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Abstract − Measurements based on triggering a time 
counter display trigger uncertainty, which depends on input 
signal noise and slew rate, and on input channel noise. This 
last is specified for bench-top instruments but not for 
microcontrollers with embedded time counters, which are 
very attractive to implement period-to-code converters 
intended for sensor interfaces. Because power-supply rails 
in digital systems are very noisy, we have analysed the 
effect of Gaussian white noise and sine wave interference 
added to the PIC16F873 power supply pin. For a triangular 
input signal, the standard deviation of 1000 period readings 
increases with the amplitude of the added noise, as expected, 
and it is always larger when the period is determined from 
the rising edge of the timed signal rather than from its 
falling edge. 
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1.  INTRODUCTION 
 
 The measurement of quasi-digital quantities such as 
frequency, period, time interval, pulse width, and phase, 
often relies on measuring the elapsed time between two 
successive crossings of a voltage threshold: the first 
threshold crossing triggers a time counter and the second 
threshold crossing stops it. Alternatively, the first threshold 
crossing starts the counter, which is stopped after a selected 
numbers of additional threshold crossings have happened. 
 This technique offers a convenient method to obtain a 
digital code from different measurands by placing a suitable 
modulating sensor in a variable oscillator whose output 
frequency or period is measured by a microcontroller with 
an embedded counter. At low frequencies and for a given 
resolution, period measurements are preferred because they 
are faster than frequency measurements [1]. Some circuits 
intended for resistive sensors measure  instead the charging 
[2] or discharging [3] time of a fixed capacitor. 
 Whatever the measured quantity is, the uncertainty in the 
triggering point results in different readings for the same 
input signal, thus limiting the resolution. Bench-top 
instruments set in period mode suffer from the same 
problem, and their uncertainty is [4] 
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where Eni
2 is the specified noise variance at the instrument 

input channel, Ens
2 is the variance of the noise superimposed 

on the measured signal, and ∆V/∆t is the signal slew rate at 
trigger point. Both noise sources Eni

2 and Ens
2 are normally 

assumed to be Gaussian. The 1.4 factor (= √2) results from 
considering that random noise equally affects each trigger 
point involved in a period measurement. From (1), a fast 
slew rate minimizes uT, but the capacitor-charging involved 
in some sensor interfaces have a slow slew rate [2] [3]. 
 Microcontrollers with embedded counters measure the 
period of an input signal by calculating the elapsed time 
between two signal edges through the subtraction of their 
respective times of occurrence, as determined by crossing 
the trigger threshold of an input port [5]. The time unit is the 
machine cycle, that equals the number of internal clock 
periods needed to execute a single instruction. Equation (1) 
still applies but the internal trigger noise Eni

2 is not 
specified. This internal noise arises from at least three 
different sources: (a) Inherent (thermal) noise; (b) Power 
supply rails noise; and (c) Program-dependent noise. It has 
been previously shown [6] that when power-supply rails 
noise increases, Eni

2 increases too, which results in an 
increased time uncertainty. Program commands also affect 
Eni

2, which results in quantized results when the measured 
signal has slow slew rate [7]. 
 The behaviour of microcontroller’s input pins that are 
Schmitt trigger buffers, is determined by an upper voltage 
threshold VTH and a lower voltage threshold VTL. Rising 
signal edges are detected when they exceed VTH, and falling 
edges are detected when they decrease below VTL. 
Furthermore, current microcontrollers use to include several 
input pins which are sensitive to external events, and can 
thus interrupt the main program. There is often an external 
interrupt pin and/or a capture mode pin. 
 This paper analyses the effects of power supply noise 
on VTH and VTL, and the resulting uncertainty when timing 
signals whose slew rate is slow enough to obtain a 
significant uT in (1). This uncertainty is compared to that 
resulting from noise directly added to the input signal. 
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2.  MATERIALS AND METHOD 
 
 Figures 1 and 2 show the experimental set up to analyse 
the effect of noise added to, respectively, the power supply 
pin and the input signal. In both cases, the PIC16F873 
microcontroller works at a clock frequency of 4 MHz. The 
function generator (Promax GFD-917) provides the signal to 
be measured (1 V/ms, 100 Hz triangular wave, i.e. 10 ms 
period). This signal is connected to (a) the external interrupt 
pin RB0/INT, and (b) the Capture1 input CCP1. Both pins 
include a Schmitt trigger buffer, and they can be 
programmed to yield an interrupt command when detecting 
either a rising edge or a falling edge. Measuring the period 
of the input signal using each mode yields information about 
the noise level associated to VTH and VTL. The 1 V/ms slew 
rate is slow enough for trigger errors to be clearly 
perceptible in the count number. 
 Timer1 (16 bits) counts the time between two 
consecutive rising or falling edges by incrementing its 
output each microsecond. The time count of the 
microcontroller is sent to a PC via a serial link (EIA-232) 
implemented with a MAX233 supplied from a separate 
power supply. Using separated power supplies for the 
microcontroller and the serial interface chip prevents 
transients (about 173 kHz) in power supply lines resulting 
from the operation of the MAX233 from interfering with the 
power supply rails of the microcontroller. A decoupling 
capacitor (C1 = 100 nF) is connected between the 
microcontroller power supply pins, as recommended by the 
manufacturer, in order to reduce conducted interference in 
normal operating condition. 
 The loop that waits for the interruption signal indicating 
that the input voltage has reached the trigger level, and starts 
or stops the timer, has been written in assembler language. 
That program sequence establishes an uncertainty 
(quantization) of ±3 when counting input signals having 
slow slew rate [7]. The remaining of the control program has 
been written in C programming language.  
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Fig. 1. Experimental set up to analyse the effect of power supply 
noise on the internal trigger noise. 

(R1 = 1 kΩ + 47 Ω, R2 = R3 = R4 = 1 kΩ, C1 = 100 nF.) 
 
 In Fig. 1, the effect of power supply noise on the trigger 
thresholds VTH and VTL has been analysed by adding 
different amounts of Gaussian, white noise: 0, 25, 50, 75, 
and 100 mV (rms) to the 5 V supply voltage provided by a 

laboratory dc power supply (Promax, FAC-662B). An 
Agilent 33120A function generator provides amplitude-
controllable Gaussian noise with 10 MHz bandwidth. In 
order to not significantly reduce noise bandwidth, the adder 
attenuator is based on a broad bandwidth op amp (AD844). 
The actual noise voltage in the power supply rail is 
monitored by a digital oscilloscope (Tektronix TDS5054). 
 To compare the effect of power supply rail noise and 
input signal noise, we have successively added a 125 Hz 
sine wave interference to either the power supply voltage 
(Fig. 1) or the input signal (Fig. 2). Because of the different 
input characteristics of the power supply and trigger inputs, 
it is quite difficult to add white noise to them and ensure that 
the effective noise amplitude is the same in both inputs. 
Adding a sine wave interference allows us to ensure that the 
amplitude is the same and therefore the results (standard 
deviation of the period readings) can be directly compared. 
 We have selected a 125 Hz interference because 
interference whose frequency is close to that of the input 
signal (here 100 Hz), results in an increased standard 
deviation, as compared to frequencies much higher or lower 
[6]. The rms amplitude of the added 125 Hz interference has 
been 25, 50, 75, and 100 mV. In Fig. 2, care has been taken 
to guarantee that the power supply voltage was reasonably 
free from external interference, so that the sine wave 
interference added to input signal could predominate over 
the internal trigger noise. 
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Fig. 2. Experimental set up to analyse the effect of input signal 
noise on the trigger noise. (R1 = R2 = R3 = 1 kΩ, C1 = 100 nF.) 

 
 Period measurements have been taken every 0.5 s until 
totalling 1000 measurements. The microcontroller did not 
perform any other task while counting. The user interface 
has been implemented by LabVIEWTM. Trigger uncertainty 
has been evaluated by the standard deviation and histogram 
of the measured time periods. 
 

3. EXPERIMENTAL RESULTS AND DISCUSSION 
 
 For the amplitude values of the Gaussian, white noise 
added to the power supply rails, the histogram of the 1000 
periods counted was roughly Gaussian. Fig. 3 shows the 
standard deviation of each set of 1000 period measurements 
for different noise amplitudes and depending on whether 
triggering by rising or falling signal edges. 

In the absence of added noise, the standard deviation is 
larger than that attributable to the ±1 counting uncertainty, 
which shows that there is internal noise at the Schmitt 
trigger input. Also, the standard deviation is very close for 
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both signal edges (about 3 µs), and limits the resolution to 
less than 12 bit for a 10 ms period. 
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Fig. 3. Effect of Gaussian white noise added to the power supply 
on the standard deviation of the period of a 100 Hz triangular 

signal measured between rising or falling edges. 
 
When adding noise to the power supply voltage, the 

standard deviation increases with the noise amplitude, as 
expected from (1), but in addition it has larger amplitude 
and rate of increase when the period is determined from the 
rising edge rather than from the falling edge. 
 When adding a 125 Hz sine wave interference either to 
the power supply pin or to the triangular input signal, the 

shape of the histograms of 1000 period measurements are 
analogous to the probability distribution function (PDF) of a 
sine wave plus random noise. Fig. 4 shows the standard 
deviation of each set of 1000 measurements for the four 
cases considered and different interference amplitudes. 

The standard deviation of the 1000 periods when the 
interference is added to the power supply pin is larger when 
measuring between the rising edges than when measuring 
between the falling edges of the triangular input signal. This 
result entirely agrees with those in Fig. 3. 

When the interference is directly added to the input 
signal, the standard deviation also increases with the 
amplitude of the interference, it is larger than when adding 
the interference to the power supply voltage, and it is similar 
for both input signal edges. Therefore, an interfering voltage 
in the power supply yields an attenuated voltage at the 
trigger threshold, and that attenuation is larger in VTL than in 
VTH. This different dependence may result from the internal 
circuits that determine the trigger thresholds [8]. Therefore, 
eqn. (1) should be modified to include the dependence of 
Eni

2 on the selected voltage threshold of the input Schmitt 
trigger. 

Histograms corresponding to the experiments in Fig. 4 
show a ±3 count quantization when using the VTH threshold, 
which can be explained from the analysis of the waiting 
loop performed by the microcontroller [7]. If the VTL 
threshold is used instead, the histograms are not so clearly 
affected by that ±3 count quantization. This results shows 
that the program-induced noise in VTL is smaller than that 
induced in VTH. 
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Fig. 4. Effect of a 125 Hz sine wave interference added to the power supply or to the input signal, on the standard deviation of 1000 periods 

of a 100 Hz triangular signal measured between rising or falling edges.
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Repeating the same experiments in Figs. 3 and 4 but 
using the CCP1 input instead of the external interrupt pin 
RB0/INT, does not reveal any significant difference. 
Therefore, the input noise associated to the VTL and VTH 
trigger levels for those two different Schmitt trigger inputs 
can be considered to be the same. 

 
4.  CONCLUSIONS 

 
 The uncertainty in trigger-based measurements depends 
on internal trigger noise, which is not specified in 
microcontrollers’ data sheets. For the PIC16F873, that 
internal trigger noise increases with power supply noise and 
it is smaller for measurements triggered by the falling edge 
of the input signal rather than by their rising edge. 
 The effect of noise or interference added to the input 
signal is larger than that of noise or interference added to the 
power supply pin. If the noise added to the input signal 
predominates over the internal trigger noise (Ens

2 >> Eni
2), 

the standard deviation is the same regardless of whether the 
time period is measured between the rising edges or the 
falling edges of that input signal. If, on the contrary, the 
power supply noise predominates, the trigger uncertainty 
depends on the internal trigger noise (Eni

2), and this one 
depends on the voltage threshold used (VTL o VTH). 
Therefore, when considering trigger noise uncertainty it is 
convenient to distinguish two different internal trigger noise 
variances: EniL

2, associated to VTL, and EniH
2, associated to 

VTH. 
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