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Topics

10/100/1000Base-T backward
compatible

Targeted 24mA and 34mA DC imbalance

Electrical parameters measured:

* |Insertion loss, Return Loss, OCL with DC
bias

Component power dissipation and

temperature rise

Distortion of Insertion Loss and Return
Loss with power applied

Component size increase, single port
and multi-port components
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* 1000Base-T circuit used for backward compatibility
» Two pairs used for calculations, worst case scenario
* Tested with 700mA of current

ELECTRICAL CHARACTERISTICS SCHEMATIC R4S
OCL @ 100kHz, 20mVRMs AND 24mA DC BIAS FROM 0°C TO 70°C 1CT + 1CT
TRDI- 1+ @ 1 TRP1+
. PAIRS (1-2), (3-6), (4-5) AND (7-8) 350uH MIN. oM P
@ : 52 3
L —— . LS L
WS WS INSERTION LOSS, ALL PAIRS TRD1+ 2 > 2 TRPI-
0.AMHz TO IMHz -11 dB MAX —Ee g - 1CT + 1CT SR
IMHz TO 65MHz -0.5 dB MAX . ol '-?"?
65MHz TO 100MHz -0.8 dB MAX RD2s 4 5g [P \ o i
100MHz TO 125MHz -1.4 dB MAX P
RETURN LOSS, ALL PAIRS (MIN) TRD3- 5 » o L.d 4 TRP3+
0.5MHz-40MHz -18 dB e g; f"ﬁ
40MHZ-100MHz -12+20L0G¢F /80MHZ) oB TRD3+ 6 » L > | 5 TRP3-
1CT + ICT
TRD4- 7 « - —| 7 TRP4+
HIPOT (Isolation Voltage, ALL PAIRS): 2250 VDC . gE _illh
TRD4+ 8 » of 5 8 TRP4-
DCR PINS CABLE SIDE (1-2), (3-6),4-5),(7-8)
1.0 OHMs MAX, .78 OHMs TYPICAL
BALANCED DC LINE CURRENT 700 mA. R
@ 57 VDC CONTINUOUS
1.2 A MAX. =
@ 57 VDC forSECOND ;
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Insertion Loss

Insertion Loss without 700mA of current
applied to center tap of transformer

1 Ackive ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Inskr State

PR Sdd2l Log Mag 1.000dBS Ref 0.0004E [F4]
0.000
=1 200,00000@0 kHz -37.227 mdE
Z 1.000000000 MHz -35.351 mdE
3 30.00000000 MHz -23%.04 mdE
-1.000 ¢ 50,00000000 MHz -3299,323 mdE
§ S0.00000000 MHz -537.54 mdE I Print
& 100.0000000 MHz -708.75 mdE
7 125.0000000 MHz -1.0757 dE
-Z.000 SR
Abort Prinking
-3.000 S =
Prinker Sekup, ..
~4.000 " Invert Image
[ o .
-C.0oa Dump
Screen Image, ..
- .000 i
ES0914 Setup |
-7 000 ;
Misc Setup |
-5.000 2 e
. . Backlight
il ;
ElALLIN ——————————|
-2.000 %} EALL _ Fitrnware
. Bewvision
ﬁ} EALZ : ;
-10.00 & pacy pacy P AN
1 Srart 200 kHz IFEL 701 kHz Stop 150 MH: BTN
Ready Z2006-
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Insertion Loss

Insertion Loss without 700mA
Plot shows IL Test Fixture distortion

CHLESEL log MAG 1@ 4B REF dB - - - 4327 dB
: g § 100 Wiz}
cor
IF BW 2 kHz POHWER dBm SHF 9 msec
START 1@B kHz STOP 10@ MHz
M SWP PRARAHM VAL
@A .1P0@A kHz -.4327 dB
1 1 MHz -.1169 dE
2 1@ MH=z -.1336 dE
3 3@ MH:z -.c@A86 dE
4 E@ MH:z -.5758 dB
5 B@ MH:z -1.1247 dB
B 1@ MH= -.58pn1 dE
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Insertion Loss

 |Insertion Loss with 700mA

_-.45@4 dB

10 Ligﬁ

CHi S2i log MAG id JdB~ REF @ dB

[

Tﬂ*
=

f
L4

Cor

)

(0

IF BH = kHz FOWER @ &Bm SHP B37.9 msec
START 1@D kHz STOP  iD@ MHz

M SWF PARAM VAL

i} 1@ kHz -.4504 dE

1 1 MH=z -.1daP6 dE

z 1@ MH:z -.1201 dB

3 30 MH= -,3317 dE

4 E@ MH= -.b859 dE

5 BA MH= -1.1532 dE

B 10@ MH=z -.B2A7 dB
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Insertion Loss

Test circuit, no power
Plot shows Imbalance Test Fixture distortion

CHL S21i 1log MAG 1@ 4B~ REF @ dB  _ _-.4561 dB
& ENE & NEEE A2,
Cor
IF BN 3 WAz FOWER JEm SHP  B37.9 msec
START L1@P kHz STOP  1iD@ MHz
N SWF FARAM VAL
@ 1@ kH=z -.4561 dE
i 1 MH= .1432 dB
2 1@ MH=z -,1834 dB
3 30 MH= L 47ET dB
4 BE@ MH=z .hizd dB
5 BA MH= -,7329 dB
G 1@ MH= -1.4214 dE
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Insertion Loss

 Insertion Loss with 26mA imbalance = 337 mA

one leg, 363 mA other leg

CHL SBL 1og MAG 1@ 4B~ REF @ dB  _ . —.437 dB
5 g K ]2 o iipiap
o Y=Y
g Car
IF BW 3 kH=z FOHWER 4 dBm SHP B37.89 msec
START 1@D kHz STOP  1D@ MHz
M SWF FARAM VAL
@a 1P@ kH= -.437 dB
1 1 MH=z 1434 4B
2 1@ MH= -.1789 dE
3 3@ MH=z 4975 dB
4 BE@ MH= B304 dB
5 B@ MH=z -.7@874 dB
B 1P@ MH= -1.4325 dE
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Insertion Loss - Gonclusions

 Insertion Loss does not distort with 700mA

* Insertion Loss does not degrade using
magnetics for 24 mA imbalance design

be
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Return Loss 100 Ohms without 700mA of
current applied to center tap of transformer

1 Active Chi/Trace £ Responze 3 Stimuluz 4 Mkrddnalpsiz 5 Instr State

Returm Loss For 100 Ohn, 11f19006 PSE 2X6 0E02WM SM1 PORTL
Trl 511 Leog Mag 10.00dE/ Ref 0.000dE [F1] Tr2 522 Log Mag 10.00dE/ Ref 0.000dE [F1]

10.00 10,00
1 1.000000000 MHz -4%elZsFdEs 1 1.000000000 |MHz -40e2kd Pk s
0.000 M 2 40,00000000 MHz -37.200 d ™ 9000 M 2 4o_00000000 MHz =34.021 B
io.on |3 59.91953800 MHz -30.108 1g.og | =3 53.91959800 MHz -27.312
. 4 =0, 00000000 - E . 4 E0.00000000 ; E - Frirt
-20.00 . [u] MH§ 192,478 dB Ll —zo.on . 0 MH=z -15.287 2
L 3
-30.00 -30.00 : -
Abort Printing
-40,00 -40,00
.
-C0,00 4 -50,00 ]
0,00 | -50.00 Printer Setup
-70.00 -70.00
— — Inwvert Image
: - ol
-30.00 oy _‘ oy =a0.00 oy e oy
BTr3 532 Log Mag 10.004E/ Ref 0.0004B [F1] Trd 544 Log Mag 10.00dE¢ Ref 0.000d4B [F1] Cump
10.00 10.00 Screen Image
1| 1.000000000 MHz -4De34lPdE: 1 1.000000000 |MHzZ -25 e@as P s e
0.000 Wz 40, 00000000 MHz =35.616 dg (@ 9.000 Wz 4000000000 (MHz =32.123 48 i
_10.00 | =3 59.91353800 MHz -32.053 1o.0n | =3 59.31353800 MHz -30.051 ES0914 Setup |
. 4 20, Qoo ; E . 4 E0.00000000 ; E
20,00 . 0 MHz -22.074 dE 5 -20.00 . [i] HH% -12.6E1 dBE L4
3 }
-30.00 [ -30.00 !\/—_TM Misc Setup |
~40.00 | -40.00 T 5 | — _
-50.00 ] -50.00 Backlight
-50.00 -50.00 O
=F0.00 =70.00 Firmweare
-50.00 -80.00 Revision
_SD.DD o . o _SD.DD o Y o

2 Start 300 kHz

 Stop 100 MH: [T

Meas ExtRef 2005-01-19 10

IFBIW 70 kHz
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Return Loss 115 Ohms without 700mA of
current applied to center tap of transformer

1 Active CheTrace 2 Responze 3 Stmuluz 4 Mkrdbnalvziz 5 Instr State

Return Loss For 115 Chrn, 11/19/06 PSE 286 DE02WM SM1 PORT1
Trl 511 Log Mag 10.00dE/ Ref 0.000dE [F1] Tr2 522 Log Mag 10.00dE/ Ref 0.000dE [F1]

10.00 10.00
1| 1.000000000 MHz -2Pe&EzPdEs 1| 1.000000000 MHz -2Zv@3CPdGs
0.000 M 2 40,00000000 MHz -22.6223 4 M 0000 2 40 00000000 MHz -24.516 dE

ln.on |3 61.22FP7E00 MHz -22.330 1o.on |3 81.22FFPE00 MHz -23.510
. 4 8000000000 ; E . 4 0. 0000000 T Print
—20.00 . 0 MHAT -20.085 d 1 —20.00 . ?
5L 5
-30.00 ; 4 g -z0.00 f L 3 -
Abort Prinking
-40.00 -40.00
-50.00 -50.00
—E£0.00 —50.00 Printer Setup
-70.00 -70.00
— — Inwvert Irnage
- - | (|
_SD -DD o " o _BD -DD e ™ e
FTr3 533 Log Mag 10.00dES Ref 0.000dE [F1] Trd S44 Log Mag 10.00dE¢ Ref 0.0004E [F1] Cump
10.00 10.00 Screen Image
1 1.000000000 MHz -2FeB44PdEs 1 1.000000000 MHz -28e8GCFdR s | | | —————
0.000 Wz 40.00000000 MHz =zz.274 e O.000 M2 40. 00000000 MHz =23.029 dE ;
1o.0n |3 BL.2EFP7E00 MHz -20.484 1o.0n |3 B1.227FPS00 MHz -22.170 ES0914 Setup |
. 4| &0, 00000000 ; . . 4| 5000000000 - dB
- : - : 0 MH#T -21.151 dE
20.00 ! ! 3 -20.00 A i _
-30.00 7 5 1 -z0.00 Ez 4 g Misc Setup |
-4 .00 -a0.00 | | —
-50.00 -£0.00 Bracklight
~e0.-00 ~e0.00 ———
-70.00 -70.00 ~ Firmware
-50.00 -50.00 Revision
_SD.DD o N o _BD.DD o ™ o

= | Start 300 kHz

PRI 700 kHz

6-01-19 10:35
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Return Loss 85 Ohms without 700mA of
current applied to center tap of transformer

1 Active ChéTrace 2 Responze 3 Stimuluz 4 Mkrddnalvziz - 5 Instr State
Feturm Loss For 85 Shrn, 11019708 PSE 2XE OE0ZIWM SH1 PORT 1

PTrl 511 Log Mag 10.00dE/ Ref 0.00048 [F1] Trz 522 Log Mag 10.004E/ Ref 0.00048 [FL1]
10.00 10.00
1| 1.000000000 MHz -2IeE2zPdEs 1| 1.000000000 MHzZ -23r2EcFPde s
0.000 W7 4000000000 MHz -20.910 48 M 0000 M o> 40,00000000 MHZ -20.4C51 dE
g.on |3 60.01873200 MHz -20.856 10.o0 |3 €0.01372200 MHz -13.752
. 4| &0, 00000000 ; E_L . 4 =0, 00000E0g -
-20.00 - . 0 HHE :liﬁﬁ-l—dB’TE; -z0.00 . Log Mag
-z0.00 3 4 1 -z0.00 § 3
-40,00 -40.00 Fhase
-E0,00 -50.00
-70.00 -70.00
-30,00 -50.00 SR
_BD -E":l N a s _ED -DD Y e s
Tr? 5322 Log Mag 10.004B/ Ref 0.000d4EB [F1]  Ted S44 Log Mag 10.004B Ref 0.000dE [FL]
10.00 10,00 Folar |
1| 1.000000000 MHz -ZIe345PdEs 1| 1.000000000 MHZ -13 rRE6FdRE s
0.000 Moz 4o,00000000 MHz =21.385 4 M 0000 M2 40, 00000000 MHZ =21.215 dE
-10.00 G0, 01375200 MHz 10.00 |3 60.012FER00 MHz ,
. S0, OO000E00 . 4 =0, 0n00oang Ly - Lin Mag
-20.00 . 3 -20.00 !
A L 4
-30.00 -30.00 T 3
1 E} 5 i SWR
-40,00 -40.00
-E0,00 -c0.00 I
-&0,00 -&0 .00 =
-70,.00 -70.00
-50.00 -50.00 Imaginary
-2, 00 = = = -20 .00
1 Start 300 kHz IFEW 70 kHz

Meas = 2006-01-19 10:32
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Return LossS

Return Loss without 700mA, 100 Ohms
Plot shows RL Test Fixture distortion
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CHL Sii log MAG 1@ 4B~ REF dB -1B,395 dH
a _ 10ad kHz|
'{IE-“"""--.. 2 M*

: | ——1

Car H"“"—-h.w“_{ iﬂ/,_._ ﬂj‘*—

__-vq_-“-.q- ’fﬁ,r
N

IF BW 32 kH=z POMWER A 4dBm SHF B37 .9 msec
START 1@P kHz STQP 10@A MH=z

N SWF PARAM VAL

a 1@ kH=z -19.585 dE

L 1 MH= -39.974 dE

2 1@ MH= -39.5894 dB

3 38 MH= -29.524 dEB

4 E@ MH=z -25.a52 dB

5 B@ MH= -c4.1B8 dE

b 1@ MH= -c@d. 729 dE
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*85 Ohms and 115 Ohms are the same with and without 700mA

Return LossS

Return Loss with 700mA, 100 Ohms

CH1i

Cor

‘Sii 1og MAG 1@ 4dB~ REF @ dB -i1B.795 dB
% 10@ kHz
[ 3 F
R B i
N il
~ =i

N

IF BH 32 kH=z POKER A 4dBm SHF B3 .9 m=sac
START 18P kHz STOFP 10@ MH=z

N SWP PARAM VAL

@ 1P@ kHz © -19.795 dE

i 1 MHz -39,@06 dE

2 1@ MHz -39,375 dB

3 3@ MH=z -28.149 4B

4 BE@ MHz -25.173 dB

5 BA MHz -24.6E6 dB

5 1P@ MH=z -19.746 dB

IEEE P802.3at DTE Power Enhancements Task Force
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Return Loss - Gonclusions

e Return Loss does not distort with 700mA

* Return Loss does not degrade using
magnetics for 24 mA imbalance design

Return Loss still meets IEEE 802.3
10/100/1000Base-T specifications

0}
d
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* Phase with 700mA of current applied to

center tap of transformer

CH1

Cor

s21 phase ap 9~ REF @ °© 3.2449 ©
108 kHz
: 7 I 3 ¥
» S i
IF BN 3 kHz FOWER @ d&Bm SHP B37.8 msec
START 1@D kHz STOP iD@ MHz
N SWF FARAM VAL

a 1P@ kH=z J3.2448 °

L 1 MH=z -394.P08 m°

2 1@ MH= -7.51B3 *°

3 30 MH=z -22.6@7 =°

4 BE@ MH=z -44 . E44 °

5 B@ MH=z -5B.39B =©

B 1@ MH=z -73.811 =

IEEE P802.3at DTE Power Enhancements Task Force
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« Phase with DC imbalance of 26mA

« Conclusion: Phase does not distort with
700mA

CHL S2i nhase ap 9. REF @ @© 3.3724 ©
10d kHz
Cor
; SE' = } o
W bl — ;
IF BW 3 kH=z POHER 1 4dBm SHF B37.9 msec
START 1@Bb kH=z STOP 1@ MH=
N SWPF PARAM VAL
@a 1@ kH= 3.3724 °
1 1 MH=z 2@3.18 m*
2 1@ MH=z -5.95@1 =°
3 3@ MH=z -11.B71 =
4 B@ MH=z -44 BE4 °
g5 BA MH=z -B1.515 =°
B 1A MH=z -79.82 -
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» 24mA design over temperature with bias
* Designed for 50uH of margin

OCL

20mA

MH

OCL
21mA

MH

OCL
22mA

MH

OCL
23mA

MH

OCL
24mA

MH

OCL
25mA

MH

0°C 535 523 516 508 495 490 483
25°C 628 617 606 593 580 566 552
70°C 521 499 473 446 421 398 377

IEEE P802.3at DTE Power Enhancements Task Force
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* 34mA design over temperature with bias
* Designed for 50uH of margin

Q
1

OCL 30mA OCL 31mA OCL 32mA OCL 33mA OCL 34mA

34mA Design

uH MH uH uH MH
0°C 760 727 690 675 668
25°C 935 886 837 789 743
70° C 521 448 463 424 405
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Gomponent Power Dissipation vs. Temperature, Galculated

Power Dissipated By Component vs. Operating Temperature, 700mA

o (N 0.11¢

o> I R 0.115
o I N 0.112
s> I S 0-109
5 I ] 0.106
+ I | 0-103
«» [ S 0.100

s I N 0.057

» I 0054

25 [  0.09

0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140
Power Dissipated By Components (Watt)

bbe

Operating Temp (°C)
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Component Temperature Rise vs. Operating Temperature,
Galculated

Operating Temperature vs. Component Temperature Rise, 700mA
80

5.9
70

5.8
5.6

5.5

53

A
o

5.2
5.0

H
o

4.9
4.7

Operating Temp. (°C)

(o
o

—
N
o

-
o

o
|

4.6 4.7 4.9 5.0 5.2 5.3 5.5 5.6 5.8 5.9
Component Temp. Rise (°C)
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Component Temperature Rise vs
Operating Temperature Measured

 Measured temperature rise of component using 800mA,
probe molded into center of magnetics winding area

 Minimal rise seen using 700mA, so increased to 800mA

el
e
OmA s0omA | emperature
Operating Rise
Temperature
0°C 0.5°C 24°C 1.9°C
25°C 251°C 27.7° C 2.6°C
70° C 69.4° C 72.3° C 29°C

IEEE P802.3at DTE Power Enhancements Task Force
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GComponent Size Increase
Denth Only

% Increase

Description
24mA 34mA
Single port, 10/100Base-T 0% 0%
Single port, 10/100/1000Base-T 15% 20%
Multi-port, 10/100Base-T 0% 0%
Multi-port, two-pair, 10/100/1000Base-T 10% 20%
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 1000Base-T backward compatible
magnetics are capable of
supporting 24mA of DC bias

 Distortion with DC bias is not an
Issue

 Temperature rise is ~ 6° C when
operating at 70° C and applying
800mA of current per port

bbe
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 Different circuit topologies need to
be tested

 1000Base-T backward compatible
magnetics are capable of
supporting 34mA of DC bias but
require further test validation.
Insertion Loss, Return Loss and
different circuits topologies.
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Thank you for your time



