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ABSTRACT

MEMS technology offers major advantages for the development of microphones including a small footprint, low power
consumption, high sound sensitivity and bandwidth. Capacitive, piezoelectric, and inductive microphones have been reported so
far, each having their own advantages and disadvantages. Among these signal generating mechanisms, inductive transduction
poses advantages for monolithic integration into CMOS circuits due to material compatibility, simple coil fabrication through
a single metal deposition and patterning process, and the exclusion of a back plate such as that in capacitive microphones.
Previous studies on MEMS inductive microphones mainly focused on optimization of individual drive and sense coil designs,
and horizontal magnetic flux densities (Tounsi et al., 2009; Tounsi et al., 2016). In addition to these aspects, high signal
sensitivity requires the maximization of the spatial derivative of the vertical magnetic flux created by the drive coil acting on the
sensing coil. To achieve this, we report for the first time a detailed study on the optimization of the vertical arrangement of these
coils. The coils were modeled on COMSOL software under AC/DC module. A flux density of 1 T was associated with the drive
coil, while the total flux on the sense coil was evaluated as the vertical displacement between the two coils were varied from 0 —
200 um in 10 um steps. This study was repeated for a number of sense coil radii ranging from 0.25 mm to 2 mm to explore the
results in different microphone designs. Through numerical differentiation, we have demonstrated that the maximum spatial
derivative is achieved in a non-planar drive-sense coil arrangement, with an average coaxial coil distance of 110 um depending
on the coil radius. In addition to this optimization study, a microfabrication process flow is developed to manufacture the non-
planar coils while leaving the required distance between them.
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ENDUKTIF MEMS MIKROFONLARI iCiN DUZLEMSEL OLMAYAN SURUS-
ALGILAMA BOBIN YAPISI

OZET

MEMS teknolojisi, mikrofonlarin gelistirilmesi noktasinda igin kiiciik boyut, diisiik gii¢ tiiketimi, yiiksek hassasiyet ve frekans
araligi gibi bir¢ok avantaj sunmaktadr. Simdiye kadar bu teknoloji kullanilarak kendine has avantaj ve dezavamtajlart ile
kapasitif, piezoelektrik ve endiiktif mimarili mikrofonlar tiretilmistiv. Bunlar arasinda endiiktif mimari, malzeme uyumlulugu, tek
metal tabakasi ile bobin serimi, ve arka plakaya ihtiya¢ duyulmamasi gibi kolayliklara sahip olup, CMOS entegrasyonu
noktasinda tistiinliik arz etmektedir. Endiiktif MEMS mikrofonlart iizerine yapilan ge¢mis ¢alismalar, daha ¢ok siiriis ve algilama
bobin tasarimlari ile birlikte yatay manyetik aki yogunlugunun optimizasyonuna yonelik olmustur (Tounsi ve ark., 2009; Tounsi
ve ark., 2016). Bu unusurlara ilaveten mikrofonlarda yiiksek hassasiyeti elde etmek, aymi zamanda dikey manyetik aki
yogunlugunun uzaysal tiirevinin en iyilestirilmesine baghdur. Bu amacla ilk kez yiiriitiilen bu aragstirmamizda, siiriis ve algilama
bobinlerinin optimum dikey konumlandirilmas: ¢alismamiz ve sonuglart rapor edilmektedir. Bobinler COMSOL programinin
AC/DC modiiliinde modellenmistir. Siiriis bobinine 1 T biiyiikliigiinde bir manyetik aki yogunlugu tayin edilmis ve algilama
bobini iizerine etkiyen manyetik aki yogunlugu, iki bobin arasmmdaki dikey mesafe 0-200 um arasinda 10 um’lik basamaklarla
degistirilerek simiile edilmistir. Bu ¢alisma algilama bobininin yart ¢capmmin 0.25 mm ile 2 mm arasinda degistigi durumlarda
tekrarlanarak farkly mikrofon tasarimlarinda ortaya ¢ikan durumlar arastirilmigtir. Niimerik tiirev alma islemi sonrasinda
maksimum uzaysal tiirevin, diizlemsel olmayan ve bobin yaricapina bagh olarak siiriis ve algilama bobini arasinda ortalama
110 um mesafenin bulundugu durumda elde edildigi gosterilmistir. Bu optimizasyon ¢alismasina ilaveten, sézkonusu mesafeyi
iceren diizlemsel olmayan bobin yapisimin iiretimine yonelik bir mikrofabrikasyon iiretim akisi tasarlanmigtir.
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