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Figure 1. Hearing Aids
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Figure 2. Three Primary Challenges

1I�
/�S��	��'�
/-y3��� 
EF�GH�$�H��IJ	%
KL��� 
n;w���5�)��!�����9��	��
�	�����
�-)�->����K5d��
� n��9>�zK�²g}�>TU-�:�	
}����FL���� 



TND6092/D

http://onsemi.com
3

2 − DSP (>?@AB9CDAB�EF9/C)G�H;IJK

��W���X��/#$%�_��<DSP
(h�¤+X�m�+X��]��m)���0\�
��«4�	���S��	GH��O�b-�E
;�4{|KL��� \��53�����
���}4�³������m�"´+>����
��µ~���<�8��-�FI��4{}�>
�����K�
��� ���0\��K�³�
���->	���O�bKo4�j	¶$#��
���5�K·jF>��� e���9-�4{
�6�����-[g<�#[�W³$��¸K�

��� 
!N(	f�,�+g�h(
X���0\��
���¹�����Nº»;	N����/�-�
�W§*¨�W�6���W��W:�6�m�+
X��]/��m��c�«4��� �FI��
��O�¤�6�}���K��!#����
�
	¼���qQ>�����/��½������
�j��� �43����0\���=��-�
%
>V¾+¿�K�>F<�UOP->��
�K��5�K��->��� 
N9=��~�>�c��i;�`(,Pj,N
-�Yk���,N(R�� n����0\��
�34�	GH���m�+X��]/��mX�
+c�5_���}��6���}�->��� 
B >¶$#����cK�`w;<�	QJ��

>����n����0\�����¥��À�]
�4�h�¤>��EF����������Z+
��	��t��m�+X��]/��m����
��	6`-��M;�� n��5�-Á9#[
�W³$�74*5�·3:�!��C�P2��8
@�A�!��C-��	B >
DK�M;<�
	n��w�}4�³������m�"´+>�
/���	�-9�<���� 

MIPS (Million Instructions Per Second�100���/�)��
��	
��
�����	������	������

������ ��!"��#$%
&'�()����

���	���")���
*�+,-.�/��/01

��)�23
��4����	��#$%5
"678

'�(9�:;<-/=>��100�?�����@�:;
<-/=>��A����B&��C%4����")�

���D��	9&'�(

��EF����'G'
:;<-/=>	H���IJ&

�$��KL=M;/N-,O	PQ8IR
R��CS�

TU�VW9�X�"�Y�����'Z[(\]8���

����� 	^_%A`����O" a;O8IR�b

c��A`d;eCSf���IR����� ��g�


��"X���\h%MIPS	i�j��	9&'�(

LM�NOPMIPS
QR�STUV

Figure 3. Digital Signal Processing Architecture

µ~���-�Ol,N-�Yk�X���0\
��K�
��� n;��L	A(���m�"
Â�0­��Ã-�	n���\��53���/
#$%�_��]�Ä���9��	N��� 
�
>�m�+X��]/��m�����/\X
´�/\�-��W§*¨�W�-�70��
�K���m�"´+>h�¤+X�m�+X��
]/4(DSP)N���0\���-34��� 
n�OP�����/�����	%
>����
2�©Å¦p���¶$#����-�70�j�
� 6�����W���X´�/\��·j>�
�K%
�M;	GH&���m�"´+>��]
/4��Z[�j>��¬����+c�5_��
�K
�M;	GH������/�K%
->�
�� L	A(��5�K,oM;	Æ
�]��
�m�"´+X�������Ç���<�CÃ�
K��->��� 

����������,�m(FaPno�`(
,Pj,N-�Yk�>���0\���� 
n;��
�-Èi�>����������m�
+X��]/��m���5����<��d�¡
99:�	�,�-�}4���0\��-gw;
	¶$#�����5�N�É�	�.�� �C
Ã��\��53������������FL�
���K�n�Ê§*#XË����:��"G�
	�9-��CÃ���]�·�Ì��Ã��>�
/������]!X��W�4{-�7<Z¦�
j�� 



TND6092/D

http://onsemi.com
4

Table 1. COMPARISON OF DIGITAL SIGNAL PROCESSING ARCHITECTURES

Closed (Fixed-function) Semi-programmable
Application-specific
Open-programmable

General Purpose
Open-programmable

Description Signal processing
hardwired or fixed in logic
blocks

Major signal processing is
hardwired or fixed in logic
blocks
Some signal processing
defined by
a programmable DSP

Degree of openness is
optimized specifically for
hearing aids
All signal processing
defined by programs
running on a
programmable DSP

Fully programmable and
intended for a broad
range of applications

Degree of Flexibility
to Change Signal
Processing

Least flexible
Some parameters can be
adjusted, but not basic
functionality

Semi-flexible
Can solve some signal
processing issues or
changes on
programmable DSP

Extremely flexible within
realm of specific
application
New algorithms or
modifications
implemented in software

Most flexible
New algorithms or
modifications
implemented in software

Power Efficiency Most power efficient since
exact processing
requirements are known

Moderate power efficiency Not as optimized as
semi-programmable or
closed architectures
Most of the power
efficiency disadvantage
can be eliminated through
design and choice of
process node

Relatively power hungry
given need to
accommodate a wide
range of signal
processing possibilities
across many applications

Summary Chip re-spin required for
modifications

Some flexibility, but chip
re-spin required if
hardwired signal
processing blocks need
modification or changes
cannot be addressed with
programmable DSP

Maximizes flexibility as
completely new concepts
can be implemented
without a chip re-spin
Compromise in power
efficiency can be
mitigated

Not suitable for hearing
aid applications: exceeds
power budget
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Figure 4. Main Functional Blocks Diagram
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Table 2. FACTORS TO THINK ABOUT WHEN MAKING A DESIGN PARTITIONING DECISION

System Requirements Integration Advantages Integration Risks Business Considerations

Good sound quality and
computational performance
Minimize power
consumption
Minimize physical size

Less power consumption
Greater efficiency
Increased signal integrity
Smaller footprint
Simplified manufacturing (fewer components)

Increased design complexity
Higher chip manufacturing
complexity may impact yield
Loss of flexibility in changing
functional blocks

Increased design costs
versus manufacturing
cost savings
Time to market
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Figure 5. Development Costs Increase
Significantly for Smaller Process Nodes
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Table 3. FACTORS TO THINK ABOUT WHEN MOVING
TO A SMALLER SEMICONDUCTOR PROCESS NODE

Pros Cons

Higher
Performance

Design complexity (more design rules,
layout-dependant implications, greater
schedule unpredictability)

Lower Power
Consumption

Costs (design time, verification & layout,
mask sets, design tools)

Miniaturization
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Table 4. ADVANTAGES OF USING A STANDARD CORE

Programmable flexibility for customization

Reduced development time

Reduced technical risk: design is verified

Available ecosystem of third-party tools and technical support

Existing technical documentation

Design reuse: portability to subsequent platforms

6 − �~�.:�����9�/

0[�*+�6�FM�!0_��9>���mX
§*¨[!mn���á-Q67<�	��«4M
;<j��6 9P���NFMI (Near Field Magnetic
Induction�PQ>âkRu)�RF(ã¾sä;)��m
nKulM;<��� Table 5-�n;w2I�mn
��
>o]��]�
º��� 

NFMI��1m (3$­�#)ås�Q>-��M;�
� �6K7<�n�mn�«4�	�	���8
;����Q>-Q67<§*¨[!/©�7q�
	GH��f��fæh)*!�«4�	%
KL
��� /��fæh)*!����d�¡

Bluetooth®ð°�������/©��\�HV�
	-��Bluetoothmn�«4��� n;��O�
bK9k-34�6�������6 
8�:�7ñ9m (23ñ30$­�#)��t-Z[�
	RFmnKulM;��6 n�OP�Y�Z�S
�6�PM�6Gç-¨4�	fæh)*!K%

>F>���6 �t�¦·���6K���K,
gsä;�0©-Z[�<�	GH°S��©Å�
9Ñ>sä;-�°�	6`-���-���¤�
MB�	%
KL��� 

Table 5. COMPARISON OF WIRELESS TECHNOLOGIES

NFMI RF

Advantages Lower power consumption
Signal easily propagates through and around the
human head and body enabling ear-to-ear 
communication

Long range of approximately 7−9 meters (23−30 feet)
Relay device not required for far-field wireless communication
Low transmission delay from far-field sound sources

Disadvantages Limited transmission range of approximately
60−90 cm (2−3 feet)
Requires a relay device for far−field wireless
communication
Transmission delay when receiving sound from
far-field sources via a relay device

Higher power consumption
2.4 GHz signal does not propagate well around the human head
and body
Sub 1 GHz require larger antennas
Only a few frequency bands are available for world-wide
license-free use
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Table 6. WIRELESS USE-CASES

Between Hearing Aids Between Hearing Aids and Other Devices

Transfer of data from one hearing aid device to another to
coordinate parameters such as program mode and volume
Transfer of data back and forth between hearing aids to collaborate
on signal processing
Streaming of audio captured by one device to another in cases
where the user has unilateral hearing loss (CROS/BiCROS)
Streaming of telecoil signal from one device to another when using
a telephone

Remote control device to operate hearing aid 
(e.g. change programs and adjust volume)
Streaming of audio from a remote microphone
Streaming of audio from electronic devices such as smartphones,
televisions, stereos, personal music players and computers
Streaming of audio bilaterally between a phone or similar device
Wireless data transmission during fitting session 
(configuration and program data sent to hearing aid)
Streaming of audio during a fitting session 
(to enable user to assess different sound scenarios)
Distributed processing: transfer of audio to an external device for
additional processing; processed data sent back

}Made for iPhone�(iPhone����)
]�NO���
��]��-�§*¨[!MB-Z[�	6
`-��	�O�b�fæh)*!��(�#X"
*\�'�f�h)*!��9>§*¨[!X�\
]4���<�<��� 2012á-��	�O�b
��iPhone-¬���;<�	2.4GHz�ã¾mn�
�4�	�Made for iPhone�(iPhoneZ[��)�5í
��ó���6 O�bK�5�6�������
�X¶$#����iPhone�«4�<�ð°��L
	�	��Y�ZKÎ´d�¡6��	n�K�j
�� 8;w��	��!#����mX³�h­
³�ª©�	n���6!"�#$%���(�#
X"*\��<«4�	GH��!"�#$%��
"*\�î.�"*\��<�4�	n�N�j
�� 
n;��Y�Z-�7<YC�>ï��� 
);��\]4��«4�	%
K>F>��M�
Ö�>b!¤"*5�7q�j��	��ZZ-.
�³Õ�	�6>}���ÄK��;��6 
�	��Z+-�<¦§ð°��\H�6!"�#
$%�XO�b�AppleKk`<��K�'�!"�
#$%�XO�bNn��;-BF}��K���
Lyw;�� 2a
�vo-[	n��\J	6
`-��	�O�b�n�#[�W-Ù�¬U9ô
��c�LX�	%
KL��� 

'�T�~�.:����-
������

O�b�M�Ö�>h�¤+X§*¨[!mn�
34�<j��6 =��O�b�M�Ö�>sä
;�NFMI�34��'�O�b�900MHz�2.4GHz
�!Ë\#+�×fÇ×�RFmn�34�<j��
6 ��]��-�àF��=�§*¨[!`a-
Ó¤�<���� 

Gw�-�é��mn-�o]�#[�W³$K
�
��� �Made for iPhone�(iPhoneZ[��)�
#[�WK�àF-�	�=�`a�34-I>K
	��9���õ:�ï��ìI�nö�� 8;
�����Cp�>&���,g�	�]/#�)
;�mn�«4�j	�ö9����9]�� 
Lyw;	1I��������hÛ�+ã¾¶�
Û������ �C�4*5-��	ÎºK�-
�
�<�	^_������-����2��)
;���0�K%
->	n��LX�	��n;
��>�·j>��->��� 6���e�Ã6
V������m��(>�/�X�/���:�
c-���7��}��� 
N91I�ïÈ��é���]�Ä��	}���
L	]@�C§*¨[!mn�34�	n��� 
n��9>mnK���h�¤X[�#��PQ>
��Q>µ��"M³�h­³X!#����m�
©G�����c� ,�j���N�ã<�@!
��C���>y	��	��àF¬i��F34
M;	}��KL��� 

�~�.:�Z[\���SUV

���n;��-LX�6n��ã<�÷ðËÌ
-�	���
99>��W���X��/#$%
�_����� ^_�Ö$-�:�<d��mn
�ñjBj�:�<��� vH7��±�-�	
��M�Ö�>mn��j;»);�§*¨[!m
n��*�¤$��!d�¡Î´-��	�5��
�j	�J�`<Õ����q9n�-�DøKL
��� n��c�34�	��O�b����m
nKbG�6�]�­É-8�mn�70�	n�
&7M�Ö�>«4�Ý-99:M;6);�§*
¨[!X¶�Û������É�	n�K�j
��8



TND6092/D

http://onsemi.com
10

7 − 9:;�.cA�de

��?	���	����-�¸�	���1I-
�ù��� �^�3Ú��ò���N��
>±
Ô�óg�� 

�����

�	��#��!hÛ�4���I��"*\�
[��)����?	�,�-�3:���-"

�<��� 4*5��3:�	GHN�9��©
G���^�3Ú����,o�	%
KL�
�� �^�3Ú�!0_���#��#��!h
Û�4�4����!���B1-��<99>4
{�q���&�@qM�	}���L	�ô;&
ßú�9��-õy	%
KL��� 

g��jk

,�-��ò����öe�	��_��#��
!hÛ�4�0[�*+�)/0��Ú¤��PCB
>��ã<����LX���òlÚ��^lÚ�
d�¡��!�&��+��99>B1�7��	
6`��÷/Ë-��	�:M;6ø!��4�	
��9��-"
��� n���_���3:�
���	6`-mn��F-ù���,�-�<�
&�M�ûú�����	��9��-�8�-"

��� 

Integrated Circuits

Top Substrate

Interposer

Capacitors

Solder Pads
Main Substrate

Solder

,!
���;x��3%0���1�2��1j��=����
���(��v ��k���3�"A`���;x���&��

\h%2.5D�3D�:��;="������%B&�
 
,¡;
,45")(��'�(

�k�6¢��IPD (Integrated Passive Device�����3�)£7
�8¤c¥Z�� k�$�%i�¦'�(TSV (Through Silicon
Via)
�"9`\§:�&£3��Ml==����:;<-/=
>�U;�8I�¢�%�S%<=8'�(

��BY
>�¢���;x����¨©�'�)*

"+$8���?""��:;<-/=>�%ª@�

%!"8�A«���"���Z���	��'�(

�¢��A¬­.%0��®8R�3"¯B8IR�

��Ed;e%�°I����C±%DW²R£3�

�(

Connections

 ¡S¢�£�?/C
]�uv��)*

�¤4��n�¥¦e§¨

�	��!0_¬i�LX�ü-��	���W
���X��/#$%�_����	n�K�j>
���Gw��� ¬i�������!��C�
4*5-��	i`�s6�6`-��^�3Ú�
�ò���-��Q	
/-I�<����J<L
X�	%
KL��� ����_���^���
�/���:�	6`�é���c���c-Nû
/�<�	%
KL��� 
99>���Õ�
ý	6`-���W���X
��/#$%�_�v�üD�s6�%
KL��
� 

• �!0_��5��LX�<����� 
• é��w����M�Ö�>#��!hÛ�4�
\H��� Mw-�

• 4*5�6��!��C�~Q��789���
	6`-��(>�/���:�c��ð°��

����� 

ýH�>�!0_X[â+��������34
�	��=��>�ò����,o�	�,�-�
�<&¬�V<���]!�7q}�-�	n�K
�j�� 9��=�-Z[��Ã��>��$�
�����	6`-�n��������
�� 



TND6092/D

http://onsemi.com
11

8 − ���©ª��«¦��n

��W���X��/#$%�_-��	���
���	n��1I����� �5+�(F�j
�,���ÀC�Ì²�þL�^�@M���@M
K%
�� 
nn�����	��- ,*����#Xh)
*!�O�bK��W���X��/#$%�_�
��-Ù�¬U�j-LX�	%
�L	7I��
 ������6 
³�X]����\¤���Ezairo 7100 DSPâ�
!�§*¨[!Z[�!0_-������1I�
(S���� n��!0_���	�d�¡- 
,*����#Xh)*!�B >
D���-�
�	�(>��5�s6��� n��!0_�v
µ5�O(�&§*¨[!���¬�HQ�	n�
-���ýH�>��W���X��/#$%�_
�-o�j�� 

�	�IG��*��/\-�:�<d��mn
��-�:�BJ<��� ���#[�W�L	
A(�vH7��±�-�	���5��%_ü 
�� 

Ezairo 7100�\H3�!0_�L������+
c�5_�§*¨[!mn�d�¡�!0_[â+
���5-Z[�j	�5���
�<��� 
���mX$��#V�W�"+���X��]�
�m�§*¨[!Î´�d�¡��rp���ã<
���m+X�/�-���<��� 
n���������5��Ezairo 5900�Ezairo

6200�����5�|`�oþ�Ó`<j6�ef
�³������m�"´+>DSPâ�!��!0
_�����<¡�M;<��� Ezairo 7100�!
0_���*-z�6��/���:M;6IC��
<l��j�� 

Table 7. SOLVING THE HARDWARE PLATFORM PUZZLE

Seven Things to Think About Ezairo 7100 Solves a Piece of the Puzzle

1 Overall System
Challenges

Delivers on performance, size and power consumption: the industry’s most integrated, most
power efficient (< 500��W) chip with 5X the performance of the previous generation

2 Digital Signal
Processing Architecture

Open architecture specifically designed for hearing aid and hearing implant devices to maximize
programmable flexibility for evolving algorithm features

3 Chip-level Integration AFE, processing, wireless control and power management integrated on a single chip

4 Semiconductor Process Manufactured in 65 nm process to produce the industry’s smallest and most power efficient
integrated chip

5 Adopting Standard
Processors in Multi-core

Architectures

Utilizing ARM® Cortex�−M3 processor−an industry first

6 Wireless Technology
Options

Built-in wireless flexibility to control different kinds and even multiple wireless radios

7 System-level Integration Built-in flexibility to interface with a wide range of transducers and other components that may be
included in the overall system, or may be adopted in the future
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Figure 6. Ezairo 7100 Arch Diagram
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