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5 #HAHLER

i ARk A (cC)@
TMP302A-Q1 50. 55. 60. 65
TMP302B-Q1 70. 75. 80. 85
TMP302C-Q1 90. 95. 100. 105
TMP302D-Q1 110. 115. 120. 125

(1) WnFE T AEA R Bk L ERR THRE

6 Pin Configuration and Functions

DRL Package
6-Pin SOT563
Top View

TRIPSETO 1 6 TRIPSET1

GND[ ]2 5[] Vs

0UT|: 3 :| HYSTSET

B

Pin Functions

NO. PIN NAME TYPE DESCRIPTION

1 TRIPSETO Digital Input | Used in combination with TRIPSET1 to select the temperature at which the device trips
2 GND Ground Ground

3 ouT Digital Output | Open drain, active-low output

4 HYSTSET Digital Input | Used to set amount of thermal hysteresis

5 Vs SPS[\JA;)EI; Power supply

6 TRIPSET1 Digital Input | Used in combination with TRIPSETO to select the temperature at which the device trips

Copyright © 2014-2018, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply 4

Voltage Input pin (TRIPSETO, TRIPSET1, HYSTSET) -05 \;?15343 \Y,
Output pin (OUT) -0.5 4

Current Output pin (OUT) 10 mA
Operating -55 130

Temperature Junction 150 °C
Storage -60 150

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per AEC Q100-002™ +2000
V(Esb) Electrostatic discharge - \%
Charged device model (CDM), per AEC Q100-011 +1000

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vs Power supply voltage 1.4 3.3 3.6 \
Rpullup Pullup resistor connected fromOUT to Vg 10 100 kQ
Ta Specified temperature -40 125 °C
7.4 Thermal Information
TMP302-Q1
THERMAL METRIC® DRL (SOT563) UNIT
6 PINS

Roia Junction-to-ambient thermal resistance 210.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 105.0 °C/W
Ross Junction-to-board thermal resistance 87.5 °C/W
Wit Junction-to-top characterization parameter 6.1 °C/W
ViR Junction-to-board characterization parameter 87.0 °C/W

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

report (SPRA953).

Copyright © 2014-2018, Texas Instruments Incorporated
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7.5 Electrical Characteristics

At T, =—-40°C to +125°C, and Vs = 1.4 to 3.6 V (unless otherwise noted). 100% of all units are production tested at T, =
25°C; overtemperature specifications are specified by design.

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
TEMPERATURE MEASUREMENT
Trip point accuracy +0.2 +2 °C
Trip point accuracy versus o
supply 0.2 +0.5 CIV
Trip point hysteresis HYSTSET = GND 5 °C
HYSTSET = Vg 10 °C
TEMPERATURE TRIP POINT SET
TRIPSET1 = GND, TRIPSETO = o
GND Default C
Temperature trip point set TRIPSET1 = GND, TRIPSETO = Vg Default + 5 °C
TRIPSET1 = Vg, TRIPSETO = GND Default + 10 °C
TRIPSET1 = Vg, TRIPSETO = Vg Default + 15 °C
HYSTERESIS SET INPUT
Vi Input logic level high 0.7 x Vg Vs \%
Vi Input logic level low -0.5 0.3 x Vg \%
I Input current o<V, <36V 1 HA
DIGITAL OUTPUT
i Vs>2V,lg.=3mA 0 0.4 \%
VoL Output logic level low
Vs<2V,lg.=3mA 0 0.2 x Vg \%
POWER SUPPLY
Operating Supply Range 1.4 3.6 \%
) Ta = —40°C to +125°C 8 15 PA
10) Quiescent Current
Vs =3.3V, Tp=50°C 7 HA
7.6 Typical Characteristics
At T, = 25°C and Vg = 3.3 V, unless otherwise noted.
2.0 16
— Vg=38V
1.5 | Ve=33V
10 < 12 V=14V
Q = = Ve
< 05 — 5§ 10 /
£ 0 3 8 /
g | . : = |
g 7 2 |
S -05 S 6 —
= )
-1.0 g 4
1.5 2
-2.0 0
40 50 60 70 80 90 100 110 120 130 -75  -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
30 typical units
Figure 1. Trip Accuracy Error vs Temperature Figure 2. Quiescent Current vs Temperature
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Typical Characteristics (continued)

At T, = 25°C and Vg = 3.3 V, unless otherwise noted.

_Vs
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Figure 7. Power-Up and Power-Down Response
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Figure 3. Temperature Step Response in Perfluorinated Figure 4. Thermal Step Response in Air at 100°C vs Time
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Figure 5. Trip Threshold Accuracy Figure 6. Output Logic-Level Low Vg, vs Temperature
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Figure 8. Power-Up, Trip, and Power-Down Response
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8 Detailed Description

8.1 Overview

The TMP302-Q1 temperature switch is optimal for ultra low-power applications that require accurate trip
thresholds. A temperature switch is a device that issues an alert response when a temperature threshold is
reached or exceeded. The trip thresholds are programmable to four different settings using the TRIPSET1 and
TRIPSETO pins. Table 1 lists the pin settings versus trip points.

Table 1. Trip Point versus TRIPSET1 and TRIPSETO

TRIPSET1 TRIPSETO TMP302A-Q1 TMP302B-Q1 TMP302C-Q1 TMP302D-Q1
GND GND 50°C 70°C 90°C 110°C
GND Vs 55°C 75°C 95°C 115°C

Vs GND 60°C 80°C 100°C 120°C
Vs Vs 65°C 85°C 105°C 125°C
8.2 Functional Block Diagram
Vs
Bias
TRIPSETO
TRIPSET1
HYSTSET ——  Comparator +——— Alert —[:I ouT

Temperature

Sensor

:

GROUND
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8.3 Feature Description

8.3.1 HYSTSET

If the temperature trip threshold is crossed, the open-drain, active low output (OUT) goes low and does not return
to the original high state (that is, Vs) until the temperature returns to a value within a hysteresis window set by
the HYSTSET pin. The HYSTSET pin allows the user to choose between a 5°C and a 10°C hysteresis window.
Table 2 lists the hysteresis window that corresponds to the HYSTSET setting.

Table 2. HYSTSET Window

HYSTSET THRESHOLD HYSTERESIS
GND 5°C
Vs 10°C

For the specific case of the device, if the HYSTSET pin is set to 10°C (that is, connected to V) and the device is
configured with a 60°C trip point (TRIPSET1 = Vg, TRIPSETO = GND), when this threshold is exceeded the
output does not return to the original high state until it reaches 50°C. This case is more clearly shown in Figure 9.

ouT

Vg b---- —————

— P

!
!
v
I
0

50°C 60°C Tare)

Figure 9. TMP302A-Q1: HYSTSET = Vg, TRIPSET1 = Vg, TRIPSETO = GND

8.4 Device Functional Modes

The TMP302-Q1 family of devices has a single functional mode. Normal operation for the TMP302-Q1 family of
devices occurs when the power-supply voltage applied between the Vg pin and GND is within the specified
operating range of 1.4 to 3.6 V. The temperature threshold is selected by connecting the TRIPSETO and
TRIPSET1 pins to either the GND or Vg pins (see Table 1). Hysteresis is selected by connecting the HYSTSET
pin to either the GND or Vg pins (see Table 2). The output pin, OUT, remains high when the temperature is
below the selected temperature threshold. The OUT pin remains low when the temperature is at or above the
selected temperature threshold. The OUT pin returns from a low state back to the high state based upon the
amount of selected hysteresis (see the HYSTSET section).

8 Copyright © 2014-2018, 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

9.1.1 Configuring the TMP302-Q1

The TMP302-Q1 family of devices is simple to configure. The only external components that the device requires
are a bypass capacitor and pullup resistor. Power-supply bypassing is strongly recommended. Use a 0.1-pF
capacitor placed as close as possible to the supply pin. To minimize the internal power dissipation of the
TMP302-Q1 family of devices, use a pullup resistor value greater than 10 kQ from the OUT pin to the Vg pin.
Refer to Table 1 for trip-point temperature configuration. The TRIPSET pins can be toggled dynamically;
however, the voltage of these pins must not exceed Vs. To ensure a proper logic high, the voltage must not drop
below 0.7 V x Vg.

9.2 Typical Application

Figure 10 shows the typical circuit configuration for the TMP302-Q1 family of devices. The TMP302-Q1 family of
devices is configured for the default temperature threshold by connecting the TRIPSETO and TRIPSET1 pins
directly to ground. Connecting the HYSTSET pin to ground configures the device for 5°C of hysteresis. Place a
10-kQ pullup resistor between the OUT and Vg pins. Place a 0.1-uF bypass capacitor between the Vg pin and
ground, close to the TMP302-Q1 device.

TMP302-Q1
r TRIPSETO TRIPSETH j
10 kQ
GND Vs
r 1 — Vs
OUTPUT ouT HYSTSET j 04pF - 4Vw3sv

Figure 10. TMP302-Q1 Typical Application Schematic

Figure 11 shows the most generic implementation of the TMP302-Q1 family of devices. Switches are shown
connecting the TMPSETO, TMPSET1 and HYSTSET pins to either Vg or ground. The use of switches is not
strictly required; the switches are shown only to illustrate the various pin connection combinations. In practice,
connecting the TMPSETO, TMPSET1 and HYSTSET pins to ground or directly to the Vg pin is sufficient and
minimizes space and cost. If additional flexibility is desired, connections from the TMPSETO, TMPSET1 and
HYSTSET pins can be made through 0-Q resistors which can be either populated or not populated depending
upon the desired connection.

Copyright © 2014-2018, Texas Instruments Incorporated 9
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Typical Application (continued)
TMP302-Q1
10kQ § e *
TRIPSETO TRIPSET1
l r GND Vg —I I
OUTPUT ouT HYSTSET 1 — Vs
I Jot1ur T 14Viossv
A 4 A 4

Figure 11. TMP302-Q1 Generic Application Schematic

9.2.1 Design Requirements

Designing with the TMP302-Q1 family of devices is simple. The TMP302-Q1 family of devices is a temperature
switch commonly used to signal a microprocessor in the event of an over temperature condition. The
temperature at which the TMP302-Q1 family of devices issues an active low alert is determined by the
configuration of the TRIPSETO and TRIPSET1 pins. These two pins are digital inputs and must be tied either
high or low, according to Table 1. The TMP302-Q1 family of devices issues an active low alert when the
temperature threshold is exceeded. The device has built-in hysteresis to avoid the device from signaling the
microprocessor as soon as the temperature drops below the temperature threshold. The amount of hysteresis is
determined by the HYSTSET pin. This pin is a digital input and must be tied either high or low, according to
Table 2.

See Figure 10 and Figure 11 for typical circuit configurations.

9.2.2 Detailed Design Procedure

Determine the threshold temperature and hysteresis required for the application. Connect the TMPSETO,
TMPSET1, and HYSTSET pins according to the design requirements. Refer to Table 1 and Table 2. Use a 10-kQ
pullup resistor from the OUT pin to the Vg pin. To minimize power, a larger-value pullup resistor can be used but
must not exceed 100 kQ. Place a 0.1-puF bypass capacitor close to the TMP302-Q1 device to reduce noise
coupled from the power supply.

9.2.3 Application Curves

Figure 12 and Figure 13 show the TMP302A-Q1 power-on response with the ambient temperature less than
50°C and greater than 50°C respectively. The TMP302A-Q1 was configured with trip point set to 50°C. The
TMP302B-Q1, TMP302C-Q1, and TMP302D-Q1 devices behave similarly with regards to power on response
with T, below or above the trip point. Note that the OUT signal typically requires 35 ms following power on to
become valid.

10 Copyright © 2014-2018, Texas Instruments Incorporated
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Typical Application (continued)

—ooT| o — OUT

— Vs | S s
z =
k] k] ol - - - - - -
> > |
Q Q
e A o | T T T T T T T T T T T T T T
g g
% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, % ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
> >

Time (5 ps/div) Time (10 ms/div)
Figure 12. TMP302A-Q1 Power-On Response, Figure 13. TMP302A-Q1 Power-On Response,
Ta Less than 50°C Ta Greater than 50°C

10 Power Supply Recommendations

The TMP302-Q1 family of devices is designed to operate from a single power supply within the range 1.4 V and
3.6 V. No specific power supply sequencing with respect to any of the input or output pins is required. The
TMP302-Q1 family of devices is fully functional within 35 ms of the voltage at the Vg pin reaching or exceeding

14V.

11 Layout

11.1 Layout Guidelines

Place the power supply bypass capacitor as close as possible to the Vg and GND pins. The recommended value
for this bypass capacitor is 0.1-uF. Additional bypass capacitance can be added to compensate for noisy or high-
impedance power supplies. Place a 10-kQ pullup resistor from the open drain OUT pin to the power supply pin

V.

11.2 Layout Example

O  VIAto Power Ground Plane

0.1 yF
TRIPSET1

TRIPSETO

GND
Supply Voltage

HYSTSET P )

Ground Plane for
Thermal
Coupling to Heat
Source

Output

Heat Source

Figure 14. Layout Example
11
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PACKAGE OPTION ADDENDUM

10-Dec-2020

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)
TMP302AQDRLRQ1 ACTIVE SOT-5X3 DRL 4000 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 SHQ Samples
TMP302BQDRLRQ1 ACTIVE SOT-5X3 DRL 4000 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 SHR m
TMP302CQDRLRQ1 ACTIVE SOT-5X3 DRL 4000 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 SHS
TMP302DQDRLRQ1 ACTIVE SOT-5X3 DRL 4000 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 SHT Samples

@ 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: Tl 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. Tl 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

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

® | 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 Tl'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
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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
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocketHoles
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TMP302AQDRLRQ1 |SOT-5X3| DRL 6 4000 180.0 8.4 198 | 1.78 | 0.69 | 4.0 8.0 Q3
TMP302BQDRLRQ1 |SOT-5X3| DRL 6 4000 180.0 8.4 198 | 1.78 | 0.69 | 4.0 8.0 Q3
TMP302CQDRLRQ1 |SOT-5X3| DRL 6 4000 180.0 8.4 1.98 | 1.78 | 0.69 4.0 8.0 Q3
TMP302DQDRLRQ1 |SOT-5X3| DRL 6 4000 180.0 8.4 198 | 1.78 | 0.69 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TMP302AQDRLRQ1 SOT-5X3 DRL 6 4000 223.0 270.0 35.0
TMP302BQDRLRQ1 SOT-5X3 DRL 6 4000 223.0 270.0 35.0
TMP302CQDRLRQ1 SOT-5X3 DRL 6 4000 223.0 270.0 35.0
TMP302DQDRLRQ1 SOT-5X3 DRL 6 4000 223.0 270.0 35.0
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PACKAGE OUTLINE
SOT - 0.6 mm max height

DRLOOOGA

PLASTIC SMALL OUTLINE

=
(&N

PIN 1

ID AREA

0.05
0.00 TYP

|
| | ., 027
w 6X 015

0.1® |C|A|B
0.4
6X 0.2 @ 0.05W)

4223266/C 12/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. Reference JEDEC registration MO-293 Variation UAAD

i
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EXAMPLE BOARD LAYOUT
DRLOOO6A SOT - 0.6 mm max height

PLASTIC SMALL OUTLINE

—  6X(0.67) |~

SYMM
! | ¢
e ! I
6X (0.3) \ \ 6
. ! J |
* | |

ﬁ'—) ;'—)
(R0.05) TYP w48)

LAND PATTERN EXAMPLE
SCALE:30X

N

\
|
|
|

0.05 MAX 0.05 MIN
AROUND AROUND ||

/

|
|
|
\

/
SOLDER MASKJ METAL METAL UNDER—/ \SOLDER MASK

OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOEEEFNII\E/ISSK
(PREFERRED)

SOLDERMASK DETAILS

4223266/C 12/2021

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
7. Land pattern design aligns to IPC-610, Bottom Termination Component (BTC) solder joint inspection criteria.
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EXAMPLE STENCIL DESIGN
DRLOOO6A SOT - 0.6 mm max height

PLASTIC SMALL OUTLINE

6X(067) [ gy
P 1 ¢

6X (0.3) ‘

|
* |

)
T 4‘+S\(KLMM

4% (0.5)

I

(R0.05) TYP

—

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4223266/C 12/2021

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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