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Circuit description
The 25 kHz frequency detector circuit is composed of three primary functional stages: an active bandpass filter, an
envelope peak detector, and a voltage comparator.

The first functional block ofthe circuit utilizes an 8th-order cascaded Sallen-Key bandpass filter topology. This active
filter is built using four cascaded 2nd-order stages, designed with a center frequency f,of 25 kHz to isolate the target
signal while actively attenuating adjacent frequencies (such as the 10 kHz and 17 kHz signals from other transmitters).
The overall 8th-order design provides a steep roll-off to ensure strict frequency isolation.

The filtered AC signal is then fed into a peak detector. This stage acts as an envelope detector, utilizing two diodes and an
RC circuit (=4 ms) to rectify the AC signal and hold its peak voltage. This converts the high-frequency 25 kHz
oscillation into a stable, readable DC voltage V.

Finally, the DC output from the peak detector enters an LM339 comparator. The comparator evaluates V ..« against a fixed
1.0V reference voltage V.. generated by a voltage divider. When the 25 kHz signal is present, V .« exceeds the 1.0V
threshold, causing the LM339's open—ollector output to transition to a HIGH state (5V), allowing current to flow through
the series resistor and illuminate the indicator LED.

Design: 8th-order (Cascaded Sallen-Key)

General Base Calculations

For the Sallen-Key bandpass filter design, the base resistor value R and its double 2R are calculated using the target center
frequency f; and the chosen capacitor value C. These base values are consistent across all stages.

fo=25kHz, C =15nF =15 - 10~°F
1 1

k= 2nf,C  2m(25k)(15 - 1079)

2R = 2 -424.4 = 848.8Q

= 424 .4

Stage-by-Stage Component Design and Recalculation

For each stage, the Quality Factor Q, the amplifier input resistor R, and the theoretical voltage dividerratio b are chosen.
From these, the required amplifier gain A, feedback resistor Ry, and voltage divider resistors R, and R, are calculated.
Standard resistor values are then selected, and the exact b value and stage gain G,y are recalculated.

The theoretical formulas used for all stages are:

A=3-1
Q
R
Ra=7
R, = &



Stage 1 Design
Parameters: Q, =1, Ry =10k, b; =0.36
A =3 —% = 2.0

Rg1= 10000(2.0 — 1) = 10kQ

Ry = 1At ~1178.9 > 1.20 (standard resistor)
036

4.24-.4-1

Ry, = = 663 — 68010 (standard resistor)

1-036
Actual b and Gain: b; = 0 _ — 03617
1200+680

Gy = by -A; - Q= 03617 -2.0 -1.0 = 0.72345

Stage 2 Design
Parameters: Q, =4, Ry, =10 k, b, =0.24

A, =3 —i= 2.75
Rrp= 10000(2.75 — 1) = 17.5 kQ

= 24— 176835180 (standard resistor)

0.24
Ry, = 14?}(;4214 = 558.4 — 560 Q (standard resistor)
Actual b and Gain: b, = %0 _ 0.2373

1800+560
Gy = by Ay Q, = 02373 -2.75 - 4.0 = 2.6103%

Stage 3 Design
Parameters: Q; =2, R;3 =10 k, b3 =0.24

As =3 —%= 2.5
Rp3= 10000(25 — 1) = 15 kO

a3 = % = 1768.3 - 1.8 k) (standard resistor)
Rpyz = % = 558.4 — 560 Q (standard resistor)
Actual b and Gain: b3 = 0 — 0.2373
1800+560

Gs= by As- Q3= 02373 - 2.5 - 2.0 = 1.1865%

Stage 4 Design
Parameters: Qs =2, Ryy =10 k, by =0.24

A, =3 —%= 2.5
Rps= 10000(25 — 1) = 15 kO

as = % = 1768.3 - 1.8 k() (standard resistor)
Ryps = fi‘; = 558.4 — 560 Q (standard resistor)
Actual b and Gain:
b= —2 = 0.2373
1800+560

Gy = by-Ay Q.= 02373 -2.5 -2.0 = 1.1865%



Total System Gain
The total cascaded linear gain is the product of the individual stage gains.
Geotar = Gy -Gz - G3 - Gy

Grorar = 0.7234 - 2.6103 -1.1865 - 1.1865 = 2.658~
\%4

Total theoretical linear gain into decibels:
Gaingg = 2010919(Giotar) = 2010g,¢(2.658) = 8.49 dB

Transfer Function Equation
Hiotai(s) = Hy (s) - Hy(s) - H3(s) - Hy(s)

bi-Ai - Qi-wo
Heotai (s) = ﬁ [( < wo)s]

Tl [52+ (%)S + a)g]

L

Peak Detector Design

The peak detector is designed to hold the peak voltage of the filtered signal. The time constant tau is selected to be 100
times the period T of the target 25 kHz signal to ensure a stable DC output with minimal decay between cycles.
Parameters:

f = 25kHz
C = 100 nF = 100 -10~9F
=——=4-10"°

25000
T=T -100 = 4103
R=2="22% _ 40k

C  100-10-°

Comparator Stage Design
The comparatoruses a voltagedivider consistingof R; and R, to setthe required 1.0 Vreference voltage from the 5V supply.
Vee = 5V

Vier = 1.0V

R,= 1kQ

Vref = Vee- (%)

10 =5 '(R:ff(?oo)

R3+1000 =220 = 4 k0

LED V=2V (Typical for blue or white)
Vee = 5V

V=2V

I = 15mA

R = = 22 = 2000

Resistor used: R=220€Q (13.6mA)



MATLAB code:
s = 1f('s);

0 =25000;

w0 =2 *pi *f0;

% Stage 1 Parameters
A s1=2.0;

0 sl =1.0;

b s1=0.3617;

% Stage 2 Parameters
A s2=2.75;

0 s2=4.0;

b s2=0.2373;

% Stage 3 Parameters
A s3=25;

0 s3=20;

b s3=0.2373;

% Stage 4 Parameters
A s4=25;

0 s4=20;

b s4=0.2373;

% Transfer Functions

Hl =((b_sl *4 sl *Q sl *w0)/Q sl *s)/(s"2 + w0/Q _sl)*s + w0"2);
H2=(0b_s2%A4 s2*Q s2*w0)/Q s2 *s)/(s"2 + w0/Q_s2)*s + w0"2);
H3=((b_s3*A4 s3*Q s3*w0)/Q s3 *s)/(s"2 + w0/Q _s3)*s + w0"2);
H4=((b _s4*A4 s4*Q s4*w0)/Q s4 *s)/(s"2 + w0/Q_s4)*s + w0"2);

% Total Cascaded Transfer Function
H total = HI *H2 * H3 * H4;

bode(H total)

Results & Verification

Stage Quality Factor (Q) | Amplifier Gain (A) | Divider (b) | Stage Gain (V/V) | Stage Gain (dB)
Stage 1 1 2 0.3617 0.723 VIV -2.81 dB
Stage 2 4 2.75 0.2373 2.610 V/IV 8.33dB
Stage 3 2 2.5 0.2373 1.187 V/V 1.49 dB
Stage 4 2 2.5 0.2373 1.187 V/V 1.49 dB
Total System - - - 2.658 VIV 8.49 dB
Parameter MATLAB Theory LTspice Simulation S4 | Measured Lab Stage 4 | Gain
Peak Gain at 25kHz | 8.34 dB 8.69 dB 12.25 dB 4.09V/V
Gain at 17 kHz -14.7 dB -14.52 dB -15.45 dB 0.168 V/V
(Diff: -23.22dB) (Diff: -27.7dB)




LTspice Diagram 8th-order (Cascaded Sallen-Key)




LTspice Bode Plot at 25 kHz,
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MATLAB Bode Plot (25 kHz, 17 kHz, 10 kH7)
Bode Diagram
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FRA Bode Plot at 25 kHz
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Peak Detector Response (25 kHz Function Generator Input)

ACTME-FS(1L  DCAMS-F8(1) | Max(1) Pk-Pl(t
199.%» uﬂmA i 273mA "

Peak Detector Response (17 kHz Function Generator Input)
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System Response to 25 kHz IR Signal
1 S00A&¢ 2 Soow 0.0s 20.00%/ Auto
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System Response to 17 kHz IR Signal
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Physical Circuit Implementation (25kHz)
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Verification Discussion

The quantitative and qualitative results verify that the standalone 25 kHz filter operates as designed and meets all project
requirements. As shown in the data tables, the theoretical peak gain at 25 kHz (8.34 dB) closely matches the LTspice
simulation (8.69 dB). The measured lab gain of 12.25 dB provides robust amplification of the target frequency.

Crucially, the circuit successfully rejects adjacent frequencies. At 17 kHz, the measured attenuation was -15.45 dB,
creating a massive 27.7 dB separation between the 25 kHz target signal and the 17 kHz noise. Qualitatively, the video
demonstration confirms this mathematical separation is highly effective: the indicator LED reliably illuminates only when
the 25 kHz signal is applied and remains off during steady 17 kHz or 10 kHz signals. It should be noted that a brief,
momentary LED flash occurs when the 17 kHz signal is initially turned on; this is an expected transient response caused
by the abrupt voltage step generating broad-spectrum harmonics that briefly ring through the 25 kHz passband before the
filter settles into its steady-state attenuation.



