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1 EARS TCO

MEZEREXEPNER  BRAXFREEEEHRNBE AR  EREBTBEREENRE
BERBEERENIKG  NSAERABNEHEMASAMBINES  KT7TEIER BRENEH
DIRBBIERZA - Open Alliance R Y132 /& {E #3838 Cable/Connector®lE 7 TC2-100Base LUK TCI-
1000Base” P HIIEF R ER 4R ( Unshielded Twisted Pair, UTP ) &2 MRIRFRIZEIREE - IHIREE S
B BE3®E ( Standalone Communication Channel, SCC ) K Z®B:EE ( Whole
Communication Channel, WCC ) mifEisEIRIBRIG - KB XERFEH¥TCI-1000Base UTP ( 48
REBEMERTEL~600MHz ) B AR RIFEA B RE —EFANSAFX -

Connector ( SCC Context) &—

A. 100 ohms +/- 5%

Characteristic Impedance Differential Mode 5 B e e e ST

< 667ps

Propagation Delay 2< f < 600 frequency f in MHz

< (0.01/f) dB

Insertion Loss .
1< <600, frequency f in MHz

38 1<f<75
> B
Return Loss '{ 20-20log(f/600) 75 <f <600}
1 < <600,frequencyfin MHz

55 10<f < 80
> dB
Longitudinal Conversion Loss { 77-11.51log(f) 80 <f <600}
1 < f <600,frequency fin MHz
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Cable and Channel ( SCC Context) &®_

A. 100 ohms +/- 5%

1 Characteristic Impedance Differential Mode B. Rise time less than 500psec

For use in SCC with maximum length of 15m < 6 ns /m

2 [PregsgEien Ly For use in SCC with maximum length of 10m < 9 ns /m

For use in SCC with maximum length of 15m

< 1/15 (0.0023f+0.5907f-6*0.01f+0.0639/Nf) dB/m
3 Insertion Loss For use in SCC with maximum length of 10m

<1/10 (0.0023f+0.5907f-6*0.01f+0.0639/Nf) dB/m

1< <600, frequency f in MHz

22 1<f<10
27-5log f 10 <f<40
> 19 40<f<130 dB
4~ Return Loss 40-10logf 130 <f<400
14 400<f <600
1 <f <600,frequencyfin MHz
5 Longitudinal Conversion Loss { 55 10<f< 80
> <f<
77-11.51log (f) 80 <f< 600

<1< i
6 Longitudinal Conversion Transfer Loss SR AL A L

Rohde & Schwarz Application Note 4 -51



Whole Communication Channel ( SCC Context) &=

A. 100 ohms +/- 10% (Informative)

1 h istic | Diff ial M L
Characteristic Impedance Differential Mode B. Rise time less than 500psec

< 94ns
2<f <600 frequency f in MHz

< (0.0023f+0.5907, f+0.0639/y f) dB
1< f <600, frequency f in MHz

2 Propagation Delay

3 Insertion Loss

19 1<f<10
24-5log f 10 <f<40
2 16 40<f<130 dB
e [ Less 37-10logf 130 <f<400
11 400<f <600
1 < <600,frequency f in MHz
5  Longitudinal Conversion Loss S { 50 10<f< 80
= W 72-11.51l0g (f) 80 <f< 600
6 Longitudinal Conversion Transfer Loss 1 <£<600,frequency f in MHz

g @A EE ( Standalone Communication Channel - SCC) RWZAIIER LCL ~ LCTL B# Common mode
Conversion - EMINIEZESEAIR PIERERWIER .

DHEEBETL ( Characteristic Impedance )
{EEIEE ( Propagation Delay )
1w AEFE (Insertion Loss )
EHEFE ( Return Loss )

£ Cable Insertion Loss WiREFBERRARE 10m & 15m B - UIKBERAEERB ZERER - IR
B HEBTRBENERED - BRIBEEA inline connectors MFEK - TEAHHARBIF LA A& Connector Loss BB iE
=, 5% BERTDRWESHEBRZEREURESLRE (RFLM) - HILASBEREELN Impedance evaluation
window EEE O05mE15m Z[ -

ME—EESANERIREP  ARNBEAERE-—ZESESNBEBRY - AENZEEFRE (differential pair) Z
BAEEFEMIEZERTRNAR  FEELIKERS multilane B - BRT SCC LUMNENBEERREXFIEER

( ES, Environment System ) B85 &1E:
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ROHDE&SCHWARZ

Environment System Context [

PSANEXT Loss (Sdd31, Sddyx )
PSAFEXT Loss (Sdd41, Sddyx )
AFEXTDC Loss (Sdc41 , Sdcyx)
AFEXTDS Loss (Sds45 , Sdsyx )

ANEXT Loss (Sdd31, Sddyx)
AFEXT Loss (Sdd41, Sddyx)
AFEXTDC Loss (Sdc41, Sdcyx)
AFEXTDS Loss (Sds45 , Sdsyx )
PSANEXT Loss (Sdd31, Sddyx )
PSAACRF (Sdd41, Sddyx )
AFEXTDC Loss (Sdc41l, Sdcyx)
AFEXTDS Loss (Sds45 , Sdsyx)

Connectors

Cable and Channel- Informative

Whole Communication Channel

EANENE=Z2NRT BN ERIEPRERE ~ IEA Rohde & Schwarz ROAIES
AT ZNB ETRIE REBEEES: (Allion Labs ) BOBIEEE & Conductive Drum 52k TCO-
1000Base 9 Cable =l
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https://www.rohde-schwarz.com/tw/home_48230.html
https://www.allion.com.tw/

2 AlEEs

PO e

Adapter Board 1

Adapter Board 2

Conductive Drum

Figure 2.1

R&S #4788 R&S®RT-ZF7A Allion Labs B#z’88 Allion®AET21064

Figure 2.1

e [ (Figure2.1) 7RIzl 1000Base-T1 EREH R (UTP ) AW REE - WERKE
(figure 2.2) KER - FRIMAELETE Conductive Drum ( Allion®AET20055 ) sRIETER] -
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3 £/ ZNB 528k TCO ( UTP ) SRIFHEE

3.1 (ERMEEHEIEDiE ZNB BT R1E5E

311 RERESHEZNB SREREERIE

FSE NE ZNB @B TCO (UTP) RIIRIGRRE -

Parameter Value
Sweep fsan 300 kHz
Sweep fsop 1 GHz
Sweep type Logarithmic
Sweep points 1600

Output power

minimum -10 dBm

Measurement bandwidth

< 500 Hz

Port reference impedance
differential mode *

100 O

Port reference impedance

common mode *

25 Q) for connector measurements and
MDI Test Head

200 Q for all other measurements

Data calibration kit (VNA)

used kit for calibration

Averaging function

May be applied, but not mandatory

Smoothing function

Deactivated

ERIZKIR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3.1.1.1 TC9 (UTP ) IBIS5R T
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=n
ax

ZNB

[Preset]

RRESAR IR - BMBEEAER

[Start : 300 kHz]
[Stop : 1 GHZ]

[Power BW Avg
[Power BW Avg
[Sweep :
[Sweep :

: Power : {p* : 0 dBm}]

: Bandwidth : {ow* : 500 Hz }]
Number of Points : 1600]

Sweep type : Log Swep]

Stimulus

Start Frequency
300 kHz

Stop Frequency

Center Frequency
500.15 MHz

Span Frequency
999.7 MHz

Power
-10 dBm

Stimulus Axis

Power
Channel Base Pb

Figure3.1.1.2 &

Sweep

Number of Points
Freq Step Size
625.203252 kHz

Sweep Time

Meas Delay
0Os

Freq Sweep Maode
Stepped

-

Figure3.1.14

X

Stimulus

Power

Time
Domain
X-Axis

Sweep
IParams

Sweep
Type

Trigger

Sweep
Control

Trace

Meas  Format

Trace

Scale Config

Line  Marker

Stimulus

Start Stop

Center

Channel

Channel

Config SIEEp

e Trigger
Bw Avg 99
Offset

el Embed

System

File Print

RRIaE AR -« ThR

Trace

Meas  Format

Trace

Scale  (oae

Line Marker

Stimulus

Start Stop

Center Span

Channel

Channel

Config S

Power

Bur Avg TT1G9EF

- Offset
Cal Embed
System

File DuUT

Display  Setup

Applic Preset

ARE R R B

Power Bw Avg X

Bandwidth

100 Hz

1 kHz

10 kHz

100 kHz

1 MHz

Selectivity
Normal

Lin Freq 2

Log Freq

Figure3.1.1.3

Power

Band-
width

Average

p
Param

Sweep

Type

Trigger

Define
Segments...

Figure3.1.1.5

p* > o &/)\-10dBm
bw* > TJFH% & K 500Hz

RER

X AE

s

RERMEIRE

Trace

Meas  Format

Trace
Scale Eamirg

Line Marker

Stimulus

Start Stop

Center  Span

Channel

Channel 5
Config >WeeP
Power  1igger
Bw Avg 99
Offset

CON [

System

File DUT

Display  Setup

Applic  Preset

Trace

Meas  Format

Trace

Scale | | config

Line Marker

Stimulus

Start Stop

Center Span

Channel

Channel

Config “WeeP

Power

Bw Avg Trigger

= Offset
&l Embed
System

File DUT

Display

Setup

Applic Preset

#EE
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® [Meas : Balanced Port: (D) 2 x Balanced :
Reference Impedance : L1 : Common Mode
200 Q : Differential Mode 100 Q]

® [Meas : Balanced Port: (D) 2 x Balanced :
Reference Impedance : L2 - Common Mode
200 Q - Differential Mode 100 Q]

REFHAENL

1 A 4 EL Trace
© -Q ‘{1 fe £H) X
Trc [BX0 dB Mag 10 AR/ Ref 0 dR Meas  Format

@ Balanced Ports Params o
Scale 5
Config

Predefined Config User Config Reference Impedance Ratios
Line  Marker

Physical Ports Select Predefined Port Stimulus

P3 P2

PP P R M Az PP P2 P Start Stop
[CNCCNC Mo o RCMCIMIoMOoNo ol ———  Intermod
B L u©

U o B K E] All
(A) 4 x Single (8) 1 x Balanced, (C) 2 x Single, $-Params 26si
S-Param \H Channel
monBon Pll lm B R M Wizard... L

OB X X
0

u Center ~ Span

2 x Single 1 x Balanced

Channel

Y Config

Sweep
Balanced Ports

O OHX
i - V- 7. Power
(D) 2 x Balanced (E) 1 x Single (F) 2 x Single :’;u;mn Bw Avg Trigger
irgx s R B D Offset
© 00 H Y06 X 0X gt Gl Embed
U B QR U o u 2 -

(G) 3 x Single (H) 1 x Balanced, (1) 1 x Single, Stabilit
G abili
1 x Single 1 x Balanced 4 File DuT

System

Power
Sensor Display ~ Setup
DC Applic ~ Preset

v oK Gancel (@) Help

External
DU

ChY Start 300 kHz Pwr -10dBm Bw 500 Hz

Figure3.1.1.6 827 Balanced Port
Ozﬁ Balanced Ports

Predefined Config User Config Reference Impedance

Physical Ports Logical Port Property (L1)

Common Mode

Real(Z0) Imag(Z0) Connector Use
200 O User Conn 2 Default

Differential Mode

Real(Z0) Imag(Z0)
o0

On

Logical Ports

Renormalization According to Theory of

Selected option is only relevant if Im(Z0) of at

® Travelling Waves / least one test portis # 0 Q!

O Power Waves

Cancel g Help

Figure3.1.1.7 7 Balanced Port FE#11&
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[Meas : S-Params : Sdd11]
[Trace Config : Add Trace]
[Meas : S-Params : Sdd22]
[Trace Config : Add Trace + Diagram]
[Meas : S-Params : Sdcl1]

[Trace Config : Add Trace]
Frig 4R
® [Meas : S-Params : Sdc22]
® [Trace Config : Add Trace]
® [Meas : S-Params : Sdc21]
® [Trace Config : Add Trace]

® [Meas : S-Params : Sdcl2]

&% Vector Network Analyzer - Rohde & Schwarz VNA
A LY AN EL i VA
9 -Q S QT I 7 IS 4 )
E%Set‘l X E-%)thilnstru testznx* X 4
Tre2 [BFZY dB Mag 10 dB/ Ref 0 dB 1v | Trc3 [EIERN d8 Mag 10 dB/ Ref0 dB
Trcl LN dB Mag 10 dB/ Ref 0 dB Trcd B e[#PY dB Mag 10 dB/ Ref 0 dB

Tre5 (4PN dB Mag 10 dB/ Ref 0 dB
Trcb dB Mag 10 dB/ Ref 0 dB

.l “ g

! N A

\wu W WW H'P ""“ ”‘ W ‘M

(? ‘H " “r " 'fl ’W

Ch1 Start 300 kHz Pwr -10dBm Bw 500 Hz Stop 1GHz €Chl Start 300 kHz Pwr -10dBm Bw 500 Hz Stop 1GHz
Figure3.1.1.8 3% fh 4%

L ’Jm
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REERRIE

[Cal : Start cal : Start Manaul Ports
P1~P4 : Type : UOSM : Next : Connector* :
35mm : Gender : Male : Cal kits* : ZV-

Z135 : Start]
EEHERIES : Apply

Cal

Calibration

Start... —
. o

[(EGTEL] —

'

Repeat... X/

Scalar Power Cal

Power 2
Cal... ¥

SMARTerCal

Start
Cal

Cal
Devices

Power Cal
Settings

Use
Cal

Trace

Meas Format

Trace

Scale et

Line Marker

Stimulus

Start Stop

Center  Span

Channel

Channel

Config ST

FOLI Trigger

Bw Avg

Offset

el Embed

Start... )
. XD

System
[(EGTEL] — Y

File Print

Display  Setup

Applic  Preset

Figure3.1.1.9 #1TRIE

02& Define Calibration

" PO "0"

1t UosM P1, P2, P3, P4

Ports

) ) ) — = )y
Tt

One Path
Two Ports

—

2 (

—

Trans Norm
Both

Refl Norm
Open

Refl Norm
Short

Trans Norm

Tt

TSM Adapter

Removal

Cancel e Help

Figure3.1.1.10 &REIE Port B RARIEA
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! 0:& Calibration Setting
Connectors and Cal Kits

Select connector type and gender for ports. If necessary, change the Cal Kit or load an
appropriate one.

Cal Type Ports

UOSM P1, P2, P3, P4

Connector | Gender Cal Kit Kit Modified

V733 ty..

V233 ty...

IVI33 ty..

Same Connector Same Gender Import
all Ports D all Ports ﬁ Cal Kit ...

4= Back P start Cancel o Help

Figure3.1.1.11 &7 Connector & Gender & Cal kit

O P2 (0] P4 (0] P1 OIOPZ P1 OZOPB P10=0P4 P2 0~_—’0 P3

mm (m) n mm (m)

Open (lpen P s v Unknown Unknown Unknown Unknown
() (f] Through Through Through Through

v (S{f)mrt Y (Sfl;:)r‘t 5 S 7 ?{?m on OP4 30 OP4

Match Match d Match
i ol o 0

Unknown Unknown
Through Through

Restart Sweep
E on Std. Meas. ' Apply Cancel o Help

Figure3.1.1.12 EESERIEHILELE Apply ST IE

Connector* > kEBEEM AR - &A% 3.5mm

Cal kits* > BB EasMmAE - L&A ZV-Z2135

WERRAEHE LI Cal kit T35%8 import A RIS 2 E8

IEEB B R EBHARIE - MERTEEAEIEASHRENANRDRIERE (2% 343 %)
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3.1.2 fA Through E&:E SR IE 57 &

ZNB E# TCO 718

B mEMBOITE ZNB B#FAKFESEE 3.1.21 - I ARBEE EMEHTERN Through 5&:E
Test Parameter Requirement
RL Sad11, Sdazz ( 44 1= <75
=\ ! - dB
\ 26-20 log[%oo] 75< <600

1= ¥ =600, frequency fin MHz

Port reference impedances: 100 Q (DM), 200 Q (CM)

LCL 61

Sdcl:l.r Sdc22 -
~183-11.5110g()

LCTL Saca1, Sac12

10 < F =600, frequency fin MHz

Port reference impedances: 100 (2 (DM), 200 0 (CM)

10< £ <80 )
80 < f < 600 |

Return Loss (dB)
NoM e e
T 82 R 5 =

10
Frequency (MHz)

Figure 4.2-2: Return loss requirement for VNA calibration accuracy

TCO (UTP) #3%E - #N)2B £178AY Through

e

Mode Conversion Loss (dB)

J

10
Frequency (MHz)

Figure 4.2-3: LCL / LCTL requirement for VNA calibration accuracy

ZHEBRNEUER - I USETILRMAL

S =]
# Through RO RER
VNA
Diff. Port 1 Diff.Port 2
Coax ; Coax
Calibration Thru connections
Reference planes ;

E IR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure3.1.2.1 B85

& 7
RS

R
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RIBARERE (RL)

[Select : Trcl ( Sdd11) ]

[Line : Limit test : Define limit line

Add Start Stimulus 1

Type Upper

MHz : Stop Stimulus 75 MHz : Start
Response -44 dB : Stop Response -44
dB : Show Limit Line : Limit Check]

[Line : Limit test : Define limit line
Add :

Type Upper : Start Stimulus 75 MHz :
Stop

Stimulus 600 MHz : Formula :

-26+20- log ( StimVal/1000000/600 )
close : Show Limit Line : Limit Check :
close]

[Select : Trc2 ( Sdd22)

S kBB Trcl WA

UHTIE Trc2 MFRIB4R]

AIA - e

stznx * X+

VA
R
Ref0dB Cal 1~ Trct [ZT20M dB Mag  Trc3 [FIERN dB Mag
Ref0dB Cal Tre5 dB Mag | Trcd dB Mag
> S

4&¥ Define Limit Lines
Start Stimulus

Type Stop Stimulus

I\, Get
) Trace...

ﬁ Import
File...

ﬂ Recall... 7] fihr:)ew Limit

|Z Limit Check

2~ Trc? BELEPAN dB Mag 1dB/Ref0dB Cal
Trc11 BLLAPY dB Mag 1dB/Ref0dB Cal

Response

Trace

Lines X

Meas  Format
=] Show Limit Limit

Line Test

“ Limit Ripple
Check Test

D Limit Fail Circle
Beep Test

® . B X

Stimulus

Interpolatior !
P Clear Display Start Stop
Test Circle

) Center  Span
Horiz.

Line

Define
Limit Line... ‘\

[] Global Check

Channel

Channel Swee
Config P
Power
Bw Avg

TTL1 TTLR2 :
Trigger

D Pass D Pass 9
Offset

Shift Lines Cal Erld]

System

0 Help File

Print

¥ Close
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023 Define Limit Lines

Start Stimulus

Stop Stimulus

Response Interpo

44 dB ... 44 dB

I 4-‘23 Define Lir “2$ Response

Type Start Stimulus

Upper

O Linear

. VI | 2

@ Formula

I\, Get

Trace...

Il 1 Delete All E IF?E:’OH

ﬁ Recall...
m Save...

Delete

Figure3.1.2.2 RL JRI§ARERE

Stop Stimulus

aall 75 MHz 600 MHz

44 dB

26 - 20log (StimVal / 1000000/600))

I:I Show Limit
Line

I:I Limit Check

RIS ARERE (LCL & LCTL) °

[Select : Trc3 ( Sdcll) ]

[Line : Limit test : Define limit line :
Add : Type Upper : Start Stimulus 10
MHz : Stop Stimulus 80 MHz : Start
Response -61 dB : Stop Response -61

dB : Show Limit Line : Limit Check]

[Line : Limit test : Define limit line :
Add : Type Upper : Start Stimulus 80
MHz Stop Stimulus 600 MHz

Formula :

-83+11.51-log ( StimVal/1000000 )
close : Show Limit Line : Limit Check :

close]
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[Select : Trc4 (Sdc22) : k8B Trc3 W95
HETIE Tred BOIEIEAR]

[Select : Trc5 (Sdcl2) : k88 Trc3 W95
I Tre5 RUIRIE4R]

[Select : Trc6 (Sdc21) : B8 Tre3 WA
TUETIE Treb RUIRIR4R]
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o5 X SO Lines p 3 Trace

Meas  Format
Show Limit Limit
Line Test

Ref0dB Cal Trcs [FTEEN dB Mag  Trc3 [EEENA dBMag 2~ [Trc [ETEAN 4B Miag 1 dB/Ref0dB  Cal 3 Sale | Jrace

Config
RefO dB Cal TrcS dB Mag | Trc4 dB Mag Tre11 [LEPY dB Mag 1dB/Ref0dB Cal Limit Ripple

Check
= st Line  Marker

[ 4% Define Limit Lines - Limit Fail (dtelz

Beep Test Stimulus

Response Clear By Start Stop

Test Circle

A Center  Span
Deline 9 Horiz. ?

Limit Line... :
f Channel

Channel
I:‘ Global Check i Sweep

T T2 Power

Tri
Pass Pass Bw Avg IR

Offset

Shift Lines Cal Embed

VAN E Recall Show Limit

) Trace... Line System

ﬁ IFTgort [+] Limit Check X Close 0 Help il it

i
025 Define Limit Lines

Start Stimulus Stop Stimulus Response Interpo

61dB ... 61dB

“2& Response ® =

Type Start Stimulus Stop Stimulus

Upper 2l 80 MHz 600 MHz
O Linear

B B

® Formula - 83|+ 11.5log (StimVal / 1000000)

X Close o Help

Figure3.1.2.2 LCL & LCTL 8RR E
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AR S ZNE HIRE e 7t Portl & Port2 % Port3 & Port4 & F—
28 AR falt E23 B g . P s
i i HEH0 thru HEATE8 14 8838
Trcl Sdd11 dBMag 10dB/Ref0dB 1w | Trcd Sdc12  Trcb Sdc21 2w
Tre2 Sdd22 dB Mag 10 dB/Ref O dB Sde11  Trc4 Sde22
o RAGS—Fred PAGSTres “<a
o PASS TeD i PAKS Treh
X DAl | PASS ITrc
B uy =il RASS (Tred il
o R e _'__I:“"“‘-m N nf::‘:ﬁ_{?..@pﬁzay S
!! M“m b ot i
-50 é7 .ll ?I_? ! |E|_8 l\ E|_||E 90 J7 11 I| IEI_S I||E|T%
Ch1 Start 300kHz Pwr 0dBm Stop 1GHz |Ch1 Start 300kHz Pwr 0dBm Stop 1GHz
Figure3.1.2.3 BB A8 N #T6E ZNB BB R1E
® EH: Through WFHEL S 280 : [File : Trace
data : snp : Select Portl & Port2 : Save
1.S2P : Select Port3 & Port4 : Assign
*Through %518 R
sz . Port3 (1) :Port4 (2) : Save2.S2P]
( #4318 Through B#1T ) )
e [Offset embed : Single ended : Portl &
Port3 active : A Portl 1.52p & Port3
2.52p]

Trace

] File X

Meas  Format

Recall

I ...
mpo Sets

Trace
Config

) dB
) dB

2~ Tres [ETSEY dB Mag 10 dB/ Ref 0 dB Scale

Trcb dB Mag 10 dB/ Ref 0 dB Export snp Files

Favorites

Line Marker

| slp
Active Trace...

4
4> Select ports B Print Stimulus

slp
Contents Port 1...

Start

Select Stop

Assign Trace
Active Channel Data
Port 1 s2p

Port 1, 2...

Reset Port Center  Span

Assignment More

s3p Channel

Select

All

O

Deselect
All

Save Settings
in Recall Sets

Cancel 9 Help

Port 1,2, 3...

sdp
Port1, 2,3, 4...

snp
Free Config. ...

Export

ASCII...

Channel

Config SESE

Power Trigger
Bw Avg 99
Offset

Sl Embed

System

File DUT
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Single Ended
Deembedding Active File Name 1 Swap Gates

test_coupon.s2p

test_coupon.s2p

4= Overview

Offset Embed

X Close 9 Help

Figure3.1.2.4 i A ¥ K Through FHRER
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3.2 EAEEMIEDHE ZNB B ER BT RISRE
FIR TCO (UTP ) RBSH B AR R EA0A B B BAEIRE - BT TCO (UTP ) A

5
ERIERIE FERDERB O M ERECS BRI - IWEEcE R 7 MU M mERE DT EEE

BERREERRE -

321 RERBESIEZNB SREREERIE

FEENE ZNB @E DT TCO (UTP) RIIRIRRRE -

Parameter Value
Sweep fsun 300 kHz
Sweep fsip 1 GHz
Sweep type Logarithmic
Sweep points 1600
Output power minimum -10 dBm
Measurement bandwidth <500 Hz

Port reference impedance

differential mode * 1000

25 Q) for connector measurements and
MDI Test Head

200 O for all other measurements

Port reference impedance
common mode *

Data calibration kit (VNA) used kit for calibration
Averaging function May be applied, but not mandatory
Smoothing function Deactivated

E IR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3. 2.1.1 TC9 ( UTP ) IRERE

o MRRFEHEBEHRTEME FELE 3.1.1%P
ZNB 5% MEPEOTHEZINB SEREERIE - W0
& 3.1.1 ERITRIAFTHIT[Preset]
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3.2.2 ERERAEERE TCO HIFE A MRS

IEEIRE Y=o fFE TCO (UTP ) BEtERERNRAR  B2ETE 3.2.2.1 4 - 1
BARBEEBKRFEEEZ (Allion Labs ) SkEEZER S 22 (R&S ) - BREEREMEE D E
ZNB 5epkfE 3.2.2.2 89 TCO (UTP) &6 -

Allion Labs Bm# A8 ( Z81E)

R&S BB R&S®RT-ZF7A Allion Labs ;A& Allion®AET21064

Figure 3.2.2.1 & TCO ( UTP ) REMAIGF A E&EHIE

Test Parameter Requirement
LCL Saci1, Sacaz . 61 10 <80 -
183 -11.51log(f) 80< f =600

LCTI- Sdr_‘er S:Iclz
10= 7 <600, frequency fin MHz

Port reference impedances: 100 0 (DM), 200 0 (CM)

ERRIE : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3.2.2.2TC9 (UTP ) AEAITEERAEDEERE
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o MNREREEBHEBEMNE  F2%E 312
£/ Through BE:E @M= D& ZNB &
# TCO MBS LCL & LCTL - 4 1£E4RH
FRABIREG E

RIBRRE (LCL & LCTL)

£ Portl & Port3 X Port2 & Port4 7 5Bl

Bag A % ZNB #BECAIE AR R
BREMEE DTS A RIEDE B RS AR

:: :
Trc6 EL[#4N dBMag 10dB/Ref0dB Cal Trc3 ElLlqil] dB Mag 10 dB/Ref0dB Cal
Tres [P dB Mag 10dB/Ref0dB Cal Tred dB Mag 10dB/Ref0dB Cal

PASS Trcb
PASS €31 444
PASS Trcd
PASS Trc5

b g -
H\\l‘fﬂ'rmn'ﬁ"w""*" prin

i
|\|

|‘ |n||| i
Ch1 Start 300 kHz Pwt 0dBm Bw 500Hz UOSM P1,P2,P3,P4

v F ﬂﬂ"ﬂ“ qh

| Ii ..f' il ”f
M “m\”d"wf"‘”’”

vl

z

Stop 1GHz

Figure 3.2.2.3TC9 (UTP ) A2 EREAEUAERE SN REE
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3.3 [ERRBRAREEEILGRSEIEL

HTEMNTCO (UTP) FHHEREY - DARSERUERRA - LEEHRFFMANTGUUERDE
MEE DT E ZNB Bl R ABRERABSEIREEY - BMRBRARER -

33.1 RERBEIEZNB SREREERIE

TCO (UTP ) pOMRE P - st EIEHEELR TOR RORIIR I ARRENIRIERE - FIAERIDAEE
A - FRRFMERENEREZY - F2E NE ZNB @B #E TCO (UTP ) FIRIRRRTE -

Parameter Value
Sweep fsan 300 kHz
Sweep fsip 1 GHz
Sweep type Logarithmic
Sweep points 1600
Output power minimum -10 dBm
Measurement bandwidth <500 Hz

Port reference impedance

differential mode * 1000

25 Q) for connector measurements and
MDI Test Head

200 Q) for all other measurements

Port reference impedance

common mode *

ERIZKIR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3.3.1.1 TC9 (UTP ) IBiS5%R T
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Parameter

Value

Sweep fswart

1 MHz, (10 MHz) 2

Sweep fswop

2 GHz, (20 GHz) 2

Sweep type

Linear

Sweep points

2000

Filtering

Hann window

TDR Type

Step

Qutput power

minimum -10 dBm

Measurement bandwidth

<500 Hz

Port reference impedances

50Q single ended port impedances
(This results in 100 Q differential mode
reference impedance after conversion
to mixed mode parameters.)

Data calibration kit (VNA)

used kit for calibration

Averaging function

May be applied, but not mandatory

Smoothing function

deactivated

ERKIR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3. 3.1.2 TC9 ( UTP ) TDR RIERE

ZNB &%

AT #TT[Preset]

ZNB %8 ( TDR)

Diagram]

[Start : 1 MHZ]

[Stop : 2 GHz]

[Power BW Avg : Power : {p* : 0 dBm}]

Hz }]
[Sweep : Number of Points : 2000]
[Sweep : Sweep type : Lin Swep]

REFEN

p* > TEEE/\-10dBm
bw* > TEEEA 500Hz

® [Meas : Balanced Port : (D) 2 xBalanced]

Rohde & Schwarz Application Note 25 - 51

o MNBEABKRLMEE  FLE 3LLPOE
@R 5115 ZNB LB EMEMA 3,11 ST

® [Channel Config : Channels : New channel+

[Power BW Avg : Bandwidth : {bw* : 500




Stimulus

Start Frequency
1 MHz

Stop Frequency
2 GHz

Center Frequency
1.0005 GHz

Span Frequency
1.

Stimulus Axis

Power
Channel Base Pb

Figure3.3.1.3

e

% E

X

Stimulus

Power
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Trace
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Channel

Config L)

Power
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RIAEIEEE - X
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100 Hz
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Figure3.3.14

Power
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Average
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Config
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Config S

Power

Bw Avg Trigger
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System

File DUT

Display  Setup

Applic ~ Preset

RERHAR

Sweep

Number of Points

Freq Step Size
1 MHz

Sweep Time
217 ms

IZ Auto

Meas Delay
0s

Freq Sweep Mode _
Stepped

Figure3.3.1.5

x

Sweep
Params

Sweep
Type

Trigger

Sweep
Control

Trace

Meas  Format

Trace
Config
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Line Marker

Stimulus

Start Stop
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Channel

[LELLTE
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Power

Bw Avg Trigger
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File Print
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RE R EE

Sweep
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O Log Freq

O Power
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O Time
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Params
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Figure3.3.1.6 &

Trace

Meas Format
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RiEE

Rohde & Schwarz Application Note 26 - 51




REEHRIE
Connector* > kBB &R MAE - LLEAEIS 3.5mm
Cal kits* > kBB &E2E M AR - LhE % ZV-Z135
WNEERAR A HHRY Cal kit AIE38 import A NHTIE 2 8
IEEEBIREHRIE - B TTEANEIFERSHRENS
WORIERRE (2%E3438)

[Cal : Start cal : Start Manaul : All channels :
P1~P4 : Type : UOSM : Next
Connector* : 3.5mm : Gender : Male : Cal
kits* : ZV-Z135 : Start]

EESEREH : Apply

Ports

Cal

Calibration Start
Cal

Cal

Devices

Power Cal
Settings

Start... —
(Manual) 3¢

Use

Cal
Repeat... G

Scalar Power Cal

Power xQ
Cal... e

SMARTerCal

Start...
(Manual)

Trace

Meas  Format

Trace

Scale Gamiiy

Line Marker

Stimulus

Start Stop

Center  Span

Channel

Channel

Config SeEEp

Power

Bw Avg Trigger

Offset

= Embed

System

File Print

Display  Setup

Applic  Preset

Figure3.3.1.7 14T IE

“2‘ Channel Selection for Calibration

Select the channels which should be calibrated

O Active Channel

© All Channels

Selected
O Channels

Figure3.3.1.8 HITEHRIE
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036 Define Calibration

BN O Bl O BN O

L1 UOSM P1, P2, P3, P4

—
—
) ) ) — = )
Refl Norm Refl Norm Refl OSM Trans Norm  Trans Norm One Path
Open Short Both Two Ports
q

) (

-—

v oK Cancel Q Help

Figure3.3.1.9 ZE#Z/RUE Port BURES)

1 “24 Calibration Setting

® & 0O X
Connectors and Cal Kits
Select connector type and gender for ports. If necessary, change the Cal Kit or load an
appropriate one.

Cal Type

uosm

Connector | Gender Cal Kit Kit Modified

VI3 ty..

VI3 ty. ¥

VIRt ¥

VI3 ty. ¥

Same Connector Same Gender Import
all Ports D all Ports ﬁ CalKit ...

4= Back P Start Cancel 0 Help

Figure3.3.1.10 EERIF AR TE
©P3 ©r2 O P4 © P10=20P2 P10=20P3 P10=20P4 P20=0P3
nm (m) ) ) ) n (m)

mm (m) mm (m) mm (m) mm mm mm (m)
5 5 5 5

Open ) Open Open Unknown Unknown Unknown Unknown
(f) (f (f) (f) Through Through Through Through

Short Short Short Short
‘0 ‘1 ‘1 Y , —Q P4
m) - )
v Match v Match P Match v Match
U 0 (0 Ul Unknown Unknown
0 u
Through Through

Restart Sweep
@ on Std. Meas. v Apply Cancel 0 Help

Figure3.3.1.11 %43 Apply AR E
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3.3.2 fERMEMIESE ZNB SRR ABEREILGREE

ERBRABEBRERNY  HoR=-ELE  5x=201EEAE (2x Thru or 1x Open or 1x Short
or 1xOpen & 1x Short ) B9 S 28 - B#EZSREZFIVNSE - HEEZFELRENS
% BEXEZEEFREEMAVEENSEY  F2ETE 3321 LEEBTENARITLE -

2x Through

2x Through + DUT

1 ) 1
Reference plane Reference plane
after calibration after calibration

|
Areaofinierest |

Area of interest

plang
bedding

Reference plane
after calibration

Reference plane
after calibration

feference plane
after calibration

P I
s ] ~
FI)(TUI;E A DuT FIXTURE B
— 1 21 22 1 —
— 3 4 3 4 — 4 3

Figure 3.3.21 RBRAEATEE
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Fixture tool ISD : Run tool]

Active : Measure
RERABBRIR{ED BB
Measure

Apply & Display : Run ISD
e Apply

[Offset Embed : Balanced : Network D1 :

e Coupon type : 1x Open : Portl & Port3

e & TCO (UTP) WEEHHEBRIERHESE L .
Portl & Port2 & Port3 & Port4 Active

® logicall ( P1, P3) & Llogical2 ( P2, P4)

2h#EE Channel 2

REi ABEEBIES® (TDR
) ) (TP R e EERESE Lt R

S AL 3 Offset Embed x ™=

Format
g 10dB/Ref0 dB
Overview. Off:
2 Trace
5D - Balanced Po Confi
423 15D - Balanced Ports e ; 2
i . Deembedding
DUT + Test Fixture Save Fixture Model Marker

Measure

Measure

Active

Apply Display

Channel

Config eeP

Power

Bey Avg 199"

Logical 2 sl Offset
® w2y 7 — Embed

t DUT to VNA Run Fix File Print

" Timestamp Suppress Remeasure : . Display  Setup
Advanced Settings... ] [im st O e Reset to Default cancel () Help

Applic | Preset

Figure 3.3.23 RBRABERMAE—FTRAEE

Offset Embed X Ul

Meas  Format
1w

Overview... Offset
Trace

Scale (i

Type
Deembedding .
UT + Test Fixture ave Fixture Model Line  Marker
Stimulus

Measure Measure

Active Display Balanced

Channel

Config  SWeeP

Power
Bw Avg

Trigger
cal

tem

Print

Cancel QHe\p Display ~ Setup

Applic  Preset
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1x Open

Load File or

Measure

Active

Advanced Settings... [ ] Lestomp

Measure DUT + Test

Measure

Apply

Logical 2
(p2,p4)

Run Fixture M

Suppress Remeasure

e Reset to Default

Figure 3.3.2.5 RERABERE =48

Trace

Offset Embed X

Meas  Format

Overview...

Type
Deembedding

Start
Sets
Center ~ Span
Display Balanced

Channel

Channel eon
Config  ~WeeP
Power  1ioger
BwhAvg 99

Offset

Gl Embed

ten
Delta-L
File Print

Display ~ Setup

Applic | Presat

Deembedding

- 12 4

Offset Embed

4= Overview

Active

Balanced

File Name 1 Inc. Seq. 1

semi.sdp_left DUT.sdp

G iz 1 Balanced Ports

semi.s4p_right DUT.s4p

Figure 3.3.2.6 RERARINTRE
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3.4 EAEEMIESHE ZNB #E Conductive Drum STk 8 E A
AEEHWEAERBE (S (Allion Labs ) B1EERESHLL (R&S ) HEHT - TCO (UTP) 8988
B BRETEIERERRBEREMARR Conductive Drum - AEEF=EN RMAH
TREEN - TE34AEMALEELAZ (RYS) MEMEATE ZNB BEEES (Alion

I 78
Labs ) Conductive Drum ERIREE

Figure 3.4 [@mERABE S ZNB EE5 B 2= (Allion Labs ) Conductive Drum ER/IREE

A Conductive Drum BIEKREEE1=2= (Allion Labs ) #5818 &M
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341 RERESHE ZNB 5Tk S SRIRITR

TCO (UTP ) SREPHRIEN AT Log Freq B S 2EAIE & Lin Freq & TDR &2 TDT Al - £+¥1[E
B 5/a B RIEE Conductive Drum WSt AIRENARERE - FILULEEEFHAT AN
fAfEREE M2 HrE& ZNB 526 TCO (UTP ) #Ec/8E X Conductive Drum £ Log Freq 89S £

HRTE  B2ELUTBERERRERE -

Parameter Value
Sweep fsun 300 kHz
Sweep fsip 1 GHz
Sweep type Logarithmic
Sweep points 1600
Output power minimum -10 dBm
Measurement bandwidth <500 Hz

Port reference impedance

differential mode * 1000

25 Q for connector measurements and

Port reference impedance MDI Test Head

common mode *
200 O for all other measurements

ERIZKIR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3.4.1.1 TC9 (UTP ) IBiSR T
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IL Sdda21 For use in SCC with maximum length of 15 m

1

< E(o.ocm f+0.5907/f =6%0.01,/f + 0-063%7}13/;»

For use in SCC with maximum length of 10 m

1

S _6* 0.0639
< l0(::).0023}‘+0.5907\/,7 6%0.01,/f + /ﬂ)dB;’m

1< /<600, frequency fin MHz

Port reference impedances: 100 Q (DM}, 200 Q (CM)

RL Sdd11, Sdd22 22 1< /<10
27-5log/ 10<f<40
> 19 40< f <130 [dB
40-10log f 130< f <400
14 400< £ <600

1< /<600, frequency fin MHz
Port reference impedances: 100 Q (DM}, 200 Q (CM)

LCL Sdc11, Sdc22 - ( 55 10< <80 J
“(77-11.5110g(f) 80< F <600
LeTL S, Sacrz s(f) 80<rf

10< £ =600, frequency fin MHz

Port reference impedances: 100 Q (DM}, 200 Q (CM)

J

001
1 10 100 1000 1 10 100 1000 4
Frequency (MHz) Frequency (MHz) 1 10 100 1000

Frequency (MHz)

Return Loss (dB)
Meode Conversion Loss (dB)
Insertion Loss (dB/m)

i _3: imi Figure 6.1.2-3: LCL / LCTL limit for cables
Figure 6.1.2-2: Return loss limit for cables 8 / Figure 6.1.2-1: Insertion loss limit for cables

Figure 3.4.1.2 TC9 ( UTP ) El#h£ B4R EE/AE K Conductive Drum #R1&E8E
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o MHMNREBHBIBEHIRTFEMRERE  H FESE 3.1.1.0O=
ZNB & R DHTE ZNB 2B BENES 3.1.1 EHITR
AREH1T[Preset]

® [Trace Config : Add Trace + Diagram]
#i8 IL YR AR

° [Meas : S-Params : Sdd21]

Trcl LGRS dB Mag 10 dB/ Ref 0 dB 1~  Trcb Ell@il dB Mag Trc3 Bsfalil] dB Mag 2~ Trc? [BlPAN dB Mag 1 dB/ Ref 0 dB
T2 dB Mag 10 dB/Ref 0 dB Tres dB Mag | Tred dB Mag Trell dB Mag 1dB/Ref0d8

o ] - PASS-Trea L]l o] PASS-TreB . i PASS Trc?
PASS Tre2 , PASS Trc3

PASS Treb
PASS Trecd

\Wﬂ Mf “ﬂ hl MMHWMW

Ch1 Start 300kHz Pwr 0dBm Stop 1GHz Ch1 Start 300 kHz er 0dBm Stop 1GHz Ch1 Start 300kHz Pwr 0dBm Stop 1GHz

Figure 3.4.1.3 #ig IL REE

® [Select: Trcl (Sdd11)]

® [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 1 MHz : Stop
Stimulus 10 MHz : Start Response -22 dB :
Stop Response -22 dB : Show Limit Line :
Limit Check]

3B ERE (RL) ° [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 10 MHz : Stop
Stimulus 40 MHz : Formula :
-27+5:log ( StimVal/1000000 ) : close :
Show Limit Line : Limit Check]

e [Line : Limit test : Define limitline : Add :

Type Upper : Start Stimulus 40 MHz : Stop

Rohde & Schwarz Application Note 35 - 51



Stimulus 130 MHz : Start Response -19 dB :
Stop Response -19 dB : Show Limit Line :
Limit Check]

e [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 130 MHz : Stop
Stimulus 400 MHz : Formula :

-40+10-log ( StimVal/1000000 ) : close :
Show Limit Line : Limit Check]

e [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 400 MHz : Stop
Stimulus 600 MHz : Start Response -14 dB :
Stop Response -14 dB : Show Limit  Line :
Limit Check : close]

e [Select: Trc2 (Sdd22) : &8 Trcl RO H
18 Trc2 MFRE4R]

0:& Define Limit Lines

Start Stimulus Stop Stimulus Response Interpo

1 MHz 10 MHz -22dB..-22dB

10 MHz 40 MHz - 27 + 5log (StimVal / 1000000) ---

40 MHz 130 MHz -19dB ...-19 dB

130 MHz 400 MHz - 40 + 10log (StimVal / 1000000) --- (K3

400 MHz 600 MHz -14dB ...-14 dB

N\ Get Show Limit
+ Add Delete ) Trace... ﬁ Recall... Line

-|: Insert II" Delete All E IFI-:EEOH Save... Limit Check

Figure 3.4.1.4 ¥ig RL #31&

Rohde & Schwarz Application Note 36 - 51



® [Select: Trc3 (Sdcll)]

® [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 10 MHz : Stop
Stimulus 80 MHz : Start Response -55 dB :
Stop Response -55 dB : Show Limit Line :
Limit Check]

e [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 80 MHz : Stop

IR ERE (LCL & LCTL) Stimulus 600 MHz : Formula :

-77+11.51-log ( StimVal/1000000 )

close : Show Limit Line : Limit Check : close]

® [Select: Trc4 (Sdc22) : #k8& Trc3 WA H
18 Trcd RS 4R]

® [Select: Trc5 (Sdcl2) : #kB& Trc3 WA
18 Tre5 MRS 4R

e [Select: Trc6 (Sdc21l) : #kB8 Trc3 WA
H Trco FUFRIE4R]

029 Define Limit Lines

Start Stimulus Stop Stimulus Response

-55dB ... -55 dB

-77 +11.5log (Stimval / 10000C - --

+ Add Delete A\, Get ﬁ Recall... Show Limit

P Trace... Line

-I; Insert Eﬁ Delete All E IFTSOH Save... Limit Check X Close o Help

Figure 3.4.1.5 #11& LCL & LCTL #R1&
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MABERERTE (IL)

*ILRELANPEMER - ZRESE—ED
B FHED - nBECRRE#MABRERMN
RE - 2FEORRBRFBANRBEERRE

e [Line : Limit test : Define limit line : Add :
Type Upper : Start Stimulus 80MHz : Stop
Stimulus 600MHz : Formula : {- 10 / 15 *
( (0.0023 * StimVal / 1000000 ) + ( 0.5907
* (StimVal /1000000) ~ (1/2) ) - (6*
0.01 * ( ( Stimval / 1000000 ) ~ (1/
2) ) ) + (0.0639/ ( (StimVal/1000000 )
A(1/72) ) ) )}

025 Define Limit Lines

Start Stimulus

Stop Stimulus Response Interpo

-10/15 *((0.0023 * StimVal / --- [H

=+ Add Delete S\, Get ﬁ Recall... D Show Limit

J Trace...

Line

-|:. Insert |I\ Delete All ﬁ IFTEOH Save... D Limit Check

Figure 3.4.1.6 #ig IL #R4&
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342 MERIESHE ZNB 52k TDR RIFRE

TCO (UTP) #R&EBPMRIED S T Log Freq B9 S 28 RIEE K Lin Freq A9 TDR &2 TDT Rl - $t¥[E
BB RECS/B8 B MEE Conductive Drum WERItT BRBREMRERE - FrULEEFFEAN AN
AfEAEE MBI 2 & ZNB 586 TCO (UTP ) #Ec/8E & Conductive Drum 7E Lin Freq 8 TDR

B TDT 2HRE - FEELUTRIERERREREA -

Parameter Value

Sweep fswrt 1 MHz, (10 MHz) 2
Sweep fswop 2 GHz, (20 GHz)
Sweep type Linear

Sweep points 2000

Filtering Hann window
TDR Type Step

Output power minimum -10 dBm
Measurement bandwidth <500 Hz

500 single ended port impedances
(This results in 100 Q differential mode
reference impedance after conversion
to mixed mode parameters.)

Port reference impedances

Data calibration kit (VNA) used kit for calibration
Averaging function May be applied, but not mandatory
Smoothing function deactivated

ERIZKIR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3.4.2.1 TC9 (UTP ) TDR & TDT RiF=&E
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Test Fixture

Open

Fixture

Filter: t, = 50 ps

_Length £30mm_ End

Coax Microstrip /
+10% |- l
+5% \ l
100 Ohm \ ]
5%
-10%
—>|—-1— <120 ps round trip (< 60 ps propagation time)
1'0‘{: l
I
I
| | 7 iy
i Evaluation window
I
Vi % Aa M
A Wy W e .“I-,V‘“W,,Jlm,«x A e AN A o
el |
|\ /
Om : 0.5m 1.5m
I
I
I
75000 | 2 00naidv| @ sps =235

ERKIR : Channel Components Requirements for 1000Base-T1 Link Segment Type A

Figure 3.4.2.2 TC9 (UTP ) TDR fR1&&11%
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ZNB & (TDR)

p* > OJ#%E&/-10dBm
bw* > % &K 500Hz

[Channel

Config :

channel+ Diagram]

[Start : 1 MHZ]
[Stop : 2 GHZz]

[Power BW Avg : Power : {p* : 0 dBm}]
[Power BW Avg : Bandwidth : {bw* : 500

Hz }]

Channels :

[Sweep : Number of Points : 2000]
[Sweep : Sweep type : Lin Freq]

New

Stimulus

start Frequency
1 MHz

Stop Frequency
2 GHz

Center Frequency
1.0005 GHz

Span Frequency
1.999 GHz

P
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Figure3.4.2.4 &
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Sweep
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Freq Step Size
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Sweep Time
217 ms

IZI Auto

Meas Delay
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Freq Sweep Mode
Stepped

Figure3.4.2.5
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RERHEE
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=
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e [Meas : Balanced Port : ( D) 2 x
Balanced : Reference Impedance : L1 :
Common Mode 200 Q : Differential Mode
100 Q]

° [Meas : Balanced Port : ( D) 2 x
Balanced : Reference Impedance : L2 -
Common Mode 200 Q - Differential Mode
100 Q]

s

Meas x Trace

Meas  Format
Trc1 [BIN dB Mag 10 AR/ Ref 0 R i e 5
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