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Abstract - An electronic circuit generating two orthogonal
square-waves is described. The generator is based simple JK
flip-flop circuit; theirs clock is driven by a phase-locked loop
circuit, which ensures frequency and phase synchrdaaation of its
output with an external sync signal. Due to applickon of the
circuit in high-precision impedance bridge the maxinum
deviation of the phase shift between the square-was should be
smaller than 0,08 and the frequency range of the generator is
100 Hz — 100 kHz.
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. INTRODUCTION

There are two types of high-accuracy,
impedance bridges: transformer bridges [1], [2] agystems
employing digital sine-wave technique [3], [4]. Tharmer
are used for extremely high accuracy comparisongikef
impedances and the latter when also unlike impeskaace to
be compared. In precision transformer comparatiolgbs for
like impedances comparison which structure is shdwn

Fig. 1 the unbalance voltagdU (underlined to express its

complex character) is proportional to the differeraf the
compared impedances and the measuring current
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so the impedance difference of the compared stdadzm be
calculated using the formula:

)

If a series equivalent circuit of the impedancendsad is
assumed, the above equation can be express as:

(R +X5) ~ (R, +J><N):2Re{?u}+2jlm{?u} 3)

=X =X

Comparing the left and right sides of real and imagy parts
one can obtain:
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whereg is the phase shift between the unbalanced volthfe

and the measurement currént

AU

o>
ow

S

Tr

Fig. 1. Circuit diagram of unbalanced bridge fopadance standards
comparison

Taking Egs. (4) and (5) into consideration, it ¢ difficult to
see that to determine differences of resistanceraactance,
the unbalance signalu should be decomposed into in-phase
with I, and quadrature component [1]. A block diagram of
circuit enabling direct measurement of differencdsboth
impedance componentdl({ and4R) is shown in Fig. 2.

The unbalance voltagdU is provided from the diagonal of
the bridge (Fig. 1) to two phase-sensitive detactd}. On the
outputs of the detectors the voltages proportioialthe
numerators of the fractions in the (4) and (5) ¢igua appear.
The signals are further converted into digital fornd
transmitted to the microcontroller. The measuringentl, is
converted to a voltage signal, which after recdiien and AC
filtering has the value proportional to the modulefs the
measurement current, so - to the denominator ofrfwtions
in the Egs. (4) and (5). The voltage after conwersis
transmitted to the microcontroller which calculatéise
resistance and reactance differences accordingetq4) and
(5) formulas.

A significant influence on the accuracy of meadure
difference of the impedance components has thehsgnized
two-phase generator, which produces two orthogeqahre-
waves with 0.5 duty cycle as reference for the pfsnsitive
detectors [5]. One of them is in phase withlthéhe second is
shifted by 98 from the former. To achieve high accuracy of
the impedance bridge in a wide frequency rangerthemum
deviation of the phase shift between the squareswatiould
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Fig. 2. Block diagram of circuit fodL and4R measurement

be smaller than 0.85n the whole required frequency rangeThe clock signal Clk is provided in parallel to twi flip-

(100 Hz — 100 kHz). Taking the above into consitienawe
can conclude that the two-phase generator canndbulie
using standard phase shifters because they dorftagtee
high stability of the phase shift.

Il. TWO-PHASE GENERATOR

Two square-wave signals with a 50% duty cycles a
different in phase by exactly 9@an be generated using
simple digital circuit shown in Fig. 3.
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Fig. 3. Two-phase square-wave generator: a) cidiagram,
b) timing diagram

flops. Using proper loop connection on theaBid gy outputs
we obtain two square-waves with a phase differesfced
(Fig. 3b). The propagation delay time in digitafcaits is
dependent on the output load capacitance and &CHMOS
circuits can be described by the following formiga

tpye = 22 ns + 0.16 ns/pF. (6)

;@nsuring the same load capacitances on the genenaimuts

one can obtain the same propagation delay timéseddignals

on the § and 3y outputs. Hence, the phase shift betwegn S
and S is equal to exactly 0and the duty cycles of the
square-waves are equal to 0.5. Taking Equ. (6) into
consideration it is not difficult to see that ftiet100 kHz (the
worst case in the considered frequency range) 0% (~1,4

ns) deviation of the nominal phase shift appearenwthe
difference in the output loads is 9 pF. Howeverjsitnot
difficult to meet the requirement of adjusting thetput load
capacitances with a precision of 9 pF.

The main disadvantage of the proposed circuitié the
frequency of the clock signal should be four tirhégher than
frequency of the measuring currelit and additionally is
necessary to synchronize the phase of thsighal with the
phase of the,.

[ll. SYNCHRONIZATION OF THE GENERATOR

The PLL circuit was used to ensure the synchroiuinaif the
two-phase generator with the measuring curkefiig. 4).
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9 S that their difference exceeds the pass band ofiahepass

Ux Sync|  ppase filter, it will simply be ignored by the PLL. Thuthe PLL is a
| Comparalol R ¢ omparato - frequency-selective circuit. The PLL can returmitite active
A state when the incoming frequency goes into thetucap
range.
. Us Clk .
e T VEO > Ganerator] fow &

Fig. 4. Block diagram of the two-phase sync gemerat v
The output voltag&J, from the I/U converter (Fig. 2), which
is in phase with, and whose absolute value is proportional to ¢ f,
the absolute value df, is further converted to the square- rin >
wave by the comparator and provided to the phase fo ., fax fsync
comparator. On the second input of the phase catgathe
Sy signal from the two-phase generator (Fig. 3) Bvjuted. capturd range
An Exclusive-OR gate works as the phase compaifator A T >
The average output voltage from the phase compaistbe
resultant of the difference in phase between theatsU, and
Seo. When the phase difference between the synchranizi z lock| range R
signal (Sync) and ¢ signal is equal to $0then the average h .
value of the voltage on the output of the phasepaoator is
equal to zero. The output voltage from the phasapewator Fig. 5. PLL capture and lock ranges
(often named “phase-error signal”) is filtered b tow-pass
and used to drive a voltage-controlled oscilla¥€Q) which Taking the above under consideration we can cdectbat

creates an output frequency. The phase locked @mpit the cutoff frequency of the low-pass filter is ajwaa result of
changes the frequency of the controlled oscillatotil it is compromise between the wide capture range of the dtid
matched to th&J, in both frequency and phase. In the steadythe high stability of the VCO. To ensure both: wickpture
state (the PLL is called “locked”) the, Square-waves is in range and high frequency stability the circuit shdw Fig. 4
phase with theJ,, and the § signal is shifted by 90 Then was modified by applying the frequency ratio deted€RD
the VCO frequency is four times higher than thg based on two cargo pumps (Fig. 6).
frequency.

When the frequencies of the signals on the inpfitthe

phase comparator differ, then the phase shift tetwieem, so FreR(LL:iei;ncy_

also average value on the output of the phase catya De‘fC‘Of A

changes with the differential frequency. If thefeliéntial S9N

frequency is higher than cutoff frequency of thevdisass x| Comparatol o~ Phase -

filter, the VCO input voltageUs is equal to zero so the © | Comparato 1

oscillator isn’t tuned and the PLL cannot reactklothe PLL

works properly when the difference in frequencywsstn the ‘ Y ¢_ o

synchronizing signal (Sync) and the output sigmahf the oA Adder |—»] Integrator] | VCO |_g| T¥O-PaSS
. . onverter| Generator

VCO whenUg = 0 (known as the free-running frequency) is

smaller than the cutoff frequency of the low-patterf The

range meets the above requirement is called “capamge”.

The capture range is defined as the band of fredeen iy g Block diagram of the two-phase sync gemenatth the
centered around the VCO natural frequency lock véth frequency ratio detector

external input signal from an unlocked conditiorheTlock

range is defined as the band of frequencies cehtenethe \When the frequencies of tHé, and the & signals are the
VCO's natural frequency over which a PLL can mamta same, the voltage on the output of the FRD is etjuaéro. If
frequency lock with an external input signal (F5y. the frequencies differ, then the output voltageasitive or
Extending the capture range of the PLL by extending negative according as which frequenty or So) is higher.
bandwidth of the low-pass filter is disadvantagebesause Furthermore, when the frequencies of theand the § are
the phase-error signal is ineffectively filtered darthe significantly different, the error signal on thetput of the
unwanted variation of th&Js signal occurs that leads to thephase comparator is equal to zero but the non-zeltage
fluctuation in the VCO output frequency (jitter dnéency). from the output of the FRD is provided through &usler to
The lock range of the PLL is limited only by the @Gange the integrator circuit that causes increase (oredee) of the
and is usually much wider than the capture ranfeanl Ugsignal. It means that the VCO is tuned and theuieegy of
incoming frequency is far moved from that of the @Cso the signal & is going close to the frequency of the
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synchronizing signal Sync. In case of small diffee in high precision impedance comparator. Its usefulness
frequencies of th&), and 3, the voltage on the FRC outputproved by the calibration of different impedancansiards in
decreases and the slow rising (or falling) voltdgen the wide frequency range.

output of the phase comparator sets the phase lsHifteen
theU, and $ to be 96. Then the PLL capture range identical
to the lock range which means that the PLL can tmtlsignal
within all VCO range.

In a real circuit on the outputs of the phase caatpa and
the frequency ratio detector a parasitic voltagesun The
result of this is a small (about 6)&table phase error. The
error can be limited to less than (?0By providing a REEERENCES
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determined by the assumed frequency range of thedance

bridge. The detector circuit presented in the payses used in
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