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Abstract

This paper proposes a real-time measurement system for reflection coefficients, utilizing a high-power, high-frequency RF source.
The system is configured using a 2.45 GHz, 300 W GaN SSPA, two WR-284 directional couplers, two WR-284 circulators, an S-band
mixer, and an analog-to-digital converter (ADC). By leveraging the one-port calibration of a commercial vector network analyzer (VNA)
for error compensation, the system demonstrates the real-time acquisition of accurate reflection coefficients by using a
MATLAB-integrated ADC program, without the need for expensive equipment. The accuracy of the system is validated by comparing
the MATLAB-calculated results with the VNA measurements, showing consistency within the established error margin.

Key words: High Power RF Source, Reflection Coefficient, Error Term, Calibration

[.M E AE o] &ate] £EaAL AL AE AFE ST F

slom, Aeke st B 7] A9 QAR O]

RF 5, 5% 248 F34 587 S4< £47] 4 ALY W A} o]Zold SIBl g 73
A A 0] S dUASE BT o pp a8 087 Aol BAY) 2B VNAY
1= VNA(vector network analyzer)®] S-3}2}|E 54 % Y RF AAE F2 [mW]F9 22F o] &35 HE VNA

Fo] A& LGHA 2F8Hd e A9 9 20239 Feof st A7dd] 9ate] AFHUAR,

F20 8t A §H 8 I (Department of Electronic Convergence Engineering, Kwangwoon University)
* LG A} 7HF R&D 7 (LG Electronics Gasan R&D Campus)

- Manuscript received September 27, 2024 ; Revised October 11, 2024 ; Accepted October 28, 2024. (ID No. 20240927-101)
- Corresponding Author: JinJoo Choi (e-mail: jinchoi@kw.ac.k)

888  (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Fe] Ay Age

T%Y RF AAE 0|49

TE [mW]:Loi AA D} wahA
"V\E\JOHH B 24 S
HE VNAZ 6}7] o= EI7} 9l

AJol Al 1%E RF AXE o] &3] ¥RAASE, 2 U3

=

QAT 3494 AxYel 3R, HEA 4
Zok 34 F AW 2270 )7 JAE HA5] A
A% - AF AAZ IULE Z5HE R0l L dlAlo]
o A% AT AAS gEz 24 Rele e
A% ZEBZ o)g3) A4S SR, Rogowski ZUE
AFE 249 YIULE ANSE POt AGAT
WAE ol §s g

meter &9])°] RFE 4 ¢ EL fUﬂ
AHE WA TA %47 ‘IH-Eroﬂ ?:]j’]]\:_—)—\-‘g‘ 4% 5 9l
o 238y GHz Y (FA cm ©9)< RFE XA o] o E
A [ QA7F AA A sky] wFell 245 GHzO| 1
T3 i gdx e ddx SHo] Brtsitt

T 02 due A SHH O Z Six-port technique®] &
HA AoH 2249 DUT(device under test) Ako] 47 2]
portol A A= TR JIEAE AT F o
¥EY I3 RF Y& o]&dl vhHAlg S40] 7Hs
3tk 22y VNAY RRAMAIE 54 A el vlsiA] A
2 AFARrt FE8ta, sk A gA

b B =FoM= VNASl OSL(open, short, load)

calibration & A& ale], 128 7F T} RF AAE 0
&3 A% WSS ST F AT AN2EE A
o

sttty B =19 ALt 2ok DA S circu-
latorst WoFd AZHE YA wiALELE FEE] 4l
Cias E]i"]’\?ﬂ < aUfska, Age O L-cahbrat10n-4
AR del et i HAIFE AlLtske W diEl 71e
str}, MM = AAIS 3|2 Al 2Hd
= Holth =9 W3y AZe e wek §40] £
7%l CirculatorE 0130}1 545 80”6“]73’

T R T zg&, 3
@ A2eo] eSS AN v Vol

1012 % S4 4 |=

b=

2 =19 Al&E 3 Z2F RF &9 DUT Alolof 278
9 circulator®} 271 €] WA AZEE FAHA JoH
Zy AZH ol A YA} HRALELE A1, circulatorZ
vk EAS SAbsl= JLZolt) 7 AZ A FAlSE
YALEEOL HhALEES] B2 HRAMA|GE -8k o|w) -3l A]
© WAMAIFE DUT ZE 7]Fo|th Al&" e 42 O
13 2ok £ =Y A2EE AEYY e 540
A B2 AZYE AT AT E LA 54
& A Axol Ak

olmj DUT ZEC|A Kol JAMAIFE F317] S18i A
+ calibrationS £3} error term O 2 3| ZA|AE Y] 9 A}E
B ok gt} Error term<> directivity error, source
mismatch error, reflection error® ©]Fo]A Y. dire-
ctivity error, Epv= 8 AZ oA YALTRe} BiATte]
g Fe7t HA X vl e o] AR AF Ale
o] A2 Eo)7t WA St= 2AFo] T} Source mismatch
error, EgE 22X E0 A WAlE A 571 DUT YEEER
ozt we] B2 RF HEXUEE AXA Hed, 4%
RF AXVE, 219 AYEA dodrrt B
A SHE 2 Folth Reflection error, Expe WIS = test
TA718 71E A7) 7Y FokE S aboldl| o) WA
gtk wabA o] 3714 error termS 8 oF WhAA| S 24
Al Al 2" Y] QA HAFE 4 Stk 919 37FA] error
termS 73171 18 = DUTO 37kA19] &#7 713k

Detection

Incident wave signal S11a
Circulator al Circuator ~ /ncident

wave

—_—
OO —O—=T=
Source Directional coupler Reflection

wave
Directional coupler

i S11y = Calculated by a1,b1
b1

Detection
Reflection wave signal

J8 1. A2 2%
Fig. 1. System circuit.

889



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 11, November. 2024.

< SAsfoF gttt DUTS AA SIS E 8,03, Al
28-S 53 ADCOlA vt2 S WRAHAFE §)y 22
FAET 309 7R R 37 Agrg A el A
1 & A =9 emror termES 7 A #

t}. Error term 2] 2] ()3 2.

Sumn—Ep

Sna= Eg(S 11— Ep) Tt Ep (1)

37FA 7152322 open, short, loadE ©]-83}4] calibra-
tion Al, ZF Skl olAF otk 7H 3t opendd
S][A:+1, ShOl't?-—l Lq] S11A:_1, :/_\“q_l_ load%_‘ EH S11AZOO] E]'
o12 A&l 3749 emor termS AWWHHOT F A
7t A 2)~2] @)olth 3| Z A 22€ ol open, short, loadS
A8 FAHE WMHFE 47 Sy, S, SR
Ed3ch Yol AXE error termOE Sy, T8l A
)= dudrz2e "I $ 9l

Ep=S{ ?)

open short load
511M+ SllM 2SllM

open __ g short
Siv— St 3)

S

load short open load
o (SllM SllM (SllM SllM)

SHvi— St )
1+S5,14
‘ 1=5nh4 )

0= WA 9] st AAI S I A (7)3 2ol HelH
o old JARE a0l 3)
zte] A7) |ay, by, 973 0,
2 73 P, 05 5l s HJAMI#—% T odTh
o154 (8) 3 2 (9l HEhhST

890

P= 2 Relby xaj) = lylajeos (6,6,

©)
Q= %Im b, xa,] = élbl\lal\sin(ﬁb—ﬁd)
™
1, @
40 =0,—6,=tan '(-)
v ®)
_ ZQ U
um— | 1‘2 ‘41‘2 ‘a1| (9)
webq §19h 28 Foka ZHE MEOR 5, Y4
ARG 5 I Aek. $19) AR ohdza AEE A
Aol Eg, ADCOlA FARL: A3 &= tAd A 5o
7 gzl OAE AT AR S Agaf o gt o] 4
(10) 5 A (1ol JeRfSdch ojuf ol 42 & F7]2
P, O AXSIARE & 717} opd thE F7IRE AL
# gk
1 21
P=—Y b (wt)xa,(wt)d(wt)
27 =1 (10)
B 1 21 T
Q=Y b (wt)xa (wt+>)A(uwt)
2 wt =1 2 (11)

SEAAES 185 A ADS[” /\l “Eﬂ O]’S% 3l

SAstEA gQlst] 98 AE 9 Howo“é %*3?3: v
A &Yl ol st AlEd ol Heee thad At A
+ 245 GHz 0 dBmZ A3}, circulator= —15 dB ¥

T, VSWR 1, €42 0.1 BE AA3th WA AZ

ol AZE AF4E —37.7 dB, 45 dB] W&k, —422 dB
FHEE A4S on HA ADS 2= 1%1 20] Y

ER It} Calibration®] open, short, load= ©Ea A,
50 Q AFE ol &k A ()] LA BAAE 5,5 73
7] 918 error terme> 4] (2)~4] (4 AHEATE I EAA



Coupler

E‘é D Open
[+ ] short
Source
Coupler ra|

LI

J8 2. ADS AlEHolA 32k
Fig. 2. ADS simulation circuit.

"ol 93 BAWol HLEEA AZs7] 98 99
Fate BB dIHEAE 10 Q A, 3 pF A4
51 1nH AYEZ 4AYr) 32 ~H DUT°ﬂ o] 23}

as) SAT wAA gk AlEE ol el St

E 1. 32 A2 54 A3 & ¥5 9o va
Table 1. Comparison of system result & load impedance.

Su Z [Q]
System result —0.650—0.172i 9.94—6.24i
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