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Presentation Outline

 TVS selection according to RTCA/DO-160E
 Determine maximum working voltage (VWM)
 Threat levels and waveforms per section 22
 Determine peak pulse power (PPP) required

 Power vs. time conversion
 DIRECTselectTM method charts

 TVS screening flow for Avionics
 MSC reliability improvements

 Doped silicon dioxide TEOS passivation
 Testing and screening flow

 MSC surface mount packages and construction
 Powermite®

 SMB/SML

 Plastic Large Area Device (PLAD)
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Determine V WM from RTCA/DO-160E

1. Abnormal Voltage Surges
! Surges differ from transient voltage in that they are long term high-line 

voltages for durations up to hundreds of milliseconds which can destroy 
Transient Voltage Suppressors (TVS).

! These voltage anomalies are caused by normal generator functions and 
must be considered in TVS selection.

! The VWM of the TVS must be equal to or greater than the peak abnormal 
voltage.

2. Voltage at which the devices being protected are damaged
! The VWM must be below the safe voltage for the devices being protected.
! Since the clamping voltage (VC) is a function of the TVS break down 

voltage (VBR), this must be considered as well.
! The data sheet VC is typically 1.4x higher than the VWM of the TVS at the 

rated peak pulse power (PPP).  This can be reduced as explained later.
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Determine V WM from RTCA/DO-160E
(28V bus)

28V DC 
converted to 
peak voltage

Category B is the 
most common

60V for Category B

VWM must be 60V or greater for 28V category B abnormal surge condition
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Determine V WM from RTCA/DO-160E
(115V bus)

115V rms converted 
to peak voltage

180V peak 
abnormal voltage

100 ms

VWM must be equal to or greater than 180V

TVS devices are 
not typically rated 
for this long pulse
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Pin Injection Threat Levels and Waveforms

Table 22-2 from RTCA/DO-160E section 22

The lower the source 
impedance the higher 
the transient current

Increasing power level
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RTCA/DO-160E Transient Waveforms

Waveform 4 (6.4/69 µs) and waveform 5A (40/120 µs) are the most common

With the 20% variation the worst case waveform is (6.4/83 µs) and (40/144 µs), respectively

T1 represents the transient rise time

T2 represents the transient decay time
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Peak Driving Current and Peak 
Pulse Power Equations

IP = (Voc-Vc) / ZS

Where:   IP = peak driving current of transient through the TVS
Voc = open circuit voltage
Vc = Max clamping voltage
ZS = Source impedance of driving voltage = Voc / Isc

PPP = IP x VC = Peak Pulse Power
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28V DC Line Protection Example

Example:  TVS for 28V DC line with Category B abnormal surge 
and a transient protection for waveform 4, threat level 3.

Waveform 4 is 6.4/69 µs 
Source Impedance = 5  
Threat level 3 = 300VOC/60A ISC

VWM > 60V  (from slide 4)
Data sheet value is VC = 96.8V for VWM = 60V devices

From previous equations: IPP = (300V " 96.8V) / 5  = 40.64 A

PPP = 96.8V x 40.64 A = 3.93 kW

A TVS with a power rating of at least  4 kW @ (6.4/83 µs) is needed.
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28V DC Line Protection Example

Most TVS devices are rated at a 10/1000 µs exponential waveform!

1500 W
(10/1000)

5 kW

(6.4/69)

10/1000 waveform

The change in power rating is because the longer pulse length generates 
more heat in the junction of the device

Non-repetitive Pulse 
Power
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28V DC Line Protection Example

 The 1500 W devices works at 250C 
but what about 1000C?

 The 1500 W derating curve shows 
a 30% reduction in PPP @ 1000C#

Now we have 5 kW @ (6.4/69) 
reduced by 30%

5000 W x 0.7 = 3500 W

500 W below the 4 kW needed!!
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28V DC Line Protection Example

3000 W

(10/1000)

10 kW @ (6.4/69) ----- 7 kW de-rated at 1000C

250C
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28V DC Line Protection Example

 Conclusion: A 3000 W TVS with a VWM = 60V 
is needed to protect a 28V line with Category 
B abnormal surge and waveform 4, threat 
level 3 transients if it is to be rated to 1000C
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Microsemi’s DIRECTselect TM Method

 Microsemi has converted the calculations 
for each threat level and waveform into an 
easy to use DIRECTselectTM chart format.
 No calculations are necessary
 Just pick the necessary power level required based on 

waveform and threat level.

 In the following charts the TVS IPP vs VWM
curve must stay above the red threat level 
curve to be acceptable for the application.
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Microsemi’s DIRECTselect TM Method

The TVS rating must stay above the RED threat level!!

Shows our example 
falling below the 

RED threat level 3 
@ 1000C
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Microsemi’s DIRECTselect TM Method

3 kW device rating 
stays above the 

threat level 3 line
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Microsemi’s DIRECTselect TM Method

Notice!
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Choosing Screening flow and 
TVS Package

Now we know the power level needed 
we can choose the correct TVS 

testing/screening flow and package for 
the application.
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MSC Reliability Improvements for 
Commercial avionics

! TEOS Doped Silicon Dioxide passivation
" Passivation process developed for and used in high reliability military, 

space and medical applications for 20 years

" High Temperature Reverse Bias (HTRB) proven
" MSC has converted all mesa TVS below 30V to P-type  substrate with 

LPCVD TEOS passivation
! Passes extensive High Temperature Reverse Bias (HTRB)
! Impervious to impurities in molding compound

! Creates bulk breakdown in the silicon device

" Qualification data now available

! Conservative die size selection for power rating
" Larger die size than competitors

" SMB packages gone from 0.060$ sq. to 0.080$ sq. die
" SML packages gone from 0.120$ sq. to 0.180$ sq. die
" MSC TVS devices can withstand 110% rated power
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Initial TEOS Qualification Testing
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Initial TEOS Qualification Testing 
With New 0.080” Sq. Die

Vc @ 100% of Ipp

Vc @ 110% of Ipp

Vc Max @ Ipp = 33A
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Some competitors& devices do not live up to their 
given power rating or are marginal#
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600 W from Supplier A
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15 kW from Supplier A
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500 W from Supplier B
(sample 1)
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Devices barely pass 100% rated power and start failing at just 5% over rating
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500 W from Supplier B
(sample 2)
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Commercial Avionics Screening Flow

1. Temperature Cycle (Thermal Shock) 20 Cycles -55 °C to 125 °C
2. Solder Heat
3. Surge 1 pulse at 110% IPP (Both Directions for Bidirectional)
4. Surge 1 pulse at 100% IPP (Both Directions for Bidirectional)
5. Electrical Test
6. Burn-in (HTRB) 48 Hours 125 °C Polarity A  (96 hours for 
Unidirectional)

7. Electrical Test  IR Polarity A
8. Burn-in (HTRB) 48 Hours 125 °C Polarity B (Not required for 
Unidirectional)

9. Electrical Test  IR  VBR Polarity B (Not required for 
Unidirectional)

10. Electrical Test  VBR Polarity A
11. Electrical Test GO-NO-GO
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MSC Reliability Improvements for 
Commercial avionics

! Currently MSC is recommending 100% 
screening flow for Commercial Avionic devices
" Incorporating cycle time improvement steps such as  110% rated 

power TVS testing instead of multiple tests at rated power

! Qualify device processes with sufficient data 
(many lots) and implement a sampling plan
" Cost reduction
" Shorter cycle times
" Increased confidence in quality level
" Sample plan implementation targeted for Q1 2008
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MSC TVS Packages

Full compliment of surface mount packages

Package Power Rating (10/1000)
 PowerMiteTM 200 W
 SMA 500 W
 SMB 600 W
 SMC 1500 W
 SML 3 kW
 PLAD5KP 5 kW
 PLAD15KP 15 kW
 PLAD30KP 30 kW
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Powermite ® Construction

SOLDER
PASTE

FRAME

DIE

SOLDER
PASTE

•Low profile – 1.1mm in height
•Power handling capability 10X of SOT-23
•Same as SMA but half the size
•Full metal bottom eliminates flux 
entrapment
•Small footprint
•Non magnetic materials
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SMB  2-Leadframe Construction

Maximize contact area on die 
for full TVS capability 

0.080 in. x 0.080 in. die 
(larger die)
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Plastic Large Area Devices PLAD
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PLAD Advantages

! Does not contain multiple die stacks
" Lower V C compared to axial versions
" V WM as low as 5V'Axial versions can only be as low as 3 0V

! Replaces axial leaded 15KP and 30KP devices for surface 
mount applications

! Available in Tape and Reel
! Exposed surfaces are solderable for standard surface mount 

processes
! Can be screened for Hi-Rel applications such as commercial 

aviation, heavy industrial, etc.
! No wire bonds
! TVS can be used in standard 10/1000 µs, RTCA/DO-160E, or in 

load dump applications.
! Very low thermal resistance, calculated to be below 0.20C/W
! Internal materials have matched CTE for temperature cycling
! Can be supplied RoHS compliant, e3
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PLAD Cross-section

Mo/Cu Heat Sink

Si Die

Mo Pad

Mo Pad
Cu Lead Frame Plastic Over Molding

! Mo pads attached to Si die allow for thermal stress 
relief ------ Excellent thermal cycling capability.

! Mo/Cu heat sink is very stiff (high modulus)-------does 
not crack plastic over molding
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PLAD15KP and PLAD30KP
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PLAD5KP and PLAD10KP
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Questions?

Technical contributions from:

Kent Walters and Mel Clark 
of MSC Scottsdale


