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INTRODUCTION

For decades, oscillators and clocks have relied on quartz crystals for the creation of a stable frequency reference. Crys-
tals perform very well for many applications. However, microelectromechanical systems (MEMS) technology—replacing
quartz crystals with MEMS resonators—entered the marketplace ten years ago and is rapidly gaining traction.

MEMS-based timing devices offer high reliability, extended operating temperatures, small size, and low power con-
sumption.

Microchip acquired MEMS timing technology through the acquisition of Micrel, which had earlier acquired Discera, in
2015. Discera shipped its first production oscillators in 2008 and, since then, has manufactured and sold almost 100
million devices.

This paper describes automotive applications for MEMS-based oscillators and clocks, the benefits of a MEMS solution,
and provides a reference to Microchip’s white paper Microchip Oscillators and Clocks Using Microelectromechanical
Systems (MEMS) Technology.

AUTOMOTIVE APPLICATIONS

There are three main applications for MEMS-based oscillators and clocks. As Figure 1 shows, these are ADAS, an
Advanced Driver Assistance System; the User Interface, which includes Infotainment and Connectivity; and Smart Actu-
ators that deal with transmission and engine control.

User Interface
* Infotainment/head units
« Connectivity (CAN/LAN)

ADAS

» Long range radar

+ Vision system

» Front/rear & surround
view cameras

Smart Actuators

+ Transmission/engine
control

FIGURE 1: MEMS Oscillators in Automotive Applications.
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Advanced Driver Assistance System

An Advanced Driver Assistance System (ADAS) is designed to improve safety by providing advanced notice of collision
risk, alerting the driver, and, in some cases, taking control of the vehicle. Computer vision technology, including object
recognition and tracking, is employed with multiple sensors mounted on the vehicle that may include cameras, LIDAR
systems, and radar. Additionally, data may be received by radio from other vehicles and Internet-connected data
sources.

Figure 2 shows an ADAS LIiDAR module. An FPGA provides signal generation and system control. Pulses generated
by the FPGA are amplified and sent to a laser. Received reflections are then sensed and digitized by a Microchip high
speed ADC, the data is then sent to a second FPGA image processor. The processor detects and signals collision alerts
to the vehicle network.

A DSA400 MEMS clock drives the high speed ADC and the FPGA processors. The DSA400 is a four-output clock with
low phase noise, ideal for high speed FPGASs, and is AEC-Q100 capable.
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FIGURE 2: ADAS LiDAR Module.

Figure 3 illustrates an ADAS Long Range Radar System. The DSP generates pulse waveforms that are converted to
modulation signals in the RF baseband unit, driving the 77 GHz transmitter (RF TX). Conversely, the pulse reflections
reaching the 77 GHz receiver (RF RX) are demodulated by the baseband unit and processed by the DSP. A Microchip
32-bit MCU with CAN interface provides overall system control and Microchip power management ICs regulate the sup-
ply from the vehicle’s electrical system.

The DSA2311 is a two-output MEMS clock, with low phase noise similar to the DSA400, and is AEC-Q100 certified.
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FIGURE 3: ADAS Long Range Radar System.

User Interface

The user interface category includes In-Car Entertainment (ICE) and In-Vehicle Infotainment (IVI). These provide audio
and video entertainment and driver information, such as navigation.

Figure 4 illustrates how data streams are received from a rear-view camera, on-vehicle WiFi and Bluetooth, an AM/FM
radio, and a CD/DVD drive, and then transmitted to an Automotive Application Processor. The processor decodes the
incoming streams and converts them to audio and video. The user communicates via a touch panel concerning the
selection of infotainment menu choices, and the requested media is presented on the audio system and display.
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FIGURE 4: Infotainment Head Unit.

The DSA1001 is an AEC-Q100 qualified low power oscillator that's ideal for clocking microcontrollers and microproces-
sors. In this system, the two outputs of the DSA400 are used for audio processing (12.288 MHz) and PCle communi-
cation (100 MHz) to flash memory. Two additional outputs are available for other peripherals.
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Transmission Control Units

A Transmission Control Unit (TCU) is a system that controls the vehicle’s automatic transmission. Input from multiple
sensors is processed to optimally change gears, achieving improved engine emissions, fuel consumption, more stable
handling, and gear shift system reliability.

Figure 4 shows the transmission control unit processing multiple sensor inputs (such as wheel speed and throttle posi-
tion) via a 32-bit MCU. Output data is sent via amplifier drivers to solenoids that control the transmission, specifically
shifting and torque converter lockup. Data is also exchanged with the In-Vehicle network for communication to other
sensors and driver displays.

A DSA1104 is a MEMS-based single output HCSL clock, and is ideal for PCle transactions from processor to memory.
Itis PCle Genl, 2, 3, and 4 qualified.

Communicates to
ECU and Other
Controllers

Sensor Package

Solenoid
Driver
Circuitry
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FIGURE 5: Transmission Control Unit.
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BENEFITS OF A MEMS SOLUTION

Microchip’s MEMS-based oscillators and clocks offer benefits over traditional quartz solutions. These include stable fre-
quency, small size, high reliability, flexibility, many programmable features, fast guaranteed start-up and high integration.
All of the MEMS-based oscillators and clocks are either AEC-Q100 certified or AEC-Q100 capable.

TABLE 1: BENEFITS OF MICROCHIP'S MEMS-BASED OSCILLATORS AND CLOCKS

Traditional Microchip
Factor Crystal MEMS-Based Features
Oscillator Oscillator

* MEMS offers £10 ppm over a wide temperature
Fair Best range.
« Microchip quartz achieves superior aging.

Frequency Stability
Over Temperature

* MEMS offers ultra-small footprints (1.6 mm x
Size Good Best 1.2 mm).
e Leads industry trend in size reduction.

« MEMS wafer-stage ultra-clean hermetic seal.

Reliability Fair Best « Microchip quartz separates crystal and ASIC enclo-
sures.
« Microchip quartz is superior with reduced close-in
Jitter Close-In Phase . phase noise.
. Good Fair .
Noise *« MEMS and quartz comparable at high-frequency off-
sets.

« Selectable frequencies from one output.

Features Worst Best .
« OTP programmable at any frequency, anytime.
. * MEMS achieves fast start-up times (<2 ms).
Start-Up Fair Best o . .
< Eliminates start-up issue of crystal-based designs.
. ¢ Multiple outputs from a single device.
Integration Worst Best

¢ Uses highly integrated ASIC.

Key: Best > Good > Fair > Worst.

MEMS-BASED OSCILLATOR AND CLOCK PERFORMANCE

A comprehensive account of Microchip’s MEMS technology and performance is presented in our MEMS white paper,
with details at the end of this section. This Application Note explores frequency stability over temperature extremes
(Grade 1, —40°C to +125°C) and with time (aging performance).

Frequency Stability

MEMS-based oscillators and clocks measure the die temperature and digitally compensate for any frequency variations
that result from the temperature coefficient of the MEMS resonator. In this way, frequency stability is assured, in contrast
to the traditional S-curve of a quartz XO. Figure 6 shows frequency deviations less than 10 ppm.
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FIGURE 6: Frequency Stability of a MEMS Oscillator vs. Quartz Options.
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Oscillator and Clock Aging

Figure 7 shows 1,000 hour accelerated aging (+85°C) of a sample of 16 DSA60xx devices. Frequency deviation is a
maximum of 2.5 ppm; 1,000 hours aging at +85°C is equivalent to approximately 12 years’ operation at room tempera-
ture (+25°C).
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FIGURE 7: Aging of Sixteen Units of the DSA60xx at +85°C.

MEMS WHITE PAPER

For full details of the MEMS Oscillator and Clock technology and performance, please visit Microchip’s MEMS Timing
page at http://www.microchip.com/design-centers/clock-and-timing/mems-timing.

The MEMS white paper can also be found on that page.

CONCLUSION

Microchip’s MEMS-based oscillators and clocks are an ideal match for automotive applications, on account of their high
reliability, frequency stability and extended operating temperature range. The products are AEC-Q100 certified or AEC-
Q100 capable.

Samples of our MEMS oscillators and clocks can be obtained via the ClockWorks tool: http://clockworks.microchip.com/
Timing/.

In addition, MEMS-based product samples can be created at the customers’ facility using our TimeFlash programmer:
http://www.microchip.com/promo/timeflash.
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR,
AVR logo, AVR Freaks, BeaconThings, BitCloud, CryptoMemory,
CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KEELOQ,
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trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.
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