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1 System Description

This reference design serves as a guide for designing touch screen systems with haptic feedback. This
document is not intended to be a comprehensive design guide, but one possible implementation for a
touch screen haptics solution. This haptic human-machine interface (HMI) reference design contains a
number of user interfaces with buttons and touch controls that respond with haptic feedback when
pressed. The haptic HMI reference design contains the TI DRV2667 piezo haptic driver, TI DM3730 digital
media processor, a power management integrated circuit (IC), Ethernet, Wi-Fi, universal serial bus (USB),
inter-integrated circuit (1>C), serial peripheral interface (SPI), general purpose input and output (GPIO),
COM, and battery charger and supervisor.

Figure 1. Haptic Feedback Touch Screen
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Figure 2. TIDA-00408 Block Diagram
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3

Overview

The TIDA-00408 reference design showcases haptics in touch screen applications such as thermostats,
building automation, factory automation, point-of-sale, and automotive. The reference design includes a
7-inch capacitive touch display, one DRV2667 piezo haptic driver, and two piezo actuators.
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Figure 3. Thermostat Display

The Touch Screen With Haptic Feedback reference design is a reference design for applications that
require touch screens, panels or human-machine interfaces. Table 1 lists example applications that can
benefit from the addition of haptic feedback.

Table 1. HMI Applications

APPLICATION DESCRIPTION
Building automation Dynamic directories, dynamic elevator panels, control buttons, and lighting control

Factory automation HMI control panels and mechanical button replacements

Home automation Home control displays, thermostats, and light switches

Monitoring equipment, fluid impermeable displays, and mechanical button

Medical devi
edical devices replacement

Retail Kiosks, automatic teller machines (ATM), and vending machines

Automotive Infotainment and rear-seat entertainment

Touch screens and dynamic displays are useful in applications that require custom or dynamic user
interfaces. Imagine a factory automation control panel that must display dynamic content about the status
of a machine or a self-checkout terminal at a grocery store that provides a menu with different options for
payment.

The problem with these automated control panels is that there is no tactile feedback when the user
presses or moves his or her finger across the screen. In contrast, a user types on a physical computer
keyboard, he or she feels a click or bump when pressing a key.

This reference design shows how haptics can restore tactile feedback to touch screens and improve the
user interaction with machines. The applications in Table 1 benefit from haptic technology because it
restores tactile feedback and allows the user to feel again.

Other interfaces like touch pads, button panels, sliders, and wheels can also benefit from this design
because they represent a similar style of interface.
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3.1 Haptic System Overview
Figure 4 shows the basic haptic block diagram. The following three-step list describes the operation of the
haptic system.
1. First the user touches the screen, which triggers an event.
2. The position of the touch is determined by the processor and a corresponding haptic effect is chosen.

3. The haptic driver receives a command to play a specific effect and drives the actuator with the
appropriate waveform to produce vibration.

2 Generate

The touch event triggers the

Analog/

processor to generate a
waveform. Digital
T’s Haptics
Focus
Touch Event
] Actustr |
1 Touch
The touch screen .
controller sends a 3 Vibrate
trigger signal to the e— The waveform
processor when a Actuator causes tl_1e actuator
press is detected. Vibration tomovein a
specific direction or
Touch Screen & Capacitive Buttons pattern to create a

vibration.

Figure 4. Haptics Block Diagram

3.2 Reference Design Overview

The Touch Screen With Haptic Feedback reference design contains three main components to create the
haptic feedback system. This document primarily focuses on the haptic feedback and mechanical
mounting portion of the design; however, there is basic information on the touch screen and TI processor
used.

Figure 5. Input: Touch Input and Display

The touch input and display provide the input interface to the system. This design uses a capacitive touch
panel, but resistive, inductive, or other touch technologies can be used.

“0 80 120 160 200
Time (ms)

Figure 6. Haptic Feedback: Haptic Driver and Actuator

The haptic driver and actuator create the feedback to the user. The actuators are mounted to the display
and connected to the driver on the PCB to create vibration.
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Figure 7. Mechanical and Mounting

The enclosure for the touch screen or panel must be specially designed to transfer the highest level of
vibration to the finger of the user.

3.2.1 Haptic Feedback

The haptic feedback is the key component in this design. The DRV2667EVM-MINI breakout board and
two Samsung Electro-Mechanics piezo modules were used to generate the haptic feedback on the touch
screen.

3.2.2 DRV2667 Piezo Haptic Driver

The DRV2667 is a high-voltage piezo haptic driver with an integrated boost, high-voltage amplifier, and
digital waveform engine. Waveforms can be created and stored inside the device RAM to create various
haptic effects.

Figure 8 shows the typical application circuit for the DRV2667 device.
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Figure 8. DRV2667 Application Diagram

In this reference design, the I1°C is used to create the haptic waveforms; however, a digital-to-analog
converter (DAC) can also be used to generate waveforms by connecting to the IN+ and IN- analog input
pins. Figure 9 shows the input to output signal path.

2 FIFO
rc 100 bytes —> DA B w
Analog

Input

Figure 9. DRV2667 Control Options
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3.2.3 DRV2667EVM-MINI Board

The DRV2667EVM-MINI breakout board contains the DRV2667, inductor, and passives for an easy
connection to the DM3730 board. Figure 10 shows the schematic for the board.

In this case, the DRV2667 is configured for a 150-V,, output with a boost converter voltage set to 80 V.
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Figure 10. DRV2667EVM-MINI Breakout Board Schematic
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3.24

Samsung Piezo Module

The Samsung Electro-Mechanics (SEMCO) piezo module is selected for this reference design because it
has a very quick response time, which is ideal for creating button clicks. The module is mounted to the
back of the touch panel so that vibration from the piezo module transfers to the glass whenever the user
touches the screen. Table 2 shows the parameters for the piezo load.

Figure 11. Piezo Module

Table 2. Piezo Module Specifications

PARAMETER VALUE UNIT
Manufacturer Sanﬁggﬁaﬁilgsctro- -
Manufacturer part number PHAT423535XX -
Rated voltage +75 \Y,
Capacitance 25 nF
Resonant frequency 200 Hz

The SEMCO piezo is rated for 150 V and has a resonant frequency between 200 Hz to 210 Hz.
Considering the resonance of the system is important when designing waveforms for piezo actuators. For
maximum vibration strength, use 210-Hz waveforms for this reference design.

2.50
VDD =3.6V — Vour =50 Vep
Semco Piezo —— Vour =100 Vep
225 — Vour = 150 Vpp
2.00
1.75
O 1.50
$ //
c 125
2 I
§ 1.00 ‘
' o\
0.75 I \
// II \\V\ \\
0.50
/] T~
0.25 / ,I N\ I [ ——
N SN I s e
"1
000 BE=T]

50 100 150 200 250 300 350 400 450 500
Frequency - Hz

Figure 12. SEMCO Piezo Module—Acceleration Versus Frequency

Alternatively, other types of actuators can be used, such as linear resonant actuators (LRA) or eccentric
rotating mass motors (ERM) depending on the required feel and price point.
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3.25 Connecting DRV2667

As Figure 13 shows, the DRV2667EVM-MINI breakout board connects directly to the processor 1°C port of
the DM3730 digital media processor. In this design the processor runs on the open-source software for
Android™ and has a specific driver for the DRV2667 device.

VIO

SDA SDA 1, Piezo
SCL SCL 7T Actuator

DRV2667

DM3730

Figure 13. DM3730 Connections to DRV2667

The processor sends a signal using I>°C to the DRV2667 device when a button is pressed to trigger a
waveform effect. Depending on the button function a different effect can be triggered.

3.25.1 Configuring DRV2667 Output Voltage

The output voltage of the DRV2667 requires the GAIN settings of the high-voltage amplifier and the
feedback resistors of the boost converter to be set appropriately.

The DRV2667 GAIN register sets the peak voltage level of the high-voltage amplifier and is controlled
using I°C. Table 3 shows the different gain options and the associated peak voltages.

Table 3. DRV2667 Gain Settings

GAIN[1] GAIN[O] Y oTAGE R/'E)AK GAIN (dB)
0 0 25 28.8
0 1 50 348
1 0 75 38.4
1 1 100 40.7

The boost converter output voltage is set by resistors R1 and R2. The boost converter output voltage must
be set to the full-scale peak voltage with an additional 5 V for the headroom. Find the equations for
configuring the boost converter in the DRV2667 datasheet.

Table 4 shows the settings used for the DRV2667EVM-MINI breakout board to drive the SEMCO piezo
module in this design.

Table 4. DRV2667 Settings for HMI Design

PARAMETER DESCRIPTION VALUE UNIT
GAIN Internal gain setting (dB) - gain voltage (Vpp) 38.4 — 150 Vpp dB
Full scale peak voltage Full scale peak voltage = gain voltage / 2 75 Vpeak
Boost voltage Integrated boost converter output voltage setting 80 \
R1 High-side boost feedback resistor 768 kQ
R2 Low-side boost feedback resistor 35.7 kQ
TIDU968—-May 2015 Touch Screen With Haptic Feedback 9
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3.2.6 Haptic Waveforms

The reference design uses two waveforms to create effects for buttons and sliders. This effect was chosen
because it has a short and sharp feel.

3.26.1 Short-Click Waveform

The first effect is a short click for small buttons and sliders. This effect is set to approximately 208 Hz at
the full-scale amplitude. The duration of the effect is three periods or cycles. The short-click effect is
intended to provide as much force feedback as possible in a very short period of time. The blue waveform
represents the acceleration (57 mVp = 1 g) and the orange is the DRV2667 differential output voltage.

ile  Vertical Timebase Tringer Display Cursors Measure Math Analysis Utiliies Help

Measure F1:pkpk(Math) PZifreq(Math) P3:pkpk(C3) P4rms(C3) P5:--- P6-- -
value 1538V 208.207 Hz 95.5 mv 13.60 mv
status v A v v

50.0 mvidiv| 20.0 Vidiv

0.00 mV ofsl| 10.0 ms/div

i)
LeCroy 1201912014 3:29:27 PM

Figure 14. Short-Click Waveform

The following Table 5 shows the contents in the DRV2667 RAM to produce this waveform.

Table 5. Short-Click Waveform Parameters

DESIRED OUTPUT REGISTER VALUE
BYTE PARAMETER VALUE UNIT DEC HEX BIN

Amplitude 75 Vpeak 255 FF 11111111

Frequency 208 Hz 27 1B 00011011

Duration 3 Periods 3 3 00000011
Start time

4 - 0 ms 0 00 00000000
Stop time

3.2.6.2 Bump Waveform

The bump waveform is used for the larger buttons to give a more substantial feel. This waveform allows
users to feel the different buttons on screen rather than just see them. The blue waveform represents the
acceleration (57 mVp = 1 g) and the orange is the DRV2667 differential output voltage.
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Figure 15. Bump Waveform
The following Table 6 shows the contents in the DRV2667 RAM to produce this waveform.
Table 6. Bump Waveform Parameters
DESIRED OUTPUT REGISTER VALUE
BYTE PARAMETER VALUE UNIT DEC HEX BIN
1 Amplitude 75 Veeak 255 FF 11111111
2 Frequency 175 Hz 22 16 00010110
3 Duration 23 Periods 23 17 00010111
Start time
4 - 0 ms 0 00 00000000
Stop time
Touch Screen With Haptic Feedback 11
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3.2.6.3  Assigning Haptic Waveforms to Buttons

Using haptics with a touch screen provides a physical, button-like feeling when using on-screen buttons,
sliders, and wheels. Haptics can also enhance the user interface beyond what was possible with physical
buttons; see the examples in the following Figure 16 and Figure 17.

Add scroll wheel

effects to sliders
Create unique feedback

effects when the max or
min values have been

reached
Add different effects Add tick effects for
for active buttons and press and hold

inactive buttons

Figure 16. Home Automation Lighting Panel

Create different
magnitude feedback
to match buttons

67/

Low

OFF HOLb -  +

Figure 17. Thermostat Control Panel
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4 Mechanical Design

The HMI reference design has a specially designed mechanical structure to help transfer more vibration to
the glass touch screen so that users can feel the haptic feedback when touching the screen. Figure 18
shows the basic structure of the screen design.

o Mechanically isolate touch panel
'*may by using rubber washers and
pane, grommets

Figure 18. Haptic Touch Screen Mechanical Diagram

The basic principal of the structure is that the touch panel is mechanically isolated from the display panel,
carrier, and back chassis by the red rubber grommets or washers. The actuators are then attached directly
to the touch panel. When the actuators vibrate the installed grommets allow the touch panel to physically
move.

TIDU968—May 2015 Touch Screen With Haptic Feedback 13
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4.1 Mechanical Isolation Design

The following Figure 20 shows how mechanical isolation is achieved using a screw and rubber washers.
Figure 19 shows the backside of the touch panel, the carrier frame, screws, and green rubber washers.

Figure 19. Mechanical Isolation Assembly

Figure 20. Mechanical Isolation Assembly (Zoomed-In)

4.2 Mechanical Ground
The back chassis functions as the mechanical ground in this system. Figure 21 shows how the carrier
frame attaches to the back chassis using screws without any grommets or washers. This method of
securing the frame means that the carrier frame is grounded as well.

Figure 21. Mechanical Ground
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4.3 Piezo Placement Performance

Most vibrating systems require simulation or testing to understand where constructive and destructive
interference occurs. This interference varies greatly from design to design. The information in the following
subsections was generated using the mechanical design from Section 4.2 and two SEMCO piezo
actuators. The acceleration plots were captured using off-the-shelf accelerometers.

43.1 Two Piezos—Top Placement

In the first test, two piezo modules were placed on the top of the touch panel and two accelerometers
were placed vertically in the center of the touch panel, directly above one another.

Piezos
\
\

Accelerometers -

Figure 22. Diagram of Piezos—Top Placement

Figure 23 shows the measured acceleration. A short duration buzz effect was used to create vibration.
The right side of the graph in Figure 23 shows the gravitational force of the acceleration (in Gs (9.81

m/s2)).

File WVerical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

Timebase 24 msfTnager  [EHEH
Raoll 100 ms/div |Stop
500k8 500 kSis [Edge

Figure 23. Acceleration Measurements for Piezos—Top Placement
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43.2 Two Piezos—Side Placement
In this test, the actuators were placed on the sides of the touch screen.

- Piezos

~
s

Accelerometers -

Figure 24. Diagram of Piezos—Side Placement

Figure 25 shows the measured acceleration for this test.

File Vedical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

v

. Timebase 24 msf Trigger [EEHEN
100 mvidiv Ruoll 100 msfdiv | Stop -2 mv
200.00 m¥ S00kS 500 KS/s [Edge  Positive

1115 0:34 PM

Figure 25. Measurement of Piezos—Side Placement
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5 Touch Screen and Display: Anders DX4 Kit

The use of an off-the-shelf Anders DX DX4 kit provides the touch panel and control for the system. The kit
includes the DM3730 digital media process, TPS65930 power management integrated circuit (PMIC),
motherboard, display, touch panel, touch panel control board, and a number of different peripherals. To
order the kit, please visit the AndersDX website.

The operating system for Android and Linux kernel were modified to support the DRV2667 using I°C.

Figure 26. Anders DX4 Kit

Table 7. Anders DX4 Kit Contents

QUANTITY DESCRIPTION
1 A_ssemble_d_DX4 (core module, car_rier board, capacitive touch thin-film transistor (TFT),
display driving board, and 8-GB micro-SD card)
1 5-V power supply kit
1 Serial cable (DB9-F to ultra-mini plug)
1 USB cable (type A to mini A/B)
1 USB on-the-go adapter cable (mini USB type A/B to USB male type A)
1 USB-A to 4-pin header
1 40 ways flat flexible cable (FFC) for GPIOs
1 Ethernet cable (RJ-45 straight)
1 Wi-Fi antenna with cable adapter
1 Keypad and its cable
1 Lithium polymer battery (10 Wh)
TIDU968—May 2015 Touch Screen With Haptic Feedback 17
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5.1 SBC-T3730 Motherboard

The motherboard contains the electronics and connections for controlling the display, touch screen, and
haptics. Figure 27 shows the motherboard, which is developed by CompuLab. For more information on
this board please visit the product specification for the SBC-T3730 on the CompuLab website.

P27 ON UNDERSIDE OF PCB

P1 ISOMETRIC VIEW OF SB-T35 PCB

Figure 27. SBC-T3730 Board Isometric View (1)

The header P11 is used to connect the DRV2667EVM-MINI breakout board I2C to the 1°C of the DM3730
processor.

(=]
e o
sc)

H@f s

82.0

166.0

Figure 28. Board Connection Labels
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Figure 29 shows the pin-out of P11. Connect the DRV2667 SDA and SCL pins to pin 2 and pin 4 on the

P11 header. Connect the VDD and GND of the DRV2667 device to the PWR terminal.

5.2

DM3730

1 12C2_SCL |2
12C2_SDA |4

5 GND

9 GND

13|  GND

Figure 29. P11 Header Pin-Out

The DM3730 is selected for this reference design because of features that support HMI devices like home
automation, thermostats, and industrial control. The graphics capabilities and peripheral set are perfect for

expanding this design to other applications. Figure 30 shows the block diagram of the DM3730 device.
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Figure 30. DM3730 Block Diagram
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5.3 TPS65930 Power Management Device

The DM3730 processor is powered by the TPS65930, which is an integration power management device
with peripherals. Figure 31 shows the block diagram for the TPS65930 power management IC.

TP565930 PMIC
back-up power Backup pwr G5 keypad
. module Keypad B
Wicin
UsSB2 OTG ok
- ™ USBZ PHY RTC ALDIO Stereo out >
[ ussore | [ 12C1 | [ mMcBsPz |
COM-C
UART3 IVAZ 2 video UART2 LOMB
sub-system
COM-A
-« UART 1 CB&x+ DSP VILAN + o
McBSP BLUETOOTH ]
M cBSP 50730 ‘T
SDIO2 {1.8V)
SP| graphics MR C/SD2 = —-
+ MESP accelerator
USE2 Aot 1 UsB 2.0 USB 2 hostl
- TV out XCVR
i — e UsB 2.0 USB2 host2
—— Level /‘ CD'SF'E:I‘-*‘ USB2 Host? [—— ym ——————b
Inerace Shifting pntrolier
Buffers \l ARM
Cortex-428 Touch -
Core McSPIT - o screen |easvETS
moorR [N soRaw controller
64 - 256 MB \,— controller
—P’ Camera ISP Camera ISP
SOI0-1 General
MR C/SD1 Purpose 12C2M2C3 12C |
Memory
Controller GPIO GPI0s
P
™ micro-50 slot a
A0
=
NAND ] ™ E themet [ 100BaseT >
128MB - 512MB v
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L — —_—

Figure 31. TPS65930 Block Diagram
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6 Design Files
6.1 Schematics
To download the schematics, see the design files at TIDA-00408.
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Figure 32. DRV2667EVM-MINI Schematic
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6.2

Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-00408.

Table 8. BOM
ITEM QTY REFERENCE VALUE PART DESCRIPTION MANUFACTURER MANUFAC’IgRER PRRY
1 1w - Oz | PTIC DRIVER WITH DIG FRONT END TEXAS INSTRUMENTS DRV2667RGP
2 1 C9 10uF CAP SMD0805 CERM 10UFD 16V X5R 10% ROHS AVX 0805YD106KAT2A
3 1 Cé6 0.1pF CAP SMD0603 CERM 0.1UFD 25V 10% X5R ROHS AVX 06033D104KAT2A
4 3 C3,C4,C5 0.1pF CAP SMD0402 CERM 0.1UFD 16V X7R 10% ROHS MURATA GRM155R71C104KA88D
5 2 C1, C2 1.0pF CAP SMD0402 CERM 1.0UFD 6.3V X5R 10% ROHS MURATA GRM155R60J105KE19D
6 1 R1 768k RESISTOR SMD0402 THICK FILM 768K OHM 1% 1/16 YAGEO RC0402FR-07768K
7 1 R2 35.7k RESISTOR SMD0402 35.7K OHMS 1% 1/16W ROHS VISHAY/DALE CRCWO040235K7FKED
8 1 C7 0.1pF CAP SMD1206 CERM 0.1UFD 100V 10% X7R ROHS KEMET C1206F104K1RACTU
9 1 R3 13k RESISTOR SMD0402 13.0K OHMS 1% 1/16W ROHS VISHAY CRCWO040213KOFKED
10 1 L1 1pH POWER INDUCTOR SMD 1.0uH 2.5A ROHS TDK CORP. VLS3012T-1RON2R2
11 2 R4, R5 10k R0402_DNP YAGEO R0402_DNP
12 2 - - Samsung Electro-Mechanics Piezo Module SEMCO PHAH353832XX
Table 9. Mechanical BOM
ITEM QTY PART DESCRIPTION MANUFACTURER MANUFAC'ISRER PRRY
1 1 Touch Screen, LCD, Motherboard Module AndersDX DX4K3730-70A-LS
2 1 Skeleton_Plate Machine Shop
3 16 | Grommet Silicone 40A Black Geg;'p'zﬂsber 3328-704-BLK
4 1 LCD Holder Arrk lcd_holder
5 1 Tape Transfer Adhesive 3" x 5 yds. 3M 3-5-468MP
6 1 Front Case Arrk front_case
7 1 Back Case Arrk back_case_slim
8 2 Aluminum Braket Machine Shop
9 18 "18-8 Stainless Steel Type A SAE Flat Washer, No. 4 Screw Size, 5/16" OD, .02""-.04"" Thick" McMaster-Carr 96659A101
10 4 "Nylon Unthreaded Spacer, 3/16™ OD, 3/16" Length, #4 Screw Size" McMaster-Carr 94639A704
11 4 "Type 316 Stainless Steel Pan Head Phillips Machine Screw, 8-32 Thread, 1" Length" McMaster-Carr 91735A199
12 4 Type 316 Stainless Steel Pan Head Phillips Machine Screw, 4-40 Thread, 3/4" Length McMaster-Carr 91735A113
13 4 "Type 316 Stainless Steel Pan Head Phillips Machine Screw, 4-40 Thread, 7/16"" Length" McMaster-Carr 91735A105
14 10 Type 316 Stainless Steel Pan Head Phillips Machine Screw, 4-40 Thread, 5/16" McMaster-Carr 91735A103
15 6 "Type 316 Stainless Steel Pan Head Phillips Machine Screw, 4-40 Thread, 3/16"" Length" McMaster-Carr 91735A101
16 4 "Titanium Hex Nut, 4-40 Thread Size, 1/4"" Width, 3/32"" Height" McMaster-Carr 90545A005
17 2 "316SS Pan Head Phillips Screw for Sheet Metal, No.10 Size, 1" Length" McMaster-Carr 90184A378
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6.3 Layer Plots
To download the layer plots, see the design files at TIDA-00408.

Figure 33. Top Silkscreen Layer

6.4 Altium Project
To download the Altium project files, see the design files at TIDA-00408.

6.5 Gerber Files
To download the Gerber files, see the design files at TIDA-00408.

6.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00408.

7 References

1. CompulLab, CM-T3730 computer-on-module (CoM) | system-on-module (SoM), Block Diagram
(http://www.compulab.co.il/products/computer-on-modules/cm-t3730/#diagram)
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Appendix A Mechanical Assembly Instructions

A.1  Assembling Carrier Frame

Begin by securing two metal brackets to the metal carrier frame. Be sure to align the carrier frame as the
following Figure 34 shows.

CarriegdErame)

Figure 34. Attaching Brackets to Carrier Frame

» The metal brackets have three off-center holes along the middle of the bracket. Align these holes so
that they are closer to the interior of the metal carrier frame.

» Place the metal brackets so that there is a space between the center of the metal brackets and carrier
frame.

Figure 35. Side View—Bracket and Carrier Frame
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Figure 36. Bracket, Carrier Frame, and Grommet Stack

¢ Place a grommet on a 4-40 5/8-inch screw and push the grommet all the way to the head of the screw.

¢ Insert the screw through the carrier-frame hole until the attached grommet is resting against the carrier
frame.

¢ Place two more grommets on the opposite side of the screw.
¢ Place the bracket on the screw.
« Place one more grommet on the opposite side of the screw.

¢ Secure the screw with a small 4-40 nut and tighten until the screw is snug. Do not overly tighten the
screws, because the rubber grommets must be able to move when the actuator is vibrating.

Complete the same screw-grommet stack-up for each corner of the carrier frame. Tighten the screws so
that the height between the carrier frame and the brackets are the same for each corner.
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A.2  Attaching Plastic Frame

Align the holes in the metal brackets with the holes in the metal frame. The thicker side of the plastic
frame should align with the thicker side of the carrier frame.

Figure 38. Securing Plastic Touch Screen Frame to Bracket

» Use the 4-40 3/16-inch screws to secure the plastic frame to the carrier frame using a total of six
screws.
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The following Figure 39 and Figure 40 show the final assembly.
r-—_
Figure 40. Side View—Attached Plastic Touch Screen Frame and Bracket
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A.3  Securing Plastic Frame to Touch Panel

Once the carrier frame, brackets, and plastic frame are assembled, they can be attached to the back of
the glass touch screen. Use 3M™ adhesive transfer tape (double-sided) to secure the plastic frame to the
glass.

Table 10. Adhesive Transfer Tape Product Information

PART NUMBER MANUFACTURER DESCRIPTION
3-5-468MP 3M Adhesive transfer tape

The plastic frame goes around the display panel on the back of the glass, as Figure 41 shows. Place 3M
tape around the display panel on all four sides.

Figure 41. Backside—Touch Screen

As Figure 42 shows, remove the tape backing and press the plastic frame and display panel together
firmly.

Figure 42. Tape on Backside of Touch Screen
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A.4  Connecting Motherboard to Carrier Frame

Use 4-40 7/16-inch screws to secure the board to the carrier frame. Place white plastic spacers between
the board and the carrier frame.

Figure 43. Motherboard and Carrier Frame Screw Locations

A.5 Attaching Chassis to Metal Frame

Place the plastic chassis frame around the touch panel. Make sure that the plastic frame aligns with the
holes in the carrier frame (see Figure 44).

Figure 44. Screw Locations for Chassis and Carrier Frame

Insert 4-40 5/16-inch screws into the ten screw holes around the perimeter of the chassis (Figure 45).
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Figure 45. Secure Chassis to Carrier Frame

Finally, attach the back cover plate to the frame and secure with four 8-32 1-inch screws.

Figure 46. Enclosure with Back Cover Attached
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Appendix B Electrical Connections

The DRV2667EVM-MINI and motherboard are connected using jumper wires. Figure 47 shows the overall
solution.

Figure 47. Haptic Electrical Connections Overview

The connections on the DRV2667EVM-MINI include VDD, GND, SDA, SCL, OUT+, and OUT-. Figure 48
shows a zoomed-in image of the board.

Figure 48. DRV2667EVM-MINI Board Connections

The wires are then connected to P9 and P11 of the mother board as Figure X shows. The orange wire is
SDA, the yellow wire is SCL, and the black wire is GND.
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Figure 49. I°C and Ground Connections

Connect the red VDD wire to the 5-V rail near the power terminal of the mother board as Figure 50 shows.

3 N S, v
Figure 50. VDD Connection
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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