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A new approach of op-amp amplifîer biasing 
Gabriel Oltean \ Emilia Sipos \ Ioana Oltean ̂  

Abstract - A ncw method to deal with the biasing 
problem of op-amp amplifîer is presented. The purpose 
is to provide for the students a structured method that 
highlights the line of reasoning to solve the problem of 
amplifying a signal with no d.c. component, using an op-
amp operated from a single power suppiy. The main 
idea is: the signal source shouid see a VTC that allows 
both positive and negative swing for the signal The 
paper presents the general method and its appiication 
for a non-inverting and for an inverting amplifîer. 
Keywords: VTC, bias voltage, equivalent circuit 

l. INTRODUCTION 

Although in most of the op-amp amplifîer 
appiications the suppiy is differential, in some cases 
exist only one power suppiy (e.g, auto equipments). 
The voltage u^nsfer characteristic-VTC of an op-amp 
amplifîer operated from a single (positive) power 
suppiy is the one given in Fig.l. As all of us know, 
with this VTC we cannot directly amplify a v,(t) 
signal with a zero dc level. The solution is to bias the 
circuit 10 operate around a point near the middle of the 
VTC. In the electronic circuit books [1], [2], [3] is 
presented only the final solution (applying a dc 
voltage V, to obtaining at the output the dc voltage VQ 
in the middle of VTC). The reasoning used to reach 
that final solution is well hidden for the students. Due 
to this lack of information, the students are not able to 
solve the same problem for a new circuit or in another 
similar situation. 
Our idea is to present a structured method to deal with 
ihe amplification matter in an op-amp amplifier 
operated from a single power suppiy. The method is 
based on the foliowing idea: the signal source shouid 
see a different VTC, so that for a zero input voltage 
the output shouid be placed in the middle of the 
output voltage range. 

vo m 

Vo=Vps/2 

> v , [V] 

Fig 1 The VTC o f a single suppiy op-
amp amplifier 

II. THE NEW METHOD 

The desired translated VTC looks like the one in 
Fig.2. 

Vo [V] 

> V, [V] 

Fig.2. The translated VTC 

Presentation of the method is much easier to explain 
on some block schemes. The iniţial amplifier with 
VTC given in Fig.l can be represented by tlie block 

4 Av \/ Vo 

Fig.3. The block scheme o f a smgie 
suppiy amplifier 

scheme in Fig.3. 

The amplifier see to its input a voltage with only the 
variable component v„ so the output voltage will have 
only a variable component too. The amplifier 
equations are: 

V, = V , 

Vo = V; • A, 
Vo = V, • A, 
V,. = V, -

(1) 

(2) 
(3) 
(4) 

Comparing the Fig.l and Fig.2 one can observe that 
the VTC in the second figure results by horizontally 
translation of the iniţial VTC with an appropriate dc 
voltage, let's name it VBIAS- This translation is made 
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on the X axis and is obtaincd by series connection of a 

Av \/ vo 

^BIAS - ' 
A 

(7) 

(8) 

So, beside the small signal gain aJso results a dc gain. 
To improve the operation of the amplifier (reduce the 
effects of finite input dc offset voltage) it is often a 
great idea to "roii o f f the gain to unity at dc, 
especially if the amplifier has large voltage gain [3]. 
This can be done by using a capacitor in the negative 
feedback path of the amplifier. This capacitor should 
be placed so that it can be able to play a double role: 
first, to set the desired ax. gain (A,) (by its short-
circuit equivalence in the small signal regime) and 
second, to set a unitary d.c. gain (by its open-circuit 
equivalence in the d.c. regime). 
The voltage output equation of the amplifier became: 

B/AS + V,. (9) 

To avoid the use of an extra dc voltage source, VBIAS 

can be obtained by a resistive voltage divider from 
Vps to the ground. For equal resistances tlie value of 
VBIAS results VBIAS = Vps/2. To prevent the dc current 
to flow through the input signal source we use a 
capacitor to insert to the input the VBIAS dc voltage -
see Fig. 5. In the steady state regime (after the ending 
of the transient regime) this capacitor is charged up 

CI 

V, 

Fig 4. The block schcme to translate tJie VTC 

VBIAS source to the input of the amplifier, as it is 
presented in [4], The VBIAS value should be in 
accordance to the value of the dc voltage needed at 
the output. Therefore, the value of VBIAS will be 
choused such a way to receive for the output voltage 
a value equal with half of the supply voltage Vps. The 
block scheme to obtain the translated VTC (Fig.2) is 
given in Fig.4. 
The amplifier see now to its input a voltage vi equal 
with the sum between the bias voltage VBIAS and the 
variable input voltage v,. The output voltage vq will 
also have a dc and a variable component. 

V/ = f'B/AS + (5) 
v^ = V, • ^ = Vff^^ -A^-hv^ Â  (6) 

Because the dc output voltage must be al the middle 
of the VTC results that we should have: 

Fig.5 The circuit necessary to obtain the biasing 

with VBIAS and it plays the role of a voltage source, 
resuhing the equivalent scheme in Fig. 6. 

VeiAS 
A ^ B 

Fig 6 The equivalent circuit for the circuit from Fig.5 

The final block scheme that solves tlie problem of 
amplifying a zero dc level signal in an amplifier 
operated fi-om a single power supply is given in Fig. 
7. 

A C I 

%C) i Av 

Fig 7. The final block scheme of the biased amplifier 

III. METHOD ILLUSTRATIONS 

A. h'on-inverting amplifier 

The circuit with the VTC presented in Fig.l 
corresponds to a non-inverting amplifier that looks 
like the one in Fig. 8. To be able to use this circuit to 
amplify the v, voltage we apply all the steps presented 
in the previous paragraph. 

+Vps 

lOK 
Fig.8. The non-inverling amplifier 
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First we translate the VTC using the V^^s voltage 
series connected at the input of the amphfier. The 
V B I A S voltage is obtained through the voltage divider 
from the power supply voltage Vps. The series 
connection is realized by the Cj capacitor, resulting 
the intermediary circuit depicted in Fig. 9. 
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- • o - o 

Fig 9 The non-inverting amplifier after connecting 
the bias voltage 

To "roll o f f ' the gain to unity at dc, we introduce 
another C2 capacitor on negative feedback (Fig. 10). 
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- O 
Fig 10. Tlie fînal circuit for non-inverting amplifier 

The equivalent circuit that shows how the V B I A S 

voltage appears in the circuit is the one in Fig.l 1. The 
equivalence is made for the steady state regime, where 
the capacitors can be replaced with voltage sources. 

10k 
WVBus=6Vdc 

-O 
Fig. 11 The equivalent circuit for non-inverting ainplifiers 

The equations in the circuit are: 

«2 

BIAS (10) 

(11) 

(12) 

The VTC and the waveforms of the input voltage with 
zero dc level v,n(t) and the final vo(t) obtained after 
simulation are presented in Fig. 12. 

12U 

(a) 
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(b) 
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• U(UO) o U ( U i n : + ) 

Tine 

Fig. 12. The simulation results 
(a) VTC, (b) waveforms 

B. Inverting amplifier 

In Fig. 13 is presented the circuit and in Fig. 14 the 
VTC of an inverting amplifier. 

-Vp 

R1 

•^wv-
- o 

Vo 

- O 
R2 

-AAAr-

~ 0 
Fig. 13 The inverting amplifier 

According with our previously presented method the 
VTC should be horizontally translated with VBFAS. 

Unlike the non-inverting amplifier, in this case only 
the C2 capacitor is necessary on the negative feedback 
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[V] 

Fig. 14. The VTC of ihc invertiog amplifier 

path of the amplifier, because the input is appiied at 
the non-inverting input of the op-ainp. The capacitor 
realized both the series connection of the V^i^s vvith 
input voltage and the unitary dc gain. The final circuit 
is the one in the Fig. 15. 

• O lOk 
Fig. 15. The final circuit for inverting amplifier 

The equivalent circuit that shows how the V B I A S 

voltage appears in the circuit is the one in Fig. 16. The 
equivalence is made for the steady state regime, where 
the capacitor can be replaced vvith a d.c. voltage 
source and also the voltage divider can be replaced 
with a d.c. voltage source. 

^ V p s 

" o 10k 

Fig 16. The equivalent circuit for inverting amplifier 

The equation of the amplifier is: 

Vo = - V 
R. 

BJAS 

R. 

(13) 

(14) 

(15) 

The simulation rcsults are presentcd in Fig. 17: the 
VTC in Fig 17.(a) and the waveform of the input 
voltage Vi(t) and the final voltage vo(t) in Fig 17.(b). 
The simulation results showed that our method is 
correct. 
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Fig 17 The simulation rcsulti for inverting amplifier 
(a) VTC; (b) waveforms 

IV. CONCLUSIONS 

We presented an intuitive method to deal vvith the 
amplification of a zero d.c. level variable signal using 
an op-amp operated from a signal power suppiy. The 
examples presented here (for a non-inverting and for 
an inverting op-amp amplifier) demonstrates the 
usefulness of the method especially for the students 
in the "struggle" vvith electronics. This method can 
save classroom instruction time and help the students 
to understand and easily solve this kind of problem. 
This method can be further use îo tr>- new way to bias 
some amplifiers in a desired operating point, even 
transistor amplifiers. 
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