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High Power GaN RF Device Manufacturing Process Development

olgdmh, MygAl, AA:Y, FYY, A

Sangmin Lee™! . Byoungchul Jun?, Chulsoon Choi’, Hyeyoung Jung", Hosang Kwon?
(2 F]

2 BuAEe GAuAIY] Autg Qokst 7102 0.4 um AO|E Zolg Zhe= 1EEO] RF AXIS Yrteio] AEdE SHste
T 371e2 Jigst=d =40] ot X7 BAI9F g B2 s 5E ¥ ofyef ARy 282 sHE AT oEHN
2 459 AAE UFeR AAste I Al Al2ldS Slst 7 AAIEE gEs] Yot 27T 2 1EY AX}
o] 255 dAoldo] HEF Hgsro=m T7to] BHEIJN mAT JemE A0 IitsioEn SRS GAdsieloy 1 BE
< Ul EXeIR] = wAIES olidste] AARlos AXte] AJito] U 7Vsstes She dof ot 5¥zte] i Auks

Jo

of| A
Alo]E 4] 0.7 mme] PCM(process control monitoring)AAto] thste] 28X QH(Vth) -2.7V, TEXQ 200V o]k, F|cjz=st
G AlS

A& 950 mA/mm, AT ESAAGE A 250 mS/mm, ft 19 GHz, fmax 41 GHz, 3.5 GHz o|A9] A o]% 16.5 dB, A
=2 8 W/mm, AHFEILEE 53%2] AAEAES &0lstyct PCMAXIS] RFA5L CW(continuous wave)Z EofA E451% T
152 4Rk & AOJE u] 35 mmel HOjARIS J|sto e HAITh. BejARSL of >20We] £ woln] tjzro.z A}

baglanol delel Ji4paae sdele R el AdE dgRes Sasan deled e dde ddsl A
al

x5t W& ARLS AASHo] S-band 400 MHz CHEIolA] 186.5W o]Afe] &2 13.5 dB oJA}o] AAlE o]S, 63.6% o]Ae] =2
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[ ABSTRACT ]

In this report, the results of a government supported project have been summarized. The purpose of the project
was to develop a fabrication process of high power GaN RF devices with 0.4 um gate length at S-band frequency
ranges. The most important fact which makes this project different from previous government funded projects on
GaN HEMT device development in Korea is that this project is not only asking for the performance of the device but
also for the reliability and yield of the devices which are the two crucial factors for manufacturing and mass
production. Through the hard work for the last 5 years, GaN HEMT process has been developed in Wavice Inc., and
it shows excellent performance and reliability. The process control monitoring devices with 0.7 mm gate periphery
show -2.7 V threshold voltage, >200V breakdown voltage, 950 mA/mm maximum saturation current, 250 mS/mm
maximum trans-conductance, 19 GHz ft, 41 GHz fmax, 16.5 dB small signal gain, SW/mm maximum output power
density, 53% power added efficiency. The RF performances of PCM devices were measured with continuous wave
mode. The high power devices were fabricated by connecting unit cell devices with 3.5 mm gate periphery in
parallel. 3.5 mm devices show >20W output power and 3.5x8=28 mm devices show >186.5W output power, >13.5dB
small signal gain, >63.5% drain efficiency over 400 MHz bandwith in S-band with pulsed input signal with 15% duty
cycle.. Both unit cells and 180W high power devices passed MIL-STD based reliability tests. The 180W devices shows
83~92% yield from the on wafer test.

Key Words : GaN, HEMT(High Electron Mobility Transistor), &FAHManufacturing), gj|o]tHRadar), Al2]/d(Reliability), &

(Yield),
1. 1\1 2 Reality), £918-2%(Driverless Delivery) £9] 7|&o] w24
A4 ARIE 78t = Sh= 4R} AT AlTHe] =20 AAS) s oIt} o]2gh 2AA ARR]E o]F7] sliA= g
E}E} 013 X]=(Artificial Intelligence), AF=QIE{Yl (Internet glo]E{(big data) 222t AEE(Cloud Computing)S-2] A
of Things), 573dA(Augmented Reality), 7Mg@dA(Virtual " A9} o5 5 SiE A4 FRE, U8 AR,

)& Yoju)A AR AikA(Advanced Device Research Center, Wavice Inc) 2)=wlu}stA LA (Agency for Defense Development, Korea)
* Corresponding author, E-mail: smlee@wavice.com Copyright © The Korean Institute of Defense Technology
Received: November 17, 2020 Revised: Accepted: December 7, 2020

sta=E7|85s| =2X| M3 M4z(2020E 12€) /1



7hssl Aok Fick. olF Eu4 YEY
GuTt A2 106} o]ge] dloje] 5%
71&0] Qulg} Elojof gt 5G £410]
dlolelo] AE4ES kol7] gste] o e FukrolA
o e ta=g olgstel SAL Aastelol ] ol
3.4 GHz o[’g9] Zupzold] 5G& FA Fupso] At ol

_u_w
~ 2

o o TR

2 HUolu b

A X125 71E0] Si LDMOS A% SE7]2L 5G o] 54l
AU 5 Qo AL ofujstct. oj2ldt xug BAL T}
sl 5l A= Al2e A7} sh2 GaN HEMT 2&fojc}. 1
1o 4%} A& GaN HEMTAAR] AlfhaiAe mAlst

o
=2
h
(o]
2]
a
ol
AN

A%} MHEEE

=

NETHUMAHEES
SIBF B AL ]
AR VR i

Enablers

Froce } — ' Storage
r;.;u:-..'.r'....'.'a..::' S D

7| k7| &

High Spoednw,

CEES]

Solution

a3 1. 4R ARS8t GaN HEMTAARR] -H /g
Fig. 1. The 4th Industrial Revolution and the nature of
GaN HEMT devices

E 1ol nEuoA 153 2442 JkssA she GaN
HEMTAXO] 24 E£74& Silicon 1 v QoFstYct GaN
HEMTY: SizAto] ulste] W) ofuixl7} 3} o)y i, &
Afo] At) ol 54=7} 3] shrto] W=n % H7|3o] 106)
oy A TFMIME £ A AU 1EAS D 4 Ak
AR} 7Fse) Atk 53] GaN 24k 1 715k Sio] bl
ArEgo] 28 ol %L SICZ /WO sk 9lo] 1
oMM SAAAE ATHOR A YHS AA 1AL PYHO
2 SR 4 9 Ft,

_,4
o Q

H 1. SiliconAX} GaN HEMTAXR] A7|A, & 24
gl WRER ofjuR|(Eg), AR} olEk(ps), AIAL 2ot £=(Vs),
&= A7IEB), 71He] == (hs, GaN9| 73-2ofl= SiC)
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Test Parameter Test  Condition Unit Typical
Gm_max vd 10V mS/mm 250
Idmax vd 10V, Vg 2V mA/mm 950
Idlkg vd 10V, Vg -8V mA/mm 0.1
bC Idlkg 150 | Vd 150V, Vg -8V mA/mm 0.3
Iglkg vd 10V, Vg -8V mA/mm -0.1
Iglkg 150 vd 150V, Vg -8V mA/mm -0.3
Vth vd 10V \% 2.7
ft Vd 40V GHz 19.0
fmax Vd 40V GHz 41.5
Gss Vd 50V, ClassB | 9B 165
RF Gp Pin 10 dBm, 3.5GHz dB 15.0
Psat | vds0v, Classp | Wmm | 80
PAE_max PAE max, 3.5GHz % 53
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voltage, Vth), FR0lS QAZEA(f), Helols UA Zu}
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Table 3. Performed on a unit device with a total gate width
of 3.5 mm. Reliability test items and their results.

Al e zH Aa &axtz
Visual Optical MIL-STD
EVA Inspection Microscope, All e -883G!”!
. DC/RF
ED Elglg:;rsltcal Characterization Pass M_Iég— ?? (];D
BPS Bond Pull Bond Pull Pass MIL-STD
Strength Stress, Sampled -883G
Temperature | 1-A0W—-03 °C, JESD22-A104
TC C pclin T high=150 Pass _plol
yelng °C, 500 cycles

ESD- Human Electro-Static Class JESD22-Al114
HBM | Body Model | Discharge Test 1B _Fi
Esp. | Sharge Electro-Static | Class | JESD22-C101
CDM Discharge Test v -pl12l
Model
High Temp.
HTST Storage | 150 °C, 1000n | NO | JESDZEA103
Test al B
Accelerated 3 Temperature Ea=
ALT | Life Test Test 1.59¢v | MIL-STD-883G
High Temp. V_D=50V, FIT= JESD22-A108
HTOL Operating Tj=259 °C, 625 (4
Life 1000h -F
High Temp. Vd=150V,
HTRB Reverse Vg=-38V, Tc = g‘l’l JESDZ_%‘Alog
Bias 150 °C , 1000h

30 Q= AlF &=52 tlw =8 F(Department of
Defence, DOD)oJ|A] 2]s}= Mil-std B&1}F 0] 59} 9l
S AAQAE B EEUEIE £ AALENLE
g](Joint Electron Device Engineering Council, JEDEC)o]
A she ARRE A AdwEe mep Skl
S9FAAL (External Visual Inspection)et Z71A B4 AAt
(Electrical Test), W7|A|E &AL Y/dS Aldste ASH
TAld (Bond Pull Strength), &% W3t (Temperature
Cycle) Al 112 XAt (High Temperature Storage Test)2
& 51T, YA = AAZE (Human Body Model)
Al@da} £747]17129  (Charge Device Model)ojlA]  Z¥z¢
Class1B (500V), ClassIV (1000V)e] ZAytE At AXfof
AU WL 120 F14AA 2ot A T4
HAlA (Accelerated Life Test, ALT), 12 ZX (High
Temperature Life Test, HTOL), 17-& AR UQIZIAH (High
Temperature Reverse Bias)S 485lgit;. 12 AL
A =22 % (Max Rated Junction Temperature, 225 C)
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FIT, 109 AP 14s8l4) 6255 A ARG 3ufel
150VollA 77709] Axtoll Hjisto] 1000A1KF 59t o8gh 1
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Fig. 9. Accelerated life test results. It was carried out
using 27 unit devices at 3 junction temperatures, 294,
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the MTTF, the blue line represents the 90% Confidence
Bound (CB), the yellow line represents the 1% failure
curve, and the black line represents the maximum
operating temperature of 225 C
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Table 4. Using a device with a total gate width of 28 mm i

Product suitability test items and results
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Table 5. Total gate width 28 mm device total =
measurement parameters, conditions and specifications (c) ¥ " |
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Vd=10V wafers. Green indicates good products and red
Vith \ Td=1mA/mm -2 -4 indicates defective products. 867 devices were
measured per wafer.
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