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Abstract A prototype of direct modulated Electrical to Optical (EO) converter is evaluated. Vertical Cavity Surface
Emitting Laser (VCSEL) is adopted as a directly modulated laser because of small size and less energy consumption. In
addition the VCSEL is driven by optical power supply. As a result it is shown that the minimum sensitivity is approximately
-80 dBm from 10 MHz to 6 GHz frequency range though the sensitivity is slightly deteriorated at the lowest and highest
frequencies. Furthermore it is confirmed that output of Optical to Electrical (OE) converter is temporally stable regardless of
input level. Then electric field measurement around a mobile terminal conducted using the converter.

Keywords Directly modulated Laser, Electro to Optic conversion, VCSEL, Optical power supply, Electromagnetic field

measurement,

1. FANE

WA, EHER VAT LICMZP2ZIETA4 YL AR
Bl Ekx 2 A@~OBEMNAMEE SN TND.
BEHEEFZRREZEOZINLL ORI, ARG THE A
SNDFAWERENTZDOANE~DIT EZOHES,
SOICEERBBLRECOETHMEBH~O TRV EE
ThDH. FOROITITEREBRFEEFICKIT 2 BB
DHERERSMET A ERLETHY, —FITHK
INE A R = LRIV —TF T T F TSNS
Y= v—TRHWLI TS N[2], BIREREICT >~
TFREE S — TN R P OERBGFETLIEICLD
MEMRAOEBIZIZEEDLETHD. Z6 DM
AT HODFEDO—>L LTHREER, BXLY

Zh B (EO; Electrical to optical)% Fll f LU 7= | & Sl &
WFFEB 33 72 ST Y [3][4], EO Hidh/e KA B
BCHERIN2 ey EEER EooIcHEmicT v
FrFEMMLEE IR EICHEASR TS, Bk
T, EO MDDV /IO L —F —F A F—
RZHEB#EHRE LT EOERTI2FELHVLALTVS
[51[6]. &b, NTAN Y7 VB O EO A2 %
FAWTS5 MHzZHIC 1T 2 ANMEUE G5 0 TR 4545 O P E %
TWZEOEIEEZHRBLTVWDE[T]. —FHT, NyT VU
BREh D 7= DG ENREECTH D Z L, JE R EE A
10 kHz ~ 50 MHz L k< UHF #72 E Dl E N TE 2\
M EREN S o T2

T TAR T, B P % 10 MHz ~ 6 GHz & 4K



BL, Ny T URBOKED VI THRET S HEE %M
R LFMEIToT-DTHET S .

2. HEEFH EOLHE

AR T, EEEHL —F—RIEH/E L TNT
WHEE NN DR VE L — ¥ — (VCSEL; Vertical
Cavity Surface Emitting Laser) Z fl\7=. EREI A O A
WX RFAJOEEEZEBER LANAA V=X 2%
500 L. BL, BE~OMAHALLEEL T RF
AN AR TRE?: SMA 22 7 Z A LTV 5.
K 1ICREL EO BN BT HE T . A% E
IXRFADMIZESE 5 &2 AT L, EOZE Hi48 T K 850
nmoXICERLIEE, X7 7 A NIV ETEEEL
/%< (OE; Optical to Electrical) ZE#igs TERKIE &
AT 5. F7- OFE A#igs L iXhlic, BB DN
Fickv, M1 OXBREBERMICKEHRELZITY. HBELER
HBOKBEBERILZ 20 mA TH Y, VCSEL BB 5
F+AThD. K EOEMBIIIEELEEND N,
EELEEMCKBEBICEINE T 7 ARy —T L2 HER LT
WhT, BHR~ORETIZLALERY. AIELE
BHEMIZONT, EICAHDIRERS TR EEIZ >N
TR &2 1T o 72

Output

_]_RF input -

= »
= -’-\‘N of 5\“}9 Y
\©C

1 EO EH#agssti

2.1, AR

Xy NI =0 T7F T4 E2HOWTEREEF AT
D GHHFEPE (S1) BEOANWwmMNS OE H AWM E TO
GEER LS Z /M L. M2k E2R7. Sy i3,
BFERRXOax7 208 THETHEICEL2EIH D
HOD, 1 GHzU E TR BRGRERN G L.
FREEREITINI0dB THD 2 & 2B LE. K
F534% KV 10 MHz, 2 GHz, 6 GHz D EXIE 5% A
L, OE OV ARV EART NT AT FI74 %%
HAWTHEEIT-> 7=, HEOZHIZ 100 kHz O E b
fToCWB. AT NI AT F T 4% DRBWIL 100 Hz
EL7 BEEZXIICTET. TNAENOEEKICEB WY

T, K2R EFERICA AR L TH-10dB KWV H
Hn, AL <r-10 dBm ~ -100 dBm &2 E F TH L
TWAZERbMd. I, EEERN»D O T HAL0.5
ABLUWNEMIE L EFRT D &, &AW EK T O AR H K
FEixgRlo@my s, @HAEEZO TR IO LR
T5dB BREREN LI L TWDE 2, #1-75 dBm ~ -80
dBm OB HENHEETH 5.

S| (dB)

_25 | | | | |
0 1 2 3 4 5 6
Frequency (GHz)
2 NH DR B R
0 \ ‘
-@ 100 kHz
- 10 MHz
20k 2GH E
x 6 GH; g!
E a0l ’& |
ot A
9] %4
Z 60+ yl .
o ¥
2 ¥
g 80l ¢ 3 1
o) ,-;&
100 -:!:’;
.
n;f
_120 * | | | |

|
-120 -100 -80 -60 -40 -20 0
Input power (dBm)

3 BEME & AR R

1 e AR R R R R

JH B &L (dBm)
100 kHz -60
10 MHz -75
2 GHz -80
6 GHz -75




2.2. REM

Bl ZEMHIC DWW TEFF M A 4T-72. K 41X, BEBXRGE
BHELT-22dBmEZ AN LB 1KRICBIT 2L E
EEELTVWDS. M4IZRTEY &BEHRICESW TR
BOoXF/hEL, EHEERFAETO2dBREELLEL T
L. KIXEIET AN ANE-7T2 dBm & LEZHAICE W
THRBEOBREL .

F 72, IR EEERMEIC D W T+5°C ~ +35°C O #iPH T#J 0.3

ABOEEBTHDHZ LEMRLTND.

-30 T
— 800 MHz
— 15GHz
— 1.7GHz
32 — 2GHz 1
g 800 MHz
m
S 34k AN LT
1] \J ;‘ A
9 17cHz
o 2 GHz
5 -36+ .
=3
>
O
-38L i
-40 ! ! | | |

0 10 20 30 40 50 60
Elapsed Time (Min.)

X4 BfZEMN (-22dBm A7)

3.EOE#ER%E AWV EAIF

EO A#ifrz AW THWEMMKEFICB T LT v
TIWMAOEE=4— L. #HHEFEBEKOERNEIEL
TEFRT D 7212, FEMITE K E PN TIT O B 5
K OH M IR R A2 AT, 5 E R A
AL BRI, BRSO MR~ R T D IR H
HEFRLTEBY, fitihi OE ZHBoH HThH 5.
BEMBLPLOERBIZIEE L CHRNSAELDE
MENKELI RN, bOAETHAML TSI END
DA, TN EORRKERFRENEZBZL TVWDEDT
D, Fh, BAEKICEVHEANRERDLOE, WED
WHREIKE T T TREICEIDZ2LDOTH 5.

4. &0

A EEEERL EO BB A WIMEL, oML
SWTEFli 2T o 72, TOREBEENETLHDIHOD
WAL RE D 10 MHz T72 < 100 kHz ~ 6 GHz @ J& i %% ©
BHARER Z L bhotz. 72, A EO £#H2%% M
W FERIE & U C 5 TE RS S R MR T £ o0 T R 9R B oo
ExAToTo. SHI%, REBRBELEBTHREOFAM
WHERT2TETH D.

-35 \ T T \

Eald
-@ ' 800 MHz »
-B  15GH? Pl
__40r 1.7 GHz S 1
€ E 2 GHz ’;‘A | |
m
S 45+ ,}A!l °° 7
"<'3J oA 0
— ¥ A [ 4
o -50+ ‘QA,; «® s
o s ’
g ,‘L!.F .ﬂ
2 551 & . 1
— - A .’
E I .
S -60 - » E
o Lo
o¥
T0F 8
-75 | | | | | |

-5 0 5 10 15 20 25 30
Required output power (dBm)

X 5 i AR £ SR E B

it
AR AEHED HICHT Y, Hi RS &2 THE £ LIk
Rtk 2 )1 BT O WM ISR A 72 L2 T

B S 5N

[1] EAR, “UA ¥ L 2AENnEHMO RO =D
DHIEE LR, 5 2% vol. 95, no. 1, pp.
51-56, 2012.

[2] T. Schmid, O. Egger, and N. Kuster, “Automated
E-field scanning system for dosimetric assessment,”
IEEE Trans. MTT-44, no. 1, pp. 105-113, Jan. 1996.

[B] &R, “ExtesReHni-E#RA Y O
W A%OBE,” 5% Vol. J97-B, no. 3, pp
235-242, March 2014.

[4] A%, Kit, “WEEYHR %R L WRER A
WHEMoBM,” {5%% Vol. J97-B, no. 3, pp.
243-252, March 2014.

[5] W. Mann and K. Petermann, “VCSEL-based
miniaturized E-field probe with high sensitivity and
optical power supply,” Electronics Letters, vol. 38,
issue 10, pp. 455 - 456, May 2002.

[6] S. Kuehn, M. Wild, P. Sepan, E. Grobelaar, and N.
Kuster, “Automated near-field EMC/EMI scanning
system with active electro-optical field probes,”
Proc., 2012 IEEE Electrical Design of Advanced
Packaging and System Symposium (EDAPS), pp.
109-112, Dec. 2012.

[71 A5, R, “EROEE BN 2 iz MHz #f1C
B DB LG OER mBE,” 5% Vol
J97-B, no. 3, pp. 286-293, March 2014.





