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HaHOAJIEKTpOHUKa» Bcex ¢Gopm obOyuenus / OI'BOY BO «BopoHexckuii

rOCy/IapCTBEHHbIM TeXHWYeCKUil yHuBepcuter»; coct. E. 1O. IlnorHukosa.
Boponex: U3a-so BI'TY, 2023. — 30 c.

B Merogmyeckux yKazaHUSAX pPacCMATPUBAIOTCS OCHOBHBIE IPUHLUIIBI
pabotel B CAIIP TeXHOJOTMYECKOTO YPOBHS NPUMEHUTENIBHO K JIUCKPETHBIM
HAaHOPAa3MEPHBIM JJIEKTPOHHBIM CTPYKTypaM M NpuOopaM Ha KBaHTOBBIX
addekrax. ITpuBoasTcs 0a3oBbIe METO/IbI MIOCTPOEHHUS MoJIeren
MHKPOSJIEKTPOHHBIX YCTPONCTB M TEXHOJOTHS MOCTPOCHUS MX reomeTpuu. [lus
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TEOPETHUYECKHUE OCHOBBI IPOI'PAMMMUWPOBAHUA B CAIIP
TEXHOJIOI'MYECKOTI'O YPOBHS. OCHOBHBIE ITOJIOKEHUA

Mopayne mns pabotel B CAIIP TCAD mox OC Windows MoxeT OBITh
yctaHoBlieHa crygeHTamu Ha 1K u3 quctpubyrtusa ot 2019 r., ucnonb3zyemMoro Ha
kadenpe TTD (oO6bem 3arpy3ounoro daiina 3anumaetr meHee 500 MO).

YcTaHOBKa M MPUCOCIMHECHHUE KITFOU-(Daiiyia JOJKHBI BBITIOJHITHCS CTPOTO
10 MHCTPYKIMM U3 mpuiaraemoro pdf-ornucanus momraroBoit ycranoBku CAIIP. B
Bepcuu, ucnoiibzyemoit B cucteme Windows (puc. 1), HeT 6510k0B victory (process,
device, stress), MO3BOJSAIOIIMX MPOBOAUTHL Oo0Jee TOYHOE MOJACIUPOBAHUE
rapamMeTpOB HAHOPA3MEPHBIX U KBAHTOBOMEXaHUUECKHX CTPYKTYP; MpeTaraeMbIit
Habop monyneit (athena, atlas) mocrtatodeH Jjisi IEPBUYHOTO U3YUEHUS MMOJIXO0/I0B K
MOCTPOCHUIO 0a30BBIX NPHUOOPOB MHUKPO- W HAHOIJICKTPOHWKH (IHOAOB U
KOHJICHCATOPOB.

File Edit View Run Tools Commands Help

SPNEXRKROP )BT 1MV & B

Deck

Snementos: 21 | Buibpar 1 3nemenT: 1,59 K6 |

Puc. 1. IlyTts k mporpamme B koneBoM karasiore OC Windows

OcHoBHOe pabodee OKHO, B KOTOPOM OyAeT CO3/1aBaThbCsi TPOECKT,
3amyckaercs B nanke «SedaTools» memnukom Ha spiabike «DeckBuildy.

[To miemuKy OTKPBIBAETCS OKHO, COCTOSIIIEE M3 HECKOIBKUX OJIOKOB:

— 001acTh U1 HAITMCAHUS KOJla CTPYKTYPHI,

— OKHO JJIsI BEIBE/ICHHUS JIoT-(aiina Bo BpeMs pacuéra,

— OKHO, B KOTOpOM OYAyT BBIBEJEHBI JaHHBIE IO PACCUUTHIBAEMBIM
MIEPEMEHHBIM,

— OKHO, B KOTOPOM BBIBOJUTCS HaOOp (ailloB pacCUUTAHHBIX CTPYKTYp U
rpa¢uKoB,

— 001acTh MOHHTOPHHTA PECYPCOB CHCTEMEI.

[IpoBepka  pabotocmocoOHOCTH  ycTtaHoBieHHOTo [IO  mpoBoguTCs
cieayomumM odpazom (puc. 2, 3):



< Ol DeckBuild - 5.0.10R - C./sedatools/Shortcuts -

File Edit View Run Tools Commands Help [
E | 5 ~ = = = = = n
18 pNEXROP PR IamvA BERTAE B @8 - S
Deck Variables history <
|
YAM :
4
| % Outputs s
Fiter: [ *.str, *.log | | pefault Fiter
Resource usage x
(o"y E
d
bytes 0 bytes/s 0 byces/s
Memory 10 read 10 write
Output scroll to bottom Clear
Line: 0 Column: 1 Ready No files generated Free space : 38.7 GB DeckBuild 5.0.10R Copyright © 1984 - 2021 silvaco

Puc. 2. OCHOBHOE OKHO NMPOTrPaMMBI

1) myts: File — Examples: — oTkpbiBaeTcsi OKHO ¢ HaOOpPOM BCTPOEHHBIX
MIPUMEPOB, B KOTOPOM BbIOMpaeTcs MpoekT u3 0joka Product — Athena; onucanue
MPOEKTa OTKPHIBACTCS MPH IIETYKE Ha €r0 HA3BaHUU;

2) HaxxumaeM KHoTKy «Loady;

UTo Bbl XOTUTE CAENaTh!

[ DeckBuild - 5.0.10R - C:/Users/Katy/Documents - ancaex05.in

File Edit View Run Tools Commands Help AC&Dn Aaran a-cen- AAR icca AnDED A AnDEDA AnLEDA Aaly
[J New CtrleN 4 - B By » @ ~| | = connect || W1 E s ? <
% Open Ctri+0 Variables history x
% Append. i = A \ - Search Clear Help no hits
5
o~
[ New Deckbuild Ctrl+M Name Gomment
# New Deckbuild Open File Ctrl+P r @ PRODUCT
~ 2 Athena_CALIBRA... Process Simulator Calibration
H sawe CurleS £ ancaex0lin OED Tuning Using TWO.DIM for DRYO2
&) SaveAs. [l ancaex02.in OED Calibration Using THETA.0
x
@ 5. CiiléAlss |dat [1SUEOS £l ancaex03.n Calibration of Thin WetO2 Oxidation
Fiter: [ =.sts, *.log | | Default Filter (2 ancaex04.in Tuning LOCOS Shapes using the COMPRESS Model
Examples.. T = {l ancaex05.in Tuning Threshold Voltage using Seg.0 and Theta.0
Examples in Browser... = mnsTaxd1 e [l ancaex06.in Tuning Directional and Isotropic Etch for Spacer Formation
RecentFiles s = muslexm}‘lcg [El ancaex07.in Multiple Implant Profile Optimization
1ua = maslexD{W ‘str [El ancaex08.in Extraction of Implant Moments from Measured Data
#4# 1 . o b
m Exit B quantumexd1str 0 Athena DIFFUSI... Diffusion Process Simulation ad
athena = = o)
R . W quantuniéxd] oo .| Tuning Threshold Voltage using Seg.0 and Theta.0
# oset Resource usage x| | Requires: SSuprem 4
example=ancaex0s v Minimum Versions: Athens 5.22.3.R
ATHENADBINtoma
Calizraton of Vi using eg.0 and thita 0
00
| 7
w ==
- e T
= \\v\\ _
e
0 bytes 0 bytes/s 0 bytes/s 3 \\\\\gm‘ I o b
M 10 read 10 writ
= — i e it Load Deck and Input Files  Load Deck Only Close
Line: 0 Column: 1 Ready No files generated Free space : 38.7 GB DeckBuild 5.0.10R Copyright © 1984 - 2021 silva:

Puc. 3. IlyTh 3anmycka npuMepoB pacyéTa Moﬁéﬂeﬁ TCAD

3) B OCHOBHOM OKHE Koja OyaeT 3arpykeH TEKCT IpOeKTa: oOpaTuTe
BHUMaHUE HA [IBETOBbIC 0003HAYCHUS DJIEMEHTOB TEKCTA!

cUpeHeBbIi (HAYMHACTCS CO CII0BA «ZO », UCIIOJIb3YETCS BCET/Ia) — YKa3aHHe
Ha pematonuii Moayib (Athena, Atlas, DevEdit, Internal — kctatu, Ha gucke C B
nanke «C:\sedatools\lib» pacnonoxensl nanku ¢ wManyanamu pdf mo »Tum
MOJIYJISIM, HA3BaHUS COBIAIAOT),

PO30BBIil  (HAYMHAETCS CO CIIOBa «Set », UCTIOIB3YeTCsI HE BO BCEX KOJAX)
— 3aJlaHue TIEPEMEHHOH / IepeMEHHBIX (B KoJie OyIyT MCIOIh30BAHBI CCHUIKH CO
3Hakamu ${ }),



4YEépHbIT — OCHOBHOM TEKCT KOJa,
CUHUH — CCBUIKH Ha MEPEMEHHBIE,
3ejieHbIH  (OJIOK KOJIa HAYMHAETCS C 3HAKa «#») — 3TO KOMMEHTapuu, TO,
YTO HAMMCAHO B HUX, HUKAK HE OyJET yUUTHIBAThCA MPOrpaMMOi Ipu pacuére,
3eJ1eH0-Toay00i — uudpsl,
YEpHBIA MOJY;KMPHBII (HauMHAETCs CO CloBa «extract », UCMONB3YeTCs He
BO BceX Kojax) — ¢opmyna I pacyéTa WM 3KCTPAKIUMU KAaKOro-TO MapamMerpa
CTPYKTYDHI,
4) 3amyck KoJa Ha BBINIOJHEHUE OCYIIECTBISIETCS IIETYKOM Ha KHOIKE
«Play» (3eneHblii TPEYroJIbHUK B BEPXHEM JIEBOM YTIIY);
5) mpu BBINIOJHEHUHU KOJIa IPOCUYUTHIBAEMAs CTPOKA MOJICBEUEHA KeJIThIM, a
caM pacuéT BBIBOJUTCA B HIDKHEH 4acTu 3KpaHa (puc. 4):
CHHUMH — TEKCT KOJIa KOMaH/Ibl,
YepHbIH — caM JIOT pacyéra,
PO30BBIIi — DKCTPAKIUA KAaKOr'0 TO 3HAYEHUsI KOMaHI0M «extract ».

[N DeckBuild - 5.0.10R - C:/Users/Katy/Documents - mosTex01.in

File Edit View Run Tools Commands Help
SPMNEXROPVRI-ImV S BERERE = BEE = 7| | & Connect
Deck Variables history b
~ 21 gateox 100.163077431803 (~
#####4444444# VLt Test : Returns Vi, Beta and Theta #############$#4 21 nxj 0.174288367889877 ( I
go atlas {1 n++ sheetrtho  29.0935782049464 (
I e £ ldd sheetrho  2176.83542470721 (
% ioek meterlal.mode s 1 rhan enrf rane 2 7344AN345164R%04 14 (¥
models cvt srh print < b3
contact name=gate n.poly S xr
interface gf=3el0 Filter: |".str, *.log ~| | Default Filter
method newton B ptesetup.log &
solve init EE diodeex01.log
B diodeex03.log
# Bias the drain B diodeex12_5.log b
solve vdrain=0.1 B diodeex12 4log A
B diodeex12_3.log
# Ramp the gate B Aindanwid Do A
log outf=moslex0l 1.log mas‘_aer Resource usage %
solve vgate=0 wvstep=0.25 vfinal=3.0 name=gate w b
]
irect X X X rhs rhs rhs ~ sl o ]
i j m -5.00*% -5.00% -5.00* -26.0% -17.3*% -17.3*
N 0.413 -0.112 -0.002 -19.98 -0.360 -6.980 ¢
N 0.981 0.810 0.821 -27.5% -0.288 -5.847
N 1.982 -0.009 -0.005 -14_64 -0.308 -4.576
N 2.000 4.413 2.580 -13.44 -0.314 -3.704
N 2.000 6.836 ¢6.606 -12.44 1.614 —0.296 53.3 M= 0 bytears U bytesss
W
Memory IO read 10 write L
Qutput Scroll to bottom Clear
Line: 0 Column: 1 Executing line 135 - atlas Size of generated files: 51.5 KB Free space : 384 GB DeckBuild 5.0.10.R Copyright © 1984 - 2021 silvaco

Puc. 4. HpI/IMep OTO6pa)KeHI/ISI OKHa IIPH BBIIIOJIHCHHUH KOJa IIPOrpaMMBbI

Mopaynu TonyPlot u TonyPlot3D oTBeuaroT 3a BBIBOJ pacCUMTAHHBIX
XapaKTEPUCTUK U CTPYKTYp — B Bepcuu moja Windows MOryT BbIJaBaTh OIIUOKY
3arpy3Kku, KOTOPYIO HE0OOXOAUMO 3aKPhITh HaXKaTHEM Ha KHOTIKY «Oky.

MeTto/bl 3amycKka pacCUMTaHHBIX CTPYKTYP U I'paUKOB MOKAa3aHbl HAa PUC. 5
ub.
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M DeckBuild - 5.0.10.R - C:/Users/Katy/Documents -

O Ham -
b
2. 3ameHunTs

Eile Edit View Run Tools Commands Help

BRI > I EXXOP P m VA BEBENE 2 @EHE o

Wmasn Deck Variables history

~ (1 gateox 100.16:
3 nxj 0.1742¢

# BLICTPBIA gocTyn save outf-moslex01 1.str
l doublegate_tft 2021
2

B doublegate-tit-2021 [ Cln++ sheetrho  29.093!
B doublegate-tft-2021 tonyplot moslex01 ]rog -set, _3 et 23 1ad sheet tho 2176.8:

I Pabouwii cron

M1 rhan enrf rane 2 73448

# extract dg <
E JlokymenTol o - Sy extract n
St i Change LocalSvr o i & 7 b o8 X TS
/306paxeHus C '
P & Curr i i Filter: | *.str, *.log
5 3101 komnbioTer Decl ct

i i B ptesetup.lo
M REPosCsharp f< DevEdit e") ,abs (i."drain")))) \ L p-log

! ny)y) B diodeex01.log
B source Editor Max (abs (v."drain")) * §'nbeta" B diodeex03.log
Wi > B Install Database 3 28 i 'JP B diodeex12_5.log
. 8 License Server Status 0 / (max(abs(v."gate")) - (§$"avt"))) B diodeex12 4.log
W Oroc3++ . : o B diodeex12_3.log
mn 5 > E‘ Management Consoly : o o
epecdopmMneH S =2
m ai Masl Resource usage
Kypc Q. c .
B SFLM Access
B Vcnpasnentbie g ShowID = 93.6 MB
B Kadenpa E‘E MAN ime f01_: bias point: .G.'_}?, sec.
Total time: 12.63 sec,
W Tesucs 2021 B S
w> B Stop License Seiver ATLAS> save outf=moslex01 1.s®¥
= JTOT KOMNbIOTER
B TolyPlot 30 ) . ) ) ;
MASTER format file written to moslex0l 1l.str at Sat May 29 11:12:32
ldivEios 0 bytes 0 bytes/s
& User Config ATLRS> he Memory 10 read
Qutput Scroll to bottom Clear
Line: 0 Column: 1 Finished executing - Size of generated files: 117.7 KB Free space : 38.3 GB DeckBuild 5.0.10R Copyright €

Puc. 5. Moaynu BbIBoJia Ha 3KpaH rpauueckux pe3yiabTaToM
MOJEIUPOBAHUS B MMANKE C MPOTPAMMOM

Sl0pe (MaXsS.lope (Curve (aps |v."'gate')  dpsS(l1."arain")
* (1.0/abs(ave(v."drain")))
extract name="ntheta" ((max(abs(v."drain")) * 5"n
) /max (abs(i."drain"))) \
- (1.0 / (max(abs(v."gate")) - (§$"nvt")))

quit

BATLAS> save outf=mos® 77 7

Plot mosTex01_1.str
MASTER format file w Devedit mosTex01_1.str E o«
ATIASS Select All

Copy Ctrl+C  —

Output Scroll to bottom =
Show Deck line

Line: 0 Column: 1 Finished exe ate

Fold [
acuting - Size of ge = De
. _____________________________________| Save Runtime... e

Load Runtime Qutput...

Show timestamps

Puc. 6. BriBoa rpadrueckux JaHHBIX HEMOCPEICTBEHHO U3 KOJa
IIPOrpaMMBbl



Korna otkpoercss okHo rpaduka (tunm daina .log), ero HeoObXoaumMo
HACTPOUThH ISl MpaBuiibHOTO oToOpaxkeHus (puc. 7, 8). [IKM na rpaduke — B
BBITIAJIAI0IIEM MeHI0 BbhIOMpaeMm «Display» — OTKpoeTcsi OKHO HAcCTpOWKM ocei
rpaduxa. Ilo ocu X HykHO BbIOpaTh 1 mepeMeHHylo, Mo ocu Y — MOKHO 33JaTh
HECKOJIbKO. MacmTa® MOXKeT OBITh JIMHEWHBIM, JIOTapUPMUISCKUM, MOXKHO
MOCTPOUTH Ipa@uK B MOJSIPHON cHCTEME KOOpJuHAT. MacimTaOupoBaHUE MOKHO
OCYIIECTBIISITh MBIIIbIO, TOTJA BBEPXY CJIeBa MOABUTCS O0JACTh YIPABJICHUS WIH
yepe3 HaCTPOiKu rpaduka.

MoxHO OTKpBIBaTh HecKoJbko rpadukoB Ha oaHoMm Jyucte (File — Open,
BHH3Y B BbINajatouieM crucke Bbioupaem OverlLay) wim B cocenHux o6sactsax
okHa (File — Open, BeiOupaem Add).

= Tonyplot
File Edit Plot Tools Help =
BB 0T +RQAQ2 @ H B
: ATLAS
vaAY Data from mos1ex01_1.log
4 ¢ bs
P A4 | DX Dain Current (A) E
31y 05 — ki
_ \}L le
< aad
£ 2x10°05
5 N >
O
= —
m
o - 0
1x10705
0 =
1 ] I I 1 T I I 1 ] I I 1 T I I ] T | I 1 T | 1
0 04 08 1.2 16 2
gate bias (V)
X =0.000Y = 0.000 Tonyplot3.10.22.R © Silvaco 2021

Puc. 7. Oto6pakeHue rpagukoB B IporpaMmme



= Tonyplot

File Edit Plot Tools Help 2
& 88 ga|l+@a@?z = s AAQD seseser 4ab6Be 4aB6Bs AaB6Be

ATLAS B Qaranmoow. lanoacon Casknan Ruinanouun. Cuncu Ao

Data from mos1ex01_1.Ipn

P(_)(DrainCurrenl(A) ‘ & g
®_ ~EE ~Eee =

‘\ ’1/ RS Y1 Scale
[ ope, g el O e et Vot @ L ) L
Annetation... Ox 3

Labels...
Level Names...

Set Zoom... Quantities 1 O\é

Zoom Out Cate Voltage 'y
Duplicate Cate Int., Voltage

bate Current

_Bource Voltage

Source Int. Voltage

Source Current

0 — Drain Voltage

- Drain Int. Voltage

II\I

4x10°0%

ili}

3x10°05

Quantity: v
2)(10_05 ity: | Gate Voltage

Drain Current (A)

1x10°05
Delete

i

T T T T T T T T T T T T T Drain Current ¥
0 05 1 15 Group
gate bizs (V) None @ [ Display CIE Overlay
X =1.155Y =10
. | [ Functions... Cancel Apply |

Puc. 8. Hactpoiiku oto6pakenus rpadukoB

[Ipu pabore co cTpykTypamu pazpadaTeiBaeMoro npudopa (tun ¢aiina .str)
HaxumaeMm [IKM u BeiOupaem myHKT Display, KOTOpBI TO3BOJSIET HACTPOUTH
0TOOpa’KeHUE CETKH, KOHTYPOB 00JacTel, MaTepHalIOB CTPYKTYPbI, KOHIICHTPALIUH
HOCHUTEJIEH 3apsjia, TPAHUIl pP-N MEPEX0JI0B, MEKTPOAOB (OCTaNIbHbIE HACTPOUKHU B
paMKax Kypca He MOHaJ005TCsA) — OCHOBHBIE 3JIEMEHThI YNpaBIEHUs MPUBEICHBI
Ha puc. 9, 10.

[Ipy akTUBHOM mMapaMeTpe pachHpeleseHuss HocuTene 3apsaa (1o
YMOJIYaHUIO — paclpe/ieleHrue KOHIIEHTpalui HocuTeNel 3apsaa 0e3 JeleHus 1o
TUIY  <OJEKTPOHBI-ABIPKKA») JJIsi HACTPOWKHU PA3MUYHBIX  pacrpenesieHui
HeoOXoIUMO BBIOpaTh B OKHE HAcTpoilku Bbimagaromuii crnucok Define —
Contours; OTKpO€TCSI OKHO, B KOTOPOM OCHOBHBIM 3JIEMEHTOM OYJIET BbIMAAat0IIH
cnucok Quantity, B KOTOpOM BbIOMpaIOTCs TpeOyemble pacipeiesieHus.

BAXKHO! Kaxnpiii mpoekT HEOOXOJUMO COXPaHATh B OTIACIBHYIO MAIKy
(ecnu B OHOM 3aJlaHUU JEACTCs HECKOJIBKO Pacy€ToB, TO WJIM KaXIbld pacyer
WM JOJKEH HAXOJUThCSA B CBOEH Marke, UM Bapualluu rmapaMmerpa OynyT 3a/1aHbl
0JIOKOM «set» B KOJIE) C aHTJIOA3bIYHBIM UMEHEM.

Yro6sl kox mnporpammsbl, HamucanHbli B OC Windows, 6e3 mnpobiem
COXpaHsUICS M OTOOpa)kajl HEUYUTaeMble CUMBOJIBI, MCHOJb3YWTE aHTJIOSA3BIYHBIC
nyTH K dailily perraemMoil 3a1auu.

KoMMeHTapuun B KoJe peKOMEHAYeTCS MHUCATh AHTIMHCKUMH CHUMBOJIAMU
win 1yonupoBaTh B (ailsie THna «.docx», Tak Kak U3 UCXOIHOTO (haiiia TUIA «.1n»

dailn «.in» MOKHO OTKPbIBaTh OOBIYHBIM biokHoTOM M WordPad-om.

8



daiinel «.stry U «.log» oTkpeiBaroTcs Toiabko B Moayine TonyPlot (wmm
TonyPlot 3D), mostomy mist dhopmupoBaHusl OTU€Ta IO IOCTABJICHHOM 3ajaue
TpebyeTcst nenaTh CHUMKU 3KpaHa (PrintScreen) ¢ oroOpakeHHBIMU T'paduKaMu

WIH CTPYKTYpPaAMHU.

B Tonyplot

File Edit Plot Tools Help
SEB 08T +RAR2 BB Aab
0
0.1 —
02 —
w el
=
s
] i
= —
0.3 —
04 — Annotation... I TS
= tabe::' i Sificon
evel Names... Si02 :
Conductor 10
Set Zoom...
N T Y R Y Y S ) R P I P R rrfgrrrfrrrrprrr
0 01 02 03 Duplicate 07 08 03 1 [Ie
Delete
X - 0.3807 = 0.358 Tonyplot3.1022R © Sivaco 2021 B¢

Puc. 9. [lepBbiii mar HaCTPOUKK OTOOPAKEHHS CTPYKTYP

= Tonyplot: Contours

Tonyples Set Number Type i
File Edit Plot Tools Help @1 02 O3 ) O Llinear F
. 7 Quantity: | Net Doping 3
SEE| 08T R i [ f

]
Materials:
. Silicon '
5102
n Conductor
= = Bx: |17 7)(
0.1 —
il — @ Auw Fix h
. i L=0A0 O d
0.2 —
w —
g i
5 7] 1 4= i . F
= | EE @® Num: (O lhe: |34 .
0.3 —
il Key Tde
il o j g ® At O Secty :
T /s =]
n Net Doping (/fem™#
- Level Widths
= Colors: | Rainbow 30 v O On @ Off
LB l I I
0 01  p| Functions.. s Poely [

TVITGT

oTT

X =0.191Y = —-0.010 Tonyplot3.10.22R © Sivaco 2021 1

Puc. 10. Bropoii mar HacTpOMKH OTOOPaKEHUSI CTPYKTYP
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Ecimu nmporpamma nox OC Win He ycraHaBinuBaeTcs Ha KOHKpeTHbIH T1K,
MOXHO HMCnonb30BaTh BapuaHT TCAD st BUPTyajibHOM MAalllMHBI, KOTOPBIA B
MCXOJHOM HUCIOJIHEHHH 3aHuMaeT nopsiaka 29 I'6. Ilanky ¢ mporpamMmoil MOKHO
coxpaHuth Ha (uem-kapty (64 ['0) win BHemHM xecTkuil quck. Cucrema, moj
KOTOpPYIO IporpaMMa yCTaHaBIMBAETCsA, NOJDKHA MMETh pPa3MEpHOCTh 64 OuTa.
OneparuBHas namsTh — He MeHblIe 4 ['0, MOJOBMHA M3 KOTOPBIX OTIAETCSA MO
3arpy3Ky BUPTYaJbHOTO 00pasa ¢ CUCTEMOM.

O6osnouka VMWare (MoxHO wucnons3oBath cBobognoe I[10 VMWare
Player) umeet pazmep nopsinka 50 M6; pekoMeHAyeTCsl UCIIOIb30BaTh MOCIETHIOI0
BEpCUIO TporpaMmbl. llapoiab Ha BXOJL B CHCTEMY Ha BHUPTYaJbHOW MAaIIUHE:
12345. B cucteme aiig noctyna K Ha0Opy APIBIKOB MPOrpaMMbl OTKPBIBAEM MAMKy
S.EDA Tools, 3anyckaem sipasik DeckBuild (puc. 11).

DeckBusld

[ Wem Bn Rels Commenth el

JPHEXNOS v Ims BEEIEE T

Graphic User Interface [GU1)

Run Time Output (RTO)

DuIp

Lire: 3 Cobirerr 1 Rendy Mo files germealer - Fros spos: 406 B 6B DeckRaki 41118 Compignt € 1984 - 20114 Shace, b

Puc. 11. BHeuHuii BuJ OKHa MPOTrpaMMBbl, 3aIIyILIEHHOTO MO BUPTYAJIbHOM
MAIlIUHON

3eneHblid TPEYTONBHHK — 3aITyCK KO/Ia Ha BHITIOJTHECHHE.

[Tyte «File — Examples» oTkpbiBaeT Karajor ¢ NpuUMepaMyd Koaa JJis
Pa3IHYHBIX CTPYKTYP.

[Tyts «Home - 1 - 1 - opt — silvaco — lib — (manku)» nnu «C:\\ — sedatools —
lib — (manku)» maeT moctyn K Qaiigam ¢ omucaHueM MOAYJEH, COAepKaIUXCI B
TCAD. B nannom kypce MOryT noHajaooutscs Moayinu Athena, Atlas, DeckBuild,
TonyPlot. TpeOGyemsbie daiinbl exat B moanankax «docs» u conepikar B Ha3BaHUH
«_users1».
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IIpakTnueckas padora Ne 1-2
B®X p-MOII koHaeHcaTopa ¢ TOHKMM MOA3ATBOPHBIM OKHCJIOM

3ananue:

1 [lepenumure xkoa mpudopa, MPUBEICHHBIM B TEKCTE HUXKE, B MOIYJIb
DeckBuild. C mnomonipio cOOTBETCTBYIOIIEr0 MaHyana (mis moxayis Atlas)
U3yuuTe CTPYKTYypy Koaa 10 cioBaM U cTpokam. Iloctpoiite rpaduku,
aHaJIOTUYHBIE IPUBEICHHBIM Ha pUCYHKax 13 u 14.

2 KoppektHo nmepeBeauTe OMMCAaHUE CTPYKTYphl KOHJIEHCATOpa,
MIPUBEJICHHOTO B TIOSICHEHMM K KONy (TEKCT Ha AHIJIMHCKOM S3BbIKE MPUBEICH
HIDKE).

3 Onpenenure mo KOAYy, KaKoWl mapaMeTp OTBEYAeT 3a KBAHTOBBIC
3 PeKThl IpU MOACTUPOBAHUHU CTPYKTYphl. Onumute ero. KoppekTHo nepeseaurte

1 U3y4uTe OJIOK, OMUCHIBAIONIUN MOJICIb, UCIIOJIB3YIONIYIO 3TOT HapaMeTp (IIyTh K
daitny: C:\sedatools\lib\atlas\5.28.1.R\docs)

4 Hcnonb3yst pa3oOpaHHbI Ha TNPAaKTUKE KO, OIMIIUTE MOPSAOK
MOCTPOEHUS U MOJIETTUPOBAHUS TpUOOpa.
5 JloGaBbTe B OTYET TpaUKU U CTPYKTYPbI, IOCTPOCHHBIE IPOTPaMMOM

o HamnucaHHoMy Kkoay. Odopmure OTUET COIIACHO NpaBuiaM O(OpPMIIECHUS,
npuHaTeiM B BI'TY. Pacneuaraiite oT4é€r (nomyckaercsi meyaTh Ha 2 CTOpPOHAax
JMCTa B YEPHO-0EJIOM BapHaHTE) U MIPENOCTaBbTE HA 3aIUTY PaOOTHI.

e-0 Chatef 14 Quantum: Quantum Effect Simulator

] 14.1 Quantum Effects Modeling
1 14.2 Self-Consistent Coupled Schrodinger Poisson Model
14.3 Density Gradient (Quantum Moments Model)
-7 14.4 Bohm Quantum Potential (BQP)
¥ ] 14.5 Quantum Correction Models
& [ ] 14.6 Parabolic Quantum Well Model
@~ 14.7 Multiband kp Models

- ] 14.8 Quantum Transport: Non-Equilibrium Green's Function Approach
] 14.9 Drift-Diffusion Mode-Space Methed (DD_MS)

Puc. 12. I'naBa B MaHyaJIiC, CoACpKallasd MOACIIN, C UCIIOJIb30BAHUCM
KOTOPBIX CTPOUTCH Ta UJIN MHAA 3a/la4a

I'paduixku U CTpyKTypbl Ha pUCYHKAX HHUXKE TMPUBEICHBI B KauyecTBE
MOACKA3KH TOr0, YTO BbI JOJKHBI TONYYNUTh IPU MOJEIUPOBAHUU CTPYKTYp. Camu
rpaduku, BEITPYKEHHBIE B TPOrpamMme, TpeOyeTcsl «I0HACTPOUTHY, MOAOHpas OCH,
MacmTabd v Ipyrue napameTpsl.
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Onucanue npudopa HA AHIVIHIICKOM SI3bIKeE:
CV Analysis Of Thin Gate Oxide PMOS Capacitor

This code demonstrates the CV characteristics of a N-type substrate MOS
capacitor with a nominal 30A gate oxide. The example shows:
1 Calculation of CV curves using AC Analysis

2 Use of the Quantum moments quantum model
3 Difference between classical and quantum gate thickness
4 Classical and Quantized electron density

A simple 1D MOS capacitor is created in this example with a 30A gate
oxide thickness. An AC analysis is performed on the device firstly with the
classical simulation and the with the quantum model swtiched on.

The quantum model is activated by using the quantum switch in the models
statement for electrons. Note that this activates a quantum moments model which
uses a quantum temperature calculation. This quantum temperature can be viewed
in the structure files. Also, the cutline created in TonyPlot can be used to examine
the classical and quantum electron concentration differences in the structure.

In accumulation, the channel carrier concentration is changed by the addition
of quantum mechanics. The peak is not so high and the electrons spread more
deeply into the substrate. The difference in gate capacitance is noticable on the CV
plot. Since gate oxide thickness is often measured using CV techniques, this leads
to erroneous results if QM effects are not accounted for. extract statements are
used to show the calculated Tox from the classical and QM CV curves.

Kox moxenmpyemoro npudopa:

go atlas
mesh

x.m 1=0 spac=1
x.m =1 spac=1

y.m 1=-0.0035 spac=0.001
y.m =0 spac=0.0001

y.m 1=0.1 spac=0.02

y.m 1=0.5 spac=0.2

region num=1 silicon y.min=0
region num=2 oxide y.max=0

electrode name=gate top
electrode substrate

doping uniform conc=1e17 n.type
save outf=capacitorPMOS.str
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go atlas

mesh inf=capacitorPMOS.str
contact name=gate n.poly

models cvt srh print

output con.band val.band t.quantum

method carr=2 maxtrap=10

solve outfile=capacitorPMOS temp.str master

log outf=capacitorPMOS 1.log

solve vgate=0 vstep=0.1 vfinal=5 name=gate ac freq=1e6 direct
save outf=capacitorPMOS 1.str

log off

load infile=capacitorPMOS temp.str master

solve

log outf=capacitorPMOS 2.log

solve vgate=0 vstep=-0.2 vfinal=-2 name=gate ac freq=1e6 direct
save outf=capacitorPMOS_2.str

go atlas

mesh inf=capacitorPMOS.str
contact name=gate n.poly

models cvt srh print quantum
output con.band val.band t.quantum

method carr=2 maxtrap=10

solve outfile=capacitorPMOS temp.str master

log outf=capacitorPMOS 3.log

solve vgate=0 vstep=0.1 vfinal=5 name=gate ac freq=1e6 direct
save outf=capacitorPMOS 3.str

log off

load infile=capacitorPMOS temp.str master

solve

log outf=capacitorPMOS 4.log

solve prev vgate=0 vstep=-0.1 vfinal=-2 name=gate ac freq=1e6 direct
save outf=capacitorPMOS 4.str

tonyplot -overlay capacitorPMOS 1.log capacitorPMOS 2.log
capacitorPMOS 3.log capacitorPMOS 4.log -set capacitorPMOS 1.set

tonyplot -overlay capacitorPMOS l.str capacitorPMOS 3.str  -set
capacitorPMOS 2.set
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extract init inf="capacitorPMOS 1.log"

extract name="tox_cl" (3.9*8.85e-10*1.0e-4)/max(c."gate""substrate")

extract init inf="capacitorPMOS 3.log"
extract name="tox_qm" (3.9*8.85e-10*1.0e-4)/max(c."gate

quit

nn

substrate")

HToroBpie CTPyKTYpPbI H 3aBUCUMOCTH C YCTAHOBJIEHHBIMH

HaCcTpoOMKamMm:
vata nom muiipie mes
1x1014 3 |>(—)( C Substrate>Gate (F/um)
ax10°15
8x10°15 o
£ 71015 o
= axie1s o
] -
3 sx10715 3 ,{
8 =
= - |
£ axi015 4 |
@ - 3
© 3015 3 ;
21015 .
- ==—=<_ capacitorPMOS_1.log
45 =" capacitorPMOS_2 log
1x107° — e =2 capacitorPMOS_3 log
= === capacitorPMOS_4.log
0 R B S T S B e LA B
-2 El 0 1 2 3 4 5
Gate Voltage (V)
Puc. 13. BOX nuona
viv Data from capacitorPMOS_4.str
a4 ¢ >
0
F AL
0.1
02
1]
=
(=3
S
=
03
04

0.1 02 03 04
Microns

Puc. 14. Pacnipenenenue (dero? — tpedyeTcsi CaMOCTOSTEIBHO
chopMyIUpOBaTh, KaKasi XapaKTepUCTHUKA IMOCTPOCHA B KOJIE)
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IIpakTuuyeckas padora Ne 3—4
YTeuku B 1M0/€e HA reTeponepexogax

3ananue:

1 [lepenumure ko npudbopa, MPUBEACHHBIA B TEKCTE HUXKE, B MOAYIb
DeckBuild. C mnomonipio cOOTBETCTBYIOIIEr0 MaHyana (s moxayis Atlas)
U3Y4YUTE CTPYKTYpy Koaa mo cioBaM u cTpokam. Iloctpoiite rpaduxmy,
aHaJIOTUYHBIE IPUBEICHHBIM Ha pUCYHKax 13 u 14.

2 KoppekTtHOo nmepeBenuTe oOmMcaHUE CTPYKTYpbl KOHJEHCATOpa,
MPUBEJACHHOTO B TMOSCHEHMM K KOAY (TEKCT Ha AHIJIMMCKOM $3bIKE MPHUBEIEH
HIDKE).

3 Onpenenure mo KOAYy, KaKoWl mapaMeTp OTBEYAeT 3a KBAHTOBBIC
3¢ dexThl Mpu MoAETUPOBaHUM CTPYKTYpbl. Onuiute ero. KoppekTHo nepeseaute
U U3y4yuTe OJIOK, OMUCHIBAIOUIUN MOJIENb, UCIOJIB3YIONIYIO ATOT mapameTp (IMyTh K
daitny: C:\sedatools\lib\atlas\5.28.1.R\docs)

4 Hcnonb3yst pa3oOpaHHbI Ha TNPAaKTUKE KO, OIMIIUTE MOPSAOK
MOCTPOEHUS U MOJIETTUPOBAHUS TpUOOpa.
5 JloGaBbTe B OTYET TpaUKu U CTPYKTYPbI, IOCTPOEHHBIE MTPOTpaMMOit

no HanmucaHHomy kony. Odopmute OTU€T coOrjlacHO mpaBuiIaM OQOpMIIEHUS,
npuHaTeiM B BI'TY. Pacneuaraiite oT4€T (momyckaercs medyaTh Ha 2 CTOPOHAX
JUCTa B 4YepHO-0€JI0M BapUaHTE) U MPEIOCTAaBbTE HA 3AIIUTY PaOOTHI.

I'paduixku u CTpyKTypbl Ha pUCYHKAaX HUXKE TMPUBEICHBI B KauyecTBE
MOACKA3KH TOr0, YTO BBl JOJKHBI TONYYNUTh IPU MOJEIMPOBAHUU CTPYKTYp. Camu
rpaduku, BEITPYKEHHBIE B TpOrpamMme, TpeOyeTcsl «I0HACTPOUTDY, MOAOHUpas OCH,
MacmTabd v Ipyrue napameTpsl.

Onucanue npudopa HA AHIVIMHCKOM f3bIKE:
Heterojunction Diode Leakage

This code demonstrates the difference between an AlGaAs / GaAs
heterojunction diode modeled with and without quantum physics.

In the first half of the file, the example calculates the forward and reverse
characteristics of a classically modeled diode. In the second half of the example,
the quantum model is switched on. Note that, as in the previous example, the
qfactor is used to ramp the level of quantum moments included in the example for
zero to unity.

The overlayed results show around an order of magnitude higher reverse
leakage in the quantum case. This is due to the smearing of the electron
concentration across the heterojunction.
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Kox monenmpyemoro npudopa:
go atlas
mesh

x.m 1=0 spac=1
x.m |=1 spac=1

y.m 1=0.000 spac=0.1

y.m 1=0.5 spac=0.0001

y.m 1=1.0 spac=0.1

region num=1 material=GaAs

region num=2 material=AlGaAs y.min=0.000 y.max=0.4995 x.comp=0.8
grad.34=0.0005

electrode name=anode top
electrode name=cathode bottom

doping uniform conc=1e14 n.type
models fldmob srh print

material material=AlGaAs align=0.6
output band.param val.band con.band

method carr=1 elec newton
solve vanode=0.00 outf=geterDiode temp.str master

log outf=geterDiode 1.log
solve vanode=0 vstep=0.1 vfinal=2 name=anode

log outf=geterDiode 2.log

load inf=geterDiode temp.str master

solve vanode=0 vstep=-0.1 vfinal=-2 name=anode
save outf=geterDiode 1.str

go atlas
mesh

x.m 1=0 spac=1
x.m =1 spac=1

y.m 1=0.000 spac=0.1
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y.m 1=0.5 spac=0.0001
y.m 1=1.0 spac=0.1

region num=1 material=GaAs
region num=2 material=AlGaAs y.min=0.000 y.max=0.4995 x.comp=0.8
grad.34=0.0005

electrode name=anode top
electrode name=cathode bottom

doping uniform conc=1e14 n.type
models fldmob srh print quantum

material material=AlGaAs align=0.6
output t.quantum band.param val.band con.band

method carr=1 elec newton
solve qfactor=0

solve qfactor=0.01

solve qfactor=0.05

solve qfactor=0.1

solve qfactor=0.2

solve qfactor=0.3

solve qfactor=0.4

solve qfactor=0.5

solve qfactor=0.6

solve qfactor=0.7

solve gfactor=1.0 outfile=geterDiode_ temp.str master

log outf=geterDiode 3.log
solve vanode=0 vstep=0.1 vfinal=2 name=anode

log outf=geterDiode 4.log
load inf=geterDiode temp.str master
solve vanode=0 vstep=-0.1 vfinal=-2 name=anode

save outf=geterDiode 2.str

tonyplot -overlay geterDiode 1.log geterDiode 2.log geterDiode 3.log
geterDiode 4.log -set geterDiode 1.set

quit
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HTorosnie 3aBUCUMOCTH C YCTAaHOBJICHHBIMHA HaCTPOﬁKaMH:

: A ': Data from multiple files
* =
rv4 - b(_)( Anode Current (A) ‘

| IJJIIHI

Il
=]

1 1 IIIIJII

o

Anode Current (A)

-
o
|

=== geterDiode_1.log
= geterDiode_2.log
=< geterDiode_3.log
geterDiode_4 log

T | T T T I T T T l T T T l T T T I
2 -1 0 1 2
Anode Voltage (V)

Puc.15. CpaBHeHHE KBAaHTOBOM M KJIACCUYECKON MOJIeIIe
(ykaxkuTe, TJIe Kakasi MOJIeIb pacCMaTpPUBAETC)
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IpakTuyeckasi padbora Ne 56
KBanTOBOE TYHHEIMPOBaHME B KPEMHHEBOM JIHO/IE

3ananue:

1 [lepenumure ko npudbopa, MPUBEACHHBIA B TEKCTE HUXKE, B MOAYIb
DeckBuild. C mnomonipio cOOTBETCTBYIOIIEr0 MaHyana (s moxayis Atlas)
U3Y4YUTE CTPYKTYpy Koaa mo cioBaM u cTpokam. Iloctpoiite rpaduxmy,
aHaJIOTUYHBIE IPUBEICHHBIM Ha pUCYHKax 13 u 14.

2 KoppekTHOo nmnepeBenuTe oOmHMCaHUE CTPYKTYpbl KOHJEHCATOpa,
MPUBEJACHHOTO B TMOSCHEHMM K KOAY (TEKCT Ha AHIJIMMCKOM $3bIKE MPHUBEIEH
HIDKE).

3 Onpenenure mo KOAYy, KaKoWl mapaMeTp OTBEYAeT 3a KBAHTOBBIC
s dexThl Mpu MoAETUPOBaHUM CTPYKTYpbl. Onuiute ero. KoppekTHo nepeseaute
U U3y4yuTe OJIOK, OMUCHIBAIOUIUN MOJIENb, UCIOJIb3YIONIYIO ATOT mapameTp (IMyTh K
daitny: C:\sedatools\lib\atlas\5.28.1.R\docs)

4 Hcnonb3yst pa3oOpaHHbI Ha TNPAaKTUKE KO, OIMIIUTE MOPSAOK
MOCTPOEHUS U MOJIETTUPOBAHUS TpUOOpa.
5 JloGaBbTe B OTYET TpaUKU U CTPYKTYPbI, IOCTPOCHHBIE POTPaMMOM

no HanmucaHHomy kony. Odopmute OTU€T coOrjlacHO mpaBuiIaM OQOpMIIEHUS,
npuHaTeiM B BI'TY. Pacneuaraiite oT4€T (momyckaercs medyaTh Ha 2 CTOPOHAX
JUCTa B 4YepHO-0€JI0M BapUaHTE) U MPEIOCTAaBbTE HA 3AIIUTY PaOOTHI.

'paduixku u CTpyKTypbl Ha pUCYHKAX HHUXKE TPUBEICHBI B KayecTBE
MOACKA3KH TOr0, YTO BBl JOJKHBI TONYYNUTh IPU MOJEIMPOBAHUU CTPYKTYp. Camu
rpaduku, BEITPYKEHHBIE B TpOrpamMme, TpeOyeTcsl «I0HACTPOUTDY, MOAOHUpas OCH,
MacmTabd v Ipyrue napameTpsl.

Onucanue npudopa HA AHIJIMHCKOM fI3bIKe:
Quantum Tunnelling in a Silicon Diode

Example of a QTREGION statement.

Example of BBT.NONLOCAL and BBT.NLDERIVS commands.

In this code, the QTREGION statement is used to set up a mesh suitable for
tunneling calculations. The device is a degenerately doped silicon p-n diode. Non-
local Band-To-Band tunneling is selected on the MODELS statement by using the
BBT.NONLOCAL keyword. Because the solution will go to relatively high levels
of tunneling current, convergence may become difficult. The optional parameter
BBT.NLDERIVS is used to improve this. The diode is biased into both forward
and reverse biases. In forward bias a tunneling current occurs up to about 0.3 V,
and at higher bias the usual forward bias diffusion current occurs as can be seen in
the LOG file. The STRUCTURE files, with the BBT tunneling current displayed,
show the actual tunneling current being injected into the device. Under reverse bias
it acts like generation, under forward bias like recombination.
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Konx mopeanpyemoro npudopa:
go atlas
mesh space.mult=1.0 "diag.flip

x.mesh location=0.0 spacing=0.5
x.mesh location=1.0 spacing=0.5

y.mesh loc=0 spacing=0.1
y.mesh loc=0.9 s=0.05
y.mesh loc=0.95 s=0.001
y.mesh loc=1.05 s=0.001
y.mesh loc=1.1 s=0.05
y.mesh loc=2 spacing=0.1

region num=1 material=silicon

elec name=anode top
elec name=cathode bottom

qtregion number=1 pts.normal=3 pts.tunnel=131 x1=0.0 y1=0.95 x2=1.0
y2=0.95 x3=1.0 y3=1.05 x4=0.0 y4=1.05

doping uniform p.type conc=2¢20 y.max=1.0

doping uniform n.type conc=2¢20 y.min=1.0

models temperature=200 srh fermi ni.fermi print bbt.nonlocal bbt.nlderivs
output band.temp traps u.srh

method climit=1.0 dvmax=0.005
solve init

log outf=tunnelSiDiode reverse.log
solve name=anode vanode=-0.0 vstep=-0.01 vfinal=-0.05

solve name=anode vanode=-0.05 vstep=-0.05 vfinal=-0.2

solve name=anode vanode=-0.25 vstep=-0.05 vfinal=-0.5
log off

solve init
log outf=tunnelSiDiode forward.log

solve name=anode vanode=0.0 vstep=0.005 vfinal=0.2
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solve name=anode vanode=0.205 vstep=0.005 vfinal=0.35
solve name=anode vanode=0.375 vstep=0.025 vfinal=1.2

tonyplot -overlay tunnelSiDiode forward.log tunnelSiDiode reverse.log -set
tunnelSiDiode.set

exit

HNToroBbie CTPYKTYPbI M 3aBUCUMOCTH € YCTAHOBJIEHHBIMH

HACTPOMKaAMMU:
1 Data from multiple files
0 b(_x Anode Current (A) ‘
-1
2 S,
-3
4
L [
— -6
<
= -7
=
= -8 "
8 =
P -9
Z 10 ¥
-1
-12
-13
-14
-15 LR
‘ *~ guantumex10_forward.log
-16 quantumex10_reverse.log

-17 LI L N L N N L N O L [N N L |

06 -04 -02 0 02 04 06 08 1 12
Anode Voltage (V)

Puc. 16. [Ipsimas u obpatHas BetBu BAX (kakoro npubopa?)
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IIpakTuuyeckas padora Ne 7-8
PT/l p-tuna na SiGe

3ananue:

1 [lepenumure ko npudbopa, MPUBEACHHBIA B TEKCTE HUXKE, B MOAYIb
DeckBuild. C mnomonipio cOOTBETCTBYIOIIEr0 MaHyana (s moxayis Atlas)
U3YYUTE CTPYKTYpy Koaa mo cioBaM u cTpokaMm. Iloctpoiite rpaduxmy,
aHaJIOTUYHBIE IPUBEICHHBIM Ha pUCYHKax 13 u 14.

2 KoppekTHOo nmnepeBenuTe oOmHMCaHUE CTPYKTYpbl KOHJEHCATOpa,
MPUBEJACHHOTO B TMOSCHEHMM K KOAY (TEKCT Ha AHIJIMMCKOM $3bIKE MPHUBEIEH
HIDKE).

3 Onpenenure mo KOAYy, KaKoWl mapaMeTp OTBEYAeT 3a KBAHTOBBIC
3¢ dexThl Mpu MoAETUPOBaHUM CTPYKTYpbl. Onuiute ero. KoppekTHo nepeseaute
U U3y4yuTe OJIOK, OMUCHIBAIOUIUN MOJIENb, UCIOJIb3YIONIYIO ATOT mapameTp (IMyTh K
daitny: C:\sedatools\lib\atlas\5.28.1.R\docs)

4 Hcnonb3yst pa3oOpaHHbI Ha TNPAaKTUKE KO, OIMIIUTE MOPSAOK
MOCTPOEHUS U MOJIETTUPOBAHUS TpUOOpa.
5 JloGaBbTe B OTYET TpaUKU U CTPYKTYPbI, IOCTPOCHHBIE IPOTPaMMOM

no HanmucaHHomy kony. Odopmute OTU€T coOrjlacHO mpaBuiIaM OQOpMIIEHUS,
npuHaTeiM B BI'TY. Pacneuaraiite oT4€T (momyckaercs medyaTh Ha 2 CTOPOHAX
JUCTa B 4YepHO-0€JI0M BapUaHTE) U MPEIOCTAaBbTE HA 3AIIUTY PaOOTHI.

'paduixku u CTpyKTypbl Ha pUCYHKAaX HUXKE TPUBEICHBI B KayecTBE
MOACKA3KH TOr0, YTO BBl JOJKHBI TONYYNUTh IPU MOJEIMPOBAHUU CTPYKTYp. Camu
rpaduku, BEITPYKEHHBIE B TpOrpamMme, TpeOyeTcsl «I0HACTPOUTDY, MOAOHUpas OCH,
MacmTabd v Ipyrue napameTpsl.

Onucanue npudopa HA AHIJIMHCKOM sI3bIKe:
SiGe p-type Resonant Tunneling Diode

This example considers a p-type SiGe RTD with 2nm wide double Si
barriers separated by a 2nm SiGe well. A two-band model is used for hole
bandstructure. Band offsets and effective masses are set by DEV.HH, DEV.LH and
MHH, MLH parametrs on the MATERIAL statment. The convergence criterium
for the maximum change in potential is set by the QCRIT.NEGF parameter on the
MODELS statement to 0.1 meV.

In order to solve for eigen energies and wavefunctions, we use NEGF.EIG
paramater of the SOLVE and SAVE statement. NEGF.EIG can be switchedoff to
save computation time if the information on eigen energies is not required. Use
EIG.YMIN and EIG.YMAX parametrs on the models statement to choose only
states localized in this region.
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Kox moxenmpyemoro npudopa:
go atlas
# p-type SiGe RTD example 2nm-2nm-2nm double barrier,

mesh diag.flip

x.mesh loc=0.00 spac=0.01
x.mesh loc=0.01 spac=0.01

y.mesh loc=-0.072 spac=0.0005
y.mesh loc=-0.01 spac=0.0002
y.mesh loc=0.0 spac=0.0001
y.mesh loc=0.011 spac=0.0001
y.mesh loc=0.013 spac=0.0001
y.mesh loc=0.015 spac=0.0001
y.mesh loc=0.017 spac=0.0001
y.mesh loc=0.024 spac=0.0001
y.mesh loc=0.026 spac=0.0001
y.mesh loc=0.036 spac=0.0001
y.mesh loc=0.046 spac=0.0002
y.mesh loc=0.1 spac=0.0005

# Source and drain regions have to be specified as EQUIL.NEGF to impose
quasi-equilibrium condition.

region num=1 name=SiGe material=Si y.max=-0.01 equil.negf

region num=2 name=SiGe material=Si x.comp=0.6 y.min= -0.01
y.max=0.011 equil.negf

region num=3 name=>Si material=Si y.min=0.011 y.max=0.013

region num=4 name=SiGe material=Si x.comp=0.6 y.min=0.013
y.max=0.015

region num=5 name=>Si material=Si y.min=0.015 y.max=0.017

region num=6 name=SiGe material=Si x.comp=0.6 y.min=0.017
y.max=0.024

region num=7 name=SiGe material=Si x.comp=0.6 y.min=0.024
y.max=0.036 equil.negf

region num=8 name=SiGe material=Si y.min=0.036 y.max=0.046 equil.negf

region num=9 name=SiGe material=Si y.min=0.046 equil.negf

elec num=1 name=emitter top
elec num=2 name=collector bottom

doping reg=1 uniform p.type conc=1e18
doping reg=8 uniform p.type conc=1el6
doping reg=9 uniform p.type conc=1e18
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# Band off-sets: We declare the same material Si in all regions. Here we
modify band off-sets and set effective masses. Regions with SiGe are given a
name "SiGe", and regions with Si are given a name "Si".

# Holes: when NUM.BAND>1 on MODELS statement, use
DEV.HH,DEV.LH and DEV.SO to set band off-sets when NUM.BAND=1, use
DEV.ISO to set band off-set for isotropic band

# Electrons: when NUM.DIRECT=3 on MODELS statement, use
DEC.C1,DEC.C2 and DEC.C3 to set band off-sets for each pair of valleys.

# when NUM.DIRECT=1, use DEC.ISO to set band off-set for isotropic
band (in this example we compute only hole transport, while electrons are treated
clasically)

# Valence Band off-sets (from the highest Ev of bulk Si)

material name=Si dev.so=-0.044
material name=SiGe dev.hh=0.32 dev.1h=0.26 dev.so=-0.044

# Conduction Band off-sets (from the lowest Ec of bulk Si)
material name=SiGe dec.is0=-0.01

# Holes: when NUM.BAND=1, 1 band is assumed with effective mass MV

# when NUM.BAND=2, 2 bans are assumed with effective masses MHH
and MLH

# when NUM.BAND=3, 3 bans are assumed with effective masses MHH
and MLH and MSO

# Electrons: when NUM.DIRECT=1, 1 band is assumed with effective mass
MC

# when NUM.DIRECT=3, 3 bands are assumed with anisotropic effective
masses.

# (ML,MT1,MT2) for band#1,

# (MT1,ML,MT2) for band#2,

# (MT1,MT2,ML) for band#3,

# (in this example we compute only hole transport, while electrons are
treated clasically)

# Effective masses (taken from
http://www.1ioffe.ru/SVA/NSM/Semicond/SiGe)

material name=S1 mc=0.3 mhh=0.49 mlh=0.16 mso=0.24
material name=S1Ge mc=1.06 mhh=0.426 mlh=0.1132 mso=0.17

# To launch model, use N.NEGF PL1D and/or PNEGF PLID on the
MODELS statement. This will solve 1D model in one slice and copy it to all other
slices. If slices are not equivalent, use N.NEGF PL and/or P.NEGF PL, to solve
1D model for each slice. Energy grid size in the NEGF solver is regulated by
ESIZE.NEGF on the MODELS statement (default is 2001). You may increase it up
to 10000 for better convergence. To set broadening in quazi-equilibrium regions
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use ETA.NEGF (default is 0.0066 eV). Increase it to 0.01 eV for better
convergence. Physically, the broadening corresponds to inelastic electron-phonon
scatterin, and is necessary to fill emitter quazi-bound states.

# PNEGF_PLI1D - only holes are taken into account in transport calculation

# Take only light and heavy holes into account by setting NUM.BAND=2

# ESIZE.NEGF=20001 incerases the number of energy grid for better
resolution

# QCRIT.NEGF=1e-4 - convergence criterium is 0.1 meV or less in update
of potential

# Broadening in quasi-equilibrium regions is set by ETA.NEGF=0.0066

# When storing for eigen energies and wave functions , take only ehose
localized between EIG.YMIN=0.008 and EIG.YMAX=0.017

models p.negf plld esize.negf=20001 eta.negf=0.0066 num.band=2
eig.ymin=0.008 eig.ymax=0.017 qcrit.negf=1e-4

method carr=0

# Probes contain important information about Transmission and density of
states versus energy. Also, you can output DENSVSE (carrier density spectrum)
and CURDVSE (current density spectrum). Files will have names
RTDSiGe TranvsE 0.log, RTDSiGe TranvsE 1.log etc. for each time you set
NEGF.LOG on the SAVE statement. Setting X-location is not needed if you solve
only one slice (N.NEGF PLID).

probe transmission filename="RTDSiGe TranvsE "
probe transmission band=1

probe transmission band=2

probe dosvse x=0 y=0.015

probe dosvse x=0 y=0.015 band=1

probe dosvse x=0 y=0.015 band=2

probe curdvse x=0 y=0.015

probe curdvse x=0 y=0.015 band=1

probe curdvse x=0 y=0.015 band=2

# ESIZEOUT.NEGF on the OUTPUT statement is the size of energy grid in
the output file TranvsE_DB2 0.log. If you don't set it, it will be the same as
ESIZE.NEGF on the MODELS statement.

output con.band val.band eigen=7

solve init
save outf=RTDSiGe _init.str negf.log negf.eig

log outf=RTDSiGe IV.log
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solve v2=0 name=collector vstep=-0.02 vfinal=-0.1
save outf=RTDSiGe vmO1.str negf.log negf.eig

solve name=collector vstep=-0.02 vfinal=-0.2
save outf=RTDSiGe vmO02.str negf.log negf.eig

solve name=collector vstep=-0.02 vfinal=-0.3
save outf=RTDSiGe vmO03.str negf.log negf.eig

solve name=collector vstep=-0.02 vfinal=-0.4
save outf=RTDSiGe vmO04.str negf.log negf.eig

solve name=collector vstep=-0.005 vfinal=-0.5
save outf=RTDSiGe vmO05.str negf.log negf.eig

solve name=collector vstep=-0.005 vfinal=-0.58

solve name=collector vstep=-0.005 vfinal=-0.6
save outf=RTDSiGe vmO06.str negf.log negf.eig

solve name=collector vstep=-0.005 vfinal=-0.7
save outf=RTDSiGe vmO07.str negf.log negf.eig

solve name=collector vstep=-0.005 vfinal=-0.8
save outf=RTDSiGe vmO08.str negf.log negf.eig

solve name=collector vstep=-0.005 vfinal=-0.9
save outf=RTDSiGe vm09.str negf.log negf.eig

solve name=collector vstep=-0.005 vfinal=-1
save outf=RTDSiGe vml.str negf.log negf.eig

solve name=collector vstep=-0.01 vfinal=-2
save outf=RTDSiGe vm?2.str negf.log negf.eig

log off

tonyplot RTDSiGe _vmO7.str -set RTDSi1Ge _figl.set
tonyplot RTDSiGe _vmO7.str -set RTDSi1Ge _fig2.set
tonyplot RTDSiGe IV.log -set RTDSiGe_fig3.set

tonyplot RTDSiGe TranvsE 7.log -set RTDSi1Ge fig4.set
tonyplot RTDSiGe TranvsE 7.log -set RTDSiGe fig5.set

quit
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HToroBsie CTPYKTYPbI M 3aBUCHUMOCTH C YCTAHOBJICHHBIMHU
HACTPOMKAMU:

RTDSiGe_vm07 str

Microns

0 0001 0002 0003 0004 0005 0.006 0.007 0.008 0.009 0.01
Microns

Puc. 17. Onpenenvre Ha3BaHUE MOACITUPYEMON XapaKTEPUCTUKU

RTDSiGe_vm07._str

Microns

0 0001 0002 0003 0004 0.005 0.006 0.007 0.008 0009 0.01
Microns

Puc. 18. Onpenenure Ha3BaHUE MOACITUPYEMON XapaKTEPUCTUKU

27



Emitter Gurrent (&)

e

Data from RTDSiGe_IV log

SiGe p-ATD, 2nm-2nm-2nm 2%10706 | | — Emitter Current (A)
il -
ax1006 __[ |
3 1.6x10°06
25x1008 | =]
7 -06 _|
201008 Light holes L2x107° —
- = -
- 3
4 £ -
1.5x10°08 __| o 7 7
- 5 8x10°07 —
- Heavy holes £ -
3 w
@109 | -
y 4x10°07
Sx1007 __| =
© ; Emitter Current {A) 0 —
< =I5 12 a3 AL o -12 -1 0.8 06 04 0.2 0
Gollector Votage (V) Collector Voltage (V)

Puc. 19. TpeOyeTtcs nonodpath onucanue rpaduka caMoCTOATEIbHO

RTDSiGe_TranvsE_7 log
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Puc. 20. Onpenenure Ha3BaHUE MOJEIUPYEMON XapaKTEPUCTUKH

vaw RTDSiGe_TranvsE_7 log
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IV Ay == Transmission (holes) , band=1
Transmission (holes) , band=2
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Puc. 21. Onpenenure Ha3BaHUE MOJETUPYEMON XapaKTEPUCTUKU
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