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TPS92550 450mA 14W Constant Current Buck LED Driver Micro-Module

Check for Samples: TPS92550

FEATURES

» Integrated all Power Components Including
the Power Inductor

e Wide Input Voltage Range : 4.5V-36V

e Constant Switching Frequency at 400kHz

e High Contrast Ratio (Minimum dimming
current pulse width < 16us)

e Drives up to 10 LEDs in Series at 36V Input

e 13.6% Typical LED Current Accuracy

e LED Current Adjustable from 300mA to 450mA
e Up to 96% Efficiency

e TPS92550 Modules can be Connected in
Parallel for Higher Current Operation

e Input Under-Voltage Lock-Out (UVLO)

e Compatible with Ceramic and Low ESR
Capacitors

e Low Electro Magnetic Interference(EMI)
Complies with EN55015 Standard @

e« LED Open and Short Circuit Protections
e Thermal Shutdown and RoHS Compliant
e —40°Cto +125°C Junction Temperature Range

APPLICATIONS

* General Lighting, Desk Lamps
— Cabinet Lamps, Decorative Lamps
— Street Lamps

» Architecture Lighting, Recess Lights
— Spot Lights
— Underwater Lights

PACKAGE HIGHLIGHTS
e 7 Lead Easy-to-use Package (Similar to TO-
263)

e Single Exposed Die Attach Pad for Enhancing
Thermal Performance

e 10.2x 13.8 x 4.6 mm Package
(1) ENb55015, refer to Figure 36 and Figure 37

DESCRIPTION

The TPS92550 Constant Current Buck LED Driver
Micro-Module drives maximum 450mA LED current
up to 10 LEDs in a single string (maximum 14W). It
integrates all the power components including the
power inductor. The TPS92550 provides a full turn-
key, highly efficient solution for wide range of single
string LED lighting applications with up to 96% power
efficiency. It accepts an input voltage ranging from
4.5V to 36V and delivers a 350mA LED current as
default. The LED current is adjustable from 300mA to
450mA by changing a single external resistor.

The module operates at constant switching frequency
(400kHz) with low Electro Magnetic Interference
(EMI) complying with EN55015 standard. The module
has fast control loop to realize fine LED current pulse
yielding 256—step PWM dimming resolution at 240Hz
for general lighting. Protection feature include thermal
shutdown, input under-voltage lockout, LED open-
circuit and short-circuit protections. The TPS92550
Micro-Module is available in 7-pin PFM power
package.
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Figure 1. Typical Application Circuit

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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SYSTEM PERFORMANCE
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Figure 4. Radiated Emissions (EN 55015)

Easy to Use 7-Pin Package

Top View Bottom View

(1) 63, measured on a 1.705” x 3.0” four layer board, with one ounce copper , thirty five 12 mil thermal vias, no air flow,
and 1W power dissipation.

Figure 5. 7-Pin PFM Package
10.16 x 13.77 x 4.57 mm (0.4 x 0.39 x 0.18 in)
8,4 = 20°C/W, 0, = 1.9°C/w®
RoHS Compliant
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CONNECTION DIAGRAM
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Figure 6. 7-Pin PFM (Top View)

See NDWOOO7A Package

PIN DESCRIPTIONS

Pin . .
Number Name Description Function
1,2 LED+ Anode of LED string Supply input and rail connection to the anode of the LED string.
3 DIM Dimming signal input Dimming control signal input. Open to enable or apply logic level PWM signal
to control the brightness of the LED string.
4 GND Ground Reference point for all stated voltages. Connect to the exposed pad of the
package externally.
VREF Voltage reference Internal voltage reference output.
IADJ LED current adjustment Fine tunning of the LED current by connecting a resistor between this pin and
ground. Connect this pin to ground for factory preset current.
7 LED- Cathode of LED string The current return pin of the LED string, connect to the cathode of the LED
string.
EP Exposed Pad | Exposed thermal pad Used to dissipate heat from the package during operation. Must connect to
GND directly.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS @

VALUE / UNITS

LED+, LED- to GND -0.3V to 40V
DIM to GND -0.3V to 6V
IADJ, VREF to GND -0.3V to 5V

ESD Susceptibility )

+2 kV (All pins Except Pin 6)

Power Dissipation

Internally Limited

Junction Temperature 150°C
Storage Temperature Range 0°C to 150°C
Peak Reflow Case Temperature (30 sec) 245°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For specifications and test conditions, see the Electrical Characteristics.
(2) The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. The Pin 6 ( IADJ pin) pass *+ 1kV.Test

method is per JESD22-Al14S.

RECOMMENDED OPERATING CONDITIONS @

VALUE / UNITS

LED+, LED- 4.5V to 36V
DIM 0V to 5.5V
IADJ 0V to 0.2V

Junction Temperature (T;)

—40°C to 125°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For specifications and test conditions, see the Electrical Characteristics.
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ELECTRICAL CHARACTERISTICS

Limits in standard type are for T; = 25°C unless otherwise stated; limits in boldface type apply over the operating junction
temperature range T, of —40°C to 125°C. Minimum and maximum limits are specified through test, design, or statistical
correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference purposes
only. Unless otherwise stated the following conditions apply: V\y =24 V, I g, = 350mA. V,y is the voltage applied across LED+
and GND. I is the input current flowing into the LED+ node. | gp is a LED current flowing into the LED- pin. V gp is the
voltage applied across LED+ and LED-. Vp,, is the voltage applied across the DIM pin to ground. Resistor Rj,p; connect from
IADJ pin to ground. Resistor Ryger connect from VREF pin to ground.

Symbol

Parameter

Conditions

‘ Min @ | Typ @ | Max @D ‘ Units

SYSTEM PARAMETERS

In

Input Current

VLED =0V, 45V=< VIN <36V, VDIM =0V

2.0 2.35 2.7 mA

ILep

LED Current

Viep = 18V, Rjaps = 0Q, Ryger = open, T; = 25°C

336 350 361 mA

Viep = 18V, Rjaps = 0Q, Ryrer = open,
Ty = 25°C t0 125°C

328 350 361

Viep = 18V, Rjaps = 0Q, Ryrer = open,
T, =-40°C to 125°C

328 350 370

ILED-36V

LED Current at Vi = 36V

Vin = 36V, Vigp = 24V, Riapy = 0Q, Ryrer = 0Open,

332 350 359 mA

T;=25°C
V|N = 36V, VLED = 24V, RlADJ = OQ, RVREF = open, 330 350 359
T;=25°C to 125°C
Vin =36V, Vi gp = 24V, Riaps = 0Q, Ryrer = open, 330 350 366
T;=-40°C to 125°C
ILED»ADJl Adjusted LED Current VLED =18V, RlADJ = OQ, RVREF = 10.5kQ y TJ =25°C 432 450 466 mA
VLED = 18V, RlADJ = OQ, RVREF = 105kQ, 429 450 466
T;=25°C to 125°C
VLED =18,V RIADJ = OQ, RVREF =10.5kQ y 429 450 474
T;=-40°C to 125°C
ILED-ADI2 Adjusted LED Current Viep = 18V, Rjaps = 500Q, Ryrer = open, 287 300 309 mA
T;=25°C
Vi gp = 18V, Riaps = 500Q, Ryrer = open, 283 300 309
T;=25°Cto 125°C
Vi ep = 18V, Rjap; = 500Q, Ryrer = open, 283 300 315
T;=-40°C to 125°C
lLep-storT | LED Short Circuit Current | V| gp = 0V, V|y = 36V, DIM = open 800 900 1020 mA
at V|N =36V
ILED-LEAK “LED-" pin leakage Vi ep = OV, V|\ = operating max, DIM = 0V 1.2 HA
current
fsw Switching Frequency Vi ep = 12V, Riapj = 0Q, Ryrer = open 365 400 450 kHz
Voim DIM Pin Threshold Vpm Increasing 1.0 1.2 \Y
VpIM-HYS DIM Pin Hysteresis 0.25 \Y
THERMAL CHARACTERISTICS
Tsp Thermal Shutdown T; Rising 170 °C
Temperature
Tsp-Hys Thermal Shutdown Temp. | T; Rising 10 °C
Hysteresis
03a Junction to Ambient®©) 4 Layer JEDEC Printed Circuit Board, 100 vias, No air flow 19.3 °CIW
2 Layer JEDEC PCB, No air flow 21.5
0;c Junction to Case No air flow 19 °CIW

(1) Min and Max limits are 100% production tested at an ambient temperature (T,) of 25°C. Limits over the operating temperature range are
specified through correlation using Statistical Quality Control (SQC) methods. Limits are used to calculate Average Outgoing Quality
Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely parametric norm.

(3) 63, measured on a 1.705” x 3.0” four layer board, with one ounce copper , thirty five 12 mil thermal vias, no air flow, and 1W power
dissipation.
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TYPICAL PERFORMANCE CHARACTERISTICS

Unless otherwise specified, the following conditions apply: V,y = 24V, Cy is a 2.2pF 100V X7R ceramic capacitor for driving
2—7 power LEDs with I, g5 = 350mA. Single LED forward voltage used is 3.2V. T, = 25°C for efficiency curves and waveforms.

Efficiency vs
Vins ILep = 350mMA

I_ep Regulation vs
Vins ILep = 350mA
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Figure 7. Figure 8.
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Figure 11. Figure 12.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Unless otherwise specified, the following conditions apply: V,y = 24V, Cy is a 2.2pF 100V X7R ceramic capacitor for driving
2—7 power LEDs with I, gp = 350mA. Single LED forward voltage used is 3.2V. T, = 25°C for efficiency curves and waveforms.
I_ep Regulation vs
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Unless otherwise specified, the following conditions apply: V,y = 24V, Cy is a 2.2pF 100V X7R ceramic capacitor for driving
2—7 power LEDs with I, gp = 350mA. Single LED forward voltage used is 3.2V. T, = 25°C for efficiency curves and waveforms.
LED Current with PWM Dimming

VD|MR|S|ng

A

LED(200mA/DIV) ]

N

A
v\

/

VDIM(2V/DIV)

2 ps/DIV
Figure 19.
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Figure 21.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Unless otherwise specified, the following conditions apply: V,y = 24V, Cy is a 2.2pF 100V X7R ceramic capacitor for driving
2—7 power LEDs with I, gp = 350mA. Single LED forward voltage used is 3.2V. T, = 25°C for efficiency curves and waveforms.

ILEp VS ViN Iy VS VN
Vi ep = 0V, DIM = open Vi ep = 0V, DIM = open
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Figure 25. Figure 26.
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Figure 27. Figure 28.
Frequency Deviation vs V|y (400kHz) I_ep Regulation vs Temperature
3 3 N
;\3 — N\s—— =
s 2 TJ=-40C = - 2 \H’V|N 12V(2LED)
z S
S \ | > A\ |
& 1| 1yesc P g !
s P : /\
[a) 0 - 5J 0 S —
g ) E -1 |V|N=36V(6LED)
§ Ty=125C =
x -2 2
(18
V|N=24V(4LED)
3 3 ‘ ‘ ‘
8 12 16 20 24 28 32 36 50 -25 O 25 50 75 100 125
VIN(Y) TEMPERATURE ()
Figure 29. Figure 30.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Unless otherwise specified, the following conditions apply: V,y = 24V, Cy is a 2.2pF 100V X7R ceramic capacitor for driving
2—7 power LEDs with I, gp = 350mA. Single LED forward voltage used is 3.2V. T, = 25°C for efficiency curves and waveforms.

I ep VS Riapg
Ryvrer = open

ILep VS RyRer
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350 450
340 \
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< 330 <
E £
a O 400 \
w |
= 320 \ = \
375
310 \ ‘\
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300 350
0 100 200 300 400 500 20 40 60 80 100
RIADJ(Q) RVREF(KQ)
Figure 31. Figure 32.
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BLOCK DIAGRAM
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Operation Description

The TPS92550 is a high power floating buck LED driver with wide input voltage range. It requires no external
current sensing elements and loop compensation network. The integrated power switch enables high output
power up to 14W with 450mA LED current.

High speed dimming control input allows precision and high resolution brightness control for applications which
require fine brightness adjustment.
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APPLICATION INFORMATION

SETTING THE LED CURRENT

The TPS92550 requires no external current sensing resistor for LED current regulation. The average LED current
of the TPS92550 is adjustable from 300mA to 450mA by varying the resistance of the resistor according to the
following equation and table.

For Rygrer = open and Rjapy <=499Q

1050
LED 3k+RIADJ (1)
For Rjap; = 0 and Ryrgr >= 10.5kQ
. __ 1050
D 3K/ IR yrer @

Table 1. Example for I gp Setting

Riapa(Q) Rvrer(©) ILep(MA)
499 OPEN 300

SHORT OPEN 350

SHORT 10.5k 450

Figure 33. TPS92550 Application Schematic for I gp Setting

Minimum Switch On-Time

The on-time of the internal switch should be no shorter than 400ns. The number of LED (typical forward voltage
at 3.2V) to input voltage is constrained by that as shown in the following table.

No. of LED Max. Vin(V)
1 20
2-10 36

Peak Switch Current Limit

The TPS92550 features an integrated switch current limiting mechanism to prevent the LEDs from being over-
driven. The switch current limiter is triggered when the switch current is three times exceeding the current level
set by resistor. Once the current limiter is triggered, the internal power switch turn OFF for 3.6ps to discharge the
inductor until inductor current reduces back to normal level. The current limiting feature is exceptionally important
to avoid permanent damage of the TPS92550 application circuit due to short circuit of LED string.
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PWM Dimming Control

The DIM pin of the TPS92550 is an input with internal pull-up that accepts logic signals for average LED current
control. Applying a logic high (above 1.2V) signal to the DIM pin or leaving the DIM pin open will enable the
device. Applying a logic low signal (below 0.7V) to the DIM pin will disable the switching activity of the device but
maintain operation of the VCC regulator active. The TPS92550 operation of high speed dimming and very fine

dimming control as shown in Figure 34.

Leo
A

I gp regulated

» Time

|
0 e LED dimmed OFF —D}<—>‘
I gp slew

up time

Figure 34. Shortened Current Slew up Time of the TPS92550

To ensure normal operation of the TPS92550, it is recommended to set the dimming frequency not higher than
1/10 of the switching frequency. The dim pulse on time is tested down to 16ps. In applications that require high
dimming contrast ratio, low dimming frequency should be used.

Parallel Operation

When a load current higher than 450mA is required by the application, TPS92550 can be used in parallel to
deliver higher current. With common VINs and GNDs, the TPS92550 will operate as independent asynchronous
current sinks driving the same LED load. The total DC current of the modules will be additive; however, low
frequency sub-harmonic current ripple may be present and its frequency and magnitude will depend upon the
phase relationship between the internal clocks as there is no provision for synchronizing driver clocks. It is
suggested to have minimum 2.2uF Cgoyr located close to the module to filter out the current ripple, and the
resultant LED current will become DC. Current sharing modules should have a local Cjy capacitor of minimum
2.2uF located as close to V|y and GND as possible. Refer to Figure 35 for the TPS92550 parallel operation
circuit schematic. Refer to Figure 36 for the TPS92550 parallel operation results |, gp VS V.
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Figure 35. Parallel Operation Circuit Schematic for I gp = 900mA
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Figure 36. Parallel Operation Results for I gp = 900mA, | gp VS V|y

PC Board Layout Considerations

The overall performance of the LED driver is highly depends on the PCB layout. Poor board layout can disrupt

the performance of the TPS92550 and surrounding circuitry by contributing to EMI, ground bounce and resistive

voltage drop in the traces. These can send erroneous signals to the LED driver resulting in poor regulation and

stability. Good layout can be implemented by following a few simple design rules.

1. Place Cy as close as possible to the V| pin and GND exposed pad (EP).

2. Place Cgoyt (optional for reduction of LED current ripple and EMI compliance) as close as possible to the
VLED+ pin and VLED- pin.

3. The exposed pad (EP) must connect to the GND pin directly.

EMI Design Considerations

From an EMI reduction standpoint, it is imperative to minimize the di/dt current paths (refer to Figure 37).
Therefore, it is essential to connect an 2.2uF capacitor (Coyt) across the LED+ pin and LED- pin. This will
minimize the ripple current so that it can reduce radiated EMI (refer to Figure 38 and Figure 39).

X High power LED Array
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GND
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Figure 37. Current Loops
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Figure 39. Complies with EN55015 Radiated

Figure 38. Complies with EN55015 Radiated
Emissions (VERT. / HEIGHT=1.0m / RANGE=10m)

Emissions (HORI. / HEIGHT=3.0m / RANGE=10m)
Cin = 2.2UF, Cour = 2.2UF, Vi = 36V, I gp = 350mA,  Cpy = 2.2UF, Cour = 2.2UF, Viy = 36V, I gp = 350mA,
No. of LED = 10 No. of LED = 10
TPS92550 Application Circuit Schematic and BOM
” High power LED Array ”
—“— -------------
U1
VIN 12
O LED+ LED- ! PWM
o TPS92550 s
22uF T om EB——0
100V
IADJ GND VREF
| 6 4,EP |5
Table 2. Bill of Materials, V|y =18V, I gp = 350mA, No. of LED =2 —5
Designator Description Case Size Manufacturer Manufacturer P/N Quantity
Ul LED Micro-Module Driver PFM Texas Instruments TPS92550TZ 1
Cin 2.2 yF, 100V, X7R 1210 Murata GRM32ER72A225KA35L 1
IR
Cout
2.2 uF 100V
1l
I
U1
VIN 12 7
LED+ LED- PWM
Dimming
Cin TPS92550 Signal
22F == 3 o
100v DM
IADJ GND VREF

|6 | 4,EP |5

Table 3. Bill of Materials, V\y =36V, I gp = 350mA , No.of LED = 10, Complies with EN55015 Radiated
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Table 3. Bill of Materials, V,y =36V, |, gp = 350mA , No.of LED = 10, Complies with EN55015 Radiated
Emissions (continued)

Emissions
Designator Description Case Size Manufacturer Manufacturer P/N Quantity
Ul LED Micro-Module Driver PFM Texas Instruments TPS92550TZ 1
Cin 2.2 pF, 100V, X7R 1210 Murata GRM32ER72A225KA35L 1
Cout 2.2 pF, 100V, X7R 1210 Murata GRM32ER72A225KA35L 1

PCB Layout Diagrams
The PCB design is available in the TPS92550 product folder at www.ti.com.

A

50 Cmm

s 43.5 Cmmd 2
Figure 40. Top Layer and Top Overlay
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Figure 41. Bottom Layer and Bottom Overlay
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Figure 42. Top Overlay
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS92550TZ/NOPB Active Production ~ TO-PMOD (NDW) | 7 250 | SMALL T&R Exempt SN Level-3-245C-168 HR -40 to 125 TPS92550
TZ

TPS92550TZ/NOPB.A Active Production ~ TO-PMOD (NDW) | 7 250 | SMALL T&R Exempt SN Level-3-245C-168 HR -40 to 125 TPS92550
TZ

TPS92550TZX/NOPB Active Production ~ TO-PMOD (NDW) |7 500 | LARGE T&R Exempt SN Level-3-245C-168 HR -40 to 125 TPS92550
TZ

TPS92550TZX/NOPB.A Active Production ~ TO-PMOD (NDW) | 7 500 | LARGE T&R Exempt SN Level-3-245C-168 HR -40 to 125 TPS92550
TZ

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TI'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 Tl 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

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & 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

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed
[ & |
T T
AN
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)
TPS92550TZ/NOPB TO- NDW 7 250 330.0 24.4 10.6 | 14.22| 5.0 16.0 | 24.0 Q2
PMOD
TPS92550TZX/NOPB TO- NDW 7 500 330.0 24.4 10.6 | 14.22| 5.0 16.0 | 24.0 Q2
PMOD
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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)
TPS92550TZ/NOPB TO-PMOD NDW 7 250 356.0 356.0 45.0
TPS92550TZX/NOPB TO-PMOD NDW 7 500 356.0 356.0 45.0
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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