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EMG YUKSELTECI TASARIMI
07/
Bu calismada, dort kanalli bir EMG vyiikselteci aygit1 tasarlanmis, gerg¢eklenmis ve
denenmistir. Tasarlanan EMG devresi klinik amag¢li olmayip tamamiyla Ondokuz Mayis
Universitesi Kontrol ve Kumanda Anabilim Dalinda yiiriitiilmekte olan “BIR PROTEZ ELIN
YUZEY EMG*SI ILE DENETIMI ICIN GEREKLI ALGORITMIK ISARET ISLEME
ALTYAPISININ GELISTIRILMESI” Projelerine temel olacak devrelerin analog kisimlarini

barindiran bir gelistirme siirecidir. Bu tez ¢alismasinin temel amaci el hareketleri i¢in veri

bankasi olusturacak devreleri tasarlayip gelistirmektir.

Calisma kapsaminda birinci bolimde EMG isaretinin olusumu ve bu isaretin dogasi hakkinda

kisa bir bilgilendirmeye gidilmistir.

Ikinci boliimde tasarimin parcalarmi olusturan etkin elektrot ve diger yiikseltegler icin

kullanilan tiimlesik devreler ve 6zelliklerinden bahsedilip tasarim agsamalar1 anlatilmastir.

Uglincii boliimde tasarlanan devrenin baskili devresinin gerceklenmesi ve elemanlarin bu

devreye montaji1 anlatilmstur.
Dordiincii boliimde devreden elde edilen bulgular gerekli dalga sekilleriyle verilmistir.

Besinci boliimde ileriye yonelik yapilabilecekler tartigiimustir.

Anahtar kelimeler: EMG yiikselteci, aktif elektrot, 6l¢tim yiikselteci



EMG AMPLIFIER DESIGN

ABSTRACT

In this study, a four-channel EMG amplifier device is designed, implemented and
experimented. The designed EMG circuit is not for clinical purposes, it is mainly a
development process including analog parts of the main circuits within the project
“DEVELOPMENT OF AN ALGORITMIC SIGNAL PROCESSING STRUCTURE
REQUIRED FOR THE CONTROL OF AN ARTIFICIAL HAND BY SUFACE EMG”
which is being held in the department of Electrical-Electronics Engineering. The main

purpose of this thesis is to design and develop circuits to form a database for hand motions.

This thesis is organized as follows. A short introduction to EMG signal occurrence and nature

of these signals are given and explained in section I.

In section II, the integrated circuit parts used for active electrode and other amplifiers, which

constitute the design, are mentioned and design process is presented.

In section III, realization of printed circuit of the designed circuit and assembling of the part

to this circuit are designed and developed.

The experimental results obtained from the circuit are given with the required waveforms in

section IV.
Then in section V, the improvements that can be done in the future are concluded.

Keywords: EMG amplifier, active electrode, instrumentation amplifier
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1. GIRiS

Elektromayografi (EMQG), biyolojik kokenli mayoelektrik etkinligin yani kaslarin
kasilmast ve duragan halde kalmasi durumunun elektriksel isaretler bakimindan
arastirilmasidir. Daha genis bir tanimla, beyinden sinir sistemi araciligi ile viicuttaki kas
gruplarina iletilen ve bilgi tasiyan isaretlerin viicut tarafindan belli kas bolgelerinde kasilmaya
yol agmasi sonucu ortaya ¢ikan elektriksel etkinlikler toplamidir. Kasilan kaslar, kasilma
siddetine ve siiresine bagli olarak elektriksel isaretler iiretmektedirler. Kasilan kaslart ve bu

emri tastyan sinirlerin olusturdugu isaretlerin tiimii EMG isaretleri olarak adlandirilirlar.

Amag, kaslarin kasilmasini saglayan elektriksel eylemin izlendigi ve yorumlandig1 bir
kas incelemesi yapmaktir. Bu sayede sinir dokusunda bulunan emirler alinip

yorumlanabilmektedir.

Diger biyolojik kokenli elektriksel isaretler gibi (EKG-kalp isareti, EEG-beyinsel
isaret) EMG isareti de yiikseltilmeye ihtiya¢ duyar. Bu yiikseltecin EMG isaretinin yapisina
uygun olarak tasarlanmaya gereksinimi vardwr. Lee ve ark. yaptiklar1 kablosuz EMG
onyiikselte¢ tasarim calismasinda 2 kanalli bir elektrod kullanarak alinan EMG isaretlerini
basit bir yiiksek geciren siizgecten gecirerek dogrudan bir sayisal isaret isleyiciye verebilecek
bir devre tasarlamislardir (Lee ve ark., 2006) . Shimomura ve ark. basit bir EMG devresi ile
yiikseltilen isaretin RMS degerini alip ve degeri DC ¢ikis olarak veren bir devre
tasarlamiglardir (Shimomura ve ark., 1999). Fidan ve Giiler EKG, EMG, kalp atim hizi,
solunum hizi, viicut sicakligt gibi fizyolojik verilerin 6l¢timii ve kablosuz olarak iletimi i¢in
bir biyometri cihazi tasarlamiglardir (Fidan ve Giiler, 2007). Siriprayoonsak yaptig1 tez
calismasinda 4 kanalli bir EMG cihaz1 tasarlamistir (Siriprayoonsak, 2005). Bu cihazin
basitlestirilmis hali “BIR PROTEZ ELIN YUZEY EMG*SI ILE DENETIMI ICIN GEREKLI
ALGORITMIK ISARET iSLEME ALTYAPISININ GELISTIRILMESI” projesi kapsaminda

gerceklenmistir.

Bu tez calismasinda gergeklenen proje devresinin eksikliklerinin giderilmesi
amaglanmistir. Tezin izleyen boliimlerinde EMG isaretinin giiriiltiistiz ve giivenilir bir sekilde

alinabilecegi analog devrenin tiim katlar1 ve bu katlarin islevleri hakkinda bilgi verilecektir.

1.1. EMG’nin Dogasi

Biyolojik isaretlerin temelini hiicredeki elektrokimyasal olaylarin sonucunda olusan

aksiyon potansiyeli olusturur. EMG isareti elektriksel bakimdan etkin bir hiicrede temel



olarak tek bir sinir ya da kas hiicresinden alindiginda bir ani gerilim yiikselmesi (spike)
seklinde gelisir. Bu patlamayi olusturan potansiyele aksiyon potansiyeli (AP) denir. Ol¢iim

yapilacak olan isaret bu patlamalarin toplamlarinin olusturdugu isarettir.

Aksiyon potansiyeli hiicrenin i¢i ve digindaki yiiklii kimyasallarin degisimiyle
gergeklesir. Hiicre, ¢ekirdek, sitoplazma denen ve diger organelleri baridiran hiicre akiskani
ve sitoplazmay1 g¢evreleyen hiicre zarindan olusmustur. Hiicre zarlar1 esik diizeyi olarak
isimlendirilen bir degerin {izerindeki bir isaret ile uyarilacak olursa bu uyarti biitiin hiicreye
yayilir. Uyarma sekli elektriksel, kimyasal, optik, 1s1l veya mekanik olabilir (Yazgan ve
Koruiirek, 1996).

Sinir sisteminde iki tip doku vardir: uyarilabilir doku ve uyarilamaz doku.
Noronlardan olusan uyarilabilir doku sinir uyarisina tepki verir ve sinir uyarisini iletir. Glial
hiicrelerinden olusan uyarilamaz dokular ise glial hiicreleri iletken olmadiklarindan ve sinir
siteminde sadece destek hiicreleri olarak gorev yaptiklarindan herhangi bir gerilime (voltaj)

veya herhangi geleneksel bir uyariya tepki vermezler.

Uyarilabilir hiicreler dort bilesene ayrilabilir: algilayict reseptorler, néron hiicre
govdeleri, aksonlar ve kas fiberleri (Siriprayoonsak, 2005). Sert bir ¢akil tast veya sicak bir
ylizeyle temas gibi zararli uyartim igeren bir durumda olusan aci ve basing algilayici
reseptorler tarafindan iletilir. Aci algilayici hiicrenin zar gegis potansiyel farki olan reseptor
potansiyeldir. Algilayict iletimleri tarafindan olusan reseptor potansiyeli, aksiyon potansiyeli
(AP) olarak adlandirilan hizli gerilim darbe uyarilarini tiireten néron tetiklemesini olusturmak
icin algilayici reseptorlerin zar potansiyelini esikten fazla yapan ice dogru akim akist sonucu

olusur.

Sekil 1.1° de gosterildigi tizere yiiksek-basingli sabit bir uyartim tarafindan tetiklenen
algilayict reseptor ilk olarak daha diisiik ve kararl seviyeye diisen bir yiiksek alic1 potansiyeli
tiiretir. Reseptor potansiyelindeki bu diislis uyarlama olarak adlandirilir. N6ronlar tarafindan
tiiretilen bu aksiyon potansiyeli 0.1 V genlige sahiptir (Siriprayoonsak, 2005), ve bu deger
miirekkepbaligindan insana tiim hayvanlar tarafindan paylasilir (Gulrajani, 1998).
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Sekil 1.1 Ani, kararli bir uyartimla ilgili zamana bagl degisimler(Gulrajani, 1998)

Bu dusiisii engellemek amaciyla, noéron sinir aksonundan spinal kordun temeli
boyunca bir mesaj gonderir. Akson veya sinir fiberi somadan veya sinir hiicre gévdesinden
elektriksel darbeleri ileten sinirin narin bir izdiigiimiidiir. Aksonlarn iki tipi vardir: afferent ve
efferent aksonlar1. Afferent veya algilayici aksonlar merkezi sinir sistemine 6nderlik ederler
ve cevresel sonlandiricilardaki algilayici reseptorlerden spinal korda veya beyine mesajlari
tagirlar. Efferent akson veya motor akson, spinal kordan baglar ve kas bellegi ve el-goz
esglimiiniin anahtar etkeni olan birincil hassasiyeti degistirmek icin kas ilmiklerini ve kas
kasilmalarin1 uyarmak i¢in kas fiberleriyle sinapslarla tiim viicut parcalar1 boyunca bilgiyi
tagirlar. Bu iki tip akson yliksek hizda mesajlari iletmek icin tasarlandiklarindan, ¢aplar1 0.001
ve 0.022 mm. dir ve ¢aplar1 0.0003 ve 0.0013 mm olan siradan aksonlardan daha uzundur
(Siriprayoonsak,2005). Swradan aksonlarla karsilastirildiginda efferent ve afferent aksonlar
tuzlu ortamda iletimin sonucunda darbelerin hiz1 arttiran bir elektriksel yagl yalitim katmani
olan miyelin katmanindan daha kalindir. Boylece, yiik sizintisin1 tutmasi sayesinde
miyelinlenmis aksonlar dalgalardan ziyade basarili diiglimlerde tekrar tekrar olusan ve
boylece darbe hizi arttiran ve boylece akson boyunca “hop”layan aksiyon potansiyellerini
yayar. Genis ¢ap ve kaln miyelin kiliflariyla, tiim sinyaller saniyede 120 metre veya saatte
270 mil ile afferent ve efferent aksonlar1 boyunca dolasabilir. Diger taraftan aci ve 1s1
degisimi gibi basit eylemlerden sorumlu siradan aksonlar diisiik hizli sinyalleri tagimak i¢in

yeterli olan kii¢lik ¢capa ve miyelinsiz fiberlere sahiptirler.



Sekil 1.2°de gosterildigi tizere afferent aksonlar aksiyon potansiyel patlamasini
norondan sadece diger noronlarla veya motor néronla haberlesen bir ndéron olan ara nérona
tasir. Bu, snapsisler olarak adlandirilan dar bir sivi kapani boyunca saliman bir kimyasal
iletisime sebep olur. Daha sonraki kisim noronlara baska bir ndron veya kas veya bez gibi bir
hedef hiicreye sinyal taginmasina izin veren 6zel eklemlerdir. Aksiyon potansiyelleri bu
eklemi, aksiyon sinyallerini ayak kasina geri tasiyan efferent aksonuna mesaj erisene kadar
stire¢ devam ettigi siirece ya baska bir aranérona veya motondérona dogru gegerler. Sinyal kas

dokusuna ulastiginda, mesaj ayagin tastan kaldirilmasiyla sonuglanan anlagsmayi séyleyen
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Sekil 1.2 Bir insanin sert bir ¢akil tagina bastiginda uyarlanabilir dokunun devreye

Basing algilayici
reseptori

girmesi(Siriprayoonsak, 2005)

1.2 Aksiyon Potansiyeli Olusumu

Uyarilabilir bir hiicre zarindaki akimlar birbirine paralel iletkenlerin ve sigacin tirettigi
akimlarm toplamidir. Eger hiicreye depolarize edici gii¢lii bir elektriksel uyar1 verilirse, hiicre
karakteristik bir yanit verecektir. Bu yanita aksiyon potansiyeli adi verilir. Depolarizasyon
dinlenme durumunda sodyum ve potasyum iletkenligi olmadigmndan sizmti iletken tizerinden

akan akim zar1 daha pozitif seviyelere ¢cekecektir.



Depolarizasyon sodyum kanallarini aktive edecek bunlarin yaratacagi depolarizasyon
daha ¢ok sodyum kanalin1 aktivasyonuna neden olacaktir. Bu pozitif geri besleme olayiyla
sodyum kanallar1 hizla agilip zar potansiyelini En,+ ‘ya dogru ¢ekecektir. Bu sekilde aksiyon
potansiyelinin ¢ikan kolu hizla olusmaya baglar. Depolarizasyon es zamanli olarak sodyum
kanallarini etkinsizlestirmeye ve potasyum kanallar1 agmaya baglar. Ancak bu her iki olay
sodyum kanali etkinlestirmesinden 10 kez kadar daha yavas gelisirler. Etkinsizlestirme
sonucu agik sodyum kanali sayisinin hizla gerilemesi ve daha fazla potasyum kanalinin
acilmas1 zar potansiyelini tekrar azalmaya zorlar. Bir siire sonra agilan sodyum kanallarinin
tamami etkinsiz oldugundan zar potansiyeli dinlenme potansiyeline yaklasir ve hala agik
durumdaki bir kisim potasyum kanali nedeniyle bir miktar hiperpolarize olduktan sonra

dinlenme durumuna geriler (Gulrajani, 1998).
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Sinir hiicresi Cizgili kas hiicresi Kalp kast hiicresi
Sekil 1.3: Aksiyon potansiyelin degisik hiicreler i¢in olusumu

Hiicre zar1 iyon akigina gore Cy, dedigimiz bir kapasiteye sahiptir. Ayrica her bir iyon
icin zar potansiyeline gore degisen bir G(Vy) iletkenligi vardir. Bu yiizden hiicre zar1 dogrusal

olmayan bir davraniga sahiptir.

Hiicre zarmin elektriksel esdegerinin bir devre ile temsili Sekil 1.4 ile gosterilmistir;
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Sekil 1.4: Hiicre zarinin esdeger devresi(Gulrajani, 1998)

Burada Gk ve Gy, birbirinden bagimsiz iyon akis kondiiktanslaridir;Gy. ise kagak iyon

akis1 kondiiktansidir. Bu kondiiktanslar birbirinden bagimsizdir.
Gy olarak varsayilan kagak akim kondiiktans1 goreceli olarak daha diistiktiir.
1.3 Aksiyon Potansiyelin Yayilimi

Bu bolimde miyelinsiz ve miyelinli aksonlarn nasil aksiyon potansiyellerini
tirettigine odaklanacaktir. Yeniden iiretilen sinir fiberleri miyelinli ve miyelinsiz olabilir
(Siriprayoonsak,2005). Daha 6nce belirtildigi {izere, miyelinsiz fiberler diisiik hizl1 sinyalleri
tasimak icin ince zarlara sahiptir. Diger taraftan miyelinli aksonlar yiiksek hizli sinyalleri

tasimak i¢in kalin zarlara sahiptir.

Miyelinsiz fiberlerde, AP okyanus dalgasi seklinde yayilirlar. Zar boyunca olan
gerilim 8 mV’luk esigi astiginda, yeniden {iretilen akson aksiyon potansiyeli tiretmeye baglar.
Miyelinsiz aksonun ince zar1 iyonlari zar boyunca kolayca hareket etmesine izin verir. Sekil

1.4 miyelinsiz aksonlar tarafindan baglatilan AP dalga formunu gostermektedir.

Sekil 1.5’teki net iyon akist Hodgin Huxley modelinden daha basit ve daha az

dogruluklu bir model olan bir RC kablodaki darbenin modeli iizerine kurulmustur.



Sekil 1.5 (a) aksiyon potansiyelini {ireten net iyon akisimi gostermektedir. Gerilim degerindeki
diismeden 6nce tepe degeri olan 100 mV’a yiikselmektedir. Sekil 1.4 (b) gerilime ve akima
karsilik uzunlugun egrisini gostermektedir. Uzaklik ve zaman egrilerinin birbirlerinin ayna
gortintlisii olmast ilgingtir. Genellikle uzaklik egrisi zaman egrisinden farkli olurken, miyelinli
akson aksiyon potansiyelinin ayni sekle ve genlige sahip uzaklik ve zaman egrilerini
tiretebilir[47].
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Sekil 1.5 Miyelinsiz aksonun net iyon akis egrisi ve aksiyon potansiyel egrisi (Gulrajani,

1998).

Miyelinsiz aksonlarla karsilagtirildiginda miyelinli aksonlar daha kalin duvara sahiptir.
Bu sodyum ve potasyum iyonlarinin akson zari1 boyunca hareketini imkansiz hale getirir.
Sonug¢ olarak, aksiyon potansiyelinin yeniden iiretilmesi olusamaz. Yine de, kalin zar

kirilmadan aksonun yiiksek gerilim mesajlar1 tasimasina izin verir (Siriprayoonsak, 2005).

Kalin,yeniden tiretilmeyen miyelin zar1 Ranvier diiglimleri olarak bilinen periyodik
diigiimler tarafindan uzak tutulur (Siriprayoonsak, 2005). Diigtimler Sekil 1.5°te yukarda
gosterildigi izere 100 ¢ap kadar uzaktadir.

Sekil 1.6’da yukaridaki dalga sekli soldaki ilk diigiim tarafindan baslatilan aksiyon
potansiyelinin seklidir. Teorik olarak daha sonra aksiyon potansiyeli resmin altinda
gosterildigi tizere kesikli ¢izgiye diisecektir. Bunun yerine, aksiyon potansiyeli ‘.” (noktalarla)

gosterilen 8§ mV’a ulastiginda ikinci digiim alttaki dalga seklinde gosterildigi tizere yeni bir



aksiyon potansiyeli {liretmek i¢in atesler. Diigiimdeki bu yeniden {iretme miyelinsiz

aksondakiyle aynidir.
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Sekil 1.6 Miyelin aksonlarindaki diigiimler ve tiretilen aksiyon potansiyeli(Gulrajani, 1998)

Viicutta birgok isleve ve 6zellige sahip kas vardir. Bu da birgok siniflandirma sekline
karsilik gelir. Bunlardan en ¢ok kullanilan siniflandirma ise yapilarina gore kaslardir. Biz bu
kas ¢esitlerinden istemli olarak kasilabilen iskelet kaslar1 iizerinde 6l¢iim yapacagiz. Bu kaslar

istendiginde uzayabilir, eski durumuna geri donebilir ve kasilabilirler.

Kas lifi uyarildiginda kasilir. Gerekli uyar1 motor siniri ile gelir, fakat kas elektrik
akimi gibi bir uyariya da cevap verir. Kasa bir uyar1 (stimulus) uygulandiktan sonra bir zaman
gecikmesi ile kasilma fazi ve bundan sonra bir dinlenme fazi seklinde hareket olur. Sekil
1.7°de disaridan verilen bir uyartiya kasin verdigi yanit gosterilmistir (Altinbas, 2007).
Buradan ¢ikarilabilecek sonu¢ kasin sinir tarafindan getirilen ve kasa iletilen elektriksel
uyartlyya yanit1 bu isareti yayma seklinde gergeklesir. Yani kas hiicresi kendine gelen

elektriksel uyartiya karsi algak geciren siizge¢ gibi davranir.



Genlik(mV)
A

Sekil 1.7 Sinir uyartisi ve ilgili kasta olusturdugu aksiyon potansiyeli(Koriirek, 2000).

Nerve

Monitor/» ot

Sinir Gosterge

Sekil 1.8:Sinir ileti hizinin 6l¢tilmesi

Sekil 1.8 ve 1.9°daki gibi bir hastaya sinir uyartisi verilerek bu uyartiin etkin oldugu

kas grubundaki potansiyel degisimi irdelenir ve bu sinir hattindaki hiz hesaplanabilir. Bunun

yaninda verilen potansiyelin gerektirdigi karsilikli potansiyel irdelenerek burada bir

zedelenme olup olmadig1 hakkinda fikir almabilir.
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Orta hareket ettirici sinir iletimi i¢in baglanti sekli.

Sekil 1.9 Orta hareket ettirici sinir iletimi i¢in baglantilar

1.4 EMG Isaretinin Tasarlanacak Yiikselte¢ Bakimindan Ozellikleri:

Genlik (V)

NN N NN NN NN

Genlik (dB)

Sikhk(Hz)

(b)
Sekil 1.10: EMG isaretinin siklik spektrumu

(a) EMG isareti (b) Siklik spektrumu
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Sekil 1.10°da gosterilen 6rnek EMG isareti kasilmis pazu kasmin genligi 1200 kat
yiikseltilmis haline aittir. Bir EMG isareti karakteristik olarak, tepeden tepeye 0-10mV
genlige sahiptir. Kullanilabilir enerji araligi 0-500Hz, baskim enerji araligi ise 50-150Hz “dir.
Bu da bizim hangi isaret kusagini kullanacagimiza yol gosterir. Bu kusagin disinda kalan

kisimlarin bastirilmasi isaretin karakteristigine bozucu bir etkide bulunmayacaktir.

1.4.1 Bozucu Etkiler

Bozucu etkiler kas isareti disinda kas kasilma isaretinin frekans bandinin igine diisen
ve isaretin yapisin etkileyen tiim isaretlerdir. Bu isaretlerin tamamindan kurtulmak

olanaksizdir. Bu etkiler agagida sirastyla verilmistir.

a) Enerji iletim hatlarindan kaynaklanan girisim: Kag¢inilmaz olan bu bozucu etkinin
geriliminin genligi EMG sinyalinin bir katindan birka¢ katma kadar ¢ikabilir ve baskin
frekanst1 50Hz’dir. Yapilan deneylerde iletim hatlarmm uzaklasildiginda zayifladig:
gozlemlenmistir. Yine de enerji iletim hattindan tamamen yalitilmis bir ortam olusturmak
oldukg¢a zordur. Tamamiyla bastirilmasi olduk¢a zordur.
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Sekil 1.11 Geribesleme yokken 50 Hz ortak mod girisimi
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Sekil 1.12 Geribesleme yokken 50 Hz ortak mod girisimine binmis EMG isareti
Sekil 1.11 ve sekil 1.12°den de goriilebilecegi gibi kas kasilmasi sirasinda olusan

isaretin biiylik bir orani ortak mod isaretinindir.

b) Cevre giiriiltiisii: Radyo iletimi, flioresan aydinlatmalar1 gibi elektro-magnetik 1$1mim

kaynaklarmin olusturdugu giiriiltii bigimidir. Band genisligi megahertzler mertebesindedir.

¢) Elektriksel aygitlarin icsel giiriiltiisii: Tum elektriksel aygitlar bu giiriiltiiye sahiptir.
Frekans araligi O ile binler diizeyinde Hz araliginda degisebilen bu giiriiltii giderilemez.

yiiksek kaliteli aygitlar kullanilarak azaltilabilir (Kortirek, 2000).

d) Hareket giiriiltiisii: Elektrot-deri ara ylizii ve elektrot kablosu kaynakli bir giirtiltiidiir.
Deri ve elektrot arasindaki sivinin yer degistirmesi yiiziinden olusur. Uygun devre ve kurulum

ile azaltilabilir. Frekans1 0-20Hz araligindadir.

e) Diger beden elektriksel etkinlikleri: Viicutta bircok olay elektrokimyasal olarak
gerceklesmektedir. Bunun yaninda 6lgiilen kas etkinligi yaninda i¢ organlar ve 6lctilmesi
istenmeyen kaslarin isaretleri de girise gelmektedir. Ol¢iim agisindan cok etkili olmasa da goz

ardi1 edilemeyecek bir giiriiltii toplulugu oldugunu séyleyebiliriz.
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1.4.2 EMG lsaretinin Alinabilecegi Noktalar

Kas isaretinin nasil alinacagini bilmemiz gereklidir. Kas isareti viicudumuzda sadece
yiizeye yakin olan kas gruplardan ve ilgili kas dokusu boyunca olgiilir. Sekil 1.13’te kas
isaretinin hangi kaslardan alinabilecegi ve elektrotlarin hangi noktalara yerlestirildiginde
isaret alinabilecegi gosterilmistir. Bunun yaninda kisi tizerinde 6l¢iim yapilacaginda 6nce bu
kas grubunu kasarak en fazla kasildigi elle de hissedilen bolgenin iki ucu arasindan 6lgiim

almak daha yiiksek genlikli isaretlerin alinmasini saglamaktadir.

Deri Yiizey Deri i
3 : Yiizey
alti bélgeleri ' slc;;t;?ec:? alti bslgeleri elektroclu

bélgeleri

Sekil 1.13: Kas isaretlerinin alinabilecegi ve elektrotlarin baglanabilecegi noktalar
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2. YONTEM

Bu boliimde devre tasariminda kullanacagimiz devre pargalari, bunlarm 6zellikleri ve

kullanim sekillerinden bahsedilecektir.
2.1 Devrenin Temel Katlarn

EMG isaretini kabaca tanidiktan sonra yapmaya ¢aligilan tasarimin nasil bir yapimin
icine oturdugunu ele almak gerekir. Buradaki temel ama¢ elde bulunan tasarmmlarin tiim
katlarinda iyilestirme yapip, nitelikli EMG verisi almak i¢in ucuz ve giivenilir ¢ok kanalli bir

EMG yiikselteci elde etmektir.

Sekil 2.1’den de goriilebilecegi gibi analog devre giiriiltiiyii azaltan bir geri besleme

devresi ve kazanci gerekli goriilen genlik smirlarina yiikselten bir yiikseltecten ibarettir.

On yiikselteg N Kazang N A/D Sayisal isaret
kati kati donistiirticti g Izolasyon id isleme birimi
Kaynak
Kisi
geri besleme | Donanim Gelistirme Gevre Birimler
devresi (Monitor,

Kamera, v.s.)

Yazilim Gelistirme

Sekil 2.1: EMG yiikselteci gelistirme agamalar1

2.2 Kullanilan Elektrot:

Tasarlanacak devrenin bir yiikselteg devresi olmasi su gétiirmez bir durumdur. Devrenin
kazang katinin, dogrusal zamanla degismeyen yani kazancinda zamana bagl istenmeyen degisikliklere
yol agmayacak bir dizge olmas1 gereklidir. Bunun yaninda girise verilen her genlik mertebesindeki
isareti ve band i¢inde bulunan tiim isaretleri ayn1 oranda yiikseltmesi istenmektedir. Bunun yaninda
devrenin dis etkilerden en az etkilenmesi gerekmektedir. Kullanilacak etkin devre elemanlarmin
durumu g6z oniine alindiginda ¢ok yiiksek kazang degerlerine ulasildiginda dizge dogrusallik, zamanla
degismezlik, sicakliga karsi duyarlilik gibi parametreler bakimindan sorunlu duruma gelmektedir.
Bunun yaninda devrenin girislerinin kaynak kisiye uzak olmas1 guriltiiye karst duyarlilig:

arttirmaktadir. Bu ylizden devrenin ylikseltme katini, geribesleme yapilacak isareti alan ve
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yiikseltilecek EMG isaretini giiriiltiiden daha az etkilenecegi bir genlige yiikselten bir 6n yiikselte¢
katiyla; isaretin geri kalan kazancim {stlenecek bir asil yiikselte¢ katina ayirmak daha mantikli
goriinmektedir. Elde ettigimiz bu bilgiler 1s13mmda yaptigimiz tasarimlar etkin elektrot
kullanilacak sekilde olacaktir. Bu elektrot deri ylizeyine yapistirilir ve deri yiizeyinden 6lgiim
alinir. Tam olarak algilayici olarak kullanilan elektroda eklenen etkin bir 6n yiikseltme katiyla
birlikte olusturulan dizgeye etkin elektrot adi verilmistir. Etkin elektrodun sekli ve resmi Sekil
2.2°de verilmistir. 2.2 (b)’de verilen elektrot goriintiisiinde soldaki elektrot fotografi devreye
baglanacak olan bir tiir ¢it¢itin baglanacagi kisimdir. Sagdaki fotograf ise yapiskan kismi ve

jelli siingeri gostermektedir. Bu elektrodun pasif kisminin 6zellikleri asagida verilmistir.

. Tumiiyle atilir Ag-AgCl elektrot
. EKG i¢in gogiis elektrodudur.
. Elektrot tabanina yapisik jel emdirilmis siingeri vardir.
. Bir kere kullanilir ve atilir.
Elektrot Yalitkan

Jelli stinger
Yapiskan

Sekil 2.2: Tumiiyle atilir elektrot (a) sekli (b) resmi

Pasif EKG elektrodu yaninda devre gelistirme asamasinda giimiis cubuklar da

kullanilmigtir. Fakat deri yilizeyine yapistirilmasi sirasinda kullanilan aparat gerekliligi ve
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EKG elektrodunun piyasada kolayca bulunabilmesi nedeniyle EKG elektrodu tercih

edilmistir.

Yiizey elektrotlari, elektrolit gérevi goren pasta araciligi ile viicuttaki biyo-potansiyel
isaretleri algilamak tizere deri {izerine ve belli noktalara yerlestirilirler. Deri ile birlikte

elektrodun esdeger devresi, Sekil 2.3’de gosterilmistir (Kortirek, 2000).

Elektrot esdegeri: Eq, Cqve Ry.

Pasta ile dermis arasinda yar1 gegirgen bir zar
(veya kapasite) durumunda olan epidermis
esdegeri : Es. , C. ve Re.

Stvimsi olan dermisin esdegeri : —

Sekil 2.3: Deri- yiizey elektrodu esdeger devresi

Eger polarize olan bir elektrot, elektrolit icinde hareket ettirilirse bu, elektrolit i¢indeki
yik dagilimint mekanik olarak bozar ve denge kurulana kadar yari-hiicre potansiyelinde

degisimler olur. Yarr-hiicre potansiyelindeki bu degisimlere hareket bozuklugu adi verilir.

Genellikle hareket bozuklugu, frekans spektrumu alcak frekanslar bolgesinde olan
EKG, EEG ve EMG isaretlerinin algilanmasida etkili olur.

Bu elektrodun deri yiizeyi ile olusturdugu direng 51KQ diizeyindedir. Bu direng ne
kadar az olursa o kadar iyidir (Analog Devices, 2010).

Devrenin bilimsel calismalarda kullanilabilmesi igin giiriiltiiden armndirilmis veri
almak onemlidir. Atilabilir elektrotlar sadece hastanelerde kaba bir tan1 koyma yardimcisi
olarak kullanilmaktadirlar. Bu ylizden bu elektrot kullandigimiz etkin elektrodun sadece

viicuttan igaret alma kismini olusturmaktadir.
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Bu elektrodun yaninda i¢inde Olgtim yiikseltecini de barindiran aktif elektrotlar
kullanilmigtir. Aktif elektrotlar aktif bir 6n yilikseltme asamasindan sonra yiikseltilmis isareti
asil yiikseltme ve slizme islemlerinin yapilacagi govde devresine bir kablo yoluyla aktarirlar.
Govde devresine eskisine gore daha temiz gelen isaretin dig etkilerden etkilenmesi daha
zordur. Ayrica kullanilan devre elemanlarmi inceledigimizde devre yiikseltme yiikiiniin
sadece govde devresi tarafindan tstlenilmesinin devrenin dogrusal olmama durumunun
artmasi, etkin devre elemanlarinin band genisliklerinin azalmasi, aygitlarin igsel giiriiltiilerinin

artmasi gibi sakincalar1 vardir.

(b)

Sekil 2.4: Aktif elektrod (a) modeli (b)ger¢eklenen elektrod

Sekil 2.4’de etkin elektrodun piyasada kullanilan modeli ve tezde gerceklenen elektrodun

gergek boyutlarini vermek amaciyla bozuk parayla gériintiisii verilmistir.
2.3 Etkin(aktif) Devre Elemanlar

Yariiletken teknolojisi kullanan aktif devreler olarak adlandirilir. Tez ¢alismasinda
tasarlanan devrelerde islemsel yiikselteg, 6lclim yiikselteci ve etkin stizgecler kullanilmistir.
Bu devre elemanlarindan beklenen ozellikler asagida verilmistir. Bu 6zelliklere ait

aciklamalar da izleyen boliimlerde verilmistir.
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o yiiksek giris direnci,

o disiik giris dengesizlik(offset) gerilimi,

o disiik giris kutuplanma(bias) akima,

o disiik 151 siiriiklenme katsayisi

o yiiksek ortak mod bastirma oran1 (CMRR) / frekans karakteristigi.
Bu devreden istenenlerin tiimii daha kii¢iik bir isareti daha biiyiik hassasiyette ve dogrusal
olarak yiikseltmesidir. Bu istek g6z oniinde bulunduruldugunda giris dengesizlik gerilimi,
giris kutuplanma akimi ne kadar kiiciik olursa etkin devre elemanlar1 o kadar kiiciik isareti
isleyebilir; 1s1l stirliklenme katsayisi ne kadar diisiik olursa devre elemanlarinin 1siya
duyarlilig1 o aranda azalir. Bu 6zellikler vy, v, giris gerilimleri ve v, ¢ikis gerilimi olmak
tizere asagida verilmistir. Bunun yaninda kayma olarak verilen parametreler sicakligin 25 °C

farkli oldugu durumlarda her bir santigrad derece i¢in kayma miktarini vermektedir.
2.3.1 Dengesizlik (offset) Gerilimi :

e Eniyidurumda, v =0 olmasi igin v,-vi=0 olmalidur.
e Giris dengesizlik gerilimi :

ve=0 Olmasi i¢in giristeki sifirdan farkli olan v,-v; gerilim farki.

e (ikis dengesizlik gerilimi :

va =v;=0 lken ¢ikis geriliminin sifirdan farkli olan degeri.

e LT1114 islemsel yiikselteci icin dengesizlik gerilimi 75pV,
dengesizlik kaymasi ise 0.5 pV/°C kadardr.

2.3.2 Giris Dengesizlik (offset) Akim :

e V.= 0 Iken yiikselteg girislerindeki akimlarin farki olarak tanimlidur.
e LTI1114 i¢in ofset akimindaki kayma en fazla 250 pA/°C kadar olmaktadir.

2.3.3 Giris Kutuplama(bias) Akimu :

e @Giris katlarini uygun bir sekilde calistirabilmek i¢in girislerde gerekli olan dogru akim
degerlerinin ortalamasidir.

e INA2126 i¢in 25nA kadarken;LT1114 i¢in 250 pA, LT1167 i¢in 250pA dir.
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2.3.4 Giris Direnci (Rip) :

Kuvvetlendirici fark girisleri arasinda goriilen fark giris direnci veya her bir giris ile toprak
arasinda tanimlanan ortak mod giris direnci olarak tanimlanabilir. LT1167 i¢in giris direnci

1GQ dur.
2.3.5 Cikis Direnci (R,) :

Frekans araligi i¢cin degismektedir. LT1114 ve LT1167 igin bu egriler Sekil2.5’de verilmistir.
Ornek bir islemsel yiikeltecte (LT1114) bu egri kazanca gore degismekteyken ornek bir
Ol¢tim yiikseltecinde (LT1167) kazanca gore tek bir egri ile ifade edilmektedir.

1000 Viaynac=t15V 1000 | Vieyna=t15V e
oo | Sicakik=2s°c 7 Sicaklik=25°C  FHH
— - ,/ 4 = 100 Kazan¢=1'den 1000’e i
€ / / c - S——>
b 7 7 >
= - A
E ; Kazan¢=100  Kazang=1 ."E " 7
E o1 / / € 7
o 4 4 @y | |
g /| or Erap =y
= i~ AT 3 %
< 001 — PaRsi 3t 3
0.001 04
"1 10 100 1k 10k 100k 1M 1 10 100 1000
Frekans (kHz) Frekans (kHz)

Sekil 2.5 Cikis empedanslari
(a) Kapali gevrim ¢ikis empedansinin frekansla degisimi (LT1114)

(b) empedansin frekansla degisimi (LT1167)

2.3.6 Maksimum Cikis Gerilim Sinirlan (£VK) :

e Islemsel kuvvetlendirici ¢ikis gerilimi ideal halde V+ ve V- kaynak gerilimi
degerlerine kadar ¢ikabilmelidir.

e Opysa pratikte ¢ikis gerilimi hi¢bir zaman kaynak gerilimi degerlerine ulasamaz, alttan
-Vk ve iistten +Vk degerlerinde kirpilir.

e Yapilan deneyler sonucunda ve kullanici kataloglarinda da agiklandig: sekliyle giris
bazi etkin devre elemanlarinin (LT1065, AD8230) ¢ikis gerilim sinirlart asildiginda
bozuldugu gézlemlenmistir.

Sekil 2.6’da LT1112 entegresinde ¢ikis gerilimi asildigi durumlar goriilmektedir.
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Giris £5.2 Siniis Isareti LT1112 Cikisi

Sekil 2.6 Maksimum ¢ikis gerilim sinirlari (Linear Technology, 1992)

2.3.7 Ortak isaret Bastirma Oram1 (“CMRR”) :
Kuvvetlendirici fark kazancmin (K,), ortak isaret kazancina (K,y,) orani olarak tanimlanir:

cMrR =Ko 2.1)
K

om

Burada K., vi = v, sart1 altinda giriglere ortak mod gerilimi uygulandiginda, ¢ikista elde

edilen gerilimin girig gerilimine oran1 olarak tanimlidir.

CMRR’nin frekansa gore nasil degistigi yari-iletken {iretici firmalar tarafindan {iriin
kataloglarinda (datasheet) verilmektedir. Sekil 2.7°de AD8221 entegresinin CMRR’sinin

frekansa gore nasil degistigi gosterilmistir.

160 T
Kazan¢=1000
a 140 Kazang¢=100 ::
o
=
= NN
N
K =10
S 120 Lkazang 1 oh
S |
S K =1 \~
é 100 K azang=1 ||| ||
‘% N Kazang=100
< N Kazan9.=.1.6.(.)0 |
o 80 t
o)
S NI
£ - Y/
4 | '
«g Kazang¢=10
o 40 1117
0.1 1 10 100 1k 10k 100k i
Frekans (Hz)

Sekil 2.7 AD8221 igin ortak mod bastirma oraninin frekansla degisimi
(1K€Q kaynak dengesizligi varken)
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2.4. islemsel Yiikseltecin Uygulamalar
2.4.1 Gerilim izleyici

e Birim kazanglh evirmeyen yiikselteg durumunda olan izleyici devresi, daha ¢ok giris
katlarinda ve bir empedans doniistiiriictisi olarak kullanilir ve Sekil 2.8’de
gosterilmistir.

e Giris direnci ¢ok biiyiik ¢ikis direnci ise kiigiiktiir.

e Koruma yiikselteci ad1 da verilmektedir.

o Giris-¢ikis iliskisi su sekildedir:

Ve = Ve (2.2)

Ve

Sekil 2.8: Gerilim izleyici devresi

2.4.2 Toplayic

Eviricinin 6zel bir seklidir ve ¢ok girislidir. Sekil 2.9°da toplayict devresi verilmistir.

(2.3)

+
= |
Sekil 2.9: Top;laylcl devresi

2.4.3 Fark Yiikselteci

Yiikseltec ideal kabul edildiginde asagidaki esitlikler yazilabilir:
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R4
v, =y, —————
2 " R, +R,
v, —v R R (2.4)
v, =v.+R, : : 2 : v

&1 ¢

= v, + .
R, +R, R, +R, R, +R,

® V. = Vg olduguna gore, ¢ikis gerilimi;

by = R1 + Rz { R4 v R2 V]} (2.5)

" R, ‘R,+R, ’ R, +R,

_ R
e R;=Rj; ve R,=Rj;iken V(;:R*A‘(Vz_vl)

elde edilir. ’

e Bu; v, =v; iken v, =0 veya ortak mod kazanci (Kom) = 0 veya CMRR = o
demektir.

o Eksikligi: giris direnci kiigtiktiir.

Sekil 2.10°da fark ytikselteci devresi verilmistir.

R;
[
i -
-~ e Ve
v R
2 +

R4

Sekil 2.10: Fark yiikselteci

2.4.4 Ol¢iim (Enstrumantasyon) Yiikselteci

Sekil 2.11°de gosterilen 6l¢iim yiikselteci
e Girislerine izleyici konmus bir fark yiikseltecidir.

e Giris direngleri (R,) ve ortak isaret bastirma oran1 (CMRR) biiyiiktiir.
e Tek direngle (R,) fark kazanc1 ayarlanabilmektedir.

e Biyolojik isaretlerin 6l¢tilmesinde yaygin olarak kullanilir.
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Vi

+
Y, *
i | R,
R:
!
T
///Hl
i
s
R
_ I ‘y 1
Va + v ) —
Sekil 2.11: Olgiim yiikselteci
P T ¢ (2.6)
2-R,+R, R
2-R, + R, (2.7)
V4 V3 :T'(VZ —Vy)

Esitlikleri yardimryla ¢ikis gerilimi:

2R, +R, R
Vg:#.i.(vz_vl) (28)
Rl R3

elde edilir.
2.5 Devre Tasariminda Kullanilan Aktif Devre Bilesenleri
2.5.1 AD8221 Olgiim yiikselteci (ilk kat icin):

e Gerilim kazanci tek direngle ayarlanabilir ve 1 ile 10.000 arasinda degisir
e Kazang hatas1t K,=10 iken en fazla %0.08 dir

e Giris dengesiz(offset) kaymasi0.3 p V/°C dir

e @Giris dengesizlik gerilimi en fazla 25 p V dur.

o Giris dengesizlik akimi en fazla 400 pA dir.
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8
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v i Cikis
A3
10kQ
+
+Vg +Vg
R1324.7kQ R2324.7kQ Vs _vg
4000 +Vg +Vg 4000
¥ 2
IN Q1 Q +IN A * REF
A - i A o
. *

f

_VS

O —Wr— O *

_Vs

Sekil 2.12: AD8221 in basitlestirilmis i¢ yapisi

R¢ kazang direnci olmak tizere:

GerilimKazanci =1+

49.4KQ2

G

2.5.2 AD8230 Olciim yiikselteci (ikinci kat icin):

e Gerilim kazanci tek direngle ayarlanabilir ve 10 ile 1.000 arasinda degisir.

e 60Hzde 110 dB Ortak Mod Bastirma Oranina sahiptir.

e Dengesizlik gerilimi en fazla 10uV

e Dengesizlik kayma gerilimi en fazla 50n V/°C

| Vi giris
Vfark
+Vortakmod

| V giris

—

Onyiikselteg

v 5

Sekil 2.13:

1I|I|'FzEFE

Rf

ADS8230’un faz 6rnekleme bigemi

VQlk1$

03 149-0-042

(2.9)
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Sekil 2.13’de verilen AD8230 devresi daha once bahsedilen 6l¢iim yiikselteglerinden
farkli olarak tasarlanmistir. Yaptig1 is diger 6l¢tim yiikselteglerinden farkli olmamakla birlikte
kazang¢ direncinin orta noktasindan ortak mod isareti alinamamaktadir. Aslinda kazang eldesi
ile de islemsel ylikseltece benzemektedir. Bunun yaninda 6zellikleri daha gelismis olan 6l¢tiim

yiikselteci yapisindadir. Bu yiizden bu devre i¢in melez yorumu yapilabilir.

AD8230’un gerilim kazanci sdyle hesaplanir:

GerilimKazanci = 2(1 + RFJ (2.10)

G
2.5.3 OPA4277 islemsel Yiikselte¢

e Dengesizlik (offset) kaymas1 0.1pV/°C dir

e Giris dengesizlik gerilimi en fazla 10 pV dur.

e @Giris kutuplanma akimi en fazla 1 nA dir.

e (CMRR en yiiksek 140dB dir.

OPA4277 islemsel yiikseltecin i¢ yapist Sekil 2.14’°de verilmistir.

A7

OPA4277
Cikis A N — CikisD
1 14
- Giris A 2 H- -Hi3 - Giris D
. A D = ...
+Giris A| 3 H+ +14 12 T GirisD
V+ | 4 11 V-
+Giris B| 9 [+ + 110 + Giris C
B C ——
- Giris B 5 11— —[19 -GirisC
Cikis B o i Cikis C

Sekil 2.14: OPA4277 nin i¢ yapis1

2.5.4 LT1065 Cikis Siizgeci:

e 5. Dereceden Bessel stizgecidir.
e Frekans araligi disaridan bir kristalle saglanabildigi gibi pasif devre elemanlar: ile de
saglanabilir.

e 80 dB Ortak Mod Oranina sahiptir.
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e 1mV 6zgiin dengesizlik gerilimine sahiptir.

Bessel siizgeci ele alindiginda gecis islevi:
A
0, (s/wy) (2.11)
Seklinde elde edilmektedir. Bu gegis islevi paydasi Bessel polinomu olan rasyonel bir
kesirdir. Bu polinom soyle olusturulmaktadir (Wikipedia, 2009) :
2n—k)!
2"kl (n—k)! (2.12)

icin;

0,(5)=3 a,s"

(2.13)
buradan besinci derece bessel islevi katsayilarmi elde edildiginde
H= 2O
0,(s/wy) s°+155" +105s” +420s5° +945s +945 (2.14)

[fadesi ortaya ¢ikmaktadir (Bond, 2003). Gerekli frekans kaydirma islevleri yapildiginda
sekil 2.15 deki frekans egrisi ortaya ¢ikmaktadir.

Frekans Yaniti

—
=

4
[ R o=
o

]
L]

Kazanc(dB)
A~

/

L~

oy
o
1

|
o
(=1

|
w
(=1

100

—

10
Frekans (kHz)
Sekil 2.15: 3.4 kHz kose frekansina sahip LTC1065’in kazang-frekans egrisi (Linear Technology, 2008)

LT1065 devresi i¢in band genisligi simetrik besleme gerilimine baghdir. Saat darbesinin
1/100° 1 kadar bir deger 3dB band genisligini vermektedir. Sekil 2.16 saat frekansinin
hesaplanabilmesi icin gerekli K degerinin band genisligine gore nasil degistigini

gostermektedir.
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fCLK = A (2.11)

128 171 71
| fouk = K/RC

120 =6 o00pF

115 —TA=25°C

1.10

1.05
~ 1.00 Vg =7.5V

y.y/4

Vg =5V

i

0.95 e
0.90 \~\
0.85 Vg =225V
0.80
0.75

/1

100 200 300 400 500
Dabhili saat frekansi(kHz)

Sekil 2.16: Saat frekansma gore K degisimi

Buradan secilecek band genisliginin 1kHz civarinda oldugu disiiniilirse K = 1.05 olarak

almabilir. Sekil 2.17°de saat frekansina gore degisen bazi parametreler verilmistir.

110 T T
100 1
LTC106s

90
80
70
60
50

40 N

20

=)
)

[ [ [ L
Vg=275V

Vg = £5V

'
o

S
=]

A Ty =25°C
< |_B.Ta=85°C

[
&

w
=]

c-2000F = —— ¢
fosc=1RC =

—
1
=
|
1

Cikis ofseti(mV)
Cikis ofseti(mV)

n
=]

o

R(kQ)

S o

8 4 V=225V

~— A L]

100 300 500 10 110 210 >0 500 1000
Frekans (kHz) Harici saat frekans1 (kHz) Harici saat frekansi (kHz)

1085 621

=
o o

Sekil 2.17: Saat frekansina gore parametre degisimleri
(a) Saat frekansina karsilik R degisimi
(b) Diisiik frekanslarda saate karsilik ¢ikis ofseti
(c) Orta frekanslarda saate karsilik ¢ikis ofseti

2.6 Tasarim Asamasinda Dikkat Edilen Hususlar
2.6.1 On Yiikseltec ve Geri besleme devresi

Kazanca ve ¢ikig gerilimine gore verdigimiz devre parametrelerine bakacak olursak,
kazancin bir etkin devre bileseninden saglanmasi ortak mod bastrma oraninm band
genisligini olumsuz etkileyecektir. Ayrica devrenin igsel giiriiltiisiiniin toplamsal olarak
arttigin1 disiiniirsek bu giiriiltli artacaktir. Bunun i¢in kazanci ortam giiriiltisiinden en az
etkilenecek sekilde ve band genisligini etkilemeyecek sekilde segmek en uygunu olacaktir. Bu
da toplamda beklenen 1200 katlik kazancin 10 ile 20 arasina bir 6nyiikselte¢ devresiyle ve 70

ile 90 arasinda bir asil yiikselte¢ devresiyle ayrilmasi gerektigini gosterir.
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Sekil 2.18’deki dizge bir EKG aygitina aittir. Burada da temel prensip devrede EMG
yiikseltecinin 6nyiikseltec kismi ile neredeyse ayni yapiya sahiptir. Onyiikselte¢ tasarmmi
bakimindan temel felsefe tiim biyolojik kokenli elektriksel isaretlerin 6lgiimii i¢in neredeyse
aynmidir: Vektorel olarak iki nokta arasindaki olglim yapmak ve istenmeyen isaretlerden

kurtulmak.

112
INA2128

50kQ2

G

Sekil 2.18: Elektrot ¢iftini ve bacaga dogru geribeslenen ortak mod
isaretini gosteren EKG 6l¢timii

Boliim 1.4°de s6z edilen isaretin dogru algilanmasini engelleyen isaretler her iki elektroda da
yaklasik olarak esit miktarda etkimektedir. Bu prensipten yola ¢ikarak her iki giris ucuna da ortak
etkiyen bu bozucu etkilerin tamamina ortak mod isareti denilebilir. Bolim 2.4.4 de soz edildigi
sekliyle olglim yiikseltegleri ortak mod bastirma oranmi kadar iki giris ucuna gelen isareti diglar ve
cikisa aktarmaz, fakat bu oranin yapilan deneylerde yeterli olmadig1 gézlemlenmistir. Bolum 1.4 de
s6z edildigi gibi devrede ¢ok yiiksek genlikli S0Hz frekansh sebekeden kaynaklanan girisim, devre
¢ikisinda birkag voltluk gerilim olarak gézlemlenmektedir. Bu yiizden bu isaretten kurtulmak amaciyla

ek birtakim yardimcilara ihtiyag¢ vardir. Sekil 2.19°da bu is i¢in yapilabilecek bir yontem 6nerilmistir.
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Sekil 2.19: Ortak mod isaretinden kurtulmak i¢in yiikseltecin ortak mod
bastirma yeteneginden faydalanmak

Burada istenen iki uca da ortak olarak gelen isaretin negatifini tekrar deri yiizeyine besleme yoluyla
bozucu ortak mod isaretinin bastirilmasi yoluna gidilmistir. Ortak mod isareti gerilim 6rneklemesi
seklinde alinip, terslenip ol¢im yaptigimiz kas noktalarma yaklasik olarak esit olarak geri
besleyebilecegimiz bir bolgeye baglanmistir. Bu 6n yiikseltme islemini ve ortak modu geri besleme
yoluyla yapabilecek en iyi devre bir 6l¢iim yiikseltecidir. Her iki mod i¢in de giris direnci ¢ok yiiksek
oldugu i¢in, 6l¢tim yiikselteci ile deri ytizeyi bir koprii devresi gibi davranir. Bastirilamayan ortak mod
isareti yiikseltilip tekrar bu 6l¢lim noktalarina geri verildiginde ortak mod isareti zayiflatilmis olur.
Sekil 2.20°de a ve b uglara aym giiriiltii isareti geldigi varsayilirsa bu 6lgiim yiikseltecinde ortak
moda karsilik gelir. Bunun bastirilabilen kismi ¢ikisa aktarilir, bastirilamayan kismi ise negatif
geribesleme yoluyla tekrar Ol¢iim yapilacak kisinin deri yiizeyinde verilir. Bu da ortak mod

gliriltiisiinii en iyi bastiran yontemdir.
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Geribesleme cikisi % Crtak Mod [saretleri
= 1.4
s T

_ 1

Ortak Mod Isareti

On yikseltec Cikisi

Sekil 2.20: Elektrot ¢iftini ve kola dogru geri beslenen ortak mod isaretini gésteren EMG
Oletimii

2.6.2 D1s Bilesen Ekleme

Devreye giristen gelebilecek yiiksek gerilimlere karsi korumaya ihtiya¢ vardir. Kullandigimiz
LT1167 7 KV’a kadar kendini koruyabilir. Hizl1 koruma diyotu kullandigimizda ise bu deger
13 KV’a ¢ikabilir. Bu durumdan kurtulmak i¢in Sekil 2.21°de gosterildigi tizere uygun sekilde
diyotlar kullanilir.

Rsmlrlaylcn D1
—IN O—ww

D2
-Vg
D3

+IN O—ww
Rsmlrlaylcn &

D4

+Vg

Sekil 2.21: D1, D2, D3, D4 yiiksek gerilimden korunmak i¢in konmus diyotlar
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Gtigli RF isaretlerinde 6l¢tim yiikseltegleri kullamldiginda RF dogrultmasi sik¢a yasanan bir
problemdir. Bu gibi durumlarda bozucu etki bir dogru gerilim ofseti olarak goézlenebilir (Analog

Devices, 2004).

Sekil 2.22°deki gibi yiikselte¢ girisine eklenen RC devresi elekrotlardan devre girisine kadar
gelen kisimda iletken yiizeyine yapisan yiiksek frekans bilesenleri ortadan kaldirmaktadir. Bunun
yaninda kaynak ile toprak arasmna baglanan sigaglar ise dogru gerilim beslemesinde olusabilecek
dalgalanmalara karsi konulmustur. Bu sigaglarin yerlesimi, her bir etkin devre elemaninin pozitif ve
negatif beslemelerine miimkiin olabildigince en yakin noktadan 100nF; devre kartina giristeki besleme

noktalarindan ise 10uF seklinde gergeklestirilmistir.

+15y

Sekil 2.22: Cxemi2 ve Cxp ile yiiksek frekanstaki giirtiltiiniin ayiklanmasi

BG !

(ortakmod) — B

=41KHz

CC

(2.12)

BG sy = ! = 900Hz
27R (2Cop +Coc)

C.p >10C,.

2.12 numaral ifadeler segilen kondansator ve direng degerlerine goére olusturulan giris
stizgecinin alt kesim frekansin1 vermektedir. Farksal olan stizgecin band genisligi ifadesi her bir uca
ayr1 ayr1 gelen isaretleri siizmek icin kullanmlan yap1; ortak mod olan siizgecin band genisligi ifadesi

ise her iki moda gelen isareti stizmek i¢in kullanilan yapi i¢in verilmistir. Tasarlanan 6n yiikselteg kati
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girisinde Ccp degeri 220pF, Ccc degeri 10pF, R degeri de 390KQ olarak secilmistir. Burada band
genisligini daha fazla azaltan siga¢ ve direng degerleri kullanildiginda isaretin bandinda bulunan
yiiksek frekans bilesenlerinin zayifladigi ve EMG isaretinin sadece bir zarf isareti olarak kaldig:
gozlemlenmistir. Bu yiizden deneysel olarak isaret bandini1 zayiflatmadigi gézlemlenen bu direng ve

sigac degerleri kullanilmgtir.

Sekil 2.23°de Analog Devices tarafindan onerilen ve dig bilesenleri de barindiran bir EKG
yiikselte¢ devresi verilmistir. Bu devre ile Sekil 2.24°de verilen LT1168 kullanan sinir diirtii yiikselteci
(Linear Technology. 2000) devresi karsilagtirildiginda temel farklar viicutta baglandiklar1 noktalar ve
EKG devresindeki geri besleme isaretinin viicuda beslenirken seri bir diren¢ kullanilmasidir. Bunun
yaninda kazang bakimidan EKG 6n yiikseltecinin kazanci 14 iken; EMG 6n ylikseltecinin kazanci 10

olarak verilmistir.

Gerilim Kazanci=14

Y
10kQ 1T i .

4.7uF Vglkls

‘ )
; 220pF
-5V ' bV switch B
AD 1
+5V G60 ‘
From Lead |
REF/2
= ‘ From Lead Il
-5V From Lead IlI
op amps

12.7kQ 12.7kQ

Sin(2m50t) @

SBDF} }
N\ — O
866kQ
+5V - ADG520
>= T 866kQ
|
-5V

Sekil 2.23: EKG devresi (Analog Devices,2010)
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Hasta we Devreyi komma v 0.3Hz
— 3 YflksekGe;ixen
+IN = Soegey
cl
0.01uF R1
_l 12k L1168
| R2 KG=10 Cilag
M , LA
py 4 F
Hasta : 1 1/2 -3V Rg AN
Toprags ™= LT1112 3 1002
Ay =101 = 3
N — POLE AT 1kHz 15nF
1E.!U kazangh 1KHz lik algak gegiren
Sinir Durtll Yiikselteci e
Sekil 2.24: LT1168 kullanan sinir diirtii yiikselteci (Linear Technology, 2000)
L1116/ de gerilim Kazancinin ayarlanmasi:
R, =R, //(R,+R,)=6K //60K =5.45 2.13)
49.4KQ
K;=——+1=10
RK
Dogrusal olmayan kazang, G =1 Dogrusal olmayan kazang, G = 10

Dogrusal olmama (ppm/DIV)

Dogrusal olmama (ppm/DIV)

G=1 Cikis gerilimi(2V/div) G=10 Cikis gerilimi(2V/div)
Ry =2kQ Ry =2kQ
V(;Ikl$ =£10V V§1kl$ =+10V
Dogrusal olmayan kazang, G = 100 Dogrusal olmayan kazang, G = 1000
A S\
3 5
a E
&
£ &
z g
<
§ £
g S
S =
E c
2 o
5 A -
3 =100 Cikss gerilimi(2V/div) G = 1000 Cikis gerilimi(2V/div)
Ry =2kQ Ry =2kQ
V(;lkl$ =10V ngl§ =10V

Sekil 2.25: Cikig geriliminin dogrusal olmayan kazancin ¢esitli degerleri i¢in degisimi
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Sekil 2.25°de verilen dogrusal olmayan kazanca gore ¢ikis gerilimleri incelendiginde
kazang arttikga dogrusal olmama durumunun da arttig1 i¢in devrede kazanci tek bir bilesene

yiiklemek sakincalidir.

Bunun yaninda Sekil 2.7°den da anlasilabildigi {izere kazang arttikga ortak mod
bastirma oranmin artmasina ragmen; ortak mod bastirma oraninin band genisligi diismektedir.

Bu da kazang¢ hakkinda yukaridaki ifadeyi desteklemektedir.
2.6.3 Yiiksek Geciren Siizgec

Bu slizge¢ 13 Hz altindaki hareket bozuklugu giiriiltiisiinii bastirmak i¢in konmustur.
Devrede konumlandirildigi yer ise on ylikseltecin ¢ikisi; asil yiikseltecin girisidir. Burada
aktif bir siizge¢ kullanilmamasmin sebebi ise bu banda diisen isaretin tiimiiniin bastirilmak
istenmemesidir. Bu siizge¢ etkin elektrod ile daha sonraki yiikseltmelerin yapilacag: kat

arasindaki ofseti ve dogru gerilim bilesenlerini yok etmek amaciyla kullanilmistir. Siizgecin
sekli Sekil 2.26’da verilmistir.

Sekil 2.26: 13 Hz kesim frekansi olan yiiksek geciren siizgeg

Stizgecin 3 dB kesim frekans1 soyle hesaplanmaktadir:

Gyp= b - - =138 (2.14)
2nR C 27 x150x107 x82x10

Burada R = 82kQ, C = 150nF degerleri 13 Hz’lik kesim frekans1 saglayacak sekilde
secilmistir. 13 Hz kesim frekansi olan yiiksek gegiren siizgecin frekans-zayiflama egrisi Sekil

2.27°de verilmistir.
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Sekil 2.27: 13 Hz kesim frekans1 olan yiiksek gegiren siizgecin frekans-zayiflama egrisi

2.7 Tasarlanan Devre

Tasarlanan devre on yiikselte¢ geri besleme ve esas kazang kati olmak tizere ii¢ parcadan

olusmaktadir.
2.7.1 Devrenin ilk Kati(6n yiikseltec):

Sekil 2.28’de verilen ve devrenin ilk katinda daha 6nceden de bahsedildigi gibi bozulmaya
kars1 direnci yiiksek 10 ile 20 arasinda bir kazang elde etmek yeterlidir. Bunun yaninda kablo
ekranindan giirtiltiiyii azaltmak amaciyla ikinci kattaki gerilim takipg¢isinin ucuna baglamak
tizere bir baglant1 almak gereklidir. Alinan referans ucu daha sonra anlatilacak olan ikinci

kata; ol¢tim yiikseltecinin ¢ikist da devrenin asil kazancinin olusturulacag: tiglincli kata

aktarilacaktir.
Vv, o |l -
o AD8221 e
Vo & +
Kablo ekrani Referans

Sekil 2.28:Tasarlanan devrenin ilk kati: On Yiikselte¢ Devresi
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Burada R; = R, = 390KQ, R; = Ry =20 KQ, Rs = 3.9 KQ’dur. Bu degerler (2.15)’de verilen

yaklagik 15°lik bir gerilim kazanci elde etmek i¢in secilmistir.

R; = (R, +R4)XL =3.55KQ
R, +R, + R (2.15)
Gerilim Kazanci=1+ 49.4K0 =1+ 49.4K0 =1491

R, 3.55KQ

2.7.2 Devrenin ikinci Kati(geri besleme devresi):

Sekil 2.29’da verilen ikinci katta amag ilk kattan alinan referans(bastirilamayan ortak
mod isareti) isaretini yiikseltip yeniden deri ylizeyine geri beslemektedir. Burada dort
kanaldan alinan ayr1 ayr1 ortak mod isaretlerinin deri ylizeyine geri beslenmesi i¢in ¢ikistan

once tiim isaretler toplanmistir.

Kablo
ekram R,
(I
referans - R:
OPA277 — - R, Vre1
® + OPA277 >———1{ ——
+
Rs Re
— }— [ Ryy
RG L 1
Vref2 |  |—-
- Rio
Viers o OPA277 > & 1
+
R
Vies : Geri
L besleme
- — referansi

Sekil 2.29: Tasarlanan devrenin ikinci kat1

R] =2OKQ, R2=R4=390KQ, R5=R6=R7=R8=4.7KQ,R9= 125 KQ,RloVeR“:l
KQ olarak secilmigstir. Rs. Rg, R7, Rg, Rg her bir kanaldan gelen isaretin “4’{inii toplamak
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amaciyla bu sekilde secilmistir. Boylece 6l¢iim yapilan noktalarin hepsinin devreye getirmis

olduklar1 ortak mod isaretlerinin ortalamasit alinmistir.

2.7.3 Devrenin Uciincii Kati(asil yiikseltec ve siizme kati):

Sekil 2.30 ile verilen bu katta yiikseltme ve stizme islemleri gergeklestirilmektedir.

Vaki

Va
AD8230

LT1065 v,

+ Rz

J 1

1 2
- R

Referans ICl

R4

Veaikis

OPA277 > *

+

Sekil 2.30: Tasarlanan devrenin tigiincii kati

Uciincii katta R; = 10 KQ, R, = 390 KQ, R; = 51 KQ, C; = 220 nF, Ry = Rs = 1 KQ
secilmistir. Bu se¢imdeki amag¢ devrenin bu katina 80’lik bir gerilim kazanci saglamak ve
isaretin band genigligini 1kHz’in altinda tutmaktir. Cikistan once eklenen OPA277 islemsel

yiikselteci ise siizgeg¢ ¢ikisini uzun koaksiyel kablolar1 stirmek i¢in eklenmistir.

Buna gore

R
K 450 =2(1+ sz) =80

(2.16)
K :{&J:4
VOPA277 R
4
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olur. Saat frekans1 istenen kesim frekansinin 100 katidir ve asagidaki gibi bulunur:

K

= 2.17
Sk R.C, (2.17)
K =1.05alinirsa f,,, =93582Hz olarak bulunur. Buna goére de band genisligi:
fic = Jax =935.82Hz (2.18)
100
olur.
Buna gore devrenin toplam kazanct:
K oplam K irincika xK ikincikat 1491X 80 - 11928
Viopl Vbirincikat Vikincikat (2.19)

K, =20log(K,, . )=20log(1192.8) = 61.53

Vtoplam
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3. DEVRENIN GERCEKLENMESI

Tasarlanan ve bilesenleri segilen devre iki kart tizerine kazinmigstir. Kazinirken yiizey
montaj teknolojisi (Surface Mount Technology-SMT) kullanilmistir. Bu teknoloji adindan da
anlagilacag1 gibi yiizey montaj (Surface Mount) bilesenlerini (Surface Mount Components-
SMCs) devre kartmma dogrudan baglamak i¢in kullanilan teknolojidir. Bosluklar-delikler
(through-hole technology) yardimiyla yapilan eski monte etme yontemlerinden farkli bir
sekilde bilesenler monte edilir. Yiizey montaj aygitlar (Surface Mount Devices-SMDs) hafif,
ucuz, kiigiiktiirler ve ayrica devre karti(Printed Circuit Boards-PCBs) iizerinde birbirine yakin
bir sekilde yerlestirilebilirler. Yerlesimde getirdigi esneklik ve ugsuz olmalarinm getirdigi
guirtiltitye kars1 daha az duyarlilik g6z 6niine alindiginda bosluklu-delikli baglama yontemine

gore daha iistiin olduklar1 soylenebilir.

Devre bilesenlerini yerlestirmek i¢in kullanilacak devre kartt PROTEUS programi
yardimiyla ¢izilmis ve ¢ift yonlii bakir levhayr eritme yontemiyle olusturulmustur. Devre
kart1 olusturulurken isaretlerin gectigi yollarin Sekil 3.1°de gosterildigi tlizere yiiksek
indiiktans1 yok etmek amaciyla miimkiin oldugunca topraga yakin hatta yan yana olmasima
0zen gosterilmistir. Devredeki isaret yollarmin tiimii devre bilesenlerinin baglanacag tist

ylizeye cizilmistir. Arka yiizeyde zorunlu olarak atlatilmasi gereken enerji yollari

bulunmaktadir.
\AARAA m
magnetik etki yokedilemiyor: magnetik etki nerdeyse yokediliyor:
yiiksek indiiktans var diisiik indiiktans var

Sekil 3.1: Sinyal doniis akiminin etkisi

Magnetik etkiyi yok etmek i¢in gidis ve doniis yollarmin birbirine yakin olmasi
gereklidir (Williams 2005). Isaret gidis ve doniis yollar1 ilk kat i¢in modlar arasidir yani iki
elektrottan ayr1 ayr1 gelen yollardir. ikinci kata gelen isaret sadece fark isareti oldugu igin
toprak ve fark isareti yakin tutulmaya calisilmistir. Isaret yollarinm tiimii ayni kalinlikta

secilmistir.
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PROTEUS benzetim programi kullanilirken yollarin timii (kullanacagimiz bilesenler
ile ilgili paketler bu programda kayitli olmadig1 i¢in) elle ¢izilmistir. Bacak genislikleri ve

paket biiyiikliikleri kullanacagimiz pargalara uygun olarak seg¢ilmistir.

Sekil 3.2’de kirmizi ile ¢izilmis bolgeler montaj yapilacak olan {ist yiizeyde bulunan
yol ve baglantilari, mavi ile ¢izilmis olan bolgeler alt ylizeyde bulunan baglantilari, mor

olanlar ise her iki ylizeyde bulunan baglantilar1 gostermektedir.

188NFADB2 30
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giris
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. 4 e
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Sekil 3.2: Basilan devrenin benzetim programindaki gériiniimii

Devreler olusturulurken kullanilan AD8230 i¢in 8-Lead SOIC N , LT1065 i¢in S
Package 16-Lead SOL, AD8221 8-Lead SOIC ,0PA277 i¢in R-PDSO-GS8, OPA4277 i¢in R-
PDSO-G14 paketleri kullanilmigtir.

Devrenin kazinmig goriiniimii Sekil 3.3 ve 3.4’te verilmistir.
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Sekil 3.3: Devrenin kazinmis goriiniimii (ikinci kat-On yiiz)

Sekil 3.4: Devrenin kazinmig goriiniimii (Arka Yiiz)
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e
VESISI aya'lanablz'@

Sekil 3.5: Lehim yapmak i¢in gerekli aygitlar

Devre basilmis hale getirildikten sonra devre elemanlari bacak baglantilar1 dogru
olacak sekilde baskili devreye lehimlenmistir. Lehim i¢in gerekli olan ayarlanabilir havya,

lehim teli ve havya temizleyiciye ait bir goriiniim Sekil 3.5’te verilmistir.

Yiizey montaj entegreler kullanilirken lehim yapilacak havyaya ve lehim tiiriine dikkat
etmek gereklidir. Aksi takdirde istenmeyen degmeme ve kisa devre olma sorunlari ortaya
¢ikabilir. Ureticiler tarafindan genelde entegre bacaklarnm sicakligmmn 300 °C nin iizerine
cikarilmamasi tavsiye edilmistir. Bu ylizden 1sis1 kontrol edilebilen bir havya kullanmak
gereklidir. Ayrica havyanin u¢ kisminin da bu bacaklarin arasinda lehim kopriisii olmayacak
sekilde kiiciik olmasi gereklidir. Bunun yaninda havyaya bulasan ve lehim telinin iginde
akigskanlig1 ve yapistirmay1 saglayan ve hemen bozulan kimyasallar vardir. Bunlar1 her bacak
lehimlendikten sonra temizleyecek bir havya temizleyiciye gereksinim vardir. Kullanilan
lehim telinin kalinlig1 ve i¢indeki akigkan orani da 6nemlidir. %2 nin iistiinde akigkana sahip
lehim teli kullanilmalidir. 0.75mm ¢apinda bir lehim telinin kullanilan bilesenler i¢in yeterli

oldugu gozlemlenip %3 akiskan degerinde ve bu ¢apta bir lehim teli tercih edilmistir.
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Kullanilan bilesenlerinin bir¢gogunun bacak kalinligt 1 mm’nin altinda oldugu ig¢in
devreyi lehimlemek icin bir biiyiite¢ gereklidir. Lehimleme sirasinda en ufak bir kimildama
bile 1sinmis lehimde igsel kirilmalara neden olacagindan biiyiitegcle bacaklarin tam olarak
yerlestiginden emin olup bir elektrostatik bosalmaya karsi bir cimbizla {izerine bastirilmasi
gereklidir. Lehimleme islemi bilesen dogru sekilde yerlestirildikten sonra bilesenin bacagi ve
bakir yola ayni anda havya ucunun degdirilmesi ve yeterince lehim teli buraya degdirilerek
her ikisine yapismasi saglanarak yapilmistir. Bu islem sirasinda bacaklar arasindaki ve yollar
arasindaki istenmeyen lehim artiklar1 i¢inde akiskan bulunan bir bakir orgilii tel ile

cekilmistir.

Etkin elektrodun kullanim kolayligi agisindan miimkiin oldugunca kiiciik olmasi
gerekir. Bu yiizden SMD elemanlar1 kullanmak baski tasarimimi olduk¢a kolaylagtirmistir.

Sekil 3.6°da etkin elektrodun baglantilar1 pasif elektroda baglanacak son hali verilmistir.

Sekil 3.7°de devrenin asil yiikselte¢ ve geri besleme katlarini igeren dort kanalli olarak

kazinmig devrede ger¢eklenmis goriinlimii verilmistir.

Sekil 3.8’de devreden Olglim alinan baglanti goriintiisiic ve Olglim aygitlari

gosterilmistir.

Sekil 3.6: Etkin elektrot
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Sekil 3.7: Devrenin ikinci ve ti¢ilincii katlarinin dort kanalli olarak kazinmig devrede
gerceklenmis goriintimii

—

gl'k|§lar

7
~

Sgiris2”
) K i

Sekil 3.8: Olgiim i¢in hazirlanan baglantilar
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Sekil 3.9: Yiikseltecin kutulanmis hali

Sekil 3.9°da EMG ylikseltecinin kutulanmig hali verilmistir. Devre iletken yapiya
sahip bir tiir dokiimlii aliminyum malzemeden yapilmistir. Bu sayede disaridan gelip devreye

etki edebilecek yliksek frekansi giiriiltiilerden yalitilmas1 amaglanmastir.
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4. BULGULAR

Bu boliimde devrenin ¢iktilarini incelenmistir. Devre sadece analog bilesenlerden

olustugu icin elde edilen sonuglar tamamu ile osiloskopta gézlemlenmistir.
4.1 Geri Beslemenin Etkisi:

Oncelikle geribeslemenin devreye kattig1 etki gozlemlenmeye c¢aligilmistir. 3.
Boliimde de bahsedildigi gibi 50 Hz ortak mod girisimi devrenin ¢aligmasina en fazla etki
eden etmendir. Sekil 4.1 den de gozlenebilecegi gibi kol kas1 duragan konumdayken bile diger
frekans bilesenleri -dB degerindeyken 5S0Hz frekansi 30 dB mertebesindedir. Bu istenmeyen

isaret kas isaretinin neredeyse goriinmez konuma getirmektedir.

Tek i E @ Stop Pos: 250,04 MEASLURE

01 cHaont
G PE-Fk

CHA DT
PPk

R Of1
Freq

byl ol ¢ Eirgp T o ] i
! Mane

Genlik (dB)

:
: | 0 £H1 o
Mane

SOOHz C1OkESE " Flattop
T—Jan—10 1301 42 BT59Hz

Frekans(Hz)

Sekil 4.1: Kaslar duragan konumdayken ve geribesleme yokken frekans
karakteristiginin osiloskop ¢iktisi

Geri besleme devreye sokuldugunda ise Sekil 4.2 ortaya ¢ikmaktadir. Bu sekilde her
bir yatay birim uzunluk 50Hz’1 her bir dikey birim uzunluk da 10dB’lik ¢ikis giiciinii temsil

etmektedir. Burada devre i¢in oldukca fayda saglayici bir iyilestirme oldugu gozlemlenmistir.
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lek L W@ stop Fis 25U M TH
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i e
CH1

H-I-IIIIEIIII:IIII;IIII-IIIIEIIIIEIIIIEIIII;IIIIEIIIIE

! f : ! Y b Window
, iAlehy 3 [BF lattop

Genlik (dB)

AP AN FRT Zoam
: 1 H

CHY 10.0dE  50.0Hz 1.00kSs Flattop
T—Jan—10 1403 B02.3595Hz

Frekans(Hz)

Sekil 4.2: Kaslar duragan konumdayken ve geribesleme varken frekans
karakteristiginin osiloskop ¢iktisi

Soyle ki 30dB olan 50Hz ortak mod girisimi geri beslemenin devreye girmesiyle -4
dB’e kadar diismiistiir ve 34 dB kadar zayiflamistir. Bu durumu isaret {izerinde zaman

diizleminde gozlemlenirse ¢ikis genligi bakimindan zayilama Sekil 4.3 ve Sekil 4.4’den
goriilebilir.

Tek U Trig’d M Pos: 0.000s MEASURE
+

Genlik (V)

M 25.0ms
7-Jan-10 13:43

Zaman(ms)
Sekil 4.3: Kaslar duragan konumdayken ve geribesleme yokken dalga sekli

Sekil 4.3°de gosterildigi tizere kaslar duragan durumdayken ve geri besleme yokken

tepeden tepeye genlik degeri 808mV olarak bulunmustur. Sekil 4.4’teki geri besleme varken
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ise bu deger 90mV’a kadar diismiistiir. Bu isaretin genligini etkileyen kas dokusundaki ufak

hareketleri ve elektronik bilesenlerin igsel giiriiltillerini de g6z oniinde bulunduruldugunda

daha diistik bir deger oldugu da sdylenebilir.

Tek o L, @ Stop M Pos: (0.000s MEASURE
+
CH2 Off
PE—Fk
>
=
5
)
r 25.0ms

T—Jan—10 14:23

Zaman(ms)

Sekil 4.4: Kaslar duragan konumdayken ve geribesleme varken dalga sekli

Bunu saglayan devre kat1 olan geri besleme katindaki isaret degisimleri de 6nemlidir.
Geri beslemenin ¢aligmasi sonucunda geri beslenen isaretin azalmasi gereklidir. Bu degisimi

incelemek i¢in etkin elektrottan alinan orta u¢ referans isaretinin geri besleme varken ve

yokken ¢ikiglar: Sekil 4.5 ve Sekil 4.6°da verilmistir.
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Tek L Trig’d M Pos: 0.000s MEASURE
T “H2 1iff

Genlik (V)

M 25.0ms
7=Jan-10 14:56

Sekil 4.5:Kaslar duragan konumdayken ve geribesleme yokken orta ug referans
isaretinin dalga sekli

Tek T b Pos: 0,000 MEASLRE
+
CH2 Off
Pk-Pk
S
=~
E
O
M 25,05

T—Jan—10 1457

Zaman(ms)

Sekil 4.6:Kaslar duragan konumdayken ve geri besleme varken referans isaretinin

dalga sekli
Sekil 4.5 ve 4.6’dan da goriilebilecegi gibi isaretin genligi 130 kez azalmistir. Fakat
bakimindan siiregelen ortak mod kaymasi tam olarak

dogru gerilim bilesenleri
giderilmemistir. Bunu gidermek en azindan azaltmak igin bir pasif slizge¢ kullanilabilir.

Ayrica etkin elektrotlardan biri ya da birka¢t bagli olmadiginda toplamsal geribeslemeyi
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olusturan islemsel yiikselteclerin giris bacaklar1 bosta kalmaktadir. Bu da devreyi olumsuz

etkilemektedir. Bu ylizden bosta kalan referans ucu bacaklarini topraklamak faydali olabilir.
4.2 Devre Ciktilar:

Bu boliimde iki kas bolgesinden alinan EMG isaretleri incelenmistir ve bu isaretlerin
algilanmalar1 i¢in yeterli olup olmadiklar1 arastirilmistir. Bu kas bolgelerinden ilki bilek ve
parmaklarin hareketinden sorumlu bilek kast; ikincisi ise kol agilip kapanmasindan sorumlu

pazu kasidir. Bu bolgeler Sekil 4.7°de gosterilmistir.

referans sinyali

bilek kasi a ucu

3
= o
=S =
© =
T 7]
(7]
T 2
i =
3 N
('“61 @©

o
o

bilek kasi b ucu

Sekil 4.7: Kol kasindan isaret alinan bolgeler
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Tek o L, @ Stop M Pos: (0.000s MEASURE
¥ CH2
Pk—Pk
120
¥

Genlik (V)

CH2 .00 P 25,0ms
T—Jan—10 16:30

Zaman(ms)
Sekil 4.8: Kasilan pazu kasinin osiloskop ¢iktis1

Sekil 4.8’den de goriilebilecegi gibi pazu kasinin kasilmasi durumunda 8.48 V tepeden
tepeye genlige sahip bir EMG isareti elde edilmistir. Bu kol kast kolun a¢ilip kapanmasini

saglayan pazu kasidir. Bu kasilma sirasinda bilek kasina ait isarette fazla degisim olmayip

120mV tepeden tepeye genlikte kalmistir.

Tek o L, @ Stop M Pos: (0.000s MEASURE
¥ CH2
Pk—Pk
4604

= -
=
=

i u

Genlik (V)

CH2 .00 P 25,0ms
T—Jan—10 16:32

Zaman(ms)

Sekil 4.9: Kasilan bilek kasmin osiloskop ¢iktist
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Sekil 4.9°daki gibi bilek kas1 kasildiginda ise bu kasilma siiresince az da olsa pazu kas1
da kasilmistir. Bu tepeden tepeye genlikler sirasiyla, bilek kasi i¢in 4.60V; pazu kasi i¢in 480
mV’dur. Bu kasin yiikseltilmeden onceki genligi yaklasik olarak 300uV’tur(Yazgan ve
Koruiirek,1996). Bu durum g6z oniine alindiginda yiikseltecin 1196 kat yiikseltme islemini
gerceklestirdigi soylenebilir.

EMG aygitlar tretici firmalar tarafindan genellikle SOHz i¢in Ortak Mod Bastirma
Orani ile tanitilirlar. Bu oran Benning ve ark. yaptiklar1 tagmabilir EMG yiikselteci tasarim
caligmasi raporuna gore genelde 90dB in tistiinde tercih edilir (Benning ve ark., 2003). Bu
deger hesaplanmak i¢in devrenin iki moduna da ayni isaret verilir ve ¢ikista ne kadar

zayifladig1 hesaplanir.

LT1167
VCIkIS

Re

Ry

w -
) Sin(2m50t) [
I

INA2126

Sekil 4.10:CMRR 6l¢iimii i¢in olusturulan deney diizenegi

CMRR o6l¢timi i¢in Sekil 4.10°daki devre basilip olusturulmustur. Fakat agik
cevrim kazanci hesaplanirken asir1 giiriiltiiden dolay: giris isareti gozlemlenememistir. Girig
gerilimi gozlemlenebilecek kadar biiyiitiildiiglinde ise ¢ikis entegresi kesime gitmis ve bu

yiizden kazang hesaplanamamastir.

Devre bir gli¢ kaynagiyla simetrik beslenmistir. Pil ile yapilan deneylerde iyi
sonuclar elde edilmediginden bu yola gidilmistir. Gii¢ Kaynag1 devre ¢alisirken devreye ‘+’

ve ‘“ besleme olarak 50’ser mA akim ¢ekmistir.

Devrenin dort kanalinm da kas kasilmasii algiladig1 ve ¢ikisa algilanabilir sekilde
aktardig1 gozlemlenmistir. Soyle ki devrede bir kas grubu kasili degilken 40 ile 60 mV

arasinda tepeden tepeye genlikli giiriiltii isareti iretmektedir. Bunun yaninda baglh bulundugu
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kas grubuna gére 1V ve 5V arasinda tepeden tepeye genlikli isaretler tiretmektedir. Bu da kas

grubunda kas etkinligi olup olmadigini algilamak i¢in yeterlidir.

¢

{ ; i : B :,f”Tr -
b '1'"'*'"’"7"'5-'{11*_'1 et *'t;:*" A |,J|h-rI | |,1 Y Ii"41.f|__!'

f
il :
I.1|'-] l “'I |J|i|"||1 "l"'"" ‘1H - l |!

Pl *-F":
.I.|. : ; l'l-

Sekil 4.11: Koldaki 4 kasin EMG Goriintiisti (El agikken)

Sekil 4.11 ve 4.12°de el iizerine yerlestirilmis elektrotlar vastasiyla 6l¢iilen EMG
gortintiileri verilmistir. El agik konumundayken el tstii kasinin (4 numarali kanal) aktif
konumda oldugu gozlenmektedir. Pazu kas1 kasilirken de nerdeyse tiim el kaslarmin kasildigi
gozlemlenmistir. Bu iki goriintii sadece tiim kanallarin ¢alisip ¢alismadigmi gozlemlemek igin

konmustur. Tiim kanallar i¢in bir yatay birim kare 25 ms, bir dikey birim kare de 1V dur.

STOR ™

{Jllllilih;kﬂlﬁ ,]!1 }(l]ll':i J*‘ e
USE '

ilif hkjfvf [r‘**{: Ilflli‘f"fd(lll iy Jwii’,ﬁ.il-’

oooooooooo ]-v.q.-;--'-..-.---.v,-.r-.||u-u..‘-.._.,...<f..-q-.-,-;...
b *

il ” X [h‘ Skt {w'".'l'L,]utwk."";-*‘”-ml’1“«14’&‘1

Sekil 4.12: Koldaki 4 kasin EMG Goriintiisii (Pazu kasi kasilirken)
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5. TARTISMA VE ONERILER

Bu tez ¢alismasinda 4 kanalli bir EMG yiikselteci tasarimi ve yapimi amaglanmistir.
Bu amagla c¢esitli aktif elektrot tasarimlar1 denenmis ve en son tasarimda SMD teknolojisini
kullanan frekans bandmi isareti bozmayacak ve dis etmenlerden miimkiin oldugunca
arindiracak bir tasarim gerceklenmistir. Ayrica daha oOnceki c¢alismalardan farkli olarak
tasarlanan yiikselte¢ katinda 6l¢iim yiikselteci ve ¢ikiginda aktif siizge¢ kullanilarak 6zgiin bir

tasarim ortaya konmus ve ger¢eklenmistir.

Tasarimin gerceklenmesi asamasinda c¢esitli iyilestirmeler yapilabilecegi agiktir.
Devrenin geribesleme katinda bulunan toplamsalligi iyilestirmek amaciyla kullanilmayan
etkin elektrotlarin referanslarnin bulundugu geribesleme girislerini bir anahtarla topraga
cekmek gereklidir. Bunun yaninda geribeslemede olusan dengesizligi azaltmak veya bu giriste

asir1 degisimleri 6nlemek maksadiyla bu girise bir band gegiren siizgeg eklenebilir.

Tasarlanan devre daha once de bahsedildigi gibi bakir levhanin kazimnmasiyla
olusturulmustur. Bu bakirin asit ile agindirilmasi ve aside maruz kalmamis bolgelerin zimpara
ile temizlenmesi yontemine dayandigindan tiim bolgeler benzetim programinda es kalinlikl
cizilmis olsa bile elde edilen iiriinde es dagilimli bir kalinliga sahip olmadiklar1 agiktir. Bu

yiizden devrenin uzman gozetiminde gelismis aygitlarla basilmasi gereklidir.

Devrenin CMRR’sinin deneysel yontemlerle Olciilebilmesi i¢in diisiik genlikte
isaretleri temiz olarak iiretebilecek bir isaret kaynagi ve bu kaynagin frekans spektrumunu

dogru sekilde gosterebilecek bir 6l¢tim aygitina ihtiyag vardir.

Bu devrelerin ¢iktilariin bilgisayar temelli matematiksel yontemlerle irdelenebilmesi
analog isaretin sayisala dontistiiriilmesi gereklidir. Bunun i¢in denetleyici ve algilayici olarak
kullanilan bilgisayardan kas grubunda 6l¢iim yapilan kisiye ve bu kisiden bilgisayara kagak
akim ge¢memesi i¢in yalitim yapilmalidir. Buna iliskin devre Sekil 5.1°de Analog Devices
iireticisi tarafindan onerilmistir. Burada isaret once analogdan sayisala doniistiiriilmiis ve bir

sayisal izolatorle onceki devreden ayrilmistir.
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iCoupler

ADC ADum240X

330
10nF jv, AD7980
% REF$-| [-422uF
+5v |V

Reference

g ADR435

ADum240X

DSP

Sekil 5.1: Devre ¢ikiginin D-A doniisiimden sonra yalitilmasi (Analog Devices,2010)

Devre ¢ikisinda elde edilen isaretlere bakilarak iki istenmeyen isaret kaldigi
sOylenebilir. Bunlar genligi 40mV civarinda olan 50Hz ortak mod girisimi ve genligi ortak
moda gore daha diisiik diizeydeki ve frekanst megahertzleri bulan aygitlarin igsel

giirtiltiistidiir. Bu iki istenmeyen isaret de sayisal yontemler kullanarak kolayca yok edilebilir.

Devrenin girigleri kisadevre edilip 5V genlikli 50Hz frekansinda siniizoidal bir
kaynak giris olarak uygulandiginda 56mV genlikli bir isaret gozlemlenmistir. Devrenin
kazancinim 61dB oldugu diisiiniiliirse bu zayilatma miktar1 39 dB’e karsilik gelir. Buradan da
devrenin ortak mod bastirma oraninin 50 Hz i¢in yaklasik olarak 100 dB’den daha yiiksek
oldugunu gosterir. Soyle ki 56mV un tamami saf siniis isaretine ait degildir. Kald1 ki girige

uygulanan gerilim mertebesi arttik¢a devrenin ortak mod bastrma yetenegi zayiflamaktadir.

Girig direnci olarak bakildiginda ise devrenin giris direnci 8221 entegresinin giris

direncine esittir. Uretici katalogunda bu deger 1GQ dan yiiksek olarak verilmistir.

Sonug olarak devre bir dijital analog ¢evirici kart1 ile dogrudan kullanima hazirdir.
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ANALOG
DEVICES

Precision Instrumentation Amplifier

AD8221

FEATURES
Available in space-saving MSOP package
Gain set with 1 external resistor (gain range 1 to 1000)
Wide power supply range: £2.3 Vto 18V
Temperature range for specified performance:
-40°C to +85°C
Operational up to 125°C’
EXCELLENT AC SPECIFICATONS
80 dB min CMRRto 10 kHz (G =1)
825 kHz -3 dB bandwidth (G=1)
2 V/ps slew rate
LOW NOISE
8 nV/VHz, @ 1 kHz, max input voltage noise
0.25 uV p-p input noise (0.1 Hz to 10 Hz)
HIGH ACCURACY DC PERFORMANCE (AD8221BR)
90 dB min CMRR (G=1)
25 pV max input offset voltage
0.3 puV/°C max input offset drift
0.4 nA max input bias current

APPLICATIONS

Weigh scales

Industrial process controls

Bridge amplifiers

Precision data acquisition systems
Medical instrumentation

Strain gages

Transducer interfaces

GENERAL DESCRIPTION

The AD8221 is a gain programmable, high performance instru-
mentation amplifier that delivers the industry’s highest CMRR
over frequency. The CMRR of instrumentation amplifiers on
the market today falls off at 200 Hz. In contrast, the AD8221
maintains a minimum CMRR of 80 dB to 10 kHz for all grades
at G = 1. High CMRR over frequency allows the AD8221 to
reject wideband interference and line harmonics, greatly
simplifying filter requirements. Possible applications include
precision data acquisition, biomedical analysis, and aerospace
instrumentation.

Low voltage offset, low offset drift, low gain drift, high gain
accuracy, and high CMRR make this part an excellent choice in
applications that demand the best dc performance possible,
such as bridge signal conditioning.

Rev. A

Information furnished by Analog Devices is believed to be accurate and reliable.
H , NO resp ibility is d by Analog Devices for its use, nor for any
infringements of patents or other rights of third parties that may result from its use.
Specifications subject to change without notice. No license is granted by implication
or otherwise under any patent or patent rights of Analog Devices. Trademarks and
registered trademarks are the property of their respective owners.

CONNECTION DIAGRAM
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Figure 1. SOIC and MSOP Connection Diagram
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Figure 2. Typical CMRR vs. Frequency for G =1

Programmable gain affords the user design flexibility. A single
resistor sets the gain from 1 to 1000. The AD8221 operates on
both single and dual supplies, and is well suited for applications
where +10 V input voltages are encountered.

The AD8221 is available in low cost 8-lead SOIC and MSOP
packages, both of which offer the industry’s best performance.
The MSOP requires half the board space of the SOIC, making it
ideal for multichannel or space-constrained applications.

Performance is specified over the entire industrial temperature
range of —-40°C to +85°C for all grades. Furthermore, the
ADB8221 is operational from -40°C to +125°C'.

' See Typical Performance Curves for expected operation from 85°C to 125°C.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax: 781.326.8703 © 2003 Analog Devices, Inc. All rights reserved.




AD8221

TYPICAL PERFORMANCE CHARACTERISTICS

(@+25°C, Vs = =15 V, R. = 10 kQ, unless otherwise noted.)
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AD8221

THEORY OF OPERATION
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Figure 42. Simplified Schematic

The AD8221 is a monolithic instrumentation amplifier based
on the classic 3-op amp topology. Input transistors Q1 and Q2
are biased at a fixed current, so that any differential input signal
will force the output voltages of A1 and A2 to change accor-
dingly. A signal applied to the input creates a current through
Re, R1, and R2, such that the outputs of Al and A2 deliver the
correct voltage. Topologically, Q1, A1, R1 and Q2, A2, R2 can be
viewed as precision current feedback amplifiers. The amplified
differential and common-mode signals are applied to a dif-
ference amplifier that rejects the common-mode voltage but
amplifies the differential voltage. The difference amplifier
employs innovations that result in low output offset voltage as
well as low output offset voltage drift. Laser-trimmed resistors
allow for a highly accurate in-amp with gain error typically less
than 20 ppm and CMRR that exceeds 90 dB (G = 1).

Using superbeta input transistors and an Is compensation
scheme, the AD8221 offers extremely high input impedance,
low Is, low Ip drift, low Ios, low input bias current noise, and
extremely low voltage noise of 8 nV/VHz.

The transfer function of the AD8221 is

49.4kQ)
Rc

G=1+

Users can easily and accurately set the gain using a single,
standard resistor.

Since the input amplifiers employ a current feedback architec-
ture, the AD8221’s gain-bandwidth product increases with gain,
resulting in a system that does not suffer from the expected
bandwidth loss of voltage feedback architectures at higher gains.

In order to maintain precision even at low input levels, special
attention was given to the AD8221’s design and layout, resulting
in an in-amp whose performance satisfies the most demanding
applications.

A unique pinout enables the AD8221 to meet a CMRR
specification of 80 dB at 10 kHz (G = 1) and 110 dB at 1 kHz
(G =1000). The balanced pinout, shown in Figure 43, reduces
the parasitics that had, in the past, adversely affected CMRR
performance. In addition, the new pinout simplifies board
layout because associated traces are grouped together. For
example, the gain setting resistor pins are adjacent to the inputs,
and the reference pin is next to the output.

AD8221
TOP VIEW

03149-0-001

Figure 43. Pinout Diagram
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AD8221

GAIN SELECTION

Placing a resistor across the R terminals will set the AD8221’s
gain, which may be calculated by referring to Table 3 or by
using the gain equation

Ro = 49.4kQ
G-1

Table 3. Gains Achieved Using 1% Resistors
1% Std Table Value of Rs (Q2) Calculated Gain
49.9 k 1.990
124k 4.984
5.49 k 9.998
261k 19.93
1.00 k 50.40
499 100.0
249 199.4
100 495.0
49.9 991.0

The AD8221 defaults to G = 1 when no gain resistor is used.
Gain accuracy is determined by the absolute tolerance of Ra.
The TC of the external gain resistor will increase the gain drift
of the instrumentation amplifier. Gain error and gain drift are
kept to a minimum when the gain resistor is not used.

LAYOUT

Careful board layout maximizes system performance. Traces
from the gain setting resistor to the R¢ pins should be kept as
short as possible to minimize parasitic inductance. To ensure
the most accurate output, the trace from the REF pin should
either be connected to the AD8221’s local ground as shown in
Figure 47, or connected to a voltage that is referenced to the
AD8221’s local ground.

Common-Mode Rejection

One benefit of the AD8221’s high CMRR over frequency is that
it has greater immunity to disturbances such as line noise and
its associated harmonics than do typical in-amps. These,
typically, have CMRR fall-off at 200 Hz; common-mode filters
are often used to compensate for this shortcoming. The AD8221
is able to reject CMRR over a greater frequency range, reducing
the need for filtering.

A well implemented layout helps to maintain the AD8221’s high

CMRR over frequency. Input source impedance and capacitance

should be closely matched. In addition, source resistance and
capacitance should be placed as close to the inputs as
permissible.

Grounding

The AD8221’s output voltage is developed with respect to the
potential on the reference terminal. Care should be taken to tie
REF to the appropriate “local ground”

In mixed-signal environments, low level analog signals need to
be isolated from the noisy digital environment. Many ADCs
have separate analog and digital ground pins. Although it is
convenient to tie both grounds to a single ground plane, the
current traveling through the ground wires and PC board may
cause hundreds of millivolts of error. Therefore, separate analog
and digital ground returns should be used to minimize the
current flow from sensitive points to the system ground. An
example layout is shown in Figure 44 and Figure 45.

Figure 44.Top Layer of the AD8221-EVAL

Figure 45.Bottom Layer of the AD8221-EVAL
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REFERENCE TERMINAL

As shown in Figure 42, the reference terminal, REFE is at one end
of a 10 kQ resistor. The instrumentation amplifier’s output is
referenced to the voltage on the REF terminal; this is useful
when the output signal needs to be offset to a precise midsupply
level. For example, a voltage source can be tied to the REF pin to
level-shift the output so that the AD8221 can interface with an
ADC. The allowable reference voltage range is a function of the
gain, input and supply voltage. The REF pin should not exceed
either +Vs or —Vs by more than 0.5 V.

For best performance, source impedance to the REF terminal
should be kept low, since parasitic resistance can adversely affect
CMRR and gain accuracy.

POWER SUPPLY REGULATION AND BYPASSING

A stable dc voltage should be used to power the instrumenta-
tion amplifier. Noise on the supply pins may adversely affect
performance. Bypass capacitors should be used to decouple the
amplifier.

A 0.1 pF capacitor should be placed close to each supply pin. As
shown in Figure 47, a 10 pF tantalum capacitor may be used
further away from the part. In most cases, it may be shared by
other precision integrated circuits.

Figure 46

+Vg

03149-0-043

Figure 47. Supply Decoupling,. REF and Output Referred to Local Ground

INPUT BIAS CURRENT RETURN PATH

The AD8221’s input bias current must have a return path to
common. When the source, such as a thermocouple, cannot
provide a return current path, one should be created, as shown
in Figure 48.

+Vg
'
. AD8221
B REF
Vg
TRANSFORMER
+Vg
+
AD8221
B REF
Vg
THERMOCOUPLE
+Vg
c
— 4
f __1 R
HIGH-PASS ™ 27RC AD8221
Cc
REF
4{ —
S
3
-Vg 3
CAPACITOR COUPLED 3

Figure 48. Creating an lgas Path

INPUT PROTECTION

All terminals of the AD8221 are protected against ESD'. In
addition, the input structure allows for dc overload conditions
below the negative supply, —Vs. The internal 400 Q resistors
limit current in the event of a negative fault condition. However,
in the case of a dc overload voltage above the positive supply,
+Vs, a large current would flow directly through the ESD diode
to the positive rail. Therefore, an external resistor should be
used in series with the input to limit current for voltages above
+Vs. In either scenario, the AD8221 can safely handle a
continuous 6 mA current, I = Vin/Rexr for positive overvoltage
and I = Vinv/(400 Q + Rexr) for negative overvoltage.

For applications where the AD8221 encounters extreme
overload voltages, as in cardiac defibrillators, external series
resistors and low leakage diode clamps such as BAV199Ls,
FJH1100s, or SP720s should be used.

"1 kV—Human Body Model.
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RF INTERFERENCE
RF rectification is often a problem when amplifiers are used in Cp affects the difference signal and Cc affects the common-
applications where there are strong RF signals. The disturbance mode signal. Values of R and Cc should be chosen to minimize
may appear as a small dc offset voltage. High frequency signals RFI. Mismatch between the R x Cc at the positive input and the
can be filtered with a low-pass R-C network placed at the input R x Cc at negative input will degrade the AD8221’s CMRR. By
of the instrumentation amplifier, as shown in Figure 49. The using a value of Cp one magnitude larger than Cg, the effect of
filter limits the input signal bandwidth according to the the mismatch is reduced, and hence, performance is improved.
following relationship:
PRECISION STRAIN GAGE
FilterFreqpiy = The AD8221’s low offset and high CMRR over frequency make
2nR(2Cp +Cc) it an excellent candidate for bridge measurements. As shown in
Figure 50, the bridge can be directly connected to the inputs of
FilterFreqcm = the amplifier.
2nRCc
+5V
1op|=L 0.1uF
where Cp > 10Cc. T
3500 3500
+N

AD8221

+15V
3500 3500 R %
0. 1pF 10pF \ -IN 2.5V
Cc =— 1nF
R

Figure 50. Precision Strain Gage

03149-0-049
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i R1 Vout
Cp =~ 10nF 4999 AD8221 .
R REF
A e S —
4.02kQ
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0. 1uF 10uF g
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Figure 49. RFI Suppression
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ANALOG
DEVICES

16 V Rail-to-Rail, Zero-Drift,

Precision Instrumentation Amplifier

AD8230

FEATURES

Resistor programmable gain range: 10" to 1000
Supply voltage range: £4Vto +8V, +8 Vto +16 V
Rail-to-rail input and output

Maintains performance over —40°C to +125°C

EXCELLENT AC AND DC PERFORMANCE

110 dB minimum CMR @ 60 Hz, G = 10 to 1000
10 pV max offset voltage (RTI, +5 V operation)
50 nV/°C max offset drift

20 ppm max gain nonlinearity

APPLICATIONS

Pressure measurements
Temperature measurements
Strain measurements
Automotive diagnostics

GENERAL DESCRIPTION

The AD8230 is a low drift, differential sampling, precision
instrumentation amplifier. Auto-zeroing reduces offset voltage
drift to less than 50 nV/°C. The AD8230 is well-suited for
thermocouple and bridge transducer applications. The
AD8230’ high CMR of 110 dB (min) rejects line noise in
measurements where the sensor is far from the instrumenta-
tion. The 16 V rail-to-rail, common-mode input range is useful
for noisy environments where ground potentials vary by several
volts. Low frequency noise is kept to a minimal 3 uV p-p
making the AD8230 perfect for applications requiring the
utmost dc precision. Moreover, the AD8230 maintains its high
performance over the extended industrial temperature range of
—-40°C to +125°C.

Two external resistors are used to program the gain. By using
matched external resistors, the gain stability of the AD8230 is
much higher than instrumentation amplifiers that use a single
resistor to set the gain. In addition to allowing users to program
the gain between 10" and 1000, users may adjust the output
offset voltage.
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Figure 1. Relative Offset Voltage vs. Temperature
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Figure 2. Thermocouple Measurement

The AD8230 is versatile yet simple to use. Its auto-zeroing
topology significantly minimizes the input and output
transients typical of commutating or chopper instrumentation
amplifiers. The AD8230 operates on +4 Vto +8 V (+8 V to +16 V)
supplies and is available in an 8-lead SOIC.

' The AD8230 can be programmed for a gain as low as 2, but the maximum
input voltage is limited to approximately 750 mV.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 4. Offset Voltage (RTI) Distribution at 5V, CM =0V, Ta = +25°C
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Figure 9. Offset Voltage (RTI) vs. Source Impedance, 1 uF Across Input Pins
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AD8230

THEORY OF OPERATION

Auto-zeroing is a dynamic offset and drift cancellation
technique that reduces input referred voltage offset to the
1V level and voltage offset drift to the nV/°C level. A further
advantage of dynamic offset cancellation is the reduction of
low frequency noise, in particular the 1/f component.

The AD8230 is an instrumentation amplifier that uses an
auto-zeroing topology and combines it with high common-
mode signal rejection. The internal signal path consists of an
active differential sample-and-hold stage (preamp) followed by
a differential amplifier (gain amp). Both amplifiers implement
auto-zeroing to minimize offset and drift. A fully differential
topology increases the immunity of the signals to parasitic noise
and temperature effects. Amplifier gain is set by two external
resistors for convenient TC matching.

The signal sampling rate is controlled by an on-chip, 6 kHz
oscillator and logic to derive the required nonoverlapping
clock phases. For simplification of the functional description,
two sequential clock phases, A and B, are used to distinguish
the order of internal operation, as depicted in Figure 27 and
Figure 28, respectively.

PREAMP GAIN AMP
/—/%
_VS
ICHOLD
V+IN V)
Voirr c N - ouT
Vom SAMPLE
Von
|

VRer

05063-103

Figure 27. Phase A of the Sampling Phase

During Phase A, the sampling capacitors are connected to the
inputs. The input signal’s difference voltage, Voirs, is stored
across the sampling capacitors, Csamere. Since the sampling
capacitors only retain the difference voltage, the common-mode
voltage is rejected. During this period, the gain amplifier is not
connected to the preamplifier so its output remains at the level
set by the previously sampled input signal held on Crorp, as
shown in Figure 27.

PREAMP GAIN AMP
_\Is
Van L Chow
Vbire — Vour
+Vem
Voin

VREF

05063-104

Figure 28. Phase B of the Sampling Phase

In Phase B, the differential signal is transferred to the hold
capacitors refreshing the value stored on Crorp. The output of
the preamplifier is held at a common-mode voltage determined
by the reference potential, Vrer. In this manner, the AD8230 is
able to condition the difference signal and set the output voltage
level. The gain amplifier conditions the updated signal stored
on the hold capacitors, Crorp.

SETTING THE GAIN

Two external resistors set the gain of the AD8230. The gain is
expressed in the following function:

Gain=2(1+R—F) (1)
G

05063-030

Figure 29. Gain Setting
Table 4. Gains Using Standard 1% Resistors

Gain Re Re Actual Gain
2 0 Q (short) None 2

10 8.06 kQ 2 kQ 10

50 12.1 kQ 499 Q) 50.5

100 9.76 kQ 200Q 99.6

200 10 kQ 100 Q 202

500 49.9 kQ 200Q 501

1000 100 kQ 200Q 1002

Figure 29 and Table 4 provide an example of some gain settings.
As Table 4 shows, the AD8230 accepts a wide range of resistor
values. Since the instrumentation amplifier has finite driving
capability, ensure that the output load in parallel with the sum
of the gain setting resistors is greater than 2 kQ.

Ri||(Re + Rg) > 2 kQ 2)

Offset voltage drift at high temperature can be minimized by
keeping the value of the feedback resistor, Rg, small. This is due
to the junction leakage current on the Rq pin, Pin 7. The effect
of the gain setting resistor on offset voltage drift is shown in
Figure 30. In addition, experience has shown that wire-wound
resistors in the gain feedback loop may degrade the offset
voltage performance.

Rev. A|Page 10 of 16




AD8230

-1

-2

-3

R = 100kQ, Rg = 1kQ

P _

OFFSET VOLTAGE (uV RTI)

R = 10kQ, Rg = 1000

-50 0 50 100 150
TEMPERATURE (°C)

Figure 30. Effect of Feedback Resistor on Offset Voltage Drift
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LEVEL-SHIFTING THE OUTPUT

A reference voltage, as shown in Figure 31, can be used to
level-shift the output. The reference voltage, V, is limited to
-Vs+3.5Vto+Vs—2.5V"'. Otherwise, it is nominally tied to
midsupply. The voltage source used to level-shift the output
should have a low output impedance to avoid contributing to
gain error. In addition, it should be able to source and sink
current. To minimize offset voltage, the Vrer pins should be
connected either to the local ground or to a reference voltage
source that is connected to the local ground.

+Vg

—Vg
0.1uF
’\ T 0.1uF

2

+ \1

4
\SADsz3o > 8

_ 7

4‘

Vour

— VR

Y
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Figure 31. Level-Shifting the Output

The output can also be level-shifted by adding a resistor Ro, as
shown in Figure 32. The benefit is that the output can be level-
shifted to as low as 100 mV of the negative supply rail and to as
high as 200 mV of the positive supply rail, increasing unipolar
output swing. This can be useful in applications, such as strain
gauges, where the force is only applied in one direction. Another
benefit of this configuration is that a supply rail can be used for
Vr eliminating the need to add an additional external reference
voltage.

" For G < 10, the reference voltage range is limited to —Vs + 4.24 V to
+Vs—2.75V.

The gain changes with the inclusion of Ro. The full expression is

R R
Vour = 2[F+1JV, —R—FVR,
0

R; | R, 3)
o ReBoRo) Ny Reyy
GRO RO

The following steps can be taken to set the gain and level-shift
the output:

1. Select an Re value. Table 4 shows Rr values for various gains.

2. Solve for Ro using Equation 4 where V is a voltage source
such as a supply voltage. Voesiep-1ever is the desired output
bias voltage.

Vo xR
Ry =—— R*Tr (4)

VDESIRED —LEVEL

3. Solve for Ra.

Rg :(Gain— )

05063-038

Figure 32. Level-Shifting the Output Without an
Additional Voltage Reference
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Figure 33. An AD8230 with its Output Biased at —4.8 V;
G = 100; Voesirep-1ever = —4.8 V
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SOURCE IMPEDANCE AND INPUT SETTLING TIME

The input stage of the AD8230 consists of two actively driven,
differential switched capacitors, as described in Figure 27 and
Figure 28. Differential input signals are sampled on Csampie such
that the associated parasitic capacitances, 70 pF, are balanced
between the inputs to achieve high common-mode rejection.
On each sample period (approximately 85 s), these parasitic
capacitances must be recharged to the common-mode voltage
by the signal source impedance (10 kQ max). Should resistors
and capacitors be used at the input of the AD8230, care should
be taken to maintain close match to maximize CMRR.

INPUT VOLTAGE RANGE

The input common-mode range of the AD8230 is rail to rail.
However, the differential input voltage range is limited to,
approximately, 750 mV. The AD8230 does not phase invert
when its inputs are overdriven.

INPUT PROTECTION

The input voltage is limited to within 0.6 V beyond the supply
rails by the internal ESD protection diodes. Resistors and low

leakage diodes can be used to limit excessive, external voltage

and current from damaging the inputs, as shown in Figure 34.
Figure 36 shows an overvoltage protection circuit between the
thermocouple and the AD8230.

BAV199
+Vg Vg

0.1uF

Vour

05063-037

Figure 34. Overvoltage Input Protection

POWER SUPPLY BYPASSING

A regulated dc voltage should be used to power the
instrumentation amplifier. Noise on the supply pins can
adversely affect performance. Bypass capacitors should be
used to decouple the amplifier.

The AD8230 has internal clocked circuitry that requires
adequate supply bypassing. A 0.1 pF capacitor should be placed
as close to each supply pin as possible. As shown in Figure 29,
a 10 pF tantalum capacitor can be used further away from

the part.

POWER SUPPLY BYPASSING FOR MULTIPLE
CHANNEL SYSTEMS

The best way to prevent clock interference in multichannel
systems is to lay out the PCB with a star node for the positive
supply and a star node for the negative supply. Using such a
technique, crosstalk between clocks is minimized. If laying out
star nodes is not feasible, use wide traces to minimize parasitic
inductance and decouple frequently along the power supply
traces. Examples are shown in Figure 35. Care and forethought
go a long way in maximizing performance.
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STAR -Vg

VY

T 104F

STAR +vs\/
¥
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AD8230

AD8230

= 104F

AD8230

05063-106

Figure 35. Use Star Nodes for +Vs and —Vs or Use Thick Traces and Decouple Frequently Along the Supply Lines

LAYOUT

The AD8230 has two reference pins: Vrerl and Virer2. Vrerl
draws current to set the internal voltage references. In
contrast, Vrer2 does not draw current. It sets the common
mode of the output signal. As such, Vrerl and Vrer2 should
be star-connected to ground (or to a reference voltage). In
addition, to maximize CMR, the trace between Vrer2 and the
gain resistor, Rg, should be kept short.

APPLICATIONS

BAV199 *Vs

+Vg -Vg -Vs
+Vg 1 uF—r
100MQ
TYPEJ 4
THERMOCOUPLE 4.99kQ ‘
5

0.
1uF

4.99kQ
100MQ
-Vg

+Vs -Vs
BAV199

Vour

05063-032

Figure 36. Type J Thermocouple with Overvoltage Protection and RFI Filter

The AD8230 can be used in thermocouple applications, as
shown in Figure 2 and Figure 36. Figure 36 is an example of
such a circuit for use in an industrial environment. Series
resistors and low leakage diodes serve to clamp overload
voltages (see the Input Protection section for more informa-
tion). An antialiasing filter reduces unwanted high frequency

signals. The matched 100 MQ resistors serve to provide input
bias current to the input transistors and serve

as an indicator as to when the thermocouple connection is
broken. Well-matched 1% 4.99 kQ resistors are used to form
the antialiasing filter. It is good practice to match the source
impedances to ensure high CMR. The circuit is configured for
a gain of 193, which provides an overall temperature sensitivity
of 10 mV/°C.

+Vg

_Vs

05063-033

Figure 37. Bridge Measurement with Filtered Output

Measuring load cells in industrial environments can be a
challenge. Often, the load cell is located some distance away
from the instrumentation amplifier. The common-mode
potential can be several volts, exceeding the common-mode
input range of many 5 V auto-zero instrumentation amplifiers.
Fortunately, the AD8230’ wide common-mode input voltage
range spans 16 V, relieving designers of having to worry about
the common-mode range.
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FEATURES

Clock-Tunable Cutoff Frequency

1mV DC Offset (Typical)

80dB CMR (Typical)

Internal or External Clock

50uVRms Clock Feedthrough

100:1 Clock-to-Cutoff Frequency Ratio
80uVrms Total Wideband Noise

0.004% Noise + THD at 2VRps Output Level
50kHz Maximum Cutoff Frequency
Cascadable for Faster Roll-Off

Operates from £2.375 to +8V Power Supplies
Self-Clocking with 1 RC

APPLICATIONS

Audio

Strain Gauge Amplifiers
Anti-Aliasing Filters
Low Level Filtering
Digital Voltmeters
Smoothing Filters
Reconstruction Filters

| t ] \D LTC 1065

TECHNOLOGY  DC Accurate, Clock-Tunable

Linear Phase 5th Order Bessel
Lowpass Filter

DESCRIPTION

The LTC1065 is the first monolithic filter providing both
clock-tunability with low DC output offset and over 12-bit
DC accuracy. The frequency response of the LTC1065
closely approximates a 5th order Bessel polynomial. With
appropriate PGB layout techniques the output DC offset is
typically TmV and is constant over a wide range of clock
frequencies. With £5V supplies and +4V input voltage
range, the CMR of the device is typically 80dB.

The filter cutoff frequency is controlled either by an inter-
nal or external clock. The clock-to-cutoff frequency ratio is
100:1. The on-board clock is nearly power supply inde-
pendent and it is programmed via an external RC. The
90uVpus clock feedthrough of the device is considerably
lower than other existing monolithic filters.

The LTC1065 wideband noise is 80uVrys and it can
process large AC input signals with low distortion. With
+7.5V supplies, for instance, the filter handles up to
4Vrms (94dB S/N ratio) while the standard 1kHz THD is
below 0.005%; 87dB dynamic range (S/N + THD) is ob-
tained with input levels between 2Vpus and 2.5Vgpys.

The LTG1065is available in 8-pin miniDIP and 16-pin SOL.
For a Butterworth response, see LTC1063 data sheet. The
LTC1065 is pin compatible with the LTG1063.

TYPICAL APPLICATION

3.4kHz Single 5V Supply Bessel Lowpass Filter

Vin 1 ﬂ

2 7
— — Vour

5V

WF S5 ——qquF 3 101088 g
. LTu
— TANT I e
¢ T C 5 0.1uF
= B g L
13k* 200pF

* SELF-CLOCKING SCHEME

1065 TAO1

Frequency Response

1 10 100
FREQUENCY (kHz)




LTC 1065

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V¥ 10 V™) v 16.5V  Operating Temperature Range
Power DisSipation ...........ccooeevevvecerueneieieees 400mW LTC1065C.......c.eeeeeeeeeeeeeeee e -40°C to 85°C
Voltage at Any Input ... (V™=0.3V) < Vi< (V*H+0.3V) LTCT1065M ... -55°C t0 125°C
Burn-In VOIRAQE ....ovoveeeeeeeeeeeccccee 16V Lead Temperature (Soldering, 10 sec)................. 300°C
Storage Temperature Range................. -65°C to 150°C
TP VIEW ORDER PART TOP VIEW ORDER PART
w NUMBER NG [T 78] Vos AL NUMBER
Vi [ 8 Vs ADJ
vin [2 15] NC
GND [2 7] Vour oND [3 v
_ " ouT
Vs 6V LTC1065CN8 NG [4 73] N LTC1065CS
CLK OUT [4_ 5] CLKIN LTC1065MJ8 Vv-[5 T2 v+
J8 F(’)ACKAG!(E3 NC E E NC
8-LEAD CERAMIC DIP
N8 PACKAGE Ne (7 0] n
8-LEAD PLASTIC DIP CLKOUT [8 9] CLKIN
S PACKAGE
T = 150°C, 00 = 100°G/W (J) 16-LEAD PLASTIC SOL
Tymax = 100°C, 644 = 110°C/W (N) Tjuax = 100°C, 04 = 85°C/W
Vg = +5V, fo k = 500kHz, fc = 5kHz, R = 10k, T, = 25°C, unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Clock-to-Cutoff Frequency Ratio (fox/fc) +2.375V < Vg < +7.5V 100+0.5
Maximum Clock Frequency (Note 1) Vg =175V 5 MHz
Vg = +5V 4 MHz
Vg =125V 3 MHz
Minimum Clock Frequency (Note 2) +2.5V<Vg<£7.5V,Tp < 85°C 30 Hz
Input Frequency Range 0 0.9fcLk
Filter Gain Vg = +5V, o = 25kHz, fg = 250Hz
fiy = 250Hz ° -35 -3.1 -27 dB
fin = 1kHz ) -43.0 -41.0 -39.0 aB
Vg = 5V, fg k = 500kHz, fg = 5kHz
fy = 100Hz 0 dB
fiy = TkHz = 0.2fg ° -0215 -0175  -0.135 dB
fiy = 2.5kHz = 0.5 ) -1.1 -0.972 -0.84 aB
fin = 4kHz = 0.8fg ° -235  -213 -19 dB
fiy = 5kHz = fg ° -335  -31 -2.83 dB
fi = 10kHz = 2fg ° -1463 -1415  -137 dB
fin = 20kHz = 4fg ) -43.0 -4115 -39.0 aB
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LTC 1065

€LECTRICAL CHARACTERISTICS

The @ denotes specifications which apply over the full operating
temperature range.

Note 1: The maximum clock frequency is arbitrarily defined as: the
frequency at which the filter AC response exhibits > 1dB of gain peaking.
Note 2: At limited temperature ranges (i.e., Ta < 50°C) the minimum clock
frequency can be as low as 10Hz. The typical minimum clock frequency is
arbitrarily defined as: the clock frequency at which the output DC offset
changes by more than 1mV.

Note 3: The wideband noise specification does not include the clock
feedthrough.

Note 4: To properly evaluate the filter's harmonic distortion an inverting
output buffer is recommended. An output buffer (although recommended)
is not necessarily needed when measuring output DC offset or wideband
noise (see Figure 3).

Note 5: The output DC offset is optimized for £5V supply. The output DC
offset shifts when the power supplies change; however this phenomenon
is repeatable and predictable.

TYPICAL PERFORMANCE CHARACTERISTICS

Output Offset vs Clock,
Low Clock Rates

Self-Clocking Frequency vs R

Output Offset vs Clock,
Medium Clock Rates

110 o 50 5
Vg = £5V —
100 = 45 Vs 4 I —
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g 8 \ L«ARAQ z % z 2
o 70 c-200pF © — O =30 51
E \ fosc = 1/RC = P @ Vg = +5V
560 é 25 £ 0 I
<40 3 15 3 -2
30 10 -3
5 8 Vg = £2.5V
20 B 8T
A —
10 —— -5 |
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0 Ll | 0 - 0 | 5
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LTC 1065

TYPICAL PERFORMANCE CHARACTERISTICS

THD + Noise vs Input Voltage; THD vs Frequency; THD + Noise vs Input Voltage;
Vg = Single 5V, AGND =2V Vg = Single 5V, AGND =2V Vg =£5V
1 —F—FF i 1 i 1 — = 7
Efin=1kHz, Ta = 25°C = Viy = 0.75VRys, S/N = 80dB =iy = TkHz, T = 25°C T —
—fc = 5kHz, fo K = 500kHz i
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LTC 1065

TYPICAL PERFORMANCE CHARACTERISTICS

Transient Response

HORIZONTAL: 0.1ms/DIV, VERTICAL: 2V/DIV
Vs = £5V, fc = 10kHz, Vi = 1TkHz £3Vp
SQUARE WAVE
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PIN FUNCTIONS

Power Supply Pins (Pins 6, 3, N Package)

The positive and negative supply pin should be bypassed
witha high quality 0.1uF ceramic capacitor. Inapplications
where the clock pin (5) is externally swept to provide
several cutoff frequencies, the output DC offset variation
is minimized by connecting an additional 1uF solid tanta-
lum capacitor in parallel with the 0.1uF disc ceramic. This
technique was used to generate the graphs of the output
DC offset variation versus clock; they are illustrated in the
Typical Performance Characteristics section.

When the power supply voltage exceeds 7V, and when
V™ is applied before V* (if V* is allowed to go below
ground) connect a signal diode between the positive
supply pin and ground to prevent latch-up (see Typical
Applications).

Ground Pin (Pin 2, N Package)

The ground pin merges the internal analog and digital
ground paths. The potential of the ground pin is the
reference for the internal switched-capacitor resistors,
and the reference for the external clock. The positive input
of the internal op amp is also tied to the ground pin.

For dual supply operation, the ground pin should be
connected to a high quality AC and DC ground. A ground
plane, if possible, should be used. A poor ground will

degrade DC offset and it will increase clock feedthrough,
noise and distortion.

A small amount of AC current flows out of the ground pin
whether or not the internal oscillator is used. The fre-
quency of the ground current equals the frequency of the
clock. The average value of this current is approximately
55uA, 110pA, 170uA for £2.5V, £5V and £7.5V supplies
respectively.

For single supply operation, the ground pin should be
preferably biased at half supply (see Typical Applications).

Vos Adjust Pin (Pin 8, N Package)

The Vpg adjust pin can be used to trim any small amount
of output DC offset voltage or to introduce a desired output
DC level. The DC gain from the Vg adjust pin to the filter
output pin equals two.

Any DC voltage applied to this pin will reflect at the output
pin of the filter multiplied by two.

If the Vg adjust pinis not used, it should be shorted to the
ground pin. The DC bias current flowing into the Vg adjust
pin is typically 10pA.

The Vs adjust pin should always be connected to an AC
ground; AC signals applied to this pin will degrade the filter
response.

0

Ly LR



LTC 1065

PIN FUNCTIONS
Input Pin (Pin 1, N Package)

Pin 1 is the filter input and it is connected to an internal
switched-capacitor resistor. If the input pin is left floating,
the filter output will saturate. The DC input impedance of
pin 1is very high; with £5V supplies and 1MHz clock, the
DC input impedance is typically 1GQ. A resistor Ry in
series with the input pin will not alter the value of the filter’s
DC output offset (Figure 1). Ry should however, be limited
to a maximum value (Table 1), otherwise the filter’s pass-
band will be affected. Refer to the Applications Information
section for more details.

Rin 4 8
2 7 -
i — Vour

= 3 LTC1065 6

V= =
4 S fo
1065 FO1
Figure 1.

Table 1. Rjymax) vs Clock and Power Supply

Rinmax)
Vs=+7.5V | Vg=+5V | Vg=+2.5V
oLk = 4MHz 1.82 - -
oLk = 3MHz 3.01k 2 49K -
foLk = 2MHz 4.32k 3.65k 2.37k
fork = 1MHz 9.09k 8.25k 7.5k
foLk = 500kHz 17.8k 16.9k 16.9k
foLk = 100kHz 95.3k 90.9k 90.9k

Output Pin (Pin 7, N Package)

Pin 7 is the filter output. This pin can typically source over
20mA and sink 2mA. Pin 7 should not drive long coax
cables, otherwise the filter’s total harmonic distortion will
degrade. The maximum load the filter output can drive and
still maintain the distortion levels, shown in the Typical
Performance Characteristics, is 20Kk.

Clock Input Pin (Pin 5, N Package)

An external clock, when applied to pin 5, tunes the filter
cutoff frequency. The clock-to-cutoff frequency ratio is

100:1. The high (Vyign) and low (Vi ow) clock logic
threshold levels are illustrated in Table 2. Square wave
clocks with duty cycles between 30% and 50% are strongly
recommended. Sinewave clocks are not recommended.

Table 2. Clock Pin Threshold Levels

POWER SUPPLY Viien Viow
Vg =25V 15V 0.5V
Vg = £5V 3V 1V
Vg =275V 45V 15V
Vg =8V 48V 1.6V
Vg = 5V, 0V 4V 3V
Vg =12V, 0V 9.6V 7.2V
Vg =15V, OV 12V oV

Clock Output Pin (Pin 4, N Package)

Any external clock applied to the clock input pin appears
at the clock output pin. The duty cycle of the clock output
equals the duty cycle of the external clock applied to the
clock input pin. The clock output pin swings to the power
supply rails. When the LTC1065 is used in a self-clocking
mode, the clock of the internal oscillator appears at the
clock output pin with a 30% duty cycle. The clock output
pin can be used to drive other LTC1065s or other ICs. The
maximum capacitance, Cpgvax), the clock output pin can
drive is illustrated in Figure 2.

200 NN
— 180 Vg = 225V Ta=25°C_
= 160 \

(&}
= 140 \
=
2 120
S 100 [-Vs =25V
2
S 80 ~Vg=27.5V \ \\
= 60
= RR
S 4
2 \
= 2

0

1 2 3 4 5678910

CLOCK FREQUENCY (MHz)

1065 FO2

Figure 2. Maximum Load Capacitance at the Clock Output Pin




LTC 1065

TEST CIRCUIT

L LT1022  —e—Vour
1 8 -
Vin
2 ;50K 50k .
———V\V\—
;3 LTC1085 ¢ ||
v |
v 4 5 0.uF 20pF
0.1uF T -
CLOCK IN 1065 TCO1

Figure 3. Test Circuit for THD

APPLICATIONS INFORMATION

Self-Clocking Operation

The LTC1065 features an internal oscillator which can be
tuned viaan external RC. The LTC1065’s internal oscillator
is primarily intended for generation of clock frequencies
below 500kHz. The first curve of the Typical Performance
Characteristics section shows how to quickly choose the
value of the RC for a given frequency. More precisely, the
frequency of the internal oscillator is equal to:

fork = K/RC

For clock frequencies (fg k) below 100kHz, K equals 1.07.
Figure 4b shows the variation of the parameter K versus
clock frequency and power supply. First choose the de-
sired clock frequency (fo k< 500kHz), then through Figure
4b pick the right value of K, set C = 200pF and solve for R.

Example 1: foutorr = 2kHz, fo k = 200kHz, Vg = £5V,
Ta=25°C, K=1.0, C = 200pF

then, R = (1.0)/(200kHz x 204pF) = 24.5k.

A

Loy,
L ,  Licoes ouT

T
- 1065 FO4a

Figure 4a.

Note a 4pF parasitic capacitance is assumed in parallel
with the external 200pF timing capacitor. Figure 5 shows
the clock frequency variation from —40°C to 85°C. The
200kHz clock of Example 1 will change by —1.75% at 85°C.

For a limited temperature range, the internal oscillator of
the LTC1065 can be used to generate clock frequencies
above 500kHz (Figures 6 and 7). The data of Figure 6 is
derived from several devices. For a given external (RC)
value, the observed device-to-device clock frequency varia-
tion was £1% (Vg =£5V), and +1.25% for Vg = +2.5V.

foutore = 20kHz, foLk = 2MHz, Vg =£7.5V,
Tp =25°C, C=10pF

from Figure 6, K = 0.575,

and, R =(0.575)/(2MHz x 14pF) = 20.5k.

Example 2:

125 71711
120 JCCEKZB(‘%EC
115 —Ta=25°C

1.10
1.05
> 100 Vg =7.5V

0.95
0.90
0.85
0.80
0.75

100 200 300 400 500
INTERNAL CLOCK FREQUENCY (kHz)

1065 FO4b

Figure 4b. fo x vs K

Ly LR



LTC 1065

APPLICATIONS INFORMATION

C‘=20C‘pF [ ]

foLk CHANGE NORMALIZED
TO ITS 25°C VALUE (%)

0.80

Th=-40°C

Vg = 2.5V

T [Vs=+75v

Vg =£2.5V Vg =5V _|

|1 T

0

100 200 300 400 500
CLOCK FREQUENCY (kHz)

1065 FO5

Figure 5. fcLk vs Temperature

foLk = K/RC
075 C=10pF
Tp =25°C
0.70
0.65
Vg =+7.5V
< 060 ‘
Vg =15V
0.55 \«
0.50
Vg = £2.5V
045
0.40
05 1.0 15 20 25 30
CLOCK FREQUENCY (MHz)
1065 FO6
Figure 6. fg g vs K
0.80 T ]
foLk = K/RC
0.75 C=10pF
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0.70
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050 5
045
Vg = +2.5V
D1

0.40

1.0 1.5 2.0 25 3.0
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1065 FO7

Figure 7. forg vs K

A4pF parasitic capacitance is assumed in parallel with the
external 10pF capacitor. A+1% clock frequency variation
from device to device can be expected. The 2MHz clock
frequency designed above willtypically driftto 1.74MHz at
70°C (Figure 7).

Theinternal clock of the LTG1065 can be overridden by an
external clock provided that the external clock source can
drive the timing capacitor C, which is connected from the
clock input pin to ground.

Output Offset

The DC output offset of the LTC1065 is trimmed to
typically less than £1mV. The trimming is done at Vg =
+5V.Toobtain optimum DC offset performance, appropri-
ate PC layout techniques should be used and the filter IC
should be soldered to the PC board. A socket will degrade
the output DC offset by typically 1mV.The output DC offset
is sensitive to the coupling of the clock output pin 4 (N
package) to the negative power supply pin 3 (N package).
The negative supply pin should be well decoupled. When
the surface mount package is used, all NC pins should be
grounded. When the output DC voltage is measured with
a voltmeter, the filter output pin should be buffered. Long
test leads should be avoided.

With fixed power supplies, the output DC offset should not
change by more than £100uV over 10Hz to 1MHz clock
frequency variation. When the filter clock frequency is
fixed, the output DC offset will typically change by —4mV
(2mV) when the power supply varies from £5V to £7.5V
(+2.5V). See Typical Performance Characteristics.

Common-Mode Rejection

The common-mode rejection is defined as the change of
the output DC offset with respect to the DC change of the
input voltage applied to the filter.

CMR = 20log (AVos out/AViy)(dB)

Table 3 illustrates the common-mode rejection for three
power supplies and three temperatures. The common-
mode rejection improves if the output offset is adjusted to
approximately OV. The output offset can be adjusted via
pin 8 (N package). See Typical Applications.
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LTC 1065

APPLICATIONS INFORMATION

Table 3. CMR Data, fg g = 100kHz

POWER SUPPLY | AV, | -40°C | 25°C | 85°C (v(,s2 flutiled)
+2.5V +1.8V | 84dB | 83dB | 80dB 83dB
5V +4V | 82dB | 78dB | 77dB 78dB
+7.5V +6V | 80dB | 77dB | 76dB 808

The above data is valid for clock frequencies up to 800kHz, 900kHz, 1MHz, for
Vg =£2.5V, 5V, £7.5V respectively.

Clock Feedthrough

Clock feedthrough is defined as the RMS value of the clock
frequency and its harmonics which are present at the
filter's output pin. The clock feedthrough is tested with the
filter input grounded and it depends on the quality of the
PC board layout and power supply decoupling. Any para-
sitic switching transients during the rise and fall of the
incoming clock, are not part of the clock feedthrough
specifications; theiramplitude strongly depends on scope
probing techniques as well as ground quality and power
supply bypassing. For a power supply Vg =45V, the clock
feedthrough of the LTC1065 is 50uVRys; for Vg =+7.5V,
the clock feedthrough approaches 75uVgys. Figures 8
and 9 show a typical scope photo of the LTC1065 output
pin when the input pin is grounded. The filter cutoff
frequency was 1kHz, while scope bandwidth was chosen
to be 1MHz so that switching transients above the 100kHz
clock frequency would show.

Wideband Noise

The wideband noise data is used to determine the operat-
ing signal-to-noise ratio at a given distortion level. The
wideband noise (uVRms) is nearly independent of the value
ofthe clock frequency and excludes the clock feedthrough.
The LTC1065’s typical wideband noise is 80uVrms. Figure
9 shows the same scope photo as Figure 8 but with a more
sensitive vertical scale. The clock feedthrough is imbed-
ded in the filter’s wideband noise. The peak-to-peak wide-
band noise of the filter can be clearly seen; it is approxi-
mately 420uVp_p. Note that 420uVp_p equals the 80uVrms
wideband noise of the part multiplied by a crest factor
of 5.25.

a-.l i -

5mv/DIV

SEmmEmmm

2us/DIV
fork = 100kHz, fg = 1kHz, Vg = £5V, 1MHz SCOPE BW

1065F08

Figure 8. LTC1065 Output Clock Feedthrough + Noise

0.5mV/DIV

2us/DIV
foLk = 100kHz, fg = 1kHz, Vg = £5V, 1MHz SCOPE BW

1063 FO9

Figure 9. LTC1065 Output Clock Feedthrough + Noise

Aliasing

Aliasing is an inherent phenomenon of sampled data
filters. It primarily occurs when the frequency of an input
signal approaches the sampling frequency. For the
LTC1065, an input signal whose frequency is in the range
of foLk £6% will generate an alias signal into the filter’s
passband and stopband. Table 4 shows details.

LTC1065, fg g = 20kHz, fg = 200kHz,
fin = (19.6kHz, 100mVRps)
faLias = (400Hz, 3.16mVRus)

Example:

10
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LTC 1065

APPLICATIONS INFORMATION

Table 4. Aliasing Data

OUTPUT AMPLITUDE

REFERENCED TO

INPUT FREQUENCY | OUTPUT FREQUENCY INPUT SIGNAL
0.9995fg 0.0005 gk -0.01 dB
0.995 fo ik 0.005 foik -0.98 dB
099 fok 0.01 fok -3.13 dB
0.9875fg 0.0125 fg -4.79 dB
0.985 foik 0.015 fork -7.21 dB
0.9825 oLk 0.0175 foLk -10.43 dB
0.98 fok 0.02 fok -14.14 dB
0.975 fok 0.025 fgrk -21.84 dB
0.97 fok 0.03 fok -28.98 dB
0.965 foik 0.035 fgrk -35.31 dB
0.96 fok 0.04 fok -40.94 dB
0.955 foik 0.045 fgrk -45.96 dB
0.95 fok 0.05 fok -50.46 dB
094 fok 0.06 fork -58.29 dB
0.93 fok 0.07 fok -64.90 dB
09 fok 0.1  fok -80.20 dB

An input RC can be used to attenuate incoming signals
close to the filter clock frequency (Figure 10). A Bessel
passband response will be maintained if the value of the
input resistor follows Table 1.

Vin W - 1L
c 2 -
— vout
= £, LTctes o
N ot
0.1uF 4 S ok 0.1uF

1 1065 F10

Figure 10. Adding an Input Anti-Aliasing RC

TYPICAL APPLICATIONS

Cascading Two LTC1065s for Steeper Roll-0ff

2
EEE

1
Vin —

3 LTC1065

R

0.1pF

s

L
S S
4

0.1pF

.

4

i

8
A
6

5 0.1uF

LTC1065

— Vour
6

, 17
5

fo = (1/RC)(1/100)

0.1uF
] L

WIDEBAND NOISE = 110uVays

ATTENUATION AT f = 2f¢ = 60dB

1065 TA04

Sharing Clock for Multichannel Applications

1 8
Y — L
2 Tovoyr
; LTC1085 ¢
v v
0.10F 4 5 0.1uF
T T
— r _
R c
=
8
ViN — L
. Tt vor
; LTc1065
T RN
0.1uF 4 5 0.1uF
1

1065 TA0S

L] TECHNOLOGY

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC 1065

TYPICAL APPLICATIONS

Single 5V Supply Operation (f¢ = 3.4kHz) f;”;'ss“"g YOISJ(OUT)tf'or .
+7.5 Supply Operation :
5V 10k
%4.9% v - &) 10k
2 7 i > LT1009

+ oo 1 8 jt i
e %4.5% T O01uF 3 6 Y vy —— — = =

® ’T 5 % 0.1uF 2 7 = v

= ‘ L e .

- = s = 3 6 v+
LH 75V * 75V

200pF ’
g et 4 Stk L
- 1065 TAO3 K 0-1P.F

TANT 1T

R
* OPTIONAL, 1N4148  —— i

1065 TA0B

PHCKHGG DESCBIPTIOﬂ Dimensions in inches (millimeters) unless otherwise noted.

J8 Package, 8-Lead Ceramic DIP

0.200
E 50 0405
CORNER LEADS OPTION (5.080) <~ (o287
(4 PLCS) MAX 0.005 MIAX
<
<;0290—0.320*> 00150050 (0.127) ‘
7366 - 8.128 0150, MIN
( ) 0028-0045 |~ — — — | (0381-1524) [e] [7] [e] [s]
(0584 ~1.143) v
HALFLEAD L . . ¥ '
00450068 | OPTION I S Y 0025 0220-0310
(1.143-1.727) R(Rﬁg{)') (5.588 - 7.874)
FULL LEAD
0.008-0.018 [ A
02080457 oo OPTION 0.045 - 0068 < o
. (1.1431.727)T 317 L) L2) L8] 4]
MIN
0.385  0.025 0.014-0.026 0100 £ 0.010
< 038520025 0014-0026 N | 0-100£0.010
(9779 = 0.635) (0360-0660) - (2540 £ 0.254)
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS.
N8 Package, 8-Lead Plastic DIP 0400

(10.160)
- MAX
< 0300-0320 | 0.045-0065 | 0.130 + 0.005
(7620~ 8.128) (1.143-1.651) (3.302£0.127) 5 7] [e] I3

0065 A T
{1657) - A 0.250 0,010

0009-0015 | vP (6:350 = 0.254)
(0.229-0.381) 0125 A i
Y (3175)  0.020 _ Y
PN 00520015 |y TN st b L2 Le) 1o
<~ s (11432 0.381) MIN
(8'255 —0.331) 0.100 £ 0.010 - 0.018:+0.003
(2540 = 0.254) (0.457 = 0.076)
- | 0.398-0413
S Package, 16-Lead SOL (10308~ T0490)
0.291-0.299
T (7391-75%) 16 15 14 13 12 11 10 7
0.093-0.104 0.037 -0.045
(—3;?22, (78-2;2:8-%%“50%‘ « (2362 2.642) (0940-1.143) \ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ

RAD MIN

[ ‘T
0°-8° TYP ﬁ = = = = = = = jj ¢ _
= — T — NOTE ) 0394 - 0.419
' \/ * 0050 | | A ~ (10.007-10.643)
0.009-0.013 (o) = < 00040012
0.016 - 0.050 0014-0019 | |

I eIl

(0.229 - 0.330) SEE NOTE (0.102-0.305) .
(0406-1270) 1 = (0.356 - 0.482) y \

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS.
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS.

Lmear TeCh n0|Ogy Corporatlon LT/GP 1193 10K REV 0 « PRINTED IN USA
1 2 1630 McCarthy Bivd,, Milpitas, CA 950357487 Y LINTAR
(408) 432-1900 » T (408) 1BM0a0) < ELoX 490 9077 © LINEAR TECHhéoev CORPORATION 1993
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High Precision
OPERATIONAL AMPLIFIERS

FEATURES

® ULTRA LOW OFFSET VOLTAGE: 10uV

® ULTRA LOW DRIFT: £0.1uV/°C

® HIGH OPEN-LOOP GAIN: 134dB

® HIGH COMMON-MODE REJECTION: 140dB
® HIGH POWER SUPPLY REJECTION: 130dB
® LOW BIAS CURRENT: 1nA max

® WIDE SUPPLY RANGE: +2V to =18V

® LOW QUIESCENT CURRENT: 800uA/amplifier
@ SINGLE, DUAL, AND QUAD VERSIONS

® REPLACES OP-07, OP-77, OP-177

APPLICATIONS

® TRANSDUCER AMPLIFIER

® BRIDGE AMPLIFIER

® TEMPERATURE MEASUREMENTS

® STRAIN GAGE AMPLIFIER

® PRECISION INTEGRATOR

® BATTERY POWERED INSTRUMENTS
® TEST EQUIPMENT

OPA277

Offset Trim | 1 8 | Offset Trim
—In | 2 — 7| v+
+In | 3 — 6 | Output
OPA4277
V- | 4 5 | NC
N
OutA |1 14| OutD

8-Pin DIP, SO-8

-InA
ma
e
-InB E

14-Pin DIP, SO-14

E -InD

E‘ +InD

v
E +InC
E‘ -InC
z‘ OutC

OPA2277

oun [1] o
: E AR

NC = No connection.

8-Pin DIP, SO-8

A

All trademarks are the property of their respective owners.

DESCRIPTION

The OPA277 series precision op amps replace the industry
standard OP-177. They offer improved noise, wider output
voltage swing, and are twice as fast with half the quiescent
current. Features include ultra low offset voltage and drift, low
bias current, high common-mode rejection, and high power
supply rejection. Single, dual, and quad versions have identical
specifications for maximum design flexibility.

OPAZ277 series op amps operate from +2V to +18V supplies with
excellent performance. Unlike most op amps which are specified
at only one supply voltage, the OPA277 series is specified for
real-world applications; a single limit applies over the 5V to
+15V supply range. High performance is maintained as the
amplifiers swing to their specified limits. Because the initial offset
voltage (£20uV max) is so low, user adjustment is usually not
required. However, the single version (OPA277) provides exter-
nal trim pins for special applications.

OPA277 op amps are easy to use and free from phase inversion
and overload problems found in some other op amps. They are
stable in unity gain and provide excellent dynamic behavior over
a wide range of load conditions. Dual and quad versions feature
completely independent circuitry for lowest crosstalk and free-
dom from interaction, even when overdriven or overloaded.

Single (OPA277) and dual (OPA2277) versions are available
in DIP-8, SO-8, and DFN-8 (4mm x 4mm) packages. The quad
(OPA4277) comes in DIP-14 and SO-14 surface-mount pack-
ages. All are fully specified from —40°C to +85°C and operate
from -55°C to +125°C.

OPA277AIDRM

Offset Trim [ 1) \ (78] Offset Trim
Pin 1
-In [2) Indicator L71Vv+
+n [3) (6| Output
OPA2277AIDRM
V-4 ) (5| NC
< A Y
OutA |1 ) (‘8] outB
Pin 1 DFN-8 4mm x 4mm
-nA [2) Indicator 7] v+ (top view) Thermal Pad
’ b on Bottom
(Connect to V-)
+nA |3 ) (6]-mnB
V-4 ) (5] +nB
A

DFN-8 4mm x 4mm

(top view) Thermal Pad

on Bottom
(Connect to V-)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

Copyright © 1999-2005, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production pi ing does not ily include TEXAS
testing of all parameters. INSTRUMENTS

www.ti.com



TYPICAL CHARACTERISTICS

At Tp = +25°C, Vg = £15V, and R = 2kQ, unless otherwise noted.

OPEN-LOOP GAIN/PHASE
vs FREQUENCY

POWER SUPPLY AND COMMON-MODE
REJECTION vs FREQUENCY

140 140
—H c‘; FITET T
120 C =0 + o 120
—— C_ = 1500pF A +PSR
100 -30 100
m
80 -60 . T
% [0] e o 80
~, 60 -0 3 g CMR
©
< g 5 60
40 ~J -120 %)
\ & 40
20 -150
0 -180 20
-20 he 0
0.1 1 10 100 1k 10k 100k 1M  10M 0.1 1 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
INPUT NOISE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY INPUT NOISE VOLTAGE vs TIME
NN
Current Noise Noise signal is bandwidth limited to
N7 lie between 0.1Hz and 10Hz.
$E i
S z
kel
) s A |-
22 3
% g, 10 Voltage Noise " ! 1
g 8 T T Ll T
1
1 10 100 1k 10k 1s/div
Frequency (Hz)
TOTAL HARMONIC DISTORTION + NOISE
CHANNEL SEPARATION vs FREQUENCY vs FREQUENCY
140 1 T T
Vour = 3.5Vrms
o 120 L
Z
5 g o
B 100 g
< Dual and quad devices. G =1, 3
Q. = =
3 all channels. Quad measured Z 6= 10, R, = 2ka, 10k
< 80 [ channel A to D or B to C—other 2
% combinations yield similar or = oo
6 improved rejection.
| H HHH ‘ HH S
40 0.001
10 100 1k 10k 100k ™ 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
i
OPA277, OPA2277, OPA4277 2 Texas
J J INSTRUMENTS
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TYPICAL CHARACTERISTICS (conT)

At Tp = +25°C, Vg = £15V, and R = 2kQ, unless otherwise noted.

Offset Voltage Change (pV) Percent of Amplifiers (%)

Input Bias Current (nA)

OFFSET VOLTAGE PRODUCTION DISTRIBUTION

OFFSET VOLTAGE DRIFT
PRODUCTION DISTRIBUTION

16 35
Typical distribution Typical distribution
14 I of packaged units. 30 of packaged units. _|
Single, dual, and = Single, dual, and
12 [ quad included. = 25 quad included.
[
10 8
E_ 20
° N 15
6 2
@
4 g 10
o
2 5
0 0 I B s
-50-45-40-35-30-25-20-15-10-5 0 5 10 15 20 25 30 35 40 45 50 0O 01 02 03 04 05 06 07 08 09 10
Offset Voltage (uV) Offset Voltage (uV/°C)
WARM-UP OFFSET VOLTAGE DRIFT Ao, CMR, PSR vs TEMPERATURE
3 160
2 150
= CMR
1 T 140 X"‘ —
x _TL,‘,_,/’J——’—’
7]
o
0 o 130 —
= PSR
(@)
-1 o120
[e}
<
_2 110
-3 100
0 15 30 45 60 75 90 105 120 -75 -50 -25 0 25 50 75 100 125
Time from Power Supply Turn-On (s) Temperature (°C)
QUIESCENT CURRENT AND
INPUT BIAS CURRENT vs TEMPERATURE SHORT-CIRCUIT CURRENT vs TEMPERATURE
5 1000 100
4 950 90
3 — 900 80 <
Z B
2 2 850 I 70 =
— € + [ <
1 B — g 800 S S — 60 &
= ] =1
0 = 3 750 50 O
P E—— S TS - — s =
-1 ] g 700 S w0 3
2 § 650 e \\\\\ 0 2
3 Curves reprtesent.typical 9 600 ——— 20 U%
production units.
4 ‘ ‘ ‘ ‘ 550 10
-5 500 0
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
:i TEXAS OPA277, OPA2277, OPA4277
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TYPICAL CHARACTERISTICS (conT)

At Tp = +25°C, Vg = £15V, and R = 2kQ, unless otherwise noted.

Alg (nA)

1000

900
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700

Quiescent Current (uA)
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20

Output Voltage (Vpp)
o

CHANGE IN INPUT BIAS CURRENT

vs POWER SUPPLY VOLTAGE

CHANGE IN INPUT BIAS CURRENT
vs COMMON-MODE VOLTAGE

I I I I I 2.0 ‘ T T — ‘
Curve shows normalized change in Curve shows normalized change in bias current
bias current with respect to Vg = 10V ] 1.5 [—— with respect to V, = OV. Typical Iz may range
(+20V). Typical Iz may range from | 10 from ~05.nA to +0.5nA at Ve = OV.
~0.5nA to +0.5nA at Vg = £10V. ' Ve = £5V
05 \‘
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g
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[
£
& 20
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vs FREQUENCY OUTPUT VOLTAGE SWING vs OUTPUT CURRENT
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TYPICAL CHARACTERISTICS (conT)

At T, = +25°C, Vg = £15V, and R = 2kQ, unless otherwise noted.

Overshoot (%)
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INSTRUMENTS
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LARGE-SIGNAL STEP RESPONSE
G =+1, CL = 1500pF, Vg = +15V

10ps/div

SMALL-SIGNAL STEP RESPONSE
G = +1, C_ = 1500pF, Vg = +15V

S
S
——
—

1us/div

OPA277, OPA2277, OPA4277
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APPLICATIONS INFORMATION

The OPA277 series is unity-gain stable and free from unex-
pected output phase reversal, making it easy to use in a wide
range of applications. Applications with noisy or high imped-
ance power supplies may require decoupling capacitors
close to the device pins. In most cases 0.1uF capacitors are
adequate.

The OPA277 series has very low offset voltage and drift. To
achieve highest performance, circuit layout and mechanical
conditions should be optimized. Offset voltage and drift can
be degraded by small thermoelectric potentials at the op amp
inputs. Connections of dissimilar metals will generate thermal
potential which can degrade the ultimate performance of the
OPA277 series. These thermal potentials can be made to
cancel by assuring that they are equal in both input terminals.

» Keep thermal mass of the connections made to the two
input terminals similar.

* Locate heat sources as far as possible from the critical
input circuitry.

+ Shield op amp and input circuitry from air currents such as
cooling fans.

OPERATING VOLTAGE

OPA277 series op amp operate from +2V to £18V supplies
with excellent performance. Unlike most op amps which are
specified at only one supply voltage, the OPA277 series is
specified for real-world applications; a single limit applies
over the £5V to £15V supply range. This allows a customer
operating at Vg = £10V to have the same assured perfor-
mance as a customer using £15V supplies. In addition, key
parameters are assured over the specified temperature range,
—40°C to +85°C. Most behavior remains unchanged through
the full operating voltage range (£2V to £18V). Parameters
which vary significantly with operating voltage or temperature
are shown in typical performance curves.

OFFSET VOLTAGE ADJUSTMENT

The OPA277 series is laser-trimmed for very low offset
voltage and drift so most circuits will not require external
adjustment. However, offset voltage trim connections are
provided on pins 1 and 8. Offset voltage can be adjusted by

connecting a potentiometer as shown in Figure 1. This
adjustment should be used only to null the offset of the op
amp. This adjustment should not be used to compensate for
offsets created elsewhere in a system since this can intro-
duce additional temperature drift.

Trim Range: Exceeds
Offset Voltage Specification

OPA277 single op amp only.
0.1pF Use offset adjust pins only to null
offset voltage of op amp—see text.

FIGURE 1. OPA277 Offset Voltage Trim Circuit.

INPUT PROTECTION

The inputs of the OPA277 series are protected with 1kQ
series input resistors and diode clamps. The inputs can
withstand £30V differential inputs without damage. The pro-
tection diodes will, of course, conduct current when the
inputs are over-driven. This may disturb the slewing behavior
of unity-gain follower applications, but will not damage the op
amp.

INPUT BIAS CURRENT CANCELLATION

The input stage base current of the OPA277 series is
internally compensated with an equal and opposite cancella-
tion circuit. The resulting input bias current is the difference
between the input stage base current and the cancellation
current. This residual input bias current can be positive or
negative.

When the bias current is canceled in this manner, the input
bias current and input offset current are approximately the
same magnitude. As a result, it is not necessary to use a bias
current cancellation resistor as is often done with other op
amps (Figure 2). A resistor added to cancel input bias current
errors may actually increase offset voltage and noise.

R,

(a)

Conventional op amp with external bias
current cancellation resistor.

R,

R,

\ No bias current

e cancellation resistor
(see text)

(b)

OPA277 with no external bias current
cancellation resistor.

FIGURE 2. Input Bias Current Cancellation.

OPA277, OPA2277, OPA4277

SBOS079A
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R
O Vour = (V4 - Vo)(1 + R*Z)
1

R,

For integrated solution see: INA126, INA2126 (dual)
INA125 (on-board reference)
INA122 (single-supply)

FIGURE 3. Load Cell Amplifier.

lreg ~ TMA
—— 5V
12
f + V+ Vin 1
112 13 . 1414 :
Type J OPA2277 Vin R yoeL10
— V+
_ Re 4
\/ 10kQ Rs
Rg 9 1
12500 XTR105 B j—
3
< Re Els
IO
2| Vi 7
IF{ET
-\ 40
lo=4mA + (Viy = Viy) =—
6 (o] ( IN IN) RG

50Q

I_H_I (G=1+%=50)

0.01pF

FIGURE 4. Thermocouple Low Offset, Low Drift Loop Measurement with Diode Cold Junction Compensation.

i
0 ﬁwﬁrﬁﬁ%ms OPA277, OPA2277, OPA4277
SBOS079A
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL—OUTLINE PACKAGE

0.344 (8,75)
h 0.337 (8,55)

sl

——»|

alla

[T Je

0.244 (6,20)
0.228 (5,80)
o N \ - - - 0.157 (4,00) A
0.150 (3,80)

7
J Lo.ozo (0,51)
0.012 (0,31)

[]0.010 (0,25) @

T H T
Liimmmm

i

Index Area

=

L 0.069 (1,75) Max

0.007 (oﬂ)l
/ | \
T ///\ ) (S[eoe @)
Gauge Plane *¢* D i——7a ? Seating Plane
0.010 (0,25) 08
0.050 (1,27)
0076 (0,40) ¢

4040047-3/H 11/2006

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed .006 (0,15) per end.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

B s

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed .017 (0,43) per side.

{'f TEXAS
INSTRUMENTS
www.ti.com




MECHANICAL DATA

D (R—PDS0O-G8) PLASTIC SMALL—QUTLINE PACKAGE
0.197 (5,00)
189 (4,80)
8 5
0.244 (6,20)
0.228 (5,80)
~ ) B 0.157 (4,00)
0.150 (3,80) @
SN I
I I
Pin 1 H H
Index Area 3
1 4
0.020 (0,51)
0.050 (1,27) 0.012 (0.51)
[ [0.010 (0,25 @
1 / \
[ \ \
\ 1 ]
Sl ’ J Ny
0.010 (0,25)
—0.069 (1,75) Max 0.004 (0.10) (0,10)
0.010 (0,25)
0.007 (0,17)7v
/ \ \
t K //\ ) [ ]0.004 (0,10)
Gauge Plane ¢ 1* D
ﬁ A x Seating Plane
0.010 (0,25) 0-8
0.050 (1,27) ]
0.016 (0,40)
4040047-2/H 11/2006
NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed .006 (0,15) per end.
@ Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.
E. Reference JEDEC MS—-012 variation AA.
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