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OzeT

Biyomedikal cihaz tasarimi iginde odyometrenin incelenmesi ve
gergeklenmesi konusu iglenmektedir. Biyomiihendislik ve bu konuda
mihendislerin galigmasi ve Ulkemizde bu konudaki galigmalar ve ya-
pilmasi gereken galigmalar belirlenmistir.

Bu konuda meydana gelen gelismeler:ve konunun incelenebilmesi
igin gereken tibbi bilgi, kulagin yapisi duyu sistemi ve sesin fi-
ziksel Ozellikleri belirlenerek cihaz tasarimi igin gereken temel
bilgi ortaya gikarilmisgtair.

Cihazin tasariminin yapilabilmesi igin bir cihaz tasariminin
genel sartlarinin bilinmesi ve cihazin kararli galisabilmesi igin
gereken teknik ve fiziksel gartlarin olugturulmasi gerekirki bunlar
cihaz tasarim kriterlerleri olarak siniflanabilir.

Duyu organlarimizdan kulak ve burada meydana gelen duyu bozuk-
luklari ve bunlarin tespitinde yararlanilan Odyometrenin bu kriter-
ler iginde aragtirilmasi ve incelenmesi eldeki olanaklar dahilinde
bu tir bir test cihazinin incelenmesi ve gerggklenmesinin yanisira
Odyometrenin tibbi ve mihendislik agisindan degerlendirilmesi yapil-
mistir. Bu cihazlarla yapilan tlgmelerin &zellikleri ve degerlendir-

me ydntemi agiklanmigtair.



SUMMARY

The subject of this study is the plannig of construction of
Biomedical Instruments. For this reason, an odiometer has been
investigated and censtructed by me.

For obing of an instrument, first of all we schould have some
knowledges. That; are what the situations, we can use it in, and
what the properties of that situations are howewer. Some anatomical

phiziological knowladge about that organ are regquested for under
standing the working principals of odiometer, for this reason; ana-
tomic physiologic properties of, sound and 1t; components, meom
of this instruments, designiy and construction of it are explanied,
respectively.

The idea that is tryed to explain here what are the needs for
this country and what we can have done in the.condion of this coun-
try about biomedical science as a resul of this idea, I introduce
a global study here that the structure of ears mechanisms of hearing,
saund and its' properties, gointing up the pathological conditions
in ear by odiometer are emphasised and as an amaliser of ear, the

odiometer in fact is the basic component of this study.



BirINCI BOLUM

1. KONUNUN TANITILMASI

Elektrik enerjisinin diger enerji tiirlerine giire;

Blyik santrallarda ucuz ve biliyik verimle elde edilebilme, siirekli
ve en ekonomik gekilde saglanma, en modern enerji kaynaklarindan
yararlanabilme, gevreye en az olumsuz etkisi gibi Usiitiinlikleri,

bu bilimin gelismesini ve elektrik enerjisinin yaygin olarak kulla-
nilmasini saglamigtir.

Bu yaygin kullanimin sonucunda elektrik mihendisligi, ve bu
mihendislik dali iginde gelisen ve sonugta gok yaygin bir tatbik
alani bulan elektronik miihendisligi biitiin bilim dallarinin igine
gesitli sekillerde girmistir. Yari iletken teknolojisinin ani ve hiz-
11 geligimieleketronik ve bunun sonucundada bilgisayar mihendisligi-
nin, elektrik mihendisliginin yeni dallari olarak ortaya gikisina
neden oldu. Bu hizli geligme biitin bilim dallarina yansiyarak elek-
tronik ve bilgisayar teknolojisinin Uriini olan cihazlar, dlgme, bil-
gl depolama, veri analizi gibi pek gok alanda hemen hemen biitin bi-
lim dallarinin vazgegilmez araglari olmuglardar.

Tip bilimi iginde bu hizli gelisme kendisine genis ve tnemli
bir alan bulmus, gerek teshis, gereksi tedavi alanlarinda bu tekno-
lojinin drettigi tibbi cihazlar kullanilmaya baslanilmigtair.

Bu nedenle bu teshis ve tedavi cihazlarinin tasarimi kullanim
ve gelistirilmesi tip doktorlari ile bu alanda galisan mihendisle-
rin birlikte galigmalarini gerektirmektedir. Bu ortak galigma yeni

bir bilimdali olan "Biyomiihendislik" bilimdalinin ortaya gikmasina
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neden olmustur.

Biyomihendislik galigmalarinin bir sonucu olarak ortaya gok
kisa sire iginde teghis ve tedavide kullanilan cihazlar gikmistir.
Bu galigmanin sonucu ortaya gikan cihazlardan birisi de duyu organ-
larimizdan biri olan kulagin duyu simirinin tespiti ve bu organda
meydana gelen duyu bozuklarinmin tespitin de kullanilan ve Odyometre
olarak adlandirilan cihazdir.

Bu sonug gdstermektedir ki biotip'in uzmanlik dallarindan bi-
ride duyu sistemi ve bu sistemin @nemli @gelerinden biri olan kulak-
tir.

Ulkemizde biyotip alaninda bir iiretim galismasi olmadigi gibi
bu konuda montaja yonelik bir teknolojide su anda bulunmamaktadair.
ithal edilen biyomedikal cihazlarin fiyatlarinin ithalat, fiyatlari-
nin yilksek olmasinin dodurdugu pazar kisitliligi nedeni ile cihaz
maliyetlerini dig pazar fiyatlarinin hemen hemen lg katina gikarmis
oldugunu yapmis oldudum piyasa arastirmasi sonucunda belirlenmistir.
Bu alanda hizmet veren kuruluglarin godu; gerek ithalat gerekse ta-
mir ve bakim servislerinin durumu bu alanda biyik bir editim ve ye-
tismig eleman agifinin bulundufu sonucunu ortaya gikarmektadir.

Cihaz satig fiyatlarinin suni bir sekilde yiikkselmis olmasi bu
cihazlarin kullaniminin azalmasina ve ithalati daha karli kilmasi
sonucu lretim alanina ydnelme olmamakta, genis bir pazar olanagi
bulunmasina karsin Uretimin yanisira arastirma ve geligtirme galis-
malarinin yapilmamasi sonucunun yaninda elde bulunan cihazlarinda
verimli kullanilmasini engellemektedir.

insan saflify gibi Bnemli bir konudaki "BIOMEDIKAL CIHAZ TASA-

RIMI; ODYOMETRE'NIN INCELENMESI VE GERGEKLENMESI" galismaya baglar-



ken amacim llkemizde bu konuda bir galigma yapilabilecedini ve bu
alanda Mihendislere gok genig bir galisma ortami bulundugu ortaya
koymakti.

Cibaz tasarimini gergeklegtirmek igin tasarim olayina mihendis-
lik agisindan bakmak ve kulagi bu agidan degerlendirmek gerekir.

Bu agidan bir deferlendirme yapilirken kulakta meydana gelen duyu
olayl asagida belirtilecegi gibi siniflanabilir.

Rkustik Empedans Dengeleyicisi; Bizim igin uygulayacagimiz ta-
sarim alanini igeren, genlik ve frekansi genis olan bir mekanik ayi-
ricl; Degisken kazangli bir basing amplifikatéirii; Mekanik-Elektrik
enerji donlgtiricisili; Analog-Dijital donistiricil; Hidrolik denge
sistemi; Kulak-Beyin arasinda iki yonlid bir iletim sistemi.

Bu degerlendirmeden sonra kulakta meydana gelebilecek igitme
kusurlarini iletimde meydana gelecek kusurlar, dis kulak ve orta
kulak kusurlari, duyularda meydana gelecen ig kulak ve beyin kusur-
lari olarak iki ana grupta toplanabilir.ig kulak ve sinirlerde mey-
dana gelen bu duyu kusurlarinin tibbi miidahele ile diizeltilmesi gii-
nimiizde mimkin olamamaktadir.

Birinci tir yani iletim tird rahatsizliklari hususunda galigma-
lar siirmektedir. Bu tir rahatsizliklardan biride orta kulakta meydana
gelen duyu rahatsizligi olup orta kulak kemikgiklerinin bir kismi
veya timiinin iglevini yapamaz duruma gelmesi ile meydana gikar. Bu
tir bir safirlik ve bagka bir iletim bozuklufuna bagli sadarlik ses
ener jisine geviren elektronik cihazin kazanci 60 dB veya daha fazla
olmalidar. ;

Duyu igin kullamilan elektronik cihazlarin sakincalarida agagi-

da siralandigi gibidir;



1- Dis ortamla iligkili olmak zorundadir.

2- Bir enerji kaynagina gereksinimi vardair.

3- Bu cihazlarin suya hassas olmalari kullanicinin hareketleri-
ni sanpirlar.

Bizim "Biomedikal Cihaz tasarimi" iginde incelemesini ve tasa-
riminl yapacagimiz cihaz yani ODYOMETRE yukarida belirtilen sagarlik
durumlarinda sagirligin derecesini ve kullanilacak duyu cihazini

belirlemek amacini glider.



BiLUM 2.

Tibbi bir cihazi gergeklestirmeden Gnce uygulama yapilacak uvu-
zun Bzelliklerini fiziksel ve anatomik ©Gzelliklerini bilmek gerekir.
Bu g@zonlne alinarak tncelikle arastirmamiza duyu sisteminin incelen-

mesi ile baglamaliyiz.

2.1. KULAGIN ENBRIVOLOJISI

Isitme ve denge fonksiyonlarinin organi olan kulafin yapisini

anlamak igin bu organa ait temel embriyolojiyi iyi bilmek gerekir.

2.1.1. Ig Kulagin Gelisimi

Intra lterin hayatin liglncii haftasinda embriyonun arka beyine
rastlayan bas kisminda ektodermal bir kalinlagma ve sonrada bir gu-

kurlasma meydana gelir (Sekil.1.).

1- Otocyst

2- Kefalik fleksura ve orta beyir
3- Optik Vezikil

4= On beyin

5- Mandibula

6- Kalb
7- Amnion
8- Somitler

9- Kivraim yapan kuyruk
Sekil.1. 26 GiUnlik insan embriyosu.

Bu gukurlagma gittikge derinlegir ve vezikil halini alir ve



ylizeyle temasini kaybeder. Sonugta aktik vezikiil sekil degistirir
sermiskiiller kanallari ve kokleayil meydana getirecektir. Daha sonra
mezoderm kondensasyona ugrar ve kemik labirenti meydana gelir. Dola-
yisi ile ig kulaga rastlayan TRAUMALARDA kirik hattinda vicudun diger
kemiklerinde oldugu gibi kal meydana gelmez. Bu gelisme dinemi bag-
langicindan 28.hafaya kadar siirer.

2.1.2. Dis ve Ortakulagin Embriyolojisi.

Avrucula ve dis kulak yolu, 1. ve 2.brankial arkuslardan ve
birinci brankial yariktan, ortakulak ve adneksleri ise birinci fa-
rangial menseini alir. Dig kulak yolunun orjini olan faringial gi-
rintiden gelen uzantiyla 1.brankial yarik temas eder ve arada mezo-

derm yer alir. Bu nokta memrana tyimpaninin baslangicidir(Sekil.2.).

Sekil.2. 3 Aylik fetiis gemasi.

1- Mentis akustikus externus.
2- Bag dokusu iginde ortakulak kemikgikleri.
3- Kemiklegmeden evvel temporal kemik.

L- Tuba Oditiva.



5- Kavum Timpani.

6- Agilmis ektoderm plagi.

Dig kulak yolunu tegkil edecek olan 1.Barikal yarik 3.aydan
itibaren gegi olarak tikanir 6.aydan sonra yeniden agilir. Bu ola-
yin gegikmesi durumu digkulak atarezisine neden olur. Duymayi engel-
leyerek digkulakyolu kist ve fistiller ortaya gikar. Kemikgikler te-
sekkiil ederek geri kalan mezoderm erir ve faranks endoteli kemikgik
ve orta kulak boslugunu @rter. Daha sonra pdnemani hadisesi durur.
ve mastoid kemik tesekkiil eder. Dogumda sadece timpani kemikleri
meydana gelir. Dofumdan sonra yeni doganin dis kulak yolu iskeleti

sadece kikirdaktir.

2.2. ANOTOMI.

2.2.1. AVRIKULA VE DIS KULAK YOLU.

Avrikula lzeri deri ile kapli fibro-elastik, sari kartilajdan
meydana gelir. Avrikulanin sadece lobul kisminda kikirdak yoktur.
Avrikulanin anatomik detaylari(Sekil.3-4).

1- Helix

2- Fossa Scaphoidea
3- Fossa Triangularis
L- Concha

5- Antihelix

6- Lobule

7- Antitragus

8- Tragus

9- Helix Crurasi

Sekil.3. Dig kulafin Bolimleri. 10- Antihelix Crurasi
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Dig yiizde kikirdakla deri arasinda gevsek bir dokunun olmamasi
bu ylzde hematomun kolayca varolmasina zemin hazirlar. Travma veya
oparatif bir teknik hata sonucu kikirdak kesilirse enfeksiyon peri-
hondriuma yerlegir ve kikirdak nekrozu (kikirdak hiicresinin &1imi)
meydana gelir.

Digkulak yolunun yarisi kikirdaktan diger yarisi kemikten ya-

paladir.

‘Fossa
triangularis

Sekil.b.

' .** Incisura

e e Avrikula ve disgkulak yolu

yolu

Kikirdak b@limi tne, kemik b&limi arkaya konkavdir.

Avfikula tist, On ve arka ligament ve eksantrinsik kaslarla ka-
fatasina baglidir. Ancak insanda bu rudimenterdir. Dig kulak yolu-
nunun bitiminde kulak zari edik yan (oblik) sekilde agafiya dodru,
tne ve ige dogru yer aldigi igin dig kulak yolununun arka Ust duvari
8n ve alt duvarina nazaran 6 mm. daha kisadir.(25 mm.)

Dig kulak yolunun kikirdak b@linl orten deri kalindir ve iginde
benzeri serum ifraz eden ter bezleri bulunur. Dig kulak yolu kemik
bdlimiini 6rten deri ise gok incedir. Dig kulak yolu @nde gene ekle-
mi, arka ve Ustte derinde mastoid hiicreleri ve orta kafa gukuru ile

komsuluktadir.



Y

2.2.2. KULAK ZARI (MEMBRANA TYMPANI)

Sekil;5. Dig kulak yolununun sekil, dogrultu ve giireceli @lgiileri

gorinmektedir.
1- Glandula ceruminasa. 2- Kemik kanal baglangici.
3- Kulak zari. 4- Malleusun basi. 5- Tensor timpani alleksi

tandonu. 6- M.tensor timpani. 7- Tuba oditiva.

Hernekadar kulak zari orta kulagin disduvarinin bir kismini
olugturursada klinikte orta kulak hakkinda bize gok deﬁerli bilgi-
ler verdigi igin kulak zarinin klinik anatomi bakimindan ayri bir
bahis halinde incelemek faydali olacaktir.

Kulak zari dortte bir Ust b8ilimi harig Ug tabakadan yapilidir.
En dista epitel tabakasi, ortada fibr@z tabakasi, igtede ortakulak
mukazasinin kuboid epiteli bulunur.

8 mm. genigliginde 9 mm. uzunlugunda 1/10 mm. kalinliginda olan

zan inci rengindedir ve izerindeki igaret noktalarini iyi bilmek kulak
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hastaliklarinin teshisi agisindan @nemlidir.

2.2.3. ORTA KULAK

Orta kulak timpan boglufu ve bu boglua agilan komgu bogluklar-

dan meydana gelmigtir.

1

Kavum timpani.

2- Tuba Oditiva(Eustachi tiipii)
3- Recessus epitympanicus.
L- Aditus.

5

Tegmen tympani.

Sekil.6- Kavum timpani ve onunla ilgili hava bosluklari.

Ortakulak mukaza ile kaplammig dikddrtgen halinde bir kavitede-
dir. Latera duvar haricindeki biitin duvarlar kemikten yapilmigtair.
On duvarda tuba Eustachi ige ve asatjir yiinde iner. Orta kulak arkada
antrum mastideuma agilir.

Ortakulakta 3 igitme kemikgigi bulunur. Bunlar; Malleus incus ve
stapes kemikleridir. Stapes, tabaninin anormal derecede yer dedistir-

mesine engel olmak sureti ile ani giddetli seslere kargi ig kulaga

korur.



A3

2.2.4. IC KULAK

Isitme ve denge alicilarinmin bulundugu kisima ig kulak denir.

1- Vestibil.
2- Horizontal Kanal.
3- Porterior Vertikal

Kanal.

L- Siiperior Kanal.

5- Koklea.

Sekil 7|-Saf Kulakta kemik labirentlerinin igeriden gBriiniisii.

Koklea :
Koklea kendi lUzerinme ikibuguk defa kendi lzerine kivrilmis sal-
yangoz kabugu geklindedir. Horizantal pozisyonda yeralir.

Koklea iginde Ug bdlim vardair.

2.3. FizvoLoai

2.3.1. IsiTME FizvoLodisi.

Isitme fizyolojisinin nasil oldufunu incelemeden @nce ses bil-
gisi veya akustikten bahsetmek gerekir. Ses dalgalari kulakta basing
degisikligine neden olur. Her saf ton saniyede belirli bir sayaida
ses dalgasina sahip olmakla karakterizedir. Insan kuladi saniyede
16 ile 20000 dalgali olan saf tonlari igitebilir. Saf tonun saniye-
deki titresim sayisina o tonun frekansi denir. Frekans yiikseldikge
kulak bunu sesin perdesinde bir yikselme olarak duyar.

Sesin kulak tarafindan hissedilen yiksekligi sesin fizik gidde-

tine baflidir. Frekansi saniyedeki dalga sayisi ile Glgerken ses
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giddetinide desibel birimi ile &lgeriz.

Kulak tarafindan ancak duyulabilen en kiiglk sesin giddetine
esik siddeti denir. Bir fisilti sesi 3 m. uzaklikta dinlendii zaman
fizik birimleri ile bir egik sesinden 100 kat daha kuvvetlidir. Keza
ayni uzakliktan dinlenilen konugma sesi egik siddetinden 1 milyon
kat daha kuvvetlidir. Bagirma sesinde bu giddet 1000 milyona kadar
gikar.*Bu ifadeler biiyik degerler olmasi nedeni ile dB birimine gev-
rilir (Bak.Bolim 4.2.4.).

Egik bir ses giddeti Bel olarak kabul edilir. Ses giddetinin
biyik degerlerde olmasi onu on tabanli logaritmik birimle belirtmek
geredi dogmus ve bu birime Bel denilmigtir.

Bel birimi pratikte gok biiyik bir birim oldugundan 10'a bdlinir
ve her birine 1 desibeldir denir.

Desibel klinik kullanilima gok uygundur insan kulagi iki ses
arasindaki farki ayirabilmesi igin en az 1 dB fark olmalidir.

Fonksiyonel olarak igitme organi iki kisimdan yapilidir. Bun-
lardan birincisi kendisine ulagan sesleri analiz eden ve g@zimliyen
kisima presepsiyon (alma) ikinci kisim ise sesleri persepsiyona (ig
kulagin duyulari kabul eden kismi) tagiyan kisimada kondilksiyon (ile-
tim) cihazi denir.

Persepsiyon apereyi sinirsel elemanlardan yapilidir, korti orga-
ninin sagli hilcrelerinden baglar beyinin pirmer ve psigik igitme
bélgelerinde sonlanir. Bu ikisini birlegtiren igitme sinir lifleri-

dir.

* Dtolorangl ders notlara (Gerrahpaga 11p Fak(ltesi)
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2.3.2. SES ILETImMI

Sesler kulaga normalde ig kulafja hava iletimi ile tasinir bu
en onemli bir yoldur. Hava iletimi disinda ses enerjisi kafa kemik-
leri yolu ilede ig kulaga iletilebilir, gelen ses dalgalarinin kom-
presyonu ile kulak zari ige, diga haraket eder zarin ig yiiziine yapi-
sik olan malleus ayni sekilde ige digsa hareket eder bu hareket incus
ve stapes'e iletilir. Ses dalgalari kulak zarina garptiktan sonra
sonug olarak oval pencerede toplanirlar, burada ses basinci bakimin-
dan fiziksel bir avantaj meydana gelir. Ses hava ortamindan dogup ig
kulaktaki mayi ortamina iletildigi zaman meydana gelen enerji kaybi
bu suretle telafi edilmeye galisilir (Sekil.;8l. - Sekil.9l.).

Stapes tabaninin ige dogru hareketi ses dalgalarinin @nce scala
vestibiiliye oradanda scala mediciya ve nihayet oradan da scale tympa-
ni'ye liletimini temin eder.

Oval pencerede stapes tabani ige dofru hareket ederken yuvarlak
pencereyi Brten ince zar da diga dogru hareket eder. Oval ve yuvarlak
pencereleri éirten striktirlerdeki karsit faz hareketi olmasaydi o
zaman kokleadaki sivida hig bir hareket olmayacakti. Ses enerjisinin
biyiik kism1 zarin biiyiik kisminda kemikgikler zinciri yolu ile gok
daha kiigiik bir fraksiyonu orta kulak boglugundaki hava yolu ile yu-

varlak pencereye varir.
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Sekil. 8.

Sekil.'B A Kulak zarinmin titregimlerini ig kulaga ileten iig
kemikgik. Agirligi sadece 1,2 mg. olan stapes sivi {izerine ses ba-
sincinin ritimine gore gidip gelen bir pistona benzer. B Kulak za-
rinin titregimlerinin basinci 22 defa daha giddetli hale getirilir.

Bu sisteme kemikgiklerin zincir taransform sistemi denir. Bu
sistem oval pencerenin lehine bir fark yaratir. Buna karsilik pence-

relerin elastisitesi defisik oldudu gibi yuvarlak pencereyi drten
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zar stapes tabanina oranla ses dalgalarina karsi gizlenmis durumda-
dir.
Kokleadaki sivi hareketlerinin etkisi membrana basilarisinin

agad1l yukari dogru hareketine neden olur, bu noktada ses iletimi

biter ses persepsiyonu basglar.
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Sekil;é,. Bir deney hayvanmin ig kulagi tarafindan meydana ge-
tirilen mikrofonik dalgalarin elektriksel potansiyelleri yukaridaki
gekilde tanzim edilen bir cihaz ile ortaya gikarilabilir. Yukarida,
kulagin basitlegtirilmis gemasi, koklea sivi dolu bosluklari ile
enine kesit seklinde, korti organi ise horizontal bir gizgi olarak
gisterilmistir. Kulak zarinin vibrasyonlari korti organina iletilin-
ce onun mikrofonik potansiyelleri kokleanin yuvarlak penceresinden

toplanilabilir ve seklin alt kisminda gisterildigi gibi ositaskop'un

ekraninda takip edilir.
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BOLUM. 3.

KULAK MUAYNE METOTLARI

Kulak muayne metotlari Klinik muayne ve fonksiyonel muayne ola-
rak iki ana kisimda toplanabilir. Bizim konumuz bakimindan klinik
muayne herhangi bir Sneme haiz degildir.

Odyometre ile fonksiyon muaynesi yapilabilecedinden ve biomii-
hendisligi ilgilendiren alan bu olmasi nedeni ile burada fonksiyon

muayne metotlarini inceleyecegiz.

3.1. FONKSIYON MUAYNESI.

Kulak hem igitme, hemde denge fonsiyonu organi oldugu igin bu
iki fonksiyon ayri ayri incelenir ki yine bizi ilgilendiren igitme
fonksiyonunun muaynesi ve bu muaynede kullanilan y@intem ve cihazlar-

dar.

3.2. ISITME FONKSIYONUNUN MUAYNESI.

Burada Ug temel ydntem uygulanir.

3.2.1. insan sesi kullanarak.

Normal bir kulak tim sessizlik sartlarinda vasat bir fisiltai
sgsini 7 m.den duyar. Eger kulak yaninda bulunan fisilti sesini da-
hi duyamayacak derecede safir ise o zaman normal konugma sesini han-
gi uzakliktan duyacagi tespit edilir. Kulak bu seside duyamaz ise
bafirma sesi tatbik edilir. Bu gekilde her iki kulak ayri ayri test
edilir. ince ve Kalin sesli kelimeler kullanilarak kabaca hastanin

defjigik frekanslari nasil igittigi aragtirilar.
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Isitme fonksiyonun insanda varolus amaci insan seslerini duy-
mak isede, agizdan gikan sesin test metaryali olarak kullanilmasi
test kalitesi bakimindan verimsizdir. Bunun sonucu "Odyometrik" me-

totlar geligmigtir.

3.3.2. Diyapozan Deneyleri ile Igitmeyi Olgme.

Diyapozanlar saniyede belirli titresim yapan ve saf ton sesleri
tireten metal cihazlar olup, klinikte en gok 256 veya 512 gift tit-
resim yapan diyapazonlar kullanilir (Sekil.jD.)

Diyapozan yontemi ile saf bir iletim sagirligami saf bir algi-
lama sagirligindan ayirmak daima mimkindir.

Kemik yoluyla igitme kabaca, algilama fonksiyonunun klinik &1-
glisii olarak alinmir ve bu normalse hava yoluyla igitme iletim meka-
nizmasinin durumunu gdsterir.

Burada Webber ve Rinne testi olmak Uzere iki ayri diyapazon

testi yapilabilir.
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Sekil.1ﬁl Hartman seti adiyla taninan, isitme muayneleri igin

uygun ve engok kullanilan bes diyapozandan olusan bir set.

3.2.3. Odyometrik Yidntemler.
ODYOMETRI : ISITME FONKSIYONUNU AYRINTILI OLARAK OLGMEYE DENIR.
KULLANILAN ALETE ODYOMETRE ve ELDE EDILEN GRAFIGE ODYOGRAM DENIR.

(Sekil.12).
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3.2.3.1. SAF TON ODYOMETRIiSi.

Kulak duyu testi Odyometre dedigimiz aletle yapilir. Bu cihazda
4 kisim vardir. Osilatir gegitli frekanslari Uretir, frekans segi-
cisi istenilen frekanslari verir, siddet ayari ses giddetini dB ola-
rak ayarlar ve kulaklik saf tonlari kulaga iletir.

Aletle frekans ve giddet digmelerini kullanarak hastanin teste
tabi tutulan kulagina istenilen frekansi, istenilen siddetle verip
kulagin degisik frekansli saf tonlari hangi dB siddetinde duydugu
tespit edilir. Bu alinan dederler Gzel bir diyagram iizerine islenir
ve incelenir.(Sekil.11.)

Alet o gekilde kalibre edilmigtir ki normal bir kulakta kemik
ve hava yolu esikleri gakisir, her frekansta ister hava yolu ister
kemik yolundan, tonlar O dB'de isitilebilir. Efer kemik esigi O'da
kaldigi halde hava yolu esifi agagiya inerse iki kurup arasinda bir
mesafe kalir. Kemik yolu yarigi (gap) iletim sagirligina delalet
eder. Bu agiklamalardan anlasilacai gibi algilama sagirlifinda kemik
ve hava yolu krublari Ust liste gakisir ve her ikisi : dB'den asagl

iner. Kemik ve hava yolu kruplari arasinda yarik yoktur.

3.2.3.2. KONUSMA ODYOMETRiSI

Saf ton odyometresi tabii sartlardan farkli bir durumda kulaga
test eder. Halbuki giinlilkk hayatta kulaga gelen seslerin hemen hepsi
komplekstir ve saf tonlar yok denmecek kadar az meydana gelir. Konug-
ma sesleride kopleks tonlardan yapilir. Bu nedenle konugma odyomet-
resi daha fizyolojik bir Glgme ydntemidir. Bunun yaninda konusma

odyometresinde sadece preferik (igitmenin mekanik aktiviteden elek-



e,

triksel aktiviteye ulastigi yer) igitme organinin hassasiyeti @lgiil-
mez, kortekse kadar blitin igitme yollari teste tabi tutulur.

Konusma odyometresinde ya canli insan sesi odyometreden gegi-
rilir veya banttan odyometreye verilip kalibrasyona tabi tutulur
(Sekil.12.). Her iki haldede fonetik olarak ayarli kelimeler kulla-
narak bilinen bir siddetle hastanin sidylenen kelimelerden kagini

dogru olarak anladigi tespit edilir.
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BOLUM. 4.

SESIN OZELLIKLERI.
Bl S8 ¢

Su, kati, hava gibi ortamlarda insan kulagdinin algilayabilece-
gi basing dedigimlerine "Ses" denir. Dogada tek bir frekansi olan
sese Gok ender rastlanmir, Ses dalgasinin zamana gire dedisimi saf
bir sinids ise bu tir bir ses dalgasinin bir tek frekansi vardir.

Sekilde (e,a,i,o) sesli harflerinin asiloskopta ki dalga gekil-
leri gorilmektedir. Saf sinilis digindaki ses dalgalarina kopleks ses
dalgalari denir. Ginimiizde Spektrum Analiziéirii ekranlarinda olgi éle-
ti ile bir kompleks ses dalgasini olusturan frekanslarin belirlen-
mesi oldukga kolaydir. Spektrum Analizérler ekranlarinda zaman ek-
seninin yerine frekans ekseni almigtir, frekans eksenine frekans

spektrumu denir.
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4.2. SESIN FizikseEL OzELLIKLERI.

4.2.1. Ses Siddeti (I)

Ses giddeti (Ses Volimi) I; ses dalgasinin ses yayilma dogrul-
tusuna dik bir dizlem igindeki 1 cm?'lik bir yiizeye 1 s'de verdigi
ses enerjisidir. Ses siddeti birimi cm? bagina Watt (cm?/Watt ve

W/cm?) dir. Ses siddeti genligi I ile gosterirsek su bagantiyi

yazabiliriz.

pZ
I-= (Watt/m2)

PV

P : Efektif ses basinci (N/m2)

L% : Gevre sicakligindaki hava yogunlugu (kg/m?)
V : Ses hizi (m/s)
SN gt 1,1964 = 412,5 sabit deferindedir. Buradan

I = 0,0024 P?

4.2.2. Ses Siddet Seviyesi.

Kulagin ses siddeti bakimindan sinirlari arasindaki fark oldukga
biyiktir, aritmetik ses giddetinden ziyade pratikte logaritmik deder-
ler "Desibel" kullamilmaktadir. Pratikte ses seviyesi IL (Intensity

Level) simgeleriyle gisterilmektedir.

I
I

IL = 10 log (dB)

8]

10 = Refersns olarak alinan ses giddeti, bu ses giddeti igiti-

lebilen en zayif ses giddetine kargilik gelir. Bu ses giddeti 1000 H

deki ses giddetidir. Iy = 10-"6 watt/cm? = 10712 watt/m?. Kulagin
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dayanabilecegi masimum ses siddeti 104 Watt/Cm? olup buda 120 dB'e
kargsilik gelir.

Birde ses basing seviyesi (SPL) biyiikl{igl vardir. Genellikle
ses giddet seviyesi ses basing seviyesinden 0,1 dB daha kiiglktir.

Pratik olarak ses basing seviyesi, ses giddet seviyesine esit olur.

4.2.3. Ses Basinci (p)

Her ses dalgasi, bir (p) ses basing dederi ilede nitelendiri-
lebilir. Bu basing degeri atmosferik bakimdan farkli olarak uzayda
ses dalgas1 tarafindan olusturulur. Ses basing degeri degigkendir
ve elektriksel alternatif akimda oldugu gibi bir efektif ve tepe
defere sahiptir. Ses basinci birimi "bar"dir ve cm? bagina 0,001 g.
lik bir basing kuvvetine esittir. Ses giddeti ile ses basinci ara-
sinda karasel bir oran vardir. Buna gire ses basinci sirasi ile iki,

lig, dirt kere arttirilirsa ses giddeti dirt, dokuz, onalti kez artar.

4.2.4. Ses Basing Seviyesi.

Ses basing seviyesinin birimi desibeldir ve agafidaki ifade

ile verilmektedir.

SBS = 20 log o (dB)

P

Pratikte ses basing seviyesi (SBS) sembolil yerine SPL (Sound
Pressure level) semboli kullanilir.

Py : Referans olarak alinan ses basincidir.

igitme ile ilgili Blgmelerde bu defer Py =0,0002

alinmaktadir.
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4L.2.5. SESIN FizIKSEL INCELENMEST
Bir Ses Dalgasinda Basing Dedisimleri :

Bu bdlimde yalniz boyuna dalgalari ve bunlarinda @izel olarak
kulaga garptiklari zaman ses sansasyonunu olugturanlarini incele-
yecegiz ki daha tncede 20 ile 20.000 saniyede titresimi olan bu dal-
galara ses dalgalari denildigini belirtmistik.

Kulak tarafindan alinan ses dalgalgri kulak zarinda hava zer-
relerinin belirli frekanslarda ve genlikte titresimini meydana ge-
tirir. Hava basinci bir hava zerresinin basit harmonik hareketindeki
frekansla, atmosfer basincinin istine gikip sonra atmosfer basinci-
nin altina diserek basit harmonik hareket yapar. Bu basincin atmos-
fer basinci ile olan farkinin maksimum degerine basing genligi denir.

Kulagin dayanabilecedi, ses dalgalarindaki basing giddeti 280
din/cm? dir, frekansi saniyede 1000 titregim olan zayif sesteki ba-

sing degisimi 2.107" din(cm? dir.

Kaynal yohut gliviiltintin tasviri Glriiltii seviyesi (db)
A dUYMEERBIN). s ek s 120
Perginleme 95
Tren 90
Kalabalik bir yoldaki trafik 70
Adi Konusoi= Sk e o 65
Seséiz otomobil . . S =t <50
Evde algak sesle acgilan radyo ... 40
Oftalams BRIl e e 20
Yaprak hisirtisi 10
Sitme @I «-owiris s 0

Sekil.13. Gesitli kaynaklarin glrdltid seviyeleri.
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4.2.6. Kulak ve Igitme.

Fiziksel olarak kulak ve igitmenin incelenebilmesi igin kulak
ve igitme fonksiyonunun anlasilmasi gerekmektedir. Bunun yap1labil-

mesi igin kuladin akustik yapisinin incelenmesi gerekir (Sekil.1k.).

AKUSTIK OLAYLAR

isitme
sinirleri

Kulak kanah

Kulakzan

Sekil.14. Sag Kulagin Diyagramatik kesiti.

Kulak kanalindan gegen ses dalgalari kulak zarina garpar, ge-
kig, #@irs, iizengi kemiklerinin titregimini saflar, buradan titresim
oval pencereye garpar, oval pencere de bunlari sivi kapli ig kulaga
iletir. Her kulakta yaklagik 30.000 tane igitme siniri vardir.

Sekil.15'te verilen geridin genigligi 90 dB ses giddet seviye-
sinde 200 frekans tonu tarafindan uyarilan sinir uglarina kargilik
gelmektedir ve bu tip diyaframlara igitme patronu denir. Algak fre-

kanslarda spiralin yalnmizca ig kisimlari uyarilir.
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100

Sekil.15. a) Salyangozun kuramsal sekli.
b) 200 frekansli (gevrimli) sesin tonunun 90 dB sid-

det seviyesindeki igitme patronu.
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Sekil. 6. Igitme egifi ile hissetme esifii arasindaki alan.
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BOLUM. 5.

BIOMEDIKAL CiHAZ TASARIMI.

Bu btlimde bir biomedikal cihazin tasarimi igin gereken tasa-
rim kriterleri ve gergeklestirecegimiz cihaz odyometrenin bu kriter-

ler gergevesinde gergeklestirilmesi agiklanacaktir.

5.1. TASARIM KRITERLERI

Genel olarak tasarim kriterlerini dirt ama kisimda toplariz ki
bunlar, igaret faktori, gevre faktoirii, tibbi faktirler, ekenomik

faktorlerdir.

5.1.1. Isaret Faktéri :

Cesitli genlikler, frekanslar siiz konusudur, bunun sonucunda
duyarlik ,elemani transduser elemaninin durumu duyarlik faktdring

olusturur.

Defler Sinirlari faktdrii ise galigabilmenin minimum ve maksi-

mumun sinirlaraini belirler.

Lineerlik faktiirii ise galigmanin lineerlik durumunu belirler.
Dofruluk ve giivenilirlik faktiirleri ise aletin galigma gartla-

rindaki hatalarinin ve kararliliginin tespitini giiztinlne alar.

5.1.2. Gevre Faktdrld :

Gevre gartlarinin cihaz Uzerindeki etkilerinin incelenmesi ve

gevrenin ciheza etkileri bu faktdrln kapsami igindedir.
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Ba1:3. Tabbli FaktBrler 2

Transdiser tipi ve kullanma amaca,
Radyasyon etkileri ve sicaklik etkileri,
Hasta rahatlify veya konforu,

genel olarak tibbi faktéirlerin igerifi dahilindedir.

5.1.4. Ekenomik Faktorler :

Bu fakttr genel clarak maliyet, rekabet, pazar gibi faktirler-
dir.

Cihaz tasariminda agafidaki sira takip edilir.

Cihaz tanimi

t

Prototip

i

Son Taﬁﬂ!lﬂd

!

Standartlar

!

imalat
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5.2. CIHAZ BLOK DiVAGRAMI

VOLT
> METRE
FREF RS
i e e e Nl o s et —
r_ODYOMETRE i |
OSILATORE | | AMLEgLKAT KULAKLIK :.
DEVREST | CIKIS |
l i |
b e il R e s S S .l
L .
DC
GU¢
KAYNAGI

Sekil.17. Cihaz Blok Diyagrami.
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L |
T |
. i e S ST L! —J

FAEQUENCY

Sekil.ﬁa. Osilatdr Devresi.

XR-2206 (Chip-Silisyum Kristali) lzerinde sinils Uretmek igin

gerekli elemanlari igeren monolitik bir Entegre devredir.

mnzr'“\l"""
INPUT 1 : JYLAETAY '
l I 3 ‘
~ OR & 2 +! j J
ouTPUT
MUl{:‘FOUEﬂ +]
MULT. OUT l 3 : o PAIEFORM
+Vee | FD
[- E " 2| GROUND
TIMI
CAPACITOR SYNG
L % ouwur
r— [:7 L 10' BYPASS
5524‘6',‘,% CURRENT
RES!!
L | 8 SWITCHES [=t—— 9 l fput

—————

b

Sekil.\|9. XR-2206 ENTEGRE BLOK DIYAGRAMI

* XR-2206'nin katalok deferleri ve dzellikleri EK-1'de verilmi$tir.
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s Cs= u.’m ur i M. XUZIUM TIMING A
A= tun (s ——— . v R
I 141) .
T e 2%
i = -11‘“ : s //A’ . i
g o e e B /ﬁ% Ot ||
. % >
-t =\ n‘-.lu':m A« 1 M) ] é;,,{r}%tiﬁt‘ﬁ/g;//{”b’x
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FREKANS HZ. 18I 19¢)

Osilasyon Frekansina gire R dedgigimi  Frekans Edilimine Karsi Isi Dedi-
(Sekil.20.) a,b simi.

XR 2206'da frekans iglemi 0,01 Hz. ile 1 mHz arasindadair.

AM, fm, FSK generasyonlari uygulamalari igin ideal entegredir.

P3 : Siniis fonksiyonunun gikis kati genligini
P4 ; PS5 : Siniis igaretinin distorsuyonunu ayarlar.

P 6 : Kulak gikigi ses igaretinin seviyesini ayarlar.

Re 680k

<
\

Ry ébﬁ k

[u7iw®
j R7.§>1 Ok
Ry 3220 _‘K *

\o

Sekil.21. Eglenik Transistorlu Gikig Kati.

Burada kullamilan biitiin kondansat@irler elektrolitiktir.
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\ 12 ¥V
sz% 47 k '
i AN
a'?j-‘ F b1 OOk
Ce4 . Pupn
(o}
XR2206 |4 - Re 3 600k
/ R : I
V?;q nj 2 A P, VJ R 1 52
J_lu W < T 9
JC P ’%ZSk 1oup 2:3 k N
P 2k RS %3
474pCY %
R 210k
Ry <220 | 1
Igitme test devresi (ODYOMETRE)
R1 Direng 47 kQ
R2 Direng 47 kQ
R3 Direng 3,3 kQ
R4 Direng, 220 Q
RS Direng 330 kQ
R6 Direng 680 kQ
R7 Direng 10 kQ
R8 Direng 100 kQ
R9 Direng 15 kQ
R10 Direng 6.8 kQ
P1 Ayarli direng © 220 kQ lin.
P2 Polansiyomelre 2,2 MQ lin, |
P3 Ayarh direng 22 kQ lin.
P4 Ayarli direng 500 Q lin.
PS5 Ayarh direng 22 kQ lin.
P6 Polansiyomelre 25 kQ lin.
C1 El. Ko. 1 uF/16 v
c2 Kondansalér 47 nF
C3 EL. Ko. 47 uF16 VvV
C4 El. Ko. 10 uF/16 V
Cs El. Ko. 47 uF/16 vV
C6 El. Ko. 4,7 uF/16 v
Cc? El. Ko. 100 uF/16 V
D1 Diyot 1N4148
D2 Diyot 1N4148
T1 - Tranzistor BC 177
T2 Tranzislor BC 177
|73 Tranzistor B8C 107

Fonksiyon Greleci

Odyometrenin kullanilan devre elemanlari
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TSC7106 LCD DPM

)

Voltmetrenin baskili devresi.

Voltmetre ile ilgili katalog bilgi EK-2'de verilmistir.

ACTUAL SIZE NOT SHOWN

LEGEND:

(o3}
c2
c3
C4
cs

0.1 M1
0.47 Mt
0.22mt
100 pt
0.01 M1

R1
R2
R3
R4
RS

24K 1/4W 5%
47K 1/4W 5%
100K 1/4W 5%
1K POT

1M 174W. 5%

Voltmetrede kullanilan devre.elemanlarlnln listesi.

Ek-2 : Voltmetre igin kullanilan kalok degerleri verildi.
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XR-2206

Monolithic Function Generator

;ENERAL DESCRIPTION

--5 XR-2206 is a mero!thic furstan generator inte-
,-aed circunt capable cf producing high quality sine,
-+ jare, triangle, ramp, ard pulse ~aveforms of high-
;-.m.n:y and accuracy. Tre output waveforms can be
&‘;gh amplitude and frequency modclaied by an exter-
-2l valtage. Frequency of operaticn can be selected
suernally over a range of 0 01 Hz to more than | MHz.

-wg circuit is ideally suited for communications, instru-
-antation, and function generator aoplications requir-
~g sinusoidal tone, AM, F\, or FSK ganeration. ithas a
~pical drift specification of 20 ppm/*C. The oscillator
aquency can be I'nearly swept over a 2000:1 frequen-
-y range, with an exierral control voltage, having a
,ery small affect on distertion.

FEATURES

Low-Sine Wa'¢ Distortion
Seient Tamperature Stability
‘Wide Sween Range

Lew-Supply Sensitivity

C.5%, Typical

29 ppmi°C, Typical

20C0:1, Typical
0.01%V, Typical

FUNCTIONAL BLOCK DIAGRAM
Xri-c 200 \J
[ 16
INPUT ] [ ] i;lwmv
J
s His] ]
MULTIPLIER
MULT. OUT i3 o] ~E %
SHAPER \:JSJJEFORM
+Vee E B - 13|
L— | 5 H 12l GROUND
TIMING veOo
CAPACITOA 52 4
L [eH 1] $0%ur
= BYPASS
g e e
SISTOARS CURRENT —
E E_ SWITCHES -

LU~ear Amplituce Modluiation
TTL Compatible FS! Centiols
Wde Sucoly Range

Ajiustabie Duts Cycle

10V to 26V
1% 10 92%

APPLICATIONS

#avelorm Generation
Sweep Generation

AMIFM Generation

YIF Conversion

FSK Generation
>kase-Lockad Loops (VCO)

A8SOLUTE MAXIMUM RATINGS

Jower Supply 26V
*ower Dissipation 750 mwW

Derale Above 25°C 5 mwW/°C
ol Timing Current 6 mA

Jlorage Temperature -65°C to +150°C
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ORDERING INFORMATION

Part Number Package Operating Tamparatere
XR-2206M Ceramic -55°Cto +125°C
XR-2206N Ceramic 0°Cto +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Ceramic 0°Cto +70°C
XR-22G5CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog muitiplier
and sine-shaper. a unity gain buffer amplifier; and a set
of current switches.

The VCO actually produces an output frequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current to the
VCO controlled by an FSK input pin, to produce an out-
put frequency. With two liming pins, two discrete output
frequencies can be independently produced for FSK
Generation Applications.
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ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 1, V* =

12V, TA = 25° C = 0.01 yF. Ry =

unless otherwise specified. Sy open lor triangle, closed lor sine wave.

Note 1: Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2.
Nots 2: For maximum amplitude stabilify, R3 should be a positive temperature coefficient resistor.

1-194

100 k0, Ry = 10 kN, R3 = 25

XR-2206M XR-2206C
PARAMETERS MIN [ TYP [ MAX | MIN [ TYP | MAX | uNITS CONDITIONS
GENERAL CHARACTERISTICS 1
Single Supply Voltage 10 26 10 26 "
Split-Supply Voitage +95 £13 5 13 v
Suoply Current 12 17 14 20 mA |Ry =210k
OSCILLATOR SECTION i
Max. Operating Frequency 0.5 1 0.5 1 MHz [C = 1000 pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50uF R =2M0Q
Frequency Accuracy 1 +4 +£2 % of Ig | f5 = 1/R4C
Temperature Stability +10 | £50 +20 ppm/°C | 0°C s Tp = 70°C,
Ry =Ry =20k0
Supply Sensitivity 0.01 | 0.1 0.01 %N Viow = 10V. VHIGH =
20V,
Ry =Ry =20k 0
Sweep Range 1000:1{ 2000:1 2000:1 H=IL |'lH@Ry = 1k0
'L@Ry =2M0
Sweep Linearity
10:1 Sweep 2 2 % IL = 1kHz Iy = 10 kHz
1000:1 Sweep 8 8 % fL = 100 kHz, fy = 100
kHz
FM Distortion 0.1 0.1 % + 10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 |0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 2000 kO
Ry &Ry
Triangle Sine Wave Output See Note 1, Figure 2.
Triangie Amplitude 160 160 mV/k 0 | Figure 1, 51 Czen
Sine Wave Amplitude 40 60 80 60 mV/k Q | Figure 1, Sq Closed
Max. Output Swing 6 6 Vpp
Qutput Impedance 6G0 600 v}
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dB8 For 1C00:1 Sweep
Sine Wave Amplitude 4800 4800 ppm/°C | See Note 2.
Stability
Sine Wave Distortion
Without Adjustmant 25 v R % Ry = 30k 0
With Adjustment 0.4 10 05-] 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 k0
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 V p-p |Measured at Pin 11,
Rise Time 250 250 nsec |Ci = 10 pF
Fall Time 50 50 nsec |CL = 10pF
Saturation Voltage 02 | 04 02 | 06 \' IL=2mA
Leakage Current 0.1 20 0.1 100 pA Vi1 = 26V
FSK Keying Level (Pin 9) 0.8 1.4 24 08 14 2.4 V' See seclion on circuit
controls
Reference Bypass Voitage 29 3.1 33 25 3 35 \" Measured at Pin 10.
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Figura 4. R versus Oscillation Fraquency.
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XR-2206
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Figurs 5. Normalizad Output Ampiitude versus DC Blas at
AM input (Pin 1).
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s
.
il SVAMS PN 2
vy -
af".'nul:
[
§ /
g :
o
o
ALJ 100 " 0% 1006 "~

FREQUENCY (Hz)

Figure 7. Sins Wava Distortion varsus Operating Fraquancy
with Timing Capacitors Varled.
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Figura 3. Clrcult Connaction lor Fraquancy Sweap.

SoUARENAVE
uTeyT

$) CLOSED FOR SinEwAVE s .g.

Figure 10. Clrcult for Sins Wava Genaratlon without External
Adjustment. (See Figura 2 for Cholce of R3).
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Flgurs 11. Clrcult for Sins Wava Genaration with Minimum
Harmonic Distortion. (R3 Dstarmines Output
Swing—Soe Figurs 2.)
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Flgurs 12. Sinutaldal FSK Genarator.

Figurs 13. Clrcult for Pulse and Ramp Benaration.



mumcy-smﬂ Keying:

¢ XR-2206 can be operated with two separate timing
agistcrs, Ry and Ry, connected to the timing Pin 7 and
y respactively, as shown in Figure 12. Depending on
sypciarity of tre logic signal at Pin 9, sither one or the
Jrar of tFese liming resistors Is activated. If Pin 9 is
:w.cucU.:ed or connacted to a bias voltags =2V, only
3. '¢ activated. Similarly, If the voltage laval at Pin 9 Is
¢V, only Rp is activated. Thus, the output frequency
.3n be keyed between two levels, f1 and 17, as:

f{ = 1/RyCand f3 = 1/RC

¢ sclit-supply operation, the keying voltage at Pin 9 is
sgrenced oV~

jtput 0C Level Control:

rd
"4 dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
% 3 is biased midway between V+ and ground, to
;¥8 an output dc level of =V +/2,

\PPLICATIONS INFORMATION
$ins ‘Wave Genaration
wthout External Adjustment:

*gure 10 shows the circuit connection for generating a
snusoidal output from the XR-2206. The potentiometer,
3 at Pin 7, provides the desired frequency tuning. The
=arinum output swing is greater than V*/2, and the
‘wical distortion (THD) is <2.5%. If lower sine wave
Jstortion is desired, additional adjustments can be pro-
/¢ed as described in the lollowing section.

e c. cuit of Figure 10 can be converted to split-supply
‘cerat.on, simply by replacing all ground connections
w:h V= For split-supply operation, R3 can be directly
‘onnacted to ground.

th Extarnal Adjustment:

e harmonlc content of sinusoidal output can be re-
“ced 1o «0.5% by additional adjustments as shown
n Figure 11, The potentiometer, Ra, adjusts the sine-
"aping resistor, and Rg provides the fine adjustment
o the waveform symmelry. The adjustment procedur~
123 lollows:

!. Set Rg at midpoint, and adjust Rp for minimum
distortion.

L With Rp set as above, adjust Rg to further reduce
distortion.

Tangls Wave Generatlon

s clrcuits of Figures 10 and 11 can be converted to
angle wave generation, by simply open-circulting Pin
‘3and 14 (l.e., S open). Amplitude of the trlangle Is ap-
“imately twice the sine wave output.
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Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted. by the choice of timing re-
sistors, Ry and Ry; the output is phase-continuous dur-
Ing transitions. The kaying signal is applied to Pin 9. The
circuit can ba converted to split-supply operation by
simply replacing ground with V=,

FSK Gensration

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp wave-
form generation. In this mods of operation, the FSK key-
Iing terminal (Pin 9) is shorted !0 the square-wave output
(Pin 11), and the circuit automatically frequency-shift
keys itsell between two separate frequencles during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjustaed
from 1% to 99%, by the choice of Ry and Rj. The val-
ues of Ry and Rp should be in the range of 1 k01 to 2
ma.

PRINCIPLES OF OPERATION
Dascription of Controls
Frequency of Operation:

The frequency of oscillation, fg, is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is glven as:

1
W 15T
RG ¢

and can be adjusted by varying either R or C. The rec-
ommended values of R, for a given frequency raii3e, as
shown In Figure 4. Temperature stabllity Is optimum for
4 X0 < R < 200 kN. Recommended va'ues of C are
from 1000 pF to 100 uF.

Fraquency Sweep and Modulation:

Frequency of oscillation is proportional to the total tim-
Ing current, I, drawn from Pin 7 or 8:

320 I7 (MA)

) Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and ara internally blased at + 3V, with respect to Pin 12.
Frequency varles linearly with I, over a wide range of
current values, from 1 uA to 3 mA. The frequency can
be controiled by applying a control voitage, Vg, to the
activated timing pin as shown in Figure 9. The frequen-
cy of osciliation Is related to V¢ as:

f = —1-1+i(1-!§)Hz
ARG~ Rg 3
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where V¢ is in voits. The voltage-to-frequency conver-
slon gain, K, is given as:

0.32
K = dMVC = - ==< HyV

RcC

CAUTION: For salety operation of the circuit, It
should be limited to 3 mA.

Output Ampiitude:

Maximum output amplitude is inversely proportional to
the external rasistor, R3, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximatsly 60
mV peak per k01 of R3; for triangle, the peak amplitude
Is approximately 160 mV peak per k) of R3. Thus, lor
example, R3 = 50 k0 would produce approximately
+ 3V sinusoidal output amplitude.

Y+

Amplitude Modulation: .
Qutput amplitude can be modulated by applying a dc -

as and a modulating signal to Pin 1. The internal ir!"pej
ance al Pin 1 Is approximately 100 k0. Output amg
tude varles linearly with the applied voltage at Pin 1, '+
values of dc blas at this pin, within +4 volts of V*+/2 3
shown in Figure 5. As this bias level approaches V +
the phase of the output signal is reversed, and the a~
plitude goes through zaro. This property is suitabls ¢-
phase-shift keying and sugpressed-carrier AM gens-;
tion. Total dynamic range of amplitude modulation is a:‘
proximately 55 dB.

with a wall-regulated supply, since the output amplituc

CAUTION. AM control must be used in con]unctéc]
now becomes a function of V+.

4
INTHLL- Vg
REQ.

vy

~VYa

Ya ¥‘ '_: ! %

o
5
Vi
To—4 80— ?"

g ;ﬂtj e
VAo ; i g ?'

EQUIVALENT SCHEMATIC DIAGRAM
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Application Note 11

N\~ TELEDYNE
TSC7106/7107
Digital Meter Applications

SEMICONDUCTOR
Including Kit Assembly Instructions

w

Instructions for the LCD and LED Kits

Two kits are offered; the TSC7106 EV/Kit and the TSC7107
EV/Kit. Each kit contains the appropriate IC, a circuit board,
a display (LCD/TSC7106, LED/TSC7107), passive compo-
nents and miscellaneous hardware.

e
» |
WEASF MW S D v
- ‘:{ 0.47uF
P8 100pF ka d "3
100K :: T"‘ o ‘ﬁ' oK :: DISPLAY
il N EEE Ay
. 30 T 7
D : )~ TSC7108
: 10 ‘20
_J\IIIIIITTIIIIIITIIIL
ousr.uv

Figure 1: TSC7106 with Liquid Crystal Display

The TSC7106 and TSC7107 contain all the acive circuitry for
a 3-1/2 digit panel meter on a single chip. The TSC7106 is
designed to interface with a liquid crystal display (LCD),
while the TSC7107 is intended for the light-emitting diode
(LED) display. Both circuits contain BCD to seven segment
decoders, display drivers, a clock and a reference. To build a
high-performance panel meter, (with auto-zero and auto
polarity features) it is only necessary to add a display, four
resistors, four capacitors, and an input filter if required.

Assembly

The circult board layouts and assembly drawings are shown
In Figure 17 (TSC7106) and Figure 18 (TSC7107). Pin strips
are used to provide a low-cost socket. One IC board can thus

‘be used to evaluate several IC's. Solder terminals are pro-

vided for the first five test points and for the+ 5V input on the
TSC7107 kit. A provision has been made for separating REF
LO from COMMON when using an external reference zener.
Provision has also been made for connecting an external
clock. A value of 150 ohms Is used for decimal point
(TSC7107 EV/Kit).

Liquid Crystal Display (TSC7106)

The TSC7106 generates the symmetrical square wave to the
back plane (B.P.) internally. The user should generate the
decimal point from the plane drive by inverting the B.P. (pin
21) output.

In some displays, a satisfactory decimal point can be
achieved by tying the decimal plane to COMMON (pin 32).
This pin is internally regulated at about 2.8 volts below V™,
Prolonged use of this technique, however, may permanently
burn-in the decimal, because COMMON Is not exactly mid-
way between B.P. high and B.P. low. In applications where
the decimal point remains fixed, a simple MOS inverter can
be used (Figure 3). For instruments where the decimal point

TOLwCcO
DECIMAL POINT

ToLCO
5V ’1"‘ - sv BACK PLANE
5
gmp- " - Figure 3: Simple Inverter for Fixed Decimal Point
’.{m 0AT,F =
— 10'0 m‘ T3 ‘
s 22| pisPLAY
ooka$ = fr L\ ax$ [uF 2
E L TT1 th N3 — g
m 30 ™ ) 7 ——%—JD_E_
p Bt -<”~ orciaL —:;j E oechuAL
5 10 20 TSC7108 " ] . POINTS
RGN RE SRR SR NS """—.D;
DISPLAY : .
k24 N 5 ) TEST :._‘_”.--.;
e e e 7] T\m‘o
Figure 2: TSC7107 with LED Display Figure 4: Exclusive ‘OR’ Gate for Decimal Point Drive
16 - 37 “\"™ TELEDYNE SEMICONDUCTOR
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TSC7106/7107
Digital Meter Applicationg
Including Kit Assembly Instructions

must be shifted, a quad exclusive OR gate is recommended
(Figure 4). Nota that in both instances, TEST (pin 37, TP1) is
used as V™ for the inverters. This pin is capable of sinking
about 1 mA and is approximately 5 volts below V*. The B.P.
output (pin 21) oscillates between V* and TEST.

Light Emitting Diode Display (TSC7107)

The TSC7107 will sink 8 mA per segment. This drive pro-
duces a bright display suitable for most applications. A fixed
decimal point can be turned on by tying the appropriate
cathode to ground through a 150 ohm resistor. The circuit
boards supplied with the kits will accommodate either HP 0.3
displays or the MAN 3700 types. Note that the HP has the
decimal point cathode on pin 6, whereas the MAN 3700 has
the decimal point cathode on pin 9. Not all the decimal points
are brought out to jumper pads. It may be necessary to wire
directly from the 150 ohm resistor to the display. For multiple
ran%e instruments, a 7400 series CMOS quad gate should be
used.

Full-Scale Readings

200 mV Full-Scale — The kits have been optimized for 200
mV Full-Scale. The component values supplied are those
specified in Figures 1 and 2.

* 2,000 V Full-Scale — The component values in Table 1
change the integrator time constant and reference and the
aulo-zero capacitor time constant. These extra components
are not supplied in the kits. In addition, the decimal point
jumper should be changed so that the display reads 1.999.

Table 1: Component Values for Full Scale Options

Component 200.0 mv 2.000 v
(Type) Full Scale Full Scale

Ca (mylar) 0.47 uF 047 uF

Ay 24KN 1.5Kn*

[2F] 47KN 470KN

‘*Changing Ry to 1.5KN will raduce the battery life
of the 7106 kit. As an alternative, the potentiomaeter
can be changed to 25K,

Clock

Setting the clock oscillator at precisely 48 kHz will result in
the optimum line frequency (60 Hz) noise rejection (Figure
5). Since the integration period is an integral number of the
line frequency period, the RC oscillator supplied in the kit
runs at approximately 48 kHz giving a measurement fre-
quency of three readings per second. Countries with 50 Hz
line frequencies should set the clock to 40 kHz by Increasing
the value of the 100 k ohm resistor across pins 39 and 40 to
120 k ohms.

An external clock can also be used. In the TSC7106, the
internal logic Is referenced to TEST. External clock wave-
forms should therefore swing between TEST and V* (Figure

6A). In the TSC7107, the internal logic is referenced to GND
80 any generator whose output swings from ground to +5v
will work well, (Figure 6b).

TSC7106/7107

" |

100K 2

Lo
v

SYSTEM

cLOCK

f

B s i b

Figure 5: TSC7106/7107 Internal Osclllator/Clock

I—Ml|l|l——l &V

20 -
TSC7108 TSC7107
n
P -
s) 7108 b) 7107

Figure 6: External Clock Options

Capaciltors

The dual slope technique cancels the effects of long term
stability and temperature coefficient. The integration capaci-
tor should have low dielectric loss. Inexpensive polyprope-
lene capacitors have the low dlielectric loss characteristics
and are recommended. Mylar capacitors may be used for C1
(reference) and C2 (auto-zero).

Reference

The voltage between V* and COMMON is internally regu-
lated at about 2.8 volts. This reference is adequate for many
applications. For improved performance use TSC7106A/-
7107A devices.

For 200 mV Full-Scale, the voltage applied between REF HI
and REF LO should be set at about 100 mV. For 2.000 V//
Full-Scale, set the reference voltage at 1.0.V. The reference
inputs are floating, and the only restriction on the applied
voltage is that it should lie in the range V™ to V*. For calibra-
tion, place 190.0 mV on input and adjust REF pot (R,) for
1900 readout.

For greater temperature stability, an external reference can
be added as shown in Figures 7a and 7b.

4™ TELEDYNE SEMICONDUCTOR
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i v*
[—‘_— ——
I
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Y aer v* [
68 VOLT
ZENER -\~ 2007
REF LOJ—» TSC7106/6107 \
- / l., T5C9491
REF HI b=
TSC7106/7107 | 20k 12v
15602 ALFLO REFERENCE
COMMON
») (L
V=

Figure 7: Using an External Reference

Power Supplies

The TSC7106 kit is intended to be operated from a 9 V
battery. INPUT LO is shorted to COMMON, causing V* to sit
at 2.8 volts positive with respect to INPUT LO, and V™ at 6.2
volts negative with respect to INPUT LO.

The TSC7107 kit should be operated from £5 volts. Noisy
supplies should be bypassed with 6.8 uF tantalum capacitors
to ground at the point where the supplies enter the board.

If a -5 volt supply is unavailable, a suitable negative rail can
be generated locally using the circuit shown in Figure 8.

v

[

Yosc1

osc 2

0scC )

s

TsC7107

GNOD

-

L
Figure 8: Generating Negative Supply from +5 V

Input Fliters

With the leakage current in the order of 1 pA at 25°C, high
impedance passive filters may be used. The RC filter used in
the evaluation kits (1 megohm — 0.01 uF) introduces a neg-
ligible 1 uV error.

Sources of Supply

The following list of suppliers is intended to help with the
development of production meters. It should not be inter-
preted as a comprehensive list of suppliers, nor does itcon-
stitute an endorsement by Teledyne Semiconductor:

Suppliers of LCD’s

1. Hamlin Inc., Wl (414) 648-2361

2. Crystalloid Electronics, OH (216) 688-1180

3. Printed Circuits Integrated, CA (408) 733-4603
4. |EE Inc., CA (213) 787-0311

Suppliers of LED’s

1. AND, CA (415) 347-9916

2. Litronix Inc., CA (408) 257-7910

3. Hewlett-Packard, CA (415) 493-1212

4. General Instruments, CA (415) 493-0400

Suppliers of Polypropelene Capacitors

1. Plessey Capacitors, CA (213) 889-4120

2. IMB Electronic Products, CA (213) 921-3407
3. Elcap Electronics, CA (714) 979-4400

4. TRW Capacitors, NB (308) 284-3611

Preliminary Tests

1. Solder flux or other impurities on PC boards may cause
leakage paths between IC pins and board traces, reduc-
ing performance. Rubbing alcohol or another appropriate
cleaning agent should be used to remove impurities.

2. In order to insure that unused segments on the LCD
displays do not turn on, tie them to the Back Plane pin (pin
22).

3. Auto-Zero — With the inputs shorted the display should
read zero. The negative sign will be on about one half of
the time, showing the input to be exactly zero volts.

4. Polarity — A negative sign indicates a negative reading.
No sign indicates a positive reading.

5. Overrange — Forinputs greater than Full-Scale, only 1 or
-1 will be displayed. The three least significant digits will
be suppressed.

6. Calibration — The Instrument should be calibrated at
1900 counts by using a high-quality 4 1/2 digit DVM.

Applications
Input Attenuator

There are times it is desirable to have full scale readings
other than 199.9 mV or 1.999 V. To measure voltages greater
than 2V, an input attenuator is needed as shown in Figure 9.

The Full-Scale sensitivity is given by:

V,x (Full-Scale) = 1.999 Vg, X =W o
(Ry +Ry)
It is important that R, and R, remain fixed for the calibration
period of the instrument. Metal film resistors with good long-
term drift characteristics, and low temperature coefficients
are recommended.

The input attenuator reduces the input resistance of the
circuit from >10'2 ohms to (R, + R;). This places an upper
limit of about 10 megohms on the input resistance that can
readily be achieved when using an attenuator before the A/D
input current causes offset errors.

To measure Full-Scale voitage less than 199.9 mV, an opera-
tional amplifier is used prior to the TSC7106/7 inputs. Note
that the auto-zero circuitry within the IC can not take care of
the op amp offset or voltage drift. For this reason the use of a
low power low offset Op Amp such as the TSC900 is recom-
mended.
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Figure 10 shows a circuit with £20 mV Full-Scale and an
input resistance greater than 10 megohms.

For scale factors between 100 mV and 1 mV per least signifi-
cant digit (LSD), simply determine the reference voltage
required for the following equation:

Vaee = (Voltage Change represented by one LSD) x 103

For scale factors greater than 1 mV/LSD, the most straight
forward approach is to use an input attenuator in conjunc-
tion with a 1 volt reference.

<Pprva-0

TSC7108/7107

EVALUATION KIT
(Vagr = 100mV)

A
v

In LOW

Figure 10:

AC Voltage Measurements

Itis necessary to build an AC to DC converter to measure AC
voltages with the TSC7106/7. Figure 11 shows a circuit used
extensively in commercial 3 1/2 digit DVM's. The circuit
responds to the average value of the sinusoidal waveform
and assumes low distortion. It has 10 megohms input impe-
dance, 20Hz to 5 kHz bandwidth, and is AC coupled to the kit
introducing to DC errors.

Multi-Range DVM's

Two schemes commonly used are shown in Figures 12a and
12b. The circuit of Figure 12a has the advantage that any
switch contact resistance appears in series with the
TSC7106/7 input resistance. Since the input resistance is
>10'2 ohms, errors due to the switch are negligible. Preci-
sion voltage attenuators (R, through R;) are available froma
number of manufacturers. Allen Bradley, for example, makes
a thin film network which contains 1k, 9k, 90k, 900k and 9 M

resistors in one package (FN207) — ideal for a five ranqe
voltmeter. However, itis less expensive to use meaium prec-
slon resistors in series with potentiometars for the attenua-
tor. Then the schematic of Figure 12b has some of the advan-
tages because the resistors In the attenuator are non-
Interactive. It is also more amenable to solid state range
switching. An analog switch or FETs may be used in place o!
the mechanical switch. Then, by adding a couple of zener
diodes (or ordinary silicon diodes inthe caseofa200mVF S,
panel meter) the solid state switch is totally protected
against overvoltages. By contrast, the configuration of Fig-
ure 12a exposes the switch to the full-input voltage, which
may be several hundred volts. However, in Figure 12b the
switch resistance forms part of the attenuator and could
contribute an error.

Resistance Measurements

The ratiometric technique is used. The unknown resistance
is put in series with a known standard and a current passed
through the pair. The voltage developed across the unknown
is applied to the input (between IN HI and IN LO), and the
voltage across the known resistor applied to the reference
input (REF Hl and REF LO). If the unknown equals the stand-
ard, the display will read 1000. The displayed reading can be
determined from the following expression:

Displayed Reading = .BUnknown , 1000
R Standard

Figure 13 shows a typical measurement circuit. Note that due
to its ratiometric nature, the technique does not require an
accurately defined reference voltage. The display will over-
range for R Unknown >2 x R Standard.

Current Measurements

The use of a shunt resistor converts the current to a voltage.
Therelationship between the current and the displayed read-
ing for the circuit of Figure 14 is found by:

Displayed Reading = lw Ry x 1000
Vl!!

When measuring current the 199.9 mV scale Is used. This
limits the voltage drop to 100 uV per count. A multi-range
current meter circuit is shown in Figure 15. Note that
although the input current passes through the selector
switch, IR drops across the switch do not contribute to the
measured voltage.

Temperature Measurements

A diode connected transistor may be used as the tempera-
ture sensing element. Vg has a temperature coefficient of
-2.1 mV/°C. A scale factor of 0.1°C/count may be obtained
by setting the reference at 210 mV.

At 0°C and 100uA bias current, the diode connected trans-
istor will have a forward voltage drop of approximately 550
mV. A fixed 500 mV source is set up to offset the diode drop
In the circuit of Figure 16, adjust R5 to give 000.0 output
reading with Q1 at0°C. Then adjust for R4 for a 100.0 reading
with Q1 at 100°C.
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GND* » IN THE ABSENCE OF SPLIT SUPPLY OPERATION,
“TEST" (PIN 37) CAN BE USED AS GROUND.
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Figure 11: AC to DC Converter
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*CAUTION
HIGH VOLTAGES CAN BE LETHAL. PROPER OPERATING PRECAUTIONS MUST BE
OBSERVED BY THE USER. TELEDYNE ASSUMES NO LIABILITY FOR UNSAFE
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Figure 12a: Multirange Voltmeter

Figure 13: Resistance Measurement*

(*Requires some modification to the kit)
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Figure 12b: Multirange Volhﬁeter, Alternative Scheme Figure 14: Current Measurement
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Figure 16: Digital Thermometer®
(*Requires some modification to the kit)
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Figure 17: TSC7106 — Circult Board Layout and Component Placement
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