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Body Worn 
Devices Made 

Smaller 

How to Make a Body-worn Device Smaller? 
Chris Conger, V.P. of Research & Development, IntriCon Corp. 
Life Science Alley 2011 Annual Conference 
Seminar: Miniaturization of Medical Devices 



! aŀǘǘŜǊ ƻŦ tƘƛƭƻǎƻǇƘȅ ŀƴŘ /ƻƳƳƛǘƳŜƴǘ ǘƻ ά{Ƴŀƭƭέ 

Using smaller parts to make devices smaller is an obvious cause and effect.  
This is not the lesson for today. 

Design and manufacture of smaller devices is about changing corporate 
ǇƘƛƭƻǎƻǇƘȅΣ ŎƘŀƴƎƛƴƎ ƘŀōƛǘǎΣ ŀƴŘ ŎƻƳƳƛǘǘƛƴƎ ǘƻ ŀ ΨǎƳŀƭƭΩ ǿŀȅ ƻŦ ǘƘƛƴƪƛƴƎΦ 

The presentation today will focus on the processes and decision making that 
allow smaller parts to be chosen ς a more valuable lesson. 



The Prime Directive:  REDUCE POWER CONSUMPTION 

The assumption is made that body-worn devices are battery powered. 

Modern component sizes and PCBs are extremely small.  You will find that the 
battery will dominate the physical volume of your design.  Reduction of the 
battery size will probably miniaturize your design more than anything else. 

Low power components HAVE to be used.  When choosing between 
components with more features versus less power ς CHOOSE LESS POWER. 

Very carefully study the newest, lowest power components available ς avoid 
using anything just because it was used before if it has a power consumption 
penalty compared to newer parts. 

Microprocessor-based systems have to be optimized for lowest clock rate and 
maximum sleep time.  This may require more coding time and code size, but 
will lead to a smaller battery. 



Minimize the User Interface 

Displays take a lot of room.  Can you eliminate an LCD 
and use another means to inform the user? 

YŜȅǇŀŘǎ ǘŀƪŜ ǎǇŀŎŜ ōŜŎŀǳǎŜ ƻƴŜΩǎ ŦƛƴƎŜǊ Ŏŀƴƴƻǘ ōŜ 
made smaller. 

Notice that cellphone design is heavily dominated by UI 
factors now.  Does it need to have a large touchscreen?  
Does it need a real keyboard? 

Can wireless technology be used to create a remote 
user interface?  For example, using a separate 
smartphone or PC to interact with the body-worn 
device. 



Pay careful attention to the design of enclosure and connectors 

After the battery, these mechanical elements take up the most volume. 

Designs need to be innovative and aggressive ς conservative, easy-to-mold 
enclosures will not be smallest. 

Off-the-shelf connectors may not yield the smallest design 

The smallest designs may not be serviceable ς will the business model allow 
that?  Many device designs have eliminated serviceability ς instead using a 
replace-and-scrap or replace-and-salvage model for repair. 



Scrutinize every feature ς is it necessary for the use of the device 

Every feature probably takes power and/or space ς therefore adding to the 
size. 

άbƛŎŜ ǘƻ ƘŀǾŜέ ŦŜŀǘǳǊŜǎ Ŏŀƴ ŘŜǎǘǊƻȅ ǘƘŜ ƳƛƴƛŀǘǳǊƛȊŀǘƛƻƴ ƎƻŀƭΦ  L Ŏŀƴ Ǉƻƛƴǘ ǘƻ 
several examples at IntriCon where we failed to make a small device because 
we added size-increasing features. 



!ǾƻƛŘ ά/ƻƳƳƻŘƛǘȅ ¢ƘƛƴƪƛƴƎέ 

Using conventional molded parts, PCBs, components, and assembly 
techniques will work against your goal. 



Get a thick skin ς you may not have many friends in the game 
unless your company has a total focus on SMALL. 

¸ƻǳΩƭƭ ōŜ ŀǘ ƻŘŘǎ ǿƛǘƘ tǳǊŎƘŀǎƛƴƎ ς they want commonality of parts, and of 
course, cheaper parts 

¸ƻǳΩƭƭ ōŜ ŀǘ ŀŘŘǎ ǿƛǘƘ aŀƴǳŦŀŎǘǳǊƛƴƎ ς they want to use proven assembly 
techniques and equipment. 

¸ƻǳΩƭƭ ōŜ ŀǘ ƻŘŘǎ ǿƛǘƘ {ŀƭŜǎ ϧ aŀǊƪŜǘƛƴƎ ς ǘƘŜȅ ǿŀƴǘ ōƻǘƘ άaǳǎǘ ƘŀǾŜέ ŀƴŘ 
άbƛŎŜ ǘƻ ƘŀǾŜέ ŦŜŀǘǳǊŜǎΣ ōǳǘ ǘƘŜȅ ǎǘƛƭƭ ǿŀƴǘ ƛǘ ǎƳŀƭƭΦ 

Your best asset is the group of customers who want a smaller device.  They 
will be your trump card in the game to break down resistance to change.  
Know who they are and forge direct relationships with them.  If your 
ŎǳǎǘƻƳŜǊǎ ŘƻƴΩǘ ǿŀƴǘ ƛǘ ǎƳŀƭƭŜǊ ŀǘ ŀƴȅ ǊŜŀǎƻƴŀōƭŜ ŎƻǎǘΣ ȅƻǳǊ ŘŜǎƛƎƴ ƛǎ ǳƴƭƛƪŜƭȅ 
to end up smaller. 



L ƪƴƻǿ ƛǘΩǎ ŀ ŎƭƛŎƘŞΣ ōǳǘ ǎǘǳŘȅ !ǇǇƭŜ ǇǊƻŘǳŎǘǎΦ 

The iPod series of products show why elimination of features reduces size:  
Compare the iPod Touch to the iPod Shuffle.  Display: gone.  Large Memory: 
gone.  WiFi:  gone.  User Interface:  LCD gone,  most buttons gone. 

The iPhone and iPad have some controversial design choices: Non-
replaceable battery, enclosure closing mechanisms are compact but make 
serviceability almost impossible.  No keypad ς there is a definite division in 
consumer preference for a phone with or without a keypad.  Some of these 
choices would have brought a typical design team to a grinding halt ς only an 
absolute commitment to SMALL made such decisions possible. 



Case Study 1:  IntriCon !t¢ϰ IŜŀǊƛƴƎ !ƛŘ 

Its small design prevents acoustic occlusion of the ear canal.  The user has a 
ŎƻƳŦƻǊǘŀōƭŜΣ Ψƴƻǘ-plugged-ǳǇΩ ƭƛǎǘŜƴƛƴƎ ŜȄǇŜǊƛŜƴŎŜΦ  aŀƴȅ ǇŜƻǇƭŜ ǊŜǇƻǊǘ ǘƘŀǘ ǘƘŜȅ ŘƻƴΩǘ 
feel it in their ear. 

FDA Class 1 Exempt Medical Device 

No Push-button control ς We invented and patented the design of an acoustic tap 
switch.  This makes the size smaller, especially the cross section. 

Complicated plastic parts ς molds have complicated parting lines, shutoffs and slides.   



Case Study 1:  IntriCon !t¢ϰ IŜŀǊƛƴƎ !ƛŘ 

Smaller amplifier PCB assembly ς removed nice-to-have features on directional 
microphone function and telephone coil function pads.  This means the amplifier 
package cannot be used for any other design.  Commonality of parts usage was 
sacrificed. 

Amplifier uses a ultra-low-power DSP engine.  Power is minimized, but embedded 
software is written in Assembly language.  This implies longer development cycles using 
scarcely available designers. 

лΦнлсέ όрΦноƳƳύ 

лΦммрέ όнΦфнƳƳύ 

лΦлслέ όмΦрнƳƳύ 

Flip-chip DSP 

Wire-bond EEPROM 
0201 caps 



Case Study 1:  IntriCon !t¢ϰ IŜŀǊƛƴƎ !ƛŘ 

The one-ǇƛŜŎŜ ƳƻƭŘŜŘ ά5-ǊƛƴƎέ Ƙŀǎ ŎƻƳǇƭƛŎŀǘŜŘ ŦŜŀǘǳǊŜǎ ǘƻ ƳƻƭŘΦ  {Ƴŀƭƭ ŘƛƳŜƴǎƛƻƴǎΣ 
hard-to-fill sections, and difficult mold parting line. 



Mechanical View 
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Case Study 2:  IntriCon Sironaϰ !ƳōǳƭŀǘƻǊȅ 9/D wŜŎƻǊŘŜǊ 



Case Study 2:  IntriCon Sironaϰ !ƳōǳƭŀǘƻǊȅ 9/D wŜŎƻǊŘŜǊ 

Smaller in all dimensions than other comparably-featured devices on the market. 

FDA Class 2 Medical Device with 510(k) Clearance 

No LCD ς a 2.4GHz ultra-low-power proprietary wireless system called PhysioLinkϰ ŎǊŜŀǘŜǎ ŀ 
means to set up the device from a PC or handheld Apple iOS device. 

Non-removeable rechargeable battery ς the space for battery compartment door and battery 
contacts is eliminated. 

The assembly technique does not use removable fasteners ς reduces space related to snaps 
and screw bosses. 

Highly optimized embedded software ς power to every circuit section and operation was 
scrutinized. 

Three system power supply voltages.  Every chip runs at the recommended lowest voltage. 

Nice-to-have features were eliminated:  Serviceability, display, removable memory card, 
changeable battery. 

Microprocessor was brand new at time of design.  The part was not completely qualified at the 
time the design commitment was made.  The choice was made for lowest power consumption. 



Body Worn 
Devices Made 

Smaller 

Questions? 



Miniaturization of Microelectronics for Hearing Aids 

Dr. John Dzarnoski 

Director of Microelectronic Packaging 

December 7, 2011 

LifeScience Alleyôs ñAdvancing Medical Technologyò 



Starkey Todayé.facts 

Å Annual Sales  >>$700,000,000 

Å Units   >1,000,000 

Å Business Units:    27, 19 Countries  

Å Personnel   >3500 

World Market Distribution

73%

1.50%

17.40%

8%

N America Americas Europe Pac/Asia



Outline 
ÅThe problem statement 

ÅDrivers for smaller size 

ÅWhat is a hearing aid? 

ÅTimeline 

ÅHybrid multi-chip modules 

ÅFlip chips 

ÅThinking 3D versus 2D 

ÅVertical interconnects 

ÅChip stacking 

ÅBad hair day 

ÅFlexible circuits 

ÅThe future 

ÅConclusions 



Problem Statement 

ÅThese are too big! 



Stigma to hearing aids 

ÅHearing aids mean you are old 

ÅNo one wants to be old 

ÅNo one wants you to know 

Reality: we help Children too 



Make them invisible  

ÅIf you canôt see them and they donôt make noise, there is no negativity 

ÅHow to do it? 

Å No feed back noise 

Å Color matches skin and hair 

Å Do not adjust them 

Å Hide behind the ear 

Å Hide in the ear 

Å Donôt need to take them off 

Å Ultra thin sound tube or wire tube 

Å Very small 

Å What you do see is looks high tech or stylish 

 

 



Hearing aid styles 

ÅIn the ear 

Å ITE 

Å ITC 

Å CIC 

 

ÅBehind the ear 

Å BTE 

Å RIC 

 

ÅDeep insertion 

Å Requires Audiologist 

 

ÅImplanted 

Å Requires surgery 


