Low-Supply Voltage Sensor with an Optical

Indicator: Design, Construction,

and Analysis

1% Miguel Villa Floran
Computer Engineering Department
California Polytechnic State University, San Luis Obispo
San Luis Obispo, United States of America
miguel.villafloran @ gmail.com

Abstract—This experiment focuses on the design, construction,
and analysis of a low-supply voltage sensor-indicator circuit
employing a Zener diode based voltage limiter, linear voltage
divider, and LED-based optical indicator. Key components in-
clude a 4.3 V Zener diode, TLC3702 voltage comparator IC, and
a multi-turn potentiometer. The circuit utilizes a linear voltage
divider and Zener diode to monitor supply voltage, activating
an LED when the voltage drops below a specified threshold. The
experiment providing valuable insights into the functionality and
performance of the designed circuit

Index Terms—Zener diode, voltage comparator, LED, linear
voltage divider, voltage limiter, potentiometer

I. INTRODUCTION
A. Voltage Comparator

The voltage comparator is a device that specializes in
comparing the voltages of two incoming signals and producing
a high or low output voltage to indicate which is larger. If
the the voltage across the positive terminal V;, is greater
than the voltage across the negative terminal V;,,_, the voltage
comparator generates a logical high output voltage Vpp.
Otherwise, a logical low output voltage Vsg is produced [1].

The voltage comparator is utilized in this design to indicate
whether the voltage supply drops below a specified threshold,
which for our intents and purposes is 8 V.

B. Voltage Limiting Zener Diode

The Zener Diode exhibits similar behaviors and properties
as the standard PN junction diode. However, Zener diodes
are also designed to have a well-defined and sharp reverse
breakdown voltage, also referred to as the Zener voltage (V).
When a Zener diode connected across a circuit in reverse bias
reaches its Zener voltage, it maintains its Zener voltage and
behaves as a closed circuit regardless of current fluctuations
and changes in voltage. It is safe to use a Zener Diode in
breakdown so long as the power it dissipates is below its
maximum power rating [2].

The reverse breakdown properties of a Zener Diode are
leveraged to create voltage limiters for regulating the voltage
across sensitive components or to provide constant reference
voltages [2]. This is done by connecting a resistor, which limits
the current coming into the diode, in series to the Zener Diode,
which is connected in parallel to the load. In this design, the
Zener Diode provides a constant voltage across the negative
terminal of the comparator (1).
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Fig. 1. VI Characteristic of the 4.3V Zener Diode. [2]
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C. Multi-Turn Potentiometer

A multi-turn rotary potentiometer is a voltage divider whose
resistance ratio can be adjusted, allowing for variable control
of the output voltage in electronic circuits. The relationship of
a typical potentiometer-based voltage divider can be found in
(2). This adjustable resistance is utilized in this circuit so that
the positive terminal’s voltage is configured to be equivalent to
the negative terminal’s voltage when the supply voltage equals
the threshold voltage. This ensure comparator is tripped at the
threshold voltage. The values of the potentiometer can also be
found mathematically by using (3), but in our case was found
experimentally.
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D. LED Optical Indicator

The light-emitting diode (LED) indicator serves as a visual
cue, activating when the supply voltage falls below the pre-
determined threshold. The LED is reverse-biased relative to
the output of the comparator and its cathode is connected to



the supply voltage to ensure it only lights up when the supply
voltage drops below the threshold voltage. When the supply
voltage is above the threshold voltage, the comparator outputs
the supply voltage, and the LED does not activate as there is
no potential difference across it. When the supply voltage is
below the threshold voltage, the comparator outputs 0 V, and
the LED activates as there is a potential difference across it.
To ensure the LED does not burn out, a resistor is added to
limit current coming into the LED. This resistance is found
by using (4).
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II. SENSOR CONSTRUCTION, TESTING, AND DATA
COLLECTION

This experiment required a single circuit to be assembled
and tested in four phases as shown in figures 2, 3, 4, and
5 to ensure its proper functionality and performance. For all
circuits, the comparator was implemented using a TLC3702
voltage comparator IC, the optical indicator was implemented
using a WP7113ID 617nm Red LED, the voltage limiter was
implemented using a IN5229BTR 4.3 V Zener Diode, and the
voltage divider was implemented using a 5.00E-250 multi-turn
potentiometer [3].

A. Testing the Zener-based Voltage Limiter

The first phase involved the assembly of the Zener-based
voltage limiter, as depicted in Fig. 2.
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Fig. 2. Schematic with the Zener-based limiter assembled and validated during
phase 1. [2]

The bias direction of the diode was validated and the limiter
was verified to produce a constant output equivalent to its
Zener voltage. The diode was found to be biased in the right
direction. However, the 4.3 V Zener diode was found to limit
the voltage consistently to approximately 3.0 V, as shown in
Table I. This might be due to the temperature the diode was
operating at. Since the Zener diode limited the voltage to a
consistent value, the experiment was continued with a Zener
voltage of 3.0 V.

B. Testing the Linear Voltage Divider

The second phase involved the assembly of the linear
voltage divider, as depicted in Fig, by adding a 50 K2
potentiometer. 3. The potentiometer’s resistance was adjusted
until the voltage difference between the positive and negative
terminal became close to zero when the supply voltage was
set to the threshold voltage.

TABLE I

ZENER DIODE Vz; MEASUREMENTS AT GIVEN Vp p FOR FIG. 2
Vop (V) Vi (V)

7.0 2.81

7.5 2.85

8.0 2.88

8.5 291

9.0 2.93

9.5 2.96

10.0 2.99

Vop = 8V
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Fig. 3. Schematic with the linear voltage divider assembled and validated
during phase 2. [2]

C. Testing the Voltage Comparator

The third phase involved the assembly of the voltage
comparator, as depicted in Fig 4, by attaching a TLC3702
voltage comparator IC.
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Fig. 4. Schematic with the linear voltage divider assembled and validated
during phase 3. [2]

The comparator was then verified to switches states at
the threshold voltage. As depicted in Table II, the output of
the comparator is approximately Vgs, which is 0 V, when
the value voltage supply reaches or is below the threshold
value, which is 8 V. Also, the output of the comparator is
approximately Vpp, which is approximately the value of the
supply, when the value voltage supply is above the threshold
value.

D. Testing the Optical Indicator

The fourth phase involved the attachment of the LED and
resistor, as depicted in Fig. 5.

Since all of the components of the circuits were already
rigorously tested in previous steps, this phase of the assembly
was tested by simply observing whether the LED ignites when
the supply voltage drops below the threshold voltage. The LED
ignites when the supply voltage drops below the threshold



TABLE II
COMPARATOR Vy,t MEASUREMENTS AT GIVEN Vpp FOR FIG. 5

Vop (V) Vout (V)
7.0 0.00328
7.5 0.000357
8.0 0.000387
8.5 8.499
9.0 9.002
9.5 9.501
10.0 9.998
Vpp = 7 to 10V
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Fig. 5. Schematic with the optical indicator attached and validated during
phase 4. [2]

voltage as depicted in Fig. 7, and remains inactive when the
supply voltage is above the threshold voltage as depicted in
Fig. 6
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Fig. 6. Complete assembled circuit with indicator inactive when supply below
the threshold voltage.

III. CONCLUSION

This experiment demonstrated a functional and effective
low-supply voltage sensor-indicator circuit and the success-
ful assembly and operation of each phase of the circuit,
emphasizing the importance of rigorous testing and analysis
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Fig. 7. Complete assembled circuit with indicator active when supply above
the threshold voltage.

for reliable circuit performance. This also provided valuable
insight into the performance characteristics and interactions
of its individual components. The modular nature of the
circuit design allows for flexibility in component selection and
adaptation to specific application requirements.
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