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ABSTRACT 

Pain can be managed with medicines but long term use can have many side effects. 

Therefore for long terms physiotherapies are recommended. Physiotherapy can be 

done manually or electrotherapy can be done. The purpose of this capstone project is 

to build a prototype of one of the electrotherapy devices known as Transcutaneous 

Electrical Nerve Stimulation Unit (TENS Unit). Accuracy is one of the difficult tasks 

to achieve in this device but we will try to make it accurate for most of the people by 

letting the person feel only the pulses and not the current so that stimulation can 

affect. This will also lead to the device effectiveness. Many researches are going on 

to check this device effectiveness in many different types of pains and diseases such 

as labor pain, painful diabetic neuropathy, Alzheimer’s disease, different chronic 

pains, muscle pain , sport injuries, arthritis etc. so, this project will also try to make it 

effective by providing the best suited range for most of the people with pain. 

There are different types of TENS unit as well but for this capstone project a 

conventional type of TENS Unit is considered. It’s portable, desirable and preferable 

by most of the people as it is needleless like other types of TENS unit. The main 

objective of this capstone project is to make this device more accurate, effective, user 

friendly and portable for the people so that they can use it wherever they want 

without even other people noticing it and hence their work will not be affected. Also, 

in this project cost has been taken a major priority. Low cost device without losing 

its effectiveness can serve the majority of the people and that’s what the main aim is 

all about.  For this, specifications from different researches, market available TENS 

and people feedback about the best range and operation methods are taken into 

consideration and are applied to make this project a better device.  
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1. INTRODUCTION 

1.1 Project Description 

It is well known that Health is Wealth but now-a-days in this busy life where 

everyone is struggling hard to reach their goals, they are neglecting their health. This 

is unfortunately leading to different types of pain in body and the person suffers from 

acute to chronic pain on daily basis which ultimately affect their daily routine as 

well.  As the work cannot be neglected so it’s very necessary to somehow get rid of 

the daily basis pain.  Pain can be managed with medicines but long term use can have 

many side effects. Therefore for long terms physiotherapies are recommended. 

Physiotherapy can be done manually or electrotherapy can be done. The purpose of 

this capstone project is to build a prototype of one of the electrotherapy devices 

known as Transcutaneous Electrical Nerve Stimulation Unit (TENS Unit). TENS is 

gaining lot of importance now a days and researches are still trying it to use it in 

many different types of pain and diseases such as labor pain, menstrual cramps and 

pain, painful diabetic neuropathy, Alzheimer’s disease, different chronic pains, 

muscle pain , sport injuries, arthritis etc. There are different types of TENS unit as 

well but for this capstone project we are going to work on the conventional types of 

TENS Unit which is very portable and its liked by most of the people as it doesn’t 

have needles like other types of TENS unit. 

1.2 Motivation: 

The project is chosen due to variety of reasons like academic requirements, service 

businesses, and market needs. The academic requirements need seniors to complete a 

design project that complements the technical and software contents of the 

curriculum. It will prepare students for engineering practice through a demonstration 

of the integration of knowledge and skills acquired in earlier coursework. This 

project mainly depends on basic electronics and bio medical engineering. As my 

background is from electrical engineering so I had basic electronics and electrical 

engineering sense but I thought it would be a good experience to take this knowledge 

and emerge it to bio and medical so that I can test my own skills. 

Also, it has become very common these days that every second person is suffering 

from any type of pain due to several reasons like lot of stress, work load, sleeping 
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disorder etc. Therefore, it would be very convenient to have a portable device in 

home to get relief from the pain and relax for some time.   

Furthermore, I chose this project because this device is gaining lot of importance in 

researches but its accuracy and effectiveness are still in a doubt Hence, the project’s 

idea will be the practical answer to the doubts. 

1.3 Objectives: 

One of the main objectives of this capstone project is to build a conventional TENS 

Unit and the other is to make it as much effective as possible. For this it has to be 

more accurate, user friendly and portable while at the same time maintaining its 

budget/cost so that a range of people can be served with it.  

The learning objective is to enrich our knowledge in the fields of electronics, 

biomedical system and programming. In addition, it aims to improve planning and 

organizing skills, critical thinking, analytical skills, research skills, and testing and 

observation skills. 

1.4 Outline  

The first chapter is the introduction chapter which includes the brief project 

description, motivation, objective and outline of the project.  

Chapter two is the literature review of the project which includes the history of the 

project, details about different types of TENS and the projects done similar to this 

capstone project. 

Chapter three is about the analysis and design which includes the medical analysis 

and electrical analysis. These two subheadings have further many sub headings 

which try to understand first the process of pain in our body and then how to relieve 

this pain. Also, how much a human body can handle current, voltage etc are 

observed. Best suitable specifications from different researches, people feedback and 

market available TENS units are also observed which lead to the possible range of 

the project. Hence, concluded the block diagram and circuit diagram of the project 

with the hardware components specifications.  
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Chapter four explains about the actual project implementation. How the objectives 

were accomplished and what were the results got. Further the testing and 

verifications part confirms the accomplishment of the objectives.  

Chapter five discusses the budget of the device and will compare it to the available 

market price.  

The last chapter seven concludes the whole thesis and then there are references and 

appendences given at the end.  

2.  LITERATURE REVIEW 

2.1 History of TENS 

Electrical stimulation for pain control was used in ancient Rome, 63 A.D. It was 

reported by Scribonius Largus that pain was relieved by standing on an electrical fish 

at the seashore. In the 16th through the 18th century various electrostatic devices 

were used for headache and other pains. Benjamin Franklin was a proponent of this 

method for pain relief. In the nineteenth century, a device called the electreat, along 

with numerous other devices were used for pain control and cancer cures. Only the 

electreat survived into the twentieth century, but was not portable, and had limited 

control of the stimulus. 

The first modern, patient-wearable TENS was patented in the United States in 

1974. It was initially used for testing the tolerance of chronic pain patients to 

electrical stimulation before implantation of electrodes in the spinal cord dorsal 

column. The electrodes were attached to an implanted receiver, which received its 

power from an antenna worn on the surface of the skin. Although intended only for 

testing tolerance to electrical stimulation, many of the patients said they received so 

much relief from the TENS itself that they never returned for the implant. 
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2.2 Types of TENS units 

A number of companies began manufacturing TENS units after the commercial 

success of the Medtronic device became known. The neurological division of 

Medtronic, founded by Don Maurer, Ed Schuck and Dr. Charles Ray, developed a 

number of applications for implanted electrical stimulation devices for treatment of 

epilepsy, Parkinson's disease, and other disorders of the nervous system.  

Currently there are three types of TENS unit and their characteristics are as 

following: 

 
Table 2.2a: Characteristics of different types of TENS units 

 

Suggested characteristics to use for a patient trying TENS for the first time 
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Table 2.2b: Electrical characteristics for first time TENS users 

 

In brief, we can conclude the following:  

 

ALTENS/ Actupuncture like TENS: 

 

                                   Figure 2.2a: ALTENS 

 

Figure 2.2a refers to Altens which is also known as acupuncture like TENS, the 

stimulation frequency is low, but the electrical impulse is quite intense. Some 

patients find this more effective or longer lasting than conventional TENS but most 

of the patients find acupuncture like TENS too uncomfortable.  
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Intense Tense /Percutaneous electrical nerve stimulation:  

 

 

 

 

 

 

 

 

 

 

 

 

                                                        

                                                         

                                                         Figure 2.2b: PENS Unit 

 

Figure 2.2b refers to Percutaneous electrical nerve stimulation (PENS unit), as it is 

known, are a combination of acupuncture and electrical stimulation. Instead of 

electrodes, PENS uses needles to penetrate the skin and deliver the electrical 

stimulation. This is very much just bearable and most of the people get scared of its 

needles and doesn’t prefer it much.  

 

 

Conventional TENS 

 

 
 

                                         Figure 2.2c : Conventional TENS Unit 
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Figure 2.2c refers to the conventional type of TENS. This is the most typical type of 

treatment. It uses a high stimulation frequency, but the intensity of the electrical 

stimulus is low. Patients usually leave the electrodes on for long periods of time, 

turning them on and off at intervals. A typical treatment might last 30 minutes, but 

the length can vary depending on patient needs. Pain often is relieved only while the 

treatment is under way, but the relief may last longer. Inshort, Conventional TENS is 

usually the first choice for most of the patients for the following reasons: 

 

 Most comfortable due to low amplitude 

 Produces a rapid onset of pain relief – right after treatment 

 Doesn’t use needles for simulation 

2.3 TENS projects done so far 

Details and references to all the projects going to be discussed below can be found 

out in appendix A  

Project 1 

This project is posted on the website named as instructables.com and this website 

contains lots of engineering projects posted by different users. There are two types of 

circuits provided for this project, one is for low frequency (circuit 1a) and the other 

for high frequency(circuit 1b). 

 

Circuit 1a: Low frequency Tens Unit 
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Circuit 1b: High frequency Tens Unit 

The electrodes at the end attached to the device and the hand were also made by the 

user himself, as it can be seen in the following picture: 

 

Figure 2.3a: Electrodes and Working Tens Unit for Project1 

 

 

 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

16 
 

Project 2 

 

Circuit 2:CMOSS with 555timer  

A Transcutaneous Electrical Nerve Stimulation (TENS) device is, put bluntly, a 

machine for giving electric shocks. The author was prescribed such a device on loan 

by his orthopaedic specialist. The unit has a large number of programmes, of which 

he used only one. Measuring the signals at the output of the device in this mode 

revealed damped oscillations at a frequency of approximately 2.5 kHz, with a 

repetition of approximately 100Hz. 

The simple circuit shown above in circuit 2 uses a CMOS 555 timer to produce a 

brief pulse which feeds a 1:10 miniature transformer. Together with a 4.7 nF 

capacitor the transformer makes a parallel resonant circuit: the resonance leads to a 

considerable increase in the output voltage. The pulse width can be adjusted using a 

potentiometer, here shown combined with the on-off switch. Wider pulses produce 

higher output voltages. Since a peak voltage of up to 200 V can be produced, the 

transformer must have adequate insulation: Conrad Electronics type 516260-62 is 

suitable. A low-cost phono socket at the output gives reliable connection to the 

electrode cable. To treat responsive parts of the body, such as the arm, the 

potentiometer need not be turned up far to obtain the necessary sensation. Less 

sensitive parts, such as the knee or foot, need a rather higher voltage and hence a 

correspondingly higher potentiometer setting. 

 

 

http://www.extremecircuits.net/
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Project 3 

The circuit 3 shown below is the prototype circuit for the Arduino based TENS unit 

which the author designed it based on theory (said by himself).He didn’t apply it 

practically nor tested it if it works. It would have been very helpful if there would 

have been any details given about the components used or how he ended up on this 

circuit but since nothing is mentioned nor it is tested so it’s still not completely 

helpful.  

 
Circuit 3: Arduino based TENSE in PCB design 

       

Project 4 

This was the last project found out after all the search through internet. So, for better 

understanding for this capstone, personal analysis was done for this below mentioned 

circuit 4 as the author himself didn’t give any details other than the circuit diagram, 

few of its features and the picture of the end product and named it pocket Tens Unit.  
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Pocket TENS Unit For Pain Relief 

By John Clarke 

 

 

 

 

 

 

Circuit 4: Pocket TENS Unit 

Personal (My) analysis for circuit 4 

When S1 is switched on then because of 9V batter connected with it the power is 

switched on and this can be seen with the LED1.  

Features 

 

 Battery powered  

 Adjustable voltage level  

 Adjustable pulse rate  

 Adjustable pulse width  

 Intermittent or continuous output  
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1N5819 is a Schottky Rectifier diode . Schottky rectifier has been optimized for very 

low forward voltage drop, with moderate leakage. Typical applications are in 

switching power supplies, converters, freewheeling diodes, and reverse battery 

protection. A normal silicon diode has a voltage drop between 0.6–1.7 volts, while a 

Schottky diode voltage drop is between approximately 0.15–0.45 volts. This lower 

voltage drop can provide higher switching speed and better system efficiency. The 

relative advantage of lower forward voltage of Schottky diodes is diminished at 

higher forward currents, where the voltage drop is dominated by the series resistance.  

 

MC34063A/E devices series isndesigned for Step-Down, Step-Up and Voltage-

Inverting applications. 

 

BLOCK DIAGRAM 
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To check now in this circuit whats the function for this chip , we have to compare all 

the 3 function diagrams of this chip with this circuit connection. So by looking at the 

datasheet and comparing I believe it is used for step up converter because the 

connections for it are as following  

 

 

 

 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

21 
 

The LM134/LM234/LM334 are 3-terminal adjustable current sources featuring 

10,000:1 range in operating current, excellent current regulation and a wide dynamic 

voltage range of 1V to 40V. Current is established with one external resistor and no 

other parts are required. Initial current accuracy is ±3%. The LM334 are true floating 

current sources with no separate power supply connections. In addition, reverse 

applied voltages of up to 20V will draw only a few dozen microamperes of current, 

allowing the devices to act as both a rectifier and current source in AC applications. 

The sense voltage used to establish operating current in the LM134 is 64mV at 25°C 

and is directly proportional to absolute temperature (°K). The simplest one external 

resistor connection, then, generates a current with »+0.33%/°C temperature 

dependence. Zero drift operation can be obtained by adding one extra resistor and a 

diode. Applications for the current sources include bias networks, surge protection, 

low power reference, ramp generation, LED driver, and temperature sensing. The 

LM234-3 and LM234-6 are specified as true temperature sensors with guaranteed 

initial accuracy of ±3°C and ±6°C, respectively. These devices are ideal in remote 

sense applications because series resistance in long wire runs does not affect 

accuracy. In addition, only 2 wires are required. 

 

Functional diagram: 

 

 

From here the current goes to two main chips, one is the 7555timer which will 

basically decide whether the pulses will be continuous or intermediate. The second 

chip is IR2155 which is basically International Rectifier - SELF-OSCILLATING 

HALF-BRIDGE DRIVER. The IR2155 is a high voltage, high speed, selfoscillating 

power MOSFET and IGBT driver with both high and low side referenced output 

channels. Proprietary HVIC and latch immune CMOS technologies enable 

ruggedized monolithic construction. The front end features a programmable 

oscillator which is similar to the 555 timer. The output drivers feature a high pulse 
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current buffer stage and an internal deadtime designed for minimum driver cross 

conduction. Propagation delays for the two channels are matched to simplify use in 

50% duty cycle applications. The floating channel can be used to drive an N-channel 

power 

 

Although as we can see from the above connection that it’s a typical connection for 

IR2155 to have which is similar to the connection in our circuit diagram and we have 

two STP60NE06. But to know in general also about it , it is a power MOSFET . This 

Power Mosfet is the latest development of SGS-THOMSON unique "Single Feature 

Size" process whereby a single body is implanted on a strip layout structure. The 

resulting transistor shows extremely high packing density for low onresistance, 

rugged avalanche characteristics and less critical alignment steps therefore a 

remarkable manufacturing reproducibility. 

APPLICATIONS  

■ DC MOTOR CONTROL 

■ DC-DC & DC-AC CONVERTERS 

■ SYNCHRONOUS RECTIFICATION 

From this chip IR2155 we can have pulse width and pulse rate as we can see from 

ckt diagram and this will finally go to the electrodes as well.  

3. ANALYSIS AND DESIGN 

3.1MEDICAL/BIOLOGICAL ANALYSIS 

3.1.1MECHANISM OF PAIN 

Pain is actually hard to define because it's a subjective sensation. The International 

Association for the Study of Pain defines it as an "unpleasant sensory and emotional 
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experience associated with actual or potential tissue damage, or described in terms of 

such damage" [source: International Association for the Study of Pain]. 

Obviously, this definition is pretty vague. One physician even remarked that pain is 

whatever the patient says it is. So let's just say that pain is a warning sensation to 

your brain that some type of stimulus is causing or may cause damage, and you 

should probably do something about it. 

3.1.1.1 PAIN PATHWAY: 

Below mentioned figure 3.1a shows how the pain works but to put in words 

following simple explanation can be given: 

Pain begins when a coded signal travels to the brain where it is decoded, and 

analyzed. The pain message travels from the injured area of the body along 

small diameter nerves leading to the spinal cord. At this point the message is 

switched to a different kind of nerve that travels up the spinal cord to the brain 

area. The brain then analyses the pain message, refers it back and the pain is 

felt. 

 

http://www.iasp-pain.org/AM/Template.cfm?Section


Effat University                                                                                                                     TENS UNIT                                                                                                                                

24 
 

 

Figure 3.1a: Pain pathway/ How pain works 

 

3.1.1.2Gate Control Theory of Pain 

One of the famous theory to exaplain pain is the Gate Control theory. To explain 

why thoughts and emotions influence pain perception, Ronald Melzack and Patrick 

Wall proposed that a gating mechanism exists within the dorsal horn of the 

spinalcord. Small nerve fibers (pain receptors) and large nerve fibers (“normal” 

receptors) synapse on projection cells (P), which go up the spinothalamic tract to the 

brain, and inhibitory interneurons (I) within the dorsal horn. 
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Figure 3.1 b: Pain control gate theory 

Figure 3.1b illustrates the control gate theory of pain. It explains that the interplay 

among these connections determines when painful stimuli go to the brain: 

1. When no input comes in, the inhibitory neuron prevents the projection neuron from 

sending signals to the brain (gate is closed). 

2. Normal somatosensory input happens when there is more large-fiber stimulation (or 

only large-fiber stimulation). Both the inhibitory neuron and the projection neuron 

are stimulated, but the inhibitory neuron prevents the projection neuron from sending 

signals to the brain (gate is closed). 
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3. Nociception (pain reception) happens when there is more small-fiber stimulation or 

only small-fiber stimulation. This inactivates the inhibitory neuron, and the 

projection neuron sends signals to the brain informing it of pain (gate is open). 

Descending pathways from the brain close the gate by inhibiting the projector 

neurons and diminishing pain perception. 

This theory doesn't tell us everything about pain perception, but it does explain some 

things. If you rub or shake your hand after you bang your finger, you stimulate 

normal somato sensory input to the projector neurons. This closes the gate and 

reduces the perception of pain. 

To feel pain is important, without this feeling abnormal conditions may go 

undetected, creating damage or injury to critical parts of the body. Congenital 

analgesia is a rare genetic disorder where the individual is unable to feel pain. You 

might think this sound like a good thing, but it's actually a life-threatening condition. 

Pain serves as a warning against injury, so people who don't feel it can be severely 

injured hurt by things that most of us would react quickly to. For example, Ronald 

Melzack and Patrick Wall describe a girl who got third-degree burns on her knees by 

climbing on a hot radiator. There was no signal for her to stop. Researchers are trying 

to reproduce this condition by genetically altering mice so that they can study the 

genetic contributions to pain perception. Although pain is essential in warning our 

body of trauma or malfunction, nature may have gone too far in its design. Continued 

long-term chronic pain has no useful value apart from its importance in diagnosis. 

3.1,2 Methods of relieving pain  

Pain can be managed in the short term using analgesics, but long-term use can be 

detrimental to the patient's health. Side effects of the long use of analgesics may 

affect on liver, kidney or stomach. 
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Physiotherapy, or physical therapy, is a health care profession concerned with the 

assessment, maintenance, and restoration of the physical function and performance 

of the body. 

Physiotherapy can be useful in the treatment and management of a wide range of 

injuries, disease processes, and other conditions, including: 

 Sports injuries 

 Back and neck pain 

 Arthritis 

 Rehabilitation of postural problems 

 Spinal cord injuries 

 

TYPES OF PHYSIOTHERAPY: 

 Cardiothoracic physiotherapy 

 Neurological physiotherapy 

 Musculoskeletal physiotherapy 

 

CARDIOTHORACIC PHYSIOTHERAPY: 

To treat disorders of the cardio-respiratory system including asthma, emphysema and 

chronic bronchitis. Rehabilitation after thoracic surgery can also be offered. 

NEUROLOGICA PHYSIOTHERAPY: 

To treat disorders of the nervous system including acquired head injuries, stroke, 

spinal cord injuries, Parkinson’s disease and multiple sclerosis. Rehabilitation after 

brain surgery can also be offered. 

MUSCULOSKELETAL PHYSIOTHERAPY: 

As the name suggest this area deals with muscles bones and joints and is 

perhaps the most widely known. Musculoskeletal physiotherapist can deal with many 

acute or chronic conditions such as: 

 Back and neck pain or stiffness 

 Muscle strains/contusions 

 Joint sprains/stiffness/instability 

 Arthritis 

 Muscle imbalances/weakness 

 Muscle spasm 

 Tendonitis/bursitis 

 Rehabilitation following occupational injury, surgery, sporting injuries. 

 

The musculo-skeletal physiotherapist uses a variety of different treatment methods to 

help speed up the healing process and reduce the likelihood of the same thing 

happening again. 
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Some of the techniques include 

Manual techniques 

 Massage 

 Stretches 

 

Electrotherapy 

 Ultra sound 

 Interferential 

 TENS 

 Shortwave  

 Microwave 

 Laser 

 

TENS is most commonly used in homes because of its portability, easy use and 

safety for normal people. The rest of the devices are used mostly by doctors in 

hospitals or clinics.  

3.2. ELECTRICAL ANALYSIS 

Transcutaneous means ‘through the skin’. TENS machines deliver small electrical 

pulses to the body via electrodes placed on the skin. TENS machines are thought to 

affect the way pain signals are sent to the brain. Pain signals reach the brain via 

nerves and the spinal cord. If pain signals can be blocked then the brain will receive 

fewer signals from the source of the pain. We may then feel less pain. 

3.2.1. MODES OF OPERATION 

TENS machines are thought to work in two ways. 

 When the machine is set on a high pulse rate:  

 It triggers the ‘pain gate’ to close. This is thought to block a pain nerve pathway to 

the brain. This is the normal method of use.  
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Pain Gate Before: 

 

The red arrow indicates the pain signal moving towards the brain through the 

pain gates. 

Pain Gate After: 

 

 

 

The pain gate is closed by the stimulation provided by the tens signal 

indicated by the green arrow.  

 When the machine is set on a low pulse rate: 

It stimulates the body to make its own pain easing chemicals called 

endorphins. These act a bit like morphine to block pain signals. 

So, now we know that TENS gives electrical impulses to the body and which 

go through the skin so let’s see the behavior of the body cells, axons etc to 

electricity.  

All of the ligand, voltage, and ion-sensitive conductances flow through the cell 

membrane, which has two important properties that determine the consequences of 

the current flow: membrane resistance and capacitance. 
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Consider resistance first 

membrane resistance 

i. membrane resistance consists of both rm (membrane resistance) and ri 

(internal resistance)  

 

ii. ri increases with distance: for all patches in membrane, rm is equivalent but 

for any one patch of membrane,  ri 's  sum with distance 

 

iii. thus, will be less current to flow through rm for patches of membrane farther 

from a point of current injection 
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membrane capacitance 

Cell membrane also can store charge, so acts as capacitor. Capacitance proportional 

to membrane surface area, because greater change in Ic required for a given change 

in voltage and inversely proportional to membrane thickness (decreased 

capability for storing charge) because cell membranes are on the order of 7nm, 

capable of storing relatively large amount of charge; cell membranes typically have a 

capacitance on the order of 1μF/cm2 

Functional consequence of capacitance: 

Considering original RC membrane circuit,  

a. driving force = battery (polarity in figure is arbitrary) 

b. membrane resistance, rm = reciprocal of conductance 

c. ri, internal resistance 

d. Cm, memberance capacitance 

 

 

 

 

 

 

 

Current injected into cell initially flows to charge the capacitance of the 

membrane (because sees the capacitor as a zero resistance) 

Changes Vm at that local part of membrane 

Any change in Vm for the capacitor must be matched by a change in Vm for 

the resistive part of the membrane  

As ΔVm increases, ionic current across the resistance also increases 

Since Im = Ii + Ic ,  Ic decreases as ΔVm and Ii increase 

The type of nerve fiber stimulated, and thus the mechanism of pain relief are 

determined by the stimulation parameters that are set on the TENS unit. So, now we 

will look at what these parameters are.  
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3.2.2. STIMULATION PARAMETERS 

This section briefly describes the parameters whose combinations helps in simulation 

and these parameters are waveform, frequency/pulse rate, pulse width/duration and 

intensity and can be seen in figure 3.2.2a 

 

 

Figure 3.2.2a 

WAVEFORM: 

The waveform simply refers to its shape like sine, cosine, rectangular etc. 

FREQUENCY/ PULSE RATE: 

Frequency refers to the number of pulses delivered per second or rate of impulses 

indicates the number of stimuli being transmitted each second. Therefore a frequency 

of 200Hz means that 200 pulses are delivered per second .As with waveforms, the 

frequency depends on the type of pain. It is usually measured in Hertz( Hz).  

PULSE WIDTH/DURATION: 

The unit of pulse duration is usually given in microseconds (μs) which are units of 

time, hence it is more correct to use the term ‘duration’ rather than ‘width’. The pulse 
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duration is usually defined as the duration of only the positive component of the 

waveform. 

INTENSITY/AMPLITUDE: 

Intensity refers to the magnitude of current or voltage applied by the TENS unit. 

TENS units are typically designed with a constant current or constant voltage output. 

Basically this means that either the voltage or current (respectively) will vary to 

maintain a constant current or voltage amplitude (within limits) as the impedance 

(resistance) of the electrode-patient system changes. The intensity of a constant 

current unit is measured in milliamps and the intensity of a constant voltage unit is 

measured in volts. 

3.2.3. SUITABLE RANGE / SPECIFICATIONS OF THE TENS UNIT:  

As it has been already discussed now that there are four major parameters that are set 

in TENS unit, so from now onwards the analysis will focus on what the 

specifications of this project TENS unit should have or will be most suitable. For 

selecting those ranges first it will be discussed that what parameters are suitable to 

adjust with human body and which values are dangerous and then from  market 

available TENS units their values and ranges will be recorded. Also it will be kept in 

mind that what researches and people have given feedback about the ranges and at 

what range they felt comfortable. This will help in selecting the best possible range 

from the many available TENS units and will try to make the device as much user 

friendly and useful as possible.  

3.2.3.1. CURRENT, VOLTAGE AND FREQUENCY RANGES SUITABLE 

FOR HUMAN BODY 

The minimum current a human can feel depends on the current type (AC or DC) 

and frequency. A person can feel at least 1 mA (rms) of AC at 60 Hz, while at least 
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5mA for DC. At around 10 milliamperes, AC current passing through the arm of a 

68 kg (150 lb) human can cause powerful muscle contractions; the victim is unable 

to voluntarily control muscles and cannot release an electrified object.[2] This is 

known as the "let go threshold" and is a criterion for shock hazard in electrical 

regulations. 

The current may, if it is high enough, cause tissue damage or fibrillation which leads 

to cardiac arrest; more than 30 mA[3] of AC (rms, 60 Hz) or 300 – 500 mA of DC can 

cause fibrillation.[4][5] A sustained electric shock from AC at 120 V, 60 Hz is an 

especially dangerous source of ventricular fibrillation because it usually exceeds the 

let-go threshold, while not delivering enough initial energy to propel the person away 

from the source. However, the potential seriousness of the shock depends on paths 

through the body that the currents take.[4] If the voltage is less than 200 V, then the 

human skin, more precisely the stratum corneum, is the main contributor to the 

impedance of the body in the case of a macroshock—the passing of current between 

two contact points on the skin. The characteristics of the skin are non-linear however. 

If the voltage is above 450–600 V, then dielectric breakdown of the skin 

occurs.[6] The protection offered by the skin is lowered by perspiration, and this is 

accelerated if electricity causes muscles to contract above the let-go threshold for a 

sustained period of time.[4] 

If an electrical circuit is established by electrodes introduced in the body, bypassing 

the skin, then the potential for lethality is much higher if a circuit through the heart is 

established. This is known as a microshock. Currents of only 10 µA can be sufficient 

to cause fibrillation in this case. This is a concern in modern hospital settings when 

the patient is connected to multiple devices. 

 

http://en.wikipedia.org/wiki/Electric_shock#cite_note-2
http://en.wikipedia.org/wiki/Electric_shock#cite_note-ucsb-3
http://en.wikipedia.org/wiki/Electric_shock#cite_note-whitaker-4
http://en.wikipedia.org/wiki/Electric_shock#cite_note-whitaker-4
http://en.wikipedia.org/wiki/Electric_shock#cite_note-whitaker-4
http://en.wikipedia.org/wiki/Electric_shock#cite_note-6
http://en.wikipedia.org/wiki/Electric_shock#cite_note-whitaker-4
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Burns  

 Heating due to resistance can cause extensive and deep burns. 

Voltage levels of 500 to 1000 volts tend to cause  internal burns  

due to the large energy (which is proportional to the duration 

 multiplied by the square of the voltage divided by resistance)  

available from the source. Damage due to current is through 

tissue heating.                       

 

                                      

Ventricular fibrillation 

A domestic power supply voltage (110 or 230 V), 50 or 60 Hz alternating current 

(AC) through the chest for a fraction of a second may induce ventricular 

fibrillation at currents as low as 30 mA. With direct current (DC), 300 to 500 mA is 

required. If the current has a direct pathway to the heart (e.g., via a cardiac 

catheter or other kind of electrode), a much lower current of less than 1 mA (AC or 

DC) can cause fibrillation. If not immediately treated by defibrillation, fibrillation is 

usually lethal because all of the heart muscle cells move independently instead of in 

the coordinated pulses needed to pump blood and maintain circulation. Above 

200 mA, muscle contractions are so strong that the heart muscles cannot move at all, 

but these conditions prevent fibrillation. 

Body resistance 

The voltage necessary for electrocution depends on the current through the body and 

the duration of the current. Ohm's law states that the current drawn depends on the 

resistance of the body. The resistance of human skin varies from person to person 

and fluctuates between different times of day. The NIOSH states "Under dry 
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conditions, the resistance offered by the human body may be as high as 100,000 

Ohms. Wet or broken skin may drop the body's resistance to 1,000 Ohms," adding 

that "high-voltage electrical energy quickly breaks down human skin, reducing the 

human body's resistance to 500 Ohms." 

The International Electrotechnical Commission gives the following values for the 

total body impedance of a hand to hand circuit for dry skin, large contact areas, 

50 Hz AC currents (the columns contain the distribution of the impedance in the 

population percentile; for example at 100 V 50% of the population had an impedance 

of 1875Ω or less): 

Voltage 5% 50% 95% 

25 V 1,750 Ω 3,250 Ω 6,100 Ω 

100 V 1,200 Ω 1,875 Ω 3,200 Ω 

220 V 1,000 Ω 1,350 Ω 2,125 Ω 

1000 V 700 Ω 1,050 Ω 1,500 Ω 

Accurate measurement of the human body resistance: In practice, the real human 

body resistance cannot be measured directly with a multimeter (as ohms) e.g. by 

holding each probe with a hand. Instead a more accurate measurement is to 

determine the human body resistance by doing a current measurement: Take a power 

supply with a small voltage (<20V) and an ammeter. Connect one probe of the 
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ammeter to the (+) line of the power supply and hold the other probe of the ammeter 

with one hand. Next connect the other hand to the (-) line of the power supply and 

you should be able to measure the amount of current that flows through your body. 

Apply the Ohm's law and you get the resistance of the human body: 

Rresistance_human_body = Upower_supply / Icurrent_flow 

Point of entry 

 Macroshock: Current across intact skin and through the body. Current from arm 

to arm, or between an arm and a foot, is likely to traverse the heart, therefore it is 

much more dangerous than current between a leg and the ground. This type of 

shock by definition must pass into the body through the skin. 

 Microshock: Very small current source with a pathway directly connected to the 

heart tissue. The shock is required to be administered from inside the skin, 

directly to the heart i.e. a pacemaker lead, or a guide wire, conductive catheter 

etc. connected to a source of current. This is a largely theoretical hazard as 

modern devices used in these situations include protections against such currents. 

Electrocution 

The term "electrocution," coined about the time of the first use of the electric chair in 

1890, originally referred only to electrical execution (from which it is 

aportmanteau word), and not to accidental or suicidal electrical deaths. However, 

since no English word was available for non-judicial deaths due to electric shock, the 

word "electrocution" eventually took over as a description of all circumstances of 

electrical death from the new commercial electricity. The word is often used 

incorrectly as a synonym of electric shock. 
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Factors in lethality of electric shock 

The lethality of an electric shock is dependent on several variables: 

 Current. The higher the current, the more likely it is lethal. Since current is 

proportional to voltage when resistance is fixed (ohm's law), high voltage is an 

indirect risk for producing higher currents. 

 Duration. The longer the duration, the more likely it is lethal—safety switches 

may limit time of current flow 

 Pathway. If current flows through the heart muscle, it is more likely to be lethal. 

 High voltage (over about 600 volts). In addition to greater current flow, high 

voltage may cause dielectric breakdown at the skin, thus lowering skin resistance 

and allowing further increased current flow. 

Other issues affecting lethality are frequency, which is an issue in causing cardiac 

arrest or muscular spasms. Very high frequency electric current causes tissue 

burning, but does not penetrate the body far enough to cause cardiac arrest 

(see electrosurgery) Also important is the pathway: if the current passes through the 

chest or head, there is an increased chance of death. From a main circuit or power 

distribution panel the damage is more likely to be internal, leading to cardiac arrest. 

Another factor is that cardiac tissue has a chronaxie (response time) of about 3 

milliseconds, so electricity at frequencies of higher than about 333 Hz requires more 

current to cause fibrillation than is required at lower frequencies. 

The comparison between the dangers of alternating current at typical power 

transmission frequences (i.e., 50 or 60 Hz), and direct current has been a subject of 

debate ever since the War of Currents in the 1880s. Animal experiments conducted 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

39 
 

during this time suggested that alternating current was about twice as dangerous as 

direct current per unit of current flow (or per unit of applied voltage). 

It is sometimes suggested that human lethality is most common with alternating 

current at 100–250 volts; however, death has occurred below this range, with 

supplies as low as 32 volts Assuming a steady current flow (as opposed to a shock 

from a capacitor or from static electricity), shocks above 2,700 volts are often fatal, 

with those above 11,000 volts being usually fatal. Shocks with voltages over 

40,000 volts are almost invariably fatal. However, Harry F. Mcgrew came into direct 

contact with a 340,000 volt transmission line in Huntington Canyon, Utah, and 

survived. According to the Guinness Book of World Records, this is the largest 

known electric shock that was survived. Brian Latasa also survived a 230,000 volt 

shock in Griffith Park, Los Angeles, according to Guinness. 

3.2.3.2. TENS PARAMETERS ACCORDING TO RESEARCHES/ARTICLES 

Current: 

TENS is a pulsed current, i.e. a current in which the unidirectional or bidirectional 

flow of current periodically ceases over time. 

 

Waveform: 

Current TENS models favor the biphasic waveform, containing both the 

positive and negative phases. These waveforms can be square, rectangular, sine wave 

or triangular/spiked. There has been no clinical evidence of physiologic benefit of 

any specific waveform, other than a trial to provide patient comfort. The following 

waves may be used: 

- Spike waves: They are generally more irritating to the skin, which requires frequent 

movement of electrodes or shorter treatment time. They are recommended for intense 

or hyper-irritating stimulation such as with acute pain. 
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- Square, rectangular or sine waves: They are longer-duration waveforms, with 

which the skin irritation is less. So, they are indicated when some nerve damage has 

been associated with the pain pathology. 

NOTE: 

 There has been little or no clear evidence of physiologic benefit of any 

specific waveform. 

 Generally, the intense stimulation with spike waves does not produce as long 

lasting a relief as that provided by the longer duration square or rectangular 

ones. 

 Contemporary TENS units now have symmetrical biphasic waveforms to 

maintain a zero net direct current with no polar effect, reducing skin 

irritation. 

 There is no (+) or (-) poles noted on the lead wires. 

  Units having monophasic waveforms can produce polar effects associated 

with active and “indifferent” electrodes. There are (+) and (-) poles on the 

lead wires. 

Frequency: 

As with waveforms, the frequency depends on the type of pain. 

- High frequencies in the range of 80 to 120 Hz are selected if the condition is acute, 

so an immediate relief is needed. 

- Lower frequencies in the range of 1 to 20 Hz, are more applicable in case of 

chronic pain, as a long-lasting relief of pain is the goal of treatment. 
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Pulse width (Duration): 

Pulse width is the length of time the current is actually acting on the patient, 

during each individual pulse. In current models, the pulse width ranges between 50 

and 400 msec. When TENS is applied to a normal neuromuscular system, a range of 

100 to 150 msec is recommended, whereas in patients with neurological damage, 

wider widths are indicated in range of 200 to 300 msec. This is because of the less-

than-normal status of the damaged nerve. 

Amplitude (intensity): 

Most TENS units are ranging from 1 ma to 100 ma in amplitude. Treatment 

should be based on sensation rather than on ma readout as the ideal intensity for 

TENS administration is still controversial. The low amplitude which is barely sensed 

by the patient is more preferable. As the high-amplitude administration offers an 

immediate relief of pain, being too-short lived as compared with the longer-lasting 

relief, provided by the lower intensities. 

Table from research 

 
 

TENS lecture – compability mode (ppt presentation) 

 

• Pulse rate: high 75-100 Hz (generally 80), constant 
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• Pulse width: narrow, less than 300 mSec generally 60 microSec  

• Intensity: comfortable to tolerance- sensory 

• pulse frequency: 60-100pps 

• pulse duration 60-100microsec 

• mode: modulated 

 

University Hospital of South Menchaster 

 

Conventional TENS is used to stimulate Aβ fibres  

Electrode position: either side of painful area with cathode proximal; dermatomal.  

Pulse frequency: 10 – 200Hz 

 Pulse width: 100 - 250μs  

Intensity: low Mode: normal/continuous 

 

Most recommended 

Set the pulse width (left white dial) to 200μs.  

Set the pulse rate (right white dial) to 100Hz. 

 

 

 Medscape website which deals with drugs, diseases and procedures to cure. 

 

The usual settings for the stimulus parameters used clinically are the following: 

 Amplitude - Current at a comfortable, low intensity level, just above threshold 

 Pulse width (duration) - 10-1000 microseconds 

 Pulse rate (frequency) - 80-100 impulses per second (Hz); 0.5-10 Hz when the 

stimulus intensity is set high 

 

 

Conventional TENS has a high stimulation frequency (40-150 Hz) and low intensity, 

just above threshold, with the current set between 10-30 mA. The pulse duration is 

short (up to 50 microseconds).  

 

 Health solution source  

 

The usual settings for the stimulus parameters used  

clinically are the following: 

 Amplitude - Current at low intensity, comfortable level,  

just above threshold. 

 Pulse width (duration) - 10-1000 microseconds. 

 Pulse rate (frequency) - 80-100 impulses per second  

(Hz); 0.5-10 Hz when stimulus intensity is set high. 

Conventional TENS unit has a high stimulation frequency (40- 150 Hz) and low 

intensity, just above threshold, with the current set between 10-30 mA. The pulse 

duration is short (up to 50 microseconds). 
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3.2.3.3. TENS UNITS AVAILABLE IN MARKET 

a) Power TENS TN20:  

Technical Specifications: 

Channels: Dual intensity-independent 

Output: Max 130 mA across 500 Ohm load 

Pulse Width: From 50µS to 250µS adjustable 

Pulse rate: From 1Hz to 150Hz adjustable 

Waveform: - Symmetrical Bi-phasic rectangular 

- Mono-phasic rectangular 

Modes: Mode A - "Constant" 

Pulse width and rate are selectable. 

 

Mode B - "Burst I" 

2 bursts/sec, 250ms on, 250 ms off, 25 pulses within one train, 

pulse width=200µS. 

 

Mode C - "Burst II" 

2 bursts/sec, 250ms on, 250 ms off, pulse width and pulse rate 

are selectable. 

 

Mode D - "Modulation I" 

Pulse width modulated from 100µS to 250µS over 6 seconds 

and 100µS for the next 6 seconds. Pulse rate is selectable. 

 

Mode E - "Modulation II" 

Frequency increases from 50Hz to 100Hz while pulse width 

decreases from 200µS to 60µS over 5 seconds.  

Treatment Timer: Continuous, 15min, 30min, 45min, 60min, 90min, selectable. 

                      PRICE:    £49.90 SALE! £39.95 

b) ObStar Maternity TENS Machine 

Technical Specifications: 
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Channels: Dual 

Output: Maximum 130 mA (peak value) across 500 Ohm load 

Power: AA batteries x 2 

Pulse Width: From 50µS to 250µS adjustable 

Pulse rate: From 1Hz to 150Hz adjustable 

Waveform: - Symmetrical bi-phasic rectangular 

- Symmetrical bi-polar rectangular 

- Asymmetrical bi-phasic rectangular  

Modes: Six in total: 

 

Obstetric Mode (default mode) 

 

Back pain mode (pre-set programme) 

Consists of 3 modulation phases. Each phase last 13, 15 and 12 

mins, respectively (total 40 mins). 

 

Constant 

 

Burst 1 Two train per second, 250ms on, 250ms off. 25 pulses 

within one train, pulse width 200µs. 

 

Burst 2 Two train per second , 250ms on, 250ms off. Pluse 

width and pulse rate are selectable. 

 

Modulation 

Treatment Timer: Continuous, 15min, 30min, 45min, 60min, 90min, selectable. 

                      PRICE:  £79.99 SALE! £42.00 

c)  

Features 

 Dual channel 

 Excellent value analogue unit 

 3 treatment modes 

 Fully adjustable parameters 
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 3 way durable metal clip 

 Easy to use dials and controls 

 Durable hard plastic carrying case 

 1 year guarantee 

Please note these machines do not have a hand held boost attachment and therefore 

are not designed for use during labour. 

Technical Specifications: 

Power: 9v PP3 battery 

Output: Max 80 mA across 500 Ohm load 

Pulse Width: 60-250 microseconds, adjustable 

Pulse rate: 2-150Hz adjustable 

Waveform: Asymmetric bi-phasic square 

Dimensions: 24mm x 64mm x 95mm 

Weight: 130 grams including battery 

d) TX3 - Portable Tens Unit 

         SPECIAL $139.99 

 

 Dual-Channel Tens Stimulator, 

2 Lead Wires, 4 Self Adhesive 

Electrodes  

 Timer: 30 minute, 60 minute or 

continuous mode selectable.  

 Molded Plastic Carrying Case, 9 

Volt Battery, Operating Manual  

 Power Indicator Light  

 Wave Form: Asymmetrical 

biphasic square pulse.  

 Pulse Amplitued: 0 to 80 mA 

each channel, adjustable, (500 

ohm load)  

 Pulse Rate: 2 to 120 hz, 

adjustable  

 Pulse Width: 40 to 260 

microseconds, adjustable  

 Mode Selector: Switch: Burst, 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

46 
 

Normal, Modulation  

 M: Modulated Width. Pulse 

width is automatically varied in 

an interval of 6 seconds. The 

modulation range of pulse width 

is from setting value to 35% less 

than the control setting value, 

then returns to the setting value. 

Rate, width and intensity are 

fully adjustable.  

 B: Cycle Bursts, 2 Bursts/sec, 9 

pulses/Burst, 100Hz width is 

adjustable.  

 C: Continuous mode. Pulse rate, 

pulse width and intensity are 

adjustable.  

 Maximum Voltage: 110 volts, 

open circuit  

 Maximum Charge: 21 micro 

coulombs per pulse  

 Power Source: 9 volt battery or 

similar rechargeable cell  

 Dimensions: 95 mm (H) x 

61.5mm(W) x 26m(T)  

 Weight: Approx. 120 grams 

battery included in weight  

 All electrical specifications are 

+- 10% exception the amplitude 

is +/- 20% (500 load).  

 1 Year Limited Warranty  

 

 
TENS TS-1211 

$190.00 

SPECIAL $159.99 
Shipping: $19.95 

e) Digital Tens Unit 
$159.99 

 

Technical Specifications 

 Channels: Dual-Channel Tens 
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Stimulator, 2 Lead Wires, 4 Self 

Adhesive Electrodes  

 Molded Plastic Carrying Case, 9 

Volt Battery, Operating Manual  

 Power Source: 9V Batteries  

 Output Waveform: Asymmetric 

biphasic square pulse  

 Pulse Width: Variable, 50-260us  

 Pulse Frequency: Variable, 2 -150 

Hz  

 Adjustable Intensity Levels: 0-40 

Volts (at load=500ohm)  

 Stimulation Modes: Burst , 

Normal, MRW, SD, Bi-Pulse  

 

 

 

IF 4000 

$350.00 

SPECIAL $229.99 
Shipping: $19.95 

f) Interferential 

Stimulator  
$229.99 

 

Technical Specifications 

 Carrier Frequency: (4000 +/- 10% 

Hz Fixed  

 Difference Frequency: (1 +/- 

0.5)~(150 +/- 10%) Hz, adjustable  

 Output Voltage: (16 +/- 2.5) Volts. 

(500 Ohm Loading)  

 Waveform: Symmetric biphasic 

square.  

 Pulse Width: (125 +/- 10%) 

microseconds for each phase.  

 Power Source: adaptor or 9V 
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g) Nuerotrac multitens operation manual 

rate  2 Hz - 200 Hz 

pulse width between 50µS - 300 µS.  

This is the most frequently used of the three modes.  

The most common selection is 80 - 90 Hz with a 200 µS pulse width. 

 

h) Kinetic period tens reliever 

• Power Sources: 2 x AAA batteries 

 • Frequency: 2 - 120 Hz  

• Pulse Duration: 50-250μs  

• Output Voltage: 60V (P-P) ±20% by 500 Ω load  

 

i) Physiotherapy Equipments 

 

MODEL 1: 

 

 
 

 

 

 

 

 

 

 

 

MODEL 2: 

alkaline battery. 2- 9V batteries & 

1 adaptor included.  

 Four Frequency Shifts: 

continuous, 1/1 abrupt, 8/8 abrupt, 

10/10 ramped, options 
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MODEL 3: 

 

 
 

From all the specifications following conclusions are considered to be the most 

suitable and safe specifications for this capstone project. 

 

Waveform: square, rectangle, triangle or sine (doesn’t matter that much) 

Current/ Intensity: 0-15mA 

Frequency: 2-200Hz 

Voltage: 0-80V 

Pulse Width: 50-300 µs 

Experiments have shown that trying different pulse rates can help to make the TENS 

unit work well. Changing the pulse width does not make very much difference. 

(University Hospital of South Manchester). Therefore, there pulse width will not be 

adjustable and also because from so many knobs and parameters to adjust people get 

confused and find it hard to adjust so reducing this will make it more user friendly and 

at the same time keeping its accuracy maintained.  

Now from all this information and analysis following design is concluded. 
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3.3. HARDWARE DESIGN 

3.3.1. Block Diagram 

 

 

The main oscillator will provide the pulses having current within it. Then with 

current amplifier and intensity control we will increase the current so that more 

pulses will reach to the farther areas. Then from here we will not let more current to 

go to the output stage but the pulses only and will buffer the voltage which will 

afterwards both go to the output stage and gives stimulation effect.  

Also, as a feedback from different users it was seen that people find difficulty in 

adjusting so many parameters specially with the digital TENS units because in 

analogue they don’t have to even look they just have to rotate the knobs , so mostly 

people had preferred analogue TENS unit rather then using a digital TENS unit. Also 

the reason can be that mostly people suffer from pain are in adults and they don’t 

find digital equipments more user friendly then any one from the youth because  

sometimes don’t understand or don’t like to read the guidance book to adjust the 

parameters , they prefer to just switch on the machine and set one or two knob 

according to the place they require the unit to work as a pain reliver. For this 

convenience, this project is done in analogue mode with discrete components and has 

tried its best to reduce the size to make it more compact and portable.  
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3.3.2 Circuit Diagram 

 

 

 

 

 

 

 

 

 

 

 

3.3.3 Hardware Components Specifications 

 IC1: 7555 Timer 

 R1, R2 : Resistors 

 C1: Optional Capacitor 

 C2: Variable capacitor 

 Pot1: Potentiometer 

 Q1, Q2: PNP Transistors 

 D1: Diode 

 B1: Battery 

 SW1: Switch 

 T1: Transformer 

 

7555 Timer 

 
The ICM7555 and ICM7556 are CMOS RC timers providing significantly improved 

performance over the standard SE/NE 555/6 and 355 timers, while at the same time 
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being direct replacements for those devices in most applications. Improved 

parameters include low supply current, wide operating supply voltage range, low 

THRESHOLD, TRIGGER and RESET currents, no crowbarring of the supply 

current during output transitions, higher frequency performance and no requirement 

to decouple CONTROL VOLTAGE for stable operation. Specifically, the ICM7555 

and ICM7556 are stable controllers capable of producing accurate time delays or 

frequencies. 

Features 

• Exact Equivalent in Most Cases for SE/NE555/556 or TLC555/556 

• Low Supply Current 

- ICM7555. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60μA 

• Extremely Low Input Currents . . . . . . . . . . . . . . . . . 20pA 

• High Speed Operation . . . . . . . . . . . . . . . . . . . . . . . 1MHz 

• Guaranteed Supply Voltage Range . . . . . . . . . 2V to 18V 

• Temperature Stability . . . . . . . . . . . . 0.005%/°C at +25°C 

• Normal Reset Function - No Crowbarring of Supply during Output Transition 

• Can be Used with Higher Impedance Timing Elements than Regular 555/6 for 

Longer RC Time Constants 

• Timing from Microseconds through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Output Source/Sink Driver can Drive TTL/CMOS 

• Outputs have Very Low Offsets, HI and LO 

• Pb-Free Plus Anneal Available (RoHS Compliant) 

Applications 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

53 
 

• Precision Timing 

• Pulse Generation 

• Sequential Timing 

• Time Delay Generation 

• Pulse Width Modulation 

• Pulse Position Modulation 

• Missing Pulse Detector 
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Effat University                                                                                                                     TENS UNIT                                                                                                                                

55 
 

ASTABLE OPERATION 

 

Figure 3.3.3a 

The circuit can be connected to trigger itself and free run as a multivibrator, see 

Figure 3.3.3a. The output swings from rail to rail, and is a true 50% duty cycle 

square wave. (Trip points and output swings are symmetrical.) Less than a 1% 

frequency variation is observed over a voltage range of +5V to +15V. 

MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a one-shot. See Figure 3.3.3b. 

Initially the external capacitor (C) is held discharged by a transistor inside the timer. 

Upon application of a negative TRIGGER pulse to pin 2, the internal flip-flop is set 

which releases the short circuit across the external capacitor and drives the OUTPUT 

high. The voltage across the capacitor now increases exponentially with a time 

constant t = RAC. When the voltage across the capacitor equals 2/3 V+, the 

comparator resets the flip-flop, which in turn discharges the capacitor rapidly and 

also drives the OUTPUT to its low state. TRIGGER must return to a high state 

before the OUTPUT can return to a low state. 
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Figure 3.3.3b 

NOTE: Although the supply current consumed by the ICM7555 and ICM7556 

devices is very low, the total system supply current can be high unless the timing 

components are high impedance. Therefore, use high values for R and low values for 

C. 

VARIABLE CAPACITOR 

A digitally tuned capacitor is an IC variable capacitor based on several 

technologies as can be seen in figure 3.3.3c. MEMS, BST and SOI/SOS devices are 

available from a number of suppliers and vary in capacitance range, quality factor 

and resolution for different RF tuning applications. 

MEMS devices have the highest quality factor and are highly linear, and therefore 

are suitable for antenna aperture tuning, dynamic impedance matching, power 

amplifier load matching and adjustable filters. RF tuning MEMS are still a relatively 

new technology and has not yet been accepted broadly. 

BST device are based on Barium Strontium Titanate and vary the capacitance by 

applying high voltage to the device. The tuning accuracy is limited only by the 

accuracy of the D-A converter circuitry that generates the high voltage. The 
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limitations for BST are stability over temperature and linearity in demanding 

applications. 

SOI/SOS tuning devices are constructed as solid state FET switches built on 

insulated CMOS wafers and use MIM caps arranged in binary-weighted values to 

achieve different capacitance values. SOI/SOS switches have high lineary and are 

well suited to low power applications where high voltages are not present. High 

voltage endurance requires multiple FET devices in series which adds series 

resistance and lowers the quality factor.  

 

 

 

 

 
Figure 3.3.3c 

 

POTENTIOMETER 

 

A potentiometer , informally a pot, is a three-terminal resistor with a sliding contact 

that forms an adjustable voltage divider as it can be seen in figure 3.3.3d. If only two 

terminals are used, one end and the wiper, it acts as a variable resistor or rheostat. 

A potentiometer measuring instrument is essentially a voltage divider used for 

measuring electric potential (voltage); the component is an implementation of the 

same principle, hence its name. 

Potentiometers are commonly used to control electrical devices such as volume 

controls on audio equipment. Potentiometers operated by a mechanism can be used 

as position transducers, for example, in a joystick. Potentiometers are rarely used to 
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directly control significant power (more than a watt), since the power dissipated in 

the potentiometer would be comparable to the power in the controlled load. 

 

 
Figure 3.3.3d 

 

 

BC327 PNP TRANSISTOR  
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4. PROJECT IMPLEMENTATION 

4.1 SUB CIRCUITS  

The stimulator circuit is basically composed of following sub circuits. 

 Frequency generator  

 Frequency selector 

 Intensity control circuit or current amplifying circuit 

 Output stage 

 

Frequency Generator: 
 

 Frequency generator or the main oscillator uses an oscillator 7555 IC. It 

produces the required spikes of the desired frequency at the output. The output 

frequency depends over the resistances R1 and R2 and the variable capacitor. 

The relationship for calculating the values for frequency is: 

 

1.44 

F=   ----------------------                              

       (R1 + 2 R2) x C2 

 

The capacitor will allow the adjustable frequencies to pass through the skin and 

resistances will block the current and let the impulses go along.  

 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

60 
 

 

 

Frequency selector: 

 

A variable capacitor of 80pF gives the user the option to rotate the variable 

capacitor and choose the frequency between 2Hz to 200Hz.  

Intensity Control and Current Amplifier: 

 

The current amplifier is a common collector configuration of the transistor 

BC327, connected to pin no 3 of IC7555. It amplifies the current from the IC. 

The connection from the emitter of this transistor goes to the base of another 

transistor via a potentiometer. This potentiometer changes the intensity at the output. 

The other transistor inverts the pulses for the output stage. So, Here PNP (Q1) 

Transistor acts as a buffer and another PNP (Q2) Transistor inverts the pulses 

polarity necessary to drive the transformer. 

Diode protects PNP Transistor against high voltage peaks generated by 

Transformer during switching.  

 

Output stage: 

 

 The output stage is a step up transformer. It amplifies the voltage up to the 

necessary level so that stimulation can be felt. This output from the transformer than 

goes to electrodes. 

The output from the collector is given to the secondary side of Transformer, 

as it is connected in the step – up configuration. The output is then applied to the 

patient for physiotherapy via electrodes. 

 

4.2 OPERATION PANEL: 

1. On / off switch 

2. Frequency selection knob 

3. Intensity control knob 

 

ON / OFF SWITCH: 

To switch ON, close the circuit with the switch.  

                     It is always advisable to switch on the unit before connecting the 

electrodes, and after the treatment – to disconnect electrodes first before switching 

off. In this way patient is always protected against any possible shock hazard. 
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FREQUENCY SELECTION KNOB: 

Selects the desired frequency for the stimulation. A huge range is applicable 

with this circuit design , the user can choose according to his tolerance level or 

requirement.  

INTENSITY CONTROL KNOB: 

 This knob can vary the intensity of the output signal on the patient’s body. 

Again each user has the option to adjust it according to his tolerance level or 

requirement.  

 

4.3 TESTING AND VERIFICATION 

Frequency: 

      1.44 

F=   ---------------------- 

       (R1 + 2 R2) x C2 

 

 

Req = 9×10^9 AND C2 is a variable capacitor of 80pF. So, different values of 

frequency can be found out by changing the value of C2 

 

 

At C= 80pF:   

                

      1.44       

F=   ---------------------- =  2Hz 

       (9×10^9) x 80pF       

 

At C= 1pF:   

                

      1.44       

F=   ---------------------- =  160Hz 

       (9×10^9) x 1pF  

 

At C= 0.8pF:   

                

      1.44       

F=   ---------------------- =  200Hz 

       (9×10^9) x 0.8pF       
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Current: 

AT PIN 3:   4.4mA 

 

After Q1: 5.8mA 

 

After Q2 OUTPUT CURRENT (MAX CURRENT = 13mA) 
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4.4 SAFETY AND PRECAUTIONS 

 Do not place electrode pads on broken or damaged skin.  

 Do not place electrode pads over the front or side of the neck, close to eyes or 

in the mouth.  

 Do not use over areas of reduced sensation.  

 Do not use near water such as in the bath or shower.  

 Do not use when driving or operating machinery. 

 TENS can cause skin irritation. This often can be avoided by changing the 

type of gel or electrode used. 

 People who wear pacemakers should ask their doctors about whether TENS is 

safe for them. TENS can interfere with the operation of some types of 

pacemakers. 

 It is not clear whether TENS is safe for pregnant women. 

 Care must be used when treating to avoid the immediate vicinity of the richly 

innervated carotid sinus.  

 

Following picture will give more illustration on how and where electrode pads can be 

used: 
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4.5 Advantages and Disadvantages of the project 

ADVANTAGES: 

 TENS does not involve the use of drugs. 

For patients who find it helpful, TENS can reduce drug use for pain relief and 

thus reduce the side effects of drugs. Some patients also like TENS because they are 

in control and can adjust the length and intensity of treatment. There are many TENS 

units that are widely used throughout the world very successfully to help reduce or 
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keep pain under control. TENS is being used for a variety of conditions of which a 

few are as follows:    

 Arthritis  

 Post operative pain  

 Sports injury  

 Amputation  

 Pain associated with chronic fatigue syndrome  

 Back pain  

 Most muscle pains  

 

 For this capstone, all possible feedbacks were taken into consideration 

and the specifications were adjusted accordingly, so hopefully it will 

be more helpful to a wide range of people. 

 Not many knobs are there and the size of the device is very compact , 

so it’s very user friendly and portable. 

 The cost is not high in general as well as in comparison to the already 

available market devices (it is actually cheaper because the known 

company devices are far costly than this one) 

DISADVANTAGES: 

 Electrical stimulation should not be used on the front of the neck. This can be 

dangerous. 

 People who wear pacemakers should ask their doctors about whether TENS is 

safe for them. TENS can interfere with the operation of some types of 

pacemakers. 

 It is not clear whether TENS is safe for pregnant women. 

 It is not advisable to drive a vehicle or operate dangerous machinery whilst 

receiving TENS stimulation. 

 Care must be used when treating to avoid the immediate vicinity of the richly 

innervated carotid sinus.  

 The user should only use the device as prescribed.  
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 Should not be used for undiagnosed pain.  

 Unit should not be immersed in liquid substances 

 

5. PROJECT MANAGEMENT 

Project Cost 

Component Amount Budget(SR) 

Switch 1 1 

Alkaline Battery 1 5 

7555 Timer IC 1 5 

Variable capacitor 1 5 

Potentiometer 1 2 

Resistors 2 2 

Transistors 2 4 

Diode 1 1 

Transformer 1 25 

Lead wires many 3 

TOTAL  Aprrox 53SR 
 

This amount is very reasonable for market purpose. An individual can easily buy for 

him/herself. In comparison to also market prices only cheap TENS unit can be 

bought on this price and from well known companies it is more costly. 

 

 

 

 

 

 

 

 



Effat University                                                                                                                     TENS UNIT                                                                                                                                

68 
 

6. CONCLUSION 

Transcutaneous Electrical Nerve Stimulation (TENS) is one of the most 

widely used methods of treating pain today.. When the machine is switched on with 

the electrodes in position, the machine produces a small electric current, which is felt 

as a tingle under one or both of electrodes. 

Tens is thought to have two effects: 

 It is used to send signals to the brain that block pain signals traveling 

to the brain, so that the pain is not felt.  

 Tens is used to stimulate the production of endorphins. Pain relief 

may start very rapidly and last for days.  

Main stimulator section: The IC2 (7555) of the stimulator circuit is the main 

oscillator that produces the oscillations necessary for the therapy. The output of this 

IC2 goes to the current amplifier and the intensity control section. The output of the 

intensity control section is connected to other transistors that invert the peak to drive 

the transformer. The output stage where the electrodes are connected to get the 

desired respective output for the therapy. Following is the final specifications 

obtained from this project ( TENS Unit). 

TECHNICAL SPECIFICATIONS: 

Channels:    Single 

 

Pulse Amplitude:   0 to 13mA 

 

Pulse frequency: Can be selected b/w 2Hz to 200Hz 

 

Power Source:   9 volt alkaline battery 
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7. FUTURE POSSIBILITIES 

 Different modifications can be made in equipment that we have designed, 

some of the, are: 

 Making the equipment four channel; 

The equipment we designed is dual channel having only two 

electrodes, while most of the commercial sets available have 4 electrodes or 

even up to 6 electrodes. 

 Use of microprocessor in the timing circuit; 

A microprocessor can be used to control the timing of stimulator 

circuit so that the timing is very accurate and can be varied over a larger 

range. 

 Instigate 7-segment displays; 

Using 7 segments displays to show the selected frequency, selected 

time etc. of the therapy. 

 Research and practical medical test: 

Reseacrh can be done with the TENS unit for a particular disease as 

this is a high research issue now a days but not many practical tests are done 

which confirms its effectiveness for those particular diseases, so this can be a 

whole new project/research with practical application.   
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