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TMP401 +1°C Programmable, Remote and Local, Digital Out Temperature Sensor

Features

+1*C Remofe Diode Sensor

+3°C Local Temperature Sensor
Series Resistance Cancellation
THERM Flag Output

ALERT/THERMZ Flag Output
Programimable Over- and Underemperature
Limits

Programmable Resolution: 9- o 12-Bit
Diode Fault Detection
SMBus-Compalible

Applications

Servers and Workstations

Deskiop and Notebook Compulers
Telecom and Metwork Infrastructure
Set Top Baxes

3 Description

The TMP401 is a remale tempearature sensar manitor
with a built-in local temperature sensor. The remote
sensor is capable of monitoring the temperature of
any external PN junction. Typical sense elements
include low-cost NPN- or PMNP-type transisiors and
diodes, or accessible thermal diodes integrated within
microcontrollers,  microprocessors,  or  field-
programmable gate arrays (FPGAS).

Tha accuracy of the remole sensor is +1°C for
multiple 1€ manufacturers, with no calibration needed.
The two-wire serial interface accepts SMBus write
byte, read byte, send byte, and receive byte
commands to program alarm thresholds and o read
temperature data.

Fealures included in the TMP401 are series
resistance cancellation, wide remole lemperature
measurement range {(up to +150°C), diode fault
detection, and temperature alert functions.
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Pin Functions

L Vo DESCRIPTION
HO. HAME
i Vs Analag inpul | Pesitive supply {3V o 5.5 V)
H [ Analog inpul | Positive connection 1o remobs bemperatune sensor
3 [ Analag inpul | Negative connection to remale temperabure sensar
4 THERM Digital ouiput | Thermal flag, active low, open-drain; requires pull-up resistor io W+
5 GHD -_ Ground
R FLEETTHERIG Digikal output | M= qwmm a5 second thermal fiag), active law, apen-drain; requires pull-up
7 SDA Diigital WO Serial data line for SMBus, open=drair; requires pull-up resisior o Ve
] SCL Digital WD | Serial cloek ine for SMBus, spen-drain; requires pullup resiser b Ve




& Specifications

6.1 Absolute Maximum Ratings™

6.5 Electrical Characteristics: V+=3Vito 55V
At T, = —40°C to #125°C, and W+ = 3V to 5.5 V, unless otherwise noted.

MIN Max LINIT
— T - m FARAMETER [ TEST CONDITIONS MIN TP max | uwm
T SIPEY. = - TEMFERATURE ERROR
input and outpid voltage =04 (W) + {0.6) v TE,pee  Lowal lemperatre sensor T, = —40°C Io +125°C £1 a] T
Input current 1a iy Ta = +15°C I +75°C, Trawom: = —40°C fo +150°C, " -
Operaling lemperature rangs =55 126 "C V=33V
Junefian Temperate [T, ma) +150 T TEgguwore  Remoie emperaune sensor!™ Ts = =40°C i + 00T, Tegunes = —30°C tp +150°C, 3
V=3IV
{1} Stresses bayond those Eted under Absalufe Maximum Ralings may cause parmanent damages b the devics. These ane shress ralings T = —40°C I +125°C, Teguors = ~40°C tn +150°C +5 L
anly, which do nal mply funicional operation of the devios al these or any other conditions beyand thase indicaled under Recommanded — "
Operating Condifions. Expasure in ahsolufe-maximum-rated conditions for mxiended periods may affect deviee reliahility. TEioci 30 TEqpuone WOMSLE Supply  |W+ 23V IS5 Y e ) o
{2} Input vallage raling applies 1o &l TMP40 input and output pins. TEMPERATURE MEASUREMENT
Conversion Gme {per channed) One-shot mode 115 e
: ]
6.2 Handling Ratings TEwoom s ol o
esciution {pengrammatie) =
MIN MAX uNIT R — = -
TIDET . AEMDTE
= e = Imﬂg':H b | (HEM ANSWESDAMEDEC JS-001, &l = i~ : A b L = e
urEn o | Qe .
ping!1 o ‘ ) =3000 0040 Rimdoie sensoe Medium high BD BA
W, Electrostatc discha W SOLICE DUFTENIS
a0 SETEEE [Charged devies model (COM), per JEDEC specification 000 \000 M bper 12 Pt
JESDZ2-C101, all pirs!<! =1 Low B BA
n Remaie ransisior ideality facior TMP40 optimized ideaiity facior 1.008
{1} JEDEC docwnent JEP165 stales that 500-\ HBM allows safe manufacturing with a standard ESD contral process. -
{2} JEDEC dacument JEP1ET atates thal 250 COM allows safe manufacturing with a standand ESD control process. B MTERFACE
Vi Logic input high voliage (SCL, S0A) 21 v
6.3 Recommended Operating Conditions Vi Logic input low voltage {SCL, S04} s v
MIN HOM max|  ONT Hysterzsia =00 my
™ Posil AV IDES Y 5 v ENBus oufput how sink oument - ma
e spply (2 W 15 ! Logic input current =1 1 A
Ta Asmbienl berperaiune 25 C
EMMBus input capackance (SCL, SO4) 3 pF
: EMBus imeout a0 B ms
6.4 Thermal Information L CUTFTA
TMP401 Vo Duiput ow voliage oy =6 mA [EE] [ v
THERMAL METRIC ™ DG (VEE0P) LINIT ou High-levell putput leakage cument Vo= W+ R ] 1 A
B PINS ALERTITHERME output kow sink curment | BLERT/THERME fomed io 0.4 ¥ ] ma
Ry Junction-lo-ambient thermal resistance TB.B THERM ouipst low sink curcent THERM foroed to 0uE W ] mé
| Pl Junetion-lo-case (bop) Sermal resistants TE POWER BUPPLY
i Junctionsto-baard thermal resistance 68.2 - i Bpeciiad voitage mnge a il I
T Junction-lo-tap charsclenzaSion bErsmeelss 220 CUDERS DOMEISIN P Sen0nd 29 *® o
e Junetinnelo-bard characterization parametsr E7.6 ::ﬂ“:m"""" par ’“’"w g “‘: ‘:‘E Pt
iy Junctionslo-case (batbam) thermal resistance (01N k 1 curens . Lo
‘Serial ks actve, & = 400 kHz, shutdown mode 50 A
{1} For mare information about iraciSonal and new thermal melrics, See the IC Package Thanmal Mafics application repor, SPRAS5E. Serial bus aciive, i = 2.5 MHz, shuldoswn mode A
LD Undercitage lock cut 23 25 v
PR Porwer-on reset threshold 23 W
TEMPERATURE RANGE
Epecifled ange =40 +125 =
Eacrage range 50 +130 C
B, Thermal resistance, VES0P-8 150 oW

{1} Tesied with kess than 50 effective sevies resistance and 100-pF differential inpul capacitance.




6.6 Timing Reguirements
See the Timing Disgrams section for timing diagrams.

6.7 Typical Characteristics
At Ty =+25°C and ¥+ = 5.0V, unless otherwise nobed.
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Figure 1. Remate Temp Error vs Tar L]
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Figure 2. Local Temperature Error ve Temperature

FAST MODE HIGH-SPEED MODE

PARAMETER MIN MIN UNIT

sy SCL operaling frequeancy 0.001 0.4 0.001 2.5 MHz
LEuF) Bais free lme betwssn siop and sktan condion BOD 160 [iT]
SrinaTa) P iofhmsiaby sng-id ﬁ&?ﬂtu_ &0 180 b
| Siay Repealed starl condition sedup lime EOD 160 ns
| tess ey Stop condion sebup time BOD 160 ne
| Sipoaty Diata hold Brne 100 Bl ns
YEunaT) Diata setup time 100 Gl ns
oy SCL clock low peried 1300 260 ns
pincr SCL cloek high peried BOD &l ns
Clock rise and fall time o0 40 ns
Diata fall Grme oo 120 ns
1™ Diata rise tlime for SCL 5 100 kH: 300 s
1000 ns
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Figure 3. Remote Temperature Error vs Leakage Resistance
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Figure 4. Remote Temperature Ermor vs Series Resistance
[Disde-Connected Configuration; see Figune 11)
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Figure 8. Remote Temperature Error ws Seres Resistance

[Transistor-Connected Configuration; see Figure 11)
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7.2 Functional Block Diagram
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Typical Characteristics (continued)
At T, = +25°C and W+ = 5.0 V, unless otherwisa noted.
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Figure 10. Shutdown Quiescent Current vs Supply Voltage




7 Detailed Description

7.1 Owverview

The TMP401 is a dual-channal digital temperature sensor that combines a local die temperature measurement
channel and a remate junction temperature measurement channel in a single VSS0P-8 package. The TMP401 is
twio-wire- and SMBus interface-compatible and is specified over a temperature range of —40°C o +125°C. The
TMP401 contains multiple registers for holding configuration information, lemperature measurement resulls,
ternperature comparator limits, and status information.

User-programmed high and low tempearature limits slored in the TMP401 can be used to monitor local and
remole tamperatures o Irigger an over- and undefdemperature alarm (ALERT). Additional thermal limilts can bea
programmed into the TMP401 and used 1o trigger anather flag (THERM) that can be used to initiale a system
response 1o rising temperatures.

The TMP401 requires only a transisior connecled between D+ and D— for proper remole temperalure sensing
operation. The SCL and SDA interface pins require pull-up resistors as parl of the communication bus, while
ALERT and THERM are open-drain oulputs that also need pull-up resistors. ALERT and THERM may be shared
with ather devices if desired for a wired-OR implementation. A 0.1-uF power-supply bypass capacitor is
recommendad for good local bypassing. Figure 11 shows a typical configuration for the TMP401.
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{1} The dicde-connecled corfiguration pravides betler setfing lime. The ransistar-connectsd configuration provides betber sees reistance
cancalation. A ZNI00E PNP & usad in this configuration.

{2} In most applications, Ry is < 1.5 k0.

{3} In most applications, Cogr is < 1000 pF_

Figure 11. Basic Connections

7.3 Feature Description

7.31 Standard and Extended Temperature Measurement Range

Temperature measurement data are taken over a default range of 0°C to +127°C for both local and remote
locations. Measuremants from —55°C to +150°C can be made both locally and remotely by reconfiguring the
TMP401 for the extended femperature range. To change the TMP401 configuration from the standard o the
extended termperature ranga, switch bit 2 (RANGE) of the configuration register from low to high.

Temperature dala resulting from conversions within the default measurement range are represented in binary
farm, as shown in Table 1 (see the Standard Binary column). Mote that any temperature below 0°C results in a
data value of zero (00h). Likewise, temperatures above +127°C result in a value of 127 (TFh). The device can be
st to measure over an extended temperature range by changing bit 2 of the configuration register from low 1o
high. The change in measurement range and data format from standard binary o extended binary occurs al the
next temperature conversian. For data caplured in the extended temperature range configuration, an offset of 64
{40h) is added to the standard binary value, as shown in Table 1 (see the Extended Binary column). This
configuration allows measurement of temperalures below 0*C. Mate that binary values corresponding to
temperatures as low as —54°C, and as high as +191°C are possible; however, most tfemperature-sensing diodes
only measure with the range aof —55°C o +150°C. Addionally, the TMP401 is rated only for ambient
temperatures ranging from —40°C to +125°C. Parameters in the Absolufe Maximwn Rabtings table must be
feallenaesd.

Table 1. Temperature Data Format {Local and Remote Temperature High Bytes)

LOCAL, REMOTE TEMPERATURE REGISTER HIGH BYTE VALUE {+1°C Resolution)

TEMPERATURE (*C) STAMDARD BINARY EXTENDED BINARY
BINARY HEX BINARY HEX
=64 D000 D000 on D000 0000 ol
=50 D000 0000 oo 0000 1110 DE
=25 D000 D000 ob 00100111 27
Q D000 D000 on 0100 0000 40
1 DO0O 000 01 0100 0001 41
5 0000 0101 08 0100 0101 45
L) D000 1010 DA 0100 1010 44
25 0001 1001 19 o101 1001 E9
50 0011 0010 32 0111 0010 72
78 0100 1011 48 1000 1011 BB
100 0110 0100 64 010 0100 Ad
126 0111 1101 70 1011 1101 BD
127 0111 111 TF 1011 1111 BF
150 o111 111 TF 1101 0110 D
176 0111 1111 TF 1110 1111 EF
191 o111 1111 TF 11111111 FF

NOTE

Whenever changing between standard and extended temperature ranges, be aware that
the temperatures siored in the temperature limit registers are NOT automatically
raformatied to comespand to the new temperature range format. These temperature limit
values must be reprogrammed in the appropriate binary or extended binary format.

Both local and remote temperature data use two byles for data storage. The high byte siores the temperature
with 1°C reselution. The sacond of low byle stores the decimal fraction value of the lemperatiure and allows a
higher measurement resolution; see Table 2. The measurement resclution for the remofe channel is 0.0625°C,
and is not adjustable. The measurement resolution for the local channel is adjustable and can be set for 0.5°C,
0.25"C, 0.125"C, or 0.0B25°C by setting the RES1 and RESD bits of the resolution register; see the Resolution
Register section.






