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6 Pin Configuration and Functions

PWP Package

16 Pins
(Top View)
FS| 1 16 | PWMIN
[ Fs)2 P 1 [FRR]
RD| 3 i 14 [cs
VCP| 4 | 13 [COM
i PowerPAD |
[ CPP] 5 | P12 Vs ]
CPN| 6 11 [vce
Cowlr L oy
GND| 8 9 [V
Pin Functions
PIN 1
1jo® DESCRIPTION
NAME NO.
FS 1 | Motor parameter adjustment pin. Pull low for lower-speed motor and pull high for high-speed motor.
FG 2 (0] Frequency generator output. The output period is equal to 6 electrical states (FG).
RD 3 (0] In the lock condition, RD output is high through a pullup resistor to Vcc or 5 V.
VCP 4 (0] Charge pump output
CPP 5 (0] Charge pump conversion terminal
CPN 6 (0] Charge pump conversion terminal
w 7 (0] Phase W output
GND 8 — | Ground pin
Y, 9 (0] Phase V output
U 10 (0] Phase U output
VCC 11 | Input voltage for motor and chip supply voltage
V5 12 (0] 5-V regulator output
Motor common terminal input. If the motor does not have a common wire, see Application and
COM 13 | ) -
Implementation for more details.
Overcurrent threshold set-up pin. A resistor set-up current limit is connected between this pin and ground.
The voltage across the resistor compares with the voltage converted from the bottom MOSFETS' current. If
CS 14 | MOSFETS' current is high, the part goes into the overcurrent protection mode by turning off the top PWM
MOSFET and keeping the bottom MOSFET on.
limit(A) = 6600 / R¢cs (Q); Equation valid range: 500 mA < ljjmit < 2000 mA
FR 15 | Set high for reverse rotation. Set low or floating for forward rotation.
PWMIN 16 | PWM input pin. The PWM input signal is converted to a fixed switching frequency on the MOSFET driver.
(1) I=input, O = output, N/A = not available

Copyright © 2012-2014, Texas Instruments Incorporated 3
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature (unless otherwise noted)
MIN MAX UNIT
VCC -0.3 20
Cs -0.3 3.6
Input voltage ™ PWMIN, FS, FR -0.3 6 \%
GND -0.3 0.3
COM -1 20
U, VvV, W -1 20
FG, RD -0.3 20
Output voltage® vep 03 25 \Y
CPN -0.3 20
CPP -0.3 25
V5 -0.3 6
T, Operating junction temperature -40 125 °C
(1) Voltage values are with respect to the network ground terminal unless otherwise noted.
7.2 Handling Ratings
MIN MAX UNIT
Tstg Storage temperature range —55 150 °C
_ Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(l) —4000 4000
Viesn) Ei'sesrgg’rzt:t'c Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® | —-1000 1000 v
Machine model (MM) -200 200
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply voltage VCC 5 16 \%
U, VvV, W -0.7 17
COM -0.1 17
FG, RD -0.1 16
PGND, GND -0.1 0.1
Voltage range VCP -0.1 22 \%
CPP -0.1 22
CPN -0.1 16
V5 -0.1 5.5
PWMIN, FR, FS -0.1 5.5
T; Operating junction temperature -40 125 \%

4 Copyright © 2012-2014, Texas Instruments Incorporated
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7.4 Thermal Information
DRV11873
THERMAL METRIC® PWP UNIT
16 PINS
Rgia Junction-to-ambient thermal resistance 39.4
Rojctop) Junction-to-case (top) thermal resistance 30.3
Rgis Junction-to-board thermal resistance 25.6 CIW
WIT Junction-to-top characterization parameter 0.5
viB Junction-to-board characterization parameter 10.2
Rosc (ot Junction-to-case (bottom) thermal resistance 3.6

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

Copyright © 2012-2014, Texas Instruments Incorporated 5
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7.5 Electrical Characteristics
over recommended operating free-air temperature (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP  MAX| UNIT
SUPPLY CURRENT
lvee Supply current | Ta = 25°C; PWM = Vcc; Vec =12V | 2.7 5 | mA
UvLO
VyvuvLo-th r UVLO threshold voltage Rise threshold, Tp = 25°C 4.3 4.6 \Y
VuvLo-th_f UVLO threshold voltage Fall threshold, Tp = 25°C 3.9 4.1 \Y
VUVLO-thhys ﬁ;g';g’r;zg’sm'd voltage Ty = 25°C 100 200 300 mv
INTEGRATED MOSFET
RpsoN Series resistance (H + L) EU: :ZS:EE;AVCC =12V;VCP=19V; 0.45 06| Q
PWM
VpWM-IH High-level input voltage Vec 245V 2.7 \%
VpWM-IL Low-level input voltage Vec 245V 0.8 \
frwm PWM input frequency 7 100| kHz
Ipwm-source PWM source current 35 50 65 HA
FG
IFG-sINK FG pin sink current Ve =03V 5 mA
IFG-short FG pin short current limit Veg =12V 20 25| mA
RD
IRD-SINK RD pin sink current Vrp = 0.3V 5 mA
IRD-short RD pin short current limit Vrp =12V 20 25 mA
FR and FS
VER-H High-level input voltage Vec 245V 2.3 \%
VERAL Low-level input voltage Vec 245V 0.8 \%
VEs.th FS set threshold voltage Vec 245V 2.3 0.8 \%
V5
V5 5-V LDO voltage Vec =12V 4.75 5 525| V
lys 5-V LDO load current Vee=12V 20 mA
LOCK PROTECTION
tLock-ON Lock detect time FS=0 0875 125 1625 s
FS=1 0.437 0.625 0.812
tLoCK-OFF Lock release time FS=0 4375 625 8125 s
FS=1 2.187 3.125 4.06
CURRENT LIMIT
Current limit CS pin to GND resistor = 3.3 kQ 17 2 2.3 A
THERMAL SHUTDOWN
Shutdown temperature 160
Tspon Shutdown temperature threshold - °C
Hysteresis 10
6 Copyright © 2012-2014, Texas Instruments Incorporated
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7.6 Typical Characteristics
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FG: 10V/div

RD: 5V/di

o e,

W?W” I

Phase Current: 2A/div

-

Input voltage =12V PWM duty = 100%
t = 20 ms/div

Figure 1. Start Up at 100% Duty
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|

RD: 5V/div g ’
Il |

‘ Phase Voltage: 10V/div
A

Input voltage = 12 V
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Phase Current: ZA/BI‘V
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Figure 2. Start Up at 10% Duty

Input voltage = 12 V
t =800 ps/div

PWM duty = 100%

Figure 3. Normal Operation at 100% Duty

LTl
i «
FG: 10V/div 1

Phase Voltage: 5V/div

Phase Current: 500mA /div
Input voltage = 12 V
t =800 ps/div

PWM duty = 50% FS=1

Figure 4. Normal Operation at 50% Duty
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Figure 5. Lock Protection

FG: 10V/div

.

Input voltage = 12 V
t =20 ms/div

PWM duty switch from 100% to 20%
FS=1

Figure 6. AVS Operation
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Typical Characteristics (continued)
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Figure 11. 5-V LDO Line Regulation

Figure 12. 5-V LDO Load Regulation
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8 Detailed Description

8.1 Overview

DRV11873 is a three-phase, sensorless motor driver with integrated power MOSFETs with drive current
capability up to 1.5-A continuous and 2-A peak. It is specifically designed for fan motor drive applications with
low noise and low external component count. DRV11873 has built-in overcurrent protection with no external
current sense resistor needed. The synchronous rectification mode of operation achieves increased efficiency for
motor driver applications. A 5-V LDO is available to provide up to 20 mA to an external load. DRV11873 outputs
FG and RD to indicate motor status with open-drain output. A 150° sensorless BEMF control scheme was
implemented for a three-phase motor. DRV11873 can fit a wide range of fan motors with the FS pin selection
function. Motor speed can be controlled by adjusting V¢ or providing a PWM input. Voltage surge protection
scheme prevents the input V¢ capacitor from overcharge during motor braking mode. DRV11873 has multiple
built-in protection blocks including UVLO, overcurrent protection, lock protection, and thermal shutdown
protection.

8.2 Functional Block Diagram

FG

GND Lock - ’ ﬂ PWM
— Detection =
Phase Current
» > 4‘ FS
com Phase to Sense
U COM - l
~—v ™| Comp-
4>V arat(?r - - llimit A {:‘ cs
W, comp | VREF  yce
Bandgap uvLo -
and
Predriver \
¢ vCP B
U GND
Predriver vee =
Core Logic |
GND oD I -
— i w
— Thermal Predriver L
detection o
FR D Lagt GND
#VCC (] osC —
LU
~Vopl AvS > vee vCP
RD w - s | ] ver
¢GND 4‘ CPP
1 Charge Pump
oND #vcc A— N
vs | | 5V LDO
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8.3 Feature Description

8.3.1 Speed Control

DRV11873 can control motor speed through either the PWM,y or V¢ pin. Motor speed increases with higher
PWM,y duty cycle or V¢ input voltage. The curve of motor speed (RPM) vs PWM,y duty cycle or V¢ input
voltage is close to linear in most cases. However, motor characteristics affect the linearity of this speed curve.
DRV11873 can operate at low V¢ input voltage = 4.1 V. The PWM,y pin is pulled up to V5 internally and the
frequency range can vary from 7 to 100 kHz. The motor driver MOSFETS operate at a constant switching
frequency of 125 kHz when the FS pin is pulled high and 62.5 kHz when the FS pin is pulled low. With this high
switching frequency, DRV11873 can eliminate audible noise and reduce the ripple of V¢ input voltage and
current.

8.3.2 Frequency Generator

The FG output is a 50% duty square wave output in the normal operation condition. Its frequency represents the
motor speed and phase information. The FG pin is an open-drain output. An external pullup resistor is needed to
connect any external system. During the start up, the FG output remains at high impedance until the motor
speed reaches a certain level and BEMF is detected. If FG is not used, this pin can be left floating. The FG pin
can be tied to either V5 or V¢ through a pullup resistor. Normally, the pullup resistor value can be 100 kQ or
higher. During lock protection, the FG output remains high until the lockout protection is dismissed and restart is
completed. A current limit function is built in for the FG pin which prevents the open-drain MOSFET from damage
if Vcc or V5 is accidentally connected to the FG pin. To calculate RPM based on FG frequency, refer to
Equation 1.

RpM = (FG < 60)
pole pairs
where
« FGisin hertz (Hz) (1)

8.3.3 FS Setting

DRV11873 can fit a wide range of fan motors by setting the FS pin. For high speed fan motors with low motor
winding resistance and low inductance, the FS pin should be pulled high. For low speed fan motors with high
motor winding resistance and high inductance, the FS pin should be pulled low. Through FS pin selection,
DRV11873 can be used for wide applications from low-speed refrigerator cooling fans to high-speed server
cooling fans. FS status can only be set during device power up.

8.3.4 Lock Protection and RD Output

If the motor is blocked or stopped by an external force, the lock protection will be triggered after detection time.
During lock detection time, the circuit monitors the FG signal. If the FG output does not change state during the
lock detection time, the lock protection will stop driving the motor. After lock release time, DRV11873 resumes
driving the motor. If the lock condition is still present, DRV11873 proceeds with the next lock protection cycle
until the lock condition is removed. With this lock protection, the motor and device do not get overheated or
damaged. A different FS setting determines a different lock detection and lock release time. See the Electrical
Characteristics for the different lock detection and release times.

The RD pin is an open-drain output which can be tied to either V5 or V¢ through a pullup resistor. Normally, the
pullup resistor value can be 100 kQ or higher. During the lock protection condition, the RD output remains high
until the lock protection is dismissed and restart is completed. A current limit function is built in for the RD pin
which prevents the open-drain MOSFET from damage if V¢ or V5 is accidentally connected to the RD pin.

8.3.5 Reverse Spin Control FR

DRV11873 has an FR pin to set the motor for forward or reverse spin. During DRV11873 power up, FR status is
set. During normal operation, the spin direction of the motor does not change if the FR status is changed. The
FR status can be reset if the PWMy is pulled low; if FS is high, PWM must be pulled low for 300 ps, and if FS is
low, PWM must be low for 600 ps. After being pulled down for the appropriate time, the FR status resets upon
the PWM rising edge.

10 Copyright © 2012-2014, Texas Instruments Incorporated
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Feature Description (continued)
8.3.6 5-VLDO

DRV11873 has a built-in 5-V LDO which can output a 20-mA load current. It can provide 5-V bias voltage for
external use. Tl recommends a 2.2-puF ceramic capacitor to connect closely on the PCB layout between the V5
pin and ground.

8.3.7 Overcurrent Protection

DRV11873 can adjust overcurrent through the external resistor connected to the CS pin and ground. Without
using an external current sense resistor, DRV11873 senses the current through the power MOSFET. Therefore,
no power loss occurs during the current sensing. This current sense architecture improves the system efficiency.
Shorting the CS pin to ground disables overcurrent protection. During overcurrent protection, DRV11873 only
limits the current to the motor and it does not shut down the operation. The overcurrent threshold can be set by
the value of the external resistor through Equation 2.

I(A) = 6600
Res (Q) @

During motor start up, the overcurrent level is increased to 1.5 times the value set by Rcs. If the overcurrent
protection is triggered during the start up sequence, the motor will fail to start.

8.3.8 UVLO

DRV11873 has a built-in UVLO function block. The hysteresis of the UVLO threshold is 200 mV. The device is
locked out when V¢ reaches 4.1 V and woken up at 4.3 V.

8.3.9 Thermal Shutdown

DRV11873 has a built-in thermal shutdown function, which shuts down the device when the junction temperature
is over 160°C and resumes operating when the junction temperature drops back to 150°C.

8.3.10 Anti-Voltage Surge (AVS)

The DRV11873 has a protection feature to prevent any energy from returning to the power supply when the
motor is braked. This feature, AVS, protects the device as well as any other device from allowing Vcc from
increasing. AVS works when the motor is braked to a lower speed and when the motor is stopped.

8.4 Device Functional Modes

8.4.1 Startup

At startup, commutation logic starts to drive the motor with one phase high, one phase low, and the third shut off.
If a zero-cross is detected on the shut off phase, commutation logic advances to the next step; the same phase
high, the shut off phase goes low, and the low phase is shut off. Initially, the BEMF is not strong enough to
detect the zero crossings, at this very initial stage the commutation switches automatically until the BEMF is large
enough to read. In startup mode, 100% duty cycle is applied regardless of PWM input. After the commutation
logic receives 4 continuous successful zero-crossings, it switches to normal operation.

In certain cases, the motor may have initial speed when the device attempts to startup the motor again. When
this occurs, the commutation logic jumps over the startup process and goes to normal operation directly.
8.4.2 Closed Loop Control

After the motor is started successfully, the start up control switches to steady state operation. In steady state
control, the motor is commutated 150°. This is an advanced trapezoidal method that allows the device to drive
the phases gradually to the maximum current and gradually to 0 at commutation.

Copyright © 2012-2014, Texas Instruments Incorporated 11
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Device Functional Modes (continued)

8.4.3 AVS Protection

When the device is commanded to decelerate or stop the motor, in order to protect the IC and the system, the
DRV11873 has AVS protection. This function keeps the voltage supply, Vcc, from surging above the nominal
value. To do this, the device monitors the current flow in the MOSFETs and is able to sense when the surging
starts to occur. The AVS function controls the current, not allowing it to charge back to V¢ so that there is no

voltage surging.

12 Copyright © 2012-2014, Texas Instruments Incorporated
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9 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

DRV11873 only requires five external components. The device needs a 10-pF or higher ceramic capacitor
connected to V¢ and ground for decoupling. During layout, the strategy of ground copper pour is very important
to enhance the thermal performance. For two or more layers, use eight thermal vias. Refer to Layout Example for
an example of the PCB layout. For high current motors, place three Schottky diodes between phases U, V, W,
and ground. Each diode anode terminal must be connected to ground and the cathode terminal must be
connected to either U, V, or W. If there is no COM pin on the motor, one can be simulated. Use three resistors
connected in a wye formation, one connected to U, one to V, and one to W. Connect the resistor ends opposite
of the phases together. This center point is COM. To find the proper resistor value, start with a value of 10 kQ
and continue to decrease by 1 kQ until the motor runs properly.

9.2 Typical Application

100 k0 100 kQ
| FS 1
FG 2
RD;:| 3
VCP 4
0.1 uF
0.1 pF—= CPP[ 15
CPN[ (6
Wil
GND[ |g

PWMIN 4q
b—{FR I

1 cs 3.3kQ )
|| '

CcoM

2.2 uF

Vs A N—

| |_vCC
-

10 pF

Figure 13. Typical Application Schematic

9.2.1 Design Requirements

Table 1. Design Parameters

MIN TYP MAX UNIT
Motor voltage 5 16 Y
VCC capacitor Place as close to the pin as possible 10 uF
Operating current Running with normal load at rated speed 15 A
Absolute max current During startup and locked motor condition 2 A
Copyright © 2012-2014, Texas Instruments Incorporated 13
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9.2.2 Detailed Design Procedure

1. Refer to the Design Requirements and ensure the system meets the recommended application range.
— Ensure the V¢ level is in between 5 and 16 V
— Verify the motor needs no more than 1.5 A during runtime

2. Follow the application and Power Supply Recommendations when constructing the schematic.

If the motor is high current/ high speed, use three Schottky diodes between the phases and ground.

Make sure there is adequate capacitance on VCC, V5, VCP, CPP, and CPN.

Size the resistor on CS according to the details given in feature description.

Use a pull-up on FG and RD.

If the motor doesn’t have a common pin, create one using the method listed in Application Information.

3. Build the hardware according to the Layout Guidelines.

Place the supply capacitors as close to the pins as possible.

Route the U, V, W, and VCC traces to handle the allowed current.

Ensure GND connections are made with the pin and thermal PAD.

Use vias on the thermal pad to dissipate heat away from the IC.

4. Test the system with the application's motor to verify proper operation.

9.2.3 Application Curves
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Figure 14. Startup Waveforms Figure 15. Lock Detection
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Figure 16. AVS Protection
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10 Power Supply Recommendations

The DRV11873 is designed to operate from an input voltage supply, Vcc, range between 5 and 16 V. The user
must place a 10-uF ceramic capacitor rated for VCC as close as possible to the VCC and GND pin. If the power
supply ripple is more than 200 mV, in addition to the local decoupling capacitors, a bulk capacitance is required
and must be sized according to the application requirements. If the bulk capacitance is implemented in the
application, the user can reduce the value of the local ceramic capacitor to 1 pF.

11 Layout

11.1 Layout Guidelines

» Place VCC, GND, U, V, and W pins with thick traces because high current passes through these traces.
» Place the 10-uF capacitor between VCC and GND, and as close to the VCC and GND pins as possible.
» Place the capacitor between CPP and CPN, and as close to the CPP and CPN pins as possible.

» Place the capacitor between V5 and GND as close to the V5 pin as possible.

» Connect the GND under the thermal pad.

» Keep the thermal pad connection as large as possible, both on the bottom side and top side. It should be one
piece of copper without any gaps.

11.2 Layout Example

COM

10uF
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Figure 17. Layout Example Schematic
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
DRV11873PWPR ACTIVE HTSSOP PWP 16 2000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 11873

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DRV11873PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV11873PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
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GENERIC PACKAGE VIEW
PWP 16 PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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