

















Action Comment

Isolate the counters
Start loading N word

Take Enable low
Shift in two Os
Shift in one 1
Shift in one 0
Shift in two 1s
Shift in two Os
Shift in one 1
Shift in four Os

£2: SO0 Tt Y

N word entered: start
loading A word

9. Shiftin two 1s
10. Shift in one 0
11. Shift in one 1
12. Shift in one 0
13. Take Enable high
14. Take Enable low

A word entered
Control bit low

Load the two counters
Isolate the counters

As is evident, the two prior routines are serial in nature. A
microprocessor is therefore best suited to program the
counters. Also, note that the counter outputs are not available
on the MC145159 for checking correct counter operation.
However, a shift register output, SRqyt, is available. (See
Figure 1.) Therefore, the same microprocessor that programs
the counters can also be used to verify the contents of the
shift registers to ensure that the correct data has been loaded.
Enable must be held low while verifying shift register contents
to avoid affecting the counters.

Although the MC145159 has on-chip logic for control of an
external dual modulus prescaler, the device is capable of per-
forming in a single modulus mode simply by leaving the mod-
ulus control output unconnected. In this case, the 10-bit divide-
by-N counter performs the loop divide-by-N function. The A
counter must still be loaded with data, but that data is a don't
care. However, loading the A counter with all Os is strongly
recommended. In that way, the modulus control output is
stuck high and cannot cause any possible interference by
switching periodically.

fin. OSCjn LIMITS

Although not stated on the data sheet, the fj, and OSCj
limits for the MC145159 are the same as for the rest of the
silicon-gate MC1451XX family of frequency synthesizers. (See
Figures 11 and 12.) One limit is 15 MHz for a supply voltage
of 5 V and a divide value of six or greater for the N and R
counters. For the time being, refer to these graphs for fre-
quency limits.

The analog phase detector component values play a small
role in determining the input frequency limits at the input to
the phase detector. For high reference frequencies, a large
value of Icharge is most likely required. Make certain that
component values are in specified ranges. For best results,
the following limits are recommended. (Low-leakage polysty-
rene or Mylar capacitors are recommended for CR and CH.)

1k2=RR =1 MQ

500 pF<CR <0.1 uF
10 CH=CR

10 k2<Rp =1 MQ
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Figure 12. OSCj, and fj; Maximum Frequency versus Temperature for Sine and Square Wave Inputs

DUAL-MODULUS PRESCALING CONSTRAINTS

The MC145159 contains all the necessary logic for control
of an external dual-modulus prescaler. Dual-modulus pre-
scaling is a solution to some of the shortcomings associated
with single-modulus prescaling. Inherent in the design of
synthesizers using single-modulus prescaling is the fact that
the value of the reference frequency into the phase detector
is multiplied by the prescale value P, as well as by the counter
value, N. (See Figure 13.) This results in a loss of system
resolution because any unitary change of N results in the
output frequency of the VCO changing by the reference fre-
quency times P, which may be undesired.

Dual-modulus prescaling is a solution to this problem. It
allows VCO step sizes equal to the value of the phase detector
reference frequency to be obtained. This technique utilizes an
additional A counter and a special prescaler which divides by
any one of two values, depending upon the state of its control
line. (See Figure 14.) In dual-modulus prescaling, the lower
speed counters are uniquely configured. Special control logic
is necessary 1o select the divide value, P or P+1, in the pre-
scaler for the required amount of time.

The modulus control signal is low at the beginning of a
count cycle, enabling the prescaler to divide by P +1, until the
A counter has counted down to zero. At this time, modulus
control goes high, enabling the prescaler to divide by P, until

the N counter counts down the rest of the way to zero; N
minus A additional counts.

Nipt = (P+ 1A +P(N—A)
=NP+A

Modulus Control is then set back low, the counters preset to
their respective programmed values, and the sequence is
repeated.

This provides for a total programmable divide value of (N
times P) + A. To have a range of total divide values in sequence,
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.

Certain constraints apply when using dual-modulus pre-
scaling: 1) N is greater than or equal to A always applies; 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.
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Figure 13. Single-Modulus Prescaling
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Figure 14. Dual-Modulus Prescaling

FREQUENCY SYNTHESIZER EXAMPLE

Suppose the MC145159 is to be used in a system which
operates from 118.000 to 135.975 MHz in 25 kHz steps, i.e.,
aircraft communication transceivers. (See Figure 15.) A pre-
scaler is needed to divide down the maximum VCO output
frequency to a frequency that the MC145159 can handle (15
MHz maximum at Vpp =5 V). A minimum prescale value of

10 is required. However, if a divide-by-10 single-modulus pre-
scaler is used, the reference frequency would have to be ad-
justed to 2.5 kHz in order to maintain the 25 kHz step size.
Therefore, dual-modulus prescaling is desired and the
MC12016 divide-by-40/41 prescaler is selected due to an input
frequency capability of 225 MHz and the ability to divide down
the VCO frequency to well under 15 MHz.
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Figure 15. Typical System Application
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With a reference frequency of 25 kHz, the N and A counters
must be loaded with the proper values to achieve 118 to 135.975
VHz at the loop output. For example, at fmax:

Mo, — 135975 MHz
W0t~ 55 kHz

Niot = 5,439

To arrive at programming values for N and A, use:

Substituting in, and for now, letting A=0:
5,439 = N(40)

N = 135.975

Therefore, N =135 is used. Now, A must be determined.

A = 5,439 — (135){40)

A=39
Similarly, at fmijn:
N 118 MHz
tot = 95 kHz
Niot = 4,720
NTO‘t =NP+A
4,720
N = —=—
40
N=118

Therefore N=118 and A=0.
A table can be built up showing the values of N and A and
their corresponding loop output frequencies.

Table 1. Output Frequencies and Their Corresponding
N and A Counter Values
(fref=25 kHz, P =40)

Output
Frequency
(MHz)

118.000 4,720 118 0
118.025 4,721 118 1
118.050 4,722 118 2

118.975 4,759 118 | 39%
119.000 4,760 19 0
119.025 4,761 119 1

135.950 5,438 135 38
135.975 5,439 135 39

#Note that because P =40, the maximum value of A =39.
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In the example above, a 25 kHz reference frequency is used.
This frequency is generally established at the reference input
of the phase detector by an on-chip oscillator used with an
external crystal. The R counter is programmed to divide down
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
in choosing the crystal frequency. One example is a 3.2 MHz
crystal with a divide-by-R of 128 to yield a reference frequency
of 25 kHz. Obviously, many other combinations are possible.

Now, a suitable gain must be chosen for the phase detector.
With a 25 kHz reference frequency, successive fR pulses occur
40 ys apart. For the first attempt, the ramp capacitor is chosen
to charge up to Vpp' in one-eighth the time, or b us. (The
slope with which the ramp capacitor charges is the phase
detector gain.} Therefore, the selected gain is 6.4 V/rad with
a 5 V supply. Larger values of gain can be selected to speed
up lock times; however, induced noise in the loop may be
increased.

Values of phase detector components can now be deter-
mined using the equation for phase detector gain.

_ lcharge

letting CR =500 pF and solving for Igharge Yields
Icharge =500 pA

Figure 8 shows that the graph for Vpp =5 V crosses the 500
pA axis at RR =20 k2. With CR =500 pF, CH is chosen to be
50 pF. Slightly larger values for hold capacitance may be re-
quired for noise considerations. Finally, the output resistor
(Rp) can be any value between 10 k@ and 1 M, as long as
the analog output bias current is compatible with the employed
low-pass filter. (See Figure 9.}

A major concern in designs with the MC145159 is combining
the analog phase detector output with the Frequency Steering
Qutput properly. Three possible methods are shown in Figure
16. It should be noted that these three connection schemes
are theoretical only and have not been tested in the lab. Meth-
ods of connecting these two outputs will be the subject of a
forthcoming application note.

The low-pass filter and voltage-controlled oscillator must
also be planned out carefully for optimal loop performance.
For the MC145159, the loop filter can be combined with the
connection scheme for the phase detector outputs. Further
filtering may be necessary if dictated by the system require-
ments. In the previous example of aircraft communication
transceivers, a VCO must be chosen for the loop. The Motorola
MC1648 is a good choice due to an output frequency capability
above the fmax constraint of 135.975 MHz. Consult the
MC1648 data sheet for VCO design considerations.

With the loop all in place and powered up, the counters
must be programmed for the synthesizer to tune to the desired
channel. From Table 1, suppose 135.975 MHz is the VCO
output frequency desired. The N counter should be pro-
grammed to 135 and the A counter to 39. Also, with a 3.2
MHz crystal and 25 kHz channel spacing, the.R counter should
be programmed to 128.
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Figure 16. Possible Methods for Combining Analog Phase Detector Output and Frequency Steering Output
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An additional application note is planned to cover the closed-
loop application of the MC145159, especially the methods for
combining the two phase detector outputs.
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