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ARFWHRALH /1 2% F ChannelExpert %4 1 ThRER A 5 T ARV E V] .

bEE =B BIRIAIIC I ok g, HL T AR BE K AR T, 7 i T g
ARG, BB BOR R, (5T AT BRI, 77 AR A S O . T
FERANEI MG REEA AL, SEEE R R E R B IE N B L. kR
Pl RN EE EERS, I HSCREXT buffer #5224 (IBISIAMD | S 4. fRHZk A4 FN spice
B BTG5 5 - ChannelExpert B2 SE(EHE . SEAERH B ANDT 3, Bhih & PodiAa &
KE MRS T fabs, WIRE. ISI. ML, MABAE. FIRRFE. M.
ChannelExpert i xspice >Kffas, AIXTEE s 40, spice FHIEK. ibis B, 24558
PRI RS BT I S, BELSR A WG S AT R AR SCRr gt IR B 5L, SCFF NRZ
1 PAM-4 T I BTN EBOAR ; ik 2D FEM fR44 R g4, vl iT5 RLGC S,
PFE FAEFHDT. EIN S . RIEIZSHA S 2 A S B 3R L5 = 2 i e o A e, mf
P 5L H 34T 2843 #5 508, OPT, Tuning, DoE, Yield.

1.1 BG4

PL R ChannelExpert L] g 25 #HE K]

1.2 REEAR

1.2.1 XSPICE i E 5| #H AR

e A T e B FIHT e 22 Pk, 3 BT A5 5 R AR S R v a2 2 (0 W R ) A
SR RGN o O P BT A 3 TR 2 AR T I A ) EDA BRAFATARSS, T AT A 330
H B EM X — 2, 52T IBIS S (7. il B BN S R B
BT EG BRI AR, MR E LN EDAVIEF &R, SSHRREE . Sce
PG E bR, I A2 DU R A BT A R o RBESOR SR 270 LU LR 2
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1.2.1.1  SSEIFFT AuEBREAR

TE B TE S 5 e BRI A RR AR PR S SR HES . mig(E T 1E
FEAIS AR 232 BN K MBI 2, A0SR ABHAAFE . BP0 AR T g R
MBHGRPEE, XENAE S F IR, @i S SE R RS IR 1X L8 5 2% 1 s A T
o EM KRS RS H M TE o P E AN, BRERE AN A, UK. SAVAIE
U4, RS 28 (BN 28D 7T LK IR R NS b e oy — g — S8k, (15
JEEERT B INHER . A, B RIS 7 B, LRI ] DAES & R RS A B BRI, S
P AR R L, AT ARG 5 58 B R RGEVERE . X PP AR = T 1 &
ROBEAAERPE, IEMF T FRAE LA el b 3

FERERT RS, S SECEBAO R SBBORAE TAER IFFT GEbRod (e B 284 ) FIER
B o XS HR, W] DU RO U S S 80 iy Iy e 5, 3 BRI B
ZRIE, IR EE T o IX AR TR R 8 AL B A 2% (R Bk R, A AR I ] P AR T 7 R 3
BlE, NI = AR B G SR A It . BARE i R a0 R

B(w) = S(w)A(w)

Hr, A(w) B (w) 7 B G TN AT B R, S (w) 285 B S 4015 128 1R 2
IFERE, IR T AN 1 B] AL AN s S e

TERIEA, S 280 IFFT ¥4 2lmlig)E, AR0N:

b(t) = s(t) * a(t)

Hrp, = ZorBRIEHE, & XN:

s(t) xa(t) = foos(t)a(t —1)dt
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I AR B B BT, AT AR B R s AR PR At RIS EIM AL, HFRAR N
ba(M) = sq(M) * ag(M) = sqoaq(M) + hg(M)
M

= 54(0)ay (M)At + Z sq(k)ag(M — k)At
k=1

NIRRT S S 5 AT LA i i 11 %F?FD HLR R A :
a(t) = [V(t) +Zoi(0)]

b(t) = [v(t) Zoi(t)]
RN LIk S ZHE b A=, ﬁiﬂ]T DYCED
[1+ 5q0]Zoi(t) = [1 — sq0]v(t) — 2h(E)
BRI, FRATAT AR S S0 IFFT e 3 3805 554> port 78 FLER J7 B2 HH ISR T 24,

S S H i) iy 11 25 304 FiL B A AR
Ystamp = Z()_l[1 + Sdo]_l[1 - SdO]

istamp = 2Z()_l[1 + Sdo]_lh(t)

Horp, h(© WS AT DOBE I RIS RIRAT, AN PR F R o S bR R 2 ik 7 225
B PR BN R, E RS EIRE . IR AR SR AL

1.2.1.2 fE8i£k Line Model and Fast Convolution

bR T S S8, (L4 Sl 5 1A bt T B A (0 A R ST I I B
CHnAE - S8 BEE 73 A 0N A28 S S I B DI, AR AR B Dy EL R AT 28 0 T (KR B AR 2k,
FEAZR AR B B8 F MO SR AL T A R, G0 SR AISESR o ] EM SR S8 i T AL S 2 i A 12
Ny, 3 R AR S A AERE 7 (TLMD B M ZEER IR, 15 B IR 70 1 4 (R
L. G. C) . /£ 2B R L ER B0 ih o, FIRERR L4 G S SHMML 4 AL . it
X T RS T EE, nTLMEH S SECRIIA TSR 1 S AT N, R I FH AR 2 5 Y
AR PCB EL AN AT IR .y T S m AL S 2 AL 1 07 RS FE AR, Jl I AL 4
1 2 SRR I T A BUCRE, 5 FE AR ARG AN FE 2 2508, ) B B AR 2 T A2,

AATFERAA Line model A7 40 R
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i1(w) = Yo (w)vy(w) = 2ip (w)
i2(w) = Ye(0)v(0) = 2if, (w)

Horr, Y () AREREGURERE, i1 ()9S R, i (w) NHT A HT,

ip1 (@) = W(w)[iz(@) + iz ()]

ir2(w) = W(w)[iy(w) + ip1(w)]

Hrr, W(o)AERREGERE, X TY (o)W (w), FATTAILLE vector fitting 75 241
AR

M
Am
H(s) = He + mzl e .
HIRTRL I e 3 T

M M
H(t) =~ H, + z H,,(t) = Hy + z A weme~Pemt
m=1 m=1

BRI A\ (8) 7 70 BLERTEIE ST, AR AW NLy (£) N AZ AR -

y(tn) = Hox(tn) + Z Dm(Tn)x(tn) - Z Zm(tn)

Zm(ty) = Dm(Tn—l)e_mmT — Dm(T)x(tp-1) + e_mmTZm(tn—l)

PL_E R4 recursive convolution H#R1A .
1213 BRSESIZERML

B 7 LAt B v R B A AN 7 SO, BRSO S T SN TR TR ZE I E
AN B AP, A A1) SRS R R AT SN SRR, STt 1 BRSO J S AU st
Ao AR AR -
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I T2 o SR AU RE A B P s -

1. ARIEAF IR A HA R LTE 5.

2 A L RS

3. RIEAFHPRE, R F DK SR

4. MRAE LTE ME BLEAS R SRS B 72 2D K

5. RIEIELEHMEFIWE GIEL, WORIELE, ML MOE I (8]0 BOg R i iR, &
W, #2352 2RI 1) BHG T — AN R R 1 .

S A SR AR ) LTE B8 T

SIS EE, AR ZIFER 5 RRE . BARNZINE S0 =FIREs. 5
Xt AN [ DR 2R AN [ F) SR

Al 5 ST HIAACRE, WIBHE AR LTE FiEEHID K. —LApqtim i ml
ML bR E ] S R

fads: EIrPRECARE. WG S T EUmARZ1. e AT BLE BT K.

W ETHRPRELTIEFEMIRZGRE . FRRGEAERY], {9508 EER, B
WO R C2ANEL . L 4E NP RECE T PR O Tekdz HlR G - BLI AT 6E 5 28 HAE R
KA ISR AT BB R T

RIS 22505 1 A SCBREU E Lo RIS RTINS 20 A5 5 (A R
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1214 REBEAR

MR HERE SR A% - 32 P e RO A P SR AR S0, AR R FRL R 7 S0 KA P A 2 17
FEA, RS HRCR RS 2 E M T AR HAES (nlbEds. DC. AC. PSS) ,
R LTS, ATk M5 B .

LM SAERMERARRS: T LU 2. SVD M55 s U B R MR R 3, 456
UL FVESE RBIELRIE I (RO ALE, TR T 20 EAT%, IR R
HUBR T RCR, BRARTH S RRAS

HAT RIS AT HBA : FETZ4% CPU Rl GPU [FRAT 5, BAI oA AR TE HL B,
A, TG TR LA 2 W BRI B0 Lo BEMETHI A2 11 0 201 U KA R B A I e
5T 0T AL 2 B FAR ST /oK, Pl 2 PR B ), S e

TR B EREOR I R Bk i CEARA) MEEFBOR (W Ticer. Pade it
ALY 5 P SRR, R TT R AR L% AR GE R 1 R | iz N T R AN T BE AL,
Frli& & SoC o R s it AR I Pudi oA, Al R T 2R Hims.

1.2.2 SiFREBEREA

Gt IR — PR SR S 5 e B TR . R TSRS 4T, St
BIRESS LUB N T S AR A RIS 2R, A R ] LA ER 38 i LU jitter AR HLARZIA o

G IR EIE T RN A B RS (LTD MPKEARNER: SIEAFRE. il G
SEmE LR, THEAE SR b R, A RIIRE SR . FEAE LN LA
5

THEETE b . SREGEIE Y S S3E BT T B R .

Y abFE. SNt CTLE/FFE. JR£:ME#T DFE B miE St .

ARG IR B I SRR PR A R A R P ) 0 A

IR SRRER S, WilRe. RYE. $3h5E,

EORARE: DL 2D % 3D A RIRE, LRI 2R A 4 2k

Horp FRE ¥R, Dh—=4honfl, THREARW TR, C_ /2 pretap, Cov €&
post tap, A AL ET. FSEHT ISI, EAESIRESZm, BE50 K,

TXppr(n) = C_iTX(n + 1) + CoTX(n) + C;TX(n — 1)
AR B SR R

9 / 307 ¢ XPEEDIC



—>

CTLE #ff, FELRIEF MG S FIBFE, > S Axs 1SI Fsgm, ARYE Z4 N4
K AR Z RSN, N AR A —F 5O, AN, wyr s wp PR,
WZ%?}’I{{T" AdCTEé DC iﬁéﬁﬁo
Wp1 * Wy S+ Age *w,

H(s) = w, i (s + wpl) * (s + wpy)

R P B R T

=

DFE & — /N ELR %7, 1 FFE i l, HA post tap, H.=E Ul EFS5 A
iy, Ho HAMEIN T A E SRR . iR EAR, BitSlicer S KRS, Vih £ Hk
M, d2skR&E, a2

AR R ARIT
Np
RXppg(n) = RX(n) — Z C; X sgn (RX(n —1))
i=1
R BB ORI T
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)

IRE AT, B B — DR R 32 ULE S 28N 1P 88 Sl ki 1SI
fi7, AL LLE ULES AR OESMIFIE UL i 1S 55, X B bit 17 {1
RIHIZR, B bittO M S #Z, AHRIFK ISI 75 U R

AR AT
S = Vo(®) + Y Vit—i+T) x4,

i#0

Vo@)EUIES, Vit —i*T)ZISUES, dAMAME, 1H-1, #HRE%H 50%, 7FE
it FTE B R R AT RERE, RBE 1S A 100 A4S, A4 BN B R A 2100, 1+
FEAEE R, FENWE —ANRET, JLPA R, X B E R, BRI
B, — N ISIEGI, FEgubmse, vLUAF|0(nlogn) Mg B, KKTE T
SRR IA]

Jitter IIVEN, SEBR RGP BRI G jitter, 40 NFIRZE, JKFH jitter gl 2 i 8]
Eksh, DARIEERZ), R8RS . B SaSE e R AL S, 4050~ BT
7~ AEEPLES) R e E+Esh DDI. PJ. BUJ. DCD 4.
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SRR AR RS, R B LR RS 2 S SR AT R e A i B

A T TR B R 2 A FLA R, FIR A5 L, AT jitter.
fear (@) = j £ GO * fi(z — x)dx

NEZE— Dual-Driac ff jitter FJVEN :
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FIREEN, A jitter RMLL, ESEAETE BT FIMIEN, FFERBCERRIIIT A, M jitter
AN R PO TR (A 7 22 L M AR, AHALA —FE IR A —#¢, W N B PR

ROAE, AL ZE WA RE IR EIA ST 22, SEbr RGP ARAL AT RERE ML, X555 B B 2%
2 IR FRIG I, FVE NS 2 A B ZE ) phase, — MR phase J2& S R KR g {E
AL E S FAE S EX T, LT B2 phase BHT 0015 B, kBB Z PR AR & )

1=}

HEHo

FAMESEIR RGEHIE T EM B mEEA, RSGEE S, PEER, BEBHNYRE T F
8b/10b,64b/66b,128b/130b,128b/132b £5, "~ L 128b/130b AHI K ik .

128b/130b 24z il Ha 4 52 TP HLH| 4 7 =0, gz N AR

16 /> 8bit id, A AN FID AL HE A .
N T7 38 24 LFSR, RAMEIESLHL M) LFSR. G(X) A INPas 14 J5 2 i .

MR B0 ORI, i & 115 X EE
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2 Br#de 5 B3
21 BERLGER

ChannelExpert #{4-7E 64 {7 Windows 1 Linux i+H N R4V & Lyl LifaEiEsr, A
i S 4F Windows 7 SP1. Windows 8.1 KB2999226 . Windows 10 i1 Linux RedHat 6 %% %

22 TRE=RE

ChannelExpert #2225 61 ] 76 8 F1 A 7] B 7 B3k R #%:  https://www.xpeedic.com, B3
R R A AR N USRI A 22 350 o SR 2 26 VE AT IE P AR O A B B 5 A TG
VEIEH 228, TR 2 B 72 A AT AA] i) J AT B R B SRR O

2.3 B

ChannelExpert #4223 BTl I, A FL I 52 TRk 1 DR 4E AR R AT J5 3 ChannelExpert
B, BCEAETT IR B ) Xpeedic 222304 N 4TJT ChannelExpert.exe ST 7] LLJE 3
ChannelExpert 14
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2.4 BERMFRSE

FTFF ChannelExpert #5545 b5 (1) 1) 5 o] SR BT AR AR 9 5

2.5 HEARZH

A A AR [ U ARG AN /3 S AR SR, AR B 55 5 5 26 E R B AS
support@xpeedic.com, AN GURE S 455 S 5, AT DR B R AR B R B PTAEIX
SR ER SR NG

3 MR
3.1 Ul iR RE

3.2 HBA®REA

T A HISE # i General Options FLiETR, 56 H &% R Gl B 1R T -
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3.2.1 System &M

Default Path: @ T2 ERIAESAR, Rt b T 3 i

Auto Saving: AikJEflR BB RAFDIRE, BB {RAFNT (B [AIFELE Time Interval ¥ & ;
BRINN 5 738l

View: 7 B4R MMAHERIEL, Tree JrE F FHRIM T AU T HEBDT H 45 R, Canvas v
7E J5 A FE ResultView F 3 0 B4 F

Default report template: TR T AT, Al bk AT 5 ek
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3.2.2 Schematic &1

Display 1% /2. 71: Back Ground Color: JRFEE S, IRIAANAM;

Grid Type: JFIEMigEZRT A, BN, BitahEA;

Font Size: JFERE N SCARRIFARKRD, BRINK/INA 10, FAREUE A

Zoom Factor : Ji i & P4 48 FH R Zh 8 O 4 /N R 22 B (13 FE ;- Manhattn i 1504 J5 28 B
AR T, AikE REENES, Aae R

Snap To: “AJik Grid TG, LIRS, KA A8ia);

Allow nodes to connect after collision: “2Ji% 5 2425 14F/) pin JIFERERERS, < H 3R

3.2.3 Presetting & H

S Paramrter Analysis:

Sweep: WHE S SEHAMMILI, BN Type v Linear Step, ERIA start SRy
100MHz, Stop #§i% & 20GHz, Step A 10MHz;

Interpolation: & S ZEiT- A dE 777k, L% Linear. Cubic 55 6 FlJ7vk; fdifE 2%
45 RI. MA. DBA =Fil; #MfEJ7i%4045 Same as Interpolation 1 Constant Extrapolation 7%
it

Voltagr Probe (tran/AC/DC): A~f#iff] Probe I, X Netable H &4 %04 2% Probe £l
Netable P77 #4225
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S Parameter Unused Pin Termination Type: A S Z¥0in# 5 Pin BIERA T, A5
Open. Match. Short =#75X; TermG ~a)if Match JRAKES, 420 R FHBAE R /N

3.2.4 Solver @O

Circuit Simulation:

Tran/DC/AC/HB: #4T Tran/DC/IAC/HB {jj ELIN A F KSR 4%, AIi%4% XSPICE.
HSPICE %;

S-Parameter: 4T S S FLIHE FH SR MEAS, WIk#E XSPICE. HSPICE %%

SPP: AiEZIETE, WLLEH XSPICE 24%Ii81T, ZAUTE Multi-CPU Number 4t
B, WRANFE, CPU IR 1;

Output the result in text format in addition(.DC/.AC/.TRAN): “2Ji&iZi&Ti )5, 587 JRIE
fith b, 32 DASOAE 20 T 1 45

TML RLGC Solver:

Solver: TERHATAEHZIS AL Hl, 1%4% Solver, HWFIELEE, X2D 8 BEM2D;

SPP: iz, W LR X2D ZA4%3184T, #ZEAE Multi-CPU Number 4L,
WA Ak, CPU ZEERIAA 1

Calculate Z0: 7275 H3hiH5H TML FIBAHE ;

Temperature rise coefficient:

IsShowTemRiseCoefficient: 213k 51BN T 7%k, DataBasePath MH F'H LS A
T THRE SRR ST

Simulation Cycle: B #Hi4MEHUH AR, Bk 2.
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3.2.5 Path&Links &

ERSA A EITAEST, FI7E Channel W BLEZJH BIAH A4, W1 SnpExpert. Host.
HSPICE. WaveView %5,

3.2.6 Others O

Automatic Release License:’2)i% 5 it & H sl FE L license T fE
Duration of inactivity: B [A] &, BRI 2 /M.

3.3 ErbEEE

331 ¥EIE
i /2 E A New Project 2% New Channel 35 & TR 5l 2 i #4  J i -
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TRETENRER, F-—ATRE TR A ZA Channel, [—4> channel T HR4E JH 2
K, TR TZ AR E, WL A R TR R .
TR I %

Channel#-22% Channel2

Analysis/Results-32% Optimetrics

—t— |

TS, AU A4 428
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33.1.1 A% project £FK

Add channel: 3& 0 channel T2

Sort channels by manual: fl /7 [ CLi% 4% channel 7£ Project 07 & ;
Sort channels by name: % channel %18 ¥ 5 B4 2 AT HEFE

Open Project Folder: ] 1% project L F2FT{E [ SC 49

Expand All: JEFF1Z T2 T FrA 1) channel

Collapse All: #121% L& NFTA K channel

Rename: HEay#ix LFE4

Export Channel: ¥ channel ()45 85 i ydl iy, 7R b R JF B R 46 RAEE B
Archive Project: fTH.%A T2, ## Project JE45 /v Project.channelz S04
Save: A7 LF2

Save as: FfFNTFE

Close: XM T.F2.

33.1.2 A% Channel &K

Rename: Eify441% channel;
Save: {rfF Channel
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Delete: flHlF%i% channel

Clone: Frf#iz T1%

Create by Table: AT 5] JE13E 0 Port

Create Project by Channel: 1% Project 1 Channel;
Fast Port Define: #t&E 158 5| BIXE N port

Exportas SVG: FHi2H SVG #% 1A

Variable: i [ &4 hfg

3.3.1.3 A% Analysis

Analysis All: R &R BT 1) TREHEIT 07 B
Sort Analysis: A Z AN B, X AR BFREAT E FEHET
Paste: kfillt L8 5 Il 015 B 19 45

Add DC Analysis: 31 B {5 &

Add AC Analysis: N34 &

Add S-Parameter Analysis: /1 S S &
Add Transient Analysis: N7 &

Add PDAT Analysis: /i1 PDAT /i &

Add Memory Analysis: 3 IIARJLLAE i #3177 B
Add Channel Eye Analysis: $& 1R &) £

Add COM Analysis: /i1 COM 1j &

Add Crosstalk Analysis: 1 Crosstalk 1/j &
Add SpiceDeck: 1 i1 X 47 E

332 TEMAMERS example

Archive Project: [E4i %2, ¥ Channel T#2/E4i~ Channelz T.#8; i/ L File,
58 ST -
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miifi Unarchive Project, #fHIEBRARIE SCAF I M4, ERKE, S OK,

SR R -
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Unarchive Project: fi#/% L#%, ¥ Channelz TFEf#/%E A Channel T2, A5 File
I :

FESR ) A, i%4E Archive Project, # TREHE, iR BIRIFIIRIE, M
OK, 5 tH 5 BRSSO e Az, middy sellect J5 H46 4l
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JEAE R G, FE A = A channelz SCA
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26 |/ 307

£ /2 ML 5t Open Examale, S ATIFEAEA EAF AR 07 HRARL I TR, Al i

OK IEIT A

3.3.3 HAFEFRER

KA 23 PRt
New CBrgL L&) Ctrl+N
Open(#TH LiE) Ctrl+O
Save (fREFILHE) Ctrl+S
Undo Ctrl+z
A Redo Ctrl+Y
End Command Esc
Copy Ctrl+C
Cut Ctri+X
Paste Ctrl+Vv
Delete Del
Zoom Fit Ctrl+D
JREE Insert wire Ctrl+w
Rotate 90 Ctrl+R




Flip Horizontal Shift+H
Flip Vertical Shift+Vv
Enter In Symbol Shift+E
Pop Out Symbol B

¥ Control @SSRS, Fridifo5REF)WITEE KR Ctrl

M2 00 A RN EAEL) Space bar
R R E BT #3) Ctr+&#
FREERUEEA B Alt+F5e

334 HZREFREEE

Sop ok B AL TR, PR SR AR . 7 3 Home UL 541 |77 General Options, 3
A System Fi[i. View ~4) Tree #0475 B 5¢ EHEAE A MR T i HE4S Rl 28 A1 Canvas 1525
15 FLE AT 5, 83T result view B 1142 75 WL

N E T Tree LA 28 K AR B )5 Ab B4
3341 KRS

i TR Results, 3t Import Results, SZHFFSAtry raw. .ac. .sw. .txt. .csv 5§
BE, nTLAZ R 2k
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FABESPIE -

3342  FEHRIBKLE D

JBORREARBRIX TE],  BPSAEREARAR TS, AR AL EAS T Bbs, 3 1 X 48T
HE, B ZAZ LR R AL BT, FR AR X IR 7R SE o
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BURHARKRIX E],  BRBR AR AR 222 1, FETTIRAL B % T Bbs, 16 B XA R
W, BIFREAF LR R AL E BT, AR X IR 7 5 ik
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IR T EOLIE ML, FEmAf LA i e AL BESE B, B3 Zoom TR ¥ Zoom Fit.
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3343  ZAEIE Group

P FES IR, AR SRR, IR Group, WIEAFE, Ungroup P EEUH
&9
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3.3.4.4 P Mark

UPRIE T BRI LG, M, A iR HEE £ Mark. SCRRESINIE TG Max 5K mibs
i, Min f/hEbrid. Mark 3T #12k EJF LA table &t 177 3R s BAR AR H
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SCHETE I ZRAT B E ST Mark A5, %t table £fE. &+

3.3.4.4 EIE FFT

derp 2, A S RAE, R Math FRT, 34T B 224
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3.345 I Offset fifs

derh Horh — MR AR, A SRR, R Offset, BEATHLARA WAL 1A

34 / 307 ¢ XPEEDIC



3 Offset Setting 7Lifii, [A145# Horizontal %y N IEAR, 8] A2 A5 N AUAE,  INF 1) B4 ]
LY. 17 & Vertical SN IEAE, 17 PRI AE, HE S0 AT CAD 6 o
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3.3.4.6 ¥&FE Measure M| &

bz, mizkmas, AmPRESER, % Measure #HAT HHZR & . SCRF PK-PK.
Max. Min. Rise Time. Fall Time. Overshoot. Undershoot. iljl&1{E <> A table B B R%f
NS HH .

3347 HLKRFEARTE
A7 5 Results T EE S N A, 5% Add Plot, 56 H /) 55 3 2 w30 AE

HHE SO I AR N R, BB A SN EHE, BT AU, e a1
o7 Add Plot, AbEJE B 2 EEAERT AT .
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3348 FHEEBRE
SN, PLOT b7, V-T V)4t Eye Diagram, i Z&#:#iR 1&.

A AR E _E 5 P Configure, 3 M Eye Diagram Setting 1. Eye Parameters )%
User Data Rate 4 A\ {fj FLI# %
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IR IS AT S22, IREEET G, BIR R R et — A5 B IREG . 2N RIS 2300
W FHIRER R, ghal Sd R K By PRaE Configure, 3 i Eye Diagram Setting 5+
[fl. 7£ Eye Shift ZmfHHE, A Z M2 E, KRR O,

IEm:-'eﬂlr.a- 1] l Eye Shift | 2e-10 5 |
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3349 REWE

> 3.3.4.10.1 BERWIEIY N Mask
7EIRIE PLOT £ Measure, i%+% Add Eye Mask.

3.t Eye Mask Setting 7+ 1fi, & IRl &R Y%, 7£ DDR Eye Mask&Timing T~ Type
N7 Customized, Speed fii N1 E 2R, ‘A& T #BJ7HE Measure eye width only with
fixed eye mask height, VH i A € Mask [IHR & .
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AR P 1] F) Mask i s i 5 R v T IR e 85cds . By ps. W R R 254 Mask, 1+
Delete Eye Mask.

> 3.3.4.10.2 tEMERE N Mask
o i B E M e 2 3k, Ak Grid. WIE Grid B, HEEFIRK.
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Grid #30UF PLOT 105 (M3 EAZHIX SR A2
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P8 b 25 A % Configure A User Data Rate A1 Eye shift % 4IRS, SCRtES
Grid B AR B HEA7 8 15 A1 0 Mask .

> 3.3.4.103 +FhRNE

B SCRE bR BRI, AT PUidil & .

7EHRIK PLOT A Measure, i%+4% Cross Measure, b BCEE IR FEAT 2 75 B0 & 1 o7 B
ATk, MERRR. 45 HIBEES End Cross Measure.
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4 BHEDsed M

4.1 fFEAMRAML

4.1.1 HEEMZHS Netlabel

PREFFN Netlable 267 T Edit .

PREM L2 R R . FEURERET AN 22 55 W R PR ET

Netlable N 598 Pifd, — Rl @B bus RN ek 2 AMRIAELL, 76 48 i s in
probe # 8K, MIHTE—> netlable. W1 fr7s:

Netlable /)5 — M5 2, sids Netlable &85, FAdisetbol et £ (%
bus ZEFEEHLEL 2 48D, S HBIAER— 454 NodeO (1) netlable, 4k%E i o HAh A8 R B3
2T LA 0 Netlable: Nodel 55, HUHESIN Netlable 75 2245 481 4% End Comman ESC
B A% — BRI Esc RITT,
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Netlable f& X542 T 175 1250055 — A0 Netlable, 5238 XU 283471«

TRET I I 77 52 85 A T M AR ET 5 i S ARl 51 BN i), SR A 45T IProbe
HEER B 3 ER 5 B E (IE bus 314D . VProbes #2 [ 7T LLZR IIZE S| (3E bus 31D
FNLE 1), VDiffProbe 8N HL FEPRETAHIR], AHZREE — RN — RS A v DLk . B
PR AN R, AT AERER A Netleble 2418

4.1.2 Activate/Deactivate f# e FF %

open/short THHEEN 7E Edit 32k

X SR B R B P g, AT AR R g IR sy Short Ja i, AEHCIRES

W AR OR PR 2 1, U0 o active S EBT G A2 30

i EEE R R RS s Open,, 28428 X AF R open IRZ, FRR ST active,
SR IR IRSS
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4.1.3 HEE

Filp(X) : SCRPRE A B AN SRR A%

Filp(Y) : SCRPREEAS I AT BRI

Rotate: SZHFRE A B A2 AR £HEIES 90 S
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4.1.4 Xtop MRAH

Relayout:
FKE VR L P PR P D — B R B R AR 21 S5 4

miihi relayout J5

Collapse: ~F4fi s IBERR 4514, W LA 8 2 Btz it AL, b WonBErg 454 o
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Expand: {4 412 il 16 Sos A BE VR R N SR A6 1O BRI 251 -

Rerun:

i Fi Rerun ThEERT, 75 ZHES—4> batch simulation ¥ Fh TAESCHE,  [AIH 75 24
FH A B3 AL PR 2225 ChannelExprt [ exe.

7£ AutoReult #1557 simulate_result.html

FEFTIF I T b R AR R — R, 2 B B3R R LA 25 R AL
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miili Viewing topology, <> H 34T ChannelExpert 2 {4 En R 4514

7t Topology Analysis Fik# R, A8 FE hidk £ vee, W HEZRIR 451
i

At I T R [ D 268 HR ) Rerun 320, fid R B BB 25 T g

50 / 307 ¢ XPEEDIC




SESMEENRETESE, SESEEEE html R, IR SEHTE R A R B
INEE=Lie

FEHTR 5 R B AR T DL excle 1T A7 FE Suggestion .

415 BFEE
SCHRE R MR E R, WER, 2%, H, 248, SURNTEFR:

51 / 307 ¢ XPEEDIC




52 | 307

4.2 SPICE FHLE&

Spice T HLUEE 5
# ZH 4 R 1 L%y
1 SPICE File
2 Current LIB
3 SubcktPins
4 Parameters

® NPEEDIC

ELERATE YOUR I



1. Subckt fn#k

M component £k 255 B [ 2142548 subckt AR JRFRE S, @5l browse a5 25
5 E1 subckt SCAF;s @UUERSCAFRHEL S lib N7 LIRS lib; @57 01 subckt name, U1

NEEREZ bit_pattern_10; @44 75 BEE FE Y pin 1E#EF| pins for design & .

ISR AEFEI subckt FRAFAES KBl E H P F3 2SN E XS H0n] LIAE Parameters £ 1 2E4T

#AE.

4.3 LUMPED &£ SR

431 HFHR
RS R I
K1 R 2
# JEMEA BRIME Ju FAAT R
1 R 50Q Q FHL B FEAE
%1 REME
432 HEC
AR ST
E2. C %%
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433 HEL

USRS

434 SRLC H$ B4

435 HimsmEEdfE TGND

B S 4% FEL LA 5 0

436 ZEsrymEEE T_Diff
E A SR, N SE E R E .

# | BHs BoME | VEE | B | R
1 |cC 1 pF MR A
*2. C R
K3, L5
# | B4 BiME | uE | B | ER
1 |L 1 nH HL BB
#3. L EHE
HoL BH LS R R RS A RLC AP 5 Q1R
4. SRLC 5
# | JBES BRUME | aE | A | R
1 |R 50 Q CENSERUERED
2 |L 1 nH R B
3 |C 1 pF HARE
#4. SRLC @M%
5. TGND 5%
# | @rs | BME | el | B | EER
1 [R 500 Q ENHERLER =D
#*5. TGND Jgtt%
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K6. T diff 75

# | Ers | BOME | R | B | R

1 |Ra 500 Q Ra fHAE

2 |Rb 0 Q Rb FH{E

3 | Vb 0 \Y% IEVRIh=ENES

#6. T Diff JBIh%
4.3.7 PO¥%s O E48 BalundPort

ELE Balun AT LR 2236845 5 5P i (5 5 2 (A SEBL EAHFE e, AT ST

7. Balun4Port 55
Horp d 2GS, o RIS Su I, p/n 2 Hm (s 5 1 .
LA R B S R A«
Va =V, =Wy
g = —(p —in)/2
Ve=(p +10)/2
i = —(ip +i,)
PRI LT
Vialiq 73 5] 72 22 A5 1 (1 L /LA
Velic 73 597 $AG 5 11 1) Pl s/ P O 5
Vi, 43 S R 38 1 4 P
Vil 73 50 2 57 I ) R S/ P
I S Y BEAR AR [ 25 oA i — 1> balun, T BLA PA R S8R0 1

8. VUi [ balun 253 H %

MNH: X Zsri@iEn @id balun K55 70464 differential 5 comm 738, 43 HlfEXT

B2 F 3 OB ST Rd. Re 530 Vd. Ve, balun FIRCR AT DL SR T B FTR :
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/9. Balun Z50/EH
Balun Z531F

=R, = %Hﬂ‘, SERCRERCY T TR R, SRR B A S (s S i dl s, B

WHIMIZESy, R BIR, = 222

4.3.8 =¥ E4 Balun3Port

WRATEIEILE S, W DR A3, RIS Ve 158 0, AT DA =i 1
Balun3Port, ‘BT 5UIT.

[£10.Balun3Port #7 5
Herd 2 ZFESImH,  p/n 2&RuE S KA .
LA g 7 H s/ HEL L 36 2 -

Va=Y~ Y,
g = _(ip —ip)/2
4 =t
ip = —iy

HA DS R

Valig 53 ) 22 4550 11 AR F R /LA 5

Vi iy 73 7912 TE 3t 11 1R H PR

Vi i 53 502 7 1P FE S/ LA o

R B AR AR TR 28 SR F 7 — > 3 3 1 balun,  #] BR300 41
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4.4 PUSEIR
4.4.1 V_Pattern ZHEHER B EIR

B 11, =3 11 balun 252 HL 1%

[&12.V_Pattern 155

# | Jars ESCEET B

i | PAT PAT &A% J& 1

1 | Tui(Tsample) | 1 >0 ns FEANFF S I TA] UL

2 | Vlow 0 >0 \% F s e

3 | Vhigh 1 >0 \% LRI

4 | Trise 50 >0 ps b S ]

5 | Tfall 50 >0 ps T P A 1]

6 | Tdelay 0 ns j3i0)

7 | Data b011100110 | Binary I

1100110
8 | RB 1 [1,length(Data)] i EE RGN, WHAN
SRS T 1 &AM 1.

9 |R 1 >-1 [ P il A B A k. R
-1 RELRESZ, M-
BH=ASRERNO

i1 | Encode gt

10 | No coder 1 Bool Teomhs

11 | DW8b10b 0 Bool 8b10b Fht

12 | RD_INT 1 0|1 KW URAE

13 | DW64b66b 0 Bool 64b66b Zi il

14 | TXC 00000000 Binary 64 LR =95 0N 8 4
L 8 LR EE, TXC
8 bR b EGE, T
E{ERa N S hs NI EATItR
0 F AT LI A\ B2 £ as

57 | 307

¢ XPEEDIC



E TN NS IR A
PR

15 | DW128b130b | 0 Bool 128b130b Zihth

16 | DW128b132b | 0 Bool 128b132b Zihth

17 | HEAD DATA DATA|CONTRO fRRMNG 5 2 EURE 5T

L REfET. BIMEN

DATA:
DATA: F~ 128 it
NE SR ES .
CONTROL: 7~ 128 fi
BARNG T 2EGE .

iii | Modulation % WPl |

18 | NRZ Bool P HL

19 | PAM3 Bool —H P

20 | PAM4 Bool 4 1

21 | PAM6 Bool 6 H1°F

22 | PAMS Bool 8 HL P

23 | PAMI16 Bool 16 HF

24 | Mapping String R S B 22 P )
775

PAM3: 0001021012202122
PAMS: 76450132

PAMI16:
15;14;12;13;8;9;11;10;0;1;3;2
;7,6;4;5

F7. V_Pattern JEMEE

4.4.2 V_PRBS {hREHLAS B EJR

l13.V_PRBS %5

JE P44 NN E ¥ ] AL | R

PRBS PRBS 374 J& Pk
Rate 1 >() Gbps | 3%

Viow 0 >0 \Y HL s R
Vhigh 1 >0 \Y% A R AIGE
Trise 50 >0 ps b T A (]
Tfall 50 >0 ps N BT 1]
Tdelay 0 >0 ns FERT

Mode User User A
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Defined Defined|Maximal
Length|Bit File

Seed 21 >0 B M

Taps [5,2] BHT A D DA

Register Length 8 >1 VAR N

Seed 170 >() ¥

Bit File AR S A:

Encode g

No coder 1 Bool TYmhy

DW8b10b 0 Bool 8b10b Jmhiy

RD INT 1 01 I HIEEE

DW64b66b 0 Bool 64b66b Jfi
64 LR EHE SR N
8 MHLK) 8 HLER %L
P&, TXC & 8 45—
P EGE, FT4ER

TXC 00000000 | Binary R EAY:
0 70T B [ B N\ B
RHHEY, 1 FIRAT
I P B N R A 42 i
e,

DW128b130b 0 Bool 128b130b g fi

DW128b132b 0 Bool 128b132b g fi
Y N ER=p i Ei
EREp Uy L L ==
BRIMEN DATA:
DATA: F/x 128 fi

HEAD DATA DATA|CONTROL KNG T2 ER

55

CONTROL: #/R
128 fiEAHINIG 5
REHNE S
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.. | Modulation % HF- 1 )

i

o NRZ Bool P HF

0 PAM3 Bool —HF

. PAM4 Bool 4 HiF

) PAMG6 Bool 6 H1°F

3 PAMS Bool 8 i

4 PAMI16 Bool 16 H°F
=i 1S T EAL IS
W77 2
PAM3:

. . 0001021012202122
Mapping String

5 PAMS: 76450132
PAM16:
15;14;12;13;8;9;11;10;
0;1;3;2;7,6;4;5

Jitter 13

%

5 Rj Seed 1 >0 BH RJ #f¥

; Rj RMS 0 >0 ps RJ g

No
o PJ Type No PJ PJ|sine|sawtooth|squ PJ K
are
o PJ Amp 0 >0 ps PJ & &
0 PJ Freq 01 >0 kHz | PJ il

%8. V_PRBS EBIt%
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443 V_DC ERfHEIR

K14.V_DC 5%

# | JBEA BIME |8 AL | R
Vdc 5 \Y% IERENEN ]
#£9. V. DC B
4.4.4 1_DC B HEIIR
K15.1 DC %5
# | B4 BRME |8 AL | FER
Idc 1 A ELI H A
#10.1 DC Bt
4.45 V_Pulse ki E Y8
16.V_Pulse 7475
# | B BIME bk AL | R
1 | Viow 0 >0 \% GRS =HIEN
2 | Vhigh 1 >0 \% AR
3 Trise 1 >0 ns b F s [E]
4 | Tfall 1 >0 ns T I )
5 | Tdelay 0 >0 ns jadiny
6 | Period 10 >0 ns JEHA
7 | Width 4 >0 ns R Pk 5 5
8 | rmsjitter | 10 >0 ns BENLHShRAE
8 | perjitter | 10 >0 ns JEA B SR
9 seed 21 >0 B ¥
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4.4.6 | _Pulse ke IR

St I

K17.1 Pulse 75
# | B BIMAE 0 AL | R
1 | 1low 0 >0 A HL AL e 1
2 | I high 1 >0 A LA
3 | Trise 1 >0 ns T s (]
4 | Tfall 1 >0 ns T I )
5 | Tdelay 0 >0 ns JERT
6 | Period 10 >0 ns JE A
7 | Width 4 >0 ns FL 3L Pk 5 2
8 | rmsjitter | 10 >0 ns BEALEL S fRAE
8 | perjitter | 10 >0 ns JE IR B R A
9 seed 21 >0 B ¥
#12.1 Pulse J@ 1%
4.4.7 V_Step Mk EIR
K18.V_Step 755
# | Bt BRME BLEA AL | R
1 | Viow 0 >0 \Y L e
2 | Vhigh 1 >0 \% A ARAE
3 | Trise 1 >0 ns b R ]
4 | Tdelay 0 >0 ns Jadiny
F#13.V _Step L
4.4.8 | _Step MrERHBEARIE
&19.1 Step 5
# | JEEA BIME |8 AL | HERE
1 | ILlow 1 >0 A LA e E
2 | I high 2 >0 A LRI
3 | Trise 1 >0 ns s 1]
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| 4 ‘ Tdelay

[ 0

>0

‘IlS

| szt

#14.1 Step Blt#E

449 V_PWL 4Bkt B EIR

K20.V_PWL %5

# | @t BME | JuH AL | R
1 | Mode Table Table|File B A
2 Time# 10 ns B on AN Z) A
3 | Voltage# 1 \% 55 AN 2 0T BV ) L S A
4 | Wave File I 221 FR Al SO A
#15.V_ PWL BHE
4.4.10 |_PWL 4B 2R M L IRVR
K21.1 PWL 755
# | @t BME | JulE AL | R
1 | Mode Table Table|File 1ok
2 | Time# 10 ns B on N ZI A
3 | Current# |1 mA 550 AN I RO LR
MRIEN
4 | Wave I 2] FL LA SO
File
#16.1 PWL @M%
4411 V_AC X HEEIR
K22.V_AC 7%
# | BrA BIME | VaE | Az R
1 Vdc 1 \% ELIAL i B R
2 | Vac_mag 1 >0 \Y AC JRIE{E
3 | Vac_pase 0 deg AC J5AEAL
Frequency 10 MHz AC YR
F1T.V_AC BIHEER
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4.4.12 | AC A EHEIR

el =)

4.4.13 V_Sin IF3ZHEJE

4.4.14 1_Sin IE3Z IR

K23.1 AC %5
# | B4 BiIME | 7O ¥ R
1 Idc 1 A ER/RITR= VA
2 | lac_mag 2 >0 mA AC JRIE{E
3 | lac_pase 0 deg AC JEAHL
Frequency 10 MHz AC JgiA 2
#18.1 AC Bk
K24.V sin 755
# | B BNE | AL | TR
1| Vde 0 \Y% FLIU I B HL S
2 Vamp 1 \Y% AR
3 | Frequency | 100 >0 MHz | %
4 | Tdelay 1 >0 ns Jadin)
#19.V_sin BMEE
F25.1 sin fF 5
# | B4 BRIME | AL | R
1 | 1Ide 0 A L B R
2 | Iamp 1 A R {E
3 Frequency | 100 >0 MHz S
4 | Tdelay 1 >0 ns JE T

#20.1 sin JEMEE
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45 fERIZk TML
451 EFBRMEMIN 2D EE%

4511 NREFEHEEESH

FHAEFE 4% top bottom., side =™ 43 7 c B FH A FE A5 S
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IR SR VYR puos, Al HEFHER, BATR, BIE, HAER,
AR AR AL Far 2 P S8 RO R A, A SRR SRR 2 RL G C, #R5E RLGC K/MI#E
RV RN T RPTR. BB FBA X RAE AN R R UEIRIR L, SR IR 25

l]l-uj RO
EM TML WS R ZH
. R p/ roughness o H 5% =528e7 R’ =R * Kgp

FL N
L mn G T %=1
G o ST FLIREE=0 0, =0t+w*e¢

7 Ecomplex g | Df HUkEA1=0.002 complex :
C =g —ixg & Dk 4\ HEL S %=3.3

> 45111 MR

® Multi-pole Debye Regular(—#% £ #% 55 Debye &%)
%t i Debye S RBLAY B 43 A TSl B 2 AN IEUR s 5 — AN BEE R e, EAE

Beltiih OF {1, il — T2l ey, JLAib Ut R Fis

N
JAY:
e(f) = e(o0) + =
2 +if
TERFEREE—NE 16 M A4 RE) Multi-pole F8Y, #5551 904G 1E log. 47344)
XN Dk 5 Df {H.
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E26. Multipole Debye regular

®  Multi-pole Debye(Z#% 5 Debye &%)
Multi-pole Debye F74 th & — it Multi-pole Debye Regular £5%Y, % N5 &M C &I A7
B S5ACE SR P E RS ) DRDF 2 [ k4 4 B ) DKDf

27 Multipole Debye

B Wideband Debye(%E 7 Debye #%/Djordjevic-Sarkar #%)
e, A5 H n->ooftf, Multi-pole Debye #5%! 2xj& il T- Wideband Debye #5241, R[]

lim &.() + Zfﬂ%ﬁ[ﬂ: E TR

g n—00 lﬁ
f2+Jjf f+if
LR e B T A T
. . 0-
=ee(1=jen) = ee (1))

=

fua (IR AT FIA KR, (o) FlAe. [T F [0 B4 A
£+ tand, AT A EIXS I He(o0) FlAe, PRI
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® A Multi-pole Debye #AIRIEIT Wideband Debye #%Y

Wideband Debye s& 0% 7E logfl 55 logf2 2 [AI¥J 51504 T 55 2 A —FERCE M S, AR
TR E R FFE A BRANR S50 T LA 4 i 4548 wideband Debye #5578

Ho =PRI TE logfl~logf2 Z (M3 503E N T N MR AL, PRIRR S AE log 23 [H]35)

@,ﬁﬁ&%ﬁ:@&m,%—ﬁmﬁﬁq=ﬁ*gww,tﬁ&&ﬁ%ﬂﬁ%ﬁw%

As(multipole) = %As(wid,eband)o

BARTBIF R E(F) = o(c0) + DTN |
frn

ﬁTﬁdﬂ%%%ﬁ,%4&&2@%%%%@%&%&5%ﬁ,mWszm%,N

B, M E keI 5 wideband debye £ . Y4 fl=1e4,f2=1e12 B}, #iY N>16.

Wideband /2B B FT A AR i BUEE REAHSE, BRI T4 S bR AS Re (R B 1R f e i
TRARAIHRFE, X AT LA FE O RN R s AL R & Ae (multipole) FHEE MW, B &R
SR R ECE RS

> 45.1.1.2 FATERRE B AR R

SR IR R T R AR T SRR, S R R TR B AR D) T SR
A, AEERRRE SRR RO TR BRRE, R T SR SRR
%,éﬁﬁﬁﬁumﬁmﬁ%%ﬁﬁﬁﬁaﬂ%ﬁﬁaﬁ=/;;,ﬂu%ﬂﬁzﬁgw
RARRIR SN, B T DA AR A T PR o SR 1T S BR o ) SR AN A2 B ARG 1
(7, 245 ) AR 5 o AR T A8 /N (R R 2 /T CAEL LR, i i i i A2 &7
/R, SRR, RIS SR, S R R EOR X SRR
WIE, HRiE A RRETA Groisse #%). Hammerstad £% . Huray T ERIERY . A3 ERHE K
Huray #5781, EEREAL, T8 SRS R B I H A X BE LR Ra. Rz. RQs

F]28.H/J 3t SR R R
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K29 MRS L it &

FKA | iR

Ra | HARPIHH RS
I3

Rz | IEH-1Y 10 S
Rq | ¥Rk RS L

20 JUANH ILIRHLRS B &
Rz(um) | Ra Rq
At ] 9.5/7.2
VLP | 3.0-4.0 | 0.3-0.35 | 0.30-0.40
HVLP | 2.0-3.0 | 0.25-0.3 | 0.25-0.35

VLP2 | 1.5 0.15- 0.15-0.20
0.17

VLP3 | 1.0 0.12- 0.12-0.17
0.15

http://'www.co-tech.com/_en/02_ product/01 _detail.php?MainID=2
22 A Y

B Hammerstad #E & HAB EER

Hammerstad #5584 F 1948 E42H, e — R Rl & 77 U e sy, BAlm N A &
FRMHRERE (SR) , ARIMAEE 5SGHz AT I AL A T WA, i F 22 BIR KR K. A
T V0 AR AL (3@ FH MRS ILRE B R A (RFD) RPUIEAN

2 » SR \*
Ksp =1+ (; * tan [1.4 <m> D *(RF —1)

¥130. Hammerstad Z& 34574
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&31.Modified Hammerstad A /- 51

B Groisse B%
Groisse M AL 4t Hammerstad #8045 B 00K Y B BE 55, ] DLE FH R A3 RN =2
7~10GHz,

5(f))1.6

Kep =1+ e 287

&]32.Groisse FH /- S ifi

B Huray snowball FEREH
Huray SnowBall #7046 S Ak 1) 2 11 F 3 S /NERORIE L, W SR AR 15 2IRLRL o 1) R
K, nTUASAER m AR . BRI R AR

Ni & ¥A4252 ri FIERA DAL, Ahex SEHEBERR AT AR, SRBEKIRIL .

K31 ERAs Y

@  WRBBTAT FERR AR, BERRT DA A T i 2T

KH B KME /2 1+1.5%SR, & SR=2.9, N KH=5.35
@ W =2 AN 2 B r S BRART,
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&/33.Huray Snowball FH /= i

B Cannonball-huray @ 3#E%E]

Huray Snowball A #lE Bk FHERATT 2, dn FEREHERE 2% 1 FH an ks B s B 8 ok
&, R FE 94, B)Z 44, HZ 1A, —IL 14 DERCRTERL, v LRI BEA 1
NS, EPERA T RO HER .

S R HEAR ST
T
R 48 B b 3 AR 5 =X0nT BAHE N Huray Snowball 424 5K
Rz
_ Hrms _ __2v3 S v ™ _ 4Nmr? _ l4m
"= sar = arg ~ 0-06R;, MBSELRMSR =27 ==~ = 4.88

ST ERIE AR U — PRF PR SRR, JF A S LU S B A S ks i, R 23Rt
TR RS R 3, AR e A T AE

F32.Cannonball Huray F J* 5[

B SRR

A2 AT LA RLGC FBRAERL, Z=R+jwL, Y=G+jwC.
FEE H AL gamma=sqrt(Z*Y)=a+jp;

FREBR T Zo=sqrt(Z/Y)=sqrt[(R+jwL)( G+jwC)]
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Z5Y HR_RAEALFYEE TS 599, ARad s ERAER, Hb Y BE SRR
T 2 PR A 5 A5 28 (wideband/Multipole) S ARHIE
I KRS R B PP T AR AR

Z=R*Ksr+jwL,

W Z ASFR R A R AR AL, R T RIRYE . IEW R E0E 2

Z=(R+jwL)Ksr’

FELRE e 7Y Non-causal
Groisse 516
K =1+ e (2sr
Modified 2 SR \? 2 V1+ix
=1+ (Crcar i 14 () | k=1042
Hammerstad SR + (n rtan [ 6(f) D K=10+ T * (lg 1++ix
RF —1
*( ) —tan™?! ix) * (RF
1)
by = 1.4 (SR)
Hrfix = 1.4 (S(f))
Huray Snowball Ky (f) Ky (if)
3 3 1
=1+4+=-%*SF =14+—%SF *
g s D
[ - ] '
*
5(f) 8(H\*
Cannonball- Ky (f) Ky, (if)
Huray mr? mr?
=1+84=x =14+84+%
Aflat Aflat
1 1
e s “l 50
1+T+05(T) 1—0.5(1—1:)7

45.2 W-element

7E component A4 TML-W 23 ¢FHE A B JSEL I, 3 P B w-element /5, AT LLBLE

WM K.
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33.w-elment

45.3 BBFEHEIZE ideal TML

BARE 2 n] U AR H By 5 KRB, BRI ABCD Z5n] LR R AL
A B cosh (yL) Z.sinh(yL)
| |= sinh(yL) °
c D —Z cosh(yL)

BB TR Ny = a + 0B,

HorPas2 B3NS, FROVEERE B, A2 Np/m B dB/m;

BrREAGTEE B REES, FROMALE R, $AZ rad/m.

4531 TMLD

TMLD PR F i (R d2k: I RHERR ST Ze SR Delay Sififiid i 5 0 TE B AR A& 4
o

34, TMLD Elbx

JE ERA LA FLAL R
% {H

Zc 50 > Q FEAERA T

0

Dela 0.17 £ ns & R A
y 8 0

Len 1000 # mil JUAT K
gth 0
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4532

SR ¥ 22 73 T T Jol P AR A £k

Vp

5600

0

(2ipudia

mil/n
S

® .1 Delay 5 Length
BT & £ Delay=Length/Vp.

Heg =it —, H— M TR,

CTMLD

2%23.TMLD &%

CTMLD BEAHZE /L4 W ZE R AEPE T Zd. ZAALHRIERS Delay 55 & 524 Ke

]35.CTMLD El#r

# | w4 BOAME | JuE | A R

1 | zd 100 >0 Q FIARHERA BT

2 | Delay odd | 0.178 +0 ns ZE B R AE B

3 | Length 1000 £0 mil JUfTR

4 | Vp_odd 5600 >0 mil/ns | ZEREAE

5 | Ke 0 [0,1] o R/EL

6 | Kvp 1 >0 AR ZEASE 1 45 1R T RE LUAD) R 2

Length 5 Delay odd
Length/Vp_odd;

oy — 2
Hig—

— A

A R Ke AR ZESNT Z MW EREE : 7] LLAH Ke=(4*Zc/Zd-1)/ (4*Zc/Zd+1)K it
B, Hr ze BRIP40 2Zd 2 100Q, Zc &2 25Q, MG REUE 0;
—MNHATER, EATK R 2E Delay_odd=

4533

TMLE

*24.CTMLD @3

TMLE BEAE S fEgmek: BITRHEBLPT Ze SR F R KE E SRR i

T ER IR AL M2
%36. TMLE Elfr
# | EEs | Bl | ERE | B | ER
1 | Zec 50 >0 Q FRERH ST
2 |E 90 >0 deg HL A
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3 |F 1 (>0 | GHz | mkpEnt i si
FER LR T B R E RS Delay= 1/F*(E/360)

2%25.TMLE g%

4534 CTMLE

CTMLE HAHZ /R4 sk : i LT Ze/Zo SHaE Mz FF KR E RiIR I
ZE0r TR B AR AR 2k

E|37.CTMLE El#x

@4 | BOME | R | A R

Ze 100 >0 Q ZE R R BT

Zo 25 >0 Q JLARHE R BT

E 90 >0 deg HKE

F 1 >0 GHz HL A B IR PR AT
FER RN B IE RS Delay= 1/F*(E/360)

#26.CTMLE Jg %

4535 TMLP

TMLP A 7 B AL 4 2% -

DR IR 1R 0 B o e A 2

38. TMLP El#x

Horp £ RO EIR

# | @4 | BUME | EE | A | VER
1 | Zc 50 >() Q FEAIEFEHT
3 Length 1000 #0 mil JUAT K
4 | K 4 ¥ AHXT A HL T H
5 | A 0.0001 dB/m | L% AN KB IR AL
6 |F 1 >0 GHz TR B A BN AR
I v =atip, Sota=Alt, p=2T,
s’ , f ., 2nf
%%%ﬁﬂ:ﬂa+$ﬂﬁﬂ=<AE*”wﬁy”

XK27.TMLP Jg PR

WIRHERE ST Zey JUATKEE Length 5 ALK B IR R 2 A
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4536 CTMLP

%

CTMLP H 2 ek @I RHERRPT Ze/Zo. JUMKFE Length 5 hy K 8k &
AelAo R AGIE A 1572 0 AR 2k

&39.CTMLP El#r

JE P4 BoE | Ul | B R

Ze 100 >0 Q Z R T

Zo 25 >0 Q ILRRHE R BT

Length 1000 #0 mil JUfAl K

Ke 4 >0 y ZERLRIAEXS A L 2

Ko 4 >0 FLAEL AT A L 2L

Ae 0.0001 dB/m | & ZE R A K P R R AL
Ao 0.0001 dB/m | & FE AR ) B A P TR ek 2R 2K
F 1 GHz T A KL Ae/Ao X B ISR

>0
FERRHHG y = a+ B mp“A\ﬁ g =2t
: y N F’ C/\/f’

4§T§§iﬁyL=(a+iﬁ)LzyL=<A T4 2ﬂf>L;

F lC/\/E
Horp £ RO 5

#28.CTMLP J@ 1%

A

4.6 1BIS fHA
SCHFIBIS BUVEHLI 17 FELA buffer, DL Hiiim LD 7 73 buffer. HRA W FERD
ID | Buffer X! Hig | E | &iIE
1 Input \ \
2 Output \ V
3 /0 v v
4 3-state V V
5 Open_drain \ \ Axx 4 open drain 5
6 I/0_open_drain \ \ open_sink 7 Fi[F] 7
7 Open_sink \ \

¢ XPEEDIC
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8 I/O_open_sink

9 Open_source

10 I/O_open_source

11 | Input ECL

12 | Output ECL

13 I/O_ECL

< | 2| 2| 2| 2| <2 <
< | 2| 2| 2| 2| <2 <

14 3-state ECL

15 Series HC | AT Bl A A 2 59 buffer
16 Series_switch D ] P/N 54
17 | Terminator \ N

29.1BIS buffer 5|5
WS buffer & BRSRAAH IR R, AT BARIEL T %

FE40.1ibis buffer 7& spice H1 17515
7£ ChannelExpert 71 ) symbol /& 1~ K iR

K|41.1BIS #i%
ibis [¥] corner & S5 typ M A FR S HUE L T E:
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i

K142, Typ MR 2 S5 EUEX R R R
R typ MMESRZ typs min 5 max FHEAE—, FoREEM ibis SCAFFRECH R 51

Hms w ibis X EALEAE min/max s, MEA typ HdE; R typ BMEZ fast 5L

slow, A min 1 max FIEIEAE. R xxx BT fast Ml slow Frfi A A9 B ARSI

ZH Fast Slow
C_comp min max
Temp_Range max min
Voltage_Range max min
Pullup_Ref max min
Pulldown_Ref min max
POWR_Clamp_Ref max min
GND_Clamp_Ref min max
Rgnd max min
Rpower max min
Rac max min
Cac min max
Pulldown max min
Pullup max min
GND_Clamp max min
Power_Clamp max min
Ramp max min
Rising_waveform max min
Falling_waveform max min
V_fixture max min
Model Spec max min

2£30.Fast fll Slow HE4H &%
MR SEPRIE T R, A —LmHr IBISECE, WHE

K43.1BIS & &

B SHEEN TR
# | I R BRIN | *RvE
Type Corner &+ typ Typ=[typ|min|max|fast|slow]

¢ XPEEDIC



2 | Use internal THNAE |1 R S AN R, U pull 5 clamp
power W [F] NS5k, @power=on

3 | pull to clamp Pull Z25KEE | 0 —IEOL T pull 5 clamp #2241 A H
#| clamp A

4 | set ENABLE pin | Enable f#g¢ 0 H ibis S FH 1) Enable=Active-
FEIR High/Active-low # &

6 | Use digital output | &2 5EH T4 | 0 I )
t

7 | Use package =75 H package | 0 54| package=0[12|3|4, £ 3.2.4 /)

Bl
8 | Use DieProbe 73 % DiePad | 0
F31IBIS Ml HACE £

4.6.1 #RE pin B31R P buffer

H 3R #F buf pin 7T LUR$E H i £ Buffer 28805k B 3 ILEC A F 15 Fh(BR
series/series swithch).z — X B 1) symbol s

K44, Buf pin {# FH L

4.6.2 Buffer 5%
4.6.2.1 Output Buffer

Output %t buffer [ symbol 41 :

E45.Output FEFx
HNEREE R R4 R
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46.0utput 4514
nd_in & B2 TN, EVIERIRAS t=0 I 5 0.5V HECHIge, 7E 0 %5
0.2V/0.8V iR ELi Fl vk, AP I8 4848 %2 31 Polarity (52, FAR LT .

Polarity=Non-Inverting

IR =0 V_in>0.5?1:0

0 V_in>0.8 state=1
V_in<0.2 state=0

Polarity=Inverting

WIHEIRA =0 V_in < 0.521:0

0 V_in>0.8 state=1
V_in<0.2 state=0

#32.Output WU E(H

4.6.2.2 Input Buffer

Input %A buffer [¥] symbol %15 :

K47 Input EF5
FAN A JF B0
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F<48. Input 254
KB AR H S I Dig_O RIS TR

Polarity=Non-Inverting
WITHIRE t=0 V(Dig_0)=V(nd_in)>(Vinh+Vinl)/2?1:0
t>0 V(nd_in)>Vinh V(Dig_O)=1

V(nd_in)<Vinl V(Dig_0)=0

Vinl<V(nd_in) <Vinh V(Dig_0)=0.5
Polarity=Inverting
HITHIRE t=0 V(Dig_0)=V(nd_in)<(Vinh+Vinl)/2?1:0
t>0 V(nd_in)>Vinh V(Dig_0)=0

V(nd_in)<Vinl V(Dig_0)=1

Vinl<V(nd_in) <Vinh V(Dig_0)=0.5

33 H 7 Dig_O #r

46.2.3 1/O Buffer

I/O i N#i ! buffer ) symbol 1R

K49.1/0 Elbr
BNy ALY
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46.2.4 3-state Buffer

K]50.1/0 4514

=24 buffer ¥y symbol @R :

Fo P B A IR R

nd_in &2 E BN, nd_en RF AR, TAERE W TR,

K[51.3-sate bR

[E]52.3-state 45 H4)

V_en V_in
Active-High | Active-Low | Polarity=Non-Inverting Polarity=Inverting
WIERA =0 | >0.5 MAERE | <0.5 WIfHiRE | >0.5 M & >0.5 JU IR
<0.5 JUJ I <0.5 JU%aHE e
<0.5 NMERE | >0.5 AMERE | TR TRk
0 >0.8 NIfERE | <0.2 WIfHAE | >0.8 MUt v >0.8 Nl A
<0.2 JUJ 4RI <0.2 JUHa H e
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[ <02 Afife [ >0.8 AfEfe | K |
#34.3-state fi  TARRER

4.6.2.5 Open Drain/Sink, Open Source

‘B pin 5 output SEAAHE], EAAMBATTEL pullup BiF pulldown (&, (HRAEAA X
B[] pin

FE53.0pen Drain/Sink £ Open Source El#r
Open Drain/Sink P #B&5HIRER IR, 7523 & A& Open drain/sink %A pullup 4332,
LA B & i e v F T B Re ), — IR 2R B B R RH .

E54.Open Drain/sink 5 #4)
Open Source WH#IEE IR RGN T, 7 ZEE M2 Open Source ¥4 pulldown 7332, [tk
AHERBACHE IR, — TR ERE N h .

F55.Open source 4414
4.6.2.6 1/O Open Drain/Sink, 1/0 Open Source Buffer

B pin 5 1/0 5e4AHIA], EARBATIERA pullup B35 pulldown ST, (HZAEIRAE X
] pin.
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F€]56.1/0 Open Drain/Sink 5 1/0 Open Source El¥x
I/0 Open Drain/Sink P IBZ5H IR RGN, 75 2LV ER 112 Open Drain/ink &4 pullup 7
X, FEA R m R Iae ), — TR E B .

F57.1/0 Open Drain/Sink %5
I/0 Open Source N F#&5F IR BEANT, 75 2271 =¥ 2& OpenSource &7 pulldown 733,
PRLHEAS B o H v F P R ), — M RO N AR .

58.1/0 Open Source 2514
4.6.2.7 Output_ECL Buffer

ECL %t buffer ] symbol &1 R :
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&59.Output ECL El#x
HWMEEMFEEAT, A 7L ECL I F S HARFE, 1BIS MUVENSE: PD 73 S IFBXH
PU 7% k.

%160.Ouput ECL 544
4.6.2.8 Input_ECL Buffer

ECL #i A buffer [¥] symbol &1F:

&61.Input ECL Eltx
HN B St B R
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[&]62.Input ECL 454
4.6.29 1/O_ECL Buffer

ECL % Nt buffer () symbol 41

&]63.1/0 ECL E¥r
HAEMIREE T, AT ECL BRI HFFE, IBIS ¥ PD 730 i&H: 3] PU
F.

E64.1/0 ECL 4514
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4.6.2.10 3-state ECL Buffer

ECL =%t buffer (] symbol 1

[%]65.3-satate ECL &#r
HAEERIEAT, N7 ECL B R, 1BIS K PD 43> i%E 23| PU
t.

K|1. 3-state ECL Z5#4)
46.2.11 Terminator

Uiz buffer (1) symbol %17F:

F€166. Terminator FE¥5
'© 5 input #1EL £ T [Rgnd], [Rpower], [Rac], [Cac], /b T Hur @ikl 4y, HA L
IS
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[%167. Terminator %54
4.6.2.12 Series

Series buffer [] symbol 41 :

K168.Series Eltn
‘BB &R Series], [L Series], [RI Series], [C Series], [Lc Series], [Rc Series], [Series
Current],[Series MOSFET].
NSRRI SE IS

&169.Series 4544
4.6.2.13 Series_switch

HR BT 5% buffer 1) symbol 1R -
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F470.Series switch Fb5
TR E 2. EHE[R Series], [L Series], [RI Series], [C Series], [Lc Series], [Rc Series],
[Series Current],[Series MOSFET], 5 Series Buffer #tt, ‘&% 1 [Series MOSFET]HI{#i fEF%=
] 9 EE T ss_state.
FLN B Sty R BN -

] 71.Series Switch £5#4)

4.6.3 E4y buffer ]

7247 buffer (] symbol 4175

K72, % %3 buffer Etx
72453 buffer WA P AN B JEI4» B0 R 7 1 AN B buffer, TTRES(E P AT N BL4ZFS 2
—)> Series/Series switch 5 buffer, o] A= HIfERE. X TA77E nd_in [ buffer, N &7E
P P IR RIE N, %F T Enable f#REM buffer, P AT N [A] A f2 )
FLN R R R B
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nd_in & BN, TEVIIERIRAS t=0 B} 5 0.5V HbicHIk, 78 >0 i) 5
0.2V/0.8V RV LAY, I ff8 4818 52 3 Polarity (52T, HAK L N,

U2y buffer 47 Ky 2485 I Dig_O, ) HAay HyIRAS WL R

K| 73. 24} buffer 451

Polarity=Non-Inverting

IR =0 V_in>0.5?1:0

0 V_in>0.8 state=1
V_in<0.2 state=0

Polarity=Inverting

WIHEIRAS =0 V_in < 0.521:0

0 V_in>0.8 state=0
V_in<0.2 state=1

2<35.Output #Jih FAEHE

Polarity=Non-Inverting

IR =0

V(Dig_O)=V(PN)>021:0

0 | V(PN)>Vdiff V(Dig_0)=1
V(PN)<-Vdiff V(Dig_0)=0
Vdiff<V(PN)<Vdiff V(Dig_0)=0.5

Polarity=Inverting

PRI =0

V(Dig_0)= V(PN)<0?1:0

0 | V(P,N)>Vdiff V(Dig_0)=0
V(PN)<-Vdiff V(Dig O)=1
Vdiff<V(PN)<Vdiff V(Dig 0)=0.5
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4.6.4 PKG R

#3657 I Dig_O fth

IBIS PKG 1] LA$E A FH 0K ibs S 48 52 pin 1) pkg Z80/E N AE symbol i 21 H i

R A

o UL pin B BT ESEINA L EMER, KA [Packagelzk[Pin] ik
IR Ly C AW NP REHES, Rii /& H XN R_pkg 18, Lii 5 H X
L_pkg, Cgi s H %R C_pkg.

o MFHEEHERA pin 2RI A REER, K H[Package Model] i i i1
[Inductance Matrix] [Capacitance Matrix] [Resistance Matrix] %5 [ 2% .

FART N RPR
et HLFH HLIEK L
Package=1 [Package] R pkg L pkg C pkg
Package=2 [Pin] R pin L pin C pin

Resistance matrix

Inductance matrix

Capacitance matrix

Package=3 Full matrix \ \ \
Banded matrix \ \ \
Sparse_matrix \ \ \
Package=4 S ¥

Lii>0.

® k% distributed H)KFEE AL RLC #43 pl o A R A i 2k

® CH[ER MR, L. RAZY MK

Cij & X AL FHEIIBER 1V HIrA AL E OV I Sk F IR 1) L fir

Lij & AU RASAE 1A/ HErE HAb SR Z 0Als I FAk« BN I FL I,

Lii>Z|Lij|(i#)»
® Rii>0, Rii>|Rij|

K74.PKG %

4.7 SYSTEMPI BB 55 BE M AR 7Y

47.1 VRM &R

VRM HLRE 75 B4R R A B W SR VE 38 Il A S Rt BT TRl iR,
TEPURE LB VRM B8, AP R B, AR A

He A R E RO B R

E75.VRM 55
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K76, VRM P4 35025 200 FEL 1%

# J& 2R 70 ] ¥
44 IME A T
1 Vdc 1.2 \Y H
mHE
2 Rs 1 mQ 5]
I L FH
3 Ls 0.1 nH &$
Ik PR

F37.VRM %

472 CPM K%

K 77.CPM 5=

4.8 PP

CRFZ PP L RS 2SR, ARG DIZE /R (Bessel)  EUAFAHEE (Butterworth)
DItk % (Chebyshev) . il (Gaussian) FIFE (Elliptic) JEHiase, AFRAVE Hl
FE AR I SRR . DL A2 AT 25 B X L

eyt i e ER o YT BEUE FEAL LRV
Bessel It % 5
Butterworth uf — % — &
Chebyshev B LU B 7=
Gaussian o — LIYSE
Elliptic ALk 5 7

F178. i 7 14 e L et
Al LA 2| Bessel 5 Gaussian [FFHA e AR LT, FFAEIR & AR AL IR 1 8, PR R AE
IRfA°F 4 Gdpass=GD(0)/GD(Fp) & fii & R 45 5 R EE M EES 4, Hh GD(0)2& E i
ATETHR T IFEAEIR ; GD(Fp) & EJ # (Rl Ay AR T FIRFAEIR
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K179, #E T I
JEUEAS S HEFERT LR ON T,
11 S12 RL # (—1)StopType==short?1:0 Hyp * a
s21 s221 = ‘ Hyp * S11 # (—1)0rderType==even?1:0
Horb: Htf 2@ B A FIESR RN LIS RE: RL Z2RITAERE; ol =R
1, StopType SEPHH B RD, 242 short I [EI45AHAL /2 [7]; OrderType /I8 2545,
LR AR S22 5 S11 FHALAH R .
TE 4RI 2 ThRE T /2 FH Feenter, BWpass/BWstop iK% 7 i /1 BH I Vi s A 26
PR, AT RUIE IS a0 R ¢ 5 B I8 A8 R A L i,
Fpl = Fcenter — BWpass/2
Fp2 = Fcenter + Bwpass/2

Fcenter? —

2
Fsl = BWpass/Z) n (BWstop/Z)2 _ BWstop/2

2
Fs2 = \/Fcenterz BWPaSS/ ) n (BWstop/Z)z +BWstop/2
b FpL/Fp2 43 B8 ISR FsUFs2 2B I .
48.1 LPF{RiEIRE 2

BB 2 (LPF) SCVHERME S, FNRREIE S HRE RS Sy
(BT AR Fpass FIBRIEEIND LA, e (R THEESR Fstop
OB T B PN D A8 S5 25 11 99 L 28 58 4 3l

[[80.LPF =

JEP AR
w W o @ o
g £z & Z
# JE 44 BME e LA ) g g ¢ g IR
o) =3 =
= <
1 Fpass 1 >0 GHz SRR, NN EEILGR
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(o) NNV, T SN VS I \S]

10

Apass
Gdpass
Fstop
Astop
StopType

IL
Zin

Zout

3.0103
0.9

1.2

20

open

50

50

4.8.2 BPF #iBEk s

=
=
1) BWpass 76 [F| A 1115 5 18

~N SN Dn s

TR A (BPF)

JE 4

Fcenter
BWpass

Apass

Gdpass
BWstop
Astop
StopType

NN

3.0103

0.9
1.2
20

open

[0.01,3.0103]
(0,1)

>Fpass
>Apass
Open|Short

[0,15]

>0

>0

dB

GHz
dB

dB
Ohm

Ohm

#38.LPF 2%

U

81.BPF {5

>0

< 2*Fcenter
H>0
0.01,3.0103

1)
>Bwpass
>Apass
Open|Short

[0,15]

LR VA

GHz
GHz

dB

GHz
dB

VN A
\/

< 2
2 | <2

e
VoV A
VoA
VoA
1
\/
VoA
VoA

ueIssnen)

<

\/
\/

ondiyrg

2

T

AT EIR
BELH 121 A%
BEL 5 120 2% 2k
BELH5 i N BHAR
#4: OPEN B¢
SHORT
IEVEAEIN AL,
BEN=0, WHNEL
SRR AT
TR AR TR
i N\ 1 225 fH
Pt

i o 1 25 B
Pt

— A SR VR E AV B A S I DRSS, LA Feenter ity
BWstop i Fil #h A5 5 4 52 H 98 L 55 52 A ko

TERE

AT AE IR

BH 7 1 B AR
RELH5 12 2% T2k
R PNIEE S
%4: OPEN H{
SHORT
BRI E, W
EN=0, NPHHEL
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11

4.8.3 HPF EiEJEk S

~N N L AW~

10

11

IL 0
Zin 50
Zout 50

dB
>0 Ohm
>0 Ohm

#39.BPF %

EENE
RN
N REET
o
ff 5 1125
o

FEVERCE (HPF) NI S{IEER A AN, B eV mliE S,  maslaifE 5 .
FERUEIR Fstop LT RSG5 4l 59, MAEBEMAR Fpass BLE, (5% )L,

LN
JE 4

fH
Fpass 1
Apass 3.0103
Gdpass 0.9
Fstop 0.8
Astop 20
StopTyp = open
e
N 0
IL 0
Zin 50
Zout 50

]82.HPF £ %

biencE| LA
>Fstop

0.01,3.0103 dB
(0,1)
>0
>Apass dB
Open|Short

[0,15]

dB

>0 Ohm
>0 Ohm

#40.HPF 2%

yuomIaNng ze

<

s
2

AQUSAQRYD)

V1

upIsSsnen)

ondig

TERE

Sy

T T T R
T RFIEIR

=

iH

BEL 5 120 2% 2k
BH 5 N BHATLR
#4: OPEN ¥
SHORT
IEHRAR L
BEN=0, NIHNEL
H 3T E R
TR TR
PN N E S |
b

i i 1 2% BH
Pt
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4.8.4 BSF Hi@EIEW 2

HBHIESAES (BSF) & —FiAs Fu Vi S i Bl N A5 5 Il D8 IEs , LL Feenter 4yt
L) BWstop Y A 15 5 450 25 HIl 99 L 2 56 2308, BWpass Y 4115 58

K83.BSF 45

JEP AR RA
bORES O wy &5 ¢ 2 am
" s § 3
=
1 Fcenter 1.5 >0 GHz N N N NN g
2  BWpass 1.2 < 2*Fcenter GHz N A N N ik Sk Bk
H>0 3
Apass 3.0103  [0.01,3.0103]  dB VoA N NN B R
4  Gdpass 0.9 (0,1) G V V TR IR
BWstop 1 <Bwpass GHz N A \/ RELHT 120 21121450

6 | Astop 20 >Apass dB \/ V V BELH7 12 2% ok

7 | StopType open  Open|Short BELH7 3 A\ BHAL
J571: OPEN 5§
SHORT

8 N 0 [0,15] TP AR EL,
WEN=0,
I P 358 Bl
A

9 IL 0 dB T T 4 AR

10 Zin 50 >0 Ohm EPNTRE
HEEN

11 Zout 50 >0 Ohm v 11 22
FHT

#41.BSF 3%
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49 ZIBPFHEE

[VCVS CCCS VCCS [CCVS
sk y X v
Laplace \ \
EORLEOR TE AT
PZR \ \
WE S
PR AR N \
SRR E IR Transient, S-parameters, Channel-eye

42 BN 5N
49.1 E-[VCVS]
E-[VCVS]& H 45l o Ui, A0 2 % A\ P BH S5 % tH AR DG FEFH . symbol @1~ B T

E84.VCVS %5

97 /| 307

# | Bta | BME | e | B | TR
1 gain 1 bk
2 | delay 0 >0 s SERT
3 | Rin 1e20 Q EETIANEE
4 | Rout 0 Q R RH

4.9.2 F-[CCCS]

£43.VCVS Jg it

[&85.CCCS #'5

# j@rta | BUME | BAL | R
1 gain 1 s
2 delay 0 >0 s FEF
3 Rin 0 Q i N\ HLBH

F-[CCCSI/& Hui il i dtil, A5 A R P Sk IRk AP . L symbol 41 R R

¢ XPEEDIC



4 Rout 1€20 Q o HL B
£44.CCCS JBMF

4.9.3 G-[VCCS]
G-[VCCS]/E HE A5 I L L, 6L A FB ML 5t I LB, symibol 1 < PRI

K86.VCCS 55

# | @A | BIME | e | A | TR
1 gain 1 S 2
2 | delay 0 >0 s SR
3 | Rin 1e20 Q EETIANEE
4 | Rout 1e20 Q it FELRE

245.VCCS £
4.9.4 H-[CCVS]
H-[CCVS) & HiifE il I, S&m A HEMHE R, L symbol &~ E R

E87.CCVS &5

# | Jwitkd | BUME | el | A | TR
1 gain 1 Q W
2 | delay 0 >0 s j3i0)
3 |Rin 0 Q NG EY SN
4 | Rout 0 Q ot L REL

F46.CCVS EHE
495 E/G fEERERIER
4951 Laplace—h¥Hh # L MR R
A 1% R 21 BER R B TG 3

4952 Pole-Zero— kT AR

38 R B 7)1 BER R R FE R R
H(s)
_a-(s+a —j2nfp) S+ ap +j21fn) o (S + Qg — j21f50) (S + A + j21f7n)
b (s +ap, —janpl) . (s + ap; +j27rfp1) (s + apm —j21rfpm)(s + apm +j2nfpm)
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495.1

Foster Pole-Residue—E 23,

P38 PR T BEROS Bl R B 2, AR B H o3k

5 SR ENE L

H(s)=k0+kls+z<

i

51 R HaHERK

s — (Re{p;} +j - Im{p;})

Re{A;} —j - Im{A;} )
s — (Re{p;} —j - Im{p;})

A Function Name Description
pow(x,y) B # x**y x )y K7
sqrt(x) x ¥

Square of the selected simulation

sar() quantity.
root(X,y) nth root function.
abs(x) “anHE
exp(x) e [ x ITJ5
fmod(x,y) x%y HUR
log(x)EX In e NI x A4
log10(x) 10 JEE x HRH
sin(x) 1E5%
cos(x) Ri%

Math tan(x) 1=V
asin(x) S 5%
acos(x) AL
atan(x) SIEVI: -pi/2~pi/2)
atan2(x,y) SAEVI(TAE -pi~pi)
sinh(x) WU IE %
cosh(x) AR 5%
tanh Hyperbolic tangent.
asinh Inverse hyperbolic sine.
acosh Inverse hyperbolic arc cosine.
atanh Inverse hyperbolic tan.
floor(x) [r) T HURE
ceil(x) Ir) - HURE
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round(x) UIESE TN
sgn Sign extraction.
real(y) 5k re(y) y RS
imag(y)=k im(y) y MR

cmplx(re, im)

A complex number, where re is the
real part and im is the imaginary

part.
conjg Conjugate of the complex number.
mag(y) y HIRE
=H phase(y) y AL
ang_rad(y)/ang(y) y HIFREEAR AL
ang_deg(y)/arg(y) y R AR
unwarp_arg_rad(y) y BT S AR AL
unwarp_arg_deg(y) y HIAEST B A AR AL
cang_rad(y) [A] unwarp_ang_rad(y)
cang_deg(y) [7] unwarp_ang_deg(y)
dB(x) 20*log10(]x|) to base 10.
dB20 20*log(x) to base 10.
dBm(x) 10*log10(]x|) +30.
dBW(x) 10*log10(]x|).
SALLEE R P 10*log([x]) to base 10.
Decibels relative to the carrier. It is
{Be the power ratio of the signal to a
carrier signal. Gives the relative
signal strength.
Returns maximum value of the
max simulation quantity.
Maximum value of the two
simulation quantities. For
max2 example, max2(a,b) will plot maxim

&S FiEia

5

um of a and b for a particular

instance.

Returns the minimum value of the

min . . )
simulation quantity.
Minimum value of the two
simulation quantities. For

min2 example, min2(a,b) will plot minim

um of a and b for a particular
instance.

felvy
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Threshold crossing time: report first
XAtYMax time (x value) at which an output
quantity crosses YMax.

Threshold crossing time: report first
. time (x value) at which an output

XAtYMin i
quantity crosses a user definable

threshold.

Returns the X value at the first

XAtYVal
occurrence of Y value.

Returns the X value at maximum
YAtXMax
value of Y.

. Returns the Y value at minimum
YAtXMin
value of X.

Returns the Y value at the first
YAtXVal
occurrence of X value.

Returns the 3dB bandwidth of the
. selected simulation quantity. For

bandwidth . ..
bandwidth, the calculation is based

on 3dB below the maximum peak.

Returns the average of the values of
the selected quantity. avg = (Area
av
g between the curve and the X-axis) /

( X length of the curve)

Returns the mean of the absolute
avgabs )
value of the selected quantity.

Returns the average in the set of
mean quantities selected. mean = sum( all

y-value) / (number of y-values)

The cumulative

integral function returns a set of
values that have the same length as
the original set of points (the first
cum_integ element will always be zero).
Element I of the set returned by
cum_integ is the integral of
elements 1 through I of the original
data set.

The cumulative

sum function returns a data set that
cum_sum has the same length as the original
set of points. Element I of the set

returned by cum_sum is the sum of
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elements 1 through I of the original

data set.
. Derivative of first parameter with
deriv
respect to second parameter.
. Integral of the selected quantity.
integ )
Uses trapezoidal area.
min(y,y,...) =)
max(y,y,...) SN
¥iS
plot_vs(vectorY,vectorX) plot_vs(yValues,x Values)4i H % €]
~X B
+ n
- ek
HAREH * ofe
*ok ’%
/ 3
Ix Ak
I 29
&& 5
== £
bk e I= A&
< NF
<= NTEET
> KT
>= AFET
~ %4441 37 if(cond_exp,true_exp,
sptEs i) AP iflcond_exp e exp
false exp).
inverse(m_Matrix) %E FERIE
inverse({1,2,3},{2,6,4},{3.4,5})
transpose(m_Matrix) iR
matrixdot(matrix 1,matrix2) PN B [ e AR
expandMatrix({MO,M1}) expandMatrix BR%{
Arrays/Matrix P

permute({4.S(2,1),5.8(2,1),6.5(2,1),7.5(2,
D})

{4.8(2,1),5.8(2,1),6.8(2,1),7.8(2,1)}
AE R R

X[12,::]

SRICEL 12 A e LU B s

{MI1,M2,M3,M4,...}

A HUH A SRR R

X(row,column)/X(row)

MECEL /B R A i DO A7 B T

felvy
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ES
X[pos] NECEH /B O B A7 TG 3R

SFr T
{4.5(2,1),5.8(2,1),6.5(2,1),7.8(2,1)}

S(2,1)[3::6,::]

6 MAGRSREH
6.1 SSHEBIGTE

¥ S ¥, 1LHs. BALUN 20k
6.1.1 #ESSH. EHLL. Balun HKEEER

439 . Components N TML Jof4 % H 4N TML. Lumped Components JE£F & H#EA
Balun4, #£# Data Source |~ Nport 5 TML ' TML 23¢F{ENIBIE, B ERCR, JHEELR
PFW i34 in GND 5 Port -

6.1.2 HBESHHE

it Nport #8F, Nport 234 71 €445 Model . File Name. S Z%(5] {5 5. Port
Number £, @it Browse $A S 2%, S 45| EAME B I 4E Pin Location. Bus
Pins. Pin Properties 4t &% Refresh Z2HEHNE S 4, View 2&F s*p XIFHEE, S-par
info 2 & & S 8 EK{E S, Curve F1 SnpExpert £ & F S SHNBLEIC R, ®AELE
ChannelExpert # 45 7E Snp Expert #4F H fER

5| B B 15 B AT 8 Pin Properties X257, Configuration 4b /R )52 S 805 | B &
RATE, BFEIYM, AT LLEE %R Manual Edit 47X 51 B3 T4%4E, 7E Drag and drop text
to manually edit 4bJE i EL 35 pin G, 52 R B AF .
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Bus Pins FL1H ] LA pin index 1 pin Name, tHA]PLXT pin fii#E1741 Bus:

Pin Properties 7] LAX 24> pin 1 51 BPIRZASBEAT FIWT, G0 D4R IEROIRES, &R
AT A, WRNEL2)i%E hide F R FF 2 75 A S B K R
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Options Ak v LATE A BCI o 5 a8 G PR 2 2644, andén FBASE. FMAX %5

TML # FH1HEL Substrate #48HE S AIEZ(5 5 Substrate T, 7T LAE P 5 50
ERMEME R, — Rl REREEAMRE, ZJREE ARSI T ELE ;
Impedance FHALE FT LA i, Sl AR HEAS 1 TmA BA BRE TML I
Parameter, RARZET BMAEN FAZE, MIRELMTERE . LS5 MMEER. LaKE,
X BLZR 28 2 R] (R TRT SRR 2 b — AR (1A 0 21 R — AR 2R 00 Zc PR B 38R 6 AME 2 Pin
Locations 7] LAk 45| I A7 B 27w 75 X
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Balun4 #3471 4% Name LAz S& 54T JF P_probe:

6.1.3 SHIAKE

Fr i BT 5 Analysis 341 S-Parameter Analysis

SRR E S, S Add 3¢ Edit, WEHT Type (4 Linear Step Z8PE7 H) <
WE S ZH ARSI IEE (Fstart. Fstop. Step size), 3 (R B £ 18 Fif A M B -
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7 Options £, T LAGEREA{E 77 20, HlfE 28R, BARTH @k fros:

6.1.4 SBEELER

WHETEHRUG, £ SPO BT EAHE, etk analysis T4 E, 75 Messages 23 &/~
fi solver 1] log {5 5., #FES /R T IZATIRAS:
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PIAEEA, W R A s S11 ek, FIMIANER) S &R, T LOULI S 5E#% 1)
S SR HLR, AN S S AL T

SERBONERIZ S11, ATRARS (UM A5 SPO, , E$E Add Plot, 7E5H M ) A,
EREFREEEMN S S8 (Wik# S12) , siddi New Plot, 73345 K.:
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2 HH A

TEEHAE RS, £i8E results, 1%EFF Open Results Folder. i XF S S4h £k 4
M, AT LA B BB £ B

6.2 IBIS @A HEEHAI TRANTE
6.2.1 ¥E Tran i E5%

43 M TCH & T4 Independent Source Y5 Buf Pin. N_port, EIEHERR, (HE
RS B R . WA Sm A [F] ) Source Y55, 221 O/I0 IBIS #3fF. S 24l

8, W 110 1BIS #3125, 727 EMEAIT RO Probe 9 s FH R WL H 1T
%

6.22 HESHAWKE

Source Y% N\ 45 PRBS HLEFE A B . Encoder. Modelation 55 Jitter PU347
PRBS WA EHEZ ., IS TS, ZEN2EIEAW E, /2% Rout 7] UL HL{E #H4T
BB BATBRES TR, RIAESH R R B AL,
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Encode, #idi%®E, HHiY%¥r DW8b10b. DW64b66b. DW128b130b. DW128b132b.

Modulation, EFHHIFE, BRiANRZ, #F PAM3. PAM4. PAM6. PAMS.
PAM16:

Jitter SR A E . BEVLEFS) R AG A SHELS) P
RJ MR LABEE Seed F1 Sigma {f; PJ Fw LAk & Type. Amp il Freq.
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HLPH 1 -

IBIS 3CfFHi Browse #2413 N, ibs ST R AR A W@ s View #HIEE; A
J& 19 1BIS ST AR 7 1BIS file bR IBIS #3411 Conponents Al Type {5 /8 A] i
TR &F; ‘A% Use internal power 7~ FH N EHLJE,  Set ENABLE pin 52 5 B ff Rtk
A, AMFNEIT —RWA Active , J3—Mj2 Active; ‘a1 Use package /2 i #5158 H P &
B%¢; A1k Use DieProbe 2 HEH A A5 ;. 2i% Use digital output 52 715 5
S s 2)i% Use Series Model & % 735 5 X H IRRE 4 350 2 AR R T 25

IBIS Pin ) Name. Signal name. Model Name ®J7E Pin Jil{g Bl N & &, £ 5w Ll
CAFshik B8P 1 pin BIAN 75 22 F 201 Model;  Ftifi 450 ) LIS )% Show Diff only %
ik R WoR 25055, W LUE#HE Filter %7<7720  (Pin Name. Signal Name. Model Name
=AERT =AY, AT BUE Filter Name % Pin name;

Model 15 2 715 #5 Model Information 1 Die Capacitances, 14 ibis [#J mode type.
Polarity. Enable. Hi k{58 %%:
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I-V Data {5 B {345 Model info (Voltage 1) , & 7 &%

it Nport #5F, Nport 284 #1445 Model . File Name. S Z%(5] {5 5. Port
Number %, @it Browse 5 A S 2%, S 451 I AME E I 7E Pin Location. Bus
Pins. Pin Properties 4t &% Refresh ZHEHNE S 24, View 2&F s*p XIHEE, S-par
info 2 & & S 8 B K{E S, Curve F1 SnpExpert £ & F S SHNBLEIC R, ®AELE
ChannelExpert # A4 5 E Snp Expert #4F R

5| B B 15 B AT 8 Pin Properties X257, Configuration 4b /R )52 S S %05 | BIIK) &
RATE, BFEIYA, AT LLEE %R Manual Edit 47X 51 B3 T 4%, 7E Drag and drop text
to manually edit 4bi8 i BT pin JEH, 58 R B AR
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Bus Pins 1 A LAAE % pin index A1 pin Name, AL pin fiIEE4T4H Bus:

Pin Properties 1] LA %A~ pin 1 5] BIRZASBEAT FIWT, G0 D4R IEROIRES, &M
AT A, WRNEL2)i%E hide F R R 75 L B K R

Options &b 1] PATE A B o 77 B 48 I pR &
2, i FBASE. FMAX 5.
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6.23 TranfiE®E

AT A Analysis 31 Transient Analysis

WE Tran {5 B AR IAREVEE (Start. Stop. Step) » WS KAWL, Hn]zik
Max Step:

6.2.4 Tran{iE4ER

WHESERJG, 7F TranAnalysis B 15 f E A8, k% Analysis, JFEA1GE, T
Messages 23 it 7~ 24| solver ¥ log 15 5., 1B 2% 7 40 IS AT IR
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PIREAH, FAT R (Voutls Vout2) [fth HiE-IFE] (V-T) il 2k B EE
K, SR EFR:

i

e

115 / 36+
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6.3 DDR FATHEMITE

6.3.1 B DDR buffer 4155
Components [ IBIS # %!~ 405 ibs S8 in#e%, o LUTIE S SH0EE KL

TML AR ARG AN S TML #54F; Lumped &34 T~ £0.4% Balund 47L& 2854F U0 F
N

6.3.1.1 %% DDR B Pin [ E4:5%
MM TeHE T4 DQTx. DQRx. 10/DIO SiliE, @ ri#E#5<%, DDR i Pin{j
HAEHRW FTEAR. MiAGm DQTx S, &l 10 24 S s¥miE, hElonEz

f55:
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6.3.1.2 HEHNIEE

Nport #$#F S H 55 File Name. Model. S 35| {5 /2. Port Number %, iEid
Browse F A\ S &%, FA(Z BT/ Pin  Location A&, 5IERE R (FRiEid Pin
Properties b 27, Options 4b i] LAFE {7 B E X477 B4 38 0 PR e 2%

10 284 S tL 4% IBIS File. Component. Type /55 &S 54 H ibs ] internal
power. set ENABLE pin &K ENABLE pin {1k A&5i% K Active 8¢ f# /] Disable. &5
H Package;

7E Pin {5 S A2 0T LLEF SN ibs A2 1 pin {5 2 A1 Model %, Model {5 B4~ 1] LA
755 Model Type 25/ B.; 1-V Data £27] LLF Model info 15 &.:
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DQTX Lf# Impedance, wJ LAXFBHLEBEAT Y E s Source, W LA E HUKHR{E. 2K,
T RERSES R4S Modulation, PAM3. PAMA4 %: Encode: EQ . Jitter £12)%%:
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& Eye probe J& 1, f#5 Bit Error Rate Contour. Transient Simulation Mode.
Histogram Resolution %5; i%£#¢ Eye_probe Zii i 1IN %, H I Eye_probe 1J LA Hi ¥ N 2%
17 eye 5 BERContour ;#7215 78 7 AL 1 45 F s I AR B &1 Mask:
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6.3.1.3 1HELER
AR P45 a0 R s :

AR B LA K BER BHZE4MHT, TT DA% DDR BB A2 e M A ] S
6.3.2 DDR H Pin B4k
MBS LT, AT EB RSN . B, AR T RBEE R R, R L

H A DDR JERAGEERR 9, RIS 28 EyeFlex 7tk a4 B4 H 245 21 .
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6.3.2.1 BExkiEgFEEE
IR )Z IS, EA TR, 25 75 B EE BRI us K 38 0 Pin.

FHUBAR R, A — NS channel, #3155 E5CE B H AR channel B, 27EHTH
Ji 35 ] B A= B Symbol
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0y
duak: Symbol, HUPEHE ShIftE, S k4 Edit M 0 EnterIn " . HAFIREEE
=

B, MUPEEE B, S0 VSR Edit 3290 R0 Pop Out ™, EEITHR.,
Symbol pin 7 & S Er i #, A5 & 2 Symbol, 3 H Edit Ff, Pin Name 84y, #E47
Hefy . Position T4 pin HEE AL A AL E .

VA% LT Symbol, AT A Symbol, &4 Update, H 2l T2 22 ]

6.3.2.2 EyeFlex k5%

Flex EyeProbe =% Fi7E DDR £ Pin Memory %t it1/7 £ sk A1 L% S Transient HLE%
AT LRI U 22 B A5 S R I, JF el s 2 e R IR 1A
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Number of channels ¥ & i & 4%

Signal Type FC & 2 73 80 Hii {5 5

Bit stream source H a5 IER: 115 5 U5

Data rate 07 B, FFEK4% M 9 O %) Data rate SR, #015E/4)1% External Trigger,
48—+ clk ffil kR ZESIRE: Memory Giit B AE H Data rate %1, LK 53
P B RO

/r]i% External Trigger ZM0R Bhfi %, HETE 5 Sz 14 Bit stream source Al
Data rate B /K, {FRE4AT 415 5% E . Trigger Edge & Rise FFFifili%k . Fall FF&H
fii ke 2T fili/Z« DoubleEdge XA # iz . Symbol S W B B4 i = A
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&7y DDR — 3K U #i Y i

(EE R
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EyeFlex 7~ 215 5 [FI 4t Summary

6.3.3 DDR #{#& lane 4

DDR BUS [FEARBIA N 1 gk Belicizlids, v CAHAEPEY DDR 8 B s & 1%
.. DDR BUS R Ctrl 5 Mem 1 R ffix:
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6.3.3.1 HEIFTEHAEK

SR TCHE e Ctrl. Mem 5 N_Port iliiE, #S7iEREX %R, DDR-8BIt 1/ & HL%
WRE R, ME NG Ctrl_pin ¥iHiE5, L %EE S SH0EE, MEECHE Mem_pin 22

2f55:

6332 WIEREBEWT

Nport #%/ 7L fU45 File Name. Model. S &35 {5 5. Port Number %, it
Browse A\ S &%, FA(ZE A/ Pin  Location 4 ¥, 5IEREL Rl (F B Pin
Properties &b &7, Options 4bR] DLLEAS; ELI 7 L 85 19 0 R & 2% A«
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Ctrl/Mem 3. In#k5¢ A ME ) IBIS File J&, %84 3& ) Component A1 Typ(F] il it
’r]3% Use internal power supply &£ 548 FH A S HLYR), Data width W B PR 261 R, Lane#
W& Rank %, Data mask pin A2 5 L/~ 4 26 5 i /5 5 ;  Data strpbe pin 472 5 27~ DQS
NN ERERAE/ T

7E Lane FLHALICE DQ 5 DQS 155, kT EACE X Buffer 41, Display 4% % &
R -
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W H Analysis K17 2% (Tran), &% & Eye resolution. 1jEJEH (Step 1 Stop 78
B

7t DDR Setting %% DDR Type 5 DDR rate; @il Write&Read Settings 741, # &
i N buffer. % A {55 (1 Exitation source. Timing Offset; @it Nets Jt 1 nf LA B\
Y 3 PR R R R 2
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Result Ft1f 7] LAC & A~ [F] ) Options, f3#% Bit Error Rate Contour. corresponding to each
value in this BER list %% :
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6.3.33 1HELER

ik DDR-8Bit {5 FUEERS, ] Py HHR EDULIAT R 00, w] LU %)) DDR 5124
PIREAR, iR E ARG S Mem S H IR &I LRSS md i 4m HE HLR-IF TR) (V=T il
20T B TR -
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XS VT 2 AN Z AR & 734, AT ELI %) DDR G RICR 5 0L -

6.3.4 DDR HJ Bus &3,
DL DDR4 Hfil, MEFEEEBIE, EE LRI R .
6.3.4.1 1{HEBERERE

S ZHHIE bus MKiEiE* RALE
1. % DDR n#siEtiny, mfbl@& S 4 TML. fEyufF K2k DataSource
izl S 28 4F R R

2. Xk S #E, nE S %, B pin T E DL bus B R TR, 1%
BusPins.
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3. MR S =% bus, W FER pin WX M bus B @it PinFilter ZEFEAH
[A] net
%H bus, A Combine into Bus, Busname A] [ 5% X g%

4. Signal Name 7] DAgi%E, @& N2 EnTUbE AghHR, BIELAE S
Auto fill signal, 5k H Bk EH T .

5. 4% bus [ pin, ARHE FEEAGFiLH pin, AT moveup. movedown i
B A
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6. Clk 53 dgs /) signal name, #] LAE & XX E name

7. R BRI AE net (Y pin BE1T4 bus Z5EE1E .

8. XA net kA5 AL bus BRI .
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9. EMWRAALIALEITEE. £ ul_add f5%5 Apply Signal Name to other
Bus, PlKEIEIE L) bus HEAT M, X RIZEEM bus 1 signal name £ H 3748 B [F] 1 4
o

10, RefEN ctrl 5w KA bus AT LB HOERAE, FRE pin 215 2 AL B3

11. bus &HEHEEF & B 52 G, W1#:3) Pin location, <= H3h/4)i% ManualEdit, F3)
e bus 75 BRI E, A MSEN B F . S OK, F=AE%E5% 11 symbol.
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6.3.4.2 IBISCtrl f1 IBISMem # &

1. fEuff K35 DDRBus FHazh— IBISCtrl 5%+ IBISMem 3| R H & th
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2. X7 IBISCtrl, fidi BrowselBISfile SN AL, E+% ibis S04
TE MBS 8T, 1 Coner FIG &Y Package.

2. D3 Busdefinitions, BusType > #f Data. Ctrl. AddCmd; EdgeType > £f
RiseEdge. FallEdge. BothEdges. PL—4> AddCmd fifi % 1217+ RiseEdge F1#54 data XiZ1
Wil R 9t
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3. i Addbus R LLHETHIZ AN bus, Bus type JA addemd B, Edge type %%
FallEdge; Bus type 4y data i, Edge type #¥ Bothdge, Bus Group #J LLH & X it & 4
P

4. Xk TimeRef, JEFESIBES, mdifik>, MALN Pin, QR
pin Jiify, mid swap 34T PN A2, WRBCAH SIEMIZ 0%, AT BLE2)ik show diff T
BEFET E ) pin HEEDXT, EFETERUE, Al OK.
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5. X7 SignalNames 75 F L ITHS, 7ESLHI pin & 9, £E 221 Signal Filter #
NI - B2 H BB /R VLR g5 B, e i 8 5 3R 3L 19 Signal =2 B rT LHER

1. A pin Jaf B AL shift AR T, RESNRRERHIRE — D FHEMN
pin, giili— " BARZA AT LIRS . Al PU%AE ctrl fE#R5) pin.

2. AdRAEEKAT RS S B4, Bahid 20 pin T LA A AL E k<A
IR, AT LA#EAT move up, move down &3, e, i oke
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3. FHZMRACE add —FEAIE/ERCE data 155 ) Time Ref Al Signal Name

4.  mem i E S ctrl BiAH R, KKK E mem iEIES . WH mem dnfd RS
B [E AT LA AR i — AN RN mem.

10. MJGLF DDR bus #46 A\ CA Terminator.
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11, Xy CA_Terminator, AJ LAk B Hiim 12 751G S R, BEESE.

11, miily otrl 25 HOR A pin 2 H AL S Hotth pin JIAE, B0EBEAT RS .

12, #ELR5ERJE, AT RIONE bus 8 A pin mapping < &, HJ LAYE setting FLTH X pin
mapping 4T RN FH, BERE.

141 / 307 ® XPEEDIC



6.3.43 WEIMHESH

1. W54 S Add Memory Analysis

2. [HERAVEPRE Tran, {7 E AR LR Stateye 5l PDA B}, & ik H
WA IhEER) . DL E stop. step ZF2 %L, A Advanced 7 DLV E 1 EAHSCHI S 5.

3. DDR Settings " B4 IR RAIH R K& 7[R, ERIA type 4 Custom I, 7EZS
BT A RS IR view HtimIReport, 5t Custom A LLYI B AR [FIZE R type, H ATEHS
DDR3-1.5V, DDR31.35V, DDR31.25V, DDR4, DDRS5, ¥J#t ddr type /& 7] LLIE XS
PRSI . Data Direction 1] LLi&$% WRITE i1 READ FiFl
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4y EEXHEAS buffer, 15 7 B 4n R buffer, 7T LAXT buffer $EAT U1z,
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5. miiES5 4484 I Apply buffer to selected/Apply buffer to all. 4% 1
ZAME S0, ATDGEBERS RS, 20k ) buffer ftE &0, Wik #E Apply
buffer to all, £F#[FZEAY )24 HT mem B ctrl im (S SALEE . Dgs 8 clk it
BT L.

6. FEARACEM mem ZFR_EAHE, BTN HHAD mem MECE 2 H ., sl copy
from JG I mem, A] LA E Zh4 %A mem () buffer {5 8430 525 2024 57 /) mem .
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7. s Rank Assign 1] LA R 5 34T 0 EC -

8. miilinets, FJLAEFEELIRE

9. i Tools, WJLARCE Verf ZEME, EFIIZRIIRAZE LLRAME Sk /2 Lan 55
A

145 | 307 ® XPEEDIC




10. iy Leveling Calibration, #] AR B G B AERME, FFExTisE, HbkBdRE
503 B B AR TR

11. fii7 Result, ®JLLi% & AC/DC threshold

12. #il7 Quality Check, 7 LA ®E JEDEC X%, Z/A1kJE0 LLE E X jedec

13. ity Timing AJ LA Timing models.
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6.3.4.4 1FERHHE
1. FEEMiERE, FETHRAUEE dg 550 VT LIRS

2. iy VT, %4 Eye Diagram, " &&EHRK .
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3. R E AR, AT View HtmIReport, £ E 04 B YT B HTML
WA FEEN BT I

4. FENBEAR R ULAAE html #id, ERE R LEE ELARFFI[A],  eyemask
o
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6.3.5 DDR {55 HIE SIPI A& E
T L FH TR0 ) 25 FF 551 75 SSN/SSO 5 VRM HaL Y I 75 56 12 -5y B
6.35.1 IREREERK

> JAESERIERSSH
F7FF Components "~ Data Source ##f4, 1L+ NPort Il HIEAIE SR A S 4.

St Pin #4741 Bus, % Pin Name i%if ¢ &4

N
jm
o
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JeXt 5 —2H Bus #EATAHCHRAE, JESinlilid i@ Y 7m 4R Bus. Bus A Signal Name
WA, A SR Auto Fill signal, F 31378 J5 1 Signal Name.

RBER B — Bus, 7 Bus Name 45 M ATEC B 45 (1) Bus, #HISERES, #HFF
Apply Signal Name to other Bus. P & 5% R S S5 0%iE 1, H 4 Bus Signal Name
HEHE. B Bus Net 5% & H AT
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YR Pin A3524H Bus, 7F S 23 Pin Locations Manual Edit, 3t shA8 i & s
H. fLdf)E A OK, Symbol P24,

> BB DDR s 5H#F
FT7F Components ~ DDR Bus #5£%, H1 IBISCtrl IBISMem #544.
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Wi 1BISCtrl Al 1IBISMem #844F, 5 A IBIS 3Cf, 7E Bus definitions X7 Bus Type %
% Data, i Bus Group. *ifi Time Ref G350 & pin, X7 Signal Names &£ # pin.
X7 Edge Type i%£#% BothEdges. ¥ Use internal power supply (/2] i%, 15 F4MEE eI .

Ctrl A1 Mem Vdd i 1421838 Vdd pin, HEWTT:
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> BEE VRM
FTFF Components T System PI #31-, A VRM 234F, AMBALH ., HE Vde fREFF
IBIS —%4.

$7FF Components "~ Data Source ##f4 %, 1L+ Subckt, &5 HLFERA CPM DL+ FEEE
B, RN PWL HERSAY & Subckt.
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SERHER IS, FET MBI B Pin AU IELIE N Net 57 5. Bus A HULI
T A Bus RG] DABEAT 2) 1%
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6.35.2 Al Tran i

BT AT Analysis # HSERAS, 1EFE Add Memory Analysis. 3t Mem sim % [,
rJ3% Tran {/i E.

DDR Settings #% & DDR #%, 57,
fic & Ctrl A1 Mem %ii 75 22 FH | ) Buffer

SCRFt R Buffer AMASRY, i ATy Signal, 5t S ks, N 24,
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SAECE L, AT SIS MemoryAnalysis, s Analyze, BEATE.

XSPICE Solver f##rH .
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6.353 BSEILMNIREER
PIREH, tran POCEEER AT RN, il b
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%t DQ ik L BRI, JIE PLOT #iifi VT # Eye Diagram.

b E SR B, A T A Results A5 L5 A1, 1635 Generate JEDEC-Signoff
Report.
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5t} HIR PR AR 328 95 0 2 PR M AT 2

sl OK, #EEEZHEA Caculation Jedec.
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AR 55 AR =) table 4B K.

MR DQ 155, FHHRE.
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6.3.6 DDR GiitHfiE# e F ARMNEFH R

6.3.6.1 CTLE 34

ffi ] CTLE ph£km] LAXTR E3EAT A4k, Channel 5 HEAL 77700 F
#7574k DDR () T2 DQO {5 5 HR LA K AR = R Se A5 S R -

PR Y 6.3.4.3 1B IR, 3\ DDR Settings 51, EQ&Jitter EIHERIA v None,
B A% N 1deal, 7E Buffer J51i, <9 Ideal &30, sidt Ideal #2411, # A ldeal EQ
SR E T

CTLE fiifbisk, W LLEEEHAE B i hZdite, T LA 3 CTLE #h 2k
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AN B Z a1, tf type #45 3p2z, riidi OK, JHBNTH,

EVEEEE SIS

Tf Type #7i% 4 Import tabular data, U &7 Browse %4, ‘FA CTLE #hZkxff, &+
2R, midi OK, #HATII, fiE4s R~ EIFR:

BATE R AT E PR
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R HE S AL 1%, Channel 1245 T ISI 5 ICI #h£k b Thfg, ED
X ICHE S, SASSMHh & AT i, ZD)geidd Advaced EISEIN, A1k
Use a separate CTLE for crosstalk, S ICI ALk, MSidi OK, #HATIHE, 45540
E

6.3.6.2 XZEESHNEESHITON, FIAREEZ)

R IR EON EE S MR IE S e e E R IEE R, RN SRR BE SIS
SHRE T, GEYs TE BRI SOV HHE S 451
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Memory St it B 4w 5, P1# 3 Results. 23 Eye #iH (172 A5 S A B E 54
HEA TRIARE, “2)iE Through only Eye it 15 5 AR, 21k Xtalk only Eye %t H
s SIRE.

YRR I RSP R HEE S0 M, A1 Analysis ) Convolute DQS/CLK jitter into
DQ/Add.

N EDS IS BB (1 G HR
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TERNAHEESHGTHIRE

TEOI R RIS g IR

6.3.6.3 Hbox. Vbox JEHR

Results T /)% Box Nl g il &4 =,
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s T %A, 5 Box 2403 E

‘r)i% Height, 1577 XA € %6 I
Max eye vertical point LARR &1 f KR B K7 B Ay e

Center of max eye width DARR 5 5z KAL) A i Rk

Trigger of time reference LA timing ref(DQS,CLK)fili /& i 4yt v
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A3k Width, 17 oA e sl e
Max Eye horizontal point DANR 5 s K AR ) 2 B A7 B O Fk 1

Center of max eye Height AR =785 KAk 1 ki 3 v

Output Box {#§E, Box %irth 5t 1R K i) BerContour H1
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VBoxHeight & % &5« HBoxWidth & il 5 [ £ @ i Summary 22445 H

6.3.7 DDR buffer 3T

JE4G TR T

JE 4R 1) Buffer £id 1% & Wi R -
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7t Components Fi [ 4bi%#¥ Tool&Control, #£$F String List, K§#4 String List 5 X\ 5
K

BTN W LI

Wik StringListO #3444, rithi Advanced, EFETHREFRK Buffer, sidimds f4%, ¥
Hk P35 Selected List, 57 OK; StringListl #3EHE 474 5 (044, HAF 52 UG BOCR K
W EFTR:
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P RN AR T R, sy Edit,

#itli DDR Settings, ik buffer &£ A H, #+ Ctrl 5K « [ Buffr A StringList0, ¥
Memory ¥iii [t buffer 24 StringList1:
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478 iy Optimetrics, 3% Add Sweep, :
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7E 50 Y FLTH SR Enable Sweep 4)i%,

478 iy ParametricSetupd, 5l Analysis JF U517 B
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PIEEH )G, & buffer B K45 R 1E Results 7 1l T &R, ABI3LEH 9 4, Fitt
W RN o 9 HAE R

6.4 F PDAT Zr#fr TR 4r#r DDR mIA B
6.41 &XE PDAT fHESH

B N A S 5 Analysis,  fidi Add PDAT Analysis, # Hi 45 5% & LI
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ZA ARV, B 25 E Data Type Al Data Rate #7), ] LA ey i HE ik 4044
FEHLM type A1 Rate B0@E T N HAEH Custom JEIUH - H S

WEI S H Sy, Excitations FHHER] UG EH 7 =0, BN 8 DER 7, #wE
ISI threshold #%[a] 3 P BI{E . Eye resolution R |73 #3. Worst bit pattern SIS ALK, ERIA
v 0.1mv. 64pts/Ul. 200;

Externally Import Waveform Configuration i /3-i%&#% & X Data Bus($#5£k). Address
Bus(Hhik£k) 5> #7, Data Width/Add Width 24 Bus 28 #%k, 2Ji% With DQS/With CLK A&7
e P {55, Lane/Add to CLK ratio 9 &5 5 %%, wldid FHAELESE, Hnl P
SR

DataBus0 £A&A Tr0 X F A G R, ZRIEUTIABGES, F—5RERINEZ
FE S HANEIE S kR, DQ NEHRL ST, DQS A ESHdE: SRiTHhE4
(1) (1 DQO 5 DQO) AEAG 5 4&4, HALZIEIESL NBEIAES: TX AL, RX N
Wi, Delay ZER A [A], RiseFile - F+#% Tr0 SO, FallFile FB## TRO SCF, Rise %on L
THEES, Fall R NERES: 5080, B8 TR TF 585470
KEMFRMEES

BB SE U SRR B0
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E: WMRLIANT 5T, O] AT 075, BRI A i 45 RO %515 5 1
F 5T AL AR S 5 0HZ s A R YU, LA DQO Jy il

6.4.2 PDAT itE LR

7E PDAT W1 AR A8, 1EFF Analysis, BT H:
75 Messages <= @ 2411 solver (1 log 15 5, #E % & @R 4R TRA

i .4 % P 55 R EAE H Mem_Sim_PDA 75 £, W PLE /RS PDA #HZR IR 55
AR wE P, W@t Eye Type 4,
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MBI SR Contour, R DAE A REANIEES T PDA IR, ZHRE M Upper PDA eye
Hi2k 5 Lower PDA eye 2% ih £k 2H it :

AT ST WorstPattern, 57l ) i B AU AS A

MM SN PDASUmmary_Table, &5 SRANEE 1) P Xtalk A1 ISHE, DLREANE
T IR 7 R 5 DR U {1«
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6.5 MIPI C-PHY 1} E4¥7

6.5.1 FETHNEHEHE buffer B MIPI CPHY i E

Jei Y145 ChannelEye Analysis 25, &t MIPI C-phy &% 28, 7T LAF/E SR
C-PHY HERKX U & A& L. ChannelEyeAnalysis T[] C-PHY 1 K FiiR:

6.5.1.1 IR

P WTCHFE I HEN Tx/Rx buffer 5iliE, @IZIERKC K,  Cphy 17 5 RLEAT KB
Ao MEASG Cphy-TX il (55, 4 S Z40EiE, hilion Chhy-RX #2155, 1£
Cphy-RX i (f1 5 A RILE R, 787 ZME 5 s C-phy probe &5 FHRWLINEIE -
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6.5.1.2 Cphy TX 5 Cphy RX ¥ AEB&E

Cphy TX Hi N FE KB 58 . SymbolRate 5157, EQ; Cphy RX it {45 UK 5} 5 i
1 EQ.

WHE Tx iR 58 DR IR I, IKah AR PEET Vhigh. Vmid. Viow LA
WokHA: W& Tx 1 EQ:

BCE Rx WTHURES Rx 34, Rx B HTA bRAERMLE Short. std. Long %58
it
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1 H C-phy probe J& 15 C-phy HIHR Bk 773K, Wi a)ik Triggered Eye M4 B ARvE
C-phy stk 5 H i BB 5 BT B IR A, W RS A g M RSS2 i 77 50 1% C-
PHY ZHH N %, BRI C-phy AT LU H I BB & eye 5 Waveform:
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6513 1HELER

it Cphy {iHEEH:, FIHI Eye Probe P EL 1A HR EDULIINAT HL UL, mT BAOWLIN ] Cphy
BEERADT AR, DA Tos RX S 0 AR P AR 284N m ) B B PRI ) (V-
T HZn K R:

IR R VT 2o #r,  mTELHIR] C-PHY BERS AR L -

6.5.2 FET IBIS A MIPI CPHY {fE

Transceiver [ EEAE buffer #74 R 5 7 MIPI C-phy KiEESCE S, AT LARIEDEAS C-
PHY B I & 5. ChannelEyeAnalysis ) C-PHY 1K fis:
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6.5.2.1 HEIFEHAEK

I3 T T Tx/Rx buffer 5@, 7K AR, Cphy 17 EH LR KA
e MEIAIR Cphy-TX #iH 55, 4t S S¥0EiE, hizlem Chhy-RX #5255, 1F
Cphy-RX Ui (P 3 B 25 8, 7677 ZEAME M1 AU C-phy probe Elbr FI S M -

6.5.2.2 CPHY TX CPHY RX BN HBIT:

CPHY TX #i N 5 IXEN 38 . SymbolRate 5%, EQ; CPHY RX i 5K E] 3
FEFIEQ.

WE Tx A 508 LR IRA B, SRsh i <@ it Vhigh. Vmid. Viow P& %
kAR WE T 1 EQ:
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W HE Rx FHAFES Rx 1381, Rx N E 51 A briE b1 Short. std. Long %59

R,

B E C-phy probe J& 5 C-phy IR Btk 775X, iRz Triggered Eye N4 i bxiE
C-phy P PR & H fid 5 i J5 BT B IR K, an SRV & W4 825 3 S i 7 =0 4% C-
PHY Z4iH N 2%, HAT C-phy 7 P H BN 585 eye 5 Waveform:
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6.5.2.3 C-PHY {HE&HE

i Cphy {7 HEEH:, FIH] Eye Probe P4 EL 1A HR EDULIINAT HL WL, AT BAOWLIN ] Cphy
BERE AT AR, DA o RX S (1 R P DA %419 s ) it PR IS - IS TR (V-
T #hZdn ™ B .
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IR E LA VT #2847, Al LLFIS] C-PHY S ISR 1 L -
6.5.3 CPHY HIBR&SHH BT
6.5.3.1 it C-PHY EyeProbe MR &

ffH V-PWL H & X File fEAE SR, % CPHY 5%

EyeCphy probe % &, Trigger Eye &%, ¥ & 2R3 IR & 1o

HA hn g A5 5
Add Tramsient Aralysis

33 2D HR A
Triggered Eye fififg Triggered Eye AMiifig
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6.5.3.2 C-PHY Rx lJ CTLE %1 ThiE

Rx CPHY #3- BL1#) Impedance 34 045 i e i 4% 4], 2)i% Term to GND i3 21/ 3,
/7Ji% Term to Cop it H 25 i 422 31 M
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CPHY Rx #31f CTLE #% N\ CPHY #rif il

ZORINT

AR % AR /=7 summary %
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6.6 SERDES IR B E4#T
6.6.1 AMI builder

AMI FRLE IBIS FRAEfId R, e RE A A 5 E h A B s AR, BT
RAEGE IBIS BRLTCVA IR B2 A T A AE S AL PR RE . DR IX e ThRESLI%AL,
AMI R TT DUSE HERA R 2R G AL SEBR TAR PI4T35 B TR PE A AN AL R Ge A B
AGPITERE, WOR(E T BN RIS Fr 2 [RIBEAT 5 40, AT $E e R ST Rl SE R ARG 2
.
6.6.1.1 TxAMI build

7£ Components F3k 3| AMI builder ik, 373 s A 240 ) TX.

Xkt Tx &, fE Modulation N iE#(E 544730, M AMI build, BEAZHg 7t
. HATYHF NRZ. PAM3. PAM4. PAM6. PAM8. PAM16 4wfid /5 5.
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= Tw A Bullder Shgle Ended: Te AMI Builderd | b

Impadsnce Sourre Modufadon Erooe EQ Ui, Densiay

% hig moculsmion

PAR Mappng | OOHI2 1012103122
PARLE Wappry 0137
PARY
FaME Waping |7EA50532
PAMTHE Mapprg | 1GHLIENELS
Al bl da Apply O Caraal

R4 1BIS ¥y, H Al Reserved Parameter 32 £F | AMI_Version. GetWave_EXists.
Init_Return_Impulse. Ignore_Bits. Max_Init_Aggressors, FAAxf 3 % HE Ak X T
K, XN IBIS FIE 75 ZESCRF IR I
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it Tx 280F, a8 ditter, STRERRY jitter RAUAME R, R, XARE IBIS My B FH

U ESIESCE

)ik ditter, KNS E, EHREMAN] jitter Z2BUFT4T 4. Description J& S5k
X, HTHREHP SRS,
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s N 77 ) Ami builder, BFEAZHORE S, AT LA B R R EERS .
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Jitter X B AR R AR A Tk, Wi

Value <value>
Range <typ value> <min value> <max value>

List <value> <value> <value> <value> ... <value>
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List_Tip <entry><entry><entry><entry>...<entry>
Corner <typ value> <slow value> <fast value>
Increment <typ> <min> <max> <delta>

Steps <typ> <min> <max> <# steps>

Table

leaf Labels

i Tx #44F, PI#s) EQ JLm. TX EQ SZ#F De-emphasis, Pre-emphasis , FIR. FIR
I ANE F Table BF, $METHELAE SN, HARE. A2 SR iE A X835
A, FIR H77 taps 7] LLAH &M

s N7 Ami builder, #EAZACBCE A H, Bk R EGE Range (AHER 3.
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FIR 545t 0] LL# FH Table 4%, st Edit, 784 Custom Edit i, IEAMERTIXE LT
kAN B RESEE, tags — A R3S, RIIEADAIE. W R RN S
Add, HINEZ4&SHAE, HARE T RAEER.
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M N7 Ami builder , BT ERBEE RIS, AR list %55, Default value &
H—AERAE

Tx ami build S5 S5, Tx IBIS FATH i AR, HAR HL A S 40l v] ST R
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IBIS 1 AMI T\ i% B J5, Output directory select 17 f1#%4%, Output file format 7£
Window &4t FgmikH.dll XX, Linux &4t FgmidH.so 3. 2% Generate .ibis file
[FINF 2B E H IBIS 3, A2kl R Al amiy dil so 3. st Run, JHEREIE.
TR WAHER VS G A T A Red e H dil.

¢ XPEEDIC
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ST TERE, RN A
6.6.1.2 Rx AMI build

£ Components F#% %] AMI builder #i8e, 57 RF 85 F1 22 531 RXo

]

M Rx 2844, e Jitter FLi . 23k Jitter, K
UKIEIRAR

N

Homre, B IAR] jitter 28
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M Rx #344, V)#e3) EQ #ifi. % #F FFE. CTLE. DFE. AGC. Compression.
CTLE SZF£ /4~ COM i, tr]LLH & X Custom 47 R ¥gw#E. CTLE ik HE,
ARIEXT ROBE TN, WE CTLE TAEMR, eS80 8 &N AR .

HE MR REL, taps NERE, WAL,
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M N7 Ami builder, #EASEEE A, K CTLE table list Z#i4% 0. Default
value 3H'E —/NERIAE.

CTLE E 0 P ol B Hni I i . B SE, 8 S0 T SR SR B S
4, 3 FE LR 1 REFE bR (Max Eye Height. Max Eye Width. Max Eye Area. Center Eye
Height) #irH;

1t Preset ()3 7 T HRA& T Adaptive Goal =15%, ‘At Adaptive Goal i BEARHE 14 REFE IR
XTI S HOEAT R
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AGC H st B 5 Saturating Amplifier 1ATEOKPRH]& B .

A AMI builder, & iES%
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‘rJ 3% Compression i fE AnalogIn 5 AnalogOut ¥ & & & B P H 5 . IS WEAR R A] . 3
PP S o AR
Mode SZ#F Tanh limiter, Tabular data.

Eii AMI builder, BEEZSH
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DFE 3 #¥ Fixed Tap 11 Floating Tap, Floating Tap 2JiEffiRE, &8 LBk 23,
¥ B Location Range. “2Ji% T J 1 Taps by channel algorithm, & N 015 «

Ay AMI builder, BEGEZSE
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Rx ami build IS5 453, Rx IBIS H 7 EARMIR , AR B I S8 v] SCRE g

IBIS #1 AMI #i\i% & J5, Output directory select Il f1#%4%, Output file format 7£
Window £ 48 R4k H.dIl S0, Linux 248 Nk .so S0/, )ik Generate .ibis file
Ay 2> B 1BIS SCfF, Aaigl R A0 ami. dil. so SXfF. sitdi Run, JFaRE1E .
HEWAHER VS FiBe A AT A Red e H dil.

¢ XPEEDIC
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6.6.2 ETF IBIS AMI BRI E

6.6.21 TxAMI#%E

i Tx AMI #34F, 2)i% 1BIS, S IBIS File.
Source H X E Data Rate, 1% & A HHZ ,
Bit by bit 7 Z 4 ASA, 7F Source FLTHIIE ALY

Tx AMI FTHHEEHCYRT IBIS T AMI B K123
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Reserved Parameters a5 2 AMI BLAE e & B, B 1 Jitter v DL A5 0 5 i 58
o, HAbEPEAREE . Model Specific ¥ J& 1 28 #5 7] LA 2w 55 2. Modulation i 77
AR PLEE T fi ) NRZ A1 PAMA4,

Tx ¥ AMI AR LT FIR 354, wIDL R RIS NS4, WRTFEAE XL, Fhiik
% User specified idid ZrfHAE A value FI-£7 8

205 | 307 ® XPEEDIC



Tx AMI model H 7 Jitter 2= H )5 NAM, w7 LUl A& 5 & SEANEE). Hared
X Tx i jitter FEAT S H i

6.6.2.2 RxAMIi%E

Wi Rx AMI #34F, “A1i& IBIS, T\ IBIS File.

Rx AMI FLTHH:# 417 1BIS N AMI B 1Z 5

Reserved Parameters [ faFr2& AMI BLAIE @ BB, B 1 Jitter nJ DL i A5 ) 7 i 5
M, HAbBYEARE E . Model Specific T & 1t 2 B0 W] LAZw 4 56 24

Rx i £ E )54 CTLE. DFE. FFE, LU Model B AMI 2% T+ 8 24

Rx AMI model |7 Jitter 2 H )5 NATM, v L@ 2T 5 2 S E ). bl
X Rx 3 jitter BHATSHW % . Rx AMI Jitter 34111 7 CDR 13 B 75 (R
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6.6.2.3 ChannelEye {Fi ER.E

BEM IS SE R, BN ChannelEye 17 &, #AELIRE TXRx =4,
#i i ChannelEye_Stat 7 iS22, sty Analyze HEN{FE AL . N5 Messages 2> i
7N 4T solver [ log 15 5., 3 4 R AT B TIRES .

PiEEE A, W1 S A 34 Eye Probe BRI MZR KRS, T B Stat /7 5L PAMA4 [
Eye K.
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A PLIE LX) Results [ E4 skl W mh 28, i o s A2 Stat £/ 5 PAM4 (1] BERContour
K.

AR SR Summary,  #H IR S R B Y table #fH . PAMA A B R = IR, %
aailgit.
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Fi i ChannelEye_BitByBit # Hi S BLA=, shiidi Analyze #E AN E A 1. 75 Messages
2= IR 24 AT solver 1 log 15 8., #HEZERAHTBITIRA.

FESER, W55 H304E:H Eye Probe BN INBIZEZRT . KN Bit by bit 7/ E 1
NRZ HJ Eye K.
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NEI4 Bit by bit £ L NRZ () H 578 i 26

N4 Bit by bit /7 5L NRZ i [a] 75 7 i 26
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6.6.3 FHTFHEM Tx Rx A5 E
6.6.3.1 ¥R

FTFF Components ~ ChanneEye Analysis #3145, #E#E TxRx IR #314F, 1%FF Data
Source | NPort. Subckt {E A%ERIEIE, 341 Eye PROBE 7E 75 ZE LM 17 A Ak
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6.6.32 TxBHHE

X Tx 234, Source BL.¥% & Data Rate /j Hig K. Trf LF- FEER Al SR H P
Tdelay %EIEI[A]4%, 4334T bit by bit BEASTE, ¥E N 7RISR,

Impedance, W& Tx fAPUE. ERNEE G 50 Ohm, %4324 100 Ohm,
‘7] Enable driven impedance, #F7x LA XBHST 9HE. ANAEHPUNTT S, JmiEHEAS
Ko

Impaares Siuree [ Eeveae By e Dapiny

wain dreen ooy

Modulation, #EFAFIE, BRI NRZ, £ PAM3. PAM4. PAM6. PAMS.
PAM16.
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2= MMerantial Te, DN T DI

Al

Encode, #idi%E, HHEi% ¥ DW8b10b. DW64b66b. DW128b130b. DW128b132b.

EQ, W E, Txum¥I4A FIR il Emphasis #Ff.

FIR & & Aiflk Al Gk, RETYw%E, Tap Interval filskiafg & &, —MikHE O-
1Ul. Tap Interval Jy 1 I, 255 T Rx ¥ f FFE. tn] LLiEd2)i% Taps by channel
algorithm, 7ERHT — 4 B 1R 0] 22 48 1 s L 22 28 value.

¢ XPEEDIC
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Emphasis 3754 7 2 R 25 n = P

Jitter ¥4 MEL 21K E . 4 Time horizon 7KFF} 31 Voltage Vertical B £l3)j. Clock
DCD: #E%UI fH;

RJ: BENL#IZ), W& Sigma fA:

Dual-Dirac: #%'# Sigma {f, Mean {H;

RIDJ: HfjE XILMBENLELZN, B E Min, Max Ju[E{E, % & Sigma {H;

PJ: no periodic jitter J¢ & % 113 uncorrelated sinusoidal, ANFHICHIIESZ Lk (7%
W E Frequency f8) , uncorrelated triangular A~ 2% [ = M 1

DCD: no DCD. constant. uncorrelated sinusoidal. uncorrelated triangular.

#F Import Custom litter .
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6.6.3.3 RxBMH4igHE

X Rx #54F, 3t Rx ) EQ ik Alik ¥ . 74 CTLE. DFE. FFE =#.
CTLE WkZ AP, AT LLE R4 Preset 268, Tf Type Tk MEM S MAHE
WHE, WRIESE AN, T table REGESGAE,  [FIR A0 dh L% N AR .

DFE Ji/b18 j5 THE 3545, 25Ul FFE Post 2%
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FFE 5 FIR MR EM R . ¥ E R E coeff {H, AIMIE R Tk 0 REH A, Fr

A R B IHE AL 1

Jitter {0, VN: HIEM S ELE), KE Sigma fH.

6.6.3.4 Eye Probe 23{i%E

i Eye Probe #%{1:, Measurements 3 5 DL Hfs S5 R i e -

1. Eye IRI;
2. BERContour #5155 % T R & P4 56 B Bl 2% 5
3. BathtubT I [a)35 7 i 2k
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4. BathtubV FiJE# 7 4k

5. SNR {5MLL;

6. Rise Time _EJHi[a];

7. Fall Time P& (A];

8. Waveform %74y sk,

9. Waveform_com A il £

10. Height@BER % & iR % T 7K 0o iR 5
11, Width@BER & ihs 2~ [ B 0 IR 0

12, Pk2PkHeight@BER 4 i iz hith 6 T it B ey U I A 5
13, Pk2PKWidth@BER /& 75 % I [ R B W0 A
14, EyewithBERContour i & Py 46 55 5 R 1 &5 i ph 28
15. ClockSignal i1 5 #i 2k Cbit by bit fif & B4 (5 5 1 A4 25D
16+ LevelO ZAEAK HLF;

17. Levell B & HF;

Parameters % &

1. Bit Error Rate Contour i7f% R &5 {1 £5 .

Contour width and height for this BER value % & R &R 56 X7 N 1% 054, Summary % H i
ML v PR B Dh LR R S 2R T R4

Each value in this BER list % & A~ [ 55 K 2:i] Contour #i2k, FF Edit. I LE & X
LR, XN AE BERContour 2k B,

2. Transient Simulation Mode H L2854, 7FE%E Data rate;

3. Histogram Resoluion & &3 PR % &
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6.6.3.5 Channel Eye {f E#&&

A i 415 2 Analysis 3111 Channel Eye Analysis

AT EE FLm, 17 E S Statistical 451117 E AN Bit-by-bit i HLAS E .
1. ¥ & Number of time points SFE 5 %0 F1 Amplitude resolution 7333 .
2. Select main channel Tx/Rx pair, 44 2> Tx/Rx, &R HIE LM
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3. “AJifk Save characterization result, Ziit{j H<xfiH TXAMI init in pulse fiZk.
TXAMI init out pulse £k, RXAMI init out pulse Hh%k .

4. Bit-by-bit 17 E Number of bits ¢ & {/j B /]
5. ‘zJi% Enabel ultra low BER simulation, ¥#7%#H4k 7 i Gk 3 1e-100, ERIAAZ)
e, ANAGEIE LR R R A 1e-20.

219 | 307 ® XPEEDIC




sy Advanced Jy 0 R R i 2R T .
Max response length # K 3 i K ;

MaxStep H & i KB K
Reuse channel response automatically, % spice solver =4 [ ik #h 2k ;
Eye statistical method 2Ril Scalar bRy, Ziit SRS, Vector KEEE, Fitsk

FRIBE R 1 5

Size of processing block in bits in bit-by-bit simulation, #5537 7 ¥ 4 block f bit %t
B, HBEELS AMIdI R EURH

¢ XPEEDIC
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TML solver, Z 584 B fEfi 2k 2)iE RLGC, W3 LA-1HL#%.mod & 2% .
RLGC 734 Tabular 4% 7% 30F1 Analyticl AP . A% S-Parameter, MR LL S Z40E X
% . Cutoff Frequency 25l B HIFEHIZE UL S S E IS AW A% . Npts, AW )E
(1) S ZHU R AL
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6.6.3.6  Spice Option 8

ABSTOL HIRZEXHAZ IR, BRIA 1e-9A;

VNTOL HL R 4axf iR ZZ 25, BRIl 5e-6V;

RUNLVL BBk S, AER R, BAUEAT I (AR

METHOD ##s#14r 777%, 43 Trap #HJE A1 Gear;

MAXORD #4585 73 77V (1) s KB 4

MU 15 BB TR 53 (1) B JE R 15

S _RATIONAL_FUNC 15 =/M#3X, S-Parameter Rl ifft B B 0 %78, RFM & H
H 1%/R, BBS MEREH 2 &x;

S_PRUNE ON X3 S Z%§ Open )i 1252, OFF {£F;

SSTAMP EfE3E7R T, A S A Y SEHFh;

S _RATIONAL_TOL *4'S RATIONAL_FUNC & RFM I 4:%%, % RFM 5%

STEADY_STATE B EXUFaZAS K OFF J¢ M) ON A2

TRCON s FHad A2 i 8T A i 3 shsil s

GSHUNT &A1 55 (node) ¥ IN—/NMEHEIHL (ground) T4 (BT

CSHUNT HiL 2542

FEIR B AE AT LT3l 48 14 0 option.

6.7 COM EIE#AEM E 5T
EE3f com 4T, TERE S SHOCLE.
6.7.1 RN AR
MG PE Data Source R\ Nport 2 A, In#k S .
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7£ Channel 5 i /5 #81% % Create By Table #£700, 1 F ERIAFC & J5 ik, 5EEK Nport [
port E 2.

TEFEAMARTT A5 Port 4bA5 %, 1% 4% Define differential/Crosstalk port %17
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TEZEAME S0 E S, 1F Differential Pairs F 7 Make All, F &5t Crosstalk Pairs
) Make All. AT DLE T New Pair H & X E4 AR E, RN HE XESA LTSRS

Com fff HLEERIE I 5E R, QI s

6.7.2 B COM hHilZ3

7Rin COM i & .
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COM i 5.7t T ¥ B 15 LS 5

6.7.3 COMiEEREE
SERAT B, TI7E Result &% ILD, ICR 2455,
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SR U7 E T, VIR BCRAY, ] AT A AN R 45

6.8 AP HENXEAETHE —ICN
6.8.1 BESSHITEHER

SRMTCHE DHEN TML. Balund HidiiE, @ E#KR, SSETEBENTE
Jfi7R. Balund #5415 TML #5455 Nport #54F208k, FEAER sinidedi Port S8F3E1T S 254>
e

43 %M. Components ~ TML Jo4 % 14 TML. Lumped Components JE {45 3

Balun4. HL% C, i%E#% Data Source T~ Nport #3fH-/EiliiE, @rEd kR, HAE1F M
1 in GND 5 Port -
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PTG, WHZHEBEIHT S 28
6.8.2 HERHAZBE

PIASH )G, HdiC A Result View i 5 A B S 4 T, HIOCHU N, 5 402 5
SRR ER) S MUt 2

MRS Equation $24H, #EH A\ St Data Source &b B2 TAE4 P A A
i, Define &b R Ri2 BAKK S 545 %, Function 4284 HAF I A,
Cmn. Math. Means. Array PUFf, FriiA7 82 =g Ak :
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W FEEK AR, T Insert Into Expression, AJ LU ARSEN, AT LLT-5hi
N, 7E Name 4b# N AU 44 7

FERUG, fEJE LB R A A v, WRAIER, Eqn NEEOER, R
AXER, W Eqn AL AEIR,
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£ Eqn A48, sili Rect Diagrm, B2 AT TS, It 42

TR FRBIIT
Rect10
4]
n*ll scdBFaramecricSetupT SF1SE.10

=50

e

ZZZ

100 i
iy
“

-150

a 10 12 14 16 18 20
frequencylHzKGHz)

6.8.3 ICNItELER

F ICN B A

HEREBEELERM AN A5, K Rect Diagrm K25 R Kl H, 458U
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I 2R AN BAE 7 A, AT DU 004 2 A H PRl B — Ul 2 ) TR

6.9 BBRIGEDHT

6.9.1 ZS¥FH Sweep
6.9.1.1 HEHEKIEELHSH

1. MICEEIEE Z A Nport 2 JFEHEE L, 251k S 240, 4N port J5 %4k, M
Tool&Control HHEHL S parameter list 1| J5 ¥ & 35 2407 B 5 .
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2. Xili Sparameterl, giifi Edit, A LAZSHEMEZ AN S 4. AT DX NN S Z30C
{4 move up, move dowm £fE, A 5 active IEFHREN S SHGEM—A S

3. MKIRAF S parameter list 3EAT 4 AC &

5. miii NO, 4% S parameterDatalList, i%#% SParameterd.
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6. MRKICBIE N1 AIN2.

6.9.1.2 A& sweep AT E

1. 7£ Analysis #5565 Add Sparameter Analysis, J1i% B 17 ESH.
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2.  {E Optimetrics 45 % st Add Sweep.

3. f£ ParameterSetupl /5% s o Property.

3. A FENESHE K enable, il update 53 | sweep table 7.

233 | 307 ® XPEEDIC




4, W] EIEERAMFEH A, FEXT sweep table BEAT S H RN E .

5. M7 Analyze, JE%h sweep 1iE.

6.9.1.3 &HFESER
iESERJG, #0545 table.

6.9.1.4 ami WEMHXSHEH XS S5HH

] ami SCAFERAES 500 B EEREH, nTLMER ami 2403 58 . YIIHIRES ami 408
%5 5, 1F variable th AR E RS
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X ami FIZETEENN sweep 1, sl 75 EALTHISEL, VIS8R user specified s

AV ERUG, riidi ok, 7 sweep [fJ& TERC B S IS4

235 | 307 ® XPEEDIC



ami Z¥CA string 5L E W R
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ami Z %N integer 2R L & 40 F
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ami Z¥0N float 8RB 0 N
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BB e, HMMAEE S RER 6.9.1.1-2.
6.9.1.5 ddr sweep reuse
ddr sweep

ddr {/j BLEIE A S ZEh, 7520 sweep 17 BB, 75 E M AFEEHHEHE S parameters 2|
JRERE . X Edit nE S 2%

PR e BRI .
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AN sweep U H T RS, DT RAC A A RACE QT .

i EBCE S E, a3l sweep 1 Ho

fH ddr sweep reuse Zhfg, 5 ERTE A I BT S O A=A sweep ALHIZE R,
ENCE reuse I 234 .
M B RAFAERS, sty normal flow 45 BT S A8, 7R BT A Analysis H i

advanced, “4Ji% reuse channel response aotomatically .
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7t DDR setting ', EQ&Jitter &+ Idel, s T EHKECE MG S /G HIA Idel, 7EFLH
(RITC B LA e 5 Jitter, /A)i% 8 Time horizon, BCE A CIISEE Sidhmil, ]
DAL & 1# F] CTLE/DFE/FFE.

Bt & 58 BU5 B S 55 sweep A4 Y .

PR e e Bl A (i H] jitter (2 Bl 4
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6.9.2 SR OPT
6921 OPT{iEEREELTE

i 1 442 ) Normal flow 177 B85 % #E47 opt 20 #7 .
TR Y e Optimetrics, s TS B A1 Simulation, &% Design Variable.

£ design variable 1% & FL 1% £ Optimization, 77 %2 54 HIZHUS T enable %)
AT, SERUE Rl ok

7E TF2E 5 R 1) Optimetrics N 478#, %4 Add Optimization.
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7 2E iF OptimizationSetupl 474, s5.ifi Property.

£ OPT J& ME4w#H A 1H Variable /4> oRik # MBS 3L,

siifi Goals, EFEHEEFRALG il add. X5 & ik #E45 R 15 U5 s Done.
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e, Bk o

BBV 5 sy ok. sidi condition %45 H bRk i) 5%, 7 goal N UCE Hix
H. f£HbRgiiR T vl AR IS 24 Hos, a5 HAs 5 AR nTULR L Bk, T
. A HF.

6922 OPTHiERGREE
76 OPT 1/ BT A Bk % Analyze, 7605 B s BRI, FFAGHEAT opt t4k.
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R JE, =¥ AR SR RSN B AR i BRSO, st Yes 448,

iR Rs)E, =AE opt AR ARIIE R, ol REMESER.

i 5 RE AT PAZE4) U39 05 View Analysis Result, &E 455 .
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6.9.2.3 OPT fHiEZFFINERE

I 33807 3 75 A P & ek B4 D H AR, AT BAFE goals H s il Overshoot(_E7)/Undershoot
CR# [FailTime CFFEEHE]D /RiseTime (_EFFASTE]) /Edge_mono CERIEME) , Eshnjr=t

S A

7t opt H bR E 51 &S Add.

RPEFEHARZL, Eofn v(v2), 7E function F1i% % Overshoot.
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1 function ' s 5 Overshoot, &3 H AL & Ft A0k User Define, L ARERMLHE, H
REEEFE, B8 V, BUETEESE Normal flow 1145 R E{EHE, w603 2 BIEUE AN
L=0v, H=2v, “zJi% Mark on the waveform )&, 2Kl R4E RPRIRESE R -, TG
i ok

Y R B T I R HeRIE
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i Done, &4 R—2% HAREE .
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midi Cale.Range TR A4, FLEMMTEHE. FEEZNZ, SN HE bR &R
I, DACTEREASR G EEIE S, ARG HE R, 2 Rl AR RVEE#T B,

BEAL IR 2 A RO B SRR VIR s A R TSk iE R . 58 UR M i Done.

s Condition T2 FIALECE 241, riili goal N7 FARMR NEE . >4 1C & 1l = ek 4L
I EpheE N ofi, goal BRIV, $4E s HECE I E R AGE T el b,
FRINFLLA ps, BRAS -
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U= R S PV

T E] ) Threshold 4% Percentage #5130, M 20%-80%, Full Swing ffiF H & L, ik
AL, ALV G, @ H, AV, KB REIEZS normal flow 145, 4
i% Mark on the wavform 7~ 24 Ml & 1) 45 R R R R i 26 b o B R TR] ) H AR ic &
o, goal FIBRIAFLAT A ps, SR
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RiseTime [ & R EECE 0T -

FallTime MECE a1 F -
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6.9.3 LIt DoE
6.9.3.1 ## ddr ff E# % E DOE 4+
M TML FHEH ntml 2K F, & E& NTML {EN 11.

7£ BUS pin F1ik %4> pin, i Combine into Bus. 1 FH [F#E I #E 44 36 43 1) pin
2H bus.

I EE+— 5 10,1 %55 205 & ddr £ FBERS A ctrl A1 mem. #4522 J5 B 4 s
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M

Z 8 11.2 PP IR IN ddr stat 17 & .

HILATE nets HEE pin ERR R SERUR AT H R

ZM 18.1 P BR, W doe i HZ L.
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Ay TR AU Optimetrics A %#i% % Add DOE. 57 DoeSetupl 4548 1% % Property.

VB H bR AT 75 Z5EHEAT Normal flow 1/ H . 7E H AR B A2 SR Ml #3580
Goals Hffi F 18.1 HHAHE I /7 B H AR, fitdh Add, iEF Summary J5 £t Done.

i Calc.Range THI«”, WE B ES-
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HRE-MHABS TR, AR N HAR PG 2k,

i e i B Rl ok

6932 DOE{iERGEREE

£ DoeSetupl #r8, =5 s 1 s M AT B E I HAsE .
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miti Yes J5 146 Doe 70#fr, SEfer M e e, 72 Doe 7 A Bk % View Analysis

Result:

6.10BROADSIDE {53k B2 5 &

6.10.1 mMBEE R

R R ERE AN B)R, A TR AR Stackup, EFF Add
Stackup, =#BRIOMEMEE, BEATIER.
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WeFELT Layer, ity OK, xiili Browse, FfiFFRHEE, WEFA. V. NEEE
B AR R

W E MR Roughness, FbRadEd:, A& — EH AT MR EBEE . BT SR
& 2R Hammerstad. Snowball-Huray. Cannonball-Huray. f&4i£k ) R %0, wLA%>
FFEE, bl
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By B RABIHES R /5 Material Library, #Hi%1k Dk Df. SR EEHE,
M FAEL, #sh Show, B IARLE @M.
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6.10.2 ¥EEfEHLR IR E

i Components TML #3F 122 BLI NTML, 5t A 2k B B S, X BLAT DA e
LML £ N-TML it 7 Z LA A H. xR symbol A 1 [RI Ac A2 25022

FEA M 2 15 Q23 g 1) & =

DECRHRA R ZAEN PR, WEBRENEE . KSR ZEKEER. &8 RE. X
FLER 52 T8 (1A BTN 2 ARG 2 — IR ZEMBE &, T LIRS
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BB IfE iy OK, WL display BT 15 2., f&Amek e Blf/a, M0 port AT M 5
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6.10.3 FER I &

B 5 Add S-Parameter Analysis, 5 i .

BEEYFE, sl Analyze HEAELFE, F e E R AL LS cfg MR SCHERT mesh,
P ERB I X2D solver #EATALAE AT B, 1 FS DAL Ot L (&4 Lk S S 4.

Ao = EE R A O, 2B MR FHEEIE, LiE25 xspice solver, i HL 51/
H,
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PIAEEH, 753 HLE result. BRIVEEZEM T Plot & S11 [A[45

6.104 i ELREE

Fi4E result FIITE TS 5, Add Plot 3 H 2 & FLii, Al LA#EE TDR. ffidnss:
Plot.
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TE WA RS R, A% results, 14£4% Open Results Folder.
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6.11CABLE BB G E

6.11.1 B4 &
6.11.1.1 2% CABLE HI{j E& %

MITAEEE R4y 4 Cable, Nport, tml, subckt & port 4K i & A g, R IUGERE
ek, EFTR.

6.11.1.2 FEiE CABLE &%

Xt Cable f) NoDrain Joff, W7ESi#H S0 B B KL, 8L Sig, B, sig ffis
BEMRSHL

Wit Nport, siifi Browse #5221 S 40, Wili TML, 7E4m%E S AT DAL E W,
length, /=552, Subckt JoH [FIFE 77 E N4 T FLER SO
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6.11.1.3 BIMFE, BIaMiEREEER

EPT L E Y, WL E type 4 Linear step. Linear Count &5 PURI R, ] 43 ) i Bt
th. &b SRR,

15 B5E R A TR AR N &4 — cable B3 H TR, 7 RLGC X ffderh &
cfg. mesh. rigc & s*p LA .
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6.11.2 RHR{ E
6.11.2.1 ¥BEH cable 23445 B F. %

MIRAF:TeEEE cable Fi%$¥ CenterDRain, DataSource | iE#¥ subckt, M IBIS Fik#%
I0_Diff 55 Input_Diff, M Independent Sources Fi%&#% Pattern J&, 43745 N2 HEAi 1, 4

SE

6.11.2.2 FCER IS5 EHEE

1. & # Cable 7Ef Length, Sig, Thickness, offset &S,

2. IBIS Z3M4 TR E 4 AINE A ER 1BIS XU F, FEFEIER pin, Type 288, Z&H1{H
PN, RS, 284t DieProbe ZE0T LAE & R E . FEERIISHTTLL
1t Display H % & .
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3. Subckt 7 E AT SO

4. T_Diff AL 'E Ra, Rb, HJELLKERSHER.
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6.11.2.3 WIS ERGE

FE TRERHT FCTT AN 075 50, 07 ECRT LA probe 5 s 075 AH RV s 1 £ -

6.124T AZIE T 2% FILTER [ B
6.12.1 ¥ BPF Sl 4 E i

MIEfFE 1 Filter it BPF 2SI, FMAI TEAFIA Port, FFERWE P
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6.12.2 iL BB AR E

Wi R BPF, fEHLH 1@ PEgw R i T o JE Mg AT e . 7E TFType ] 43 jilik
#% Bessel/ButterWorth/Chebyshev/Gaussian/Ellipitic, /N[E TFType F 14351 ¥ & 5t B K
Fcenter &2,

6.12.3 BPF JofFH) s_paramater fiE

76 TR A Analysis Fvin S_paramater 1550, JFAE 15 145
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6.13SERDES PRELYOUT i &

6.13.1 3¢ TML ##K Pre i E
6.13.1.1 #ELE pre i EFEK

SRR T Y Application, E# pre JE T3 N2 pre {7 FUEIE B E S, AT LA A
B, IR, NEXT/FEXT £ HimiE AN 5.

BESEME Aok, HEABITREGIEBLE I, WA E I H (2 ARAIEH fRAF %15

mili ok JESTEERH pre I INEZ AR . FRIEZ (4 DIFF_TX FTfE g2 &+
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7 FIRB AR

The source code comprises of both Open Source and proprietary software components.

The Open Source components are:

Qt5.15.11 (Windows)

Qt for Application Development lets you create applications for desktop and mobile platforms. It

contains all the Qt APIs and the Qt Creator IDE for seamless cross-platform development.
Qt for Application Development is dual-licensed under commercial and open source licenses. The
commercial Qt license gives you the full rights to create and distribute software on your own terms
without any open source license obligations. With the commercial license you also have access to
the official Qt Support and close strategic relationship with The Qt Company to make sure your
development goals are met.

Qt for Application Development is also available under GPL and LGPLv3 open source licenses.
Qt tools and some libraries are only available under GPL. See the comparison chart for details. The
Qt open source licensing is ideal for use cases such as open source projects with open source
distribution, student/academic purposes, hobby projects, internal research projects without external

distribution, or other projects where all (L)GPL obligations can be met.
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Qt5.7.0 (Linux)

Qt for Application Development lets you create applications for desktop and mobile platforms. It

contains all the Qt APIs and the Qt Creator IDE for seamless cross-platform development.
Qt for Application Development is dual-licensed under commercial and open source licenses. The
commercial Qt license gives you the full rights to create and distribute software on your own terms
without any open source license obligations. With the commercial license you also have access to
the official Qt Support and close strategic relationship with The Qt Company to make sure your
development goals are met.

Qt for Application Development is also available under GPL and LGPLv3 open source licenses.
Qt tools and some libraries are only available under GPL. See the comparison chart for details. The
Qt open source licensing is ideal for use cases such as open source projects with open source
distribution, student/academic purposes, hobby projects, internal research projects without external
distribution, or other projects where all (L)GPL obligations can be met.

Clipper2 1.0.0

The Clipper Library (including Delphi, C++ & C# source code, other accompanying code,
examples and documentation), hereafter called the "Software", has been released under the
following license, terms and conditions:

Boost 1.79

Boost Software License - Version 1.0 - August 17th, 2003

http://www.boost.org/LICENSE 1 0.txt

Permission is hereby granted, free of charge, to any person or organization obtaining a copy of
the Software covered by this license to use, reproduce, display, distribute, execute, and transmit the
Software, and to prepare derivative works of the Software, and to permit third-parties to whom the
Software is furnished to do so, all subject to the following:

The copyright notices in the Software and this entire statement, including the above license grant,
this restriction and the following disclaimer, must be included in all copies of the Software, in whole
or in part, and all derivative works of the Software, unless such copies or derivative works are solely
in the form of machine-executable object code generated by a source language processor.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND NON-
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INFRINGEMENT. IN NO EVENT SHALL THE COPYRIGHT HOLDERS OR ANYONE
DISTRIBUTING THE SOFTWARE BE LIABLE FOR ANY DAMAGES OR OTHER LIABILITY,
WHETHER IN CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN
CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

QtXlsx 0.3

MIT License

Copyright (c) 2013-2014 Debao Zhang hello@debao.me

All right reserved.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
s0, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A  PARTICULAR  PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN
CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

MPFR 2.4.2

MPEFR is free. It is distributed under the GNU Lesser General Public License (GNU Lesser GPL),
version 3 or later (2.1 or later for MPFR versions until 2.4.x). The library has been registered in
France by the Agence de Protection des Programmes under the number IDDN FR 001 120020 00 R
P 2000 000 10800, on 15 March 2000. This license guarantees your freedom to share and change
MPFR, to make sure MPFR is free for all its users. Unlike the ordinary General Public License, the

Lesser GPL enables developers of non-free programs to use MPFR in their programs.
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MPC 0.8.1

The library is built upon and follows the same principles as GNU MPFR. It is written by Andreas
Enge, Mickaél Gastineau, Philippe Théveny and Paul Zimmermann and is distributed under the
GNU Lesser General Public License, either version 3 of the licence, or (at your option) any later
version (LGPLv3+). The GNU MPC library has been registered in France by the Agence pour la
Protection des Programmes on 2003-02-05 under the number IDDN FR 001 060029 000 R P 2003
000 10000.

GMP 4.3.2

Since version 6, GMP is distributed under the dual licenses, GNU LGPL v3 and GNU GPL v2.
These licenses make the library free to use, share, and improve, and allow you to pass on the result.
The GNU licenses give freedoms, but also set firm restrictions on the use with non-free programs.

Boost 1.79

Boost Software License - Version 1.0 - August 17th, 2003

Permission is hereby granted, free of charge, to any person or organization obtaining a copy of
the software and accompanying documentation covered by this license (the "Software") to use,
reproduce, display, distribute, execute, and transmit the Software, and to prepare derivative works
of the Software, and to permit third-parties to whom the Software is furnished to do so, all subject
to the following:

The copyright notices in the Software and this entire statement, including the above license grant,

this restriction and the following disclaimer, must be included in all copies of the Software, in whole
or in part, and all derivative works of the Software, unless such copies or derivative works are solely
in the form of machine-executable object code generated by a source language processor.
THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND NON-
INFRINGEMENT. IN NO EVENT SHALL THE COPYRIGHT HOLDERS OR ANYONE
DISTRIBUTING THE SOFTWARE BE LIABLE FOR ANY DAMAGES OR OTHER LIABILITY,
WHETHER IN CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN
CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

CGAL 4.14.3
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CGAL is licensed under GNU LESSER GENERAL PUBLIC LICENSE (LGPL) Version 3.0. See
GNU LESSER GENERAL PUBLIC LICENSE (LGPL) for a complete listing of the GNU LESSER
GENERAL PUBLIC LICENSE.

Virtually any software may use Eigen. For example, closed-source software may use Eigen
without having to disclose its own source code. Many proprietary and closed-source software
projects are using Eigen right now, as well as many BSD-licensed projects.

Eigen 3.3.7

Eigen is Free Software. Starting from the 3.1.1 version, it is licensed under the MPL2, which is a
simple weak copyleft license. Common questions about the MPL2 are answered in the official
MPL2 FAQ.

Earlier versions were licensed under the LGPL3+.

Note that currently, a few features rely on third-party code licensed under the LGPL:
SimplicialCholesky, AMD ordering, and constrained cg. Such features can be explicitly disabled
by compiling with the EIGEN_MPL2 ONLY preprocessor symbol defined. Furthermore, Eigen
provides interface classes for various third-party libraries (usually recognizable by the
<Eigen/*Support> header name). Of course you have to mind the license of the so-included library
when using them.

Virtually any software may use Eigen. For example, closed-source software may use Eigen without
having to disclose its own source code. Many proprietary and closed-source software projects are
using Eigen right now, as well as many BSD-licensed projects.

Python 3.8.8rcl

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and the
Individual or Organization ("'Licensee") accessing and otherwise using Python 3.9.2 software in
source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby grants Licensee a
nonexclusive, royalty-free, world-wide license to reproduce, analyze, test, perform and/or display
publicly, prepare derivative works, distribute, and otherwise use Python 3.9.2 alone or in any
derivative  version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2021 Python Software Foundation; All Rights Reserved" are
retained in Python 3.9.2 alone or in any derivative version prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or  incorporates Python 3.9.2
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or any part thereof, and wants to make the derivative work available to others as provided herein,
then Licensee hereby agrees to include in any such work a brief summary of the changes made to
Python 3.9.2.

4. PSF is making Python 3.9.2 available to Licensee on an "AS IS" basis. PSF MAKES NO
REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR
THAT THE USE OF PYTHON 3.9.2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.2
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A
RESULT OF MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.2, OR
ANY DERIVATIVE THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of its terms and
conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship  of agency,
partnership, or joint venture between PSF and Licensee. This License Agreement does not grant
permission to use PSF trademarks or trade name in a trademark sense to endorse or promote
products or services of Licensee, or any third party.

8. By copying, installing or otherwise using Python 3.9.2, Licensee agrees to be bound by the
terms and conditions of this License Agreement.

Klayout 0.25.3

KLayout is published under GNU public license GPL version 2 or any later version (Wwww.gnu.org)
in compliance with the requirements for using the Qt open source licence. If may be copied and
distributed freely.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of Merchantability or fitness for a particular purpose. Please use
it AT YOUR OWN RISK.

Any artwork created with KLayout is yours. KLayout can be used freely for any purpose,
commerical or private, production or education.

VTK 7.1.1

VTK is an open-source toolkit licensed under the BSD license.
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Copyright (c) 1993-2008 Ken Martin, Will Schroeder, Bill Lorensen

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

Redistributions in binary form must reproduce the above copyright notice, this list of conditions and
the following disclaimer in the documentation and/or other materials provided with the distribution.

Neither name of Ken Martin, Will Schroeder, or Bill Lorensen nor the names of any contributors
may be used to endorse or promote products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
“AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHORS OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY
OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

PythonQt 3.2

PythonQt is distributed under the LGPL 2.1 license. It can be used in commercial applications
when following the LGPL 2.1 obligations.

The build system of PythonQt makes use of a modified version of the LGPL'ed QtScript generator,
located in the "generator" directory.

See https://code.qt.io/cgit/qt-labs/qtscriptgenerator.git for details on the original project. Thanks
a lot to the QtJambi guys and the QtScript Generator project for the C++ parser and Qt typesystem
files!

The PythonQt wrappers generated by the generator located in the "generated cpp" directory are
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free to be used without any licensing restrictions.

The generated wrappers are pre-generated and checked-in for 5.0, 5.3, 5.4 and 5.6, so you only
need to build and run the generator when you want to build additional wrappers or you want to
upgrade/downgrade to another Qt version. You may use the generator to generate C++ bindings for
your own C++ classes (e.g., to make them inheritable in Python), but this is currently not
documented and involves creating your own typesystem files.
onemkl 2022.0.3

Intel Simplified Software License (Version April 2018)

Copyright (c) 2018 Intel Corporation.

Use and Redistribution. You may use and redistribute the software (the "Software"), without
modification, provided the following conditions are met:

* Redistributions must reproduce the above copyright notice and the following terms of use in
the Software and in the documentation and/or other materials provided with the distribution.

* Neither the name of Intel nor the names of its suppliers may be used to endorse or promote
products derived from this Software without specific prior written permission.

* No reverse engineering, decompilation, or disassembly of this Software is permitted.

Limited patent license. Intel grants you a world-wide, royalty-free, non-exclusive license under
patents it now or hereafter owns or controls to make, have made, use, import, offer to sell and sell
("Utilize") this Software, but solely to the extent that any such patent is necessary to Utilize the
Software alone. The patent license shall not apply to any combinations which include this software.
No hardware per se is licensed hereunder.

Third party and other Intel programs. "Third Party Programs" are the files listed in the "third-
party-programs.txt" text file that is included with the Software and may include Intel programs under
separate license terms. Third Party Programs, even if included with the distribution of the Materials,
are governed by separate license terms and those license terms solely govern your use of those
programs.

DISCLAIMER. THIS SOFTWARE IS PROVIDED "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND
NON-INFRINGEMENT ARE DISCLAIMED. THIS SOFTWARE IS NOT INTENDED FOR USE

IN SYSTEMS OR APPLICATIONS WHERE FAILURE OF THE SOFTWARE MAY CAUSE
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PERSONAL INJURY OR DEATH AND YOU AGREE THAT YOU ARE FULLY RESPONSIBLE
FOR ANY CLAIMS, COSTS, DAMAGES, EXPENSES, AND ATTORNEYS' FEES ARISING
OUT OF ANY SUCH USE, EVEN IF ANY CLAIM ALLEGES THAT INTEL WAS NEGLIGENT
REGARDING THE DESIGN OR MANUFACTURE OF THE MATERIALS.

LIMITATION OF LIABILITY. INNO EVENT WILL INTEL BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE. YOU AGREE TO INDEMNIFY AND HOLD INTEL
HARMLESS AGAINST ANY CLAIMS AND EXPENSES RESULTING FROM YOUR USE OR
UNAUTHORIZED USE OF THE SOFTWARE.

No support. Intel may make changes to the Software, at any time without notice, and is not
obligated to support, update or provide training for the Software.

Termination. Intel may terminate your right to use the Software in the event of your breach of
this Agreement and you fail to cure the breach within a reasonable period of time.

Feedback. Should you provide Intel with comments, modifications, corrections, enhancements
or other input ("Feedback") related to the Software Intel will be free to use, disclose, reproduce,
license or otherwise distribute or exploit the Feedback in its sole discretion without any obligations
or restrictions of any kind, including without limitation, intellectual property rights or licensing
obligations.

Compliance with laws. You agree to comply with all relevant laws and regulations governing
your use, transfer, import or export (or prohibition thereof) of the Software.

Governing law.  All disputes will be governed by the laws of the United States of America and
the State of Delaware without reference to conflict of law principles and subject to the exclusive
jurisdiction of the state or federal courts sitting in the State of Delaware, and each party agrees that
it submits to the personal jurisdiction and venue of those courts and waives any objections. The
United Nations Convention on Contracts for the International Sale of Goods (1980) is specifically

excluded and will not apply to the Software.
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*QOther names and brands may be claimed as the property of others.
Pybind11 2.6.2

Copyright (c) 2016 Wenzel Jakob <wenzel. jakob@epfl.ch>, All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentationand/or other materials provided with the
distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to
endorse or promote products derived from this software without specific prior written permission.
THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
Please also refer to the file .github/CONTRIBUTING.md, which clarifies licensing of external
contributions to this project including patches, pull requests, etc.
7za 19.00

7-Zip is free software with open source. The most of the code is under the GNU LGPL license.
Some parts of the code are under the BSD 3-clause License. Also there is unRAR license restriction
for some parts of the code. Read 7-Zip License information.

You can use 7-Zip on any computer, including a computer in a commercial organization. You

don't need to register or pay for 7-Zip.
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7-Zip Copyright (C) 1999-2021 Igor Pavlov.
The licenses for files are:
1) 7z.dll:
- The "GNU LGPL" as main license for most of the code
- The "GNU LGPL" with "unRAR license restriction" for some code
- The "BSD 3-clause License" for some code
2) All other files: the "GNU LGPL".

Redistributions in binary form must reproduce related license information from this file.

Note:

You can use 7-Zip on any computer, including a computer in a commercial organization. You
don't need to register or pay for 7-Zip.

PETSc 3.15.0

2-clause BSD license

Copyright (c) 1991-2021, UChicago Argonne, LLC and the PETSc Development Team

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES(INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY

THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
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(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

This license DOES NOT apply to any software that may be obtained via the --download-package
option of the PETSc configuration. Each of those packages are covered by their own licenses.
SLEPc 3.15.1

BSD-3-Clause

Copyright (c) 2002-2021, Universitat Politecnica de Valencia, Spain All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1.Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

2.Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES(INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE. This
license DOES NOT apply to any software that may be obtained via the --download-package option
of the SLEPc configuration. Each of those packages are covered by their own licenses.
pyDOE 0.3.5

BSD License (BSD License (3-Clause))

Copyright (c) 2014, Abraham D. Lee

All rights reserved.
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Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to
endorse or promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
mimalloc 209

MIT License

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
s0, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
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EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A  PARTICULAR  PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN
CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

Numpy 1.19.4

Copyright (c) 2005-2021, NumPy Developers.

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the followingdisclaimer in the documentation and/or other materials provided  with the
distribution.

* Neither the name of the NumPy Developers nor the names of any contributors may be used
to endorse or promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY

THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

MS-MPI 10.1.2
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MIT License

Copyright (c) Microsoft Corporation. All rights reserved.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
s0, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN
CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE

SOFTWARE.
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