Agilent Technologies

Interconnect &
Transmitter/Receiver (Tx/RX)
Tests

Test Solution Overview Using
the Agilent E5071C ENA
lon

Anticipate __Accelerate __Achieve _; . LastUpdate 2014/04/21
~&3 Agilent Technologies



Purpose

* This slide will show how to make measurements of 10GBASE-
KR/40GBASE-KR4 Backplane Ethernet Interconnect &
Transmitter/Receiver (Tx/Rx) Tests by using the Agilent E5S071C ENA
Option TDR.
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Ethernet Data Rate and Distance

O BASE-OOO
A // \\
100km Q© copper
M | Media | 10GBASE-ER Q optical
1 Mbps T  Twisted pair none  Serial none none 40 km/SMF
10 10 Mbps E  1550nm optical 2 2 pair parallel x 4B5B, 8B10B
100 100 Mbps L 1310nmoptical 4 4 pair parallel R G4BEERE
1000 1 Gbps S B850nm optical W SOMNET
. 10GBASE-LR 40GBASE-LR4
10G 10 Gbps C  shielded cable
Iy 1Okm 40G 40 Gbps 2 195m(max) coaxial O 10 km/SMF O 10 km/SMF
O 5  500m(max) coaxial 1000BASE-LX
c 36 3600m(max) coaxial 5 km/SMF
S K Backplane
(L) O 40GBASE-FR
e 1km 2 km/SMF
1000BASE-SX
550 m/MMF 10GBASE-SR
300 m/MMF
100BASE-TX 1000BASE-T 40GBASE-SR4
10BASE-T 10GBASE-T
100m | O 100 m/Cat5 Q10micatse O Q 100 m, 125 m/MMF
100 m/Cat5 S 100 m/Cat6a
Fast Ethernet Gigabit Ethernet 4OGBASE T
30m
Q 4OGBASE CR4
(O 7 m/Twinax
10GBASE-KR 40GBASE-KR4
1 m/Backplane
10Mbps 100Mbps 1Gbps 10Gbps 100Gbps
Data Rate
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Ethernet Logo Certification Program

No logo certification program is
Standard Standard Body available for Ethernet.

*PHY tests performed Iin
USB-IF accordance to test procedure
= Issued by University of New
Hampshire InterOperability

EX(;,I{E?S PCI-SIG Laboratory (UNH-IOL).
SERIAL «Self-compliance.
A i SATA-IO
Ethernet N/A
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Ethernet Specification and Electrical Test Procedure

Specification Test Procedure

IEEE Std 802.3™-2012 Test Suite for Ethernet
University of New Hampshire

InterOperability Laboratory (UNH-IOL)

IEEE STANDARDS ASSOCIATION 4 IEEE

IEEE Standard for Ethernet
BACKPLANE ETHERNET CONSORTIUM

Clauze 72
10GBASE-ER PMD Test Suite
Version 1.1

Technical Document

.
IEEE Computer Society 1 O
Sponsored by the
LAN/MAN Standards Committee
(st Lipcased. St
Backpiane Edhernet Consortiam 11 Technology Drive, Suite 2
= o ) Durham, N 03824
Park Avenue IEEE Std B02.3™-2012 Uiniversity gf New Hampsiire Plhome: (83) 5610090
jews York, NY 100165097 Revision of - Fa ) 864181
WA EEEW td 802.3-2008) gV ol unh e comsortinms by
December
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|
10GBASE-KR/4A0GBASE-KR4 Interconnect Test Solution

Test Setu
P Backplane Interconnect
4-port VNA s
(E5071C) 2 (DIFF)

7
Duplex ,2 (DIFF)
7

a

,2 (DIFF)|

7
Duplex 2 (DIFF)
7

TP1 Mated Connector TP4

i~ >S~mm/!

J—

Backplane Channel
*10GBASE-KR/40GBASE-KR4 backplane Ethernet is primarily intended to operate over
differential, controlled impedance traces up to 1 m including two connectors, on printed circuit
boards residing in a backplane environment.
*The backplane interconnect is defined between TP1 and TP4.
*It supports an effective data rate of 10 Gbps in each direction simultaneously (full-duplex
operation using a single-lane 10 Gbps PHY).

, 2 (DIFF)

7
Duplex ,2 (DIFF)

S

YN
AV ANV AV
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_
10GBASE-KR/4A0GBASE-KR4 Interconnect Characteristics

Electrical Test Item List (Informative)

IEEE Std 802.3™-2012 72.8 Interconnect characteristics
Informative interconnect characteristics for 10GBASE-KR/40GBASE-KR4 are provided in Annex 69B.

Specification
(IEEE Std 802.3™-2012) Test Items

[Annex 69B.3] Characteristic impedance & differential skew

[Annex 69B.4.2] Fitted attenuation

[Annex 69B.4.3] Insertion loss

[Annex 69B.4.4] Insertion loss deviation

[Annex 69B.4.5] Return loss

[Annex 69B.4.6.1] Power sum differential near-end crosstalk (PSNEXT)
[Annex 69B.4.6.2] Power sum differential far-end crosstalk (PSFEXT)
[Annex 69B.4.6.3] Power sum differential crosstalk (PSXT)

[Annex 69B.4.6.4] Insertion loss to crosstalk ratio (ICR)
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|
10GBASE-KR/4A0GBASE-KR4 Interconnect Test Solution

Solution Overview

*10GBASE-KR/40GBASE-KR4 backplane Ethernet interconnect
testing requires parametric measurements in both time and frequency
domains.

Traditional _
Solution New Solution

4 N

Time Domain - ™ *ALL parameters can

gr]lfaer gﬁﬁ;f;‘ﬁ;\,’cpedame be measured with
N ) TDR ENA Option TDR
/- _ ™\ Scope '

Frequency Domain

*Fitted attenuation \_ )

*|nsertion loss

*|nsertion loss deviation

*Return loss 4 A

*Power sum differential near-end Vector

crosstalk (PSNEXT) Network

Power sum differential far-end A

nalyzer

crosstalk (PSFEXT) alyz€

Power sum differential crosstalk (VNA)

(PSXT) \ /

Qnsertion loss to crosstalk ratio (ICR)/
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_
10GBASE-KR/4A0GBASE-KR4 Interconnect Test Solution

Configuration

*ENA Mainframe v
*E5071C-4K5: 4-port, 300 kHz to 20 GHz

*Enhanced Time Domain Analysis Option (E5071C-TDR)
*ECal Module (N4433A)

*1: 10GBASE-KR/40GBASE-KR4 interconnect tests require frequency up to 15 GHz.
*2: The list above includes the major equipment required. Please contact our sales representative for configuration details.

*Method of Implementation (MOI) —
document, state file (4K5), and VBA e

project file available for download on | s of metementation

- Step-by-step procedure on
Ag | Ie nt . CO m how to measure the specified

parameters in the specification
document using ENA Option
TDR.

www.agilent.com/find/ena-tdr_compliance
www.agilent.com/find/ena-tdr_ethernet-cabcon
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Interconnect

10GBASE-KR/4A0GBASE-KR4 Interconnect Test Solution

Measurement Parameters

ENA Option TDR Compliance Testing Solution is one-box solution which provides
complete characterization of interconnects (time domain, frequency domain)

f

Time/Frequency Domain (Ch 1)

Frequency Domain (Ch 2)

Trl Tddll Impedance 10.00U/ Re| Trl IL
180 N s

Tr2 Tdd22 Impedance 10.00U/ Re
1500 o — ~ — -

TrS RL1 Log Mag 10.00d
Tr9 RL2 Log Mag 10.00de/ Ref
Trl3 Sddll Log Mag 10.00d8/ R

Return Loss A

J
Tr2 PSNEXT Log Mag 10.00dB/ Re
Tré PSFEXT Log Mag 10.00dB/ Re
Ir10 PSXT LOG Mag S.QOQg‘g, Ref|
HE™ A1t 2n v s "’ Re

PSNEXT& =

. PSFEXT&
¢ Insertion Loss

(LogFreq) Log Mag 20.00
Ref -

sertion Loss
(Sdd21) &

dd11/Sdd22) . to Crosstalk \’
' : Ratio (ICR)

Characteristic ||  Characteristic

Impedance Impedance In
(Tdd11) ‘ (Tdd22)

v‘;' H‘»,:’ = = e S = = = ”I‘ (S
i 490 elta Y:mol(!rl'::/,__ﬂ.i_; F\’nnn’. Tra: Passg‘ f’,;“:_
C.h 1 Freq Domain: Differential Skew | Insertion Loss 160.0
Linear Freq Sweep A e
Tril N

(Tdd21)  (sdd21)

R0 e

0]

900 | / Tré: PassE
R—— r e
- Insertion Loss
ed Attenuation -
] ‘ Deviation

ima

Tri5 NEXT4 Log Mag 10.00dB/ Re
0.000

70.00 70.00 | 3

Tr8 FEXTZ2 LOog Mag 10.00d8,/ Ref

Trl2 FEXT3 LOg Mag 10.00d6/ Re

Trl6 FEXT4 Log Mag 10.00d8/ Re)
). 000

o b

XT2 Log Mag 10.00dB/ Re
EXT3 LOg mMag 10.00dB

FEXT
(Sdd21)

NEXT
(Sdd21)

-
g |

O Wi W N O

o000 o
=

\

M J. 999999 10 100.0 \
s 2] IFBW 70 KHz Stop 103125 Gtz BRI -
T T Aut S Data || | Mack Mark
STTOR iy (ssly] (e JIS% ) LS v Sy Ssly] = i3z
Setup Hodzontal Verical Paramaters Gatng | Trace Control
L el v v.A S oz | Toctt | Taciz |Messw [Tmeomen  v](Ofewss ]
TDR/TDT -8 . ‘ | . Tdd2!  Tdd22  Tdc2!  Tdc22 | Format  |impedonce. v |[7] Peeing
=1 . A 4 \ . y W Todtl  Todt2 | Teol! | Tool2 |Stiwks [LowpsssRep v
Eve/Mask TN DTN DM of e Ted Te metes(osn - X
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|IEEE Std 802.3-2012

Annex 69B.3 Characteristic Impedance

Frequency Domain (Ch 2

— =1 °*Multiple reflections from impedance mismatches

150.0 150.0
Characteristic Characteristic 18 S35 TR ER 30000k
. PSNEXT& 1

e | e | e | e cause noise at the receiver. Therefore, the impedance

Time/Frequency Domain (Ch 1)

g foumion Y inseionousiy ) ) o . )
e EETT L =eem 1 profile provides an indication of multiple reflection
— induced noise. |
rroshtoten | e f S ’% sImpedance is the most used parameter, but is an

===l indirect measure of the signal arriving at the receiver.

Tdd1l Tddp2 | The recommended differential characteristic impedance
of circuit board trace pairs is 100 Q + 10 %.

Tdd11 TddpR2
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|IEEE Std 802.3-2012

Annex 69B.3 Differential Skew

Time/Frequency Domain (Ch 1) Frequency Domain (Ch 2) | R
T m————r——r—  *The skew (propagation delay) between duplex
CII::ractenstlc Characteristic .r‘zlr;senlon Los: ’ i’SNE;(T& sl
pedance Impedance | T : T T
denm | W | see | eseas | channel pair combinations of a interconnect should
p—rr——]  (Sdd11/5dc22) | T Ok 'T .
Differential Skew InsertionLoss +f ! 1 {1l -10.00 | )‘ m) meet requlrement-
tradet) L, Sdd21), et et o e vl e e
2 e T e e
FisaNtonueion | Insblonoss . (ea20) (S92
f 5o LI B Tt T #']‘
see | swoansos EoEmm |

The total differential skew from TP1 to TP4 is
recommended to be less than the minimum transition
= 2 time for port type of interest.

Skew = Delay(1) - Delay(2)
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|IEEE Std 802.3-2012

Annex 69B.4.2 Fitted Attenuation

Time/Frequency Domain (Ch 1) Frequency Domain (Ch 2) . . . .

71— m———r=—r— *The fitted attenuation is defined to be the least mean
o = T i,;;f;;:g;;s,7 squares line fit to the insertion loss computed over the
v | v || "= | frequency range 1 GHz to 6 GHz.

(Faa2) (5dd21) | [ e St e 1 A 1 g o . . . .
ESS W T *The maximum fitted attenuation due to trace skin
e | 0 15 4] TTy| effect and dielectric properties is defined.

2 14,6 4w 19, 9999991 14.652014% 19. 999999 ‘2.“,-., 4 ,,,m, .; mm L

It is recommended that the fitted attenuation of the
channel be less than or equal to A, as defined by the

equation below, where f is expressed in Hz and
coefficient b, through b, are given in table.

A() S Age(f) = 20l0g,9(2) X (byff+ bof + bof* +byf°)

15

Fitted attenuation (dB)
i3
Q

25 f‘

‘ ‘ ‘ 10GBASE-KX4

| | :

Ll | x ke
as| < , > b 1.10 x 10710

‘ ‘ ‘ ‘ 10GBASE-KR =

l_l -
40— 1 1 1 11 1 1 bs 3 Zﬂx lﬂ"n
0 1000 2000 3000 4000 5000 6000
Frequency (MHz) by =120 lt}'m

Figure 69B-2—Fitted attenuation limit
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|IEEE Std 802.3-2012

Annex 69B.4.3 Insertion loss

Time/Frequency Domain (Ch 1) Frequency Domain (Ch 2)
71 TGUI1 Impedance L0.00U, R 172 10022 Impedance 10.000, Re

P

Tr5 PSFEXT Log wag, 10 00g
Trio PSXT Lugenaqu 008,
e S

=== ] cInsertion loss is defined as the magnitude of the
..... can | e | e |t | differential response measured from TP1 to TPA4.

(Sdd11/8dd22) . to Crosstalk

150.0 150.0 -
Characteristic Characteristic

e

oz | i I | *Has important consequences for the rise time
p— degradation and the maximum supportable bandwidth.
2 S ERER Insertion Loss (Sadz1)  ff °(Sdd21)
el B COR R ER G RIS
It is recommended that the insertion loss magnitude be
within the high confidence region defined by equations.
The values of f_;, f,, and f. ., are given in tables.
de21 ILU] E{"['III'IIPE{-'(} = Amaxm - O'S - :Dxlﬂ_lgf
* for fin << Ss
L ILNSILy, () = Ay, () +0.8+2.0x107 fy + 1X107 (f= 1)
Sdd21, Diffefential e
Moda Or fo < < fruax
o |‘ 0.05 GHz
fome | 15.00 GHz
b | 1.250 3.125 6.000 GHz
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IEEE Std 802.3-2012
Annex 69B.4.4 Insertion loss Deviation

Time/Frequency Domain (Ch 1) Frequency Domain (Ch 2)

=1 eInsertion loss deviation is the difference between the

o

Characteristic Characteristic || 7

i e | In:ddmL)?:r . PSFEXT& : : i i
e e el | wee ] NSErtion loss and the fitted attenuation.
e (Sdd11/5dd22) f;;fif(slﬁ"; 'T
oo [E-Yritit ] e w

. 000N ~ “

InsertionLoss ~ «f 100 - L =) 1000 =
(Sdd21) Tri1 NEXT3 L0g #dg 10.00d8/ Al Triz FEXT) Lbg Mdg 10.00G8/ R
o | S Ead 1S ag 18:55a d h 0

Differential Skew |
(Tdd21)

NEXT - FEXT
(Sdd21) . A ¢ (Sdd21) )

L EEl eV |

pownue | o035 cs ERETIED |

= ]
Insertion Loss

Deviation
000 LEER

3 =
Fitted Attenuation
|E N

2 stat 501

10 - - - - - It is recommended that insertion loss deviation be
H Hﬁ within the high confidence region defined by equations.
[:13 | i
5 2| || | | ILD(f) 2 ILD () = —1.0-0.5%10"f
g ot High confidence region . )
g Q-H“H\l\— ILD(f)<ILD_ (f) = 1.0 +0.5x107f
Pl | forfy <f<f
N |
:;| |= | 10emasEt0a =| | | A 0.125 0312 1.000 GHz
o 1000 2000 3000 4000 5000 8000 A 1250 3125 6.000 GHz
Fraquency (MHz)

Figure 69B-6—Insertion loss deviation limits
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|IEEE Std 802.3-2012

Annex 69B.4.5 Return loss

Time/Frequency Domain (Ch 1)

Frequency Domain (Ch 2)

3 °Ratio of reflected voltage to incident voltage. Key

Characteristic Characteristic

e | wmaye | S| s | parameter when evaluating impedance mismatch.

to Crosstalk W

leferentlaISkew “‘Iﬂl:\‘s‘enionLos-s .v,l,aaﬁf’(l_CR) ] .When impedance matCh iS poor’ transmiSSion Signal
(Tdd21) (Sdd21 ALYy (0 oo 10000/ of iz FOy L g oo : 1 I .
et mie s [RES i quality is degraded due to multiple-reflection effects,
| et A leading to increase in bit error rate.

=yl (Sdd11/Sdd22)

InsertionLoss 4
Deviation
0 LI

NEXT

2.9 | R } (Sdd21)
Fitted Attenuation

ik

CICERN: st 5o

It is recommended that the channel loss at TP1 and
TP4 be greater than or equal to RL ;, as defined by
equations. The recommendation applied from 50 MHz.

Sddl1l Sddjz2 RL(f) 2 RLy, () = 12

for 50 MHz = f< 275 MHz and

- \,
RL(AZRL_, (f) = 12— ﬁ.?ﬁlﬂgmLﬁ‘;— |

Sdd11 Sdd]z2

for 275 MHz < < 3000 MHz and

RL(AZRL_ () =5

for 3000 MHz < f< 103125 MHz.
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Interconnect

IEEE Std 802.3-2012
Annex 69B.4.6.1 Power Sum Differential Near-end Crosstalk (PSNEXT)

e ey *Measure of the coupling between the differential pairs.

CmEe | way | e | == | +The differential near-end crosstalk at TP4 is

Tremee T ] SRR ] Rwotion calculated as the power sum of the individual NEXT
(Fdd2) .(5“"?1‘) | AR, Wi i

aggressors (PSNEXT).

o (Sdd21)

21090 TR
Fitted Attenuation
"

PSNEXT is computed as equation, where NEXT , is the
NEXT3 X crosstalk loss (dB) of aggressor n. For the case of a
NEXT1 single aggressor, PSNEXT will be the crosstalk loss for
that single aggressor.
NEXT?2 5 PSNEXT(f) = —ltllog{% 107 P

PSNEXT = NEXT (1+2+3+...)
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|IEEE Std 802.3-2012

Annex 69B.4.6.2 Power Sum Differential Far-end Crosstalk (PSFEXT)

Time/Frequency Domain (Ch 1) Frequency Domain (Ch 2) |

= +Far-end crosstalk (FEXT) is crosstalk that appears at

7T TOGIT Iepecance 10 .

ACharacteﬁstic ACharacte;istic ;;;;uczg;‘..‘m‘,ﬂ;‘i,;“M;f, ;:’S:E)Q(T& - . .

| mEr | Tsens | e | the far end of a duplex channel, which is coupled from
T | warisiaz (e Gtk her duplex ch I

o e B Gl another duplex channel.

R b *The differential far-end crosstalk at TP4 is calculated
] sl ; as the power sum of the individual FEXT aggressors

: PSFEXT is computed as equation, where FEXT,, is the

FEXT3 o crosstalk loss (dB) of aggressor n. For the case of a

FEXT1 P \ single aggressor, PSFEXT will be the crosstalk loss for
’ \ that single aggressor.

/ — _10l0el —FEXT,(/)/10
FEXT2 s~ PSFEXT(f) = -101 g{%w )

PSFEXT = FEXT (1+2+3+...)
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Interconnect

IEEE Std 802.3-2012
Annex 69B.4.6.3 Power Sum Differential Crosstalk (PSXT)

Time/Frequency Domain (Ch 1)

*The differential crosstalk at TP4 is calculated as the

Frequency Domain (Ch 2
“14

N g PSPEXT 108 %8 10,00
| Bk 30 PEXT Log wag 10, 0ode, R
21379 nbg S0-00ds) nIFLS SAA"s e Sl 10, Gia

Ch isti Ch

e | e | s | == | power sum of the individual NEXT and FEXT
e et BT (L

'Hyly‘ (Sdd11/Sdd22)
oo [T YL

aggressors (PSXT).

© Ratio (ICR)

[ ]
"S0ce/ +d T PERTRLRY RITID

Differential Skew || InsertionLoss 4 -1

% (Fdd21) L (8dd21) e e
T8 BERCATL NEXT :
1240 1\ i Sdd21 °
Fitted Attenuation Ins;mgn'Loss T ( wont) B
T eviation
) \ 000 LIE R

PSXT may be computed as equation.

PSXT{Jﬂ = _lnlog{lﬂ_}“smmflﬂ_'_ IO‘PSPan{ﬂflﬂ)

PSN EXT

PSXT = PSNEXT + PSHEXT
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|IEEE Std 802.3-2012

Annex 69B.4.6.4 Insertion Loss to Crosstalk Ratio (ICR)

Time/Frequency Domain (Ch 1) Frequency Domain (Ch 2)

et 14

Insertion loss to crosstalk ratio (ICR) is the ratio of the

PSPEXT 103 Mag 10,002
o9 Mag 10.00cs 10 pSXT Log ¥ag 10006/ W
3"Sad1 Log ag 10.00ds) n@lIFis SAasn | fa Mo 10. 0od

Ch isti Ch

e | e | mmie | S0 | insertion loss, measured from TP1 to TP4, to the total

1 (Sdd11/5dd22) | ¥ irozzt;"; Ik d TP4
s BT v | (SAd11/Sdde2) I REREEE
Differential Skew | InsertionLoss i ! ‘ . e —— ) Crossta measu re at .
% (Fdd21) L (80921 e e T T e

*ICRy; is defined to be the least mean squares line fit to

: /’ e Fall NEXT

s 1= 1 the ICR computed over the frequency range 100 MHz

to 5.15625 GHz.

| |
i 1| Highconfidence | | |}
region

It is recommended that ICRy;, be greater than or equal
il |t ICR,;, as defined by equation.

Inseion loss to crosstalk ratio (dB)
5]

[
[
I Oy Ry Ikt Sty Il e AR
RS | T IN 2 ICR o (f) = 233 — 18 Togsg L)
1 [N 1 1 1 [ !CR;" min' = Zd.a= .Clgm_—j
20 1 ] 1l : [ 1 ":"I|_1I'"=7|_:_ 5 GHz
o pessssioa | b
R RS
T T
o :| : l|l' !
100 10000

Figure 69B-8—Insertion loss to crosstalk ratio limit
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10GBASE-KR/4A0GBASE-KR4 Tx/Rx Test Solution

Fy

Tx RXx
PMD PMD
TeSt Setu Service Service
p Inte:face Backplane Connector Inte:face
! |
[SL<p=1 1DL<] )
DUT (TX/ RX) x_bit —p>|'>— —D‘Q i Receiver | m_bit
- Transmitter (including —|-b
SL<n DL<n> AC-coupling)
Tio+ | [ THo- | |Rao+ | | Ryo- | : } |
| ~
[ PMD L Backplane channel L PMD Sﬁnal_detect
| |

Figure 72-1—Link block diagra‘m

& Measurement point
ShA cables / (at WNA)

FC running
" 2/4-port VNA MUl port
% (E50710) GPIB

10GBASE-KR/40GBASE-KR4 VNA Test Setup

*10GBASE-KR/40GBASE-KR4 transmitter and receiver are characterized at TP1 and TP4 respectively.
*For the return-loss measurements using VNA, the test fixture is not required for measuring the
transmitter specifications.

«Configure the DUT so that it is sourcing normal IDLE signaling then measure the reflection coefficient
at the DUT (Hot Return Loss measurement).
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10GBASE-KR/40GBASE-KR4 Tx Characteristics
Electrical Test Item List (Normative)

IEEE Std 802.3™-2012 72.7.1 Transmitter characteristics
UNH-IOL Clause 72 10GBASE-KR PMD Test Suite Version 1.1 Group 2 Impedance Requirements

Specification Test Procedure Test ltems
(IEEE Std 802.3™-2012) | (UNH-IOL Clause 72)

[72.7.1.3] [72.1.1] Signaling speed
[72.7.1.4] [72.1.3] Differential peak-to-peak output voltage (max.)
[72.6.5] [72.1.3] Differential peak-to-peak output voltage (max.) with
Tx disabled
[72.7.1.4] [72.1.2] Common-mode voltage limits & deviation (max.)
during LPI
[72.7.1.5] [72.2.1] Differential output return loss (min.)
’[72.7.1.6] [72.2.2] Common-mode output return loss (min.) ]
[72.7.1.7] [72.1.4] Transition time (20% - 80%)
[72.7.1.9] [72.1.5] Max output jitter (peak-to-peak)

(random jitter, deterministic jitter, duty cycle distortion,
total jitter)

[72.7.1.11] [72.1.6][72.1.7] Transmitter output waveform requirements
[ Test items measured by VNA
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10GBASE-KR/40GBASE-KR4 Rx Characteristics
Electrical Test Item List (Normative)

IEEE Std 802.3™-2012 72.7.2 Receiver characteristics
UNH-IOL Clause 72 10GBASE-KR PMD Test Suite Version 1.1 Group 2 Impedance Requirements

Specification Test Procedure Test ltems
(IEEE Std 802.3™-2012) | (UNH-IOL Clause 72)

[72.7.2.1] Bit error ratio
[72.7.2.2] Signaling speed
[72.7.2.3] Receiver coupling
[72.7.2.4] Differential input peak-to-peak amplitude (max.)
| [72.7.2.5] [72.2.3] Differential input return loss (min.) I

[ Test items measured by VNA
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10GBASE-KR/40GBASE-KR4 Tx/Rx Test Solution
Configuration

*ENA Mainframe v
*E5071C-280/480: 2/4-port, 9 kHz to 8.5 GHz
*E5071C-285/485: 2/4-port, 100 kHz to 8.5 GHz
*E5071C-2D5/4D5: 2/4-port, 300 kHz to 14 GHz
*E5071C-2K5/4K5: 2/4-port, 300 kHz 20 GHz

*Enhanced Time Domain Analysis Option (E5071C-TDR) ¢»

ECal Module

*N4431B for E5071C-280/285/480/485
*N4433A for E5071C-2D5/4D5/2K5/4K5

*1: Select one of frequency options. 10GBASE-KR/40GBASE-KR4 Tx/Rx tests (return loss) require frequency up to 7.5 GHz.
*2: E5071C-TDR is required to use Avoid Spurious function for Hot Return Loss measurement.
*3: The list above includes the major equipment required. Please contact our sales representative for configuration details.

s AN i LN 8 e & e el sl i

*Method of Implementation (MOI) document ———
and state file (280, 285, 480, 485, 2D5, 4D5, e
2K5, 4K5) available for download on O o mptementation

H Step-by-step procedure on
Ag I Ie nt- com how to measure the specified
parameters in the specification
document using ENA Option
TDR.

www.agilent.com/find/ena-tdr_compliance
www.agilent.com/find/ena-tdr_ethernet-txrx
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10GBASE-KR/4A0GBASE-KR4 Tx/Rx Test Solution

Measurement Parameters

ENA Option TDR Compliance Testing Solution is one-box solution which provides
return-loss characterization of Tx/Rx (frequency domain)

Frequency Domain (Ch 1)
Trl Sddll Log Mag 10.00de, ref -30.00de [F2] E sccll Log Mag 10.00dB, rRef -30.00dB [F2]
20.90 Tri: Fass| .00 1 Tr2: Pass|
10.00 { 10.00
0. 000 B B | 0. 600 |
Differential Output T
Lo Return Loss (Tx) N B W\n I s g
-20.00 (Sdd11) [ [-20.00 Common-mode Output
30.00p _ ! Y Return Loss (Tx) <
Differential Input (Sce11)
40,00 | 40,00
‘ Return Loss (Rx) ’
50,00 (de"l"l) | 50,00
&60.00 { 60,00
70.00 { 70.00
-80. 00 -80.00
19, 960079 E.0119757106G 19. 9999991 58G 19. 96007 9 8.0119757106G 19, 9999991 5EG
I Start 19560070 M2 B 70 ki Stop 19.000999156 Gz [ R Rl
imr.TDR | Trml'] -ﬂu!o Fiun I I Dt 1',I |Muhar 'I Marker 'l I Fie |W Ii‘l i]'il
Setup — - | Avenge | AdvWaveom | B TOR |
Sotun :T:TI:M'M ] Oots Rt _
TOR/TOT " E— ———
- OUT Leneth (o] ml - sieng|V/
Presat | {Ciabds Lﬁu‘h (3] [ ECsl

Hold Svec 2014-03-25 16:53
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IEEE Std 802.3-2012 / UNH-IOL Clause 72
72.7.1.5/72.2.1 Differential Output Return Loss (Tx)

Frequency Domain (Ch 1)

Log Mag 10.000B) RET - 20.00dE (r2)
20.00
T1: pass
'R 10.00

Differential Output
‘‘‘‘ Return Loss (Tx)
(Sdd11)

(o~ 1
f10-00 PN\ ™ | i
Common-mode Output

M Return Loss (Tx) A

Differential Input (Sece11)

Return Loss (Rx)

5000 (Sdd11)

70.00

Transmitter

PFHD
Service
interface

|
T ke

be_bil >
"_:"' Transmitter by | «
| || sdd11
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*Ratio of reflected voltage to incident voltage. Key
parameter when evaluating impedance mismatch.
When impedance match is poor, transmission signal
quality is degraded due to multiple-reflection effects,
leading to increase in bit error rate.

From 50 MHz to 7500 MHz, the differential return loss
of the transmitter shall meet the equations. This output
Impedance requirement applies to all valid output levels.
The reference impedance for differential return loss
measurement shall be 100 Q.

ReturnLoss(f) 29

for 50 MHz < f< 2500 MHz

ReturnLoss(f) 29— lilogm( m]

for 2500 MHz < f'< 7500 MHz

Agilent Technologies




IEEE Std 802.3-2012 / UNH-IOL Clause 72
72.7.1.6/ 72.2.2 Common-mode Output Return Loss (Tx)

Frequency Domain (Ch 1)

oce (r2]
20.00

T 100000 e
T Fass

o Differential Output et

‘‘‘‘ Return Loss (Tx) ‘ 1%

20.00 (Sdd11) 20,00

40.00

0.0

/ |

T PO
Common-mode Output

M Return Loss (Tx) y

(Sce11)

Differential Input
Return Loss (Rx)
50.00 (Sdd11)

70.00

0.00
19. 9990991566 N 29. 9600

Transmitter

PFHD
Service
interface

|
T ke

tx_bil >
_‘_:"'Transmrrter S_Lﬂﬁl.:,._ -

| | Sccll
PMD
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*Ratio of reflected voltage to incident voltage. Key
parameter when evaluating impedance mismatch.
When impedance match is poor, transmission signal
quality is degraded due to multiple-reflection effects,
leading to increase in bit error rate.

The transmitter common-mode return loss shall meet
the equations. The reference impedance for common-
mode return loss measurement is 25 Q).

ReturnLoss(f) 26

for 50 MHz < f< 2500 MHz

ReturnLoss(f) 26— l'ZIng( %fmz)

for 2500 MHz < f< 7500 MHz

Agilent Technologies




IEEE Std 802.3-2012 / UNH-IOL Clause 72
72.7.2.5 1 72.2.3 Differential Input Return Loss (RX)

*Ratio of reflected voltage to incident voltage. Key
| ..~ | parameter when evaluating impedance mismatch.
Y; Y ot *When impedance match is poor, transmission signal

Frequency Domain (Ch 1)

Log Mag 10.000B) RET - 20.00dE (r2)
20.00
T1: pass
'R 10.00

Differential Output
‘‘‘‘ Return Loss (Tx)

(Sdd11)
Differential Input Retu(rgc\-cll::) o X . . . .
o quality is degraded due to multiple-reflection effects,

5000 (Sdd11)

.y I leading to increase in bit error rate.
From 100 MHz to 7500 MHz, the differential return loss
receiver of the receiver shall be greater than or equal to
eqguations. This return loss requirement applies at all
@ JFMD valid input levels. The reference impedance for
e differential return loss measurement is 100 Q.
i i I
J-i?-l—" Recener | | o ReturnLoss(f) =9
- [DL<nc Hc-cmpmng:u_[h
—""lh"— : for 50 MHz < f< 2500 MHz
Sddl1l |
_..IL PMD ﬂlr?ml_ﬂeteﬂ ReturnLoss(f) 29— lzlﬂgm(m]
for 2500 MHz < < 7500 MHz
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What is ENA Option TDR?

The ENA Option TDR is an application software embedded on the
ENA, which provides an one-box solution for high speed serial

interconnect analysis.

3 Breakthroughs

eque DO
o for Signal Integrity Design and Verification
SN Py "

. | r':-rl Simple and Intuitive Operation

Fast and Accurate Measurements

sssss

rrer: 6.2508

.....

D —— —
=R (] e | [ ) j = 32X o -8
ESD Robustness

D protection inside

Agilent Technologies
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Advantage of ENA Option TDR for Hot TDR

Fast and Accurate Measurements
TDR Scopes

ENA Option TDR
N

< :I:H:Hlt» G_Et R :
.=

‘wideband receiver captures all of the
signal energy from the transmitter

A

N\

freq

fc

e

/
/.
/ Extensive averaging is

waveform.

*narrowband receiver minimizes the effects
of the data signal from the transmitter

L, W \
)
/V‘M > time

l In many cases, averaging is
not necessary to obtain a

stable waveform.

necessary to obtain a stable

/.

Anticipate __Accelerate __Achieve
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Hot TDR Measurements
Avoiding Errors from the Transmitter Signal

Time Domain

C L Eet LU, OU | F ¢ I r]

1 Gtart 19960079 MH:
EE::ZI_?':TDH rr.gl:r|

R | DUT Topokey
Setup

TOR/TOT Wizard | Stim Amel _ |
. ! DUT Length | mute

uku.-.:n— i

Anticipate ___Accelerate ___Achieve
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Frequency Domain

'." Agilent Technologies
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Hot TDR Measurements
Avoiding Errors from the Transmitter Signal

Time Domain Frequency Domain

L5 EST

From the data rate (user input), spurious
frequencies are defermined and
automatically avoided during the sweep.

1-click
Operation

1 Satds BFEVY 10 bz Stop 10 s Enll=d

&TOR v aly) (Reasd 2 e _I_I_J

&1 .'. L L
up | DUT Topology| Dffaerisi 1 |

—— ‘ Woard | sim hr _|
. oot () O
| Pt |

'\r-tup

ExtRef Swc' 2011-08-24 15:12
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-2, Agilent Technologies
32 .



Advantages of ENA Option TDR for Hot TDR
Simple and Intuitive Operation

TDR Scopes ENA Option TDR
r N “
The TDR repetition rate setting is utilized to | | From the data rate (user input), spurious
avoid the effects of the Tx signal. frequencies are determined and

automatically avoided during the sweep.
The ideal TDR repetition rate setting is
unique to each DUT (as the ideal setting is
related to the harmonic relationship of the
rep rate and the Tx signaling rate).

1-click

The process for finding the ideal setting is

usually best determined by trial and error. Operation

2.1=15 bits 21215 bits \ e EE Sixa 10 ra ESAE TN |
] A , =R L e ) 2 -

‘ Trigger Point Sampling Point [
[ Sequential Delay

Patt
e P pE—
1. Enter data rate
e ) . )
R‘%‘"‘Zﬁi‘fﬁ‘rﬁi"d % lgeent bt AL 2. Click [Avoid Spurious]
\. J )
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ENA Option TDR Compliance Test Solution
Certifled MOls available at www.agilent.com/find/ena-tdr_compliance

\_

Cable/Connector/Interconnect

SUPEASPEED 3
b USB

il
Time
&
Frequency

Frequency

[®) pisplayPort

&
Frequency

100BASE-TX

F?eguem;y

10GBASE-KR/
40GBASE-KR4

PCI >

J

\_

Transmitter/Receiver (Hot TDR/Hot Return Loss)

SERIAL
- -

m|p|a|||ance

a Tlme

10GBASE-KR/
4OGBASE KR4

Frequency

Fféé}u eﬁcy

F{eq uency

More Standards
Currently Under
Investigation
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http://www.hdmi.org/index.aspx
http://www.mhlconsortium.org/home.aspx
http://www.mhlconsortium.org/home.aspx

ENA Option TDR Compliance Test Solution
Certified Test Centers using ENA Option TDR

Test Centers Support ENA Option TDR )

ENA Option TDR is used world wide by certified test centers of USB, HDMI,
DisplayPort, MHL, Thunderbolt and SATA.

“ V E

Panasonic

Russia

. Simplay'Labs

GRANITE RIVER LABS

ALLIGN'

GRANITE RIVER LABS |

ALLIGN
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Ethernet Cable Compliance Test Solution
Summary

ENA Option TDR

ENA Option TDR Compliance Testing Solution is ....

*One-box solution which provides complete characterization of high speed digital
interconnects (time domain, frequency domain, eye diagram)

«Similar look-and-feel to traditional TDR scopes, providing simple and intuitive
operation even for users unfamiliar to VNAs and S-parameters

*Fast and Accurate output/input impedance measurements of transmitter/receiver
under operating condition (Hot TDR / Hot Return Loss)

«Adopted by test labs worldwide

Anticipate __Accelerate __Achieve
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Questions?

Anticipate __Accelerate __Achieve
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_ : gg.g
Agilent VNA Solutions ::*
PNA-X, NVNA
Industry-leading performance

10 M to 13.5/26.5/43.5/50/67 GHz

Banded mm-wave to 2 THz

i

PNA
Performance VNA
10 M to 20, 40, 50, 67, 110 GHz

lenenenesd  Banded mm-wave to 2 THz

PNA-L

World’s most capable value VNA
300 kHz to 6, 13.5, 20 GHz

10 MHz to 40, 50 GHz

——
m Bes®gerformance :gg@ Mm_wave
— gg‘ﬁH a5 ol [—"— solutions
zYo 4.5, 8. Upto2TH
E5071C  GHz PNA-X P i
World’s most popular receiver
" , gck%nzotrgi\slNéAS GHy 8530A replacement
E5061B \ 300 kHz to 20.0 GHz PNA Series
NA + ZA in one-

FieldFox 5Hzto3GHz
Handheld RF Low cost RF VNA

Analyzer 100 k to 1.5/3.0 GHz ENA Series

5 Hz to 4/6 GHz
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What is ENA Option TDR?

[Video]
Agilent ENA Option TDR
Changing the world of Time Domain Reflectometry (TDR) Measurements

‘www.youtube.com/watch?v=hwQNIyyJ5hi&list=UUAJAjd97CfnCehC4jZAfkxQ&index=20&feature=plcp

www.agilent.com/find/ena-tdr

Qrem('

Co& on Sense

Anticipate __Accelerate __Achieve
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Additional Resources

*ENA Option TDR Reference Material
www.agilent.com/find/ena-tdr

*Technical Overview (5990-5237EN)
*Application Notes

*Correlation between TDR oscilloscope and VNA generated time domain waveform (5990-5238EN)

«Comparison of Measurement Performance between Vector Network Analyzer and TDR
Oscilloscope (5990-5446EN)

Effective Hot TDR Measurements of Active Devices Using ENA Option TDR (5990-9676EN)
*Measurement Uncertainty of VNA Based TDR/TDT Measurement (5990-8406EN)

*Accuracy Verification of Agilent's ENA Option TDR Time Domain Measurement using a NIST
Traceable Standard (5990-5728EN)

Method of Implementation (MOI) for High Speed Digital Standards

www.agilent.com/find/ena-tdr_compliance

Anticipate __Accelerate __Achieve
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