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Abstract—A new biasing technique called “local biasing” of
transistors is used to design analog integrated circuit amplifiers,
or any other analog ICs. The technique is based on designing the
circuit without any external source but only the sources that are
used to locally bias the transistors [12, 13]. Later these sources
are transferred to appropriate locations in the circuit which leads
the circuit to a new topology and configuration that makes it
possible to replace the local biasing sources with final current
mirrors and one or two conventional power supplies. Local
biasing is revisited, and an OTA design example is provided to
clarify the methodology and demonstrate the procedure.

Index Terms—Analog circuit Design, Integrated Circuits,
Local Biasing, and Source Transformation.

I. INTRODUCTION

HE major dealing with nonlinear circuits is the biasing for

the right operating regions; i.e. getting desirable operating
points with fast convergence [1 — 8]. The problem is that the
biasing gets harder as the analog circuits advance and get
more complex. The analysis of such circuits may even lead to
multiple DC operating points [9], or causing instability
because of the existence of positive feedbacks in the circuit
[9, 10, 16].

There are numerous causes for these problems. One
difficulty stems from the fact that in the traditional method an
analog circuit is usually analyzed and simulated as whole —
linear and nonlinear components all together. This certainly
makes a quick and smooth convergence difficult for large
circuits. In addition a poor selection of the initial conditions
plus large and unregulated steps of iterations can cause the
circuit to diverge. An additional difficulty may result from a
fixed circuit configuration. For instance, applying DC supplies
to certain pre-assigned locations in the circuit may not always
be the best choice, and floating the supplies first may result in
a better biasing and quicker convergence in certain design
situations; and for directing the supplies to their final
destinations in the circuit, after the analysis is done, we can
always use methods such as source transformation to move
them around. Another problem with the global biasing is that
it cannot address local changes and modifications without
actually going through the entire circuit. For example, if some
operating points do not meet the design criteria or a few
components are replaced during the design the circuit needs to
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go through the entire biasing process again.

In a recent development [11, 15] a new methodology is
introduced that helps to separate nonlinear devices from the
linear portion in a circuit. The nonlinear devices are
individually biased to operate at their desirable regions; and
the entire circuit is then put together without any extra DC
power supply added to the circuit. The method is proved to be
smooth and highly controllable; and it follows an additivity
property [13] that has been only possible for linear circuits. In
case of the design, the method makes it to avoid any nonlinear
behavior of the circuit, and directly address the performance
and the criteria of the design. Finally, because the new
development offers a complete isolation of individual
nonlinear devices, it makes it possible to locally modify,
adjust and tune the circuit without disturbing the rest of the
circuit. This feature is interesting and useful for designs that
need partial modifications, such as replacing the transistors in
an amplifier with different types.

However, the major problem in this methodology is the
possibility of abundant number of supplies (DC voltage and
current sources) and unconventional locations that they
usually occupy. One way to deal with this problem is to use
source transformation [1, 2] to bring all sources together and
possibly replace them with one or two conventional supplies
such as Vpp and Vgg.

What is presented in this article is to use local biasing to
design analog integrated circuits; and to smoothly move from
local biasing to global biasing. For this we first employ local
biasing to design a generic analog circuit; next we will try to
reallocate the local biasing supplies in an arrangement that it
becomes possible to combine the sources and reduce them to
only a few, for all practical purposes. The current sourcing and
mirroring, typically employed in analog integrated circuit
designs, are strong tools [17] and dominantly used here to get
the source distribution for the final circuit configuration.

The rest of the materials are arranged as follows. Section II
of the paper introduces the local biasing of circuit
components. Local biasing of NMOS and PMOS transistors
are discussed in Section III. An algorithm is also developed in
this section that is used to implement the local biasing for
analog IC design. An example is worked out in Section IV
that shows the implementation of the local biasing in
designing an OTA circuit. Finally we conclude our discussion
in Section V.



II. LOCAL BIASING

First we need to define some terms that are used in this
article [14]. Also, all our discussions here apply to DC biasing,
unless stated otherwise.

Null Port: Consider two networks N; and N, connected
through one or more ports. A port j(v;, i), common between
N; and N,, is said to be null if both the current through the
port, i;, and the voltage across the port, v;, are zero. This
apparently is nothing to do with the values of the currents and
voltages in other ports or even the currents and voltages in N;
or N».

Port nullification: Consider two networks N; and N, that
are connected through one or more ports. A port j(v;, ij) ,
connecting N; to N, is nullified if it is augmented, from both
sides (N; and N,), by current sources ij and voltage sources v;
so that a null port k(vy, i) is created as a result [14], as shown
in Fig. 1.

Fig. 1. Port nullification procedure

Local biasing (LB): A port is called locally biased if it is
nullified. Likewise, a network or a component is locally biased
if all the ports in the network or component are nullified.
Again, note that a locally biased component exhibit zero
voltages and currents only at its ports; otherwise its internal
currents and voltages are unaffected. Also note that local
biasing of a port or a device is not unique. A port can be
locally biased for any selected operating point on its
characteristic curve. This is also true for a device.

It becomes evident now that connecting a locally biased
device to a network that has no DC supply does not change the
biasing condition of the device. This simply means that, a
locally biased device does not need any external DC supply to
keep its biasing (operating region).

III. LOCAL BIASING OF TRANSISTORS

The technique discussed so far can be implemented on any
nonlinear circuit or device. If multiple numbers of nonlinear
devices are used in a circuit we can handle the case in two
different methods. One method is to take each nonlinear
device as a separate entity and deal with its ports as a
nonlinear network connected to the rest of the circuit. The
second method is to group all (or part of) nonlinear devices
into one nonlinear network and handle them collectively. Here
we only consider the former case, i.e., dealing with nonlinear
devices individually.

Within the three major semiconductor components p-n
junction diodes are one-port devices; hence, one-port

nullification biases a diode. Bipolar-junction transistors are
generally considered as two-port devices, but they can also be
treated as two one-port devices if Ebers-Moll large signal is
used to model a transistor [11]. MOS transistors are
considered three-port devices (gate-source, drain-source, and
substrate-source) but only four sources are needed to locally
bias the device. This is because the drain-source port is the
only one that needs both I and Vpg sources to nullify the port.
For the gate-source and the substrate-source we only need to
use Vgs, and Vgg sources, respectively, to nullify the ports.
Figure 2 shows an NMOS and a PMOS locally biased with
their symbolic representation shown. However, for simplicity
reason we are going to drop the effect of substrate-source,
Vgs, from our discussion.
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Fig. 2. Locally biased (a) NMOS and (b) PMOS Transistors with their
symbolic representations
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For bipolar transistor Fig. 2(c) shows a locally biased npn
transistor with its symbolic representation.
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Fig. 2(c) — Locally biased BJT with its representation.

Figure 3 shows a locally biased NMOS diode along with its
equivalent linear model also biased, where rgs = V4¢/ly. This is
particularly useful in designing current sources and current
mirrors. Similarly, Fig. 4 (a) shows a resistance R locally
biased for current Iz. Note the similarity between the MOS
diode model and the resistance when they are both locally
biased.
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Fig. 3. (a) An NMOS diode with locally biased for I,.; and (b) the
equivalent linear model of the diode after being locally biased.

It is also important to note, from Fig. 4, that for Vg = R* I
both components in (a) and (b) represent the same resistance R
with identical terminal characteristics, except in (a) R is biased
with current Iz while it is not in (b). Evidently, this identity is
the result of super position which is only valid for linear
components, such as resistances, and not necessarily valid for
nonlinear components such as transistors.
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Fig. 4. a) A resistance R after being locally biased for current Ig; b) an
unbiased resistor R.

Algorithm 1 presents a step-wise procedure for the design
of an analog integrated circuit with specified criteria and
performances.

Algorithm 1:

Given an analog circuit specification and the performance
criteria needed we first assume certain topology for the initial
design with major (transistor) drivers being specified.

1. Based on the circuit specifications we can always
assume certain operating regions for the transistors so
that the drivers can operate to provide the best
performance for the design. Next, we locally bias all
(linear and nonlinear) components in the circuit, as
discussed earlier, and remove the external supplies
instead

2. Next we start the process of integration and try to
replace the resistances (while locally biased) with their
transistor counter parts. This is, of course, a very
crucial process in which transistors, or combined
transistor components, with similar property must be
substituted for the resistive elements in the circuit so
that the new components do not undermine the overall

circuit criteria and do not add to the complexity of the
circuit.

3. Now, our next job is to combine and transfer the local
biasing (voltage and current) sources to the right
locations in the circuit so that the ultimate result is the
removal of the local biasing sources in favor of one or
two power supplies in the circuit and with some
additional current sources and current mirrors, if
needed.

4. This concludes the design of an analog circuit in
integrated circuit configuration.

As we notice from Algorithm 1, there is no dealing with
nonlinearity and possible iterations during the entire stages of
the design; and this we certainly owe to the local biasing of
the nonlinear components.

IV. IMPLEMENTATION AND AN EXAMPLE

As an example we consider designing an Operational
Transconductance Amplifier (OTA) [17] with some specified
circuit criteria. In using the design Algorithm 1, we initially
start from a discrete differential pair and a buffer stage, as the
core of our circuit, shown in Fig. 5. Table 1 shows the initial
design parameter for this generic OTA.
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Fig. 5. A preliminary sketch of an OTA differential pair and a buffer

stage.

TABLE 1 — INITIAL OTA LINEAR MODEL SPECIFICATIONS

Param I Tout Is ig] I I3

Value | 20uA 50KQ | 5KQ | 5KQ | 150 KQ

As specified r; and r, must be low for OTA but r; is
relatively high for voltage gain and capacitive load. In
addition, to reduce the effect of common mode in the OTA the
common mode input impedance must be high; hence r is
selected relatively high. Next we are going to preserve the




overall configuration of the OTA and its criteria but replace
the linear models with actual transistors in order to make it
fully integrated. For this particular example we consider short
channel devices with 50 nm process [17]; and for integration
we go through the following steps as described in Algorithm
l:

e We begin our design strategy by first specifying the
desirable operating points for the OTA components; and
this must be done so that the circuit criteria are met.

e Next, we leave out the supply Vpp and instead locally
bias all the components (linear and nonlinear) in the
circuit so that each component operates at its designated
operating region. Figure 6 depicts the new circuit
configuration after the components are locally biased (see
Figs. 1, 2 and 3). Notice that for this design our target
specs are Iy = Ip,= I3 = 10 HA. We also note in Fig. 6
that Vg = Vg + Vi, Vio = Vg + Vi, and Vg = Vg +
Vi, where, Vg and Vj; (for i = 1, 2, and 3) represent the
biasing voltages of the MOS and the resistance in series in
each branch, respectively.
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Fig. 6. The preliminary OTA locally biased for a desirable operation.

e Our next step is to move toward the integration and
replace the resistors with MOS transistors. As indicated
earlier and from the OTA specification [17] the load
resistances r; and r, are low and can be replaced with
MOS diodes. Note also the similarity between a resistance
and a linear model of an MOS diode when they are
locally biased (Figs. 2 and 3). Thus both r; and r, are
replaced with PMOS diode circuits. There is, however,
one noticeable difference in this exchange: the biasing
voltage sources for r; and r; is 50 mV, but when they get
replaced with the PMOS diodes the source value increases
to V41 = Vg = 350 mV. In case of the load resistance r3,
because of higher impedance situation here, the resistance
is replaced with an NMOS current mirror; and in this
replacement the biasing voltage source is changed from
Vi = 1.5 V to V4 =350 mV. Finally, the base resistance

Is is also replaced with an NMOS current mirror. Here
again the biasing voltage source V4 is changed from 1.0
Vto 120 mV.

e Applying some simplification results in moving all the
voltage sources in each branch to the top, and then
combining them and to get them all covered by one or
more power supplies. In case of a skillful design,
however, it is expected that all the branch voltage sources,
after being combined, become identical and therefore
could be represented by only one supply Vpp.

e Next it remains to deal with the current sources. We
notice that the current sources flowing along each branch
(bottom to top) are identical and can be combined into
one for each branch. This indicates that we only need
three current courses for the circuit to replace them all;
and in fact we can even reduce this to two current sources
because of the symmetry in the differential pair. The two
current sources are I and I, as indicated in Fig. 6.

e  After replacing the current sources Iy and Iy; with actual
current source and current mirrors the design of the OTA
become finalized, as depicted in Fig. 7. Note that the
transistors Mg and My provide the current sources, Iy and
L4, in the circuit, and M; and Mg are mirroring the current
for My. Before we leave this design example notice that
the circuit may also need to be biased through the input
ports, V; and V,. In our example V| = Vg + Vgand V, =
Vo + Vg; and for each port we need a DC voltage source
of about 0.5 V to bias.

Again, for simplicity and brevity purposes the substrate
treatment and its biasing have been omitted from our
discussion. Also for the reference voltage Vp usually a
separate circuit is designed to provide it for the OTA which is
dropped from this study.

As we mentioned earlier, the design is based on 50 nm
process and Table 2 provides the components sizes in this
process. Table 3, on the other hand, shows the SPICE
simulation results for DC analysis of the circuit. For short
channel devices BSIM4 and level 14 is used for the MOS
transistor models in this design. As expected, the simulation
results are in very close agreement with the design criteria.

TABLE 2 — THE OTA COMPONENT SIZES.

MOS M1 M2 M3 M4 | M5 M6 M7 M8 M9

L 2 2 2 2 2 2 2 2 2

w 50 50 100 100 | 100 100 100 50 50

TABLE 3 - THE DC VOLTAGE SOURCES AND DC CURRENT VALUES IN THE OTA

CIRCUIT.
Source VDD VB V1 V2 Id1 1d2 1d3
V, uA 1 0.362 0.5 0.5 | 982 | 9.82 10.73

Next, with the biasing so specified we run the circuit with
capacitive load. Figure 8 shows the AC magnitude plot of the
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Fig. 7. Final desig;l of the OTA circuit.
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Fig. 8. The AC magnitude and phase response of the OTA

V. CONCLUSION

A new approach to design of analog integrated circuits is
presented. Through local biasing of the transistors we have
been able to achieve the desired performance and criteria for
the circuit we like to design. The technique is based on
designing the core without any external source first and with
only sources that are used to locally bias the transistors. Later
these sources are transferred to appropriate locations in the
core which leads to a new circuit topology and configuration
that makes it possible to replace the local biasing sources with
final current mirrors and one or two conventional power
supplies. Locally biased MOS transistors are introduces and an
example of an OTA design is performed.
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