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1 IUPAC Periodic Table of the Elements 18

1 2
H He
hydrogen hrbm
1.0
[1.0078, 1.0082) 2 Key: 13 14 15 16 17 40026
3. 4 atomic number 5 -] T B 9 10
Li Be Symbol B Cc N O F Ne
lithiwirr beryllium name bratan carbon nitrogen QYN fluorine fnean
L i ol e waight 1mat 1201 .07 15,009
6538, 6.597] gz siandard alomic weight 110,806, 10.621] | [12.008, 12.042] J[14.006. 14.006] | [15.959, 16.000] 18.988 20,160
11 12 13 14_ 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium magnesium aluminium silican phosphaorus sulfur chioring argon
2000 |[24304 26.307] 3 4 5 6 7 8 e 10 1 12 26,802 paons zaes) | svars | paosa 32076 | 15448 35457 a0aas
18 20 21 2‘2. 23 24 25 26 27 28' 29 a0 H a2 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassum calzium scandium titanium vanadium chromium manganese iran cobalt nicke| copper zinc galllum germanium arsenic selenium bramine krypion
29058 40.0TB{4) 44 956 47 867 50542 51866 54 938 5584502 ) 58,933 58 603 61.546(3) 65.38(2) E9.723 T2530B) 74 822 7E.571(B) [79.9;?,?“9.907] H3.T98(2)
a7 38 a8 40 41 42 43 44 45 46 47 48 48 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubldium strontium yitrium zirconium nlablum molybdenum | technetium ruthanium rhodium palladium siver cadmium Indium tin antimany tellurium lodine XENON
B4 468 BT 62 B8 806 1 23425 A2.506 95,55 1010725 10281 106 42 107 &7 11241 11482 118,71 121.76 127 60(3) 126,90 12129
55 56 57-71 T2 73 74 75 76 7 78 79 80 a1 82 B3 84 85 86
Cs Ba |, saee | Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
cEEsium barium hafniurm tantalum tungsten rhenium CEMIUm iridium platinum gald MErcury thaliurn lead [ismith polanium Eatatine radan
13261 13733 178.49(2) 18096 183 64 186.21 190.23{3) 192.92 18508 196,87 200.589 204, ;:';:4.39] 207.2 208,88
87 88 104 105 106 107 108 109 110 M1 112 13 114 15 116 "7 18
Fr | Ra Rf Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn | Nh FI Mc | Lv Ts | Og
francium radium rutherfordium dubnium saEborgium bohrium hassium meitnerium | darmstadiivm | roenigenium | copernicium nihonium flarovium moscoviom | livermorium tenmessing OQanessan
Im a7 58 59 B0 61 62 63 64 65 66 67 68 69 70 7
G La Ce Pr Nd Pm | Sm Eu Gd Th Dy Ho Er Tm | Yb Lu
lanthanum ‘cerium praseodymium| necdymium | promethium samarium Buropium gadalinium ‘terbum dysprosium holmium arbium thulivm yttarbium lutetium
_ 138.91 14012 14091 144.24 150.38(2) 15166 157.25(3) 158.63 162.50 164.93 167.28 168.93 173.05 17497

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

For noles and updates lo this table, see wwaivpac.org. This version is daled 28 November 2014,
Copyright @ 2014 IUPAC, the International Union of Pure and Applied Chemisiry.

Source : International Union of Pure and Applied Chemistry, Periodic Table of the Elements, https://iupac.org/cms/wp-content/uploads/2015/07/IUPAC_Periodic_Table-28Nov16.jpg
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si M 4H-8ic ™ GaN™  GaAs™  AINB4®  8-Ga2-032%9 | Diamond ™"
Band gap (eV) 1.12 3.26 3.39 1.43 6.1 4.8 5.47
Mobility (cm*V's™) 1400 1100 900 8500 14 200 680
Breakdown electric field (MV/cm) 0.3 2.8 3.3 0.4 15.4 10.3 10
Thermal conductivity (Wem™'K™) 1.5 4.9 2 0.5 3.19 0.27 20
Saturation velocity (107cm s™) 1 2.2 2.7 2 1.3 1.1 1.4
relative permittivity (a.u.) 11.8 9.95 9 12.8 8.5 10 5.5
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https://www.darpa.mil/research/programs/threads-heat-removal?utm
https://www.darpa.mil/research/programs/uwbgs-band-gap?utm
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ULTRAWIDE BANDGAP

UWBGS Technical Challenges

Achieving ultra-low resistance electrical contacts to UWBG
materials

Controlled incorporation of electrically active impurities
(dopants) in UWBG materials

Creation of low defect and abrupt UWBG homo- and hetero-
junctions

Creation of large area device quality UWBG substrates

1

UWBG test device (diode) bandgap semiconductors for
DARPA

New class of materials offer improved conductivity and thermal

""""""" -[ ~ UWBG device layers ‘
\ management properties

Devices Layers and Electrical Contacts
Normalized doping efficiency = 0.9
Material non-uniformity % 5

Electrical contact resistance  Q-cm? 2x10°6

Test diode ideality factor == <11
Test diode non-uniformity % 5
Test diode F_, GHz 1000

Distribution A: Approved for public release; distribution unlimited.

https://arpa-e.energy.gov/sites/default/files/2025-08/Tom%20Kazior.pdf

___________ UWBG substrates
October 02, 2024 f X

Substrates

Size mm 100

Dislocation density Jcm?2 103

Point defect density fcm3 1016

Thermal conductivity W/m-K 0.95X

Surface roughness nm 0.2

25

https://www.rtx.com/news/news-center/2024/10/02/rtx-to-develop-ultra-

wide-bandgap-semiconductors-for-darpa
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Diamond Electronics Research at ARL
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® |labor costs

Polish = Electricity
One side _
Polish
M Source gas
Electricity
In Osaka u |/|

Total : $360/2”
$12-18/cm?2

\ 4

Costs: $174/2”
$8.6/cm?2

Labor costs

Lab-grown diamond market growth (CAGR) +5~10%/year
USD 120B@2030

Y. Mokuno et al., 51" Workshop of the Advanced Power Semiconductors Division, JSAP 2016, Hyogo, Japan.
N. Fujimori (EDP), 31st Diamond Symposium, 2017, Hyogo, Japan.
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