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Purpose

Discuss recent improvements to circuit protection for
VDSL2 line drivers, and the results of applying the same
solution to a G.fast application

This presentation discusses the results of internal
testing to select ITU-T K series recommendations
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K.45 and K.21 Recommendations
Symmetric Port, No Primary Protector

Test Type Description K.45 Test Level | K.21 Test Level
) Transverse 1.5 kV 1.5 kV
. . Basic —
Lightning Surge Longitudinal 1.5 kV 1.5 kV
(10/700 us) Transverse 1.5 kV 1.5 kV
Enhanced —
Longitudinal 1.5 kv 6 kV
] Transverse
Power Induction Basic Longitudinal
J 600 V/600 Q/0.2 s
(50/60 Hz) Transverse
Enhanced —
Longitudinal
Basic Transverse
Power Contact* Longitudinal 230 Vrms, 15 min, R =10, 20, 40,
(50/60 Hz) Transverse 80, 160, 300, 600, 1000 Q
Enhanced —
Longitudinal

* Acceptance Criterion: For basic level criterion B applies. For Enhanced level
Criterion B applies for R = 10, 20, 40 and 80, while criterion A applies for R =160,
300, 600 and 1000. 4
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K.45 and K.21 Recommendations
Symmetric Port, With Primary Protector

Test Type Description K.45 Test Level | K.21 Test Level
) Transverse 4 kV 4 kV
. . Basic —
Lightning Surge Longitudinal 4 kv 4 kv
(10/700 us) Transverse 4 kV ** 6 kV
Enhanced —
Longitudinal 4 kv** 6 kV
T
, Basic ransverse 600 V/600 Q/1 s
Power Induction Longitudinal
50/60 Hz T
(50/60 Hz) Enhanced ransverse 1500 V/200 Q/2 s
Longitudinal
Basic Transverse
Power Contact* Longitudinal 230 Vrms, 15 min, R =10, 20, 40,
(50/60 Hz) Transverse 80, 160, 300, 600, 1000 Q
Enhanced —
Longitudinal

* Acceptance Criterion: For basic level criterion B applies. For Enhanced level
Criterion B applies for R = 10, 20, 40 and 80, while criterion A applies for R =160,
300, 600 and 1000.

** 6kV for a multiple wire-pair port
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VDSL2 Application with a TVS based line driver
protector (popular protection scheme)

VDSL driver

(Feedback)

lohm
— DSL03 | Vee D ® ! 0
* MOV1**

o

GDT 2026-42

Rb1
27nF V
AO
Rb2* Rt ) ® ____
MOV2**
Vee
e . )
lohm

GDT / primary protector

*—19

*optional **0602
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TVS and Steering Diode Arrays for
VDSL2 Line Driver protection

. e.g. Bourns CDSOT236-DSL03 “DSL03” ‘
 SOT236 package %f
* Provides ESD and Surge protection
— 8KV contact / 15KV air
— lpp (8/20) = 35A (Vdrm=12V)
e Fast clamping action
* Low capacitance (typical 1.4 pF)
* Low leakage (100 nA)
e 12V Vdrm (24V version available)
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Gas Discharge Tube as Primary Protector

* e.g. Bourns 2026-42-C2LF
* Three terminal, common gas chamber GDT
* Protects two lines to ground
* Designed to meet/exceed K.12 requirements
* 420V DC Spark over voltage
e <1000V impulse spark over voltage
* Low capacitance
— <2 pF
e 8mm diameter, 11 mm length
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Challenges / Issues / Concerns

 GDT spark over causes large current spikes during
both impulse surge and power induction testing

 600Vrms/600/1s power induction tests (basic)
— Difficult to pass without damage to some drivers
— GDT fires twice every cycle
— Repetitive tertiary surge currents

e TVS capacitance and variation over voltage
— Distorts VDSL signal and reduces reach

 Two MOVs used to reduce energy “let-through” to
the tertiary protector to avoid damage to some line
drivers

Note: Must also pass with oscillating GDTs
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Oscillating GDT

"M 100us A Chl 4 —108V

t 30 Jan 2015
i 0.200 % 4:01:19 il 6.400 % 14:03:32

100V and 10 mS/division 100V and 100 uS/division

M10.0ms A Chl JF 294 ¥

A GDT oscillating between Arc and Glow states during a
600Vrms power induction test

Waveform resembles a 50 KHz signal with peaks of 250V
Up to 100 KHz and larger peaks
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Next Generation VDSL2/G.fast Line Driver Protectors

* e.g. Bourns TISP4G024L1W VDSL2/G.fast Line Driver
Protector “TISP4G” is Thyristor based (with steering
diodes)

* (Same) SOT236 package ‘
* Provide ESD and Surge protection %f
— 8KV contact / 15KV air
— lpp (8/20) = 30A

e Fast switching speed (20 nS)

* Very low capacitance (typical 0.4 pF)
— 0.02 pF variation over working voltage range
* Low leakage (100 nA)

* 24V Vdrm (working well with 12V signal) "
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Bourns TISP4G in VDSL2 Application
(new solution)

VDSL driver
(Feedback)
lohm
— TISP4G T Vee ® @ 1 °
L GDT 2026-42
N ﬂ —]_27nF C}_

lohm

Rb2* Ij Rt ° Q —
T *
D _: Vee l 4 o

GDT / primary protector

*recommended *Note: No MOVs

12
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Bourns DSLO3 in VDSL2 Application
(previous solution, for comparison)

VDSL driver
(Feedback)

lohm
— DSL03 | Vee D ® ! °
* MOV1**

Rb1l
9 GDT 2026-42
sz*tl 'd

27nF v
AO®
MOV2**
Vee 4
— 1 o
lohm

o—

*—19

Rt ® ® —
GDT / primary protector

*optional **0602

13
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Device Comparison
1.2/50, 8/20 us CW @ IP = 10A

{ i
. N i AT IIE 8 \/ 1 4
+
8 (29
Ch2 10.0V__ M20.0us A Ch2 J 10.0V Ch2| 10.0V___M20.0us A Ch2 J 10.0V
" S5.00AQ aE 5.00AQ
1110,00% 1110,00%

14
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Device Comparison
1.2/50, 8/20 us CW @ |IPPM

CDSOT236-DSL0324 TISP4G024L1W

40V —jmemeeamitare
—————————— 20V |
4 . 3 Ql
2,8
= Ch2 20.0V M20.0us A Ch2 7 10.0V @, 20.0V M20.0us A Ch2 S 10.0V
|E S5.00AQ Chd, 10.0AQ

110,00 % 11 10,00%
1>
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Comparison with a certain VDSL2 Class H Line
Driver...

 With DSLO3: MOQOVs were required to pass testing.
Line Driver does not survive power induction tests
with oscillating GDTs

* With TISP4G: MOVs were not required to pass
testing. Line Driver survives power induction tests
with oscillating GDTs, and does so for longer than the
1 second requirement

16
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TISPAG in G.fast Application

Class AB Line Driver

500hms
— TisPaG | § ! °

= L -

* 100nF g g 27nF _.:
I>—|: ‘ «——o0
>0ohms SM51430

GDT /
primary protector

17
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TISPAG in G.fast Application

Class AB Line Driver

500hms
— TisPaG | § ! °

= L -

* 100nF g g 27nF _.:
I>—|: ‘ «——o0
>0ohms SM51430

GDT /
primary protector

18
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G.fast Transformers C oo
e BOURNS
s SM51430EL
. YYWW
* e.g. Bourns SM51430EL (1 : 1 ratio) .
e Class AB Line Driver omEE
* Standard characteristics and PCB footprint ~—7.0—
* Excellent transmission performance
 Small body
— Small EP5 core
— Low profile

1875 Vrms HI-POT rating (Vpeak=2161V)

Note: Transformer characteristics affect tertiary surge.

19
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Circuit Under Test
(with GDT as primary protector)

Class AB Line Driver

V+

V+

CONFERENCE

Rl 11 c1
- 56 nF
I© so00 © n g O Line 1
— N 9 ® ® [ O
1 2026-42-C2LF
2 7
&, ¥ To
Lﬁj 39|, Connector
R2
3 TISPAG024L1W
20Q 4 5 Line 2
—— A — O

o ®

SM51430

G)

v 6O ——
O NT

20
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Requirements for the AC Coupling Capacitors

The AC coupling capacitor(s) must be rated to withstand:

* The maximum transverse (differential) surge voltage that
the circuit is subjected to (1)

* The maximum voltage of the transverse (differential)
power induction waveform (1)

* The required ac line voltage when subjected to a
differential power cross condition

(1) The actual level is determined by the characteristics of the agreed upon primary protector.

Typically < 1000 V for surge test, < 500 V for Power Induction test.
21
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Requirements for the Transformer

The transformer must be rated to withstand:

* The maximum longitudinal (common) mode surge voltage(1)

* The maximum longitudinal (common) mode power induction
waveform(1)

* The required ac line voltage when subjected to a longitudinal
(common) mode power contact condition

* The current level and duration present during a transverse
(differential) mode surge/transient event

(1) The actual level is determined by the characteristics of the agreed upon primary protector.

Typically < 1000 V for surge test, < 500 V for Power Induction test.
22
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Requirements for Tertiary Over Voltage Protector

The tertiary over voltage protector must be capable of:

* Handling (most of) the current that flows through the driver
side of the transformer during surge/transient events
* Limiting the voltage to a level that protects the line driver

Note: The series resistors that terminate the line will limit the
current into or out of the driver during a transient event

23
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Additional Information

* The AC coupling caps (when sufficiently rated) protect the
design against damage from a power induction or power
contact event. The line current is only a few mA.

24



)
‘

atis” S J

CONFERENCE

Transverse (Differential) Mode Lightning Surge Test
Set Up

Line 1 250 ;xte.*rnal
c esistor
Circuit
Under !
Test i 150
Line 2 I

[ o o e
i 10/700 us Surge Generator i
% Earth Ground

25
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Longitudinal (Common) Mode Lightning Surge Test
Set Up

Lnel || 250 ;"t‘?’ nal

c : esistors

Line 2 i ‘/\2/5\/9 )|
Circuit ?
Under !

Test | 150
—o0
10/700 us Surge Generator
% Earth Ground

26
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(Basic Level) Transverse Mode Power Induction -
Test Set Up and Open Circuit Voltage Waveform

Circuit
Under
Test

=7 iFfF F

— .‘4"-b -
e —+-+—+—--+-+-+

1 —
e —————
§
i
. . e ey oL X Py 2" P

Earth Ground

4—
E?-’a
:Q

ST VPR IO CIT! AT IR B
M200ms A Chl J 200V

110,00 %

27
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Longitudinal (Common) Mode Power Induction-
Test Set Up

Line 1 E R External
—o Resistors
Li R
ine 2 ! AAN d
Circuit ?
Under
Test !
! AC Generator
% Earth Ground

28
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Line Driver Signal Amplification and Current Draw

Input (285 mVp-p)

[ |III.L'I Ilﬁlll |rl'|1 F'I] rf 1 ﬁl Ilulll1 r'ﬂ 'I] f II1 Ir \

R T A O I O A N I S Y T O O

n [ I| |.|| | |I J I| | |']| [ll |'II ]1| !+
1 ] | I| | I| | f | I| I f lII |.|| lII lII

AT

UV ARV VA VAV A VA

WO S00mY  chz 200mv . M 100Rs A Chl % 0.00V

0,00 %

During a surge, the line driver is powered up, but no signal is applied to the input.
The differential outputs are both at ~6V DC

Post test health check: Input a 10 MHz sine wave. Check; signal gain, no gross signal
29

distortion, no change in current draw.
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K.45 and K.21 Recommendations
Symmetric Port, No Primary Protector (Results)

Test Type Description K.45 Test Level | K.21 Test Level
Basi
Lightning Surge astc
10/700 us
(10/ ) Enhanced
Power Induction Basic 600 V/600 Q/0.2
2S
50/60 Hz
(50/ ) Enhanced
Power Contact* Basic 230 Vrms, 15 min, R =10, 20, 40,
(50/60 Hz) 80, 160, 300, 600, 1000 O
Enhanced

Requires 7kV transformer

Will pass by analysis and relation to transverse test result
Requires GDT with sufficient ac current rating

30
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K.45 and K.21 Recommendations
Symmetric Port, With Primary Protector (Results)

Test Type Description K.45 Test Level | K.21 Test Level
Basi
Lightning Surge asic
10/700 us
(10/ ) Enhanced
Basi V Q/1
Power Induction astc Longitudinal 600 /600 O/1 s
50/60 Hz T
(50/ ) Enhanced ransverse 1500 V/200 Q/2 s
Longitudinal
Basi
Power Contact* asic 230 Vrms, 15 min, R =10, 20, 40,
(50/60 Hz) 80, 160, 300, 600, 1000 Q
Enhanced

Requires 7kV transformer

Will pass by analysis and relation to transverse test result

Requires GDT with sufficient ac current rating
31
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Summary

The Next Generation protectors improve protection for VDSL2 line
drivers, and eliminate the need for MOVs (for any line driver)

New protectors handle tertiary spikes caused by GDT spark over
Results indicate the solution has the potential to pass;

— ITU-T K.45 enhanced recommendations with and without a
primary protector

— ITU-T K.21 basic recommendations without a primary protector

— ITU-T K.21 basic and enhanced recommendations with a
primary protector

However, to pass the K.21 enhanced recommendation without a
primary protector requires a transformer capable of withstanding
a 6kV longitudinal surge (This was not tested)

32
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Potential Next Steps

* Track changes to the requirements for G.fast network
equipment and adjust our testing

* Repeat for GR-1089 Requirements
e Study the impact of Reverse Power Feed

33
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Details of Testing

The following foils provide details on the response to
select tests, and the results of simulation and analysis

35
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Transverse Mode Lightning Surge Test — Surge
Response Picture 1

v

u

Veht T.00kv  Ch2 500y M 200us A Chl 5 200V
Ch3 100 A ¢ @iE 50.0A
0o %
CH 1 =GDT Voltage
CH 2 = Driver voltage before 50 Ohm
CH 3 = Driver side transformer current
CH 4 = Total surge current

4KV Combination Wave; 10/700 voltage, 5/320 current

This is the big picture. We need to zoom in to see what’s happening. 36
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Transverse Mode Lightning Surge Test — Surge
Response Pictures 2 and 3

1 1
1 1
TL_ ! T2 1713 > <11 | T2 i 13—>
! - u :
2 | _ E o f
92V f f 92V f
\ A | ) \ | ‘
H p— a R 12 AF-mmmmaad | L
-145 A f======T j/x /’f"‘""_'#‘
{ : _ :
T e ) e
T 60k Ch2 200 v M1.00Ms A Ch2 L —68.0V T o0k ChT s T M oome A ChT x e00V
Ch3 100 A < @I S50.0 A EE 1.00A< Chd 50.0A6
20,00 % 120,00 %
CH 1= GDT Voltage CH 1= GDT Voltage
o CH 2 = Driver voltage before 50 Ohm
CH 2 = Driver voltage before 50 Ohm . .
o . CH 3 = Driver input current
CH 3 = Driver side transformer current CH 4 = Total surge current
CH 4 = Total surge current B urge cu

T1 (2 puS): Charging caps. T2 (2 uS): GDT fires causing a dampened oscillation.
T3: GDT shunts current for the remainder of the surge (no additional stress on the LD). ¥
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Transverse Mode Lightning Surge Test — Surge
Response Pictures 2 and 3

1 1
1 1
TL_ ! T2 1713 > <11 | T2 i 13—>
! - u :
2 | _ E o f
92V f f 92V f
\ A | ) \ | ‘
H p— a R 12 AF-mmmmaad | L
-145 A f======T j/x /’f"‘""_'#‘
{ : _ :
T e ) e
T 60k Ch2 200 v M1.00Ms A Ch2 L —68.0V T o0k ChT s T M oome A ChT x e00V
Ch3 100 A < @I S50.0 A EE 1.00A< Chd 50.0A6
20,00 % 120,00 %
CH 1= GDT Voltage CH 1= GDT Voltage
o CH 2 = Driver voltage before 50 Ohm
CH 2 = Driver voltage before 50 Ohm . .
o . CH 3 = Driver input current
CH 3 = Driver side transformer current CH 4 = Total surge current
CH 4 = Total surge current B urge cu

T1 (2 puS): Charging caps. T2 (2 uS): GDT fires causing a dampened oscillation.
T3: GDT shunts current for the remainder of the surge (no additional stress on the LD). e
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Transverse Mode Lightning Surge Test — Surge
Response Picture 4

«—mimn >

ﬂ' [ e

-32 V===—f=——=

850 V-=1-==

| | 4

ﬁ\d__b"'-——k — -

chl  500%  Ch2 S0.0v M 200ns A Chl % 210V
Ch2 100A ¢ @E 100V

LT0,00 %

CH 1 = GDT Voltage
CH 2 = + driver voltage at IC pin
CH 3 = Driver side transformer current

CH 4 = + driver voltage before 50 Ohm

T1 (2 puS): Charging caps. T2 (2 uS): GDT fires causing a dampened oscillation.
T3: GDT shunts current for the remainder of the surge (no additional stress on the LD). >
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Longitudinal (Common) Mode Lightning Surge Test
Set Up

Lnel || 250 ;"t‘?’ nal

c : esistors

Line 2 i ‘/\2/5\/9 )|
Circuit ?
Under !

Test | 150
—o0
10/700 us Surge Generator
% Earth Ground

40
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Longitudinal (Common) Mode Lightning - Surge

Response Picture

F] EESSEITIUR TP
850Vf——— - |

2
850VT T~ =TT 7

Ll

1 - v Bl . e
Chl 500W Ch2 500V M 2008 A Chl 5 200¥
Ch3 100A < @E 100 A Q

020,00 %

CH 1 = GDT voltage (line 1)
CH 2 = GDT voltage (line 2)
CH 3 = Driver side transformer current

Note: Less stress on the
circuit (except for GDT)
since the second half of
the GDT fires

at a significantly lower
voltage

T1 (1.2 puS): Voltage ramps until 1%t half of GDT fires. T2 (0.8 uS): Current flows, charges
caps until 2" half of GDT fires. T3 (2.5 uS): Dampened oscillation at 1.4MHz lasting 3
cycles. T4: GDT shunts the remainder of the surge current (no add’l stress on the LD).
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Longitudinal (Common) Mode Lightning - Surge

Response Picture

F] EESSEITIUR TP
850Vf——— - |

2
850VT T~ =TT 7

Ll

1 - v Bl . e
Chl 500W Ch2 500V M 2008 A Chl 5 200¥
Ch3 100A < @E 100 A Q

020,00 %

CH 1 = GDT voltage (line 1)
CH 2 = GDT voltage (line 2)
CH 3 = Driver side transformer current

Note: Less stress on the
circuit (except for GDT)
since the second half of
the GDT fires

at a significantly lower
voltage

T1 (1.2 puS): Voltage ramps until 1%t half of GDT fires. T2 (0.8 uS): Current flows, charges
caps until 2" half of GDT fires. T3 (2.5 uS): Dampened oscillation at 1.4MHz lasting 3
cycles. T4: GDT shunts the remainder of the surge current (no add’l stress on the LD).
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(Basic Level) Transverse Mode Power Induction -
Test Set Up and Open Circuit Voltage Waveform

Circuit
Under
Test

=7 iFfF F

— .‘4"-b -
e —+-+—+—--+-+-+

1 —
e —————
§
i
. . e ey oL X Py 2" P

Earth Ground

4—
E?-’a
:Q

ST VPR IO CIT! AT IR B
M200ms A Chl J 200V

110,00 %

43
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Transverse (Differential) Mode Power Induction —
Response Pictures 1 and 2

S NN O o e b S

Chil 1.00kV M40.0ms A Chl & 280V Ch 1 IETTRY M4.00ms A Chl 5 200V
EE 1.00A Cha] 1.00 A

uo.00% CH 1 = GDT Voltage
CH 4 =Total transient current

0,20 %
CH 1 = GDT Voltage
CH 4 =Total transient current

600 Vrms

44



PROTECTION o ‘

Slic- Ereneess Ve

CONFERENCE

Transverse (Differential) Mode Power Induction —
Response Pictures 3 and 4

DH'_‘ i g e e P S e B"
SRERR ! S !
:‘N"I"“_ : 4 'II"""-‘-\_ 4
T 886 v —Tche S0 Ty M a00ms A ChY % 280V (T GhT 556V oS00V Mao0ns A ChT % 200V
chi 100 A < [MIE 2.50 A Ch3 1.00A< EE 2504A0
1[10.00 % 120,00 %
CH 1 = GDT voltage CH 1 = GDT voltage
CH 2 = Driver input voltage before 50 Ohm R CH 2 = Driver input voltage before 50 Ohm R
CH 3 = Driver side transformer current CH 3 = Driver input current
CH 4 = Total transient current CH 4 = Total transient current

Note: You can see that the peak current on the driver side of the transformer is
significantly lower than under surge conditions. 45
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Conclusions on Transverse Power Induction

* The circuit provides excellent protection against
damage from the basic level transverse mode power
Induction test.

* The stress on the driver after the GDT fires is minimal
due to the low clamping voltage of the TISP4G.

 The transient energy is absorbed by the GDT, the

TISP4G and the transformer.

* The peak stress levels on the line driver are much
lower than the lightning surge case.

* The average stress over one cycle of the 60 Hz
waveform is very low.

46
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Longitudinal (Common) Mode Power Induction-
Test Set Up

Line 1 E R External
—c Resistors
Li | R
ine 2 ! AAN d
Circuit ?
Under
Test !
! AC Generator
% Earth Ground

47
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Longitudinal (Common) Mode Power Induction-

Simulated Response

T1 (~566 uS): Surge voltage ramps
until one side of the GDT fires.

T2 (~19 uS): Line 2 of GDT fires, caps
charge until other side of GDT fires.
T3 (~2.5 uS): GDT firing causes
dampened oscillation at ~1.4MHz for
~3 cycles.

T4: GDT shunts current for remainder
of duration (no stress on LD).

Stress on the circuit (except for GDT)
is the same as in the transverse
power induction test since the GDT
fires at about the same voltage level
(perhaps even slightly less)

: T2 T3 T4 —>
600 ; i ; I

500} - :
400

B

B

100} ---

Voltage (V)

-100
-200
-300

150

100}--

50

Current (A)

-50

-100

1.00

Current (A)
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Enhanced Level Power Induction Test

 Same test setup as basic level test
1500 Vrms waveform (vs. 600 Vrms)

e 200 ohm series resistor (vs. 600 ohm)
— 7.5 Arms

e 2 second duration (vs. 1 sec)

* Transverse (Differential) Mode Power Induction Test
e Longitudinal (Common) Mode Power Induction Test

49
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Transverse (Differential) Mode Power Induction Test

The amplitude of the 60 Hz waveform used for this test is 1500 Vrms and the series
resistor value is 200 Ohms. The simulated result shown in figure 19 approximates the
typical response of the circuit. With the higher voltage 60 Hz waveform and the lower
value series resistor, the time for the ac coupling caps to charge up to the firing point
of the GDT is significantly shorter. However, it is still not fast compared to the response
time of the GDT, so it fires at approximately the same voltage as for the basic level
test. The only difference is that the peak charge current before the GDT fires is higher,
at just over 20mA compared to less than 10 mA for the basic level test. This current
imposes no stress on the circuit since it is well within the normal operating current
range of the line driver circuit that is being protected. The simulated result
approximates the typical response of the circuit. The description for each of the three
time intervals is below the figure. Note that with the GDT firing at about 450V, the
current on the driver side of the transformer is the same amplitude as that of the
basic level test. The stress levels on the driver side of the transformer is the same as
the basic level test. The circuit completes this test without damage to the transformer,
line driver or TISPA4G.

The GDT (or PP) will see significantly more stress during this test since the peak
current will be much higher than in the basic level test. The peak current in the GDT
will be close to 7.5 Arms. It is very important that the GDT (or PP) is rated to meet this
current level. The 2026-42-LF GDT is rated for 20 Arms (10 Arms for each side) of a
50/60 Hz waveform for a one second duration. Therefore, it meets the requirements
for this test.
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Longitudinal (Common) Mode Power Induction Test

The 1500 Vrms 60 Hz waveform and 200 Ohm series resistors are used for this
test. The simulated result shown in figure 20 approximates the typical response of
the circuit. The description for each of the four time intervals is below the figure.
The driver side current in time interval T2 (which tracks the ac coupling capcacitor
charge current) reached a peak of just over 2 A, which is higher than that of the
basic test. This is due to the lower series resistor value used for the test. At the
start of time interval T3, the 2"9 side of the three terminal GDT fires at a lower
voltage than the 1t side did. This yields a lower peak current in the driver side of
the transformer during the damped oscillation when compared to the transverse
mode test. These current levels are well within the capability of the TISP4G device
which will allow it to limit voltage to a safe level.
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1500 Vrms Transverse Power Induction-l

T1 T2 113 . —

Simulated Response =
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1500 Vrms Longitudinal Mode Power Induction-

Simulated Response

T1 (~ 566 ps long) — The surge voltage ramps
up until the voltage is high enough for one side
of the GDT to fire. There is no current flow up
until the point where the GDT fires. In this
simulation the line 2 side of the GDT fires first.
T2 (~ 10 ps long) — The Line 2 side of the GDT
fires and the surge waveform charges up the
ac coupling capacitors until the 2" side of the
GDT fires (line 1 in this example).

T3 (~2.5 ps long) - The 2" side of the GDT fires
and initiates a damped oscillation at a
frequency of ~ 1.4MHz that lasts about 3
cycles.

T4 (remainder of the half cycle) — the GDT
primary protector absorbs the remainder of
the surge energy and there is virtually no
stress on the driver that is being protected
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Power Contact

 Same test setups as the power induction tests,
except;
— 230 Vrms signal
— Resistor values ranging from 10 to 1K ohms

* Longitudinal (Common) Mode Power Contact Test
* Transverse (Differential) Mode Power Contact Test
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Longitudinal (Common) Mode Power Contact Test

The capability to withstand the longitudinal mode power contact
test strictly depends on the high potential (Hi-Pot) capability of
the signal transformer. As long as the transformer does not
breakdown, the current flow will be negligible. Any current flow
will be a function of the interwinding capacitance (20 pF
maximum for the Bourns SM51430) and the insulation resistance
of the transformer. be the current required to charge and
discharge the interwinding capacitance and any parasitic
capacitance in the circuit on the line side of the transformer.
Given this low value of capacitance, the current will be orders of
magnitude lower than the current required to charge the two
56nF ac coupling capacitors in the previous test. Given that the
Bourns SM51430 transformer used in the test circuit is
sufficiently rated to withstand 230Vrms from primary to
secondary, the circuit will pass this test. 55
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Transverse (leferentlal) Mode Power Contact Test
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