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INTRODUCTION
‘“w, “~?

As stated earlier, the MC145159 has,~~%me-and-hold

phase detector. As opposed to stand~~$iqk$] phase com-

The MC145159 is a phase-locked loop frequency synthesizer parators with fixed gain, the gain of t~~~@6-and-hold phase

with an analog, or more specifically a sample-and-hold, phase comparator is programmable. Four ~~,e+~al components, two

detector. The output of this phase detector (APDout) is used resistors and two capacitors, fi~~~~et me gain and drive levels

as a fine error signal. The synthesizer also contains a digital
‘$L,~~~..)$i!,.

of the phase detector. Hi*Ji,W}n is achievable with the

frequency steering phase comparator for coarse adjustment MC145159 phase detect~~r$<~ digital phase detectors.

of loop frequency, separate power supply pins for the analog Because a high de$r&41@%${#ering compromises overall loop

phase detector, a lock detect output, and on-chip logic for petiormance, phase ‘w~~&ors which provide an error signal

control of a dual-modulus prescaler. (See Figure 1,) that is as cleam?~ poi~ble prior to filtering are extremely

Other features of the MC145159 are a 14-bit reference advantageoqg.~~~bvious benefit of the sample-and-hold

counter, as well as a 10-bit divide-by-N counter and a 7-bit phase co~~ramr’ls that its output is analog, and therefore

divide-by-A counter, All three counters are programmed via a already..~~~%fes the required control voltage necessa~ to

serial data stream which is compatible with the Serial Peripheral d~~:the~op’s voltage-controlled oscillator (VCO), thereby

Interface (SPI) on CMOS MCUS. The device also has on-chip ~rn[m~$ing filtering requirements. Ideally, this control voltage

circuity to suppoti an external c~stal. OSCin may also sewe “’’”’$~IS ~’” etiectly clean signal with no undesired petiurbations. Any

as an input for an externally-generated reference signal. This “N.$,:%~hese disturbances cause unwanted modulation on the

signal is typically ac coupled to OSCin, but for larger amplitude $%{~:~WCOs output signal. For high petiormance radio equipment,

signals (standard CMOS logic levels), dc coupling maybe used. ,,,: : the sidebands resulting from this modulation must be very

Wth the features listed above, the MC145159 finds ,g#$eral:” low. The analog output reduces VCO modulation sidebands

purpose applications in such areas as 2-way radios~:~el~~r and also allows for wider loop bandwidths than are normally

radiotelephones, and avionics equipment. -iji:t,..<$,;$~>~
,,,,. .~?t:t,ti~ possible with digital phase detector outputs.
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Figure 1. Logic Diagram
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TRADITIONAL SAMPLE-AND-HOLD
PHASE DETECTORS ~~

,. Before examining the method by which the MC145159 per-

forms a sample-and-hold function, the theo~ of operation of

traditional sample-and-hold phase detectors will be reviewed.

The reference signal (divided-down OS~n signal) and cur-

rent source are used to establish the satiooth voltage on the

ramp capacitor, CR. (See Figures 2 and 3.) CR is charged by

the current source and quickly discharged by a switch that is

controlled by the reference signal. In this way, the period of

the sawtooth voltage is equal to the period of the reference

signal. The divided-down VCO signal is used to sample the

sawooth voltage by closing a sampling switch for a window

of time and letting the hold capacitor, CH, charge to the
sampled voltage. Neglecting leakage current, the charge es-

tablished on CH at the end of the sample time remains constant

until the next sample. If for some reason the VCO frequency

begins, to rise above the desired value, the phase of the sam-

pling pulse falls back and sampling is done at a lower satiooth

voltage. This action, in effect, lowers the control voltage

to slow down the VCO and keep the divided-down VCO

,.

frequency locked to the reference frequency. bkewise, if the

VCO frequency falls below the desired value, the phase of the
sampling pulse advances and sampling is’ done at a higher

sawtooth voltage. This action raises the control voltage which

speeds up the VCO to keep the divided-down VCO frequency

locked to the reference frequency.

One serious side effect of this scheme is that an undesired ●
ripple voltage, occurs on CH. This rippling is caused by the

ramp waveform charging from level VA to level VB during the

sample window. Upon opening of the sampling switch, CH is

charged to VB and remains at VB until the switch is4~~&d

again and voltage VA is applied to the hold capaci&@.L~re-

fore, the hold capacitor is charged to Vg and ~s~~r&d to

VA while in a locked condition. In effect, a:~j~fiee lock
voltage cannot be established on CH. Th~jfi&~~~$u’de of this

ripple is a function of the ramp charging s?%~t~mpie window

time, and hold capacitor charge/dis~~&~ times.

To mask out the rippling effec~ o~:@lution is to follow

CH by a second sampling swit@i~~d hold capacitor combi-
- t,,. ,~:.k)!

nation along with the necessmwt~ol signals. However, this

additional circuitry introdw$m~re switching transients and~,, ;}/
consumes more chip ~,~,~,ward space.

.!:$l...*.
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Figure 3. Traditional Sample-And-Hold Phase Detector Timing Diagram
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OPERATION OF THE MCl&159

THEORY

The MC145159 uses anew, patented design approach for
sample-and-hold phase detectors called ramp clamping, which
results in improved petiormance over the traditional approach.
Ramp clamping minimizes the need for a second hold capac-
itor, and in most applications only one hold capacitor isneeded.
When the loop is in frequency lock, the rising edge of fR

(divided-down OSCin signal) activates a constant current
source to initiate charging of the ramp capacitor. (See Figures
4 and 5.) The slope of this ramp waveform is also known as
the phase detector gain. The ramp voltage continues to build,
at a rate determined by RR, CR, and VDD’, until the rising
edge of ~ (divided-down VCO signal) terminates the charge
signal, thereby establishing a constant voltage on CR. After
a predetermined delay (equal to two clock cycles of ~n) this
ramp voltage is sampled onto the hold capacitor during a
sample window lasting four periods of tn. CH is then isolated
from CR and, after a delay of two ,clock cycles of ~n, CR is
discharged. This cycle repeats eve~ fR period. The ~ edge
relative to the fR edge in time therefore determines how long
the ramp charges before being clamped and sampled onto CH,
This establishes the hold voltage necessary to maintain loop
lock. The voltage on CH feeds an N-channel source follower,
the output of which (APDout) controls an external VCO.

When the loop is out of frequency lock, that is when fR
and ~ are not in a one-to-one relationship over a 2T window
with respect to fR, the Frequency Steering Output (FSO) be-
comes active. As a general rule, fR and ~ must differ by 2% ,,

pulses high. If ~ >fR, then FSO pulses low. The FSO pulse
width is approximately equal to the period of time between
two fV pulses if ~>fR, or two fR pulses if fR >~. FSOS

repetition rate is equal to the difference frequency between
fR and Q. When ~= fR over a 2X window with respect to
fR, then the FSO remains in a high-impedance state and phase
lock is maintained by the analog phase detector output. (See
Figure 6.) By combining APDout and FSO, the required low-
noise VCO control voltage is provided by APDout while the
FSO provides a coarse error signal to achieve fast fre~~ncy,1.,,.,>,,,~,,$:$,,.
lock. ~$:i+~$,.?,Ji:.v~,\id:*..$$,,,,

The ramp clamp approach to phase detector ,d~i~; ~hich
is implemented on the MC145159, offers sQfif#W?’advan-
tages over the traditional method of sa@’&~~’~%old phase
comparators. In traditional sample-and~m@d.~~tectors, ramp
slewing during the sample window ~~~~’wpling on the hold
capacitor. Therefore, a second ~olh,~~~acitor and sampling
switch may be needed. The r%~j~la~p technique however,
alleviates the need for a s~”~~~~h~ld capacitor and all of its
related circuitry. This beq~,~e:,’%ry significant in the produc-
tion of monolithic intqg~~d~$lrcuits due to the savings in chip)},ky$\y,~;>
area that result. .>.:~i.+,

Another benei#@ rarn’pclamping isthat the ramp amplitude
is not allowe,~+~~~~~~~yondthe value reached when sampling
occurs, TQa~~ra@onal method permits the ramp capacitor to

charge ~[:~FWaY UP to the positive supply voltage value; in
mos$case~~wellafter sampling has occurred. This extends the
rak~~?~rnplitude beyond that allowed with the ramp clamp

;~p~ach. A lower ramp pulse results in lessripple in the output
c!l.~~ signal caused by parasitic ramp feed-through. With ramp

for the FSO to become active, However, as the reference %...!<~.w>>”:r,~’,.Wamping, the ramp amplitude is limited to only that value
frequency decreases, the frequency steering sensitivity ina “* necessa~ to keep the loop locked and, more importantly, it

& &

Figure 4. Analog Phase Detector Logic Detail
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A word of caution existsfor the analog phase detector power
supply pins, VDD’ and Vss’. These two pins are provided
to help isolate the analog section from noise coming from the
digital sections of this device and also noise from the sur-

CR

fR

(INTERNAL)

iv

(INTERNAL)

rounding circuitry. Ensurethat VDD’ and VDD are at the same
voltage potential at all times. Ukewise, Vss’ and Vss must
be at the same potential at all times. Otherwise, damage to
the MC145159 may occur due to latch up.

—
+ -T

2T 1-

VI
V2

:.,.

Figure 5. Analog P&~, Detector Timing Diagram (N= 17)
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*The FSO sensitivity limits are not guarantees, but are designaids.

Figure 6. Frequency Steering Output Timing Diagram
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PHASE DETECTOR GAIN 1

As stated earlier, the gain of the analog phase detector on
the MC145159 is programmable. The gain is set by VDD’ and
two external components; the ramp resistor, RR, and the ramp s6

capacitor, CR. The user must therefore determine the optimal &
value of gain for his or her system.

z~

To select the optimal gain for the phase detector, let us %
assume a PLL system with a reference frequency of 10 kHz. ~

(See Figure 7a.) Wth this frequency going into the phase ~
detector, consecutive fR pulses occur 100 ps apart. Assuming -
that the Frequency Steering Out pin has already pulled the g
system into frequency lock and turned off, the Analog Phase
Detector Output is in complete control. Therefore, the rising
edges of fR and ~ can be nearly 100 ps apart. Because fR
initiates the ramp waveform and ~ terminates the charging

k

cycle, the ramp should be at most 100 ps, or 2r radians wide.
Moreover, the ramp should be capable of charging from Vss’
to VDD’ during this time. The design equation for phase de-
tector gain given in the data sheet is stated as:

Icharge

‘4 ‘2m fR CR
[Vlradl

\:./,<.“~~::,

Substituting in for K~ and fR and selecting a value for CR,
thereby wideni~,~g~~ ramp waveform. This increased area

,.!\.,..‘. !,~,
one can solve for !Charge.From Icharge,the valUe of ramP

under the c$$w~resents more energy being transferred to

resistance, RR, is taken from Figure 8.
the hold,,~sa~@or. The result is an increased potential to,, ,.’<>.>.,\

In this example, the gain of the phase detector is VDD’ /2T
modula%~~e control voltage, yielding higher sidebands on the

[V/radl. Larger values of gain can certainly be used. In fact,
V\~outp~. Therefore, each system must be carefully ana-

higher gain results in faster lock times. (See Figure 7b.) There
~~~fi~ ‘@d optimized for the gain/noise tradeoff.

., ~t,,$~e analog phase detector of the MC145159 can track
is, however, an upper limit to the amount of gain selected.

,~,f,,~;$~$~hangesin its input over a 2T range with respect to fR. The
Higher gain is achieved by increasing VDD’ or reducing RR ‘~t$, .. .

+!A digital frequency steering portion of the device produces error
or CR (or some combination thereof). Increasing phase de-+,
tector gain by reducing the size of the ramp capacit$~ieads

signals over a wide range of input frequency differences.

to increased noise induced into the ramp, and con~,~u~?ly,
hold capacitors.

OUTPUT BIAS CURRENT RESISTOR:>.!,.kt~.‘~..$.:y:,.<,+*
,l*J+

On the other hand, too little gain results in thq$~~~~pacitor Included on the MC145159 is a pin dedicated for use with
an external component, called the output bias current resistor.
A resistor connected from this pin (RO) to VSS’ biases the
output N-channel transistor, thereby setting a current sink on

CR the analog phase detector output. Wth larger values of output
resistance, the analog output bias current decreases (See Fig-

fR
(INTERNAL)

fv VcH= OV,VApD= 0.5 VDD’
(INTERNAL]

(a)fR=fV=10 kHz a3u
m 4.0

s 3.0

lNTERNJ~ g ,0 *O 305070100 2003005007001000

[b] fR=~=10 kHz Ro,OUTPUTRESISTANCE(kQ]

Figure 7. Determining the Gain Figure 9. APDOut Bias Current

of the Analog Phase Detector versus Output Resistance
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METHoD OF tiROGRAMMING .THE COUNTERS Action Comment
The MC145159 contains three fully-programmable counters.
The R, N,: and A counters are programmed by a serial data 1. Take Enable low Isolate the counters

bit stream. (See Figure 10.) Perusing the logic diagram of the (<0.3 VDD)

device gives ,insight as to how the counters are loaded with 2. Shift in eight 0s StaR loading R word

data. (See Figure 1.) 3. Shift in one 1

First, the desired values for R, N, and A must be converted ,4. Shift in one O

to bina~ form with the proper amount of bit positions. Note 5. Shift in one 1

that the R counter is 14 bits long, the N counter 10 bits long, 6. Shift in five 0s R word entered; ,start

and the A counter 7 bits long. To load the data, the Enable loading N word

pin must be taken low to isolate the counters from changes 7. Shift in two Is *,\
1.>},>,.

that occur in the shift registers. Wth Enable low, data is then 8. Shift in two 0s
,,., “,~’:li~’....,,,1..,’f’~.~.:,,..

,,i’,,’-~><::,:,;,

loaded into the shift registers on the rising edge of the clock 9. Shift in one 1
-8,}~\~.,,

:?,?.* \$\,

input, Care must be taken to ensure that Data, Clock, and 10. Shift in three 0s N word ~Q~&~~*

Enable voltage levels and rise, fall, setup, hold, and recovery 11. Shift inonel Statial@&@.A word

times are not violated. The divide-by-R word is loaded first 12. ShifL in two 0s
. .\.:~\y>.i.

.$:,,;$:,:”
with its most-significant bit as the first bit entered. The divide- 13. Shift in one, 1

by-N word follows immediately, again with its most-significant 14. Shift in three 0s ,%5h~$~d’ entered

bit as the first bit entered. Next is word A, similarly with its 15. Shift in one 1 $$j.,JtContro[bit high

most-significant bit entering first. The last bit of the string is 16. Take Enable high ‘j+t~~~’~oad the three counters~~,:~,.

the control bit. A logic one for the control bit allows all the (~0.7 VDD) ,,‘k;i>!.tt:,+\.>

counters to be loaded with shift register information when 17. Take Enable ‘low .,,.~~~f’ Isolate the counters.,+,...*,,.),>
Enable is taken high. A logic zero entered as the control bit (<0.3 VDD) :,“$.:$.,“‘“

,,.(.!~:i;
inhibits a reference counter latch load. Therefore, only the N *?:,.~\,,;:lr::.>.$,$].
and A counters are loaded when Enable is taken high.

\:\\:.\,.;<?$-.}’.,,,.,~,I,F,?

Finally,, after all the data is properly loaded into the shift NOW th~t $~p ,.@unters are loaded with the correct infor-

registers and the control bit is at the desired logic state, Enable mation a@J~hesystem is working properly, changing the out-

is taken high to program the counters. After satisfying the Put t~#quemy is desired. New values of N and A are chosen

minimum input pulse width for Enable, that pin must then be w~~~e~~ping R the same. (R is only used in this case to set,,ii.,:~,
taken low to isolate the counters from outside disturbances. ,i,,~,t~ system resolution.) The same method can be used to

‘@Nram the N and A counters while simply ignoring the RFor example, suppose system requirements dictate that the .~s~t,,+k,
R, N, and A counters be programmed with 40, 200, and 72, “~t$$cbunter.Take Enable low, shift in the appropriate binary data

respectively. The steps to load the counters are outlined b~w. .* for N and A, shift in a control bit of logic zero to isolate the
.<.,i:<:,,,, R counter form the, Enable line, and pulse high the Enable

,‘,,,. %)i~),%~i, ,, input.
,.

R=40 (14 bits) ‘~”>.\ $’.j;,.::,(<.~<,.,.,$ :** For example, suppose the new values for N and A are 178
oooooooolo~l,f~~$h o and 13,. respectively. The steps to load the counters are out-

MSB ,. $~~<J\&..
{:.::,,y,ii, ‘,:1 LSB lined below.

.,,*$+..,~:*,<$$,%,+
N =200 (10 bits)

“T’$,ti,b.t;t..$,, ,+.,,+,.“.; N = 178 (10 bits)
$.”?:~~.:.l.

0011 O’OIQ. {a’t~ 0010110010
MSB

.,\:~<is’i$$8\ .,~4,:,!.\.:!
*N; ‘$ LSBq?;., MSB LSB,.,**.,.,.,.,,..t\,.&\,.\:?.

:... ~~,k,>~~~$~f.
A= 72 (7 bits)

,t~
.......... .*.<

.:** A= 13 (7 bits),,;{.~

1 0 0 1 o$$@’io 0001101
MSB ,}..,,*~++‘%:+LSB‘.‘...~r~,,t.jl: MSB LSB<%.,. .,,.

MOTOROLA
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Action Comment

1. Take Enable low Isolate the counters

2. Shift in two 0s Start loading N word

3. Shift in one 1

4. Shift in one O

5. Shift in two”ls

6. Shift in two 0s

7. Shift in one 1

8. Shift in four 0s N word entered; start

loading A word

9. Shift in two Is

10, Shift in one O

11. Shift in one 1 A word entered

12. Shift in one O Control bit low

13. Take Enable high Load the two counters

14. Take Enable low Isolate the counters

As is evident, the two prior routines are serial in nature. A

microprocessor is therefore best suited to program the F
counters. Also, note that the counter outputs are not available g

on the MC145159 for checking correct counter operation. G

However, a shift register output, SRout, is available. (See ~

Figure 1.) Therefore, the same microprocessor that programs #

the counters can also be used to veri~ the contents of the ~

shift registers to ensure that the correct data has been loaded. F<
Enable must be held low while verifying shift register contents = .,

to avoid affecting the counters.
&l$h\

Although the MC145159 has on-chip logic for control of an
~?-yfi

external dual modulus prescaler, the device is capable of per- ,,ib2~~:3

forming in a single modulus mode simply by leaving the mod-$?~${:”=
$

UIUScontrol output unconnected. In this case, the 10-bit divid~J “ -E

by-N counter petiorms the loop divide-by-N functio~i$~he A 3 4 5 6 MAX
counter must still be loaded with data, but that dat~$~ a%n’t

care. However, loading the A counter with all$@$~/&~ongly

recommended. In that way, the modulus .~$~bl~~utput is

stuck high and cannot cause any possib~~~~erence by,r:~(>,,,, ,t ,*\
switching periodically. .-,. ‘$::~)?\l\~t\\i.~\..\...,,,} <~$,

?,.,.,J .

Although not stated on t~a$pheet, the fin and OS~n

limits for the MC145159Jnj~~@same as for the rest of the

silicon-gate MC1451~ %~ll&of frequency synthesizers. (See

Figures 11 and 12.).:@~e li~t is 15 MHz for a supply voltage
of 5 V and a div~e~~~e of six or greater for the N and R

counters. Fort$~~~w’e being, refer to these graphs for fre-

quency limif~~~~~$.,

Th.e$$R&$~’’’~ase detector component values play a small

role ln$@etW~ining the input frequency limits at the input to
t~g’~~~k~~detector. For high reference frequencies, a large

Y~~~of Ichargeis most likely required. Make certain that~$?;?.f$. .
~.wonent values are in specified ranges. For best results,

3
,,

4 5 6 MAX
TOTAL DIVIDE VALUE

~e following limits are recommended. (Low-leakage polysty- (c} VDD = 9 V
rene or Mylar capacitors are recommended for CR and CH. )

*Data Iabelled “Typical” is not to be used for design purposes, but

is intended as an indication of the ICS potential performance.

IOC;<CR’ Figure 11. OS~n and fin Maximum
10kQ~RO<l MQ Frequency versus Total Divide Value

MOTOROLA
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TEMPERATURE(°C] TEMPERATURE[°C).$ ‘*&;:;?

(a)TOTALOIVIDEVALUE= 3,4,OR 5
,W ,,{~

(b]TOTALDIVIOEV,~&$;i:$y
.:,\,

figure 12, OSCin and fin Maximum Frequency versus Temperature for Sine and Squ$re:k:ve Inputs
J.$J::$!Y>::$,,!,.,,~ ~.~,i..~’s?.*ue>,\:!\

DUAL-MODULUS PRESCALING CONSTRAINTS the N counter counts dow~f~~ ~~~t of the way to zero; N., ~,:.,+/
The MC145159 contains all the necessary logic for control minus A additional cou~~s’}st.’~:$”

~*y).t$.$;~$k
of an external dual-modulus prescaler. Dual-modulus pre- -,{’,:ll\\

scaling is a solution to some of the shortcomings associated ‘d~$ Ntot= (P+ I) A+ P(N– A),>.,
.;~,~.,(?!?<....i,..

with single-modulus prescaling. Inherent in the design of ,,.,.,~t<,.*F’:,...>$~?k,.,4,
synthesizers using single-modulus prescaling is the fact that

ti $’]!\\ ‘.~:”:~,.,*,;,,~ty =NP+A
,/.:,3<,

the value of the reference frequency into the phase detector
~‘Iks,i”

.>?::::~’

is multiplied by the prescale value P, as well as by the counter Modul@ Con%ol is then set back low, the counters preset to

value, N. (Se’e Figure 13.) This results in a loss of system their:~~$~,ctive programmed values, and the sequence is

resolution because any unitary change of N results in the re~a~.

output frequency of the VCO changing by the reference fre- ‘~:;.~w;provides for a total programmable divide value of (N
..,,*,.,“,:,:.$

quency times P, which may be undesired. ‘x~wsP)+A. Tohavearangeoftotal di”idevaluesinsequence,

Dual-modulus prescaling is a solution to this problem. It ,Y.
allows VCO step sizes equal to the value of the phase det#~r

.&,
reference frequency to be obtained. This technique uti[i~ am>
additional A counter and a special prescaler which~#~~&by

::<.

any one of two values, depending upon the state,,$~~ $&ntrol
line. (See Figure 14. ) In duai-modulus presc~l~ %#&lower
speed counters are uniquely configured. SR6~@~@:ntrollogic

‘~!~.‘3:
is necessary to select the divide value, ~~r ~~+~, in the pre-

~I$J~“ki,,.,f.scaler for’the required amount of tim~;” ,,s
The modulus control signal is,:w~~~{he beginning of a

count cycle, enabling the prescald%to$ivide by P +1, until the
A counter has counted dow~~~$$$$~ At this time, modulus
controi goes high, enabli,~ tW&[@”escalerto divide by P, until

the A counter is programmed from zero through P – 1 for a
particular value N in the N counter. N is then incremented by
1 and the A counter is sequenced from zero to P – 1 again. ●

Cetiain constraints apply when using dual-modulus pre-
scaling: 1) N is greater than or equal to A always appiies; 2)
the value of P must be large enough so that the maximum
frequency of the VCO divided by P must not exceed the fre-
quency capability of the N and A counters; also, 3) P times
the period of the maximum VCO frequency must be greater
than the sum of the prop delay through the dual-modulus
prescaler plus the prescaler setup or release time relative to
its control signal plus the propagation delay of frequency in
(fin) to Modulus Control.

-’”;~,,,,>.*>.*,. A
:i,,*‘ .i~,,. ,,>.

‘o,>,~$w ~’~
,.,,, ~
‘, ,.

) NP L

+ N COUNTER ~ P

(KNI
PRE;ALER ~

NtOt= NP IKpl

Figure 13. Single-Modulus Prescaling
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fref PHASE Ve LOW-PASS Vc VOLTAGE-
CRYSTAL

~ + R COUNTER ~ OETECTOR ~ FILTER
CONTROILEO

OSCILLATOR ~

@ref [K@l (KF1
OSCILLATOR

[Ko)

+
&
Ntot I

A+PJP+l

I I ,\\i\~\....~<. :,’::.<..‘$\, ~*it*:’~i.),,.,,,S,,rii
~, ~.. ~ i ,...$,.$.

Figure 14. Dual-Modulus Prescaling ,i,$y:fvt+ ~
,4,\\; G;>,>:*
‘:?;“:4’>

FREQUENCY SYNTHESIZER EXAMPLE 10 is required. ~%eve?! if a divide-by-10 single-modulus pre-

suppose the MC145159 is to be used in a system which scaler is used,,.,z~#&erence frequency would have to be ad-

operates from 118.000 to 135.975 MHz in 25 kHz steps, i.e., justed to ,2,f’ka~’?n order to maintain the 25 kHz step size.

aircraft communication transceivers, (See Hgure 15. ) A pre- Theref~$~ -1-modulus prescaling is desired and the

scaler is needed to divide down the maximum VCO output MCl#018’~,vide-by-40 /41 prescaler is selected due to an input

frequency to a frequency that the MC145159 can handle (15 fre~~~cy capability of 225 MHz and the ability to divide down

MHz maximum at VDD =5 V). A minimum prescale value of fit~&{~~ frequency to well under 15 MHz.,.\$\ ,$~$:at~,t>J,.,,,>.~,.,., ,,.,,. ~~1+,...:,y>y\t~~,:}

MC145159
‘,,$:$,

,– —— —— —— —- *,
,,,. .,+,.t;,.... 1

L-—————_ —— -— —— __ J

Figure 15. Typical System Application

AN969 MOTOROLA
9



With a reference frequency of 25 kHz, the N and A counters In the example above, a 25 kHz reference frequency is used.
‘must ba loaded with the proper valuasto achieve 118 to 135.975 This frequency is generally established at the reference input
MHz at the loop output. Forexample, at fmax: of the phase detector by an on-chip oscillator used with an

135.975 MHz
external crystal. The R counter is programmed to divide down

Ntot = 25 kHz the crystal frequency to the required reference frequency, in
this case 25 kHz. With the MC145159, the divide-by-R range
is from 3 to 16,383. Therefore, the designer has many options ●

Ntot = 5,439
in choosing the crystal frequency, One exam~le is a 3,ZMHZ

To arrive at programming values for N and A, use:
crystal with a divide-by-R of 128 to yield a reference frequency

,,, of 25 kHz. Obviously, many other combinations are possible.
Ntot=NP+A Now, a suitable gain must be chosen for the phase de{~~~,~

With a 25 kHz reference frequency, successivefR pulp ~UF
Substituting in, and for now, letting A=O: 40@ apati. For the first attempt, the ramp capaci{~~$$&sen

to charge up to VDD’ in one-eighth the tim~$wr ~~~. (The
5,439= N(40) slope with which the ramp capacitor char~&*?s~the phase

detector gain. ) Therefore, the selected gaF~~~~*,$’~$V/radwith
N = 135.975 a 5 V supply. Larger values of gain c@~&$;#&Tectedto speed

Therefore, N = 135 ,is used. Now, A must “bedetermined.
up lock times; however, induced a,ois~~:’ the loop may be
increased. !.,s,+‘1,,:.,‘,:. “,!>.., ....,,..=.

A= Ntot– NP Values of phase detector ,~~$ents can now be deter-
mined using the equation .f&~,@hSe detector aain.

[Vlradl

Icharae yields

118 MHz
,?~$},+xit,.

Ntot = 25 kHz
-ye.~.,,~$~~ ..\\

..<\.*\:~:,\ Icharge= 500PA
‘R<+,,,,,;>.,~,+,\ .>

Ntot = 4,720 ,~,~~~~$ shows that the graph for VDD = 5 V crosses the 500

q$,&,~~~s at RR ’20 kQ. Wth CR = 500 PF, CH is chosen to be

Ntot=NP+A W pF. Slightly larger values for hold capacitance may be re-
./<> quired for noise considerations. Finally, the output resistor _j$i$. .

,:$k<i,
N _ 4,720 (Ro) can be any value between 10 kQ and 1 MQ, as longas‘.~tl..,,..:,::,,, w

40
~~::. the analog output bias current is compatible with the employed‘*.~’,...:?’f:,xfi<.,,.~t,:,,r. ~Q:+,. low-pass filter. (See Figure 9.)\*,, .R.~*,K

‘/!,.,,~1,$>,:
N=I18

,~,,,:,,$,,$,. A major concern in designs with theMC145159 is combining~~\y,\t,. .,.~$j,<,,.l .:..::!,*,,,.*,*<L\+t the analog phase detector output with the Frequency Steering
.,x.~t3~.ik+

Therefore N = 118 and A=O.
. .!:+.4‘+3:%*,!>,$,.+ Output properly. Three possible methods are shown in Figure‘&*i

A table can be built up showing th~$~’~%af N and A and 16. It should be noted that these three connection schemes

their corresponding loop output fre~~c~s. are theoretical only and have not been tested in the lab. Meth-
,,’F.,$,),ii.‘.{”{s,V$.”~:’,. ods of connecting these two outputs will be the subject of a

Table 1. Output Frequenc~@t~~M~*heir Corresponding fotihcoming application note.

N and A ~:~n$r Values The low-pass filter and voltage-controlled oscillator must

(fre~~’~ k~~, P= 40) also be planned out carefully for optimal loop performance.
For the MC145159, the loop filter can be combined with the

outp.u*, ** :48$+’
~:\ ‘ft,Freq@$~@F Ntot N A

connection scheme for the phase detector outputs. Fu~her

,, (%**
filtering may be necessary if dictated by the system require-
ments. In the previous example of aircraft communication

s“* “:Ry.000 4,720 118 0

.Nx%’i~..:$l8.o25
transceivers, a VCO must be chosen for the loop. The Motorola

4,721 118 1 MC1648 is a good choice due to an output frequency capability
$&$Q?“’’’8:050 4,722 118 2

above the fmax constraint of 135.975 MHz. Consult the,.,,!:::4;<.~ ..,,,,. . .
1?$.~.\.\..\~~i,.:,. . MC1648 data sheet for VCO design considerations.. ..>+$$

,:,. . . With the loop all in place and powered up, the counters

118.975 4,759 118 3g% must be programmed for the synthesizer to tune to the desired

119.000 4,760 119 0 channel. From Table 1, suppose 135.975 MHz is the VCO
119.025 4,761 119 1 output frequency desired. The N counter should be pro-

. grammed to 135 and the A counter to 39. Also, with a 3.2
. .

MHz cystal and 25 kHz channel spacing, the R counter should
. . .

be programmed to 128.
135.950 5,438 135 38
135.975 5,439 135 39

*N~tethat because P=40, the maximum value Of A = 39.
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APDout

FSO

& R1>>R2 ~ L
=

(a) [b]

APOOUt m

FSO

I=
(c} ,,/.::$;.,::a...*~

figure 16. Possible Methods for Combining Analog Phase Di~ect$# Output and Frequency Steering Output
, .?.,

?..,,.,. “,,’..,~:...,:~-’,* ~~~
‘v,\::x\ ,.,

:<\.k$,j!*\:Y
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