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» Transmit PSD
» MDI Return Loss

» Transmitter Droop
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. . ANALOG
Transmit Power Spectral Density SRS
= Equations in the standard form for the PSD for 1.0V and 2.0V transmit levels
= A plot of these equations showing the upper and lower masks
= A comparison of the 100BASE-T1L PSD mask with the 100BASE-T1 mask, to highlight the differences

= A plot of the measured PSD of a 100BASE-TIL Idle test pattern against the proposed
100BASE-T1L PSD mask
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Transmitter Power Spectral Density and Power Level

» Equations for the 1Vpp transmit signal amplitude:
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Transmitter PSD - TOOBASE-TIL versus T00BASE-T1

» The following compares the T00BASE-TTL PSD mask with TOOBASE-TT
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PSD {dBm/Hz)

PSD of 100BASE-TI1L Idle Test Pattern ANADS

» The followingis a plot of the PSD of a 1.0V T00BASE-TIL |dle test pattern

PSD of Tx 8b6T idle leader signal (TM6) : TX low

== pper PSD (1007 1) =—s— Lower PSD (100T1) =—— Upper PSD (1007 1L) =—— Lower PSD (100T1L)
65
70
PSD of Tx 8b&T idle leader signal (TM6) : TX low
s Upper PSD (1007 1) === Lower PSD (10071) =—— Upper PSD {1007 1L) —— Lower PSD {100T1L}
80 . -65
85
-70
.90
-85 h -75
100
-80
105
¥ o
110 E
o
=
115 2 =0
Q.
120 - \ " RO" Off due tO 8b6T
125 Running Disparity
-100
130
135 -105
140
] 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 -110
0 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15

Frequency (MHz) Frequency (MHz)

7 Analog Devices, Inc., [EEE 802.3dg Task Force, 28th / 29th July 2025






MDI| Return Loss ANALOS

» Return Loss limits were adopted at the 802.3dg interim call in June

» We simulated with the transmit and receive external componentsincluding a 350 uH transformer and 470 uH CMC
= And we included power coupling inductors (40 uH differential)
= The simulationincorporates the effects of some parasitics

= More details in this presentation

» We have measured return loss with external components

= Detailsin this presentation

» Lower power coupling inductor values may be considered for PoDL

= At present, we do not have a separate Return Loss equation for the case where a
Clause 104 Pl is encompassed within the MDI

= Further workis required to decide if thisis needed
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MDI Return Loss - LT Spice Simulation ANALOG

y LTspice - [MDI_Return_Loss_WE-TR-CMC-models_Michal.asc] — (m] X

—= File View Plot Settings Simulation Tools Window Help - 8 %

CACDHSOPII=EBRAAABA LSO s =3 2 E=t 1 Q1L M4 Q

EZ MDI_Return_Loss_WE-TR-CMC-models_Michal.asc -« MDI_Return_Loss_WE-TR-CMC-models_Michal.asc
abs(1-100*1(Vtest))/(1+100*1(Vtest))

100BASE-T1

100BASE-T1 (PoDL) .~

1000BASE-T -

100BASE-T1L
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MDI Return Loss - LT Spice Simulation

-( File  Edit Hiera i

Oai H@@ @ EDE%QQQ BLYO: 3Rt 1O TP dQ

ANALOG
DEVICES

Return Loss

Place trace on plot: (1-100*I(Vtest))/(1+100*I(Vtest))
.ac dec 100 10kHz 100MEGHz
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PCB MDI Circuit PHY chip
MDI Common Mode Choke MDI Transformer
6033_744242471_470u 4532_74930000_350uH
e R112 €102 R528
i '[ VoV ]‘ i | T V VT
1 10k 3 0.22p TR101 D102 50
s | C113 R138 - | c114  2:5p
[ Veest | D104 lood e by \{h 311§ | .
AC 1V s <H o
= 25p 2 ("7 3 1000p 75 ¢ | 0.dp D101
— ! lel\:l 01‘1‘)1 W |2:5p R529 |
- AV T ! TN N
! '::;1 A9k L B2 _“Rde2 .~ Rdc3 50
eg Lpwr+© ) ( Lpwr- o
2 = = -~ 10Meg < 10Me
N {Lpwr}_ (_ {Lpwr} ‘ 9 9 Sl
Power Coupling Inductor ) {\_]”
.param Lpwr 10uH —L S
KLpwr Lpwr+ Lpwr- 0.999 '




MDI Return Loss - Measurement 1- No Power Coupling SRS

MDI Return Loss
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MDI Return Loss - Measurement 1 - Investigation

Return Loss
Place trace on plot: (1-100*I(Vtest))/(1+100*I(Vtest))

.ac dec 100 100kHz 100MEGHz

<

v Plat Settings

DR&EC>POIDE

Simulation  Tools

Window Help
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MDI Common Mode Choke MDI Transformer
6033_744242471_470u 4532_74930000_350uH
CABLE + R112 Cllllilz ) R528
: 1 lD - AVAYS
. 10k, 0.22p TR101 50
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Power Coupling Inductor ki
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MDI Return Loss

+ MDI_Refism_Loss Brychta 3dg 01 0728-282025-Cparase ES MDI_Retum_|oss_Rrychta_3dg_01_0728-282025-Cpar raw
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MDI Return Loss - Measurement 2 - no power coupling ST
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MDI Return Loss - Measurement 2 - with Power Coupling SRS

40uH differential (2x 10uH coupled)
MDI Return Loss
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MDI Return Loss Comparison with Previous Standards ANRS

» Proposed mask for the MDI Return Loss compared with previous standards
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» Simulation

» Measurement

» Lower power coupling inductor values may be considered for PoDL

= We do have separate Droop limits

= At present, we do not have a separate Return Loss equation for the case where a
Clause 104 Pl is encompassed within the MDI

= Further work is required to decide if this is needed
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Droop - LT Spice Simulation AR
Droop

Measured at system MDI terminated by 100o0hm resisstor

Measure V1 at 3 symbols (37.5ns) and V2 at 8 symbeols (100ns) after 0 crossing (Find 3rd rising edge to see waveform more settled)
Calculate Droop = (V1-V2)/V1*100%

Press <CTRL> + <L> and scroll down in text to see .meas results

.tran 0 5u 0 50ns

.meas TRAN t0 FIND time when I(Rload)=0 rise=15
.meas tran v1 find I(Rload)*100 at=T0+37.5ns

L 10Meg 10Meg

Power Coupling Inductor
.param Lpwr 10uH
KLpwr Lpwr+ Lpwr- 0.999

____________________________________________________________________________________________________________________________________________________________________________

.meas tran v2 find I{Rload)*100 at=T0+100ns PHY Vtest: TX droop test mode: 12 symbols of "+1" and 12 symbols of "-1"
.meas tran droop param (v1i-v2)/vi*100 PWL repeat forever (Ons -2.4V 1ns 2.4V 150ns 2.4V 151ns -2.4V 300ns -2.4V) endrepeat
PCB MDI Circuit . PHY chip
MDI Common Mode Choke MDI Transformer
; 6033_744242471 470u .param Ltr 350uH i
5 KTR101 N1 N2 N3 N4 0.999 i
CABLE+ . /R\:l;.\2/ _ Ccio02 : | R528
: ° N1 !
' D102 .
5 L 1ok 4I ke L
: 2.5p |
: 2 L101 Cciig : Viest
I R — BE O
E 2.5 o ; _
<7 100 i P 2 m 3 ° N4 0.1p __[)101 |
: {Ltr/4} T §
CABLE- | l /R\l/l\l/ l = o
’ Rdci !
c 10k Rdc3 i 50
10Meg Lpwr+° i
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Droop - LT Spice Simulation SRS

5!’ LTspice - Droop_Brychta_3dg 01_0728-292025.as¢c

File Edit Hierarchy Wiew Simulate Tools Window Help B . .
CACHSSO NIEBRAAAVBR LSO =3x8t 1O 1K AQ
¢ Droop_Brychta_3dg_01_0728-202025as¢ X Droop_Brychta_3dg_01_0728-292025 raw
"Q( Bmo;i_ﬁry&mrjdg;ﬁ1_ﬂ?28@9292&m= E@I@o yehta 3dg 01.0728-292025 12w (== |
2.4V : : V(CABLE+,CABLE-)
"\
i1
“':
v 5.:\ "\
\\\II\
Droop \
M d at system MDI terminated by 100ohm resisst

Measure V1 at 3 symbols (37.5ns) and V2 at 8 symbols (100ns) after 0 crossing (Find 3rd rising edge to see waveform more settled)
Calculate Droop = (V1-V2)/V1*100%

Press <CTRL> + <L> and scroll down in text to see .meas results

tran 0 5u 0 50ns

.meas TRAN t0 FIND time when I{Rload)=0 rise=15

.meas tran v1 find I{Rload)*100 at=T0+37.5ns
.meas tran v2 find I(Rload)*100 at=T0+100ns PHY Vitest: TX droop test mode: 12 symbols of "+1" and 12 symbols of "-1"
.meas tran droop param (vi-v2)/vi*100 PWL repeat forever (Ons -2.4V 1ins 2.4V 150ns 2.4\.' 151ns -1.4\!' 30'Uns -2.4\!') endrepeat ___________________
i PCB MDI Circuit PHY chlp
MDI Common Mode Choke MDI Transformer
: 6033_744242471_470u .param Lir 350uH
: KTR1I01 N1 N2N3N40999 | RS28 [ |77 717717771
CABLE+' Il?ii/l\z CI.DZ : T/Z\B
5 1ok’ 0. 2”2 N2 ) (5 N1 |p102{ 5o
i 1 4 H {Li:r,i'-"l-}_jr {Ltr/4}
. cuz R138 3 c114 2.3p Vtest
~Rioad _|Dp104 L"‘“‘J LA0x G . ‘S GRS /Y7 U T I 00 AR UORR R 1 U W 'Y O AR SUUN 0% VURTR SO (ORS8N SO SO WA W NN S NN S ) A R WSO NI D '
£ | e 1| |5 Yt —JEb (
< 100 -3p | | 1000;! 75 N3el o N4 0.1p D101 S
s {um}q {Ltr/43
SRgE J R111 J ci01 —P sp gg\s
: k¥4 : n
{ <~ Rdel : 0Vt
10:1 10k L j o.zzp L Rdc2 } — 50 | >
< eg Lpwr+:_ 1 [ Lpwr- = :
< 10Meg =~ 10M
~ {towry ) Cirpwry 27009 5 F0Ne0 :
Power Coupling Inductor o K £ 2
.param Lpwr 10uH §‘7 -—I—' 3
KLpwr Lpwr+ Lpwr- 0.999 - ot i Rl e s bty ceva e (- FEt (s sl e i) SEGLY Bt e Sl (e Coctt: e shb ey S e Comel meor e SUUU
.......................................................................................................................................................................... -
:'r .”f )/ £ o
7 7 7ot
s i i fort
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Droop - LT Spice Simulation

y | Tspice - Drog

File Edit Hierarchy WView Simulate Tools Window Help

CACHESO I TEBAQAANAR LSO 3 ¥Rt 1O "1~ Q

<« Droop_Brychta_3dg_01_0728-292025.asc 2 Droop Brychta 3dg D1 0728-202025 raw

21

< C

Droop
Measured at system MDI terminated by 100chm resisstor

Measure V1 at 3 symbols (37.5ns) and V2 at 8 symbols (100ns) after 0 crossing (Find 3rd rising edge to see waveform more settled)
Calculate Droop = (V1-V2)/V1*100%

Press <CTRL> + <L> and scroll down in text to see .meas results

.tran 0 5u 0 50ns

.meas TRAN t0 FIND time when I(Rload)=0 rise=15
.meas tran v1 find I{Rload)* 100 at=T0+37.5ns Al 1

-meas tran v2 find I(Rload)*100 at=T0+100ns | [J piCE Qutput Log: C:\Users\mbrycht\Documents\IEEE\Droop Brychta 3dg 01 0728-292025 log X

.meas tran droop param (vi-v2)/vi*100

Tspice 24.1.8 for Windows

[Circuit: C:\Users\mbrycht\Documents\IEEE\Droop_ Brychta_3dg_0l1_0728-292025.net
P Start Time: Fri Jul 25 18:01:05 2025
Misolver = Normal
! 6033 794, ximum thread count: 12
ﬂBLE'i' ‘_’E tnom = 27
temp = 27
L thod = trap
’ ~| ] |Early termination of direct N-R iteratien.
~ Rload DEG3 Direct Newton iteration failed to find .op peoint. (Use ".opticn noopiter" to
2100 |Starting Gmin stepping
Gmin = 10
‘ gGmin = 1.07374
EABLE: Gmin = 0,115292
Gmin = 0.012379%4
Gmin = 0.00132923
Gmin = 0.000142725
pwer Coupling Indieg in = 1.5325e-05
.param Lpwr 10u! E in = 1.6455e-06
Rl L Cnin = 1.76685e-07
"""""""""""""""""""""""" Gmin = 1.89714e-08
Gmin = 2.03704e-09
Gmin = 2.18725e-10
Gmin = 2.34854e-11
Gmin = 2.52173e-12
Gmin = 2.70769%e-13
Gmin = 0

Gmin stepping succeeded in finding the cperating peint.
Total elapsed time: 0,305 seconds.

|Files loaded:
C:\Users\mbrycht\Documents\IEEE\Droop Brychta 3dg 01 _0728-252025.net
C:\Users\mbrycht\AppData\Local\LTspice\lib\sub\Contrib\Wurth\WE-SLM.lib

t0: time=4,20273178129%e-06 at 4.20273178129%e-06

wl: I(Rload)*100=1.15666099858 at 4.24023176812%-06
s aer 0 3l leUlq s (27317812%e-06

oop: (v1-v2)/vl1*100=9.36771780771
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Freg:| 15.091736MHz  Slope:|

4.40ps 4.45us

BT Droop B 5
Cursor 1

V(CABLE+ CABLE-)
CHorz | 4.2401800ps Verk| 11567549V
Cursor 2

V(CABLE+ CABLE-)
Homz| 4302713248 Vert|  1.0483301V
~ Diff (Cursor? - Cursort)
Hoz|  62.5323ns Vert|  -108.41576mV

-1.73376e+06
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Droop - Measurement BNGRR

File Edit Applications Utility Help — B X

Add New...

Callout

Measure| | Search

Wy e : ] I L ] ] || E ] ] ’ A L ] | s X | I Results Plot
TESI FOINTS E 3 H i
POWER
A . | .

Waveform View

71800XTINIQY-TVA3™

W, =i

Table

|
At: 62.500 ns  1/At: 16.00 MHz
- fv: 146.126 mV  Av/At: 2.34 MV/s

t: 37.500 ns t: 100 ns
v: 1.206 V ) ) ) v: 1.060 V

v
i (1] 1)

160 ns 200 ns 240 ns

Horizontal Trigger AGIED Stopped
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Droop - Measurement BNGRR
18.8uH differentia

No Power Coupling
. ..-J

@

At: 2500 ns  1/Ad

(2x 4.7uH coupled)

Av: 18414 mV A/

Droop 1.7% Droop 21%

9. differential (2x 2.4uH coupled)

@+ g

At: 62500 ns  1/At: 16.00 MHz
fv: 434262 mV  Awidt: 6.95 MV/s

6uH

e

o

1100 ns
v: 1.060 V

Droop 13% Droop 33%
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Droop - Measurement Method Note BNGRR

, , : Oscilloscope Capture — Averaging 64
» Using oscilloscope averaging be 2P ging

|- : \
At: 62500 ns  1/At: 16.00 MHz

= Measurement results in this presentation used average of 64 L elesToGmVIT A2 54 MV

 t:37.500 ns
©owv:1.206 V

= Eliminates effect of random system noise

= Otherwise the noise may significantly affect the result

Reading V1 V2 Droop
1 1.213 1.057 12.86068
2 1.211 1.045 13.70768
3 1.212 1.07 11.71617
4 1.208 1.074 11.09272
5 1.198 1.071 10.601 Tty marsomu
6 1195 1.071 | 10.37657 [
7 1.206 1.082 10.28192 T
8 1.224 1.048 14.37908
9 1.199 1.082 9.758132
10 1.237 1.047 15.35974
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Droop - Summary

ANALOG
DEVICES

Differential Inductor

LTSpice Simulation

Measurement 1

Measurement 2

None (only transformer) 1.3% 1.7% 2.2%
40uH 9.4% 13% 12%
18.8uH 17% 21% 20%
9.6uH 29% 33% 32%

... the magnitude of both the positive and negative droop shall be less than 10% measured with respect to an initial

value at 37.5 ns after the zero crossing and a final value at 100 ns after the zero crossing.

When a Clause 104 Type G PSE or PD Pl is encompassed within the MDI, the magnitude of both the positive and
negative droop shall be less than 25% measured with respect to an initial value at 37.5 ns after the zero crossing

and a final value at 100 ns after the zero crossing
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