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Review of IEEE Draft P802.5dg / D2.2 SEREES

» Currently the requirement for the POE application is as follows:

When a Clause 104 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.

» The value of 25% was carried over from clause 146 without much analysis or discussion

Since the symbol period for TO0OBASE-TIL is less than 10% of the symbol period for 10BASE-TIL, 25% droop is very high

The equivalent total open-circuit inductance (OCL) to give 25% droop is about 10.9 uH

With shunt inductances as low as this on both sides of the link there is significant in-band attenuation, ~-5dB at TMHz.

This could significantly affect the link performance
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Droop 25% - Simplified Circuit - Transient Simulation

W LTspice - Droop_simplified_25.asc — (m]} X
File Edit Hierarchy View Simulate Tools Window Help
w i - o o - [ N N
CADHESSO I NEBQAQAANALYO I3 ¥Rt 1O 7T N e
-+ Droop_simplified_25.asc [ Droop_simplified_25 raw
= EIEEIPA R [= & [=]
V(LOAD+,LOAD-)
Droop
Measured at sy MDI termi d by 1 hm r
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)

y SPICE Qutput Log: C:\Publish\Droop_simplified_25.log

tl:.Tspice 24.1.8 for Windows

Circuit: C:\Publish\Droop simplified 25.net
i{Start Time: Tue Dec 16 18:15:05 2025
solver = Normal

Calculate Droop = (V1-V2)/V1*100%

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

tran 0 5u 0 ins

.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
.meas tran DROOP param (v1-v2)/v1*¥100

;meas tran LPWR_ param Lpwr

;ac lin 100000 1kHz 2.01MEGHz
.meas ac Magnitude find mag(V(LOAD+,LOAD-)) at 1MegHz

PHY Viest: TX droop test mode: 12 symbols of "+1" and 12 symbols of "-1"
PWL repeat forever (Ons -2.4V 1ns 2.4V 150ns 2.4V 151ns -2.4V 300ns -2.4V) endrepeat

Maximum thread count: 12
tnom = 27
temp = 27

method = trap
Direct Newton iteration for .op peint succeeded.
Total elapsed time: 0.414 seconds.

Files locaded:
C:\Publish\Droop simplified 25.net

t0:
vl:

time=4.20033501718e-06 at 4.20033501718e-06
I(Rload) *100=1.34570806701 at 4.23783501718e-06

= Y33501718e-06
droop: (vl-v2)/v1*100=24.924966955 ]

Load /

PCB MDI Circuit PHY chip
Link Partner
LOAD+ R528
\
X 50
Vtest
Lload Rload Lsource
{ocLy <~ 100 {ocLy v
R529
LOAD-
_param OCL 10.9uH Rdc1 50
10Meg

*The load inductoris disconnected for droop test condition
It is connected for analysing the complete path AC performance
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Droop 25% - Simplified Circuit - AC Simulation ANALQS

y LTspice - Droop_simplified_25_ac.asc — a X
File Edit Hierarchy View Simulate Tools Window Help

CADHSSP I INEBAQAQATNAR LSOOI 3 ¥Rt IO T8l Q

- Droop_simplified_25_ac asc 2 Droop_simplified_25_ac.raw

E<p

simplified_25

V(LOAD+,LOAD-)

-

{ D‘ p_simpl ;E‘d_ZE_E‘;—fS‘; | EI@ [
. Load /

y Droop_simplified_25_ac.

v X -

e Link Partner
y SPICE Output Log: C:\Publish\Droop_simplified_25 ac.log X V(LOAD+LOAD) e
LIspice 24.1.8 for Windows lFreq. 999.9924 1KHz Mag: -4.958322dB b
Circuit: C:\Publish\Droop_simplified 25 ac.net . LOAD+
Start Time: Tue Dec 16 18:22:28 2025 Phase: | 55.593665°
solver = Normal Group Delay: 741957280
Maximum thread count: 12 Cursor 2

tnom = 27

temp = 27 e — NIA- Mag [ —ma- Lload Rload

method = trap 100
Direct Newton iteration for .op point succeeded. Phase SINASINE {ocL}
Total elapsed time: 0.287 seconds. Group Delay — N/A—-
Files loaded: Ratio (Cursor2 / Cursor1) I LOAD-
C:\Publish\Droop simplified 25 ac.net Freg — NiA— Mag — N/A-

_____ — A .param OCL 10.9uH

magnitude: mag(V(LOAD+,LOAD-))=(-4.9582771157dB,0°) at 1nnoooo]

Group Delay — N/A-
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Proposal ST

» We propose to set the limit to 12.5% measured over 62.5 ns
= The equivalent total OCL is about 23.4 uH

= This would improve the in-band attenuation, to about -1.65dB at TMHz

» The proposed text is as follows:

When a Clause 104 PSE or PD Pl is encompassed within the MDI, the magnitude of both the positive and
negative droop shall be less than 12.5% 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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Droop 12.5% - Simplified Circuit - Transient Simulation

W LTspice - Droop_simplified_12p5.asc — a X
File Edit Hierarchy View Simulate Tools Window Help

CADHRSSCP I TEBARAQAARANVNB LSO 3 xlett t Q7] N e

-« Droop_simplified_12p5.asc &2 Droop_simplified_12p5.raw

I8 Droop,simpifid 12 [STE 1] | € vroon simpfied_12p505¢ =lo %]

V(LOAD+LOAD-)

b

-
AR ANAANANAY

y SPICE Output Log: C\Publish\Droop_simplified_12p5.log
Circuit: C:\Publish\Droop_simplified 12p5.net
Start Time: Tue Dec 16 18:32:02 2025

solver = Normal

Maximum thread count: 12

tnom = 27

temp = 27

method = trap

Direct Newton
Total elapsed

iteration for .op point succeeded.

time:

0.430 seconds.

Files locaded:
C:\Publish\Droop simplified 12p5.net

t0: time=4.20042088535e-06 at 4.20042088535e-06
vl: I(Rload)*100=1.28390737642 at 4.23792088535e-06
0042088535e-06

droop: (vl-v2)/wv1*100=12.4988463101 ]

Droop
Measured at syst: MDI termi d by 100ohm resisstor

Measure V1 at 3 symbols (37.5ns) and V2 at 8 symbols (100ns) after O 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

ran05u01ins

.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
.meas tran DROOP param (v1-v2)/v1*100

;meas tran LPWR_ param Lpwr

;ac lin 100000 1kHz 2.01MEGHz
.meas ac Magnitude find mag(V(LOAD+,LOAD-)) at 1MegHz

PHY Vtest: TX droop test mode: 12 symbols of "+1" and 12 symbols of "-1"
PWL repeat forever (Ons -2.4V 1ns 2.4V 150ns 2.4V 151ns -2.4V 300ns -2.4V) endrepeat

Load / PCB MDI Circuit PHY chip
Link Partner
R528
LOAD+ i
[
> 30
Vtest
Lload Rload Lsource
{octy 100 {ocLy AC 2V
R529
LOAD-
_param OCL 23.4uH Rdcl 50
10Meg

*The load inductoris disconnected for droop test condition
It is connected for analysing the complete path AC performance
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Droop 12.5% vs. 12.5% - Simplified Circuit - AC Simulation Dsis

%F\Ie View Plot Settings  Simulation Tools Window Help - & x

CACHSIPIMNBABAQAABE LSO I =3 0t 1QF TP MR

-, Droop_simplified_both_ac.asc EZ Droop_simplified_both_ac.raw

7

V(LOAD25+,LOAD25-)

V(LOAD12.5+,LOAD12.5-)

y SPICE Output Log: C:\Publish\Droop_simplified_both_ac.log

X y Droop_simplified both ac.raw

X
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, LTspice 24.1.8 for Windows ______ICursori
Circuit: C:\Publish\Drcop simplified both ac.net V(LOAD25%
Start Time: Tue Dec 16 18:35:14 2025 Freq.  1.0055MHz Mag: -4.9250035d8 O
solver = Normal o o 446817
Maximum thread count: 12 ase. .
________________________________ tnom = 27 Group Delay: 73.835005ns
temp = 27 Cursor 2
method = trap V(LOAD12.5+LOAD12.5)
Direct Newton iteration for .op point succeeded. e 1.0055MHz Ma
E A -1.6362802dB
Total elapsed time: 0.336 seconds. = l g lo
Phase: 34.075438°
Files loaded: Group Delay: 73.456503ns
C:\Publish\Droop simplified both ac.net
- - - Ratio (Cursor2 / Cursor1)
mag25: mag(V(LOAD25+,LOAD25-)) 3 dB,0A°) at 1000000 Freq: OHz Mag: 3.2896233dB
77777777777777777777777777777777777777 magl2p5: mag(V(LOAD12.5+,LOAD1 -1.65139239908dB,0A°) at 1000000 Phase. 2137138°
Group Delay -478.50268ps
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Droop 12.5% - with MDI Circuit - Transient Simulation

W LTsp

- Droop_MDI_12p5.asc

File Edit Hierarchy View Simulate Tools Window Help ) ) i

OSCHAESPNTERAQAAIB LSO =3 ¢Wmt t O ] Q

-+ Droop_MDI_12p5.asc £ Droop_MDI_12p5 raw

T [= @ ®]| < ooopmoi12 (= fE =]
V(LOAD+,LOAD-)

[Droop 12.5% - Simplified Circuit - T..)

Droop

Measured at system MDI terminated by 100ohm 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)

I\ | h Calculate Droop = (V1-V2)/V1*100%

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

.tran 0 5u 0 1ns

.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
.meas tran LPWR_ param Lpwr

.meas tran DROOP param (v1-v2)/v1*100

;ac lin 100000 1kHz 2.01MEGHz
.meas ac Magnitude find mag(V(LOAD+,LOAD-)) at 1MegHz

WS: CE Output Log: C\Publish\Droop_MDI_12p5.log X PHY Vtest: TX droop test mode: 12 symbols of "+1" and 12 symbols of "-1"
PWL repeat forever (Ons -2.4V 1ns 2.4V 150ns 2.4V 151ns -2.4V 300ns -2.4V) endrepeat

LTspice 24.1.8 for Windows

lpwr : Lpwr=6.88e-06
droop: (vl-v2)/v1*100=12.5174696371

é

Power Coupling Inductor
.param Lpwr 6.88uH
KLpwr Lpwr+ Lpwr- 1

Circuit: C:\Publish\Droop MDI 12p5.net Load I PCB MDI Circuit PHY Chip
Start Time: Tue Dec 16 17:39:43 2025 =
solver = Normal Llnk Partner MDI Transformer TVS
Maximum thread count: 12 VS -param Ltr 350ull .
i KTR101 N1N2N3 N41 Diodes

tnom = g; LOAD+ Diode C102 R528

emp = > N1
method = trap {Ltr/4} iDll}Z 50
Direct Newton J.t_:erat:l.on for .op point succeeded. D104 114 2.5p Vtest
Total elapsed time: 0.455 seconds. Lload Rload i

100 2.5p 0.1

Files loaded: {ocLy H D101 AC2V
C:\Publish\Droop MDI_ 12p5.net iltr/4}

\ \Droop_MDI_12p LOAD- ‘ TZ.Sp R529
1t0: time=4.2006341292e-06 at 4.2006341292e-06 _param OCL 23.4uH Rdcl 0.22pn Rdc2 Rdc3 50
vl: I(Rload)*100=1.20695311056 at 4.2381341292e-06 10Meg Lpwr+2 Lpwr-
v2: I(Rload)*100=1.05587312141 at 4.3006341292e-06

10M 10M
{Lpwr} {Lpwr} €9 €9
A
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Droop 12.5% vs. 25% - with MDI Circuit - AC Simulation ANGQS

LTsp\ce [Droop_MDI_both_ac.raw] = [u] X
%._;F\\e View Plot Settings  Simulation Tools Window Help - 8 x
D HE SR REER S X R AR et
CADHECDP NI TIEBQAQABS = ot t QTP
+ Droop_MDI_both_acasc ES Droop_MDI_both_ac raw
‘V(LOAD25%+,LOAD25%-): V(LOAD12.5%+,LOAD12.5%-);
A —
e
/ y Droop_MDI_both_ac.raw X
Cursor 1

V(LOAD25%+,LOAD25%-)

Freq: 999.6453KHz Mag: -5.067322dB Of— -
Phase: -303.7367°

Grp Doty 950053z

Cursor 2
V(LOAD12.5%+L0OAD125%) el -4

Freq: 999.6453KHz Mag: -1.6066441dB o]
Phase: -326.22977°

Doty 74sesTons

Ratio (Cursor2 / Cursor1)
Freq: OHz Mag: 3.4606779dB
Phase: -22.493069°
Group Delay: 543.95678ps | 1)
E’ SPICE Output Log: C:\Publish\Droop_MDI_both _ac.log X

LTspice 24.1.8 for Windows
Circuit: C:\Publish\Droop MDI both ac.net B |

Start Time: Tue Dec 16 17:42:01 2025

solver = Normal

{Maximum thread count: 12

tnom = 27

temp = 27 -

method = trap
!Direct Newton iteration for .op point succeeded.
Total elapsed time: 0.899 seconds.

Files loaded: -
C:\Publish\Droop MDI_both ac.net

mag25: mag(V(LOAD25%+,LOAD25%-))=(-5.06521557506dB,0A°) at 1000000
magl2p5: mag (V(LOAD12.5%+,LOAD12.5%-))=(-1.60572512537dB,04°) at 1000000

9 Analog Devices, Inc., [EEE 802.3dg Task Force, 19th December 2025



Thank You.
Ouestions?
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