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The application of low-noise DC-DC power
source in fiber-optic gyroscope system

Chen Xian"?, Yang Jianhua "%, Zhou Yilan"?, Shu Xiaowu "?

'College of Optical Science and Engineering, Zhejiang University, Hangzhou, Zhejiang 310027 , China;
*State Key Laboratory of Modern Opitical Instrumentation (Zhejiang University), Hangzhou, Zhejiang 310027, China

Abstract: In high-precision fiber-optic gyroscope (FOG) system, the spike noise of DC-DC power source can lead
to a considerable disturbance to the signal processing circuit of FOG, which results in a sampling error. In this
work, the cause of spike noise and the influence mechanism were clarified. The slew rate control technology was
researched and proved to be an effective solution to prevent spike noise of FOG power source. Using slew rate
control technology, a kind of low-noise power module has been developed and applied successfully in the FOG
system. This power module consists of DC-DC circuit and LDO circuit, and slew rate control circuit was used in the
DC-DC circuit to realize low-noise performance. The peak-to-peak noise value of the developed power module was
tested to be about 1 mV in a bandwidth of 200 MHz. Two typical FOG systems were tested with the use of this low-
noise power source, and their output noise improvement were 3.1% and 4.4%.
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Fig. 1 The structure of FOG circuit system
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Fig. 3 Simulation result of the cause of DC-DC spike noise. (a) The non-ideal square wave with bandwidth of 500 MHz; (b)
The consequence signal after going through a 100 MHz second order Butterworth high-pass filter

170517-3

(1)

’



LR TR

DOI: 10.12086/0ee.2018.170517

) ) spike
, spike (1)
2
Aw=w, -0 ==, i=0123.. 2)
T
( )
s spike
C()L < CL)I» < C()H 9 (3)
H wL
’ wL
; Wy
, (1) Wpy 2
Wy =0, o (4)
’ wH
o k m
=L (5)
Aw
Wy
m=—- (6)
Aw °
spike w;
(i=0,1,2,3...)
2
a)l.:(i+k)7n,i3m—k . (7)
spike
3 Fifo)
o), o <o <o
Fspike (CO) =9 i=l ! ' - H7 (8)
0, HAth
. Fy(o)) w; , spike

o

4 FrEER spike BRI AT FEIRE
=020

spike °
4.1 FFREIR spike MR X 5 B B OS2I

’

s spike s

EMI , o
. spike
4.2 FFKRER spike Mg S AR 0L R BE AR
spike
ADC , :
, spike ADC ,
ADC >
; , spike
ADC , ,
ADC o
4.2.1 BYH ADC RAHEIER spike BEF
, spike
° , ADC
W s
spike o )
w

(8) w Fi(o,),
[OX )
wrcsult-i, Fp(wi) ’
[0 [0
F;esult-i (a)result—i) = F;J (wi ) ’ _7 < Orequie—; < ?‘ ’ (9)
Fresult
[-a)s/2,605/2] ’
i=m—k
F;csult = Z F'rcsultfi (wrcsu]tfi) ° (10)
spike ADC
) (10)
nspike (Z) =- //ﬁ-l [Eesult (C())] ’ (1 1)

422 B ADC S E B FHH) spike BrE

ADC )

170517-4



LR TR

DOI: 10.12086/0ee.2018.170517

o , spike 1 mV
Code =V -— , (12) spike ,
REF
: V.. ADC , Vo ADC °
, n  ADC » Ve ADC 5.1 B IEFEIEFIHIRFF K EIR spike KR
° ’ 4 , spike
Vier ADC ) 3). 4)
’ VIN ’ VIN ) [wL’wm , W,
° , ADC spike ©
ADC o w
spike o, <o, (13)
, spike .
spike , spike
o o , spike
, std , 1V, 100 kHz,
, ° 50% ) /
. . R . 4 o
5 NXAFRBERZETRRIERIXE ,
: \,‘L N
IR ’ °
. spike ,
3. 4 R i
b 10 MHz . 4
. spike
> 10 M
i spike ’ / 20 V/us
spike 0 °
[19-21] , 5
spike s s e L. I,
spike o , A o
’ ’ Sz N S3 ) Sl N S4
spike .
100 -
901
| '*dD .
N 70T I__|
= 0| - R
) Y
501
[ 1Cn
40} — /J /J 1
30r S, , ; S, C =
e N =R ]
101 P=
O e T,
0 20 40 60 80 100 120 140 160 180

us
B4 FgfEsEi/ THREERERTFEAXA

Fig. 4 The relationship between slew rate and bandwidth of square
wave signal
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Fig. 6 The function block diagram of low-noise power module
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Fig. 7 The low-noise power module product and its noise test result. (a) The finished product of low-noise power module; (b)
The noise test result of low-noise power module by 200 MHz oscilloscope
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Table 1 The test result of single-point bias stability in FOG1 under two different power conditions
Normal DC-DC Low-noise DC-DC Comparison /%
STD value 1 25.148 24.434 2.8
STD value 2 25.378 24.469 3.6
STD value 3 25.091 24.431 2.6
STD value 4 25.038 24.286 3.0
STD value 5 25.252 24.445 3.2
Average of STD 25.182 24.413 3.1
K2 WA AT A e SRR FOG2 6932 R RS T X 45
Table 2 The test result of single-point bias stability in FOG2 under two different power conditions
Normal DC-DC Low-noise DC-DC Comparison /%
STD value 1 23.393 22.306 4.6
STD value 2 23.508 22.397 4.7
STD value 3 23.387 22.293 4.7
STD value 4 23.176 22.236 4.1
STD value 5 23.318 22.411 3.9
Average of STD 23.356 22.329 4.4
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Comparison test scheme of the FOG performance under different power noise conditions

Overview: The fiber-optic gyroscope (FOG), is a precise angular velocity sensor. In its work, weak electrical signal has
been produced and acquired, so noise of power supply may interfere in the circuit of FOG and reduce its performance.
DC-DC converter is normal power supply of FOG, and its noise can be divided into two parts, ripple wave and spike
noise. The ripple wave is easy to be reduced by power filter, but spike noise is hard to be suppressed because of its high
frequency and radiation characteristic. The spike noise can interfere into the signal acquisition circuit and mix into ac-
quisition result due to the spectrum aliasing. Spurious triggering of FOG digit circuit may also come out as a result of
serious spike noise. The spike noise comes from high harmonic signals of switch devices. Switch devices generate square
wave signal and its spectrum covers form low frequency to high frequency. The signals above the order of 10 MHz always
remains after rectification and filtration and spike noise is combination of these high harmonic signals in time domain.
So preventing the generation of high harmonic signals is the key to reduce spike noise. Soft-switching technology can be
used to reduce spike noise but the result is still unsatisfactory. Slew rate control technology is a good way to reduce and
eliminate spike noise. Slew rate determines the bandwidth of signal, and less high harmonic signals will be generated if
slew rate has been controlled as expected. So slew rate control is the suitable technical route for low-noise power sup-
ply for FOG system. After taking use of slew sate controlled DC-DC Controller, the low noise power module has been
designed and developed. The power module consists of DC-DC circuit and LDO circuit, and the slew rate of DC-DC
circuit has been controlled so that the spike noise was eliminated successfully. The oscilloscope with analog bandwidth of
200 MHz was used to test the noise characteristic of the developed power module, and the peak-to-peak noise value was
tested to be about 1mV in the full bandwidth, which is obviously low compared with the normal DC-DC converter. Ex-
periment has been designed to test the performance of FOG system after using the low noise power module. Two typical
FOG products were tested, and the noise performance improvement of FOG output was 3.1% and 4.4%. A conclusion
can be drawn that low-noise power module is beneficial for the performance of FOG.
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