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Operation
Design Resources e Sensorless 180° Sinusoidal Motor Control
e User Configurable Spin-up Profile to Operate
TIDA-00578 Design Folder Different Motors Easily
DRV10963 Product Folder « 3-cm Diameter PCB Design Mates With Small
Footprint Fan Enclosure
m O ASK Our E2E Experts * No Firmware or Software Needed
Eloﬁ'nzrg:nity WEBENCH® Calculator Tools Featured Applications
e 5-V Laptop/Notebook Cooling Fan
e 5-V PC Cooling Fans
« USB Fan Applications
¢ Game Station CPU Fan
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1 Key System Specifications
The DRV10963 is a three-phase sensorless motor driver with internal integrated power MOSFETs. The
embedded proprietary sensorless 180-degree sinusoidal commutation scheme demonstrates significant
acoustic noise reduction. Compared to alternative solutions, a reduction of 2 dB in the overall sound
pressure level (acoustic noise) is revealed with a three-phase 5-V laptop/notebook cooling fan motor with
a sinusoidal back-emf (BEMF) profile (with 8-cm diameter blades).
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Figure 1. Phase-to-Phase BEMF of the Motor
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Figure 2. Frequency Content in the Phase-to-Phase BEMF
Figure 2 illustrates the frequency content of the BEMF waveform shown in Figure 1. Both the third and the
fifth harmonics are at least 20 dB below the fundamental component. Therefore, the motor BEMF is closer
to a sinusoidal profile.
Table 1. Overall Sound Pressure Level Comparison
SINUSOIDAL BEMF MOTOR NON-SINUSOIDAL BEMF MOTOR
FREQUENCY
DRV10963 COMPETITOR DRV10963 COMPETITOR
50 Hz (1500 RPM) -15.9dB -13.3dB -7dB -5.9dB
100 Hz (3000 RPM) -10.5dB -8.4dB 0.7dB 1.1dB
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System Description

This BLDC motor system implements the DRV10963 and a generic 5-V laptop cooling fan motor. The
sinusoidal control scheme is suitable for 5-V fan applications where low noise is desired. The motor
voltage support is 2.1 to 5.5 V, and the max current is 500 mA. Motor speed is controlled by the PWM
input typically offered by microcontroller. Low quiescent current standby mode is available. The motor
drive stage has integrated protection, including short-circuit, shoot-through, undervoltage, over-
temperature, and locked rotor detection.

DRV10963 Internal Functional Blocks

TI"s DRV10963 is desired in applications that demand low-acoustic noise performance and the ability to
change direction (forward or reverse) on the fly through the external pin FR. Furthermore, the device gives
the user the flexibility to startup at different duty cycle and to control the speed by controlling the duty
cycle of the PWM signal through the external pin PWM. The output of the FG signal monitors the electrical
cycles of the motor speed.

FG

A

Y
VCC ADC V/I sensor ‘T
=

GND —=

§ § DRV10963

L VCC
| PWM and

- | wake-up

)
' - G
Logic core —

Lock

\ 4

Overcurrent

\ 4
T30
<

Thermal

A 4 Y
=
o
=3

UVLO

L GND

DRV10963

Figure 3. DRV10963 Internal Functional Blocks
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3 Application Block Diagram
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Figure 4. Application Block Diagram With External Components

4 System Design Theory

The core logic of the DRV10963 embedded into the hardware will spin a 3-PH motor (5-V laptop/notebook
cooling fan) in the direction indicated by the FR input pin. In the reference design, the FR pin is pulled
high. The speed is determined by the duty cycle of the PWM pin (15 to 100 KHz). Internally, the output of
the phases will toggle around 25 KHz; this is outside of the human audible hearing range.

4.1 Lock Detection Block

The hardwired algorithm will detect a stall automatically when the motor is running or in a stationary
position. When the stall is detected, the DRV10963 will stop driving the motor for five seconds as per
specification parameter Toer ook After this time, the DRV10963 will automatically issue a restart. Lock
detection works across the entire range of VCC in the specification.

4 Laptop/Notebook Computer Fan Controller TIDUA42-July 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUA42

i3 TEXAS
INSTRUMENTS

www.ti.com Getting Started Hardware

5 Getting Started Hardware

The reference design hardware does not require any external software or firmware to operate. The
reference design does require the following:
« Obtain a 5-V fan; Practice safe operation for fan and blades.

» Obtain a 2- to 6-V power supply (PS) with 1-A current clamp (max).

First, connect the GND of the EVM to GND of the power supply (or battery).
Connect the U/V/W terminal of the motor to the U/V/W of the EVM.
Adjust the power supply to 5 V and the current clamp to 500 mA

4. Connect VCC to the power supply.
Upon completing these steps, the motor starts to spin.

wnNn e

On the EVM, the PWM input is pulled high. Therefore, the motor is going to speed up to ~ 95% duty cycle.
If an input duty cycle is needed, the PWM pin needs to be connected to a pulse generator (AWG) with an
ability to continuously drive at 40 KHz from 0 to 5 V.

The FG pin (hooked) to a scope will output the speed in electrical cycles of the motor.

6 Test Setup and Acoustics Equipment

» DRV10963 reference EVM

» Four pole, three-phase with sine-BEMF motor
* LeCroy scope

» Acoustic chamber model: FAV 03

» Acoustic sensor: RION NH-17A

* Sound system display unit: UV-12A

» Sound level meter: UN-04A

» Sampling frequency: 200 kHz

* Motor poles: 4

Figure 5. Lecroy Scope Model
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7 Test Data

7.1 Motor Performance and Acoustic Characteristics

The DRV10963 is tested with a sine BEMF motor and a non-sine BEMF motor. The acoustics data is
compared with the retail available 5-V laptop/notebook fan with a blade diameter of 8 cm and revolves at
50 Hz and 100 Hz.

The device’s spin parameters, align time (ms), acceleration (Hz/s), and threshold (Hz), were optimized per
the device datasheet to obtain the startup profile. Refer to the DRV01963 Evaluation Module User's Guide
(SLAU643) and measure the motor parameters to optimize the spin the parameters. The guide takes the
user step by step through alignment, start-up operation, close-loop operation, lock detection, and current
control for the desired motor to work in conjunction with the reference PCB.

06 Phase Curent and Frequency Conient in the Phase Cumment (CRV10963 with Sine Back Emf Fan)
- T I T I I T I

Figure 6. Drive Currents of TI-DRV10963 With Sinusoidal BEMF Motor
(190-Hz Electrical Frequency = 5700 RPM)

Phase Cumment and Frequency Content in the Phase Cument {A8097 with Sine Back Emf Fan)
T I T | I

Figure 7. Drive Currents of Competitor Device With Sinusoidal BEMF Motor
(190-Hz Electrical Frequency = 5700 RPM)

The human audible hearing range is 20 Hz to 20 KHz. Cooling fans inside of laptops, notebooks, and
ultra-thin notebooks during operation can emit acoustic noise threshold levels that can cause discomfort to
the user. This section details the data that differentiates the DRV10963 from the competition to provide
significant reduction in the acoustic noise level when driving notebook cooling fan motors. The acoustic
noise is a critical system level care-about for the OEMs.
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The acoustic profiles in the following figures present the acoustic frequency verses noise (dB) content of a
5-V notebook cooling fan when driven by the DRV10963 and a competitor’s part. A significant
improvement in the acoustic profile is noticeable with the DRV10963 across the overall spectrum. In
addition to the overall sound pressure reduction, the DRV10963 demonstrates a reduction as much as

15 dB at certain frequencies. At high motor speeds, the overall air flow noise dominates increasing the low
frequency signal magnitudes.
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Operational Description

After startup, the DRV01963 will spin motor in the direction commanded by the FR input signal. In the
reference design, FR is pulled high, thus the motor’s phase sequence will follow the sequence of
Phase U — Phase V — Phase W.

The motor speed is controlled by adjusting the duty cycle of the PWMIN pin. The duty cycle is selected to
be greater than 10% to avoid the device from entering the standby mode. In standby mode the device
stops driving. If the PWMIN pin is not driven external, the pin would be pulled high and thus commanding
the speed control at 98% duty cycle.

The FG (FGOUT) pin is used an indicator of the speed of the motor, as in frequency of the motor
commutation.

The 180-degree sensorless control scheme continuously measures the motor phase current and voltage
for BEMF estimation to minimize torque ripple and thus ultra-quiet commutation of the motor.

Fg-oun
]

F 2 PR

Measure P1:frealC3) P frealC4) P3:falliCG1 P falliC4) PhriselC2) Pa:max(C1) PT:max(C3 P:miniCX)
valug 149 4845957 Hz
status L]

4 M5 ]
XK1= 4998285 ma  AX= 4930975 ms
X2= B4 280 us WAX= -202 T996 Hz

G205 28247 P

Figure 12. Reference PCB Sinusoidal Current Profile
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Referring to Figure 12, FG_OUT indicates the electrical speed of the motor. For the 4-pole, 3-PH motor,
the mechanical speed translates to [349.48 x 60] / 2] = 10.5K RPM.

PN

Measure P freniC3 P freaiC4] P3:fallic1 Pa-falliCd) Parise(C2 P& man(C1) PT:maxiC¥ P&miniC3)
valug 502195028 Hz
[

X2= B4 ps VAX= -302 76 Hz

¥ GE2015 54305 PR

Figure 13. Reference PCB Start-up (Align Acceleration) Profile

NOTE: FG_OUT signal being held HIGH during locked rotor condition (stall).

The motor start profiles are inclusive of open loop to close loop transition threshold, align time,
acceleration rate, and can be tweaked using the DRV01963 Evaluation Module User's Guide (SLAU643).
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7.2 Motor Operations in Open and Close Loop
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Figure 14. Reference PCB Open Loop and Close Loop
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In Hi-Z (region) the motor is coasting with its inertia. In the Hi-Z area, there is no current or voltage in the
coils. The BEMF is measured through the ADC. Typically, there are three to four cycle of commutation in

this region.

VCC=55

Measure P1-freqiC3) P3falliCT) PirisslC2) P&max(C1)

value 503.195026 Hz
status [

PZfreaiCd) Pa:falliC)

ot mad A
TILEn'HIE LECROY

Figure 15. Reference PCB Close Loop

PT:maxiC3) PEminiC

= £ = .
x2= B4 us VAX= 20275 Hz

BA2015 5:4305 PM

10 Laptop/Notebook Computer Fan Controller

Copyright © 2015, Texas Instruments Incorporated

TIDUA42-July 2015
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUA42

13 TEXAS
INSTRUMENTS

www.ti.com Test Data

7.3 Lock Protection
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Figure 16. Automatic Restart After Stall Recovery

When the motor is stopped or stalled momentarily by an external force, the built-in Lock protection is
automatically initiated and the DRV10963 stops driving the motor. After the Torr0ck, the device, resumes
driving the motor. The device can detect the stall condition within Ty ock-

During the motor stall condition, the FG_OUT remains high.
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8 Design Files

8.1 Schematics

To download the schematics, see the design files at TIDA-00578.

VCC
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DRV10963 {
R4 1Rrs
@ 100k 210k
G oy 0 PWM N
FGS GND -2
8 FWD REV—=
vCce } FR —
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GND = w
1 2
= -
GND
DRV10963DSN_
GND

PWM _INsignal assumed to driven from microcontroller.

FWD_REYV function to driven by digital GPIO from micro;

FGS function to driven by digital GPIO from micro.

Figure 17. Schematic for the DRV10963 5-V Laptop/Notebook Cooling Fan
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8.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00578.
Table 2. TIDA-00578 BOM
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION PAERACE
REFERENCE
1 IPCB 1 TIDA-00578 Any Printed Circuit Board
2 C5 1 2.2uF C0603C225K8PACTU Kemet CAP, CERM, 2.2uF, 10V, +/-10%, X5R, 0603 0603
3 DRV10963 1 DRV10963DSN Texas Instruments OFN
4 FID1, FID2, FID3 3 N/A N/A Fiducial mark. There is nothing to buy or mount. Fiducial
5 R1, R2 2 100k CRCWO0402100KINED Vishay-Dale RES, 100k ohm, 5%, 0.063W, 0402 0402
6 R4 1 100k ERJ-2GEOR00OX Panasonic RES, 0 ohm, 5%, 0.063W, 0402 0402
7 R5 1 10k CRCWO040210K0JNED Vishay-Dale RES, 10k ohm, 5%, 0.063W, 0402 0402
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8.3 PCB Layout Recommendations

The cut-out in the PCB is needed for motor or PCB attachment. The size of the cut depends on the motor
design and attachment. The center tap (COM terminal) is not used for the motor operation. The device
Thermal PowerPad and GND are connected to make a least impedance path and connected through
thermal vias on the two-layer board. It is good practice to allow extra placement room for decoupling
capacitors close to the bulk capacitor in situations where the VCC ripple needs to be minimized per
application needs.

N 8_

=R1
DRU10S63-

Figure 18. 3D View of Top Layer Figure 19. 3D View of Bottom Layer
(Without Texas Instruments Logo)
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8.3.1 Layer Plots
To download the layer plots, see the design files at TIDA-00578.

R
DRU10963

Figure 20. Top Silkscreen Figure 21. Top Solder Mask Figure 22. Top Layer

Figure 23. Bottom Layer Figure 24. Bottom Solder Mask Figure 25. Bottom Silkscreen
1181.10
Symbol | Quantity | Finished Hole Size | Plated | Hole Type
o 5 5.91mil (0.150mm) PTH Round
v 3 14.00mil (0.356mm) PTH Round
X 7 37.99mil (0.965mm) PTH Round
[+] 1 38.00mil (0.965mm) PTH Round
16 Total
k—1000. 0Om 1—>!
Figure 26. Board Dimensions Figure 27. Drill Drawing
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8.4 Altium Project
To download the Altium project files, see the design files at TIDA-00578.

Figure 28. Top and Bottom Layer Full View

8.5 Layout Guidelines
» Consider connecting VCC, GND, U, V, and W pins with the 10 to 14-mil trace widths due to the high
current passing through the traces.
* Place the 2.2-pF capacitor between VCC and GND and in proximity to the VCC/GND loop.

e Connect GND and thermal pad using a cooper pour. It is good practice for the GND to be as large as
possible without any islands or gaps.
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8.6 Gerber Files
To download the Gerber files, see the design files at TIDA-00578.

1 [ 2 [ 3 [ 4 5 5

Layer | Name Material Thickness | Constant | Board Lager Stack

1 Top Overlay

2 Top Solder Solder Resist | 0.40mi] 3.5
Top Lager. Copper T. 40m1l

4 Dielectricl FR-4 59. 20m1 1 4.8
Bottom Layer Copper 1. 40m1l

] Bottom Solder Solder Resist | 0.40mi1] 3.5

7 Bottom Overlay

A A

DESIGN_INFORMATION

MN, TRACK WDTH:  _8 ML —
MIN, CLEARANCE: 0.2 mm
MIN. VIA PAD SIZE: 24 ML
MNMUM ANNULAR RNG 0.05mm (2ML) EXTERNAL
PER IPC-D-275 CLASS 2 LEVEL C
REGISTRATION TOLERANCES: METAL +/- 5§ ML, HOLES+/- 3 ML

MATERAL:

[ Fr-408
5 THICKNESS:
TOLERANCE:

FR—4 High Tg [ ] omHER
2 ML (1.6mm) +/-10% [_] OTHER B
ANSI PC—6012 TYPE 3 CLASS 2
OTHER +/~
ANSI PC—-6012 TYPE 3 CLASS 2
OTHER +/-

NC_DRLL FLES

ML [JoTHER

BOW & TWIST:

DRILLING:
REFERENCE:

PTH MN COPPER THCKNESS:
Symbol | Quantity | Finishod Rolo Size | Plted | Rola Typo BOARD FINSH;
s s somesonm | P | Rownd SLKSCREEN:
SLKSCREEN COLOR: [X]WHTE [ OTHER
SOLDER RESIST COLOR:

creen [ ]Bwe [ omHeR

SURFACE FINISH: MMERSION GOLD (ENG) [ ] ENEPG
[ mm. /SR oR EQUV [] OTHER

. ARRAY/PANEL: [ ] CUT AND TRM PER MECH LAYER 1

NC. ROUTE V. SCORE

CERTFICATION:  MATERIALS AND WORKMANSHP FOR ALL PCBS
0 MEET OR EXCEED THE REQUREMENTS OF:

ANSI PC—A-600F CLASS —>[ |1
UL 94V-0 oHS || OTHER _PER ORDER

ADDITIONAL REQUREMENTS:
MCROSECTION: [ YES

BARE BOARD ELEC, TEST: [ |NONE [X]REQURED [ ]PER ORDER
MANUFACTURERS UL [ RAL [ |METAL

3 ta00mi @3semm) | PTH | Round

v
x 7 a7.somil096smm) | PH | Round
°

1 38.00mi 0965mm) | PTH__ | Round

16 Total
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D Public Release
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Figure 29. Fabrication Drawing
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8.7 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00578.
Figure 30. Top Assembly Drawing Figure 31. Bottom Assembly Drawing
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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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