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Application Note Abstract
This application note describes a PSoC® 1 based wide range, continuous-time Voltage to Frequency (V-to-F) converter. The
converter is based on high frequency relaxation oscillator circuit. This type of converter is used in applications such as FSK
modulators, voltage or current regulators, and ADCs.

Introduction

V-to-F with Relaxation Oscillator

This application note describes a V-to-F convertor with
continuous time block. The implementation is in hardware
and the CPU is not used during the operation. The goal is
to implement a wide range, continuous type voltage-tofrequency converter. Another type of a voltage to
frequency converter is described in application note
AN2161 ’Voltage-to-Frequency Converter’. It uses two
analog PSoC blocks: a switched capacitor (SC) block as
an integrator, and a continuous time (CT) block as a
Schmitt trigger. This structure has a disadvantage
because of the sampling nature of its operation. It limits
the types of applications for the following reasons:

The circuit discussed in this application note is built using
one programmable comparator (CmpPrg) as shown in
Figure 1. The digital buffer (DigBuf) is used to provide
flexibility to route to any pin on the package. To save a
digital block, the signal from the comparator can be
directly connected to the global bus by writing the register
CMP_GO_EN. Complete details about this register is
available in the Technical Reference Manual (TRM).



Low operation frequency (up to 10 kHz)



A jitter in the output signal not suitable for audio
applications

The method described in this application note uses two
passive external components: a resistor and a small
integrating capacitor. The advantage of this method is the
high frequency operation. However, the disadvantage is
that the response is not linear, as explained in a later
section. Along with the square wave output, a triangular
waveform can also be obtained with this circuit. For other
methods of generation of waveforms, refer to AN2115
“Generate Triangle and Trapezoid Waveforms with a
Switched- Capacitor Integrator”.
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The comparator bus, which is used to pass the signal from
the CmpPrg to the DigBuf user module, has its own latch
that samples the signal. To avoid interference between the
column clock and the generated signal, the comparator
bus must be unsynchronized and the latches must be
transparent (output tracks the input). CMP_CR1 register is
used to bypass the synchronizing of the comparator bus
with column clock, and ACBxxCR2 register is used to
make the comparator latch transparent. The following
code illustrates the settings required. For more information
on these registers, refer to the TRM.
CMP_CR1 |= 0x10;
//Unsynchronize comp bus & column clk
CMPPRG_1_COMP_CR2 &= ~0x40;
// ACBxxCR2 CLatch is set transparent
Note that the digital signal from the CmpPrg must be
inverted. In the project accompanying this application
note, this is done by the ‟NOT„ function of the LUT of the
comparator bus. Other possible ways are by using
‟InvertInput1„ parameter of the DigBuf User Module or the
‟NOT„ function of the digital row LUT.
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The drive mode of the pin is set to “pull up”. The nominal
value of an internal pull up resistor is 5.6k. For more
accuracy, use the external pull up resistor.

Figure 1. Relaxation Oscillator
VDD
R

CmpPrg

PSoC
P1[1]

Vref
DigBuf

P0[1]
C

Figure 3. Relaxation Oscillator Controlled by Voltage
(V-to-F Converter)
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Circuit Operation
The schematic of the circuit is provided in Figure 1 and the
operation waveforms are provided in Figure 2. Initially, the
capacitor C is discharged and the pin P0[1] is at „1‟. The
open-drain low drive acts as „High-Z‟ for an output of „1‟
and „Strong‟ for an output of „0‟. The capacitor C is
exponentially charged (see Figure 2) through resistor R.
When the voltage on capacitor C reaches the threshold
level Vref, the comparator (CmpPrg) trips and the capacitor
C is discharged through pin P0[1]. At the same time, the
CmpPrg is triggered into the initial state. A periodic
process is possible because of a propagation delay td
(about 0.1 μs) from the input of CmpPrg to the output
driver. This delay allows the discharge of capacitor C
before the output driver is returned to the initial state. The
main operation condition is that the discharging time must
be less than the delay.
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Test Results
Figure 4 illustrates the test results for the schematic
(shown in Figure 1). The values used are C = 470 pF, R=
5.2 kΩ, VDD = 5 V, and Vref = 2.5 V (based on the settings
in the CmpPrg). The expected frequency using equation 1
is 513 kHz; the frequency observed is 500 kHz.
Figure 4. Output Waveforms of Relaxation Oscillator

To find the period T, use Equation 1

T

RC ln

V DD
(V DD Vref )

2t d Equation 1

In the case td << T, the parameter td is ignored. If the
external capacitor is comparable to the input capacitance
of the pin, which is 10 pF, the sum of both capacitors must
be considered. The output frequency is F = 1/T.
In Figure 1, the relaxation oscillator is based on long
charging and short discharging process.
Figure 2. Operation Diagram

In this type of implementation, the variation of frequency is
not linear with voltage, as shown in Figure 5.

This structure has the disadvantage of including the
potentiometer R into a signal loop. The schematic can be
modified such that Vref is varied in place of R as shown in
Figure 3.
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Figure 5. Frequency Variation with R and Vref
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The deviation in the expected from observed is because of
the approximation of the pull-up resistor and the external
capacitor. The capacitors are typically not precise and
vary with temperature and voltage. So, the V-F
relationship varies based on the variation in capacitance.
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In applications which require precise frequency for a given
voltage level, a single point calibration can be achieved
with voltage output Multiplying Digital to Analog convertor
(MDAC). The MDAC output can be used to tune the
frequency, using internal main oscillator‟s reference and
Vref as an input. By setting the voltage using the MDAC,
the V-to-F relationship is more predictable.
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The graph is plotted with the assumption that the internal
resistance is 5.6 kΩ. The Vref is calculated by resistive
divider method from Vdd.
Consider the input of PGA as Vin = 1V. With the “LowLimit”
of the comparator set to the output of PGA and its
“RefValue” set to 0.021, Vref = 1.1V. The expected
frequency for this setup, using equation 1 is 1.5 MHz. The
measured value is 1.1 MHz, as shown in Figure 6.
Figure 6. Output Waveform of the V-to-F Convertor
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Summary
There are different types of V to F converter
implementations and this application note shows one such
method with PSoC. The advantage of this method is its
high frequency operation; the non-linear response is a
disadvantage.
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