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ABSTRACT

The aim of this study is to develop a testing system that applies RF (Radio Frequency) stress to
predict the lifespan of GaN RF semiconductors, a subject of numerous ongoing domestication
studies, Additionally, the study proposes an approach that considers the complex effects of
degradation mechanisms in predicting lifespan. When testing the longevity of communication
semiconductors, it’s essential to apply RF—input to replicate real-world conditions. The system
we developed applies wideband, high power RF stress to individual samples, It monitors RF
characteristic changes in real-time and provides independent control of temperature and
voltage stress for each sample, This ensures both effective lifespan tests and real-time
tracking of semiconductor degradation patterns. Unlike traditional GaAs semiconductors, GaN
ones exhibit the compounded influence of degradation mechanisms during RF operation.
Therefore, a new lifespan estimation method that identifies the IV characteristic parameters
for each degradation mechanism and deduces a relationship between the DC—accelerated life
test and the RF—accelerated life test was proposed. The proposed method is significant in
that it provides foundational data necessary for the systematic planning of semiconductor
reliability testing and the direction of test equipment development. If lifespan tests proceed
using this proposed method and data related to degradation mechanisms is derived, it is
anticipated to positively impact the future reliability improvement of GaN RF semiconductors,

Keywords . GaN semiconductor reliability, lifetime estimation, degradation mechanism, accelerated life test

* This work was supported by Next—generation Intelligence Semiconductor Foundation grant funded by the Korea government
(the Ministry of Science and ICT, the Ministry of Trade, Industry and Energy) (No, 20015696, Development of an Intelligent
Product Life Test System for Highly Reliable Ultra—High—Speed 5G System Semiconductors).

** (First Author) Kwangwoon University, Department of Electronic Convergence Engineering, Ph.D, Candidate and QRT
Research and Development Center, Head of R&D Office, youngrak.choi@qrtkr.com,
https://orcid,org/0009—0004—-4465-5460.

** (Co—Author) QRT Research and Development Center, Assistant Engineer, yunho_kang@qrtkr.com,
https://orcid.org/0009—-0007-2393-3814,

(Corresponding Author) Kwangwoon University, Department of Electronic Convergence Engineering, Professor,
hkim@kw.ac kr, https://orcid,org/0000—-0002-1518-4100,

*kkkk



64 MZIZHAT M6 M2z
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A3}2HE(GaN) RF(Radio Frequency) BMEA= EA1 olxal 124 - HRAL Fo]&

A 9 Aol A AFREHA A ETE AT 12% = Adstar o, FAFA 9 = &

of9] 7} 7P Atk 3], 5G Aol FAl AU AE Y3t 7| A =re] HAIRLE oy W f=

B & ARIAIE S %/\* E Y HAH «] HEYSE7
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3
Hie Al o] A&<l GaN MlV[IC(Monoht}nc Microwave IC)= Ag5Z£7]9] 4] FFo|7] wfZof 4=
7t A Aoz 7|gEnh? S WAk Eoks WA FE0 ddVs SR 5 FAY
A5 918 X-WE GaN RF ¥H=A] FE0] 54k} WhekE: 318 21 Itk o & 5o KF-X
&= AE7D A&E = dolu et A= gloly Fof AHH= X-ME GaN MMICE 7Hst

At} Figure 12 GaN MMICO] =4tst A4t =2 Azte £Z7] Fxo|tHLim et al., 2022
Sung et al., 2022).

(a) (b)

Note. (a) was quoted from Sung et al. (2022), and (b) was quoted from Lim et al. (2022).

<Figure 1> GaN MMIC low noise amplifier chip (a)? and
X-band AIGaN/GaN power amplifier MMIC (b)®

53], & ¥EdA @A et & HEE AT 7o FUIAAY RHYgo s ggd Aol
(Jang, 2022), Q1-ZA]5(AD) 7]8re] S-Fol(Manned-UnManned Teaming) 2 £-¢1(UnManned-

1) ol Ul F9A, A 2347 ZH5UQ021). 5G 0 5FAIS 915 GaN RF 22147 9 A2 3|2 /)65
ETRI Electronics and Telecommunications Trends, 36(3), pp. 53-64.

2) o|FW, WISt AR, AZH, Bt A Rl2021).

3) F2H(2021.07.08). Flolg - YA HA7|e AES]E - X-band GaN HE=A] 70 S=%. hitps:/www.newspim.com/news/view/
20210119000812
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UnManned Teaming) S3AA =-8&o)A 4G WA 227F dAdHog QF=2E GaN RF
WA o] Fo/do] B FUiE Aolchd ol2igt Wzt 35 whal g WA Y Ao A%
Eo] e ar, okt A FollA GaN MMICE] 7idh X3 vhe b= W E il QIltk(Ahn
et al., 2022; Han, Sung, & Kim, 2022; Jang, 2022; Lee, Kim, & Park, 2022; Lim et al., 2022; Noh
et al., 2022; Sung et al., 2022a; Sung et al., 2022b). =1 - YAF Boko] GaN MMICE &85 &4
Al g 9 AIE g dElolA F2IAAE OlEY fE299)9] AR AT H A Adse] B
717He FHsHe F7HAY 9] A7t A=A Qlet. shARE, S Ate] ol EAgolt] 9 &
e 5o 244 BE Y A4 HEQ GaN MMIC #AHA|9] A4S oh& A7) u)Sske] e
A A Hasieh B3, S04l BEY A4 SAF 7t BEche i R 8Bt
7b S8stER olo At FrpgH] 9 grpdete] #et A7t @

WA ) =12 3} Wl AYED| 9Bl thEA d&E 4= §lo] GaN MMICO] g3} AU S-S
13 oS Boto] @ E T oln GaN MMICE %04l EQ] F Ao AMEE o] A4 RF
2o A WA S d3F MAYUSS LHT 4= Q=S RF AS7) QI7keE Aefol A WA 83
717h 2 E|ojof gtrt(Joh & del Alamo, 2010). Lyt o] =g 7h= 3 v 49 5144
T AR A oy gor ATt A Aw 9ol 2aHm, RF 2B A Al f8f a7t
o] A7} RFE B B ugo] A= BAZL Ak LA AB7HA WEAL] Syl RE

4) Uppal, R. (2019). Gallium Nitride (GaN) Game Changer for Aerospace and Military Communications, Radar, and Electronic
Warfare (EW), Applications.

5) B ot WHeAlEAE YA (Transmit and Receive Module)S F3 W] g2 Fdstol, TWTA
(Traveling-Wave Tube Amplifier) 413} FARRE 58S A& 4= Qlrh AV = -8 gloltl= Hd oF 3,000719]
TRM, A dlolei= oF 1,0007]9] TRMO.2 SHdsin). |4 Flojef a4 5+ 2491 TRMo| 29| 2841157}
% 9%l g} 3Py QL= 80 FF 1831 Aol wAisto] ofo] Tk BA 9 FAAM ATt HayEgick
228 gl offt gL gelstal ol & JiAlsly] §13 e =AY @ A AuhtAle Jgstel ddTx
W7 9 Ao e AEAds )AskGIthKim & Son, 2022).

6) SEEhe AUPHOR Aofy, R, SRR, fENE THE ¢ Holo| uje} ol Pe EHC) fstel
Aol FEHE d7lskt d5 3 AlRlo] HgskE Aol weba] BlE ol A4S @ ASHA Hi=t], o]={gt
T Foll= A A oR Qlal U o] BRIk AHPZE 8718 4 Qlrk A Ak feke feAlolrt
SAshs A AdEfollA 71 AR E4E 287 StER A FAF AJH ofske] ek Aol 7] Bt
Zasith oo Bato] Lee et al.2021) 7|E et +RF71E A ez S A= B7HAES AufA
Fegte] 87, =Eehd el ] ZRako] ofgt Al eRdo] HigE BriAg R AT DS
A 715 Ae

7) A= B7F =Al 3 7199 JEDECO A= Z2ER]4xGaAs) MMICO]| 61014 HTOL(High Temperature Operating
Life) T+ ALT(Accelerated Life Test)S £t =57} HoRS A|A|3}aL QITHIEDEC, 20132/2010). 124}, GaN MMIC=
a3 71gfo] oba] Ao|= XA & H71ge] AT, TSIHAT Felo] o] A Welo] &
ol B4o] )3 QPRI WALOE 71 GaAs MMICR= Th2 @8} gAfo] MhAhck(Stocco, 2012). T3 GaAs
MMIC®] 73-5- o] &a} w|AYFo] EAstElehe 1744] Ha} vAUFo] BieA] $=rgofl S-AIgE Fofs mlA] At
GaN MMIC= AEdA xiof whet LAgH H3} wjAUZo] debx|= @/do] §lrkPaine, 2015).
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Kol GEAFEITE o] ARE A o 54l Hofuh A7t whEA ofFatu Lol Aldhe] EestuE
g e Fupol A ATAOR AEY 4 ok EF RE A 4% U= 5402 wEAg o

22 2712 ghs 4 9lo] SALE WHEAR A 2857l 785kt ol=fet GaN RF wHeA| 54
(Figure 200 2 ZZo| $44 BE| F4 HEel WFg HPZ2s|0] AFGHE 12 4742
FAE L itk E3], GaN RF Hl=H] 204 G MT(High Electron Mobhility Transistor) 7|
$¢ 2Pl DEY-TES AYSE/] UAS s stee, A2 e wejues)
(mmWave) 1‘4%"3—4 Ak MMIC% GaN HEMT 22 AA 9 A&tEi Qokd) s 51 AFAF
ﬂ% A EY, S GaN she=e] 342 ARESto] o

J

8) A&, A, AE3E FAE(2011, Aug). GaN, GaAs MMIC 7l 2 Ak, ETRI Electronics and Telecommunications
Trends, 26(4), pp. 105-114.
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High operating temperature
- Wide bandgap
- High potential barrier

(vipm) '
High breakdown voltage
- Wide bandgap

Max. frequency
- High electric field saturation speed
- Low parasitic capacity

High max. current density Noise Factor
- High carrier density  (A/MM)

- High electron mobility - Low RF losses

- Low carrier scattering

<Figure 2> Characteristics of GaN RF semiconductors
(recited from Nakkala, 2015)
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Gate metal interconnect Electron trapping in SiN

degradation Thermally-induced

delamination of passivation

Source i — Ohmic contacts degradation

Feed metal interconnect
degradation

Hot electrons trap generation

Trap generation due to electro- ‘

thermomechanical damage of Gate-edge degradation
the AlGaN/GaN system: Buffer electric-field and temperature
temperature, electric field, strain pre-existing defects

<Figure 3> Failure mechanisms recently identified on GaN HEMTs
(recited from Meneghesso et al., 2010)

A3} HAYZTL AF-ALELCVO) Y HAE AF-AGAV) Aol Uetid(Figure 4), 4
7HA o] E3} wAYZo] HpojojA EA o whet YebuA "ok e G ol
742+ E#f g (Electron trapping) 9] @3} G&Fo] A Uehhal, aQto|Agk &gke] A{7F ==

2

e EH Y (Surface pitting) 3} F7Fo] A Uehdth A7 FHoM= 2Ab AAof &
Ash= & &3HThermal effect) 2 QI7E A8} FFro] AA vehubm, 3AY-IAFE A7t 21
T2 @ AAHHot electron)= Q13F A3t FAto] 7Y & F&F2 vIAA "ok AR} 2t A4
o AApsE Fu)A 9 Bt o g 3kelo] 7h5stch dAA a3k(Hot electron effect)= QubA o
2 DC 2+ de ARt WA SAAHA A Brolojs oA Uepdt) obA Ayt
Aot AUS 5, 29 HF 435t 9 £E7] HF dok= 300°C o] 9] o= 7|3t Hard
= A SA0IER IV A G843t a3 AH 9 Aot d4= A5s & 5 ok 1t

=49] RF 54 RF 2E-etel ujet =djel 4549k S4o] #stste] 47bxe] dst vAY
GFo| et NS A% OE AU Hek AT 4t jAUZo] Betaoletn 4T
25 QIR Aol e RIS BAte] 5



Semiconductors and Lifetime evaluation / Choi, Youngrak * Kang, Yunho - Kim, Hyounggook 69

&k i) \!s

Seif -heating & Gate Current

Hot el ®
‘

Drain - Current

'8(\ Hot Electron Damage
8
©r Surface
49. Pitting
®
Breakdown E-field
Electron -
Drain - Voltage ~ Wicl::)

<Figure 4> The RF load line on IV curve of the semiconductor and
degradation mechanism according to operating point9

2.3 WKEAlS] RF S9%7HS 18 12 A=y B30 59972 274

A& }% REA), v ee] ghe], A8 wheA] 9 2 Al RheA] 5 2oF Soll A A
A T2 F, uheA] =897 Y82 MIL-STD-833, AEC-Q100, JEP118A, JESD226
ATHEF-E 2). GaN RF RH=A| o] B35 RE §2F 22004 Aeet sy &2 915t
HEZF 8750 GaN 7]wke] Rt Q15 &2 ob2] W3 FolA|u JEP1I8ASL}
3l RF 52} 2219 Ao &sto] osfe 4= glrt. JEPIIBAL 45 2% 51 4
Bst7] AAsiA ThEEAE S Ashs Aol ) A
Q| AFae AISH(JEDEC, 2013a).
GaN RF Wr=A] g7k Al e AR thad) 2o HAES] 744K Stress)2F =
< ofE|A ol met FetA, 27|30 AAE fiet A3 o] AAHooF gt =%
i al = o2 5A4gf|ofof 5, T7lx4°i vV & é

Gatol A7 Aol THE s} CEES gAsior gtk S, deﬂ* %
axel 790l 1dB 9 5T /15t Ao E ARES SAsha, Aok 2AIS Slat 24
125°C o3l wjo|~ & |
-, AT 2mollA 2o B g BHEA| A}
o A Ei= Junction E=E HIA Hrhsof gk ALgE 23 2w MTTF(Mean Time
to Failure)7} 2|4 100A]7H2 Eofof alr, 2r/it5om AujA el 14 A YEo] Malictd A

9) Burnham, S. D., & Paine, B. M. (2017, May). Towards an RF GaN reliability standard. In Proceedings of the JEDEC
Reliability of Compound Semiconductors Workshop, Indian Wells, CA, USA (Vol. 22). Retrieved from https://www.
researchgate.net/profile/Bruce-Paine/publication/322702351 Towards an RF GaN Reliability Standard/links/5a6a514f45851
5b2d0532910/Towards-an-RF-GaN-Reliability-Standard. pdf
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o] iﬂu} we oA AlH
Hhe =

A2 A of MMIC &
A2 sma %Eow A4 1dB ¥ 9% AR Be Alo] shgdsitt SHEAE ok v
=A% £71402 Astel xlfg 40 OF WAL AAFT AEH EAMLE, AF, A B)

O =2 4
Astz AorE 4 glov, Ml BTl 1006 3 F 0% o LA HrAIS] 12t
4 57 AR A ARE 4 YRS vhfEs Z4o] SaE olof Stk AVIE £HFAS 9

|8l oh23 ZeH(Table 1).
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<Table 1> Summary table of required data for semiconductor lifetime evaluation

Classification Details on required data

Device Application, average values of thermal-resistance, life test temperature condition,
information |failure criteria

Stress Case temperature, sample numbers, IV bias condition, RF input power level

Monitoring | Supplying current, leakage current, RF input power and output power, Gain, 1dB
parameter |compression point at output

Primary failure modes and mechanisms, MTTF (Mean Time To Failure) with a 60%

Analysis confidence limit, life distribution of semiconductor

JESD226& muld Az19] front-endo] AFR-E= 2E<Q PAM(Power Amplifier Module)o]] RF
AT E Q7= A=Y EHAES AARIH(JEDEC, 2013b). RF Al25 ¢17betd e awrf o
EhubA =, shA 9l o2 Ad T A7 7 At dAsH ] wiel At DC 3aie Al
of th=rh Alfte] WE &% gk oldfistaL RF 4159 27t 248 AAsh= Zo] Basieh A
ARG 2OA Al e Be 25 E 9 W74 A WAUSS 7HESte] vheA S HAE

€ AYohil 11 HeE A of ettt o] Al HIAE ARTE WA 2 5 A3 A7)A &

Jlm

10) 7P W2 29 7ME2 Aike ool 7P 2 e vIAA e, 7l~h o] Yopx o] 7H A&

oz ot SIS AU A 4R T, 0 Aol 7 Aow pa delo] o] thiel
che eEnch o BE ARE AR Aol dhth 2e4 Qurow A % o 27RE 1249 AR

22 Hgal Ao| AAsithMeeker & Hahn, 1985).
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Efa 23 AT o gl A7k 2asieh 223 viEA| Y viojojs 9l 2hs AAl= &
SAS defeljof SRR Bt AEAY EFTF WAYSHA] P AR I Alo] thE Al
2o B Aol FFHA = A eof k. HUETY AHl= A 7170 &9 € A7 2
= ol wet dlole o] Aoty o kAol BAE ojof ek E3h AR AlFRES Alofst
< Y B WF 2227 Aees A9 Hedo] SEEA AA Y A719k RE
Moz Qs e i Bt 257 BAEL 25 S-S AT A= SRl weba dEAnt
+2°C =9 exp7h ARtk webA FEo] REHI Hdo] FHEA e st A A9
LE QE +5°C o & 04%@:}

MIL-STD8IOFo] = ukzl o2 +2°C o2 AFLES A5t QT Es Aderr}
100°CE de A9l 5°C LEAg sl8aia ek WEq o $unslE 93 LErls 24e
Clefolss) Suael $4 44 £xel 87C ol40m 100°C WAE 445 el 5508 &
A7} 8@ Heh. B8, A7) wEo| RF AEdAS Q7lshs Ao| Hgrdeith, 2A2dA 2|4 4|7t
& =5 7o glrhw 71% 1000417}, Z 4 500413ko]e. A= BAS oI A 07V He
u 125°ColA] 712 1000417ke] Alglo] gl Fro] ol U o & mE S ALgshY AR AHEE
A
[e)

2571 53°C o5td wf 10 o]Ate] e o] B2} TgiA BrEs £ 10d BES
JukH 02 1000417 BAER FAskR ik M2z Wse] Aeli AR £35S 98
A Aoz MARE AR F ARAOR 11575 gtk 7H4E 91314 o 2 el 3
SEANL Hf A4 dds 2HsiM= oF "ok BE As HEE st & 4 jle Bl
MY w2 AEH A HES AEgith AP fj#FQ] RF H2E Agstoiof st, 2o mE
2917 o] TAYste] FRohe Ao AA AEY A AIZko] o5 HAE Al SToF it

Mode or
Functional Bias
RF Input(s) RF Output(s)
High-
Temperature
o UL tempers M e

Pulse
A I\IH
\ @ N
V'

Continuous Wave

Continuous Wave

| 'J I \' Il I‘
\‘ |||‘ I HH ‘”““

H|H |W|‘H|‘|H|‘ Modulated

N AARAY
3! HHIHI\IHH\|N“““|

Modulated

DC Bias
Power Supply

<Figure 5> Device drive and stress conditions for RFBL
(RF Biased Life) (recited from JEDEC, 2013b)
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X449l o] Fh5a el Yol4 o) 54 248 4837 YsI4 RF 457} Q17bwe
S 714 Aol RF A159] 278 2451 sl 7|disia] b Aol BAE 4 o]

<=5 2 sl RF 48 e Hd dAHu= W7 olgslor & < Stk 24 2
A4 232 53] o 2T AT FToe 29 LEH L AdE 488k RF &
Edf & AHolM ats A57Hs T A4S EAEoF etk I8 HHR THedt S k2o A
TE vthe 2UoR A5k, it Fub Hl9 9] AE HlAES|oF gt g AEFHA
£ ge AlEe A 89 A AAsH] Ao 55°C ofst= Wasfof itk A& sk A e
Y o] Ao =&t £ 102 ool vio]o|AE FFo HEaljof 3tk 3 S A& PAM
oA Hfolo| A AARE F A FA Gl 7He et o BE] &= fof 3t 96AIZE ool Al

B AZSH BACPE ABAZES 2ok Atk ol7|A] 6AIZHE PAMo] Tt 2 FA02 A
2o) FRU B4 227 A4 AW 5ol tebd 2el gtk ofE Sof, MIL-STD 750
HTRB(High Temperature Reverse Bias) A|@ ¥ v}o]oIAE A7 3}al 2447t o|Ulo] &4 F
A3kal Qlch(Department of Defense, 1995). Hfo]oJ A7} A|AEH A7 o] dslaAA o] 3|8 E ALy
ANEx 99 of 2 HItR Qls|A dIrt 7HEE 4 qlenz B AZE qtof] A|lRQ] Vs
AAE AP E ;‘ma};l %l\l:}. 5 AFFO Q@ FANES &5 o Au2 A olslar, ufj /)
4 15 A o) 5 e OB S 0466 Sl W g0 g

A S ST AL 520 S B oRlsh B 09 SRR AT 2
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-3 ol M e EEAs AREE 483 F JE Bk W)
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. <743y

RE 2EH 27} Q7bE= RE-7H4BAIES DC 3atte s $35Es DC7HaEAI g e
G435} o YR 7F WolA A Ha £33 MTTFS W37 k. Figure 6108 B9, RE7} 917}
g A o] d3t wAYUZT DC ggite s $4shs R 9] d3} WA Y Ze] tE Aolei
ddd 4 e, RFE 17lshe %71 :

T 1E14

1E13

1E12

1E11

1E10

1E9 4

MTTF @ 150C (Hrs)

1E8

1E7 o

00 v . 1000000

DC-Lifetest RF-Lifetest DC-Lifetest RF-Lifetest

<Figure 6> Change of activation energy and semiconductor lifetime by RF
stress (recited from Via, 2014)
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<Figure 7> Configuration of semiconductor lifetime evaluation test under RF stress
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<Figure 9> RF Detection Unit production picture and performance
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(a) Product picture (b) Smart Test Fixture (STF)
Temperature result by voltage step. Temperature maintenance result
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(c) Temperature control characteristics
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(d) Temperature control diagram for each sample

<Figure 10> Temperature control method in static acceleration unit including smart test fixture
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(a) Dynamic Acceleration System (b) Static Acceleration System

<Figure 11> Semiconductor RF lifetime evaluation system including dynamic
and static acceleration
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<Table 2> Criteria for identical failure conditions

Parameter Failure Criteria
6 Idmax -10%
6§ Threshold voltage 730mV
6 Transconductance -20%
5 Vgon -1270mV
5 RF small signal gain -1dB
§ Output power at 1 dB gain compression -1dB

Note. The information in the table is recited from Paine et al. (2015c¢).
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