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Agenda

* Overview of the Passive Optical Network (PON)

 Optical Network Termination (ONT) Protection
standards

* Discuss field failures of MDU ONTSs’ voice ports

* Discuss protection solutions using Electronic
Current Limiters (ECLs) and Example Applications
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Passive Optical Network (PON)

SFU ONT

Fiber To The Home
(FTTH)

Optical
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Optical Line Terminal
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FE = Fast Ethernet

POTS =Plain Old Telephone Service

VDSL =Very High Speed Digital Subscriber Line
SFU = Small Family Unit

MDU = Multi-Dwelling Unit

SBU = Small Business Unit

ONT = Optical Network Terminal

IPTV Server

Internet

§

Softswitch
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Optical Network Terminal (ONT)

* The ONT receives a signal from the Optical Line
Terminal (OLT) through a passive optical splitter

* The ONT provides POTS, broadband data, and video
services to residential or business subscribers

e Different types of ONT based on location...

— Single Family Unit (SFU), FTTH

— Multiple Dwelling Unit (MDU), FTTB
* SFU - Voice port, FE/Gigabit Ethernet/PoE, WIFI
 MDU - Voice port, FE/Gigabit Ethernet/PoE, xDSL
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Common SFU / MDU Features

 For SFUs, different combination of
* Voice Ports (1 -4 ch), mainly 12 Vdc power
* Ethernet Ports (1 — 8 ch FE/GE) + WIFI

e For MDUs, different combination of
* Voice Ports (8 — 256 ch), mainly 48 Vdc, 110/220 Vac
 Ethernet Ports (4 — 128 ch: FE/GE/PoE)
e Digital Subscriber Lines (DSL), up to 128 ch

* Single/Dual power supply (i.e. SLIC supply voltage)
e Combo design (Voice and DSL on same board)

* Surge, power cross, power induction tests
 (Clearance and creepage considerations
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ITU and YDT test for MDU ONT

LU S Test level
10/700
(lightning Surge) )
Basic
Enhanced
Power Induction
(50 Hz / 60 Hz) )
Basic
Enhanced
Power Contact
(50 Hz / 60 Hz) )
Basic
Enhanced

*6 kV if mutliple pairs are used.

Mode

Transverse

Longitudinal
Transverse

Longitudinal
Transverse

Longitudinal
Transverse

Longitudinal
Transverse

Longitudinal
Transverse

Longitudinal

K.45 (With Primary Protector)

K.45 / YDT1082 / YDT1082
1.5 kv 4 kV
1.5 kv 4 kv*
600V/6000hm/0.2s 600V/6000hm/1s
600V/6000hm/0.2s 600V/6000hm/2s

230 Vrms 15 min
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ITU and YDT test for SFU ONT

K.21 / YDT993 (With Primary

Test Items Test level Mode K.21/YDT993
Protector)
. 19/ L Transverse
(lightning Surge) Basic 1.5 kV 4KV
Longitudinal
Transverse 1.5 kV 6 kV
Enhanced
Longitudinal 6 kV 6 kV
Power Induction Transverse
(50 Hz / 60 Hz) Basic 600V/6000hm/0.2s 600V/6000hm/1s
Longitudinal
Transverse
Enhanced 600V/6000hm/0.2s 600V/6000hm/2s
Longitudinal
Power Contact Transverse
(50 Hz / 60 Hz) Basic
Longitudinal
230 Vrms 15 min
Transverse
Enhanced

Longitudinal 7
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GR-1089-CORE Intra-building tests for SFU/MDU

Test Item Port Type Generator Voltage Current Applied Waveform Test (configuration)
1* 4/43 +800 V 100 A/conductor 2/10 Al-4
2% 4/43 +1500 V 100 A/conductor 2/10 B
3 43 1000 V 100 A/conductor 10/1000 A5-A6
4 4/4a 125 Vrms 25 Arms/conductor 50 or 60Hz A

*For test items 1 or 2: 2/10 waveform can be replaced by 1.2/50 - 8/20 waveform, the test circuit and resistor
value added list in below table for those tests.

Waveform Voltage Resistance Port current
Port type Total Port no. Test -
(us) (V) (Q) (A)
+800 8 100
s oz e
g +1500 15 100
8/20 +800 2+6 100
4/4a lor2 LTra".ivzrsel
ongitudina (1.2/50) +1500 2 +10 125
8/20 +800 2+6 100
iz sora e /
g (1.2/50) +1500 2420 68
8/20 +800 2+6 100
/o 4 Transverse
ONSILiC 2 (1.2/50) +1500 2+40 35.7
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Field failure cases in MDUs

333530800
1333300000000

Damage to Thyristor Dirty PCB and environmental Damage to SLIC IC
protector due to factors caused burn due to overstress
overstress
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What is an Electronic Current Limiter (ECL)?

A component based on transistor and related
technology that automatically restricts the load
current when it exceeds a predetermined
threshold level. (ECL is defined in GR-3154-CORE).

e Two types of ECL
e Shunt ECL (3 terminal device)
* Series ECL (2 terminal device)

10
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Shunt ECL

* Protects by diverting incoming surge currents to
common/ ground.

(& )
v
Input Load Current @
Input 1 Output
j; O— MNA— ——
|
fi Cabl
| Fower Cat;nng Overcument a&mg
Fead Source
EI:IUIplTrEH! . — Equipment
T Current Sink s

Shunt Electronic Switch(ECL), Limit current and self resettable

11
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Voice Protection by Shunt ECL

TO RINGING BUS " 6n0

P-Gate and N-Gate
thyristor connected In
antiparallel to form a R
shunt ECL 1
[ ]
| '
| ! Protector & Protector B
& K' Tt1--- [ l
= '
- . TORINGING BUS
DUring sUrge, encugh potential across R, snunt ECL
Can breakdown.
. Coordination driven by shunt ECL aiso form )

12



s ProTECTION

atis= & P

LY ]
L]
M

DALLAS, TX - MARCH 14 - 16, 2017 CONFERENCE

Series ECL

* Protects by blocking/restricting incoming e

£
surge currents. — ”\i 7
Input : @ M
(i) Limit to constant level and resettable i cating

Source Equipment

e.g. Ceramic or Polymeric Positive
Temperature Coefficient Device (PTC)

Thermally Activated - Self Resetting Time Current Limiting

Timg ——p

g

- A
input Output

>_
. . . . I Cabling
(i) Re-entrant characteristics (Electronic d; Overure :

Switch) A

e. g ] Tra ns | e nt B IOCkl ng U N |t (TB U ®) Electronic Switch - Self Resetting Amplitude Current Limiting
13

Current
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Series ECL

(iif) Constant current characteristics
e.g. Transient Current Suppressor (TCS™)

clamp and limited to

Time —» / almost constant value
E .!...u....... e . .
' % b I
CURRENT U T

fnput r’_ Output
A M0 —F— | O——

/ FOLDBACK Cabling

Owercument i
/ - Equipment
Electronic current clamp- current clamp and limit to a
| VDLTAGEl constant
TCS™ DEVICE

14
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Series ECL / Electronic Switch

* Very high bandwidth up to 3 GHz

* High-speed protection (blocking in < 1 ps,
re-entrant characteristic)

* Blocks both voltage and current

 Extremely low let-through energy

* Self-resetting (< Vreset or remove | quiescent)

* Easy coordination with crowbar, clamping device.

15
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How an Electronic Switch Works

. ECL/ES maintains a stable low
4 resistance until the current
through it reaches it's l;gp
|/1 PR

+ ECL/ES switches into a high
resistance state.

"""""""""""""" . ECL/ES remains in the high
resistance state until the voltage
across it drops below Veger OF
the quiescent current is removed.

IQuesent

8y +V
VRESET

. ECL/ES has a bi-directional
characteristic — same reaction to
negative voltages.

16
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Blocks Surge

ECL/ES
A -l/L B
LOAD
100 ohms

Surge — 1000V, 1/50

Blocks power cross

ECL/ES
A _|/‘_ B
LOAD
100 ohms

Voltage — 600 V,,

200

1E0kY

1.00

0.s0

o.oo

-050
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InputE
60,0

400

<«— Blocks surge

200

oo VB
00

=<0 1000V —»

Va
£0.0
Surge
200
-100.0
-1.00us 1 us/Div
Input &
40.0
Blocks AC
200 <« 1st -« 3rd
\Y/
0.0 B
4_
200 <+ 2nd 4th
Va
17

0.2 ms B mz/Div Source
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Serial ECL/ES in Gigabit Ethernet Application

Voltage
Current Probe
T T T T T T T T T T T T T T T T T T /== 7] Probe
— 11—
ol e C |
Current C Fault
Probe L Source

|

2

uni-directional ECL

18
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Serial ECL in Gigabit Ethernet Application
4 kV, 10/700 Surge

Ch1 Max
G0.0V

Ch3 Max
103 A

Chd Max
1.42 A

B Secondary Current

§ GDT/Input Voltage

Chil 200V M 100us| A CI‘H J 132 'v"|
Wik 25.0AQ |[Chd4] 500mMAQ |

10.00 % 19
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Coordination of different ECLs

(1) GDT + ECL (CPTC) + Thyristor
(2) GDT + ECL (Electronic Switch)

20
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Example GR-1089-CORE Port Type 4a
10/1000 100 A (Using Ceramic PTC)

-230 V GDT with an impulse spark over of 650 V @ 5 kV/us
-10/1000 30 A thyristor protector

-Coordination resistance at least =10*650/(1000-650)
=18.6 ohm

(according to pg.5 of ATIS-0600338.2010)

=> If a CPTC is selected as the coordination element, a 55 ohm
CPTC should be selected as the CPTC effective resistance
drops approx. 50% during surge (75% in extreme cases).

21
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Conventional Current Coordination by PTC

N —

e, @- @
Protected
®
7 Over Voltage 7L Equipment
® Protection T l
v i
Primary Secondary

22
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Example GR-1089-CORE Port Type 4a
10/1000 100 A (using Serial ECL/ES)

-230 V GDT with impulse spark over of 650 V@ 5 kV/us
-200 mA series ECL/ES with 850 V max. impulse voltage rating

(Ensure the primary protector maximum impulse spark over
rating is less than the ECL maximum impulse voltage rating.

=> The ECL/ES will inherently coordinate with the 230 V GDT
during a surge

-The ECL/ES can coordinate with MOV, Thyristor, TVS

23
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Inherent Coordination with Electronic Switch

N ECL (Electronic Switch)
Vsurge T

I
- —I— —
' ! Protected
L | |
Over Voltage I | .
o Protection | I Equipment
® I I
| |
— _I -l
[
\'
Primary Secondary

(optional)

24
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Series ECL/ES Specific to SLIC Protection

» Effectively blocks both impulse surge currents and power faults
* ECL with internal voltage comparator with programmable voltage
triggering function (-ve side)
* Positive trigger by current, negative trigger by voltage for SLIC
port
* Inherent coordination with both clamping and crowbar devices
(MOV, GDT, Thyristor)

25
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Lightning: 2/10 ps 25kV 500A

Impulse Surge test results

CCOUTTTTTE

Line_Tip

SLIC Tip '+

cm\ 700V \ 500mA o M\400ns A| Chi 7 70,0V MOy

ECL

MOV
Line Ring

SLIC Ring -

VBAT

26

[ 560V Ch4\ S60mAS M[400ns A\ Chi T Tas Y
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Power Ind 600V, 6OOQ 025

GND

,,,,,, AAAAAA = SLIC Tip s

Chil 560V Ch2| S50 M\4o oms A| Chi 7 760V MoV
Cha[ 200mA <G

ECL
Power Fault: 230 Vrms, 25 A = MOV

11}
: SLIC Ring 1+

Line_Tip

Line Ring

- |=—OVERCURRENT =
| PROTECTION - 3

~—VOOAGETRIGGERED  +' . . . -V
© TURN-OFF xr & 4 &

VBAT

D —

VBAT 48V Load 15 kQ

27

Chil 200V  [8iB 50.0V M\4 00ms A Line 7 0.00V

Ch4[ 200mAQ |
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Design consideration for Voice Port for MDU (1)

Q: How to make all devices SMT, while
protecting against power fault?

A: SMT Thyristors + SMT ECL/ES

Series ECL/ES can handle the power fault to
GR-1089-CORE port type 4/4a and ITU K.45
enhanced level requirements.

'l"l'l'l'l'l'\",

’ ’ »
"N J L

| lq"}:‘-;"i ,l“
\ mmnimnh&m& ‘

'?r‘*ﬁ ”"#*'Y"’%:‘fﬁ'

- yf‘ T NN -y i\h -

7cm x 6 cm board design
with Thyristors + ECL/ES

28
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Design consideration for Voice Port for MDU (2)
Q: How to protect ITU K.45 10/700

. Solution 2:
4 kV on board when Main
Distribution Frame cannot be *4 kV CPTC + higher current rating of
installed in building ? gated thyristor (5/31070 A)
SOlution 1: TISP61089MDR-S I
TISP61089BDR-S CMF-RL55-A3 — o . /]
] |
S A (AT
100 nF ‘_@ |n—_|—| E J— _ - j
I__l_I E y j 2036-47-SM c'_n —
2 —— O o E / . j
5 GND — ) —1 <~ NC \_! CMF-RL55A3
N "IF — CMF-RL55A3 — K ﬁv{i}
K v — ] ]
- L J 1 {j} hod L Resistance of CPTC
= = iy o B R
var Hp—1 o e ot New TG il con
T High Voltage CPTC+ high current rating

GDT+CPTC+Thyristor (5/310 40 A) Thyristor (5/310 70 A)

29
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Summary

MDU ONTSs require robust voice port protection,
evidenced by field failures.

Electronic Current Limiters, as defined in GR-3154-
CORE, can offer practical solutions, and are
commonly applied in voice port protection.

New ECLs and crowbar devices used in the latest
designs for Asian markets reduce size and cost and
improve production efficiencies.

30



