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Fig. 6. Common base amplifier with base spreading resistance, frequency de-
pendence, base inductance, emitter biasing and emitter capacitance.
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Fig. 7. Plot of R(z;,,) with frequency showing the independence of the roots
of R(z,,) from 7. At high frequencies all lines tend to zero ohms. ry. =
172.5 Q, cpe = 139 pF, 89 = 100, Rg = 680 2, r, = 39.66 Q, Lp =
15nH, C'r = 10 {F to 100 nF in decade steps.

is preferable to estimate a worst case and ensure that the circuit
design parameters that are easily controlled will not result in
instability. The transimpedance of Fig. 4 exhibits a second order
low pass behavior which may be found using standard circuit
analysis.

V. ADDITION OF EMITTER CAPACITANCE (SIGNAL SOURCE
CAPACITANCE)

The addition of capacitance at the emitter (Fig. 6) further
complicates the problem but it is still analytically tractable. By
using methods identical to those used in the prior section it may
be shown that the new time constant, 7z = Cglig, has no ef-
fect on the range of frequencies over which R(z;,,) is negative
given a certain value of 7z and a particular set of small signal
parameters. The extension to the method used previously is to
note that 7z is absent from the analytical expression for the solu-
tion of the roots of (2;,,) and so cannot influence the boundary
conditions. A graphical example is given in Fig. 7 using similar
small signal parameters as Fig. 5. It shows that a wide range of
Tg has no effect on the boundary conditions. Note that all of the
lines fall through the axis at the same frequency; 7z does not
affect the range of frequencies having negative input resistance.
The value of C'r plays a part in tuning the frequency of oscilla-
tion in a poorly designed amplifier. The transimpedance of the
circuit in Fig. 6 is third order low pass and may be found using
standard circuit analysis.
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Fig. 8. Common base amplifier hybrid-m model neglecting early effect.
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Fig. 9. Effect of variation in C'g on the region of frequencies over which
R(zin ) is negative including the effect of a constant ¢.;. 1. = 172.5 2,
cpe = 139 pF; Ry = 680, ¢ = 0.3 pF, Lp = 15 nF, Ry, = 500,
gm = 038 A/V, ', = 10 pF,r, = 39.66 {1, C'r = 10 {F to 100 nF in
decade steps.

VI. ADDITION OF LOAD CAPACITANCE AND
COLLECTOR—BASE JUNCTION CAPACITANCE

Unfortunately, the final example (Fig. 8) is not analytically
tractable. It can be shown numerically that the circuit of Fig. 8
has a range of frequencies over which the real part of the input
resistance is negative, and that the boundaries of this region are
still independent of 7, an example is shown in Fig. 9. The col-
lector—base capacitance, ¢, and 7c—the time constant of 12y,
and C'p—affect the range of frequencies over which R(z;,,) is
negative for a given 7 . Some numerical examples follow which
describe the pertinent points relating to the base—collector ca-
pacitance.

Fig. 10 shows the effect of increasing 7}, on the region of
frequencies over which R(z;,, ) is negative when ¢, is constant.
The small signal parameters are given in the caption. Note that
the inclusion of ¢.;, has not significantly changed the region of
frequencies over which z;,, is negative compared to Fig. 7.

The collector—base capacitance allows the load resistance to
interact with the base network and so affect R(z;,, ). It is neces-
sary to explore the effect of ¢, over a range of I?; assuming that
the amplifier has already been made unstable by a sufficiently
large base inductance.

Fig. 11 shows the effect of varying ¢, under the conditions
that r, is too small to produce a stable amplifier, and I?, is large
enough that c.;, does not appear to short the base to the positive
supply rail (which is AC ground), but 121, is not so large that it
acts to stabilise the amplifier. Note how the region of negative
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Fig. 10. Effect of increasing r5 on the region of frequencies over which R( z;,, )
is negative when c.; is a plausible, constant, value. r, is given in the figure
legend. iy, = 172.5 Q, ¢5. = 139 pF; Rp = 680 Q, ¢, = 0.3 pF,
Ly =15nF,Cp = 100pF. R, =500,C, = 0,9, = 0.38 A/V.
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Fig. 11. Variation in the frequency range of the negative input resistance as a
function of ¢..,,. Ry, = 500 €. ¢, = 10~fF to 100~fF in decade steps.

R(2;n) moves down in frequency with increasing c.p,; and that
as ¢, couples the base node more strongly to the collector, the
amplifier becomes stable.

Fig. 12 shows the same range of ¢, values while IZ; has
been doubled. Note that a smaller value of ¢.;, now brings about
stability compared to Fig. 11. Similar arguments hold when iy,
is 20 and 200 times the impedance of ¢, at 1 GHz. 1 GHz is
chosen arbitrarily because it is in the region of interest for the
set of example small signal parameters used in this paper.

Fig. 13 shows the effect of variation in Cz for a constant
value of ¢, (0.3 pF) when 12 is large (50 k€2). The large value
of Iy allows a sensible value of ¢, to stabilize the amplifier.
The parasitic capacitance associated with I?; is ignored, as is
the load capacitance, Cy,. Stabilization of an amplifier by in-
creasing the collector—base capacitance or load resistance is
unlikely to be practically helpful. Increasing 27 will sacrifice
bandwidth and increasing ¢ requires that the power supply ap-
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Fig. 12. . Variation in the frequency range of the negative input resistance as
a function of ¢, when R, i doubled compared to Fig. 11. Rz = 1 k£2. Other
parameters are given in Fig. 10.
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Fig. 13. Variation in the input resistance as a function of C'z when the amplifier
is stabilized by a large value of I2;. C'y = 10~fF — 100~nF in decade steps.
¢ep = 0.3 pF'. Other parameters are given in Fig. 10.

pears as a perfect AC ground. Since a parasitic inductance is at
the heart of the stability problem being considered, using a solu-
tion dependent on the parasitic inductance in the power supply
rail seems unwise. Some more sensible practical approaches are
considered in the last two sections of this paper.

In sub-micron CMOS problems the channel resistance will
not be negligible. The channel resistance allows interaction be-
tween the collector and emitter nodes. A similar numerical ap-
proach can be applied to the channel resistance as has been used
for c.p.

A general rule for assessing the likelihood of oscillation is if
71, > 71, oscillation is likely but not certain. Observation of
the real part of the impedance looking into the emitter, using
a circuit simulator such as SPICE, can give an indication of
the likelihood of oscillation, assuming the simulation models
are accurate. The transimpedance expression for Fig. 8 has five
poles and four zeros.

VII. COLPITTS OSCILLATOR

Negative resistance oscillators are found in electronic sys-
tems serving a multitude of purposes. A popular negative re-
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Fig. 14. ‘Common collector’ Colpitts oscillator with collector load resistance.

sistance oscillator is the circuit after Colpitts [29], [35]-[37],
reports of both bipolar [38] and FET [39] topologies exist in
the literature. The common collector Colpitts oscillator bears
strong resemblance to the amplifier circuits considered in this
paper. Fig. 14 is nearly a standard form of the Colpitts oscil-
lator. The base emitter diffusion capacitance is lumped with an
external capacitance into C;. C5 is the source capacitance, Rg
is the emitter biasing resistance, Ry and R3 bias the transistor
and L p is the parasitic base inductance. Rp is a ‘base stopper’
resistor. C3 grounds the base for AC signals. The introduction
of the collector load resistor to the oscillator is not significant
provided ¢ is small. If ¢y, is sufficiently large that significant
coupling exists between the base and collector at the frequencies
of interest, then increasing E;, tends to increase the resistance
looking into the emitter, eventually making it positive. For this
reason, a true common collector Colpitts oscillator has no inten-
tional elements in its collector circuit. In this paper it is assumed
that Ry, is relatively low valued such that 7 does not limit the
high frequency performance. A compatible assumption is that
R, is insufficiently large to prevent $(z;,, ) becoming negative.

VIII. ANALYSIS OF THE COMMON BASE AMPLIFIER FROM AN
OSCILLATOR’S PERSPECTIVE

Up to this point it has been assumed that the desirable circuit
function is amplification. If, however, we treat the common base
amplifier as a common collector Colpitts oscillator, and allow
the collector load resistor to remain, the circuit has two possible
modes of operation. The stability of the amplifier may be dis-
covered by considering its merits as an oscillator.

Ignoring ¢, and C'z, the circuit of Fig. 14 has the small signal
representation given in Fig. 6. The circuit may be analyzed to
find the frequency of oscillation as a function of the circuit pa-
rameters. A further value of interest is the minimum transcon-
ductance required for oscillation to begin.

A. Oscillation Frequency

The method of analysis can be found in a standard text such
as [40]. The principle is to provide an initial excitation and find
the gain due to the excitation. The excitation may take the form
of a voltage or current source. The placement of the source must
be such that when it is removed the network is not modified. For
oscillation to begin, a frequency must exist where both the real
and imaginary parts of the denominator of the transimpedance
function fall to zero.

The real part of the denominator of the transimpedance func-
tion of Fig. 6 is given by

(—rpBocre RECE — LpPoche — Lpgm RECE)w?

+ﬁ0 + rogm + REg”" + ﬂUg'm,RE- (15)
The imaginary part is given by
7w3LP/30Cb€RECE + (RE(l"bngE + ,6[)CE + /3()(;1)6)
+Lpgm + reBoce) w.  (16)

Setting the imaginary part (16) to zero and solving yields

UJ2 — RE(/’)bgrnCE + ﬁOCE + ﬁOCbe) + LPgm, + ﬁocbeﬂ’b
LpfBycye RECE )
(17)

It is possible to find the value of a particular component which
will yield the minimum transconductance required for oscilla-
tion. This is accomplished by substituting (17) into the real part
(15) and differentiating the resulting expression with respect to
the component in question. For example, to find the value of Cg
that requires the minimum transconductance for oscillation—all
other parameters being defined and held constant—substitute
w? into the real part and differentiate with respect to C'g. Set-
ting the result to zero and solving for Cp; yields

CQ _ LPﬂOCbE(Tbﬂche + RE/BOCbe + LPgm,)
£ R2E (Tl?ﬂocbeg'm + Tbﬂtzlcbe + LPg?n,Tb + LP/BOQm()lg)

For a particular set of small signal parameters, the value of C'g
given by (18) will yield oscillation with the minimum device
transconductance. The frequency of oscillation for this, min-
imum transconductance, value of Cg is found by back substi-
tution into (17).

IX. THE EFFECTIVENESS OF INCREASING THE BASE
SPREADING RESISTANCE

A common method of stabilizing an oscillating amplifier is
the addition of a resistance which increases the base spreading
resistance, 7. In Fig. 14 this extra base resistance is labeled
Rp. It is illuminating to plot the minimum transconductance
as a function of an example circuit parameter (Cg) as r,—now
taken to be the sum of 7, and Rz—varies. Unfortunately, cp. is
linked to g.,,, and the interaction between them clouds the pic-
ture. Therefore we assume that the oscillator designer adds an
extra capacitance in parallel with ¢, such that the combina-
tion of the two (C1 in Fig. 14) does not vary significantly with
g - This is common practice. The effect of increasing 7, on the
necessary g,, required for oscillation is shown in Fig. 15. Small
signal parameters are given in the caption.

X. PRACTICAL METHODS OF ASSESSING OSCILLATION

A spectrum analyzer provides a productive method of as-
sessing oscillation on the test bench. A free object possessing
capacitance to ground is also useful. The circuit under observa-
tion is connected to the analyzer. The background signals should
be recorded prior to applying power. The circuit may not os-
cillate immediately, particularly if it is cold. Oscillation in the
RF region will often result in a waveform consisting of several
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Fig. 15. Plot showing the value of ¢, required for oscillation as a function of
C' for several values of rp. ¢4y = 139 nF, Ry = 680 Q, L, = 15 nH,
3o = 105.8.

harmonics. As the active device(s) increase in temperature from
cold to the operating temperature, a shift in oscillation frequency
may be observed. Once the oscillation frequency has stabilized,
it is sometimes possible to lower the frequency of oscillation by
bringing an object close to the circuit. This principle underpins
several musical instruments including the Theramin [41]. The
emitter node is particularly sensitive in the common base am-
plifier configuration. The magnitude of the frequency variation
is dependent on the magnitude of the additional capacitance to
ground formed by the object, with respect to the capacitances
already present in the circuit.

It most circuit designs, a common base amplifier will not
drive a transmission line directly. The output impedance of a
common base amplifier is approximately equal to I21, so a buffer
amplifier is often used. If the buffer has insufficient bandwidth
to reproduce the oscillation frequency, it will be difficult to ob-
serve it directly using an analyzer. Assuming that the buffer am-
plifiers have insufficient bandwidth, their action on the oscilla-
tion signal is likely to be rectification. A baseband output having
a large variation in DC offset, when an object possessing capac-
itance to ground! is brought near to the RF common base stage,
is suggestive of oscillation. In such situations, near field probes
may be used with an analyzer to observe the oscillation. Note
that any wide band active circuit’s DC offset will rise to some
degree when an object is brought near, because the object acts
as an antenna and background signals are capacitively coupled
into the amplifier. In the case of oscillation, however, the DC
shift is likely to be more pronounced as the amplitude of the
oscillation will change as the circuit capacitances increase. One
may also find that quiescent DC voltages in the RF amplifier are
unusually sensitive to foreign objects and physical disturbance.
‘Wiggling’ the DC power input connector on the circuit board a
little may cause significant changes in quiescent conditions for
a short period. If this kind of behavior is observed, oscillations

IThe author has found that his hand is sufficiently effective.
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should be sought. It is unfortunately more difficult to show that
a circuit does not oscillate than to show the opposite.

XI. HIGH FREQUENCY TECHNIQUES

Practical methods regarding the physical requirements of
high frequency circuits which function as designed are often
neglected or summarized as ‘high frequency techniques’.
High speed transistor circuits, especially those run at higher
quiescent currents and so larger transconductances, are more
susceptible to oscillation when inappropriate board layout and
construction is employed. Below are the points that have been
found most useful in helping to achieve a stable amplifier.

* Minimize stray inductance and capacitance in the layout.
Reduce the board area taken up by RF stages. Increase
track widths. This decreases self inductance of the track.
Increase distance between track and ground plane. This
decreases capacitance to ground. Only run electrically long
traces which are driven by low impedances.

* Avoid ground planes under high speed transistor ampli-
fiers and operational amplifier stages. This decreases ca-
pacitance to ground.

« Ensure microwave transistor emitters are well connected;
connect all the emitter tags. This reduces the resistance and
inductance in series with the emitter.

* When decoupling nodes to ground, use a range of capaci-
tances. For example 220 pF, 220 nF and 100 pF in parallel.
Ensure that the smallest value capacitance is closest to the
node. Aluminum electrolytic capacitors become quite in-
ductive as frequency increases.

* Connect top and bottom ground planes together at regular
intervals. Connections should be spaced less than 1/10th
of the wavelength that corresponds to the unity power gain
frequency of the active devices.

* Ground planes must not be permitted to appear as trans-
mission lines, because there will be no common ground
reference for the circuits on the board. The transistor in
common base mode views the signal source with respect
to the base node, not with respect to wherever the signal
source ground enters the circuit board, or any other loca-
tion in between the two. If the ground plane possesses sig-
nificant parasitic inductance over the distance between the
location of the signal source ground and the location of the
transistor base ground, the circuit stability will be compro-
mised.

* Decouple all power supplies at the terminals of all active
devices and circuit stages.

Sometimes, ensuring the layout is well conceived is not
sufficient to prevent oscillation. In these cases, extra compo-
nents must be added to: 1) make the impedances larger at high
frequencies, 2) damp resonances or 3) increase the transcon-
ductance necessary for oscillation. Many methods of achieving
these aims exist, but the additional general guidance below has
proved useful.

» Use extra base resistance sparingly. Increasing the base
resistance reduces gain, reduces bandwidth and carries a
high noise penalty [8]. If frequencies are sufficiently low,
a ferrite bead may be used instead.



This article has been accepted for inclusion in a future issue of thisjournal. Content is final as presented, with the exception of pagination.

GREEN et al.: STABILITY IN SMALL SIGNAL COMMON BASE AMPLIFIERS

* Use several active devices in parallel to lower the in-
dividual transconductance, but maintain the ensemble
transconductance. This carries a noise benefit. Multiple
devices may be used in conjunction with an extra base re-
sistance such that the noise penalty of the extra resistance
is partially mitigated [8], [42].

* In some cases, a Zobel network—image filter—is a vi-
able alternative to increasing the base spreading resistance
without suffering the same speed, gain or noise penalty.
For example, a Zobel network connected from the gate to
drain of a power FET operating as a source follower can
prevent the impedance looking into the gate becoming neg-
ative at high frequencies, due to a capacitive load on the
source.

XII. CONCLUSION

Analytical results have been developed for a series of pro-
gressively more complex common base small signal amplifier
models which address the nature of, and conditions necessary
for, instability. The common base amplifier has been treated as
a Colpitts oscillator and the conditions necessary for oscillation
established by a second method. The common practice of using
a ‘base stopper’ resistor has been explored. A general design
rule for avoiding oscillation (77, < 7r) has been given. Prac-
tical approaches to observing oscillation and recovering an os-
cillating amplifier have been discussed.
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