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GaN has changed the world !
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Under development:
= New and improved GaN RF and Power devices
= |ntegrated logic and power
= Optically triggered switches

86% driver efficiency
22W power consumption
2680 Im

120 Im/W |
Fraunhofer press release
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|
Critical Aspects of GaN Devices m

Vertical Power |
RF HEMT HEMT power Rectifier and
switch :
Switch
Grown on sapphire Grown on SiC Grown on Si Grown on fs-GaN and Si
Vertical current flow Lateral current flow Lateral current flow Vertical current flow
InGaN QW High current 2DEG Medium current 2DEG No 2DEG
High IF, low VR High IF, low VR High IF, high VR High IF, high VR
Huge volumes High volumes Ongoing adoption Under development
High yield High yield Yield optimizations Performance optimizations
Good reliability High reliability Established reliability Reliability under study
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RF-HEMT vs Power-HEMT

RF-HEMT

Higher breakdown
Lower voltage margin

Similar current density
Lower power density

200V breakdown
50V rated
0.3 to 1 A/mm current density
Large devices ~1 to ~10 mm
Chips around 10 mm?
Chip power density ~50W/mm?

Power-HEMT

Source

Substrate (Si)

1200V breakdown
600V rated
~0.3 A/mm current density
Large devices 100 to 300 mm
Chips around 50 mm?
Chip power density ~10W/mm?
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LED vs Power-diode

Power-Diode
Anode

LED

Higher breakdown
Much lower voltage margin
S Higher current density
EEgne) Higher power density

Substrate (GaN)

Less than 100V breakdown 1250V breakdown
Forward current operation only 1200V rated
~1 A/mm? current density ~10 A/mm? current density
Large devices at around Tmm? Large devices at around 4mm?
Chip power density ~3 W/mm? Chip power density ~30 W/mm?
Optical emission ~60% of power Non-radiative recombination
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RF-HEMT reliability status Sermicandiciors (RoCS) 2018 Austn, Texas

1E+12
16411
— 1E+10

Qualification Procedures in place

- 28V devices: IDON degradation under IF, ALT tests to 310 = rvce |
°C 2 Jeros
« 50V devices: IDOFF increase and breakdown, ALT tests to s e
>0t 21
- Activation energy .
° 28V deV|CeS ~2€V 200 225 250 275 300 325 350 375
' Channel temperature (°C)
» 50V devices: ~3.1eV '
« Assumptions 2 2
» Zero random failures 4 50V devices »
* Single failure mechanism for random and wear-out failures ) x
« MTTF about 1E10 hours, 0.1 FIT o Saacas <, 8
* Very reliable despite the Schottky gate 2 l Vos |,
3 F4 | 1 I 1 I 1 I | 1 3 I

Macom press release
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| RF-HEMT reliability status

Technology Tests for Device Intrinsic Reliability
= DC-HTOL: 30 devices each at 260, 285, 310C
= RF-HTOL: 12 devices, 500 hours, 0 fails
= Electromigration

Product Device reliability tests
= DC-HTOL: 200C, 28V, 168hrs, 45 samples
= ESD: 1020/MIL-STD-750

Assembly Tests
= THB

= Pressure, temperature, humidity,
= Thermal cycle

= Thermal shock

= Bond strength

Qualification of RF-HEMTs

Test Name Test Standard Sample Set Result
30 DevicesTemp @ Ea=20eV,
3-Temp DC JEF118-B
emp 260, 285, and 310°C MTTF = 10 hours at 150°C
. 2027 Imaxe dnft = 7% at 200°C
DC-HTOL JESD2Z-A108 | 45 devices, 2000 hours 20.y I drift <3% at 150°C
RF-HTOL JESD22-A101-A | 12 Devices, 500 hours | = 0.25dE drift through 500 hours
ESD-HEM JESDZ22-A114 9 =1000V (class 1C) for NPT35050
ESD-MM JESD22-A115 9 =200V (class M3) for MNPT35050
All samples meet datashest target
Thermal Impedance IR imaging 9 of 1 95°CAW for NPT35050
Autoclave JESD22-A102 45 Minimal change in performance
VSWR 101 WSWR o Winimal change in parformance
Temp. Cycling JESD22-A104 45 Winimal change in parformance B
Thermal Shock M-T50-1056 15 Minimal change in performance
Solderability JESDZ22-B102 4 Passed
Mech. Shock M-883-2002 g Fassed
Wibration M-883-2007 ag Fassed
Const. Acceleration M-883-2001 Kl Fassed
Moisture Res. M-883-1004 3d Fassed
Salt Atmosphere M-223-1009 15 Passed
Solvent Res. M-833-2015 15 Passed I
Bond Strength M-T50-2037 15 FPassed

Macom Application Note
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| Power-HEMT reliability status

Two main types of power-HEMTSs

= MISHEMT : Gate breakdown
= TDDB of gate dielectric
= Dielectric interface state formation

= p-GaN gate HEMT: Gate breakdown
= TDDB and defect generation in floating p-GaN layer

= p-GaN sidewall leakage and degradation

(a) Schottky diode PHi-N diode
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del Alamo & Lee, IEEE-TED vol 66, no 11, Nov. 2019
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Power-HEMT reliability status

In open literature, conflicting reports of Ea from MISHEMT

= E_ from Infineon : E,=0.7 to 0.9eV
= E,from Transphorm : E,=1.8eV
=V, from Transphorm : V,=0.026 V-

p-GaN gate HEMT qualified with low FIT, no open data on E,

g_ -
z % MISHEMT has demonstrated high reliability
3 Random failures: FIT: 3.1
i e Intrinsic MTBF; TE11 hrS g
£ 10 0 4
'5.
.rg;o' o J";q;';’*‘@ :@:q; ey 2o, 6, %,
Time (t) (W) ¢

Transphorm press release 2018

]
Transphorm press release 2019 |
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Electrical Stress Test Results:

Power-HEMT reliability status e e

| Hgh Tempariore RaversoBas | HTRE'| Ta= 150 C 000K | 377 | 2829 | Cond
JESDFIAIOR Vips =800 V' PASE
Positren High Temgeralum Gate Stiees HTGF! | Ta= 150G 1000 b AT orzm PASS
SESDIZAIE b= SDma
. . Neglhun‘gmnpimm Gate Stress HTES 1;::??0'5 1000 v axm oram PASS
Technology still evolving fast T e Ee
ML-STO 750/ Mafn 1037
ESD {HEM} HEM | Class 2 1x3 [TE] PASE
. . ey . HAERDEIAT 12000V b <4000 V) e
Baseline reliability plan established e e I N L

JEDEC working on establishing and improving related o
standards T e

Abbr.  Congition Duration  Lots/SS  FailiQey
PG [ MSLand3x 3 ] PASS
refiow

Packaging solutions have been developed — LS TR N

Mechanical Siress Test FResulls:

Test Doscription Condition Durstion  Laots FailiGly Result
Mol Sardivity Lavel MEL | MEL3 @ 260°T a/22 | Pass
PG/ J-5TD-020

Additional, Mon-Standard Reliabdlity Test Data

T HTRE' | T.=150°C R0 h EEE [IE: PASS
Vi = 800V
= 900 Wiz

Dipnasic: Gales Cument Bias SyNGCE | Ta=150°C W00h | 1x14 | 0/14 | PasS
=900 Kbtz

High Vieliaga, High Humdiy, HY- | T,=85C 00h | 3277 | 0/231 | PasS
Tu?'mmmn?emm = WTRE® | rh. =85%
Vi = 480 W

Uricised Mighly Acoeleraind Simss Tesl | ubAST' | Ta= 130 © vazh k7T | 0/21 | PASS
JESDZZ ATTA rh. = 85%

G § Tew Tumasrating R Bl LRE | a0 T W0 | 1x77 | 0/77 | PAES
s 0 Vi = 800V

Frwibon Liw Tomputias Galn Siroe LTGF | Ta=0°C W00h | 1x77 | 0/77 | PABS
|z = ShmA

Fiagalion Lom Tampiritrs el Simes TGS L--n‘cw Woh | 1x77 [ 0/77 | PASS
ag = -1

Fusilive High Humidty, High Tempemtuwe|  HTGF® | Te =85 'C 00h | 177 | 0/77 | PASS
Gate Struss rh. = 85%
Is = EDmA

legaiien Fagh . High WGS' | Ta=B5°C WOOh | 1x77 | 077 | PASS
Tempamhes Gatn Stres rh. = 85%
Wou =10V

Hgh Load Tes! Ta=25°C 008 h 1x10 [TRI] PASS
Vi SE00 Y

le= 15 A [mean)

1= 900 ki

Aulnclaen ALY | Ta=13 "G Weh IxTF aiEn PASS
JESD22 AlG2 rh. = 100%

Infineon Application Note
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| GaN LED reliability

Degradation mechanisms
= Reverse bias stress:
= reverse leakage increase due to defect creation
= Forward bias stress:
= reverse and forward leakage increase due to defect assisted dopant diffusion
= Forward bias stress:
= optical power reduction due to ohmic and p-GaN degradation due to hydrogen movement and bad ohmics

10°
] Before stresss
—————————355 10! - S r—
301 (a) 100- ] ——Before stress ‘E 10 ] After stress
Before stress NE B —— After stress S 4n-1
T {— 107" 4 107" -
‘*é After stress . 3.50 s 2 i i
& X 80- — e -3
< 20 g < [ 2107~
> 2 —a— Optical Power b [ @ g
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2 101 £ > & % 107-
[T} 2 3.40 E = -
£ O = S 400
o 40 o O 109
0 - T - T M T T T T T T 3 35 1 0-1 1 I . ) . .
2.8 32 36 0 30 60 90 B T T S 20 _1'5 _1'0 _'5 [')
Voltage (V) Stress time (min) -5 -4 3 -2 -1 0 1 2 3
Voltage (V) Voltage (V)
Fig. 12. (a) I-V characteristics measured before and after stress at high ) o _ ) _
temperature (90 min at 250 °C) on a blue LED. (b) Optical power decrease  Fig. 3. I-V characteristics measured before and after stress at 85 A/cm? on Fig. 7. I-V characteristics measured before and after rever;se—bms stress on
and operating voltage increase measured (at 16 Afem?) during stress at high one of the analyzed samples. one of the analyzed samples (stress conditions are —1.2 A/em=, RT).

temperature (90 min at 250 °C) on a blue LED.

Zanoni, et.al., IEEE-TED vol 57, no 1, Jan. 2010
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Vertical Diode Device Reliability Status

» 7.0
5 2" contact sl
Observed failure mechanisms Pl m—n s
= TDDB under reverse bias 2 62
= |TE or defect related n-GaN S ig

= Likely impacted by passivation [ Backcomtact | 56|

0 RON ) VF and IR increase under forward Fig. 1. Schematic cross-section of the vertical GaN pn diode. 54
Current 3§&—~Imml:| . I i
e C NOFE [ . @® 7 1
= Hydrogen diffusion related £ mfg%m R0 _ 1
. 10°F 2 .o 1
= Vg increase under avalanche % 10%F = o
= 107F5 . ;
= Ctrap related % m-j;:” 0 votagevy. 1
© 107} 1
. . . et -4I__Bf 1
Improvements in device design and § 0] — At soos ® |
. . . = r —— After 6300 s E
fabrication being developed 3 1071 — Atter315005 !
10 r M.ﬁ\ﬂfﬂa . . . B

8 6 -4 2 0 2 4 6
Voltage (V)

tslress:

300s
——900s
—— 2700 s
6300 s
13500 s
—— 31500 s
— 36000 s

=0.7 kA/cm? |

siress

il

102 10" 10° 10' 102 10° 10*

Zanoni, et.al., Microelectronics
Reliability, vol 88-90, pp. 568-

571, 2018.
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Vertical GaN Diode:
Possible failure mechanisms and Path Forward

. Dielectrics and surface leakage
a) Research dielectrics and optimize surface

b) Design JTE with safety margins

. Recombination
a) Research device design options

. Leakage through dislocations
a) ldentify killer defects

b) Identify corrective actions
C) Improve wafer quality

. Compensation
a) Reduce impurities, defects

b) Improve doping control

. BPD/stacking faults
a) Improve wafer quality
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High-performance and cost-efficient power devices on large area substrates
manufactured with a Si CMOS compatible technology

Aledia press release eenewseurope.com

I
Vertical GaN: Promise m
I
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