Locked-sync sine generator covers
three decades with low distortion
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Analog applications, such as

B testing, calibration, and gen-
eral system operation, often require a
sine waveform of accurate amplitude
and frequency, with low THD (total
harmonic distortion). Some applica-
tions demand that the generator of

such waveforms have the ability to ac- :

curately synchronize the output with
an external timing signal. Simple sine-
wave generators can offer various de-
grees of this performance, but main-
taining low THD with constant am-

plitude is a problem, particularly if the
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output and the synchronization signal
must remain locked through an ex-
tended range of frequencies.

The circuit in Figure 1 can syn-
chronize a sine-wave output through

three decades of frequency-—20 Hz to |

20 kHz—and maintain low THD and
constant amplirude (Table 1). The syn-
chronizer IC, an NXP Semiconductors

(www.nxp.com) 74HC4046, is a PLL

. (phase-locked loop) with a VCO (volt-

age-controlled oscillator) and a phase/
frequency detector. It has three inter-
nal phase detectors, but this design uses

the one with a frequency-capture range

| equal to that of the VCO-frequency

range (the maximum frequency minus

| the minimum frequency).

The circuit’s general-purpose bina-
ry frequency divider, the 74HC4060,
connects between the VCO output

" and the 74HC4046 feedback (phase/

frequency-comparator) input and has
a division ratio of 64. When the PLL
is locked, therefore, the Q6 output
of the 74HC4060 generates a square
wave equal to 1/64th of the VCO-

output frequency. The components



that determine the 74HC4046 center
frequency, C, and R, determine the 5V O 1 1 1
VCO-frequency range from 20X 64 to T e o
20,000X64 from the minimum to the e | BN odan  asl—d
maximum level of the VCO’s input- SYNCHRONOUS- PHC 2 OUT odarz  asfo .,
PULSE INPUT > R
voltage range. =———sem  pHcsouT[O | Oqjais o4 ka
. . . 2 -
A switched-capacitor lowpass fil- of LIl DEMOUT —O 2 290¢ O-{C® 03 e
. . . ClA H PULSE

ter, the Maxim (www.maxim-ic.com) ! £ —© O-jo8 MAX297 | oytPut
MAX297, wh ffi b il o S

\ 7, whose cut-off frequency by o o o o-liakes e
design equals 1/50th of the clock fre- 1 ‘53; ¢ | rarcaceo | 320k .

) ) =+,
quency you apply to it, has .for signal otk A oo e
input the same square wave it uses for v AR I
the PLL feedback, and its clock input i
_ R, INH o | MR c
attaches to the VCO output. Because * | 100 vss 35 AND S Leno_v-
the clock and signal inputs always have { S
a frequency ratio of 64, the input signal COMMON JE WF
o > . ‘

always falls within the filter bandpass.

No input harmonics fall within this | | -5v©
bandpass because the ratio of the clock
frequency to frequency is less than 50
for all of them. (For the lowest second
harmonic, the ratio is 32.) The THD, up to the 32nd har-
monic, is lower than 0.1%.

The fact that the filter’s input signal is a square wave with
a 50% duty cycle helps in this application because a square
wave contains only odd harmonics of the fundamental, and
the lowest-frequency harmonic is the third, which is well
within the filter's deep-attenuation range.

You can frequency-modulate the synchronization signal,
but that task entails a compromise between the synchro-
nization-tracking speed (or maximum modulation frequen-
cy and depth) and the frequency-locking range, which the
PLLs lowpass filter components, R, R, and C,, set. Modula-
tion speed is limited for the values the figure shows because
those values are optimized for an extended-frequency lock-
ing range. You can download more information, including
a full data sheet for the MAX297, from www.maxim-ic.com
(Reference 1).201

EELL

Frequency | Amplitude
(Hz) | (V rms)
20 I 1.470
50 : 1.472
100 i 1.472
200 1.473
500 f 1.473
1000 | 1.473
2000 1.472
5000 I 1.473
10,000 ' 1.473
20,000 1.472
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| Figure 1 This three-IC sine-wave generator covers three frequency decades,
| provides low distortion, and allows you to synchronize it with an external signal.



