
& I\
E 1K 5 DC ERROR
& L h PRPKRIPPLE N
2 VD aworoy Y
mucz-ca-u \\
oy LGN L EURTI ]
10 0 1k 0%
FREGUENCY (Hz)
[ wxs36a ] Mx636
ONE-POLE FILTER
[+] 2.2uF 4. uf
Cav | oF Tuf
TWO-POLE FILTER
C2 | 22pf 4LIpF
3 | 22uF 4.TuF
Car | 1f pf

9. Performance Features of Varigus Filter Types for

ARIXE36

Figure 8. MX536A/MX636 with a Two-Pole Output Filter

Frequency Response
The MX536A/MX636 utilizes a logarithmic circuit in per-
forming the RMS computation of the input signal. The
bandwidth of the RMS converters is proportional 1o sig-
nal level. Figures 11 and 12 represent the frequency
response of the converters from 10mV to 7Vrms for the
MX536A and TmV to 1V for the MX636. respectively.
The dashed lines indicate the upper frequency limits for
1%, 10%, and +3dB of reading additional error.
Caution must be used when designing RMS measuring
systems so that overioad does not occur. The input
clipping level for the MX636 is +12V, and for the
MX536A it is £+20V. A TVrMs signal with a crest factor
of 3 has a peak input of 21V.

plication in a Low-Cost DV
A low-cost digital voltmeter (DVM) using just two inte-
grated circuits plus supporting circuitry and LCD dis-
play is shown in Figure 13. The MAX130 is a 3 1/2 digit
integrating A/D converter with precision bandgap refer-
ence. The 10MQ input attenuator is AC coupled 1o pin
6 of the MX636 bulfer amplifier. The output from the
MX636 is connecled to the MAX130 to give a direct
reading to the LCD display.
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AN AKLAA
MXS536A
MX636
[ ]
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11. MX536A High-Frequency Response

A EAR

Figure 12, MX636 High-Frequency Response

11

9EIXINYIESXIN



ue RMS-to-DC Converters

188

200mVY

DI
IN4 148 { ct

2.20F ]

3

R

I

0.02pf
RS
™M
20" |
RS
4Tk 68uF =—

EEFRRRE
-

& P PN Vs +Vop V+
RN AA A AN
%6k IN4148 3% DIGI
RY ADC — av
son MAX730 | —— BATTERY
REF HI '—I
V- |—
210
20k REFLO
~—o o—o com
UN . N e
LN o SCALE  SCALE T
J oV ” INH DiGIT
1CD
Wy M To0nf DISPLAY
@ o‘,c— . INLO
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Typical Operating

Circuits (continued)}

Pin Configurations (continued)

TOP VIEW
v 1]
ne. {7
Ny E
Cav E
® [2]
BuF ouT £
gurm [7 ]
we. [e]

AAAXNAA

MX536A
MX636

[16] +vs

1] nC.

] ne.

[13] N e

[12] common
1] R

E foun
[9]ne

S0

Ordering Information {(continued)

PART TEMP. RANGE PINPACKAGE PART TEMP. RANGE PINPACKAGE
336ASH -55°C to +125°C 10 TO-100 MX636J0° 0°Cto +70°C 14 CERDIP
1 36ASQ" -55°Cto +125°C 14 CERDIP MX636KCWE 0"Cto +70°C 16 Wide SO
536JC/D 0"C 1o +70°C Dice"* MX636KD 0°C o +70°C 14 Ceramic
536JCWE 0"Cto +70°C 16 Wide SO MXB3I6KH 0*C 1o +70°C 10 TO-100
53640 0°Cto +70°C 14 Ceramic MXBE3B6KN 0°Cto +70°C 14 Plastic DIP
536JH 0°Cto +70°C 106 TO-100 MX636KQ* 0°Cto +70°C 14 CERDIP
536N 0°Cto +70°C 14 Plastic DiP

im reserves the right to ship ceramic packeges in feu of CERDIP packages.
e are specified at Ta = +25°C.

1 cannot assume responsibity for use of sny dciraulry other than circuily entirely embodied in & Maxim product, No circull patent licenses are
d. Maxim reserves the right to changs the circuliry end speclfications withaut notice at any time.

)98 Maxim Integrated Products

Printed USA

Maxén Integrated Products, 20 San Gabrlel Drive, Suanyvale, CA 584086 408-737-7600
AAAXLAA s a registered trademark of Maxim Imegrated Products.
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F155/LF156/LF256/LF257/LF355/LF356/LF357
FET Input Operational Amplifiers

eneral Description

iese are the first monolithic JFET input operational ampli-
rs to incorporate well matched, high voltage JFETs on the
me chip with standard bipolar transistors (BI-FET™ Tech-
logy). These amplifiers feature low input bias and offset
rrentsflow offset voltage and offset voltage drift, coupled
th offset adjust which does not degrade drift or
mmon-mode rejection. The devices are also designed for
yh slew rate, wide bandwidth, extremely fast settling time,
v voltage and current noise and a low 1/ noise comer.

eafures

dvantages
Replace expensive hybrid and module FET op amps

m Logarithmic amplifiers
m Photocell amplifiers
® Sample and Hold circuits

Common Features

Large dc voltage gain: 106

Low input bias current:  30pA
Low Input Offset Current:  3pA
High input impedance: 1020
Low input noise current:  0-01pA/YHz
High common-mode rejection ratio:

dB

Uncommon Features

LF155/ LF156/

December 2001

100 dB

LF257/ Units

Rugged JFETs allow blow-out free handling compared LF3556 LF256/ LF3sy
with MOSFET input devices LF356 (A,=5)
Excellent for low noise applications using either high or
low source impedance — very low 14 comer - Extremel-y 4 15 15 bs
Offset adjust does not degrade drift or common-mode fast seftiing
rejection as in most monolithic amplifiers time to
New output stage allows use of large capacitive loads 0.01%
(5,000 pF) without stability problems m Fast slew 5 12 50 Vius
Inlernrlynl' compensation and large differential input voitage rate
capability m Wide gain 25 5 20 MHz
- . bandwidth
pplications & Low input 20 12 12
Precision high speed integrators oisenp av/{hz
Fast D/A and A/D converters n
High impedance buffers voltage
Wideband, low noise, low drift amplifiers
implified Schematic
n
+ o Wi
@ SALANCE |£ .J
—
n} e
t‘;’"‘t'_ l l -
c*
m [H] wrf Y . | . bl
= "“LI % | our
Lal.
} L f
6 (P ® 0 80
“}
o ~Ygg
00564801
3pF in LF35T gortes.
AET™, UFET 1™ cm o of Madond S 1
001 Mational Semiconductor Corporation  DSO05646 www.national.com
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Absolute Maximum Ratings (Note 1)

i Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for
availability and specificatlons.

Supply Vohage
Differential Input Voltage
Input Voltage Range (Note 2)
Output Short Circuit Duration
TJM!\X

H-Package

N-Package

M-Package

Power Dissipation at T, = 25°C (Notes

1, 8)
H-Package (Still Air)
H-Package (400 LFMin Alr Fiow)
N-Package
M-Package
Themal Resistance (Typical) 6,
H-Package (Still Air)
H-Package (400 LFMin Air Flow)
N-Package
M-Package
(Typical} 8,c
H-Package
Storage Temperature Range
Soldering Information (tLead Temp.)
Metal Can Package
Soldering {10 sec.)
Dual-In-Line Package
Soldering {10 sec.)
Small Outline Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

LF155/6
22V
240V
20V

Continuous

150°C

560 mw
1200 mw

160°C/wW
85°CW

23°C/w
-65'C to +150°C

aavo'cC

260°C

LF256/7/LF356B
22v
$40V
120V

Continuous

115°C
100°C
100°C

400 mW
1000 mW
670 mwW
380 mwW

160°C/W

65°C/w

130°CW

195°CwW

23°C/wW

~65°C to +150°C

300°C

260°C

215°C
220°C

LF355/6/7
+18V
30V
16V

Continuous

115°C
100°C
100°C

400 mW
1000 mw
670 mwW
380 mw

160°Cw
65°'C/W
130°CAW
195°Cw
23°Cw
-65°C to +150°C
300°C

260°C

295°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

soldering surface mount devices.
ESD tolerance

{100 pF discharged through 1.5k} 1000V 1000V 1000V
DC Electrical Characteristics
{Note 3)
LF256/7
LF155/6 LF355/617
Symbol Parameter Conditions LF356B Units
Min] Typ |Max|Min{ Typ |Max|{Min| Typ | Max
Vos tnput Offset Voltage Rg=500), T,=25'C 3 5 3 5 3 10 mv
Over Temperature 7 6.5 13 mv
AVog/AT  {Average TC of Input Rg=5002 5 5 5 WIrc
Offset Voltage
ATC/AV,g |Change in Average TC |Rg=504, (Note 4) 0.5 05 0.5 uvrc
with Vg5 Adjust ) ’ ) per mV
los Input Offset Current T,225°C, (Notes 3, 5) 3 20 3 20 3 50 pA
T SToan 20 1 2 nA
weaw nallonal.com 2
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lectrical Characteristics (Continueq)
I
LF2sen LF355/6/7
LF155/6
Parameter Conditions LF3568 Units
Min} Typ |Max|Min| Typ |Max|Min| Typ Max
Input Bias Current T,=25"C, (Notes 3, 5) 100 30 100 30 | 200 pA
T,5Tan 50 5 8 nA
input Resistance T,=25°C 102 102 102 Q
Large Signal Voltage  [Vg=%15V, T,=25'C 50 | 200 50 | 200 25 | 200 VimV
Gain Vo=110V, R =2k
Over Temperature 25 25 15 VimV
Cutput Voltage Swing Vg=115V, R =10k 12} 13 12| 113 +12| 13 v
Vg=115V, R =2k +10| $£12 10| 12 10| £12 Y
Input Common-Mode Vg=115V +15.1 +15.1 +15.1 \Y
11 111 +10
Voltage Range -12 -12 -12 \Y
Comrn.on-Moc%e 851 100 85 | 100 BO | 100 d3
Rejection Ratio
ly V.
Supply Voltage (Note 6) 85 | 100 85 | 100 go | 100 dB
Rejection Ratio
lectrical Characteristics
= 25'C, Vg = 115V
or LF155 LF355 LF156/256/257/356B LFase LF357 Units
Typ Max Typ Max Typ Max Typ Max Typ Max
2 4 2 4 5 5 10 5 10 mA
lectrical Characteristics
=25C, Vg = £15V
LF155/355 LF156/256/ | LF156/256/356/ | LF257/357
Paramater Conditions i56B . LF356B Units
Typ Min Typ Typ
Slew Rate LF155/6: 5 75 12 Vius
Ayl
LF357: A,=5 50 Vius
Gain Bandwidth Product 2.5 5 20 MHz
Settling Time to 0.01% (Note 7) 4 15 1.5 Hs
Equivalent Input Noise Rg=1000
Voltage =100 Hz 25 15 15 av/JHz
=1000 Hz 20 12 12 nv/ Wz
Equivalent input Current | f=100 Hz Q.01 0.01 0.01 pA/HZ
Noise 1=1000 Hz 0.01 0.01 0.01 o /(T
Input Capacitance 3 3 3 pF
s for Electrical Characteristics
Tha sm powat dissipmiion for thesa devicon must be d d @i alevated temp and la dictaied by T pyax. B4, 8nd the amblen tamperature,
haximum ovallable power dissipation ot any tomporoture 8 Pp=(T jax-Tal0,s of the 25°C P gmax, whichever b loss,
Jnigsg otharwise spociliod tho abaotuto maximum nogative inpul voliage b oqual to the nagative powar supply voltage.
Jntess olharwiso istod, thosa tast condtions apply:

www.national.com
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Notes for Electrical Characteristics (Continued)

LF155/156 LF256/257 LF356B [ LF355/6/7
" Supply Voltage. Vg $15V € Vg € 220V $15V £ Vg < £20V $15V < Vg £20V Vg= $15V
Ta -S5'CSTo$+125C | -25'C<T,S+85°C 0'C ST S +70°C 0'C S To<+70°C
L +125°C +85°C +70°C +70°C

and Vgg. lg 8nd Ipg are measured at Vgy = 0,

Noto 4: The Temperature Coafficient of the adjusted input offsel voltage changes only a small amount (0.5 C Lypically) for mach mV of adjustment from ks origlnal
unadjusied value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment.

Note 5: The input bias currents afe junction leakage currents which approximately double tor every 10°C Increase In the junction temperature, T . Due to limited
production test e, the input bias curents measured are somelatad to junction tamperatura. in normal operstion the junclion temperature rises above the ambient
temperature as 8 resull of intarnal power dissipation, Fd. Ty = Ta + B4 Pd where 8, is the thermal resistance from junction to ambient, Use of @ heat sink is
recommeanded § Input biag current & (o be kept to @ minimum.

Noto &: Supply Vohage Rejaction is measured for both supply magnhudes Increasing or decreasing simulaneousty, in accordance with common peactice.

Wote 7: Setifing time is defined here, for & unity gain Inverter connection uslng 2 ki resistors for the LF155/8. tis the time required for the error voliage {the volage
g1 tha inverting input pin on the amplifiar) to settle to within 0.01% of hs final value from the time a 10V step input is applied Lo the Inverter, For the LF357, Ay = -5,
the feedback resister from output 1o input ks 201 and the ouiput step B 10V (See Settiing Time Test Circult}.

Note 8: Max. Power Dissipation is defined by the packape characterislics. Operating the part neaf the Max. Power Disslpation may cause the part 1o operale oulside
guaranteed Gmits.

Typical DC Performance CharacteristiCs curves are for LF155 and LF156 unless otherwise

specified.
Input Blas Current Input Blas Current
100k 109k
- - 10k
:n 164 g 18 /
T o L= 220 Vg
w 120 Vg w AR/ /
£ 15 Vg = 210 Vg
© o100 T sy & 8y Z
2 =% vs = < N
g 10 S @ 10 ]
1= et
g 1 E 1 —
LF18§ LF156
01 1 0.1 1
=55 -Z5 9 16 1] 95 125 65 -25 ] 35 €5 85 128
CASE TEMPERATURE °C) CASE TEMFERATURE (*C)
OOSea8T Q0564539
Input Blas Curmrent Voltage Swing
&0 a0
Vg o 116V H' R u‘
- Ta=25%¢ s L
. 1 Ta=2 = Ta=25°C
3 Ry =60k - P
2 8 . E n
E w E
=
&= T
3 & 016 pin ] E 0 /
[GCT = /
2 miH KTAT TN | / » .
= M (3 T < 7
= FREC am y ¥ y
a 20 L -] 10
= _— = /
- |t }¥
10 X &
0 ol WITH HEAT Gt a
=14 -5 Q 5 10 a ] 10 15 20
COMMON-MODE VOLTAGE (V) SUPPLY VOLTAGE {tV)
0564540

CU3ssY)
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-
. gs L
al DC Performance Characteristics curves are for LF155 and LF156 Liless otherwise =
. {Continued) o
=
-
Supply Current Supply Current o
o
4 b] -'=
[ T
)ﬁ- -s8°¢ b
- - 8 L =1}
% E l// T =25°¢C -
: b - / /1. n
£ Tp= -56°C A > th
g g A A S
= /’ ! 3 L~ =
= _—— Tg=25°C S P Te=125°C -n
z 2 — £ dP% &
£ £ |
2 ] T 125 I 4+ &
> | [
il s LF156 a
1 1 2 4 1 ]
0 5§ 0 15 w0 I 0 s 15 W B -
SUPPLY VOLTAGE (:V) SUPPLY VOLTAGE (V) a
00584641 00464842 ‘-__‘"
Negative Current Limit Posltive Current Limit
S -15 r r 15 T T
= Vg 15V Z vg - 115V
©o '\ 4
§ \‘\\-.._\ 2
o
- NS E \\
- Py n £ 1
= \ NS = -857C
o -
= h, e
= po
E X c 5 +25°C
S - 125°c E 5
e .
g o 25°¢
= E L
(<] «
[T Q
= -
0 6 0 15 0 25 30 35 0 § 10 15 20 25 10 35 M
QUTPUT SINK CURRENT {mA) QUTPUT SOURCE CURRENT (mA)
00564643 BOS54644
Poslitive Common-§ode Nagative Common-Mode
Input Voltage Limit Input Voitage Limit
20 . — -20
—B5°C T <125°C
82 / g2 .
S E 16 [y, = -65°C
X = A —
25 1 /‘ zE | Ta=25°C
4] gw Ta=125°C -]
o A o< +
oy / e -1
¥e 9
Eg 1 2
auz / e2
E i_! A : s =
5
5 10 15 20 0
-§ -1 -15 -20
POSITIVE SUPPLY VOLTS (V)
WEGATIVE SUPPLY VOLTS (V]
DO4e48d S
DO584546
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Typical DC Performance Characteristics
specified. (Continued)

Open Loop Voltage Gain

10M
=
g Ag e 50 —
- 0
= Ty =-55°C
z A
S ™
w =
= =T Ta= 25
= Iz 1 ]
> ! ]
S 100 e T~ 125°C
=]
=
i
B
i=1]
10x
5 10 15 20

SUPPLY VOLTAGE {2V}
0564647

Typical AC Performance Characteristics
Galn Bandwidth

5
F LF1SS
£ o

E =V = v
s 3 [ L Vg2 t18V
= Vg 20V
o " : +
-]

z

s 2 =

1
—£5 -35 =15 § 26 45 65 85 105 12§

TEMPERATURE (°C)
r584g4a
MNormalized Sloew Rate
1.8 L 1
18 Vg = 115V -

14 \nsa
12

10 —L$L
08
06
04
02

1
—55-35 15 & 5 45 65 85 105 125

TEMPERATURE (°C)

Lo

Curves are for LF155 and LF156 unless otherwise

PEAK TO PEAK DUTPUT SWING (V)

DUTPUT IMPEDANCE (R}

UNITY GAIN BANDWIOTH (MH1)

Output Voltage Swing

28

24

Vg 215V |

Ty - 25°C -

0

.

1

10
OUTPUT LOAD Ry (b0

Gain Bandwidth

"

00564844

| L1 1]

|

BUTMULTIPLIED BY 4
L 'l

LF157 CURVES IDENTICAL

N 1
. N\ LF156
\'\
* N
a —
|

~55-35-15 § 25 45 65 85 105 126

TEMPERATURE (L)
COS54850
Output Impedance
1000
Tp =25°C
Vg 215V
160 §
+
ay =100 3
10
T Ay=1
- et I [} HIII“
1 = = Ay = 10 ot
v il LF158
o4 LA
13 104 100k ™ 10M
FREQUENCY {Hz)
0502852
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al AC Performance Characteristics

Qutput Impedance
100

ETa»25°C § Ay = 100 1
- vg = 118V
10 -

|

e o

WVUIFUI IWMITEURITLL jae)
‘;‘\
il i
LI
L
;<
il o =1
i 5
1
i

Ay=1

1L

=

1
T

0.1 |

o)

HvFiss T
0.01 J3NilN T NIt AR Py
1k 10k 108k M 10M
FREQUENCY {Hz}

DO384€53

156 Small Slanal Puise Response, Ay = +1

OUTPUT VOLTAGE SWING {50 mV/BtV}

TIRE (0.8 2/01V)

LF156 Large Signal Puls
Response, A, = +1

QUTPUT VOLTAGE SWIND (w/DIV)

{Continued)

LF155 Small Signal Pulse Response, A, = +1

DUTPUY SWING (V) FROM OV

DUTPUT VOLTAGE SWING [S0 av/DiV)

w

TWME (0.5 ,n/0IVI

TIME {1 42/0LV)

Inverter Settling Time

LFIS5 H yl

-TA-15°¢ 14T T
| eeaev |5 v/ | /1

AV
‘~ h
1 rnV\\ 1V
'\
0 05 14 5 10
SETTLING TIME (ol
DO5646 55
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Typical AC Performance Characteristics (continued)

GAIN (dB)

GAIN {dB}

Inverter Settling Time

10

T

T TVl
Vg =115V
Ty =25C
LIHH

mV

10 mV N mV

1

| LF156, Ay = ~1
[ LFasLay=—5
1

L

OUTPUT VOLTAGE SWING FROM OV [V}
o

\

-10
0.1 10
SETTLING TIME ()
005048568
Bode Plot
10 y 100
ITTH 11
8 R'f"?sf Lhss T 7t
- vg= 215y ]|
" Meamy 8 50 -
-5 % =
]
-1t 0o
a
-1 +H - 5
n =
-0 n ‘ -5 &
. =15
-1 S H -100
~35 11 1 LILI =125
1 19 100
FREQUENCY (MH1)
00384858
Bode Plot
» LFas? 100
o "'u-\ vge 25y | 7°
25 REE 50
20 L—GAIN I, L
15 : 1 N ¢ ng-n
.
10 P B L
§ AN -5 &
2
ob— - -1 0
-8 a N LH —m!"
-10 }— -128
15 bdel N-H 150
o L_L LU s
1 19 100
FREQUENCY (MH1)
OOSEAGED

GAIN {dB)

OPEN LOOP vulTAGE GAIN (4B}

COMMON-MOOE REJECTION RATIO {dB)

Onan Loop Fraquancy Response

110

1 1
Vg = 15V —
50 1SN
\\}\
10 , LF157
NV
50 AN LF156
10 B\ 0
N
10 NAN
0 NV
N
-10 -
10 100 1k 10k 100k W% 10M
FREQUENCY (H2)
DOSG46S?
Bode Plot
T o
t LF156 1 100
- PHASE . Vg= 15V Ul 75
W
ﬂ“i‘."\. 25 E
m
¢ =]
-25 5
— . < B -0 =
| — =75 -
- -100
- - -125
NI 150
1 10 100
FREQUENCY (MHz)
OO564658

Commeon-Mode Refection Ratlo

100

80

L]

0

¢

T

)

™,

1
Vg = 115V
Ry =2k

N

N

Tp=25°C |
\\

iF 55[5\

\\\u. 5?

X

N

100 1k
FREQUENCY {Ha}

10% 100k 1M 0M
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-al AC Performance Characteristics (Continued)

Power Supply Rejection Ratio Power Supply Relaction Ratio
= r = 120
§ " R LFisS g N Tas B
= 25° -
E AN N R 2 00 P s
] \ N Vs 216V 2 b M POSITIVE SUPPLY |
= POSITIVE z g ~ N LF15677
2 &0 N SUPPLY g NN N
p g N AN
- - .
¥ a0 NEGATIVE [N\, &  _ LFI%? ’_—‘[f\‘ AN
= SupPLY > a { m}\ P,
& &
& 2 LN @ nesmv:lsumv Soh Y
-3 c 20
g N g RN
g g g N
10 100 'k 1bx  t0tk 1M 100 1k 10k 100k IM 1OM
FREQUENCY (K1) FREQUENCY (Hz)
00564682 Q0554663
Undistorted Output Voltage Swing Equivalent Input Noise Voltage
20 o
s f g 140 1 7a s 25%
=z 2 vg = 215v {ll £ A
= Vg = 115V 1
e \ IR« 2k i w 120 $
= Tp = 25°C 1] e
@ | LF156: 11 i | -
] [ — v = o
= 1 [\ [T< 1% 01ST {1 s
ol ot o} -
= LF155 11t v 80
> 12 H]
2 \ LFIS7 Z o .
=2 2
£ s 1\&, s 5 N \N:I (] %I
o E a0
o \\ - A ﬁ]
= e LF1S6/LF357
d s &
0 I E E 1
10k 108k ™ 108 5 0 N o
1
FREQUENCY {Hz} e ! 1 100
o FREQUENCY (Hz}

Equivalent Input Nolse
Voltage (Expanded Scale)

7)

100 T
Tpo25°C |
Vg HIEV

N\, N LF155
P,

EQUIVALENT INPUT NOISE VOLTAGE (aV/
]
L~

0 NG
0 LFIS?ILFJST
1] Th 160k
FREQUENCY {Hz)
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Detailed Schematic

1 o
I o
'/ ar
i . EE h
n‘:l‘ !!m %“\T’ ::
— ey e e
}— L2
—y B )
e 'n a2 =
[T] o v _‘_CI" v
£ -
l‘ o

a o
a ~ an
» »

-
L{m m’j-f-l N B ! un} »—l [T an 5' by 5::.‘
v o3z 3 Yeys)| ¥
O
QO36461)
*C = 3pF in LF357 series.
Connection Diagrams (rop views)
Metal Can Package (H} Dual-in-Line Package (M and &)
\ \J )
BALAMNCE ==y |—=
arur =] L
QFWJ}LL ouTryT
T'—" 'LGALMCE
Order Number LF155H, LF156H, LF256H, LF257H,
LF356BH, LF356H, or LF357H Order Number LF356M, LF356MX, LF355N, or LF356N
See NS Package Number HOBC Soe NS Package Number MOSA or NOSE

*Avallable par JM38510/11401 or JM38510/11402

Application Hints

These are op amps with JFET input devices. These JFETs
have large reverse breakdown voltages from gate to source
and drain eliminating the need for clamps across the inputs.
Therefore large differential input voltages can easily be ac-
commodated without a large increase in input curent, The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-moede limit on either Input
will force the output to a high state. potentially causing a

vw.national.com 10



cation Hints (Continued)

of phase to the output. Exceeding the negative
mode limit on both inpuls will foree e ampiifier
a high state. In neither case does a latch occur
ing the input back within the common-mode range
s the input stage and thus the amplifier in a normal
 mode.
g the positive common-mode limit on a single input
hange the phase of the output however, if both
ceed the limit, the output of the amplifier will be
a high state.
nplifiers will operate with the commen-mode input
equal 1o the positive supply. In fact, the
mode vollage can exceed the positive supply by
ately 100 mV independent of supply voltage and
full operating temperature range. The positive sup-
\erefore be used as a reference on an input as, for
in a supply current monitor and/or fimiter.

»ns shoutd be taken to ensure that the power supply
tegrated circuit never becomes reversed in polarity
e unit is not inadvertently installed backwards in a
: an unfimited current surge through the resulling
lode within the IC could cause fusing of the intemal
rs and resuft In a destroyed unit.
 bias currents in these amplifiers are set by FET
ources. The drain cumments for the amplifiers are
 essentially independent of supply voltage.
most amplifiers, care should be taken with lead
mponent placement and supply decoupling in order
» stability. For example, resistors from the autput to
should be placed with the body close to the input to
“pickup” and maximize the frequency of the feed-
e by minimizing the capacitance from the input to

ck pole is created when the feedback around any
is resistive. The parallel resistance and capacitance
input of the device (usually the inverting input) to AC
et the frequency of the pole. In many instances the
y of this pole is much greater than the expected 3dB
y of the closed loop gain and consequently there is
. effect on stability margin. However. if the feedback
ss than approximately six times the expected 3 dB
y a lead capacitor should be placed from the output
Jut of the op amp. The value of the added capacitor
e such that the RC time constant of this capaditor
resistance It parallels ks greater than or equa! to the
eedback pole time constunt.

Typical Circuit Connections

Vo5 Adjustment
v

Vo Is adjusted with a 25k potentiometer
The potentiometer wiper is connected to V*

For potentiometers with temperature coefficient of 100
ppry°C or less the additional drift with adjust is = 0.5pV/
‘C/mV of adjustment

Typical everall drift: SpV/C 1(0.5pV/ ' C/imV of adj.)
Driving Capacitive Loads

AAA
YV

" LF155/6 R = 5k

LF357 R = 1.25k

Due to a unique output stage design, these amplifiers
have the ability to drive large capacitive loads and still
maintain stabllity. Cjpuaxy = 0-01pF.

Overshoot £ 20%
Settling time {t,) = Sps

LF357. A Large Power BW Amplifier

OO504613

[Cu]
[{0)

16€471/95€47/55€41/252471/95247/95147/55 14T

For distorion < 1% and a 20 Vp+p Voyr twing, power bandwidth is:
500kHz.

1 www.national.com
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Typical Applications

Settling Time Test Clrcuit

h, 0%

e
+14Y

Your

OSEILLASCOPE

D038449 18

+  Settling time ks tested with the LF155/6 connected as unity gain inverter and LF357 connected forA, = -5
» FET used to isolate the probe capacitance

= Output = 10V step

+ A, = -5 for LF357

Large Signal Inverter Qutput, Vo (from Settling Time Circuit)

LF355 LF357

vy

00564510

www.nallonal.com 12



al Applications (Continued)

Low Drift Adjustatile Voltage Reference

M

N

v ey

— Vgyre 19V

/AT = £0.002%FC

sistors and potentiometers should be wire-wound
rift adjust

our adjust

F155 for

v lB

v drift

v supply current

Fast Logarithmlc Converter

- L

RS2

mic range: 100pA < |, 5 1mA (5 decades), |Vg| = 1Videcade
lent response: 3ps for Al, = 1 decade

2, R2, R3: added dynam!c compensation

idjust the LF 156 to minimize quiescent eror

et Labs type Q81 + 0.3%/°C

R2 | w7 R, 1
lT' = [1 + —] - in ¥, [ ] =log ¥, —— R2 = 5.7k, Ry = 1k, 0.3%/°C (for temperature compansation)
Ry q YRer Ri

'R
RI Ir

13

vy national.com

1

n
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Typical Applicaticas (Continued)

« Vg = 5 R1/R2 (VimA of Ig)
= R1, RZ, R3: 0.1% resistors
+ Use LF155 for

Precision Current Monitor

m Common-mode range to supply range

H Low lg
m Low Vg
R Low Supply Current

8-Blt DIA Converter with Symmetrical Offset Binary Operation

*
Yaer - ‘WO—WW'“J

_L—v'zvﬁ-

=

—uy

sa 58
Y Bt | A) B4 B3 85 87 B
i el lle“ll‘

0564811

"5y
nooQ

DOSRA8XT

» R1, R2 should be matched within £0.05%

+ Full-scale response time: 3us
E, |81 B2 B3 B4 BS B6 BY BS Comments
+9920f1 ¢ 1 1 1 1 1 1| Positive Full-Scale
004011 0 0 0 0 O 0 O (+) Zero-Scale
0040|000 1 1+ v+ 1 1 1 1 (-) Zerc-Scale
—a920l0 0 0 o 0 0 0 O/ Negative Full-Scale

wves.nailonal. com
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:al Appl ications (continued)

Wide BW Low Noise, Low Drift Amnlifier

__.ﬁ,_

Ay #1910
I
-y

b—0

BASEAETD

5
* Power BW: f .y = z—r‘r ex 191 kHz
n
P

ysitic input capacitance C1 = (3pF for LF155, LF156 and LF357 pius any additional layout capacitance) interacts with
yack elements and creates undesirable high frequency pole. To compensate add C2 such that: R2 C2 = R1 Ct.

Boosting the LF156 with a Current Amplifier

]

e 'TZ_—%
uv)I M

[t ]

Maxy= 150mA (will drive R, > 10002)

e AY,
out _ 0.15 .
= ——= ¥/ pus (with ¢ shown)
aT 1072 /us

dditional phase shift added by the cument amplifier

15 wwrvi national com

[
o
w

LSE47/98£471/55€471/26241/952471/951 4T/561 41



204

Typical Applications (continued)

VO~

Ve (R8 + R7)

f= o—m—————————— 0 < V. = 30V, 10Hz
(8 Vpy R8 R1) C ¢

R1, R4 matched. Linaarty 0.1% over 2 dacades.

Isolating Large Capacitive Loads

00584624

= f <10kHz

O Your

+ Overshoot 6%
o t,10ps
*  When driving large C_, the Vg Slew rate determined by C, and o rpuaxy

AV,
oot four = &EV/;&S = 0.04 ¥/ ps (with C_ shown)

aT G 0.5

rv.national.com 16
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al Applications (continued)

Low Drift Peak Detector

HiY

—C) Yprax

QOSEAE23

ding D1 and Ry, V5,=0 during hold mode. Leakage of D2 provided by feedback path through R,

ige of circuit is essentially 1, (LF155, LF156) plus capacitor leakage of Cp.
D3 clamps Vgur (A1) to V,,=Voa to improve speed and to limit reverse bias of D2.
num input frequency should be << ¥%rR,Cp, where Cpg Is the shunt capacitance of D2.

Non-Inverting Unity Galn Operation for LF157

-
[ S B
[151] b—0
an
Ry
.
) 00564675
RICS> ——
~ (2x) {5MH2)
R2 + R
R1 = ———-—S
4
Avoc) = 1
Lygp = S MHz

Inverting Unity Gain for LF157

A
AR
L b
[
;‘
T - SO50462%
- (2x) (5 MHz)
R1 = R2
T4
AV(DC) = -1

f_y4p & SHHz

17

vy national.com
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Typical Applications (Continueq)

High Impedance, Low Drift Instrumentation Amnliier

-1V

00564626

= [W + 1] AV, ¥V 4+ 2V < V), common-mode =< vt

¢ System Vg adjusted via A2 Vgg adjust
+  Trim R3 to beost up CMRR to 120 dB. instrumentation amplifier resistor array recommended for best accuracy and lowest drift

ww.nationat com 18
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al Applications (Continued)

Fast Sample and Hold

L—O Vour

JFET SWITCHES
LFIIn

%:.

—15v

-1

CO5848%1

amplifiers (A1, A2) have feedback loops individually closed with stable responses (overshoot negligible)
isition time T,, estimated by:

T [ZRON. Vin: C,,] 1/2 provided that:
fe| —

Sl'
VlNCh is of SW1
Yin < 285 RyyG, and Ty > T Roy is o
OUT(MAX)
Vinth

if inequality not satisfied: T, = 20 mA
6 develops full 5, output capability for Vyy 2 1V

ion of SW2 improves accuracy by putting the voltage drop acress SW1 inside the feedback loop
all accuracy of system determined by the accuracy of both amplifiers, A1 and A2

19

www.nalional.com

LSE€471/9SE4T/SSEA/LGTAT/952 411951 4T1/564 47
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Typical Applications (coniinueq)

High Accuracy Samnle and Hold

i

Rl
L 113

AP
Yy

Hi
¥
™7 -——l
JEET
SWITCHES
[NARREN)

v
W out

— -5V

-13v

00564827
« By closing the loop through A2, the V¢ accuracy will be determined uniquely by A1.
No Vg5 adjust required for A2,
+ T, tan be estimated by same considerations as previously but, because of the added
propagation delay in the feedback loop (A2) the overshoot is not negligible.
« Overall system slower than fast sample and hold
« R1, C.: additiona! compensation
* Use LF156 for
B Fast settling time
W Low Vg
High @ Band Pass Filter
1pF
|1
1]
+16V  Rr f
o
Vi Ll 7 I:L
AA b3 =
a2 8
LFas? p—=0> Yaur
T
!
L~
- -t6¥ =
onSs4GI0

« By adding positive feedback (R2)
+ Qincreases to 40
+ fgp = 100 kHz

\/
Y]

+ Clean layout recommended
« Response to a 1Vp-p tone burst: 300us

vw.national.com 20
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Physical Dilm.ensiONsS inches (milimeters) unless otherwise noted

0.350—0.370
fust— -

(6.553 - 5.035
oA _
03150288 o,
{8,001 —8.509)
] o2s MAX
0.165-0.185 | 638 lll;:::::uuco
14191 - 4.699) j J
REFERENCE PLANE _}T ———_ ¥ oA PE
0.500 3233 1‘ 0.015-10.040
: (@.8s {0.381 - 1.016]

_’1 I_._ 0.016-0.019 . oop

(0.406 —0.483)

0.195-0.205 DIA
0.9 1o (4.953—5.207) PL.

0.029 —0.045
{0.737 - 1.143)
|:.:'ﬁ ::‘ml 0.115-0.145
0. y [2.921 - 3.683)
/< A

45° EQUALLY

SPACED HOBC REY B

Metal Can Package (H)
Order Number LF155H, LF156H, LF256H, LF257H, LF356BH, LF356H or LF357H
NS Package Number HOSC

0,188 -0.197
(4800 - 5.004)
2 7 5 %
0,278 - 0.284
BN—6.13)
Q 0M0 gy
i }mm
iEpRe. 1 B 4 ?T
DEMT ne
T
0.180 - 0,157
3810 3.839)
B010-0.020  yee (M”_.'E)
N 1. M5=1.
.24 -0.5631 | o ax TP * 0008 ~0.m0
ALL LEADS @102 —0.754)
g’——_: J SEATING
960 | } PAnE
{0.102) '
0.008 -0. _
(__um :::J ALL LEAD T8 0.016 —0.058 .. 0 gl;: 0.020 ™e
2030, . . “ o -
TIP ALL LEADS 10.226 —1.070) N 008 yp i 0.500}
TYP ALL LEADS P i

Small Outline Packageo (M}
Order Number LF356M or LF356MX
NS Package Number MOBA

vens, national.com 22
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. . . —
sical Dimensions inches (millimeters} unless otherwise noted {Continued) 3
. 0.373-0.400 g.‘.
{(9.474-10.15) =
-
0.090 m
{2.286) a
0.092 L [e]L [7) (el [sp 0.032 1.0.005 2] 7] P p)
ITE T ? 0892077 =
PiK NO. ¥ (DENT ] ‘\‘ rb?iofl:]u:'s :‘
’ By 3510927} PIN NO. 1 IDENT
OPTION 1 ¥ 31,
D U o a
—- -u-y-a_mm [ 0.040 _.I S,
oz 0.0 . {1016 Tee ¢.030 DFTION 2 r
03000320 | _{0.762) ) ey B.145-0,200 -
{7.62—0.128) * LaE ) —"I J— - {3.683_5.080) o
H oo ‘ R 4 oa30+0.00% 1 c..ln
4 i Y (3.302x0.21 ‘ i -
e L7 ] il ‘f‘ oo 4 1'—1
P 1 R L [ Qan-asse o 8
0.093 - 0.015 ~ - {1.651) 14 e
-0y | £.17) ™ O o
o325 +0.080 HOM L.mE40.003 -
4% _0.015 {0.457 £0.676) -
W 0.36040.010 w
-5 _ .38 (2.54020.254) o
£.04340.013 D
TR ETE-T 0,060 F
—td] pt— —
0.050 frsz) -
H.ZW)_-' - 7 MOSE (REY F| g
Molded Dual-In-Line Package (N) -
Order Number LF356N '3
NS Package Number NOSE -
m
—
=3
E=)
e
[
O
©
L
&2
=
o]
-3
2
UPPORT POLICY >
NAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 3
ES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL o
SEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein: _—_'.:
support devices or systems are devices or 2. A critical component is any component of a life ®
ems which, (a) are intended for surgical implant support device or systemn whose failure to perform a
the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
se failure to perform when properdy used in the fife support device or system, or lo affect its
ordance with instructions for use provided in the safety or effectiveness.
ling, can be reasonably expected to result in a
ificant injury to the user,
;Ionnl Semdeonductor Nxtional Semiconductior Nxtional Bemiconductar Nmional Semicenductor
sporation Europe Asia Pacific Cuxtomer Japan Lid.
noricos Fox: =48 {0) 160-530 65 08 Respones Group Tol 81-35639-7560
oL cuppuriGeT. onm Emcll curogo SuBpREEEe. mm Tet 05-2544463 Fax 01-3-5839-7507
Doutseh Tot «49 (0) €9 303 &203 Fox €3-2504468
Engith  Tol +44 () 670 24 0 2171 Emal ep.cupportEnac.com
nal com Frongah Tt +33 {0) 14181 0720

nmmmwmdmmwm,mmmWmmmmmmmmmmmmmmmmmmmecmn.
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