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Application Note Abstract 
AN2247 demonstrates the ability of the PSoC® device to create frequency filters. This device was selected to create an 
efficient dual-tone multi-frequency (DTMF) detector with minimal CPU consumption. 

 
Introduction 
DTMF signaling is widely used in analog telephone dialing, 
data entry, voice mail systems, and remote control of 
various consumer electronics such as answering 
machines, home automation devices and bank information 
services. 

A DTMF signal is the sum of two sinusoidal waveforms 
with predefined frequencies, which were selected 
according to the ITU Recommendations, Q23 and Q24. 
(See References) A user can interact with the DTMF dialer 
using a keypad with 16 characters. Figure 1 illustrates 
keypad layout and corresponding signal frequencies. 

Conventional phones typically contain the keys ‘0’ to ‘9’, ‘*’ 
and “#’. Keys ‘A’ to ‘D’ can be found in industrial 
controllers and are mainly used for remote control. There 
are eight different frequencies, grouped into rows and 
columns. Each character is associated with a pair of 
frequencies from row and column groups. The DTMF 
decoder must determine which frequencies are present in 
the incoming signal and correctly decode them according 
to the corresponding character. Table 1 details key 
decoder ITU specifications. The full DTMF signaling 
specifications can be found in Reference 1 at the end of 
this Application Note. 

There are various approaches to build DTMF detectors. 
The typical detector consists of a front-end signal 
processing system and a back-end logic system to discern 
the presence or absence of a DTMF character. 

The most popular algorithms for front-end signal 
processing are based on Discrete Fourier Transform 
(DFT) modifications. (See References) To reduce the 
number of calculations, the coefficients are calculated by 
using a modified Goertzel algorithm, which requires only 
N+2 multiplication and 2N+2 additions to process data for 
every N sample. (See References). 

 

 

 

 

The proposed DTMF detector is designed to maximize the 
PSoC analog blocks’ potential, which results in low CPU 
usage and reduction in cost. In the device, two 4-pole 
band pass filters are used to separate signals into low and 
high frequency components. High and low frequency parts 
are then processed independently. To calculate the 
frequency for each part, a signal period duration detection 
scheme is used. 

Figure 1. Touch Tone Phone Keypad 
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Table 1. DTMF Decoder ITU Specifications 

Characteristic Parameter 

Frequency Tolerance Frequency tolerance ±1.5 % is allowed for valid DTMF tone. Tones with offset ±3.5% must be rejected. 

Signal Duration A signal with duration of 40 ms must be considered valid. Tones with duration 23 ms or less must be 
rejected. 

Signal Interruption A valid DTMF signal interrupted for 10 ms or less should not be detected as two distinct tones. 

Signal Pause A valid DTMF signal separated by 40 ms pause or more must be detected as two distinct characters. 

Signal-to-Noise Ratio (SNR) The DTMF detector must correctly process signal with SNR at 15 dB. 

Tones Twist 
The detector must correctly decode DTMF codes when row frequency signal is 8 dB larger than column 
frequency signal. The detector must correctly operate when column frequency signal is 4 dB larger than 
row signal. 

Talk-Off 
The detector should operate in the presence of speech and music without incorrectly identifying the 
speech signal as valid DTMF signals. To evaluate the decoder speech resistance, the decoder can be 
tested using Bellcore Test Tapes. 

 

Figure 2.  DTMF Detector - One Frequency Channel Functional Diagram 

LP_IN_AMP/HP_IN_AMP – input amplifiers for row (low)/column (high) frequencies;
LPB/HPB – 4-pole band pass filters for passing row/column frequencies only;
LP_ST/HP_ST – Schmidt triggers of row/column frequencies group;
LP_Timer/HP_Timer – 16-bit timers for row/column frequencies:

CLK – timer clock input;
capture – timer capture input;
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DTMF Detector Functioning  
The function of the DTMF detector is based on filtering the 
input signal into row and column groups, calculating the 
sine wave period and independently comparing them with 
predefined values. First, two 4-pole band pass filters split 
the DTMF signal into two components – low frequency 
(697 Hz – 941 Hz) and high frequency (1209 Hz – 1633 
Hz). Each filter output is routed to a Schmidt trigger input 
for converting a sine wave into a square wave. Refer to 
Figure 3 on page 3. This square signal is routed to the 
“capture” input of 16-bit timer through a comparator bus. 
When the signal is present, the detector’s two input timers 
(low and high) start. When the sine wave begins to 
increase, it is converted into a square wave front and this 
front initiates the capture mechanism of a digital timer 
block.  

The captured value is stored in a circular RAM buffer for 
further processing. To minimize measurement errors, the 
analyzing procedure begins once eleven values are 
captured and stored in the RAM buffer. Then the 
frequency estimate is made for ten periods of the sine 
wave. The DTMF detector functional diagram is depicted 
in Figure 2.  

The frequency channel consists of: 

 Input amplifier (IN_AMP) used for amplification and 
routing the input signal to the band pass filters. 

 Band pass filters tuned to pass low/high bands of 
DTMF frequencies. They only pass low/high DTMF 
frequency bands and block other frequencies. 
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 Schmidt trigger, which converts sine wave and 
increases and decreases into square wave rising and 
falling edges, respectively. 

 16-bit timer. 

The sine wave conversion process is shown in Figure 3. 

Figure 3. Sine Wave Conversion into Square Wave 

 
Sample counting during sine wave period is used to 
estimate frequency. Two 16-bit timers are used (one for 
the low frequency component and the other for the high 
frequency component). When the signal starts to rise, it is 
converted into a rising edge of a square wave, which 
initiates the capture mechanism of the timer block. The 
capture mechanism writes the current timer value (number 
of clocks between current rising edge and previous rising 
edge) into an internal digital block register and continues 
counting. The timer‘s interrupt service routine, called by 
the timer capture, reads this value from the register and 
stores it in a RAM buffer for further processing. Each 
falling edge of the sine wave is transformed into the falling 
edge of the square wave, which causes the Schmidt 
trigger output value to reset to zero state. This process is 
shown Figure 3. 

After eleven captured timer values are collected, the first 
value is subtracted from the last value and the number of 
samples between ten sine periods is obtained. When the 
first subtraction result is ready, the sine frequency 
estimation starts. Frequency estimation is made by 
comparing the number of samples between ten signal 
periods with random predefined values for each DTMF 
frequency. If the subtraction result is in a predefined range 
for one of the DTMF frequencies, the given DTMF 
frequency is detected. After eleven timer values are 
collected, the next timer value is stored in the buffer at the 
location in which the oldest timer value resides. The latest 
timer value is subtracted from the next oldest timer value. 
This process is repeated while the DTMF signal is present. 
When the DTMF signal pauses during a defined time 
interval, the analyzing procedure checks to see if the 
DTMF symbol corresponds to the valid DTMF symbol 
demands and determines if the symbol is valid. If the 
DTMF symbol is valid, it is transmitted to a host PC via a 
COM port. 

The timer interrupt service routine (ISR) and analyzing 
procedure are discussed below. 

Detector Implementation 
The DTMF detector consists of front-end period estimation 
and back-end decision logic. Period estimation consists of 
two interrupt service routines (one for the low frequency 
part and the other for the high frequency part), which 
provide data, generated and processed by the capture 
mechanism. The back-end decision logic checks to see if 
the DTMF symbol corresponds to the valid DTMF symbol 
conditions. 

Front-End Period Estimation 
The front-end processing consists of two identical timer 
capture ISRs. The flow of the timer capture ISR is shown 
in Figure 4. As can be seen from the figure, the period 
information starts collecting after the transient finishes. It is 
designed to collect only stable information. The transient is 
finished after two signal periods. Once it is finished, the 
timer values are written to a RAM buffer. After eleven 
signal periods are collected, the number of samples 
between ten signal periods is calculated by subtracting the 
oldest timer value from the latest timer value. The detect 
flag, for the analyzing procedure, is also set.  

Figure 4. Timer Interrupt Service Routine Flow Diagram 
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Back-End Decision Logic 
The back-end decision logic is very simple and consists of 
two functions. The first function checks to see if the 
detected symbol corresponds to the preset time 
conditions. The second function converts frequency 
information obtained from the timer interrupt service 
routine into DTMF symbols. The first function is shown in 
Figure 8 on page 6. If the DTMF symbol detected is valid, 
the DTMF analyzing procedure writes this symbol into a 
global variable sets the valid DTMF symbol and detects 
the condition for main function. 

The main function checks if a valid DTMF symbol 
condition is set. If a valid condition is set, the function 
transmits the detected symbol to the host PC and resets 
the DTMF symbol condition. 

DTMF Detector Internals 
The proposed DTMF detector functions with low CPU 
consumption. 

The DTMF detector uses the following digital blocks: 

 DBB00, DBB01 (LP_Timer) 16-bit timer, 
calculates number of samples between two sine 
periods for the low frequency part of the DTMF 
symbol. 

 DBB10, DBB11 (HP_Timer) 16-bit timer 
calculates the number of samples between two 
sine periods for the high frequency part of the 
DTMF symbol. 

 DBB02 (LP_BPF_CLK) and DBB12 
(HP_BPF_CLK) generates clock signal for the 
band pass filter on each low and high frequency 
part of the DTMF signal. 

 DCB03 (Timer) measures DTMF signal and 
pausing times. 

 DCB13 (Transmitter) is used to transmit detected 
DTMF symbols to the host PC. 

The DTMF detector uses the following analog blocks: 

 ACB00 (LP_IN_AMP) and ACB02 (HP_IN_AMP) 
amplify and route input signal to the BPF’s inputs. 

 ASC10, ASD11 (LPB_1) first pole of band pass 
filter for the low frequency part of DTMF signal 
transmission. 

 ASD11, ASC21 (LPB_2) second pole of band 
pass filter for the low frequency part of DTMF 
signal transmission. 

 ASC12, ASD22 (HPB_1) first pole of band pass 
filter for the high frequency part of DTMF signal 
transmission. 

 ASD13, ASC23 (HPB_2) second pole of band 
pass filter for the high frequency part of DTMF 
signal transmission. 

 ACB01 (LP_SCH_TRIG), ACB03 (HP_SCH_TRIG) 
respective Schmidt trigger for low and high frequency 
parts to convert sine waves into square waves and 
route to timer capture inputs via comparator buses. 

DTMF Detector Scheme 
The DTMF detector schematic is shown in Figure 10 on 
page 9. The DTMF detector consists of: 

 PSoC device (U1) analyzes input signals and 
converts them into DTMF symbols. 

 MAX232 voltage level shifter (U2) converts TTL 
voltage levels into EIA-232 (RS-232) voltage 
levels. 

 DB9 connector connects the DTMF detector via 
P1 to the PC. 

The PC is used to show the detected DTMF symbols. 

Table 2 on page 5 illustrates the test results of the 
proposed decoder. The decoder was tested using 
waveforms generated with the sound editor 
Cool Edit Pro 2.0. You can download the full-featured 
evaluation copy shown in Reference 11 at the end of this 
Application Note. Note that the text marked in red in  
Table 2 illustrates the properties that are outside of ITU 
specifications. 

Program Usage Estimates 
The program consists of the following procedures: 

 Main function 

 DTMF analyze procedure, which is called from the 
main function 

 Two, timer capture interrupt service routines (one for 
row frequency and other for column frequency of 
DTMF signal). 

When a signal is not present on the detector input, the 
interrupt service routines are not triggered. The main 
function and DTMF analyze procedure are executed. In 
this case, CPU usage is near 1%. 

When a signal is present on the detector input, the 
interrupt service routines are called. This increases the 
duration at which the main function executes and, as a 
result, CPU usage. In this case, CPU usage is near 7%. 

The estimate of CPU usage is made for CPU core 
frequency, 24 MHz. 
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Table 2. The Decoder Test Results 

Test Item Parameter Test Result 

DTMF Symbols Tests 

Symbol Frequency Deviation Result 

0-9,A-D,*,# Row freq. - 1.5%  ... Column freq.-1.5% PASSED (All DTMF Symbols were Detected) 

0-9,A-D,*,# Row freq. - 1.5%  ... Column freq.+1.5% PASSED (All DTMF Symbols were Detected) 

0-9,A-D,*,# Row freq. + 1.5%  ... Column freq.-1.5% PASSED (All DTMF Symbols were Detected) 

0-9,A-D,*,# Row freq. + 1.5%  ... Column freq.+1.5% PASSED (All DTMF Symbols were Detected) 

0-9,A-D,*,# Row freq. - 3.5%  ... Column freq.-3.5% PASSED (All DTMF Symbols were Rejected) 

0-9,A-D,*,# Row freq. - 3.5%  ... Column freq.+3.5% PASSED (All DTMF Symbols were Rejected) 

0-9,A-D,*,# Row freq. + 3.5%  ... Column freq.-3.5% PASSED (All DTMF Symbols were Rejected) 

1-9,A-C Row freq. + 3.5%  ... Column freq.+3.5% PASSED (All DTMF Symbols were Rejected) 

0,D,*# Row freq. + 3.5%  ... Column freq.+3.5% NOT PASSED (DTMF Symbols were not Rejected) when frequency 
deviation is more than 3.5% 

0-9,A-D,*,# Row freq. + 3.6%  ... Column freq.+3.6% PASSED (All DTMF Symbols were Rejected) 

Twist Tests 

Normal Twist, Limit 8,5 Db Tests were performed for all digits 

Reverse Twist, Limit 5,5 Db  

Time Tests 

Minimum Tone Time 40 ms Test was performed for all digits 

Minimum Pause Time 16 ms  

Dynamic Range Tests 

Dynamic Range 9 dB Dynamic Range can be extended by using the automatic gain control 
loop 

Talk-Off Resistance Tests 

Detection False 
Characters Rate 

180-200 responses per hour when 
speech signal present Talk-off test can be completed using the Bellcore reference tape 

Break Resistance   

Breaks 
DTMF signal is considered as valid 
DTMF symbol if break up to 10 ms is 
present 

PASSED 
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Figure 5. High Frequency Amplitude 1.5 V 

 
Figure 6. Frequency Amplitude 1.5 V 

  
Figure 7. Maximum Amplitude 2.0 V 
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Figure 8. Analyzing Procedure Flow Diagram 
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Figure 9. PSoC Internals for DTMF Detector 
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Figure 10. DTMF Detector Schematic 

 
 

Summary 
This Application Note demonstrates how PSoC hardware 
resources can be used to detect DTMF signals. Compared 
with software-based DTMF detectors, this application is 
characterized by low CPU consumption. 
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