
Measurements of Silicon Microphone Arrays in Hearing Aids  

Christian Weistenhöfer, Torsten Niederdränk  

Siemens Audiologische Technik GmbH, 91058 Erlangen; email: christian.weistenhoefer@siemens.com 

Introduction 

Miniature electret microphones are the state-of-the-art hearing aid 

transducers. In modern hearing aids several omnidirectional micro-

phones are combined to directional microphones in order to get a 

higher speech intellegibility in noisy environments. For this pur-

pose it is essential to have a high directivity which can only be 

achieved if the microphones are matched accurately.  Silicon mi-

crophones a priori have low interindividual tolerances since they 

are manufactured using silicon-micromachining processes. In prin-

ciple they are very well suited for directional microphones. If the 

microphones are placed in one housing, the hearing aid manufactur-

ing process can be simplified (e.g. easier electrical connection). 

Specification of the microphone array 

Packaging 

In a first attempt we have realized a first order directional micro-

phone consisting of two silicon microphones within one module. 

The package of this module has to accommodate at least four chips 

(two silicon microphone chips and two impedance converter chips. 

The dimensions of the package have been adapted from the dimen-

sions of two single standard hearing aid microphones taking into 

account the space provided by the hearing aid (Siemens Triano SP). 

Fig. 1 shows a drawing of the proposed module.  

 

Fig.1: 1
st
 order microphone module. The dimensions are 3.6 mm * 8.5 

mm * 1,7 mm. The length of the spouts is 1.0 mm. The outer and inner 

diameter of the spouts is 1.0 mm and 0.8 mm respectively.  

 

Electro-acoustic design 

Modern hearing aids provide a very well stabilized 0.9V DC supply 

voltage. This is not yet sufficient for our silicon microphones. 

Therefore for the experiments an external voltage supply is neces-

sary. In future designs a charge pump has to be integrated on the 

impedance converter chip.  

The equivalent input-related noise level of an hearing aid micro-

phone  determinates the hearing level of the aided patient. There-

fore the noise level has to be kept as low as possible. The accept-

able value is at least 25 dB(A). 

The sensitivity of a typical hearing aid microphone is 25 mV/Pa @ 

1 kHz. In order not to overload the input stages of the hearing aid, 

the bandwidth should be limited to 200 Hz - 12 kHz. The resonance 

peak must not be higher than 6 dB. 

Results and discussion 

Experimental setup 

Within the scope of the joint research project InFON microphone 

modules as proposed in Fig.1 have been manufactured. During the 

implementation process the dimensions of the modules had to be 

slighty adapted. The actual dimensions are 4.0 mm * 9.5 mm * 2.3 

mm. In order to achieve an inner spout diameter of 0.8 mm, the 

outer spout diameter had to be increased up to 1.4 mm. Due to 

these geometrical changes the hearing aid shells had also to be 

slightly modified (Fig. 2). 

 

 

Fig. 2:  Hearing aid (Siemens Triano SP) with built-in silicon micro-

phone array module (arrow).  

 

Sound sensitivity 

Fig. 3 shows the good performance of the InFON microphones. 

Unfortunately, the impedance converter cannot be driven at 0.9 V. 

The shape of the frequency response curve is quite flat except for 

the low-pass behavior beyond 3 kHz. This is given by the acoustic 

design of the microphone housing. The microphone membrane is 

placed between a front and a back volume. In combination with the 

acoustical mass of the sound inlet the front volume forms an acous-

tical low-pass filter. Although the spout has a sufficient inner di-

ameter, the acoustical canal between the spout and the front volume 

is still too narrow.  

 

Fig. 3: Comparison of the sensitivity of a standard microphone (Type 

EM, Knowles Electronics) and the InFON silicon microphone. The 

supply voltage was 3.0 V for the InFON-Mic and 0.9 V for the 

Knowles EM. 

Knowles EM (0.9 V) 
Infon-Mic  (3.0 V) 
 



The acoustic fluid in a narrow canal has a high acoustical mass that 

decreases the cut-off frequency of the acoustical low-pass filter. 

This can be seen in the experimental result of the frequency re-

sponse. The acoustic damping is relatively strong in a narrow 

acoustic canal.  No resonance peak appears in the frequency re-

sponse in Fig. 3. To achieve a flat frequency response of the micro-

phones within the audio range, the acoustical inlet has to be 

changed in the future. 
 

Equivalent input-related  noise 

The equivalent input-related noise level shown in Fig. 4 results 

from the electrical noise output level divided by the sound sensitiv-

ity. Besides the sound sensitivity the equivalent input-related noise 

is an important parameter, since a high noise level of a microphone 

is not acceptable for an application in a hearing aid. In Fig.4 the 

silicon microphone shows a lower noise level in comparison to the 

standard microphone. At very low frequencies external influences 

are responsible for the noise level increase. 

 

Fig. 4: Equivalent input-related noise level. Comparison between the 

InFON-Mic and a standard microphone (Type EM, Knowles Elec-

tronics). Noise levels (A-weighted): InFON: 24.15 dB, EM: 24.64 dB 

  

Directivity measurements 

The hearing aid shown in Fig. 2 has been investigated on the KE-

MAR dummy head (Knowles Electronics Manikin for Acoustical 

Research). All measurements were performed according to ANSI 

standard S 3.35. Fig. 5 shows the directivity index of the hearing 

aid with standard microphones and silicon microphones in com-

parison.  
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Fig 5: Directivity index measured on a Siemens TRIANO SP hearing 

aid on KEMAR: Comparison of the original  microphones and the 

silicon microphones.  

 

The AI-DI (articulation index – directivity index) is a single 

value for the description of the directivity of hearing aids 

(see ANSI standard 3.35). The AI-DI of the hearing aid with 

the original microphones was 3.39 dB in opposite to the  AI-

DI of the hearing aid with the silicon microphones of 3.52 

dB. The silicon microphones show a higher directivity index 

at higher frequencies as well as a better AI-DI than the origi-

nal arrangement. The reason for this is the better wide-band 

matching of the silicon microphones, although the conven-

tional microphones already consist of a matched pair. The 

deeper notches in the measured directivity plots (Fig. 6) are 

an additional demonstration for the better silicon micro-

phone matching. 

40

50

60

70

80

90

100

110

0
5 10

15
20

25
30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

135

140

145

150
155

160
165

170175
180

185190
195

200
205

210

215

220

225

230

235

240

245

250

255

260

265

270

275

280

285

290

295

300

305

310

315

320

325

330
335

340
345

350 355

Standard

InFON

Normplot
250 Hz

 

40

50

60

70

80

90

100

110

0
5 10 15

20
25

30
35

40
45

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

135
140

145
150

155
160

165170175
180

185190195
200

205
210

215
220

225

230

235

240

245

250

255

260

265

270

275

280

285

290

295

300

305

310

315
320

325
330

335
340

345350355

Standard

InFON

Normplot
3 kHz

 

Fig. 6: Directivity plots at 250 and 3000 Hz: The notches of the silicon 

microphones are deeper than the notches of the original microphones. 

Since the hearing aid was positioned on the right ear of the KEMAR, 

the lobes are slightly distorted to the right  hand side. 

 

Summary 

In principle silicon microphones are suitable for hearing aids. Con-

cerning sensitivity and noise they show a good performance. The 

low power effieciency as well as the acoustic packaging  need to be 

improved in the future. Due to the better matching the presented 

silicon microphone array shows a better directivity than the con-

ventional microphones.  
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