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INTRODUCTION

For HF radios (from 1 to 30MHz), the use of a loastillator from 40 to 70MHz, with the first IF giiMHz,

is a well-accepted mode to get a reception alnmages free.

Many times some conflicting design characteristics fine frequency resolution, tune speed, low wutp
noise, high spectral purity, low power and low pric

Most designs use many loops to get fine resolufldrs article shows a method to overcome this diffiy,
using only two loops.

The work is a more modern version of my formercéetipresented in December 1989 Ham Radio review,
with better characteristics due the existence, dews, of suitable components for the electronicateds.

THE ALGORITHM
Normally, unless we use special techniques, théhegizer minimum frequency step, that is, its netsoh, is
equal to its reference frequency.

Figure 1 shows the block diagram of such a loop.
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Figure 1

The output frequenclyo is given by:
Fo=NxFr ()

As we see in(l), changingN to N+1 or N-1, Fo increases or decreases by exa€tty that is,Fr is the
resolution in this synthesis method.
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The block diagram of the new algorithm is showeéigure 2. For getting short settling times and tvtput
noise, it is necessary that we use reference freme® substantially high. If we make Frl = 99.9kktwd Fr2
= 100kHz in Figure 2, we can rewrite equat{@has:

Fo=[(M x 100 — N x 99.9) / 10] kHz = {{100 x M €100 — 0.1) x N]} / 10 kHz
Fo={[10 x (M = N) + 0.01 x N]} kHz (II)

We can verify that, by varyiny by one,Fo changes by 0.01kHz that means, 10Hz, althoughsloeference
frequencies are of the order of 100kHz!

For performing steps of 10, 100 or 1,000kHz, wengeaonlyM. To perform steps of 10, 100 and 1,000Hz
(or some of their multiples), we must chamgj@andM together, keeping the same valudvbf N.

Deriving the Design Equations

One problem to synthesize from 40 to 70MHz is titber high variation range: 30MHz for a 40MHz VCO.
This, among other things, implies in a varactorhwat capacitance variation of more than (7Gf4tyat is,
Cmax/Cmin > 3.0625, remembering that Cmin and Ctake into account the circuit stray capacitancegtwh
worsens much things.

An advantage of the present method is that we mayiCO’s in the high VHF part, for example, makthg
frequency band range a minor problem. We may stiggesM VCO operating from 1,600 to 2,000MHz and
the N one from 1,200 to 1,300MHz, both simple loops

Let's derive now the design equations for this eystWe must remember that the output frequency is a
decimal seven-digit number, for example, 47,9362k

Fo =10,000 x B6 + 1,000 x B5 + 100 x B4 + 10 xB82 + 0.1 x B1 + 0.01 BO (in kHz)



Alike:

N =NO +10 x N1 + 100 x N2 + 1,000 x N3 = 10,0004«
M=MO+10x M1 + 100 x M2 + 1,000 x M3 + 10,000M4
Carrying these last three expressionfllin one gets:

10,000 x B6 + 1,000 x B5 + 100 x B4 + 10 x B3 + B®.1 x B1 + 0.01 BO = 10 x [MO — NO + 10 x (M1 —
N1) + 100 x (M2 — N2) + 1,000 x (M3 — N3) + 10,08QM4 — N4)] + 0.01 x (NO + 10 x N1 + 100 x N2 +
1,000 x N3 + 10,000 x N4)

By making equal all the corresponding terms, weshav

a) M4—-N4=0
b) M3-N3=B6

c) M2-N2=B5

d) M1—N1+N4=B4 (lll)
e) MO-NO+N3=B3

fy N2=B2

g) N1=B1

h) NO=BO

As theBi’s are given numbers, we have eight equations witlhurdkhowns to determine théi's and the
Mi's.

This gives us two degrees of freedom to choosédnels of~1 andF2. As we have to establish values to two
unknown parameters, we first chodé$4. If this value and also that &4 are too high, we may have dividers
problems that may fail and with more noise duegteater division factors. If, otherwisd4 andM4 are too
small, we will have problems to cover the entiradaf the VCO's.

A good choice iN4 = 1

The range of-1 (loop N) is of the order of 100MHz because, to ¢c8®9kHz (the maximum loop M alone)
in 100Hz steps (after divided by 10 at the outpw®, have 1,000 channels with 99.9kHz of the refegen
frequency, that give us 100MHz. Therefore, the eaafj-2 (loop M) is 100MHz + 300MHz (output range
before the final division by 10) = 400MHz.

The other degree of freedom let us to fix the vallid3. Choosing the value 2 for it (it means that, vitdh =

1, for a 100MHz range, we havd from 1,200 to 1,300MHz and, therefofe? covers from 1,200 + 400 =
1,600MHz to 1,300 + 700 = 2,000MHz). Those freqien@re convenient for modern type ‘two-modulus’
and for the VCO'’s ranges.

Rewriting the expressions df andM using the equatior$ll) and the valuebl4 = 1andN3 = 2 we write:

N = 10,000 x N4 + 1,000 x N3 + 100 x N2 + 10 x NN@ or
N=12,000+100xB2+10xB1+B0 (IV)

M = 10,000 x M4 + 1,000 x M3 + 100 x M2 + 10 x M1 MO = 10,000 + 1,000 x (B6 + 2) + 100 x (B5 +
B2)+10x(B4-1+B1)+B3 -2+ Bfr

M =11,988 + 1,000 x B6 + 100 x (B5 + B2) + 10 ¥4(B B1) + B3 + BO (V)

As the output covers from 40,000.00 to 69,999.99ks€can be 4, 5 or 85, B4, B3, B2, B1le BO can be
any value from 0 to 9. Now it is possible to cédte the exact range df, M, F1 andF2:

a) Nmin: B2=B1=B0=0
From equatior{lV) : Nmin = 12,000andF1min = 99.9 x Nmin = 1,198,800kHz

b) Nmax: B2=B1=B0=9



From equatior{lV): Nmax = 12,999andF1max = 99.9 x Nmax = 1,298,600.1kHz

c) Mmin: B6 =4;B5=B4=B3=B2=B1=B0=0
From equatiorfV): Mmin = 15,988andF2min = 100 x Mmin = 1,598,800kHz

d) Mmax: B6=6; B5=B4=B3=B2=B1=B0=9
From equation(V): Mmax = 19,986andF2max = 10 x Mmax = 1,998,600kHz

Let's suppose we want to synthesize an output (fZ3698kHz. SoB6 =5B5=6B4=7B3=2B2=1,
Bl =9andB0 =8
Using equationglVV) and(V):

N = 12,000 + (100 x 1) + (10 x 9) + 8 = 12,198
M = 11,988 + (1,000 x 5) + [100 x (6 + 1)] + [LQ% + 9)] + (2 + 8) = 17,858

ThusF1 =99.9 x 12,198 = 1,218,580.2kldndF2 = 100 x 17,858 = 1,785,800kHz

All works becausé&o = (F2 — F1) / 10 = 56,721.98kHz

Obviously the algorithm showed here is better immated with a microprocessor.

In practice, the dividersl andM of the commercial PLL IC’s don't accept such hfgggquencies directly, but
we can use the so-called ‘two-modulus pre-scatheg’nowadays operate well in such frequencies.

So,N andM have to be written in the form they are used lghqure-scalers. Thus:

N=NpxPn+AneM=MpxPm+ Am (VI)

With Np andMp being the value of the PLL's ‘NPn andPm the smaller values of the ‘two-modulus pre-
scalers’ andAn andAm the values of the PLL’s ‘A’ dividers.

As the order of magnitude of both PLL's is the same may choosBn = Pm =P

For a frequency of 2GHz, a convenient valueFavould be 128, as it would present to the PLL adsgy
compatible with the nowadays technology.

So, using equatiofil) , we write:

Fo=10xP x (Mp —Np) + 10 x (Am — An) + 0.01 ®(x Np + An)or withP = 128

Fo=1,280 x (Mp— Np) + 1.28 Np + 10 x Am — 9.9%n (VII)

We can write the expressions fdp, Np, Am andNa, using(V1), with the division factors equal

Mp =int(M/P)
Am=M-MpxP (V)
Np =int (N/P)

An=N-NpxP

So, equationglV), (V) and(VIIl) must be used for the determination, by the miaogssor, of the PLL’s
division factors values. It is, now, a mere softvproblem.

Conclusions

This article presents a method to synthesize fregjge from 40 to 70MHz with minimum steps of 10Hz,
using only two loops. The output signal phase ntésel results very low due the relatively higheneince
frequencies$ 100kHz) and with a final division by 10 that destses the noise by more 20 dB. Clearly, to get
the expected noise level, all good assembling igdes as short lines, rigorous DC signals filteriggod
ground distribution techniques, well shielded VC@isd RF filters, high VCO’s isolation from theiralds,
VCO'’s pre-tuning, etc, must be used as in any feegy synthesizer.

Indeed, it is shown more an algorithm than a circihe latter may be implemented with the suitable
components already existent with modern technology.



It is presented also an example of the two loopsgfencies compatible with components already in the
market. Clearly, the evolution of the componenhtextogy, it is perfectly possible to adapt the aldon to
synthesizer designs with greater frequencies, stithmore fine resolution and keeping the ‘two fsoonly’
simplicity.
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