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OBJECTIVES

1. To study the principle of operation of the full-wave rectifier with improved performance.

2. To simulate the op-amp full-wave rectifier with improved performance using MULTISIM
software.

3. To assemble the op-amp full-wave rectifier with improved performance integrator circuit
on the solderless breadboard and to perform required measurements.

INFORMATION

Note: Actual lab procedure follows this information section.
The main drawback of a diode full-wave rectifier is that it cannot work properly with small
voltages. For example, a bridge rectifier, like that shown in Fig. 1(a), has output voltage
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Figure 1: Operation of a bridge rectifier with small voltages: (a) the bridge rectifier circuit,
(b) the time diagrams

It means that the amplitude of the input voltage must be greater than 2Vpon) to provide
Vour>0. IV, <2Vy e then Vv, =0.Even if Viyn=2V, like it is shown in Fig. 1(b), the
operation of the bridge rectifier is not efficient because Vouim is significantly less than Vin m.

For operating with small input signals an op amp full-wave rectifier with improved
performance must be used. The circuit of this rectifier is shown in Fig. 2. The circuit of Fig. 2
consists of two parts. The first part includes the op amp OPAL, diodes D1, D2, and resistors
Ra, Rr and RelIRa. This part represents a negative output, inverting half-wave rectifier.

The second part represents a two input inverting adder amplifier and includes the op amp
OPA2 and resistors Rai, Ra2, Rr1, and RrilIRa1lIRa2. Consider the operation of an inverting
half wave-rectifier, which is separately shown in Fig. 3.
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Figure 2: Operational amplifier full-wave rectifier with improved performance

If we assume the op amp is ideal, then

For negative v;, diode D1 is OFF since (v, —v,) <0, and diode D2 is ON. So,v, =v_, but
v_=v, =0. Therefore, v, =0. This case was simulated as shown in Fig. 4.
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Figure 4: Simulation of the inverting half-wave rectifier operation when v;<0

Alternatively, when v; is positive diode D2 is OFF and diode D1 is ON. Indeed, assume
that both diodes D1 and D2 are ON. In this case vp=Vpon) and vi=2Vpon), Which is not

possible because Ra=R¢ and v;=—v;. On the other hand, the assumption that diode D1 is ON
and diode D2 is OFF results in vi=—v;:
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The expression in Eq. (1) does not depend on the diode forward voltage, Vpon). Thus,
because of the high open loop gain of the op amp, the feedback acts to cancel the diode turn-
on (forward) voltage. This leads to improved performance of the rectifier.

In Fig. 5, the result of simulation is shown when v; is positive.
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Figure 5: Simulation of the inverting half-wave rectifier operation when v;>0

As seen from Fig. 4 and 5,

.- {—vi —v, >0, @

O=v, <0

The graphical presentation of Eg. (2) is shown in Fig. 6.
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Figure 6: Transfer characteristic of the rectifier shown in Fig. 3



The operation of the negative half-wave rectifier was simulated by Tina 7 (Industrial
version) and shown in Fig. 7.
As seen from Fig. 7, a 0.3V sinusoidal voltage was applied to the rectifier input. The output
voltage is negative half-wave rectified voltage with the same amplitude.
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Figure 7: Simulation of the negative half-wave rectifier operation with a small input signal

Now we return back to the full-wave rectifier circuit of Fig. 2. To explain the operation of
this circuit we note that the mathematical operation of taking the absolute value is the same
as that of reversing the sign of the negative part of the signal. If the half-wave rectified output
Is doubled and the original signal is subtracted from this, the result is the full-wave rectified
waveform. This is easily proved by considering the two operating conditions separately.
First, suppose that the input is positive. Then the half-wave output is equal to the input, and
the difference described above becomes (temep moBepHeMOCsS 10 CXEMH MOBHOIEPiIOAHOTO
Bunpsmissya Ha Puc. 2. Ilo6 nosicHuTy poboTy B 11l cXeMl BiJI3HAYMMO, 110 MaTeMaTHU4YHa
omeparliss B3ATTS aOCOJIOTHOrO 3HAYCHHS Taka K SK 3MIHA 3Haka HETaTHMBHOI YaCTHHI
curHaiy. SIKIIO0 HaNiBBOJHOBUH BUIIPSIMIICHHUW BUXIJl MOJBOIOETHCS, Ta BUXIAHUN CHUTHAI
BIJIHIMA€ETHCS BiJI HHOTO, TO B PE3YJIbTATI BUXOAUTH JBOXHAIIBIEPIOIHA BUIIpsMIIEHA (popma
XBWJI. Y 1IbOMY JIETKO TIEPEKOHATHUCS, SAKIIIO OKPEMO PO3TJISTHYTH JABa poOounx pexxuma. [lo-
mepie, TPUIMYyCTUMO, IO BXiJ MO3UTUBHHMM. ToJl BUXiJ HamiBXBHWI JIOPIBHIOE BXOAY, 1
PI3HHIIS, ONTMCaHA BUIIE, CTAE)

2v, () v, () = v, (1)

Thus, the output is equal to the input. Now if the input is negative, the half-wave output is
zero, and the difference becomes

2x0—-v,(t) =—v(t)
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Thus, the output is equal to the negative of the input. The composite output is then the
absolute value of the input. This form of full-wave rectifier is realized in Fig. 28. The step-
by-step conversion of an input periodical voltage into a full-wave rectified output voltage is

shown in Fig. 8.
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Figure 8: Step-by-step conversion of an input periodical voltage into a full-rectified output
voltage
The curve of Fig. 8(a) shows v; as function of vi. This dependence can be represented as
- &vi =V, >0,
v, = Ra (3)

O0=v, <0

In Fig. 8(b) is shown the output voltage due to v; through OPA1l and OPA2 (upper
connection). For this connection the output is

%vi =V, >0,
V=0 RaR A (4)

O0=v, <0

v

0

Figure 8(c) shows the output voltage as a function of v; through OPA2 (lower connection).
This is given by

- Doy, ©)

To obtain the total output voltage, we add Fig. 8(b) and Fig. 8(c) to obtain the curve shown in
Fig. 8(d). Since op amp OPA2 with resistors Rai, Ra2 and Rg; represent an inverting summing
circuit, then

v =—Rery _Re (6)

o} 1 2
RAl RAZ



Substituting v; from Eqg. (3) into Eg. (6) and taking into account that v,=v; results in the
following expression for vy:

v, = RF RFl v, — RFl v, (7)
RARAl RAZ

To make full-wave rectifier symmetrical (that is, magnitude of the slope is the same for both
positive and negative v;), the resistors are selected so that

R, _ ReRe, _ R,

RAZ RA RAl RAZ

In Fig. 9 and Fig. 10 are shown the rectifier circuit and time diagrams of voltages
corresponding to the circuits shown in Figures 8 (a), (b), (c), and (d) when Rx=5kQ, Rg=5kQ,
RA1:1001(Q, RA2:2001(Q, and RF1:2001(Q
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Figure 9: Improved full-wave rectifier circuit with selected resistor values
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Figure 10: Time diagrams illustrating the operation of a full-wave rectifier with improved
performance: (a) conversion of v; into v; (Eg. 3), (b) conversion of v; into v, when v,=0
(Eg. 4), (c) conversion of v; into v, when v,=0 (Eqg. 5), (d) complete conversion of v; into v,
(Eq. 7)

EQUIPMENT

. Digital multimeter UT33B

. Solderless breadboard BB830T

. Oscilloscope HAMEG HM01024

. Sinusoidal generator

. Power Supply +12V, 0, -12V

. Resistors: 2x1.0 kQ 2x3.8 kQ, 5x100 kQ

. Diodes: 2x1N4007

. Operational amplifiers: 2xUA741 (Y 1708)

OO OIS WN B

BB830T Transparent BreadBoard
(830 tie points)

PROCEDURE

The pin connections for the 8 pin DIP package uA741 (Y1708) op-amp are given in
Fig. 11. Throughout this experiment use the external DC Power Supply Unit with +12V, 0, -
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12V jacks. The initial location of each uA741 chip and connections to +12V, 0, -12V
terminals of the power supply are shown in Fig. 11.
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Figure 11: Initial location of uA741 chip on the solderless breadboard

To use the Power Supply Unit:

» Turn the Power Supply ON. This will set both positive and negative power sources
respectively to +12V and —12V. Measure these voltages with digital multemeter.

* Turn the Power Supply OFF before connecting to the circuits.

* Connect the +12V terminal of the Power Supply to the V.. of your circuit as shown in

Fig. 11. Connect the -12V terminal of the Power Supply to the V. of your circuit as shown

in Fig. 11. Connect the COM terminal of the Power Supply to the ground of your circuit as
shown in Fig. 4.

Procedure steps:

1. Build the circuit of Figure 12 using two 8-pin uA741 (Y 1708) op-amp and resistors.

2. Apply a 1kHz sinusoidal voltage with amplitude 100 mV from the Signal Generator
to the input and use the dual trace oscilloscope to observe both input and output waveforms.
Measure the amplitude of the output voltage and make a photograph by your camera.

3. Apply a 1kHz sinusoidal voltage with amplitude 500 mV from the Signal Generator
to the input and use the dual trace oscilloscope to observe both input and output waveforms.
Measure the amplitude of the output voltage and make a photograph by your camera.

4. Apply a 1kHz sinusoidal voltage with amplitude 1.0 V from the Signal Generator to
the input and use the dual trace oscilloscope to observe both input and output waveforms.
Measure the amplitude of the output voltage and make a photograph by your camera.

5. Apply a 1kHz sinusoidal voltage with amplitude 2.0 V from the Signal Generator to
the input and use the dual trace oscilloscope to observe both input and output waveforms.
Measure the amplitude of the output voltage and make a photograph by your camera.
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Figure 12: Improved full-wave rectifier circuit with resistor values used in the experiment (a)
and displayed rectified voltage (b)
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