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I —————
Purpose

* The purpose of this presentation is to:

— Follow-up in more detail on initial estimation:

e “Multidrop PHY Simulation”
— http://Iwww.ieee802.org/3/cq/public/July2017/brandt cg 03 O
717.pdf

— Examine the effect of the loading presented by a
node on the IEEE P802.3cg mixing segment

« Consider large node count
— Propose a per-node load budget
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http://www.ieee802.org/3/cg/public/July2017/brandt_cg_03_0717.pdf

e —————
Agenda

* Potentially relevant multidrop clauses
« External multidrop example

* Spice modeling methodology

* Spice modeling results

» Conclusions and followup
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POTENTIALLY RELEVANT
MULTIDROP CLAUSES




I
Multidrop “copper” clauses

Rate

Mixing segment
Maximum MAUs
Input impedance

Cable impedance
End terminations
Stubs

Cable section and placement
rules

Clause 8

10 Mb/s CSMA/CD
500 m, coaxial

100

<4 pF

< 50 mQ (series)

> 100 kQ (parallel)
Power-off and power-on, not
transmitting

50 Q +/- 2 Q, average
50 Q +/- 1%, resistive
3 cm max., recommendation

* Lengths are odd multiples
of half wavelength
 Vp=0.77cC
» Reflections less than 7% of
incident wave

Clause 10

10 Mb/s CDMA/CD
185 m, coaxial

30

<8 pF

< ?? mQ (series)

> 100 kQ (parallel)

Power-off and power-on, not
transmitting

50 Q +/- 2 Q, average
50 Q +/- 1%, resistive
4 cm max., recommendation

* 0.5 m minimum cable
section

* 0.5 m minimum MAU
spacing
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e —————
Thoughts on Clauses 8 and 10

» Clauses do not directly apply
— Maintenance is no longer allowed
— Different impedance
— No provision for power
— Shielded system, different EMC environment
— Not for a balanced pair

* They provide concepts on how to specify a
multi-drop media system
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EXTERNAL MULTIDROP
EXAMPLE
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I
IEC 6206-2 (AS-i)

« Successful balanced pair multidrop communication
network with power

« Sets RLC limits for master, slave, power supply

ASl+ o . v
ASl- o . . —1

Equivalent circuit of a slave for frequencies in the range of 50 kHz to

300 kHz
R (kQ) L (mH) C (pF)
> 8 kQ > 9 mH < 100 pF
>13,5kQ | > 13,5 mH < 50pF

Can this simple concept by applied?
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SPICE MODELING
METHODOLOGY
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LTSpice XVII modeling

* 25 m bus length

* 40 nodes

« +/- 1V at transmitter — 1 Vpp on bus
* No Spice simulation of bus power

* |deal transmission line, Vp = 0.66 C

* Model based on real components, but
simplified where possible

» 16-bit signal pattern: 0101 0011 0000 1111
* |nitial 10 k and 500 u (470 u) taken from draft

IEEE P802.3cg 10 Mb/s Single Twisted Pair Ethernet Task Force — March 2018 Plenary, Rosemon t, lllinois, USA



________ I
Example mixing segment sub-circuits
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Non-ideal component LTSpice models

I — * Resonance may
: fall into our
SRpar Reer Cparl __ Inductor communication
?ﬂnductanc» band
| — PSE and PD
Inductors consider
] non-ideal model
Rser — Transceiver
§Rpar T<capacitance> cpar [ Capacitor Coupling
?:%Rmhum capacitors
B consider non-ideal

model
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L ———
TVS

100BASE-T1 Example * Protects against
e |EC61000-4-2 Level 4 ESD protection ES D E FT and

o %12 kV contact discharge
o 15 kV air gap discharge
. |ECB1DDD44EFT?:rEtectlon ° * * * * Surge .
e |EC ;}100?304A5ifrg;2rotectlon ACtS a-S CapaCItor .
0 2AE20e) when not conducting

e |O capacitance: 0.27 pF (Typ ), 0.37 pF (Max)
e DC breakdown voltage: 5.5V (Min) ° ngher Speed
communication has

More harsh environment

e ESD, [EC 61000-4-2, drlven IOW .

+30kV contact, +30kV air : Capacrtan ce d eS|g nsS
e EFT, IEC 61000-4-4, 40A .

(I?/Sf?n'S) IEC 61000-4-5 ) CapaCItance

2B (o820 increases with larger
i ek surge requirement
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Stubs

* We can calculate the per Capacitance is seen
unit length parameters for

a lossless line by solving across line

for L and C, assuming the .
stub is electrically short Small inductance

(wavelength of 12.5 MHz filters communication

at 0.66 cis 16 m) :

_ 70 = sqrt(L/C) « Poor design could

— Vp = 1/sqrt(L*C) achieve much worse
results

 Parameters:
— 2 cm stub =1 pf, 10 uH
— 10 cm stub = 5 pf, 50 uH
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________ I
Simplification of Recelver and PD

Receiver + PD loads end up looking like
RLC across the line
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First model: lumped RLC

« Determine initial values for R, L, and C based on a
40 node example system

« Test sensitivity to various positions

« Perform additional modeling with a more accurate
distributed node model

T P E TSP ERSEE TR I bl - ES SRR =
T |00 LU e et s SE amned
e T RX1+ 12 RX2+ T3 o : : : _param Rlump={10k / {Nodes}}
>R1 Z0=100 Td={short} -1 Z0=100 Td={long} ~1.20=100 Td={short} | gp<._ - - . ~ -param Llump={940u / {Nodes}}
= y = : .param Clump={6p * {Nodes}}
100 R 0w D 11007 . : : : : . . -
> 2 > 2 0 RS O -
- @ : R1 §L1 7:01
: V+—V+ - SRR SRR “{Rlump} LI {Clump}
IR vy RX { ! P} " ){Llump}
N1 ceeceesas N2 -
.tran 1500n - S L L L L . B
_param short={0.045/(0.66*3.0E8)} =~ .. .. . . ..o : o | Resistortoground o
.param long={25/(0.66*3.0E8)} R . ] : for DC bias :
) R2
W t t b | dl d 0= BRSO " 10Meg

furthest from transmitter
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i
Second model: distributed RLC

Lossless transmission lines
All nodes evenly spaced over 25 m interconnect nodes

B Transceiver (all others receivers) /
den R T4 ng¥+ ™ T8 RX10+
= Z0=100 Te={short} | m'[s} Z0=100 Ta={short} | %ﬁ;&m} ng Z0=100 Td={short} .I- m(]J'CL
+ E + 2 E + H
" iz 2 d E 8 g
=N &
RX RX RX e E
[E) N4 10 S
n
=
=]
RX20+ 120 RX19+ T8 RX18+ T8 RX4T+ ™7 T14 RX1+
i [ rege | rgs [ rgr T~
| %ﬁs\hﬂ} | | Zo=io0Td{shorf | | Z0=100Td={shor} | | Z0=100 Td={shorf} Z0=100 Td={short T | T
+ + * + +
s |34 i 4 i g ' i 4
&)
E |‘I3 RX RX RX RX RX RX RX RX RX RX
‘8_ Hz20 [EE] g AT W16 W15 g [E iz w1
un
=
i Rxg1+ 122 T23 Rxg3+ 124 RXga+ T25 Rxg5+ 26 RXZ6+ T27 Ryg7+ 28 T29 RX29+ T30 g?gf
L e | VetV amemie | Vi Vi | oo s | wigen T s | P
+ E + = + E + = + E + E + E + E + E + H
3 3 2z 3z 2z 3z 2 a 3 3 3 8 2 g
2
5| &
RX RX RX RX RX RX RX RX RX RX 2=
nzi B EEE nzd EEE NZ6 nz7 NZB NZ5 N30 ‘En_'
c2 s
N
den 40 @Fo 139 Rx?_se 28 n_xTh Ta7 Rx?(_;‘ 26 MF‘ T35 R34+ T24 &?g» 33 RX?’:N T3z RN+
2 ‘ m%nz@1mm=(smn} | %mm} ‘ %ﬁs\hﬂﬂ} | m?rzuﬂmrﬁsrm} ‘ %ﬁs\hﬂﬂ] | m?&20=1DDTd={smq .‘{ m?‘zuﬂoomﬂsmn) | m?}zuﬂmrdqsrm} ‘ %ﬁs\m«) .I- m?t
+ n + i + n + i + n + 3 * n + 3 * n + 2
MR 2 2 2 2 2 2 o 2 3 2 i g
RX RX RX RX RX RX RX RX RX RX
HAD L L L L D L L L L

——esssn € SpICE Parameters:
transient simulation, 1500 ns duration
transmission lines = 100 Q impedance, 25 m / 40 length, Vp = 0.66 ¢
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Transceiver and recelver models

Transceiver

:

25

R4

[
25
S

+
[2]
2
o
2
|
100n
L1
470p
R1
10k
L2
470p
i
|
100n
o
2
m

100 nF capacitor

parameters:
ESR: 20 mQ
ESL: 0.77 nH

Inductor parameters:

Cc1
1.5p

for distributed circuit

Receiver

R1
10k

%
j

L1

Series Resistance: 16.3 Q
Parallel Resistance: 2 MQ
Parallel Capacitance: 5.5 pF

470p
521
__1.5p
L2
470p
Resistor to ground
for DC bias
R2
10Meg
All other
componen ts
are ideal

* Cl represents
capacitance of
TVS device

* Inductors are
non-ideal and
cannot be
combined

R2 In receiver Is
for Spice
convergence
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DME stimulus

TRV Data Clock

DME Signal / v

"] 40 80 120

160

200

240

280 320

360

400 440

480

520 560 600 640 680
Time / ns

720

760
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SPICE MODELING RESULTS
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Voltage / V

Resistor value dependence

0.6

0.4

0.2 1

0.0 1

—0.2

-0.4

—0.6 1

» Resistors represent receiver circuit load

» Resistance closes eye diagram via attenuation

* Devices farther away from transmitter are attenuated more

strongly

R =20 kQ

Voltage / V

10 20 30 40 50 60 70 80
Time / ns

R =10 kQ (nominal)

0.6

0.4

0.2 1

0.0 1

—0.2

-0.4

—0.6 1

Voltage / V

0.6

0.4 1

0.2 1

0.0

-0.2 1

-0.4

—0.6 1
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Node 1

Node 2

Node 3

Node 4

Node 5

Node 6

Node 7

Node 8

Node 9

Node 10

R =5kQ os ~ :
L=940pH - \
C=15pF :° ‘ \
e p & o0 )
£
s
-0.2 1
~0.4
-0.6 1 1
0 20 40 60 800 20 40 60 800 20 40 60 80 0 20 40 60 80 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 800 20 40 60 80
Time / ns Time /ns Time / ns Time / ns Time /ns Time / ns Time /ns Time /ns Time / ns Time /ns
Node 11 Node 12 Node 13 Node 14 Node 15 Node 16 Node 17 Node 18 Node 19 Node 20
0.6 q q
04 \ X
0.2 i
>
o
E 0.0 1
2
02 1
0.4 - q = —
-0.6
0 20 40 60 80 0 20 40 60 800 20 40 60 80 0 20 40 60 80 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Time /ns Time /ns Time / ns Time / ns Time / ns Time / ns Time /ns Time /ns Time / ns Time / ns
Node 21 Node 22 Node 23 Node 24 Node 25 Node 26 Node 27 Node 28 Node 29 Node 30
0.6 1 1
0.4 \ 1 ~—
02 1
>
P
E 0.0 q
°
>
-0.2 1
-0.4 — S =
0.6 ]
0 20 40 60 800 20 40 60 800 20 40 60 80 0 20 40 60 80 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 800 20 40 60 800 20 40 60 80
Time / ns Time / ns Time / ns Time / ns Time / ns Time / ns Time / ns. Time / ns. Time / ns Time / ns
Node 31 Node 32 Node 33 Node 34 Node 35 Node 36 Node 37 Node 38 Node 39 Node 40
0.6
0.4 q q
0.2
>
®
E‘ 0.0
°
=
02 1 1
-0.4 1]
-0.6 4
0 20 40 60 80 20 40 60 800 20 40 60 8O0 20 40 60 8OO 20 40 60 B0 20 40 60 8OO 20 40 60 80O 20 40 60 800 20 40 60 800 20 40 60 80
Time / ns Time / ns Time / ns Time / ns Time / ns Time / ns Time / ns. Time / ns Time / ns Time / ns

IEEE P802.3cg 10 Mb/s Single Twisted Pair Ethernet Task Force — March 2018 Plenary, Rosemont, lllinois, USA




Inductor value dependence

* Inductors decouple node power supplies
« SRF of larger inductors may make them unusable

» Low inductance increases bit sag with increasing distance and
may not block disturbances from inside the power supply

L =9400 pH L =940 pyH (nominal)
0.6 0.6 0.6
0.4 0.4 0.4
0.2 4 0.2 0.2
> > >
o o °
2 0.0 2 0.0 2 0.0
= = =
s s s
-0.2 -0.2 —-0.2
-0.4 -0.4 -0.4
~0.6 ~0.6 —0.6 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 5‘(] 60 70 80 0 10 20 30 40 50 60 70 80
Time / ns Time / ns Time / ns
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How small can the inductors be?

Voltage / V

Voltage / V

0.6

0.4

0.2

0.0

—0.44

—064

0.6

0.4

0.2

0.0

L=2x470 yH =940 yH

] 10

20

30

40
Time [ hs

50

L=2x120 yH =240 uH

30

40
Time / ns

50

60

70

80

Voltage / V

Voltage / V

0.6

0.4

o
9

0.0

L=2x330uyH =660 yH

L] 10 20 30 40 50 60 70 80
Time [ hs

L=2x68 yH =136 yH

o 10 20 30 40 50 60 70 80
Time / ns

Voltage / V

Voltage / V

=
@

14
i

o
9

4
o

|
o
i

|
e
=

!
=}
o

L=2x220 yH =440 yH

L] 10 20 30 40 50 60 70 80
Time [ hs

L=2x47 yH =94 pH

o 10 20 30 40 50 60 70 80
Time / ns
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R =10 kQ
L = 240 uH
C=15pF

valtage / v

Voltage / V

Voltage / V

Vaoltage f v

0.6

0.4

0.2

0.0

—0.2

—0.6

0.6

0.4

0.2

0.0

—0.2

0.6

0.4

0.2

0.0

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 8 Node 9 Node 10
0 20 40 60 800 20 4 60 800 20 40 60 800 20 40 B0 800 20 40 60 80O 20 40 60 80 200 40 60 800 20 40 60 80O 40 60 800 20 40 60 80
Time [ ns Time /ns Time / ns Time / ns. Time / ns Time f ns Tme /ns Time / ns Time f s Time /ns
Node 11 Node 12 Node 13 Node 14 Node 15 Node 16 Node 17 Node 18 Node 19 Node 20
] I 1 - ] -
0 220 40 60 800 20 40 o0 810 20 40 60 60O 20 40 60 800 20 40 60 @0 20 40 60 60 20 40 60 820 20 40 60 800 © 60 80 20 40 60 80
Time fns Time / ns Time / ns Time / ns Time f ns Time / ns Time /ns Time / ns Time / ns Time / ns
Node 21 Node 22 Node 23 Node 24 Node 25 Node 26 Node 27 Node 28 Node 29 Node 30
= SN
=
] @ o

o

P

&
N
153
s
3

=

o

40 60 800

04
n
S

20

P

80 0 20 40 60 80

20 40 60 80 20 40 60 B0 60 20 40 60 80 40 60 80 20 40 60 80 20 40 60 800 40 60
Time / ns Time / ns Time / ns Time / ns. Time / ns Time / ns Time /ns. Time / ns. Time / ns Time / ns.
Node 31 Node 32 Node 33 Node 34 Node 35 Node 36 Node 37 Node 38 Node 39 Node 40
IIJ QID 4‘0 S‘ﬁ B‘D 6 2'0 4‘0 ﬁ‘ﬂ Slﬂ & 2‘0 db ﬁlﬂ BIB 6 2‘0 4:0 SID BID 6 2‘D 4'0 ﬁ‘ﬂ 3b ﬁ 2'0 4'6 éﬂ B‘D 2‘0 4ID S‘D BIG !I) QIQ A‘l‘D ﬁlﬂ BID 6 4‘0 Elﬂ B‘D 6 2'0 4'!) éD B‘O
Time f ns Time /ns Time 7 ns Time / ns. Time f ns Time / ns Time /ns Time / ns Time f ns Time /ns
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I ———_
Inductor filtration of power disturbance

 In addition to node loading, we need to consider the
filtering ability of the inductors

« We simulated sinusoidal noise injection for “real” inductors

| Rser (Q) [Rpar (kQ)|Cpar (pF)| I |
4700u 13.9 148 539 e e

820u 26.0 348 13.7 ’ .

680U 24.0 587 6.0 - R -
560u 18.1 542 5.8 e
470u 16.3 504 5.6 it N
330u 11.5 433 5.3 Noise s e
220u 10.0 380 4.6 Source & Po

120u 5.8 238 4.3 =

68u 3.8 231 2.6 N
47u 2.5 252 1.5 G M%

Real inductor o I

PATAMEIENS ANUC ey

to LTSpice model e e e e
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Inductor filtration of power disturbance

V(BUS+,BUS-)

9dB

0dB-| /‘\

-9dB
-18dB
-27dB—~
-36dB+
-45dB+
-54dB~
-63dB+
-72dB—

-81dB—

680u ssnﬁuu

-90dB f f T T
1KHz 10KHz 100KHz 1MHz 10MHz 100MHz

 Inductor values should be chosen to filter anticipated power

supply switching frequency (4700 puH not suitable)
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Coupling through capacitor of transmit signal

100 nF capacitors on transmitter create a high-
pass filter

BUS+
c1 c2
“T100n 100n]
R1 R2
100 100
BUS-
&= c4
- I
100n Il
RE 100n

. Lv = l:é
Signal source (C). ) =

X PD
AC2 o
R7 -
R4 R3 .
LS ==
Cc7 10
<7 = 10k 500 B
100n
<
o

.ac dec 1000 1000 100Megy

.step paramLxlist12345678910

.param L table(Lx,1,4700u,2,820u,3,680u,4,560u,5,470u,6,330u,7,220u,8,120u,9,68u,10,47u
.param Rser table(Lx,1,13.9,2,26,3,24,4,18.1,5,16.3,6,11.5,7,10,8,5.8,9,3.8,10,2.5)

.param Rpar table(Lx,1,148Kk,2,348k,3,587k,4,542k,5,504k,6,433k,7,380K,8,238Kk,9,231k,10,252K)
.param Cpar table(Lx,1,539p,2,13.7p,3,6.0p,4,5.8p,5,5.6p.6,5.2p,7,4.6p,8,4.3p,9,2.6p,10,1.5p)
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Capacitor signal filtration

« Should we add a low-pass filter for high-frequency noise?
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e —————
Capacitor value dependence (1)

« Capacitance added via EMC protection (TVS diodes act as
capacitors when not conducting)
 Inductors also have capacitance; this is included in inductor model

« Capacitive effects depend more on distances between
components rather than distance from transmitter

« Even spacing of components = best case scenario

C = 1.5 pF (nominal)

0.6 0.6 0.6

0.4 0.4 1 0.4

0.2 1 0.2 1 0.2 1

0.0 1 0.0 0.0

Voltage / V
Voltage / V
Voltage / V

-0.2 —-0.2 —-0.2

-0.41 -0.41 -0.41

—-0.6 —-0.6 —-0.6

Time / ns Time / ns Time / ns
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Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 8 Node 9 Node 10
R =10 kQ < :
L=940pH i
0.2 1
C=10pF
- p & o0
g
s
-0.2 1
~0.4
-0.6 1 1
0 20 40 60 800 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 800 20 40 60 80
Time / ns Time /ns Time / ns Time / ns Time /ns Time / ns Time /ns Time /ns Time / ns Time /ns
Node 11 Node 12 Node 13 Node 14 Node 15 Node 16 Node 17 Node 18 Node 19 Node 20
> ] /\ |
P
o ]
£
2
1 y =
0 20 40 60 80 0 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Time /ns Time /ns Time / ns Time / ns Time / ns Time / ns Time /ns Time /ns Time / ns Time / ns
Node 21 Node 22 Node 23 Node 24 Node 25 Node 26 Node 27 Node 28 Node 29 Node 30
0.6 1 1
0.4 1/
02 1
>
P f
E 0.0 q
°
>
-0.2 1
-0.4 1
-0.6 4
0 20 40 60 800 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 800 20 40 60 80 0 20 40 60 80 0 20 40 60 800 20 40 60 800 20 40 60 80
Time / ns Time / ns Time / ns Time / ns. Time / ns Time / ns Time / ns. Time / ns. Time / ns Time / ns
Node 31 Node 32 Node 33 Node 34 Node 35 Node 36 Node 37 Node 38 Node 39 Node 40
0.6
0.4 o 4
0.2
=
5 ;
E‘ 0.0
°
=
02 1
0.4 - ]
0.6 1
0 20 40 60 80 20 40 60 800 20 40 60 8O0 20 40 60 8OO 20 40 60 B0 20 40 60 8OO 20 40 60 80O 20 40 60 800 20 40 60 800 20 40 60 80
Time / ns Time / ns Time / ns Time / ns Time / ns Time / ns Time / ns. Time / ns Time / ns Time / ns
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e —————
Capacitor value dependence (2)

 When all nodes are grouped together at the end of a 25 m long
bus, increasing capacitance deteriorates performance rapidly

« TVS component capacitance should be minimized

« Stub and connector capacitance is not considered in this
simulation run

C = 1.5 pF (nominal)

0.6 0.6 0.6

0.4 0.4 0.4

0.2 1 0.2 1 0.2 1

0.0 0.0 0.0

Voltage / V
Voltage / V
Voltage / V

0.2 0.2 —0.2 1 RN

-0.41 -0.41 -0.41

—0.6 —0.6 —0.6

Time / ns Time / ns Time / ns
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Stubs

« Stubs can be well approximated as a lumped element

« Fora 100 Q lossless transmission line:
— 2cmstub > L=10puH, C=1pF
— 10 cm stub - L =50 pH, C =5 pF (shown below)

« Lumped LC stub does not include time delay

Transceiver Transceiver

%j R3 c2 %] R3 c.“lz
[l o

BUS+

i
25 10‘('),] 25 100n
V1 V1
& : O e
4700 495y
c1 T - e
~ T4 e 10k [6.5p
1.5 = = BUS- N :
< 10k p Z0=100 Td={stub} o L
L2 495y
4704 .param stub={0.10/(0.66*3.0E8)} V2
V2 R4 c3
R4 c3 |
h L éj 25 100n

1
[2]
2
m

IEEE P802.3cg 10 Mb/s Single Twisted Pair Ethernet Task Force — March 2018 Plenary, Rosemont, lllinois, USA




Stubs

Baseline (no stub) Transmission line stub, 2 cm

Voltage / V
tl‘» é = o o o
-+ N o ~N = o
h .
Voltage / V
tl‘» é = o o o
-+ N o ~N = o
;

|
=]
o
|
=]
o
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Transmission line stub, 10 cm

« Stubs can be well
approximated by adding
inductance and
capacitance £
« Earlier conclusions
regarding L and C
effects hold T N T N
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CONCLUSIONS AND FOLLOW-
UP
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R
Conclusions

« Clauses 8 and 10 provide general concepts for a
multidrop system, but cannot be used directly in our
case

* Qur system can be modeled as an RLC system
(similar to AS-i)
« Grouping nodes at end of bus may be worst-case,

and should be used for determining component
values

e Suggested component values:

R/ L | _C

> 5 kQ 440 yH -1 mH <4.5pF
(total)
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e —————
Follow-up work

* More node position configurations

* Real transmission line (validate usage of
the ideal model)

* Injecting noise Into the line

» Consider sensitivity to component
tolerances and temperature
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BACKUP SLIDES
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I
Clause 8

e Standardizes Medium Attachment Unit
(MAU) for 10BASES5

— 10 Mb/s
— 500 m of coaxial trunk
— bus topology (mixing segment)

A partial description follows
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i
Clause 8: Cable and terminators

8.4.1 Coaxial cable electrical parameters

8.4.1.1 Characteristic impedance

The average characteristic cable impedance shall be 50 £ 2 €2 measured at 10 MHz according to IEC 60096-
1: 1986 and Amd. 2: 1993. Periodic variations in impedance along a single piece of cable may be up to £3 Q2
sinusoidal centered around the average value. with a period of less than 2 m.

8.5.2.1 Termination

Coaxial cable terminators are used to provide a termination impedance for the cable equal in value to ifs
characteristic impedance. thereby minimizing reflection from the ends of the cables. Terminators shall be
packaged within an inline female receptacle connector. The termination impedance shall be 50 £2 £+ 1% mea-
sured from 0 MHz to 20 MHz, with the magnitude of the phase angle of the impedance not to exceed 5°. The
terminator power rating shall be 1 W or greater.

Cable: 50 Q +/- 2 Q), average
Termination: 50 Q +/- 1%, resistive
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i
Clause 8: Stubs

8.5.3 MAU-to-coaxial cable connection

A means shall be provided to allow for attaching a MAU to the coaxial cable. The connection shall not dis-
turb the transmission line characteristics of the cable significantly: it shall present a predictably low shunt
capacitance. and therefore a negligibly short stub length. This is facilitated by the MAU being located as
close to its cable connection as possible; the MAU and connector are normally considered to be one assem-
bly. Long (greater than 30 mm) connections between the coaxial cable and the input of the MAU jeopardize

this objective.

30 mm maximum stub recommendation
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e —————
Clause 8: Input impedance

8.3.1.1 Input impedance

The shunt capacitance presented to the coaxial cable by the MAU circuitry (not including the means of
attachment to the coaxial cable) is recommended to be no greater than 2 pF. The resistance to the coaxial
cable shall be greater than 100 k2

These conditions shall be met mn the power-off and power-on, not transmutting states (over the frequencies

BR/2 to BR).

8.5.3.1 Electrical requirements

Requirements for the coaxial tap connector are as follows:
a) Capacitance: 2 pF nominal connector loading measured at 10 MHz.

NOTE—Total capacitance of tap and active circuitry connected directly shall be no greater than 4 pF. Specific imple-
mentations may allocate capacitance between tap and circuitry as deemed appropriate.
b)  Contact resistance (applies to center conductor and shield contacts): 50 mf2 maximum for both
shield and center conductor over useful connector lifetime. o

l SIGNAL RETURN

+—i—4
Lol

<4 pF

< 50 mQ (series) ‘

> 100 kQ (parallel) e
Power-off and power-on, not transmitting

CENTER
CONDUCTOR

HOAXIAL
CABLE

SHIELD SYSTEM

OO OOOO OO O OOrrrr e e
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Clause 8: Maximum MAUS

8.6.1 Transmission system model

The maximum configuration for the physical transmission system 1is as follows:

a) A trunk coaxial cable. terminated in its characteristic impedance at each end. constitutes a coaxial
cable segment. A coaxial cable segment may contain a maximum of 500 m of coaxial cable and a
maximum of 100 MAUs. The propagation velocity of the coaxial cable is assumed to be 0.77 ¢ min-

umum (¢ = 300 000 km/s). The maximum end-to-end propagation delay for a coaxial cable segment
is 2165 ns.

100 MAUS
Vp =0.77 C
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Clause 8: Cable section and placement rules

8.6.2.1 Cable sectioning

The 500 m maximum length coaxial cable segment need not be made from a single. homogeneous length of
cable. The boundary between two cable sections (joined by coaxial connectors: two male plugs and a barrel)
represents a signal reflection point due to the impedance discontinuity caused by the batch-to-batch imped-
ance tolerance of the cable. Since the worst-case variation from 50 € is 2 ) a possible worst-case reflection
of 4% may result from the joining of two cable sections. The configuration of long cable segments (up to
500 m) from smaller sections must be made with care. The following recommendations apply. and are given
in order of preference:

a) If possible. the total segment should be made from one homogeneous (no breaks) cable. This is fea-
sible for short segments. and results in minimal reflections from cable impedance discontinuities.

b)  If cable segments are built up from smaller sections. it is reconunended that all sections come from
the same manufacturer and lot. This is equivalent to using a single cable. since the cable discontinu-
ities are due to extruder limitations, and not extruder-to-extruder tolerances. There are no restrictions
in cable sectioning if this method is used. However. if a cable section in such a system is later
replaced, it shall be replaced either with another cable from the same manufacturer and lot. or with
one of the standard lengths described below.
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Clause 8: Cable section and placement rules

¢)  If uncontrolled cable sections must be used in building up a longer segment. the lengths should be
chosen so that reflections, when they occur. do not have a high probability of adding in phase. This
can be accomplished by using lengths that are odd integral multiples of a half wavelength in the
cable at 5 MHz; this corresponds to using lengths of 23.4 m. 70.2 m, and 117 m (£ 0.5 m) for all sec-
tions. These are considerad to be the standard lengths for all cable sections. Using these lengths
exclusively, any mix or match of cable sections may be used to build up a 500 m segment without
incurring excessive reflections.

NOTE—If cable segments are to be added to existing installations, then care shall be taken (explicit physical or TDR
measurements) to ensure that no more than a 500 m cable segment results.

d) As a last resort. an arbitrary configuration of cable sections may be employed. if it has been
confirmed by analysis or measurement that the worst-case signal reflection due to the impedance
discontinuities at any point on the cable does not exceed 7% of the incident wave when driven by a
MATU meeting these specifications.

* Lengths are odd multiples of half wavelength
 Reflections less than 7% of incident wave

IEEE P802.3cg 10 Mb/s Single Twisted Pair Ethernet Task Force — March 2018 Plenary, Rosemont, Illinois, USA



I
Clause 10

e Standardizes Medium Attachment Unit
(MAU) for 10BASE?2

— 10 Mb/s
— 185 m of coaxial trunk
— bus topology (mixing segment)

A partial description follows
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Clause 10: Cable and terminators

10.5.1 Coaxial cable electrical parameters

The parameters specified in 10.5.1 are met by cable types RG 58 A/U or RG 58 C/U.

10.5.1.1 Characteristic impedance

The average characteristic cable impedance shall be 50 = 2 €2 Periodic variations in impedance along a sin-
gle piece of cable may be up to =3 € sinusoidal, centered around the average value, with a period of less

than 2 m.

10.6.2 Coaxial cable terminator

Coaxial cable terminators are used to provide a termination impedance for the cable equal in value to its
characteristic impedance, thereby minimizing reflection from the ends of the cables. Termunators shall be
packaged within a male or female connector. The termination impedance shall be 50 Q = 1% measured from
0 MHz to 20 MHz. with the magnitude of the phase angle of the impedance not to exceed 5°. The terminator
power rating shall be 0.5 W or greater. A means of insulation shall be provided with each ternunator.

Cable: 50 Q +/- 2 Q), average
Termination: 50 Q +/- 1%, resistive
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Clause 10: Stubs

10.6.3 MAU-to-coaxial cable connection

A BNC “T” (plug, receptacle, plug) adaptor provides a means of attaching a MAU to the coaxial cable. The
connection shall not disturb the transmission line characteristics of the cable significantly: it shall present a
low shunt capacitance, and therefore a negligibly short stub length. This is facilitated by the MAU being
located as close to its cable connection as possible: the MAU and connector are normally considered to be
one assembly. Long (greater than 4 cm) connections between the coaxial cable and the input of the MAU
jeopardize this objective.

4 cm maximum stub recommendation
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Clause 10: Input impedance

10.4.1.1 Input impedance

The shunt capacitance presented to the coaxial cable by the MAU circuitry (not including the means of
attachment to the coaxial cable) 1s recommended to be not greater than 6 pF. The magnitude of the reflection
from a MAU plus the cable connection specified in 10.6.3 shall not be more than that produced by an 8 pF
capacitance when measured by both a 25 ns rise time and 25 ns fall time waveform. The resistance presented

to the coaxial cable shall be greater than 100 kQ

These conditions shall be met in both the power-off and power-on, not-transmitting states.

< 8 pF

< ?? mQ (series)

> 100 kQ (parallel)

Power-off and power-on, not transmitting
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Clause 10: Maximum MAUSs

10.7.1 Transmission system model

The maximum configuration for the physical transmission system is as follows:

a) A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial
cable segment. A coaxial cable segment may contain a maximum of 185 m of coaxial cable and a
maximum of 30 MAUs. The propagation velocity of the coaxial cable 1s assumed to be 0.65 ¢ mini-

mum (¢ = 3 % 10° m/s). The maximum end-to-end propagation delay for a coaxial cable segment is
950 ns.

30 MAUs
Vp=0.65cC
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Clause 10: Cable section and placement rules

10.7.2.1 Cable sectioning

The 185 m maximum length coaxial cable segment will be made from a number of cable sections. As the
variation on cable characteristic impedance is =2 Q on 50 L1 a possible worst-case reflection of 4% may
result from the mismatch between two adjacent cable sections. The MAU will add to this reflection by the
introduction of its noninfinite bridging impedance.

The accumulation of this reflection can be minimized by observing a munimum distance between MAUSs
(and between cable sections). In order to maintain reflections at an acceptable level. the minimum length
cable section shall be 0.5 m.

10.7.2.2 MAU placement

MAU components and their associated connections to the cable cause signal reflections due to their nonin-
finite bridging impedance. While this impedance must be implemented as specified in 10.6, the placement of
MAUs along the coaxial cable must also be controlled to ensure that reflections from the MAU do not accu-
mulate to a significant degree.

Coaxial cable sections as specified in 10.7.2.1 shall be used to connect MAUs. This guarantees a minimum
spacing between MAUSs of 0.5 m.

* 0.5 m minimum cable section
* 0.5 m minimum MAU spacing
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