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Counters and clock
control phase shift

by Samuel Creason
Beckman Instruments Inc., Fullerion, Cail,

Although instruments often need phase shifters that off-
set signals by varying amounts, most shifters increment
waveforms only in multiples of 90°. By using readily
available counters and a simple clock, this inexpensive

digital phase shifter offsets the phase of a square wave by
any amount up to 180°. For different waveforms or if the
input signal has a duty cycle other than 509, the offset
will be less than 180°. In addition, for precise applica-
tions, the input clock circuit may be used to fine-tune the
phase shift,

The fundamental phase shifter {a} consists of a pair of
cross-coupled preset counters, each of which is driven by
the same clock. A waveform is applied directly to the
enable input of counter 1, and the inverted input signal is
applied to the enable input of counter 2. Counter outputs
are then applied to a D-type flip-flop that provides the
desired phase shift. When the input waveform is high,
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Offset, This digital phase shifter can adjust the phase of the reference square-wave signal by any amount up to 1800. The fundamental circuit {a)
uses a pair of cross-coupled counters; each counler is driven by the same clock and a D-type flip-flop to provide the desired phase shift. The
hardware {b) is based on a pair of 74LS161 counters. The flip-flop uses a 74LS74 chip, while the clock is derived from a 555 timer,
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counter 1 starts counting clock pulses and consequently
generates a carry pulse. This carry pulse presets counter
2 for the next half cycle of the input signal and sets the
flip-flop. As a result, a phase-shifted output is initiated.

When the input waveform goes low, counter 2 begins
counting and generates  a carry pulse, which presets
counter 1 and clears the flip-flop, thereby terminating the
output pulse. The amount of phase shift is determined by
the number of clock pulses counted before a carry pulse
is penerated by the preset counter. Also, the clock fre-
quency and preset count are selected to produce a carry

pulse from each counter during each half cycle of the
input.

A typical hardware implementation (b) shows a funda-
mental preset counter that is composed of a pair of
74158161 4-bit synchronous counters. The clock uses a
555 timer and associated circuitry and is designed for a
10-hertz square-wave input, while the D-type ﬂip-ﬂon'

" uses one half of the 74L874 chip.

Designer's casebook is a regular featura in Electronics. We invite readers 1o submii original
and unpublished circuit ideas and solutions to design preblems, Explain briefly but tharoughly
the circuit's operating principle and purpose. We'll pay $75 for each item published.



Qutputs of op-amp networks
have fixed phase difference

by Richard K. Dickey
Caidornig Polytechnic State Unwversily, San Luis Obispo, Calit.

In the phasing method of single-sideband generation,
two modulating signals are derived from the audio in-
put. The two signals must have equal amplitudes, but
must differ in phase by 90" at all frequencies in the
audio band. A differential-phase-shift system that pro-
vides these two signals can be made from resistors, ca-
pacitors, and operational amplifiers.

The basic section of the constant-phase-shift system is
the op-amp circuit shown in Fig, 1. The transfer func-
tion of this circuit is

e /e = (1 -jwRC)/(I+jwRC)
= [ f2arctan wRC

Thus the gain is always unity, and the phase shift de-
creases from 0 to - 180 as frequency increases from zero
to infinity. The shape of the phase-shift curve depends
upon the time constant RC ie., upon the locations of
the singularities in the s-plane plot that is included in
Fig. 1.

ff three of these basic sections are cascaded, the over-
all gain remains constant at unity, and the over-all
phase shift through the network falls from 0 to -540° at
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1. Basic section, Op amip connacled as shown (a} is a unity-gain
phase shifter. Singularities of circuit are shown (b) in s-plane plot.
Phase shift ranges from 0 at dc 10 =180 at infinite frequency; how-
aver, gain is unity at all frequencies.
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2. Quadrature. Dillerential phase shitter converts audio-trequency input signal to two outputs, 90° out of phase, for SS8 modulation. Smple
transformerless circuit uses quad op amps driven by a single-ended 5-voit supply. The individual sections are adjusted for 90° phase shift at
the frequencies indicated on the tigure; the two outputs are then in quadrature lo within 2° from 100 Hz to 10 xHz.
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a rate that is determined by the three RC products.

Two such phase-shift networks, fed from a common
input (as shown in Fig. 2), can be designed so that the
phase shift through one lags behind the phase shift
through the other by 90° over a substantial frequency
range. The time constants are chosen so that the sing-
ularities of the two networks interlace.

The all-pass system in Fig. 2 provides two equal-am-
plitude outputs that differ in phase by (90 £ 2)° over the
frequency interval from 100 hertz to 10 kilohertz. The
various R and C values were calculated from the table
published by S.D. Bedrosion, “Normalized Design of 90
Degree Phase Difference Networks,” IRE Transactions
on Circuit Theory, June 1960, pp. 128-136. In each sec-

tion, RC = Y%uf, where f is the 90° frequency for that
section as shown in Fig. 2. An exception is the 20,060-Hz

stage, where R was decreased to compensate for the inq -

herent phase shift in the op amp.
Each section of each network should be individually]
adjusted to an exactly 90° phase shift at the indicated
frequency. This adjustment can be made by connecting
the input and output of that section to the horizontaj
and vertical inputs of an oscilloscope, and then varyin,
the 4,700-ohm potentiometer until the Lissajous figure
is a circle. Alternatively, a phasemeter can be used.
Each op amp is one quarter of an LM324 quad am/
plifier, The input biasing network allows operation from
a single 5-volt supply. q
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Frequency doubler and flip-flop
make adjustable phase shifter

by Viadimir Brunstein
Nova Fleclsic Mg, Co ., Nutley, N.J.

A frequency doubler for operation at the voltage levels of
either complementary-MOS or transistor-transistor logic
can be built with an inverter and a comparator. And if
the doubled signal is then fed into a flip-fop, the output
has the original input frequency, shifted in phase by an
amount that depends on the reference voltage applied 10
the comparator. This shifter has been used to adjust the
phase of the output from a phase-locked-loop device.

In the doubler circuit (a), the rectangular input signal
and its inverted form are appliced to capacitors C, and C,.
Their triangular ramps, which are 180" out of phase, arc

added through diodes to produce a sawtlooth wave at
twice the input frequency. This sawtooth is applied to the
noninverting input of the comparator, producing a
output at 2f,, with a duty factor that depends on the
setting of the reference voltage at the inverting input.

Adding an cdge-triggered D-type flip-flop to the
circuit (b) yields an output signal of lrequency [, phase-
shifted with respeet to the input signal, Varying the
reference voltage V., the phase shift between the output
and the input signal can be set at any value between
and 180°. However, the duty factor of the output is
always 50%. The frequency limit is set by the frequency
band of the comparator used.

The component values shown were used for 60-hertz
operation in a circuit that phase-locks the output of an
uninterruptable power supply to the ac line. Connecting
the output of the power supply back into the line
provides a load that is inductive or capacitive, depending
on the phase shift that is sct by the reference-voltage
potentiometer. ]
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Frequency doubler and phase shifter.

Inverter and comparater 1Gs make up a
simple frequency deubler {a), the duty cycle
at the doubled frequency 15 adjusted by the
potentiometer that controis V... If the dou-
bled frequency is applied to a D-1ype fip-fiop

{b), the outpul 15 a square wave at the
original frequency. but shifted in phase from
the input. Phase shift can ke vaned from

nearly 0 to nearly 180 by varying V..
Waveforms shown in (¢} illustrate the
complete cperation of the circuit.
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Bucket-brigade shift register
generates constant phase delay

by F.E. Hinkle

Lintversity af Taxds, Applied Research Laboralones, Austin, Texas

A digitally programable constant-phase-delay network
makes an interesting application for a bucket-brigade
analog shift register. The circuit generates a phase de-
lay, in degrees, that is independent of the frequency of
the signal to be phase-shifted.

The analog shift register works in conjunction with a
phase-locked loop so that the input frequency forms the
time delay needed for a constant phase delay. The regis-
ter delays the input by:

M/2f,

where M is the number of register-delay elements or
bits, and f. is the frequency of the bit shift (biphase
clock).

Since the frequency for shifting the analog bits is a
function of the input frequency, the delay time will also
be a function of input frequency. A phase-locked loop is
used as a frequency multiplier, with a divide-by-N net-
work in its feedback path. During lock, the frequency of
the phasc-locked loop will be an integral multiple of the
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Controlted phase shlft. Bucket-brigade analcg shilt register and a
phase-locked lcop provide a constant phase delay that is indepen-
dent of the input frequency. The phase-locked lcop determines the
bit-shift trequency of the register, and a divide-by-N circuit sets the
frequency of the phase-locked 1oon. The de'ay can be made variable
by addirg a programatle divide-by-N circuit as indicated.
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input signal being applied to the shift register:

f\ = f\‘rﬁn
where N is the divide-by integer in the phase-locked
loop. and f, is the input frequency, When the fre-
quency of the phase-locked Joop is applied to the shift
register as the bit-shift frequency, the new time delay of
the register is:

T = M/2Nfn

The delay time-to-angle conversion for the input sine
wave can be defined as:

delay angle = (7/T}y) X 360" = {7y} X 360"

where Tiy is the period of the input waveform. Substi-
tuting for 7 in this equation yields:

delay angle = (M/2N) X 360°

The delay angle of the input waveform, therefore, is in-
dependent of that waveform’s frequency. By using a
programable divide-by-N circuit, the amount of the de-
lay angle can be adjusted in the desired increments. For
this circuit, when M = N = 185, the delay angle is 180"
for all frequencies within the range of the phase-locked
loop. The circuil’s major limitation is the lock-on range
of the phase-locked loop. O

Not toe long ago, Electronics reported on the MOS
bucket-brigade approach to building a charge-transfer
device [Dec. 8, 1871, pp.B6-91, and Feb. 28, 1972, |
pp.62-71). One of the practical hardware functions of
the bucket-brigade technology is an analog shift regis-
| - ter [Nov. 22, 1971, pp.112-114]. Such a device is a
rather unusual circuit that will store bits of analog data
| and delay them as a function of the input clock fre- |
quency.
The register used here, in the constant-phase-delay
| network, 1s made by ITT Semiconductors in Palm
Beach, Fla. It will delay the inputl waveform by 185
| stages. All that is required is a biphase clock, which ’
can be as fast as 5C0 kilcheriz, plus a low-pass filter at
the output to remove the clocking waveforms. The |
register's oulput waveform will be an accurate sam-
pled replica of the input, delayed by 185 clock pulses.
Since the shift register runs from negative voltages,
| some form of voltage-level conversion is necessary
| when TTL digital circuits are used o generate the
J biphase symmetrical cleck signals. Another methed of
! clock generation s to use C-MOS integrated circuits
with the drain supply tied to ground and the source |
supply connected to a negative voitage. (A C-MOS |
; decade counter can then be wired as a divide-by-four
circuil and two of its outputs taken for the biphase
‘ clock.) The clock circuitry can be used to drive a num-

ber of registers simultaneously.
The type TCA350 shift regisier employed in the
phase-shift netwerk is housed in a TO-77.metal can. It
| costs less than $10.
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until all the subframes have been scanned.
The location representing subframe 12 should be
programmed so that a logic 1 appears at pin 1. This

resets the counters and selects the first memory location
in A, as before. The system generates the main-frame
sync pulse again and the entire process is repeated. Ll

Phase-locked generator
converts, filters most inputs

by Peter Reintjes
Research and Design Lid., Morehead City. N. C.

Replacing the voltage-controlled oscillator in the Rca
4046 phase-locked loop with the popular Intersil 8038
waveform generator forms a circuit that produces sine,
square, and triangular wave vollages capable of tracking
almost any input signal. Besides performing its prime
function of waveform conversion, the circuit serves as a
high-Q filter. With a harmonic distortion of only 0.5%, it
finds the fundamental frequency of any signal.

The performance of this circuit far exceeds that of a
conventional filter, which always adds a phase shift to
the incoming signal. Also, traditional filtering methods
are often of little use when the fundamental frequency
must be recovered from an unpredictable input signal.

Connecting thé 8038, which is itself a voltage-
controlled oscillator, to the 4046 as shown in the figure
does not affect the normal operation of the phase-lacked
loop. The only differcace in the basic PLL circuit is that
the 8038 generates sine, triangular, and square waves

and drives the 4046 in place of the loop’s internal vco.
The output waveshapes are unaflected by the harmonic
distortion present on the input signal. Capacitor C sels
the center frequency ol the 8038 (a value of 0.047
microfarad corresponds to a frequency in the audio
range). The {requency-capture range of the circuit,
which is determined by the 4046, remains 1,000 to 1.
The generator's maximum operating frequency is about
700 kilohertz,

To secure precise locking, the comparators in the 4046
should be driven by the square-wave output of the 8038,
If the input waveform is a pulse, phase comparator I
should be used. For unpredictable or high-noisc signals,
phase comparator I1 is more suitable.

Any phase difference between the square-wave output
of the 8038 and the inpul signal is amplified by two 741
operational amplifiers and then fed back to the vco o
increase or decrease its frequency, as the case may be.
Although the internal vco of the 4046 is not used, it
must be enabled by grounding pin 5 of the device so that
its voltage-follower will be active. If matched resistors
are used at pin 4 and 5 of the 8038, the sine-wave output
distortion can be reduced to 0.5%. Potentiometers R,
and R; aid in minimizing the distortion, U
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Tracking wavetorms. ICL 8038 and two op amps replace internal VCO in 4046 1o form phase-iocked-lcop wavetorm generator that can be
used 1o recover fundamental frequency of any input signal or to convert the control signal to sine, square, and triangular waves. The
generalor's maximum culput frequency is about 700 kHz. R. and R; are adjusted for minimum outpul disierlion.
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