
Starkey Laboratories, the world’s leading manufacturer 
of custom hearing instruments, uses ModelSim® in a
multi-language design and verification environment to
develop the latest generation of in-the-canal hearing aids.

ModelSim Enables Rapid Verification of Starkey Laboratories
Hearing Instrument Designs
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Innovations in digital signal

processing (DSP) technology and

miniaturization now allow people

with hearing loss to regain their

hearing with barely visible, in-the-

canal hearing instruments. In a tiny

package that fits entirely into the ear

canal, today’s hearing instruments

can contain: directional microphones

that allow the user to distinguish the

direction of sounds; state-of-the-art

amplifiers that boost sound waves to

appropriate levels; highly accurate

receivers that deliver amplified sound

to the ear; and advanced signal

processors that eliminate noise,

reduce feedback, and deliver clear,

crisp sound.

Hearing instrument DSPs devel-

oped at Starkey Labs have the ability

to analyze incoming sound waves,

then manipulate sound levels and

frequencies to match the individual

wearer’s hearing profile. Digital

circuitry separates incoming sounds

into those that need amplification and

those that don’t, then processes them

accordingly. Digital programming

technology built into these DSPs

allows hearing instruments to be

reprogrammed to adjust to changes 

in hearing capabilities. Some instru-

ments even allow the wearer to select

from a number of preprogrammed

channels to accommodate changing

sound environments — from private

one-on-one conversations to crowded

restaurants to concert halls.

At Starkey Labs’ Colorado Springs,

CO facility, the latest generation of

DSPs was produced in a multi-

language design and verification envi-

ronment that allowed development

engineers to leverage the strengths of

several languages. The efficiency of

this environment enabled a team of

only two engineers to design, verify

and deliver a DSP prototype in a

period of only five months.

Leveraging Multiple languages

Working from a design specification

of over 200 pages, Dr. Greg Tumbush

and Bill Dittenhofer developed a

work flow that utilized the individual

strengths of C++, SystemC, Verilog

and VHDL to accomplish different

tasks. “In our environment, the

linker, assembler, and disassembler

for the DSP code were written in

C++,” explained Dr. Tumbush during

a presentation at the 2004 DVCON in
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San Jose, CA. “C++ was leveraged

because it can be developed and

simulated with low-cost software on 

a low-cost system in an environment

familiar to software developers.”

“SystemC added the notions of

time, concurrency and hardware data

types missing in C++,” he continued.

“With SystemC we built a high level,

but still cycle and pin accurate, model

of the DSP that allowed us to

examine architectural trade-offs. It

also served as a verification vehicle

for co-simulation of the Verilog RTL

code and permitted algorithm devel-

opment to proceed without the RTL

code being completed.”

The Starkey Labs design team 

used VHDL to develop the testbench,

which allowed them to compare the

SystemC signals against the final

Verilog RTL model. ModelSim’s

foreign language interface (FLI) was

used to create a communications inter-

face between the VHDL testbench 

and the SystemC model until native

SystemC integration was introduced.

ModelSim Plays a Critical Role 

ModelSim was critical to the

design and verification flow, enabling

integrated communication between

the VHDL testbench, the Verilog

RTL model and the high-level

SystemC model. Initially, the I/O and

selected points within both models

passed through the ModelSim FLI on

a cycle-by-cycle basis, allowing points

of interest to be compared between

the SystemC and RTL models and

creating a self-checking environment.

As the project progressed, most of

the FLI code was replaced with the

native SystemC integration available

in a new release of ModelSim.

Bill Dittenhofer explained, “With

the new release we could take a

SystemC/C++ based model and inte-

grate that with existing libraries —

like the SystemC Verification (SCV)

Library — and an RTL design into a

single simulator, all running on the

same kernel. This allowed us to refer-

ence the model immediately to see

how it differed from the actual design

under development. We were able to

run different algorithms and instruc-

tion streams on the model, which

became a really valuable aid for veri-

fying the RTL.”

Additionally, ModelSim signal_spy

constructs were used to compare

signals at the top level against Verilog

RTL signals. “We compared common

points within the RTL and the

SystemC model to see if they

matched,” Bill continued. “We were

able to get at signals in the RTL with

Signal Spy’s probing capability — it

allowed us to probe essentially any

RTL signal we wanted. Without

Signal Spy, we would have had to go

through the time-consuming process

of creating a synthetic port list.”

Support Paves the Way 

to Success

The ModelSim support team

played an important part in getting

the new design from specification to

completion. Because of the

complexity of the new design and the

shortened design timeline, the Starkey

Labs team needed higher simulation

performance than was available in the

ModelSim 5.7 license they owned. In

addition, they wanted the SystemC

capabilities that would be included in

the next ModelSim release and

needed assistance with the FLI inter-

face until that release became avail-

able. But before the design team

could acquire the new release, they

had to prove to their own manage-

ment that it would be cost-effective.

“The ModelSim support team

supplied us with white papers and

reference materials that explained

how others had solved FLI prob-

lems,” Greg explained, “helping us

get started down the right path. With

this information we created an FLI

solution that proved powerful and

effective.”

“Then, at the DAC conference,

ModelSim engineers gave us a

preview of the new version and a

“Mentor Graphic’s
reputation for meeting 

its performance objectives
and release dates gave
credibility to our own

management presentation
and satisfied our 
in-house critics.”

BILL DITTENHOFER,
STARKEY LABORATORIES

Starkey CSS LAYOUT  6/1/04  8:32 AM  Page 3



5/04 C&A 1022700-w

Corporate Headquarters
Mentor Graphics Corporation
8005 S.W. Boeckman Road
Wilsonville, Oregon 97070 USA
Phone: 503-685-7000
North American Support Center
Phone: 800-547-4303
Fax: 800-684-1795

Silicon Valley
Mentor Graphics Corporation
1001 Ridder Park Drive
San Jose, California 95131 USA
Phone: 408-436-1500
Fax: 408-436-1501

Europe 
Mentor Graphics 
Deutschland GmbH
Arnulfstrasse 201
80634 Munich
Germany
Phone: +49.89.57096.0
Fax: +49.89.57096.400

Pacific Rim 
Mentor Graphics Taiwan
Room 1603, 16F, 
International Trade Building
No. 333, Section 1, Keelung Road
Taipei, Taiwan, ROC
Phone: 886-2-27576020
Fax: 886-2-27576027

Japan 
Mentor Graphics Japan Co., Ltd.
Gotenyama Hills
7-35, Kita-Shinagawa 4-chome
Shinagawa-Ku, Tokyo 140 
Japan
Phone: 81-3-5488-3030
Fax: 81-3-5488-3031

Visit our web site at www.mentor.com for the latest product news.
Copyright © 2004 Mentor Graphics Corporation.
ModelSim is a registered trademark of Mentor Graphics Corporation.

Printed on Recycled Paper

projection of when it would be avail-

able,” Bill added. “Mentor Graphic’s

reputation for meeting its perform-

ance objectives and release dates gave

credibility to our own management

presentation and satisfied our in-

house critics. We were able to demon-

strate that the performance gains

expected from the new version would

be achieved not only with simulator

performance improvements, but also

with integration of SystemC, VHDL

and Verilog into a single simulation

kernel.”

ModelSim enabled Starkey Labs

to leverage the strengths of multiple

languages to create an efficient, cost-

effective design and verification envi-

ronment. By running SystemC inside

ModelSim and comparing it against

the Verilog RTL with Signal Spy

probes, the design team achieved the

simulation performance they wanted,

and with fewer ModelSim licenses —

thus reducing overall simulation and

verification costs.

To find out how ModelSim can

help you solve your simulation prob-

lems, go to www.model.com/evalua-

tions/default.asp and try an evaluation

copy free for 30 days. Or, call your

local ModelSim sales representative.

Starkey CSS LAYOUT  6/1/04  8:32 AM  Page 1


