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Abstract seems to be complete enough, to start automating this last
design step.

A biasing method is described, intended to make auto-
mated biasing of at least some classes of analog circuits
straightforward. It has been tested for linear amplifiers,
though it is not restricted to that class. A systematic way to ) .
introduce bias sources in a circuit is discussed. Also meth-  The parameters of the small-signal models are the first-
ods for reducing the number of bias sources and bias feed-order derivatives of the transfers in the large-signal model in
back loops are given. Application of the method has shown@ chosen operating point. The device is set at the operating

that at least for the class of amplifiers the theory is well point bybiascurrents and voltages. The signal that contains
suited for automation. the information is superimposed on these bias quantities.

At the output of the device the bias signals are subtracted
and the information carrying signal remains. In figure 1 the
principles of operation are shown.

2. The purpose of biasing

1. Introduction

Presently, biasing linear analog circuits is one of the Xigi@_, f(x) 4:@_2
more “vague” steps in a design. There are many rules of T + T -
x50

thumb, many commonly used configurations and little clear Xig
unambiguous design rules. This implies that generally an
experienced designer has little problems in biasing a cir- Figure 1. The principles of linearization with
cuit, but that starting designers, like students and designers biasing signals.
that cannot really deal with heuristics, like computers, have
great difficulty in doing the job.
For negative-feedback amplifiers, a structured design  gjst at the input a signa; is added to the input signal
methodology without heuristics has been developed [1, 5, in order to center it around the operating POINtfGE).
6]. It has been implemented in an amplifier design program at the output a signat,g = f(ziq) is subtracted to center
[7, 9], that is, unlike many other programs, also able t0 Syn- the result around zero again. Now the overall transfer of the
thesize the topology, using single transistors as basic build-system of figure 1 has become centered around zero, which

ing blocks. _. _ _ is required for a linear transfer.
For negative-feedback amplifiers, during the first steps of

the design small-signal models are used for the active de- . .

vices to design the signal behavior. During these “small- 3- Blasing a device

signal-design steps” biasing quantities do appear, but only

as parameters to set the small-signal behavior. During the A linear circuit is a combination of linear one-ports and
biasing step, DC bias voltage and DC bias current sourcedinear two-ports. Linear circuits need no biasing, so they
are introduced. Until now, a complete set of rules for bias- also have zero bias at their ports. When the linear circuit
ing was not available and therefore it was not always possi-is implemented with practical devices, that do need biasing,
ble to automatically bias the generated “small-signal solu- the first step is to arrange the biasing such that it is not visi-
tion”. In this paper a bias methodology is introduced, that ble at its ports. It is arranged within the one- or two-port.




Fig.2 shows how this is done for a bipolar transistor. define the voltage level. Therefore also at the output the
Four bias sources are added around the transistor. Thdias voltage is undefined. When the environment sets it to
sources are chosen such that the DC input and output voltzero, the collector voltage of the transistor will be correct.
ages and currents of the twoport are all equal to zero, while  Rule: At the output, a two-port containing a mosfet or
the transistor is correctly biased. a bipolar transistor, does not impose a voltage relation be-
tween the output terminals. The voltage depends on the en-
vironment, which should set it to zero.

3.1.2 The current at the output

The current sourcécq is inserted as an independent cur-
rent source. However, connecting an independent current

Figure 2. A transistor combined with biasing source to a collector does not set the transistor to the de-
sources to form a linear two-port with zero sired collector current just like that. Eithégq or Verg
bias condition at the input and output. has to be controlled such that the erfof, with:
AIC = IC’ — IcQ, (1)
3.1. Setting the bias quantities in which I is the actual collector (bias) current, reduces to

zero. Depending on the environment, a choice is made for

The devices that commonly need biasing are the mosfetone of them.
and the bipolar transistor. (There are other non-linear de- When the environment can not keep the input bias volt-
vices that may need biasing also, but the techniques usedde to zero, controlling/z ¢ is no option for controlling
there do not fundamentally differ from the principles de- Icq. The environment has an “open” character, which
scribed in this paper.) means that it delivers zero bias current and does not set
Al four biasing quantities have their influence on the small- & voltage relation between its terminals. The base current
signal behavior of the transistor. Any two of them can (IB@) needs to be controlled. For now, no control loop is
be chosen freely, the remaining two then follow from the added to the two-port, the currefl, is just marked as be-
input-output relations of the transistor. The bias quanti- ing controlled byAlc.
ties that have the most direct relation to the small signal When the collector current is set in this way, the base-to-
(key)parameters are usually the drain currehiy) and emitter (I{BE) yoltage is determined by this. Therefo're, to-
the drain-to-source voltag#4 s¢) for the field-effect tran-  gether with bias sourcépzq, the two-port sets the input
sistor and the collector currendg) and the collector-to- voltage bias to zero. Note that this follows from the f.act that
emitter voltage Vczg) for the bipolar transistor. The bi- setting the collector current to a fixed value also fixes the
asing method described in this paper takes these two biadase-to-emitter voltage, resulting in a zero inputimpedance
quantities as input from the signal design procedure andof the two-port. It does not follow from the fact that there
matches the other to sources by providing the necessanappens to be a conducting PN-junction from base to emit-
control. ter. So also in the case of a mosfet, the two-port fixes the

In the remainder of this paper circuits with bipolar tran- bias voltage at the input. The sour¥gzq is also con-
sistors will be used to explain the theory. For mosfets, the trolled, but only to make the voltage bias at the input equal
procedure isdentical to zero, not to contral¢q. Generally this control can be

Rule: Four bias sources are introduced for every two- Omitted, as will be discussed later.
port device, as can be seen in the example of figure 2. They Rule: At the input, a two-port containing a mosfet or
all should be such that the bias conditions both at the input @ bipolar transistor, imposes a voltage relation between the
and output port can be zero. Of these four sour@'@@' and input terminals, wheti¢ is controlled ViaIBQ . The VOItage

Verq are set, the other two sources need control to match. relation cannot also be set by the environment.
When the environment actively keeps the input bias volt-

age to zeroVpgqg has to be controlled based é&x¥¢. The
environment has a “voltage-source character” and is cer-
The voltage sourceg g isinserted as an independent volt- tain to set a zero bias voltage between its terminals, without
age sourceThe environmentas to keep the bias voltage at defining a current.

the output port equal to zero, since the two-portcannotdo it  This could e.g. be the case at the input of an amplifier
by itself. The voltage sourdé; ¢ is at one side connected connected to an inductive source. Then the inductor sets the
to the collector, that acts as a current source, which cannofnput bias voltage to zero but could sink an undetermined

3.1.1 The voltage at the output



amount ofIgg, thereby making the relation betwedp ) Dvs v, (D)

andIpq undetermined. Stillz needs control, but only to v, ¥ vev,

make the current bias at the input equal to zero, not to con- }le _,__@@ O

trol I . Also in this case this control can often be omitted, 1} 1}

as will be discussed later. O Ov O, ©
Note that for mosfets, the procedure is identical, so also 2l

four sources are inserted. Though a mosfet might not need

an input bias current, still control of the bias current at the hs é —'7 p Il‘—l—la é l

input must be there, at least to supply the charge on the gate < @ = o = ©

capacitor to get to corredfzs. So a controllable current is

inserted, even if its steady state value would be zero. tmay  Figure 3. Biasing a cascoded transistor, (a)
be that this control input is needed later. This can not be  the initial situation, (b) manipulation of the
determined at this moment yet. current sources, (c) manipulation of the volt-

_ _ age sources.
3.2. Passive devices

Passive devices need to biasing. No sources have to b

msegteql. A.St”ﬁt ru'%?t the 'mt'?l bnlast;ing sterpr |sr,1;[ha;tvnc|1tl|n- of the cascode transistor to ground comes in parallel with
car device IS allowed o support any bias current or vo age'voltage sourcd/; and can therefore be deleted. When the

;I'f;]lsi;n etarlti thatti\{;1t tdhl\s/ipomt r;]og 0; tPlggfg:?f;;isabe'paralIeI connection of the three sources at the collector of
onging to the active devices can be dele the lower transistor is evaluated, it is found that jiiste-

sutale passe devic i seriosor nparallel.Becauseofy 1 50 S L8 S TR IR,
S &iso the we 0 evenin—No this, if not, a larger source is left over, but this is not es-

not be applied. sential for the procedure that follows). Minimization of the

(This means for example, that a resistor connected from 8humber of current sources can be continued by evaluating
supply to a collector does not set the voltage on that COIIEzc'the influence of the signal behavior of the amplifier when a
tor. The value of the collector voltage is still undetermined.) current source is switched off

hifting and merging of r which i neinalater —, .
stase E:ag ?ea(lj q tsgcfrrc:eniosuo&esé i graﬁgloaned Jor a volt This makes sense for current sources that connect to nodes
9, . : . . pa that have more than two currents flowing in or out. Into the
age source in series with a passive device. In some case

$hode mentioned above to which the the remaidinig con-
purely accidentallyit could be that the nature and the value e

fth . ¢ h that th ) n bnected, 3 currents flow. Wheh is set to zero, in this case
of In€ passive component are such that the Sources can b, 1actor current of the cascode transistor is reduced.
deleted. E.g. a linear capacitor with a bias voltage source

. : . This will have influence on the small signal parameters of

N Series could probably support the voltage across its OWNihat transistor and so on the signal behavior of the amplifier.

terminals. Therefore this small signal behavior has to be re-evaluated

) ) ) to see if this is still within the margins that are in the spec-

4. Bias source manipulation ification of the amplifier. If the behavior is still within the
specifications, the source can be deleted.

In figure 3a, the result of the first stage of the biasing A faster procedure is possible when margins for the col-
method can be seen. Some currents are controlled, but tdector currents are made available during the small signal
show the shifting operations it is not necessary to know design.
which.

?he new situation can be seen. The souicrom the base

4.2. Voltage sources
4.1. Current sources
The bias voltage sources can be shifted through the net-

Floating current sources are split into two sources that work by means of the E-shift rule[1, 5]. The target is to shift
have one terminal referred to a common node called groundthe sources through the network in such a way, that they end
Ground is the potential of the environment of the circuit.  up in a branch that is connected to the central node called

Current sourcds in figure 3b is split into two sources, ground. The cascade of voltage sources that arises in those
one from ground to the collector of the cascode transistor,branches become the so-called supply voltages of the cir-
the other anti-parallel with; . Current sourcés is also split cuit. Note that with this method, the supply voltage is not
into two sources, one from ground to the base of the cascodayiven as a specification, but is found from the biasing condi-
transistor, and the other anti-parallel with In figure 3b tions. Itis possible to minimize the required supply voltage



by adequate shifting of the sources. The great advantage ohot relate nodes eitheitt can be investigated which nodes
this method is that it is clear which devices and which per- have a defined voltage relation. Nodes that are related form
formance parameters are involved in setting the value of thea cluster. In figure 4 it can be seen how two separate clus-
supply voltage. If a lower supply voltage is demanded than ters of related nodes originate. For proper operation of a cir-
found in this way, it is immediately clear which tradeoffs cuitwith respect to biasinghere should be just one cluster.
are possible to reduce the required supply voltage. WhenFor the signal behavior more than one cluster is allowed. If
a higher supply voltage is allowed than the circuit actually more than one cluster is found, the clusters are floating with
needs, probably the performance of the circuit could be im- respect to each other. The clusters are only iotenected
proved. via bias current sources, device ports with current source
Sometimes it is not possible to shift a voltage source into character and linear components, that most likely need a
a branch connected to ground. This e.g. happens for voltageertain voltage across them but can not enforce it. The bias
sources that are in a mesh that does not contain the groungoltage relation between the clusters is undetermined and
node. Then itis tried to cluster floating source in one branchif the total current [z) between the clusters is not exactly
as much as possible. This reduces the number of floatingzero even unstable. It is necessary that the bias voltage re-
sources to be implemented and may even remove the floatfation is stabilized by controlling the error in the intercon-
ing sources if they happen to cancel. nection current Iz), which means that at least one of the
An example can be seen in figure 3c, where voltage bias current sources that connects the clusters becomes con-
sourceV, is shifted through the cascode transistor and trolled. Controlis done by comparing the voltage difference
comes in series witli'; andVs;. Research on an algorithm  between the two clusters and by using this difference to con-

is currently going on. trol one or more current sources. The device that is between
the two nodes used for the comparison, determines the bias
4.3. Changing device types. voltage difference that should exist between them. This is a

know value. In the case of figure 4 the resistor between the

During the shift operation of current and voltage sources, Nodes 1 and 2 requests, but cannot (by rule) enforce a zero
currents sources can come in parallel and voltage sourcedlifference.
in series. Their values are added. It is possible to reduce
this sum, by changing the polarity of one or more of the V
sources. This is done by changing the type of the transis-
tors. An NPN-transistor is replaced by a PNP-transistor, (CD/_\./\
and an N-channel mosfet is replaced by a P-type. When
the technology used is complementary (enough) in the es- (»

sential parameters for the signal behavior, this can be done .4/_».1_:]4.24/ ‘\v

without redesigning the signal behavior. In other cases un- ;
fortunately one iteration in the signal design is necessary. { "> (Compare) <"

In figure 3c,V; andV3 both represent a collector-emitter g
voltage. In this case they have the same polarity. When one
of the two transistors is changed to a PNP transistor and the
collector-emitter voltages are (or can be made) equal, the
voltage sourcéd’s + V5 becomes zero and can be removed.
However, in that case the current sour¢esind I; do not
cancel any longer. The allowed supply voltage can be a
guide in deciding which option is best used.

The number of bias-current sources is minimized and
each current source has one terminal grounded. The mos
of the voltage sources are referred to a common terminal
(ground).

Figure 4. Controlling the bias voltage differ-
ence between separate clusters. Nodes that
do have a defined voltage relation are con-
nected with arrows.

Special measures have to be taken such that the introduc-
Ytion of the control loop does not influence the signal behav-
ior. Interference of the loop can be prevented by placing a
frequency filter in the loop or by making use of balancing
techniques (common mode/ differential mode). However,
5. Floating nodes this is beyond the scope of this paper.
In cases like figure 4, it may be that the value of the trans-

In a circuit, all nodes must have a well defined bias volt- fer (transconductance) from voltage difference, to a correc-
age relation to each other. Transistors can relate the twation current that could be inserted in parallel with the resis-
input nodes (B-E and G-S) as shown before. They do nottor is close enough to the trans-conductance of the resistor.
relate their output noded.inear (passive) components do In that case the control could be done by the resistor and no



extra loop is needed. Cases like this are easily found dur- University of Technology, 1996. To be published as
ing evaluation of the clusters by inspecting the values of the a book soon.

resistors (and inductors) that are between the clusters.
[2] C.J.M.Verhoeven, A.H.M.van Roermund,

W.A.Serdijn Analog IC techniques for Low-Voltage
Low-Power ElectronicsDelft University Press, Delft
1995.

6. Bias-source control

A number of sources have been indicated as controlled.
Every control loop could be implemented separately, which [3] A.van StaverenStructured Electronic Design of High-
is feasible for simulation purposes. For a practical circuit Performance Low-Voltage Low-Power References |,
the number of loops must be reduced to a minimum. A Delft University Press, Delft 1997.
number of reduction techniques exists. For example, when
two transistors); and@2 are cascaded, the controlled in-
put bias currentfgg2, comes in parallel with the output
bias currenff¢q:. Then the control ofzg2 can be passed

on the the controlled source that is related¢@:, which [5] E.H. Nordholt,Design of high performance negative

could belgqg:. Ipg2 can than be chosen constant and feed back amplifier&lsevier, Amsterdam 1983.

added to the value digg1. In this way, by controlling one o _

current {5q1), the collector currents of the two transistors  [6] J. Stoffels,Automation in high-performance negative

involved will be correct. In most cases the reduction results feed ba ck amplifier desigiehD. Thesis, Delft Uni-

in one remaining overall loop that needs to be implemented ~ Versity of Technology, Delft January 1988 .

and perhaps some simple local loops. Alsoin _this case, spe- [7] J. Stoffels, AMPDES: A Program for the Synthesis

cial measures have to be 'taken such thgt the mtrodgctlon of of High-Performance AmplifiersMarch 16-19, 1992,

the control loop does not influence the signal behavior. De- EDAC, Brussels, Belgium

tails on this can be found in [1]. ’ ’ '
Most of the controlled voltage sources, liKgzq, come [8] Zhen-Qiu Ning, Ton Mouthaan, Hans Wallinga,

in series with constant sources, likgzq, of which the SEAS: A simulated evolution Approach for analog cir-

value is not very critical. Then these sources can be made cuit synthesisCICC’90, May 1990

constant. When a voltage source does need control, to

equate voltage bias conditions to zero, implementing it as [9] J- Stoffels en C. van Reeuwijimplifier design au-

a coupling capacitor can be a simple solution. In cases  tomati on and device properties: the Ampdes synthe-

where this causes an unacceptable alteration of the signal  Sis program Proceedings of NASECODE, May 19-

frequency behavior, an actual control loop needs to be im- 22, 1992, Vienna, Austria.

plemented. Also on this topic, details on this can be found

in[1].

[4] W.A.Serdijn, The design of Low-Power Analog Inte-
grated Circuits and their application in Hearing Aids,
Delft University Press, Delft 1994.

7. Conclusions

A non-heuristic bias methodology has been presented,
that is suitable for automation. Special attention was paid to
the way the biasing of the active components is introduced
and to the way the control of the bias sources is arranged.
The methodology has proven to work for negative-feedback
amplifiers and other simple amplifiers, but should work for
more linear circuits. This is still a topic for further research.
Presently, prototype software is being developed to arrive
in the end at a tool that is able to bias any (automatically)
generated amplifier with no restrictions on topology.
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