7

The Normal
Pierce Oscillator

7.1 INTRODUCTION

This chapter develops the additional and /or modified relations of Chapter 5
required to design this type of oscillator. It also contains comments about
the practical aspects of the design. Finally, it formulates two design algo-
rithms—one for each of the major types of limiting of Section 6.2. The
algorithms are specifically applicable to the self-limiting types of crystal
oscillator, but they are also useful for non-self-limiting types and oscillators
with other two-terminal resonators.

By the normal Pierce oscillator is meant the oscillator first shown in Fig.
S5.1a and now repeated in a modified form in Fig. 7.1. All the components in
this figure are physical; that is, they are all installed components. However,
there are additional resistors and capacitors which form part of the transistor.
This chapter will show how to compute the values of the physical components
which when combined with the transistor properties will produce a prespeci-
fied oscillator performance.

7.2 OSCILLATOR CIRCUIT ANALYSIS
7.2.1 Introduction

As stated in Section 5.5.1, the Pierce circuit is basically the same as the Colpitts
oscillator and all the theory developed in Chapter 5 for the Colpitts oscillator
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Figure 7.1 Pierce oscillator detailed schematic.

applies, with slight simplifications, to the Pierce oscillator. Since the analysis of
the Colpitts oscillator was based upon the detailed ac circuit schematics of Fig.
5.9, it is instructive to show similar schematics for the Pierce oscillator.

Figures 7.2a, 7.2b, and 7.2¢ are analogous schematics for the Pierce
oscillator corresponding to Figs. 5.9a, 5.9b, and 5.9¢ for the Colpitts oscillator,
and Section 5.5 should be consulted for the derivation of these schematics. It
will be noted that the only difference is, apart from the change of datum point
(ground), that r, is across X, in the Pierce oscillator, while 7, is across X, + X,
in the Colpitts oscillator. This seemingly trivial difference has the following
important effects:

1 r, has a considerably smaller loading effect and results in a higher
operating Q in the Pierce oscillator.

2 The Pierce oscillator is easier to design.
7.2.2 Modified Equations

Some of the equations derived in Chapter 5 have to be modified as follows:
Equation (5.40) now becomes

X2 x2 X
Pl et SR (P (7.1)

Ryp=R, +
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Figure 7.2 Pierce oscillator. (a) Detailed schematic of the ac circuitry. Note: i, = ig.
(b) Modified schematic, Step 1. (¢) Modified schematic, Step 2.

where by definition (see Section 5.5.3) and Eqg. (5.40)

Xlzg X|2
Bo Tper ( )
X2
L (7.3)
X2
=% =R, (7.4)



184 The Normal Pierce Oscillator

22
—————————— 1
oo
|
|
1
|
|
|
4
=X R, !
2 é L :
i
|
i
|
|
|
I
= = {
|
___________ |
{c)
Figure 7.2 (Continued).
Also,
Vy=L5LZ, = —jl; X, (7.5)
and
Vol = 14511 X, (7.5a)
Equation (5.59) becomes
I X.
Il _ 1%, 16
| e‘ T
where R is defined in Eq. (7.1). Equation (5.65) becomes
Vi =L[R; + Ry, + R, + jX;] (7.7)
or
2
WVil= lfsﬂ/(Rs + Ry, + Ry) + X7 (7.8)

The relationships presented in this chapter deserve greater elaboration, but
an adequate presentation is prohibited by space limitations. Equations (7.1) to
(7.7) particularly merit close examination, as their significance changes sub-
stantially with the type of limiting. Some of these aspects will be treated in the
following sections.
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7.2.3 Fundamental Design Equations
By definition

Mol = 8mlVsl = 8ml131X;

from Eq. (7.
2
1000, = L
RL
1000P;, = IR,
Let
P _ 7
! PZ: 132R3RL
or

n=(R3+R-m+Rb)2+X22

'rom Eq. (7.7)

= ‘rom Eq. (7.4)

solving for R,

_nR R - (Ry+ Ry + Ry’
= X,

R,

(R; + R, + Rb)2
R,

185

(7.8)

(7.9)

(7.9a)

(7.10)

(7.11)

(7.12)

(7.13)

(7.14)

When a design is first started, the values of R, and R, are unknown.

If it is assumed that
R;> R, +R,

then Eq. (7.14a) becomes

(7.15)

(7.16)
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and from Eq. (7.1),

R, = R, + R, (717)
Also from Eq. (5.77),
0 = Q2R _ Qz, (7.18)
P Ry;+R, 1+ (Ry/R;)
which becomes, from
Qz,
Cr = T3 7= KoK, (7.19)
Usually,
R
149> =2 (7.20)
R,
therefore
0z,

which states that for small degradations of Q, 7 must be small.
If a degradation of 0z, of approximately 25% is allowed, then

n =033

which is a recommended value.

Equations (7.10) and (7.21) state that for small Q degradation, the output
power is much smaller than the Z, power.

Equation (7.16) should be further investigated. This equation states

R3
R, =nR; - R,

Occasionally, R, calculates as being a negative quantity, which is obviously
physically impossible. What it does mean is that the design is unsound. The
only way of correcting this defect is to increase R, which in turn requires
increasing ¥}, which in turn requires increasing the BV of the transistor and,
possibly, Vgg.

724 Discussionof V; and R,

Obviously, the larger V, is, the greater is the power output, but ¥, __is limited
by the BV of the transistor; and the relationship of BV g to ¥, __ will now
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be explored. BV is emphasized over BV because in every silicon transistor
BV,p is considerably larger than BV.

The relationships are different for the collector limited and the be cutoff
oscillators. This difference is caused by the fact that in the collector base
voltage limited oscillator, V; is relatively independent of R, for a given
oscillator. However, Egs. (2.79), (7.1), and (7.5) state that as R, decreases in an
oscillator designed for be cutoff limiting, I increases. Equation (7.7), in turn,
states that ¥ increases, although not as fast as I, increases. Particularly, when
Z, is a crystal, R;, of necessity, varies from unit to unit and provision must be
made in the circuit to allow for the variation.

7.2.4.1 Calculation of V;__ for the Collector Base Limiting Oscillator

Figure 7.3 shows the voltage relationships in this type of limiting. V, is shown
approximately equal to V, to provide a factor of safety, although V, is
appreciably smaller than V.

By inspection it is seen that

OCEpy — Vcmax — Vg

min

=~28(V,__+V,) (7.22)
assuming V, = V.
But Vcg,, < BVcp
Yc
t—>
14V,
700 mv
—L v,
7 B
VB V/D>_// 6_700 m
E
\/
\T/ 14 v, %
*Emin

Figure 7.3 Voltage relationships for collector base limiting in the Pierce oscillator.
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therefore,
v, s BVC52782.8Vb
< 0357BV g — V, (7.23)
To compensate for — V,,
V.. =033BV. (7.23a)

7.24.2 Calculation of V; __for the be Cutoff Limiting Oscillator

Figure 7.4 shows the voltage relationships in this type of limiting. In this
oscillator vy must be less than v for Z; having the minimum R;. Since the
oscillator is designed for R; _, when ¥, is minimum, provision must be made
for the increase of V; as R, decreases. Let

R
o _ 5 (7.24)
3min
then
Vi
—mx 1.5 7.25
VLmin 1 ( )
1.4 VL
V |
" ‘¢ t—>
Cmin
141, B max
VB J; /\
W
— 700 mV
Ve

Figure 7.4 Voltage relationships for base emitter cutoff limiting in the Pierce oscilla-
tor.
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and from Eq. (7.23a)

V, . = 01'—?BVCE = 0.22BV,, (7.26)

7.24.3 Calculation of Vg, Which Should Be Greater Than 2 V
7.2.4.3.1

It is evident from Fig. 7.3 that for collector limiting,
Vg= Vg — 14V, + V,) (727)
7.2.4.3.2
Similarly, from Fig. 7.4, for be cutoff limiting,
Ve=Vag — (22.1)(V, + V3) (7.28)

It is very desirable that vop = OCpig — VE, in Fig. 7.4 exceed 1700 mV to
ensure proper operation of the transistor at hlgh frequencies. Therefore, Eq.
(7.28) becomes

Ve = Vas — (2 2.1)(V, + V) — 1700 (7.28a)

Equation (7.28a) sets a value of 1700 mV for v . However, it is desirable
that vog  be larger than 1700 mV. This is usually p0551ble for the common
values of VB p and for small V.

Consider the following example (all units in mV):

5=10000, ¥, =200, V,=113

Then, from Eq. (7.28a), V; = 7642.
This results in the following situation:

1 ocg, is calculated to be 1700.
r, will dissipate an excessive part of the available Vyp.

3 Vg will be difficult to maintain because of the tolerances and available
standard values of components.

This situation is not tolerable because it can be remedied. It is therefore
recommended that the procedure below be followed:

1 Calculate Vg, by Eq. (7.28a).
2 If Vg, > Vpp/2, make

v, =28 (7.28b)
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3 If Vg, £ Vpp/2, make

Ve= Vg, (7.28¢)

In the above example, Vi = 5000, which now makes vy = 4342, a
preferable value.

7.2.4.4 Calculation of R ; and Its Effect upon V;
Once V; __ is known, R, is found from
Ve

R. = To00p,

(7.29)

Often, R; computed from Eq. (7.29) is too large and cannot be physically
realized at the operating frequency f.
Equation (1.16) states that

10,000
R, <—
S

If this value of R, is substituted into Eq. (7.29),

Vo= 7.30
7 (7.30)

for P, in mW, ¥ in mV, and f in MHz. Obviously, ¥; must then be made the
smaller of the values obtained from Eq. (7.30) and Egs. (7.23a) or (7.26) as
applicable.

Q

7.2.5 Calculation of the Approximate g,, When R,, X, and X, Have Already
Been Computed

From Eq. (7.1),
Ry=R;+R,+ R, +R,=g,X\ X,
and neglecting R, because it is unknown:
Ry=Ry;+ R, + R, (7.31)
From Eq. (7.2),
_ X

Tye

R.

n

(7.32)



7.2 Oscillator Circuit Analysis 191
and from Eq. (5.114)

e =22
be &m
Therefore,
Xi8m
R;=R;+R,+ I En X1 X, (7.33)
Solving for g,
(R; + R,)
= (7.34)
8 Xl(Xz - Xl/ﬁo)
7.2.6 Some Miscellaneous Reactance Formulas
7.2.6.1
1
C=3- ra (general formula) (7.35)
159,000
or C= 2 7.36
/X (7.36)
where C is in pF, fis in MHz, and X_ is in .
7.2.6.2
=L
L= 2f (7.37)
where L is in pH, fis in MHz, and X; is in Q.
7.26.3
0.05
Xe, =~ (7.38)

XC’2 is made very small compared to 1/g,,, the dynamic emitter resistance.

7.2.6.4 Calculation of C;

A crystal resonator rated at antiresonance is required to work into a load
capacitance C; to be at its rated frequency f. Normally the capacitance
equivalent of X, + X, is much larger than C,_ﬂ. Therefore a capacitance C; has
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to be connected in series, and it is

159,000
, = 2 -(X;+ X 7.39
Cy CLd/f ( 1 2) ( )
and
, 159,000

7.3 FREQUENCY VARIATIONS DUE TO EXTERNAL FACTORS

The frequency variation, caused by changes in load impedance and power
supply voltages, is treated in this section.

7.3.1 Frequency Variation Due to Changes in the Load R

The treatment will consider changes only of the magnitude of R; and will
assume that the load remains resistive. Extension of the treatment to other
types of load variation will be obvious to the reader.

In Fig. 72¢, the load R, is across the reactance X,. Normally, since
R, > X,, Z, can be written

X: .
Z, = 5=+ jX, (7.41)
RL
but, in this case, the small changes in X, are important, so the complete
impedance expression must be used.

R, (jX,) R X7 RLX,
Z, =R, +jX;=5"—"— = - +J . 7.42
2w TIRTR TIG TR v TR+ X (142)
It is seen that when R, is changed to R, from R, , then
R} X R} X
AX, = — 2 - (7.43)
R, + X7 Ry +X
Then the fractional frequency shift due to the change in R, will be
AX
ar_ : (7.44)

f(ax(as0)7)
where (A X;(Af/f)™") is defined in Step b10 of the algorithms.
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Example

X, =120, R, =2000, R, = oo (open circuit),

(X, (AF/F) ™) cryors = 2 X 10°Q

then
ﬂ - ‘120 - 119.57} _

7 % 10° 2.1x 1077
X

7.3.2 Frequency and Amplitude Variation Due to Change in the Supply
Voltage Vg,

The frequency variation is very difficult to calculate since it is influenced
mainly by minute variations in the transistor characteristics with supply
voltage change. However, some useful qualitative conclusions can be obtained.

7.3.2.1 Frequency Variations Independent of Type of Limiting

In general, when the voltage Vyp is increased, C,,, C.,, and C,, decrease and f-

increases. All of these changes produce an increase in frequency.

7.3.2.2 Frequency and Amplitude Variations in Oscillators with Emitter Base
Cutoff Limiting

The oscillation equation (7.1) is rewritten here with some slight change in
notation applicable to the Pierce oscillator.

~X—"’2+R +X‘2— X, X. X (7.45)
TT R, 3T Em| 4142 B, .

R
Examination of the terms, X7/R,, R;, X}/r,, X,, and X, discloses that they
are independent of signal amplitudes. If it is assumed that 8, is also indepen-
dent of signal amplitude, then it follows from Eq. (7.45) that g, is also
independent of signal amplitude. If g, is independent of signal amplitude, all
effects, excluding those that are listed in Section 7.3.2.1, that may influence the
frequency are also independent of signal amplitude. Therefore, there is no
frequency change due to change of V.
Equation (7.1) gives no information on the amplitude change due to the
change in Vyp. To calculate the new signal strength ¥, the following procedure
is followed:

1 Calculate the new I using the equations in Section 2.5.
2 Calculate I, = 1.41. This is because vy, = 14.
3 Calculate |V, | = |I,| X, from Eq. (5.59a).
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When the above steps are followed, it will be found that V} is proportional to
I, which in turn is proportional to V5, when V is much larger than 700 mV.

7.3.2.3 Frequency and Amplitude Variation with Collector Base
Voltage Limiting

As Vpp increases, the output increases almost proportionally since Vg in-
creases proportionally and V.5 = 1.4V, + V,).

The tendency at the same time is for g,; to increase. This produces the
following effects:

1 C,., increases.
2 r,, decreases.
3 r,, decreases.

The effect of point 1 is to decrease the frequency, while the effects of points
2 and 3 are to increase the frequency, so that it is difficult to be certain
whether the frequency will increase or decrease. However, these effects, com-
bined with that of Section 7.3.2.1, usually will cause the frequency to increase
as the voltage supply is increased.

7.4 THE DESIGN PROCEDURE

The design procedure can best be described as a series of levels of successive
approximations. At each approximation level, the known information is used
to calculate additional quantities which are then incorporated into the original
information to form the basis for the next approximation level.

The rather arbitrary criterion, for termination of the design procedure, is
that it is terminated at the end of the level where

R, < LR, (7.46)

where R’ is the value of Ry at the beginning of the level and R is the value at
the end. R; is defined in Eq. (7.1).

The number of levels never exceeds two, so that the design procedure is not
excessively long and tedious. In general, the Pierce oscillator design requires
only one level of approximation. After the levels of approximation described
above have been completed, the resulting quantities are translated into the real
physical components which make up the oscillator. This translation is per-
formed taking into account the mode of operation of the resonator.

The procedures described above have been applied to several specific single
transistor self-limiting crystal oscillators and are presented in the form of
algorithms to render the complete design a formal, logical, and readily executa-
ble process (see Chapter 12).
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7.5 THE PIERCE OSCILLATOR, COLLECTOR BASE LIMITING

7.5.1 The Design Algorithm for This Oscillator (Algorithm 12.1)

Algorithm 12.1 is contained in Chapter 12. It is recommended that Section
12.2 be read before using the algorithm.

The user has to supply the information requested in Sections a, b, ¢, and d.
It will be noted that items c7, ¢9, cl0, and c11 are not used in the algorithm
but checks should be made, after completion of the design, to make sure that
these values are not exceeded.

As noted in Eq. (6.18)
8m,
A=,

Since the loop gain is proportional to g, and the loop gain, at stable
oscillation, equals 1, it follows that 4, is the small-signal loop gain.

The algorithm has been prepared for oscillators with crystal networks
operating in the inductive mode; however, it is easily adaptable for replace-
ment of the crystal network by another two-terminal network, such as an
inductor of reactance value = —(X; + X,) at the desired frequency.

Section 1.2.1.6 states that the algorithms have been prepared on the basis of
maximum practical conversion efficiency. This means that the load resistances
are the maximum practical. If for any reason a smaller load resistance, R, , is
desired in the normal Pierce and Colpitts oscillators, it is necessary to

1 Insert the desired R, in Step 3.

2 Calculate the new V; corresponding to the new P; and R;.
3 Insert the new ¥V} in Step 2.

4 Continue with the execution of the algorithm.

The algorithms in general, although there are some obvious exceptions,
include the design of an SC crystal mode selector making up X; (see Section
5.6.5.3). For very small I,, the physical realization of the mode selector
becomes impractical; for example, C, becomes too small. In that case, X,
should be the equivalent C; and the mode selector should be one of the types
shown in Fig. 5.13 (see Section 5.6.5.4).

7.5.2 Design Examples for Algorithm 12.1

Design Examples 7.1 and 7.2 are included as examples of designs calculated
from the algorithm. The important data is stated in the table and the
calculated circuit components values are those on the circuit diagram.
Examples are given for 2 frequencies. Examination of the data on Design
Example 7.1 shows that the design is unsatisfactory in that V. is too small to
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Design Example 7.2 Pierce oscillator, collector base voltage limiting.
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be closely controlled and excessive variation in output will result due to
variations in transistor characteristics and component values. It may be stated,
in general, that this type of design is unsatisfactory for low P, and/or very
high frequencies.
Normally,

R

— =

R, ﬂRd/

but Design Example 7.2 is a case where this is not true. This is because Rf,,-/R L
is not negligible compared to nR ;.

Line c3 of the algorithm requires that fr__be 150 and 5.3 MHz, and line c2
requires B8, _be 15 and 13 for Design Examples 7.1 and 7.2, respectively. It
will be noted that these requirements are met by the transistors specified. Also,
at the same frequency, the required f, _ is approximately proportional to the
square root of the output power.

7.5.3 Trimming for Algorithm 12.1 (see Fig. 7.1)

7.5.3.1 Introduction

After the prototype is constructed, using the nearest standard values for the
components, it is tested. Some adjustment may then be found necessary to
make the measured performance identical to the specification performance.
The adjustment process is called trimming and this section discusses the
trimming procedure.

7.5.3.2 Basis of the Trimming Procedure

The trimming is based upon the following approximate relations:

1 Vo & Veg (7.47)
from Eq. (7.23a).

2 \I|; = V,/ {R} + X} (7.48)
from Eq. (7.8).

3 Vel = 1311 X, (7.49)
from Eq. (7.5a).

4 P, x V2/R, (7.50)

5 |V,| and I; must be maintained so that the proper type of limiting is in
effect. This is a rather broad requirement and will permit a large range
of |V,| and I, the values of which must be optimized for lowest X; and
highest conversion efficiency consistent with the variations in transistor
properties. This may involve changes in the values of r,, R, r,;, and r,,.

Note: For a crystal resonator I; = I,.
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7.5.3.3 Typical Trimming Steps

The following describes the action required to increase a given characteristic.
Obviously, the opposite action decreases the same characteristic.

7.5.3.3.1 Output Power P

Equation (7.50) states that increasing V; or decreasing R ; increases the power.
V., in turn, can be increased by increasing V., as required by Eq. (7.47), by
adjusting r,; and r,,. At the same time, it may be necessary to decrease r, for
proper limiting action. Similarly, decreasing R ; may require adjustments of the
dc biasing.

7.5.3.3.2 Current I; (I in Crystal Oscillators)

Equation (7.48) states that J; can be increased by increasing V; and/or
decreasing X,. Any action that will increase V, also increases I, (see Section
7.5.3.3.1). Decreasing X, is accomplished by increasing Cj. Of course, adjust-
ing V, will also affect the power output.

It is interesting to note that Eq. (7.48) also implies that changing C| will
have little effect on I;. The same equation states that the current increases
slightly as R, decreases so that if a new crystal with lower R, = Rj is used,
the current increases but at a slow rate, so that in the case where X, > R;, I,
may be considered constant as R, varies.

7.5.4 Frequency Instability due to Variations in Components, Other Than Z,

Section 5.9 presents a stability analysis of this type of oscillator. Study of this
analysis discloses that for maximum stability, X; and X, should be minimized.
However, the requirements of power output, Z, power loss, operating Q, and
conversion efficiency dictate the values of X, and X, as outlined in the
algorithms. Accordingly, not much can be done for increasing the stability
without changing the other performance characteristics. For example, increas-
ing the power input substantially will permit a reduction in X,. Also, increas-
ing the power supply voltage will permit greater stabilization of the dc bias
circuit and thus increase the oscillator stability.

7.6 THE PIERCE OSCILLATOR, be CUTOFF LIMITING
7.6.1 The Design Algorithm for This Oscillator (Algorithm 12.2)

The user has to supply the information requested in Sections a, b, and c. It will
be noted that items c7, ¢9, cl10, and cl] are not in the algorithm but checks
should be made after completion of the design to make sure that these values
are not exceeded.
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In Section d, 0.3 has been chosen as the recommended value of a because it
is comfortably within the straight-line portion of Fig. 2.124. This value of «
also corresponds to the saturation value of y, and to relatively small values of
v, and y; as shown in Fig. 2.12¢. This value of a also produces a small-signal
loop gain of 3.3 which is considered satisfactory.

The comments in Section 7.5.1 about replacement of the crystal networks by
another network, about replacing the calculated R, by another R,, and about
the crystal mode selector apply equally well here.

7.6.2 Design Examples for Algorithm 12.2

Design Examples 7.3, 7.4, 7.5, and 7.6 are included as examples of designs
calculated from this algorithm. The input data is stated in the table and the
calculated circuit component values are shown on the circuit diagram.

Examples are given for two frequencies and two power levels.

Examination of Design Example 7.4 shows the design is satisfactory for low
power. The conversion efficiency is very poor and can be improved by
increasing the power supply voltage.

Design Example 7.5 and 7.6 are the same design except for power supply
voltage. It will be noted that the higher voltage yields the higher efficiency.
This is due to the fact that the higher voltage permits a higher load impedance.
Design Example 7.5 is defective in that it requires a 8, min of 55, which means
that a higher B transistor is necessary.

Comparison of these examples with Design Examples 7.1 and 7.2 discloses
that the be limiting designs are more efficient than the collector voltage
limiting designs. Also the values of C| are considerably different in the two
designs. This again confirms the fact that satisfactory designs are possible over
a wide range of values.

7.6.3 Trimming for Algorithm 12.2
See Fig. 7.1.

7.6.3.1 Introduction

See Section 7.5.3.1.

7.6.3.2 Basis of the Trimming Procedure

The trimming is based upon the following relations:

1 1,= 14, (7.51)
from Fig. 2.1254.

2 Wil = LR} + X7 (7.52)

from Eq. (7.8)
X,
= |1e||7{—i—|\/RZT + X3 (7.53)
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Design Example 7.3 Pierce oscillator, base emitter cutoff limiting.

All units in

3 MHz Q
mA, mV dc¢ or rms

mW pF uH

g Item Value
£ ! 20
< P, 1.66
3 }
&
5 P, 5
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i=Ja}
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Design Example 7.4 Pierce oscillator, base emitter cutoff limiting.

All units in

8 MHz @ mW pF gH

mA, mV dc or rms

Calculated Data

g Item Value
g ! 20
2 PL 00166
L
a.
= P, 0.05
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R 20
8 =
38| L 1.58
g 3 Cut N
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o
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s BVcg 15,000
a
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8
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Pais
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a 0.3
3 g N 1.4
o
5 E Vae 13
=1 a 0.33
Iss 0.28
Bm 0.003
Vg 5000
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Design Example 7.5 Pierce oscillator, base emitter cutoff limiting.

Calculated Data
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Design Example 7.6 Pierce oscillator, base emitter cutoff limiting.

All units in

8 MHz Q
mA, mV dc or rms

mW pF puH

3y Item Value
g / 0.8
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from Egs. (7.6) and (7.52)

3 3] = II,,I'—)%—l (7.54)
from Eq. (7.6).

4 V, = I, X, (7.49)
from Eq. (7.5a).

5 P, « V2/R, (7.50)

6 Section 7.5.3.2(5) is applicable here.
Note: For a crystal resonator, I; = I,.

7.6.3.3 Typical Trimming Steps

The following describes the action required to increase a given characteristic.
Obviously, the opposite action decreases the same characteristic.

7.6.3.3.1 Output Power P,

Equation (7.50) states that increasing ¥V, or decreasing R, will increase the
power. V, in turn, can be increased by increasing I or X,, as stated in Eq.
(7.53). 1, is increased by increasing I, as stated in Eq. (7.51). I; is increased by
adjusting r,, , r, , and/or r,.

7.6.3.3.2 Current I; (I in Crystal Oscillators)

Equation (7.54) states that I, increases as I, and/or X, are increased. Any
action that will increase ¥, will also increase I,. (See Section 7.6.3.3.1.)
Increasing X, is accomplished by decreasing Cj,. If it is desired to change /,
without changing V, it is necessary to adjust R, for the required power, after
I, has been adjusted.

It is interesting to note that Eq. (7.54) implies that changing C; will have
little effect on I;. The same equation states that /5 increases as R, decreases so
that if a new crystal with lower R, is used, the current will increase but at a
much more rapid rate than in Section 7.5.3.3.2 because of the difference in
Eqgs. (7.48) and (7.54).

7.6.4 Frequency Instability Due to Variations in Components Other Than Z,
See Section 7.5.4.

7.7 MEASUREMENT TECHNIQUES FOR THE PIERCE OSCILLATOR
(SEE ALSO CHAPTER 19)

The Pierce oscillator is unique in that it facilitates meaningful measurements
since the emitter is ac grounded and since most measuring instruments have
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one of their terminals grounded. This section discusses some of the types of
measurements, which are relatively easy in the Pierce oscillator but much more
difficult in other oscillator configurations.

7.71 Measurement of I in Fig. 7.1

In a crystal oscillator Z, is the crystal and therefore I; = I,. I, is determined
by measuring or calculating |Z,], which is the impedance from the base to
ground, and then measuring ¥, with a high-impedance RF voltmeter. Then

Vsl
L) ==~ 7.55
l 3l lZII ( )

For greater accuracy, the voltmeter loading should be included in |Z,|.

7.7.2 Measurement of Q,, in Crystal Oscillators

There are many procedures by which Q,, can be measured. This section
describes a relatively easy procedure for measuring the approximate Q..

From Egs. (7.5) and (7.7)

Vo _RetijX,

= A/8 7.56
Vs —JjX ( )
where
Ry=R,+ R, +R, (7.57)
assuming R, — 0. Solving for 8
X, =
-~ —1_2. —_
8 = tan R, + > (7.58)
and
(] 1/R;)(3X,/0
2 (/RDN%/2) (.59
1+ (X,/Ry)
assuming Ry is constant over the range of f.
1/R )3X,/8
_ (1/R,)(9%,/31) (7:598)

1+ tan?(8 — 7/2)
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from Eq. (7.58). Since X is constant over the range of f,

1 [1 + tan? 0 - -2-)] (7.60)
from Eqgs. (5.77) and (7.5%a).

Equation (7.60) shows how Q, is measured, which may be summarized as
follows:

1 A small shift in frequency, df, is produced by changing X, slightly.

0 and 360 are measured by means of a vector voltmeter, set up to measure
V, and V,. (Note: The meter reads 6 in degrees. This should be
converted to radians.)

3 @, is computed with Eq. (7.60).



