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Real World Interconnects
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Time Domain Reflectomeftry
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TDR =% C|0]|0{1&H

TDR Module Device Under Test
Vincident Vreflected
Wi +
Z,=50Q

Step V =
@ Generator oo g Zi0aa =90 Q

= Time Domain Reflectometry EE = Time Domain Reflectometer2 M QI HAO| HIE

EUY 5 Ys ASFHO|C
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= OErM, BhALE o4 X|e] &2 HEE oH K| St FIEHAS| Mo vl|ohA =/t
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= OUX|e] FAMZEE HHALE|O] SO0t 7|HA| A2[= A|ZH2 SourceZ R H U EHATL
Hote| = X| ™MK Q| A2 b MIt™E < (Propagation Velocity) Q| at=7} =ILC}.
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TDR 1}ge

V

meas

A

2(Vincident)

V.

incident

SHA

reference plane

TDR step generator
produces incident edge

open circuit

Vreflected = +Vincident

Vreflected =0

matched
Impedance

short circuit

t=0

V

V.

incident

reflected =
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Differential Impedance : Examples

= D& M E2 UEXN O Z 500hm ZE0|A AL EE **71IEI01 \Ct O| A 0| CHE 2|=Chup A
Z2E I} F AH4YH, Aol 529 & ¥ I It = PCBO| H|O} SOA RUEHATE E2}X|H MO
HtAt(Reflection)O] M E|0| Mz B F, E1I0|E1°| H|E 9| SBHJ-OI HSHMSEA £|0f, H|O|H M&

UL}
| 2

O] Mtz O|FAHX|X| & =
= [M2tM, HIEQ| 20| ZYEX| = 74H, #0|= S PCB oMo JO|HAS SYTHCt

= HDMI, SATA, PCI Express &= Differential 1000hm+15% Z #7451 UL}

50ohm Matching

Multi-Stage Short Circuit
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A 29| HiAL

= HEALA| 4= (Voltage Reflection Coefficient o)
* YALE|= Huro| Fat HiALE|0] SOt = Fnte| 2ol Hi

= '+'0l A20|= S2|4(1In Phase) 2 LIEILf 11, -'Ql AL ‘HiCH | AH(Out of Phase)' &2 LIELLHCE

Vr
VI
= EM QnEHAQ}l Load QmEHAZIO| ZHA|0f L2 HEALA| 2| S/
* LoadGto| QmEHAT} EM QULNHAKLCE 2 AL, SHAA$E= '+'0| 2 ZHA £l
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TDR Example: 2|7} &t

b9 | —I.OI-
TDR Module Device Under Test
Vincident Vreflected
<+
M O O———A VYV —CO——
+ Z,=50 0 L Z,=500
Step V =
Generator meas < Sistance D > §> ZLoad 50 Q
Vmeas
A TDR Display
=N 7t 2ot Z2|& el X = Ct=2dt
ZO| ALtgh = QUL :
—_ * *
Vincident — 4 D 0.5 (T) (Vp)
D==XMJt 2Mst 22| H Ol 2 X
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TDR MEROIM SRst A=2?

TDR ME§A|o| Z Q3 it E
= Step Amplitude
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= Step Risetime
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S-parameters are at the heart of everything

~

Measured

VNA

TDR

.

Modeled

.

Measurement
Assisted Models

\ /
—— S-parameters ——

Spice

Frequency Domain
Component

Simulation

Simulated

Linear
Simulator Equalization + Serial
Data Analysis
Pulse Zero-
Response Forcing
Equalizer Virtual Probing
Channel Emulation
Impulse Channel Fixture De-embedding
Response Emulation Cable Compensation
Rational .
Function Spice
: Models Time Domain
Fitter . .
Simulation
Topological =
wodes | Simulate
Frequency
Domain System
Simulation
Qualitative Views
Analyze

Quantitative

Tests
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S-Parameterct

© B JHSE BE FOG Y0IM Y& NS0 H] :
S11 incident P | | oevice unoe rest —> Transmitted | S21
Reflected <—
Port 1 Port 2

wave out from Port 1

Reflected waves S11 =

wave into Port 1

wave out from Port 2

Transmitted waves S,, :
wave into Port 1

S-Parameter = Magnitude , Phase %= Real, ImaginaryE H & &.
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S-Parameterct

. B IS8 BE O Hel0IM QS 50| 1|
<11 Incident |:> DEVICE UNDER TEST —> Transmitted

Reflected <—

Port 1

Port 2

S.U‘GHZ lﬂ.b GHz lﬁ.b Gz ZU.IU Gz 25.bGHz SD.b Gz 35.b Gz
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S11 : Return Loss
= DUTO| HHA E XN
= QI EHA 2olx| mCt
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S21 : Insertion Loss
= DUTO EIIEN
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2-Port S-parameters plots

Sy and S,, Plots S,,and S,, Plots

HH = 7y| 21 9] S-Parameter Plot
2-port DUT
= S11 1f S22, S211f S129| Ant7F O dH|=sgt.
EX

= T AXEL CHEXHQl EM™MOI “reciprocal” E#.

= IZ
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General 4 port Measurement Setup

50Q o 50Q

r\/ _ 4-port DUT . @
() AN—  ~
v

= 4-port JIE&|2 single-ended E= dlfferentlal AMlo 2 oM 1=
= Single ended S-parameter2 2-Port2} Z0| Zf L E gaq O| H]
= 4-port 4 E<2 AHIX O Z Mixed-Mode S- parameterE} at,

Single Ended Differential Ended (Mixed Mode) I_ecroy



Touchstone Files

= S-parameter HO|E{&& ¥HI™M O 2 Touchstone L} = X%t
- sNp2| HTALEZ JHX|H, N & ZHE ZEO| %
= 2-port >> .s2p, 4-port >> .s4p, etc.
= E3JZ0|9| Eye Doctor, SI 24 EQ A HAAE OIY AR 7ts

2L 2 oteiel A2 JFXIS, dB & 24 gF X &, 2-port data2l 0.

<frequency value> <Mag S11> <Phase S11> <Mag S21> <Phase S21> <Mag S12> <Phase S12> <Mag S22> <Phase S22>

B xilinx"0inch.s2p - Noter.ad
File Eglf Format Viewy JEp

# Hz'= dBe R 50

5000000 -3.292588e+001 1.3359770e+000 -2.115%60e-001 -7.2747309e+000 -2.125150e-001 -7.252116e+000 -3.335005e+001 1.970984e+000
10000000 -3,220274e4+001 -5, 06835882+000 -2.408994e-001 -1.43281lae+001 -2.417186e-001 -1.432715e+001 -3.272321e+001 —-4.2693772+000
15000000 -3.163517e+001 -1.20213%2+001 -2.734548e-001 -2.1319%8e+001 -2.71107%e-001 -2.131467e+001 -3.234581e+001 -1.03959552+001
20000000 -3,080432e+001 -2.29330324+001 -3.057472e-000 -2.8235017e+001 -3.029727e-001 -2.826897+0001 -3.150823e+001 -1.843621e+001
25000000 -3,08507624+001 -3.148632e+001 -3.35447de-001 -3,513725e+001 -3.348851e-001 -3.518803e+001 -3.l142670e+001 -2.6457382+001
Q000000 -3,088231le+001 -3, 7853032+001 -3.6821418e-001 -4.,203086e+001 -3.641000e-001 -4.206373e+000 -3.1701l02e+001 -3.3466782+001
35000000 -3,.117141e4+001 -4,561022e+001 -3.9209688e-001 -4, 887176e+001 -3.918591e-001 -4,892321e+001 -3.201862e+001 -4.004850e+001
40000000 -3.129151e+001 -5.212880e+001 -4.186318e-001 -5.572252e+001 -4.1834060e-001 -5.574117e+001 -3.218638:2+001 —-4.653053262+001
45000000 -3,104787e4+001 -5.630785%2+001 -4.,537330e-001 -6,255966e+001 -4, 535785e-001 -6, 25%56%95e+001 -3.251316e+001 -5.302004e2+00L
50000000 -3, 0683910e+001 -6.0468483e+001 -4.76516%e-001 -6, 937512e+001 -4.,77359597e-001 -6.936177e+001 -3.29%9276e+001 -5.927362e+001L
55000000 -3,038%936e+001 -5.638301e+001 -5.00142040-001 -7, 6l840%9e+001 -5,02202608-001 -7.0l80%93e+000 -3.343415e+001 -5.4089552+001

S-parameter LA =2 23 20|9| 24 EQI
Eye docor L= SI ToolOAM &lA 222 =

sfolgt 4 QUct
LeCroy




Return Loss : $11

= Ed YUYHEoZ MZUF ME2el0 YHE 0 Y 2tQo] YHEte 2 HIALE| O E[Z0t= 4
29O 37| & F’Yot= Li2tH H.

= HEARE4A(Return Loss) = QIE{HHUE E= M&2H210] 500hmof| LOtLy & O A E|}E=X|E Lt
EtLf == Ih2tH E

= ZEY2 dHtX o = TDRO|| A S-ParameterE O| 2510 =74 BHCt

Measurement Point

Pulse Input‘ P1 P2 | 500hm

_—
500hm (P3 P4| 500hm

LeCroy



S21

Insertion Loss

|E{7{4E| = F52}olo]

(0]

JELT

=
=

I © = TDROj| Al S-Parameter

Measurement Point

P2

P1

Pulse Input

—

P4| 500hm

500hm |P3
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Near End Cross Talk (NEXT) : $31

= SE UYHHEZ MU HMSE I - 2 ME0 F= S MIA s
= SEE2 €UX o = TDRO|A S-ParameterE 0| 8510 S5, L2 o z= £ [0
B 20|EQ| H= & StLtel LH T LESIHN, 21 YHH M 285 S50 &= U= &
Hlwdot= &0l AS 4 AL
Pulse Input p1 p2 (2o
—
4—
P3 P4 500hm

Measurement Point
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S41

Far End Cross Talk (FEXT)

14
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MS EZI0|A{2]S-Parameter

S-Parameter= B Z 2| 2l, U4 H, #[0|&,HE &X|, PCB 52| d&
= A30ot O|=ot= o ER5t0.

s-paramete (SYS BUS MBI T ASSY| Q8| TR
* VNA 7 EO| A E

« O HML, =2 00| Z 908 AX|LIAZ ArE

= VNA AFEXI 5 ~ 10% & =7} Signal Integrity applications0| At

o
m 7E:|J__I_|-O J—'-III_

- =8 AL 2780 of5h zeE.

- Ao|HeEo]d : 57 AET0f| Aol of EE O,

= CIUHY : HO|E, EAN Y =2Ho| TS =HA

FOll A XA

I-_I
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1.JI2 II2HHeH &
2. Sl Network Analyzer (SPARQ)
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=48 I2tiH = ...

Differential Impedance

Single-Ended Impedance

Common Mode Impedance

Differential Mode Return Loss

Common Mode Return Loss

Differential to Common Mode Impedance Balance
Differential Mode Insertion Loss

Common Mode Insertion Loss

Near End Crosstalk (NEXT)

Far End Crosstalk (FEXT)

Signal Integrity
Differential lane

Between Lane

SDD11 (time domain transform)

S11

SCC11 (time domain transform)

SDD11

SCC11

SCD11

SDD21 (cables connected differently than Xtalk)
SCC21 (cables connected differently than Xtalk)
SDD21 (cables connected differently than FEXT)
SDD21 (cables connected differently than NEXT)

Eye Diagram and Jitter Measurement
Intra-Pair Skew

Inter-Pair Skew

LeCroy



MzIoiolE EXT EL

Differential Mode Impedance

Single-Ended Impedance

Common Mode Impedance

Differential Mode Return Loss

Common Mode Return Loss

Differential to Common Mode
Impedance Balance

Differential Mode Insertion Loss
Common Mode Insertion Loss

Near End / Far End Cable
Crosstalk

Yes — Transmitter and
Receiver

Yes — Transmitter and
Receiver

Yes

Yes

Yes

Between 3.0 pairs and
3.0to 2.0 pairs

8t S8 Lol ElE

Yes — Cable, s pable, Yes — Transmitter
; Transmitter and .
Transmitter . and Receiver
Receiver
Yes
Yes - Cable Yes - Receiver

Yes Yes — Transmltter Yes - Cables
and Receiver

Yes — Transmitter

= and Receiver
Yes — Transmitter
Yes .
and Receiver
Yes Yes - Cables Yes - Cables
Near End Crosstalk Yes

LeCroy




DT SRSRITI. S K Gl 0] VORI O

(fmcbase -2 Eng]
S0 S0 nahe
5008 J0peS

2012 STt = A
L &0 A o[ EHAT}

66.2o0hm 22 3 H
@}StaL QUCH O] M Z0f

IjE ol 20 B2
A7 Z2E|O IES
of A oI[}

= T A *

HEALE|Of LIEFLEH
20| 2F MAL
Of RACH.
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Mo BRY

1

= AlX|e] Measurement@} H| i E|X| &= Simulation& 2|07} 9 .
= PCB9| Dielectric constantZ}= 40| AN E= H=SH ™S Sl A Simulation0|| &£ 5|0
Ot PCB2| C(capacitance)gte ™H2SHAH Modeling®t 4= JUCH= Zd QL L}
= AlX|Q| PCBE =™l A 0| PCBo| Mztst EM X|E 7FX| XD Simulationsl|OfF Mztst ANTE

=
e A ol
= T M.

= S %H|= VNA(Vector Network Analyzer), TDR/TDT, LCR Meters

= Signal Integrity2 $=33d}= Engineerzt™ 7| EX O 2 C}E & YO0}0}f 8= A
M

=  SimulationZ 5%t Wavell =8 S £t Time domain WaveE H| et 2 M Simulator?)|
dete Z H|WstHX| 3 o= SH=X| 2ot drg LTt

= A0t} M=t5E Modeling data& Simulator0f| At23F=LEO| M2} A|S2|0| M| Hat: TIt

=
= -
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“ 40GHz, 4 XE S-parameters &3,
ClE{d de|=2o|M ,
CtetHOo| HE SE|lo= AN FS.”
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4 port, 40 GHz
= X}E S-Parameter X2 2|6}0] 4 ports ZQt

- AHE ZHe 14 HE ARHN T
S-parameters 2t=
- 140l XI5 Q/5Y BE > 443 dE mE
- 40 GHz = A|29| Al2|Y H|o|E EZ0f L
= USB3.0, 6 SATA, PCIE G3, CAUI
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Passivity, Reciprocity, Causality

= Passivity: S-params are <0dB

T& DUTE2 O|HX| 2d X

= [M2tA, &2l dB wa 7t2 &

* Reciprocity : S;; = S
* HE=E2 =5 E{HFO )!%%

= Causality

SEHO| QAT B O W2 L2

<[in}

HO
HADS -

, XS 2H[g

D .

Setup Calibration Result Display TORTODT

General Setup
End Freg 40.000 GHz
Mum Foints 200
50.000 MHz
10.000 ns
DUT Length Mode | Mormal: < 20 inches|

M Enabie Fine Mode |

Enabling Fine Mode may result in
significant execution time increases!

Enforce Passivity




SPARQ Simulation-ready?| &

v’ S-parameter {f0| &=

v S-params Z 10| DC

VVNAS| 8%, ¢t & =

v QE o] SW gio| BIAE B E S-Parameter 2= Jt=
v Single mode <-> Mixed mode H=2I0| XIFE2Z.

LeCroy




TDR / TDT Mode

= AEAVEAE BM B AEYE XNEY + US.

- TDR/TDT Zit E3)|0|A0| AHO|ET} IS #HE
- W2 TDR HA OfX| AHSA|IZE 6 ps AHSA|ZH

= TDR/TDT REQ| AH
- SX7H LS KHO 2HE W2 KO % S,
= S-parameter 2|2 EtAZHQI0|N ol 75
- Q7Y ol

= TDR/T &4

SParam import

TOR/TDT1 TORTDT2
FIRREIRIT)

Trace On

Stop Center Step

Pulse On .

Port Select | Part1 Port Selec! ' Pont2




SPARQ De-embedding?| &HA

* AF2XH= DUT BHQ| S-parameters £ SHE £ AU S.
- W27 702, oY, YANE C|-YH|Y & + 3

= De-embedding 7|2 EFX}j- HE O] SW Z =

- dzol 1ty R gls

Setup Calibration Result Dizplay TORTDT Result Actions Instrument Setup

De-embed Cables | ©ables will never be de-embedded in Manual Calibration mods
* Current Calibration mode is Auto.

Setup Calibration Result Display TORTOT Result Actions Instrum

Configure Porty  Fort2 | el ecroy\SPAR..\10-05-008.52p |
End Freq 40.000 GHz EGL cALecroyiSPAR. \10-06-0 :
ot

Mum Points 1600

General Setup

DUT Length Mode | Normal: <20 inches| 3| Fixture de-embedding is
+| Adapter de-embedding is enabled

LeCroy




Signal Integrity Studio Overview ey

SISTUDIO: e
* M2|Y GloIE| Mz Alg2olM jif
« EMADH AEHAA 2 = conaatne
= S-ParameterZ 0|23} A O E20|A L :*Sm.t
C| AW E JHs &

.5.' Pass/Fail Setup... |

= Z|A[H O|ZE[O|A el 2 &

m Ol.ol 5'4 Xl E_I é;g Tlf—&! PF Testing On

PF Actions On

S| Studio Stand alone



Using Sl Studio - Configure Eye Doctor

Eye Doctor Il Signal Input

Eye Doctor Il Input(s)

1 Input
(or Oiff. Probe)

Inpuﬁ—lnput.?}
—. !

Input2
| [simCcim |

Input1
SimC1P

Mominal
Bit Rate

312500 Ghit's

Eye Doctor Il Emulate / De-

embed Channel S-Param Plot

S-Parameter Filename
MyDUT-single-ended.sdp

]Elrnwse Channel

S-Parameter
Format

Single-Ended |

* i
4

View
Response

B Use Ideal Channel

Eye Doctor Il

Turn Off
Views

Save |
Recall

O
help

Company Confidential

Input:
SimC1P - SimC1M

6.10 Gbit/s Disabled

Signal

nput Emphasis

Enabled:
Emulate

Channel Disabled

Emulate /
De-embed

Show

Equalizer

Show .

11/14/201‘3_'_—¥




Using Sl Studio: View Results

roy SPARG-4004

File SPARQ selup Display Cursors Measure Math  Analysis™ Ulifties  Help

, | A I\( [ |.»_\ "‘\ ‘\Wr .

™

|

I
|/
|

[] :‘ LW

)

f=435ps

A
SDA Jitter Ti18.12) Rjisp) Dy(sp) BitRals : DCD
60.35 ps 310ps 87 ps 51000 Gbit'sec 1229 5 40ps 10.1 ps
4 / 4 s -

v v v v
EyeCross EyeAvgPwr MaskHits MaskOut EyeBER

4744 % 18mv 3 9180682+6 2601172648

v ’ Ve 7

v v

sz 1000 2deca... 2deca. 100 m¥ 100 mV 500498 50048 o0 200 mv 126 mV
100ps 100ps 110ps 100 mii 100ns 1.00 ng 40GH: 40GHz 830 ps 126ns 500ps
600 ke 500 %® 50.0 k¥ &00k#

| value
| status
SDA Eye EyeMHeight
value 3038mV

EyeOne EyeZero EyeAmpl
95351017¢-18

2381 my 2351 mV 4782 mV
v v

&

3 Company Confidential 11/14/2011
O



D N N N N Y U NN

Zif E Q1 Z1F =& (single-ended & mixed-mode)
EfQ =09l Aot == (Step, impulse, Z, rho)
Passivity/Reciprocity/Causality M &

HO|E, HEH, Z AKX De-embedding

=ML # 0|2 (S-Parameter It X|3)

>

ZEH (BA0IE F&, F& 20[HL)
TDR/TDT C|HH1 2 E

SI StudioZ 0|23 A|230|M S M

LeCroy
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