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Algorithms

12.1 INTRODUCTION

This chapter presents the algorithms for the single bipolar transistor self-limit-
ing oscillators described in Chapters 7 to 11. Obviously, the reader must first
select the circuit most suitable for a particular application. Table 12.1 has been
prepared to aid in making the selection. This table lists the relative perfor-
mance characteristics of each circuit.

Strong efforts have been exerted to list quantitative data but, unfortunately,
this has been found impractical in the cases of isolation and frequency stability
because of the complex nature of these characteristics.

The table shows that, in most of the circuits, the isolation is poor, particu-
larly for reactive changes in the load. In those cases where good or excellent
isolation is required, the oscillator must feed an isolating amplifier. This
subject is further discussed in Chapter 18. Although the characteristics in the
table have already been fully defined, for convenience the table column
headings are explained below.

12.1.1 Explanation of Column Headings for Table 12.1

12.1.1.1 Frequency Range

By frequency range is meant the frequency f at which the circuit will operate
with a suitable crystal. As indicated by the notes, the frequency range is
influenced by many factors.

12.1.1.2 Relative Frequency Stability

This indicates the contribution of the circuit to the stability of the oscillator,
assuming that the same crystal is used and the circuit is properly designed for
that crystal.
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Table 12.1 Self-Limiting Bipolar Transistor Oscillator Circuit Selection

f
Freq. Relative
Oscillator Range Frequency P Notes
Type MHz Stability FL Isolation ~ Alg. Chap. a
Nopmay | COlLlim. 051050 Medium <3 Poor 1 7 24
Pierce [ polim  0.5t075 Highest < % Poor 122 7 1,24
Isolated 1 to 30 Medium to GoodforR 123 8 S
Pierce 200 Poor for X
Coll. lim. 1t040 Medium < 1 Poor 12.4 9 2,4
Normal } 2
Colpitt:
P ) belim. 11060 High < % Poor 125 9 1,24
. M=1 1t030 Medium to Poorto 12.6 10 2,3,4,5
Semi- P
Isolated High for Lo FL 20 Good 126 10 4,56
Colpitts . *
M= 1 to 60 High to Very
100 Good
X,=0 2010200 Medium to  Poor 12.7 11
Butler 100
Stable 20 to 200 MHz Medium to Poor 12.8 11
100

“Please note the following: (1) P, dependent on R ;. (2) Suitable for a range of frequencies without tuning,
for N = 1. P; dependent on f. (3) Upper frequency increases as P,/P, decreases. (4) Upper frequency
decreases as I, increases. (5) P, /P, decreases as f increases. (6) f; = Mf.
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121.1.3 P. /P,

This signifies the ratio of the output power P; to the crystal dissipated power
P.. The reader is cautioned that, while high values of P, / P, appear desirable,
as P, decreases, in general, the long-term stability improves and the short-term
stability deteriorates.

12.1.1.4 Isolation

By isolation is meant the effect of changes in the load impedance upon the
frequency f.

121.1.5 fand Mf

By f is meant the frequency actually generated in the oscillator. Mf is the
frequency available at the output terminals of the semi-isolated Colpitts
oscillator. It is derived from f by multiplying action with the multiplication
factor M.

122 GENERAL DISCUSSION OF THE ALGORITHMS
12.2.1 Resonator Description

The algorithms have been prepared for oscillators with crystals and associated
components, operating in all the useful overtones and modes. However, the
algorithms are easily adaptable for replacement of the crystal network by
another two-terminal network as described in the discussion chapter (see
Chapters 7 to 11) for the particular algorithm. Of course all the material in the
algorithm concerning overtone and mode operation should be then disre-
garded.

12.2.2 Form of the Algorithm

12.2.2.1 A Common Input Section

Each algorithm consists of a common input section and additional pages as
required by the specific oscillator being designed.

The input section contains the input information which falls into the
following four categories:

a Oscillator performance requirements and the power supply voltage.

b Crystal resonator characteristics both directly specified and calculated as
described in Chapter 3. Much of this information is not strictly necessary for
the basic oscillator design but will be necessary for computing the frequency
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changes due to variations in parameters. The R, is always used to ensure
that the oscillator loop gain always increases with other crystals of smaller R ;.

¢ Transistor characteristics. The information in this category is most difficult
to obtain and very often estimates must be made from whatever data are
available. At times one must even resort to guesswork, particularly as to the
values of the various capacitances. For completeness, this category includes
several parameters, BV, BVgy, and Py, not mentioned in the design algo-
rithm, but which may be exceeded, so one should be aware of them.

d Circuit Parameters. These are parameters usually associated with the type
of limiting used in the specific circuit.

The algorithms do not allow for component losses except where specifically
stated in the algorithm. Therefore, when highly lossy components are used, the
calculated circuitry may be substantially in error, unless they are included in
RL.

12.2.2.2 Schematic Diagram

Each algorithm includes a schematic diagram which shows all the physical
components, except R, exactly as they will be installed in the oscillator. R; is
the load that the transistor sees and must be converted into a form suitable for
the user, as described in Section 5.7.

One should be aware that, as in all schematics, the stray elements which are
a function of the physical layout are not shown; these stray elements can
strongly influence the oscillator performance, especially at higher frequencies.

The schematic diagram may also be used as a form for recording design
data.

12.2.2.3 Calculation of Component Values

This part of the algorithm presents the step-by-step procedure for transforming
the input information given on Page 1 into the specific oscillator design. The
format has been planned to be useful both to the novice who is merely
interested in obtaining the final design and to the person who may desire to
learn why each step is executed in the manner shown.

12.2.3 Supplementary Information Contained in the Algorithm

1 The algorithm steps are frequently annotated with notes, guides, restric-
tions, references, and comments. These should be read and observed
carefully, as they will lead to greater accuracy and fuller understanding,.

2 The reader who is interested in learning the derivation of, and /or reason
for, any step may consult the applicable text equation referenced for
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each step. In some cases the notation SE is shown in lieu of an equation
number. SE signifies Self-Explanatory.

12.2.4 Design Examples

Each chapter discussing circuit configurations for which algorithms are sup-
plied includes several design examples, which were prepared using the algo-
rithms. The input information is given in the table and the output information
is shown on the schematic. The component values shown are those computed.
In practice, the nearest standard values will be used.

12.2.5 Use of the Algorithms
The algorithms can be used for the following purposes:

1 For designing an oscillator to obtain a specified performance as shown
in the design examples of Section 12.2.4.

2 To investigate the effects of variations in parameters.

It is recommended that the algorithms be used for programming a computer
or one of the more powerful hand-held calculators in order to facilitate their
use for design and investigation. To help in the programming, each step
includes references to the applicable preceding steps.

12.2.6 Conversion Efficiency in the Algorithm Designs

It will be noted that almost all the algorithms have been prepared on the basis
of the maximum practical conversion efficiency. Each chapter describes the
procedure to be followed when characteristics other than maximum conversion
efficiency are preferred, especially in the isolated Pierce oscillator. The rec-
ommendations in the “Comments” columns alert the user to the design
problems caused by the maximum conversion efficiency design.
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§ Algorithm 12.1 Pierce Oscillator, Collector Limiting

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text

Step No. | Item Formula or Quantity Units Step Nos. Comments Equation No.

al f Specified MHz

a2 P, mW Oscillator

a3 P, mW

a4 Vg mV performance

bl Cut Specified

b2 N Crystal

b3 df Hz

b4 R, Q Characteristics

b5 C. pF Notes:




b6 C, pF . For production runs
b7 G pF R ;= max
b8 G pF . P_will decrease
as R ;, decreases

b9 0, 10%/(27C, fR1) b6, bll, al . Ppowill 3.29a
b10 Ax/ 10¢/(=C,f) Q b6, al remain constant 3.20a

(Af/N) as R ;, decreases
bll  |R, [(CL/(CL + G)IPR;, Q b5, b7, b4 3.19
bl2 R, R,/l1 = G /(Cr. + Co) — Q bll, b6, b7 3.26a

2Gdf/(C, £10%)]? al, bs, b8

b13 |1, (1000P, /R ;)"/? mA [a3,bl2 3.27a
T LT e 7 ] st




Algorithm 12.1

(Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text

Step No. | Item Formula or Quantity Units Step Nos. Comments Equation No.

cl Type No. Specified

c2 B, B, > 1200g,, 5.116

c3 fr MH:z fr > 6001g,, 5.113

c4 Cher pF

c5 Co pF Transistor

cb Cee pF

c7 BV g mV Characteristics

c8 BV.¢ mV

c9 BVge mV

clo Ps;s mW at maximum temperature

cll Top Q




Circuit Parameters

di Ay, Specified Recommend 4; = 2 6.18
Calculation of Component Values
Note: ® signifies physical component
1 " P, /P, a2, a3 7.10
2 Vi the smaller of mV sec discussion of
2a [ 0.33BV.; or c8 R, and ¥, 7.23a
2b NP/ a2, al 730
3 R, VZ/(1088 P;) Q 2,a2 79
4 R, 7R, — R3/R, Q 1,b12,3 7.16
5 X, VRLR, Q 3,4 74
6 R} R, + Ry Q 4,b12 7.17
7 (2, X) | R¥/X» 6,5 7.1
8 I, I(g.X1) mA |bl13,7 1.7
9 Ig > 141, mA |8 6.17
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Algorithm 12.1 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. { Item Formula or Quantity Units Step Nos. Comments Equation No.

® 10 Rg S26/1 + 1) Q 9,cll, c2 6.20

11 8m,, |083/Rg 0 10 6.20a

12 8m 8mi /AL, Y 11,d1 6.18

13 X, EmX1/8m Q 7,12 SE

14 v, I.X, mV  [bl3,13 7.5a

15 Vg Ves — L4V, + V) mV  |a4,2, 14 > 2000 7.27
® 16 r Ve/Ig — Rg Q 15,9, 10 2.99

17 r B.(r)/5 Q 2,16 2.100
®| 18 T, 831, [Vgp/ (Vi + 700)] Q 17,24, 15 2.103
el 19 Th, 1/ /r, = 1/1,) Q 17,18 2.104

20 R, 8. X2/B, Q 12, 13,¢2 6.21

21 R, Xi/r Q 13,17 73




16T

22 Ry R, + R, + R, +R, Q bl12, 4, 20, 21 Ryshould = R 7.1
23 C 159,000/ X, f pF 13, a4 7.36
24 Chea 8m(159,000/f7) pF 12, c3 6.22
25 M,, Vi/ Ve 14,2 5.70
26 Cium Co(1 + 1/My) pF c5,25 5.75
27 (o C, = Cpea— Cim pF 23,24,26 Fig. 7.2b
28 Check whether N = 1 b2
28a If yes,s2 =02 5.82a
28b Ifno,s=1-15/N 5.82b
29. Xcn a-sH)x, Q 28,5 5.83
30 Cy 159,000/( Xxf) pF 29, al 5.84
31 Cy Cy—Cp(1 + My)-C,., pF 30, c5, 25, c4 5.73
and Fig. 7.

32 XN Xcn/s? Q 29,28 5,85
33 Ly X n/6.28f pH 32,al 5.85a
34 Check if the crystal cut

is SC bl




Algorithm 12.1 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics
Refer to Text
Step No. | Item Formula or Quantity Units Step Nos. Comments Equation No.

& 35a (o if no: C; pF 27 SE

35b L, 0 Continue at Step 37 SE
o 36a C, if yes: 0.156 C; pF 27 5.86
® 36b | L, 10%/[C, (6.841)?] pH  }36a, al 5.87

37 Xer, 0.06/g,, Q 12 7.38
® 38 C, > 159,000/( X, f) pF  137,al 135

39 Xc, 159,000/(Cp, f) — (X, + X3) Q bl4,al, 13,5 7.39
] 40 Cy 159,000/(X¢, f) pF 39, al 7.40

41 Qop < QxRy/Rr b12, b9, 22 5.77a




€67

All unitsin ...

8 MHz 8 mW pF pH
mA, mV dc or rms

Algorithm Figure 12.2 Pierce Oscillator, be Cutoff Limiting

Vag Item Value
5 8 /
2 [~
7 3 < Px
o
”1% . Ves
o0
i ; [
[ 1
‘ ] Cut
cy £ g ‘
Cly L
Y, N7 N z
R o
<
| P s “
\b) o, § BVcc
Vi 5 Cen
g Cher
L, == E C,
i ce
Vep 1 Pais
= = Type
[
b P a 0.3
g %‘é Y 1.4
= rzg 1 O g Vpe 113
~C &
<[, T
1,
b, 3 s
s
a Em
: v
i 1 L 3 E
= = = 3
Q9
c
]




N

b

Algorithm 12.2 Pierce Oscillator, be Cutoff Limiting

Oscillator Performance
Crystal and Transistor Characteristics
Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
al |f Specified MHz
a2 |P mW Oscillator
a3 | P, mW
ad Veg mV Performance
bi Cut Specified
b2 |N Crystal
b3 | df Hz
b4 |R, 2 Characteristics
b5 C. pF Notes:




b6 |C, pF 1. For production runs
b7 |G pF R, = max
b8 | G pF 2. P, will increase
as R ;, decreases
b9 | Q. 10/(27C,fR)) b6, bll, al 3. P, will 3.29a
b10 {AX/(Af/f) | 108/(=C,\f) Q b6, al increase 3.20a
as R, decreases
bll | R, (C/(C, + C))*R, Q bS5, b7, ba 3.19
bl2 | R, R /Il = Go/(C + Cy) — Q bll, b5, b7 3.26a
2C4df/(C,f x 109)]? al, b5, b8
b13 |1, (1000P./R ;)" mA a3,bl2 3.27a
bia |Cy,, I .8 i) [P IS U 3.24a

C+ G Cf

b6, al, b8




Algorithm 12.2 (Continued)

%

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
cl Type No. Specified
c2 B, B, > 1200g,, 5.116
3 |f, MHz rr> 600fg,, 5.113
c4 Che: pF
c5 Ce pF Transistor
cb C. pF
¢l | BVg mV Characteristics
c8 | BV mV
9 | BVye mV
clo | Py, mW at maximum temperature
cll 1r, Q
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Circuit Parameters

dl |a 0.3 See Section 7.6.1
d2 |n 14
a3 | V. 113 mV

Calculation of Component Values
1 7 P, /Py a2, a3 See discussion 7.10

ony

2 V. the smaller of mV See discussion on
2a 0.22BV  or c8 R;and V; 7.26
2b N107P/Jf a2, al in Section 7.30
3 R, VZ/(1000 P;) Q 2,a2 724 7.9
4 Ve Vep — [2.1(V, + V)] — 1700 mV a4,2,d3 > 2000 See Note A 728a
5 R, 7R, — Ry/R, Q 1,b12,3 NOTE: If R, is —, 7.16
6 X, R,R; Q 53 the design is 74
7 X, V,/1, d3, bl13 unsound, see 7.5a
8 8m ((Ryr+ R)/1X(X2 — Xi/Bo)) () bl12,5,7, c2 Section 7.2.3.1 7.34
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Algorithm 12.2 (Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
9 I, gnVs mA 8,d3 7.7
10 |Ig I/v, mA 9,d2 2.69
|11 |n Ve/Ig Q 4,10 2.99
12 |r B,r./5 Q c2, 11 2.100
e\ 13 |n, 0.83r,Vgs/ (Vg + 700) Q 12, 24,4 2.103
®| 14 |r, /(1 /r,— 1/1) Q 12,13 2.104
15 |R, Xig,/B, Q 7,8,¢2 72
16 |R, Xi/ry Q 7,12 7.3
17 check that
(Rin+ R,) € (Ry+ Ry) 15,16,b12,5
18 | C, 159,000/(X,f) pF 7, al 7.35
19 | Cpea g, 159,000/f7 pF 8, ¢3 275
20 | My, =X,/X, 7,6 from
5.70
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Note A: If Vg calculates > Vpp/2, make Vg = Vg /2

21 |Cyn Co(1 + 1/My,) pF c5,20 5.71

2 |c C, = Cpea = Cirt = Cher pF 18,19, 21, c4 Fig. 7.2

23 Check whether N = 1 b2

23a |s If yes, 52 = 0.2 5.82a

23b |s Ifno,s =1-15/N b2 5.82b

24 | Xcn (1 -s)X, Q 23,6 5,83

25 |Cy 159,000/( Xcnf) pF 24,al 5.84

26 Cx Cy — C.— C(1 + M) pF 25, ¢6, c5, 20 5.73 and
Fig. 7.2b

27 | X.n Xcn/s? Q 24,23 5.85

28 | Ly X1 n/6.28f pH 217, al 5.85a

29 Check if the crystal bl

cut is SC
if no
29 |C, C pF 22 SE




§ Algorithm 12.2 (Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
®12% (L, 0 Continue at Step 31 SE
if yes
® | 30a |C, 0.156C; pF 22 5.86
®|30b |L, 108/[C5(6.841)?] pH 30a, al 5.87
31 Xer, 0.05/g,, Q 8 7.38
® |32 |C, 159,000/(X.,,f) pF 32, al 7.35
33 Xe, 159,000/(Cr,, /) — (Xi + X2) bl4, al, 7,6 739
@134 |(C 159,000/( X, f) pF 33, al 7.40
35 1Q OxR,/(Ry+ Ry + Ry + Ry) b9, bl12, 15,5, 16 5.77a
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Algorithm Figure 123 Isolated Pierce Oscillator, Collector Limiting
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§ Algorithm 123 Isolated Pierce Oscillator, Collector Limiting

Oscillator Performance
Crystal and Transistor Characteristics
Refer to Text
Step No. Item Formula or Quantity Units Step no. Comments Equation No.
al f Specified MHz
a2 P, mW Oscillator
a3 P, mW
a4 Veg mV Performance
as n P/ a2, a3
bl Cut Specified
b2 N Crystal
b3 df Hz
b4 R, Q Characteristics
b5 C, pF Notes:




b6 C, pF . For production runs
b7 G pF R, = max
b8 G pF . P, will increase
as R, decreases
b9 0. 10/#C, /R, b6, bll, al . Ppwill 3.29a
bl10 AX/(Af/f) | 108/(wC,f) Q b6, al remain constant 3.20a
as R ;, decreases
b1l R, (C/(CL + CI*R,. Q b5, b7, b4 3.19
bl2 Ry, R/l - G/(CL+ G) — Q bll, b6, b7 3.26a
2C,df/(C,f x 10%)]? al, b5, b8
b13 I, (1000 P./R,)'/? mA |a3, bl2 327a
bi4 |y, < ! c 2% Cl?f_ ] pF  |03.07.b3 3240




Algorithm 12.3 (Continued)

Oscillator Performance

Crystal and Transistor Characteristics
Refer to Text
Step No. Item Formula or Quantity Units Step no. Comments Equation No.
cl Type No. Specified
2 B, B, > 1200g, 5.116
c3 fr MHz fr> 600fg, 5.113
c4 Chet pF
c5 C., pF Transistor
6 C.. pF
c7 BVcp mV Characteristics
c8 BV mV
c9 BVsg mV
clo Py, mW at maximum temperature
cll Ton Q




Circuit Parameters

dl Ag, Specified Recommend 4, =2 6.18
Calculation of Component Values
Note: @ signifies physical component
1 vV, The smaller of mV See discussion
la 0.33BV, ¢ or c8 onR; and V, 7.23
Ib 1P/ Jf a2,al 730
2 R, The smaller of Q
2a VZ/(1000 P,)  or 1, a2 7.9
2b (64,000)%/(f*n’R 4;m) al, b12, a5 Recommend n = 5 8.14
8.28
lc Vi 1000 P, R, mV a2 7.9
3 I, Vi/R, mA }]lc 2 SE
4 R nfnR 4R, Q 2b,a5,b12,2 | R, .. = 64k/f 8.19




Algorithm 123 (Continued)

§ Oscillator Performance
Crystal and Transistor Characteristics
Refer to Text
Step No. Item Formula or Quantity Units Step no. Comments Equation No.

5 m, R,/R, 7,2 8.7
6 I, aA+1/m)I, mA (8,3 8.6a
7 I 1.41, mA |6 6.17
8 R 5[(26/1I¢) + 1] Q 7 6.20
9 8y, 0.83/Rg () 8 6.20a
10 8m gmLo/A Lo (4 9,dl 6.18
11 Eme gm(1 + m,) (8 10, 5 8.10a
12 (gmX1) I/1, 6,bl13 8.9a
13 X, (8nX1)/8m Q 12, 10 SE
14 Ri, gmX/B, Q 10, 13, c2 7.2
15 R, Ry + Ry Q 14,b12 8.13
16 X, nR, Q 2b, 15 8.14
17 Ry R, + X}/(R,+ Ry) Q 15,16, 4,2 8.12
17a X3 nRy Q 2b, 17 8.23




LOE

18 |, X, mv  |b13,13 8.8
9 |V Ves — LAV, + V) mvV  |ad4, 1c, 18 727
0 |n Ve/Ig — R o |19,7,8 2.99
A |, B,(r, + Ry)/5 o 2208 2.100
2 |n, 0.83r,Vys/ (Ve + 700) Q  |21,a4,19 2.103
3 |n 1/ /n - 1/1,) Q. [2,22 2.104
24 C, 159,000/(X,f) pF 13, al 7.36
%5 |c, 2,,159,000/fr pF |10, ¢3 6.22
% | M, = ViV, Ic, 18 570
Y (My, + )Gy pF | 26,c5 575
8 |C Cy — Chea = Cr = Cher pF  [24,2527, ca Fig. 7.2b
29 Check if the crystal cut is SC bl




Algorithm 123 (Continued)

Oscillator Performance

§ Crystal and Transistor Characteristics
Refer to Text
Step No. Item Formula or Quantity Units Step no. Comments Equation No.
if no
® 30a C, (o pF 28 SE
30b L, 0 Continue at Step 33 SE
if yes
® 3la C, 0.156C, pF 28 5.86
® 31b | L, 106 /[C,(6.841)*] pH | 31a,al 5.87
® 32 (o 159,000 /( X, f) pF 17a, al 8.25
33 Xer, 0.05/8m Q 10 7.38
® 34 s 159,000/(X.,,f) pF 33, al 7.35
35 Xc, 159,000/(Cp, f) — (X1 + X3) Q bl4,al, 13, 18 7.39
® 36 C 159,000/( Xc; f) pF 35, al 7.40
37 Qop < O.Ry/Rr b9, b12, 17 577a
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Algorithm 12.4  Colpitts Oscillator Collector Limiting

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text

Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

al f Specified MHz

a2 P, MW Oscillator

a3 P, mW

a4 Vs mV Performance

bl Cut Specified

b2 N Crystal

b3 df Hz

b4 R, Q Characteristics

bs C, pF Notes:




b6 C, pF 1. For production runs

b7 G pF R, = max

b8 G pF 2. P, will decrease

as R ;, decreases

b9 0, 106/(27C, fR)) : b6, bll, al 3. P will 329

b10 AX/(Af/f) | 10%/(wC,f) Q b6, al remain constant 3.20a

as R ;, decreases

41>

bll |R, UC/(CL + C*R, Q bS5, b7, ba 3.19
b12 |R, R,/ = C/(CL+ Co—) Q bll, b6, b7 3.26a
2Cydf/(C,f x 10%))2 al, b5, b8
bl3 I, (1000 P./R ;)"/? mA |a3,bl2 327a
-6 -1
b4 |c, 1 2x 107%f [ b5, b7, b3 3.24a

» G T T Cf G| P | e, al, b8
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Algorithm 12.4 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.
cl Type No. Specified
c2 B, B, > 1200g,, 5.116
c3 fr MHz fr > 600fg,, 5.113
c4 Che: pF
c5 C pF Transistor
c6 C. pF
c7 BVcp my Characteristics
c8 BVig mV
c9 BVye mV
clo Py mW at maximum temperature
cll ob Q
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Circuit Parameters

dl Ap, Specified Recommend 4, =2 6.18
Calculation of Component Values
Note: ® signifies physical component
1 " P /P, a2, a3 See discussion 7.10
2 vV, The smaller of mV of n
2a 033BVc or c8 See discussion of 9.3
2b V10°P//f a2, al V,and R, 7.30
3 R, VZ/(1000 P;) Q 2,a2 79
4 R, 7Ry — R%y/R, Q 1,b12,3 7.16
5 X, R.R, Q 3,4 74
6 R% R,+ Ry Q 4,b12 7.17
7 (g.X1) R'r/X, 65 7.1
8 I, I.(g.X)) mA |cl3,7 7.1
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Algorithm 124 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

9 I 1.41; mA |8 6.17
10 R 526/fz + 1) Q 9,bll, b2 6.20
11 3;%0 0.83/Rg () 10 6.20a
12 & g{,,Lo/A L, ()] 11,dl 6.18
13 X, 28.X)/8 Q 7,12 SE
14 Vie I.X, mV | bl13,13 5.52a
15 Ve [Vas — LAV, + V, )] mV | a4,2, 14 > 2000 9.7
16 r Ve/Iy — Ry Q 15,9,10 2.99
17 r, B.(r3)/5 Q c2, 16 2.100
18 . 2. X2/8, Q 12, 13, ¢2 6.21
19 R, (X + X)Y/r, Q 13,5, 17 5.57
20 Ry Ry + R, + Ry, + R, Q bi2,4, 18,19 5.40
21 Check whether R < 1.1R% 20,6 7.46
2la If yes, go to Step 30




Sit

21b If no, go to Step 22
22 1, I.Rr/X, mA |bl3,20,5 5.58a
23 I 1.41, mA |22 6.17
24 &m Rr/(X,X,) 20, 13,5 5.40
25 8my, Ay gm dl, 24 6.18
26 Ry l/g,,,Lo—26/IE— 1 Q 25,23, cll, c2 6.19a
27 r (Ve/Ig) — Rg Q 15,23, 26 2.99
28 n, B,r/5 Q 27 2.100
29 Note: in the following Step, substitute () for (r,) when

Step 21a is yes.
30 rh, 0.83r,[Vas/ (Ve + 700)) Q 28,a4,150r 17 2.103
31 Ty, 1/ /ry = 1/1) Q 28,30 0r 17 2.104
32 C, 159,000 /( X, f) pF 13, al 7.36
33 Ched g,159,000/fr pF 2,c3o0rl 6.22
34 My, Voe/ Vi 14,2 5.70
35 Cim C,l1 + 1/My,] pF c5, 34 5.75




Algorithm 12.4

(Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.
36 C| Ci— Coea— Cimt — Cpuu pF 32, 33, 35, c4 Fig. 5.9b
37 Check whether N = 1 b2
27a If yes, s2 =02 5.82a
37b Ifno,s =1- 15/N 5.82b
38 Xcn 1 -sHX, Q 37,5 5.83
39 Cy 159,000/( Xcnf) pF 38, al 5.84
@ 40 Cy Cy— Co(l + My) - C, pF 39, c§, 34, c6 573
Fig. 5.9b
41 Xin Xcn/s? Q 38,37 5.85
] 42 Ly X, n/(6.28() pH |41, al 5.85a
43 Check if the crystal cut bl




LIE

If no,
4a |C, C pF |36 SE
44b L, 0 Continue at Step 46 SE
If yes,
45a | C, 0.156C; pF |36 5.86
45b L, 108 /[C1(6.841)*] pH [45a,al 5.87
46 X., < 002X, , Q 41 9.10
47 C, 159,000 /( Xcr, f) pF |46, al 7.35
48 Xc, [159,000/Cr, /] = (Xi + X;) | @ bl4,al, 13,5 7.39
49 C; 159,000/( Xc; /) pF |48, al 7.40
50 Oop < Q.R,/Rr b12, 20, b9 5.77a
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Algorithm Figure 12.5 Colpitts Oscillator, be Cutoff Limiting
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Algorithm 12.5 Colpitts Oscillator, be Cutoff Limiting

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text

Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

al f Specified MHz

a2 P, mW Oscillator

a3 P, mW

a4 Vs mV Performance

bl Cut Specified

b2 N Crystal

b3 dt Hz

b4 R, Q Characteristics

b5 C, pF Notes:
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Algorithm 12.5

(Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

b6 C, pF 1. For production runs
b7 Co pF R, = max
b8 G pF 2. P, will increase

as R, decreases
b9 Q. 108/(27C, fR)) b6,bll, al 3. P, will 3.29a
bl10 AXx/(Af/f) 108 /(=C\f) Q b6, al increase 3.20a

as R, decreases
bll R, [(C/(CL+ Co)PR. Q bS5, b7, b4 3.19
bl2 Ry, R,/1G/(CL + G) — Q bll, b6, b7 3.26a

2Cdf/(C, f X 10%))? al,b5,b8

b13 I, (1000P,/R4)'/? mA | a3 bl2 327a




ize

2x 107%df| !

b4 |c,, - l ey -G pF [B3 0703 3.24a
cl Type No. Specified

c2 B, B,> 1200g, 5.116
c3 fr MH:z fr > 600fg,, 5.113
c4 Che: pF

c5 C, pF Transistor

c6 C.. pF

c7 BV g mV Characteristics

c8 BVeg mV

c9 BVgg mV

cl0 Py mW at maximum temperature

cll Tpp Q
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Algorithm 12.5 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. ftem Formula or Quantity Units Step Nos. Comments Equation No.
Circuit Parameters
dl a 0.3 See Section 7.6.1
d2 7] 1.4
d3 Vie 113 mV
Calculation of Component Values
Note: @ signifies physical component
1 ] P, /P, a2, a3 See discussion 7.10
ony
2 vy The smaller of mV See discussion of
2a 0.22BV.p or c8 R,and V, 9.6
2b 1P T a2, al 7.30
® 3 R, VZ2/(1000P;) Q 2, a2 79
4 Ve Vag — [>2.1(V, + ¥, ] - 1700] mV | a4, 2,d3 > 2000, See Note A 9.8
5 R, 7Ry — RY/R; Q 1,b12,3 See Section 7.2.3.1 7.16




1 X4

6 X, R,R, Q 53 74
7 R% R, + R, Q b12,5 5.40
8 X, Vie/I, Q d3,bl3 5.52
9 m Ry/[ X (X2 — X,/B,)] () 7,8,6,c2 7.34
10 I 8iVpe mA |9,d3 7.7
11 It I./v, mA | 10,d2 2.69
12 ry Ve/Ig Q 4,11 299
13 r, Bors/5 Q c2,12 2.100
14 R}, 2. X2/B, Q 9,8,c2 72
15 R, (X, + X3)?*/r} Q 8,6,13 5.57
16 R; T+ Ry, + R} Q 7,14, 15 5.40
17 Check that R < 1.1R% 16,7 7.46
17a If yes, go to Step 24
17b If no, go to Step 18

Note A: If Vg calculates > Vyg/2, make Vg = Vgg/2.
18 I I.R;/X, mA | bl3,16,6 5.58a
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Algorithm 12.5

(Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

19 I I./7 mA | 18,d2 2.69
20 Em R+/(X, X3) (4 16, 8, 6 5.40

@ 21 r Ve/I Q 4,19 2.99
22 r, Born/5 Q c2, 21 2,108
23 Note: In the following steps, substitute (r,)° for (r,) when Step 17 is yes.

o 24 T, 0.83r,Vpp/ (Vg + 700) Q 220r 13,24, 4 2.103

<] 25 s, 1/ /r,— 1/n) Q 22 or 13, 24 2.104
26 C, 159,000/( X, f) pF 8, al 1.35
27 Ched 8,159,000 /f+ pF 9 or 20, al 2.75
28 My Vie/ Vi d3,2 5.70
29 Cim Co(1 +1/M,) pF cS, 28 5.71
30 Ci C, = Chea— Cip = Chpet pF 26, 217,29, c4 Fig. 5.9b
31 Check whether N = 1 b2
3la s If yes, s = 0.2 5.82a
31b s Ifno,s =1-15/N 5.82b




(74

32 Xcn 1 -sHX, Q 31,6 5.83
33 Cy 159,000/(Xcnf) pF  |32,al 5.84
34 Ch Cy — Cup(1 + M) — C, pF 33, c5, 28, ¢c6 5.73
Fig. 59b

35 Xin Xcn/s? Q 32,31 5.85
36 Ly Xin/(6.281) pH 35, al 5.85a
37 Check if the crystal cut

is SC

If no,
38a C, C, pF 30 SE
38b L, 0 Continue at Step 40 SE

If yes,
39a C, 0.156C; pF 30 5.86




Algorithm 12.5 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

@] 3% ) 105 /[C»(6.841)?] pH 393 al 5.87
40 X, 0.02X, v 35 9.10
& 41 s 159,000/( X, f) pF 40, al 1.35
42 X, [159,000/(Crarf)] — (X, + X2) | Q@ bl4, al, 8,6 7.39
2] 43 C; 159,000/( Xc, f) pF 42, al 7.40

44 Qop Q.R /Ry b9, bl12,b16 5.77a
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All units in ...

Algorithm Figure 12.6.1 Semi-isolated Colpitts Oscillator, 5 M @ ww pF pH
Form 1 Mode Selector. Note: ForN=1,Ly=C, =0 mA, mV dcor rms
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Algorithm Figure 12.6.2 Semi-isolated Colpitts

Oscillator Form 2 Mode Selector
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Algorithm 12.6 Semi-Isolated Colpitts Oscillator, be Cutoff Limiting

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
al f Specified MHz
a2 |P mW Oscillator
a3 | P, mW
a4 Veg mV Performance
as M
bl Cut Specified
b2 | N Crystal
b3 |df Hz
b4 |R, Q Characteristics
b5 | C, pF Notes:




§ Algorithm 12.6 (Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text

Step Item Formula or Quantity Units Step Nos. Comments Equation No.
b6 | C, pF . For production runs
b7 |G, pF R ;; = max
b8 |G pF . P_will increase

as R ;; decrease
b9 |} O, 108 /2#C,fR)) b6, bll, al . Pywill 3.29a
blo |aX/Af/f) | 108/(=C\f) Q b6, al remain constant 3.20a

as R ;; decreases
bll |R, [(C/(CL + G)I*RL Q b5, b7, b4 3.19
bl2 | Ry, R/l = Go/(CL + Cp) — Q bll, b6, b7 3.26a

2Co df/(C f % 10%))? al, bS, b8

b13 |1, (1000P, /R 4)'? mA |a3,bl2 3.27a




| £%%

1

2x10°°df |

bSs, b7, b3

bl4 |Cp, C, +C, C./ -G pF b6, al, b 3.24a
cl Type No. Specified
c2 |B, B, > 1200g, 5.116
c3 | fr MHz fr > 600/g,, 5.il13
c4 Cher pF
cS C, pF Transistor
c6 C. pF
c7 BVp mV Characteristics
c8 | BV g mV
c9 BVye mV
cl0 | Py, mW at maximum temperature
cll | nr, Q
Circuit Parameters
dl |a 03/M a$ 10.8




Algorithm 12.6 (Continued)

ite

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
2 |y 1.4 10.9a
a3 |y 1.6-0.2M a$ 10.9
i V. 36/a mV |dl 10.10
Calculation of Component Values
1 v, The smaller of mV See discussion of
la 0.27BV g or c8 R,and V; 10.11
1b 1P, /\/IM a2, al 10.13
|2 R, V2/(1000P,) Q 1,a2, 7.9
3 Ty Vi/R, mA |1,2 SE
4 I I/ Ym mA |3,d3 2.69
5 Vi Vag — (1.7V,] — 1700 mV | a4, 1 > 2000 10.11a
If V. calculates 10.11b
®16 r Vi/Ig Q 5,4 > Vgs/2, 299




£eE

7 Ty B.(r2)/5 c2,6 make Vg = Vgp/2 2.100
8 Ty, 0.83r,Vgp/ (Ve + 700) 7,a4,5 2.103
9 Ty, 1/(1/ry = 1/1,) 7,8 2.104
10 Check whether M = 1 a5
10a | R, Ifyes, R, = R, 2 10.15
10b | R,, Ifno,R, =0 10.14
11 Check whether N = 1 b2
I1a Ifyes,ry,. = r, 6 10.16
11b If no, ry,c = @ 10.17
12 |1, Iy, 4,d2 2.69
13 | X, Vye/ I, d4, b13 5.52
14 |g, a/(26/1) dl, 4 270
2.72
15 | R, Xig. /8, 13, 14, c2 7.2
16 | Ry, Xi/n 13,7 5.60
17 |R, Ry + Rin + Ry, bl2, 15, 16 5.60
18 |a; L/I., bl13, 12 5.58a




g

Algorithm 12.6 (Continued)

Qscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Egquation No.
19 X, a;R,(1 +2a,X/ry) Q 18,17,13,7 563
20 |V, IX\/[R,,, + R, + X zﬁ-l(xl)]z + X} ImV |[bl3,bl12, 15 5.66

19,13,7
a |, lx{\/[( X+ %)+ Ry } mvV | b13, 13,19, b12 5.50a
2 v, LRy, mV  |[12,10 SE
23 |C 159000/(X, ) pF 13, al 7.35
24 | Cpou €,,159000/f pF 14, c3 2.75
25 |M, 1+ Vi /Vs 22,21 10.4
26 |Cy M.Ch pF  |25¢5 10.3
21 | My V,./ V. d4, 20 10.6
28 |Ciu Cy(1 + 1/ Myp) pF 26,27 10.5
®|29 |C C, = Choa= Cips = Cier pF  |23,24,28,c4 Fig. 5.91

30 [Cou Cu(l + Myy) pF  |26,27 10.7




Stt

31 | M, 1+ Vy /V. 22,20 10.2
32 |Cim C.M, pF c6, 34 10.1
33 For nondoubly rotated cuts bl
See the note in the
forN=1Ly=0 i
3a N b2 i:egend of Algorithm
X — X igure 12.6.1.
oy 72 Go to step 35
33b |s forN=+1s=1-15/N b2 5.82b
34 | Xcn 1 -s2)X, Q 30, 19 orasper 33a 5.83
35 |Cw 159,000/( Xcnf) pF 31, al l l 5.84
36 | Cy Cn = Com = Ceem pF  |35,30,32 SE
For N =1 see note in
37 | Xow Xc,/s* Q 34, 33 the legend of Algo- 5.85
rithm Figure 12.6.1
38 | Ly X, /(6.28() vH 37, al 5.85a
39 | C, Cy pF 36 SE




Algorithis 12.6 (Continued)

§ Oscillator Performance
Crystal and Transistor Characteristics
Refer to Text
Step Item Formula or Quantity Units Step Nos. Comments Equation No.
39 | L, 0 Continue at Step 45 SE
40 For SC-cut bl
40a | X} l/(-)%; - %ﬁ’l) 2 19, al, 30, 32 See Fig. 59b SE
41 For SC-cut, N = 1 bl, b2
o | 4la |C, 0.156-12;2{’2%)—0‘ pF 40a, al 5.86
o|4b |L, 106/1C,(6.841)%] pH |[41a al Continue at Step 46. 5.87
42 For SC-cut, N =3o0r5 bl, b2 See Section 5.6.5.4
® | 43a |C, 159,000/(5.37/X3} pF al, 40a Form 1 network 5.92a
5.93
® | 43b | Ly 5.01X5/Q27f) pH | 40a,al Algorithm Figure 12.6.1 5.88a
5.99
®©| 43 |L, 0.905L, pH [43b Continue at Step 46. 591a
®| 44a [C, 159,000/(1.48/X3) pF al, 40a Form 2 network 5.97a




LeE

5.98

44b | Ly 262X,/(27f) pH ] 40a, al Algorithm Figure 12.6.2 5.94a
5.95

44c | L, 0.905L, pH | 44b Continue at Step 46 5.96a

45 Not used

46 | Xc, 0.02 X, Q 37or X, 5 of 9.9

43 b or 44b

47 |G, 159,000/(X,,,/) pF 46, al forN=1C, =0 9.10

48 | X 159,000/(Cy, f) — (X, + X3) Q bl4,al, 13,19 739

49 |C; 159,000 /( Xc, f) pF 48, al 7.40

50 | Qop OxRay/ b9, bl2, 15,13, 19 5.77a

R, + R, +
/ " 2ac ry

2
Lzz+ (X, +X;)

11,7
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All units in ...

TMHz &£ mW pF  pH
mA, mV dcorrms
Item Value
5t |2
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Algoritlun 12.7 X, = 0 Butler Oscillator, R , Limiting

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text

Step No. Item Formula or Quantity Units Step No. Comments Equation No.

al f Specified MHz

a2 P, mW Oscillator

a3 P, mW

a4 Vg mV Performance

bl Cut Specified

b2 N Crystal

b3 df Hz

b4 R, Q Characteristics

b5 (o pF Notes:




Algorithm 12.7

(Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step No. Comments Equation No.

b6 C, pF . For production runs
b7 G pF R, = max
b8 G pF . P, will decrease

as R decreases.
b9 0. 10%/(27C, fR)) b6, bll, al . P will 3.29a
b10 AX/(Af/f) | 108 /(=C\f) Q b6, al remain constant 3.20a

as R, decreases.
bll |R, [1C./(CL. + C)I’R .. Q b5, b7, b4 3.19
bl2 Ry, R/l — G /(CL+ G) — Q bll, b6, b7 3.26a

2C, df/(C,f x 10%))? al, b5, b8

b13 I, (1000P, /R 4)'/? mA | a3 bl2 327a




vt

6 -1 7
bia ¢, c L o 2 xé?f “'f] —c; | pF 1‘;2121::2 324a
cl Type No. Specified
2 B, B, > 1200/R 5.116
c3 fr MHz fr>4fIg 11.1a
c4 C,.. pF
c5 C. pF Transistor
6 C.. pF
c7 BV:g mV Characteristics
c8 BVeg mV
c9 BVye mV
cl0 Py, mW at maximum temperature
cll Pop Q
Circuit Parameters
d1 AL, Specified Recommend A4, =2 11.45
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Algorithm 12.7 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step No. Comments Equation No.
d2 O, Specified
Calculation of Component Values
Note: ® signifies physical component
1 Iz 141, mA | bl3 6.23
2 Ry, 26/1; Q 1 2.87
3 R, A (R, + Ryp) Q dl,bl2,2 11.45a
4 P, IR 4/1000 mW |[b13,3 11.25
5 n P,/P4 a2, 4 11.40
<) 6 R, [(n+ I, R,41*/(10°P,) Q 5,b13,3 < 10,000//7 11.42
7 X, R,4/5 Q 3 11.35
8 X, +X; (n+ )X, Q 5,7 11.37
9 X, nX, Q 517 11.37
10 X, (X +X2)(1+(£('—Riﬁ)2) Q 8,6 11.27
L




343

11 G, 159,000/( X, f) pF 7, al 5.84
12 C, 159,000/(Xf) pF 9, al 5.84
13 Cy 0toC,/2 pF 12 SE
14 Xy, 1/(0/X, + Cy___f/159,000) Q 10, al, 13 11.16
15 L, X.,/(6.28f) rH 14, al 5.85a
16 G > 1.59 X 108 /(f(R4 — Ry)) pF al, 3,b12 11.48
17 P P, (1 + R./(Qp,XL,)] mW [a2, 6,d2, 14 See Note A 11.52
18 Check that P; < 1.1P; If not, see Note A
19 Vi 1000P, R, mV a2, 6 < 0.25BV g 7.9
20 Not used
21 Vi Ves — 1.7V, — 1700 mV a4, 19 > 2000 11.46
If V; calculates 11.46a
2 I Ve/Ig Q 21,1 > Vgp/2, 2.99
make Vi = Vpp/2
23 ry B,ry/5 Q c2,22 2.100




g Algorithm 12.7

(Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text

Step No. Item Formula or Quantity Units Step No. Comments Equation No.
® 24 Ty, 0.83r,Vgp/ (Vg + 700) Q 23, a4,21 2.103
& 25 Ty, 1/(1/r, = 1/r) Q 23.24 2.104
® 26 Lo 108/[C;(6.28f)?) uH |b8,al Omit for f < 50 MHz 11.49
27 Qop <Q.R /R, b9, b12, 3 11.55

Note A: If necessary and desirable,

redo Steps 5 to 27 substituting P; for P, in Step 5.
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Allunitsin . ..

8 MHz2 Q@ mW pF wH
mA, mV dc or rms
Item Value
Algorithm Figure 12.8 Stable Butler Oscillator 5 & !
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§ Algorithm 12.8 Stable Butler Oscillator, R ;y Limiting

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text

Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.

al f Specified MH:z

a2 P, mW Oscillator

a3 P, mW

a4 Vs mV Performance

bl Cut Specified

b2 N Crystal

b3 df Hz

b4 R, Q Characteristics

b5 Cp pF Notes:




TLYE

b6 C, pF 1. For production runs
b7 (o pF R p, = max
b8 G pF 2. P, will decrease
as R, decreases
b9 0, 105/(2wC, fR)) b6,bll, al 3. P, will 3.29a
bl10 AX/(Af/f) | 108 /(nC\f) Q b6, al remain constant 3.20a
as R, decreases
bll R, (CL/(C, + C)*R, Q b5, b7, b4 3.19
bl2 Ry R,/[1 — Go/(C. + Cp) — Q bll, b6, b7 3.26a
2C5df/(C,f X 10%))? al, bS, b8
b13 I, (1000PX/R,,/)'/2 mA a3, bl2 3.27a
b4 |cy, c l c 2x C]L(’f_6df g b6, al, b8 324a
cl Type No Specified




g Algorithm 12.8 (Continued)

Oscillator Performance

Crystal and Transistor Characteristics

Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.
c2 B, B, > 1200/R 5.116
c3 Ir MH:z fr> 4fl 11.1a
c4 Cher pF
c5 C. pF Transistor
c6 C. pF
c7 BVes mV Characteristics
c8 BVeg mV
c9 BVgg mV
clo Py mV at maximum temperature
cll Top Q




6Ft

Circuit Parameters

dl Ap, Specified Recommend 4, = 2 11.45
d2 (R

Calculation of Component Values

Note: © signifies physical component
1 Ig 141, mA bl13 6.23
2 RN, 26/1¢ Q 1 2.87
3 R,, Ry, + Ry Q 2,bl12 11.43
4 R, AL R4, Q d1, 3 11.45
5 R, 2000P, /12 Q a2, bl3 < 10,000/+/f 11.65
6 n 05R,/R, — 1 5 4 11.73
7 R,/X, Choose a value Recommend 2.5t0 5
8 X4 R,/QR, /X, + 1) 517 See Section 11.4.6. 11.74
9 X, R,./(R./X3) Q 4,7 SE
10 X, nX, Q 6,9 11.71
11 X, + X, (n+ 1)X, Q 6,9 11.37




§ Algorithm 12.8 (Continued)

Oscillator Performance
Crystal and Transistor Characteristics
Refer to Tgxt
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.
12 -Ry XX R, Q 10,9, 5 11.56
WA 2
1+ (R/X04) 8
2
2
1+ (Ry/X.)
X 2 » Denominator
+ (—————L—’———z (X, + Xz))
1+ ( XL +/R L)
X
- Xlxz(—'—iL*_‘z - (X + Xz))
1+ (X, /R L)
Denominator
13 X, Q 10,9, 5 11.57
8
14 Check that — Ry = R, 12,4
o 15 C, 159,000/(X2f) pF 9, al 5.84




[ €%

16 C Cy/n pF 15,6 11.37
17 G, C\/2 pF 16 SE
18 X, 1/(0/X .+ fC, ./ 159,000) Q 8,al, 17 11.16
19 L, X.,/(6.28f) rH 18, al 5.85a
20 Cy 1.59 X 10®/(f(R4 — Ray)) pF al, 3,bl2 11.48
21 L, X,/(6.28f) rH 13, al 5.85a
22 P/ P+ R /(Qr, X)) mW a2, 5,d2,18 Note A 11.52
23 Check that P} < 1.1P, a2,22
24 V. 1000P, R mV a2, 5 79
25 Vg Vgg — 1.7V, — 1700 mV a4, 24 > 2000 11.46
If V calculates 11.46a
26 r Ve/I Q 25,1 > Vggp/2 2.99
make Vi = Vyp/2
27 r, B.ra/5 Q c2,26 2.100
28 Tho 0.83r,Vgp/ (Ve + 700) Q 217, a4, 25 2.103
29 Ty, /(1 /r, = 1 /1)) Q 217,28 2.104
30 L, 108 /[C;(6.28f)%] pH b8, al omit for f < 50 11.49




§ Algorithm 12.8 (Continued)
Oscillator Performance
Crystal and Transistor Characteristics
Refer to Text
Step No. Item Formula or Quantity Units Step Nos. Comments Equation No.
31 Qop < Q.Ry/~ Ry b9, bl2, 12 11.81
Note A: If necessary and desirable, redo Steps 5 to 31 substituting P; for P, in Step S.
For the X, _ design.
X, _ R /@R, /X, - 1) Q 517 11.75
Continue with Steps 9 to 31. Note that L, in Step 21, 11.75 is a capacitor.




