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ABSTRAD 

This Project comes from the necessity of getting a wave generator 

with a bandwidth over 10 Mhz and an harmonic distortion under 1%, 

all of this with a low cost price. 

This document describes a design of a wave generator with a 

bandwidth over 10MHz , which produce:  sine, triangle, sawtooth, or 

square (pulse) waveforms with an harmonic distortion under 1%, 

duty-cycle adjustment, frequency modulation, TTL output and offset 

voltage. It is also presented the design of a frequency counter. 
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INTRODUCTION. 

1.1 Goals. 

Making a waveform generator of low cost with the following characteristics: 

 Bandwidth over 10MHz.  

 Waveform generator of sine, square and sawtooth. 

 Typical harmonic distortion under 1%.  

 Duty cycle adjust. 

 Offset voltage. 

 Frequency modulation. 

 TTL output. 

 

Also the generator has a LCD screen in which it shows the frequency and the 

peak voltage from the waveform 

1.2 The MAX038  

1.2.1 Characteristics 

The MAX038 is a high-frequency function generator that produces low-distortion 

sine, triangle, sawtooth, or square (pulse) waveforms at frequencies from less 

than 1Hz to 20MHz or more, using a minimum of external components..  

1.2.2 Working 

The MAX038 (see PDF) has a  basic type of relaxation oscillator, that operates by 

alternately charging and discharging a capacitor, with constant currents. 

Basically it is a dual slope integrator that simultaneously produces a triangle 

wave and a square wave (TTL). The frequency is determined by the external 

oscillator capacitor and the flowing current into IIN. This internal triangle wave is 
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applied to an internal comparator, in order to make a square wave. The sine 

wave is got applying the triangular wave to a shaper waveform sine circuit that 

correct it automatically and it produces a sine wave with a distortion under 1% 

and a constant amplitude. The triangle, square, and sine waves are input to a 

multiplexer that select the type of wave which is applied to the low impedance 

separating amplifier. 
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Problem description. 

The waveform generator will have two main parts:  the waveform circuit and the 

supply. Also the waveform generator will have a buffer connected to the output 

signal, in order to connect a frequency counter  

1.3 The waveform generator.  

As we can see the chip MAX038 is the generator itself ,although it needs an 

external easy circuit to implement its characteristics, and also the ones 

described in the objectives. 

Taking into account this and its characteristics, it has the following parts within 

the waveform generator. 

 Frequency adjust. 

 Frequency range selection. 

 Kind of waveform selection. 

 Duty cycle adjust. 

 Offset voltage. 

 Frequency modulation generator. 

 Analogical output with level amplitude  control. 

  

Another important fact will be the distribution of the components and the nets , 

because  in order to work with high frequency and to keep low levels of 

distortion, it will be necessary taking into account some electromagnetic 

compatibility rules. 



 

Grado en Ingeniería en Electrónica Industrial y Automática Página 6 

 

 

1.4 Power Supply. 

The supply will be the one which transform 220V voltage into the different 

voltages that the generator need for work in a proper way. 

1.5 System diagram. 
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TAKEN SOLUTION. 

1.6 Waveform generator. 

As we can see, the chip MAX038 makes all the work , it just need an easy circuit 

in order to implement its characteristics. 

1.6.1 Frequency adjust. 

The output frequency is determined by three factors. The first is the oscillator 

capacitor value from the CF (pin 5), that set the internal work  frequency. The 

second one is the flowing current into IIN (pin 10). The third one is the voltage 

on FADJ (pin 8). The last one  is used only  for fine adjust of the frequency or for 

frequency modulation, because it have only about the 70% of the range respect 

IIN. 

The equation that determine the frequency according to  these three factors is: 

Fx = Fo x (1 – [0.2915 x VFADJ]) 

Fx = output frequency 

Fo = frequency when VFDJ = 0 

Fo (MHz) = IIN(uA) ÷ CF (pF) 

ADJUST IN THE PIN IIN 

This pin works like a virtual ground, so it is just necessary to  supply a voltage 

through a resistor (R8). In order to provide a stable reference voltage, it is used 

an operational amplifier like a follower voltage  (U1B), which takes the voltage 

from the pin REF (2.5V). The resistors R6 and R7 limit the value of voltage supply 

to R8 , in order to be inside of its lineal range of work. 
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ADJUST ON PIN FADJ 

The voltage supply to this pin, comes from an operational amplifier working like 

a follower voltage. R3 and R4 are used to make a voltage divisor and set it 

between its  linearity range. R5 and C5 work like a low-pass filter. 

 

This part of the circuit is susceptible to the interference appearances, because a 

little voltage variation will produce a frequency change. So , a supply that 

generate curly voltage will produce distortion through this part of the circuit. 

 

Figure 3.1.1.- Output Frequency VS. IIN Current  
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1.6.2 Frequency range selection. 

The capacitors C1, C2, C3 and C4 let to provide a bandwidth from 2Hz to 20MHz, 

with four frequency ranges, which will be overlapped. 

In this part f the circuit, it is fundamental to avoid the parasitic capacity in 

order to get the estimated bandwidth limit, because, as it is explained in the 

chapter 1.2.2, the generator works charging and discharging a capacitor, so 

fewer capacity higher the frequency. For that, the capacitors are connected to 

the pin COSC from the chip, and the selection of these will be made through the 

connection of those to the ground ,using  transistor like an interrupter. 

The voltage in the pin COSC , changes from 0 to -1V. the polarised capacitors are 

not recommended to this part, but if they are used , the positive pin will be 

connected to ground and the negative one to the pin COSC. The propylene 

capacitors will be the best option, but also ceramics capacitors can be used, 

because they are cheaper and they are completely satisfactory to this purpose. 

 

Figure 3.1.2.- Normalized Output Frequency vs. FADJ Voltage 
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1.6.3 Type waveform selection. 

The sine Squire triangular functions are selected by the switch SW2.A0 and A1 

are digital selected inputs of the MAX038 that select by an internal multiplexer, 

the function which has to be applied to the output. 

Switching occurs within 0.3μs, but there may be a small transient in the output 

waveform that lasts 0.5μs. 

 

 

 

 

 

 

 

 

1.6.4 Duty cycle adjst. 

 

The voltage in the DADJ pin controls the work cycle of the output waveform 

(defined as the time percentage in which the output waveform is positive). 

Usually VDADJ is equal to 0, and the duty cycle is the 50%. The variation of this 

voltage between ±2,3V   will produce a variation of the duty cycle  that change 

from 15% to 80%. 

The used circuit for this purpose comes from the PDF (of the MAX038), although 

it also could have been used a circuit like the one of the fine frequency 

adjustment. 

 

Figure 3.1.3.- Type waveform selection 
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1.6.5 Frequency modulation  

For this purpose, it could be used the inputs IIN, FADJ and DADJ. In this case, it 

is just used the FADJ input. The only thing that it is necessary to produce 

modulated frequency is to introduce a modulating signal for this input, with a 

maximum frequency of 2MHz. 

 

Figure 3.1.4.- Duty cycle VS DADJ Voltage  

Figure 3.1.5.- Frequency modulation using FADJ 
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1.6.6  TTL output 

The digital output TTL is got directly from the pin SYNC. This signal change its 

state from high to low , each time that the analogical output goes through 0V 

with a positive direction. 

The output SYNC has its own supply pin, which has to be separated  from the 

general supply. This is very important in the moment to design the PCB, if it is 

not in this way, in the analogical output will appear a small peak, each time  the 

output of digital synchronism  changes its state. 

1.6.7 OFFSET voltage. 

The Offset voltage is a positive or negative D.C. that is applied to the signal. 

For this purpose, it is used an operational amplifier like follower, in order to 

give a stable voltage reference. 

1.6.8 Analogical output. 

 

The analogical output of MAX038 produce a Peak voltage of 2V for every kind of 

waveform. This output  after the operational amplifier is of low impedance, so it 

is necessary a 50OHM resistor to adapt the signal to the established standards. 

We use an operational amplifier in order to have more output voltage. For this it 

is used the operacional OPA 2690 

(http://www.ti.com/lit/ds/symlink/opa2690.pdf) Although we can use another 

operational with a bandwidth over 150MHz,because the squared signals consisted 

on its fundamental frequency plus its odd harmonics, so bigger the bandwidth 

bigger the quality of the squared wave, which can go through it. 

 

 

http://www.ti.com/lit/ds/symlink/opa2690.pdf
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The output of this circuit is connected to an operational working like adder, in 

which the analogical signal is connected to the inverting input and the OFFSET 

signal to the positive input, in this way, avoiding interferences between both 

circuits. This adder circuit will have in its output a 47 ohms resistors, in order to 

adapt the output to the standards. It must be taking into account that  these 

resistors is not always necessary, because the most of BNC connectors have this 

resistor implemented.  

 

1.6.9 PCB design. 

For the PCB design, we have to think about some rules of electromagnetic 

compatibility ,either in the components  emplacement or the nets route. 

Components emplacement 

 

It is the first thing we have to make when we start with the PCB design. A good 

emplacement of the components will make easier the nets route. 

Decoupling capacitors: Decoupling capacitor should usually be placed as close 
as possible to the device requiring the decoupled signal, in this case close to 
supply’s pins of the chips. 

 

Filter capacitor: Filter capacitors also should be placed as close as possible to 
the noise resource, for example to the commutated output supply. 

 

Microprocessors: They must be emplaced far away from the noise resources or 
high currents. 

 

Crystals: Crystals should be placed as close as possible to the clock inputs pins 
of the microprocessor. 

 

Power drivers: they must be distant from sensitive components such as 
microprocessors, crystals, communication components, etc… It is also convenient 
that they are as close as possible to the output pins from the connector to which 
it is connected. 
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1.6.10 Net route 

It is necessary to take into account the following rules: 

It must be routed firstly the main signal nets and the sensitive nets to the EMI 
(electromagnetic interference). It is also convenient to shield them with ground 
nets. 

The nets that have high fluctuating currents must be routed as far as possible to 
the sensitive nets. 

 

The supply nets must be routed with star shape, that is, we must distribute the 

supplies to different circuit’s areas and all of them must begin in the main filter 

capacitor. 

 

The supply nets have to go perpendicular to the signal ones, in order to avoid 

interferences with these. 

 

The ground plans must be joined for one point, in order to avoid closed loops 

which can generate noise. 

 

1.7 Power supply 

The power supply changes from 240 AC voltage to the different DC voltages, that 

the generator needs to work properly. 

The power supply is a typical regulated symmetric supply. The diodes D6 and D8 

work protecting  the regulators against the discharge from the capacitors. D11 

and D12 to protect the supply against the external circuit to it. 

 

It also has two fuses, in the output of the  bridge diode circuit, in order to 

protect the waveform generator against short-circuits. 
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The capacity of the capacitors must not be lower than the capacities described 

in the schematic, because this is a simple power supply and need big values of 

capacity for the capacitors, in order to have a little ripple voltage. We have to 

be in account that the most of the distortion that it is produced  in the 

waveform came from the supply. 
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