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Research of automatic gain control technology based on photomultipliers
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Abstract: In order to compress the dynamic range of the received optical signal in an underwater optical wireless
communication system and increase the effective distance of communication, automatic gain control circuit based on variable
gain photomultipliers was designed from the basic theory of automatic gain control technology. Single chip microcomputer
was the core of the digital control part. The underwater experiment was imitated in the air. The results show that the

dynamic range of received optical signal is compressed for 40dB and the effective range of underwater wireless optical

communication is improved.
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Table I ~ Main parameters of photomultiplier tubes optical signal
parameter minimum typical maximum U
ioli out
wavelength 300nm 650nm photomultiplier —
responsibility 4.3 x10*A/W reference signal £
response time 0. 78ns high-voltage |, |digital controlled peak sampling/
working voltage 1000V module circuit holding circuit
detector square 8mm Fig.3 AGC based on photomultipliers

gain/a.u.

working voltage/10*V

Fig. 1 Relationship of R7400U’ s gain and working voltage
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A b 0 i AR A A S LT U (E I R S 2 5
REE—2

variable gain amplifier U
G(Uy)

UCU’

loop filter K(s) ; 1081 g.gzp.li)ﬁer

U_=

ref

Fig.2 Typical AGC loop
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Fig.5 Relationship of output voltage and control voltage
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Fig. 6  Connection circuit of C4900 and digital control circuit
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S 42 C4900 4ay i His s H 5 7 2042 v, 1% 4
Fi%L 4% (digital to analog converter, DAC) % H i A1
C4900 47 ] Fi, F A A i - JBOAR 28 -5 3 1) R BEL gl ]
PLSEELN R7400U 34 45 19 A shfzhl, 4anf&l 6 s, PMT-
VRS C4900 FFEHI R , 55 C4900 I@JEIAH % o
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TERAUE 5 A TR AR N, ARl A A b 1
A R T8 S5 5 1Y I S =g SRR f, , T 2b 2R AIE
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1o =2 (1)

{H 5 AR B 5% i #% (analog to digital converter,
ADC) FREA IX 4 B TAESAR . g 1 PRIERE R Y e
HORS B, T BAEA RO AR i m — A R PR S L . A
SCHPR Y LI398 BRI (ERAE IR FF o LF398 J2: 32 [
FAE RN BRI SR R AL / R FR A, B — MR
BRLERAE / PRIFI A , b RN A I, BAT RAF
A DR AR RO B AR . B R A
— ORI RE 5 BURAE DR 15 D BE , HORAE DR 542
il i T P U 45 B e A 2 T FL % ( transistor-
transistor logic, TTL) | F.#px J& A AL F 572 1L
FL 2% ( complementary metal oxide semiconductor, CMOS)
fOIE R SR T .t LF398 A4 A A 0 1 4 45 v 8% 20
K7 firzs, Hon e d LM31L fiih & g 741874 517
741808 W {1 SR R AR 43 2% LF398 LA B2 4 i BHL L L 45
SR A

Fig.7 Peak sampling/holding circuit
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Fig.8 Flow chart to run
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Fig.9 Block diagram in the atmosphere
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Fig. 10  Signal before loading AGC system
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Fig. 11  Signal after loading AGC system

a—>50kHz,3001x
0.3Ix

b—50kHz, 0. 2Ix ~ ¢—200kHz, 290lx =~ d—200kHz,

Table 2 Contrast of maximum and minimum of illumination intensity

before loading AGC system after loading AGC system

signal
frequency 500mV 100mV 500mV 100mV
maximum minimum maximum minimum
50kHz 381x 3.21x 3001x 0.21x
200kHz 301x 3. 11x 2901x 0.31x

Seg AGC HLER T AR BRI (5 50 1kQ f#k i
TGS, BT ESE R i bR IR 0.5V
MO 1V, AR 2 H i 8, vl e A SCrp R it
AGC HLF&f /2 SEBR I FH R4 T 0 i R4k
D, _ 60
D, 20
K, D, =201g1000 =60dB, D, =201g10 =20dB,

WWME%%WE%mﬁﬁ@%%E%W R

C = =3 (2)
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