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Why SCHOTTKY?

For Silicon devices, the forward voltage
drop of the pn-junction rectifier can not be
reduced below about 0.8 volts even if the
deviceisnot required to block higher reverse
voltage. In the case of the output rectifiers
used in power supplies for computers and
telecommunications, this voltage drop isa
large fraction of the output voltage of 5V or
less. Thisresultsinalossin the power supply
efficiency by 20% - 30%. For Schottky bar-
rier rectifier they can exhibit avery low for-
ward voltage drop leading asmaller conduc-
tionlossthan that of pn-junction rectifier, and
switching speedsapproaching zero-time. This
combination hence makes Schottky barrier
rectifiers ideal for the output stagesof switch-
ing power supplies.

Schottky diodes

Presently thebreakdown voltageof the Sili-
con Schottky diode cannot be reliably made
larger than 200V . However, the drawback

of the Silicon Schottky rectifier can be ad-
dressed by fabricating the devices by using
other semiconductor materials, such as gal-
lium arsenide and silicon carbide.

Schottky diodes have positive and nega-
tive sides. They are shown below.

Advantage:

- Switching speed faster than acomparable
pn-junction diode

- Very low forward voltage drop (VF)

- Having much less voltage overshoot dur-
ing device turn-on than comparable pn-
junctiondiodes

Disadvantage:

- Limited high-temperature operation

- Highleakage

- Limited breakdown voltage range for
Silicon Schottky diode

Switching Characterigtics

A Schottky diode turns on and turns off
faster than a comparable pn-junction diode.
The basic reason isthat Schottky diodes are
magj ority-carrier devices and have no stored
minority carriersthat must beinjectedintothe
device during turn-on and pulled out during
turn-off.

Trade-off

Thefour most important application char-
acteristics of a Schottky are:

- forward voltage drop

- reverse leakage current
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- reverse blocking voltage
- maximum junction temperature

Generally for agiven applicationthebasic
hallmarks of any Schottky process are its
maximum rated junction temperature, Tjmax
and themaximum recurrent peak reversevolt-
age, VRM. Thesetwo basic hallmarksare set
by the process, then determinethe best trade-
off between theforward voltage and the | eak-
agecurrent.

A decrease of the forward voltage in-
creasestheefficiency of the converter but in-
crease at the same time the leakage, and the
maximum operating temperature Tjmax de-
Ccreases.

Choice of the Schottky

For using the Schottky diodeswell the de-
signers need to realize the impact of the
choice of Schottky on circuit operating per-
formance and heat sink requirementsin their
particular application.

Theseguideineswill bediscussedfollowing.

(1) Operating temperaturemargin

Themaximum operating junctiontempera-
ture of Schottky diode must be less than the
maximum rating of junction temperaturein
data sheet to keep a safe junction-tempera-
ture margin from thermal runaway. For ex-
ample, as using an axial lead Schottky the
recommendationto circuit designer isto obey
the datasheet condition of manufacturer.

(2) Heat sink thermal resistance

If designers want to minimize the energy
losses of an electrical system by increasing
the physical size of the heat sink dispropor-
tionately with decreasing thermal resistance,
the efficiency would simultaneously be de-
graded.

For instance, in asituation wherereverse
losses are low and conduction losses pre-
dominate, if increasing the heat sink size (be-
yond that required for asafe design) will in-
crease the losses because conduction losses
increase with decreasing temperature.

(3) Increasingthediesize

Using larger dieisadirect way to reduce
the forward voltage drop and forward cur-
rent, and hence haslower conduction losses.
However, thelarger diewill introducealarger
reverseleakagecurrent leading larger reverse
losses.

Computing the net result of energy loss of
Schottky rectifieritisstill lower andasmaller
heat sink can therefore be requested.

(4) Option of Tjmax class

The choosing of asuitable Schottky often
varieswiththedifferent applications. Asmini-
mization of total energy losses, and arela-
tively low heat sink temperature are more at-
tractiveto designersthan minimization of the
size of heat sink, a lower Tjmax class
Schottky may bethe better choice. If minimi-
zation of heat sink sizeismoreimportant than
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minimization of energy losses, than a
higher Tjmax class Schotty will generally be
the better choice.

(5) Heat sink temperature

A situation worth to mentionfor designers
iswhether there are other componentsto be
mounted on the heat sink with the Schottky
diodes.

Higher Tjmax class Schottkys allow a
higher heat sink temperature; this tempera-
ture might be too high for the other compo-
nents on the same heat sink.

A suggestion to designersisto use asepa
rate heat sink for the components.

(6) High ambient temperature

As ambient temperature increase, choos-
ing a Schottky with ahigher rated Tjmax will
help reduce the heat sink size.

(7) Selecting theright voltage class

Within agiven Tjmax class, lowest |osses
and smallest heat sink will usually be obtained
by selecting the Schottky from the lowest
voltage class that is compatible within the
circuitvoltage.

A lower voltage class Schotty has lower
forward voltage drop and lower conduction
losses. Reverse |eakage losses of a lower
voltage Schottky will be somewhat higher.
But generally total losses will be lower and
heat sink size smaller for the Schottky with

the lowest voltage class compatible with the
circuit operating voltage.

Power dissipation vs. thermal resistance

The thermal resistance required of the
heat sink, for a given power supply output
current, can be significantly influenced by
the choice of the Schotty type, aswell as by
the choice of converter circuit.

As the operating power dissipation in a
Schotty increases, therequired heat sink ther-
mal resistance decrease, becausetheincreas-
inginterna temperatureriseallowslessavail-
able temperaturerisefor the heat sink. This
explains the trade-off relationship between
Schottky power dissipation and the required
heat sink thermal resistance.

Mountingtorque

To screw-mounted devices a mechanical
damage might be caused by an over-applica
tion of torque, while under-application might
fail to achieve the proper thermal leading a
highvaluesof thermal resistance.
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Switching
Perfor mance of
Super-Fast Diode

by Kevin Wu, AE Manager
Taiwan Semiconductor

I ntroduction

Super-fast diode becomes more and more
important asthe operating frequency of AC/
DC-converters, inverters, DC choppers and
switch mode power suppliestendstoincrease
to achieve more compact circuit lay-outsand
reduced noiselevels.

In Taiwan Semiconductor’s product series
, supper fast rectifier hand forward currents
from 1A to 30A, block voltages up to 600V
, and exhibit fast reverse recovery of 35nS,
using Silicon Pinrectifier technology.

The Pin structure (P+/N/N+) isone of the
most common topology for power circuit ap-
plication because the base width thickness
can betailored to optimize the frequency re-
sponse. The structure allows discrete semi-
conductor manufacturersto offer the widest
range of performances and characteristics,
such as blocking voltage capability, forward
voltage drop and switching speed, by con-
trolling thefollowing key parameters:

- DieSize

- DieThickness

- Basewidth

- Doping Level
- Recombination Lifetime Control

Switch behavior

The switching of die hastwo types:

- Either switching from the non-conduct-
ing to the conducting state: “turn on”

- Or switching from the conducting to non-
conducting state: “turn off “

Figure 1. Both typical tern-on and turn-off waveforms
of diode.

TURN-ON

di/ dt Tem TURN-OFF

/ di/ dt

+ » trr

maximum forward current
maximum reverse recovery current

[em
[rm

Vew = maximum reverse voltage

VF continuous forward current

VR = continuous reverse voltage

Ve = maximum forward recovery voltage

tfr
ta
th
trr

forward recovery time
storage time

reverse current decay time
reverse recovery time

The switch of an super-fast diodeisillus-
trated asthefigure 1. When thediodeisturned
onwith ahighdi/dt, thereisavoltage over-
shoot (VFP) across the diode, which de-
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creases progressively during agiven time
tfr. When diodeis switched from its conduc-
tion state to non-conducting state, the evacu-
ation of chargesstored during theforward cur-
rent flow produces phenomenon of reverse
recovery for acertain period of time (trr). At
the end of the period denoted as ta, the di-
ode impedance beginsto rise, alowing re-
verse current to decay. During thetb interval
the nature of decay will depend on the impu-
rity profileof thediode, thetest or circuit €l ec-
trical conditions, and theloop inductance.

If the waveform decays smoothly in a
somewhat exponential manner, as shown by
thewaveform of figure 2-(a), thediodeissaid
to exhibit “ soft recovery.” If the waveform
exhibitsarapid changein slope, asshownin
2-(b), 2-(c), and 2-(d) the recovery is de-
scribed as abrupt. The abrupt recovery often
produces circuit ringing, which causes EM|
problemsin el ectronic equipment. A frequent
way to avoid abrupt recovery is by adding
snubbersto thecircuit.

Figure 2-a. Soft- recovery
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Figure 2-b. Abrupt recovery and Figure 2-c Abrupt
recovery

Figure 2-d Abrupt recovery
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Lifetimecontrol

Under thermal equilibrium conditions, a
continuous bal ance between the generation
and recombination of the electron-hole pairs
occurs in semiconductors. Any creation of
excess carriers by an external stimulus will
disturb thisequilibrium. Upon removal of the
external excitations, the excess carrier den-
sity decays and the carrier concentration re-
turnedtotheequilibriumvalue. Thelifetimeis
ameasure of the duration of thisrecovery.

Two fundamental processing methodshave
been devel oped to control lifetime (and con-
sequently trr) in power device.
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- Using thermal diffusion of gold or plati-
num

- Bombarding the silicon wafer with high
energy particles

Taiwan Semiconductor used the method of
diffusiongold or platinuminto siliconfor the
processing of super-fast recovery diode se-
ries.

Why gold or platinum?

Therecombinationlevel introduced by gold
diffusonisdifferent fromthat by platinumdif-
fusion. The superior conduction characteris-
ticsare observed in gold-doped devices. For
example, for equal forward voltage, Au-
doped devicewill havefaster switching time
than Pt-doped device. However, the |leakage
current of platinum doped devices will be
much lower than for gold-doped devices.

Since gold-doped devices created alarger
leakage current (especially the hightempera-
tureleakage current issignificantly high.) so
the parasitic heating of the gold-doped recti-
fier occurs highly than platinum doped recti-
fier. A continuous heating will causethermal
run away finally. But thegold- doped devices
will introduceasofter recovery waveformthan
platinum.

From the trade-off comparison the circuit
designer has to be careful on choosing the
devicethat will be expected to useon the dif-
ferent application.

Diode design/ selection

The optimum choice for agiven applica-
tion depends on the power losses generated
by the diode. The power losses come from
two different phases. Oneisreverse switch-
ing loss. Theother oneisforward conduction
loss. Here, the switching lossis proportional
to the maximum reverse recovery current,
IRM of diode. The conduction lossis pro-
portional to forward voltage, VF.

For example, increasing the speed of arec-
tifier will decreasethel RM and thenasmaller
switching loss was obtained. While the VF
valueof diodewill get anincrement, andthere-
fore the conduction loss become larger. For
a diode the compromise VF-IRM hasto be
made to reduce the total looses.

- 558 -



What IsA Silicon
Transient Voltage
Suppressor ?

by Kevin Wu, AE Manager
Taiwan Semiconductor

Introduction

Thesilicon transient voltage suppressors (
TVS's) areclamping devicesthat canlimit the
voltage spikes by avalanche breakdown. It
isacomponent worked in areverse modein
electronic system.

In an electric circuit when the transient
spike with voltage drop higher than the
clamping voltageof TV Sdevice, and with
energy content less than the power of TVS
device, the TV Sbeginsconducting effectively
and clamp the transient spike to a safe level
at which it will not damage the load we ex-
pected to protect. Such safe level iswithin
the range between minimum and maximum
breakdown voltages of TV S device. Asthe
voltage drop of signal bellowsits clamping
voltage, the device will restore to the non-
conducting mode. Thefunctionisillustrated
infigurel.

Fig. 1 Thetransient current is diverted to ground through
TVS; the voltage seen by the protected load is limited
to the clamping voltage level of the TVS, then the
clamped voltage ramp down to normal operating volt-
age of TVSdevice.

Transient Clamped
+ Voltage Transient
I > Protected
O Load
Current T Load
Current
O

Sour ce of Transients

General speaking, transients have two
sources. Oneisinelectric circuits, resulting
from the sudden rel ease of previously stored
energy. Such transient might be voluntary
and created in the circuit due to inductive
switching, commutation voltage spikes, etc.
Next might be created outside the circuit
and then coupledintoit. These can be caused
by lighting strikes, electrostatic charge, or
substation problems. These transients are
difficult to identify and measure by the
circuit designer.

Silicon TVSdiodes

All TVSdevices use glass passivated die
with mesastructure in Taiwan Semiconduc-
tor. The operation temperature can be at
175°C for axial lead package, and 150°C for
surfacemount package, individualy. Thechip
configuration (P+/N/N+) of unidirectional
TV Swill be shown below.
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Fig. 2 Cross section of chip for unidirectional TVS

Metal layer

Oxide layer

Fired Glass

Metal layer

Ground

The p-njunction diodeisaunidirectional
device. For useon AC signal lines, bi-direc-
tional devices are available which are based
upon stacking two diodes back to back.
M ost manufactures use monolithic NPN and
PNP structures. The center region is made
relatively wide compared to a base of tran-
sistor to minimizethetransistor action which
can cause increased |leakage current.

TSC’'s Silicon TV S diodeswere designed
with awide spectrum of power rating from
400 watts to 1500 watts for 10 / 1000 us
waveform. They have a surge suppressor
function.

TheZener diodeinacircuit (power supply
) playsaroleof regulator. Most Zenershandle
lessthan their rated power during normal ap-
plications and are designed to operate with

lower power compared to TV S diode.
Taiwan Semiconductor’s TV S products
exhibit severa advantagesincluding:

1. Superior clamping characteristics

2. Very low leakage bel ow breakdown
voltage

3. Sub-nano second turn-on times

4. No wear out mechanism (within device
energylimits)

5. Fail “ short” with overstress

6. Be available as unidirectional and bi-di-
rectiond

Taiwan Semiconductor’sTV Sproductsare
the preferable option for your transient sup-
pression needsthat can not satisfy you.

Electrical characteristicsof TVSdiodes

The major electrical parameters contain
operating voltage, reverse breakdown volt-
age, maximum peak pulse current, peak
clamping voltage, peak pulse power, and
leakage current. Thetypical 1-V characteris-
ticcurvefor aunidirectional transient suppres-
sor isshown in Figure 3. Although the curve
shown isfor aunidirectional TVS, the same
parameters also usefor abi-directional part.

1. The normal operating or working volt-
ageisusually called thereverse standoff volt-
age or working standoff voltage (Vwm) in
specification data sheets. At the standoff
voltagethe TV Sdeviceonly hasleakage, but
isnot in conductive modulation.
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2. The reverse breakdown voltage (Vbr)
isspecified at abiaslevel at whichthedevice
beginsto conduct avalanche mode.

3. Peak pulse current (IPPM) isthe maxi-
mum upper limit at which the device is ex-
pected to survive. We can measure the peak
pulse power dissipated by the product of
the clamping voltage (V¢) multiplied by the
peak pulse current conducted through the
device.

4. Clamping voltage (Vc) isspecified only
at the maximum limit on data sheets. The
transient spike voltage drop can be clipped
to avoltage level acceptable for safe oper-
ating condition by the clamping function of
TVSdiode.

5. Peak pulse power (Ppp) istheinstanta-
neous power dissipated at the rated pulse
condition. Common peak pul se power rating
are 500W, 600W, and 1500W for 10/1000
us waveform. Asthe pulse width decreases,
the peak power capability increasesinaloga-
rithmicrelationship.

6. Leakage current (Ir) isthereverse cur-
rent measured at the working voltage.

Fig. 3 Unidirectiona TV S characteristic curve.
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Ipp

Package classification

The package of TV S has both axial lead
and surface mount. The axial leaded compo-
nents are available in peak pulse power rat-
ings of 400w, 500W, 600W, and 1.5KW.
Surface mount devices are availablein rat-
ings of 300W, 600W, and 1.5KW.

Exampleof using TVSdiodesin cir cuit

TV S parts can be used in a circuit with
various degrees of protection. For atypical
linear power supply wemay find thedifferent
TV Sdiodesproviding different protection of
theload or the electrical componentsthat we
expected to protect.
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Fig 4. TVS 1provides the maximum protection to
the transformer.

TVS 2 TVS 3

Load

X £ 1L

Transient Voltage Suppressors 1 shownin
figure 4 provides a maximum protection.
However, we do not recommend to use the
TV S diode here, unless we can know the
electric circuitimpedance and the magnitude
of surge rushed into the circuit. Otherwise
the TVSdiodeis easy to be destroyed by
voltagesurge.

When transients produced by interrupting
the transformer magnetizing current, these
transients might destroy arectifier diode or
filter capacitor showninfigure5if alow im-
pedance discharge path is not provided.

Fig. 5 The bi-directional TV S before bridge recti-
fier provides an excellent protection to the bridge

rectifier.

.

TVS 1

>/«

So if we can place a bi-directional TVS
part (TV S2) before bridge rectifier it may
provide excellent protection of circuit.

TV S3 provides the load with complete
protection. In almost every application, the
unidirectional transient suppression device
isplaced in parallel with the load, since the
main purpose of the circuit isto clamp the
voltage appearing acrosstheload. Infigure
3,andfigure4if only TV S3isinuse, thebridge
rectifier then is unprotected and would
require ahigher voltage and current rating to
prevent failure by transients.

Selection of acorrect TVS

Several e ements shown below are essen-
tial to how to choose a correct TV'S diodes
expected to be used in your application cir-
cuits.

1. Determine where the maximum DC or
continuous operating voltage of your el ectri-
cal circuitis. Usethe TV Sdiode with stand-
off voltage higher than operating voltage.

2. Select TV S diode without its working
standoff voltage (VWM) less than the
circuit operation voltage. Sinceif the standoff
voltage is chosen to have a lower rating,
the TV Sdevice may go into avalanche.

3. Determine the transient conditions of
thecircuit. Definethewave shapeor transient
source and the pulseduration. ChooseaTVS
devicethat can dissipate the non-repetitive or
repetitive peak pulse power.
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4. SelectaTV Swith amaximum clamping
voltage (Vc) less than the voltage that can
causecircuit damage.

End-Useapplication

TVSareavailablefor operating with vari-
ous Vvoltage ranging. They are used in appli-
cationsincluding automotive, computer, con-
sumer, industria, lighting ballast, power sup-
ply, and telecom system.
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