runivl RGBT EEE S E BE R EH runivi=6 1=fast(FL LA, K2 F 1R DN L IhAE
fiiA) 6=mostaccurate . ERIAFIMESE runlvi=3. BARBUE E & T 20080 v B K B 0 Bl FLEK
Hspice {3 FH i) /2 5 i CR A7 I runivl B0
i H /& 454 .option runlvl=5
If you set .option ACCURATE then HSPICE limits the RUNLVL value to 5 or 6.
Table 55 Guidelines for RUNLVL Settings

Circuit type RURNLVL Setting

Digital RUNLVL=1-3

Analog or mixed signal accuracy |RUNLVL=3-5

Cell characterization RUNLVL=5-6

p1 input1 0 z0=50 port=1 pulse(0 1.5 100p 40p 40p)

Psource dut_in 0 z0=zref port=1 pulse(vlo vhi td tr tf) p & port JoiF

Psource dut_inp dut_inn 0 z0=zref port=1 pulse(vlo vhi td tr tf) X B8 S A& %253 W port Jof:
P oy, WA, FrblJcZinsource #4) .

Pterm dut_out 0 z0=50 port=2
X HEEEX GI{E.measp(m1) ,p()AHERRINIIE,

t  TChUERL, 4540 FEPT, 2R
T1 dut_in 0 node1 0 Z0=50 td=1n

par TS5 A par(..)% i AE A F A D A N BB R
Reusing the PAR(...) Output as Input to Other Elements
A {# F - .print .probe A% H!
print tran v(5) par('’5*cos(6.28*v(10)*v(5)*k/360)") NFEINE G| 5HEEkR

IBIS #5741 H]

Input buffer:

B_INPUT nd_pcnd_gcnd_innd_out_of_in

Output buffer:

B OUTPUTNnd_pund_pdnd_outnd_in[nd_pcnd_gc]
Input ECL Buffer:

B_INPUT_ECL nd_pc nd_gc nd_in nd_out_of in
Output ECL Buffer:

B OUTPUT _ECL nd_pund outnd in[nd_pc nd _gc]

Tri-state buffer:



B 3STATE nd_pu nd_pd nd_out nd_innd_en [nd_pc nd_gc]
Input/Output buffer:
B 10 nd_pu nd_pd nd_out nd_in nd_en nd_out_of _in [nd_pc nd_gc]
(pu and pd are pull-up and pull-down; pc and gc are power clamp and ground clamp; nd simply stands for
node.)

Bk
b_out1 nd_pu nd_pd out1in1

+ file ='at16245.ibs'
+model ='AT16245_OUT'

Search 414 1# [f].option search ([ 5h 5+ %8 DL A A0 & SO P AE 1) 84%)
hspice.ini thedefaultsearchpaths.(sa_146)
#l-7: .OPTION SEARCH='$installdir/parts/signet'  Ehi%| %3 ika T EH T

S ¥ S/ HERIER:  (si_69)

Sxxx nd1 nd2 ... ndN ndRef AR A, e — RO S E T A, BRibgs Sidtn, A n AN
Mo MKLE S S SRR, IS find 1+ nd1- nd2+ nd2- ... ndN+ ndN- £

+[MNAME=Smodel_name] s ZH 5

+ [TYPE=s|y][Z0=value|vector_value] s ZHly Z8  FHEREL

+[FBASE =base_frequency][FMAX=maximum_frequency] s 5, [ HEM SRR, BRI NBE

A B A R BB A5 FMAX B 2 £% Knee frequency A DAARAIEAR X F HER

+ [INTERPOLATION=STEP|LINEAR|SPLINE|HYBRID] iz %4772

+ [INTDATTYP=RI|MA|DBA] HAEEA. Rl % MA IEEMA DBA 4

+[HIGHPASS=1|2|3|4] [LOWPASS=0|1/2|3] AN T H B2 DC i 8

+ [DELAYHANDLE=1|0|ON|OFF] [DELAYFREQ=val ] S FHRAME LR AR I, SAHERG, Eon

+ [MIXEDMODE=0|1] [DATATYPE=data_string] Hrh data_stringd _diff ¢ _comm s_sing n_n port

+[NOISE=[1|0]] [NoiPassiveChk=1|0] [DTEMP=val]  #MzH

+ [RATIONAL_FUNC=[0|1]] [RATIONAL_FUNC_REUSE=[0|1|2]]

+ [PASSIVE=0|1] [PASSIVE_TOL=val ] [COLSUM_LIMIT=val ]

+ [ENFORCE_PASSIVE=0|1][STAMP=S|Y|YSTS|SSTS|DEEMBED]

+ [M=int ] [PRECFAC=val ] [FQMODEL=sp_model_name ]

NTRREREE, R
1 4MfE DC Wi, ¥ ' 4flowpass
2 max frequency FUFREN 3 fEm BT,

H model kfiidfEE S A

.MODEL Smodel_nameS [N=dimension]  #&& NS # %Y, JyN imH.

+ [TSTONE |CITI | touchstone ({42 WHE AR, HEHATI T
+ RFMFILE= | BNPFILE= | i&H—/"HK FQMODEL=SFQMODEL
+ [TYPE=s|y] [Z0=value | vector_value]

+ [FBASE=base_frequency] [FMAX= maximum_frequency]

NNl



s1 n1 n2 n3 n_ref mmame=smodel z0=100

.model smodels n=3fgmodel=sfqmodel or (tstone , citi) z0=50 fbase=25e6 fmax=1e9 100 FkEt model HL
50 BRI 5 i
Sp A 25451

.subckt sparam n1 n2 ts('ss_ts.s2p')
S1n1n20mname=s_model

.model s_model S

.ends

x1 A B sparamts('ss_ts.s2p')

S-element data

—NEEEHILL p i HSRELR 45 B (91)

**S-parameter example

.OPTION post

.probe v(n2)

P1n1 0 port=1 Z0=50 ac=1v PULSE Ov 5v 5n 0.5n 0.5n 25n
P2 n2 0 port=2 Z0=50

.ac lin 500 1Hz 30MegHz

tran 0.1ns 10ns
*reference nodeis set

S1n1n20mname=s_model

*S parameter

.model s_ model S TSTONEFILE = ss_ts.s2p
Rt1 n2 050

.end

S ZHHIE  THIRHATER MR E R D anEREr . B ORI (104)
S11234567 8 mname= model _name ...

=+
or

.model model name S ...

+

SP model /M55 S HEAR AR RIEART Gld MR

.MODEL namesp[N=val FSTART= val FSTOP=val Nl=val EE%EE (—M4EEQE T S B E 2 E0
| ERIGAER R AR R AR RS, BRI 10

+ SPACING=val MATRIX=val VALTYPE=val INFINITY= matrixval spacing(lin, de log poi,nonuinform),
Horb matrix #5818 (symmetric X FK, {78/ T4, hermitian 298, nonsymmetric JEXFR, F8HIE)
Valtype(##E25% real ,Cartesian, polar &% )

+ INTERPOLATION=val EXTRAPOLATION= val DC=val] Widi: step,linear, spline #}Mf: none,step,linear

POI non-uniform spacing JF— %17

DATA



XN R A F B H s, B R .

File D File E File

F
d1d2d3 ed e5 f6
d1d2d3 ed eb5 fo
R0 R AEAR

.DATA dataname LAM
FILE="file1’ p1=1 p2=2 p3=3
FILE="file2’ p4=1 p5=2
FILE=ile3’ p6=1

<OUT=">

.ENDDATA

MY (si125)

HrpW ACRKS IR A 2, O 7 SRS A BRE, T ACRMXS 80 T H L f e
A RALEARFE LTI 2 3

A RATAE

Equation 35 R{f)= R _+ ﬁ‘{;’{l +JIR,
Where:

= R is the DG resistance matrix.

i

| L k] i H s
=T the skin effect matrix.

Equation 36 G(f)= G, + |' i -G,
S+ foa)
Where,

" G, models the shunt current due to free electrons in imperfect dielectrics.

* G, models the power loss due to the rotation of dipoles under the

alternating field (C. A. Balanis, Advanced Engineering Electromagnetics,
Mew York: Wiley, 1989).

[ fgd
T W AR, 2 R A e A . INCLUDEGDIMAG=yes JT )i 1 1 & 2441 Jofi 15 66 i A 7

Is a cut-off frequency.

Equation 40 G(w) = Go + Gd—L2—

Jot a,

- - B AH R A 51 55 BR AN FE
e wp 2 5 AR 18] 5 5O O 11 £ AT

Wtest win 0 wout 0 N=1 RLGCMODEL=WE1 L=0.3
+ INCLUDEGDIMAG=yes

.MODEL WE1 W MODELTYPE=RLGC, N=1 1 4%:[%, X+Z24in015H, LO=vall val2 val3....
+ Lo = 3.8e-07

+ Co =1.3e-10



+ Ro = 2.74e+00

+Go=0.0

+ Rs =1.1e-03

+ Gd =8.2e-12

+wp=0.07 AHARAHHN, A,

PRINTZO fiith w sofF R RHERLHTIE] . wzo #% A (low half)
W1 N=2in1 in2 gnd out1 out2 gnd RLGCMODEL=2_line 1=0.1
+ PRINTZO=POI 3 1e6 1€9 1e12

Hrdr 2 line.wzo {175 H!

* w-element model [2_line] Characteristic Impedance Matrix:
.MODEL ZO SP N=2 SPACING=POI

+ DATA=3

+1.0e6

+175.362 -156.577

+ 3.54758 -2.53246  175.362 -156.577

+1.0e9

+48.7663 -1.3087

+1.69417 -0.0073233 48.7663 -1.3087
+1e12

+48.9545 0.238574
+ 1.66444 0.0348332 48.9545 0.238574

TR A BHHU R
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Fquatlon 48 V = Zo.- 1

Hlm'I\r,udi =7 Ny 7 1fd - Im-‘j ‘

fu o & M,V =70 ., . M ]
V=mvil Ze® M1 |
thus
Equation5-J Zo_. . = MIl- z8 - M1-'
W F— N E R RIFF S L
N S
MV_( B ! T = ~
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Zoa_, 4=MV. Zo M '
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X TN 5950 A X RO 28, BRI IE R PT1Z11=222=50 Kk, Z21=2Z12=0

-

h

i Z;..';! 'Z:I:- B EE.'.':' i EE”””M” 0 B o 0
= 1 —
“ Ted Tee 0 E{-‘Z.u'r.!'f+znr|:m[r|'] 0 250
h /
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| . = . ]
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Figure 30 System Model for a Line=to-Line Junction

FEEREE N R G R
Delayopt #Eff A IEIR AT, DAORAIE NS84y 32 A0 HE
DELAYOPT=0|1|2to  deactivate, activate, and automatically determine, ERIAE N 0 A H
DCACC {RUEMRSIHS 7> FIHER 5 U8k DCACC=0 4K}
BB W B (si125) HA 5 MBIFHE 128 |
Wxxxi1i2 ...iINiIRo102...oNoR N=val
+ [RLGCMODEL=name | RLGC | UMODEL=name
+ FSMODEL= name | TABLEMODEL=name | SMODEL=name]  fsmodel 3k B 7R f# %
+ [ INCLUDERSIMAG=YES|NO FGD=val [ DELAYOPT=0|1|2|3 ] includersimag FRAN 75 FEFE JER RS 11 o 50 1o

fdg fi5 MR B AR AR
+[INCLUDEGDIMAG=YES|NO][NODEMAP=XiYj[DCACC=[1|0]]

+ [NOISE=[1|0]] [DTEMP= val ]

+ [PRINTZO=frequency_sweep MIXEDMODEZO=0|1]
+ [SCALE_RS=val ]

— RS W- [FINE AW 5T

* W-Element example, four-conductor line
W1N=313502460 RLGCMODEL=example_rlc [=0.97
V110 AC=1v DC=0v pulse(4.82v Ov 5ns 0.1ns 0.1ns 25ns)
AC lin 1000 OHz 1GHz

.DC v1 0v 5v0.1v

.tran 0.1ns 200ns

L=val fA it AaA Gt Z%T

printzo fi i & FHPT 1] f# Alin deco ct poi

WH W TR

*RLGC matrices forafour-conductorlossy

.MODEL example_rlc W MODELTYPE=RLGC 1§ F.model %} W #4714 H 2 X



+ Lo=

+2.311e-6

+ 4.14e-7 2.988e-6

+ 8.42e-8 5.27e-7 2.813e-6

+ Co=

+2.392e-11

+-5.41e-12 2.123e-11
+-1.08e-12 -5.72e-12 2.447e-11
+ Ro=

+425

+041.0+0033.5

+ Go= + 0.000609

+-0.0001419 0.000599
+-0.00002323 -0.00009 0.000502
+ Rs=

+0.00135

+0 0.001303

+000.001064

+ Gd=

+ 5.242e-13

+-1.221e-13 5.164e-13
+-1.999e-14 -7.747e-14 4.321e-13

.end

UMOEDL #1E&% 135 (157) U #HM P KRLGC 2 UL BIE PRI R R 1
W % R(f)=RO+sqrt(f)*(1+j)*Rs

U %+, R=Rc+Rs Rc #t/2& baU P EmEM. M &SRR Fskin=1/(15*risetime)

To use the W-element with the U Model on the W-element card, specify:
Umodel=U-model name
The W-element supports all U model modes, including:
®  geometric, Elev=1
* planar geometry, Plev=1
* Ccoax, Plewv=2
s twin-lead|plev=3
" RLGC, Elev=2
=  measured parameters, Elev=3
" skin-effect, N1lay=2

The only exception is Llev=1, which adds the second ground plane to the U_
model. The W-element does not support this. To model the extra ground plane,

add an extra conductor to the W-element in E1ev=2, or use an external lumped
capacitor in Elev=1 or Elev=2. For information about the U model, see

Appendix B, Lumped Transmission Line — U-Model



BlF

* W Element example, four-conductor line, U model

W11350 2460 Umodel=example N=3 |1=0.97

.MODEL example U LEVEL=3 NL=3 Elev=2 Llev=0 Plev=1 Nlay=2
+L11=2.311uH

+ L12=0.414uH L22=2.988uH

+ L13=84.2nH L23=0.527uH L33=2.813uH

+ Cr1=17.43pF

+ C12=5.41pF Cr2=10.1pF

+ C13=1.08pF C23=5.72pF Cr3=17.67pF

+ R1¢c=42.5 R2¢=41.0 R3c=33.5

+ Gr1=0.44387mS

+ G12=0.1419mS Gr2=0.3671mS

+ G13=23.23uS G23=90uS Gr3=0.38877mS

+ R1s=0.00135 R2s=0.001303 R3s=0.001064

V110 AC=1v DC=0v pulse(4.82v Ov 5ns 0.1ns 0.1ns 25ns)
AC lin 1000 0Hz 1GHz

.DC v1 0v 5v0.1v

.TRAN 0.1ns
.END

PR RFHEERE! Frequency-Dependent Tabular Model I, (si 161)
A] H RBAE 2 AT B AR CASSCRFRC AR 528D

* model

Nodemap ¥ 75 3% rum/dm AN 1IN i/ A O JF /REIa R

NODEMAP = 11120102

**** W Element Example: S Model ***

rout out 0 50

viningndLFSR (1 000.1n 0.1n 1g 1 [5,2] rout=50) H:H LFSR 2 hBEALT 51 7= 2k &5 or £k M IR 15 B8 0L 27 A7 2 2

*+ pulse(0 10 0.1n 0.1n 0.9n 2n)

W1 in gnd out gnd SMODEL=smodel N=11=0.3

+ NODEMAP=1101

.MODEL smodel S

+ XLINELENGTH=0.3 XLINELENGTH R ZFTH S 4k 5 1 R 26K - A must term for .spW
element

.opt accurate post .opiton accurate H #/j 1% B RUNLVL value to 5 or 6.

.tran .01n20n

.end

W-element passive noise model JoJiM: A (# ) (.NOISE and .LIN noisecalc=1 [£ ¥ [1H}]
+ [NOISE=[1|0]] [DTEMP=val] =1, 27742 2N*2N W55 - BRI AH <2 b



Lossy System Lossless System

N out
s Jjw
J1 ::' j”,.,rh%'
In outs L
- = C @ h Er}'w
. w2y T/
M, Outy iny outy

T-element [HHTAIZEIR )

Initial information required:
trise = source risetime
TD = time delay of the interconnect

Asaurce = Source résistance .
Selection Criterion

- R = 10% Rsource — R—__
—
L RCTRAL

— (R + Rsource)™C > 10% trise  —™ Ef

trise == 5TD (low
frequency)

Lumped model Eal (R + Rsource) > 10% triseg  —» |
- Default —_s |
Com patibility with
= corventional SPICE T
Infinite bandwidth:
Irilse <2 TD = raquired for ideal —» T
(high frequency) sOUrces
U micdel
= Consider crosstalk —= |

effects

w» Consider line losses — =

TDs are very long
or wery shorl

w Default —_—

Figure 42 Wire Model Selection Chart

LN

T1ingndt_outgnd model_name1L=200m U1

ingndu_outgndmodel_name1L=200m

.model model_name1 U LEVEL=3 PLEV=1 ELEV=1 wd=2m ht=2m th=0.25m JUfT & ELEV=1,planar

structure BI“FH 45#) PLEV=1 ,wd S4K%5EE htth /4
+ KD=5 KD A\ i i



HAE R E R

Txxx in refinout refout Z0=val TD=val [L=val]

+ [IC=v1,i1,v2,i2] IC= N UEME M IIWIIR 54, & um RIS MA B, HIR

Txxx in refinout refout Z0=val F=val [NL=val] F 5 NL, 7E5i% F &, H—bESKEEGAN H4BAL
oK) NL

+ [IC=v1,i1,v2,i2]

F KRB R KRBT BUL RS E XTRiZ W element page si_188

ORI, W E

.FSOPTIONS

S 3R fige 45 %58 L 7 B

.MATERIAL

LAYERSTACK HIRAEMANFS&EE, BERAEFE LTS, SREMERGNSRERSEH conductor

.SHAP FHTEIR  rectangle. circle strip polygon £ i Trapezoid 1T

7M1 .shape rect rectangle width=400e-6 height=40e-6 X —RINHH R LR R e ARk, KA

FSOPTIONS K fifi%k 1

.MODEL w modeltype=fieldsolver & & Lk 2R N7 K it 2%

B

.MODEL mname W MODELTYPE= FieldSolver

+ LAYERSTACK= name [FSOPTIONS=name] cood ik iE FEFR 7

+ [RLGC] [COORD=0|DESCART]|1|POLAR] RLGC 4 F RPN FRE, ARENET

+ wWHE PRINTDATAt=YES Jffith RLGC 3¢

+ CONDUCTOR=SHAPE= name [MATERIAL=name]

+ [ORIGIN=(val1,val2)]

[TYPE=SIGNAL|REFERENCE|FLOATING] .. 4% 2RIk signal &N w-element F1 K15 575 &
Floating #5511 S4£&, w-element Fi&HS%

L RLGC FRAg A

.FSOPTIONS name [ACCURACY=HIGH|MEDIUM|LOW]

+ [GRIDFACTOR=val ]

+ [COMPUTE_GO=YES|NO] [COMPUTE_GD=NO|YES]

+ [COMPUTE_RO=YES|NO] [COMPUTE_RS=NO|YES|DIRECT|ITER]

+ [COMPUTE_TABLE=frequency_sweep]

+ [PRINTDATA=NO|YES|APPEND]

P BRI Gd, WBAUE ARSI A S rEsERE L #1880~ Gd=2*p*tan0*Co

.MATERIAL die1 DIELECTRICER=4.1

I 194 7 2 2

R P ARBFE I B RN R A R

PRk LR ﬁ%ﬁ%ﬁ*ﬁ*ﬁﬁ%&;ﬁ@iﬁjﬂa (RMS) . si196

woiE T . SR(A =Ro+(1+j) -Jf - SCALE_RS - Rs

Wxxx nil ni2--- ref_in nol no2--- ref_out

+ [SCALE_RS=value]

LISSIE IR

.material copper metal conductivity=value [roughness=value]

—N SRR RIESHR B T (B E RN RLGO)



*k%* *k*k

use copper_roughsw/roughness=2um
P3in2 0 port=3 ac=1

P4 out2 0 port=4

W2in2 gnd out2 gnd FSmodel=line1_rough N=11=0.1

.material diel dielectric er=4.3

.material copper metal conductivity=57.6meg

.material copper_rough metal conductivity=57.6meg
+ROUGHNESS=2e- THEA T BRI RIS = B2 B3 7 E

.shape rect rectangle width=400e-6 height=40e-6 39 8 SR

Jlayerstack stack1 background=air BIEGEN, ERINFEMNNEL, BEENR NZE, L—EENH
+layer=(copper,10e-6) 1 layer GL& /NI A Klmaterial J£& 0.5mm

+layer=(diel,200e-6) 2

fsoptionsopt1printdata=yes  computeGd=no computeRs=yes EHEED, ArHEA FRFEG

.model line1_rough W Modeltype=fieldsolver, 7£ model  H SR EE IR i SR AR 1R 45 4

+layerstack=stack1,

+fsoptions=opt1,

+Rlgc, fH line1_rough.rigc IXANSCAFSRIE B 5 RE 72 [F R 2 S0 R Y
+conductor=(shape=rect,origin=(0,110e-6),material=copper_rough) conductor {2 A B F LRI, A
=, material ,shape ,origin , WH Z 151K, KXBS, WF
+conductor=(shape=rect,origin=(0,110e-6),material=copper_rough)

.opt post

.acdec 100 1e6 1e10

.end

i I 2 AR BRI T 37 3K i 4 pp si_198
T B T RN 7 FBHRSs IS AR 5 2 =845 $5 2+ [COMPUTE_GO=NO|YES]
[COMPUTE_RS=NO|YES|DIRECT|ITER] Hr direct 1 yes —#F, {HHINE, iter i HIEACHIHRER L

Gridfactor=  .fsoption H 154, HAAEHELL, HRIE €M E RMBIRMRL,BEERER T, 4
compute_rs=yes i, 7RfE%E A 2115 Ro.Rs.

SRFRY si_207 JUOCT SR RE AL L2 EREREMICHIGFIEH i
TR AME polar FEARIIILHZAER R TS W si__209 70D

Ly B
."'lr fi g N '.1-"
PL A BN E SRR T8RS, A | () ] |
https://d. book118. com/59524430211° 1 /|
A y/
s, W /
., x: . T-f -

S -

Figure 53 Polar field solver for modeling coaxial lines
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