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using des 'to - select series resonant
scrystals electronically. Circuit designs
itable for use with crystal frequencies
m -100.’kHz to 20 MHz are devel-
oped with - emphasis being placed.-on
minimizing frequency pulling. Although
developed “for- use with the. MC12060:
~and MC12061 integrated circuit crystal
~oscillators,. the techniques will, in gener-
"al, be uséful in any application where it
is desired to’ electronically select-one
out of a group of crystals with.a mini-
“mum of disturbance to the series
resonant frequency  of the selected
“crystal. '
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INTRODUCTION -

Crystal switching can be achieved electronlcally for the
MC12060 and MC12061 crystal oscillator integrated cir-
cuits by utilizing diodes as RF switches. The- switching is

~controlled by applying a forward bias to the diode associ-

ated with the desired crystal and applying a reverse bias .

to the remaining diodes related to the unselected crystals.
“In “addition- to functioning with ' the MC12060/

MC12061 IC’s, the swrtchmg circuit designs described B

here can also be-used”in other appl1cat10ns where it is
desired to electronically switch senes-resonant crystals
with a minimum of frequency pulhng : #
Advantages to this swrtchmg scheme mclude the followrng

1. Ehmmates the need to run hrgh frequency signals

through a mechanical switch;
2. Permits. switching crystals from a remote position
~with a minimum of disturbance to the oscillator;
3. Minimizes:RF radiation;
4. Adapts easily to electronic scanning methods, ‘

~

5. Operates from a single polanty, low ‘voltage supuly ,

(5.0 volts).

. GENERAL

The MC12060 and MC12061 - crystal oscrllators are

. spec1ﬁed for operating frequency ranges. of 100'kHz to
2.0 MHz, and 2.0 MHz to 20 MHz respectlvely Their
outputs consist of a smgle ended TTL s1gnal -plus gom-.

plementary sine wave and ECL s1gnals The si

outputs are capable of drrvmg an-ac load of 5 at
500 mVp-p (typical) when an external r used
to-increase the current in . the emitter utput
The ECL and TTL outputs are capable§ ng five and

ten gate loads respectively.
Serres resonant crystals conne
6 are required- for use with.th

. switching compone

12060, and less; than 155 ohms

figineering Bulletins EB-58 and EB-59.
iagrams for the MC12060 and MC12061

vely The same basic technique is employed
h IC except that an additional diode-resistor pair

"MC12060 to- offset its greater sensitivity to ac loading.

The MPN3401 PIN diode and the MSD7000 PN junc-
tion diode are used to switch the crystals. The MSD7000
was selected for use with the MC12060 oscillator because
of its low capacitance (1.5 pF max. for VR = 0. volts). It

R2 when they are switched-in

re51stance contrlbuted by ‘
en-these pins must be less.

(D6, R18 through D10, R22) is incorporated for the ‘

' CRYSTAL SWITCHING METHODS Fon
MC12060/MC12061 OSCILLATORS'

is. also -an economlcal dual dlode in the conﬁguratron

'needed for thls circuit.

'The MPN3401 is used with the MC12061 circuit be-
cause it offers:a large off-to-on impedance ratio for low dc

bias currents: at. frequencies within the range of the
MC12061. -

DC BIAS REQUIREMENTS k
Forward b1as for the desued crystal diode

is- applie ing the. five
set.by R17
ritical functions to
r remaining sets of

the unselected crystals

and:.R2: (R4 R6 R8 and:R10

VD )
)}- (R—l) (For MC12060);

(3D,
R3+R4+RI3., ‘R1.
) '

R2+{R171| (

While one diode (or one diode pair in the case of Fig-

- ure 1) is-always forward biased, the remaining diodes are
~.reverse biased to minimize their capacitance. This is
, accomplrshed with a single polarity supply by using pullup
- resistors (R12, R13, R14, R15, and R16) from the posi-

tive- potential to each switch terminal. Therefore, the

' ~cathodes of . the diodes corresponding to the unselected
‘crystals are pulled up to approximately the supply volt-
- age. Since one diode (or diode pair) is always selected,

current is flowing through R17 continuously, causing a
voltage drop. Therefore, the anodes of the unselected

.diodes will :be negative with respect to their cathodes.
.. When using’a 5.0 volt supply, this reverse bias will be 1.6

volts: for the:MC12060 and 1.2 volts for the MC12061
crystal switching array.

ADDITIONAL CONSIDERATIONS
- A sufficient amount of forward current through the
diode selectmg the desired crystal is required to insure
a Jow value for diode resistance R (see Figure 3). This is
important for two reasons: .

1. To minimize the effects of diode capacity on the

crystal’s natural seriesresonant frequency.
2. To minimize the total effective external resistance
" between pins 5 and 6 of the integrated circuit.

From Figure 3 it is-apparent that as Rp is made smal-

ler, Xs 1s decreased and Cg is increased. A large value for’

Circuit diagrams external to Motorola products are included as a means of lllustratmg typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not necessarily given.  The information in this Application Note has been care-
fully checked andis believed to be entirely reliable. However, no.responsibility is assumed: for inaccuracies.. Furthermore, such -information
does not convey ‘to the plrchaser of the semiconductor. devices descrlbed any: Ilcense under the patent, rlghts of Motorola Inc.: ‘or: ‘others.
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Loading and therefore frequency: pulling will be greater selecting the nominal 1.0 MHz crystal is approximately

for higher frequency crystals and will increase as the total ~0.0040 + 0.0031 = -0.0009 percent. Similarly, absolute
number of crystals.to be switched is increased. However, pulling for the 8.0 MHz crystal becomes -0.004 +0.0001
by using the switching techniques shown in Figures 1 and =—0.0039 percent. Pulling effects of the switching circuits
2, any frequency pulling in' addition to that for a single when selecting the 0.2 MHz crystal offset pulling caused
crystal connected dlrectly to .pins 5 and 6 (i.e. pulling by the IC to give approximately zero absolute crystal pull.
caused by the ICs alone) is negligible below approxi- When desirable, a trim capacitor can be added in series
mately 1 MHz for the MC12060 and 15 MHz for the with the crystals and ad]usted to pull the oscillator up in’
MC12061. Measurements. of this additional pulling are frequency.

summarized in Table I. Typical frequency pulling values = Several options are possible to reduce ing for

TABLE | — Typical Fréquency Pull In Percent Attributable to
Crystal Switching Networks

Device . MC12060 1
Nominal crystal frequency (MHz) b‘1 a.2 - 0.5 1.0 2.0 13.4 20.0
Qne crystal (connected directly to pins 5 and 6) Ref, Ref. Ref. Ref. Ref. Ref, Ref. Ref.
Two crystal switching system *. .} #0.0005 | +0.0006 | +0.0035 1+0.0013 | +0.0004 | -0.005
Five crystal switching system ’ ) ¥ +0.0005 | +0.0006 |+0.0031" - 1:4+0.0001 | -0.0006 | -0.023

*Less than one Hertz pull; measurement limited to resolutlon of test equipment,

TABLE Il - Typical Frequency Puil In Perc

Device - Co : - MC12060 MC12061 ] :
Nominal crystal frequency: (MHz): e 0.1 ..]° 02 0.5 25 - 8.0 13.4 20.0
Puil in percent 1 * | -0.0005 -0.00 -0.0002 | -0.004 -0.01 -0.05

*L.ess than one Hertz pull, measureément limited to resolution of test equi

both the MC12060 and MC12061 crystal switching cir-
cuits. Using a higher voltage supply for the bias networks
will allow larger values of bias resistors to be used at the
same diode current, resulting in reduced loading. Also,’
RF decoupling chokes may be added between resistors
R2, R4, R6, R8, and R10 and capacitors C6 through C10.
Where frequency pulling is not as critical, L1 in Figure 1
may be eliminated. These options are left to the dis-
cretion of the user.

attributable to the ICs themselves are given in Table II
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FIGURE 3 — Diode Equivalent Cireuits. -~ .,

: Cs relatrve to the. crystal’s equ1va1ent serles capac1tance- s

1s requlred to satlsfy item 1.

- 'The impedance of the MSD7000 d1ode w1th 0 45 mA",
L of bias .current has a typical‘value of IISL_— 114656
ohms ‘at 100 kHz and 115/-8° =" 113.8416 ohms at
- 2 MHz; resulting Cs values are respectwely 0.265 pF and -

; f,0005 uF. Since typical series resonant crystals in: this

.- frequency range- exhibit equivalent.. series capacitance . . ...
;,-values Cx, rangrng from-0.024 pF-to 0.012 pF item -1 -
[istsatisfied. "Also, smce the- equrvalent series resistance of T
he diode is much less than the maximum- effectlve resist- - s
- afice specrﬁcatlon 4k ohms) for ‘the. MC12060 item. 2j S

s satisfied.
- “For the MC12061 circuit, the drode forward bias cur-

. rent is: 1.15 - mA. This current is sufficient. to' keep the - v

. series 1mpedance “of the MPN3401 PIN diode low. At
2 MHZ the: 1mpedance is nommally 22[ 289 =19. 4]10
: ohms and at 20 MHz 3.3/-37° = 2,61.98 ohms. The r
‘ fsultrng Cg values in this case’ are 0 008 uF and 0.00:

"_'Typlcal series resonant crystals in thrs frequenc ran

“both items 1 and 2 above are met

” DECOUPLING UNSELECTED CR

1.6 volts, and the MPN3401 typically
volts of r’eVerse bias Since RD is extremely

' resrstan e. will not be exceptlonally large and Cg will ap-
~“proximately equal Cp. This series capacitance is 30 to
+-300 times greater than typical values of equivalent crystal
"series resonant capacitance (Cx). Therefore, the total

CsCx
Cs+Cx

- series equivalent capacitance (CT = )decreases by

only 3.2% to 0.33% ,respectively.r This, combined with a
~ low. value for Rg, maintains considerable coupling be-

. MC12061.

MC12060 and -20 MHz for the MC1206
v 'Flgure 3: assume Cp-is equal to 1 pl

i 20 MHz. To maximize the ;
~ 'the parallel resistor Rpyis

 tween the unselected: crystal '(s) and the oscrllator Thus,
- the oscillator may remain at the previous crystal fre-

quency, or-operate at some random frequency
“To reduce this problem a shunt resistor (R1, R3, Rs,

: R7, R9) is added to each switching diode (D1, D7, D3,

D4, D5) in" Flgures 1 and 2. This shunt resistor establishes
a new and lower value for RD in Flgure 3, which results in

" anewRg value - much greater than the maximum allow-

Vable effectlve resrstance specrﬂcanon for the MC12

Worst-case coupling effects occur at 2°MHg

k ohms give Rg =Xg = 39 Tk
uch greater than 4 k ohms, the

Usmg he same formulas to determlne the requ1red RDp
culate Rg and Xg at 20 MHz for the MC12061
ts'in Rp:=Xp = 7.95 k ohms, giving a new value of
= Xg =3.97 k ohms. This value of Rg is much greater
an 155 ohms, the maximum effective resistance speci::
fication for. the MC12061. Therefore, the oscillator will

an

+ now have sufficient isolation from ‘the unselected crystals

to prevent erratic performance. -
~The values used for R1;R3, R5 R7 and R9 are 82 k

-ohms; and 10 k ohmsfor Frgures 1 and 2 respectively.

" OSCILLATOR AC LOADING

" Oscillator ac loading must be minimized to reduce fre-

3 quency pulling and sine wave distortion. For the circuits

shown in Figures.1 and 2 the ac loading is primarily

~attributable to.the biasing networks for the five diodes

(D1-D5). All bias elements contribute to an effective ac

load, regardless of which crystal position is selected. This
* - occurs because the RF signal is coupled through the
~ parallel capacitance (Co) of the unselected crystals.

Due to-a greater sensitivity to ac loading of the

-MC12060, additional elements are used in the switching
inetworks : for this device. An RF choke, L1, is incorpor-
- ated to minimize the loading effects of the common  bias

resistor, R17. In addition, a modified approach is used to

- bias diodes. D1 through D5. The networks (D6, R18)

through (D10, R22) are added to minimize ac loading

- and, at the same time, supply sufficient forward current

with a.5-volt supply: One diode (D1-D35) in- the MSD7000
dual diode package is used to switch the crystal and
the second diode (D6-D10) is used for reducing ac load-

' ing. R18 through R22 are essential to supply a small

amount of current for reverse bias of diodes D1-D5

. corresponding to the unselected crystals.
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L1

V =5.0 Vdc &
Ch

Sine, MECL, or TTL Output

*See device data sheet for proper

o °

Vee = 5.0 Vde _I_ 14
c4 LAY

| I c3

L1: Delevan #2500-44
Nytronics #Wee 2200
Miller #6302
(2.5 mH nominal inductance)

R1, R3, R5, R7, R9
R2,R4, R6, RS, R1

R17 = 5.1k

connections pertaining to
various applications.

R18 - R21 =10k
C1—C10 =0.1puF
01 —D10 = 1/2 MSD7000
X1 - X5 =0.1MHz-2,0MHz

FIGURE 1 — Schematic Diagr.

X5 =3

R8 D5 R10

R7¢  ¢—co| R9Scio—¢
T

R15

AAN———9 R16

——0 Sine, MECL, or TTL Outputs

C1=0.001 uF
€2 —C6=0.1uF

R1, R3, R5, R7, R9 = 10 k2
R2, R4, R6, R8, R10, R17.= 2.2 k2
R12, R13, R14, R15, R16 = 1.0 k&

*MC12061
*See device data sheet for proper

t |8
_ connections pertaining to

= various applications.

C6 — C10=0.01 uF
D1.— D& = MPN3401
X1 — X5 = 2.0 MHz — 20 MHz

FIGUBE 2 — Schematic Diagram of Crystal Switching fo.r the_ MYC12’(>J‘61V
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