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3.1

Introduction

Haptics is a new interface that has been adopted in many new portable devices. Many devices use tactile
vibrations to communicate with the user. Traditionally, haptic technology is used in many gaming devices
and smart phones to immerse the user in the game content or to provide "button feel" to a phone user.
Many wearable devices, like TV remotes and mice, are using haptics to provide notifications, tactile
feedback, render a virtual scroll wheel, and more. One common feature in all these devices is that they
are operated by AA, AAA, or lithium/lithium polymer batteries,where the voltages could range anywhere
from 2 V to 4.5 V. This design provides a preconfigured voltage level to the DRV2605L haptic driver by
either lowering or boosting the output voltage as required by the system and defined by the hardware.
Because the DRV2605L can work anywhere from 2 V to 5.2 V, this design is applicable to systems with
battery voltage swings below the drive voltages of the motor.

Board Description

The DRV2605L haptic driver is powered by the TPS63030 Buck-Boost DC-DC converter in this design.
The input voltage of the TPS63030 ranges from 1.8 V to 5.5 V. The reference design is configured for a
default output voltage of 5 V. For different voltage configurations, refer to Equation 1. A buck-boost
topology has been chosen to adjust to any higher or lower variations in the battery voltage. The current
capability of this DC-DC converter is significantly high to drive powerful motors. Standard 100-mil headers
are used to be compatible with breadboards and other external connectors.

System Description

TPS63030 High-Efficiency Single Inductor Buck-Boost Converter
The design uses a TPS63030 Buck-Boost converter with 1-A switches that power the DRV2605LMSOP.

The VBAT can be supplied from a battery source (AA, AAA, Lithium, and others). A JST connector is used
in this design to be compatible with many battery kits already available on the market. The EN pin is
connected to VBAT to have the chip ready to output as soon as a valid VBAT within the operating range is
applied.

The PS/SYNC pin can disable or enable the power save feature. This feature may be helpful for loads
lighter than 10 mA, like a micro-controller connected to the same rail. The power save is disabled on this
board and can be enabled by removing resistor R3 and connecting resistor R5, which pulls the pin high or
low. The feedback resistors R4 and R2 provide a steady output voltage of 5 VDC. Based on the maximum
overdrive voltage of the motor, the feedback resistors can be configured to obtain a lower voltage. Refer to
Equation 1 from the datasheet to get other voltages by changing R2 from the design. The inductor L1 is a
2.2-pH inductor from Coilcraft®. Refer to the Design Calculations for Buck-Boost Converters Application
Report (SLVA535) for more information on selecting an inductor. The net REG is the output of the
TPS63030 and is connected to the DRV2605L.
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Figure 1. TPS63030 Buck Boost (1.8-5 V)
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3.11

Equations

From the datasheet of the device, the following equations are the calculations to configure the output
voltage of the TPS63030 (net REG).

R, =R, ><(Vout_1j

Vb

@
If R4 =100 kQ, Vfb = 500 mV, then
For Vour =5V,
=R, = 100x(%—1)
' @

R, = 887 kQ
Similarly for Vo = 3V, R2 = 540 kQ.

3.2 DRV2605L Haptic ERM/LRA Driver with Integrated Effect Library and Smart Loop
The DRV2605L is a low-voltage haptic driver with a built-in licensed Immersion TouchSense® 2200
waveform library. The DRV2605L is compatible with ERM and LRA motors and can be controlled over 12C
from an external microcontroller. The connections to a motor are on nets OUT+ and OUT-.
U2
VDRV
12 VDD ouT+ L OUT*
VDD/NC Lo ouT-
Ao, B s o
1uF
L SCL 2. 0sL REG —
GiD SPA—Z) spA lﬁ:
IRG 4 J\RiG GND ‘%8 H
DRV2605LDGS ==
GND
Figure 2. DRV2605L Haptic Driver
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3.2.1 Motor Voltages

When designing a system for haptic effects, consider these two voltage levels:

» Rated Voltage: This is the voltage at which the actuator is driven. The datasheet usually has this
parameter.

» Overdrive: This is the voltage higher than the rated voltage applied during startup of the actuator to
give an initial push to the actuator. During startup and braking phases, overdrive makes the effect very
crisp and sharp. During the braking phase, the voltage is on opposite polarity for ERMs and in the
same phase as the previous pulse for LRAs. Some datasheets specify the duration and the overdrive
voltage, which is usually 1.5x to 2x the rated voltage for approximately under 50 ms. The DRV2605L
also calculates the absolute number of overdrive pulses for LRA using the back-emf, which mitigates
excessive overdrive or braking scenarios.

Startup Braking Startup Braking
1 1 1 ] I ] 1
Overdrive |-= == - 1 : Overdrive [==== | |
1 1
Rated Voltage ___: - : | : :
1 1
: : A : Rated Voltage f—=-=--— 1 1
I 1 Il ] ]
I | 1 1
1 1 1
1 | | I 1
1 1 1 1 1
1 1 1 1 1
1 1 | 1 ! !
Figure 3. Overdrive and Rated Voltage LRA Figure 4. Overdrive and Rated Voltage ERM

4 Test Data

4.1 Tools Used
« A DRV2605LEVM-BB AA Battery Buck-Boost reference design board
* A DRV-ACC16-EVM Haptic Accelerometer Measurement Tool
* A DRV-USBCOM-EVM Haptics Communication Board
* A Lecroy APO15 Current Probe
» Silicone Gel Blocks

4.2 Scope Capture Reference
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Figure 5. Sample Scope Capture
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O Channel 1 (C1) = OUT+ of DRV2605L

. Channel 2 (C2) = OUT- of DRV2605L

O Channel 3 (C2) = Acceleration on the dominant motor vibration axis
O Channel 4 = Current probe on net VBAT

O Math = Difference of OUT+ and OUT- (C1-C2)

The current measurement window is denoted by the two dotted marker lines on the waveform. The size of
the window is based on the duration of the effect and will calculate time-based measurements, such as
energy per click.

42.1 Acceleration Conversion
The peak-to-peak value of C3 can calculate the acceleration.

Value of C3,¢ to peak

%)
2 ©)

Acceleration =
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4.3 Effects Preview

Different motors were connected to the outputs of the DRV2605LMSOP. Table 1 lists the three motors

used in this study:

Table 1. List of Motors Used in this Study

MOTOR MOTOR TYPE PROGRAMMED PROGRAMMED ACCELERATION (G)
RATED VOLTAGE OVERDRIVE CLAMP
SEMCO 1030 LRA 1 VRMS 33V 15
NRS2574i ERM 1.7V 2V 1
Johnson Electric ERM av 5V 6.7

List of effects: The following is a list of the effects that were captured.
* Infinite Buzz
» Strong Click

e Sharp Click
» Double Click
» Triple Click
e Buzz 100
* Pulsing
NOTE: These effects were captured with the a configuration of 5 V applied to the DRV. The

resistors R2 and R4 were unchanged.

4.4 SEMCO 1030 Linear Resonant Actuator
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Figure 6. Pulsing Strong Figure 7. Strong Click
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Figure 12. Infinite Alert
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45 Johnson Electric
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Figure 15. Sharp Click 100 Figure 16. Double Click
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Figure 18. Buzz 100
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Figure 19. Pulsing Strong
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Figure 22. Sharp Click 100 Figure 23. Double Click
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Figure 26. Pulsing Strong

4.7 Choice of Output Voltage vs Optimizing for Efficiency

From Equation 1, one can obtain different voltages on the output of the TPS63030, which is powering the
DRV2605L. Two different configurations of V; were obtained with resistor R2 = 887 kohm and 537
kohm, which corresponds to Vo, =5V and 3.3 V, respectively.

This voltage is important as it is the maximum to which the overdrive clamp can be set. Table 2 shows
that it is optimal to have the difference between the output voltage closer to the overdrive voltage. Based
on the application and in an example of a 3-V overdrive on an LRA, a 5-V output configuration for the
same acceleration is unnecessary.
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4.8 Resistor R2 =887 kohm (Vo =5V)
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Figure 29. VBAT =3V Figure 30. VBAT =2V
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4.9 Resistor R2 =530 kQ (Vo =3 V)
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Figure 33. VBAT =3V
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Figure 34. VBAT =2V

Table 2. Current Consumption Summary

CONDITION CL'J\:{I%:E)NNT VI(3VA)T REG (V) DIL\:TQZ;O ENERG\((uiE)R CLICK APP'?ROC;('\I/IM:IgolgEJmMABhEBRA?_I_:r Iglq_\l(CKS
R2 =887 k 57.2 5 5 65 1.03 1,452,394

R2 =887 k 90.8 4 5 65 1.64 914,944

R2 =887 k 237.1 3 5 65 4.30 350,388

R2 =887 k 283.7 2 5 65 5.12 292,834

R2 =530 k 36.6 5 3 65 0.66 2,269,861

R2 =530 k 47.6 4 3 65 0.86 1,745,314

R2 =530 k 73.7 3 3 65 1.33 1,127,231

R2 =530 k 153.2 2 3 65 2.77 542,278
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NOTE: Always configure the output voltage of the Buck-Boost converter to be greater than or equal
to the overdrive voltage of the motor.

Table 2 shows that for best results, the output voltage of the Buck-Boost converter must be set as high as
the lowest value required for the overdrive clamp voltage of the motor.

5 Design Files
5.1 Schematics
To download the schematics, see the design files at TIDA-00407.
L1
LYY Y\
LPS3015-222MLB
VBAT u1
VDRV 2 4 & 2 2 REG
p 10| vop OUT+ ol —_OUT+ T 5 1vin vour (1 T
2] voone our- -2 OUT %”F 3 t v B <'—I“’ o % ﬁ% "
1. EN 5. EN . 6 len 10pF ul
%‘F GED 7 9 =
I scL 2 1 R3 PSISYNC GND R4 oD
= T e REe = ) 3 100k
GND SDA cs v Q
IRG 4 \\rric GND %ﬁ WF £
DRVZ2605LDGS = L TREG3030DSK GND
=
DRV2605L Haptic Driver GND
TPS63030 Buck Boost (1.8-5V)
f OUT+ VDRV
—ouT- :l—
Rt M 2 TP
E— hd
3 GND
/ TRG VBAT
REG VDRV
o = T R T
_EN GND 0
Figure 35. Schematics Page 1
PCB
LOGO
Pb-Free Symbol
J4 J5
= >
o o
—— o
o —=< o
— <
TSW-105-07-G-S TSW-105-07-G-S
Figure 36. Schematics Page 2
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5.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00407.
Table 3. Bill of Materials
ITE | DESIGNA | QUAN | VALU PART MANUFAC PACKAGE
M # TOR TITY E NUMBER TURER iSOl REFERENCE
1 IPCB1 1 TIDA-00407 Any Printed Circuit Board
C1, C2, C0603C106 o
2 C3 3 10 pF MOPAGTU Kemet CAP, CERM, 10 pF, 6.3 V, + 20%, X5R, 0603 603
C1005X5R1
3 C4,C5 2 1 uF | C105K050B TDK CAP, CERM, 1 pF, 16 V, + 10%, X5R, 0402 402
C
S2B-PH- JST
4 J3 1 SM4- Manufactur Header (shrouded), 2 mm, 2x1, R/A, SMT Hei?rf]r‘é;;l‘ 2
TB(LF)(SN) ing '
5 J4, 35 2 Tg;"_’él_?j' Samtec Header, 100 mil, 5x1, Gold, TH 5x1 Header
2.2 LPS3015- . Inductor, Shielded Drum Core, Ferrite, 2.2 yH, 1.4
6 L1 1 uH 299MLB Coilcraft A 0.11 Q, SMD LPS3015
R1, R3, CRCW0402 Vishay-
7 R6 3 0 0000Z0ED Dale RES, 0, 5%, 0.063 W, 0402 402
RCO0603FR- Yageo
8 R2 1 887 k 07887KL America RES, 887 k, 1%, 0.1 W, 0603 603
RCO0603FR- Yageo
9 R4 1 100 k 07100KL America RES, 100 k, 1%, 0.1 W, 0603 603
. . Testpoint_Keys
10 TP1 1 SMT 5015 Keystone Test Point, Miniature, SMT tone_Minfature
TPS63030D High-Efficiency Single Inductor Buck-boost
1 U1 1 SK Tl Converter with 1-A Switches, DSKO010A DSKOO010A
DRV2605LD Haptic Driver for LRA and ERM With Built-In
12 U2 1 GS Tl Library and Smart Loop Architecture, DGSO0010A DGS0010A
13 FID1 0 N/A N/A Fiducial mark. There is nothing to buy or mount. Fiducial
14 J1, 32 0 Tg;"_’él_?j' Samtec Header, 100mil, 5x1, Gold, TH 5x1 Header
CRCW0402 Vishay- o
15 R5 0 0 0000Z0ED Dale RES, 0, 5%, 0.063 W, 0402 402
5.3 Layer Plots

To download the layer plots, see the design files at TIDA-00407.

Figure 37. Top Overlay
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Figure 38. Top Layer
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Figure 39. Top Solder Figure 40. Bottom Overlay
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Figure 41. Bottom Solder Figure 42. Drill Drawing
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Figure 43. Composite Layer Figure 44. Board Dimensions
5.4 Altium Project

To download the Altium project files, see the design files at TIDA-00407.

5.5 Layout Guidelines
To download the layout guidelines, see the design files at TIDA-00407.
5.6 Gerber Files
To download the Gerber files, see the design files at TIDA-00407.
6 References
1. Choosing Inductors and Capacitors for DC/DC Converters (SLVA157)
2. DRV2605 Setup Guide (SLOA189
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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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