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Metal Junction Magnetodiode
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Abstract

This project study about structure of metal junction magnetodiode that feature 2 metal
junction diodes use for magneto diode by Hall Effect principle that cause Lorentz force perform
with carrier and cause different of clectrical current. And study to design structure of three poles
metal junction magnetodiode, detect falling magnetic field by different of 2 cathodes current. The
structure of metal junction magnetodiode feature anode and 2 cathodes that change of width and

length between anode and cathode.
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Work functions of some metals

Element Work function, i,(volt)
Ag, silver 4.26
Al aluminum 4.28
Au, gold 3.1
Ct, chromium 4.5
Mo. molvbdenum 4.6
Ni. nickel 515
Pd. palladium 5.12
Pt. platinum 3.65
Ti. titanium 433
W, tungsten 433

Electron affinity of some semiconductors

Element Electron affinity, . (volt)
Ge, germanium 4.13

Si, silicon 4.01
GaAs. gallium arsenide 4.07
AlAs. aluminum arsenide 348

A7 2.1 MINATUIY g4, (Work function) v84Tanswilnmiag
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4 ' o <] 4 { o @ W a U [
M1390 2.2 rasinnugavestundeadad ¢, idald minsesdudaTanzyiadefuas

& o o S’: an a I3 a 1 =
NATUT INYAAD ULLASIHNARYND UL UIUA (ﬂﬂmmqm'smqyg)

~ ~ A o ol ol o o JY B
AINTAUNIIN (2.7) LS TUNITN (2.8) @1INTDVIUTUNITANUFTUNUTUDINILWIANIATIUT TN

;Y
=

@ o '3 o Jd A o Y
A ¥, uaziumsdndsenand g, 1aa

Vi=05 —0p 2.9
Tauii

¢y = (EC —Eg )/q (2.10)

¥
o/

gatiy aumsy @Weulwilan

qVy :q¢B_(EC—EFS) (2.11)

= T o L o o Ay Tiolg S s A DA
LagNaUNIITN (2.11) ‘il:’,mu31ﬂ1lleﬁﬂ81uﬁ1iﬂdﬁ3u1 UATUBSNINTINIFOANRY 1150 NAD

Vi <



20

2.4.3 sepdudaszvinlanzuazansnedinihnsdiiifanduan g, fdanfoann ¢, vesmsia

o/ o a <
MY UAD U
o i)

' o 3 é o lﬂy o o
‘Iumwnauﬁuwﬂfuaﬂaﬁmmzmsﬂammnmu anvauzvanuNaIulunig

o IS

a [ { A o g o @ o W 4 4
gaund uaadladalugilit e Tanzuazansnedni @t ¢, < g, ndudasu iifowinuile

3

1 o

Y o Ja |d' @ 1 [ I é L)

nouduRd szaunasulesiveslans £, weaghizauganNszaumesivesaisneaii

[ z A o’/’ ¥ v w 9 o 9 a v ] v o z:? ~

E e atibiiinansidesdudanuuad s ldinanmsammilseyniveiiusesdudail Tagh
a d 2 o o a [ ‘hy a 1 9

stanaseunin lanzee lnadh lillumsidniwiadundddifa lesowuintumed iy Tave

Aaa d A a a o o g & o o @ U &K a o

tazdBlanaseUINaz ey LT NUMTUNamuandNh wavelszy IWihdsna el

4 v Y ¥ v

au Idihameluduisesduda auw Tlihiiszifanieein Tans g uansmadti agos

vy A A ag ad o £

AsaIuMIRaBUNYBIBlanasauNIA lane tazms lvavssdianaseuain lavzd Il luaisfg

g '3 a

Wingduilude 1 nsznesesdudaiidannzauga

n-type
T ‘|‘ Evnc
¥ qq),g gls
EF n g
) S (N EF.S'
.
Metal Semiconductor

(n.) ABUMITURE



21

E.
Metal 7
q¢ZJ "” 3 _E}.
i s — 40, = 4V},
)\ T

(V) mevdsnsdudaianigauga
10 2.15 uansdnvere Tasvad uuoundinuvessesdudaszn e Tanzazas ned niwila
< a 1 oW ar v o A
wulugaundlng 4, < ¢, luvag (1) Aoumsduia uaz (V) Mmendsmsdudafiannig

auga

a LY 1 ' ~ @ da u’: 124
Tmnszuﬁquumsaaﬁnwaﬁmzﬂuquﬂ wazyuzissauvesivosdsisansazuiagh
STAURYINUNIUAADAT BT URT

Aa g | o ) a o w Y ciwoqd ldy [P}
nMInslanATINNIAYANB g UINUFAITUATA U T NIA N AW uTl vz 1l
a a e U 0 ] ad a 3 ¥ '
vinudasanimznaty uavzsi Ayl uvesdidnaseuysnadl Jainnau
1 ad a 1 d" & o o @ :/, 84 Al Y @ 9
HumUNYesdanasouned luiva15nea11 Al Tuian1see 1A U8 UNS 1 TUA1Y
arsnednihusnaraduraiu Tane aaanalugii 2.15 (v.) uazliuseduanaseuaisng
Q2 Tl g iaY ey v W 1w [ ldyldo widig v ad
anhusnusesduia iy (g, - g) anvazguil idsunednddmsudidnasounn
I 3 1 A A o @ 1~ o @ o [ A P adg
MuUeaee nanaenuinusssduda hifidwwadndnazilssdumsinasufivesdidnasay

E4
o

nndmmsisinh i wlans vienndwlans lddwaisiinh sesdudmsuily

o}

' YY) s @ o P v W g, @ {
Gon1 “seadudaleniin®  (Ohmic contact) (s19sFunaiulad1 sesdudanndnyms i

o o A

gINU UUAD

o))

1 A o ~ ¥ o o &£ o o a o [
!lﬂﬂﬂ'l\?ﬂ'lﬂﬂﬁﬂ!'ﬂllgﬁl mc]mi‘lumaﬁuwmaﬂaWzﬂumimmuwumauwm

@

2 o Qs A as (=% (P 3 v a a
nsdifl lufiswnedndfisesduda hiflilszquinazauegidnudu udnduiisdnaseusass

D

v » v
WMALAUUNUY HAZUOUNWEINTUVBIAITINA 1T YT u sesduRd Tdnyusen asas gy



22

o

A o y a L e o y o
dreseedudiigmirlyuseduluda 7, TaedwTangifndifuuan dedeufudiais

] A

= CREY) Aaa d o ) 2 o o o
AU HIB Y, >0 Medtanisg aziioanassudiuiuninana1ua1snediii lvalu s

-

¥

A o o Ya = . e w 9 P e
amTane v liAalinszuadruiunn lvamusesdudaninTans 1ldsdmars a1
wazield ludaludnuazasadhy AeduTansidadisiuay wznut S naseusinlans oy

' @ W GPur o Sy D] o Y &£ o o 1o v o4
Tnarusesdudalasdudumedndantos ih luddmeasiagnh uasunednd oz
o A A @ v A1 oA 122 & R o Ya < o
Tlviudi drous s ludatiauiis lufanilsTas sem il naseusiuaunn lvasn lans

o _ o

llgadumsiesdnini fifanszuasiuaunin lvavindiuarsmeganit 1l ded 1w Tans
9

k4 v
nszuaiivaeensdiivs iouda udwulsamuseduluda munguesTony nslnuaunia

v o & 3 o ¥ o Ia t:ly Y o =
ANUTNHUTIZHINNTEUAUAZUTIAUTBITBEduda Terilatindas 1dAsg1li 2.16

A

slope = 'R

(seudautalaiin

U0 2.16 guruiAnnuduius sy ninseieuazusediy vessesduia Towiin (Ohmic

contact) 30 Non rectifying

I v 3
Feaziitudt inszua llih Inasseoduda idisaesiinme foon Tane Tilarsmeian uas
[ Voo 3
vinensiedai lf Tane Welifuediufiamanms Id lusaunseoduie sesduiamuiiselilsy

v o a d A 1 At a P v d”! 66 YR d
'iﬂEJ’dJJW’cﬂﬁﬂﬂ‘lﬂ'i H3BL3UNI non-rectifying HASIITUINLTINTDYTUHNTUIT i@ﬂﬁﬂﬂﬂiﬂ‘ﬂ
3

Vv
3in” (Ohmic contact) soadua Tovilatigniir 11415 Temiaguniavan Taafludhdusa

L'

3

A

1 v o £ o o A b 1 L4
VBIFAIUAT “luqﬂﬂsmmsmmm Wemsavt¥oun1ely (Interconnection) ﬁé‘,ﬂ’JNQﬂﬂim

A A L ' [ s
UBINIIIIN mmwam“lﬂmununuQ'ﬂnimauq



23

& &£ o o a a & o o a A
wouly asidnihwiady ashednisiiai
By > by sooduiaisnd s souduiaToviin
b, <Py souduia Towiiin souduAmsaa 1§

a3l 2.3 uansaqilnaanidvessesdudass i Tanzuazmstadnilungaund

2.44 seadudaszvielanzuazansnaiailumal§ia

Vv $T0 v a o 4
lunsdisesdudavesTanzuaznsiedinihlungaund 1inmsdnsed siawisa

¥
=S

aqul &7 seedudaes figuant@aduuuy sy nSeunu Tevin sxduedfuriavesms

a

' v
=2 w =3

' Ed
nedh uazaufFeuisuvesilandunussninasiaesdsluased
1 o a wa o @ ' ] ] L a
odeIshalumalfid dedmuadindnenntd s mse lennsaadwsesdudalugauns
1 a 5 < 4 ' 4
ed1ata3e 1 vz ldnszuaunisaiedioma TuTaBiugedau ilesnn fianu hiauysel
kY k4
vosseodudminiu iyunsdives lanzuasFanouve nud vsnamduiassnivaisiiaes
3 aa g @ @ 3 ' Ay a
veiifuvesdanoulavenludung i s Seansoui 25 Saamsenduegiaue iesanin
an ° Aana o o Y @2 a 3 o o ’ .:sy
Fanoudwsaiilgnsnnueendinulueimaldie Juailudusen ladaend1n uenainil
o 4 { a v ] [~
wdninszliozneundandasuduqniodszy ldihlaqusingiiuSusesdusa i nitos
9
aungasnanilezi fifaiszdundeanilsingedluyeeiandeiu (Boegy  gap) 15100
k4 9
HYTUAT sEAUWaNINIIQRITendl “aaIuzii” (Surface states) szAUWANTIvzTinuauTR
wazvimihinilu sedududiinaseu (Blectron trapped) w3a szduduTaa (Hole trapped) Wil
uiNa19M 35313 (Recombination center) NV LAY it IR RNV Do Ui
3 = a a o2 I gy o
uanaellannsdigaund naninmsiinsiziteenldhild munsdunavnanugaves
o o o=t o a o kS Yo o a \lg e a o '
Muwseadrdendanain SulludedldinistanalaTeasss rusnofidudaseninlans

o

o & o o a d a & a UZ ad [ 3 1
ﬂ‘].l'd'liﬂ\iﬁl'lﬂ'l‘ifﬂﬂ!ﬂﬂﬁﬁﬂ?ﬂ%ﬂ?“ﬁﬂﬁﬂmﬂﬁﬂm‘ﬂui%ﬂﬂﬂﬂﬂlaﬂﬂiﬂu PNUUAIUHUMIUY

¥

vewianaseunsnamduiaidanasiosniuiy HAZIUBYAUANN UM UTBIT D IUEZAD
inliguanidvessosdudanlounlasiloniine1s uazBadrannziafilsugauinen
o Y L2 ¥ o A 9 ~ Iy Y a wa ]
inliguauidvessesdudaiidnyazasdmniinn 1318 Tumed §15 arumumiuaea
anusituihimsilimesidvy lumstmuagaisiifvessesduiasznin Tans fuaisag
ai anumivdlumsmuguanuuiudeuzia sei lfannsadmuaguauifues
souduria ldedagndes

=) L. Ia a ua - v v w I a d? Y
nydiseaduda Tovialumal i 9ina1s1eii sxnui sesduialovinazinaiua

v
a &

W v o ' @ % o o a < 4 [ ¥ W
nusesdudasyvinlansiuasisdnhsianu e ¢, <g, nie Madususosduia

1 ] H b4 1
seninlangduasidniwiladl die ¢, > ¢ udsesduiassiiadiusziidou luuaneia



24

o

nInnsdigaund wu finavesaniuz i uasravesdszy Il dug fafu Sai I seedudad
aheiudadidenluiusesdudaTowin nduiiquauiianareily seodudaisad Ins1a

Undlumal§id nsadusesdudaleiia %118 Tasmsm ¥ druvesasaeiaii

gduiariuTune Aesdianududuvesansiteqe usosduda Toviiasznin Tanefudaney

ansaildnnlassadrvedans n* —n,,, dwaadlugli anunhavesuSnuilasa

silicon
~ ¥ @ v A v A 9 2 o o A1 A 4? ~
WINSNIBYTUATISUAIDAAIUNBAITNIUNYBIFITADATUA TN IUTNAUNNUY LA NTUUD
v y '
U " FallanumuuinvesdsBegunizilduinadaeammzlivinauauinn nsziei

a 4 ] o o’ § @ W
TiiAedsngmsel “nsnzgelued” (Tunneling) voawme Hiudwnsfndnsesduiaveas

E EY
Ada d v Y

3 £ 4 4 7 a YA PR
ded gansditialanaseunIna g esd i sanasuinggg ldsunednd lil-un 18
a Y Vo [ [~} @ @ dyd @ v @ a
asafiane lidne 185y ludauuulafaw sesdudaiitaaaquantiadlusesdudalein
lumailiia
dy @& @ da Ao 9 J=} 9 ° =1 U Y 1 a
uenuinil seoduda lovidnifvsdosiinmduniudr snfind1inwdrddives
v 4 !
FanouinizainiudanoulaeonladineginaquedduvesTansuaz arsfadnidegauen
drenurueenlud iildsesduialed alinnnudumugs hivnnzfiesin 1 F e e
{l @ w 1 W 9 3 a aa Ay 9 a P ﬁ
saiuilymidanan ndimsadiwsulavsuuidrdaasunianududugausnuieziduses
} 4 » I »
dudauds sevdudailizgoihldidaudeuiaungiiqenmils e ifesaouveslans
1 3 o 3 ¢ o o [ ¥ W
annsauniuTuvetenn ladu ezl luduvesmsnadnirla sei v i dseoduda Tos
A da A 9 o am 1 dy ) 1 =y i [ =
uafia UA1nua i) 35wuiignisendi “n1sueuila” (Anealing) 4115 UNI MU0
erguitloniugdneu gamgln ¥ lumsueutiasgszning 475-500 aerusaifoa Tunsserme
o 4 a : = o q 9
voamaifos Tulaswu ifunaisn s-10 - il sgvinmisueuila i lfezasuves
v 3 »
argiitilguuniriugusanladuna il luiteddreu hldldsesdudaiauysal uaziid-
9y v w o s A @ o 7a Ao
ANUAIUNUTUNTAT (Low contact resistance) nmuﬂusaﬂﬁwﬂawnﬂm
[ < by, Wy ¢ @ @ < §
eo19 1307 winldsesdudaiilissodudafi-1Bunuuau, (Shallowed p-n junction) V64
p*—n 3o n* - p dwdaluglii dielintsueuiia szaewvssozgiifionfiunsdndr 1 u
v ¥ v
au p* wie n* dinez Waiuawe wldidatidwdnau limiiu dadularounayin vieh
J d $ { s a @ w { g
5o “alud” (Spiking) Fedwidiualild ewdnashilfwSnusesdudafi-Suitivuaiun
Ed 9
maft1d nadlsuilsesdufaesdomonsizgndniaes uaz liansauansguauiaisas TWe

1

d o

mstlestumsinaszgifionalid vi 18 Tasnsidnezaonaisidovesdanouasly

’
a

a A < @ ¢ A 9 a o o 9 aa Y & 1 q’,’
Tuezqiiiion Uszaina 1 wefidud e Inezglifioududidsdanou udr3wnsacllludu

U

= o ) [ 9 [T ) ¥
Faneutios Jyminisfaalldianas dmSunsadusesduialeninuusesaefi-gu

¥

VAU ¥892993 70 a301Mi (Modem Integrated Circuits) (35U 1uFWu8919955 152100 VLSI



25

(Very Large Scale Integration) fo4 Itnatiniimuietloaiumsiiaa lus wazi 19 1dsoaduda

o QW

Sa { ¥ w 0 ' y
Tevidian@linnudumududadr mailadena1agniSenit “Silicide  multilayer  ohmic
] k4 ] v
contacts” Aquaaslugln TasliguvesasilsznenTanzinilousanounsoniSond1 «4a
I3 ss L] eV o n’a’ { 1 o w 1
laa” (Silicide) 190 TiSi, , PeSi Wlusuitroiiagannnses (defect) tazezanuuilanilasy
a & o w o 9 @ W &R A Y o =) e’/’ A 1
uTnuAFuda i lvsesdudaazera Salinianuduniud uazlivuveTanzduisu
v
s @ _ Y < ] @ a 4
WAy wie nnuilvwisaau (Til ) dludu Barrier layer rutlossumaiina ldveslany

a A ¥ W c!yd o ) ¥ a Y
2 QUIUYN mﬂauwmmuumﬁnysmuazmﬁnﬂimwmqmwguqﬂﬂﬂ

Low doping I Moderate doping 1

Y
Y

High doping 1 Very high doping 1

{ v oorar L @ ¥ o 4 o a
gl"ﬁ 2.179dUUAANTHA NN UT TSN INNTSUTUASIIIAY ﬂlﬂﬂiﬂﬂﬁﬂwﬁ!ﬁﬂﬂ"lﬂ'ﬁLﬁlJﬂ'liL%ﬂ

AANUAUHANATAY

2.5 ngqufanalwvhuazaunnnivdn
2.5.1 nqugaunivih

i vneds “uSia Tasseudszq Ilih auseq Idfhannsadsdnne de
v§o “ufnaiileinilssy It lunudaezidausanssiuulszg iy AMYAA1)
TunSnuaun i dousianududuvesauu Iihdedu yaitedlnduszq Wil wiinn
Wuduvesam Whganigaitedinilnasenltl vennmiu o gaseq TunSoamanluih

] U \ 1 o/ A o o 4 LY a
douvzilsingdnd lihiiardg dude sadludndliihsiadorfududndlufhswiaon
o
d

Yszy ihiiihudwesenn il gafioglndiszq TWiheziidndganinaiiodinasenly



26

v Tl
v tri}

g1 2.18 auw Wihilfmdersunaveaus Infhiinszidedssquan

Wunseindh (Line of electric force)

mifimua meanuazaInlunisdnm luillsingegase Taesmuaiundnld
L 2 2
tihlaasaiudn dlenadssq Ifhundaszasluauniih Slszq Ifhuansassifuannse

A { { a Y 4 { [ '
waoud I8 uwamaiidszqIihinnsrsstzmdounly fmuainiuwduus ufuas

: ' b4
rmeveudududa edudenduuselnihiigalaq Afefimnavesaum i a ey

71U 219 gum Ifhwazdunse Iiiuilesnnyeilsz gdase

Tumsdisuduusa T Tdenasih duusdluflnsesnninlszy Iihann 1$hduls

zq i
auldignasesniszy IWihuon uasiagreasidhgilszy Tihau

a

AaeiAveudunse v

Auamiaveaduussihiinasmsu fe

1. uuse Ifnjseennindsz Tdfwan uagvadhgilszq Indhay
2. idunsa iwdaziduse lidafuiae

3. idunse Tiiherndszy Ifhadadeatu TieSuduumadonsy udezmumenaniudy

uAazun daudunsa llihwnlsey Iihaestiaiy ssesudluu@adu

9 A 1 o A 19 1a @ ¥ :: EY v a @ :/‘
4. muu,sq'lvlﬁwnqaeenﬂmﬂumavguﬁ\nqmmm'sﬂqaanm"lﬂmﬂﬂummmmquuq e



27

£
5. iduusa iy og livjsruSagdniiae fuusa Wiz fugaegiiossSnaivesing

9y
AN

g Qo [ IS)

6. dwiuingdnhginsenaunanifidszyliih vaz lifiSagountszy i sqed

U 9
¥ E4

awlunsenaunarniu wlufiduuse it sgniolunsanaunansiumoduus ezl
Qy (= a 1 q’f 9 = Y 1 o
Unngdugeegiissiuesnveansnaynalaumniuy Taoduus e iheziinundrgyagudnans
Y
voInsenaunade uaz lunsdifimelunsinavnads ve lufauin Wi Lidusensg it il

nanldhmnuduvesau fhidugud

FH—>r E
! >

(n) usanszimaelsgy luau Idihainaue

Y Y Y

(v.) manasunveslszy luauiu Idfeiave

17 2.20 usenszihiulsz uazmamasuiivestsyy luau i

1 Y [
ANWUTIVBIAUIN MUIBES “VUIAvBNTINATULULITEY +1 coulomb o111 anamey”



28

10
F=KQQ,/¥ (2.12)

dnlszq 0,0, M ladamile ilu 1 coulomb a2 1dH
E=KQ/F (2.13)

(ile E=anuusaau i wihe Nie
0= dszquuasiwiafvhdifaaui wig Coulomb
r=szgznauvasinilataefidesmaniumaiy niaiumes

e Wi flunssaenszy 1 Coulomb

E=us(P/lszy @ uaz E = F/owld
E=Q/E (2.14)

agl mymanududuvesaun i as galag
(1) Weougl uarasdwminlszydhvosainy
@) vinlszg +1 gaomi Tiaald a safisemianuduvesau i
a4 a = o 1 o )
(3) (WBUNANNYBILTINNTHIdeLTEY +1 gaswil o AUUNY
@ manuduvesauIwih viagas £= k0 /7

Jodana
9

[en—y

-oninlszquan ldnaluau i aauduve sy IWihsu ussuudlszy Wi e
=) [

Reafiu

2. dninbszqaulinelumun i anuduvessu IWihfuusauuilss IWfhee fine

ATt U



29

snel v (Electric Potential)
o { A ' o
dndlrih Ao vinavesaigaudellumsinden 1 miressganszozeiiud

(Infinity) M1UDIYATY

Ui 221 msmmidnd luih

NALNUANUANANG
w
V= (v=v,) =2 (2.15)
q
4 9
NNAGUBIgal 9z 1dn
K K
F, =_Qég A= qu (2.16)
7~y T'p
uay
average _ FA 'Fb‘ (217)

s =,/KQ2q 'KQZq 0 (2.18)
ry vy r'yTs

v 4
UANTU = USIUNAY X TLHZN ALY

wyy = (. ) 2.19)

Fyrp



30

NAUNITN (2.19) 32187

w i
Vg =, —v,)=—H =KQ(———-—) (2.20)
q Yy T3
w, K w, K
v=tu KO, ¥ KO @21)
q T4 q Ty
Ay
K
Vo= ~Q 2.22)
' &
B4
i 0 fedszqdume Wlelszydwesaun iy (gaemd)
q ae szgnadeu (ietizyinh hinduauninihy (@asu)
Kk  fe e (luemanSegqaania K =9 x 10°N - m’C?)
q L

riory A9 szuziviannquinanvesssqdumaiine A uazyn B mudisy
w o foewiqudeldlunnadeudssanaaenlussning 2 9alaq
v,,v, A0 finduihiign A uae B amwddy qamaem wie Taad)
v 0B ATNANANGTE 11999 A Fuge B (ga/macu] uie Tiad)
Fonrmmarwderfudnd ez arwddndinih
1. dnlszqdumg 0 dhunlszyuiiauan dumisiteging 0 axiidndinfhganhyaiiedInania
e
2. dlszadumg 0 hulsggriinay dumisiteging o s iidndlulfhdingadiedinanda
e
3. Tagia ldudannudedndssn e 29alaq duvinaue (Rotordndgs audndd) ud
nenfazitumianauild sz fndiaudndga) farfu manuaednd Iihiedessyy

A 1 A Jyy
!ﬂiﬂ\iﬁlﬂﬂ'ﬂlﬂuﬂﬂﬂ Nio ay "hﬂ'lﬂ

o @ W ~ 3 SI: o o 3 d"l ; T 9
4. dwmiudnd lthiigalan 1y eruduIdisfnduanuazau sisildentuegiussydumg o
o w 1 a o d [ :}
iudidy ndnfe duffuuan +o Andezifiu van uaz -0 Andazifiuan Sufu Tumsldqas
9 ¥ v *
v=kQ/r 1y Suusdndsiivzdecldinioaning  iswensiaveslszy 010113400
5. Awmisiideniidnd Twfhudugud T 2 dunia A
PATE Yy C 4
- yafieg Inavinilszgdumainng (rezeriug)

T dy =) A A a ™
- IRAN vuiulan (‘Hiﬂﬂm’lﬂN‘] NADAIAUUULBY)



31

6. tduiiainaeiseugaaey luau idihafidndIWimdy suSend iduaudng

(Equipotential Line)

anumadngTrthszraega 2 galag

anuandng Tiihssrdnaga 2 galaq nineds <udenilanitnlszy lumsindeuilsey

sw'hmﬁyqam”

& q Whulszquan agnuh W i + diedndi Bganhfi A (18
w il - dedndd B &nhiiA (18w
willugud  iiledngd B ihfudndd A (luSam)

v=X 2.23)
q
w=gqv (2.24)

o A A v
w=wnasu lunisinasuilseyquiiag Joule
g =152y M#hmiiae coulomb

7 = Anuandndsznin 2 mniae (ICusavols)

2.5.2 NgUGANMHIMEAD
] < a 1 [ < 2 a ' < o 1 9
aunuimandiuuSnusen winaiman Gallusasimannszivedag anudy

a vood 2y/
Lm:mﬁmwmaumuumaﬂuﬁﬂﬂﬂmﬁ'uuimnmaﬂ

aé’t’ummﬁmﬁn ﬂgﬂ ﬂﬁ’n‘fuﬂmﬁn(Magneﬁc field lines or flux lines)
H a 1 g ] 1 <3 3 Y
Auduiuaasfirvesauiuuiivinsous uisudman  usnamiuduaannudy
¥ 9
YB@UIMIIMANAIY TiRvsITuAe Nrveusinszituduvile Tuawuumandunss
[ < Y 3 72 9 = v ] <3 A o 1 I~

wimanuaaldmuldlagldnunanlsesouq  wiwiman  wiemsszydumusveuiy
~ [~4 ’ ] 1 g
NA @09 @ PAANT TOU UILLMan

ANyHEHENEnFdHEn(Magnetic flux density)

]
~

Y 9 [] d A & 9 g} [ < 1a
L'ﬂuﬂ"li’.lﬂﬂ’ﬂlll‘llll"llﬂiﬁunltml‘l‘iﬂﬂﬂi]ﬂ"]‘HHQ L!ﬁﬂiulﬂjﬂﬂ AULTHINIRANND YT A

U

Y o 1 ool d A 3
U Iﬂﬂﬂﬂﬂﬂ’ﬂ‘llﬁu"muuﬂﬂﬂ“lﬂ.ulmaﬂi!ﬂ'lil'Iﬂ'i’ﬂ‘l]‘]‘U’J



32

gauifunara(Neutal point)
=1 ' v & v g Ty a i o A
Lﬂqummwmuuuvlanmmmami‘luquﬂ NanNNauINLNMan 2 auIunTe

1 aaa v W @ o ! v @ ) @ » ] = 4
nnni1 TlgATeveduuaziudiedwniiviiu uaiaasetudhy uiaimaninvuau

}4

a s ] < - o Y da A a a [] <3
TRYULLIINAN Iﬂﬁm‘ﬂﬂﬂ ‘Hﬂﬁlﬂﬂﬂ%ﬂﬂﬂﬁ:m‘u 2 gl °luuu'zuﬂuu,mwan

o =1
Tnezuunufadiu(Diamagnetism)
‘ﬂ [ = A 9 [ I~ 9 Qy [ =Y z!yd
Auaarzmimanvesaslenn Bluaummimananuduge  Fuingeilaiil
[ <1 [ % W :: ar
wualdussveredunimanldvrvesnlduasdruiesog9deaninsuidunsa

a

' g o da g
Hytan 1‘51ﬂ§]ﬂ13mui‘ﬁu"ﬂ\n'l‘mﬂﬂ'ﬁ‘ﬂﬂtﬂﬂﬁiﬂugﬂiﬂﬂ’Ju

a <
WMITMUNUATYN(Paramagnetism)
ﬂ ] =1 A E7 ] <] 9 : o a dy =}
nu’dmazmeaﬂmmmimmw"lﬂuﬁmmmmaﬂmmwnqq TUIAYTUAUITY
P o 3 g 1o & Y o v oW @ @ 9 LI ] a
L!u’JTUN’WﬂH!’dHmeﬁﬂl‘llﬂﬂﬁﬂ‘Ll HASATUUIBIIS T NAIATULUIVUIUADE UUINLYaN U

a A
aungunnmsnaeunvedlalna

253 nqyﬁaumuﬁmﬁn‘lw% (Electromagnetic Field)

iedaan1snsiud Wandulmani ldtnszua i luaradni1euse 1 azwus
< a o o 1 a (= = d?
Wuveaeuiwesiuu lanndwmtady uaasilinszua A udadu luraaaneane lunia

v w9 £ ra oA | =] 3 v <] Vo o | S 2 Ao
naunu ﬂ]i”ﬁlﬂﬁ?ﬂﬂ@%lﬂQﬂgﬂﬂﬂ Llﬂlﬂﬂﬂu‘ﬂllﬂ\leﬁﬁﬂvlﬂ-ll'l 1Wﬂﬁﬂ°ﬁllﬂtﬂaﬂﬂﬁﬂﬂlﬁﬂ')ﬂ

P& A

neanauldsumlasisz i ldimanszua i iuuoutime Sldsu iy Wufe
finszua Ifh luvaarensauas

vz i luvaaandnindasnddnduimaniidiuvearadaitinmaldoundas
Gennirildifianszualwiidnvuziar mnmieadiusingn i (Electromagnetic

] 9 9 )
induction) tazFannszua IWihAinavuanIsHiN nszua T umilenis Gnduced current)



33

Electromagnet

g1l 2.22 msnausundeu Tl wmiioniluduaradni

y N

iemaeuduarndaihluauumimin dualadnii PQ indoufigroarudy 7lufadanin
fumumneimin Biay seilusuuimannszidesidnaseudass luduatadni lufiags
mnfuszinuves Tuaz Bivzedlununduaia pQ Srailiifannuddndsznintae
PQ 3 nadnionile ﬂawﬁﬂaam‘uam’f’uaJﬁﬁaﬁwﬁmmdnﬁnéVPQ sutu &de
Buaadniaiasunes fezfinsena i luaees waaeh Ymeiigesveduaiadatini
wihiaiowiuumdsiuiialvi wsansou lWihidadudonh usundeu W miloni
(induced electromotive force) 91nRna1udd lun1slfiduaiadnimsunaeuiiganand
usman f’fﬂﬁ"uﬂmwﬁuﬁwgﬂ?}mﬁﬂuqumn muﬁﬂwﬁﬂcﬁmjmﬁn‘luum&mnﬁuﬁﬂ

aummimanszidanszua ihmilsniluvaadagildmaeu



34

R

a v o a/ ol o w7 =]
31 2.23 yaaaednhmyudardndiainan

vaaaa PQRS myuseuunu Xy Tuiismudunnim ilefsisanaiadiil da PQ uag RS

AN AR

[~ ¥ 4 $ o a 1 o ;’,' a
WM U 298 PQ waz RS ndsuiidaddnduuiman Tunrawaziu oy azifanszua v
mileni11 Tagnszualdfunfionhagidaem e W Q wazemr Ml s wleusu
4' o o o W oA =Y o'd' ) T 9 o dy d.'l A
wethwaaiadnhwenueniimesianinianszue lihnniees 14 wazriwaaiaiindeud
9 Y A ] v 1 < ' o @ o A 3 =
Whlnanseoonvaunwaimin sgnud  vaizfivaaladitiuadeuiy wwinszualvi
R N ) o a 2o ] o o #r S
wmieniunaIu FedunalaninmsuvsuduFvesouiines uavmzvnaladthegils o
: 1\ %y > \§ : :
Tufinszualifwniionts iesnnnszua i umiionindunat 1§omnusaaseu 'l
cs' o o u’; =3 1 Y & [ 4 ] o 1] d' o o W 4:; =
wmigd auiu Fananladudleddndimandiufivaaradriifiswlasundas  ass
1 v 9 ¥ £
usundou ldiumiioniniaduluvaasednh suilunaldtinszua Wi luyaaladainiy
a A ) a 1 § H o
ludia whsuad lanaaeunefnuinrmduiusseninsanaou I unieriuas

Y

1 [ i a ] A { o A a ¥
dnduimanin/founlas wazagl1dh usuadon I misnhiimeduluvaas 1§y
LY. o  a - (VR e | d A :1’ A o s 9 ;
daarunudasimsnlasundawesdndwimanifiuvaalntiu weifisudunat Yeanuil

1 i o ' . .;’,’ 4
3ond1 ngmamilenivesl1suad (Faraday’s Law of Induction) Fanduq 31 ngueariisund

. ¥
FuungitugvesTihuazinimin



35

) [ = 'Y [] a =Y a2 i [~
WasanszuuvesvaalIneg luuuiRnfuauaiman Tuneuusn ludwdndulman
] 4 o VoA o v 9 [l I~
ruvAaIA evaalanyuIRd U uSIRY FEUIVVBIVARIADSTIYNANE AU IUIman
@ d ) < d'\ =R} a' 3 d‘ S a' 3 Y
Wandinimaniifuvaadnslinuiinyuseen HaTlAGIgAo TS UILUBIVARIAAININAL
] < ] H
aumiman aplae Tugmsmuvesvaalafiszuivaatanyunaayull 90 s 110
o T ¢ O A T R~ oy (311 P = v o a A
AwnuaTuauil Wandulmaniidhuvealalinslasundlas saiuszipausanaou i
Py o o o [l < 1 £ ro A o I~
mileni1 waznszua iumileniwaaa de llszinyin nvaalfedfunuazansuman
v 5 ] ¥
wdvaaraldountlas  sdaszualdfuniioninfiatundely  waznszualniqg

v & du a = al iy [ v
ﬂ’nut’mwuﬁnvwﬁmqmnﬂaauuﬂawmwa ﬂ"lﬂ!lll'l’iﬂﬂﬂﬂ'l\'luli

mImiavesnszud Ildwn fenhluvaaiadii midnnaguesaud (Lenzs law)
afilonnwd usundouTihmiloninluvaasnsianssua thmdonhluiafioe il

a LR () o ld? 9 P ol ) A < S Ao 1 3
mﬂWamﬂmman“lﬁnwnWnumslﬂaﬂuuﬂawmﬂaﬂmmmaﬂmn‘wmﬂmumﬂmﬂuu

111 2.24 fieveanssud Iliuiie 1¥ngueaaud



36

2.6 59801314 (Lorentz Force)
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3223 Lmﬂﬂiﬂﬂﬂu‘%mﬂﬂ% (Magnetotransister)
= a s o @ ] PN Qs 9
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o (] < s
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sudnszifuwrzi ldiRaanuuana s sHINNIsuanealanmesiaaed na'lnlumsifa
1 v o 3 -1 ¥ o H
ANUUANANIZNINNTZUAADAAANBTNIADI (AL, ) YupgiumsITouuuUnINE (carrier

deflection) UA% ATZHANTST AANANT usaan (modulation current injection)

sunillansnudanesviianszualuauiifs (Vertical magnetotransistor)
d‘ Y < a s A P a Y
314 3.14 waaTaseaduuniilansuGames N vzindsuiauuuialasadie

y & s ) v a diin
nanszuIumsaduiug e lunars Tassadnilszneudiensiudamessila npn deq
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k4
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S=|Al, /1B (3.8)
unueumsii G.7) asludunisii 3.8) 9218
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S,=|ov. /88|, =R:'|oI. /0B, (3.10)

S=V:\ov./oB|,, =1;|oI. /9B, (3.11)
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dlu'liauga uaasdagilii3.16
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(n) (V)

51lfi 3.16 wavewssassudnns s uvue (Taa) (M) B, = 0 uaz (W) B, >0

] ' 4 Y o A
ANUVUANANTEHINNTSUTABALAAIABT [ tag I, w1 ladsaunisi (3.12)
Q?J’ 4 o aw [
NTICRTUU WAV [, tae I, Aenszuansaantaoin Ivalunnzlndues 49
= 1 2 < o @ 1 @ ]
AUNITN (3.13)  AIUAUNITN (3.14) UFAIDIANUTUNUTICHIT AL, DUANUHUIUY
vood & ) ] p SCF an '
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ARt N1 (3:12)
I ST + L (3.13)
ALSXK (15eu,)-B, -1, (3.14)
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v o Jdo 1 [ 1Y 4
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Al
Sp=—-— (3.15)
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3.3 uuniilnlalen (Magnetodiode)
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N-Sub
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v = o . {
na lnnisdisauuwine TeavewuuniilalaTeaausadnsizd ladagli 3.21
N ol in a Ha 4 4 £
nszud la Teamudunumiany himiviwiannnsaawive: Teailiunduinszudgeiy
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nszuauelua 1, AoHasIuiuvednssia 1, vaz I,, aunsaudasluaunsii (3.17)
M\ 1. ¥1,, (3.17)

nszuaueTun 7, awnsoudasedlumenvestSutanmmuninveslaadaaunisd (3.18)
I,=J, -W-d (3.19)

A A = ' + A Y s ~
§413] dﬂﬂﬂ']’]naﬂiﬂﬂﬁﬂ“ﬂiuﬂ D, w ﬂﬂﬂj']uﬂ’n\ﬁ‘ﬂ\ulﬂiuﬂ uuﬂ’)1ntlﬂﬂﬁ']qa”ln1ﬁﬂlmﬂu

auns Iagldyueead

tan6 = 4B, (3.19)
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A A A A ' 7 il @

o p Ao nisndeulviveslen uas B, Aeanumuuminvesauiuuiman myvda Ay
a 9 o a

ansaeu laaaaumsi (3.20)

Ay=L-p,-B (3.20)
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¥
Yo a
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Al,=J, -W-Ltan@ (3.21)
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(3.22) uaz (3.23) MuaIn
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Cleaning Process
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Oxidation Process
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Diffusion Process

A 4

nIzUIUMIAa lara
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s2.1mmanuaze AR uBaneuEudy
Fonsz1M3 “ERC Cleaning” Tumou il
- Ultrasonic 11‘!1{1 DI 5 w1l
- 4u0h1 DI Tuuda 1w suazen
- ithuvtedaeie N,
- dulunsa Nitic (HNO) 2 ufd  udhag 5 unii
_gulwi i1 udh
- duluria D1 20 udag 5
- fuluth DI 2 ufh auazen
- whudedefine N,
-dulu Trichloroethylene 5 i
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“gulwt D1 2 48 uezern
- whuiedae e N,
msATazeIRIHuGARUE LAY §0A52UIUMS “Piranha cleaning” fdhmou dail
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-thudadaoie N,

4.2.2.m3naagu
v
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v
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- nhuredeie N,
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U
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- Ultrasonic 1u Acetone 2 U7
9
-quhnh DI 2w uazeln

- whudadoie N,

4.2.4.msmdamylans

- Aulunsa Nitric (HNO,) 2 uf? ufiaz 5 uifl

- ﬁu1u1§1 DI 1 1M

- Fuluth D1 2 ufh udag 5 1

- guhnih D12 ufh auarzern

- whudadeie N,
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4.3 NIZUIUNTOONBATH (Oxidation Process)
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s
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4.3.1 MI2NBIAYHUVUBY (Wet Oxidation)
E1
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a aaa < T 4 @ A 1 1 aaa
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311 5.1 wamsda N+ iy Al

(n.) Forward Bias1 volt/div, 0.5 mA/div, V. =0.3 volt
(.) Breakdown voltage 5 volt/div, 0.5 mA/div, ¥, = 18 volt
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31ii 5.2 snlqmiaaiAvessoaduiiaSonnd (Al ¥y N-substrate)
(n.) Forward Bias 1 volt/div, 0.5 mA/div, V,=0.3 volt
(.) Breakdown voltage 5 volt/div, 0.5 mA/div, V,, =18 volt
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Properties of Si at 300 K
Properties Si
Atoms/cm’ 5.010"
Atomic weight 28.09
Breakdown field, V/cm ~310°
Crystal Structure Diamond
Density, g/cm’ 2.328
Distance between neighboring atoms, nm 0.2328
Effective density of states
Valence band, em’ 1.0410"
Conduction band, ¢cm™ 2.810"
Effective mass, m /mo
Electron m’i=0.98
m'e=0.19
Holes mh=0.16
m m=0.49
Electron affinity, V 4.05
Energy gap, eV 1:12
Index of refraction 3.42
Intrinsic carrier concentration, cm” 1.4510"
Intrinsic Debye length, am 24
Intrinsic resistivity, W-cm 2.310°
Lattice constant, nm 0.5431
Linear coefficient of thermal expansion, cm/(cm-K) 2.610°
Melting point, §C 1415
Minority-carrier lifetime, s 2.510°

Mobility, cm”(V.s)




Properties Si
Electron 1500
Holes 475
Optical phonon energy, eV 0.063
Phonon mean free path, nm 7.6 (electron)
5.5 (hole)
Poissions ratio 0.42
Relative permittivity 11.9
Specific heat, J/(g.K) 0.7
Thermal conductivity, W/(cm-K) 13
Thermal diffusivity, cm’/s 0.9
vapor pressure, Pa I'at 1659 sC
10 at 900gC
Youngas modulus, g/cm 1.08910°
. awuiinmllvesdanelasenlyg
Properties of SiO, at 300 K
Properties SiO,
Density, g/cm’ 2.2
DC resistivity, am.cm 10"-10*
Dielectric strengh, V/cm ~10’
Energy gap, eV 9
Infamed absorption band, am 9.3
Melting point, §C ~1600
Refraction index 1.46
Relative permittivity (dielectric constant) 3.9
Structure Amorphous
Thermal expansion coefficient, K 5107




Thermal conductivity, W/(cm.K)

0.014







BURR - BROWN®

FEATURES

INA118

Precision, Low Power
INSTRUMENTATION AMPLIFIER

® LOW OFFSET VOLTAGE: 50uV max
® LOW DRIFT: 0.5uV/°C max
©® LOW INPUT BIAS CURRENT: 5nA max
® HIGH CMR: 110dB min
©® INPUTS PROTECTED TO 40V

® WIDE SUPPLY RANGE: #1.35 to +18V
©® LOW QUIESCENT CURRENT: 350pA
@ 8-PIN PLASTIC DIP, SO-8

APPLICATIONS

® BRIDGE AMPLIFIER

® THERMOCOUPLE AMPLIFIER

® RTD SENSOR AMPLIFIER
® MEDICAL INSTRUMENTATION
@® DATA ACQUISITION

DESCRIPTION

The INA118 is a low power, general purpose instru-
mentation amplifier offering excellent accuracy. Its
versatile 3-op amp design and small size make it ideal
for a wide range of applications. Current-feedback
input circuitry provides wide bandwidth even at high
gain (70kHz at G = 100).

A single external resistor sets any gain from 1 to 10,000.
Internal input protection can withstand up to +40V
without damage.

TheINA118is laser trimmed for very low offset voltage
(501V), drift (0.5 V/°C) and high common-mode re-
jection (110dB at G = 1000). Tt operates with power
supplies as low as +1.35V, and quiescent current is only
350pA—ideal for battery operated systems.

The INA118 is available in 8-pin plastic DIP,
and SO-8 surface-mount packages, specified for
the —40°C to +85°C temperature range.

V+

]

Over-Voltage
Protection

Over-Voltage
Protection

INA118
50kQ
G=1+
Rg
6
—OVo
g O Ref
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SPECIFICATIONS

ELECTRICAL
At Tp = +25°C, Vg = 15V, R, = 10kQ unless otherwise noted.
INA118PB, UB INA118P, U
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTI
Initial Ta=+25°C +10+£50/G |50 + 500/G +25 +100/G |+125+1000/G pv
vs Temperature Ta= Tyin t0 Tyax #0.2+2/G |+0.5+20/G #0.2+5/G | +1+20/G nvrC
vs Power Supply Vg =+1.35V to +18V +1+10/G | 5 + 100/G * +10 £100/G vy
Long-Term Stability 0.4 £5/G * nV/mo
impedance, Differential 101014 * Q|| pF
Common-Mode 10101 4 * Q|| pF
Linear Input Voltage Range (V4)—1 | (V+)-0.65 * * \
(V=)+1.1] (V-)+0.95 * * Vv
Safe Input Voltage +40 * Vv
Common-Mode Rejection Vem =£10V, ARg = 1kQ
G=1 80 90 73 * dB
G=10 97 110 89 * dB
G =100 107 120 98 * dB
G = 1000 110 125 100 * dB
BIAS CURRENT +1 5 * +10 nA
vs Temperature +40 * pA/°C
OFFSET CURRENT +1 5 * +10 nA
'vs Temperature +40 * pA/°C
NOISE VOLTAGE, RTI G =1000, Rg = 0Q
f=10Hz 1 * nV/vHz
f=100Hz 10 * nVAHz
= 1kHz 10 * nVAHz
fg=0.1Hz to 10Hz 0.28 * uVp-p
Noise Current
f=10Hz 2.0 * pANHzZ
f=1kHz 0.3 * pANHz
fg =0.1Hz to 10HZ 80 * pAp-p
GAIN
Gain Equation 1+ (50kQ/Rg) * 4%
Range of Gain 1 10000 * * VIV
Gain Error G=1 +0.01 +0.024 * 0.1 %
G=10 10.02 +0.4 * 10.5 %
G =100 +0.05 0.5 * 0.7 %
G = 1000 +0.5 +1 * +2 %
Gain vs Temperature G=1 +1 +10 * +10 ppm/°C
50kQ Resistance(!) 125 +100 * * ppm/°C
Nonlinearity G=1 +0.0003 +0.001 * 10.002 % of FSR
G=10 10.0005 +0.002 * 10.004 % of FSR
G =100 +0.0005 +0.002 * +0.004 % of FSR
G = 1000 +0.002 +0.01 * +0.02 % of FSR
OUTPUT
Voltage: Positive R, = 10kQ (V+)-1 (V+)-0.8 * * 3
Negative R, = 10kQ (V-)+0.35| (V-)+0.2 * ¥* \%
Single Supply High | Vg=+2.7VioV@), R, = 10kQ 18 20 * * v
Single Supply Low | Vg=+2.7V/0V@), R, = 10kQ 60 35 * * mV
Load Capacitance Stability 1000 * pF
Short Circuit Current +5/-12 * mA
FREQUENCY RESPONSE
Bandwidth, -3dB G=1 800 * kHz
G=10 500 * kHz
G =100 70 * kHz
G = 1000 7 * kHz
Slew Rate Vo =410V, G =10 0.9 * Vius
Settling Time, 0.01% G=1 15 * us
G=10 15 * us
G =100 21 * us
G =1000 210 * us
Overload Recovery 50% Overdrive 20 * us
POWER SUPPLY
Voltage Range +1.35 +15 +18 * * * Vv
' Current Vin=0V +350 +385 * ¥* pA
TEMPERATURE RANGE
Specification —40 85 * * °c
Operating -40 125 * * °C
O 80 * °C/W

* Specification same as INA118PB, UB.

NOTE: (1) Temperature coefficient of the “50kQ"

and single power supply operation.

BURR - BROWN®

INA118

term in the gain equation. (2) Common-mode input voltage range is limited. See text for discussion of low power supply




PIN CONFIGURATION

8-Pin DIP and SO-8

Top View
.

Ra[ 1] 8 R

V[ 2] v+

V[ 3] Vo

v-| 4 Ref

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +18V
Analog Input Voltage Range 40V
Output Short-Circuit (to ground) Continuous

Operating Temperature

—40°C to +125°C

Storage Temperature

—40°C to-+125°C

Junction Temperature

+150°C

Lead Temperature (soldering, 10s)

+300°C

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

ORDERING INFORMATION

PACKAGE

DRAWING | TEMPERATURE
PRODUCT PACKAGE NUMBER(® RANGE
INA118P 8-Pin Plastic DIP 006 -40°C to +85°C
INA118PB 8-Pin Plastic DIP 006 ~40°C to +85°C
INA118U SO-8 Surface-Mount 182 —40°C to +85°C
INA118UB | SO-8 Surface-Mount 182 —40°C to +85°C

The information provided herein is believed to be reliable; however, BURR-
no responsibility for the use of this information, and all use of such infol

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
rmation shall be entirely at the user’s own risk. Prices and specifications are subject to change

without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize orwarrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN©®

INA118



TYPICAL PERFORMANCE CURVES

AtTp=+25°C, Vg =115V, unless otherwise noted.

GAIN vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

At T, =+25°C, V5= +15V, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT)

At T, = +25°C, Vg =+15V, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp=+25°C, Vg = 15V, Unless otherwise noted.

THD + N vs FREQUENCY
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA118. Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 12Q in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR G=1.

SETTING THE GAIN

Gain of the INA118 is set by connecting a single external
resistor, R, connected between pins 1 and 8:

50kQ (M

G

G=1+

Commonly used gains and resistor values are shown in
Figure 1.

The 50kQ term in Equation 1 comes from the sum of the two
internal feedback resistors of A; and A,. These on-chip
metal film resistors are laser trimmed to accurate absolute
values. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA118.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current, the INA118 achieves
wide bandwidth, even at high gain. This is due to the

current-feedback topology of the INA118. Settling time also

remains excellent at high gain.

The INA118 exhibits approximately 3dB peaking at 500kHz
in unity gain. This is a result of its current-feedback topol-
ogy and is not an indication of instability. Unlike an op amp
with poor phase margin, the rise in response is a predictable
+6dB/octave due to a response zero. A simple pole at
300kHz or lower will produce a flat passband unity gain
response.

V+
0.1yF
T b
—__ 2| [Over-Voitage INA118
Vin© Protection 3
1 + =
D!(E?-s;:?NED Ef) NEARE(?).‘)- N 1 & 60k 60kQ Vo=G=(Viy-Vp)
1 NC NC s el e
2 50.00k 49.9k & 6
5 12,50k 12.4k Rg As
10 5.556k 5.62k 8 v N
20 2.632k 2.61k 25k Load Vo
50 1.02k 1.02k ~ >
100 505.1 511 5
200 2513 249 + __ 3| [Over-Voltage . Ref
500 100.2 100 Vin Protection 60ka 60kQ =
1000 50.05 49.9
2000 25.01 249 2
5000 10.00 10 0.1pF
10000 5.001 4.99 '—J_
NC: No Connection. r
V-
Also drawn in simplified form:
VO
Re % INA118 Vo
Ref
Vg O———F
FIGURE 1. Basic Connections.
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NOISE PERFORMANCE

The INA118 provides very low noise in most applications.
For differential source impedances less than 1kQ, the INA103
may provide lower noise. For source impedances greater
than 50kQ, the INA111 FET-Input Instrumentation Ampli-
fier may provide lower noise.

Low frequency noise of the INA118 is approximately
0.28p1Vp-p measured from 0.1 to 10Hz (G=100). This pro-
vides dramatically improved noise when compared to state-
of-the-art chopper-stabilized amplifiers.

OFFSET TRIMMING

The INA118 is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
output offset voltage. The voltage applied to Ref terminal is
summed at the output. The op amp buffer provides low
impedance at the Ref terminal to preserve good common-
mode rejection.

Vi O———f=
INA11 v,
Rs NA118 o | Vs
Vi o . _~TRef 112 REF200

+10mV @
Adjustment Range

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA118 is extremely high—
approximately 10'°Q. However, a path must be provided for
the input bias current of both inputs. This input bias current
is approximately +5nA. High input impedance means that
this input bias current changes very little with varying input
voltage.

Input circuitry must provide a path for this input bias current
for proper operation. Figure 3 shows various provisions for
an input bias current path. Without a bias current path, the
inputs will float to a potential which exceeds the common-
mode range of the INA118 and the input amplifiers will
saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple example in Figure 3). With higher source impedance,
using two equal resistors provides a balanced input with
Ppossible advantages of lower input offset voltage due to bias
current and better high-frequency common-mode rejection.

Microphone,
Hydrophone INA118
etc.
47kQ 47kQ e
Thermocouple % INA118

I+

10kQ

iR

Center-tap provides
bias current return.

FIGURE 3. Providing an Input Common-Mode Current Path.

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INAII8 is from approximately 0.6V below the positive
supply voltage to 1V above the negative supply. As a
differential input voltage causes the output voltage to in-
crease, however, the linear input range will be limited by the
output voltage swing of amplifiers A; and A,. Thus, the
linear common-mode input range is related to the output
voltage of the complete amplifier. This behavior also de-
pends on supply voltage—see performance curves “Input
Common-Mode Range vs Output Voltage”.

Input-overload can produce an output voltage that appears
normal. For example, if an input overload condition drives
both input amplifiers to their positive output swing limit, the
difference voltage measured by the output amplifier will be
near zero. The output of the INA118 will be near 0V even
though both inputs are overloaded.

LOW VOLTAGE OPERATION

The INA118 can be operated on power supplies as low as
*1.35V. Performance of the INA118 remains excellent with
power supplies ranging from £1.35V to +18V. Most param-
eters vary only slightly throughout this supply voltage range—
see typical performance curves. Operation at very low sup-
ply voltage requires careful attention to assure that the input
voltages remain within their linear range. Voltage swing
requirements of internal nodes limit the input common-
mode range with low power supply voltage. Typical perfor-
mance curves, “Input Common-Mode Range vs Output
Voltage” show the range of linear operation for a various
supply voltages and gains.
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SINGLE SUPPLY OPERATION

The INA118 can be used on single power supplies of +2.7V
to +36V. Figure 5 shows a basic single supply circuit. The
output Ref terminal is connected to ground. Zero differential
input voltage will demand an output voltage of OV (ground).
Actual output voltage swing is limited to approximately
35mV above ground, when the load is referred to ground as
shown. The typical performance curve “Output Voltage vs
Output Current” shows how the output voltage swing varies
with output current.

With single supply operation, V and Vin must both be
0.98V above ground for linear operation. You cannot, for
instance, connect the inverting input to ground and measure
a voltage connected to the non-inverting input.

To illustrate the issues affecting low voltage operation,
consider the circuit in Figure 5. It shows the INAI118,
operating from a single 3V supply. A resistor in series with
the low side of the bridge assures that the bridge output

voltage is within the common-mode range of the amplifier’s
inputs. Refer to the typical performance curve “Input Com-
mon-Mode Range vs Output Voltage” for 3V single supply
operation.

INPUT PROTECTION

The inputs of the INA118 are individually protected for
voltages up to +40V. For example, a condition of 40V on
one input and +40V on the other input will not cause
damage. Internal circuitry on each input provides low series
impedance under normal signal conditions. To provide
equivalent protection, series input resistors would conttibute
excessive noise. If the input is overloaded, the protection
circuitry limits the input current to a safe value of approxi-
mately 1.5 to SmA. The typical performance curve “Input
Bias Current vs Input Overload Voltage” shows this input
current limit behavior. The inputs are protected even if the
power supplies are disconnected or turned off.

Figure 1 shows a simplified representation of the INA118.
The more detailed diagram shown here provides addi-
tional insight into its operation.

Each input is protected by two FET transistors that
provide a low series resistance under normal signal con-
ditions, preserving excellent noise performance. When
excessive voltage is applied, these transistors limit input
current to approximately 1.5 to SmA.

Aq Out = Vg — Vge — (10pA » 25kQ) =Voi2

A, Out = Vyy — Ve — (10pA « 25kQ) + Vo/2

Output Swing Range Ay, Ay (V+)— 0.65V to (V-) +0.06V
Amplifier Linear Input Range: (V+) — 0.65V to (V-) + 0.98V

INSIDE THE INA118

The differential input voltage is buffered by Q, and Q,
and impressed across Rg, causing a signal current to flow
through Rg, R; and R,. The output difference amp, A;,
removes the common-mode component of the input sig-
nal and refers the output signal to the Ref terminal.

Equations in the figure describe the output voltages of A,
and A,. The Vg and IR drop across R, and R, produce
output voltages on A; and A, that are approximately 1V
lower than the input voltages.

Vo=G = (Vyy—Vy)

Input Bias Current *
Compensation

Output Swing Range:
(V+)-0.8Vto (V-) + 0.35V

60kQ

60kQ

%

60kQ

R, R, ),
25kQ 25kQ £
Rs
Lo- - -
(External)
FIGURE 4. INA118 Simplified Circuit Diagram.
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NOTE: (1) R, required to create proper common-mode voltage,
only for low voltage operation — see text.

FIGURE 5. Single-Supply Bridge Amplifier.

INA118

FIGURE 6. AC-Coupled Instrumentation Amplifier.

100V ¢ _‘f

REF102 |5

R, R,
[__@ BE
— Pt100
K< B "
& V Cu Ry INA118
: R, + Ref
100Q = RTD at 0°C
SEEBECK
ISA COEFFICIENT
TYPE MATERIAL (uvreey Ry, R,
E + Chromel 58.5 66.5kQ.
- Constantan
J +Iron 50.2 76.8kQ
— Constantan
K + Chromel 394 97.6kQ
- Alumel
T + Copper 38.0 102kQ
~ Constantan

FIGURE 7. Thermocouple Amplifier With Cold Junction

Compensation.

A,
OPA177 | +1.5nA
OPA602 | +1pA
OPA128 | +75tA

FIGURE 8. Differential Voltage to Current Converter.

604

10kQ

FIGURE 9. ECG Amplifier With Right-Leg Drive.
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