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ABSTRACT

An analog phase discriminator, based on the twoptementary CMOS switches, was proposed to
measure the initial phase of the sinusoidal wavee @ircuit structure of the phase discriminator &sd
principle were presented, and the phase computdtimmmula was derived through a series of circuit
theories. So the initial phase was acquired diydotim the circuit, which covered a wide frequemapge
with high accuracy, controllable, stability andiaellity. The effectiveness and feasibility wererified
through simulation experiments at the frequencyt.@6MHz. The results show that the maximum phase
error is less than 0.05 °, and the correspondingrmeean-square(RMS) value is lower than 0.2 uné&eér 2
times measurement.
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1. INTRODUCTION also given, but no improvement in the phase

Phase is one of the three elements of tdetection circuit was made and the operating
alternating signal. And the phase difference ggequency was not high enout In digital phase

sinusoidal signals at the same frequency is wide gtection, containing the repeat count, while the
. 9 q y “tetardation of the measured signal a plurality of

o) X .. h
intelligent control and electronic communicatiéns &lcles in the cycle of the original measured signal
of the same number of counts was proposed by

4. The study of the phase detector, whether anakl)_ganlian Wang in Suzhou University, where the

or digital phase detector, is mainly focused on the . . .
; counting result of the plurality of phase pulse thid

measurement of the phase difference of the two btained th h th . It of
sinusoidal signals of the same frequency Howevef o> © t.a'”E through the two counting result o
: st%btractlon“. Zhang Yunmei and Yang Yuzhen,

under certain conditions, such as the measuremed'éscribeS a method to implement the phase locked

of material permittivity, impedance measuremen . ; ki
the initial phase of the sinusoidal signal becomeﬁb0p with the single—chip 8031 used and presents

the key element due to containing importang';ﬂIe design scheme of the frequencgomparator
information®. The initial phase detection of the@d Pphase— comparator and the hardware
sinusoidal signal is mainly obtained through théeallgatlon method. But the result is not as desire
traditional analog phase or digital phase detectigif'd it only could operate at the low frequefibys
techniques with a reference signal to get the pha8igh resolution phase detector based on PLL is
difference and then convert it into the initial paa Proposed by Ji Rong etc. Based on all analysis of
But the direct detection of the initial phase of th the effects of static phase errors delay-lockeg,loo

sinusoidal signal has seldom been studied. it incorporates the feature of the PD with the
feature of the Alexander I'D. Compared with

In the analog phase detection, simplifiectconventional linear and binary phase detectors, it
calculation of the linear interpolation method tohot only has advantages of a perfect linear PD, but
improve the accuracy of the measurement for SCMiso solves the problem of dead zone in course of
system was proposed by Zupu Deng in Sichuatharge pump switch transition, which exists in
computer Research Institute. After analyzing th@near phase detestefd.The phase difference was
shortcomings of the widely used zero-crossing timga|culated from the ratio of the counting result in
difference test mode, and the specific approach Wgse pulse width of the phase and the counting resul
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of the original signal within cycle, and the CPLD
was used as a counter, the counting error of thisVL | cotrol cireit o O
method itself was reduced to some extent, and the

accuracy of the phase was also improved. But the I

error would be larger when relatively high

measurement accuracy is required or the pulsev. ”
width of the phase is less than the count clock ™ ™™somer | oyoc| | integration Re;“;:fifm D

K . . Modulation . i
cycle. Space-based real-time signal difference@has Switches Section

detection system based on FPGA was prop&sed
this digital circuit was able to detect the tinyagh
difference of the analog signal, and could be teed 3. CIRCUIT STRUCTURE AND DESIGN
correct the operation of the space-based system or

identify the problem of the space-based system.1 Transformer Modulation

And an adaptive method was used to be able t01q gptain inverted and non-inverted forms of the
meet the requirements of complex enwronmenqﬁput, the design of the shaping circuit of the
and to achieve a better phase accuracy. transformer is taken, as shown in Fig. 2. The
Above all, the present status, a CMOS-baseginusoidal signal Vi is applied to the transforriier
switch phase is designed in this paper; |t§/h|ch W0rk§ in Sir}gle-ended mOde of double side
reasonableness is proved through circuit theofj@nsformations, with the deputy coil turns rati 2
derivation. Section 2 presents the structure of ti&d the center tap to ground of the transformer
whole system. In section 3, we propose the circuii€condary coil, wherein R1 = R2.
structure and design for each module of the system, "
including Transformer Modulation, Control Circuit R Vit
Design, CMOS Switches Design, Integration
Design and Voltage Regulation and A/D
Conversion. Section 4 shows the simulation results Vi * I
at the 1.25MHz of the sinusoidal signal based on
PSPICE and the analysis to the experiment data.
We give the conclusion to the whole paper in
section 5 that the phase discriminator simplifies t
detection process of the initial phase; the initial Figure2 Transformer Modulation
phase of the sinusoidal signal could be detected
directly without conversion. 3.2 Control Circuit Design
For the extraction, Sine and Cosine clocks VL
2. INITIAL PHASE DETECTION SYSTEM are as select lines for the CMOS switch group. The
The system block diagram is shown in Fig.lf:ocrllltjrdoilng'g?va\}log?nntir;;()t;g'r%urlzgt;hn(;"lvn;&;:l;géé
Firstly, the signal to be detected is shaped by tH land A2, which are AD797 with a very low noise,

transformer, sent to the phase discriminatar , . ) : o
switches. And the signal generator produces t aw Q|stortlon. VL is applle_d to the positive input
rminal of Al and a negative input terminal of A2,

series of control waves. Then, the shaped signal % ther two terminals of th ded
sent to the integrator circuit, and the CPU i € other two terminals of thém aré grounded, so

responsible for generating the control timing serie 1 and A2 form up a comparator. And the output

The integrator output signal is to be appropriatel%oJ” LO- that the groups opposite phase square

adjusted by the voltage adjustment circuit so th ave are ge_nerated from I, which are then used as

the voltage amplitude could be limited in the e control signal to the switches.

sampling voltage range of the A / D conversion ir8.2 CMOS Switches Design

order to get a proper magnification. Finally, based The CMOS switches are the key component as to

on the delivered voltages from the A/ D, the aliti obtain the information of the initial phase of the

phase of the signal to be detected can be obtainedinput. The CMOS circuit frame as shown in Fig. 4,
in which Q1, Q2, Q3, Q4, are four identical N-
channel enhancement type MOSFET tubes which
are integrated on the same chip, and therefore they
are of a good symmetry. The transistors are divided
into two groups, Q1 and Q2 is a group, Q3, and Q4

Figurel System Block Diagram

s R2}—
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is another group.Q1, Q2, Q3, Q4 made an interlock
switch group, which constitutes the double- Al
balanced phase detector. The control signals are | |
applied respectively to the gate electrode to chang 0 | | 9
the switches wok state. LO + is connected to the
gates of Qland Q2, and LO- linked to the gates of
Q3 and Q4. The four FET transistors play a role of
switches to Vi + and Vi - without the effects of
mixing and amplification. When LO + is at the 5

positive half cycle, LO- must be in the negativéf ha . ‘ ‘ R ‘ F
cycle, Q1 and Q2 are on conduction, but Q3 and Q4 ‘
are cutoff. And while LO + is at the negative half 5T
cycle, LO- must be in the positive half cycle, Q1 o 0z 04 06 08 1 1z 14 16 15 2
and Q2 are on turn, meantime Q3 and Q4 turn off.
The output of the CMOS switches can be expressed

Detecter Switches Qutput @ ¢ = a6 frequency = 1.25 MHz

L L L I L I L I L
o 02 04 0B 08 1 12 14 18 18 2

Detecter Switches OQutput @ ¢ = 213 frequency = 1.25 MHz

Figure5 Ideal Wave Forms V in Matlab

as Equ. (1). A plot expected output signals at the phase shifts
. of = /6 and = /3 are shown in Fig.5 using Matlab
:{Asm.(ax +@)0<t<T/2 @) analysis
—Asin@+¢),T/2st<T The circuit does integration fromtb t and it

holds the result of integration, then starting fram
to t, the integration capacitor will be in discharge.

VL +A1 LO+ Assuming the beginning of each integration, the
- amount of charge on the integrating capacitor is at
zero. So at the period of each integraftbn- T, the
average voltage of the integrator can be expressed
as the following
+
IO _
A2 1t 2A
- V:—I Vdt =—cosp )
T-0 T
— Therefore, the initial phase of the input
Figure 3 Control circuit sinusoidal signal is obtained as Equ. (3).
wr a @ - @=acr cos(ZV—A),O <gp<m (3

5

1

LO-

Out

Figure4 CMOS Switches circuit

3.4 Integration Section

The integrator section is shown in Fig. 6. It is
crucial part as it is responsible for getting aepur

Vi-

3.5 Voltage Regulation and A/D Conversion

The voltage adjustment is designed to regulate
the voltage to the scope of the A/D sampling
voltage. As shown in Fig. 8, it includes a no
inverting scaling circuit which is composed of Rf,
R4, R5, R6 and A5, and an inverting scaling circuit
which contains A6, Rf2 and R7. Wherein B1, B2,
B3 are the same transistors 2SC3326 as the
choosing switches which are mastered by CPU,
which are on at the high level but off at the low
%oltage.

DC from the output of CMOS groups. And from the
DC data, the result of the initial phase can be
calculated. S1 is set to control the working statius
the integrating capacitor C, and S2 is to contnel t
input of the integrator circuit. The timing diagram

was plotted in the Fig.7.
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The AD7988 is adapted to the scheme as an A/D Figurel0 RMS Chart
converter which is a 6-bit analog-to-digital
converter ranging from 2.5 to 5V voltages. 5. CONCLUSION

Input In this study, the phase detector's oscillation
signal is a square wave acting as the role of switc
which is not directly to be multiplied with the iap
signal. As a result of complementary symmetrical
structure of the two groups of switches, the four
FET tubes can be integrated in a single chip, 8o th
circuit is of a consistent performance with a nice
symmetry. At the same time, the integration period
Figures Voltage Adjustment Diagram is increased, and the output voltage is enlargéll wi
double amount while compared to a single CMOS
4. EXPERIMENTAL RESULTS transistor increasing. This phase detector hasya la
Based on the above circuits and theoreticglynamic range, wide frequency coverage, stable
deduction Equ. (3), the simulation results argerformance, and the experiments show that the
obtained as shown in Fig.9 and Figl0 by means sfstem can reach better measurement accuracy. At
PSPICE simulation, where the amplitude of théhe same time, we acknowledge our task is not
input sinusoidal is 5V with the frequency ofperfect and much further work need to be done in
1.25MHz. Fig.9 stands for the errors of thghe future.
measurement versus the expected, and Fig. .
describes the root mean square (RMS) distributio%r&FRENCES'
of 256 times measurement. So the results show that
the initial phase's absolute errors are less thad 0[1] Li Hengwen, Wan peng, “A system of

°, and the RMS values under measuremen56f measuring the phase difference high accuracy”,
timesare below0.2. Electrical measurement & instrumentation,
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