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RTDs (resistance-temperature 
detectors) are the preferred sen-

sor choices for designs requiring preci-
sion. Although RTDs are approximate-
ly linear over the limited temperature 
range of 0 to 1008C, these sensors ex-
hibit a slight but progressively more 
nonlinear temperature-versus-resis-
tance characteristic as the measure-
ment range widens. Consequently, over 
an extended span, curve fitting is nec-
essary if the system is to achieve a high 
level of precision. One way to obviate 
the nonlinear characteristic of an RTD 
sensor is to design analog hardware to 

perform the curve-fitting mathematics 
before any additional signal processing 
occurs. This approach is especially at-
tractive if you can keep both cost and 
component count low and if a micro-
processor-driven design is not feasible. 
With low component count comes the 
added benefit of a small PCB (printed-
circuit-board) footprint.

The most popular RTDs are made 
from platinum with a resistance value 
of 100V at 08C and a metal purity that 
allows them to follow a standard Eu-
ropean curve with a positive-tempera-
ture coefficient, a, equal to 0.00385V/

V/8C. Less popular but still com-
mon are RTDs with a slightly higher 
metal purity. These RTDs have a of 

Design an RTD interface  
with a spreadsheet

Figure 1 This RTD circuit uses a second-order polynomial to linearize the output of the sensor.
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NOTES:
RS IS A PLATINUM, 100�-AT-0�C RTD, 
WITH � OF 0.00385�/�/�C.
ALL RESISTORS ARE METAL-FILM, 
�1%-TOLERANCE UNLESS 
OTHERWISE NOTED.

OPTIONAL CIRCUITRY 
TO ADD OFFSET 
VOLTAGE OF 0.0005V.
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0.00392V/V/8C and follow the 
US curve. The circuit in Figure 
1 uses a standard RTD to measure 
temperature over the extended 
range of 0 to 3508C, an output 
voltage of 0 to 3.5V, and over-
all system accuracy greater than 
0.58C. The following linear equa-
tion expresses this sensor system:

IC1 is pin-configured to drive 
a constant current of 400 mA 
through the grounded sensor, T1. 
Driving T1 with this level of cur-
rent—“zero-power” operation—
keeps the worst-case power that 
the circuit dissipates in the sen-
sor to less than 40 mW and re-
duces the self-heating errors to a 
second-order effect (Reference 
1). Also, driving the RTD with a 
current source preserves its intrin-
sic nonlinearity and allows you to 
express the sensor’s output volt-
age, VS, as: 400 mA3RS, where RS is 
the resistance of the sensor.

IC2 initially signal-conditions the 
sensor’s output by first scaling the out-
put voltage and then offsetting the re-
sult so that VT is slightly larger than 
the 3.5V output at 3508C and that VT 
equals 0V at 08C. Adding gain and off-
set before linearization places less of a 
burden on the curve-fitting circuitry 
and helps to meet the system’s preci-
sion specification. The combination of 
C1 and R5 implements a lowpass filter 
with a pole at approximately 10 Hz to 
remove power-supply noise. The fol-
lowing term describes the performance 
of IC2 and its accompanying circuitry: 
VT575VS23V.

Next, an Excel spreadsheet creates 
the nonlinear-mathematical relation-
ship between the voltage, VT, and 
the system output, VO (Table 1). The 
spreadsheet features 17 temperature 
entries—starting at 08C, increasing 
in increments of 258C, and ending at 
4008C—for the measured temperature. 
Using a data set that extends beyond 
the intended measurement range of 
3508C can reduce end errors in non-
linear systems. Values for RS—which 
you derive from a standard RTD-resis-
tance-versus-temperature table—and 

the equations allow you to compute VS 
and VT. The VT and VO columns are the 
input and output signals, respectively, 
for the linearization circuitry; you chart 
them using Excel’s XY-scatter feature. 
You can use Excel’s Trendline feature 
to create the following equation, the 
mathematical representation of the 
curve-fitting circuitry you need to lin-
earize the sensor’s output: VO50.0005V 
10.8597VT10.0123VT

2. IC3 and 
four 1%-tolerant resistors or, option-
ally, five resistors implement a sec-
ond-order polynomial: VO5a1bVT 
1cVT

2, where a is the offset term, b 
is the linear coefficient, and c is the 
square-term coefficient.

The curve-fitting-circuit design be-
gins by first wiring the four inputs of 
IC3 to create a positive square term 
that is scaled at the chip’s output by 
an internal scale factor of 1⁄10V. Then, 
comparing terms, you find that the co-
efficient, c, must equal 0.0123. Because 
R6 and R7 form a voltage divider that 
attenuates the signal, VT, you can ex-
press the coefficient with the following 
equation:

Select a value for R7—10 kV for this 

design—and then use the pre-
ceding equation to find the val-
ue for R6.

Resistors R8, R9, and, option-
ally, R10 form a passive adder to 
create the offset term, a, and the 
linear coefficient, b. You apply 
the output of the passive adder 
directly to the Z input, Pin 6 of 
IC3, which adds the offset and 
linear terms to the square term 
to form the system response at 
Pin 7. Again comparing these 
terms, note that the offset term 
must equal 0.0005V. The offset 
term is only 0.5 mV, and elimi-
nating it would add an error of 
approximately 0.058C, so you 
can initially neglect it. Then, 
because the linear term’s coeffi-
cient, b, must equal 0.8507, you 
first select a suitable value for R9 
and use the following equation 
to solve for R8: b5R9/(R81R9).

If you wish to design the op-
tional circuitry and include the 

offset term, which is part of the passive 
adder, choose a stable 2.5V reference 
for VREF, calculate the parallel combi-
nation of R8//R95REQ (the equivalent 
resistance of R8 in parallel with R9), 
and solve for R10 using the following 
voltage-divider equation: a5(REQ/
(R9+REQ))VREF.

To calibrate this circuit, replace the 
sensor with a precision decade box. Set 
the decade box to simulate 08C and ad-
just the offset trim of R2 for an output 
of 0V at Pin 7 of IC3. Next, set the de-
cade box to simulate 3508C and ad-
just the gain trim of R3 for an output 
of 3.5V. Repeat this sequence of trim 
steps until both points are fixed. The 
circuit in Figure 1—which includes 
optional circuitry—exhibits a worst-
case measurement error at 2508C and 
2.504V of 0.16%, or 0.48C. Testing 
the circuit without the optional cir-
cuitry—the reference voltage and R10 
—shows no discernible improvement 
in precision.EDN

R e fe r e n ce
 “IC Generates Second-Order 

Polynomial,” Electronic Design,  
Aug 5, 1993, www.elecdesign.com/
Articles/Index.cfm?AD51&ArticleID
511502.

Table 1 Excel-spreadsheet data
Measured 
tempera-
ture (8C)

RS 
(V)

VS 
(V)

VT 
(V)

VO 
(V)

0 100 0.04 0 0

25 109.73 0.0439 0.292 0.25

50 119.4 0.0479 0.582 0.5

75 128.99 0.0516 0.87 0.75

100 138.51 0.0554 1.155 1

125 147.95 0.0592 1.439 1.25

150 157.33 0.0629 1.72 1.5

175 166.62 0.0666 1.999 1.75

200 175.86 0.0703 2.276 2

225 185.01 0.074 2.55 2.25

250 194.1 0.0776 2.823 2.5

275 203.1 0.0812 3.093 2.75

300 212.05 0.0848 3.362 3

325 220.91 0.0884 3.627 3.25

350 229.72 0.0919 3.892 3.5

375 238.88 0.0956 4.166 3.75

400 247.09 0.0988 4.413 4
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Low-cost DVM (digital-volt-
meter) modules are economi-

cal and can significantly reduce de-
sign time for instrumentation. Yet, 
these modules also involve a signifi-
cant number of design challenges. For 
example, their inputs are not isolated 
from the power supply, so you must 
add an isolated power supply. This 
task can both consume critical design 
time and add to system costs. 
Additionally, many uses for 
the modules require one- to 
four-cell-battery operation, 
and the modules require ap-
proximately 9V, translating 
to operation from 0.7 to 6V 
if you use new batteries until 
they are fully discharged. This 
wide input range also means 
that you should regulate the 
power-supply output.

DVM modules also have 
low parts count, and you can 
implement them using off-the-
shelf components. Optionally, 
the modules can operate with 
input voltages as low as 0.25V 
if you replace the silicon tran-
sistors with germanium de-
vices. However, germanium 
transistors are relatively ex-
pensive, so use them only in 

applications requiring low-input-volt-
age operation.

The power-supply design in Figure 1 
is a blocking oscillator that operates as 
a flyback converter with fixed on-time 
and variable off-time. The variable 
off-time regulates how often the trans-
former charges and delivers power to 
the load. The blocking oscillator con-
sists of NPN transistor Q2, transformer 

T1, and capacitor C2. The conductance 
of PNP transistor Q1 controls the off-
time of the oscillator in conjunction 
with C2. The output of the transformer 
conducts to the energy-storage capaci-
tor, C3, through diode D2 during trans-
former flyback. The error amplifier and 
optocoupler, IC1, monitors the voltage 
across C3. When the voltage at resis-
tive divider R4-R5 exceeds 2.5V, the 
optocoupler conducts more and reduc-
es the conduction of transistor Q1, in-
creasing the time required for the next 
power cycle.EDN

Isolated supply powers DVM module
Richard Dunipace, Fairchild Semiconductor, Irving, TX
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Figure 1 This isolated flyback supply powers a digital-voltmeter module from 0.7 to 15V.

 In most applications, the MR 
(manual-reset) pin usually con-

nects to a switch to create a manual-
reset signal to the supervisory chip. 
Subsequently, after a predetermined 
time-out-active period, it goes back to 
the high state in an active-low reset. 
A manual reset is a good feature for 
most applications; however, it requires 

human intervention to create the reset. 
In some applications, a manual reset 
could be a hassle because you must 
perform it each time the system pow-
ers up.

Further, applications involving em-
bedded microprocessors can require 
the reset output to hold high—that is, 
inactive—for a certain period of time 

before you can apply the reset, or ac-
tive low. The circuit in Figure 1 proves 
useful during power-up when there is 
no need to press the reset button once 
the device powers up, because reset oc-
curs automatically with the predeter-
mined hold time before you apply the 
reset-low signal.

The circuit employs a reset-super-
visory chip with the MR pin and ac-
tive-low output, RESET. Normally, the 
MR input has an internal pullup resis-
tor with a value of 20 to 50 kV. Dur-
ing power-up, this MR internal resistor 
charges up capacitor C1 to the maxi-

IC performs delayed system reset 
upon power-up
Goh Ban Hok, Infineon Technologies Asia Pacific Ltd, Singapore
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mum value to VDD at the positive side. 
To create an MR reset input to the su-
pervisory chip, its MR input must re-
ceive an active-low ground signal, re-
quiring transistor Q1 to turn on. The 
turn-on-time period depends on the 
RC-time constant of R1 and C2. These 
two components determine when Q1 
turns on and thus provide an adjustable 
hold time for the RESET output to 
hold high. To increase the hold time, 
simply increase the RC-time constant 
of R1 and C2.

The supervisory reset chip asserts its 
RESET output only when the voltage 
at the MR pin exceeds the threshold-
trigger voltage and the supervisor’s in-
ternal reset period has elapsed. This 
time-out period filters any short input-
voltage transients. Because of Q1’s turn-
on, the negative side of C1 becomes 
grounded. Because the positive side of 
C1 cannot instantly change its polar-
ity, it pulls low and slowly charges up 
again through the internal pullup resis-
tor of the MR input. When it reaches 
the threshold voltage of the reset chip, 
it then asserts the reset once it reaches 

the time-out period of the chip. The 
selection of C1 is not critical. However, 
its value should be sufficiently large—
0.1 to 10 mF, for example—that the RC 
time constant for C1 and the internal 
pullup resistor are large enough. This 
value ensures that C1 holds the voltage 
low at MR for at least 1 msec.

The transistor remains on after C2 
charges toward the biased voltage of 
Q1. At the next power-up or when you 
manually reset the circuit by pressing 

the pushbutton switch, the transistor 
discharges C2. Once this action hap-
pens, Q1 turns off. R1 charges up the 
negative side of C1 to the supply volt-
age, VDD. Because the positive side of 
capacitor C1 cannot change instantly, 
it appears to be charged to 2VDD. How-
ever, the protection diode, D1, clamps 
C1’s voltage to just VDD plus the diode’s 
turn-on voltage. The cycle repeats 
once C2 charges enough to again turn 
on Q1.EDN
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Figure 1 This simple circuit automatically resets a microcontroller upon power-
up. 

The basis for this Design Idea 
is a circuit that uses three resis-

tors and a microcontroller-I/O pin to 
work as input high impedance or out-
put to independently drive two LEDs 
(Reference 1). The idea sounded good 
for this design, mainly because of the 
lack of spare I/O pins in the microcon-
troller and the simplicity of the imple-
mentation. Unfortunately, you cannot 
use the circuit in battery-powered de-
signs because it exhibits a current leak-
age on the order of 2 mA even with 
both LEDs off. This Design Idea modi-
fies that circuit, using only one I/O pin 
to drive the two LEDs but with a low 
current drain (Figure 1). Although 

the circuit uses a couple of diodes and 
a resistor, the price and the component 
count are low.

The basis for the operation of both 
circuits is the nonlinear characteristic 
of a diode, in which current grows ex-
ponentially with the voltage applied 
across it. To describe the operation, 
suppose that the microcontroller pin 
is configured as an input, leaving the 
pin in high impedance. In the first cir-
cuit, assume that LEDs need a volt-
age of approximately 1.5V to turn on 
and that the small-signal-diode volt-
age drop is approximately 0.6V (Fig-
ure 1a). So, to turn on both LEDs, you 
theoretically need 4.2V. In practice, 
the LEDs start dimming at approxi-
mately 4V with a current of 80 mA 
and are fully on with 4.4V at a cur-
rent of 1 mA. With 3.3V, leakage cur-
rent is merely 2.41 mA. The nominal 
voltage for this circuit can be slightly 
lower than 3.3V, but, in that case, you 
should use Schottky diodes.

The second circuit is for supply volt-
ages greater than 5V (Figure 1b). Using 
the values in the figure, the LEDs start 

One microcontroller pin drives  
two LEDs with low quiescent current
Antonio Muñoz, Laboratorios Avanzados de Investigación del I3A, 
Zaragoza, Spain, and Arturo Mediano, PhD, GEPM University of Zaragoza, 
Zaragoza, Spain
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with a current  
of 80 mA and are 
fully on with  
4.4V at a current 
of 1 mA.
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dimming with 7V at 74-mA current 
and are fully on with 8.5V at 1 mA, re-
maining off for a 5V supply at 1.53 mA. 

To turn on the LEDs, you must con-
figure the microcontroller’s I/O pin as 
an output; an output value of one turns 

on the lower LED, and a value of zero 
turns on the upper LED. If both LEDs 
must appear to be on, your program 
can cycle the port pin between one and 
zero with a frequency greater than 50 
Hz. To calculate the value of the resis-
tor in both cases, the following formu-
las apply: R5(3.3V2VD2VLED)/ILED 
(Figure 1a), and R5(VCC2VZ2VLED)/
ILED (Figure 1b), where ILED is the de-
sired LED-on current, VD is the voltage 
across the diode when an ILED current 
flows through it, VZ is the zener-diode 
voltage, and VLED is the forward volt-
age across the LED when an ILED cur-
rent flows through it. You should use a 
Schmitt trigger or an analog input for 
the I/O pin to avoid excessive current 
draw.EDN

R e fe r e n ce
 Pefhany, Spehro, “Circuit Con-

trols Two LEDs With One Micro-
controller Port Pin,” Electronic 
Design, April 1, 2002, http://elec-
tronicdesign.com/Articles/Index.
cfm?AD51&ArticleID51683.

Figure 1 In these simple circuits, the LEDs need a voltage of approximately 
1.5V (a) or more than 5V (b) to turn on. The circuits allow a battery-powered 
microcontroller to control two LEDs with only one I/O pin.
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