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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 

/ 

Freq. Relative 

Oscillator Range Frequency NotesPL 
Type MHz Stability Isolation Alg. Chap. a 

} I 
ColI. lim. 0.5 to 50 Medium <- Poor 12.1 7 2,4

Norm
al 

2
IPierce be lim. 0.5 to 75 Highest <- Poor 12.2 7 1,2,4
2 

Isolated I to 30 Medium to Good for R 12.3 8 

Pierce 200}

} 


Poor for X
I 

Coli. lim. I to 40 Medium <- Poor 12.4 
2 

9

I
Normal 

Colpitts 

2 
b li e m. I Poor 12.5 9to 60 High 1,2,4

I to 30 M � 1 Medium Poor to 12.6 10 2,3,4,5to
PL 

High forLo p
"mi-

Isolated 20 Good 12.6 10 4,5,6 

Colpitts 

M".' I to 60 High to Very 


100 Good} 
x 

= 0 20 to 200 Medium to Poor 12.7XA II
Butler 100 

Stable 20 to 200 MHz Medium to Poor 12.8 II 
100 

"Please note the following: (I) PL dependent on Rdf. (2) Suitable for a range of frequencies without tuning, 

for = I. PL dependent on f. (3) Upper frequency increases as Pd Px decreases. (4) Upper frequency N
decreases as Ix increases. (5) PdPx decreases as/increases. (6)/L = Mf. 

.... 

5 
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12.1.1.3 PL/ Px 
This signifies the ratio of the output power PL to the crystal dissipated power 
Px' The reader is cautioned that, while high values of PL / Px appear desirable, 
as Px 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. 

12.1.1.5 f and 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. 

12.2 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 Rdfmax is always used to ensure 
that the oscillator loop gain always increases with other crystals of smaller Rdf• 

c 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, BVCB BVEB, and Pelis 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• 

12.1.1.1 Schematic Diagram 

Each algorithm includes a schematic diagram which shows all the physical 
components, except Rv exactly as they will be installed in the oscillator. RL 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 I 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 Infonnation 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. 



)CN LN _I ( T 

I Ch! '21 r 
'h2* 

--=-

-=-

Ir 
BVa 

W 

� 

All units in. 

U MHz !l mW pF I'HAlgorithm Figure 12.1 Pierce Oscillator, Collector Limiting rnA. mV de or rms 

VBB 

'h1 
co 

CL
I

Y,c:::J 
RL01 

VBB 

ValueItem

f
� @ PL 

]( Px0d! VBB" Rdl
<alii Ix .9-0 

CutE!'3
Ƕ � NU 

" PQ

lii 
0 

C"b 
'VI CbƝt 

B C" 

Pdis 
Type 

A ALa 
'9 ""ǵ 
aC 

g '" IBB
0 gm
"C.. VE1ii 
'3

<.> 
..U A 




N 

11 

? 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 PL mW Oscillator 

a3 Px mW 

a4 VBB mV performance 

bl  Cut Specified 

b2 Crystal 

b3 df Hz 

b4 RL Characteristics 

b5 CL pF Notes: 



Ix rnA 

- ��- - ---- - -

> 


b9 

b6 

b7 

b8 

blO  

b l l  

b l2  

b 1 3  

b l4  

C1 
Co 

Co 

Qx 
IlX/ 

(IlI/f) 

RI 
Rdf 

CLd/ 

pF 

pF 

pF 

106/(2wCdRI) 


106/(wCd) g 


[(CJ(CL + Co)] 2RI g. 

R1/[1 - CO/(C1. + Co)- g 

2Codl/( CdI06)]2 

(IOOOPx/Rdf)1/2 
2(1O)-6dlr l ,[ I 

CL + Co + Cd -c
0 

pF 

1. 	For production runs 

Rdf= max 

2. 	Px will decrease 

as R df decreases 

b6, b l l ,  al 3 .  PL will 

b6, al remain constant 

as R d fdecreases 

b5, b7, b4 

b l l ,  b6, b7 

aI, b5, b8 

a3, b 1 2  

b5, b7, b3 
b6, al ,  b8 

3.29a 

3.20a 

3. 19 

3.26a 

3 .27a 

3 .24a 
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Algorithm 12.1 ( Continued) 

88 Oscillator Perfonnance 
Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

el No. Specified 

c2 /30 f3.o> 1200gm 5. 1 16 

c3 IT MHz IT> 600fgm 5. 1 1  3 

c4 Cber pF 

c5 Ccb pF Transistor 

Cce pFc6 

c7 BVeB Characteristics 

c8 BVCE 
c9 BVBE mV 

clO mW at maximum temperature Pdis 

el  l fbb 12 
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. 

J 

i 

r33BVa 

J107Pjlf . 

(1) 

/R[>R2 

i 

mA i 

mA 
� 

mV 

RL and VL 

6,5 7.1 

7.7 

Circuit Parameters 

dl Specified Recommend A 1.0 = 2 6.18ALo 

Calculation of Component Values 

Note: (1) signifies physical component 

1 11 PJPx a2, a3 7.10 

2 VL the smaller of see discussion of 

2a c8
"' 

7.23a 
.

2b a2,al 7.30 

3 R1. Vl!(IOOO PL) n 2,a2 7.9 

4 R2 'f/RdJ - RU/RL n I, b12, 3 7.16 

5 X2 n 3,4 7.4 

6 R' T R2 + RdJ n 4, b12 7.17 

7 (g",X1) R'r/X2 

8 Ie Ix(gmXl) b13,7 

9 IE G 1.4I, 8 6.17 
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Algorithm 12.1 (Continued) 

Oscillator Performance 
Crystal and Transistor Characteristics 

Ell 

Step No. 

10 

Item Formula or Quantity 

RE 5[26/IE + 1] 

Units 

� 

Refer to 
Step Nos. Comments 

9, el  l ,  c2 

Text 
Equation No. 

6.20 

1 1  gmLo 0.83/RE 10 6.20a 

12  gm gmL/ALo 

lj 

1 1  , d1  6. 1 8  

1 3  X1 gmX1/gm �

lj 

7,1 2  SE 

14  Vb IXX1 mV bI3,13 7.5a 

15 VE VBB - I.4(VL + Vb) mV a4, 2, 14  >2000 7.27 

Ell 16  '2 VE/IE - RE � 15,9,10 2.99 

17 'b Po('2)/5 � c2, 16  2. 100 

Ell 18 'b2 .83'b[VBB/(VE + 700)] � 17, a4, 15 2. 103 

Ell 19 'h, 1/(1/'b- 1/'b,) � 1 7, 1 8  2.104 

20 Rio gmXr/Po � 12,13, c2 6.2 1 

2 1  Rh X¯/'b � 13, 17 7.3 



I , 
i 

I 
, 

, 

D -

22 R T g bI2,4,20,21 R T should == Rɦ 7.1 

23 C I I 59,000/Xd 

R d/ + R 2 + R in + R h 

pF 13, a4 7.36 

24 Ched gm(1 59,000//r ) pF 12,c3 6.22 

25 MM Vh /VL 14,2 5.70 

26 C I M Ccb (l + I/MM) pF c5,25 5.75 

27 c; C I - Cbed - C IM pF 23,24,26 Fig. 7.2b 

28 Check whether N = I b2 

28a If yes, s2 = 0.2 5.82a 

28b If no, s = I - 1.5/N 5.82b 

29. XCN (I - S2)X2 g 28,5 5.83 

30 CN 159,000/(XNf) pF 29, al 5.84 

31 Clv CN - Cch( l + MM)- Cce pF 30, c5, 25,c4 5.73 (£) 

and Fig. 7. 

32 XL N  XCN/S2 g 29,28 5,85 

33 LN XLN/6.28f p,H 32, al 5.85a(£) 

34 Check if the crystal cut 

is SC bl 



Cb 

Lb 

36a Cb 

36b Lb 

Xc r, O·06/gm 

Cr, 

3 9 XCi. 

40 

Qop 

pF SE 

SE 

5.86 

7.3 5 

7.39 

D Algorithm 12.1 (Continued)
N 

Oscillator Performance 
Crystal and Transistor Characteristics 

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

if no: C; 27
3 5a$ 

0 Continue at Step 37 
35b 


if yes: 0.156 C; pF 27
$ 

106/[Cb (6.84/)2] /LH 36a, al 5.87$ 

0 12 
 7.3837 


> 159,000/( Xcr2/ )  pF 37, al $ 38 


159,000/(CLJ)- ( XI + X2) 0 b14,aI, 13,5 

C£ 159,000/(Xcj) pF 39,al 7.4 0$ 

< QxRJf/RT bI2,b9,22 5.77a41 
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Algorithm 12.2 Pierce Oscillator, be Cutoff Limitingf 
Oscillator Performance 

Crystal and Transistor Characteristics 

Step Item Formula or Quantity Units 
Refer to 

Step Nos. 
Text 

Comments Equation No. 

al f Specified MHz 

a2 PL mW Oscillator 

a3 Px mW 

a4 VBB mV Performance 

bl Cut Specified 

b2 N Crystal 

b3 df Hz 

b4 

b5 

R1, 

C1, 

Q 

pF 

Characteristics 

Notes: 



I, 

!j 


b6 C1 pF 1. For production runs 

b7 Co pF Rdf = max 

b8 CO pF 2. Px will increase 

as Rdf decreases 

b9 Qx 106/(2'ITCdR I )  b6, bl l ,  al 3. PL will 3.29a 

blO Il X/(Il//f) 106/('lTCd )  g b6, al increase 3.20a 

as R df decreases 

b l l  R I [(CJ(CL + Co)] 2R L  g b5, b7, b4 3 . 19  

bl2 R df R1/[\ - CO/(CL + Co) - g bl l ,  b5, b7 3.26a 

2Cod//(Cd X 106)] 2 a I ,  b5, b8 

bl3 ( IOOOPxlRdf)1/2 rnA a3 , b I 2 3.27a 

bl4 CLdl 
[ I + 2 X 1O-6d/ r 1 

- C' 
C1 + Cz Cd 0 

pF b5, b7,b3 

b6, a I ,  b8 

3 . 24a 
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MHz 
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mV 

mV 

Algorithm 12.2 (Continued) 

; Oscillator Performance 
Crystal and Transistor Characteristics 

Refer to 
Step Item Formula or Quantity Units Step Nos. 

cl  Type No. Specified 

c2 Po 

c3 fm 
c4 Cbel pF 

c5 Ccb pF 

c6 Cce pF 

c7 BVCE mV 

Comments 
Text 

Equation No. 

Po> 1 200gm 

'r> 600fgm 

5. 1 16 

5. 1 1  3 

Transistor 

Characteristics 

c8 BVCE 

c9 BVBE 

clO mW at maximum temperature 

c l l 'bb 



vlO7Pdll 

";RzRL 

: 

Circuit Parameters 

$ 

dl 

d2 

d3 

I 


2 


2a 

2b 

3 


4 


5 


6 


7 


S 


a 

11 

Vbe 

11 


VL 

RL 

VE 

R2 

X2 

XI 


g", 

a2, a3 

cS 

a2, al 

2, a2 


a4, 2, d3 


I ,  b12, 3 


5, 3 


d3, b 13  


bI2, S, 7, c2 


See Section 7.6. 1 


See discussion 

on 11 


See discussion on 


R,. and Vr. 


in Section 

7.2.4 

> 2000 See Note A 


NOTE: If R2 is -,  


the design is 


unsound, see 


Section 7.2.3. 1 


7 . 10  

7.26 

7.30 

7.9 

7.2Sa 

7. 16 


7.4 

7.5a 

7.34 

OJ 

1 .4 


1 13 


Calculation of Component Values 

PdPx 

the smaller of 

O.22BVCE 

vl/(IOOO Pr.) 

or 

VBB - [2. I( VL + Vb)]- 1 700 

lIRd/ - R&//RL 

Vb/1" 

«Rd/ + RZ)/[XI(X2 - XI/Po)] 

mV 

mV 

Q 

mV 

Q 

Q 

Q 

0 



Algorithm 12.2 (Continued) 

!i Oscillator Performance 
Crystal and Transistor Characteristics 

Step Item Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

9 Ie gmVb rnA 8, d3 7.7 

10 IE IelYI rnA 9, d2 2.69 

E9 1 1  r2 VElIE g 4, 10 2.99 

12 rb por2/5 g c2, I I  2. 100 

E9 1 3  rb, 0.83rbVBBI( VE + 7(0) g 1 2, a4, 4 2. 103 

E9 14 rb , I/(ljrb - I lrb,) g 1 2, 13  2 . 104 

15  Rio XtgmlPo g 7, 8, c2 7.2 

16 R b Xtlrb g 7, 12 7.3 

17 check that 

(Rio + R v) « ( R df + R2) 15, 16, b 12, 5 

1 8  CI I59,OOO/(Xd ) pF 7, al 7.35 

19  Cbed gm 159,OOOI/T pF 8, c3 2.75 

20 MM "" XIIX2 7, 6 from 

5.70 



I 
I 

9 


Note A: If VE calculates> VBB/2, make VE = VBB /2 

2 1  

22 

23 

CI M 

c; 

Cch(1 + I/MM) 

CI - Ched - CIM - Cbef 

Check whether N = 1 

pF 

pF 

c5, 20 

1 8, 1 9, 2 1 ,  c4 

b2 

5.7 1 

Fig. 7.2 

23a 

23b 

S 

s 

If yes, s2 = 0.2 

If no, s = 1 - 1 .5/N b2 

5.82a 

5.82b 

24 XCN ( 1 - s2) X2 Q 23, 6 5,83 

25 CN 1 59,OOO/(XCNf) pF 24, al 5.84 

ED 26 CN CN - Cce - Cch( 1 + MM) pF 25, c6, c5, 20 5.73 and 

Fig. 7.2b 

27 XLN XCN/S2 Q 24, 23 5.85 

EEl 28 

29 

LN XLN/6.28f 

Check if the crystal 

cut is SC 

I'R 27, al 

b l  

5.85a 

ED 29a Cb 

if no 

C; pF 22 SE 
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E9 

Algoritiun 12.2 (Continued) g 
Oscillator Performance 


Crystal and Transistor Characteristics 

Refer to Text 

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

E9 29b Lb 0 

if yes 

Continue at Step 3 1  SE 

E9 

E9 

30a 

30b 

3 1  

Cb 

Lh 

Xaz 

O.156C; 

106/[ Ch (6.84f) 2] 
O.05/gm 

pF 

,...H 

g 

22 

30a, al  

8 

5.86 

5.87 

7.38 

E9 32 Crz 159,000/( Xa/) pF 32, al 7.35 

33 XCL 159,000/(CLJ,f) - ( XI + X2 ) b14, aI,  7, 6 7.39 

34 Ci. 159,000/( XcJ) pF 33, al 7 .40 

35 Qop QXRdt/(Rdf + Rio + R2 + Rb) b9, b 12, 1 5,5, 16 5.77a 
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� Algorithm 12.3 Isolated Pierce Oscillator, Collector Limiting '" 

Oscillator Performance 
Crystal and Transistor Characteristics 

Step No. 

al 

a2 

Item 

f 

PL 

Formula or Quantity 

Specified 

Units 

MHz 

mW 

Refer to 
Step no. 

Text 
Comments Equation No. 

Oscillator 

a3 

a4 

a5 

Px 

VBB 

1/ PJPx 

mW 

mV 

a2, a3 

Perfonnance 

b I  Cut Specified 

b2 

b3 

b4 

b5 

N 
df 

R L 

CL 

Q 

pF 

Crystal 

Characteristics 

Notes: 



---- - -

8 

1 06/."CdR1 

) 1/2 [ I + 2XIO-6d/r l_c pF 

b6 	 pF l. For production runs C1 

b7 Co pF 	 R df = max 

b8 C' 	 pF 2. Px will increase 
0 

as Rdf decreases 

b9 Qx 
 b6, b l l ,  al  3.  PL will 3.29a 

b lO  flX /(/::'.//f) 1 06/(."Cd) n b6, al  	 remain constant 3.20a 

as R df decreases 

b l  l RI [(CJ(CL + Co)  ]2RL 	 n b5, b7, b4 

b l 2  Rdf R1/[\ - CO/(CL + Co)  - n bl  l ,  b6, b7 3.26a 

2Cod//(Cd X 1 06W ai,  b5, b8 

a3, b l 2  3.27ab 1 3  Ix 

bl4 CLdf 

(1000 PjRdf 

CL + Co Cd 0 

rnA 

b5, b7, b3 3.24ab6, ai, b8 

3 . 1 9  
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Algorithm 12.3 ( Continued) 

Oscillator Performance f 
Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity 
Refer to 

Units Step no. Comments 
Text 

Equation No. 

cl  Type No. Specified 

c2 130 130> 1200gm 5.116 

c3 IT MHz IT> 600lgm 5.113 

c4 Cbef pF 

c5 Ccb pF Transistor 

c6 Cce pF 

c7 BVCB mV Characteristics 

c8 BVCE mV 

c9 BVBE mV 

c l O  mW at maximum temperature 

el l 

Pdis

'hh Q 



V I07PJ.fl 

../ 1000 

n/T/RdfRL 

I 
i 
I ! 

I 
I 

I 

8 


dl AL o 

I VL 

l a 

Ib 

(1) 2 RL 

2a 

2b 

Ic V 'I. 

3 II. 

(1) 4 Rs 

Circuit Parameters 

Specified 

Calcula tion of Componen t Values 

Note: (1) sign ifies physical componen t 

The smaller of 

0.33BVCE or 

The smaller of 

Vl!(IOOO Pd or 

(64,000) 2 /(f2n 2 RdfT/) 

PL RL 

VfjRL 

Recommend A L o  = 2 6.18 

mV See discussion 

c 8 on RI. and VI. 7. 2 3 

a2, al 7.30 

0 
I, a2 7.9 

ai, b12, a5 Recommend n = 5 8.14 

8.28 

mV a2,2 7.9 

rnA IC,2 SE 

0 2b, a5, b 12,2 Rsmax = 64k// 8.19 
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Algorithm 12.3 (Continued) 

7 Oscillator Performance 
Crystal and Transistor Characteristics 

Step No. 

5 

Item 

mr 

Formula or Quantity 

Rs/RL 

Units 
Refer to 
Step no. Comments 

7,2 

Text 
Equation No. 

8.7 

6 Ie (1 + l /mr)IL rnA 8,3 8.6a 

7 IE l.4Ie rnA 6 6.17 

8 RE 5[(26/Id + 1] n 7 6.20 

9 gmLo 0.83/RE 0 8 6.20a 

10 gm gmL/ALo 0 9 ,d1 6.18 

11 gme gm(l + mr ) 0 10, 5 8.lOa 

12 (gmX\)  Ie/Ix 6, b13 8.9 a 

13 X\ (gmX\ )  /gm n 12,10 SE 

14 Rio gmXUPo n 10,13, c 2  7.2 

15 R, Rio + RdJ n 14,b12 8.13 

16 X2 n R, n 2b,15 8.14 

17 RT R, + Xi/(Rs + RL) n 15, 16,4,2 8.12 

17a XÃ n RT n 2b, 17 8.23 



I I 

I I 

1 8  Vb Ix XI mY 

VE mY 

'2 

'b 

'b2 
'h, 

CI 

25 

MM 

CM 

C; 

8.8b13, 1 3  


a4, Ie, 1 8  
 7.27 

2.9919, 7, 8 
VdIE - R E g 

0.83'bVB'B/( 

b l29 Cheek if the crystal eut is SC I
s I I I I 


1 .4( Vi + Vb)VBB19 
 -

$ 20 

2.100e2, 20, 8 
gfJo(r2 + RE)/5 

VE + 700) 

21  

2.10321, a4, 19 
g$ 22 

2. 104 
21,22 1/( I /'b - 1/'b2 ) g .$ 23 

7.3613,  alI 59,OOO/(Xd )  pF24 

6.2210, e3 Cbed gmI59,OOO//T pF 
5.70Ie, 18  
VL/Vb26 
 =: 

5.7526, e5 (MM + I)Ccb pF27 

Fig. 7.2b 24, 25, 27, e4 
CI - Cbed - CM - Cbet pF28
$ 



159,000/( X2f) 

34 159,000/( Xc r2f) pF 7.35 

35 

37 

Algorithm 12.3 (Continued) 

i Oscillator Performance 
Crystal and Transistor Characteristics 

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

if no 

EEl 30a Cb C; pF 28 SE 

30b Lb 0 Continue at Step 33 SE 

if yes 

EEl 3 1 a  Cb 0. 156C; pF 28 5.86 

EEl 31b Lb 106/[ Cb(6.84f)2 ] p.H 3 1 a, al 5.87 

32 C2EEl pF 17a, al  8.25 

33 0.05/gm g 10 7.38Xcr2 

Cr2 33, al EEl 

XC/. 159,000/(CL./ )  - ( XI + X2) g b14, aI ,  13,  18  

EEl 36 CL 7.40159,000/( Xci)) pF 35, al 

< QxRdt/RT b9, b 12, 1 7  5.77aQop 

7.39 



I 
CI 
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] 

All units in. 

U MHz 0 mW pFAlgorithm Figure 12.4 Colpitts Oscillator Collector Limiting ,.H
rnA, mV de or rms 

VBB 

'b2 

Q, 

Cb 

RE 

Y,c:J 

'b, lCN 

| 11B x
6jOtJ0.. 

Item Value 

f
PL
Px 
Vss 

!!
-; ..",Cl·u-2 Uo..t' u 

Rd
Ix 

/

Cut 

N 

!!..
Cl
£ 
] 

Po
fr 
BVCE
C,h 
Cbe1 
C,.ƚ
Pdis 
Type 

A 

·H u ;0.. 

ALo A 

� 

l!l ..
Cl 

19B 

gm 
VE 

$ 




:= Algorithm 12.4 Colpitts Oscillator CoUector Limiting 
0= 

Oscillator Performance 
Crystal and Transistor Characteristics 

Step No. 

a1 

Item 

f 

Formula or Quantity 

Specified 

Units 

MHz 

Refer to 
Step Nos. Comments 

Text 
Equation No. 

a2 PL MW Oscillator 

a3 Px mW 

a4 VBB mV Performance 

bl Cut Specified 

b2 N Crystal 

b3 

b4 

b5 

df 

R L  

CL 

Hz 

Q 

pF 

Characteristics 

Notes: 



106/(2"'CdR I )  

[ I + 2 X 1O-6d/ r_ C' 
CL + Co Cd 0 

b6 

b7 

b8 

CI 

Co 

Co 

pF 1. For production runs 

pF R df = max 

pF 2.  Px will decrease 

as R df decreases 

b9 b6, bll, al 3. PI will 3.29aQx 

blO 

bll 

bl2 

flXI(fl/lf) 106/(",Cd )  

R I [(Cu'(CL + Co)]2R L 

R df R I/[ I - CO/(CL + Co - ) 

2Cod/I(Cd X 106)]2 

0 

0 
0 

b6, al remain constant 3.20a 

as Rdf decreases 

b5, b7, b4 

bll, b6, b7 3.26a 

a I ,  b5, b8 

(1000 Px lR df)1/2bl3 Ix 3.27aa3, bl2 

b5, b7, b3 
b6, a I ,  b8 

rnA 

pFbl4 3.24a CLdf.... 
... 
... 

3.19 



ciO Pdis 

mY 

Algorithm 12.4 (Continued) 

.... Oscillator Performance -N Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity Units 

el Type No. Specified 

c 2  fio 

c 3  IT MHz 

c 4  Cbet pF 

c 5  Ceb pF 

c 6  Cce pF 

c7 BVCB mY 

Refer to 
Step Nos. Comments 

Text 
Equation No. 

fio > 1200gm 

IT> 600lgm 

5.11 6 

5.113 

Transistor 

Characteristics 

c8 BVc£ 

c9 BVB£ mV 

ell 'bb 


mW at maximum temperature 

Q 



{", 33B Ve, 

V I07PJ..fl 

I 
! 

.jRL R2 

I 

mV 

VL and RL 

7 .4 

7.1 

IAg;"X\) 

Circuit Parameters 

Recommend A L" 2 6.18=dl SpecifiedA Lo 

Calculation of Component Values 


Note: E9 signifies physical component 


See discussion 7.10I a2, a3 PJPx11 

2 The smaller of VL of 11 

See discussion of 2a c 8or 

2b 
 a2, al 


3 7 .9 g 2,a2Vll(IOOO Pd RLE9 

4 7 .16 g l,bI2,3 lIRd/ - RÄtlRLR2 

g 3,45 X2 

6 RT ' Q 4 ,b12R2 + RdJ 

7 6,5R'TIX2(g;"X\)  

8 I'e rnA 7.7c 13, 7....c: 

9.3 

7 .30 

7.17 



I 
I 

Ix XI mY 

mY 9.7 

Algorithm 12.4 
\,.) 
:;: 

Step No. 

9 

10 

11 

12 

13 

( Continued) 

Oscillator Performance 


Crystal and Transistor Characteristics 


Item Formula or Quantity Units 

IE' 1.41; rnA 

R'E 5(26/1£ + I) 0 

O.83/RE Ugm, Lo 
,g;" gmLo/A Lo U 

XI (g;"X1)/g;" 0 

Refer to 
Step Nos. 

8 

9,bll,b2 

to 

Comments 
Text 

Equation No. 

6.17 

6.20 

6.20a 

11, dl 6.18 

7,12 SE 

14 Vbe bI3,13 5.52a 

a4,2,14 >2000 15 VB [VIlB - I.4(VL + Vbe)] 

16 

17 

18 

19 

20 

21 

21a 

r2' VE/IE - R'e 0 

rb' po(r2)/5 0 

Rin g;"x'f/PQ 0 

Rb (XI + X2)2/rW 0 

RT Rdf+ R2 + Rin + Rb 0 

Check whether RT < 1.1RO 

If yes, go to Step 30 

15,9, to 2.99 

c2,16 2.100 

12,13, c2 6.21 

13,5, 17 5.57 

bI2,4, 18, 19 5.40 

20,6 7.46 



I 

, 

(.0>
UI... 

21b If no, go to Step 22 

22 Ie Ix RT/X2 rnA b13, 20, 5 5.58a 

23 Ie 1.4Ie rnA 22 6. 17 

24 gm RT/( XlX2) 20, 13 ,  5 5.40 

25 gmLo ALogm dl ,  24 6. 1 8  

E9 26 Re l/gm - 26/Ie - 1LO Q 25, 23, e l l, c2 6. 1 9a 

E9 27 '2 (velld - Re Q 15, 23, 26 2.99 

28 'h Po'2/5 Q 27 2.100 

29 Note: in the following Step, substitute (,/,) for ('h)  when 

Step 21a is yes. 

E9 30 'h2 0.83'h[VBB/(Ve + 700)] Q 28, a4, 15 or 17 2. 103 

E9 3 1  'h, 1/(l/'h - 1/'h2 ) Q 28, 30 or 17 2.104 

32 Cl 159,OOO/( XJ) pF 13,  al 7.36 

33 Ched gmI59,OOO/iT p F  2, c3 or 1 6.22 

34 MM Vhe/VL 14, 2 5.70 

35 ClM Cch[ l + I/MM] pF c5, 34 5.75 



G) 

I 
, 
I 

I 
, 

I 

I I 
! 
I 
I 
I 
I 

:: Algorithm 12.4 (Continued)
Q\ 

Oscillator Performance 
Crystal and Transistor Characteristics 

G) 

Step No. 

36 

37 

27a 

37b 

38 

39 

40 

41  

42 

Item 

Cj 

XCN 

CN 

C'N 

XLN 

LN 

Formula or Quantity 

CI - Cbed - CIM - Cbet 

Check whether N = I 

If yes, S2 = 0.2 

If no, S = 1 - 1.5/N 

(I - S2)X2 
I59,OOO/( XCNf) 

CN - Ccb(l + MM) - Cce 

XCN/S 2 

XLN/(6.28f) 

Units 

pF 

n 
pF 

pF 

n 
ȹH 

Refer to 
Step Nos. 

32, 33, 35, c4 

b2 

37,5 

38,al 

39,c5,34, c6 

38,37 

4 1, al 

Comments 
Text 

Equation No. 

Fig. 5.9b 

5.82a 

5.82b 

5.83 

5.84 

5.73 

Fig. 5.9b 

S.85 

5.85a 

43 Check if the crystal cut b l  



z -
--

47 

49 

50 

Cb 

Lb 

Cb 

Lh 

XC'2 

Cr2 

XCi. 

Qop 

C; 

:;;:; 0.02 XLN 

SE 

SE 

7.39 

is SC 

If no, 

pF 36$ 44a 
Continue at Step 46044b 

If yes, 

pF 36 5.860. 1 56C; $ 45a 

\06/[Ch(6.84/)2 ] /LH 45a, a l$ 45b 
9. \ 0Q 4146 

1 59,000/( XC'2/) pF 46, al$ 

[ I 59,000/CLJ/)] - ( XI + X2) Q b I4, a I ,  13, 5 48 

I 59.000/( Xci/) pF 48, al$ C£ 

< QxRdf/RT b I 2, 20, b9 5.77a 

I.> .... .... 

5.87 

7.35 

7.40 



QO 

QO 

Y,c::J 

-=-

-=- -=- -=-

I 

, 

I 
I 

I N 

! 

I 

, 

-

_ 1:!
9 5 
i# 

Item 

I
PL
P
V
x
BB 

Value 

!!
lei'0 <a"2 'Vi"" UƗ 

Rd,
Ix
Cut 

'" 
0OJ 

W'!;i
;j
v 

{Jo
IT
BVn:
Ccb 
Cb&t 

C" 
Pdis 
Type 

·S ǰ
!l 

e C 
"" 

a 

1'1
Vb. 

" 

0,3
1.4
113 

l!'" 
Q
]
Ǳ" 
<au 

IBB 

gm 
VE 

.... All units in . 
....
QO 
 U MHz 0 mW pF "H 

Algorithm Figure 12.5 Colpitts Oscillator, be Cutoff Limiting rnA. mV de or rms 

VBB 

rb2 r 
Q1 

Cb 

rb1 rCN 



f 

b l  

Algorithm 12.5 Colpitts Oscillator, be Cutoff Umiting 

Oscillator Performance 

Crystal and Transistor Characteristics 


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

al Specified MHz 


a2 PL 
 OscillatormW 

a3 Px mW 


a4 VBB 
 mV Perfonnance 

b2 

b3 

b4 

.... b5-

SpecifiedCut 

N Crystal 

dt Hz 

RL g Characteristics 

CL pF Notes: 
10 



b8 

tl X/(tlj/f ) 

106/(2'1TCdR I )  

Algorithm 12.5 (Continued) 
f.Hǯ 	 Oscillator Performance 

Crystal and Transistor Characteristics 

Step No. Item 

b6 C1 
b7 Co 

Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

pF I .  For production runs 

pF R d[ = max 

pF 2. Px will increase 

as R d[ decreases 

Co 

b6, b l l, a l  3. PL willb9 3.29a Qx 

blO Q b6, al106/('1T Cd )  increase 3.20a 

as Rd[ decreases 

bl l 

bl2  

bl3  

RI 


Rd[ 


Ix 

[(CJ(CL + Co)]2R L  

R1/[ ICO/(CL + Co) -

2qdj/(Cd X I06)f 

( IOOOPJRd[)1/2 

Q b5, b7, b4 

Q b l l ,  b6, b7 3.26a 

ai , b5, b8 

a3, bl2  3.27arnA 

3 . 19  



bl4 

c4 

mY 

el 

+ 2 X 10-6 dl r= b5, b7, b3 Co pF 3.24a CLdf CL + Co Cd b6, ai, b8 [ I 

Type No. Spccified 

c2 Po Po> 1200gm 5. 1 16 

c3 IT MHz IT> 600l gm 5. 1 1 3 

pFCbef 

c5 Ccb 

c6 Cce 

c7 EVa 
c8 EVCE 

pF Transistor 

pF 

mY Characteristics 

mY 

c9 EVBF 
elO Pdis mW at maximum temperature 

Qell rbb 

....to.> ... 



1.4 

mY 

[> 2 .1( VL + Vb.J mY 

<.l 
fj 

Algorithm 12.5 (Continued) 

Oscillator Performance 

Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

Circuit Parameters 

d l  a 0.3 See Section 7.6.1 

d2 11 

113 mYd3 Vb, 
Calculation of Component Values 

Note: $ signifies physical component 

I al,a3 Sec discussion 

on." 

PdPx." 

The smaller of 2 VL See discussion of 

RL and VL0.22 BVCE2a or c8 

2b a2, aI{I07Pdft 

2,a2 7.93ED Vil(loooP1J 0RL 
4 VBBVE 1700 a4,2, d3 > 2000, See Note A 

I,bI2,3 See St:ction 7.2.3.1 ."Rdf - R<fIRL gR2 

7.10 

9.6 

7.30 

9.8 

5 7.16 



..jR 2R L  

i 

5 .40 

g;" 7.34 

7.7 

5.40 

6 X2 0 5, 3 7.4 

7 R'T R d/ + R 2 0 b12, 5 

8 XI Vbe/lx 0 d3, b13 5.52 

9 RT/[ XI ( X2 - XI/flo)) 0 7, 8, 6, c2 

10 l' g;"Vbe 9, d3 e rnA 

I I  l'E I;!YI 10, d2 2.69rnA 

1 2  r ' VEIl;' 0 4, 11 2.992 

1 3  r' b flor5./5 0 c2, 12 2.100 

14 Rin g;" Xt/flo 0 9, 8, c2 7.2 

15 Ri, ( X + X2)2/rf, 0 8, 6, 13 5.57I 

16 RT RT + Rin + Rb 0 7, 14, 15 

17 Check that RT;:;; l. lRT 16, 7 7.46 

17a If yes, go to Step 24 

17b If no, go to Step 18 

...I;! 
1 8  Ie 

Note A: If VE calculates > VBB/2, make VE = VBB/2. 

IxRT/X2 rnA bI3, 16, 6 5.58a 



rnA 

ED 

� 


1 59,OOO/( Xd) 7.35 

5.71 

Algorithm 12.S ( Continued) 

Oscillator Performance 
Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity Units 

Refer to 
Step Nos. Comments 

Text 
Equation No. 

19 IE I.hl 18, d2 2.69 

20 8m Rrl(XIX2) lj 16,8,6 5.40 

ED 21 '2 VElIE 0 4, 19 2.99 

22 'b Po'2/5 0 c2, 21 2.100 

23 Note: In the following steps, substitute (,;')0 for (rb) when Step 17 is yes. 

ED 24 'bz O.83rbVBB/(VE + 7(0) 0 22 or 13, a4, 4 2.103 

25 'bl l/O/'b - l/rb,) 0 22 or 13, 24 2.104 

26 CI pF 8,al 

27 Cbed 8m159,OOOlfr pF 9 or 20, al 2.75 

28 MM VbelVL d3,2 5.70 

29 CIM C,bO + l/MM) pF c5, 28 

30 Ci CI - Coed - CIM - Chef pF 26,27, 29,c4 Fig. 5.9b 

31 Check whether N = 1 b2 

31a s If yes, s 2 =< 0.2 5.82a 

3tb s If no,s== \- L51N 5.82b 



X 3 1 ,  6 32 (I 2 5.83XCN - S ) 2 

33 C 1 59,000/( XCNf) pF 

11 

32, al 5.84
N 

EB c Cc pF c5, 28, c6 5.7334 C;. CN - C b(l M 33, M) - e
Fig. 5.9b 

2 5.8535 XLN X

+ 

32, 3 1  CN/S 

L JLHN 

11 

EB 35, al 5.85a36 XLN/(6.28f)

37 Check if the crystal cut 

is SC 

If no, 

EB Cb pF 30 SE38a C;

Lb Continue at Step 40 SE38b 0

If yes, 

4 EB Cb 30 5.86

 I 39a pF1 0. 1 56C; I I 



- - - - - -- - - - - -- - - -- - - - - --- - - - -�- - - --��- -y 

3 

43 1 59,OOO/( XCI. f) 

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. 


$ 39b Lb 106/[ Cb(6.84f)2 ] p.H 39a, al 5.87 

40 XCr2 O.02 XLN 35 9 . 10 

$ 41  

42 

Cr2 

XCI. 

159,OOO/( XcrJ) 

+ X2)[ 159,OOO/(CLdff)] - ( XI 

pF 

n 
40, al 

b I4, al , 8, 6  

7.35 

7.39 

$ Ci pF 42, al  7.40 

b9, b I 2, b I 6  5.77a44 Qop Qx Rd/RT 



rb2S W 

VT r IƖ 

1 

c'1 I 

-=- -=- -=-

N 

All units in " 
Algorithm Figure 12.6.1 Semi-isolated Colpitts Oscillator, 

Form 1 Mode Selector. Note: For N = 1, LN = = 
I} MHz 11 mW pF I'H 
rnA. mV de or rms C,) 0 

VBB 

Tuned to
fL =Mf I 

c · 

Y, 

c::::J 
rb1 

Cb ::r 
r2 

.. 1:! 

" JO ,E  

Item Value 

I
PL
Px
VBB 

M 

l:!
.. .. 
"0Q.O
" "  
if T  U 

Rd
Ix 

/

Cut 

P. 

l:! ..0
.Si"ƙ
Ǭ 
v 

IT
BVCE 

C,b 

Cbef 

C"

Pdis 
Type 

Ƙ_ uoS UHU i;!
0.. 

a 

y, 
YM 
Vb< 

l:!..0
1 "3'" 
..U 

ISB 

VE

gm 

2 



--> 

VI: "':t: 
YIT r 

-,:- -

LN"� 

r2< 
-

S 

, • .A 

f 

Rd/ 
1., 
CUI 
N 

Algorithm Figure 12.6.2 Semi-isolated Colpitts 

Oscillator Form 2 Mode Selector 

VBB 

2 t, 
ǫMfrb Tuned to 

I 
c". 

rb1 
c' 

rCr2 r 

All units in . .  
U MHz !l mW pF I'H 
rnA. mV de or rms 

9 R 
" 

� E� .9
° i  

Hem Value 

PL
Px 
VBB
M 

)!.. "
", 0

' g·c '3w"" i:-u 

)!"
0

9 
J 

Po
fr
BVCE
Crh 
C"
Chef 
Pdis 
Type 

Ɨ 
x y"3 0 

w §U i!"" 

CI 

YM 
Vb

y,

)!" 0
'E
]"ǪU 

,
'BB 

VE
gm 

\H
� 	



i 

, 

. 

I 

I 
I 

D 

Algorithm 12.6 Semi-Isolated Colpitts Oscillator, be Cutoff Limiting 

Oscillator Performance 
Crystal and Transistor Characteristics 

Step Item Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

al f Specified MHz 

a2 PL mW Oscillator 

a3 Px mW 

a4 VBB mV Performance 

a5 M 

b l Cut Specified 

b2 N Crystal 

b3 df 

R r. 

Hz 

Q Characteristicsb4 

b5 Cr. pF Notes:.... 



b8 

106 /(2."Ci/R I) 

A X/( A//f ) J06/(."Ci/) 

b13  

0 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 CI pF 1 .  For production runs 

b7 Co p F  RdJ = max 

pF 2. Px will increase 

as RdJ decrease 

Co 

b9 Qx b6, b l l ,  al 3. PI will 3.29a 

biO n b6, al remain constant 3.20a 

as Rdf decreases 

b l l R, n b5, b7, b4 3. 1 9  [(CJ(CL + Co)] 2R L  

b l2  RdJ n bI  I ,  b6, b7 3.26a R ,/[ I - CO/(CL + Co) -

2eo d//(Ci / X J06)J 2 a i ,  b5, b8 

I/2 a3, b I2  3.27a (IOOOPxlRdf) rnAEx 



I I 
:: 
-

bl4 CLdf [ I 
CL + Co 

+ 2 X 10-6 dlr I - CoCd 
pF bS, b7, b3 

b6, a I ,  b8 3.24a 

cl Type No. Specified 

c2 flo flo > 1200gm S. \ 16 

c3 IT MHz IT> 600jgm S. l \ 3  

c4 Chet pF 

cS 

c6 

Cch 

Cce 

pF 

pF 

Transistor 

c7 

c8 

BVCB 

BVCE 

mV 

mV 

Characteristics 

c9 BVBE mV 

clO 

ell 

dl 

Pdis 

'hh 

a O.3/M 

Circuit Parameters 

mW 

Q 

as 

at maximum temperature 

10.8 



Yl 

E!1 

4 

5 

6 

V107PLi.f1M 

ř 

Vl /(lOOOPd 

VdlE 

mV 

2.69 

mV 

> VB B/2, 

Algorithm 12.6 ( Continued) 

.... Oscillator Performance 
Crystal and Transistor Characteristics 

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

d2 1 .4 lO.9a 

d3 YM 1 . 6-0.2M as 10.9 

d4 Vb. 36/0: mV d l  10. 1 0  

Calculation of Component Values 

I VL The smaller of See discussion of 

c8 R L and V,. 10. \ \  O.27B VCE or1a  

W. 1 3a2, al Ib 

2 R L Q 7.9I ,  a2, 

SE1 , 23 1M VdR L rnA 

3, d3 IMiYMIE rnA 

VE [ 1 .7 Vd - 1 700 VBB - > 2000 a4, I 1O. 1 1a 

If VE calculates 1O. l lb  

E!1 '2 5, 4Q 2.99 



w1: 

EB 

7 

8 

rh 

rh, 

{Jo( r2 )/5 

0.83rhVBB/( VE + 7(0) 

g 

g 

c2, 6 

7, a4, 5 

make VE = VBB/2 2. 100 

2. 103 

EB 9 rh, I /( I /rh - I /rh,) g 7, 8 2. 104 

10  Check whether M = I as 

lOa R L, If yes, R L, = R  L g 2 1 0. 1 5  

lOb R l., If no, R L, = 0 g 10. 14  

I I  Check whether N = 1 b2 

I la If yes, r2ac = r2 g 6 10. 1 6  

l Ib If no, r2ac -+ 00 g 10. 1 7  

1 2  Ie, lEY. rnA 4, d2 2.69 

1 3  X. Vhe/lx g d4, b 1 3  5.52 

14 

1 5  

gm 

R io 

a/(26/ld 

Xfgm/{3o 

U 

g 

dl ,  4 

1 3, 14, c2 

2.70 

2.72 

7.2 

16 R bp Xf/rh g 1 3 ,  7 5.60 

1 7  

1 8  

Rp 

ai 

R dj + R io + Rbp 

lx/Ie, 

g b12, 1 5, 1 6  

b 1 3, 1 2  

5.60 

5.58a 
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Algorithm 12.6 (Continued) 

Step Item 

Oscillator Performance 
Crystal and Transistor Characteristics 

Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

1 9  X2 a, RpO + 2ajXI/rb) Q 1 8, 1 7, 13 ,  7 5.63 

20 Ve 
� ( XI + X2 )  ( )r 2

Ix R dj +  Rw + rb XI + X2 mV b 1 3, b 1 2, 1 5, 5.66 

1 9, 1 3, 7 

2 1  

22 

Vb 

VL, 

Ix{ + 

le, R L, 

mV 

mV 

b 1  3, 1 3, 1 9, b l 2  

1 2, 10  

5.S0a 

23 CI 1 59000/(X,j) pF 1 3, al  7.35 

24 Cbed gml 59000lfr pF 14, c3 2.75 

25 Mch 1 + VL/Vh 22, 2 1  10.4 

26 CM Mcbc: b pF 25, c5 10.3 

27 MM Vbel v.. d4, 20 10.6 

28 CI M CM( l  + ljMM) pI' 26, 27 10. 5  

29 c; C1 Cbed - CI M  - Cbel pI' 23, 24, 28, c4 Fig. 5.9 1 

30 C2 M CM(l + MM) pF 26, 27 10.7 



{"''' 
legend 
Figure 

I Go 
I 

I 
I 
I 

I 

, 

ř UI 

3 1  

32 

33 

33a 

Mee 

Ccem 

1 + VL /Ve 

CceMce 

For nondoubly rotated cuts 

for N = 1, LN = 0 

XCN = X2 

pF 

22, 20 

c6, 34 

b l  

b2 
th, note m "" 

of Algorithm
12.6. 1 .  

to step 35 

10.2 

10. 1 

33b s for N -:1= 1, s = 1 - 1 .5/N b2 5.82b 

34 XCN ( 1 - S 2 ) X2 g 30, 19 or as per 33a 5.83 

35 

36 

CN 

CN 

1 59,OOO/( XcNf)  

CN - C2 M - Ccem 

pF 

pF 

3 1 ,  al 

35, 30, 32 

� � 5.84 

SE 

Ell 

Ell 

37 

38 

39a 

XLN 

LN 

Cb 

X /S2CN 

XLj(6.28f) 

CN 

g 

/tH 

pF 

34, 33 

37, a l  

36 

( FOr N = 1 see note in 
the legend of Algo-
rithm Figure 1 2.6. 1 

5.85 

5.85a 

SE 



( � -
1 59,000 

5.01 XJ ./(2'lff ) 

5.93 

43b 

Algorithm 12.6 (Continued) 

� 	 Oscillator Performance 
Crystal and Transistor Characteristics 

Item Formula or Quantity 

39b 

Step 

0 


40 


Lb 

For SC-cut 

Unit� 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

Continue at Step 45 SE 

bl  

1 1X2 
' X2 

f( C2 M  + Cum) )40a 19, aI ,  30, 32 See Fig. 59b 	 SE{) 

41 

El'l 4 1 a  

El'l 

El'l 

41h 

42 

43a 

Cb• 


Lb 


Cb 


For SC-cut, N I= 

1 59,000 
0. 1 56 

xif 

106j[ Cb(6.84f )2 ) 

For SC-cut, N 3 or 5 = 

1 59,000/(5.37fXD 

pF 

p. H 

pF 

b l ,  b2 

4Oa, a l  

41a, a l  

b l ,  b2 

al, 40a 

5.86 

Continue at  Step 46. 5.87 

See Section 5.6.5.4 

Form 1 network 5.92a 

43b LN p.H Algorithm Figure 12.6. 1 5.88a4Oa, a l  El'l 

5.99 

p.H Continue at Step 46.43c Lh O.905LN 5.9 1aEl'l 

pF44aEl'l Form 2 network 5.97aal ,  40a 1 59,OOO/( 1 .48fX2)Co 
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45 

47 1 59,000/( Xcj ) 

5.98 

5.95 

9.9 

$ 44b 2.62 X]/(2'TTf) I'H 4Oa, al Algorithm Figure 12.6.2 5.94a LN 

$ 0.905LN I'H 44b Continue at Step 46 5.96aLb44c 

Not used 

0.02 XLN g 37 or XI.N of Xc"46 

43 b or 44b 

pF 46, al for N 1 C" 0= = 

b14, aI, 1 3, 1 9  

C"$ 

+ X2 ) 48 1 59,000/(CL./) - ( XIXci. g 

49$ C'L 1 59,000/( Xqf) pF 48, al 7.40 

50 Qop QxRdti b9, b 12, 1 5, 1 3, 19  5.77a 

dfR + R + _ 2X2 
+ 

( 
I n  r2ac 

IX + X 
rb 

)2 )2 I I  , 7 ( 

9. 10 

7.39 
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A La 
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XA 
XL 

U MHz il roW pF "H
rnA, roV de or rms 

Item Value 

15 !S 
:;; V PL 
� J  P,
o WU 

" R dJ 
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 l  
Cut 

U 

/3"
fr 

? BVCE 
Cl C,. 

·1 Cbl't 

;!:: 
Pdis 
Type 

t:
� " 

:� I R./X,U li!p,. 

!'! leg
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." R " iii -a" ..U 

All units in 

Algorithm Figure 12.7 Butler Oscillator, XA = 0 Design. 

, 
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: c"Yl I' 

c 
0 
I I 

bI 
I II1 

X 
Y 
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L. _ _ _ _ _ _ 

Z 
C2 

VBB 

� 
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Algoritlun 12.7 

Step No. 

al 

a2 

a3 

a4 

b I  

b2 

b3 

b4 

b5 

XA 0 Butler Oscillator, R IN Limiting= 

Oscillator Performance 

Crystal and Transistor Characteristics 


Item 

f 

PL 

Formula or Quantity 

Specified 

Px 

VBB  

Cut Specified 

N 
df 

R L 


CT. 


Refer to Text 
Units Step No. Comments Equation No. 

MHz 

mW Oscillator 

mW 

mV Performance 

Crystal 

Hz 

g Characteristics 

Notes: 



- 


Step No. 

b6 

b7 

b8 

b9 

blO  

b l l  

Oscillator Performance 
Crystal and Transistor Characteristics 

Item 

CI 

Co 

Co 

Qx 

!:l XI(!:l/Ij) 

R I 

Formula or Quantity 

106/(2'ITCdR I ) 

106/( 'lTCd) 

[ lCJ(CL + Co)] 2R L 

Units 

pF 

pF 

pF 

Q 

Q 

Refer to 
Step No. 

b6, b l l ,  al  

b6, al  

b5, b7, b4 

Comments 

I .  For production runs 

RdJ = max 

2. Px will decrease 

as R dJ decreases. 

3 .  PL will 

remain constant 

as R dJ decreases. 

Text 
Equation No. 

3.29a 

3 .20a 

3 . 1 9  

b l2  RdJ R I/l l - CO/(CL + Co) -

2CO d/I(Cd X 106)] 2 

Q b l l , b6, b7 

a I ,  b5, b8 

3.26a 

b l 3  ( lOOOPjRd/) 1/2 rnA a3, b 1 2  3.27a 

Algorithm 12.7 ( Continued) 

Ix 



T T 
u 

pF 

c4 

c5 pF 

mV 

mV 

Pdis 

+ 2 X lO 6 df] ' 
Cd 

_ C 
0

[ 1 b5, b7, b3 
b 1 4  CLOd! 3.24a

CL + Co b6, aI ,  b8 

c I Type No. Specified 

flo > 1 200jR n, 5. 1 1 6 c2 flo 

MHzc3 fT > 4flE I LI a iT 

pFCber 

C,b Transistor 

pFc6 

mV Characteristicsc7 B Ves 

c8 B Va 

c9 B VSE 

clO mW at maximwn temperature 

nel l rbb 

Circuit Parameters 
... 

Recommend A Lo 
= 2d l  SpecifiedA La H .45 



! 

I 

I 
I 

, 
 Oscillator Performance 
Crystal and Transistor Characteristics 

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

Text 
Equation No. 

d2 QL3 Specified 

Calculation of Component Values 
Note: If) signifies physical component 

I IE 1 .4 Ix rnA b l 3  6.23 

2 

3 

R INo 

RA 

26/IE 

A L( R INo + R df) 

Q 
Q 

I 

d l ,  b I2, 2 

2 .87 

1 1 .45a 

4 PA I;R A/lOOO mW b\3 ,  3 1 1 .25 

5 n PdPA a2, 4 1 1 .40 

If) 6 R l. [( n + 1 )lx RA 1 2/( J03Pd Q 5, b 1 3, 3 < 10,000/17 1 1 .42 

7 X2 R A/5 Q 3 1 1 .35 

8 XI + X2 ( n  + I) X2 Q 5, 7 1 1 .37 

9 XI nX2 Q 5, 7 1 1 .37 

10 XL 
XI + X2

( XI + X2) I + R L 
Q 8, 6 1 1 .27 

Algorithm 12.7 (Continued) 

( (  f) 




VlOOOPLR L 

I I 

$ I I  C2 1 59,OOO/( Xd) pF 7, al 5.84 

$ 12 C1 1 59,OOO/(Xd) pF 9, al 5.84 

$ 1 3  Cv o to C1/2 pF 1 2 SE 

14  XL, lj( ljXL + Cvmej/1 59,OOO) n 10, ai ,  1 3  1 1  . 1 6  

$ 1 5  L3 XL/(6.28f)  JLH 14, al 5.85a 

$ 16 C" > 1 .59 X 106/(f(RA  - R dJ» pF ai,  3, bl2  1 1 .48 

1 7  P{ Pd l + R u(QL,XL,)l mW a2, 6, d2, 14 See Note A 1 1  .52 

1 8  Check that P{ < 1 .  I PL If not, see Note A 

1 9  VL mV a2, 6 < 0.25B VCE 7.9 

20 Not used 

2 1  VE VBB - 1 .7 VL - 1 700 mV a4, 1 9 > 2000 1 1 .46 

If VE calculates 1 1 .46a 

$ 22 '2 VElIE n 2 1 ,  I > VBB/2, 2.99 

make VE = VBB/2 

23 '" f3o'2/5 n c2, 22 2. 100 e 




ED 

--

+ 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 rb2 0.83rbVBBI( VE + 700) Q 23, a4, 2 1  2. 103 ED 

25 rbl l /(l /rb - Ilrb ) Q 23.24 ,
26 Lo 106/[CO(6.28f) 2 ] J.LH b8, al  Omit for f < 50 MHz 1 1 .49 ED 

27 b9, b 1 2, 3 1 1 .55 Qop < QxRd/RA 

Note A: If necessary and desirable, redo Steps 5 to 27 substituting PI. for PL in Step 5.  

2 . 104 
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Px 

ALo 

All units in . .  

tl MHz g mW pF I'H 
rnA, mV de or nns 

Algoritlnn Figure 12.8 Stable Butler Oscillator 

C] 
'b2 

VBB 

r---- ---£-* = R3 + jX3--- - , 

Cv L3 

L _ _ _ _ _ _  _ _ _ _ _ _ _ _  Ɣ 

5 E g @ 
ƕ .:=o Ǯ "" 

Item 

PL 

VSB 

Value 

;J
'i " 

'g
0. 0

'3if �U 

Rd/
Ix
Cut 

N 

* 0
51l: 

] 

PD
IT
B VCE 
Ceb
Chef
Cce
Pdas
Type 

- Q 'S " 

6 S "" 

QL,
RA/X2

;J" 0
]Ƙ" " 
'iU 

ISH
IZcl
RN
XA
XL * 
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I 

) Algorithm 12.8 Stable Butler Oscillator, R IN Limiting 

Oscillator Performance 
Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity 

al f Specified 

a2 Pl. 

a3 Px 

a4 VBB 

bl  Cut Specified 

b2 N 

b3 df 
b4 R L 
b5 CL 

Refer to Text 
Units Step Nos. Comments Equation No. 

MHz 

mW Oscillator 

mW 

mV Perfonnance 

Crystal 

Hz 

n Characteristics 

pF Notes: 



I 
I I 
! 

! 

! 

( 


b6 CI pF 1 .  For production runs 

b7 Co pF R DJ = max 

b8 c6 pF 2. Px will decrease 

b9 Qx 106/(2'ITCdR I )  b6, b I  I ,  aI 

as R dJ decreases 

3. PL will 3.29a 

blO fl XI( fljlf ) 106 /('lTCd) g b6, aI remain constant 3 .20a 

as R dJ decreases 

b I  I R I [(Cd(CL + Co)] 2R L g b5, b7, b4 3 . 19  

b I2  R dJ R I/[ I - CO/(CL + Co) - g b l l ,  b6, b7 3 .26a 

2Codjl(Cd X 106)f a I ,  b5, b8 

b 1 3  Ix ( IOOOPxlR dJ
) 1/2 rnA a3 , b  I 2  3.27a 

b I4  CLdf 
[ 1 + 2 X 1O- 6dj r I 

_ C'
CL + Co Cd 0 b6, a I ,  b8 3 . 24a 

cl  Type No. Specified 
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' Algorithm 12.8 (Continued) 

Oscillator Performance 
Crystal and Transistor Characteristics 

Step No. Item Formula or Quantity Units 
Refer to 

Step Nos. Comments 
Text 

Equation No. 

c2 Po 

c3 IT 
c4 Cbef 

c5 Ccb 

c6 Cce 

c7 BVCB 

c8 BVCE 

c9 BVBE 

Po > 1200/R IN 5. 1 16 

MHz IT> 4fl£ l Ua 

pF 

pF Transistor 

pF 

mV Characteristics 

mV 

mV 

clO Pdis at maximum temperature 

Qc l l r"b 



I 

& 


Circuit Parameters 

dl A Lo Specified Recommend A Lo = 2 1 1 .45 

QL3d2 

Calculation of Component Values 

Note: E£) signifies physical component 

I IE 1 .4 Ix rnA b 1 3  6.23 

2 R INo 26/IE Q I 2.87 

3 RAo R INo + RdJ Q 2, b l2  1 1 .43 

4 RA A LoRAo Q d l , 3 1 1 .45 

E£) 5 R L 2fYJOPJI; Q a2, b13  < lO,fYJO/1l 1 1 .65 

6 n O.5R JRA - I 5, 4 1 1 .73 

7 R A/X2 Choose a value Recommend 2.5 to 5 

8 XL+ R J(2RA/X2 + I ) 5, 7 See Section 1 1 .4.6. 1 1 .74 

9 X2 RA/( RA/X2) Q 4, 7 SE 

10 Xl nX2 Q 6, 9 l UI 

I I  XI + X2 ( n + I) X2 Q 6, 9 1 1 .37 



(:,�x,S 

-- --- .- ---- _.- -

ǩ 

12 

1 5  

Item 

- R N 

XA 

C2 

Xl X2 
R L 

( X ) 2 Denominator 
L +  _ ( X + X ) 

- Xl X2 ( Xl. + 
2 - ( Xl + X2 )  ) 

12, 4 

5.84 

ƕ Algorithm 12.8 (Continued) 

Oscillator Performance 
Crystal and Transistor Characteristics 

TextRefer to 

I 2 

1 + ( XL+/R L)  
Denominator 

Comments Equation No. Step Nos. Formula or Quantity UnitsStep No. 
1 1 .56 to, 9, 5 g

2
1 + ( R dXL+ ) 8 

( 
 r 

}


I + 

+ 21 + ( XL+/R d 

pF 9, a1 1 59,OOO/(X2f) 

1 1 .57 to, 9, 5 13 g 

8 

14  Check that R N "" RA-

e 



/IOOOPL R L 

Ǩ 
... 

Ell 16 C1 C2/n pF 15 ,  6 1 1 .37 

Ell 1 7  Cv C1/2 pF 1 6  SE 

1 8  XL, I /(l/XL+ + fCv"",jI 59,000) g 8, a i ,  1 7  1 1 . 16 

Ell 19 L3 XL,I(6.28f) p.H 1 8, al 5.85a 

Ell 20 Cb 1 .59 X 106/(f( RA - Rdf)) pF al,  3, b I 2  1 1 .48 

Ell 21 LA XA/(6.28f)  p.H 13, al 5.85a 

22 PI. Pdl + R d(QL,XL,)) mW a2, 5 ,  d2, 1 8  Note A 1 1 .52 

23 Check that PI. < 1 . 1 PL a2, 22 

24 VL mV a2, 5 7.9 

25 VE VBB - 1 .7 VL - 1 700 mV a4, 24 > 2000 1 1 .46 

If VE calculates 1 1 .46a 

Ell 26 '2 VElIE g 25, I > VBB/2 2.99 

make V" = VBB/2 

27 'b f3o'2/5 g c2, 26 2. 100 

Ell 28 'bo 0.83'bVBB/(VE + 700) g 27, a4, 25 2. 1 03 

Ell 

Ell 

29 

30 

'bl 

Lo 

l/( l/'b - 1 /'b2 ) 

106/[Co(6.28f)2 ) 

n 
p.H 

27, 28 

b8, al omit for f < 50 

2 . 104 

1 1 .49 
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u Algorithm 12.8 ( Contitwed) 
toO 

Oscillator Performance 
Crystal and Transistor Characteristics 

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

3 1  
.

Qop < Q"Rd/ - RN b9, b 12, 12 1 1 . 8 1  

Note A: If necessary and desirable, redo Steps 5 to 3 1  substituting Pi for PL in Step 5.  

For the XL_ design. 

XL- R.J(2RA/X2 - 1) n 5, 7 1 1 .75 

Continue with Steps 9 to 3 1 .  Note that LA. in Step 2 1 ,  1 1 .75 is a capacitor. 


