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FOPFARGETDRI 5 2 AP Dl fs RS R 795 (924E 11 H R, 2813
L, 7.0/N)

Two methods of measuring differential lines can be used depending
on the equipment available.

ATDRIMAR 15 5 A B 44 B 2= 0 M RE J16F, wf DME A7  924E11
IR, ZE137, 7.2/h)

7.2 Differential TDR by Waveform Super-Position This method is
recommended If differential TDR instrumentation is not available.
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5.3 Differential TDR Measurement Procedures This section
contains one method for measuring the characteristic impedance of
differential transmission lines.

T TDRIMA 15 2 HE R B B 4T H MR A R IE EE A SR 5. (20044F
SHIR, 281571, 5.3. 1M

5.3.1 Instrumentation and Equipment The TDR instrument used in
this test method provides two opposite-polarity equal-magnitude
signals that are simultaneously applied to the two signal lines of the
differential transmission line under test. A typical TDR waveform from
such an instrument is shown in Figure 5-13.

Tektmnfi,x‘

R .
Innovation Forum


IPC-TM-650_04version.pdf
IPC-TM-650_04version.pdf
IPC-TM-650_04version.pdf
IPC-TM-650_04version.pdf
IPC-TM-650_04version.pdf

I [PC-TM-6507

22

Xt 243 TDR A 4% [ EE R

Signal (V)

0.4

0.3

0.2

0.1

0.0

-0.1

-0.2

-0.3

-0.4

= (20044

=3 H RO

Transmission Line
Measurement Zone

\

T M
)
\\cm
| 5 /‘Ch?
—
- ———
v A -
Time ;, f!,
1ektronix:
BRI i

Innovation Forum



Tektronix vs Agilent EAR %%

File Edit View Setup Utilities Help |Triggered File Edit Vert Horz/Acq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button

S|»|~ Tk Rn_ A T = 1. O 28

Pulse =] [Ampliude > m\nnn\ n|m|m\w|m|nﬂ \ C":’F‘DOS““’”
00dw

Tektronix

T NN . [ Ve Hgialeo Dig Dy Duwon Mh Ui  Hep
400ns/

PPVl B |-:|'| 164 Aoy B May b 169601 lm

Ch Pesition
-2 128n

Mesgurs  Mgeks

Ch? Scale
1000mY

Agilent
Bz
=

/\

Polar 18 — PR . B[R g~
%‘*E?JI]ﬁ%ﬁI‘ ki

23 Zeoi Bl

Teklrunjx'
Innovation Forum



TDRIAHE 2 HEl: Z43TDR

marang [ P =27
DSAB200 i “o
2N &
Ly=L,+7,
NatgrgRskr

80E04 TDREL B E
1F03@ 1E 2

'Ibklmnjx*
Innovation Forum

24 2013/6/26 Tektronix Innovation Forum 2009



TDRHJ R FE J B s

7= 47 PPl =

N K

fie tof View Setup Ubites

Help Tnggeead  Wavelums=1

e ko ntx _l |

S| R| -

[Mr. ortude

Achcdcl- verage _] Teig| reeinal Clock :]_—"
7| aa 5| m lrlmu Al

I'TIJLI 1]1, | e | 20| 2|

[ = i .
[=[ 22| =

|I (3 20 000
§ C4 20 000k

M1 20 D00y

v
v2
Ay
N
12
M

25 2013/6/26

;@:JJ |mm “j_‘l @ Ilif.l':r-:fﬁ g;_—;—l_J[;-;ucv g)_[—_—" 403PM 17230

Tektronix Innovation Forum 2009

4856220
9055200
-47.07040
40 3744re
40 4418
87 200002

V& 145810CH:

7247 BT

=, — =~
EEVANY S

M1=C3+C4

Teklrunjx'
Innovation Forum



I TDREE 5 58 B SI(Signal Integrity)H B N ——15 5 5 B 1 € X

= (55588 MSI(Signal Integrity): {5 576 Sk BT E, FEER IR H] A,
(ERER:LE i MR A5 0% B, BRATTEUARZAE 572 523

= SRR SERE PR E RS, JCHRERESE, H7ESHtih
ANge R F @i Frsel, e sl B E ae T /AT N B R SR AR A RN

BeTH UMY B
Text-Book View of Digital Signals Real View of Digital Signals (analog)
Logic 1 1 1 Logic
Signal 0 0 0 Signal W
+5 Volt BVolt e
Supply Supply
Ground Ground — A~~~V oW
Tektronix
26 2013/6/26 Tektronix Innovation Forum 2009 s

Innovation Forum



TDRYE(E 5 52 8 % SI(Signal Integrity) 9 i1 3 F§——Reflection and
Crosstalk(jx & 5 & 1)

= U (Reflection) : f8HTRHHTAULECITTIE MG & HE ERIAZE &R SO
FOFEEE AT LA S R A pRons.

AP TDREA AT AT A 1) I 5 32 42 28 1 FH L A2 A, Ay =] AT ] e H B AE =
SRR I L ) R TH K AE B IR,

= & PU(Cross Talk): & P 1E =15 T ELMML LA RN, R R G XA QB I f%
iﬁ?f;iﬁ@ﬁﬁﬂ%% FELIR I T, XA B AR A2 1) 1) EL IR B2
SIS,

Teklrnnfi,x"
Innovation Forum

27 2013/6/26 Tektronix Innovation Forum 2009



TDRYE(E 5 52 B4 SI(Signal Integrity) = B B ——
Reflection (5 5t)

TDR
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Voltage (or impedance) —»

Sampling Scope display of TDR waveform

Time ——

= TDR on an Equivalent Time scope is used to measure the quality of the serial data
interconncet: A step is generated and returning reflections are sampled (it’s like
radar for serial data cables and boards)
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Tektronix DSA8300 — with 80E04/08/10 TDR Sampler

37
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7/0GHz mainframe
80E04/08/10:

20/30/50GHz BW

15/20/28ps
Reflected Rise time

Dual-TDR with
deskew adjustment

1 ~3mm resolution
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7= 50,8 w) TDRMA 77 2—TDR Modules

Typical TDR Rise Time at Full Bandwidth Bandhwicth
Inciclent™ Reflected™ Parformance™
80E10 12 ps 15 ps 50 GHz, 40 GHz
and 30 GHz
(user-salectable)
B0EDS 18 ps 20 ps 30 GHz, 20 GHz
(user-salectable)
B0E04 23 ps 28 ps 20 GHz
TOR#EHR F ESHF
Tektronix'
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Clean, open, logical 1 & 0 at
launch from transmitter

Logical 1 & 0 can be hard to
distinguish at end of long
interconnects; (this is often
called a “closed eye")

Fast, sharp, edges at
transmitter launch

[ Smeared edges at end of long

interconnect.
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I Two-Port S-Parameter Formulation

+ +
V1 k } Vz
Vz

Vi Sii S |V
A7 Sy Szz__V2+_

+/— o
Vl,z are the waves incident and reflected from the DUT
“S,,” means signal transmitted from Port 1 to port 2

One single-ended line is a two-port device
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E BEIETDR

TDR stimulus on channel 1, TDR stimulus on channel 2,

response on channel 1 response on channel 1
'S,, <TDR,, S,, &TDT,
'S, < 1DT,, S, < TDR,,

TDR stimulus on channel 1, TDR stimulus on channel 2,
response on channel 2 response on channel 2
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E ZRHNERLS-parameters

Common mode TDR stimulus,

Differential TDR stimulus, differential response
differential response (useful in time domain for EMI
(most important) troubleshooting)

@ddll Sad1z
72> TDTg40 S >
Stres @ TDT 450 Sgypp T

Differential TDR stimulus,

common mode response

(useful in time domain for
EMI troubleshooting)

Common mode TDR stimulus,
common mode response
(less important)

Teklrunjx'
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A3 AT B [ 45 00

A FRAE R E 1 EDR

[ wwopems |
bR wpes | R | pEwe | SR T
NE R HFIERERIET, B
R SR 72 i PR AETE 5] H] SATA I 3Gbis
PCI Express 1.0 2.5 Gb/s
PCI Express I 5 Gb/s
VT 2 BR i Z R A — 2 H R4 TS e
SHON B
FC1,2,4Gbls | 2%
()ﬂﬂ VEE Eﬁ&%;@}—ﬂ : FB-DIMM I 4.25 Gbls
PCBs
FE 2 ?Hﬁ: Infiniband 2.5 Gb/s
U P
BRI IL BN o
Tx/Rx&i N\ s Ghs
Tektronix:
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TDR 5 @R A4 & IConnect B fF

46

B2 EDSAS300

Z-Line ESLRHPTMNR; SZEOML; AREWMIG;  FHER AL SE Y

F T TDR/TDTIRS S 4L, [ml 3k 1 oFE &5 FLE I AUE 2 AR Y

SN PR AR S B A Y, AR AR Ak

FE AT 2 AT 2R R IR B ARl B AR A B T

o ) — 0 —- x|
@—\LPCBﬁj‘L@LE@ &Ej‘ﬂzﬂ j:h_\é%/%\*%@ ’ -10dB -quv‘aal\"‘vﬁ nv“ Sl
204E v VUW\'\\ f [Slsz1 ..
N > 0 F+L> ar:
@J?ﬁ@%ﬁ%&\ ‘jlﬁ—j‘}/_\;léilsn iil‘:l(%:\é:; 3232 ,Iec“:” - S
Thnz 2nz 3ns Ang
fd F 5 SPICERIL 45 ) Tconnect L - E
‘ i TR | Cmaston o om
W ET% D ’ ﬁ%i*ﬁ@ E,(J IEE% ‘ri 5 _1'g§g "‘ A l\ II'|| ILLi2 measurement
1502
> A > e M2z 2009 Sl
RES DB B BRI B8 A B | (I vy
=3 TDR Model Iiation Circuit  H=] S . I'—gf‘%f:éé’izﬂzﬁm
TDR_SoulCoupled.cllumped 1| Open.cir = Lozs Parameters & m?wmﬂ?n wllhl W I
j/W——:l——'Wﬁ‘I}—/\/\/‘l Rge| 47im o ! -
TDR_Sou C m%_ . J E: |
J/W— o T G,: 32: 5/Hz
‘| | ol B
i "
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TDR £ B 5w

= [ FEDUT A #1455 SO BT & HE R 1 52 21 BK K BN 90

Vreflectedl

Time / Direction

of propagat

on

v
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I IConnect® # A Z-line

= Z-liner] LIS A7
— EIELEDUT w1y By - 2 B R i B B M 5%

= |Connect A] PAVH K2 B it
—  WAIRAEZ THPUEDUT F FES0m & i HE s 1%
— HBEEEmMsHEYNZ), 280 (ty), L, C
— X E MR A LB BH B UE A B A [R5 I A

= N H:
— R CablefHPTll & Haf =
— PR R R AN SR AT ) R
—  Cable, &R, 28
— HBEMEIEEBTZ 1 HEHT(Z), 20 ( td), H R A

TeMrnnjx*
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iR H R A T 28 IConnect® Z-line

A~ [Connect.wiv - Time Domain

@ELine.me
[V DUt wm
Clpen.wfm

\

|

Time — AT/2 YRR IX B B RiEErN44 Ohm

Corzor 1: | 510ps
Curzor &2 | 1.02nz
Al Bl0pz | 2BApz

A &£50 Ohm
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iR H R A T 28 IConnect® Z-line

A~ [Connect.wiv® - Time Domain

'V | DUT. wm

Dpen.wfm
@ELine.me

~ _\

LA

x| Time AT/Z
Curzor 1: 0 B04ps
Curgar 22 1.01ns

& B0dps
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\\Yﬁﬁﬁ EI'J Iﬁﬁé%in | Connect®
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PHAT, AR AT AL B

51

“w |IConnect Z, Td, L and € readouts.wifv - Time Domain

Oz 100pz 200pz 300ps 400pz 500pz BO0pz Y00ps B00psz

a0

FepnliE

Tirne ATS2 Fline.wi| FLine. v
M e 1 .HHHV
BY.7Q A15fF
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I IConnect S-parameter 15

= |Connect S-parameters A] L4 ?
— PN HIER R A 5 1 S-parameteriil] &
— 2543 IR AR RN B N
— TR ) [ R (de-embed) 32 B &% W
—  FEARRIELHERE

= NH:
— W EFH AN DLFE, I RARFE, A6 B /NI ES b AT Aide e il =
— IR TR RN B IRFE — o ILAE AR
— TG BCMPCB A A — FU MR (SATA, PCI Xpress, Infiniband, Gigabit
Ethernet) — M/ EAS, 5 R4, PRI !
—  Rf2R455 1 S-parameter Touchstone X A4 7] B TiBEIE ) &

Teklrnnjx
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I SZ#: VNAFITDRF LA

= VNA: TDR:
BT VNAI & BT TDR/ITINA
kit T (80E107 %% A IA50G )
dli SUHENEIRS A5 HAE ] £
FASTEH T (110db) 7S VE /N (60db e £7)
DN AN

TeMrnnjx*
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55 283 Hr G = 45 RN LR

A~ §21 Correlation Between IConnect TDR sooftware and YMA.wiv - Frequency Do... |Z||E|[z|
4GH:z EGH:z 8GHz 10GHz 12I?Hz
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-6dB TOR_521.wfm
adB @ -

-104E
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-16dE
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2000
1607 —
100° —
5|:||:| _—
0o —
B09 —
009 —
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TDRAIVNA SZEAH IS4

LIFD Waveform Viewer 2* - Frequency Domain
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0dE
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A
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l Legend | B
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I IConnect iR &

= |Connect R &\ L4 2

—  EFXCIR B RS e A IR — s R RN
— ATFEMA A R HESTDTYRERTDR
—  HX e R 83T 9 M — no active component jitter
- ﬂﬁﬂikﬁ HERAR, AT 3E4T peak-to-peakH} 573 1 Al IR 7K T 75 & i &

= W H:
— ZRUGIERCAIPCB AR — 2N (SATA, PCI Express, Infiniband,
Gigabit Ethernet) — #1{H, =44, PLik!
— HE RGBS BT RIENECE ISR — £ LD NI

— ik Cablefl? B~ 7£ ) LA AL

Teklrnnjx
Innovation Forum

56 2013/6/26 Tektronix Innovation Forum 2009



i

57

] 14 T

DUT Eye Diagram And Mask Options

Sequence
Type: |F'seud|:|-Fl andarr j

Length: | 2*16-1 (55535) = | Longer lengths

fill iry the epe bt
Repeat: | 'IEl: tirnes

take mare time.

Step Yoltages Compute Response From
hd & | Y {* Meazurement
M [ AW * Model

TDT fa{thss R S0

)

— AT E TR B

— HT ARG EE, ISI(hY ]+
), A 5EFRES
1k,

2013/6/26 Tektronix Innova

X

Timing Info

Data Rate: | G bitdz Bitwidth: | A00p =
Rizetime: | Alp =

Method: |10-90% -

= | -l
Ii
Load Defaults | Save g Default3| |
[is Z200ps  400ps BOOps  B00ps 'I?s

X
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S RN,

Measure \ M odel ] Simulate]

ibal

0= Elilllilps 4EII|:I|:|S EEIIIIIps BEII|II|:|3 1 rl'm

T ermination

Tupe: M atched -

i

Select Wavetorms

[v Use Aggressors

=

AR

ut

Aggressar 1

Agaressar 2

Agaressar 3

Angrezsar 4

Aggrezzar B
Aggrezzar B
Aggressar 7

Aggrezsar 8

= e AL E 8N R LR (Bis o iy BN R 18475 )
= BRI T AT LU ST S AL a7 1 A [R) At e, iy HL AT Lo 58 4l ST 5g I
(EHF)

Tektmnjx*
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HIR PR A AN 3} 5173000

Lossy Line 1*

TOR/T| Sifl | ALGC Eve Diagram Measure | Madel  Simulate ]

Oz EEII|:I|:|3 400pz E00ps 200p= Tns Composite Model

BY Simulate |
EII‘II' —
v Save Generated Models
a4 Automatically
1% Eve Diagram
il Digplay | Cptions...
L Eve Dialog Mazk,
w —
. Edit Mask... | Load
M azk M arme; |
x| :
Time ATS2 v Enable Eye Measurements
Cursar 1: | 98.9ps Harizantal [Tirming] Yertical [Valtage]
Curzor 22| 198ps width: | 431 ps Height: | 356Y
A | 939p: | 495ps Peak Jitter: | 18.7ps |15t Transition | MNoise: | 727mY |High Level -
Reference: 2 B Reference: . 500ps
Tektronix
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2N 10-1 BEE R & H 28 2710-1 IConnect &FTDTH
i ZI| 87 IR &

#3% 3 8 FCI Electronics
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Ny N =R
T A0 & HR &
TORT| 80 | ALGC Eve Disgram |
1.5Gb/s “:::: \X/
Gen 1
(Gen 1) BN
- —
Simulated Measured
i e m———
3.0Gb/s -fj:j
(Gen 2) - X
]|/ |
o '**%
T T
Serial ATA ¥ 5 ==
nnnnn ﬂ\\\ Vi \\\ /\\ //\\\\
Molex, Inc. ﬂ“;j% v
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=
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I TDR/N%

= TDRT] PLiE4TCableZs ity 4 14 FE HL I £

 REH#E: Cable, HiR, HBELFENFEIITRENESSEEDIT
= Cable, THEEEZSEOLZRHEIE

 TDORHE, iR, ¥R, RE, EERFESHES-SHNUE

Tektronix’
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FrbsitE B E

= HDMI1.4
= DP1.2

= USB3.0
= MHL

= SFP+

= Thunderbolt

Tektmn;x‘
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HDMI 1.4

Differential impedance test
= |nter-Pair Skew test

= |ntra-Pair Skew test
= Differential Attenuation test CTSHEVE A 7 AT HPTII R HIL 25

= Far end crosstalk
= TMDS - Eye Diagram

64 2013/6/26 T e o .
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HDMI 2.0

= Support 4K 2K 4:4:4 60 Hz — 594Mhz
= Support 4K 2K 4:2:0 — 297Mhz
= Test items:
= Adding BER. Jitter testing......
— Target

— 2013 Q3 Specification
— CTS 2013 Q4

TIF - Validating Next Generation Display Interfaces

Teklrnnfi,x"
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DP1.2

= Differential Impedance test
= Intra-Pair Skew

= Inter-Pair Skew

= Differential Insertion Loss

= Differential Return Loss

= Crosstalk

m 2009

'Ibklmnjr
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USB3.0

67

Impedance

Intra-Pair Skew

Differential
Differential

Differential

0o
__|+}'!J.SS I_] I_I
=

viva

E:Iﬂwss

Y.iva
Bl
| -5

/
xiuoapfar,

2013/6/26

Insertion Loss
Return Loss
Near-End Crosstalk

Tektronix Innovation Forum 2009
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10G Superspeed USB

=2013 March 0.7 draft specification
=Datarate: 10Gbps

=2nd Half specification will be updated
=Test items:
*Eye diagram, BER, Jitter......

Teklrnnfi,x"
Innovation Forum
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M H L TP3 TP4

Transition
Transition
= |mpedance f —— \

MHL-

= Intra-Pair Skew e — . ===z

| &% A
50-ohm ™, !
termination Plug Plug

Source Zink
TPA-R-WO TPA-R-WO
Cable Assembly

Ve

Coax cables TDR Oscillogscope

= Differential/Common Insertion Loss

= Differential Far-End Crosstalk

Table 166. Cable — Differential Characteristic Impedance Test — Tektronix Equipment List

No. Description Recommended Test Equipment Quantity
1 TDR DSA8200 or equivalent with 80E03 and 80E04 modules 1
2 Test Fixture | TF-MHL-TPA-R-WOSO and TF-MHL-TPA-R-WOSI 1 Set

Copyright 2001-2011 by one or more of the MHL Promoters
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SFP+

= Differential Impedance

= — Common Impedance

— Intra-pair skew

— Inter-pair skew

— Insertion Loss

— Return Loss

— Differential to Common Insertion Loss
— NEXT

'Ihktmnjr
Innovation Forum
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I Thunderbolt

= |Impedance

= Return Loss (SDD11,SDD22) o
= Common Mode Return Loss (SCC22)

= Channel Insertion Loss (SDD21) 4

= Near End Crosstalk (NEXT) \k -

'Ibktrnnjr
Innovation Forum
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Active cable testing

= Eye diagram and BER testing are necessary for active cable.

DPP Pre-Emphasis

ndino eleq

Bits 837,430,471,808
Errors | 1,095,813,556
BER 1.67E-03

= Bertscop is a very proper equipment for active cable.
2 2013/6/26 ktroni i 2009 TEk.tmnj, =
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Active cable testing

73

Examples:
* Optical Transceivers
(SFP, XFP etc.)

» SERDES chips
« Satellite uplink
» Backplane drivers

2013/6/26

Channel

Examples:

 Optical Fibre with amplifiers
* Active Cable

» High Speed Backplanes

« Circuit Boards

» Coax cables

Tektronix Innovation Forum 2009

Examples:

* Optical Transceivers
* SERDES chips

+ SERDES

'Ibktmnjr
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Introducing the BERT

4 ™
The Bit Error Ratio Tester is the basic
instrument used for active cable testing.
The BERT is comprised of two main
components
Pattern Generator
Error Detector
Pattern Generator Stress Error Detector
Impairments
Count
errors
Memory High Speed Make
Amplifiers | g—gm_|[ [ Device decision \
etc. _ & A O
compare 0

(Sometimes device being tested contains built in PG & ED, but not usually stress)

Innovation Forum




D000 MmN EEE -

Channel Loss Causes Bit Errors
Pattern Dependent

In these types of channels, we can study bit error locations
In the received pattern...

r N
( ) 185 : : : : : :

led-

1e3-

. Z 1004

104

Measurement
of Pattern = 1
Sensitivity
(to PRBS-7
Pattern) & [101111111000000100000110f
N
=Here we have found 2,291 bit errors that all happened at this J
\most-distorted bit in the PRBS pattern

rd
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Creating the Stressed Signal
Dynamically change Data Rate, Stress, Pattern

L () ()

| Pan 00:00:13 |||||||||

Center 80 ps
~ > > |457ps “»», per Div

|| Gen: PRBS-7 2,500,01 Mbit/s Det: PRBS-7 2,500.01 Mbitfs 1 BER: 0.00E+DD

eeeeee

Tektmnjx*
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I Pre-Emphasis

Impact on Eye Diagrams
I

|

|

I

I

Measurement of Eye Diagrams on
BER¥8eope

nnovatlon orum
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Thank You For Attending!
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