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Abstract

At present the Wet Bulb Globe Temperature Index (WBGT) is
the simplest technique to measure the environmental factors which
closely correlate with deep body bemperaﬁure of a worker, And since
measurement of deep body temperature is not practical, the WBGT is
the most widely wused technique for determining permissible heat

exposure Threshold Limit Values (TLV).

The NTG 1701A WBGT index recorder was designed and built
for ease of use and maintenance, low cost, using local materials and
electronic components, The 1instrument consists of 3 sets of 3 1/2
digits LED display digital thermometer. Each can measure temperatures
in the range of @ to 180°C with 8.1°C resolution and £9.5°C accuracy.
These thermometers are provided for measuring the natural wet bulb
temperature, globe temperature and dry bulb temperature. Besides,
this instrument can be adjusted the weighting factor of WBGT, print-
out the reading temperatures and calculated the temperature index on
the pocket electronic printing calculator at the desired setting
time., The built-in crystal control timer can preset the time from 1
to 50 minutes in steps of 1,2,5 and multiplying factor of x1 and x18.

[t can operate with either 12 volts battery or 220 V 58 Hz AC source.
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Semiconductor
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LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-calibrated. inte-
grated circuit temperature sensors. Operating as a
2-terminal zener, the LM135 has a breakdown voltage
directly proportional to absolute temperature at +10 m\/
°K. With less than 18 dynamic impedance the device
operates over a current range of 400 pA to 5 mA with
virtually no change in performance. When calibrated
at 25°C the LMI135 has typically less than 1°C error
over a 100°C temperature range. Unlike other sensors

to +125°C temperature- range. The LM335 operates
from —40°C te +100°C. The LM135/LM235/LM335
are available packaged in hermetic TO-46 transistor
packages while the LM335 is also available in plastic
TO-32 packages.

Features

the LM 135 has a linear output. = Directly calibrated in *Kelvin
Applications for the LM135 include almost any type of ® 1 Cinitial accuracy available
temperature sensing over a —55°C to +150°C temper- 2 Operates from 4.DDuA o 5mA
ature range. The low impedance and [inear output ® Less than 152 dynamic impedance
make interfacing to readout or control circuitry espe- 8 Easily calibrated
cially easy. m \Wide operating temperature range
The LM135 operates over a —55°C ta +150°C temper- = 200°C overrange
ature range while the LM235 operates over a —40°C B |ow cost
Schematic Diagram
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Typical Applications

Basic Temperature Sensor

Calibrated Sensor

Wide Operating Supply
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Absolute Maximum Ratings

Reverse Current

Forward Current

Storage Temperature
TO:46 Package
TO-92 Package

15 mA
10 mA

-60'Cto +180°C
-60"C to +150°C

Speaified Operating Temperature Range

LM135, LM135A
LM235, LM235A
LM335, LM335A

Temperature ACCuracy Lmi3s/Lm23s, LM135A/LM235A (Nate 1)

Continuous
55 Cto +150°C
-40'Cto+125°C
-40°Cto +100°C
Lead Temperature {Soldering, 10 seconds)

Intermittent (Note 2)
150°C to 200]C
125°C to 150°C
‘100°C 1o 125°C

300'C

I LM135A/LM235A LM135/LM235
PARAMETER CONDITIONS - UNITS
MIN TYP MAX | MIN TYP | MAX
Operating Output Voltage Te=25"C,Ig=1mA 2497 298| 299 2.95 298 3.01 v
Uncalibeated Temperature Error | Tg=25°C,Ig = 1 mA 05 1 1 3 c
Uncalibrated Temperature Error | TN < Te < TMAX. IR = 1 mA 13 27 2 5 e
Temperature Error with 257C TMIN<Tc<TMmax./lg=1maA 03 1 05 1.5 °C
Calibratian -
Calibrated Error at Extended T = TMAX (Intermittent) 2 2 ‘c
TFemperatures
Non-Linearity IR = 1mA 03 | 05 03 | 1 °c
Temperature Accuracy Lmass, LM33sA (Note 1) 3
PARAMETER CONDITIONS LMassA LI338 uNITS
A MIN TYP MAX MiIN TYP | MAX 3
Operating Qutput Voltage Te=25C,IR=1mA 295 | 298| 3 292 298 3.04 v
Uncalibrated Temperature Error | Tg=25"C, Ig = 1 mA 1 3 2 5 e
Uncalibrated Temperature Error I TMIN < Te < Tmax.IR=1mA ) 5 4 9 ‘c
Temperature Error with 25 C TMIN < Tc < TMax. IR = 1T mA 05 1 1 2 °c
Calibration i
Calibrated Error at Extended Te = Tmax (Intermittent) 2 2 °c
Temperatures
Non-Linearity Ig=1mA 0.3 15 0.3 15 °c
Electrical Characteristics note 1)
r LM135/LM235 LM335
PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS
¥ min | TYp [ max | min | Tye | max
Operating Output Voltage 400 4A < IR <5 mA 25 10 a- 14 mV
Change with Current At Constant Temperature
Dynamic Impedance IR=1mA 05 086 i)
Output Voltage Temperature +10 +10 mv/ C
Drilt
Time Constant Still Aar 80 80 sec
100 fr/Min Awr 10 10 e
Stirred Oil 1 1 eC
Time Sralulity Tec=125 C 07 0.2 TGk

Note T: Accuracy imessursments are inade inoa well-stirnsd ol bath. For other conditions, self beating must be conssdensr,

Note 2: Contimuous apsrahion at thess temperatunes boe 10,000 hows tor H packaye potd 5,000 howrs lor 2 package may decrease hife expect

ancy of the device,

R
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Typical Performance Characteristics
Reverse Voltage Change Calibrated Error Reverse Characteristics
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Application Hints

CALIBRATING THE LM135

included on the LMI135 chip is an easy method of
calibrating the device for higher accuracies. A pot
connected across the LM135 with the arm tied to the
adjustment terminal allows a 1-point calibration of the
sensar that corrects for inaccuracy over the full tem-
perature range.

This single point calibration works because the cutput -

of the LM135 is proportional to absolute temperature
with the extrapolated output of sensor going to OV
output ‘at 0°K {—273.15°C). Errors in output voltage
versus temperature are only slope [or scale factor)
50 a slope calibration at one temperature corrects at
all temperatures.

The output of the device (calibrated or uncalibrated)
can be expressed as:
Vv Vi L
ouUTT= VOUTT X —
T To To

where T is the unknown temperature and Tgy is a ref-
erence temperature, both expressed in degrees Kelvin.
By calibrating the output to read correctly at one

Typical Applications continueq)

Minimum Temperature Sensing

15 (1]

Lwg Lanay LAINS

Average Tnmper;ﬁlfe Sensing

Laalls

LMD

—

temperature the output at all remperatures is correct.
Nominally the output is calibrated at 10 mV/"K.

To. insure good sensing accuracy several precautions
must be taken. Like any temperature sensing device,
self heating can reduce accuracy. The LM135 should
be operated at the lowest current suitable for the ap-
plication. Sufficient current, of course, must be avail-
able to drive both the sensor and the calibration pot
at the maximum operating temperature,

If the sensor is used in an ambient where the thermal
resistance is constant, self heating errors can be cal-
ibrated out. This is possible if the device is run with
a temperature stable current. Heating will then be pro-

- portional to zener voltage and therefore temperature.

This makes-the self heating error proportional to ab-
solute temperature the same as scale factor errors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as
manufactured by Raychem can be used to make low-
cost waterproof sensors. The LM335 is inserted into
the tubing about 1/2" from the end and the tubing

" heated above the melting point of the core. The un-

filled 1/2" end melts and provides a seal over the device.

Remote Temperature Sensing

[—- : unwl‘

Tayg D9airm) - i

LMIIS ]

: s -

Wire length for 1° C error ‘due o ware drop

Ig=1mA Ig=05mA
AWG FEET - FEET
14 4000 8000
16 2500 5000
1B 1600 3200
20 1000 2000
22 625 1250
24 400 800

Isolated Temperature Sensor

CouTRuT |
Wav/
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Typical Applications conunuew

B

Fast Charger for Nickei-Cadmium Batteries

Ground Referred Czntigrade Thermometer

1Y
Differential Temperature Sensor l
- p— 15 .
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. 1 2w S 2 Sm
] l i 5 > 2 <
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¥ e A
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Charge ¥ an p rise. Couple D2 to barttery. —
Differential Temperature Sensor Variable Offset Thermometer i
1w "
nn
s
:. ]
|__ autrer
190 =i"C 108 WA T
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< LT &
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» mwnnL
b o
L
TAd}un for zero with sensor at 0°C and 10T pot set at 0°C 2m
o Adjust for zero output with 10T pot sat at 100°C and sensar
In 100°C A
Qutput reads difference between temperature and dial setting :: n
ol 10T pot 7
~15¥

Air Flow Detector®
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" Seit heating is used to detect air flow
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Definition of Terms

Calibrated Temperature Error: The errar between oper-
ating output voltage and case temperature at 10 mV/"K
over a temperature range at a specilied operating current
with the 25"C error adjusted to rero.

Operating Output Voltage: The voltage appearing across
the positive and neyative terminals of the device at spuc:
ified conditions of operating temperature and current.

Uncalibrated Temperature Error: The error between
the operating ‘cutput voltage at 10 mV/’K and case
temperature at specified conditions of current and
case temperature.

Connection Diagrams.

TO-92
Piastic Package
Al *
EOTTOM VIEW BOTTOM VIEW
* Case is connected to negativa pin

Order Number LM335Z Order Number LM135H,

or LM335AZ LM235H, L”SSSH! LM135AH,
Sea NS Package Z03A LM235AH or LM335AH

See NS Package HO3H
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