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Solution!

Quick Accuracy Cost Flexibility
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How Samtec Builds S-parameter Models
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What You Should Care About
S-parameter Models
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Model Bandwidth Sami|ec
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Port Mapping and Port Counts
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Model Boundary -

Two Row Connector

e Pin definition simulated
* Pin Mapping: GSSG
e PCB effects

e |T180 w/ 1mm of microstrip
trace on each side

. 2mm in total
* Antipad under signal pads
* Bandwidth: 0 GHz - 20 GHz
* Linear Steps: 10 MHz (2001 points)
* Max Delta S: 0.01
* Number of passes: 30
* Sweep type: Interpolating

PIN 2 4 6 8 10
QTE 19 2 21

0
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Assembly Row 1 G S S G S
QSE 1 2 3
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Array Connector

* Pin definition simulated

* Pin Mapping: GGSSGG
* PCB effects

* No PCB effect
e Bandwidth: 0 GHz- 30 GHz

e Linear Steps: 10 MHz
(2001 points)

e Max Delta S: 0.0075
*  Number of passes: 30
* Sweep type: Interpolating

RowyY S
Row?Z T
Row A S
RowB T
Row C T

Footprint Details
(Layer 9 (of 14)

65mil thru

8 mil stub (back
drilled)

~2.5mm low loss
lead in trace

S )
S

S s
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Compensation pad

Back-drill filler

] ignallayer ground ring
ly to all signal layers

_Signal via open stub

Anti-Pad diameter for different layers

Escape Layer L3 L5 L18 L20
L1 42mil 42mil 42mil 42mil
L2 47mil 37mil 40mil 40mil
L3 47mil 37mil 40mil 40mil
L4 40mil 37mil 40mil 40mil
15 40mil 47mil 40mil 40mil
L6 40mil 40mil 40mil 40mil
L7 40mil 40mil 40mil 40mil
L8 40mil 40mil 40mil 40mil
L9 40mil 40mil 40mil 40mil
L10 26mil 26mil 44mil 44mil
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S-parameter.in Keysight ADS
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S-parameter Tool Kit
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z S-Parameter Toolkit : 20190125_PCIE-G5_3x2_3001_v1.s20p - X
File Edit Plots Tools Help
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o S Options X dB(Si])
O n e M Od e I O n Iy File: 20190125_PCIE-GS5_3x2_5001_v1. i oA
Frequendes: to 50es, points Reciprocity Test  Passivity Test  Causality Test T o e it w — s[1,1] =-18.93dB
Reference impedan 0 -10 o /;“
Absolute threshold r \ / \ N \/”V — S[1,2) =-16.09cB
absolute_error = | i - Sj — "
e | s -S| . / \r\ s[2,1] =-16.08 dB
Loaded Data i ivi V
Redprocity Passivity Causality o = [ \/ 5[2,2) =-19.14dB
Frequency
P Relative thresholds ]
o relative_error = 100 * absolute_error /max( | Sj I, 153 1) 0
Domain ]
e rune Passing <= 0% ~| <Almostpassing <= (5% v | | -50
9 Portd
10 Port10
Save as Defaults| |Reset Defaults Apply Cancel Help -60
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S-parameter Tool Kit - Port Mapping gEEk spEEk

57
- ; 5/ pssign Di -
E Assign Through Ports Y o Assign Differential Ports *
5 r
(RN AN 3 € b S
— Select two through ports to make a differential pair.
Select Ports Setup Through Ports gh p p
= Make Differential Pair| Remove Differential Pair(z) Remave All
ummary . .
How are the ports paired between two sides?
File: 20190125_PCIE-GS5_3x2_5001_v1.s20p S-parameters: 20x20 Differential Pairs Through Ports £ Side A SideB
Frequencies: 0 to 50e8, 5001 points Reciprodity:  Almost @ Fixed port configuration d .
Reference impedance: 50 Passivity: Yes 1 Portl Port11
Causality: No data available 1
1]2 1]5 1|8
] ] ] ] 3|4 16 217 2 Port2 Port12
Loaded Data Reciprocity Passivity Causality Single-Ended Differential TOR/TOT D @ D
5)6 37 3le
Assign Through Ports|  Reload Through Ports Info, =~ Remove All 7 | a 4 | 8 4 | 5 3 Port3 Port13
2
Through P4 4 Portd Port14
e () Power-flow detection configuration (choose a topology arrangement below)
5 Port3 Port15
Side 1 Side 2 Qdd/E Contiguous
1 <non = b Portt Port16
2 enon Baseboard Edge Card
3 <non (O Custom 7 Port7 Port17
4 [<nol Diff Pin Pin Diff
Port# Port # - - 8 Portd Port18
5 |eng Port#  Name Name  Port# Side A Side B
5 1 164 1 13 16A 7 9 Portd Port13
<non — — o rt (o] r't
. 174 2 14 17A 1 Portl Port11
;o : e L. 10 Port10 Port20
& <non ] _ © o
22A 4 | | 16 22A 2 Port? Port12
9 <non 3 254 5 1 L 17 254 9
10 <non A2B 6 S-Parameters 18 A26
148 7 19 148 3 Port3 Port13
4 — — 10
158 8 | |20 158
T g 21 108 4 Portd Port14
5 — — 11
208 10 _| > 208
. 238 1| = 238 12 5 Port5 Port15 Cancel Help
24B 12 24 24B
& Porb Port16
1 1 7 7
Select or ente Connector Port Mapping 7 Port Port1]
Select All
- g8 Portd Port1d
s[L1]
1 w=re c=roy rraer rereey wre=y wer=T ey r=rew -
1 S[3.8 533 S[E310] S311]  S[312]  S(313]  S[314]  S[315] 53,
1 S48  S#9] SH10] SMH11]  SH412]  S413]  S[414] S[415]  Si4 9 Portd Port19
1 siz.8] S[5.9] s[s.10] slc.11] sl5.12] s[5.13] s[s.14] Sl5.15] sl&,
1 sle.8] Sle,9] sle.10] sle,11] sle.12] sle6,13] sle.14] sls,15] sle,
1 s8] S8l SPA0]  SEit] Sz sS4  Spad]  S[s] SO 10 Port10 Port20
1 Sis8] 589 SB10]  SB11]  SB12]  S[B13]  S[B14]  S[BI5]  SE
sie.1] k slo.8] 579,91 s[s.10] slo.11] sls.12] s[s.13] s[s.14] Slg.15] se,
s[10,1] s10,4]  S[10,5] S[10,8]  S[10,8] S[10,0] S10,11] S[0,12] S[10,13] S10,14] S[10,15]  S[10)
siL1] st4]  siLg] s[itE] s8] s[nie]  s[iti1]  s[012] S[113]  S[iL14] S[1115]  SiL
s{12.1] S12,4] s3] S[12.8]  S(12.8] S[1210] S[{211] S[1212] S[213] S[1214] S[1215] S[12)
sl13.1] sl13.4]  S[13.5] Sl13.8]  S(138] S[13.a0] S(3.11] Si312] S[3.13] S[13.14] S[13.15]  S[13,
sl14.1] sl14,4] S[14,5] Sl14,8] S14,%] Sli4,10] S[4,11] S[4,12] S[14,13] S[14,14] S{14,15]  S[i4
<

< Back Finish Cancel Help




S-parameter Tool Kit - Frequency Domain 9EEk spEEk

2 S-Parameter Toolkit : 20190125_PCIE-G5_3x2_5001_v1.520p™ ¥ S-Parameter Toolkit: 20190125_PCIE-G3_3x2_3001_v1.s20p™ — *
File Edit Plots Tools Help File Edit Plots Tools Help
=) 5 + i o e
EHE 9 Wk +EE SHE 9 [uE 4 6,
Summary Summary dB(Sij)
File: 20190125 PCIE-GS_3x2 5001 v1.s20p S-parameters: 20x20 File: 20190125 PCIE-G5_3x2_5001_v1.s20p S-parameters: 20x20 0 | Frequency = 1.38 GHz
Freguendes: 0 to 50e9, 5001 points Redprocity: Almost Freguendies: 0 to 50e9, 5001 points Rediprodty: Almost ] -’_’__—-’—-—_\ /W —— 5[D1,01] =-24.39.d8
Reference impedance: 50 Passivity: Yes Reference impedance: 50 Passivity: fes 10 | P et S[02,02] = -24.43 dB
Causality: MNo data 2 Causality: No data available | \/ e
] — 5[D3,D3] =-24.31d8
loadedData  Redprocty  Passivity = Causality =~ SingleEnded  Differential loadedData  Redprocty ~ Passivity — Causality  Single-Ended  Differental  TDR/TDT -20 V
— —— ]
Assign Through Ports| Reload Through Ports Info| | Remove Al Assign Differential Ports| Calculate Differential Data.  Reload Differential Pair Info. | Remove All ] /
30
Through Ports Through Ports 3] V
E 5 e g
Side A Side B Side A Side B ]
1 Portl Port11 1 Diff. Port 1: (Port1,Port2)  Diff. Port 2: (Port11,Port12) -50
2 Port2 Port12 2 Diff. Port 3: (Port3,Portd)  Diff. Port 4 (Port13,Port14) ]
3 Por3 Port13 3 Diff. Port 3: (Port5,Portg)  Diff. Port & (Port13,Port16) 60 o
4 Port4 Port14 4 Diff. Port 7: (Port7,Portd)  Diff. Port & (Port17,Port18) ]
5 Portd Port1s 5 Diff. Port & (Port9,Port10)  Diff. Port 10: (Port19,Port20) 70
& Port6 Portl6 ]
7 Port? Portl7 80
T T T T T 1
8 Porig Port18 o 10 20 30 40 50
9 Portd Port1d FEEE)
10 Port10 Port20 phase(Sij) in degrees
200 7 Frequency = 1.38 GHz
] =4 \ \ \ \ m \ — SD1,01] = -119.4°
Select or enter parameters to plot Select or enter parameters to plot 150 | — 52,07 =-122.7°
Select All Unselect Al Diagonal Upper Triangle  Lower Triangle Select Al Unselect All Diagonal Upper Triangle| Lower Triangle ] \ — 5[D3,03] = -119.5°
s3] sS4l SLs] siu7]  s[Lg] s[p1,01] | s[pici]  s[pb2]  s[pncz]  s[p1D3]  s[bnc3]  SDLD4]  SDLC] SDLDS]  S[D 100 3
52.3] 5[2.5] s27 S8 Sc1b1]  sicnct]  s[ciby]  sonce] [ sicicy]  s[CiD4]  S[CLC4] S[CLDS] ST 1
s3] 5[3.2) S[3.5] S3.7] S[3.8) S[D2,0d] s[p2.c1] s[pzcz] s[p2.c3] S[D2.D4] s[D2.C4] S[D2,05] S[D: 1
si41]  Si2] T 5[4.5] s47] S48 sicap1]  sjcact] sicab] | slcac2]  sicp3]  sicac3) sicabd] sicacd] sicabs] sc 50 o
s[5.1] s[5.2] s[5.3] S54] s[5.7] S[5.8] S[D3,01] s[p3.c1] s[p2,02] slp.c2] s[p3.c3] s[D2,04] s[D3,C4] s[D3,05] sl |
sk1]  sS62 s3] SE4] SES] sk7 S8 sic3b1]  sjcct]  Sic3bi]  S[C3C?]  SC,D3]  S[C3C3] S[CLD4] S[CnLeo4] SICEDS] SO 4
sz1]  s[z2] s3] slr4] siRs] s77 s8] sip401]  s[p4.c1]  SD4D]  SD4C2] ' sip4,c3]  S[p4.D4]  SD4C4] S[D4.05]  SD4 2d
sE1]  sie2]  sie3]  Se4]  SEs] s7 s8] siceD1]  sjcact]  sloD2]  Slo4c2] sicaca]  S[caD4]  SloHC4]  S[C4Ds]  S[CA ] ~
sl1]  s[e2]  S[93]  slB4] s[es] sk7]  s[e.8] slps,p1]  s[ps,c1]  s[psD2]  s[ps.c2] sps,c3]  s[psD4]  s[Dsce] SD5D5]  S[D 3
s[10.1] 5[10.3] 5[10.3] S10,4] S{10,5] 5[10.7] 510.8] S[Cs,01] s[cs.C1] S[CE,D2] s[CE,C2] s[cs,C3] S[CE,D4] S[CE,C4] S[C5,D5] slC: |
sit]  s[in2]  s[iL3) [11.4]  S{1L5] si17]  S[iLE] soe01]  spect] soeD2]  SDECE] speci]  speD4]  SDeC4] SDeDS] S0 -50 —|
sh21]  s[122]  s[123] [12.4] S[12.5] si127]  s[128] scep1]  s[cec1]  s[osD2]  S[osC2] siceca]  s[osD4]  s[osCe]  S[CDS]  S[CH ]
s3] S[13,2]  S[133]  S[134]  S[3.5] S13,7]  S13.8] sip7.01]  SpAcl]  SO7DI  SDTC2] slp7,c3]  S[D7.D4]  SD7.C4]  S[D7.DS]  S[Dj ]
si4,1]  S[143]  S[143]  S[144]  S[14.5] s14,7]  S[14.8] siczo1]  slcnct]  slcrpr] o slcnc] sicnci]  s[cnp4]  sicrcd] S[CnDs] S[G B LN \
sisi]  sis2]  sis3]  s(s4] siss] ss7]  sl1sg] soeot]  spect  sioenz]  soec] sipe.ci]  speD4]  sioecd]  s[oeDs]  S[D -100 \
si61]  s[162]  S[163] [164]  S[165] s[167]  S[168] scep1]  s[ceci]  s[csD2]  s[cs.c2] sice.ca]  s[csD4]  s[csce]  S[CBDS]  S[CH 4
su74]  S[7.2]  s[7.3] [17,4]  S[17.5] s17,7]  Si7.8] siDe,b1]  Spa.ct] SDeDI  SD9.C2] sps,c3]  sDeD4]  SDRC4] SDS,DS] S[DS ] \ \
si81] sS[183] sS[183] S[184]  S[185] s18,7]  S[18.8] sice.p1]  sica.ct]  siospr]  sioec] sics,ca]  s[osD4]  siosc4]  S[Ce.Ds] SIcS 150
si19,1]  s[192]  S[19.3] [19.4]  S[19,5] s[19,7]  s[19.8] s[p10,01]  s[pwci]  sbw02]  SDi,C2) sipw,c3]  s[bw0s]  sDw,cd  SDODS]  S[DY 5l \ ’ (\ \ w
s204]  S[20,2]  S[20,3] [20,4]  S[20,5] 520,71 S020,8] SC10,01]  S[C10,C1] 0,021  S[C10,C2] S[C10,C3]  S[C10,04]  SIC10,C4]  S[C10,D5]  SICH | M W
o0 3
T T T T T 1
0 10 20 30 40 50
< < > Freq (GHz)




S-parameter Tool Kit - TDR/TDT Sanm|ec

& S-Parameter Toolkit: 20190125 PCIE-G5_3x2 5001 v1.520p" 52 5-Parameter Toolkit : 20190125_PCIE-GS_3x2_5001_v1.520p" - X
File Edit Plots Tools Help File Edit Plots Tools Help
5
HE 9 Wl :
— Summary TDR Impedance v. Time
ommery H File: 20150125_PCIE-G5_3x?_5001_v1.520p Sparameters: 20%20 50 —f Time =0 fs 8
o Frequendes: 0 to 5029, 5001 points Reciprocity:  Almost ] _ -
File: 20190125 PCIE-GS_3x2_5001_v1s20p  S-parameters: 20x20 R ' 1 BRI e
Reference impedance: 50 Passivity: Yes i
Frequencies: 0 to 50e9, 5001 paints Redprodity: Almost Causality: No data available
Reference impedance: 50 Passivity: Yes 9 ’ 5 PR .
Causality: o dataavail (3 loadedData ~ Reciprocty = Passwity =~ Causality = SngleEnded  Differental =~ TDR/TDT —
] +
LoadedData  Redprodty  Passivity = Causalty  SingleEnded  Differential  TD () Single-Ended TDR/TDT g n E
© Srde ended ToR/TT T - ]
—— E
() Differential TOR/TDT Result Type: Impedance ~ | Start Time (s): 029 B

. Pulse Width (s): Delay (s): 1
Stop Time (s): 2e9 25
Pulse Width (s): Delay (s): 0.5e-9 Window To Use: Kaiser 7,865 | Samples: 301 4
Window To Use: Kaiser 7.865 | samples: 301 Window Coefficent: ZRef, Differential-Mode (ohms): j
Window Coefficent: 7.865 ZRef (ohms): s0 ZRef, Common-Mode (ohms):  |21.25 o ]

Start Calculation TDR/TDT plots available Start Calculation TOR/TDT plots available B U

<

Response Type: Step

Result Type: Impedance ~ | Start Time (s): e0 Response Type: Step | Stop Time (s}: 4 I

T T T T T T T T T 1
) 0.2 0.4 0.6 0.8 1 12
Time (ns)
TDT Impedance v. Time
6000 —f Time =0fs

B — 5[D2,D1] Impedance = 850

Select or enter parameters to plot 5000 —+

Select Al Unselect All Diagonal Upper Triangle |Lower Triangle

S[1,1] | stz SiL4]  SILs]  SLe]  S[L7]  SiL8]  S(1s]  SLLig] g A
sz1 sz 4 =25 sz2e]  sa7l s8] s2s s 4000
sp1]  sBal si1s]  s36]  Si37]  S38] s3S] sl g
sa1]  s41] si45]  S46] 547 S48 5435 s@u] E
51 Sis2) siss] S5l Ss7] S[5E]  S5S] S5 0] g
o 1} 526.1} 526.5} sfe.s} ol sfe.s} sfss} sfs‘u)} Matrix Selector: Select or enter parameters to plot ]
sz sl i) si7.6] si78] s8] s 3000 |
sB S sas Sl sag]  Se]  SBA0] Select Al Unselect All Diagonal | |Upper Triangle| |Lower Triangle| | Limit Line ¥ 1
s[9.1] ss.2] s[s.5] s[s.8] 5[5.8] 5[9.5] 5[9,10] - = = = = - = = = = = 1
Sioi]  shoal Si05) 06l Si08]  SH0s]  Sa040 S[D1,01] | SDiCl]  SpL02]  SDLCY  SDLDI  SPLCY  SDLDY]  SDLCA]  SDLDS|  SDLCS]  SDLDE]  SC A ]
sf11.17] otz o R S| el sl ehv s[c1,D1] scicy  sicLpy]  osjcncy o s[cLod]  sicnca]  S[Lps]  s(CLCs]  S[oLDs] G |
S sieal Sizs  siizgl g R S[02,01] specz]  speps]  soecy  spap]  soacdl spaps]  soacs]  spaps]l  SE 2000 -
cheil  sind chsEl  simel sl ses]  shsao 5(C2,51] sc2cy s/l S(c2c3  S[caD4]  SC2.04]  S[C2DS] (2.5 S[E2DE] S ]
cher]  siaa] St el S8 48] sl SD3,01] spicy  sp3pl]  Spicy  sp3ns]  Soucal  SD30S]  sACS]  S[DiDs]  SC |
st susal SisE  sisgl Sise  Tise  SHSi0 5c3,D1] scicy  sCDY]  Sicacl]  S[C3D4]  Sicneq]  S[CaDS]  SCGS]  S[CaDE]  SK ]
siis1]  S[163] sii65]  S[166] S168]  S[165]  S16,10] slosp1] sb4cl sS40 SD4c3] SDaDs]  SD4ca]  SD4DS]  sD4cs] SD4DE] SO 1
surt]  suna sii75]  Sitn.el 178 SU78]  SH7A0 S[c+.D1] sc+.c2]  s[CeD3]  S[C4,C3]  S[CAD4]  S[C4C4]  S[C4DS]  S[C4CS]  S[C4DE]  S[C 1000
Shier] s8] o185 Siiee] o188 S18s] {180 S{D5.D1] spscy  spspl  SPSCY  S[DSD4]  SPSCY SDSDS]  SDSCS]  SIDSDE] S ]
cisr]  sisal g R e i B s{cs,01] scsc  sicspl]  siescl  S[CsD4] SiCsCa] S[CsDS] SICsCS] SICsDs] G |
soo1]  S[0.2] Sp0s] S0 S08]  5208]  SP0.10] s[pe.01] sipec2]  sSper3]  spec3]  sSper<]  sDecd]  S[DeDs]  specs]  sS[DeDs] SO 1
S[C8,D1] sioeCz]  Sio6D3]  S(06C3)  SiCED4]  S[06c4]  S[osDE]  S(csCs]  S[OSDE]  SC ]
S[p7.D1] sprcz]  slprp3]  Sprca]  Siprp4]  S[prcd]  S[DADs]  S[DRCs]  S[DrDE]  SE 0
sic7.p1] sicrcz]  sonpe]  siorci sionb4] o s(orcd]  sionbs] sioncs] S[ERDE] Sk T T T T T T T T T T T |
siDe,D1] SiDe,C2] s1D&, D31 S[D&,C3] SIDg, 041 STDe,cal S7D8,D5] s[D&,Cs] s/D&,Ds] sic ¥ 0 0.2 0.4 0.6 0.8 1 1.2
8 S 2 Time {ns)

H £ Type here to search L Type here to search @
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Simulators - Frequency Domain Simulation Sanmi|ec

_ I [ =7, 0 | =2 ' | | s -25 v
55| s-PARAMETERS | — — O = 30
! 3 E o R W ] —
S, Param |H"‘@* S *E;EIJ |l Ve SO0 E S N S S S SN
SP1 [ — — C i , y STRATES 0 2 4 6 8 10 12 14 16 18 20
Start=0.01 GHz lnanciioa%n 1 EE 3 ”25\ """“%"“' Substt freq, GHz
Stop=20 GHz B=220 uF Eri=42 T[4]=1 mil 0
Step=0.01 GHz NESYeNN | \ ; cal (. i %_'_“, H{[=4.4mil  Cond[4]=4 5E+T ] By R
[TerY V] C=020 uF TanD[1]=0.02  LayerType[1]=signal 1, ,
i 4 - * i T[1]=2 mil LayerType[2]=ground | -10— ‘ p
| 1 ] | ¢ il
I m L s T | Ezhz\n r %““' Cond[1]=4 5E+7 LayerType[3}=signal ]
= DisplavTemplate , e . Er2}-42 LayerType[d]=ground | -
=eed I+ o . 6 cs | .,_%“ HRI5mi  Rough=00236mil | 20
"PostProcessing_Template" E=EI}D uF TanD[2]=0.02 Bbase= ]
' -f i B =l S
: e 1
=220 uF on : 1
. = ’ Er[3]=42 -40—
|l A - . 2 f‘ﬂ'bé' »—%—Hl H[3]=13.6 mil ]
RELUAY £=220 uF TanD[3]=0.02 1
||%ﬂ ozl ¢ 9,%“ T34 mil 50—
C=220 uF Cond[3]=4 5E+7 0 2 4 6 8 10 12 14 16 18 20
' - - : ' freq, GH
=220 uF 100
C=220 uF 90 1\ _
I : " Sowr : o0 ,
Term — MLECTL Vit MLECTL V o1 N Syl 1
Termi2 SnP 100ohm7 SnP 1000hm3 0=220 uF SnP Term24 70—
SnPt SnP2 SnP3 o0
50
40 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
10 -05 00 05 10 15 20 25 3.0
time, nsec




S-parameter - The Port Mapping!

N
Term1 I = ! Term11
7=42 5 Ohm |||_'_ VAT _'_“I 7=42.5 Ohim S20P s20P S20P
Term2 . | Termi2 1 1 @1 2@ a1
| N
7=425 ohm T WA Il 2225 o side 1 Side 2
Term3 i 1 Term13 Baseboard Edge Card
_ VWA=t o [
/=42 5 Ohm 7=42 5 Ogm 2 12 @3 4l a2 s o o, e o
Term4 I 1 Term14 Port#  Name w Name  Port#
| . - X
7=425 ohm |[FT—"VW\/ =1 2240 5 o 1 — 1 s
7otk onm T WAL [ fr;;:mh i E &1° °*® 1 ) — g
= B — i m | 22A | v L
. 25A 5 | 1w 25A .
Term6G ! 1 Term16 ’ A26 6 _ S-Parameters 18 A6 )
Z=425 Ohm I} MV all 7=42 5 Ohm T A e e |
’ 4 14 = s|-@ @6 158 8 20 | 158
Term7 I 1 Term17 198 a o [ 1
Z=42 5 Ohm |||l AAAA " —'—“| 7=42 5 Ohm ° 232 10 _ | T 20: '
- 23 11 23 23
6 — — 12
Term& [ i Term18 248 12 24 | 248
~ | F—\A " I
£=42.5 Ohm T _.—1 =D Single-ended port configuration
Term9 I ! Term19
| N .
z=425 ohm |l VWV =1l 2242 5 0hm
Term10 | | Torm20 Port1 — | Port2
- A= [
Z=425 Ohm }—._ _.—1 /=425 Ohm Port3 — L Port4 .
- Connector Port Mapping
SnP
SnP1 DD Quadrant

MeasEqn

Meas1

Pair1_SDD11=0.5%
Pair1_SDD22=0.5%
Pair1_SDD21=0.5%
Pair1_SDD12=0.5%(

1,1)-5(2,2)-5(2,1)+S(1.2) FsDD11=0.5%(S(1,1)8(1,3)-5(3,1)+S(3.3)) SDD12=0.5'(S(1.2)»S(1.4}S(3.2)+S(3,4))
11,11)-S(12,12)-S(12,11)+S(11,12)) . )
111):S(11.2)-S(12.1)+5(12.2)) EsDD21=0.5%(S(2,1)-5(2.3)-5(4,1)+5(4.3)) EESDD22=0.5%(S(2,2)-5(2,4)-5(4,2)+S(4.4))
1,11)-5(12,1)-S(11,2)+S(2,12))

]



S-parameter Simulator - Mode Conversion Sanm|ec

S mode resp., mode stim., port resp., port stim

E For single-ended S-parameters: For mixed-mode S-parameters: ) ) E ail Signal Integrity Applications:3 X
i Single-ended port configuration i

i an=(1/(2*sqi(Re(Zn))))* (Vn+(In*Zn}) Differential Common i Signal Integrity Applications Overview

i Voltage  Vd=Van -Vbn Ve= 0.5 * (van + Vbn) i .

i bn=(1/(2*sqt{Re(Zn))y(vn-(In*Zn)) Curment Id=0.5* (lan - 1bn) Ic=lan + Ibn Port 1 — | Port2 i DCA File Import (.csv)

: Impedance Zdn = vd+/ld+ Zen = Vet/lct : E}"E Diagram FrontPanel

i S=b/a i

i adn=(1/(2*sqriRe@dn)))y(vdn+(dn*Zdn)) Port3 — —— Port4 i Eye Closure Measurements

i (where a=stimulus, b=response) acn=(1/{2*sqrt(Re(Zc n))f(ven+(cn*Zenj) i - - -

| bdn=(1/(2*sqrt{Re{zdn)))*(Vdn-(dn*Zdn})) i E}re Diagram Jitter Histogram Measurernent
i S ) ben=(1/(2*sqrt(Re(Zcn)))) (Ven-(len*Zen)) Mixed-mode port configuration i Single Ended TDR/TD

i port resp., port stim S=b/a i Single Ended TDR/TOT Simulation

i . fmuls. b bort 1 ] — bort 2 ; Single Ended TOR/TDT Impulse Simulation

i where a=stimulus, b=response i

: ¢ P ) ° ] | ° : 5-Parameter to Time Transform

; ; Linear Differential TOT

i Linear Differential TOT Simulation
U | N':ln LIHEEF DIﬂ:ErEﬂtIE| -I-D-I—
Mon Linear Differential TOT Simulation
Mixed Mode 5-Parameter Basics
Differential Impedance Simulation
Common Mode Impedance Simulation
* Mixed Mode Simulation
Three Port Simulation
Four Port Simulation
¥ Mixed Mode Simulation Using Measured Data
Three Port Simulation { Measured data )
BS0D21=0.5%S(2,1}5(2,3}-S(4.1+5(4,3)) [ERSDD22=0.5%S(2.2)-5(2.4}5(4,2+5(4,4)) | ERSDC21=0.5*(S(2,1}+5(2,3)-S(4.1}-5(4.3)) RS DC22=0.54(S (2. 2+ S(2.4)-5(4,2)-5(4.4)) Four Port Simulation ( Measured Data )
Pre- Emphasis and Equilization Co-Simulation

Mixed-Mode S-Matrix
(derived from single-ended S-Matrix)

B SDD11=0.5(S(1.1)-5(1.3)5(3.1+5(3.3)) RPSDD12=0.5%S(1.2}5(1.4)5(3.2)+5(3.4)) | TMPSDC11=0.5S(1.14+5(1,3}5(3.1)-5(3.3))  FMYSDC12=0.5*(S(1.2)+5(1.4)-5(3.2)-5(3.4)

M sCD11=0.54(S(1.1)-5(1.3)+5(3.1)5(3.3) MYSCD12=0.5%(S(1.2-5(1.415(3.2)}-5(3.4)) | TPSCC1=0.5(S(1.1#5(1,3)+5(3.1)+5(3.3)) [FYSCC12=0.5*(S(1.2)+5(1.4)+5(3,2)+S(3.4))

B SCD21=0.54(S(2,1)-5(2,3)+5(4,1)-5(4,3)) MISCD22=0 5(S(2.2)S(2.4)+5(4.2)-S(4.4)) | TMYPSCC21=0.5*(S(2,1#S(2,3+S(4,1+5(4,3)) [HPSCC22=0.5*(S(2,2)+S(2.4)+5(4,2)+5(4.4))

DD Quadrant: Pure Differential Quadrant
CC Quadrant: Pure Common-mode Quadrant oK Cancel
CD Quadrant: Differential stimulus, Common-mode response (related to generation of EMI)

DC Quadrant: Common-mode stimulus, Differential response (related to susceptibility to EMI)




S-parameter Simulator - Display Template Sanm|ec

s 7] »: 120 1o 120
2 R 4
W 4 100 100
E < £75, :_ . %0 =e]s}) CR=dB(InsertionLoss)(m1_index+1)-PowerSumFEXT(m1_index+1)
£ g5 ] gg 60-|
) be :: - 40& =N]ICR_all=dB(InsertionLoss)-PowerSumFEXT
-1/‘7 T T T T T T T ] 207,
0 5 10 15 20 25 30 35 40 B S A A s A A Al 0 e =ellICRMin=23.3-18.7*log(freq/(5*10**9))
freq, GHz freq, GHz 0 5 10 15 20 25 30 35 40
freq, GHz
. ! =MINEXT=NEXTDP(S,PortMapping)
e 0 . 0o
e ] EFEXT=FEXTDP(S,PortMapping)
g -0 g _
g 4o g i Impedance:ImpedDP(ReturnLoss,RefZ,ImpedStopTime)
8 50 E(L% 80 @
::7 100 Pai rindex=[1::size(InsertionLoss)]
o 5 10 15 20 25 30 35 40 20 e e 1
freq, GHz 0 5 10 15 20 25 30 35 40 -1400””;“‘1‘0‘”‘1‘5””2‘0““2‘5””3‘0””3‘5”“40
105 ) freq, GHz Hela]PowerSumFEXT=10%log((PSFEXT(S,PortMapping)))
: ] . 0
e ] e 207 SlIPowerSumNEXT=10*og((PSNEXT(S,PortMapping)))
- g ] . /»WW”
B g 5 60 ‘ / —
£ 905 ? a0 '/v VoItageSumFEXT:10*Iog((VSFEXT(S,PortMapping)))
8=: o i ; ‘
] 100
80—17.0‘-ol‘a‘-c:“e‘-ol‘4'4::“2‘o.‘o 02 04 06 08 10 '120;] T T T e[ SCC11=SCC11T(S,PortMapping)
time, nsec freq, GHz B
) T s % 28 %5 a8 40 =e]g)1SCD11=SCD11T(S,PortMapping)
freq, GHz

dB(SCD11)

5 10 15 20 25 30 35 A
freq, GHz




ChannelSim - Eye Diagram

PCIE 3.0 EQ Sweep, 1000hm

Interconnection Model

R42
R=50 Ohm
3 2 A0 ] 13 - 2 ANN—] ||
Xtlk
- 4 2 2 14 2 B 4
Xtik2_Diff Eye_ Probe
> Hlen DD 3 B o1 3 | 3 1| Eye_Probet
Xt DTS : s} d ] | ¢
Tx PhaseToTxMode=Fixed
PhaseToTx=0.0 . . : . N | b &
— cl.:._z’fjﬁ nF
T;_(:Difn 3 1 s | 17] [ = b 1 ANM—]|I Rx_Difr
BitRate=8 GbRsik C=200 nF
- 112 6 1 6 113 AAN—= ||
e B R40
ik D AL6CTL V 1000hm3 N
' Diff5 - ) 1 000hm3 ||||—/\N\, 71 ’\N\/—HII R=50 Ohm
PhaseToTxMode=Fixed 512p_symbol3 ohm Term SingleEndled arm SinaleEnded X4
- X5 erm_SingleEnded Term_SingleEnded
PliESE STE=1D Aked »—Femﬁ-mdlaEndem
FileName="s12p_Txpkg_642010_b.s14 - - 0
FileType=Touc hstone 8 hEnled L=t Qi ded
||”—T9WWQI-BEH— rede _-.-_Iepm;»nglalfndedz
LoAd=at Qe fleq HoR=8f Q¥ ded
|||WW%W|&EMEGS
509w, | Load=50.0m ., Package model
||||;re#w3$mg+eE»'ed1m—»—rem@<&md|eEndeda
Package model A= fea LoAH=30h 1% ded
FFePWﬁg-I@Enﬂedﬁd »—Femﬁ-mdlaEndeds
hoAg=Sh e ded 2Rt i hgea
Term_SingleEnged+2 Term_SingleEndedé
Load=50 Ohm 524Pa5YMbolload=50 Ohm
X3

FileNgme="QTH_QSH_22mm s24p"
FileType=Touc hstone

Connector model



Eye width and height requirement

0398
Fneight=50mv  EMwidth=3.75e-11
0.265
Preset1 Height Preset1 Width Preset! result
o 0.132— 0.058 4 GBBE-11 Pass
£ i e - 0.057 4 656E-11 Pass
2 0001 g R 0.057 4.625E-11 Pass
o W ¥ - 0.055 4 531E-11 Pass
v - _ o 0.052 4 469E-11 Pass
@ _gq34— 0 051 4 312E-11 Pass
0048 4 125E-11 Fail
0267
Presets_Height Presets_Width Preset8_result
0400
B L L I ) B B L B O B .
o 20 40 60 80 100 120 140 160 180 200 220 240 260 gggg jjg?E_H Eg::
- 0063 4 ADBE-11 Pass
time, psec 0.059 4.312E-11 Pass
| . | 0.056 4.250E-11 Pass
0.0 26E-10 0053 4 094E-11 Pass
, , _ 0 051 4 DDOE-11 Pass
[101.25 psec+shift 125 psec +shift 148 75 psec+shifi]
. Preset7_Height Preset7_Width Preset7_result
¥ m?2 0062 4 375E-11 Pass
ADC_db=6.000 0.059 4.344E-11 Pass
6 T T T T ;!' T T T T a!. T T T T 9' T T T |1|DI T T I1|1 T T T |12 | 0-055 4_155E_11 pass
0.054 4.125E-11 Pass
ADC_db 0.051 4.062E-11 Pass
- 0.048 4 000E-11 Fail
1 0.046 3 875E-11 Fail
3 m1
T T T T T T T T T T T T T 1 T T T 1 batChNumbEr:1
1 2 3

batchNum ber




ChannelSim - Eye Diagram (IBIS AMI)

5"“;1 ChannelSim
ChannelSim1

N um berOfBits=64
ToleranceMode=Auto
EnforcePassivily=no

NumberTime PtPerll=64
Mode=Bit-by-bit

StatuslLevel=4

Eye Probe1
SnP1 n SnpP2
File="firefly28 Gx4_Rx_package s4p" Tx File="firefly28Gx4_Tx_package.sdp”
* ) EH + 1 ) EH + = 2
Tx @ Re nr.> Rx AMI
- Rx_AMI

Tx AMI

IbigFile="\.pass_th ru_AMI_models\EEsof Tx Pass Through.ibs”

BitRate=16 Gbps
JitterName[1]=Tx_Dj
JitterName[2]=Tx_Rj
JitterName[3]=Tx Sj
JitterName[4]=Tx_DCD
JitterName[5]=Tx S| Frequency
JitterValue[1]=0.0
Jittervalue[2]=0.0
Jitervalue[3]=0.1
JitterValue[4]=0.0
Jittervalue[5]=0MHz

T IbisFile="\pass_thn
ReDriver_AMI1 N
IbisFile="\Firefly28Gx4bypassCDR_AMImodel alphaRelease\Fi
AMlvarNamelN[1]=AMI_Version
AMlvarNamelM[2]=Init_Returns_Impulse
AMlvarNamelN[3]=GetWave_Exusis
AMlvarNamelN[4]=Max_Init_Aggressors
AMlvarNamelN[5]=lgnore_Bits
AMIlvarNamellN[6]=EQsetting
AMlvarNamelN[T]=Gain
AMlvarNamelN[8]=MMF_Length
AMivarNamelN[9]=MMF_BWLP
AhlvarNamelN[10]=MMF_LPL_dB
AMivarNamelN[11][=MMF_COUPLINGLOSS_dB
AMivarNamelN[12]=MMF_CONNECTORLOSS _dB
AMivarvaluelN[1]="5.1"
AMlvarvaluelN[2]=False

Eye Probe2

=e[)IRx_electrical=FrontPanel_eye(Eye_Probe2.Waveform,16e9,1,8e-12)

015

o

=

=
R N

Rx_electrical

-0.10

-0.15

o

L I L B
10 20 30 40 50 60 70 80 90 100

time, psec



Transient - Circuit

Amplifier transient simulation 292-CM
RFin RFout — Vout
Input | ¢ | / Vout | *°
Gnd w | \ + _ I \ ] 2
R VCC VCs C -
T
g N S 1 c2 SnP =2
R=50 Ohm A =Cseries L1 _ "
i — 8 L=Lshunt & 22 PF Sne R=50 Ohm
R=50
+ V_1Tone = =
InputSource —
@v=o_1v |ﬁ‘_f‘§‘ TRANSIENT I
Freq=960 MHz b V_DC L V_DC w1 VAR |
- . - 1 nput and Output Current Waveforms
+| SRC2 +| SRC3 Tran VAR1 P P
| —Vde=50V  =Vdc=2.0V Tran2 Cseries=7 pF sns 00027
n V_DC = — StopTime=10 nsec Lshunt=7.5 nH i
] MaxTimeStep=0.05 nsec .
— SRO Freq[1]=960 MH 0.001
-] wVvde=395v = = reqlt}= : g
This simulation requires 6.4 seconds ]
of CPU time on a Unix C240

workstation.

-InputSource.i
Vout/50
o
o
3
| | |

time, nsec



Sam|ec

Frequency dependent
* Accurate

* Easyto use
e Short simulation time
 Good for both frequency and time domain

e Good for different EDA tools

 Available for most of the connectors & Cables
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