WRITTEN REPORT ON THE ASTABLE MULTIVIBRATOR








CIRCUIT DESCRIPTION AND OPERATION


First, let’s define multivibrators. Multivibrators are special types of circuits that produce rectangular waveforms that switch approximately between ground and the supply voltage level.


	One of the types of multivibrators is the astable multivibrator. It is  also called free-running, or relaxation multivibrators. The term astable means not stable. This type of multivibrator has no stable state and it has no input signals. 


Because of these characteristics, the output oscillates between the multivibrator’s two semistable states. It is like it produces it’s output as a result of continually seeking a stable state. It’s output is a square wave and since this multivibrator runs by itself, it is considered as an oscillator.


It can be noted that the astable multivibrator’s timing and frequency determining components are RC circuits, which is another characteristic of a multivibrator.  


In an astable multivibrator, one of the two transistors is always in saturation while the other is in cut-off. The operation of the circuit is based on the saturation and cut-off states alternating between the two transistors. Here are the four states that represent the operation of the astable multivibrator:


The active state for  Q1 begins when it is switched on. As Q1 is switched from cut-off (off) to saturation (on), its collector voltage drops from +Vcc to about 0.7V. This  negative-going transition at the collector of Q1 is coupled through capacitor C2 as the negative polarity to the base of Q2. This reverse-bias voltage at the base of Q2 turns it off.


During the active state of Q1, capacitor C2 is charging through a path that begins with the ground connection to the emitter of Q1, through the emitter and collector of Q1 through C2 and Rb2  to +Vcc. The rate of charge of capacitor C2 depends on its own value and the value of resistor Rb2. The RC time constant of Rb2 and C2 determines how long the active state of Q1 persists.


The active state for Q2 begins (and the active state of Q1 ends) when C2 becomes charged through the path described in step 2. When this happens, there is no longer a negative bias applied  to the base of Q2, so Q2 begins to conduct. Q2 thus switches from cut-off to a state of saturation. Its collector  voltage drops from +Vcc to about 0.7V, and this negative-going transition is coupled through capacitor C1 as a negative polarity to the base of Q1. This action biases Q1 off.


Q2 remains in its active state for a period determined by the RC time constant of the circuit composed of C1 and Rb1. When C1 becomes fully charged, the negative bias (due to the charging of C1) disappears from the base of Q1, and Q1 is allowed to switch on. As Q1 is switched on, this cycle returns to step 1, where the switching-on action of Q1 switches off Q2.





DESIGN CALCULATIONS


	


	For design calculations, please see DESIGN PROCEDURE for proper assignment of higher or lower values for the resistors and capacitors, and the proper values to use for hFE, Vbe(sat) and Vce(sat).


The following values are given:


		Vcc = 6V						f = 1kHz		 


		Ic = 20mA						Q1 = Q2 = PN100


	and based on the specification sheet of PN100, the values for hFE, Vce(sat) and Vbe(sat) are:


		hFEmin (PN100, Ic=10mA, Vce=1.0V) = 100


		Vce(sat) (PN100, Ic=10mA, Ib=1.0mA) = 0.2 V


		Vbe(sat) (PN100, Ic=10mA, Ib =1.0mA) = 0.85 V





	Rc = (Vcc - Vce(sat)) / Ic = (6V - 0.2V) / 20mA = 290 W


						use 300 W standard value





		Ib = Ic / hFEmin = 20mA / 100 = 0.0002A


	Rb = (Vcc - Vbe(sat)) / Ib = (6V - 0.85V) / 0.0002A = 25.75K W


						use 24K W standard value


		


		PW = 1 / 2f = 1 / (2 x 1kHz) = 5x104 


	C1 = C2 = PW / (0.69 x Rb) = 5x104 /(0.69 x 24KW) = 0.03µF (std. val)








	Checking on the frequency using the calculated values :


	T = 1.4 x C x Rb = 1.4(0.03µF)(24K W) = 0.001008 sec


	f = 1/T = 992.0635 Hz  almost equal to 1kHz, the given frequency.








RECOMMENDATIONS AND MODIFICATIONS


	The square wave generated by the simple astable circuit I made will have the leading edge rounded at both output. However, many applications require a sharper square. Adding charging resistors (R1 and R2) and diodes to each side of my original circuit improves the rise time of the output waveforms.


	If we make parallel combination of R1 & Rc2 on one side, and R2 and Rc1 on the other, equal to the value of the original resistor, the astable multivibrator will have a faster rise time. Also, the Rc must be smaller to compensate for any stray circuit capacitance. With the addition of the diodes and resistors (R1 & R2), the negative charge for each cycle discharges through a transistor, diode and resistor. The diodes in the new circuit allow the signals at the outputs to increase without charging a capacitor.





SAMPLE APPLICATIONS


	Primarily, the astable multivibrator is used as a nonsinusoidal, or relaxation, oscillator or a square wave generator. Digital computers often utilize  astable multivibrators as clocks to ensure that operations, such as addition, synchronize with other operations in the computer system.
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