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SIMPLE BICMOS REALIZATION OF FULL BALANCED 
VOLTAGE DIFFERENCING BUFFERED AMPLIFIER  
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This paper presents an alternative circuit configuration for realizing the recently 
introduced active building block, namely full balanced voltage differencing buffered 
amplifier (FB-VDBA), eminently suitable for integration in BiCMOS technology. The 
proposed FB-VDBA consists of a fully differential transconductor as an input stage, 
and the voltage buffer and inverter as output stages. The circuit has been designed using 
bipolar and MOS transistors, in order to achieve the advantages of the both 
technologies. Using single FB-VDBA, one resistor and one capacitor, the voltage-mode 
all-pass filter is constructed for the specific application of the designed active element. 
PSPICE simulation results, obtained by using the real transistor parameters of the 
standard 0.35 μm BiCMOS technology, are performed to confirm the performances of 
the proposed circuit and its application.     

1. INTRODUCTION 

In the last decade, new circuit ideas of active building blocks for providing 
the potentiality in analog signal processing circuit design have received much 
attention [1]. A number of publications concerning with this area has continuously 
interesting, in order to provide further circuit characteristic improvements, and 
obtain more effective and interesting circuits [2–11]. In [1], the present-day active 
elements and several new active building blocks are reviewed and introduced.  One 
of them is the newly introduced active element named full balanced voltage 
differencing buffered amplifier (FB-VDBA) [2]. Many interesting applications of 
FB-VDBA in mainly analog signal processing and signal generation circuits were 
also introduced in [2–5], to demonstrate the usefulness and easy implementation in 
fully-balanced structures. The given survey [2] shows that the FB-VDBA 
implementation can be achieved by using two integrated circuits OPA860 [12]. 

The purpose of this communication is, therefore, to introduce the FB-VDBA 
implementation suitable for integration in 0.35 μm BiCMOS technology and 
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capable of operate at low supply voltages of ± 0.75 V. The proposed FB-VDBA 
circuit element has a wide bandwidth of 20 MHz with total power consumption of 
1.6 mW. The performance of the proposed circuit has been tested with an 
application example of the first-order voltage-mode all-pass filter. PSPICE simulation 
results with the real 0.35 μm BiCMOS process parameters are given to verify the 
workability of the designed circuit element and its application. 

2. PRINCIPLE OF FB-VDBA 

The schematic symbol of the FB-VDBA and its equivalent circuit are 
depicted in Fig.1a and 1b, respectively. Its terminal characteristics can be described 
by the following set of circuit expressions [2]:  
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where gm is the transconductance gain of the FB-VDBA.  
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Fig. 1 – FB-VDBA [2]: a) schematic symbol; b) its equivalent circuit. 
 

According to (1) and Fig. 1(b), the FB-VDBA device has a pair of high-
impedance differential voltage inputs (p and n), and a pair of high-impedance current 
outputs (z+ and z–), as well as two low-impedance voltage outputs (w+ and w–). 
This means that the FB-VDBA element is conceptually a combination of the 
transconductance amplifier as an input stage, and the unity-gain voltage buffer as 
an output stage. The differential input voltage between the terminals p and n (vp – vn) is 
then converted to currents at terminals z+ and z– (iz+ and iz–) by a gm parameter, 
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with equal value but opposite directions. The output voltages vw+ and vw– will 
follow the voltages across terminals z+ and z–, respectively. In this way, the 
utilization of voltage inverter is not required for the voltage inversion purpose. 

3. PROPOSED BICMOS FB-VDBA REALIZATION 

The complete schematic diagram of the proposed BiCMOS FB-VDBA 
circuit is shown in Fig. 2. The input stage consists of input transistors (M1–M2 and 
Q1–Q4) and current mirror transistors (Q5–Q7, Q8–Q10, Q11–Q12 and Q13–Q14), 
where IA and IB are the external dc biasing currents. Transistors M3–M6 and M7–
M10 represent the output stages, which provide w+ and w– terminals respectively.  

 

 

Fig. 2 – Complete diagram of the proposed BiCMOS FB-VDBA. 

Group of input transistors (M1–M2 and Q1–Q4) act as the transconductance 
amplifier that converts the differential input voltage (vp–vn) into the signal currents 
flowing through the collectors of Q5 and Q8.  The MOS input transistors M1 and M2 
provide very high input impedance and very low bias currents.  Because of their 
low transconductance, the bipolar input transistors Q1–Q4 are added to provide an 
extra gain stage. The mirror stages (Q5–Q7, Q8–Q10, Q11–Q12 and Q13–Q14), will 
convey the signal currents ic5 and ic8 to ports z+ and z–, respectively. The small-
signal effective transconductance (gm) of the FB-VDBA derived from this stage can 
be calculated in a fashion similar to that for the all bipolar version [13], giving: 
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(2) 

where VT ≅ 26 mV at 27 οC is the thermal voltage. From (2), it is noted that the 
value of gm is tunable electronically and linearly through the basing current IB.   

For the output stages, transistors M3–M6 and M7–M10 form the cascaded 
common-source amplifier with diode connected load [8]. The small-signal effective 
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voltage gain (vw+/vz+ and vw–/vz–) can be determined by using hybrid π model in 
which both the body effect and the output resistance of the two transistors have 
been included. Assume that all transistors operate in the active region. Therefore, 
the resulting voltage gains in Fig. 2 are approximately found as: 

 
5

6

4

3

m

m

m

m

z

w

g
g

g
g

v
v

≅
+

+

 
(3) 

 10

9

8

7

m

m

m

m

z

w

g
g

g
g

v
v

≅
−

− , (4) 

where gmi denotes the conductance of transistor Mi (i = 1, 2, ..., 10). Under the 
simplifying assumption that all the transistors have the same conductance values 
(gm ≅ gmi), thus vw+ ≅ vz+ and vw– ≅ vz– as expected.   

4. SIMULATION RESULTS  

For the purpose of the performance verification of the proposed FB-VDBA 
realization in Fig. 2, the circuit was simulated on PSPICE program using standard 
0.35 μm BiCMOS process parameters. The aspect ratios (W/L in μm/μm) of the 
transistors were selected as: 14/0.7 and 56/0.7 for M1–M2 and M3–M10, 
respectively. The sufficiently high W/L ratio of transistors M3–M10 ensures a low-
output resistance of the buffer stages, thereby avoiding the loading effect. The 
circuit was biased at IA = 25 μA under ±V =  ± 0.75  V. 

 
Fig. 3 – Dc transfer characteristics 

of iz+/vp and iz–/vp. 
Fig. 4 – Ac transfer characteristics 

of iz+/vp and iz–/vp.  

The dc simulation results of the transconductance gain of the proposed FB-
VDBA for three different values of IB (i.e., IB = 25 μA, 50 μA and 100 μA) have 
been plotted in Fig. 3. The simulated frequency responses of the transconductance 
gain from port p to ports z± have been plotted in Fig.4. From the results, the –3dB 
bandwidth (f–3dB) are located at 20 MHz, 22 MHz and 23 MHz, respectively. 
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Figure 5 shows the dc voltage transfer characteristics, which is almost –0.4 V 
to + 0.4 V within 0.3 % error at the end of the transfer curves. The ac voltage gains 
for the voltage transfer characteristics vw+/vz+ are plotted in Fig. 6. The voltage gain 
of 0.986 and the f–3dB of 1.3 GHz have been obtained. Thus, the maximum operating 
frequency for the proposed FB-VDBA in Fig. 2 is fmax ≅ min (f–3dB) ≅ 20 MHz. In 
addition, the proposed circuit has 1.6 mW static power consumption. 

 
Fig. 5 – Dc transfer characteristics 

of vw+/vz and vz/vw–. 
Fig. 6 – Ac transfer characteristics 

of vw+/vz and vw-/vz–. 

5. EXAMPLE OF FB-VDBA APPLICATION  

An application example of the proposed FB-VDBA is shown on the design of 
first-order voltage-mode all-pass filter, using a single FB-VDB along with two 
passive components (one resistor and one capacitor) as shown in Fig. 7 [3]. Circuit 
analysis of Fig. 7 results in the following voltage transfer function:     
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From (5), if the condition R = 1/gm is fulfilled, the circuit of Fig. 7 performs 
the first-order voltage-mode all-pass filter with the following pole frequency (fp) 
and phase response (φ): 

 RC
f p π

=
2

1
, (6) 

and 

 ( )fRCπ−π=φ − 2tan2 1 . (7) 

To verify the functionality of the FB-VDBA based all-pass filter realization 
in Fig. 7, the simulations are also performed with the following active and passive 
components: IB = 25 μA, R = 1 kΩ and C = 1 nF, to obtain a first-order all-pass 
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voltage response with the pole frequency of fp ≅ 159 kHz. Fig. 8 shows the 
simulated gain and phase responses of the filter, when compared with the ideal 
responses obtained from an equivalent circuit of Fig. 1b. Note that the simulated 
results are in conformity with the theory. The simulated transient responses are also 
shown in Fig. 9. This causes the time shift of 1.7 μs at the filter output corresponding 
to the phase shift of about 96.50°. 

 
Fig. 7 – First-order all-pass filter using FB-VDBA. 

 
Fig. 8 – Theoretical and simulated gain 

and phase responses of Fig. at fp = 159 kHz. 
Fig. 9 – Simulated transient responses 

for the all-pass filter in Fig. 7 at fp = 159 kHz.   

6. CONCLUSION 

The circuit technique for implementing a recently introduced active building 
block, named full balanced voltage differencing buffered amplifier (FB-VDBA), is 
introduced in this study. Our main objective is to describe the simple realization of 
FD-VDBA, which is suitable for fabricating in BiCMOS technology. As an 
application example, the usability of the realized active circuit element has been 
shown on the first-order voltage-mode all-pass filter realization. The performance 
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of the proposed FD-VDBA is discussed and also verified by PSPICE simulations 
using real 0.35 μm BiCMOS process parameters.   
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