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Energy Harvesting 
Macroenergy harvesting systems

windmills, watermills and passive solar power systems - “feed the grid,” 
typically adding kilowatts or megawatts to the power distribution system.

Microenergy harvesting systems

Low power, scavenge milliwatts from solar, vibrational, thermal and 
biological sources (harvested power derived from ambient sources tends to 
be unregulated, intermittent and small)
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Energy Harvesting – microenergy harvesting systems

ambient sources - RF, light and motion,…

ambient - temperature, position, status…

Sensors

Energy

Harvesting

Power 

Management

ULP 

uC
Low power
transceiver

System

Protection against overcurrents and disruptive and potentially damaging 
transients  - undesired and usually unexpected short duration change in circuit
voltage level – caused by electrostatic discharges (ESD), caused by people and 
normal operation of electrical equipment, lightning, load switching, …
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Telefuse Single 
Blow Fuse

Gas Discharge 
Tube

Transformers & Inductors

TISP® Thyristor
Surge Protector

ChipGuard® ESD 
Protection

Multifuse® Low & High 
Voltage Resettable Fuse

Ceramic 
PTC

TVS Diodes

SinglfuseTM

TBUTM

Transient Blocking 
Unit

Line Protection 
Module
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GDT: absorbs high energy surges up to 20,000A

TISP:absorbs moderate energy surges up to 300A

TVS diodes : absorbs low energy surges and ESD

Chipguard: protects against ESD

Multifuse : resettable PPTC fuse

Telefuse / Singluse :   slow-blow or fast fuse

TBU:  resettable fuse & absorbs moderate energy surges up to 300A

Magnetics : isolating transformers for Ethernet/xDSL,EMI,Inductors

What do these parts do?
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ESD / Surge Protection
TVS Diodes / Chipguard



Slide 7

ESD can be damaging 

to sensitive electronic components.

ESD is #1 reason for IC 

malfunctions.

ESD 59%

Electrical Testing 3%

Oxide/passivation
failure 3%
Conductor failure 3%

Die fracture 4%

Lead short/open 7%

Wire bonds 15%

Others 6%

ESD  - Electro Static Discharge.

ESD - Why is there an ESD Requirement?
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Destroyed Device,
The discharge bored through the 
layers of the device

Damaged Device,
The trace is almost severed, 
causing intermittent operation

ESD - Physical Result of Excessive ESD Transient Pul se
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ESD Protection  - Typical CP Application
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IEC 61000-4-5 Surge Standard

Waveform of Short Circuit current 
(8/20 µs) 

T1 = 1.25 x T = 8 µs ± 20%

T2 = 20 µs ± 20%

Rise Time (10% – 90%) = 6.4 µs

Waveform of Open Circuit voltage 
(1.2/50 µs) 

T1 = 1.67 x T = 1.2 µs ± 20%

T2 = 50 µs ± 20%

Rise Time (10% – 90%) = 1 µs
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IEC 61000-4-5 Surge Standard

0
1 0.5 0.5 0.5
2 0.5 1.0 0.5 1.0 1.0 0.5
3 1.0 2.0 1.0  2.0 ***  2.0 ***
4 2.0 4.0 *** 2.0 4.0 ***  2.0 ***
5 ** ** 2.0 4.0 *** 4.0 ***

Notes

** Depends on the class of the local power supply system
*** Normally tested with primary protection.

Explanation:
DB = data bus (data line)

SDB = short-distance bus
LDB = long distance bus

Line to 
earth kV

Line to line 
kV

Line to 
earth kV

* Limited distance, special configuration, special layout, 10m to max. 30m no test is advised at 
interconnection handles up to 10m only class 2 is applicable.

Installation 
Class

IEC 61000-4-5 Table A.1 Test Levels

Line to line 
kV

Line to 
earth kV

Line to line 
kV

Line to 
earth kV

Line to line 
kV

Balanced OperatedPower Supply SDB, DB *

Coupling mode Coupling mode Coupling mode Coupling mode
circuits/linescircuits/lines, LDB

Unbalanced operated
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ESD and Surge Protection 
TVS Diodes 

What is a TVS – Transient Voltage Suppressor?

-A special type of Zener diode optimised for transient voltage
protection.

-When a transient appears, the TVS clamps the over voltage
to a safe level

-absorbing much of the energy that would otherwise damage
the downstream circuitry.

-TVS are available as uni-or bidirectional devices.
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Working Peak Reverse Voltage 2.8 V - 170 V 
Breakdown Voltage 3 V – 200 V
Configuration: Uni/Bidirectional – Discrete & Array

IEC 61000-4-2 (ESD) ±8 KV Min. Contact
±15 KV Min. Air Discharge

IEC 61000-4-4 (EFT) 40A Min @ 5/50nS
IEC 61000-4-5 (Surge) ±4 KV Min. 
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ESD and Surge Protection 
TVS Diodes 
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� Air Gap technology fabricated in surface mount devices (SMD, 0603 
/0402 chip type).

� Designed by air space discharge technology provides bi-directional 
protection

ESD Suppression - Technologies 
ChipGuard ®

Product using Air gap
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10 
um

Al 2O3
Substrate

Overcoat

Air Space

Product using Air gap

ESD Suppression - Technologies 
ChipGuard ®
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� Polymer technology fabricated in surface mount devices (SMD, 
1206 / 0603 chip type).

� Polymer technology provides bi-directional protection.

Product Using Polymer

ESD Suppression - Technologies 
ChipGuard ®
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Cross Section / 
Structure of CG0805MLA

ESD Suppression - Technologies 
ChipGuard ®

Product Using Zinkoxid
MLV – Multi Layer Varistoren



Technology Process

Polymer ESD Suppressor PCB Process
Polymer space 

discharge

working by the breakdown of 
the inserted polymer between 

the electrodes.

MLV ESD Suppressor Thick film process
Zinc Oxide break 

down
Working by the breakdown of 

the zinc oxide.

TVSD ESD Suppressor Thin film technology
P/N junction break 

down 
Working by the breakdown of 

the P/N junction.

Air Gap ESD Suppressor Thin film technology Air gap discharge
Working by the breakdown of 

the gas between the 
electrodes.

How it works

ESD Suppression – Technologies Overview/Summary 
ChipGuard ®
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Chipguard:
Working Voltage 3.3V, 5V, 12V, 14V, 18V, 24V 
Off State Current 5nA Max. 
Capacitance 0.05pF ~ 300pF @ 1 MHz & 1 Vrms
Configuration: Discrete & Array
IEC 61000-4-2 (ESD) ±8 KV Min. Contact

±15 KV Min. Air Discharge
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ESD Suppression - ChipGuard ®
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ESD Suppression - ChipGuard ®
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Car Satellite Radio –
Antenna Interface

Car Satellite Radio –
Data Port Interface

ESD Suppression - ChipGuard ®
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CG0603MLC- 05LE 0603, 0.5pF, 5V cont. rating

CG0402MLC-05LG 0402, 0.5pF, 5V cont. rating

CDSOD323T05C 0402, 3pF, 6Vbr, TVS Array 

CDSOT23SR208 SOT23, 5pF, Steering Array

CDSC706-0504F SC70-6, 3pF, SMT TVS Array

Arrays can protect 4 lines or more with a single packag e.

ESD Suppression – Parts
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GDT: absorbs high energy surges up to 20,000A

TISP:absorbs moderate energy surges up to 300A

TVS diodes : absorbs low energy surges and ESD

Chipguard: protects against ESD

Multifuse : resettable PPTC fuse

Telefuse / Singluse :   slow-blow or fast fuse

TBU:  resettable fuse & absorbs moderate energy surges up to 300A

Magnetics : isolating transformers for Ethernet/xDSL,EMI,Inductors

What do these parts do?
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Over current Protection 
resettable PPTC’s - Multifuse & non- resettable Fuses - Sing lFuse
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PPTC/Multifuse ®– How do they work?

Polymer PTC

Working Current
· Many conductive  paths
· Very low resistance

Fault Current
· Device heats - I2R
· Fewer conductive paths
· Very high resistance
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- Over temperature and/or Over current causes
�  resistance increases exponentially 
�  current is limited, application is protected

- resets to low resistance state  when power is cycled / fault has cleared

PPTC/Multifuse ®– How do they work?
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• Unlike a fuse, PTCs do not need to be replaced, no need 
to be board accessible

• Transient faults will not shut system down; no waiting for a 
service call to replace a fuse 

• Fewer service calls means lower warranty costs

• Fewer services calls means better product quality 

• Avoids possible damage to the circuit by incorrect fuse 
replacement

PPTC/Multifuse ®– What are the benefits?
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MF-R Series
MF-RX Series
MF-RX/250 Series
MF-RX/600 Series
MF-RHT Series 
MF-RG Series

MF-SM Series
MF-SM/250 Series
MF-SMHT Series

MF-SMDF Series
MF-MSMF Series
MF-USMF Series
MF-NSMF Series
MF-PSMF Series
MF-FSMF Series

Surface Mount Type

Radial Lead Type

Strap Type

MF-LS Series
MF-SVS Series
MF-VS Series 
MF-LR Series

Custom Type

PPTC/Multifuse ®– Existing Product Families 
Agency Recognized UL, CSA & TÜV
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• New & Unique Construction for   MF-xSMF

• Allows higher Voltage

• Allows higher current

• R1max – increased Stability

• Extended cycle life

• Enables small sizes     

MF-PSMF (0805),  MF-FSMF (0603)

PPTC/Multifuse ®– FreeXpansion TM Technology

Cycle Life for MF-SMDF075/60 of 60V/10A/200cycles
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MF-LSMF-X

(2920 size)

MF-MSMF-X

(1812 size)

MF-USMF-X

(1210 size)

MF-NSMF-X

(1206 size)

MF-PSMF

(0805 size)

MF-SM

(2920 size)

MF-SMDF

(2018 size)

MF-MSMF

(1812 size)

MF-USMF

(1210 size)

MF-NSMF

(1206 size)

New

MF-FSMF (0603 size)

PPTC/Multifuse ®– FreeXpansion TM Technology
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USB
Port

USB
Controller

Vbus
D+

D-

Gnd

USB 1.1 Single Port Protection

CD143A-
SR05

MF-
NSMF150-2

USB
Port

USB
Controller

Vbus
D+
D-

Gnd

USB 2.0 Single Port Protection

MF-
NSMF150-2

CDSOT23-
SR208

 

 

USB
Port

USB
Controller

Vbus
D+
D-

Gnd

USB 2.0 Single Port Protection

MF-
NSMF150-2

CDSOD323-
T05C

or
CG0603ML

C-05LE

Overcurrent Protection 

PPTC/Multifuse

MF-NSMF150X-2

Overvoltage Protection 

- Chipguard

CG0603MLC-05LE
- TVS Diodes/Array

CDSOT23-SR208 or   CD143A-SR05

Application Example - USB
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Line of thin film, surface mount, chip fuses
Vmax <= 63V, rated current: 500mA…7A
3 product sizes

u 0402 (1005 metric)
u 0603 (1508 metric)
u 1206 (3216 metric)

2 fuse types
u Fast acting
u Slow Blow

Introduction

VS

I
Fast

VS

I
Slow

Fuses/SinglFuse ™
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Construction of SinglFuse™:

Ceramic 
Substrate

Copper / 
Nickel 
Plating 

Fuse 
Element

Tin 
Plating 

Epoxy 
Overcoat 

Fuses/SinglFuse ™
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GDT: absorbs high energy surges up to 20,000A

TISP:absorbs moderate energy surges up to 300A

TVS diodes : absorbs low energy surges and ESD

Chipguard: protects against ESD

Multifuse : resettable PPTC fuse

Telefuse / Singluse :   slow-blow or fast fuse

TBU:  resettable fuse & absorbs moderate energy surges up to 300A

Magnetics : isolating transformers for Ethernet/xDSL,EMI,Inductors

What do these parts do?
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Over current and Surge protection

- TBU™-
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TBUTM

– is a semiconductor device based on MOSFET technology

– is a resettable fuse - trips by overcurrent

– blocks voltages up to 850V when tripped

– reacts fast within ns…<=1 � s

– adds  minimal capacitance to circuit (<1pF) 

– up to 200Mio tripcycles, 

no performance change

TBUTM – Transient Blocking Unit

VS

LoadTBU

SURGE
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1

2

3

4

EVENT
1. Load short circuit

2. Current rises to I trip current 
limiting in effect

3. TBU™ switches into high 
resistance thus limiting current & 
voltage to load.

4. Protected.

5.  TBU™ resets on voltage (VRESET) 
or current falls below IQuiesent.

Over current protection

I trip

I oper

IQ

V load

V source

time

cu
rr

en
t

vo
lta

geVS

LoadTBU

nano-seconds
reaction time

~1 micro-second

5

TBUTM – How it works    
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1

2

4
VS

I trip

ILOAD

I leak

V load

V source

time
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EVENT
1. Lightning, power cross occurs

2. Current increases to I trip current 
limiting in effect.

3. Voltage limiting circuit disconnects 
voltage & current

4. Load protected.

5. TBU™ resets on voltage (VRESET).

6. Voltage defined by VRESET of TBU™.

5

TBU™ Load 3

Over Voltage / AC / Surge protection

TBUTM – How it works    
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Below trigger threshold, TBU device acts like a res istor
Above trigger threshold, TBU acts like a ~1mA curre nt source

Slide 40
Company Confidential

I

V

Gradient = 1/RTBU

Positive Blocking 
Current

Negative Blocking 
Current

RESISTIVEHIGH 
IMPEDANCE

HIGH 
IMPEDANCE

ITRIG

VRESET

TBUTM – I-V Characteristic of a TBU device
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TBUTM – Typical Operating Performance
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Has Exceptional Stability

Fault cycle test results (UL1434)

• 250Vac, ~4A fault current, 85°C;

• TBU device remains unchanged after 200M 

cycles
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TBUTM – Transient Blocking Unit
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Surge / Overvoltage / Overcurrent Situations

1. Applications with internally (system) generated surges
System generated surges with  modest, known, max open circuit voltage:

• effectively solved by a single TBU
• Single component solution - simplicity and low cost

2. Signaling / Communication interfaces
RS232, 
RS485, 
CAN-bus and 
LVDS.

3. Data Communication Lines
Ethernet, MbE, 
GbE, 10GbE (coming)

http://www.bourns.com/ProductLine.aspx?name=tbu

TBUTM – Applications      
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TBUTM – Product Summary
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TBU-KE Series

5.0mm x 2.5mm

Single Uni-directional

New Series

Small size

Low Resistance

TBU-DT Series

5.0mm x 5.0mm

Dual Uni-directional

Replace Pxxx-U Series

54% smaller

Broader Itrig range

Lower resistance

TBU-CA Series

6.5mm x 4.0mm

Single Bi-directional 

Replace Cxxx-Series

24% smaller

Broader Itrig range

Lower resistance

TBU-CX Series

8.25mm x 4.0mm

Single Bi-directional

New Series 

Low Resistance

Programmable Itrig = 1000mA 
~500mA using external 0~50 
ohm resistor.

TBUTM – new Products with low series resistance
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Over voltage Limiters 
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Over current Limiters


