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-

Amplitude

Oscilloscope
View

.

Vector Network
Analyzer (VNA) View

J
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TDR &4 0|2t?

Time Domain Reflectometry

r /\/\/\/\/\/\/\NI t’fr’rﬁ’fr r [\ A /\ /\_

Frequency Time
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Time Domain &%
TDR =5

8 E5071C Network Analyzer,

° X—:iq % AI I7_I_O| 7_| Ll_ 7_| EI lo:I Ll El_- 1 Active ChjTrace 2Response  35tmulus 4 MkefAnalysis 5 Instr State

P! Tddll Impedance 20.00u/ ref 100.0u [F4 zr]
200.0

180.0

517

140.0

« Discontinuities ¢ X| & &t
2|50 AEmEA T2 OIS

=gt S — <

50,00 | <
50,00
40,00
ol m
=] A|'-”-r 20,00
0. 000

-800p  -400 0 400p 1.2n 1.6n zn z.4n z.8n 3.2n
|1 Start -800 ps
race u

|'O

120.0

v

stop 3.2 ns EM EAEER

ESITIC o o ata Marker | o | [Marker
& TOR N AL
nnnnnn Paamelers | Gating | Tracd Contral |
Setup
HI’AI‘l_Ll' W [T oz | e | Tz |Measre [TimDonan v Difeenia
— "
TDR/TDT { Tdd2z | Td2l | Tfezz |Format [mpedsnce  w|[] Pesing
Tz | Teslt | Tho!2
| = -80%

Tod22 Toc21

| Tadar
| Tedtt
Tod2t

—

Eye/Mask

 HRALIbS| B &0[Lt
X‘—-I %Al—-l —o—l (|):! J__Ll E‘—-I i Ste{)ped Impedance [/ \loknewn Thru

ol A ||, |  '.? =

Demc purpose only. Mot for sale

A H

Ad jacent Siructure

C Connector Stepped Adjacent
impedance trace
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PNA—X NVNA

Industry-leading performance

l‘“' 10 Mto 13.5/26.5/43.5/50/67 GHz
BE.

8

Up to 1.5 THz with extenders

Performance VNA
10 M to 20, 40, 50, 67 GHz
Up to 1.5 THz with extenders

191101101194t

PNA-L

World’s most capable value VNA =32

300 kHz to 6, 13.5, 20 GHz
10 MHz to 40, 50 GHz

b o 45 8 s = Mm-wave
ES071C (a— “l solutions
World’s most popular cann—
economy VNA PNA-X receiver

9 kHz to 4.5, 8.5 GHz 8530A replacement

E506iB

NA + ZA in one-box

FieldFox Rl _ |
:j;‘;?::d RF 100 k to 1.5/3.0 GHz ENA Series PNA Series

5 Hz to 50 GHz

KEYSIGHT TG E|YAQIE
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=42 ENA TH| Hof| EX[ &= A“E%I(HEJ_*

H o

= M9l interconnect =M= 2|t one-box solution & L| Ct.

J

3 Breakthroughs

for Signal Integrity Design and Verification

Ell\

‘ Simple and Intuitive Operation

EREQE
(ENE

Fast and Accurate Measurements

|1 Start-10ms IFBW 70 kit

ESD Robustness

SD protection inside

KEYSIGHT THGE|YAOIE

TECHNOLOGIES Page 8



One-box &M
1= Algld SA12] Interconnect =44

0 0 al
Time domain
Trl e Tr2 C C
» i D O a e O ) O c
ot e 2408 . ns . mm ) . o 50. GHZ
T 220.0 |>2 2.6118 ns (782.99 mm): 04.887 U - 40.00 |52 14.452606 GHz -7.0640: da
-t} ; TDR . Return Loss
L 160.0 10.00
2 FILWRELE WA \ 140.0 0.000 ; g
120.0 —10.00 [ A VT g ke
100.0 =20.00
B80. 00 —30.00 P R T et
60. 00 : -40.00 £
. 40. 00 ) = . 4 -50.00 = —
Frequency domaln -1n o] 500p 1In L1I.5n 2n 2.5n 3n  3.Q| 4n 19.980015%M 8. 0119876159G 19.99999901 596
Tr3 Tdd2l volt 100.0mu/ ref 200.0mu [F4_] Tr4 sSdd2l Log Mmag 10.00ds/ ref 0.000d5 [_Faq
Tr7 Tddl2 volt 100.0mu/ ref 200.0mu [F4 Tr8 Sddl2 Log Mag 10.00de/ ref 0.000dE [F4
700.0m — T4353 s E430‘29 mmg 35577 0 50.00 —g 57 oS —6.1508 0B
2.6118 ns (782.00 mm): 303.80 mu - 4 . -12. 516+ de
TDT  , time:| 282.84 ps c84:792 mm) 3 : Insertion Loss
f 400, OM frerrerpereees ’_\____j =={3 FAUVY]
AT AT AR e Vea Yo 300, Om B0% 10. 00
| S -, | 11. 200. Om p r 4 0.000
100. Om 0% > . =10. 00
0.000 J : -20.00
-100. Om -30.00
\ -200. Om / -40.00 /
- T =TT
-1n 0 s500p 1n I1o5n 2n 2.4% 3n 3.5n 4n 19. 980019M 8. 0119876155 + 19.999999019G
1 Start-1ns IFBW 70 kHe n
E5S071C Trace Auto Stop Data Marker Marker Off ~
o1 TDR s 'H Scale 'I W Single I Mem YI 'I Seych'D y 4 RS
ax
P, Harizontal Vertical " Patameters Galing
atup - Min
T n <« » \y Tddit | Tddi2 | Tdett /(o v
TDR/TDT e Tdd21 - Tde2t Rise Time {10-90%) ~| 01 Peeing
Tadtt  Tadt?2  Toold Rise Time ©20-80%) - E
Eye/Mask Tod2l  Tod?2  Too2i ATime v

KEYSIGHT TG E[RAH0|1E
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One-box &

=
T L-

M

J= A2l EA19| Interconnect &4

Time domain

Frequency domain

KEYSIGHT

TECHNOLOGIES

X ES071C Network Analyzer
1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrjanalysis 5 Instr State

Trl Tddll Imped 20.00U/ ref 40.00U [F4 Z Tr2 sddll Log Mag 10.00dB icdi
bl T95s Impesancs 28:90u Ref 48088 TE1 &) TrE 2995% £28 ag 18:084/| Automatic display
21_10'0 ‘ 1 l.4353‘ ns (430,29 mm). 165.54 U 50.00 1 §.7514246 GHz allocatlon for mOSt
220.0 om) 94,887 U 40.00 1>214.452606 GHz | common measurement
200.0 + 30. 00 .
:20-9| up to 9 markers o oo parameters depending on
160.0 prosessress S R B 10.00 selected device topology
140.0 0.000p
120.0 -10.00 [fHEA P
100.0 -20.00
80. 00 Z0o0om -30.00 = . - =
60,00 -40.00
0.00p ; -50.00
¢ “1n o s00p 1n 1osn 2n 2.4 3n 3.5n 4n 19. 980010M 8. 0119876156 “ 10.9999990106
Tr3 Tdd2l volt 100.0mu/ ref 200.0mu EM] Tr4 sdd2l Log mag 10.00de/ ref 0.000ds EM]
Tr7 Tddl2 volt 100.0mus/ ref 200.0mu [F4 Tr8 Sddl? Log Mag 10.00dB/ ref 0.000dE [F4
700.0m 355y ns 5430‘29 mmg 385,27 w0 #0.00 55573746 GAz -6.1508'd8
600.0m |2 2.6118 ns (782.99 mm)' 303.80 mu 40.00 |52 14.452606 GHz -12.516:dB
500.0m |[Rise Time: 282.84 ps (84,792 mm) 2 30.00 :
RGO T S — B S~ . A SN A S T
2o se ume o —
Spobel A It Oo’w\/ﬁ Set rise time to
. On 10,00 | T e :
0.000 J characterize
-100. Om Flexibility to set expected
jgz Em measurement performance at
Dedicated controls for | 2n 2.4 3n .| parameter for each 8. 0119876156 slower edge
M speeds
Off
Max
Setup Min
Tdd 1 Tdcl
TDR/TDT Tdd21 Tdc21 Rise Time (10-90%)

20 Dhmddry

Page 10

Tadl
Tad21

Tedl 2
Tod22

Tecll
Tec21

Rise Time 20-80%)

4 Time (skew)
measurements
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One-box &M
15 Al2ld

B[=]E3

380. 8mv

one

Jitter:

11. admv

Zero:

6.25ps

width: 660.4ps

369, 1my

317. Gmy

Height :
Amplitude:

-50. 00m ﬁ
o] 166. 6666670 333.333333p S00p GB66. 686670 B33.333333p 1n 1.333533333333
|1 start-10ns IFEWY 70 kHz Stop 10 ns kel Dl WNwi)!
i ESW“IC Trace Tdd21 Stop n
Eye diagram "“TDR Vl | Sinele
Setup Eye Control Bit Pattern Results
. Rise Time 113.1 ps ~
B — Type PRES  + | Amplitude Rize Time Def. Fall Tirne 113.2 ss N
TDR/TDT Draw E Mask Patt i -
ye SlFEEm Lergth tits) 2151+ | Data Rats 1080 || diterRMS 954.5 f —
Jitter p-p 6.25 ps
Eve/Mask Rize Time Crossing % 43,90 %
Mask Test . Export To CSV Opening Factar 0.8612
System 10-90% |» Signal / Maise 2161 v

KEYSIGHT
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One-box &M
= A2l S22 Interconnect =4

Eye diagram

KEYSIGHT

TECHNOLOGIES

X ES071C Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

Trl sdd2l, Input = 400mv 1.5Gbps

one: 380.8mv

<JU.uUm

Eye mask editor

317. Smv

Height:

amplitude: 369.1mv

[RiadM | 5.2 R Ko

— Eye mask test
C¥Pvogram FledAgler®E S0708 Te
‘::r_m_m—«
Descrphon
- . Gl £t
( = J
Lo | R Automated eye
| Virtual bit diagram
Ll — [ pattern generator measurement results
g Aoy om |
§ ( 432ps, 827)
Setup Eye Control Bit Pattern Resuls —
Type PRES v Amplitude Riise Time Def ?:,:: :::1?”
TR Draw Eye | | MaskPatem ||\ oy tits) 2151 v Data Rate 1090% v | JiterAMS 954.51
Jitter pp 6.25 ps
Eye/Mask rise Tine [ETSIII Crossing X 49.90 x
- Opening Fact 0.8612
System Mask Test 1090% | J|EetToCsV smam:'z: 21.61

)

Page 12
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Three Breakthroughs

Simple and Intuitive

1:.:‘
| wed

HEH
i

KEYSIGHT

TECHNOLOGIES

7|1E°| TDR 23
Vector network analyzers 2t S-It 2
AMEXRE RAMO Z AFRSH 2 Q= 1M

I BH| 9} H| 23 =R
o

% E5071C Network Analyzer
1 Active ChfTrace  2Response 3 Stimulus 4 MizjAnalysis S Instr State

for Signal Integrity Design and Verification
L~

[El S 80| A=0otX| 2

Tr ddll Log Mag 10.00d8/ Ref 0.000d8
Sdd22 Log Mag 10.00d8/ Rref 0.000d8

Trl Tddll Impedance
Pl Tdd22 Impedance

<00 [>2 14.452606 GHz -7.9649:0B

ok

5 M W = \(’“

e T 50.00

B/RfUOOdF

Tra dd 1 Log Mag 10
i8/ ref 0.000d8

rr& Sddl2 Log Mag 10

Y M1, 7514746 Ghz -26.862.08 |

]

Y

:4
:4

o5n 2n 2.90 3n 0190

lstltlrl M?Dl&k

ff
weor (i) (Gl O ) (Baiv) (s=lv) :::::hvl o
SG(ID ﬁoﬂ‘vﬂd '\' < > '\;:mcd {\J ' Patameters Min
| Tad11 Tdd12 Tdett

Tod21 Tod22  Tec2t ATime

Page 13

Tdd21 - Tde2t Rise Time (10-90%)

| |
\:,/ N .i,/ \:/ Toit | Tot2  Teott | Rise Time 20-80X)
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Three Breakthroughs
for Signal Integrity Design and Verification

Simple and Intuitive Setup Wizard
ArEX7 ERst 2807 error L8 MY S5
It AEZE CotEL|Ct

- -
Overview
Step 1/4: DUT type \

0%t
1o
1

A Z

k>
>

S 14 TUT

e L a—
— —
L —
- e
.-
—

- J050:0.0,
EE- AgiletTd ® @ §®~Q. 9__@ Step 2/4: Deskew + Cable Compensation
EEEEE opy | __1:
[— B O GrG
2® EQ__Q_ ;O__@ Step 3/4: DUT Length
b i T 5 T 6D
7 o ¥ L @ @D G siepaa: Rise Time
- - S tme of step stimulus.
OPEN - 050:60,.0;
- 0 D QO oo TR
— Definition | 10- S0% v

l < Back “ Finish I

KEYSIGHT THGE|YAOIE
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Three Breakthroughs
for Signal Integrity Design and Verification

DUT: 50 Ohm I} &

*:

Fast and Accurate

VNA 7|8tO| TDR &78 |
= Low Noise

ot e 1 TG EIZA0IE



Three Breakthroughs
for Signal Integrity Design and Verification

DUT: 50 Ohm Ij &

Fast and Accurate ENA Option TDR _TDR .Scojo.e . . .

~ Averaging..
$1 ohm/div &ing

Averaging

can lower noise

IT(EEI-X\ISO!_?GII-!EI Page 16 THG EI%?‘IIO IE



Three Breakthroughs
for Signal Integrity Design and Verification

DUT: 50 Ohm Iff &

D _

ENA Option TDR TDR Scopes

Fast and Accurate

. AVETagIng..

$1ohm/div $1ohm/d|v

j Rea I'Tl me Analysis l

IT(EEI-X\ISO!_gGII-IEI Page 17 TI—IE EI%HIOIE




Three Breakthroughs
for Signal Integrity Design and Verification

. . — L x ——
HEX3 24 7|0 M Dynamic ranget receiver/t H&st A S™8E = U=
Z|CH ot 2 receiver?| noise floorl| A& ZatL|C},
Dynamic Range Comparison
VNAvs TDR Scope
140
120 1 -
Fast and Accurate 100 L
e E5071C-4K5
80
E —86100C-202
60 {ave=16)
10 — —
-—.___‘_________-
20
0
0 5 10 15 20
Freq[GHz]

*E5071C Datasheet (5989-5479EN) July 10, 2009 ... System Dynamic Range 10Hz IFBW
*86100C Technical Specifications (5989-0278EN) October 1, 2009 ... Attenuation Dynamic Range Internal

KEYSIGHT THGE|YAOIE

TECHNOLOGIES Page 18



Three Breakthroughs
for Signal Integrity Design and Verification

Fast and Accurate

ENATDR SM

TDRAZE

-

[Source]

Source= S ot1X} st= Ful
CHedol M el 327(7F L™ ol ek
> =2 Fi YoM Mo}
X g 4k,

Noise

Aol

Signal/\ /\

\VAAVA

[Receiver ]
*Narrowband
« - 0| == ZE 2] stopband ol 2|5l A
2 7+ = L
-> Noise reduction
IFBW

\_ e )

Y4

\ ©1

[Source] h
Sourcel| Ut = FutIt ZIHeof et
=45 gt ot

> =2 Fule oM HEEo| Bol

Noise
t =
Signal /_ T
>t fo f
[Receiver]
*Broadband

oA|AHEIO| =X pandwidth otol| =X 5=
2E LOo|=JFEH™E YL,

->NO noise reduction

For further details (including mathematical analysis), refer to the White Paper “Comparison of Measurement Performance between

Vector Network Analyzer and TDR Oscilloscope” (5990-5446EN).

KEYSIGHT

TECHNOLOGIES
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Three Breakthroughs
for Signal Integrity Design and Verification

ENA TDR &4 Sgme—— - ESD 2353|27}
VR ==@)saa | L E o

Y

ol L|Ct.

AN H

ESD (Electro Static Discharge)ol| Ci gF =2 WA 2 ZH[ 2| 2 & portdl RF

SHMS2 RAISHHA ESD WX B 4 Y= Hos 28 MAE 5 U7
o2 9luch.,

Proprietary ESD protection chip significantly increase ESD
robustness, while at the same time maintaining excellent RF

ESD Robustness performance (22ps rise time for 20GHz models).

w*..:

ESDO]| CH3 M&5= A ™SH| 21510 ENA &M TDR2 IEC801-2 Human Body

5 ModelOf| =3t ESD Survival A| &S BEQF& UL}

ESD protection inside

ESD Survival IEC 801-2 Human Body Model. {150 pF, 330 1) RF Dutput Centar
pins tested to 3 kV, 10 cycles

KEYSIGHT THGE|YAOIE
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Three Breakthroughs
for Signal Integrity Design and Verification

ENATDR &M TDRAZE
4 o N/ )
Test Port % X Test PoX

NS ~ / AN S AN /

Receivers Source Thru-Line Terminated
Sampler Step Generator

e
Test Port X X . l Toet P
$ % Protectign
Circul
ESD Robusthess I

Y

i—l—u—b"": Receivers Protection Source Thru Line Terminated
‘\ P P F Circuit Sampler Step Generator

ﬂ ENA TDR 82 M& 21 ghAtE| = &+ ESD 2 53| 2 7} step stimulus &l 2]
ESD protection inside ASTE % OI.O:I tHl £ |j| = ’_cl MNol= rise time= Li"—’ﬁ - _9_.L|-7|- 7| [[H —|—0'||
HFAl O 2 EII-3|.7| il 2ol ESD HS32E & AMAs= AO|
HiX| 3| 2o 517 A2 MM =7 GE=E=1risy
L *:pu | 2apb Mz A ) = )
KEYSIGHT ' ol
TECHNOLOGIES Page 21 THG E‘I =7‘"0|E




*DUT: USB3.0 Cable
*50 ps rise time (20-80%)

ZK

| Correlation
TDR/TDT

Impedance [Q]

120
115
110
105
100
95
90
85
80
75
70

-2.0E-090.0E+00 2.0E-09 4.0E-09 6.0E-09 8.0E-09 1.0E-08 1.2E-08 1.4E-08 1.6E-08

N

—36100C

——ENA-TDR
I

Time [s]

Voltage [V]

0.5

0.4

0.3

0.2

0.1

-0.1
0.0E+00 2.0E-09 4.0E-09 6.0E-09 8.0E-09

—86100C ——

—ENA-TDR
\ \

Time [s]

1.0E-08 1.2E-08 1.4E-08 1.6E-08

KEYSIGHT

TECHNOLOGIES
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=X Correlation
Eye Diagram

DUT: USB3.0 Cable
*PRBS (277-1) @ 5 Gbps
.+ N4903B + 86100C

<‘ (live)

—— ENATDR SM

=~ = (simulated)

=

M ES071C Metwork Analyzer
1 Active Ch/Trace 2 Response

3 Stimulus 4 MkrfAnalpsis 5 Instr State

IFBW 70 kHz

|T Start -2 ns

KEYSIGHT e o TrHG E|2A0|1E

TECHNOLOGIES



ENA S/ TDR 2¢2F

Keysight ENA TDR =41 O/ =2/7)0/A...

TECHNOLOGIES

Page 24

4 st = )
« 1% A2[d S4 interconnect 4= ?| 2t one-box solution 2 X & LT,
Time domain Frequency domain Eye diagram
| 3 PNy
\_ J
"« 215 integrity M| 2t Z{ 5 S 2|5 M 71| breakthroughs 7+ U &L . )
Simple & Intuitive Fast & Accurate
Operation Measurements ESD Robustness
— aeou .
\ = Y,
KEYSIGHT
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Ll &
FIAOE HERX A 47| 7|9 TDR &HH| Overview

Cable/Connector Compliance A| & &H= o

2| £l 1= Digital 14 5ol ERetI|s

ol
« Stressed Eye Diagram =4
* HotTDR £ : Active DeviceOl| Cf 8t A &| AL =710/ AM 2] ] x|HA
=47|s
Summary

KEYSIGHT

TECHNOLOGIES
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Cable / Connector Compliance Al &
=7 Parameter - USB 3.0

Host ~ CabCon  Device Time Domain Measurements
( N Mated Connector Impedance
[> 7 =D Raw Cable Impedance
ol S Intra-Pair Skew
) 2 D+/D- Pair Skew (USB 2.0)
q‘ s USE Par <| D+/D- Propagation Delay (USB 2.0)
FLRLLLS, Diferential Near End Crosstalk (NEXT)
) Differential Crosstalk Between D+/D- and Super
; Speed
D USB;D Pair q p
Q e I> Frequency Domain Measurements
ik bl Differential Insertion Loss (Sdd21)

Differential-to-common Mode Conversion
(Scd21)

D+/D- Pair Attenuation (USB 2.0)

IT(EEI-X\ISO!_gGII-IEI Page 26 THG E‘IQA}IIOIE



Cable / Connector Compliance Al &

=7 Parameter - USB Type-C

Host

CabCon

I

2 )

Device

FJ
uperspeed (Tx Pair
Full Simplex

2

Wil

¥

A J

r 3

r
uperSpeed (Rx Pair
Full Simplex

2 2

sl

& £

7

uperSpeed (Tx Pair)
Full Simplex

2

0

7
uperSpeed (Rx Pair
Full Simplex

y 2

[¥]

* 7 >

ANY DY AN Y

D+/D- Pair (USB 2.0
Half-Duplex

r

CCi1

-

SBU1

SBU2

VBUS

KEYSIGHT

TECHNOLOGIES

USB Type-C connectors and cable assemblies must meet or exceed the requirements specified by
the most current version of Chapter 3 of the USB Type-C Specification and applicable Supplements.

Time Domain Measurements

+D+/D- Impedance (USBE 2.0)

+D+/D- Propagation Delay (USB 2.0)

+D+/D- Intra-pair Skew (USB 2.0)

«[Raw Cable] Characteristic Impedance (Informative)
*[Raw Cable] Intra-Pair Skew (Informative)

*[Mated Connector] Differential Impedance (Informative)
[Low Speed Signal] Characteristic Impedance

Frequency Domain Measurements

*D+/D- Pair Attenuation (USE 2.0)

«|LfitatNg, IMR, IXT, IRL, Differential to Common Mode Conversion
+Shielding Effectiveness

+Insertion Loss (Informative)

*Return Loss (Informative)

*NEXT/FEXT between Gen2 Pairs (Informative)

*NEXT/FEXT between D+/D- and GenZ2 Pairs (Informative)

*[Raw Cable] Insertion Loss (Informative)

+*[Mated Connector] Insertion Loss (Informative)

*[Mated Connector] Return Loss (Informative)

*[Mated Connector] NEXT/FEXT between Gen2 Pairs (Informative)

*[Mated Connector] NEXT/FEXT between D+/D- and GenZ2 Pairs (Informative)
*[Mated Connector] Differential to Common Mode Conversion (Informative)
*[Low Speed Signal] Coupling between CC and Differential D+/D-

*[Low Speed Signal] Single-ended Coupling between CC and USB D-

*[Low Speed Signal] Coupling between VBUS and Differential D+/D-

*[Low Speed Signal] VBUS Loop Inductance, Coupling Factor, VBUS Capacitance
«[Low Speed Signal] Single-ended Coupling between SBU_A and SBU_B
*[Low Speed Signal] Single-ended Coupling between SBU_A/SBU_B and CC
«[Low Speed Signal] Coupling between SBU_A/SBU_B and Differential D+/D-

THGE|YAH0IE
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Cable / Connector Compliance Al &
= Parameter - HDMI

Eye Diagram Measurement
’E:> — § Video Test ID 5-3: TMDS Data Eye Diagram

IED ... e R I>
Time Domain Measurements

G@‘D PO Cock Shanee :> Test ID 5-4: Intra-Pair Skew

< N T— Test ID 5-5: Inter-Pair Skew
- < Test ID 5-8: Differential Impedance
e LT oy
IET S - Frequency Domain Measurements (%)
_ . e e "™ | TestID 5-6: Far End Crosstalk
e I FOMI Bleck Digrem Test ID 5-7: Attenuation and Phase
KEYSIGHT THGE|IYAH0|E
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Cable / Connector Compliance Al &

=5 M overview

« Cable/connector compliance A& 2 A7t} Fof+ F

=xMoz AMEL|C}

p
Fo FY

*Insertion Loss (Sdd21)
*Mode Conversion (Scd21)
*Crosstalk (NEXT, FEXT)

(TDT)
-

4

p
A2t EY

Mated Connector
Impedance Profile (TDR)

-

KEYSIGHT

TECHNOLOGIES

il

HES3
247

SO M2 o2t Ef

M2 EFA

« I = parameterS ENA
TDR 2MO 2 =X 0|
7t& g LCt.

One box

E Tl

i &
- .\§
. o
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Cable / Connector Compliance Al &

Parameter =

=X

Time Domain Frequency Domain

1 Ackive Ch{Trace Z Response 3 Stimulus 4 MkrfAnalysis 5 Instr State

Trl Tddll Impedance 5.000L
TrS Tdd2Z Impedance 5.000L

Tr2 Tddll Impedance 5.000L
Tré Tdd22 Impedance 5.000L

115.0 e 115.0 e
[ 1 ass [ ass
11o.0 Tra: Pass 110.0 Tra: Pass
105.0 105.0 Cable Z
Le’Connector Z Loo-0 [LBUIG L
{Tdd1 R Z'ﬁ@dll, Tdd22) |
85.00 g5. h<;ffq=F::::=:::=
80.00 80.00
75.00 75.00
FO. 00 70,00
65.00p 4| #5.00p 4
D 450p 900p 1.5n 0 450m 000H 0
Tr3 T31 wvolt 50.00mus Ref Tddzl wolt 2.000md/S Re
Tr7 T42 volt 50.00muy Ref Tddzl wolt 2.000mUs/ Re
350, qm . 10. 00m
30Eniriwﬁ’am$kevm 8.000m | Mean: =70, 501 Et
2509734, T42) * ‘Near€nd Xeailk
. ] :
e —1 2 D+/DrSS Xtalk!
1@%1@% d f ©-000M LY
50. 00 L 2. 000m
n.o00 Skew & L1 . ooom
oom | L 5. 000m
“Propagation Delay | oo
-150. I TR4—TAD) L1, 00
(131, 742) ... "o o00p 1.8n  3n
|1 StartOs IFEBW 70 kHz Stop 3 n: EIEIEE
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Trl =dd2?l Log Mag 5.000dB/ Ref 0.000dE [F4]

10,00
G, 000
0. 000Ky
20
=20,
-30.00
-35.00
=40, 00
=4 5. 00
=50, 00

—5.000 ‘
=10, Do

=5, 00 = L
~20:00 Insertion Loss

Trl: Pass

Tr2: Pass

Tri Pass
4

tion (Sdd21)

2 |Start 100 MHz

IFEW 10 kHz Stop 8.5 GHz Sim)| Cor
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Cable / Connector Compliance Al &
Mated Connector Impedance —~USB 3.0

\:|

| = A mismatch o] 2|alf M 2 | = BEA L=
CHof| A cO| =2 LIEF|A| E U 2] uEHA T2 aiels
(@]

=
=Xt 2 M A I EHA mismatchol| 2| &t Q&S THEtst 4= A=
7

DD Pai Aermsation (58021} A H

‘ ‘ Receiver THO[A] 20X = MSEMS UHEMO2 EX 5=
utetm El2t L g = ASH T
* \« TDR with 50 ps (20-80%) rise time
Tdd11 Tdd22
105 105 ohrrs
E o
£
g 85}
a0 -
" 75 ohms
70 4
65
N J e o
Figure 5-21. Impedance Limits of a Mated Connector
KEYSIGHT ol
TECHNOLOGIES Page 31 TG E|ZHOIE



Cable / Connector Compliance Al &
SS Differential Insertion Loss (Sdd21) -usss.o

« Differential &1 © 7} interconnectE S }otMH A XIS Sk if
Hi2| 2 == o S S8 S Zat ),
T ‘“,_,_,._ ; MW‘MMH . — —_ = =| L—
e | SR L e * Receiver CH|M E0{X|= MSEMH S XEHAH 2 SHSI=
— ul2li Ef2t e & = [_EH )
Host CabCon Device
| ' | T
Sdd21 ;
2
—300 1 C:D[} 2[::00 30‘00 40‘00 50‘00 60‘00 ?OIBO
Frequency, MHz
L /
KEYSIGHT TrG E|AAH0|E
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Cable / Connector Compliance Al &

Differential Near End Crosstalk Between SS Pairs

(NEXT) -uss 3.0

- Differential pair Z+2| couplingS =& & Ct.

Host CabCon Device

* Crosstalk2 A|Z+F 0| Lt Faoprd Aol M SHE

Time

Standard-A | If p-p <= 3.6 mV: Pass, else: Fail

Standard-B | If p-p <= 7.2 mV: Pass, else: Fail

Micro-AB | Ifpp==4.8 mV: Pass, else: Fail

L 4

KEYSIGHT

TECHNOLOGIES Page 33
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Cable / Connector Compliance Al &

Differential Crosstalk Between D+/D- and SS Pairs

(NEXT/FEXT) -uss 30

Host CabCon Device

xFEXT

NEXT \
/ )

KEYSIGHT

TECHNOLOGIES

« Differential pair Z+2| coupling2 =& & Ct.

s Crosstalk2 A|ZtPF A 0|1} FufsH Ao A SHE L C

@ rise time 500 ps (10-90%)

Time

Figure C- 2.1

Standard-A | If p-p <= 8.0 mV: Pass, else: Fail
Standard-B | If p-p == 8.0 mV" Pass, else: Fail

Micro-AB | If p-p == 8.0 mV: Pass, else: Fail

Page 34 TnG EI%J‘IIOIE



Cable / Connector Compliance Al &

Differential to Common Mode Conversion (Scd21)
—USB 3.0

Host

CabCon

Device

v\ - — Il

AVAV

Differential Common

Mode ode
) J

KEYSIGHT

TECHNOLOGIES

« Common-mode Al

MLt = Scd21

.ol 5o

Diff erential o Common Moda Comvearsion, dB

--------------------------------------------------------

--------------------------------------------------------

'''''''''''''''''''''''''''''''''''''''''''''

--------------------------------------------------------

'''''''''''''''''''''''''''''''''''''''''''''

--------------------------------------------------------

________________________________________________________

--------------------------------------------------------

Figure 5-26. Differential-to-Common-Mode Conversion Requirement

Page 35
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ENA TDR &4 Compliance

TDR / S-parameter Compliance Al &l 2 |2t One-box &FM

Cable/Connector/Interconnect Transmitter/Receiver Impedance (Hot TDR/RL)
.‘-'H"IHSFEED. . 5 RIA . o RIA| :, .'. )
WSt | (H=2M A= Lo JA|— | |mipialliance

Time " Time _ g Time " Time

& Frequency == =—— Time N &

Frequency J Frequency Frequency Frequency
N 100BASE-TX 10GBASE-T YMEHL 10GBASE-KR/ -
2 ispiayport EEm— —_— ——— | |40GBASE-KR4 e
& :. = —&'__ === —& —— = _& = -F'reg'l‘le'n_cy Fl'eq uen CY
Frequency Frequency Frequency Frequency :
10GBASE-KR/ “MHL = * _ * - *
AOGBASEIRY | expreas ‘)_— > - C,Eé -
Time “Tirrie_ ’ e - .’“I‘Tlin‘ie_ ) e -'.-':..‘: -- t ﬁme'
e S Time N N— Frequency &
Frequency Frequency Frequency Frequency
*

BroadR-Reach

— '.'.'_'& — .'.!_. m—

Frequency

\ /J \\ J

For more detail about compliance test solution by the ENA Option TDR, visit
www.keysight.com/find/ena-tdr_compliance

KEYSIGHT TGOl
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www.keysight.com/find/ena-tdr_compliance

KEYSIGHT

TECHNOLOGIES

Hardware Software Services & Support Industries & Technologies

are > . > Network Analyzer Sofltware > £5071C-TDR Enhanced Time Domain Analysis > Details

About Keysight

Overview

Each high speed communication standard establishes a spedfication to ensure the quality of products. To verify compliance, componer
complianca test for each standard. Using MOIs and state files, you can efficiently perform compliance tests with the ES071C-TDR and M

Learn more: ES071C-TDR Product Dezails

Learn more: M337xA PXle Multiport VNA Product Dezails

Eye Diagram Analysis =1

ttey Injection. Squelization. el

Standards supported by ES071C-TDR f M937xA PXle Multiport VNA

MOIs & State Files

Cable-Connector
Standards Assembly Tw/Rx Impedance
Use Use 20 Coming soon...
UsE 30 NiA
Use 3.1 NiA

USE Type-C™ | ESOT1C/ M337xA [ BitifEye | N/A

KEYSIGHT

TECHNOLOGIES

Test Solution Overview
Avazilable
Avazilable
Avazilable

Avazilable

Standards
UsE USB 2.0
USB3.0
UsB 31
USE Type-C™
HOMI HDMI1.4b
(*4)
HDMI 2.0
SATA vin
DisplayPort vl.2b
vl3
Al Mode
= D-PHY w11
M-PHY v3.0
Etharnet 00BASE-TX
10GBASE-T
10GBASE-KR /
ADGEASE-KRA
MHL w2
Plle® w30
Thunderbeolt @ | v0.9
BroadR- va.l
Reacn
=D Card & UHSE-I
Cfast 2

Page 37

MOls & State Files
Cable-Connector TR
Assembly Impedance
ES071C Caming s00M..
ESO071C MNeA
ES071C A
ESO71C/ M33TxA S MNeA
EitifEy
ES071C MUA
(*2) ES071C
ES071C ES071C
ES071C MUA
ES071C MUA
Coming soon._. MUA
A ES071C
MIA ES071C
ES071C MUA
ES071C MUA
ES071C(*3) ES071C
ES071C Coming 500...
ES071C ES071C
MiA Availzble (1)
ES071C MUA
MA Available (%1}
A Availzble (51}

Test Solution
Overview

Coming soon._.

Coming so0n_..
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http://www.keysight.com/find/ena-tdr_compliance

|_

7| A0l E MOI F AIO|E Fa

_ Trgosr eope
Al Charnsl

ot

Esysight MOI for USE Type-C Comnectors & Cable Assemblies Compliance Tests
Iragar (Tipe-C to Tipe-C Passive Cable Assemblies)

eeiR [l (e [ e en |yl |».m,.' vyl | fie || _“_J_l
— = | i
= T .-|-...:—|r..|:... ezt = |

Revizion 01.00

Documents & Downloads

Universal Serial Bus Type-C™! Specification Revision 1.1

Method of Implementation (MO} for USB Type-C to Type-C Cable-Connector J\ssembly Compliance Test e 3 | - T

Keysight Method of Implementation (M) for USB Type-C to Type-C Cable-Connector Assembly Compliance Test Using Keysight ES071C ENY K@} Slght }[9"10(1 ﬂf Imp].em?n'anon (I\IOI:I fﬂl L SB
Metwork Analyzer Option TOR T
Application Note 2015 Type-C™* Connectors and Cables Assemblies Compliance
ESO071C-TDR State File for USE Type-C to Type-C Cable High Speed Signal Compliance Tests (Option 4K5) TE'StS [:‘Sillu K@"Sight E;O"lc E‘\I 4 Optiﬂll TDR

h = w - ‘ -
Prog; 20151
ES071C-TDR 5tate File for USB Type-C to Type-C Cable Low Speed Signal Compliance Tests (Option 4K5)
Prograr 201511
Method of Implementation (MOI) for USB Type-C to Legacy Cable-Connector Assembly Compliance Test
il Aethod of Implementation (MO1) for USB Type-C to Legacy Cable-Connector Assembly Compliance Test Using Keysight ES0T1C ENA - -

Metwork Analyzer Option TDR USE Type-C™ and USE-C'™ are frademarks of USE implemeniers Forum.

n Note

KEYSIGHT THGE|YAOIE
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- Z|4l 1= Digital 74 SHol| RIS

 Stressed Eye Diagram =41
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Compliance A&

So| FzfstiA oo|Ef
2 Q3| A E|UALLICH ety 2Ot o |
A A AR FHOIMO| SETYE BH O BRS

AN A —
Maag

- it —
t_Hlol_l- T%E

- O T

28 =xo|
35 U B}
xA El Lt

KEYSIGHT

TECHNOLOGIES

Data Rate Compliance Test Parameters
1990s ~100s Mbps  <time domain (impedance, delay, skew, ...)
2000~ 1~3 Gbps *time domain (impedance, delay, skew)
*frequency domain (insertion loss, return loss,
o)
2007~ ~3 Gbps *time domain (impedance, delay, skew)
*frequency domain (insertion loss, return loss,
crosstalk, mode conversion, ...)
@G‘.’c@E ~6 GbpsS ;

active state, delay, skew, strerssed eye
diagram)

*frequency domain (insertion loss, return loss,
crosstalk, mode conversion, ...)

J

Page 40
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Stressed Eye Diagram
Why Measure?

Interconnect £ =<2 HBIAIEAIO|L}
Aol Al olu|EHA S uf2tH Ef
EHs 1 1 EME A
ol A

AA H

=
2

EM BAM ® =

o

o = |
StLt= JLFE'—HHI Ef SH&E s 24

EE—

Channel

Rx

M; KEYSIGHT
TECHNOLOGIES Page 41
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Stressed Eye Diagram &4
Why Measure?

Interconnect =2 =415t= &£ CtE 24 2 eye diagram & L C}. Of
SHUH O E orF |ink 2| B CHoflA] eye S8 2 A H =ole = AUs
Adeluct ol gt 2HH S “stressed” eye diagram A & O[22 &t C},
TransmitterOl| A 0 A =| = Z| 2t . =2 interconnect £ 0| A eye
24 20l Cf 5F “stressed” A S E dlagramol EMdZ ML
interconnectol| 17}t =0
\x B I e
('j LA‘, ' Channel prd | 3 ‘
| i T
PRAEES e | S gl —
et TrG E|[AAH0|1E

TECHNOLOGIES Page 42



ENA TDR &M 2| &H
Stressed Eye Dlagram =AM

3 Breakthroughs

for Stressed Eye Diagram Analysis of Interconnects

Affordable Solution

Comprehensive Signal Integrity Measurement XX o
Solution for Next Generation High Speed S —— Complete Characterization
Digital Standards | \_ ...

N /

KEYSIGHT THGE|YAOIE
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ENA TDR 54 9| &
Affordab e Solution |

Traditional So ution expensive for

majority of
cable MFRs !!

$300K ~ $500K

< . >
_J
ENATDR 4
\
r ,"\ , 8:5GHz, 4P
- — 4 14GHz, 4P
*2OGHZ, 4P
/
4
$100K $200K $300K $400K $500K

Price [USD]
IT(EEHYN%!_QGII-!EI Page 44 THG EIO'U‘IIOIE



ENA TDR 42| &E
Simple Setup and Operation

Traditional Solution ENA TDR &M
f Y4 R
—E - R . __E—['_,_, =; 33%%3 E44380 I X X ) . .
J —waF W@ | “Jitter insertion
=l Agilent E48BTA HDMI TMDS H
=[S Emphasis
for Bias-T —1 . .
] |pp0 C *Equalization
o O _I_l DSO810008

DT Power Supply

M2 MU =2 FM = 0] FH| setup 2t One-box &F M2 &2 2| setup 2t
= xtdbo| =2 &gt} S2taol Zhetgh o,
- J\_ J
KEYSIGHT THGE|YAH0IE
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ENA TDR 42| &E
Complete Characterization

Traditional Solution

ENA TDR SM

ftressed eye diagram 241} parametric )

(2 | stressed eve diagram £ 0t 7= 3t c},)

TxE
———

- Time Domain
= e E-= = == i il Impedance Return Loss e
] S G - : o
) o EI_ AL L 7-| D I- o L t! d_._—-—-----'—'—"{:.: W‘W;..—n.__‘l_. = H.II . i
Eye-diagram= th=otA E= A Mo 2= I i ——
[ o 2 o|l=~ O —_ [ 2 —_ A P L o ey b A EreE ¥ o L
=M 2 ?let Chget e 2 =+ e '
81 ﬁ |__| |:|. Delay, Skew Insertidn—l:os\sw_,\__
e gue @ & = e .
e I N DN BTN o - E—

24{0| BF JHSBLICE

J

TG EIYAHOIE
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ENA TDR M 2| &

Correlation

“=Bm HDMI cablem

Sowce Device Catle Assambly Siok Dovice

ENA Option TDR

E4887A & 90K Scope

Trd Sdd2l, High = 470mv Low = -470mv, 3.4Gbps
e
om
480.0m @: 406.
|
90
160. O E
8
0.000 §
-160, O .:-:
=3
) g
| -
4
om
width: 120p:
'—"T “““ 7.05882352%p 0 73.529412p 147.058824p 220.58823% =3 7647,
800. Om
m‘iA Gbps with 2.25GHz EQ
o ;367 2my,
320.0m T > T
¥
160, Or .
=
R
0.000 r
3
-
160, Om -
H
om
), Om
om
width: 118ps
800.0m — — — — — — —_
1 $882352%p 0 73.52%412p 14 $8824p $88235p 294, 1 647, 05882p

KEYSIGHT TnG EI""71I0IIE
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- &l 1% Digital 4 S0l HRset7|s

e Hot TDR S%: Active DeviceOl| Cl 8t A H| AFE=ZH0l|A{ 2| QuEHA

H L
=47|s

KEYSIGHT THGE|YAOIE
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Hot TDR 4
Why Measure?

Eye
Degradation

_ 2.
3. Tx Ol Ao m|EHA o
S A ghol| 2 sl A H
R HEALZ} LFERS L CF .

«HE C|HIO|A MENZI off L A2} On

2 A2 (Hot TDR) YL EHA EHO

&

StA| &Lt

KEYSIGHT

TECHNOLOGIES
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Hot TDR &%
Why Measure?

Source Termination Effects

Density

Density

\ \ \ :
. 1.2 1.4

time, nsec

time, nsec

Source Impedance NOT Matched Source Impedance Matched

KEYSIGHT - THGE|QAO|E

TECHNOLOGIES



o

Comprehensive Signal Integrity Measurement

Solution for Next Generation High Speed

Digital Standards

J

KEYSIGHT

TECHNOLOGIES

3 Breakthroughs

for Hot TDR Measurements

{E.JI Fast and Accurate Measurements

:'-:ZE‘ Simple and Intuitive Operation

ESD Robustness

SD protection inside

Page 51 THG E|°="7'||0|E



Hot TDR

=2 9|SHENATDR SM 9]

Fast and Accurate Measurements

TDRAZ X

ENA TDR SM

TECHNOLOGIES

Page 52

r N\ 2
:I:H:H_'t» o= —Et !— IH:FH’t‘ GAVDV t i
Tx - Tx Exe
[ :é :E% l\ {\ ’té Sy )
t
- . H
-wideband receiver Z transmitter 25 £ ‘narrowband receiver = transrﬂltéerf TE -
MAL|= DE AlS O X|2 gh LT} Xd-c';El: IOl i X| o] HEE x|zt
N o= s LCF
|
N [ - :)
] A V{yw M
= freq . freq
- L5
V—/\/\-’—/\-
o g o
/ » time 7 time
| o=l Amtg Y| | isgo g oo
2|3l A Extensive averaging ZAE Y| 22 averaging
Ol HegtL|C}, ) = H20okA| gL L )
KEYSIGHT
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Hot TDR &

Avoiding Errors from the Transmitter Signal
Time Domain Frequency Domain

Ret LOO, 0OU | FS Del rj

Fluctuations due to'Tx'signal ; »

1 Start 19960079 MHz FEV T M /
ESOTHC 1§ =] i abop [2a M l\.r-r /
e TOR g 'J Seal 7| | Single I Mem I "

Setup

| DUT Topokey l -
Satup

ouror | | e et
oot ()

Eyn/Mask [ —— | Cable Length = D) l B ] \ //' )
A O Ref Sve 2011-08-24 14:56

KEYSIGHT — THGE|YAI0|IE
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Hot TDR 573

Avoiding E Errors from the Transmitter Signal

T|me Domaln Frequency Domaln

el M*XUF MH °._F data rate 2 §E{ spurious
clie FolfSo0| 2™ 50 o] Folfse
Operation Ao mIlN o AF=™ o 2 X 2| =l U}

o T —

l'efv

Search

TDR raﬂ. 1'.I 51;“,] | ;nuph I L:u; Im-hu ——

1 Sards BFEVY 10 KMz : 0 I
vi8]2](x]

| DUT Topolosy ¢ |

Setup
Woard | Sim Ao _l — ,“J
wm[ | . \‘
iCable Lingth = 0s) |

TORATOT

IT(EEI-X\ISO!_gGII-IEI Page 54 n TI—IE EI%HIOIE



Hot TDR 7%
Simple and Int

2 2|5HENATDR S 2]

uitive Operation

P %S
o

TDRAZ T ENA TDR &M

~ N\ ~
TDR repetition rate 2 H 2 Tx A2 9| 22 AEX7F UG data rate B2 2 EH

HEX| Q= 2 MM 5|0 Of St L}, spurious It d 250 A4z O K|

sweep EO|M ArsE 22 K| A& LILC

0|4+ H Ol TDR repetition rate 242 7H & & QI

DUTO| 2t Eefd L Ch 342 o] 80|

repetition rate?} Tx 2 = ratel| S22 H&2

S0l |5l EolX| 7| = & L|CF.

O|MMOl -2 &= HEH2 CHEE trial

and error &l 2 O|F 0 &IL|LC},

2*-1=15 bits 2'-1=15 bits . o ‘ P sitxa 10 va BRI TN |
) ok - =R (i) ] O am | Sl e iy ST
PRBS || | || I |||| I | Il I—“‘II—°—|‘ B :..;“ — . S | et | P T
Trigger Point Sampling Point TOR/TON m"l:' _?‘w ET— it i
‘ -‘ Sequential Delay [ _ e D .1....-
U —
0-0-0-0 1. Enter data rate

i A 2. Click [Avoid Spurious]

\_ J y
KEYSIGHT TrHG E|AHI0|E

TECHNOLOGIES
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Eye-diagram 2} Hot TDR &

I

ENA Option TDR

[ =
= =
=2 M

~
3 Breakthroughs

for Stressed Eye Diagram Analysis of Interconnects

ALMILY D= L/ X E &
=880l /5= ZH M integrity S &

Al

712

L

o—l—
74 = 2/of

/

\

3 Breakthroughs

for Hot TDR Measurements

_ Fast & Accurate Measurements

| ‘ Simple and Intuitive Operation

SD protection inside

.- d‘ .
\‘p ] Affordable Solution

& |

[ " ::: g! Simple Setup and Operation

k - -

J——

- } Complete Characterization

. -
< )

ESD Robustness

)

www.keysight.com/find/ena-tdr

KEYSIGHT

TECHNOLOGIES
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&

FIAOE HERX A 47| 7|9 TDR &HH| Overview

Cable/Connector Compliance A & &= of

a o 1

- Z 4 1= Digital 14 S0l EREH7|S

. Stressed Eye Diagram &44

« Hot TDR =4 : Active Device©l| CH & Al H| AFE =710 A 2] &

\=I
[
be

2475

Summary

KEYSIGHT

TECHNOLOGIES
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ENA TDR &4 Compliance
TDR / S-parameter Compliance Al &l =2 2|2t One-box &5

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.

GRANITE RIVER LABS

ALLIGN

GRANITE RIVER LABS

olombla | G S N

ok >3] e .

P =4 NS 1 ey
- » i . ’ S Gu

ALLION Tl T ETC
\_/J - = .
A ) S
'4.('."?,, . Patt ) 098¢ fian
Sk - ! wans Oc

.
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HI
1
N

F|AFO| E E5071C ENA W E Q| 5

« Ct 2ok O E 2|7 oMol AFE e 5= U= Flexible Lineup

Number

of ports Frequency range Option numbers

9 100 300 50 45 65 85 14 20

kHz kHz kHz MHz GHz GHz GHz GHz GHz

E5071C-240
with bias tees E5071C-245
t
£ E5071C-260
o~
with bias tees E5071C-265
E5071C-280
with bias tees E5071C-285
with bias tees E5071C-2D5
with bias tees E5071C-2KE
[ [ I I N I
E5071C-440
with bias tees ES071C-445
b=
g E5071C-460
-
with bias tees E5071C-465
E5071C-480
with bias tees E5071C-485
with bias tees E5071C-4D5
with bias tees ES071C-4K5

KEYSIGHT TG ElAolS
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Response Resolution and Bandwidth

Al ZE HH Ol M Q] response resolution:
« 77t0| 28Tt £V SEHE FEY + U E[A A2 ¥LIC

« Reflection =7 @1 X| Transmission 78 1X| O £ 2} F T K| 2 velocity factorOf| 2|5 A A|&F&! L] CF,

response resolution = step rise time * speed of light * velocity of propagation

E5071C 20GHz 14GHz 8.5GHz 6.5GHz 4.5GHz 3GHz

Rise Time (LPSpec. min
Step) (10-90%) 22.3 ps 31.9 ps 52.5 ps 68.6 ps 99.1 ps 149. ps
Response Typ. min
Resolution @LPStepmode, 540 4.8 mm 7.9 mm 10.3 mm 14.9 mm 22.4 mm

reflection meas, in air

(er=1)

Typ. min

@ LP Step mode,
reflection meas, in
FR4 (er = 4.9)

1.5 mm 2.2 mm 3.5 mm 4.6 mm 6.7 mm 10.1 mm

[04] %1l
T It FR4 (er=4.9, vi=1/er=0.45) 21 A0l 20GHz &H| & AF835t0q reflection S M S 5t 2 M
Al 2+ 40l M response resolution 2t 27

* response resolution (transmission) = (22.3 ps) x (3.0e8 m/s) x (0.45) = 3.0 mm
* response resolution (reflection) = (22.3 ps) x (3.0e8 m/s) x (0.45) / 2 = 1.5 mm

KEYSIGHT THGE|YAOIE
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ENA TDR M A

TDR

Revolution

Rd/gd

29

E5071C-TDR Enhanced Time Domain Analysis Option

B0l &4 [*1]

2Y/gM ek
ES5008A-1FP Enhanced Time Domain Analysis Option Upgrade
E5009A-1FP

Enhanced Time Domain Analysis Option Upgrade from Option 010

[*1] Upgrade options require return to Keysight Service Center for installation.

KEYSIGHT

TECHNOLOGIES
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A ENA Option TDR

=718l Resources

« ENA TDR &M 2tH XI&

www.keysight.com/find/ena-tdr
 Technical Overview (5990-5237EN)
- O] EE[F|0|H E

» 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 Keysight's ENA Option TDR Time Domain Measurement using a NIST
Traceable Standard (5990-5728EN)
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