Analog Temperature Sensor — LM335

Rev 1.1

Single-supply linear-output temperature sensor in bare die form 28/04/20

Description Features:

The LM335 precision linear-output temperature sensor = Wide temperature range: -40 to3®:

is designed for simple calibration and ease of use.

: . . . = 1% typical accuracy at 25°C
Output is derived from an integrated 2-terminal Zener

with a breakdown voltage directly proportional to = Single-point calibration for 1§ cision
absolute temperature at 10mV/°K. Calibrated at » Operates from 450pA m
+25°C, the LM335 has an accuracy of 1°C over a wide « <10 dvnamic impeda
-40°C to 100°C temperature range. With less than 1Q y p@
dynamic impedance, performance is consistent across * Linear output
a current range of 450uA to 5mA. The device suits = Small size6I N ntegration
use as a general purpose sensor where its small size,
low impedance and linear output enables simple circuit 6
integration. \
Ordering Information Die,Difnensions in pm (mils)
The following part suffixes apply: ** 1500 (59)
- No suffix - MIL-STD-883 /2010B Visual Inspectior@ A
For High Reliability versions of this product@see
LM135 and LM135;O\/ *
o
Yo
% g
For higher precision commegg e product please see
Ko []
« Y
Supply F S: Mechanical Specification
* DefaultDie in Waffle Pack (400 per tray capacity) 1500 x 1050 m
Die Size (Unsawn) 59 Hr
X 41 mils
" gﬁwn Wafer on Tape — On request
Minimum Bond Pad Size 104 x 104 Hm
*= Unsawn Wafer — On request 4.09 x4.09 mils
Die Thickness 350 (£20) um
= Die Thickness <> 350um(14 Mils) — On request 13.78 (+0.79) mils
" o/ o
= Assembled into Hermetic Package — On request Top Metal Composition Al 1%Si 1.1um
Back Metal Composition N/A — Bare Si
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Analog Temperature Sensor — LM335

Pad Layout and Functions
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1500pm (59.06 mils)

Calibration methodology and

xge

tlc

Rev 1.1
28/04/20

PAD | FUNCTION COORD%@(“'“)
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The LM335 response is proportional to ab lute ¥emperature with the

extrapolated output of sensor going to

(calibrated or not) is given by @ ion:;

VouTt + VOUTT, X —

Where: «

= Tist nown temperature
ference temperature (in °K

Nom y,Ze output is calibrated at 10mV/°K.

Ap%l‘icatlon Note:

( -273.15°C). Errors in output
hus a calibration of the slope at

voltage versus temperature are on
one temperature corrects errors peratures. The circuit output
ti

CONNECT @ACK V- OR FLOAT
Slmpb chematic
o
¥
Vg — Vour
10mV/°K
A
V.
V
Vour
10mV/°K
'_i [ J1okor
= * Calibrated for
V 2.982V at 25°C

Self-heating can decrease accuracy; LM335 should be operated at low current but sufficient enough to drive the
sensor and calibration circuit to the maximum operating temperature. If used in surroundings where the thermal
resistance is constant, the errors due to self-heating can be externally calibrated. This is possible if the circuit is biased
with a temperature stable current. Heating will then be proportional to Zener voltage and therefore temperature. In this
way, the error due to self-heating is proportional to the absolute temperature as scale factor errors.
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Analog Temperature Sensor — LM335

Rev 1.1
Absolute Maximum Ratings’ 28/04/20
PARAMETER SYMBOL VALUE UNIT
Reverse Current Ir 15 @
Forward Current I 10 @
Operating Temperature Toper Continuous -40 to +100 0
Storage Temperature Tsta -65 to +150 °C

1. Operation above the absolute maximum rating may cause device failure. Operation at the absolute maximum rating e%nded periods, may reduce
device reliability. &

Recommended Operating Conditions i '
PARAMETER SYMBOL MIN MAX Q

Temperature Continuous Ta -40 10 °C

Forward Current 13 0.45 mA

Temperatu re Parametersz (Ta=25°C unless otlx_rwiga specified)

LIMITS
PARAMETER YMBOL NDITION * NIT
S 0 co oNs MIN TYP MAX UNITS
Output Voltage Vour T,=25°C 1A 2.92 2.98 3.04 \%
Un-calibrated AT, Ta=253CN = 1TMA - 2 6 °C
Temperature Error AT, -40°C< TEA100°C Iz = TmA - 4 9 °C
25°C Calibrated AT, -40: ¥100°C.Is = 1mA i} 1 2 °C
Temperature Error
Non-linearity AT, % Ta< +100°C,Igr = TmA - 0.3 15 °C

Electrical Paramem?u = 25°C unless otherwise specified)

PARAMETER ,C a CONDITIONS _— LIMITS UNITS

TYP MAX
450pA < Ix < 5MA, )
AVour Constant temperature 3 14 mv

Output voltag
change with cur

Dynamic im AR T,=25°C, Ig=1mA - 0.6 - Q
Tem u
coefficientf output TC T,=25°C, [r=1TmA - +10 - mV/°C
* oltage
Still air - 80 -
Time constant TT Air 0.5m/s - 10 - s
Stirred oil - 1 -
Time stability TstaB T,=125°C - 0.2 - °C/1000h

2. Accuracy measurements are made in a well-stirred oil bath. For other conditions, self-heating must be considered.
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Reverse voltage change (mV)

Reverse current (mA)

Analog Temperature Sensor — LM335

Rev 1.1
Typlcal Characteristics (1,= 25°C unless otherwise specified) 28/04/20
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FIGURE 1. Reverse Voltage Change &@ FIGURE 2. Calibrated error
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FIGURE 3. Reverse characteristics FIGURE 4. Response time
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Dynamic Impedance (Q)

Thermal Resistance (°C /W)

Typlcal Characteristics (T, = 25°C unless otherwise specified)

Analog Temperature Sensor — LM335
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FIGURE 8. Thermal resistance, junction-to-air
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FIGURE 9. Thermal time constant
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Analog Temperature Sensor — LM335

Rev 1.1
Typlcal Characteristics (1,= 25°C unless otherwise specified) 28/04/20
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FIGURE 10. Thermal response in still air &@ FIGURE 11. Thermal response in stirred-oil bath
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FIGURE 12. Forward characteristics
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Analog Temperature Sensor — LM335

Rev 1.1

Typical Applications 28/04/20

+15V +15V Viy Q:
+5 to +40V Q

6kQ 6kQ

VOUT TMIN

30mV/°K 10mV/°K 68Q
y % Vour
O 10mV/°K

LM135 x3 LM135 x3 1 Q
FIGURE 14. \6 =

Minimum Temperature Se@ FIGURE 15.

= 4 Wide operating supply

FIGURE 13. ){.*

Average Temperature Sensing @
O 0.1pF

LM135

FIGURE 16.

Isolated Temperature Sensor
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9 Analog Temperature Sensor — LM335

Rev 1.1
Typical Applications continued 28/04/20

0.1uF

LM135 Q

Y4

FIGUR@‘.(’:.6
Tempe@ontroller

) 9

LM135

Ve
=

* *Adjust for 2.7315V
* at output of LM308

FIGURE 17.

Centigrade Thermometer FIGURE 18.

Differential Temperature Sensor
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Analog Temperature Sensor — LM335

Rev 1.1
Thermocouple compensation 28/04/20
SEEB
Thermocouple R3 Coe E@
377Q 5 /
308Q V/I°C

" X 4|«

293 \ .8uv/ec
45& 6.4uV/°C
Adjustments: Os

LMA135 1. Short 1N4568.
2. Adjust R1 f6r ECK coefficient times ambient
temperat% grees Kelvin across R3.
3. Shon@ and adjust R2 for voltage across R3
correspdfing to thermocouple type as below:
V4

*Select R3 for proper % 14.32mV K 11.17mV
thermocouple type

T 11.9mV S 1.768mV
FIGURE 19. Thermocouple cold juncti c%sation (compensation for grounded thermocouple)

+15V @

SEEBECK
OV Thermocouple R3 R4 Coefficient
% J 1.05kQ 365Q 52.3uV/°C
% T 856Q 3150 42.8uV/°C
LM135 O K 816Q 300Q 40.8uVv/°C
S

« 128Q 46.3Q 6.4uV/°C

18V Q Adjustments:
Q E 1. Adjust R1 for the voltage across R3 equal to the SEEBECK

coefficient times ambient temperature in degrees Kelvin.
** 2. Adjust R2 for voltage across R4 corresponding to the
thermocouple as below:

J 14.32mV K 11.17mV
*Select R3 & R4 for proper T 11.9mV S 1.768mV
thermocouple type

FIGURE 20. Single power supply cold junction compensation
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Rev 1.1
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Circuit schematic
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DISQ‘A“\.AER: The information given in this document shall in no event be regarded as a guarantee of conditions or characteristics. With respect to
any examples or hints given herein, any typical values stated herein and/or any information regarding the application of the device, Silicon Supplies Ltd
hereby disclaims any and all warranties and liabilities of any kind.

LIFE SUPPORT POLICY: Silicon Supplies Ltd components may be used in life support devices or systems only with the express written
approval of Silicon Supplies Ltd, if a failure of such components can reasonably be expected to cause the failure of that life support device or system or
to affect the safety or effectiveness of that device or system. Life support devices or systems are intended to be implanted in the human body or to
support and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other persons may
be endangered.
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