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Operating from a Single Li-lon Battery Cell

V+ (+2.4V to +5.5V)

VoO (0 3.88x 109 6x T 0 (0 1.15x 107 2x T)O 1.8639

(1.8639 - VO)

T=-1481.96 + /2.1962x106+ =

3.88x10°
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Full-Range Celsius (Centigrade) Temperature Sensor ( — 55 °C~+ 130°C)

Output Voltage vs Temperature
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Top View

Temperature (T) Typical Vo
+130°C +303 mV
+100°C +675 mV
+80°C +919 mV
+30°C +1515 mV
+25°C +1574 mV

0°C +1863.9 mV
-30°C +2205 mV
-40°C +2318 mV
-55°C +2485 mV
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Vv — 3 VO
| Lm20 2 GND
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See NS Package Number MAAO5A
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Top View
See NS Package Number BPA04DDC, TPAO4EEA and
TLAO04ZZA
HAiER
Order Temperature Temperature NS Package Device
Number Accuracy Range Number Marking Transport Media
LM20BIM7 +2.5°C -55°C to +130°C MAAO5A T2B 1000 Units on Tape and Reel
LM20BIM7X +25°C -55"C to +130°C MAAO5A T2B 3000 Units on Tape and Reel
LM20CIM7 +5°C -55°C to +130°C MAAO5A T2C 1000 Units on Tape and Reel
LM20CIM7X +5°C -55°C to +130°C MAAO5A T2C 3000 Units on Tape and Reel
LM20SIBP +3.5°C -40°C to +125°C BPA04DDC Date 250 Units on Tape and Reel
Code
LM20SIBPX +3.5°C -40°C to +125°C BPA04DDC Date 3000 Units on Tape and Reel
Code
LM20SITL +3.5°C -40°C to +125°C TLAO4ZZA Date 250 Units on Tape and Reel
Code
LM20SITLX +3.5°C -40°C to +125°C TLAO4ZZA Date 3000 Units on Tape and Reel
Code
LM20SITP +3.5°C -40°C to +125°C TPAO4EEA Date 250 Units on Tape and Reel
Code
LM20SITPX +3.5°C -40°C to +125°C TPAO4EEA Date 3000 Units on Tape and Reel
Code
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Parameter Conditions Typical LMm20B LM20C LM20S Units
(Note 6) Limits Limits Limits (Limit)
(Note 7) (Note 7) (Note 7)
Temperature to Voltage Error | T, = +25°C to +30°C +15 +4.0 +2.5 C (max)
Vo = (-3.88x107°xT?) Ta=+130°C £25 £5.0 C (max)
+(=1.15x107°xT) + 1.8639V |7 _ 1125°C %25 +5.0 +3.5 C (max)
(Note 8) T, =+100C +2.2 +47 +3.2 C (max)
Ta=+85C *2.1 +4.6 3.1 'C (max)
T, =+80°C *2.0 +4.5 £3.0 "C (max)
To=0C +1.9 +4.4 +2.9 C (max)
Ta=-30C 2.2 *47 +3.3 C (min)
Ta=-40"C +2.3 +4.8 +3.5 C (max)
Ta=-55C 25 £5.0 C (max)
Output Voltage at 0°C +1.8639 \
Variance from Curve +1.0 C
Non-Linearity (Note 9) -20°C < To £+80°C +0.4 %
Sensor Gain (Temperature -30°C £ Tp £+100°C -11.77 -11.4 -11.0 -11.0 mV/°C (min)
Sensitivity or Average Slope) -12.2 -12.6 -12.6 mV/'C (max)
to equation:
Vo=-11.77 mV/"CxT+1.860V
Output Impedance OpA <I_ < +16 pA 160 160 160 Q (max)
(Notes 11, 12)
Load Regulation(Note 10) OpA<I < +16 pA -2.5 -2.5 -2.5 mV (max)
(Notes 11, 12)
Line Regulation +2.4V < VT < +5.0V +3.3 +3.7 +3.7 mV/V (max)
+50V<Vr<+55V +11 +11 +11 mV (max)
Quiescent Current +2. 4V <V* < +5.0V 45 7 7 7 pA (max)
+5.0V < V* < 455V 45 9 9 9 A (max)
+2. 4V < V* < 45,0V 45 10 10 10 pA (max)
Change of Quiescent Current | +2. 4V < V* < +5.5V +0.7 HA
Temperature Coefficient of -11 nA/"C
Quiescent Current
Shutdown Current V<408V 0.02 pA
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PCB Layouts Used for Thermal Measurements
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a) Layout used for no heat sink measurements. b) Layout used for measurements with small heat hink.

FIGURE 1. PCB Layouts used for thermal measurements.
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Temperature Range Linear Equation Maximum Deviation of Linear Equation
Tein (C) Tmax (C) Vo= from Parabolic Equation (*C)
-55 +130 -11.79mV/°'C x T + 1.8528 V +1.41
-40 +110 -11.77 mV/'C x T +1.8577 V +0.93
-30 +100 -11.77 mV/'C x T + 1.8605 V +0.70
-40 +85 -11.67mV/'Cx T+ 1.8583 V +0.65
-10 +65 -M.71mV/'CxT+ 18641V +0.23
+35 +45 -11.81 mV/°'C x T +1.8701 V +0.004
+20 +30 -11.69mV/'Cx T+ 18663V +0.004
FIGURE 2. First order equations optimized for different temperature ranges.
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2.0 ¥ (0on)
SC70-5 SC70-5
no heat sink small heat sink
eJA TJ - TA eJA TJ - TA
(cw) ('C) ('crw) (C)
Still air 412 0.2 350 0.19
Moving air 312 0.17 266 0.15

pPCBOOOOOOOODOOOOOFigure 100 0000CO0OO
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no heat sink small heat fin
84a Ty-Ta Oaa T,-Ta
(cw) (c) (‘c/w) (C)
Still air 340 0.18 TBD TBD
Moving air TBD TBD TBD TBD

FIGURE 3. Temperature Rise of LM20 Due to
Self-Heating and Thermal Resistance (0;,)
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FIGURE 4. LM20 No Decoupling Required for
Capacitive Loads Less than 300 pF.
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FIGURE 5. LM20 with Filter for Noisy Environment and Capacitive Loading greater than 300 pF. Either placement of
resistor as shown above is just as effective.
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FIGURE 6. Centigrade Thermostat
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FIGURE 7. Conserving Power Dissipation with Shutdown
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FIGURE 8. Suggested Connection to a Sampling Analog to Digital Converter Input Stage
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o 1]c —
/ L
SEATING PLANE 0-0.1 s —0.4+0.05 TYP
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DIMENSIONS ARE IN MILLIMETERS MAAO5A (Rev C)
5-Lead SC70 Molded Package
Order Number LM20BIM7 or LM20CIM7X
NS Package Number MAAO5A
PKG SYMM
{} .
PKG SYMM ¢ — - -—+ (0 5)
i DIMENSIONS ARE IN MILLIMETERS
-+- DIMENSIONS IN () FOR REFERENCE ONLY
(4X ¢ >
F—(o 5)—>|
LAND PATTERN RECOMMENDATION
X3 (8} X2
0.125 SYMM
TOP SIDE COATING 0.050 ] l‘ |Q
\ BUMP T
T oo
i
I | I SYMM
T
| |
'
-— -—- =
; D D+
A\ ! | !
y AN
BUMP A1 CORNER 0.18
SILICON 0.15 X Py e ! ! [A]
01 - ko5

BPAO4XXX (Rev E)

4-Bump micro SMD Ball Grid Array Package (Small Bump)
Order Number LM20SIBP or LM20SIBPX
NS Package Number BPA04DDC
The following dimensions apply to the BPA04DDC package
shown above: X1=X2 = 853uym =+ 30um, X3=900um =+ 50um

0 microSMDOOOOOO0OO0O0OCOPCBOOOOOOOOOOOOOCOOOOOOOOOOO
micro SMD OO 0O0000000000000000 AN-1112000000000000
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4-Bump micro SMD Ball Grid Array Package (Large Bump)
Order Number LM20SITL or LM20SITLX
NS Package Number TLA04ZZA
The following dimensions apply to the TLA04ZZA package
shown above: X1=X2 = 963um =+ 30um, X3=600um £ 75um

O microSMDOOOOOO0OO0O0OPCBOOOOOOOOOOOOOCOOOOOOOOOOO

micro SMD OO 0O0000000000000000 AN-1112000000000000

TLAO4XXX (Rev D)

(]
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LM2024v0O 000000100 AOSC70000 micro SMD OOOOOOOO0OOOOOOO
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TPAO4XXX (Rev B)

4-Bump Thin micro SMD Ball Grid Array Package (Small Bump)

Order Number LM20SITP or LM20SITPX
NS Package Number TPAO4EEA

The following dimensions apply to the TPAO4EEA package
shown above: X1=X2 = 879um =+ 30um, X3=500um £ 75um
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