MICROCHIP

MCP9509/10

Resistor-Programmable Temperature Switches

Features

* Resistor-Programmable Temperature Switch
* Wide Operating Voltage Range: 2.7V to 5.5V
e Low Supply Current: 30 pA (typical)
» Temperature Switch Accuracy:

- +0.5°C (typical) at +25°C, +45°C

- 1°C (typical) 0°C to +70°C

- %3.5°C (maximum) 0°C to +125°C

- #4.5°C (maximum) -20°C to +125°C

- +2°C (typical) -40°C to +125°C
« Sensor Options available:

- Switch for rising temperature: Cold to Hot (H)

- Switch for falling temperature: Hot to Cold (C)
» Output Configurations:

- Open-Drain:

— External Pull-up Resistor: MCP9509
— Internal Pull-up Resistor: MCP9510

- Active-Low, Push-Pull: MCP9510

- Active-High, Push-Pull: MCP9510
« User Selectable Hysteresis: 2°C or 10°C (typical)
* Space-Saving SOT-23-5, SOT-23-6 Packages

Applications

* Power Supply Thermal Shutdown
* Temperature Alarm

e Thermostat Control

» Fan Control

» Base-Stations

* Automotive

Typical Performance
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Description

Microchip Technology’'s MCP9509/10 devices are pro-
grammable logic output temperature switches. The
temperature switch threshold can be programmed with
a single external resistor, which provides high design
flexibility and simplicity. In addition, this family of
devices provide user programmable features such as
2°C and 10°C (typical) switch hysteresis and output
structure configuration. The MCP9509 provides an
open drain output, whereas the MCP9510 is offered in
three different user selectable output configurations:
Active-low/Active-high push pull and Active-Low
Open-Drain output with an internal 100 kQ pull-up
resistor.

The MCP9509/10 operate from 2.7V to 5.5V. This
family is capable of triggering for temperatures -40°C to
+125°C with high accuracy.

Package Types

MCP9509
SOT-23-5
SET 5] Vo
GND
ouT 4] HYST
MCP9510
SOT-23-6
SET 1] 6 Voo
GND [2] (5] OUTSET
OUT /0uUT [3] [4] HYST
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NOTES:
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MCP9509/10

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings t

VDD vt erre et emre et ettt bbbttt 6.0V
Voltage at all Input/Output pins............... GND - 0.3V to 6.0V
INPU/OULPUL CUITENT ...t 20 mA
Storage temperature ..........ccccceeevviiiiieeeeeennnns -65°C to +150°C
Ambient temp. with power applied ................ -40°C to +125°C
Junction Temperature (Tj) ....ccovveviiiiiiniiiicieiee, +150°C
ESD protection on all pins (HBM:MM) .... (4 kv/400V)
Latch-Up Current at each pin (25°C) ......ccoovvvvenene +200 mA

DC CHARACTERISTICS

tNotice: Stresses above those listed under “Maximum
ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods

may affect device reliability.

Electrical Specifications: Unless otherwise indicated, Vpp = 2.7V to 5.5V, T = -40°C to +125°C, and

GND = Ground.
Parameters ‘ Sym ‘ Min ‘ Typ | Max ‘ Unit ‘ Conditions
Sensor Accuracy
Tp=+25°C, +45°C Tacy — 0.5 — °C |Note 1
0°C < Tp <+125°C -3.5 +1 +3.5 °C
-20°C < Tp £ +125°C -4.5 +1 +4.5 °C
-40°C < Tp £ +125°C — +2 — °C
Power Supply
Operating Voltage Vpp 2.7 — 55 \%
Operating Current (MCP9509) Ibp — 30 50 HA
Operating Current (MCP9510) Ibb — 50 80 MA |OUTSET = GND or Vpp
— 100 165 MA | OUTSET = Unconnected
Hysteresis
Trip Point Hysteresis ThHysT — +2 — °C |HYST = GND
— +10 — °C |HYST =Vpp
Hysteresis Select: ViH Vpp - 0.4 — — \Y
Input (HYST) Thresholds ViL — — 0.4 \
Hysteresis Input (HYST) Leakage I eak — 1 — HA
MCP9510 Output Control Input (OUTSET Input)
OUTSET Input Voltage Threshold and Output Configuration
Push-Pull, Active Low VoseT GND — 02Vpp | V
Open-Drain with Royp, Active 0.45Vpp — 0.7Vpp | V |or OUTSET Unconnected
Low
Push-Pull, Active High 0.85Vpp — Vpp \%
OUTSET Input Leakage and Output Configuration
Push-Pull, Active Low I eak — 10 — MA | GND < Vgt <0.2Vpp
Open-Drain, Active Low — 0 — MA | Unconnected (i.e. open)
— 7 — MA |0.4Vpp < VogeT £0.7Vpp
Push-Pull, Active High — -10 — MA ]0.85<VoseT < Vop
OUTSET Input Impedance ZOUTSET — 500 — kQ

Note 1:
2.7V to 5.5V.

This specification is tested at mid supply of 4.1V for optimum operation across the supply voltage range of

© 2008 Microchip Technology Inc.
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MCP9509/10

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, Vpp = 2.7V to 5.5V, Tp = -40°C to +125°C, and
GND = Ground.
Parameters ‘ Sym ‘ Min ‘ Typ | Max ‘ Unit ‘ Conditions

Outputs (OUT, OUT)

Output Voltage High, MCP9510 VoH Vpp - 0.55 — Vpp V |loyt =5 mMA

Output Voltage Low, MCP9510 VoL GND — 0.3 v |OUTSET =Vpp or GND

Output Voltage Low, MCP9509 VoL GND — 0.3 V |lout=5mA

Internal Output Pull-up (MCP9510) Rout 60 100 140 kQ | OUTSET Unconnected

Open-Drain Output Leakage I eak — 1 — MA | MCP9509/10

Power Supply Rejection PSR — 0.05 — °CIV

Thermal Response

SOT23-5, SOT23-6 trES — 17 — s | Time to 63% (88°C).
+25°C (Air) to +125°C
(oil bath)

Note 1: This specification is tested at mid supply of 4.1V for optimum operation across the supply voltage range of

2.7V to 5.5V.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = 2.7V to 5.5V, T, = -40°C to +125°C, and
GND = Ground.
Parameters | Sym | Min | Typ | Max Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C (Note 1)
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 5L-SOT23 03a — 220.7 — °CIQ
Thermal Resistance, 6L-SOT23 03a — 190.5 — °CIQ

Note 1: Operation in this range must not cause T; to exceed Maximum Junction Temperature (+150°C).
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MCP9509/10

2.0

Note:

TYPICAL PERFORMANCE CURVES

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Vpp = 2.7V to 5.5V, T, = -40°C to +125°C, GND = Ground, Rpy.yup = 10 kQ
(MCP9509 only) and 0.1 pf bypass capacitor.
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FIGURE 2-1: Temperature Accuracy. FIGURE 2-4: Supply Current vs.
Temperature (MCP9509).
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FIGURE 2-2: Output Hysteresis vs. FIGURE 2-5: Supply Current vs.
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MCP9509/10

Note: Unless otherwise indicated, Vpp = 2.7V to 5.5V, T, = -40°C to +125°C, GND = Ground, Rpy.yp = 10 kQ

(MCP9509 only) and 0.1 pf bypass capacitor.
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MCP9509/10

Note: Unless otherwise indicated, Vpp = 2.7V to 5.5V, T, = -40°C to +125°C, GND = Ground, Rpy.yp = 10 kQ
(MCP9509 only) and 0.1 pf bypass capacitor.
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NOTES:
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MCP9509/10

3.0 PIN DESCRIPTIONS

TABLE 3-1: PIN FUNCTION TABLE
MCP9509 | MCP9510
Symbol Description
SOT-23-5 | SOT-23-6
1 1 SET | External Trip Temperature Resistor (RggT) input
2 2 GND | Ground
3 — OUT | Open-drain output
— 3 OUT, Selectable Output pin,
ouT function set by OUTSET pin
4 4 HYS | Hysteresis Input
HYS = GND, hysteresis is 2°C
HYS = Vpp, hysteresis is 10°C
5 6 Vpp | Power pin
— 5 OUTSET | Output Control
OUTSET = GND, Active-Low, Push-Pull
OUTSET = Vpp, Active-High, Push-Pull
OUTSET = Unconnected, Active-Low, Open-Drain with an internal pull-up

31 External Resistor Input (SET)

This pin is used to connect a resistor between the SET
and GND pins to select the temperature trip point
(TseT). The resistor value can be determined either
from Equation 4-2 or the lookup table shown in
Table 4-2.

3.2 Ground (GND)
The GND pin is the system ground pin.

3.3 Hysteresis Input (HYS)

This is an input pin which can be connected to Vpp or
GND to select output hysteresis. Either 2°C
(HYS = GND) or 10°C (HYS = Vpp) of hysteresis can
be selected.

3.4 Power Pin (Vpp)

The operating voltage range, as specified in the DC
electrical specification table, is applied on this pin.

3.5 Open-Drain Output (OUT)
(MCP9509)

This output is triggered when temperature exceeds the
programmed trip temperature. This pin requires a
pull-up resistor.

3.6 Selectable Output (OUT, OUT)
(MCP9510)

The output pin can be configured as either a Push-Pull
Active-High, Push-Pull Active-Low, or an Open-drain
Output with an internal pull-up resistor. The three
output options of the MCP9510 are selected by the
OUTSET pin.

3.7 Output Control (OUTSET)
(MCP9510)

The OUTSET pin is used to select the desired
configuration of the OUT or OUT pin.

TABLE 3-1: OUTSET SELECTABLE
OUTPUTS
OUTSET Pin OUT / OUT Pin
GND Push-Pull, Active-Low
Vb Push-Pull, Active-High
unconnected Open-Drain output with an
(i.e. open) internal pull-up resistor of
100 kQ (typical)

© 2008 Microchip Technology Inc.
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MCP9509/10

40 FUNCTIONAL DESCRIPTION

The MCP9509/10 integrates a temperature switch with
a user programmable threshold. The temperature
switch threshold or alert limit is programmed using an
external resistor Rget. A logic signal is asserted when
the die temperature crosses the programmed alert
limit. The MCP9509 has an Open-Drain output which
requires an external pull-up resistor for operation. The
MCP9510 output can be configured to three user
selectable output configurations. The OUTSET pin is
used to select Active-Low Push-Pull, Active-Low
Open-Drain (with internal 100 kQ pull-up resistor),
Active-High Push-Pull output configurations. In addi-
tion, this device provides user selectable hysteresis of
2°C and 10°C (typical).

4.1 SET Input Pin

The SET input pin is used to connect an external
resistor RgeT. The resistor sets the alert threshold. The
SET pin outputs a constant current Igg (=5 pA) to bias
Rset (Shown in Figure 4-1). The voltage across Rger,
Vser, is compared to an internal thermal diode.

¢:|SET !

ouT/
ouT

SET
\
SET X Thermal

RSET% L Diode

FIGURE 4-1: SET input.

When the thermal diode voltage exceeds Vg, the
sensor output asserts. The assert polarity is
determined by the state of the OUTSET pin.

4.2 MCP9510 OUTSET Input Pin

This pin is used to select the device output configura-
tion. This feature enables in-circuit device output con-
figuration by driving this pin with a microcontroller 1/0
pin to Output-HIGH, Output-LOW, or High-Impedance
input. Figure 4-4 shows the configuration and output
conditions.

The input structure of this pin consists of a resistor lad-
der and comparators to determine OUTSET level
threshold. Figure 4-2 shows the circuit configuration.
The OUTSET input resistance must be carefully
considered for leakage current when connecting volt-
age source to change output configuration.

Vbp
MCP9510 T
It _
>
OUTSET
Pin X - N
N _ .
. _-
-
FIGURE 4-2: MCP9510 OUTSET Input
Structure.

The OUTSET pin input impedance ZgytseT IS Set by
the internal resistance Ry = 1 MQ (typical). The input
structure is a voltage divider network from Vpp.
Therefore, the leakage current on the OUTSET pinis a
function of change in Vpp and the Voget

4.3 HYST Input Pin (Hysteresis Select)

The MCP9509/10 family has a user selectable
hysteresis input pin HYST. Hysteresis can be externally
selected to either 2°C (HYST=GND) or 10°C
(HYST = Vpp). Figure 4-3 shows graphical description
of change in hysteresis.

For example, if the alert temperature threshold is set to
TseT= 100°C (RSET =16.1 kQ) with an Active-Low out-
put configuration, the output asserts Low when temper-
ature exceeds 100°C % Tpcy. The output remains
asserted Low until temperautre falls below TyysT, 98°C
(HYST = GND) or 90°C (HYST = Vpp).

10°C Typical Hysteresis
\Y Y N,

1 2°C Typical
»— Hysteresis

\
N

T

|
| |
4 L

<

ouT
—

<

A\ 4

<

~
THysT Tser

Cold Hot
Temperature

FIGURE 4-3: Output Hysteresis.
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MCP9509/10

4.4 Sensor Hot/Cold Options

MCP9509/10 is available with Hot (H) and Cold (C)
options. The MCP9509/10 Hot option detects rising
temperature while the Cold option detects falling tem-
perature. The output of the Hot option asserts when
temperature rises above Tget and de-asserts when
temperature falls below Tyyst The output of the Cold
option asserts when temperature falls below Tget and
de-asserts when temperature rises above Tyyst

For example, if Tggr = 100°C for Hot option
(Active-Low Configuration, HYST = Vpp), output
asserts Low when temperature is greater than
100°C £ Tpcy. The output de-asserts High when
temperature is below 90°C. For the Cold option, output
asserts Low when temperature is less than
100°C = Tpcy, and de-asserts when temperature is
greater than 110°C. This operation is shown graphically
in Figure 4-4.

4.5 RsgT vs. Temperature

The relation between the user selectable external
resistor Rget and the output trigger threshold limit Tget
is described as shown in EQUATION 4-1: “Tget to
Rget conversion” and EQUATION 4-2: “Rget to Tget
conversion”. The equation coeffcients vary depending
on the device output options, H or C. Table 4-1 shows
the corresponding coefficients.

TABLE 4-1: COEFFICIENTS/VARIABLES
Coef. | MCP9509/10H | MCP9509/10C Units
Cr1 -9.84 -10.00 10kq/°C?
Cro 3.355 3.345 1073kQ/°C?
Crs -0.8648 -0.8610 kQ/°C
G, -20.00 -19.7 10°%°c/ka3
™ 4.136 4.179 10°3°C/kQ?
Cra -1.1564 -1.1617 °C/kQ
Ry 94.1 95.1 kQ
R, 145.5 146.3 kQ
Rs 2.77 4.25 kQ
T, -40.0 °C
T, 125.0 °C

EQUATION 4-1: TSET TO RSET

CONVERSION
Rser = CraTser(Tser— T (Tger—To) +
Cro(Tger—T)(Tger—Ty) +
Cra(Tsgr =T + Ry

Where:
Cr123 = 1st, 2nd and 3rd order
Temperature to Resistance
Conversion Coefficients
(Table 4-1)
R, = Resistance (Table 4-1)
Ti2 = Temperature (Table 4-1)
EQUATION 4-2: Rset TO Tget

CONVERSION
Tser = Cri(Rggr —R)(Rger —Ry)(Rggr —R3) +
Cra(Rser —R3)(Rger—Ry) +
Cra(Rsgr =Ry + Ty

Where:
Cc123 = 1st, 2nd and 3rd order
Resistance to Temperature
Conversion Coefficients
(Table 4-1)
Ri23 = Resistance (Table 4-1)
Ty = Temperature (Table 4-1)

The equations can be used to determine the external
resistance value for a specified temperature threshold
or threshold value for a specified resistance. Table 4-2
and Table 4-3 show a look-up table which can be used
to easily identify the Tggt to Rggt relation for Hot and
Cold options.

DS22114A-page 12
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MCP9509/10
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| Output —> Open-Drain with Ryt 3 A 3 A :
| OUT —> Active-Low \ 4 A |
| d D
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FIGURE 4-4: MCP9509/10 OUT/OUT Output Configuration.
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MCP9509/10

TABLE 4-2: Tser TO Rger CONVERSION TABLE FOR MCP9509/MCP9510H (HOT)

Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser
(°C) | (k) | (°C) | (kQ) | (°C) | (k) | (°C) | (kQ) | (°C) | (k) | (°C) [ (kQ) | (°C) | (kQ) | (°C) | (k©) | (°C) | (kQ)

-40.0 | 1455 | -20.0 | 117.9 | 0.0 941 |20.0 |73.7 |40.0 |56.2 |60.0 (411 ([80.0 |27.9 |100.0 |16.1 |120.0 (5.4

-39.5 | 1448 | -195 | 1173 | 05 936 [205 |[73.2 |405 |558 |60.5 |40.7 |805 |[275 ([100.5 [159 |[1205 |51

-39.0 | 144.0 | -19.0 | 116.6 | 1.0 93.0 |21.0 |728 |41.0 |554 |61.0 (403 (810 |27.2 |101.0 |15.6 |121.0 (4.9

-38.5 | 143.3 | -185 | 116.0 15 925 (215 |[723 |415 |550 |615 |40.0 (815 (269 (1015 [153 |[1215 |4.6

-38.0 | 1426 | -18.0 | 1154 | 2.0 919 |22.0 |71.8 |420 |546 |[620 (39.7 (820 |26.6 |102.0 |15.0 |122.0 (4.4

-375 | 1418 | -175 | 1147 | 25 914 (225 |[714 |425 |542 |625 |393 |825 [26.3 (1025 [14.7 |[1225 |41

-37.0 | 1411 | -17.0 | 1141 | 3.0 909 |23.0 |709 |43.0 |53.8 |[63.0 (39.0 (830 |26.0 |103.0 |145 |123.0 (3.8

-36.5 | 140.4 | -16.5 | 1135 | 35 90.3 |235 |705 |435 |534 |[635 (386 (835 |257 |1035 |14.2 |1235 (3.6

-36.0 | 139.7 | -16.0 | 112.9 | 4.0 89.8 |24.0 |70.0 |44.0 |53.0 |640 (383 (840 |254 |104.0 |139 |1240 (3.3

-355 | 138.9 | -155 | 112.2 | 45 89.3 [245 [695 |445 |526 |645 |379 |845 (251 (1045 [13.6 |[1245 |31

-35.0 | 138.2 | -15.0 | 1116 | 5.0 88.7 |25.0 |69.1 |45.0 |522 |[650 (376 (850 |24.8 |105.0 |13.4 |1250 (2.8

-345 | 1375 | -145 | 1110 | 55 88.2 | 255 |68.6 |455 |51.8 |[655 (372 (855 |[245 |1055 |13.1
-34.0 | 136.8 | -14.0 | 1104 | 6.0 87.7 |26.0 |68.2 |46.0 |51.4 |66.0 (369 ([86.0 |[242 |106.0 |12.8
-335 | 136.1 | -135 | 109.8 | 6.5 87.2 |265 |67.7 |465 |51.0 (665 (36.6 (865 |[239 |106.5 |12.6
-33.0 | 1354 | -13.0 | 109.2 | 7.0 86.6 |27.0 |67.3 |47.0 |506 |67.0 (36.2 [87.0 |[23.6 |107.0 |12.3
-325 | 1347 | -125 | 1086 | 7.5 86.1 |27.5 |66.8 |475 |50.2 |675 (359 (875 |[233 |107.5 |12.0
-32.0 | 1340 | -12.0 | 108.0 | 8.0 85.6 |28.0 |66.4 |48.0 |499 (680 (356 (880 |[23.0 |108.0 |11.7
-31.5 | 1333 | -11.5 | 1074 | 85 85.1 |285 |659 |485 |495 (685 (352 (885 |[227 |1085 |11.5
-31.0 | 1326 | -11.0 | 106.8 | 9.0 84.6 |29.0 |655 |49.0 |49.1 |[69.0 (349 (89.0 [224 |109.0 |11.2
-30.5 | 1319 | -105 | 106.2 | 9.5 84.0 |295 |65.1 |495 |48.7 |695 (346 (895 |[221 |109.5 |10.9
-30.0 | 131.2 | -10.0 | 105.6 | 10.0 | 835 |30.0 |64.6 |50.0 |483 |70.0 (342 (900 |[21.8 |110.0 |10.7
-29.5 | 1305 | -95 [ 1050 | 105 | 83.0 |30.5 |64.2 |505 |48.0 (705 (339 (905 |[215 |110.5 |104
-29.0 | 1298 | -90 | 1044 | 110 | 825 |31.0 |63.7 |51.0 |476 (710 (336 (910 |[21.3 |111.0 |10.1
-285 | 1291 | -85 (1038 | 115 | 820 |315 |63.3 |515 (472 (715 (333 (915 |21.0 |1115 |9.9
-28.0 | 1285 | -8.0 |103.2 | 12.0 | 815 |32.0 |629 |52.0 |(46.8 (720 (329 (920 |20.7 |112.0 |9.6
-275 | 1278 | -75 [ 1026 | 125 | 81.0 |325 |624 |525 |465 (725 (326 (925 |204 |1125 |93
-27.0 | 1271 | -70 |102.0 | 13.0 | 805 |33.0 |62.0 |53.0 |(46.1 (730 (323 [93.0 |201 |113.0 |91
-26.5 | 126.4 | -65 [ 1015 | 135 | 80.0 |335 |61.6 |535 [457 (735 (320 (935 |19.8 |1135 |88
-26.0 | 1258 | -6.0 [ 1009 | 14.0 | 795 |34.0 |61.2 |54.0 |(454 (740 (316 |[940 |195 |1140 |85
-2565 | 12511 | -55 [ 1003 | 145 | 79.0 |345 |60.7 |545 |450 (745 (313 [945 |19.2 |1145 |83
-25.0 | 1244 | -5.0 99.7 | 15.0 | 785 |35.0 |60.3 |55.0 (446 (750 (310 [950 |19.0 |1150 |8.0
-245 | 1238 | -4.5 99.2 | 155 | 78.0 |355 |59.9 |555 (443 |[755 ([30.7 |[955 |18.7 |1155 |7.7
-24.0 | 1231 | -4.0 98.6 | 16.0 | 77.6 |36.0 |595 |56.0 (439 (760 (304 |[96.0 |184 |116.0 |75
-235 | 1224 | -35 98.0 | 165 | 77.1 |365 |59.1 |56.5 (435 (765 (300 |[965 |181 |116.5 |7.2
-23.0 | 121.8 | -3.0 975 | 17.0 | 76.6 |37.0 |58.6 |57.0 (432 |(770 (29.7 |[97.0 |17.8 |117.0 |7.0
-225 | 1211 | -25 96.9 | 175 | 76.1 |375 |58.2 |575 (428 |775 (294 |[975 |175 |1175 |6.7
-22.0 | 1205 | -2.0 96.4 | 18.0 | 75.6 |38.0 |57.8 |58.0 (425 (780 ([29.1 |[98.0 |17.2 |1180 |6.4
-21.5 | 1198 | -15 958 | 185 | 75.1 |385 |57.4 |585 (421 (785 (288 |[985 |17.0 |1185 |6.2
-21.0 | 119.2 | -1.0 952 | 19.0 | 747 |39.0 |57.0 |59.0 (418 |[79.0 (285 [99.0 |16.7 |119.0 |5.9
-20.5 | 1185 | -0.5 947 | 195 | 742 |395 |56.6 |595 |(414 (795 (282 |[99.5 |16.4 |1195 |57
-20.0 | 1179 | 0.0 941 | 20.0 | 73.7 |40.0 |56.2 |60.0 (411 (80.0 ([27.9 |[100.0 |16.1 |120.0 |54
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TABLE 4-3: Tser TO Rger CONVERSION TABLE FOR MCP9509/MCP9510C (COLD)

Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser | Tser | Rser
(°C) | (k) | (°C) | (kQ) | (°C) | (k) | (°C) | (kQ) | (°C) | (k) | (°C) | (kQ) | (°C) | (kQ) | (°C) | (k©) | (°C) | (kQ)

-40.0 | 146.3 | -20.0 | 118.8 | 0.0 95.1 |20.0 |74.8 |40.0 |574 |60.0 (424 ([80.0 |29.2 |100.0 |17.6 |120.0 (6.8
-39.5 | 1456 | -195 | 1182 | 05 946 |205 |744 |405 |570 |[605 (420 (805 |28.9 |100.5 |17.3 |120.5 (6.6
-39.0 | 1448 | -19.0 | 1175 | 1.0 940 |21.0 |739 |410 |56.6 |[610 (417 (810 |286 |101.0 |17.0 |1210 (6.3
-38.5 | 144.1 | -185 | 1169 | 15 935 |215 |734 |415 |56.2 |615 (413 (815 |283 |1015 |16.7 |1215 (6.0
-38.0 | 143.4 | -18.0 | 116.3 | 2.0 93.0 |22.0 |73.0 |420 |558 |[620 (410 (820 |28.0 |102.0 |16.4 |1220 |58
-37.5 | 1426 | -175 | 1156 | 25 924 |225 |725 |425 |554 |625 (406 (825 |27.7 |1025 |16.2 |1225 |55
-37.0 | 1419 | -17.0 | 115.0 | 3.0 919 |23.0 |720 |43.0 |550 |[63.0 (403 (830 |27.4 |103.0 |159 |123.0 |53
-36.5 | 141.2 | -16.5 | 1144 | 35 914 |235 |716 |435 |546 |[635 (399 (835 |27.1 |1035 |15.6 |1235 (5.0
-36.0 | 1405 | -16.0 | 113.8 | 4.0 90.8 |24.0 |71.1 |440 |542 |640 (396 (840 |26.8 |104.0 |153 |124.0 (4.8
-35.5 | 139.8 | -1555 | 113.2 | 45 90.3 |245 |70.7 |445 |53.8 |[645 (393 (845 |265 |1045 |151 |1245 |45
-35.0 | 139.0 | -15.0 | 1125 | 5.0 89.8 |25.0 |70.2 |450 |534 |[650 (389 (850 |26.2 |105.0 |14.8 |1250 (4.2
-345 | 1383 | -145 | 1119 | 55 89.2 | 255 |69.8 |455 |53.0 (655 (386 (855 |[259 |1055 |14.5
-34.0 | 1376 | -14.0 | 111.3 | 6.0 88.7 |26.0 |69.3 |46.0 |52.7 |66.0 (382 |[86.0 |[256 |106.0 |14.3
-33.5 | 1369 | -135 | 110.7 | 6.5 88.2 |265 |689 |465 |523 (665 (379 (865 |[253 |106.5 |14.0
-33.0 | 136.2 | -13.0 | 1101 | 7.0 87.7 |27.0 |684 |47.0 |519 (670 (376 (870 |[250 |107.0 |13.7
-325 | 1355 | -125 [ 1095 | 7.5 87.2 |275 |68.0 |475 |515 |675 (372 (875 |247 |1075 |134
-32.0 | 1348 | -12.0 | 1089 | 8.0 86.6 |28.0 |67.5 |48.0 |51.1 (680 (369 (880 |[244 |108.0 |13.2
-31.5 | 1341 | -11.5 | 1083 | 85 86.1 |285 |67.1 |485 |50.7 |685 (36.6 (885 |[241 |1085 |12.9
-31.0 | 1334 | -11.0 | 107.7 | 9.0 85.6 |29.0 |66.7 |49.0 |504 |[69.0 (36.2 [89.0 [23.8 |109.0 |12.6
-30.5 | 132.7 | -105 | 107.1 | 95 85.1 |295 |66.2 |495 |50.0 (695 (359 (895 |[235 |1095 |124
-30.0 | 132.0 | -10.0 | 106.5 | 10.0 | 84.6 |30.0 |65.8 |50.0 |49.6 |70.0 (356 ([90.0 |[23.2 |110.0 |121
-295 | 1314 | -95 [1059 | 105 | 841 |305 |653 |505 |49.2 (705 (353 (905 [230 |110.5 |11.8
-29.0 | 130.7 | -9.0 (1053 | 11.0 | 83.6 |31.0 |649 |51.0 |489 (710 (349 (910 |[227 |1110 |116
-285 | 1300 | -85 (1048 | 115 | 831 |315 |645 |515 |485 |715 (346 (915 [224 |1115 |11.3
-28.0 | 1293 | -80 (1042 | 120 | 826 |32.0 |64.1 |52.0 |481 |720 (343 (920 |[221 |112.0 |11.0
-275 | 1286 | -7.5 |103.6 | 125 | 821 |325 |63.6 |525 |47.7 |725 (340 (925 |[21.8 |1125 |10.8
-27.0 | 1280 -70 |103.0 | 13.0 | 816 |33.0 |63.2 |53.0 |474 |73.0 (336 (930 |[215 |113.0 |105
-26.5 | 1273 | -65 |1024 | 135 | 81.1 |335 |62.8 |535 |470 (735 (333 (935 [21.2 |1135 |10.2
-26.0 | 126.6 | -6.0 | 1019 | 14.0 | 80.6 |34.0 |624 |54.0 |46.6 (740 (330 (940 |[209 |114.0 |10.0
-255 | 126.0 | -55 [101.3 | 145 | 80.1 |345 |619 |545 |46.3 (745 (327 |[945 |20.7 |1145 |9.7
-25.0 | 1253 | -5.0 [ 100.7 | 15.0 | 79.6 |35.0 |615 |55.0 (459 (750 (324 |[950 |204 |1150 |94
-245 | 1246 | -45 [100.1 | 155 | 79.1 |355 |61.1 |555 |(456 (755 (320 (955 |20.1 |1155 |9.2
-24.0 | 1240 | -4.0 99.6 | 16.0 | 786 |36.0 |60.7 |56.0 (452 |[76.0 (317 |[96.0 |19.8 |116.0 |8.9
-23.5 | 1233 | -35 99.0 | 165 | 782 |365 |60.3 |56.5 (448 (765 (314 |[965 |195 |116.5 |8.7
-23.0 | 122.7 | -3.0 985 | 17.0 | 77.7 |37.0 |59.8 |57.0 (445 (770 (311 |[97.0 |19.2 |117.0 |84
-225 | 1220 | -25 97.9 | 175 | 77.2 |375 |59.4 |575 (441 |775 (308 |[975 |19.0 |1175 |81
-22.0 | 1214 | -2.0 97.3 | 180 | 76.7 |38.0 |59.0 |58.0 (438 (780 (305 |[98.0 |18.7 |118.0 |7.9
-21.5 | 120.7 | -15 96.8 | 185 | 76.2 |385 |58.6 |585 (434 (785 ([30.2 [985 |184 |1185 |7.6
-21.0 | 1201 | -1.0 96.2 | 19.0 | 758 |39.0 |58.2 |59.0 (43.1 |[79.0 (299 ([99.0 |181 |119.0 |7.3
-20.5 | 1194 | -0.5 95.7 | 195 | 753 |395 |57.8 |59.5 (427 |[795 (295 |[995 |17.8 |1195 |7.1
-20.0 | 1188 | 0.0 95.1 | 20.0 | 748 |40.0 |57.4 |60.0 (424 |(80.0 ([29.2 |[100.0 |17.6 |120.0 |6.8
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4.6 Application Information

The MCP9509/10 temperature switch integrates a
temperature sensor and a comparator circuit which out-
puts an alert signal when the user programmed tem-
perature threshold is exceeded. The external resistor
value to set the output threshold can be determined
using Table 4-2. A constant current source lggt =5 A
(typical) biases the external resistor Rget. A thermal
diode is used to measure ambient temperature. When
the voltage across the thermal diode exceeds the volt-
age across RgeT, VsgT, the sensor output asserts. The
sensor output de-asserts when the diode voltage drops
below Vget and the user selected hysteresis level.

The MCP9509/10 provide Open-drain output where
multiple sensors from multiple PCB hot-spots can be
connected to a single processor I/O input with a
wired-Or Configuration. The MCP9509 requires an
external pull-up resistor which can be used to level-shift
the alert signal. For example, if the sensors are
powered with 5Vpp and the controller or processor is
powered with 3Vpp, the external resistor can be
level-shifted by connecting 3Vpp to the pull-up resistor
as shown in Figure 4-5. The MCP9510 elliminates the
need for an external resistor while providing wired-Or
function (Figure 4-6). The MCP9510 also provides
push-pull output configuration for a direct connection to
the processor with Active-Low or Active-High assert
polarities.

HYST
= McP9509| OUT 3y
SET
RpuLL_up
L
Rset = 3Vpp
M
- 1o
5Vpp Micro-
HYST _ T controller
L= —
~  Imcp9sog| OUT —
SET
% ———
Rset =
FIGURE 4-5: MCP9509 Wired-Or Output

Configuration with Level-shift.

5Vpp
HYST _T
L —
= |McP9510| OUT
SET
5Vpp
R = | T
SET
OUTSET 1o
= Micro-
controller|
5Vpp
HYST _ T
| _ =
= |mcpP9s1o| OUT )
SET
_1
RseT = l
OUTSET
FIGURE 4-6: MCP9510 Wired-Or Output

Configuration with Internal Pull-up Resistor.

46.1 LAYOUT CONSIDERATION AND
THERMAL CONSIDERATION

This family of sensors measure temperature by moni-
toring the voltage level of a thermal diode located in the
die. A low-impedance thermal path between the die
and the PCB is provided by the pins. Therefore, the
sensor effectively monitors PCB temperature. For
efficient performance, it is recommended to layout the
device as close to the heat source as possible. Itis also
recommended to use a de-coupling capacitor of 0.1 pF
to 1 pF between Vpp and GND pins for stability.

When connecting an external resistor to the MCP9509
device, the current through the pull-up resistor must be
considered to prevent self-heat due to power. This can
be determined using Equation 4-3.

EQUATION 4-3: EFFECT OF
SELF-HEATING

T3=Ta = 8;a(Vpp x Ipp * VoL x lout)
Where:

T; = Junction Temperature

Ta = Ambient Temperature

034 = Package Thermal Resistance

(220.7 °CIW)

VoL = Sensor Output Low Voltage
louT = Output Current

DS22114A-page 16
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For example, at room temperature, when output
asserts Active-Low and maximum Ipp = 50 pA,
Vpp = 5.5V, Vg = 0.3V and lgyt = 5 mA (see specifi-
cation table), the self heating due to power dissipation
(Ty-Tp) is ~0.4°C.

46.2 DRIVING OUTSET WITH A
MICROCONTROLLER I/O PIN

The OUTSET pin can be controlled using a Microcon-
troller input/output (1/0O) pin. I/O levels HIGH and LOW
provide push-pull configuration with Active-High and
Active-Low outputs, respectively. The Open-Drain
output with internal pull-up resistor can be selected by
configuring the 1/0 pin as a High-Impedance Input. The
Open-Drain output can also be selected by forcing volt-
age level Voget from a low impedance source. With
this configuration, there maybe some leakage current
due to impedance mismatch, (See Figure 4-2).

4.6.3 POWER SUPPLY REJECTION

The MCP9509/10 family of sensors are designed to
prevent false output trigger due to high frequency
power supply or system noise. Figure 4-7 shows
device performance with a high frequency signal added
on Vpp. The output is not triggered due to the signal
added on Vpp. With some applications, it is
recommended to add a bypass capacitor of 0.1 pF to
1k

o

] T I I
B MCP9509/10 Power Supply Rejection

%

(3]
L

I

1 No False Trigger

N
i

Output Voltage (V)
w

1 Vop = 5V + 400mV,sc
1 Voo = 5V + 400mVgar
1 |

-
I

o ‘
s S & 2 ] = 'E
Frequency (Hz) -
FIGURE 4-7: Power Supply Rejection
(PSR).

© 2008 Microchip Technology Inc.
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NOTES:
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5.0 PACKAGING INFORMATION

51 Package Marking Information

5-Lead SOT-23 Example:
[5] [4] [5] [4]
Device Code
XXNN MCP9509CT-E/OT AQNN AQ25
MCP9509HT-E/OT BPNN
1] [of [g 1] [of [g]
6-Lead SOT-23 Example
Part Number Code
XXNN MCP9510CT-E/CH AKNN AK25
MCP9510HT-E/CH ALNN

HERER

R

Y
YY
Ww
NNN

Legend: XX...X Customer-specific information
Year code (last digit of calendar year)
Year code (last 2 digits of calendar year)

Week code (week of January 1 is week ‘01’)
Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)

This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2008 Microchip Technology Inc.
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5-Lead Plastic Small Outline Transistor (OT) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

1

1§

|<— m—>|
-

L
e

e

fe———— 1 —=]

j——D

A1 —=| L

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 5
Lead Pitch e 0.95BSC
Outside Lead Pitch el 1.90 BSC
Overall Height A 0.90 - 1.45
Molded Package Thickness A2 0.89 - 1.30
Standoff A1 0.00 - 0.15
Overall Width E 2.20 - 3.20
Molded Package Width E1 1.30 - 1.80
Overall Length D 2.70 - 3.10
Foot Length L 0.10 - 0.60
Footprint L1 0.35 - 0.80
Foot Angle ¢ 0° - 30°
Lead Thickness c 0.08 - 0.26
Lead Width b 0.20 - 0.51

Notes:
1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.127 mm per side.
2. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-091B
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6-Lead Plastic Small Outline Transistor (CH) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

-

vl =R

\ 1
i

P |
PIN 11D BY — |
LASER MARK !
1 2 3

R

D

2 > —]
I—><—

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 6
Pitch e 0.95BSC
Outside Lead Pitch el 1.90 BSC
Overall Height A 0.90 - 1.45
Molded Package Thickness A2 0.89 - 1.30
Standoff A1 0.00 - 0.15
Overall Width E 2.20 - 3.20
Molded Package Width E1 1.30 - 1.80
Overall Length D 2.70 - 3.10
Foot Length L 0.10 - 0.60
Footprint L1 0.35 - 0.80
Foot Angle ¢ 0° - 30°
Lead Thickness c 0.08 - 0.26
Lead Width b 0.20 - 0.51

Notes:
1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.127 mm per side.
2. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-028B
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APPENDIX A: REVISION HISTORY

Revision A (November 2008)

 Original Release of this Document.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. -X IXX Examples:
. a) MCP9509CT-E/OT: Cold option,
Device Teg:zrzture Package Extended Temp.,
9 5LD SOT-23 package.
b) MCP9509HT-E/OT: Hot option,
Device: MCP9509H: Resistor Programmable Temperature Switch, Extended Temp.,
Hot Option 5LD SOT-23 package.
MCP9509C Resistor Programmable Temperature Switch,
Cold Option a) MCP9510C-E/CH: Cold option,
MCP9510H: Resistor Programmable Temperature Switch, Extended Temp.
Hot Option '
MCP9510C Resistor Programmable Temperature Switch, 6LD SO_T'ZS package.
Cold Option b) MCP9510H-E/CH: Hot option,
Extended Temp.,
Temperature Range: E = -40°Cto +125°C 6LD SOT-23 package.
Package: CH = Plastic Small Outline Transistor (SOT-23), 6-lead
(MCP9510 only)
OT = Plastic Small Outline Transistor (SOT-23), 5-lead
(MCP9509)

© 2008 Microchip Technology Inc. DS22114A-page 23
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= I1S0/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, rfPIC, SmartShunt and UNI/O are registered
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

FilterLab, Linear Active Thermistor, MXDEV, MXLAB,
SEEVAL, SmartSensor and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, In-Circuit Serial
Programming, ICSP, ICEPIC, Mindi, MiWi, MPASM, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, PICkit, PICDEM,
PICDEM.net, PICtail, PIC32 logo, PowerCal, Powerlnfo,
PowerMate, PowerTool, REAL ICE, rfLAB, Select Mode, Total
Endurance, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2008, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

Q Printed on recycled paper.

Microchip received 1ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
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X-ON Electronics

Largest Supplier of Electrical and Electronic Components
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