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1. Mathematic ‘s Law
1.1 ngﬁmﬁﬂmag((:ramer ‘s rule)
m it aX + aX v X =b
8%, + 8 +etyX, = b,
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2, Electronic Principle
2.1 ATNETUN M W (Resistance)

ansisnseusiwiivaluaamewns  Bidnesaudrssiiieneilmed ruuasiiu
.I :’l X v oa G d‘sjd A' [ 7 =l & o & o
il watilymeiddnaseuluassani ifmaedauzasaiamanasdndis vlida
msewmuns inaraBidnaseudaseytansivarensualnihdadon  armdinmms
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R= po 4a)
- qmngﬁﬂaqﬁaﬁﬁﬁwﬁﬂbmmeﬁumu
mnmmmaamﬁmﬁunmﬂ%:auuﬂmqmmﬂuﬁ':m wuiwi,ﬂaqmmﬂuﬁ'nmqq
TurudmamutasdicgAmusie '
anldmnudaiug
R=R[1+ OL(T,- T))] Aa-2)
a0 = Smisdvigugfisaemnasiwnulusinhd 20°c
R = anadimudi 20°C (©2)
R, = easummiogompRafmualay Q)
T, = gmpfidudui 20°c
TZ

= gumpfitNgemnefinfezuutas ( C)



3. Mechanic of Materials
3.1 Sanidnigasthgassinninnssymmeum (Poisson’Ratio:Multiaxial Loading)
Slaaqfidlodin  (Homogeneous) gnu':mﬁnm'ﬁmmuwumﬁaﬂﬁu fResims
wievglmadiermahwinmesh wu wisTaggnussdls wisTagfiasBinaanlilasussii
fin Fousinalupit A1

911 A1 maulfsughflasanusamauuann (Axial deformation)

Fmnemsdunifeanlifdadiedaduieclfrmaneisn Satullanng
204 dail
£,= C,/E {A3)
dlommnbifiusmiluanum ¥ wamim Z §io, = 0w, = 0 Tematia
HlsifenaueBaadetuliumam ¥ wawnu 2 $u nanfie €, = 0 uay €,= 0 usan
nenesamL SRR Rmniadeimsiaiidiomnussimaumaumisdrasiimamedh
TufiemnadmniumsBedaiudng  meveshrawiasihsemammuierh amueduams
990 (Lateral strain) ~ Simeon Denis Poisson (1781-1840) SinadinsnaorsamsiSastavrh
meldEadifadasudandummivenuieameme  denmaisamamumsicned
SBundemamiin Sandmraniges (Poisson'’s Ratio) Wndmuel v ()
V = anea o TR LW

V=-§,/8 = €JE, a4
W : \samneEay uaashithimatiadhmunsaunifasimemedimann
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winfiaoeBudamingm (ifterential element) Askmsdinaesgnnerien
Fviagvitanizy Sausachusi A2 (). dlefrimiinannaiiosnafiens Sudwiingn
‘ﬁ%ﬁnﬁLﬂéimeadgﬂma‘hWnuﬁﬂma WaRR RN sy e mienamasu
AvdEsgrineiaamm X umi ¥ sasnu Z G 148, | 148, , 146, sahéiy
éiauﬁmiugﬂﬁ A2 (b).

1 A2 winnssmaiauny (Multiaxial loading)

H F-% .ﬂ’ wr a I‘; -3 L Ivl = IA 3 [ ] r-9
Siasnihminesivisnafiens  Sasmmeeiaainetulsudasficmea
i - L = = . - 3 ] O L
danihmpsvadamurathvaanaarmliléhyg  mamenmessafiiesuluusiasiemai
. .. - in X
nenldlaeAingmasanma (Method of superposition) NanAEMAMMASEATIRNEU M
- ‘d i .-’ wr [ ] 1 .-’ 47 o 1 :‘0 “
fiemaile  Wasmiviinnssiusianiviin uihemaeSued ifidaraenmniune
fwadia wankiRcltlafsasa
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1. anuBuafifsuasiaaiudadmlaaasfuanaem
2. manlfeuglvesBudmifiosmimiinnasinnsdaciieion  uasdaslinsamy
nSuausanIssNTTashyings
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lunsdizanhwintesvansums Genledafiviiudiuldsaenanduiifionulal
- H . W 3 H 4:' Y H (= 3 A’ H
Aaamusufitentiodasn uartounlsdafimonnivliififie enueuRBeTULIALTITR
daazlii iRansdsuudssplfvividiadupominil - aunssioih iinansmy
- ] [y L 2 ﬂ: = A’ : H‘. ¥ wr 3
nsufaudamsimueeuIicRsuuRUimhatiung
. » \ o 3 -1 H w ] I w
NnHaTRIRNMAUTTnTuu AU udiaefiems  uasnasasianduras

H _ z 1 L] s 5
theas aemeueduafifaauluudagiiermaldeai
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RrsoneTRImMiY G, FrmhFRnmarenbuoum x vy O/ uae
ATMFREALMMILT Y A% Z N (A4) vy - V( O, /E ) Iwinisafeniunasas
iy G, swhbifianeuedoalumum Y vhify GJ/E  uazamanedun unaun
Z uavumi X vl - V(G/E) uatkatasnnueiu o, avibifieemuedsniunn

Wi Z vy G,/E wovamsieSealuimiii X uasuiumi Y i - V(G,/E) i
TNHaTRIe NS sAHaIne N lwaumten. ezl

Sx--(l/E)( G, - VG, - VG,)
g =WE( O, - VO, - VO,) A7)
€ =WE G, - VG, - VO,)
IMENNT (AB) EnmeMAUbOLTY X umi Y weminu 2 Tuglsas
B e T T et T G - -

= [1-V) €, + VE, +VE, | E/ 1+v)(1-2V)
[ve,+ twveg, +ve, |B/a+viav) ~{A-6)
o, = [ve+ Vg, + -V &, & @+via-2v)

[ ay o ) 1 G \l.v = » 51
MNANUTAUNNTEMINES IMUUILNH X kavund Y avlaanieTHaLasanuemi iy

a Q
K

LMANUY SeRaeTi

g = WE(G, - VO, )

g = (UG, - VO, ) , (A7)
L&

Oy = (E;+ VEE (1-V)

G, = (€, +VE,E(1-V) (A-8)

nﬁﬁmﬂ“%ammu (Sign Convention)

1. eUWRLAR (Tensile stran) UstPWALAEaY (Shearing strain) fvh
yundafnand messuaduswingn  (Differential  element) neenthipind
wsmnauinn |
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2. AMURILASA (Compressive strain) WarANALASEMRIY (Shearing strain)
i - A o W 1 1 z
i hpengaieeniuanaimisaiud s (Ditferential element) nanendiua

a A4
unanileSasanuduay

3.2 MsuasANNIASYRA ( Transformation of Strain Components )

Tumseenuulasedomdmmsnniv - fminindaseenu iilaseiduimin
enadnoms Wenamidniitvildeesdseanunfrradiineilasetaii va
Founhemudnisenlivedasetaiing deiminnsahiulesshasnaudheSeeite
\fienfiu ( Homogeneous ) uagiiguysamnadia ( Prismatic shape ) ITE@aSnAIWN
ansudiineanllesadldlosiinanandaiheiy  uunnsilassdiinmsdian
1@ vaditeulalifulumusadiquiiolngasidmmmenadushe Sehiudaan
Femamaduifeanlile SiarqaRatinaeas ( Experimental method ) usimasiH
dinehudnddmadusausdaviionihemd fdimmeielalasass  dmmsaeion
gunIndald wntuildanudousmemsudiuazasiesaadaiulimungease
( Hooke's law ) Wigueheasemmeianiidumadifidaims

ﬁqméuﬁmlﬁnqméaaq’lnﬁn‘nxm1u1€1’uﬁaltam41u§ﬂﬁ A3 (a) sua@lvernandin
Fosniuermudui Savasiusudngatitasenlimaum X wesum ¥ uasamsien
Lﬁauﬁﬂﬁ“;ud'mtﬁnqﬂﬁﬂLﬂﬁ“wuﬂmgﬂ'i'n‘lﬂ fouaaslugii A3 () whFuaraeBHRau
% HATRINARERSEIN navemaeREaRauH MidEudm ( Line element ) ON fa

santdiu ON wesnifeuswan 0 senluilinisanhifu B fusashugl A3 ()

'cvxLT_Gy N .f'_ll__

~
P NN
— —

BN 90+%
-=a

<x
(=) {a)

gﬂﬁ A3 MIWaIRIINLATYA ( Transformation of Strain Components )
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° 1

fvualh
{0 N iwheuitienaum X Wasmenududion o= € _ax
90 N v iensumu ¥ dlassnemsidudiean G, =€ dy

9 N wdauittleunu X dasnnemadudon T,=Y.,dy

NN" = NR+ QS -QT

NN = €, dx cosO + €dy sin0 - ¥, dycosO

N'N" € dx cosO Sydv sin@ nydy cosO
ds R ds : ds _ ds
uel
— =8,,:E=0059;d—y=sin9
ds ds ds
g = £0cos0+¢ sin 0-y, sind cosd

1+cos20 . 1—eos20 ¥ sin20
+ =
2 "h 12 2

1
g = + ——Lcos28 - —y,, sin20 -{A-9)
2 2 2

56N €, NATASLAFAWIN (Normal strain)
NN" = PR-PS-N'T

NN~

g, dx sind - & dy cosO - v, dy sin

NN € dxsi  €,dycosD Y, dysind

ds ds ds ds

B €, sinB cosb - €, sind cosd - Y, sin® {A-10)

1

Farmnidufuson OM Fohau 90° Mudifusm ON mansemefaEeliiees

A [ 4 . - ~
a1 @ Andhuviha Beludiil fa B’ lelaeurueug 8 Tusams (a-10) daea 90° +6 Fail
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P’ = &, sin (90°+6) cos(80°+0) - €, sin(90°+6) cos(90°+6) - ¥, sin(90°+6)
B’ = -, sinfcosO + € sinOcosO -y, cos O (A1)

uds B uay B mplwfievsmsaiutn nanfafum B vepannGinedim s
B’ azvapmwdiniim Gmaaalugil A3 (d) Fnbusmsansengsal (Absolute sum) vas
Thrandiiwhiunasondfizafin (Algebraic difference) Siufaenfin/fendiiasman
4 a : ~ 4o o .
NOM Fafinamnduimn ON uay OM sedudmdngadaiamiam 0 fum X-v &
& 4 A 3 2 P-4 G - Y v
PUBTNEMAIEAWAU ¥ (Shearing strain) mamﬁomanqﬂwmmmu (A-10) auenn
(A-11)

Yo = & (2sinfcosh) - €, (2 sinBcosh) + v, (cos'B-sin'0)

Voom = g, sin20-€ sin20 + vy, cos20

Yemn = (€, &) sin20 + v, cos20

1 € —¢€ 1
—Yom = ———F 5in20 + —Y,, cos20 ~(A-12)
2 2 2

v, wneth eomieBuadammdmiimnsaiudiliiiine ON uar oM S
o wr e, =] v oA LY w o ar W A ar [
difudhalésiuan @ vanetl dufivia © fuwau X(ON) uastimerifudhaldsiomds (m)
I P o v W
PHIEEN AUYTTNANRMNUA LN (OM)

wnuSeubiey (A-9) ey (A12) aswiwhgluuuedei encdumvamnsneien
P 4d 4 A A w S N = & A
Wavaranasnsmiliianiasnnaluimedeadiuliansal@auiinantawasiiam
a o ) Py a v v et € a v 5
anueSHaTiTene lnedBmasindeniuiums@mnnanrameifiomenudu R
WSRAGTILIMES (Ordinate) Fafiusawsitaidsuanaivdafisesaden
B A wr T F-1 £s £ ] l’!’
Tuwinmadnin swemndeasnnuesualsssmldanaumsinesit

€ _+¢€ g€ —€ Y
. St APy FAC. TR EC WAL AL (Aa13)
2 2 2

' e A A LY |
ﬂ']ﬁmﬂq'lﬂlﬂsﬂﬂlaaw'lmeEﬂ mm’ﬂtm’fim']nﬁ}lfm
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Il
4

1 €, —¢€ Y
Y mamin = % \/ 0+’ AA14)
2

1
A

spisswuiienemsueduadianinniign
Y
tan2, = -——— ~{a-15)
€ _—¢€

x "y
" ay | mraa "
yafssnuiimeuesaaifawnniiga

€ —¢
tan20, = —— {A-16)
Ty

mIfaAEaMvINg (Sign Convention)
1. ANMASEAGIRINGS (Tensile strain) fiendhinn  ussanueRuadmnda
(Compressive strain) Aeiuay
2. ammshuadian (Shearing strain) fivh Wsennitafea e maasmuiauda
idngenanendhispiin viavh lieuiiviam 8 fuum X vaguanadinnim Seudhann
1 el ) [ w £ = L w L3
arelsfid  medminsnsusseddwummueisasimndadeuiinnansese’

L
fmitensularasudinaaananfniuldndadusil

E ;
Bg =R — -{A-17)
1+V
E
Cq =2Cp—=— ~{A-18)
-V
\Ha
Ry = Sefllvanenasrasmasdmiuaueau
R, = jrimednnantamaiamiuanseien

1 e
Ce = TetwvdinnaguinantaninansamaTdmiLnueu

C; = Tzitianeguinamarnorsamaidmilemueen
E = lugiuwinnadongu

V = dasehutethad (Poisson's ratio)
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T JanasusanefdmIuarngiv

naNreNeTAMIvaI NI un

307 A4 AsutlasnausseiinduanuaTaaliinsnangeaNes M IAIRAR

(Tm.ns_fprmation of Mohr’s circle of strains to Mohr's circle of stress)

L4 1 H A A o L ¥ "
sranthafi 1 Migar) vikluTeqfinuueBuadail €, = 800 x 10° s/,
€, = 200 107 31/3 UBE Yxy = 600 x 10-6 LGEM AIAAIN
N. A TETHAUSE LA WL aIRTHAT RS EE M
= 3 [ ']ﬁ - Q w =, 3

1. anaedaadan €, ufiemdiaiem 60° Hfuumi X wazaruasiandan €,
Tufiermafisannifu €, uasranefundan v,

a.m E = 200 x 10° Thdtwal. uae vV = 030 SeTummneadniuem

Urerm ussemaduimnwaze s auEvddngatadlufiernaiam 60°
wem X
) Toaliges

M. ANUATHALSEEM WRSWIUIEIRINASERLSEE M

£ +€ &—t Y
€ i = —— 4/ +D’
2 2 2
800x10° —200x10 * 800x10 ° —200x10 ° ,  600x10 °
€ .= + ( +
max,min

2 2 2



= 500 X 10° * 424 x 10°

= -5 + ]
€ 500 X10° * 424 x10
g . = 924x 10° m/m (WAL Ans
€, = 76x 10° m/m (USIRL) Ans
Yo 600%10 °
tan20 = - —2— = - = —=-1
€, €, 800x10 © — 200x10
20, = -&°
0. = -225° Enad) Ans
E

L= a = [
9. ANUYAAFIN €, E, URLANHIATLAREU Y.

g, +€ g —¢€
g, = -2 Y oos’®- 1y sin'0
2 2 g

800x10 ° +200x10 °  800x10 ° —200x10 ° 3
£ = - cos 120
2 2

600x10—6 o
W =sinlD2
2

500 x 10° - 150 x 10° - 260 x 10°

= 90 x 10-6 m/m (53R Ans
800x10 © +200x10 °  800x10 ° —200x10 ° o
g = + cos (300™)
2 2
600%10— 6 o
- ——sin(300 )
2

500 x 10° + 150 x 10° + 260 x 10°
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910 x 10° m/m {W59HH)

£ —E
1 _ _X L 1 2
5 Yo = —~2 sin20 + fy“‘f cos 0
—6 -6 —6
1 300x10 " +200x10 o 600x10 ®
> Vo = sin{120 )+—————cos(120 )
2 2

260 x 10° - 150 x 10°

110 x 10° 1ad.

220 x 10° rad. () Ans

Il

Ta

f. Amuilsoy, enadiienn 0,0, ussenaduden T, vnnpuaage

(Hooke's law)
— ) (€, +VE )E
: 1-v?
(€, +VE_)E
G = Lot
1—V
T = e
Xy
21+V)
(92410 ° +0.3x76x10$)200x10°
o =
1—0.09
= 208 x10° N/m*
= 208 Mpa (5974) . Ans
—6 —6 9
(76x10 ° +0.3%924x10_°)200x10
c,, =

1—0.09

7768100 N/m’



77.6 Mpa (U59%9)

—6 —
(90x10 ° +0.3x910x10 °)200x10°

G, =
1—0.09
= 798x%10° N/m’
= 79.8 Mpa (15984)
—6 —6 9
(910x10 ~ +0.3x90x10 °)200x10
G, =
1—0.09
= 206 x10° N/m’
= 206 Mpa (L59619.)
220x10* (200x10°) .
T, = = 16.9 x 10° N/m
2(1+0.3)
= 169 Mpa (MmuL9n)
@) TaplFronasmpamet
1
23 'nm

m/m

-b

200%10

E.‘-"

LS
]

. Y
yxg=600X10 rad

/A

a

94

] € =8001 0-¢ m/m

-22.5 _
' £
max

-6 —6
(200%10  ,-300%10 ).
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oc €, 7€,  800x10 ° +200x10 °

2 2

500 x 107 m/m

OD-0OC = 800x10° - 600 x 10°
300 x 1045 m/m

AC = AD? +cp?

J300x10 )% +(300x105)?

424 x 10° m/n

n. mmLﬂ%ﬂﬂﬂmuammwmmmLn%mﬂm

tan20; =

20, =

0.

1. ANNATERGIIN

ST

Yo

o] =

OF = OC+R = 500x10°+424x10°
924 x 106 m/m (U596
OG = OC-R = 500%10°-424 x 10°

76 x 10° m/m (U596

6

AD  300x10
CD  300x10 °
450

22 5% (muida)

£ =)
€, €, lawenaeTenaan Y,

OC ~ Reos15° = 500 x 10° - 424 x 10° cos16°

500 x 10° - 410 x 10° = 90 x10° m/m (L599)  Ans

QK = OC + Reos15°

500 x 10" - 410 x 10°

HJ = Rsinls®

If

500 x 10 + 424 x 10° cos15°

1l

910 x 10° m/m (\59A3)  Ans

424 x 10° gin 16°

110 x 10° 1ad
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Vo= 220 x 10° rad (enanda) Ans

A AnMAWlEETY, anauiEnn O, G, uazaaududion Tab

E 5 200x10°
Rg = Re —— = 424x10° —
1+v 14+06.30

652 x 10° N/m’

1

E o 200x10°
Ce —— = 500 x 10

1—V 1—0.30
= 143 x 10° N/m’

Co

Q
I

.= OC+R = 143x10° + 652 10°= 2082x10° N/m’

208.2 MPa (IL5451.) Ans

Q
I

' = OC-R = 143x10°-662x10° = 77.8x10° N/m

77.8 MPa (43954.) Ans
G, =0OJ] = OCRcos15° =143x10°-652x 10° cos 16°

143 x 106 - 63 x 10° =80 x 10° N/'m’ Ans

]
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Q
I

, = OK = OC+Rcos15° =143 x10° + 652 x10° cos 15°

143 x 106 - 63 x 10° = 206 x 10° sin 15°

f]

206 MPa (W5994) Ans

Tab

HI = R sin15° = 652 x 10° sin 15°

169 x10° N/m’

169 MPa (enads)

3.3 AaMIASEAlsISNG ( The Strain Rosette )

anindieft 32 sefuhnanmmemsasfifeauhisalsan enseuadsials
nnnrveeesuadlouedimuiivasenafioneu ( Blastic theory ) uth@nmaisdanagd]
tlatnrdueedioTaensieden ( Stain gage ) aufinaiinnnly (Sensitivity) snwenTs
uAusasirinareiue HweRadlainanueata NG (Mechanical strain gage)
YRelfiafemem ( Optical strain gage ) ﬂaﬂgﬁuf‘ﬂﬁﬁwmﬁw1Lﬁum"'%mﬁa’iﬂmml.ﬂ%m
snulvfh ( Electrical strain gage ) $avmaudadumaiing 1ne afslicamnudmmu
Int¥h ( Eleotrical resistance ) wiamslimuemnu@ovamasduan Fusadlugii A5

gﬂﬁ A5 1a3na3aRTedn lnvh ( Electrical strain gage )
mslfinsasiarmmuaiaalwiildlamielufaiimedisafidamsia  wd
saanelianeasinemeden i iU fausRaciarmadirm - Sumamrmdmud
smildinduaaueuasnimite st feafamadudnauRnumudien (Unisxial stress)
asmsneadildloshs  ReusifasResieamsiuniniufiomsfiasfaamudu
Fudltremusiualdfdmawnenudulinngs o = B vislunsdivasmmmudusun
(Biaxdial stress) iaadiarmaueiinn ihinasifiavadies uifdisiduasiadfoms

gasamaeulseridenian Fsdnme linsfeveawmmandulseny  mstiasnaue
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warviemraseieulseau  ShiRudiamTIURMMIES RN NA1As EE  uatud
wsadinTamneBaa Wi ssnIea iarsrneSaadion (Nomal stain ) hmiudl
(= HI. A A v -l - . . &5 A’ & o & A o
Lifieaasdiainanaueseai@on (Shearing strain) 16 ugastl Fsuiluasdfamisdunu
) - a ol o Auv Yo
M EadauTna e Basiandtin Lo
a a A A éd o A ' ‘1
farsonanmeamaeuatiqan wik Fdlanuesaadmindiae €, € war €, W

femavisgadfuknu X mud o fa 0, 0, waz B, facaslugii A6 (a)

r

b a

) e Tem et

¢} 60 Bavi1 Aaanminal adnk

Eﬂﬁ' A6 ABIAsEalsiSng (Strain rosette)

N (A-9) MedummIATIEI IR €, €, ua € lupthasaneSen

: a2
fan € usr & wevensehueidion v, idd

€ +E, € -8 ¥ R
g= —> + =T 00520, - 52§,
2 2 2
€ +€, € _—¢€ ¥
g= —2L + 2T cos20, - Lsin2 0, 7 (A1)
2 2 2
g +€, € _—¢€ Y
€, = v, = 7 005290-—xy-si1129c S

2 2 2
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an (a19 Sblmandde €, & war v, wdifnuamsaansemehsasiiu
aananlalupias €, €, uaw €, nmiwhenee €, € war Y, aRueviirmeees
enuialsesuley

Tnathludiannuszanlumssnmarinesadinenueaualwih  Ingliduusnd
unviatfufiemaraaum X asusialivimauriine wluqii A6 ©) v 45° doihauaziv

Tupfil A6 () Yy 60° Fefuusein JmsdawRariaininiudmmesiSanhenseiun
< ¢ .
la5ind (Strain rosettes)

AI v a: ] a 4 - b= 1 Aé 1 il
wsedialwifiven  48° éanuuaanuﬁ%aaﬂammmwmmmmkﬁnﬁagumn
: s i o w e A =
(Rectangular strain rosette) shufiviyy 60° Faiuayiu Sendnathaiien ansneSun

Iﬁv?'nm‘umm (Equiangular strain rosette) wemnvhas  120° doruavihunBunh
mmmmm%ﬁ‘nmﬁmmaw (Delta rosette)

ﬂﬁ‘mm'mLﬂ‘iﬂﬂﬂi"ﬁ"luﬁnﬂﬂ’fmLﬂi&]@l‘[ﬂ‘ﬁﬂmﬂﬂ‘ld’] mu

331 ansnadvelsidndysam (Rectangular strain rosette)
0=10°0, = 4° and 0, = 2°

N (A-19)
g,= e AN R e
2 2 2
E\="\g, | {A-20)
g +€ ' & ~¢€
g, = L Y cos 90° - —Lsing0°
2 2 2
€ te Y
g= —L - X {A-21)
2 2
epts.. & —8
€.= E L4 L cos 180° - ~Lgin180
2 2 2
€= € ~AA-22)
EK = 88
€, = €, ..(A-23)
g, €,
A2, -, = - g,
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OC e Y= G
2 2
g, +¢€ €, ,—¢€
CE = OE-OC =g-—— =2 _°
2 2
€ +€, 1
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High Accuracy 8-Pin
Instrumentation Amplifier

AMP02

FEATURES

Low Offset Voltage: 100 pV max

Low Prift 2 pV/°C max

Wide Gain Range 1 to 10,000

High Common-Mode Rejection: 115 dB min
High Bandwidth (G = 1000): 200 kHz typ
Gain Equation Accuracy; 0.5% max
Single Resistor Gain Set

Input Overvoltage Protection

Low Cost

Available In Die Form

APPLICATIONS

Differential Amplifier

Strain Gauge Amplilier

Thermocouple Amplifier

RTD Amplifier

Programmable Gain Instruffientation Amplifier
Medical Instrumentation

Data Acquisition Systems

GENERAL DESCRIPTION

The AMPO02 is the first precision instrumentation amplifier
available in an 8-pin package. Gain of the AMP02 is set by a
single external resistor, and can range from 1 to 10,000. No
gain set Tesistoris required for unity gain. The AMPO2 indudes
an input protection network that allows the inputs to be taken
80 V beyond either supply rail without damaging the device.

Laser trimming reduces the input offset voltage to under 100 pV.
Output offset valtage is below 4 mV and gain accuracy 1s better
than 0.5% for gain of 1000. PMI's proprietary thin-film reslstor
process keeps the gain temperature coefficlent under 50 ppm/C.

Due to the AMPO2's design, its bandwidih remains very high
-over a wide range of gain_ Slew rate is over 4 Vius making the
AMPO?2 ideal for fast data acquisition systems.

REV. D

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use, No license is granted by imphication or
otherwise under any patent or patent rights of Analog Devices.

PIN CONNECTIONS
Epoxy Mini-DIP
(P Suffix}
and
Cerdlp
{Z Suffix}

16-Pin SOL
(S Suffix)

M3y 1]
-m[a]
+N 5]
V-]

| 8] RO,
[Ti Ve

| & ] OUT

| 3] REFERENCE

NC = NO CONNECT

L] (%)01

as—Your
)
FOR SOL CONNECT SEREE T0 OUTHIT

Figure 1. Basic Circuit Connections

A reference pin is provided to allow the output to be referenced
to an external de level. This pin may be used for offset correc-
tion or level shifting as required. In the 8-pin package sense s
internally connected to the output.

For an Instrumentation amplifier with the highest precision,
consult the AMPO1 data sheet, For the highest input impedance
and speed, consult the AMPO5 data sheet.

One Technology Way, P.O. Box 5106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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ELECTRICAL CHARACTERISTICS (@, = £15V, Vg = BV, T, = +25°C, umless atherwise noted)
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AMPO2E AMPO2F
Parameter Symbol Conditions Min  Typ Max Min Typ Max Units
OFFSET VOLTAGE
Input Offset Voltage Vios Ty = +25°C 20 100 40 200 w
—-40°C £ Ta < +85°C 50 200 100 350 W
Input Diffset Voltage Drift | TCVigg -40°C £ T < +85°C 0.5 2 ! q wv/°C
Cutput Offser Voltage Voos Ty = +25°C 1 9 2 8 mV
-40°PC € Ty £ +85°C 4 10 g 20 mV
Output Offeet Voltage Drih |' TCVogs -A0°C < Ty < +85°C 50 100 100 200 uvrec
Power Supply Rejection PSR Vs=%48VintlBV
G =100, 1000 115 125 110 115 dB
G=10 | 100 110 95 100 dB
G=1 80 80 75 30 dB
Vs=148Vioti8V
-40°C < T, < +85°C
G = 1000, 100 { 110 120 105 110 4B
G=10 3 110 S0 35 dB
C=1 75 90 70 75 dB
INPUT CURRENT
Input Blas Cusrent In Ty = +25°C 2 10 | 20 nA
Input Blas Current Drift TCly —-40PC < Ty, € +85°C 150 250 pASC
Input Offset Current Ios Ta = +25°C 1.2 5 2 10 nA
Input Offset Current Drift | TClgs ~40°C £ Tp< +B5°C 9 13 pA/°C
INPUT
TInput-Resistance- B Dilferential, G < T000- 10 10 Ga
Common-Mode, G = 1000 16. 16. GQ
Input Valtage Range | VR * Ty = +25°C (Note'l) 11 +11 v
Cammon-Mode Rejection | CMR Vem=%11V
| G = 1000, 100 115 1200 110 115 dB
. G=10 100 115 85 110 dB
G=1 80 95 75 90 dB
Vou=%x11V :
-40°C < Ty < +85°C
G =100, 1000 110 120 105 115 dB
G=10 95 110 - o0 105 dB
G=1 | 75 30 70 B3 dB
GAIN
‘Galn Equation 50 %0 G = 1000 0:50 0:70 %
Accuracy GC=—"—"+1| G=100 0.30 0.50 %
Re | G6=1n 0.25 0.40 %
G=1 0.02 0.05 %
Galn Range 16 1 10k I 10k vy
Nonlinearity G =1t010008 0.006 0,006 %
Temperature Coefficient Gre 1< G <1000 {Notes 2, 3) 20 50 20 50 ppm/°C
‘OUTPUT RATING i : :
Cutput Voltage Swing Vour Ty =+25°C,R = 1kQ +12 +13 +12 13 v
Ry =14, -40°C 5T, s+85°C | tI1 +12. *11 *12 v
Pasitive Current Limit OCutput-to-Ground Short 22 22 mA
‘Negative Current-Limit- - Chitput-to-Ground ‘Short- 32 3z mA
NOISE
Voltage Denslty, RTI e, fo=1kHz
, G-= 1000 9 9 nVAHz
G =100 10 10 nVAHZ
G=10 18. 18 nVAHz
G=1 120 120 nVAHz
Notse:Current Density, RTI| 1, | fo=1kHz G = 1000 04 04. pANHz
Input Noise Voltage e p-p 0.1Hztw 10Hz
G = 1000 0.4 D4 W p-p
G =100 0.5 0.5 wpp
G=10 1.2 1.2 w pp
DYNAMIC RESPONSE
Small-Signal Bandwidth BW G=1 1200 1200 kHz
(-3dB) . G =10 300 300 kHz
G =100, 1060 200 200 kHz
Slew Rate SR G=10.R =1k 1 & 4 6 Viis
Settling Time ts To 0.01% +10 V Step
G =110 1000 10 10 s
- SENSE INEUT
Input Resistance Rin 25 2 ka1
Voltage Range . tH +11 v
REFERENCE INPUT
Input Resistance Rm 50 50 kQ
Voltage Range 11 +11 v
Gain to Output 1 1 viv
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AMPOZE AMPRF
Parameter Symbel Conditions Min Typ Max Min Typ Max Units
POWER SUFPLY
Supply Voltage Range Vs +4.5 +18 +4.5 +18 v
Supply Current Tey Tp=+25°C - 5 & 3 6 mA
—40°C < T, £ +85°C 5 [ 5 6 mA
NOTES ’
Input vnltage range puaranteed by comman-mode refectlon fest.
2Guaranteed by design.
3Galn tempeo does not inclnde the effects of external component drift.
Specifications subjecl to change without notice.
ABSOLUTE MAXIMUM RATINGS Package Type Ly Oic Units
Supply Voltage .......... - 5~ 18V 8-Pin Plastic DIP o6 a7 CIW
Commeon-Mode Input Voltage . [(V-) - 60 V] to [{V+) + 60 V) 16—Pnln ;5; (S) ® g2 27 oC/W
Differential Input Voltage . . ..[(V-) - 60 V] to [(V+) + 60 V]
QOutput Short-Circuit Duration . .............. Continuous II‘IOTES
Operating Temperature Range . ........... -40°C to +85°C Absolute ':i’dm“’“ ratings apply to both DICE and packaged parts, unles oth-
Storage Temperature Range ..........., 85°C 1o +150°C o ot J = N
2 specified for worst case mounting conditions. L.e., By, is specified for de-
Function Temperature Range ........ ... ~65°C to +150°C vliAce In socket for P-DIF package; 8y, is specified for deviJ; soldered to printed
Lead Temperature (Soldering, 10sec) ... ........ +300°C droutk board for SOL package.
ORDERING GUIDE
| Ving max @ Vpps max @ | Temperature Package
Model Ta =+25°C | Ty = +25°C | Range Description
AMPOZEP 100 pv 4mV -40°C to +85°C | 8-Pin Plasdic DIP
AMPO2FP 200 pv 3 m¥ -40°C 10 +85°C | 8-Pin Plastic DIP
AMPO2AZ/883C | 200 nV 10mV —-55°C to +125°C | 8-PIn Cerdip .
AMPOZFS | 200 pv imV -40°C to +B5°C | 16-Pin SOIC
AMPO2GBEC Die
AMPOZ2ES-REEL | 200 pV &mV ~-40°C to +85°C | 16-Pin SOIC
i Ove
20
< L
1o |
VWA + I
+ \ out
} 250
- —k ) REFERENCE
- % 1 ]
L Wy Ry d
-0 0 1
L
= ® O T

0¥
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1. RGy

24N

3 +N

4v-

5 REFERENCE
& an

T- ¥

4 RG;

9. SENSE

CONNECT SUBSTRATE TQ ¥—

DIE SLZE 0.103 X 0.118 Inch, 11,348 sq. mils
{282 X 265 mm, 7.73 5q. mm)

Dice Characteristics

WAFER TEST |.| M“S at V; = 15V, Veu = 0V, T, = +25°C, unless otherwise noted,

AMP02 GBC

Parameter Symbol Conditions Limits Units
Input Offset Voltage Vios 200 1V max
Ouiput Offset Voltage Voos 8 mV max

Vs=+48V10£l8V

G = 1000 110
Power Supply PSR G =100 110 dB min
Rejection G=10 95

G=1 75
Input Bias Current Iy 20 nA max
Input Offset Current Ing 10 nA max
Input Voltage Range IVR Guaranteed by CMR Tests *+11 V min

Vemy=%11V

G = 1000 110
Common-Mode CMR G =100 110 dB min
Rejection G=10 95

G=1 5

. 50 k2

Gain Equation Accuracy = sl & =1000 0.7 % max
Output Voltage Swing Vour Ry =1kQ +12 V min
Supply Cumrent g Iey ' | B | mA max

NOTE
“Electiical tests are peiformed at wafer probe tn the Timirs shown. ‘Due to varlations n assemnbly meéthods and nornal yiekd Toss, yield after packaging 1s not guaranteed
for starwiard product dice. Consult factory to negotlate specifications based an dice lot qualifications through sample lot assembly and testing,

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily

accumulate on the human body and test equipment and can discharge without detection. WARNING! d
Although the AMPO2 features proptietary ESD protection circuitry, permanent damage may “ —

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD N .
precamtions are recommended to avoid performance degradation or loss of functionality. ESD SENSITNE DEVICE




108

Typical Performance Characteristics-AMP02
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Figure 3. Typical Distribution of
input Offset Voltage

T T 1
L T vaa2s'e so08 bwrrs |
bt Vg valsY PFROM 3 RUNS
"
-
™o
-
-l
—
]
—

]

~

L]

—

. — .
“H 20 20 48 20 & N W B B S

L
L T4 435°C
aalB¥

RS OF LTS
=1
S EEEEEEEEER

Figure 8. Typical Distribution-of
Output Offset Voltage

o

WPUT OPFEIT CUAREST gut)
&

-- - L " - ™
TRUPERATURE 'y

Kigure 9. Input Offset Current
vs. Temperature

H.;_IWI-'I'.
|

1

il ™7 1
"o LTS

1 PRON 3 RS
Vg alW T

*
® 42 44 08 g5 1§ '3 14 15 1B A
Touos 6¥°5

Figure 4. Typical Distribution.
of TCV)gs

y T—T
A T

m FROMN ) RS —
Vg =alsy

wh
]
" o
3 -
.0 N & W B W 1IN W 1N
TClooe V¥R
i Figure 7. Typical Distribution
DfTCVoos
- T
-l
1“
ia
g w
3. N
i.
4 y i
[ ]
- = » L I B )
TEMPERATLRE 1Ty

Figure 10. dnput Bias Current
vs. Temperature

3

i I~

i,

§

R .

-Eiguee 5. dnput Offset-Voltage
Change vs. Supply Voltage

11 T
Tpu+29C

i 18
; “
E .
FE
3

=14

-8

® o3 «l® e -
POWER SUPPLY VOLTMAE (VOLTRY

Figure 8. Output Offset Valtage
Change vs. Supply Voltage

¥
b Bkl ad
Ve s OV

* 3 alt 218 - aM
PCWER BUPPLY YOLTAGE (YOLTR)

Figure 11. Input Bias Current
vs. Supply Voitage



AMPQ2

"
HI AL
ot fmtiatcne ||| e =at5¥
"N
G« 100
| Bl PR N
g'a Qi
F T
E . L LXK
-~
=il
™ 1m [ ™ T
PRRQNECY Oz

Figure 12, Closed-Loop Voltage
Gain vs. Frequerncy

m;;; Sy iom | = 00D
¢ _ el ||
g c"_ N N
1 I TTTEESHOE
i - e
11 J
mr R

oL ibis |
L] (1} s ] " 10 ook

Figure J5. Positive PSR vs. Frequency

R
P Vlnt‘lﬂ__L L_

1!-!

’_

]

—

=

[

L

y

L

— —
T T
1

£
|
|

VOLTASE SO DEMMTY g/ /Viz
S
=
| §

T " Ll " L) L)
FREQUENCY 012}

Figure 18. Voitage Noise Density
vs. Frequency

148 n.“ﬂ
| = = 100
£~ FEER s
3" f

L il

[ o

._-Lu'"';';l ey |I.. 10k L]

Figure 13. Lommon-Mode Rejection
vs. Frequency

3= 108

1
1%
)

! G v 1
5
s
i

rF 4 LgF 4 1L
T
r - — -

s
:

—
T

fa n42°C

B[ vy watt¥ ]| ‘
AVg walV
. _UJHLLL
1 1 e *®
FRECUENCY (it

Figure 16. Negative PSR vs. Frequency

f Ty me28C
1 Vg otV
o tkhe

§1w
i EX
g L =

L ]

1

1 " 1 M
WOLTAGE QAN W8

Figure 15. Rl Voltage Nolse
Density vs. Gain

109

1.

Taw 4290
Wy w2 VIV

o

1 10 AL _J »
YOLTAGE QAN 1§

Flgure 14. Commoen-Mode Refection
vs. Voltage Gain

100
Ty m o2yl
Raom
2 ore My
E =
5 o Q=108 [
== HH a
E j i
ﬂiliﬁ
nﬂl“ 108 “w "
PREOUENGY S

Figure 17. Total Harmonic Distortion
vs. Frequency

PO VOLTAGE He0nW /i)

L] L L] [ ] 1
TR fomc)

Figure 20. 0.1 Hz to 10 Hz Noise
Ay = 1000 -



110

TTTH 1 =TT = ]
Nauws 1, = e28C T .2
Ny v eIV g aatey 10g |- Vg ratwV L1
E ] ll-llﬂ " 'wI“”

PEAK O PLAK ASSLITUDE (VOLTS)
a -4
OUTPUT VOLTAGE (YOLT®)
- @
1
OUTAUT SPEDANCE )
8
1w

L ] = -
3 r 'i Il
\ ! » il il
L] 2 a =
L3 [ ] -
100 wm -] ok o o L ik ok 1008 e 1h 100 100 " il J
FRSOUENCY T LOAD RENSTANCE 0} FREOUEMNCY fix}
Figure 21. Maximum Output Swing Figure 22, Maximum Oulpist Voitage Figure 23. Closed Loop Output
vs. Frequency vs. Load Resistance Impedance vs. Frequency
) ¢ TTTT
LA
1 4 * H
Ty = =00, +20°, M0°C
i, 3 \
T, o, 29, 4T .
) e e e ——t—— E
E o4
g i
&
3
| ] 2
1 1
L} o all b =20 1 " L L
"BUPRLY VOLEAQSE (VOLTE} VOLTAQE QAN )
Figure 24. Supply Current Figure 25. Slew Rate vs.

vs. Supply Valta_gé' Voitage Gain



AMP02

APPLICATIONS INFORMATION

INPUT AND QUTPUT OFFSET VOLTAGES
Instrumentadon amplifiers have independent offset voltages
assoclated with the input and output stages. The input offset
component is directly multiplied by the amptlifier gain, whereas
output offset is independent of gain. Therefore, at low gain,
output-offset-errors dominate, while at high gain, input-offset-
erross dominate. Overall offset voltage, Vgs, referred to the out-
put (RTO) is calcutated as follows:

Vos (RTQ) = (Vigs X G) + Voos

where Vigs and Vopg are the input and output offset voltage
specificatlons and G is the amplifier gain.
The overall offsel voltage drift TCVpg, referred to the output, is
a combination of input and output drift specifications. Input
offset voltage drift is pltiplied by the amplifier gain, G, and
surmmed with the output offset drift:

TCVos (m = (TCVjgs X G) + TCVps
where TCViggs is the Input offset voltage drift, and TCVops 1s
the output offset voltage drifi. Frequently, the amplifier drift is
referred back to the Input (RTT) which is then equivalent to an
Input signal change:

TCVps (RTI) =TCVjgs + Ezﬁ _

For example, the maximum input-referred drift of an
AMPOZ2EP set to G = 1000 becomes:

loopviec

7000 T 2.1 uvPC

X

TCVOS (RTD = 2#V/°C+

INPUT BIAS AND OFFSET CURRENTS

Input transistor bias currents are additional error sources which
can degrade the input signal. Bias currents flowing through the
signal source reslstance appear as an additional offset vohage.
Equal source resistance on both inputs of an IA will minimize
offset changes due to blas current varjations with signal voltage
and temperature. However, the difference between the two bias
curtents, the input offset current, produces an error. The mag-
nitude of the error Is the offset carrent times the source resistance.
A current path must always be provided between the differentlal
inputs and analog ground to ensure correct amplifier operation.
Floating inputs, such as thermocouples, should be grounded
dlose to the signal source for best common-mode rejection.

GAIN
The AMP02 only requires a single external resistor ta set the
voltage gain. The voltage gain, G, is:

5040

=%

+1

and

111

The voltage gain can range {from 1 to 10,000. A galn set resistor
is not required for unity-gain applications. Metal-film or wire-
wound resistors are recommended for best results.

The total gain accuracy of the AMPOZ2 is determined by the tol-
erance of the external gain set resistor, R, combined with the
galn equation accuracy of the AMP02. Total gain drift com-
bines the mismatch of the external galn set resistor drift with
that of the internal resistors (20 ppm/°C typ). Maximum galn
drift of the AMPO2 independent of the external gain set resistor
is 50 ppmPC.

All instrumentation amplifiers require attention to laymut so
thermocouple effects are minimized. Thermocouples formed be-
tween copper and dissimilar metals can easily destroy the
TCVps performance of the AMP02 which is typically

0.5 pV/°C. Resistors themselves can generate thermoelectric
EMFs when mounted parallel to a thermal gradient.

The AMPOZ uses the triple op amp Instrumentation amplifier
configuration with the input stage consisting of two transimped-
ance amplifiers followed by a unity-gain differential amplifier.
The input stage and output buffer are laser-trimmed to increase
gain accuracy. The AMP02 maintains wide bandwidth at alt
gains as shown in Figure 26. For voltage gains greater than 10,
the bandwldth is over 200 kHz. At unity-gain, the bandwidth of
the AMPOZ exceeds | MHz,

"
- Q » 1000 z::m
o
g = 109
-»
-l I\
! by LT
g ﬂl I‘
=
L]
-
-
th HE 190k " wln

Figure 26. The AMPO2 Keeps lts Bandwidth at
High Gains

COMMON-MODE REJECTION

Ideally, an instrumentation amplifier responds enly to the differ-
ence between the two input signals and rejects common-mode
voltages and nolse. In practice, there is a smzil change In output
voltage when both inputs-experience the same common-mode
voltage change; the ratio of these voltages is called the common-
mode gain. Common-mode rejection (CMR) is the logarithm
of the rato of differential-mode gain to common-mode gain, ex-
pressed in dB. Laser trimming is used to achieve the high CMR
of the AMP02. '
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AMPO2
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Figure 27. Triple Op Arnp Topology of the AMPOZ2

Figure 27 shows the iriple op amp conflguration of the AMP02.
With all instrurentation amplifiers of this type, it is critical not
to exceed the dynamic range of the Input amplifiers. The ampli-
fied differential input signal and the input common-mode volt-

age must not force the amplifier’s output voltage beyond.£12 V
{Vs =115 V) or nonlinear operation will result.

The input stage amplfier’s output voltages at V, and V; equals:
2R

v
vV, = "[“"R;]—ZD"* Vew

V
N —CTD'* Veu y

2RV
V; = [I+E]_22+ Vew

v
= G"ZB + V(_';‘ I

where
Vp = Differential input voltage
= (+IN) - -IN}
Vear = Common-mode input voltage
G = Gain of instrumentation amplifier
If V; and V; can equal £12 V maximum, then the
common-mode input voltage range is:

CMVR=:I:(12 vc—gg]

GROUNDING

The majority of instruments and data acquisition systems the
separate grounds for analog and digital signals. Analog ground
may also be divided into two or more grounds which will be tie
together at one point, usually the analog power-supply ground.
In addition, the digital and analog grounds may be joined, nor-
mally at the analog ground pln on the A to DY converter. Fallov
this basic practice is essential for good circuit performance.

Mixing grounds causes interactions between digital circuits an
the analog signals. Since the ground returns have flnite resis-
tance and inductance, hundreds of millivolts can be develop be
tween the system ground and the data acquisition components
Using separate ground returns minimizes the current fow in tk
sensitlve analog retiurn path to the systermn ground point. Conse
quently, noisy ground currents from logic gates do interact wit!
the analog signals.

Inevitably, two or more circuits will be joined together with the
grounds at dilferential potentials. In these situations, the differ
eniial input of an instrumentation amplifier, with its high CMI
can accurately transfer analog information from one circult to
another,

SENSE AND REFERENCE TERMINALS

The sense terminal completes the feedback path for the instru-
mentation amplifier output stage and is internally connected
directly to the output. For SOL devices, connect the sense
terminal to the output. The output signal is speciffed with re-
spect to the reference terminal, which is normally connected tc
analog ground. The reference may also be used for offset corre
tion level shifting. A reference source resistance will reduce the
commen-mode rejection by the ratlo of 25 KYRges. If the refe
ence source resistance is 1 €2, then the CMR will be reduced
88 dB (25 k(Y1 Q = B8 dB}.
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OVERVOLTAGE PROTECTION

Instrumentation amplifiers invariably sit at the front end of in-
-strumentation systems where there is.a high probability. of expo-
sure to overloads. Voltage transients, failure of a transducer, or
removal of the amplifier power supply while the signal source is
connected may destroy or degrade the performance of an unpro-
tected device. A common technique used is to place limiting re-
sistors in'series with each input, but this adds notse. The
AMPOZ inchudes internal protection cireuitry that limits the in-
put current to +4 mA for a 60 V differential overload (see Figure
28) with power off, +2.5 mA with power on.

T 71

T, o2 mw/
g anm 4

= A
i [ A

POWER ON

1
i,
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RN
:.-.-.-—.I'-..‘l.

Figure 28. AMPO2's input Protection Circultry Limits Input
Current During Overvoitage Conditions
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POWER SUPPLY CONSIDERATIONS

Achleving the rated pecformance of precision amplifiers in a
practical elrcuit requires careful attention to external influences,
For example, supply noise and changes in the nominal voltage
directly affect the input ofiset voltage. A PSR of 80 dB means
that a change of 100 mV on the supply, not 2n uncommon
vahse, will produce a 10 iV input offset change. Consequently,
care should be taken in choosing a power unit that has a low
output notse level, good kine and load regulation, and good tem-
perature stability. In addition, each power supply should be
properly bypassed.
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AMPO2

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

Mini-Dip (N-8) Package

0430 10.92}
-i D48 (B84 r'
0.280 (7.1}
: o.m ©.18)
0.325 [8.25)
D 06D l1 53] b s
2210 lwl X 015 (0.38) 1495 (4.95)
e 9115 (293}
M J {330y
082N, i sEATG 0.015 {0.381}
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MANWIN A

Specified SGC Component Values.

[ ldentification

Specified Value | Rating | Tolerance |
Resistors '
R1 549 KQ 1/4 Watt 1%
R2 499.0 Q 1/4 Watt 1%
R3 499 Q 1/4 Watt 1%
R4 249 Q 1/4 Watt 1%
Rs5 User selectable 1/4 Watt 1%
R6 121 Q 1/4 Watt 1%
R7 1.0 KQ 1/4 Watt 1%
R8 510 Q 1/4 Watt 5%
R9 1.0 KQ 1/4 Watt 5%
R10 22 KQ 1/4 Watt 5%
R11 User selectable 1/4 Watt 0.1%
Capacitors
C1 Ty piletis 50V 5%
c2 User selectable 50V 5%
Trimpots
Trimpot1 2 KQ 3/4 Watt 15 turn cermet
Trimpot2 1 KQ 3/4 Watt 15 turn cermet
LEDs '
LED1 Yellow T-13/4
LED2 Red k- T-13/4"
\ LED3 Red T-13/4
‘Fuse
l Fusel 2AG 1/8 Amp
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Complete Parts List
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Item Vendor Vendor 1d Cost per Unit No. Req'd
SGC BEOARD

Circuit Board s Lehighton 19.00 1
LED Yeliaw Digi-Key HLMP-4719QT-ND 0.19 1
LED Red {2) Digi-Key HLMP-4700QT-ND 0.19 2
LED Holders Digi-Key L U4002-ND 0.05 3
Header Pins Single Row .1 in. sg | Digi-Key 2440-6213TG-ND 0,083 23
1% Bridge Resistors 121 Ohm__ | Digi-Key 121XBK-ND 0.02 3
1 % Gain Resistors 25 Ohm Digi-Key 24.9XBK-ND 0.04 1
1 % Gain Resistors 50 Ohm Digi-Key 49.9XBK-ND 0.04 1
1 % Gain Resistors 500 Ohm Digi-Key 499XBK-ND 0.04 1
1 % Gain Resistors 5500 Ohm  |Digi-Key 5.49KXBK-ND 0.04 1
1 % Filter Reststors 1KOhm' Digi-Key 1.00KXBK-ND 0.04 1
1 microFarad §0 V Capacitor Digi-Key P4675-ND 0.71 1
5 % Resistor 2. 2KOhm PA Peters CF 114 0.01 2
5 % Resistor 1KOhm PA Peters CF 1/4 0.01 1
5 % Resistor 500 Ohm PA Peters CF 1/4 0.01 1
Shunts PA Peters PPE-PLS-MI02 0.04 d
Jumper Wires 0.4 in Digi-Key 923345-04 0.02 1
741 Op-Amps PA Peters 741 0.72 1
AMPQ2FEP Inst. Amp Allied 630-2270 5.25 1
Op-Amp Sockets PA Pelers PPE-SCS-8 0.04 2
5 Position Dip Switch PA Peters AMP-3-435640-6 0.75 -1
SPOP Switch™ .- PA Pelers PHI-10002 0.99 1
Tip Jack Black Digi-Key J118-ND 0.34 1
Tip Jack Red - Digi-Key J117-ND 0.34 1
Fuse Clips PA Peters LF-111{501 0.09 2
Fuse 1/8 Amp 2AG PA Peters LF 225.125 (.48 1
15 Turn 2 KOhm Trimpot PA Peters 3006P-2K 1.05 1
15 Tum 1 KOhm Trimpot PA Peters 3006P-1K 1.05 1
2 cireuit Housings PA Peters AMP 640440-2 0.07 6
3 circuit Housings PA Peters AMP 640440-3 0.15 2
4 circuit Housings PA Peters AMP 640440-4 0.19 1
Shielded 3 cond. Wire 22 gage |Newark S50F3477WMO 0.21 1
Shielded 4 cond. Wire 22 gage |Newark S50F3478WMO 0.77 1
Twisted 2 cond. Wire 22 gage |Newark 87F4391WM 0.45 1
RACK HARDWARE

Enclosure (rack of 8) Vector CCK125/90 90.14 1
Face Plate H.T. Lyons 1/8 x 5-1/4 x19 in. 4.10 1
6 Term. Beau Bamrior Block PA Peters 72206 - 1.35 8
POWER SUPPLY

Power Supply ’ PA Peters SLT-12-31010-12 78.52 1
Enclosure Circuit Specialist LA-7 13.28 1
A/C Power Cord PA Pelers AEC SK-086 1.90 1
Cables {4 Cond. 18 gage) Newark S0F3460WAQ 6.00 4
Amp Connector Receptical PA Peters AMP 206429-1 1.19 8
Amp Connector Plug PA Peters AMP 206429-1 1.41 8
Amp Crimp Pins PA Peters AMP 66361-2 0.15 32
Amp Crimp Sockets PA Peters AMP 66360-2 Q.15 32
Amp Gable Clamips PA Peters AMP 206358-1 1.80 8






