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Electrics and Noise Performances of AlGaN/GaN HEMTSs
with/without In-situ SIN Cap Layer
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Abstract: The AlGaN/GaN heterostructure has high electron mobility due to the two-dimensional electron gas
(2-DEG) layer, and has the characteristic of high breakdown voltage at high temperature due to its wide
bandgap, making it a promising candidate for high-power and high-frequency electronic devices. Despite these
advantages, there are factors that affect the reliability of various device properties such as current collapse. To
address this issue, this paper used metal-organic chemical vapor deposition to continuously deposit AlGaN/GaN
heterostructure and SiN passivation layer. Material and electrical properties of GaN HEMTs with/without SiN
cap layer were analyzed, and based on the results, low-frequency noise characteristics of GaN HEMTs were
measured to analyze the conduction mechanism model and the cause of defects within the channel.

Keywords: AIGaN/GaN, High electron mobility transistors (HEMTs), Low-frequency noise, In-situ
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1.ME

A3 AR B AANA] DT 2F 1}
O|E}o]|E(GaN)= 3.4 eVO] &2 M= 77} 2x10'7 cm/s
9] =2 HAARS} £, =2 IHY TOE Qs ZHA|
of -, 130 Axpof] ARt 24 FEEton, &
5] AG7F AP QH1,2]. o] 3t 43 EAS A
d GaN 7|4t9] 1R} o]5 = EWX AE|(High Electron
Mobility Transistors)E= A2 Th2 Wi=74S ZF= AlGaN
3 GaNg Wil = B0 Awo] 249 WA 923
(2-Dimensional Electron Gas)e] @A%™, E=&AN(Pol-
arization)ol] SJa1A] A vhe] AFAES} Zo4sH] R
of W SEZ BAE Aol FsebA ke o9 g 2
I 9k

ol L S4E 2T ASOIE BFST, BIAY
o7 MAE 2-DEGZL AlGaN Hjgjo] &2 H AHH]
of whet WA SH= HF B (Current collapse), F+AHF

o

F= F2 JYH3]. ot EAES sHEsH7] A, ex-
situ SiNx, GaN, SiO, 53 Zo] et dAMEES T
zZtol= WHoR EAE Sidstal QUth4-7].

SHAIRE, ex-siu AJH|O| A F-2] S YRS S
(Atomic Layer Deposition), Z&}Z0} 35}st7]AFEZFH
(Plasma Enhanced Chemical Vapor Deposition)of| A 37}
47 9 F7go] PP wet, Eetznt 9 3Fe-EA
O &4 502 2Iof 44 o] AT DefecE2 et

2 Stk fsit AAAPES AlGaN Helo] So] A
SYSt F4-77] 387145 ZH(Metal-Organic Chem-
ical Vapor Deposition) H Ujof|A] JZ=]7] wj&o] £%
A 9 (threading dislocation) WEE €959, Ga-O A%}
oz Qo) WAL AW =9 A TS M3t
AR S5 AAIst= s 22 ohFgt o]Fo] AT

2 AT A= AlGaN Hjg]o] S3t FLSH = UjojA
A= jp-situ SIN A H|o] A Zo] AL AlGaN/GaN
oul FxAA 9 Az EAHT olF AAER A|&slo,
HEMTs 470) 45 @ 475} 22 S48 2Ha7)

gt
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2. A8

SiN mjA[H]o] A F-o] A% 4 AlGaN/GaN ©|FH G
2= 4913 Asfolo] F|golA 24671 BRI R
tH(Metal-Organic Chemical Vapor Deposition, AIXTRON,
Germany) 2.2 AJAA|Z . =374 214 v] 7 (Transmission
Electron Microscopy, Thermo Fisher, USA)C. 2 SiN I} A]
Hjo]A Fo] A< AJ4H AlGaN/GaN O|FHFTRE Fig.
1914 g1gk o= et 47 AlZPE SiN sfjAJHo] A 9]
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Figure 1. Schematic illustrations of the fabricated AlGaN/GaN
HEMTs (a) without and (b) with in-situ SiN passivation layer.
(¢), (d) Cross-sectional TEM image of SiN/AlGaN/GaN structure
with layer thickness.

A< 3087 BFAIFHE 4 6 nmo|H, 602 JF=
SiIN 7= 9 nmo]|t}. 1 9] 39 7= AlGaN Hjg]|o]
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S 30 nmZ FEEY. WFYE A Sl 247
(High Resolution X-ray Diffraction), & O|HE FHA7]
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4/4< HojEH. Fig. 2 SiN £ ©&
MEE9 AFM oJu|xjo|H, FFAH7] Fh(root mean
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Figure 2. AFM images of AlGaN/GaN HEMTs (a) without SiN
passivation layer, (b) SIN 6 nm, (¢) SIN 9 nm, 5x5 pum area.
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Table 1. Structural parameters, sheet resistance, 2DEG densities, and electron mobility in AlGaN/GaN HEMTs with/without SiN

passivation layer measured by HRXRD and Hall effect.

Passivation HRXRD Hall effect
SiN Thickness Al concentration GaN FWHM AlGaN Thickness R Yz n,
[nm] [%] (002) [nm] [Vsq.] [cm?/V +5] [x10" em?

0 13 314 20 1923 1200 0.27

6 13 310 20 938 1700 0.39

9 13 312 20 1211 903 0.57
2 9(Ohmic) &% Z2KSi/Ti/AINi/Au = 1/25/160/40/100 o]A &o] Q& AA R} Fow o] jp-situ SIN T A|H|
nm)S AAH] Z2Z7)(E-beam Evaporator)2 S2}511, & o] Zo] AlGaN FHZZ 83207 X5 35}0] offstate

& B97]9] ZojA 850°Co A 3027F F<E A 2] (Rapid
Thermal Annealing)s}Gth. vlR|eto g2 Ao|E/fjE F<&
(Ni/Au = 30/200 nm) S-2FsFet. AZE 4zpe] o]
E ZoJ& 5 umo|H, A0|E &2 50 um, A°|E-=|QI

Ao AgE 10 umo]t},
3. At ¥ EE

3.1. DC EA

Fig. 3041 in-situ SiN ZjAJH[o]A Fo] QU= HF-2
(normally-on) £4J29] AlGaN/GaN HEMTS} gl= HEMT
9] DC 4= AR Fig. 3(a)= AF FA(Va=01V)
olA9] 1d - Vg B4 Hoj&Ert ZF 229 EEHL(Vn)
£ y-function =1,//g,, )22 FSIRATHS]. In-situ SiN 74
glo]o}7} = AlGaN/GaN HEMT: -0.8 V, -1.6 VO] &
HHAVwS UErHH, 7 #ojol7t gle &%= A0lE
B9 ofefoll 74 #olo7t 7] ol AHHoE =2
Vi (-0.3 V)E HEFAH SiN sfAH|o] o] HL- A= 4
Z+9] Vy shift= Hall effect 274 23t} & X3t} o]=
ojHe] =9lH AAH SiN mjA|Ho] A Fo] JAFcIHA
Fol2 Aoprt @ =Y=7] wfZolch. E3L, in-situ SiN T
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Figure 3. (a) Normalized drain currents (logarithmic scale) at
Vas = 0.1 V and (b) normalized gate leakage currents versus
gate voltage of AlGaN/GaN HEMTs with and without the SiN
cap layer (W, = 50 pm).

3.2. M0} 2 Ed

AZF 72 EA(Low-Frequency Noise)> A°o|E At
sk Zof EAsks AW/AHS] EYS] 5 5oz
Bashe HoR deiA gt AL axhEe] A%
8 42 NOISTS7 (Synergie-concept, France)2 AR
sto] 204 ZASHATHI). &4 Ak HAYS 24
< A5t 2 HlolEE 55 McWhorther7} A|QHRt 7
2o} 4= HE5 Zd(Carrier Number Fluctuation)S ARE-5}
of SHHEYHI0L HTHSE S22l AR FS AHEY
(Sl y= 4 Hzo| A 104 Hz7kR] 9] Fapapo] mpet v
= 0.1 VoA FEH}o]5+E/d(Subthreshold)of Al 732t
Z o A (strong accumulation region) S 2 FZ+%| 0] Ho]X]
™, Fig. 4(a)°] Ut vk Ade] A HAYSS 271
S8 = ARl W2 Swli7 (gnlayet Z HlEsk
A, ok Swld 7t (gu/la)’et 2 HIH T, CNF 35
malo] LAJELL ol TR 4 ()7} 2ol ABHE 23} %
WA Aole] 1A ZeMES AUT 4 AT

2
Sia _ Imyzg with s, = TN
7 = Vfb Vb = >
Igs Iys WLCZ.f (1)
@, ® .
o SINOnm Freq. = 10Hz|
o SiN6nm 107 . . 2% V,=0.1V
1E1 SiN 9 nm P e S Sl o
— 10%4 ¢ R & 8
Ni 1E-18 “u“%"%ﬁg' 7 ° LR \d} %
v 1E-19 =107 © \ =
10 s
. o SiNOnm e =
1E204y, =0.1V 2]o SIN6mm . ]
oy Vo V=05V el SNTmm ST
10' 10° 10 10° 107 10° 10° 10° 10°
frequency [Hz] 1, [A]

Figure 4. (a) Sy versus frequency at the gate overdrive voltage
(Vs — V) =04V, (b) S/l (left scale, scatter symbols) and
(constant x (gw/lss)?) (right scale, solid lines) according to drain
current in the device without (black square) and with (red
circle, green triangle) SiN cap layer, respectively (Vgs = 0.1 V).
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7|4 Syp= HERRE HIE(flat band) A2 ¥-&-
ARl Ast, k= @ oUA|, A= ARRE HYH
Z(4 = 0.11 nm)[12], N& F1] 9] 45 EH
Wi A'd WA, Co= ACIE AAdt & HAY &5
S Yetd, A(D)A BE A& Sili’= (gu/lss) Ol
H] g5k}, o] AlGaN/GaN HEMTSQ] Z-8o0] CNF Zgl
Ql Ao HRIt} o]ajgh 5 HEO] F 1S A A
HR =, AlGaN #|2o] F3F GaN A'd AtolofA] o5
E &) 73/9-E | % (trapping/de-trapping)°] Lojt7] wii
otk (1) &3 A& AlGaN/GaN HMETs AAFY] Syg
= 4.0x10" V¥HzolH, SiN &9] Z2F =77} 6 nm, 9 nm
QA o, Syp = 1.2x10"° V¥Hz, 1.5x10"° V¥HzS z+z+ &
sttt o] & Al()o] thds) 3 Ef (V)= 6.3%
10" cm™-eV, 7.9x10"® cm>-eV'o] T} 1A 9k, SiN I
AlEo] A Fo] gl A% (Swlsy= W 10° A9 &2
= AFONA LSOl BlFHEER, AA-EEQA A A
T Zdo] gHT= AZ 9n|et}(13]. o]+ o 4
(2)5 AHgsto] A4t

q

ud, B
e

S _ 9n s
E = (Ids)zsvfb + SRsa(Vds)z )
o] W, Sral AA-EQ) AY Ae] AHER Ur
& HERU B (S = 107 Q7-HZ), $45 53] I &
@9l AHAFL Spy = 5x10° Q?-Hz'o]T}. SiN 7Y
o] gl 249 AE AFo] &2 olf= & SN Ra
7b #1311, AClE 4 H77F vl A £7] wZo] CNF+
aacdel 49 A WE RUUE Hojz. dhlo,
SiN sfA[H|o] A Fo] e AR AA-EYR] A7 Hs
QLo Wl We M~ AL AT 9o, Ak 4
Z9] AlGaN HH-S 83A 07 H S (passivates)Stth=
A< Upehdc.
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B =re 3467 SIS Fote] inmsin
XA
a|
H

HYTFEE HEMTsZ Agstel 1714 B4 @ A7)
of TheIA EASHATE. AAE in-sin SiN TA]
A8 AlGaN/GaN 0| FHFTLES] EAL o)
gowl, § UL BHALY e Rach Edh
s Ao 4 So] A 85 HEMTs 274 F4E Alol=
AT G} Ll IS BT 012 B3] HEMTs 4
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29| A7|d E4 FAAIZ17] SRt BRte 2 wfjAjH o)A
< oy, B3 AFa 5 A Al 5, o]
ot A= E3) in-situ SIN 0| AlGaN #HES 83}
ZHog mjAo]ditial HofZTh

el 2

o] A7 FeFusty SeATHZ AUHLL
(202001480001).

References

1. S. Y Arulkumaran, T. Egawa, H. Ishikawa, and T.
Jimbo, IEEE Electron Device Lett., 21, 888-1-7
(2003).

2. T. Nanjo, M. Takeuchi, M. Suita, T. Oishi, Y. Abe,
Y. Tokuda, and Y. Aoyagi, Appl. Phys. Lett., 92,
263502-1-3 (2008).

3. S. C. Binari, K. Ikossi, J. A. Roussos, W. Kruppa,
Doewon Park, H. B. Dietrich, D. D. Koleske, A. E.
Wickenden, and R. L. Henry, IEEE Trans. Electron.
Devices, 48, 465-471 (2001).

4. B. Luo, R. Mehandru, J. Kim, F. Ren, B. P. Gila,
A. H. Onstine, C. R. Abernathy, S. J. Pearton, R.
Fitch, and J. Gillespie, J. Electrochem. Soc., 149,
G613 (2002).

5.J. Ma, X. Lu, H. Jiang, C. Liu, and K. M. Lau,
Appl. Phys. Exp., 7, 091002 (2014).

6. H. Jiang, C. Liu, Y. Chen, X. Lu, C. W. Tang, and
K. M. Lau, IEEE Trans. Electron. Devices, 64,
832-839 (2017).

7. A. V. Vertiatchikh, and L. F. Eastman, /IEEE Electron

Device Lett., 24, 535-537 (2003).

. G. Ghibaudo, Electronics Lett., 24, 543-545 (1988).

9. J. A. Chroboczek, and G. Piantino, France Patent
No. 15075 (2000).

10. A. L. McWhorter, University of Pennsylvania
Press: Philadelphia, pp. 207-228 (1957).

11. G. Ghibaudo, O. Roux, C. Nguyen-Duc, F.
Balestra, and J. Brini, Phys. Status Solidi A, 124,
571-581 (1991).

12. Y. J. Choi, J.-H. Lee, S. J. An, and K.-S. Im,
Crystals, 10, 830 (2020).

13. G. Ghibaudo, and T. Boutchacha, Microelectron.
Reliab., 42, 573-582 (2002).

o]



