Product Ord Technical 2 Tools & Support & 5’;{ bl
Protuct \m oroer [Qeeniea R Tk, B Sy kel Y
i3 TEXAS
INSTRUMENTS LMT84
JAJSES5E —~MARCH 2013-REVISED OCTOBER 2017
LMT84 1.5V, SC70/TO-92/TO-92S.
7O REr Y
1 HBFE 3 HBE
+ LMT84LPG (TO-92S/8y 7 — ) (S &R /L EABS TE LMT84IL i DCMOSIRE &2 C | RS 13+

#. Z%(E10s (T7 70 —1.2m/s)

o FEF(CIEME: £+0.4°C ({Z%E(E)

o {KEE1.5VTOENME

s Y -4 -55mVIC

o {BEWERIEER: 5.4pA

« JRVVEREEH: -50°C~150C

o HWHhOERIRE

o EREIEENIS0UAD Ty 2 a TIVHA

o EREEDLM20/19BLVLMISEEE Y ET Y
K7V Y hEM

o ARMHEICEN

2 7FU— 3>

o AVIATAVAVINBLUVISRSY
e« RI—RLAY - LRTA

o [EHBLVERIZS

- kOo-—r

« REHmMm

—IRYDRE

-
BT
100% = —
L
90% /
L 80% / /
T 70% /
2
= 60%
w
% 50%
~ 40%
-
< 30%
= ol
20%
10% /l — LMT8XLPG
/ —— Thermistor
0
0 20 40 60 80 100
TIME (s)

* EEZRBUSENTC

0.4°C (JKfE+2.7°C) T, ):Tf;Tfmﬁ‘HjjjﬂfF %ﬁ
B ZOBETEITIRE I EHILET, 1.5VOERE
BEL ., ##IEFEIE)35.4pA, /\U~¢/H#Fﬁ%>o.7msi
BRI RT = A Z Y T —% T I F v EHL R
a— R0t )= R E R FUBREN D T ) r—a
THEE N ER/IMETEE T, LMT84LPGA/L—7R—/L
TO-92S/ 3w — VI EMRE E BN i T, 138 JLOVEIR
M2 & A TR —R CHR-EEDKENEH N T Y
= a AR TTEE T, AW ENERFRIC DR E
R0, FOMDEEND LMT841L ) —IAZ DEN I
ER0ET,

B DN oW A A BLOYERLORSE 2R ST 3 A
ANZDWTIE, THEEOREET A X T, LMT8X7 73V
DD T SIA A% B TLIZEN,

BRERO
T Nl — AR A X (IAFF)
SOT (5) 2.00mmx1.25mm
LMT84 TO-92 (3) 4.30mmx3.50mm
TO-92S (3) 4.00mmx3.15mm

1) FATRER T XTO R —VIZONTUE, 20T —F L —hDK
RAZHDEFRES L TSN,

HAEBELRE DR

Voo (+1.5V to +5.5V) 20

)

Voo

o

LMT84

OUTPUT VOLTAGE (V)
P

=
3

0.0
ﬂ =50 0 50 100 150

= TEMPERATURE (°C)

Copyright © 2016, Texas Instruments Incorporated

FREROTIRZ DWW TORERAEFIR U= 0%k, R O A iR 5 H i CEEIIC fILTRBHOTT, R IR BRERR O ST UL www.ti.com TR T& 2D
BFIERSNET, TICIHHROEMMERB LU SIS FEL UL URGEV L £ A, ERRORH2RE ORNL, BT RHRO TR E Z 2 RLIZEWET OBV ELET,

English Data Sheet: SNIS167


http://www-s.ti.com/sc/techlit/SNIS167.pdf
http://www.tij.co.jp/product/lmt84?qgpn=lmt84
http://www.tij.co.jp/product/jp/LMT84?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/LMT84?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/LMT84?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/LMT84?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/LMT84?dcmp=dsproject&hqs=support&#community

I} TEXAS
INSTRUMENTS
LMT84
JAJSES5E —MARCH 2013—REVISED OCTOBER 2017 www.ti.com
L B s 8.3 Feature DESCHIPtON. ........cvvvvreeeeieeiriciiires e 9
2 TV —Igy 8.4 Device Functional Modes...........ccoceverinvennneenenn. 11
3 M. 9 Application and Implementation ............cccceec.. 13
4 ETRRE 9.1 Applications Information.............ccoevieviieniiiniennne 13
5 Device Comparison Tables.........cccocoovveveeverennn. 3 92 Typical Applications.............. s ~
6 Pin Configuration and FUNCtions ...........c........... 4 10 Power Supply Recommendations .................... 14
7 SPECIHiCAtIONS. ... 5 11 Layout............ s 15
7.1 Absolute Maximum RAtiNgs .......................... 5 11.1 Layout GUIdeliNeS .......cccceevieriiiiieiiecieeec e 15
7.2 ESD RAUNGS. . .rroeoeeeeeorreeesseeeeeeeeees 5 11.2 Layout EXamples........ccccoviiieriiieiniieeeiieeeeee e 15
7.3 Recommended Operating Conditions.... ...5 12 7#:’\‘4);(:333:0{":#17{‘/}“@?7“‘%'\ e 16
7.4 Thermal Information ...........ccoceeviiieiiie e 5 121 FFaAXANOEHEMEZTIROITHE s 16
7.5 Accuracy CharaCteriStics. ..........ocvovirreeeeressnersnnns 6 122 FR2=T UV A s 16
T

7.6 Electrical CharacteristiCs..........cccocuvrvieiieniiiniieieee, 6 123 AR oo T 16
7.7 Typical CharacteristiCs .........ccevvuieriieeeriiie e 7 124 EFESMEICBIT DR s 16
8 Detailed Description .............................................. 9 125 Glossarzl """""" j; """"""""""""" 16
8.1 OVEIVIEW w.oroveeeeeeeeeseeeeseeeeeeeeesseeesseeeerseese e 9 13 AN=Av Xl = BROBEER 16

8.2 Functional Block Diagram ..........c.ccceeevieeeiieeeniineennnns 9

4 HETIERE
LR B R R OB TITMET 2R LTV ET, 2 OUET BRI T ET,

Revision D (June 2017) 75 Revision E IZ& ¥

o HEHT A AEFHMOT —4—NSNISL78)IZ &)

¢ Changed TO-92 GND pin number from: 1to: 3 .................

e Changed TO-92 Vpp Pin NUMDET frOM: 3 100 L ..eeiiiiiiiiiiee ettt e e e bt e e e e st e e e e e eanb e e e e e e sanbe e e e e e annneeeas
Revision C (October 2015) 75 Revision D IZ& & Page
I A e NP aE AN =5 =5 <N N S N N S B O 22/ 84 Nl i OO 1
o R OEEESIZAEC-QLO0HH FHZETEDIE H ZIBIN oottt ee et ee ettt sttt aenenns 1
I s L A = V| T 1
o [TV —alInBT A AT RTIAN =L, TATL AT — S R BETEZHIBR oo, 1
e Added LPG (TO-92S) PACKAGE ......eeeiiiitiiiieiiiitiee ettt e ettt e e e bttt e e oo at et e e e e aabbb et e e e sab b e et e e e aab b e e e e e e anbbe e e e e anbaeeeeeanbreeeeean 4
e Added Figure 10 t0 TYPICAl CRaraCleriStCS. .. . .uueiiieiiiiiiie ettt e ettt e e e e ettt e e e e et et e e e e antbeeeaeeanneeeeaesannteeaeeaanneeeaens 7
Revision B (May 2014) /5 Revision C ([Z& ¥ Page
L N O N N b I G =1 Al <[] SRS 1
¢ Added TO-92 LPM pin configuration graphiC ............oi ittt ettt a e e ettt e e e e ettt e e e e ante e e e e e anteeeaeaannneeeas 4
« Changed Handling Ratings to ESD Ratings and moved Storage Temperature to Absolute Maximum Ratings table........... 5
LI O =Yg To T=To [N LAY A (o IO PP PPT R PPPPRPTN

e Added layout recommendation for TO-92 LP and LPM packages

Revision A (June 2013) »>5 Revision B IZ& Page

o HLWTIOEWEIZHEILT A LT — 2y — v 7 a— L AT UNEE R, [ 77U r— g L8 TERIFICET 55
HEH, VAT, [TFARAABLEORF 2 A ROV R =R [ Ah=h (obr— BIOEER | OFKEI a8

2 Copyright © 2013-2017, Texas Instruments Incorporated


http://www.ti.com/product/lmt84?qgpn=lmt84
http://www.ti.com

13 TEXAS

INSTRUMENTS
LMT84
www.ti.com JAJSES5E —MARCH 2013—REVISED OCTOBER 2017
e Changed from 450°C/W to 275 °C/W. New specification is derived using Tl ' s latest methodology. .........ccccocoviiiiiiinnnenn. 5
« Deleted Note: The input current is leakage only and is highest at high temperature. It is typically only 0.001 pA. The
1 pA limit is solely based on a testing limitation and does not reflect the actual performance of the part. ..........ccccceeeee. 6
5 Device Comparison Tables
Table 1. Available Device Packages
ORDER NUMBER® PACKAGE PIN BODY SIZE (NOM) MOUNTING TYPE
LMT84DCK SOT (AKA®: sC70, DCK) 5 2.00 mm x 1.25 mm Surface Mount
LMT84LP TO-92 (AKA®@: LP) 3 4.30 mm x 3.50 mm Through-hole; straight leads
LMT84LPG T0-92S (AKA®): LPG) 3 4.00 mm x 3.15 mm Through-hole; straight leads
LMT84LPM TO-92 (AKA®): LPM) 3 4.30 mm x 3.50 mm Through-hole; formed leads
LMT84DCK-Q1 SOT (AKA®: sC70, DCK) 5 2.00 mm x 1.25 mm Surface Mount
(1) For all available packages and complete order numbers, see the Package Option addendum at the end of the data sheet.
(2) AKA = Also Known As
Table 2. Comparable Alternative Devices
DEVICE NAME AVERAGE OUTPUT SENSOR GAIN POWER SUPPLY RANGE
LMT84 -5.5 mv/°C 1.5Vto55V
LMT85 -8.2mv/°C 1.8Vto55V
LMT86 -10.9 mv/°C 22Vto55V
LMT87 -13.6 mv/°C 27Vto55V

Copyright © 2013-2017, Texas Instruments Incorporated 3
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6 Pin Configuration and Functions

DCK Package
5-Pin SOT (SC70)

(Top View)
GND —H > GnD
2
GND — LMT84
ouT _3 i Vbbp

LP Package
3-Pin TO-92
(Top View)

yan 7
LPG Package <>
3-Pin TO-92S
(Top View) < >
OC/) O/I/o
Scale: 4:1
LPM Package
3-Pin TO-92
(Top View)
Scale: 4:1
. r
>
o~
<o~
O/I/Od’
Scale: 4:1
Pin Functions
PIN v DESCRIPTION
NAME SOT (SC70) TO-92 TO-92S EQUIVALENT CIRCUIT FUNCTION
GND 1,20 5 3 2 Ground N/A Power Supply Ground
Vbb
_| . .
ouT 3 P 1 Analog Outputs_, a voltage that is inversely
Output proportional to temperature
_|
GND
Vpp 4 1 3 Power N/A Positive Supply Voltage

(1) Direct connection to the back side of the die

Copyright © 2013-2017, Texas Instruments Incorporated
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7 Specifications
7.1 Absolute Maximum Ratings
See WQ)
MIN MAX UNIT
Supply voltage -0.3 6 \Y
Voltage at output pin -0.3 (Vpp + 0.5) \Y
Output current —7 7 mA
Input current at any pin ) -5 5 mA
Maximum junction temperature (T juax) 150 °C
Storage temperature Tgy —-65 150 °C
(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.

(2) Soldering process must comply with Reflow Temperature Profile specifications. Refer to www.ti.com/packaging.
(3) When the input voltage (V|) at any pin exceeds power supplies (V| < GND or V, > V), the current at that pin should be limited to 5 mA.
7.2 ESD Ratings
VALUE UNIT
LMT84LP in TO-92/TO-92S package
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(M® +2500 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101® +1000
LMT84DCK in SC70 package
v Electrostatic Human-body model (HBM), per JESD22-A114?) +2500 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101® +1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) The human body model is a 100-pF capacitor discharged through a 1.5-kQ resistor into each pin.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
MIN MAX | UNIT
TUNSTAST °C
Specified temperature MIN = A Z TMAX
-50 < Tp =150 °C
Supply voltage (Vpp) 15 55 \Y
7.4 Thermal Information®
LMT84/
o LMT84-Q1 LMT84LP LMT84LPG
2
ULERMEVEIRIC DCK (SOT/SC70) LP/LPM (TO-92) LPG (TO-925) YN
5 PINS 3 PINS 3 PINS
Rosa Junction-to-ambient thermal resistance &)@ 275 167 130.4 °C/W
Roac(top) Junction-to-case (top) thermal resistance 84 90 64.2 °C/IW
Ross Junction-to-board thermal resistance 56 146 106.2 °C/IW
T Junction-to-top characterization parameter 12 35 14.6 °CIW
VYip Junction-to-board characterization parameter 55 146 106.2 °CIwW
(1) Forinformation on self-heating and thermal response time see section Mounting and Thermal Conductivity.

()
©)

4)

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

The junction to ambient thermal resistance (Rgja) under natural convection is obtained in a simulation on a JEDEC-standard, High-K
board as specified in JESD51-7, in an environment described in JESD51-2. Exposed pad packages assume that thermal vias are
included in the PCB, per JESD 51-5.

Changes in output due to self heating can be computed by multiplying the internal dissipation by the thermal resistance.

Copyright © 2013-2017, Texas Instruments Incorporated
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7.5 Accuracy Characteristics
These limits do not include DC load regulation. These stated accuracy limits are with reference to the values in Table 3.

PARAMETER TEST CONDITIONS MIN® TYP®  MAX® | UNIT
70°C to 150°C; Vpp = 1.5 V10 5.5 V 2.7 +0.6 2.7 °C
0°C to 70°C; Vpp = 1.5V t0 5.5V 2.7 +0.9 2.7 °C

Temperature accuracy ©
-50°C to +0°C; Vpp = 1.6 Vt0 5.5 V 27 +0.9 2.7 °C
-50°C to +150°C; Vpp = 2.3V t0 5.5 V +0.4 °C

(1) Limits are specified to Tl's AOQL (Average Outgoing Quality Level).

(2) Typicals are at T; = Tp = 25°C and represent most likely parametric norm.

(3) Accuracy is defined as the error between the measured and reference output voltages, tabulated in Table 3 at the specified conditions of
supply gain setting, voltage, and temperature (expressed in °C). Accuracy limits include line regulation within the specified conditions.
Accuracy limits do not include load regulation; they assume no DC load.

7.6 Electrical Characteristics

Unless otherwise noted, these specifications apply for Vpp = +1.5 V to +5.5 V. minimum and maximum limits apply for T, = T,
= Twin 10 Tyax; typical values apply for T, = T; = 25°C.

PARAMETER TEST CONDITIONS MIN®  TYP@  MAX @ UNIT
Sensor gain -5.5 mV/°C
. Source < 50 pA, (Vpp — Vour) = 200 mV -1 -0.22 mv
Load regulation -
Sink <50 pA, Voyr 2 200 mV 0.26 1 mvV
Line regulation ¥ 200 uviv
Ta = 30°C to 150°C, (Vpp — Vour) 2 100 mV 5.4 8.1 A
Is Supply current
Ta =—50°C to 150°C, (Vpp — Vour) = 100 mV 5.4 9 HA
C. Output load capacitance 1100 pF
Power-on time © C,= 0 pF to 1100 pF 0.7 1.9 ms
Output drive +50 HA

(1) Limits are specific to TI's AOQL (Average Outgoing Quality Level).

(2) Typicals are at T; = Tp = 25°C and represent most likely parametric norm.

(3) Source currents are flowing out of the LMT84-xx. Sink currents are flowing into the LMT84-xx.

(4) Line regulation (DC) is calculated by subtracting the output voltage at the highest supply voltage from the output voltage at the lowest
supply voltage. The typical DC line regulation specification does not include the output voltage shift discussed in Output Voltage Shift.

(5) Specified by design and characterization.

6 Copyright © 2013-2017, Texas Instruments Incorporated
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7.7 Typical Characteristics
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Typical Characteristics (continued)
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8 Detailed Description

8.1 Overview

The LMT84 is an analog output temperature sensor. The temperature-sensing element is comprised of a simple
base emitter junction that is forward biased by a current source. The temperature-sensing element is then
buffered by an amplifier and provided to the OUT pin. The amplifier has a simple push-pull output stage thus
providing a low impedance output source.

8.2 Functional Block Diagram
Full-Range Celsius Temperature Sensor (-50°C to +150°C)

Vbp
[
L

I [ Jourt

Thermal Diodes

8.3 Feature Description

8.3.1 LMT84 Transfer Function

The output voltage of the LMT84, across the complete operating temperature range, is shown in Table 3. This
table is the reference from which the LMT84 accuracy specifications (listed in the Accuracy Characteristics
section) are determined. This table can be used, for example, in a host processor look-up table. A file containing
this data is available for download at the LMT84 product folder under Tools and Software Models.

Table 3. LMT84 Transfer Table

TEMP Ve TEMP Ve TEMP /. TEMP Ve TEMP Vi
(°C) (mV) (°C) (mV) (°C) (mv) (°C) (mV) (°C) (mV)
-50 1299 -10 1088 30 871 70 647 110 419
—49 1294 -9 1082 31 865 71 642 111 413
—48 1289 -8 1077 32 860 72 636 112 407
—47 1284 -7 1072 33 854 73 630 113 401
—46 1278 -6 1066 34 849 74 625 114 396
-45 1273 -5 1061 35 843 75 619 115 390
—44 1268 -4 1055 36 838 76 613 116 384
-43 1263 -3 1050 37 832 77 608 117 378
—42 1257 -2 1044 38 827 78 602 118 372
-1 1252 -1 1039 39 821 79 596 119 367
-40 1247 0 1034 40 816 80 591 120 361
-39 1242 1 1028 41 810 81 585 121 355
-38 1236 2 1023 42 804 82 579 122 349

Copyright © 2013-2017, Texas Instruments Incorporated 9
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Feature Description (continued)
Table 3. LMT84 Transfer Table (continued)

TEMP Vour TEMP Vour TEMP Vour TEMP Vour TEMP Vour
(°C) (mV) (°C) (mV) (°C) (mV) (°C) (mV) (°C) (mV)
-37 1231 3 1017 43 799 83 574 123 343
-36 1226 4 1012 44 793 84 568 124 337
-35 1221 5 1007 45 788 85 562 125 332
-34 1215 6 1001 46 782 86 557 126 326
-33 1210 7 996 47 777 87 551 127 320
-32 1205 8 990 48 771 88 545 128 314
=31 1200 9 985 49 766 89 539 129 308
-30 1194 10 980 50 760 90 534 130 302
-29 1189 11 974 51 754 91 528 131 296
—28 1184 12 969 52 749 92 522 132 291
27 1178 13 963 53 743 93 517 133 285
—26 1173 14 958 54 738 94 511 134 279
-25 1168 15 952 55 732 95 505 135 273
24 1162 16 947 56 726 96 499 136 267
-23 1157 17 941 57 721 97 494 137 261
22 1152 18 936 58 715 98 488 138 255
—21 1146 19 931 59 710 99 482 139 249
-20 1141 20 925 60 704 100 476 140 243
-19 1136 21 920 61 698 101 471 141 237
-18 1130 22 914 62 693 102 465 142 231
=17 1125 23 909 63 687 103 459 143 225
-16 1120 24 903 64 681 104 453 144 219
=15 1114 25 898 65 676 105 448 145 213
=14 1109 26 892 66 670 106 442 146 207
-13 1104 27 887 67 664 107 436 147 201
-12 1098 28 882 68 659 108 430 148 195
-11 1093 29 876 69 653 109 425 149 189

150 183

Although the LMT84 is very linear, the response does have a slight umbrella parabolic shape. This shape is very
accurately reflected in Table 3. The transfer table can be calculated by using the parabolic equation (Equation 1).

mvV mvV 2
\ mV) =870.6mV —| 5.506 —(T —30°C) || 0.00176 —-(T —30°C
rew (V) (55067 (T-20°C) |- 0.00176 % (7-30°C | ®

The parabolic equation is an approximation of the transfer table and the accuracy of the equation degrades
slightly at the temperature range extremes. Equation 1 can be solved for T, resulting in:

5506 J(£5.506 + 4x0.00176 x (870.6 - Vygyyp (V) + 30
- 2x(-0.00176) @

T

For an even less accurate linear approximation, a line can easily be calculated over the desired temperature
range from the table using the two-point equation (Equation 3):

=)
V-V;= X(T-Tl)

T2-Ta
where
« VisinmV,
e« Tisin°C,
* T, and V, are the coordinates of the lowest temperature,
* and T, and V, are the coordinates of the highest temperature. 3)

10 Copyright © 2013-2017, Texas Instruments Incorporated
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For example, if the user wanted to resolve this equation, over a temperature range of 20°C to 50°C, they would
proceed as follows:

_ (760 mV - 925 mV om0
\% 925mV—(500(:_ZOOC )x(T 20°C) @
V -925 mV = (-5.50 mV / °C) x (T - 20°C) (5)
V = (-5.50 mV/°C) x T+ 1035 mV (6)

Using this method of linear approximation, the transfer function can be approximated for one or more
temperature ranges of interest.

8.4 Device Functional Modes

8.4.1 Mounting and Thermal Conductivity

The LMT84 can be applied easily in the same way as other integrated-circuit temperature sensors. It can be
glued or cemented to a surface.

To ensure good thermal conductivity, the backside of the LMT84 die is directly attached to the GND pin. The
temperatures of the lands and traces to the other leads of the LMT84 will also affect the temperature reading.

Alternatively, the LMT84 can be mounted inside a sealed-end metal tube, and can then be dipped into a bath or
screwed into a threaded hole in a tank. As with any IC, the LMT84 and accompanying wiring and circuits must be
kept insulated and dry, to avoid leakage and corrosion. This is especially true if the circuit may operate at cold
temperatures where condensation can occur. If moisture creates a short circuit from the output to ground or Vpp,
the output from the LMT84 will not be correct. Printed-circuit coatings are often used to ensure that moisture
cannot corrode the leads or circuit traces.

The thermal resistance junction to ambient (Rqja Or 0;4) iS the parameter used to calculate the rise of a device
junction temperature due to its power dissipation. Use Equation 7 to calculate the rise in the LMT84 die
temperature:

Ty =Ta +654 I:(VDDIS) +(Vpp - Vo) IL]

where
e T, is the ambient temperature,
e lgis the supply current,
e |.is the load current on the output,
e and V, is the output voltage. )
For example, in an application where T4 = 30°C, Vpp = 5V, Ig = 5.4 pA, Vour = 871 mV, and I_ = 2 pA, the
junction temperature would be 30.015°C, showing a self-heating error of only 0.015°C. Because the junction

temperature of the LMT84 device is the actual temperature being measured, take care to minimize the load
current that the LMT84 is required to drive. Thermal Information shows the thermal resistance of the LMT84.

8.4.2 Output Noise Considerations

A push-pull output gives the LMT84 the ability to sink and source significant current. This is beneficial when, for
example, driving dynamic loads like an input stage on an analog-to-digital converter (ADC). In these applications
the source current is required to quickly charge the input capacitor of the ADC. The LMT84 is ideal for this and
other applications which require strong source or sink current.

The LMT84 supply-noise gain (the ratio of the AC signal on Vgt to the AC signal on Vpp) was measured during
bench tests. The typical attenuation is shown in Figure 8 found in the Typical Characteristics section. A load
capacitor on the output can help to filter noise.

For operation in very noisy environments, some bypass capacitance should be present on the supply within
approximately 5 centimeters of the LMT84.

Copyright © 2013-2017, Texas Instruments Incorporated 11
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Device Functional Modes (continued)

8.4.3 Capacitive Loads

The LMT84 handles capacitive loading well. In an extremely noisy environment, or when driving a switched
sampling input on an ADC, it may be necessary to add some filtering to minimize noise coupling. Without any
precautions, the LMT84 can drive a capacitive load less than or equal to 1100 pF as shown in Figure 11. For
capacitive loads greater than 1100 pF, a series resistor may be required on the output, as shown in Figure 12.

LMT84
OPTIONAL
GN

]
]
]
]
]
]
]
1]
BYPASS —L,l\ CLoaD < 1100 pF
CAPACITANCE |
L]
L]

Figure 11. LMT84 No Decoupling Required for Capacitive Loads Less Than 1100 pF

OPTIONAL |
BYPASS = GND
CAPACITANCE "\ :I: CLoap > 1100 pF
£ 2 L
Figure 12. LMT84 With Series Resistor for Capacitive Loading Greater Than 1100 pF

Table 4. Recommended Series Resistor Values

CLoaDp MINIMUM Rg
1.1 nF to 99 nF 3kQ
100 nF to 999 nF 1.5kQ
1uF 800 Q

8.4.4 Output Voltage Shift

The LMT84 is very linear over temperature and supply voltage range. Due to the intrinsic behavior of an NMOS
or PMOS rail-to-rail buffer, a slight shift in the output can occur when the supply voltage is ramped over the
operating range of the device. The location of the shift is determined by the relative levels of Vpp and Vgy1. The

shift typically occurs when Vpp — Vour =1 V.
This slight shift (a few millivolts) takes place over a wide change (approximately 200 mV) in Vpp or Vgyr.

Because the shift takes place over a wide temperature change of 5°C to 20°C, Vqyt is always monotonic. The
accuracy specifications in the Accuracy Characteristics table already include this possible shift.

12 Copyright © 2013-2017, 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 Applications Information

The LMT84 features make it suitable for many general temperature-sensing applications. It can operate down to
1.5-V supply with 5.4-pA power consumption, making it ideal for battery-powered devices. Package options like
the through-hole TO-92 package allow the LMT84 to be mounted onboard, off-board, to a heat sink, or on
multiple unique locations in the same application.

9.2 Typical Applications

9.2.1 Connection to an ADC

Simplified Input Circuit of
SAR Analog-to-Digital Converter

+1.5V to +5.5V 4 Reset

4
LMT84 Pin 4 Rmux Rss Sample

Cep GND AN Cmux
I CRILTER \ CsaMPLE

—
iH

Figure 13. Suggested Connection to a Sampling Analog-to-Digital Converter Input Stage

9.2.1.1 Design Requirements

Most CMOS ADCs found in microcontrollers and ASICs have a sampled data comparator input structure. When
the ADC charges the sampling cap, it requires instantaneous charge from the output of the analog source such
as the LMT84 temperature sensor and many op amps. This requirement is easily accommodated by the addition
of a capacitor (Cg 1er)-

9.2.1.2 Detailed Design Procedure

The size of Cg 1gr depends on the size of the sampling capacitor and the sampling frequency. Because not all
ADCs have identical input stages, the charge requirements will vary. This general ADC application is shown as
an example only.

9.2.1.3 Application Curve

20

tn

~

OUTPUT VOLTAGE (V)
P

~.

=4
tn

0.0

-50 0 50 100 150
TEMPERATURE (*C)

Figure 14. Analog Output Transfer Function
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Typical Applications (continued)
9.2.2 Conserving Power Dissipation With Shutdown

SHUTDOWN VoD Vourt
LMT84 —
A

ny logic
L

device output

Figure 15. Simple Shutdown Connection of the LMT84

9.2.2.1 Design Requirements

Because the power consumption of the LMT84 is less than 9 A, it can simply be powered directly from any logic
gate output and therefore not require a specific shutdown pin. The device can even be powered directly from a
microcontroller GPIO. In this way, it can easily be turned off for cases such as battery-powered systems where
power savings are critical.

9.2.2.2 Detailed Design Procedure

Simply connect the Vpp pin of the LMT84 directly to the logic shutdown signal from a microcontroller.

9.2.2.3 Application Curves

S —
Time: 500 ps/div; Top trace: Vpp 1 V/div; Time: 500 ps/div; Top trace: Vpp 2 V/div;
Bottom trace: OUT 1 V/div Bottom trace: OUT 1 V/div
Figure 16. Output Turnon Response Time Without a Figure 17. Output Turnon Response Time Without a
Capacitive Load and Vpp=3.3V Capacitive Load and Vpp=5V

1

Time: 500 ps/div; Top trace: Vpp 1 V/div; Time: 500 ps/div; Top trace: Vpp 2 V/div;

Bottom trace: OUT 1 V/div Bottom trace: OUT 1 V/div
Figure 18. Output Turnon Response Time With 1.1-Nf Figure 19. Output Turnon Response Time With 1.1-Nf
Capacitive Load and Vpp=3.3 V Capacitive Load and Vpp=5V

10 Power Supply Recommendations

The low supply current and supply range (1.5 V to 5.5 V) of the LMT84 allow the device to easily be powered
from many sources. Power supply bypassing is optional and is mainly dependent on the noise on the power
supply used. In noisy systems, it may be necessary to add bypass capacitors to lower the noise that is coupled
to the output of the LMT84.

14 Copyright © 2013-2017, Texas Instruments Incorporated
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11 Layout

11.1 Layout Guidelines

The LMT84 is extremely simple to layout. If a power-supply bypass capacitor is used, is should be connected as
shown in the Layout Examples.

11.2 Layout Examples

O VIA to ground plane

{ VIA to power plane

GND

@
P
@)

GND

T 0.01p F
ouT VDD

Figure 20. SC70 Package Recommended Layout

O
O

aan
1Nno
ano

Figure 21. TO-92 LP Package Recommended Layout

aan
1N0O
anNo

Figure 22. TO-92 LPM Package Recommended Layout
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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 ©)
@ )

LMT84DCKR Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -50 to 150 BNA
LMT84DCKR.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -50 to 150 BNA
LMT84DCKR.B Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -50 to 150 BNA

LMT84DCKT Obsolete  Production SC70 (DCK) | 5 - - Call Tl Call Tl -50 to 150 BNA

LMT84LP Active Production TO-92 (LP) | 3 1800 | LARGE T&R Yes SN N/A for Pkg Type -50 to 150 LMT84
LMT84LP.A Active Production TO-92 (LP) | 3 1800 | LARGE T&R Yes SN N/A for Pkg Type -50 to 150 LMT84
LMT84LP.B Active Production TO-92 (LP) | 3 1800 | LARGE T&R Yes SN N/A for Pkg Type -50 to 150 LMT84
LMT84LPG Active Production TO-92 (LPG) | 3 1000 | BULK Yes SN N/A for Pkg Type -50 to 150 LMT84

LMT84LPG.A Active Production TO-92 (LPG) | 3 1000 | BULK Yes SN N/A for Pkg Type -50 to 150 LMT84

LMT84LPG.B Active Production TO-92 (LPG) | 3 1000 | BULK Yes SN N/A for Pkg Type -50 to 150 LMT84

LMT84LPGM Active Production TO-92 (LPG) | 3 3000 | AMMO Yes SN N/A for Pkg Type -50 to 150 LMT84
LMT84LPGM.A Active Production TO-92 (LPG) | 3 3000 | AMMO Yes SN N/A for Pkg Type -50 to 150 LMT84
LMT84LPGM.B Active Production TO-92 (LPG) | 3 3000 | AMMO Yes SN N/A for Pkg Type -50 to 150 LMT84

LMT84LPM Active Production TO-92 (LP) | 3 2000 | LARGE T&R Yes SN N/A for Pkg Type -50 to 150 LMT84

LMT84LPM.A Active Production TO-92 (LP) | 3 2000 | LARGE T&R Yes SN N/A for Pkg Type -50 to 150 LMT84

LMT84LPM.B Active Production TO-92 (LP) | 3 2000 | LARGE T&R Yes SN N/A for Pkg Type -50 to 150 LMT84

@ 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.
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® 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.
OTHER QUALIFIED VERSIONS OF LMT84 :

o Automotive : LMT84-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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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
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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)
LMT84DCKR SC70 DCK 5 3000 178.0 8.4 225 | 2.45 1.2 4.0 8.0 Q3
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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)

LMT84DCKR SC70 DCK 5 3000 208.0 191.0 35.0
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PACKAGE OUTLINE

LPGOO03A TO-92 - 5.05 mm max height
TRANSISTOR OUTLINE
41
39
r |
3.25 w
3.05 o 3y 055
040 g5
# MAX
1 3
IR I
| | |
ARGNH i
i i i L 3X (0.8)
| | |
|l
| | |
|
(i
3X \ \ \
155 1L
15.1 ‘ ‘ ‘
| | |
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| | |
|l
| | |
Il
| | |
Il
| | |
I
. L () L L
I
0.48
3X | f— [ 0.51
0.35 3X .
! F——‘L 2X 1.27+0.05 036
2.64
2% —~
162
2X (45 )JI\E T 1.42
3
Eﬂﬂ =
T
(0.5425) J‘ L 0.86
0.66
4221343/C  01/2018
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.
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LPGOO03A

EXAMPLE BOARD LAYOUT
TO-92 - 5.05 mm max height

TRANSISTOR OUTLINE

0.05 MAX le— (1.07) —=
ALL AROUND ¥'$J AL

TYP

FULLR
TYP

1 12
(R0.05) TYP /l/
~— (1.27) J

SOLDER MASK:
OPENING

L
AN

3X (@0

(2.54)

LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED

SCALE:20X

2X (1.07)

75) VIA

SOLDER MASK
OPENING

4221343/C 01/2018

INSTRUMENTS
www.ti.com




TAPE SPECIFICATIONS
LPGOO03A TO-92 - 5.05 mm max height

TRANSISTOR OUTLINE

” 1 MAX il
18
P/ ) ? I
2.5MIN o I
T 02
2 95
i 85 0.25
1 0.15
r B ¢ 19.0
| 17.5
‘ | |
| | |
‘ | |
| | |
| ‘ ‘
[ | |
] T
‘ ‘ #3.8-4.2 TYP 0.45
6.55 12.9 0.35 =
6.15 ‘ 12.5 !
4221343/C 01/2018
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DCKOOO5A

PACKAGE OUTLINE
SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

PIN 1
INDEX AREA

NOTE 5

GAGE PLANE 0.22

\[ 0.0 TYP
& rr/ | 046 \(
. TYP TYP
SEATING PLANE

0.26

4x0°-12° ~— (0.9) —=

2 [
(@]

~— 1.1 MAX

1

]

[ 1
|-

TYP

oo
or

4214834/G 11/2024

NOTES:

[N

o bhwWN

per ASME Y14.5M.

. This drawing is subject to change without notice.
. Refernce JEDEC MO-203.

. Support pin may differ or may not be present.

. Lead width does not comply with JEDEC.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed

0.25mm per side

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
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EXAMPLE BOARD LAYOUT
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

-— bp—-—-r—-—¢  3)
2
2X(—(“)-765) \ ‘ T l
L | .

(R0.05) TYP Li 2.2) 4J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\

EXPOSED METAL EXPOSED METAL/
J qu 0.07 MAX J L 0.07 MIN
ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214834/G 11/2024

NOTES: (continued)

7. Publication IPC-7351 may have alternate designs.
8. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

| j 5X(?.95) ¢
5X (0.4) %—4—}7777 5 .
! SYMMT

T 2 ***7***‘7*74; 1.3)
|

2X(0.65)

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:18X

4214834/G 11/2024

NOTES: (continued)

9. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
10. Board assembly site may have different recommendations for stencil design.
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LPOOO3A

PACKAGE OUTLINE
TO-92 - 5.34 mm max height

»

TO-92
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FORMED LEAD OPTION
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2.67
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AN = 3.17

\Bﬂ
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L3.43MIN——J

4215214/C 04/2025

NOTES:

=

per ASME Y14.5M.
. This drawing is subject to change without notice.
. Lead dimensions are not controlled within this area.
. Reference JEDEC TO-226, variation AA.
. Shipping method:
a. Straight lead option available in bulk pack only.

abwnN

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

b. Formed lead option available in tape and reel or ammo pack.
c. Specific products can be offered in limited combinations of shipping medium and lead options.
d. Consult product folder for more information on available options.
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EXAMPLE BOARD LAYOUT

LPOOO3A TO-92 - 5.34 mm max height
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TAPE SPECIFICATIONS

LPOOO3A TO-92 - 5.34 mm max height
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