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Abstract. In this paper is presented a technical solution, design and the
implementation of a cost effective digitally controlled programmable-gain
instrumentation amplifier. The amplifier is composed of two cascaded stages,
based on PGA202/203. It can be controlled with DAQ NI USB6008/9 and
LabVIEW, or with microcontroller.
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RLOJNES J, yJ dLdjtelsjddkdlsj Ehdzeosjed (Instrumentation Amplifiers)
tftedls j>1000ls Bt Zhss2ydoad gowokjkted, o jMHOP HE ddidhkizs tessjdds) o
Ehdie0kdy fdekok. uj diol Vgt ontHES i tfsisdolitdl o StiWdydjds &0
Iz o0 gt GOottej>Jedd AuLO HAW e jiydoddd hoedkotd sis 1 His 10000 [1, 11]. RA0ls
ht esiwds Cojwdydiels &0 geisdnSokd &0 hdeworkd fdekzozd CMRR. utse0
stfeJHJ@V d HAW Jte JzydOtzdd™ ddz ontsH.

Jhdsetdlsj ow0dsjisted &0 dLds jteo0ls jkzid Zhdze0ls jd fj0:

o StjWdydddls &0 zidize0dkd Au..

JOChdz0kiz0s0 Gz fiss2hshis Loadhd Bl firid0ko, ts Stwists j tei0zdLdteOd
dzhstelze jdzlsOdzdzcfwls Zhdize0lkj (RL) d s dLsiLe0tdlsi Ju.

o Jlsdshdlsjdd0 etejNCo o Csiwdyddiso &0 hdie0d  (Gain Error).

W02-yjfists o COOESHddlsj HOGERd fd HO90 o ttsyidisd. Y0odhd Bhbsods Bis
Istsz jte0dzmcfls j &0 to jLofhisstedls J, SOIsts LO G0d0dEwe0d jist 2 Is fij &Omstes200ks ZOL jteds 5 j
9 ey 0 ¢0 YesdLotHisets.

o InBHES idtftesisdfodikdl Ri.

JBdChojbs j @vCrwSs fisssdquyd Y, Colts tfled finddsdlsd f Ysizjod

IsteOdzLdiststed %0 ©RBHO, BB HO HEsTisdedj HifjsSd GY.
o Y jfisist0 dzjdisO (Bandwidth - BW).

0 Yte0SIsdSO Istse0 J Etsterz0ls0 GteOdd k0 uihisisisd %0 ko0l jaw. tHss2dshisso d
J 5BLOsyE Ysttteydskots0 ¢0 Ssjwdydids ¢0 EZhdiedk) Au, YtOHd Ssjks o
COs0wsLdlsd fd HOO0 LO BWEEESS dGcted hiss2dishisd.

o SBiWAydjdils %0 YslsdnConj &0 fduwWorkd ndekokzd (Common Mode
Rejection Ratio).
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Ad0ed f)j dLisdLwe0 o HjydB jkd, COks:
CMRR = 20Ig(Au/ Aus) = 201gAy T 201gAuc,
CIHjists Aue = Unol Ui J St jWaydidsisils 0 tfte jHO00G %0 fidtiwoLddlsj hoetotd.

A LOadmddsshis sls GOydw0 %O LOHO90GS B0 Ay, dLBjee0sjuddlsj ZihdzeOlsjed
(RL) B0k Isted odHO:

e RU fj WChoteOks Ehdize0hj T wbs2ashssd 40 Ay j WOBtdydbs
stfts jH jz jdzO0.
o ieBeteOkdlzjisd RL, tfied Ssdlss Ay f)j LOHODO s jL od &P jd to jLahiststs.

e RU fjydWistsers ztftsOatzjdzd - Miss2dshiss0 60 Ay dds0 &WEsets WShdteOdnd
hiss2dtshisd, ofwCO sls Csflsts fj dLBdicd ytsjL Hosdyds ydhds. used ]
tfshisde0 GOkt ydhdskts EtfeOodwed OkOdtesed SkBysej, 0 kj
tftc joSdz=syo0ks to jLofhiststed.

W Onsswh OISO fisOlsdW 0LEEJH>HO tfets jSIsdte0d jiss &0 RL ) ydWissets ztfte0ad jdid ],
e JHEOLEOYj& LO ©0BRIO i DAQmMx NIUSB6008/9 d LabVIEW, & j tfiejHodH jd0
ol Lass>|dshyls LO EztfteOadzjdidj o sl BdCtesCsdistestjted. W Okdud J odLdsMdshls d Lo
MOdsshistwis jzk0 ©0BISO &0 EZhdkellk jiw. Jhbksedkdls) Hot0d jisted &0 it Siscfte0ddw
zhdze0ls jd fo:

- s jWdydjtls 40 EZhdize0d: Ieset0kdislzjd dj>HE 1 d 8000.

- 1OLKBOR &0 dLABHEESE GOt > jhdj -10V 6 10V.

- TJolzedie0dj &0 sWhjlso -10V 6 10V.

- Iy dsh)ls LO duetsts &0 Ay i) ed & dd &0tfts j>1jddw i) TTL dde0.

- I dsh)s LO t jczzdic0dj G0 Wi jlso, COCkts e yds () disk jdaydsdjisits),

500 d i ed s G0t j>1Jdsdld ) 8OLd50m O 6 5V.

-  CMRR> 80dBtfted jHdddudts zhdze0d,).

INTPOEKTUPAHE HA BJIOKOBATA CXEMA HA YCHUJIBATEJIA

Iste0H] 0ot jbis csLiddw SsiWdydjts G0 Ehdue0d, kidieoljdvs Fj
BIH (JLGIEOH ji% f5ls Haj SONSOHS fied terOd isd tfO0. I teotslsts fis 0 P j shcfetztswod
Cs jWayd.ids &0 Eideedtj Ay 1, 10, 100, d 1000, 0 olssteskts 1, 2, 4, d 8. AdsSso0k0
070 GO fde0ls j&v j HOH j&O G0 We. 1. Tickadis0t ist GO slsdsjiso0d st ds>1j HO fij
tfle joStyo0 LO 0BMSKO ) Yitasiss did f) olisiestts dea0ls jtds fisi fods. AnSHESSS
&l tfiedarvo0P s GOt j>bd,j fij oLik0 Sk 0GOksesad™ dLRsH G0 DAQMX6008/9 did
55 ADI G0 ktfdakvo0Pdv BASEESEEsEsEjE. e jHodHit0 § o olLdsyEGshs LO
LOHOBO: 0 tslsd jiiso0ds ists f tfisls jarylisc jisits.

10560Ga0Pdws BisS Shdewed ¢ jsBREHARdS] LO ©0BEkOs0 GO 5 jd0k0
Gotts M jedv. utewBo® HO tfiedfls X000 LOPO ftejPlz tfisctejPtts oSd=ye0hj o HO
Wftzlstsafie® HisMsOsi yss HisBtGg, TidszF jacfis0, ttsskSe0rd tts jL datej>{0k0.
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ITPOEKTUPAHE HA ITPUHIIUITHATA EJEKTPUYECKA CXEMA U PEAJIM3ALIUSA

Vos Adust Med s Sse0niss GO
[6] [o] bdees ity  j  LOESMjEs GO

e 10| Fitere ~ GJOC0OBMISSO d oILdBYEELE Bl

_ ' dLtfisizLo0dj 9 teOLdzdyded

N fedis>jody.  RUfsko0Rd 70

Vulel - pom | AW [11] sense s jetsOtze] Mmjdbd (Ret) 40 Texas
End * - v Instruments: PGA202 [3] 1O

o . T s jtf s &0 ko0, Stelstd &0

[Tl orevits | ==L ¥\ v 10 PGA203 L0 s jtfjdacfls, CteOlsta]
: 30k0° 0 2. rojsj Ret 10 s iSsdtond LO

i 50BSE0 o Nisjdsd LO M BdiE0d, &0

5.3pF — 5]Fitera  HOGGR[, CObt shdsodkdsj d

CTT ‘ fedusstjad* 10 o fRjkd 10

A, A, DGND tGOLhdtGWSOdZJ %0  HAROduddw

®urypa2. Jisils g0 760 60 PGA202/203 Eti}ggfz’sgét%d LomGOabscézgggg{gz;
b jhistso0 jSqtdieso0 d Hte. AntHBjlsj LO duBtt &0 S jWdydjdlso &0 Ehdieddj ho
TTL/CMOS fdadsjiisddsd, Ssjists azjhdwed hedteLa0d st da f) GdCesSiistssi jt. 30
wde. 2 j isS0L0%0 sttsshis jd0 = k0 G0 PGA202/203. 10 6 j0kdLoydwiso &0 ontHESS
hsIfolzts MO difskLedhkd FET BRWjted, Stjbts stficjHjdV GOESAY onsHjR IStC ¢O
Gnddsdistedw. RLANSOORAWSO I oddPdkdlsd Jeiddusd M0 ts Judh tOLedisLoOP
S0GsOEse  ChH Lok, Sid ks dsjehsks d Bkedyol jzks LOnt0ke0Nd
GOt > jdsaw, i) fists2ashis 1 OF. puddsesadls AL jido Istewse® HO 710 hod teLOdkd o jHEHO
s5yS0, COCkts d ezdiddisj Sense d Vref HO M0 o Ldss b &02-CIfd.
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@300 LO tojelzizdieOdd %O tlsB3dhiso0ddists J sSOL0%O ¢0 wde.3, 0 hddlzaydw
(0 ts0BSISOO 2 10 Wefe.4. eI f) fjn jdz0ls0 TLA31[4] J tej0kdLdte0hs sttt &0t > jed]
sls 4 V, tfistzsodiz0k0 sls S jists fij tisHOa0 &0 & jdhejeisdis0rdw ontH &0 JL TLO82 [5].
. 10 dhejtelkdi0fhdy  ontH,
% - tfieju BEZW 6, t6jOkdLdfte0 )

1k olststoc Jv (20
U2A . - .
~o o8 s JeteOk@Ols0  Madd0, d

5 sHO90 OnBHEBE

u1

TL431/TI RNE output gl jhiso0P s GOt > jdkd,
@—7 G s j ) 0L 0 & 5V.
1. & | toukenis #0 duRsHisks
V2 VOFFSET_IN  po RS 9 R9 GOt edd 4 -10,1 O
1 1IIF ANV—AWY AW 10,1V. utse0 ©0tfei>itdd,
=  25vdc @V e o o< tfedL BIZWJt,
-0 e jOzdLdte0k il Ry J1$602
[6], fli fsHO80 &0 VREF
®urypa 3. ©jt0 L0 & jekidt0ds G0 Slsds jfjso0djiss. dLOBHO %0
Heset0ddislz jdsdw Zhdizeolsji. ¢ HI G jed dgsxj HO M dLBdied Cids CB2 s HOOO
HleseL0BdljBd Ehdeots it HO fj gsHORj. IMoid ksed dkO i Lassydshs HO fj
qLBA0 BIsCiHj HO flj tistizy0e0 GOt > jhdjsts GO stk jise0d T tsls DAQMX6008/9
[7] ded s tssigydstkisit, foltlos Sid LORE0keOPESs GOYE Mikdi. RGO
o Lss>{Bshs HO )} 9SEyp0 d dLSht=yp0 dLifstLo0h s GO Slsd jfse0Ps GOt j>.idd,
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Ta6uuma 1. alss2ashsd G0 Au

Az Az A1 Ao Au
0 0 0 0 1
0 0 0 1 2
0 0 1 0 4
0 0 1 1 8
0 1 0 0 10
0 1 0 1 20
0 1 1 0 40
0 1 1 1 80
1 0 0 0 100
1 0 0 1 200
1 0 1 0 400
1 0 1 1 800
1 1 0 0 1000
1 1 0 1 2000
1 1 1 0 4000
1 1 1 1 8000

Ir'sBOojdd MO d MjHJd Mo lsSHAEHO,
fsCOLo0Nd LOHOHJG0KO CsizBddOydwisO &0
ydwWissodisj ontHse) d &Okdydiks &0
LOR&0wa0d G0t j>1 jdsc™.

1 508dy0 1 M0 HOHjdd 16-5] fiss2dshisd
GO0 Sswdyddds0 &0 Eidked], $OSks d
hisse jshise0hdls) dds  SslBdEOydd &0
ydwiesodlsj  omsHB9j.  MejHd  ofwets
dLdsjteoOdzj IstewBoO HO fj dredtehd
COkdBtedtcOtzj LO ofiSd Bls dLtfisizLo0dds
tsBro0kd (dizd LO efdySd sBrooisd), LOP IS
tfied MABWEO &0 S iWdydidisd &0 khdhe0d
hd ey d ontHEdWs  swhk.
Adwistsodsj ontHESoj &0 ftesets0idiszjdzdis
i dze0ks jizd, tistzizy0e0ls fided0d tiejL finid0
Aduiss  dizdo. steoks e sk DIP
tfic joCsye0b jizdisj LO tedyji duBt &0

Gis jWefydljdas0 &0 et j o YsLdyd™ AOFFO, dsedujfico jHAtdy0 &0 i ska jiskd™
onH (k> J HO fj tisad f0dss ks el PGS Lijses2Ases (DAQmx NIUSB6008/9 did

BCEECSHESEL ).

© 0RE0ke0P s BESS J tj0kdidiedl i Re: LM317[8] +12V, LM337[9]-12V d
OA78LO5 [10] LO 5V. stiizddydk0 %0 fimjk0k0 j sCsis 70 mA.
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ts0BIsdf EZhiss2ydets d 1] diLtfisizLed COSkts LO tsBlzyjddj tis Hydtitdbolsj Ad jdListed of
OChLOkEEA0 o At jbLsteRd NEidd d Lhsks2Mso00, 50C0 o L0 GOkyGSdLE jHEe0k jihCd

yJid.
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A1323 | 0057-030, S22kt J Wdk0dhses fsHsi0c06k sk Ry tiod sL-uEWAW.
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