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Get Protected!

S0-8 and 80O-16 TVSarrays are intended for high-density packaging
in present and future designs. This series has been built to withstand
transient surges as defined in IEC 1000-4-2 for EDS and electrical
fast transients per IEC 1000-4-4. Electronic apparatus must meet the
surge requirements of these specs to be certified for the European
Community market. The SMDB series is rated for 10 A of induced
lightning at 8/20 us. Rated for 600 W @ 10/1000 us, the SMP6LC6.5
is designed for use in severe telecom environments.

Dimensions, lead configurations, mechanical outlines and specific
electrical parameters are listed on individual data sheets found on our
web site. To convert the generic types listed in the tables to a specific
part, substitute the device operating voltage for the “XX”, e.g.
SMDAO05, to designate a component having a 5 V operating voltage,
or SMDA12 for 12 V applications.

For complete data on any part consult our web site or the factory.
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Quick Ke

Guide To TVS Components Selection

1. What is the continucus or repetitive peak voltages at the circuit location the TVS will be placed
to protect a sensitive load?

NOTE: This will determine “Working Standoff Voltage” or Vwm found on TVS data sheets. Any of
these TVS devices serve as a clamp and are placed in paraliel to the sensitive load to divert high
surge currents to ground or around the sensitive load.

2. What is the worst-case transient waveform in peak impulse current and pulse width duration the
TVS needs to divert around the sensitive load?

NOTE: This will determine Peak Impulse Current or Ipp as well as pulse width to help further
select the correct Part Number(s) on TVS data sheets.

3. What is the worst case peak voltage the sensitive load can withstand for the pulse duration in
item #2 above?

NOTE: This will determine the clamping voltage or Vc required from the TVS on the data sheets.

4. What is the repetitive peak pulse power dissipation required to further select the correct part?

NOTE: This will determine the important Ppp rating provided on TVS data sheets. If is the product
of the peak impulse current and the clamping voltage above or Ppp = Ipp x Vc at the pulse width
in item #2.

5. Is the pulse width different than described for the TVS rating in Ppp?

NOTE: The Ppp is often rated at 10/1000 us or 8/20 us. If different, use the Ppp versus
pulse width performance curve given on the dala sheet.

Example: if pulse width is shorter than a rating given at 10/1000 us, both the Ppp and
Ipp will be higher in capability for shorter pulse widths. The clamping voltage Ve does
not significantly change for TVS devices when operated along this performance curve.

6. Is the required Ve lower in value than available on the data sheet for the Vwm
described in item #17?

NOTE: If the answer is yes, oversizing the Ppp selection for a given pulse condition will
reduce the Vc where it is closer to Vbr and Vwm. Also see Microsemi MicroNote 108.

7. What package style is needed? (Axial, surface mount, array, etc.)
8. Is the surge waveform difficult to define for answering item #2 due to the illusive

nature of some transients?

NOTE: If the transient waveform is unknown, review MicroNote 125 for general
recommendations regarding the three basic levels of protection recognized throughout
the industry.
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TVS Devices

Transient voltage protection across high data rate and RF lines

Early communications systems, with
RS-232 ambling along at 19.6 kbps, were
compatible with the capacitance of silicon
TVS devices of that era. No significant
signal attenuation was encountered
because of their relatively low data
transmission rates.

Today, with signals pushing into the Gbps
range, TVS capacitance becomes a
significant issue. Designers face the real
challenge of finding protective devices
compatible with high data rates such as
those used on Universal Serial Bus lines
up to 200 Mbps, IEEE-1394 (FireWire) at
>100 Mbps, and CATV rates up to 1 GHz.
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Figure 1. Capacitance of TVS & Low
Capacitance Rectifier Chips

To meet this need, Microsemi has
developed a broad range of LoOCAP™ low
capacitance silicon TVS devices designed
specifically to prevent signal attenuation
across data lines operating at these high
transmission rates.

Electrostatic discharge (ESD) is the most
significant threat, with induced lightning
and load switching also common
offenders behind the failures of I/O port
components. Often overlooked is the
possibility of latch-up or latent failures that
occur weeks, even months, after the
actual electrical overstress event.

Designing LoCAP TVS Devices

Low capacitance is achieved for high data
rates by inserting a high voltage rectifier
chip (of inherently low capacitance) in
series with, and in opposite polarity to, the
TVS chip. Selection of the proper diode
chip provides the required capacitance
and sufficient cross sectional area to
withstand the rated surge current.

Higher powered LoCAP TVS devices are
inherently higher in capacitance from the
larger chip sizes required to withstand the
associated higher surge currents. Rules
for diode capacitance reduction are
basically those governing capacitors in
series and parallel as shown in Figure 1.

High doping levels of the starting silicon
material produces lower breakdown
voltage TVS devices. Figure 1a illustrates
typical capacitance values for a 500 W, 10
V TVS and with an appropriate rectifier
chip for fabricating a 10 V low capacitance
silicon TVS, while figure 2b illustrates their
polarity relationship.

With more than an order of
magnitude between the value of the
series capacitance of the two chips,
the total value is calculated to be
slightly less than the smallest value,
which is 14.6 pf in this example.

Figure 1c illustrates the V/I curve of
the low capacitance rectifier chip
combined with the TVS. Note that
clamping protection is provided in
only one direction, the third quadrant,
with the first quadrant containing the
reverse breakdown of the rectifier.
Hence, it becomes necessary to
place two rectifier/TVS strings in
antiparallel to form the functionally
bidirectional LoCAP, low capacitance
element shown in Figure 2a.

Figure 2b illustrates the resultant
electrical characteristics of the
symmetrical V/I curve with clamping
protection for both positive and

negative transient voltage excursions.

The bidirectional LoCAP TVS is
bilaterally symmetrical, having the
same electrical characteristics in
both the 1%t and 3™ quadrants, as
show in Figure 2b. This feature
accommodates signals having both
positive and negative excursions.
Most LoCAP devices connect the
“legs” externally to the package.

Microsemi offers the broadest line of
LoCap silicon TVS devices in the
industry, including those shown in
Table A. Microsemi lists its
capacitance values very
conservatively. For example, the SAC
and SMBJSAC series typically
measure 13-17 pf and the USB
Series typically ranges from 1.8-2.0
pf. The USB50805C (5V operating
voltage) is configured in Figure 3b to
reduce capacitance to approximately
1 pf across rf amplifier lines of up to
750 MHz, with no noticeable
attenuation.
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Elements of the USB0805C are wired in
series to reduce capacitance by one-half,
normally about 1 pf. Figure 4 depicts
capacitance values for the Microsemi
USB50805C configured in Figure 3a, from
0V through —4 V bias. Note how the
Microsemi TVS compares with a
competitive device: the competitive
suppressor's capacitance is 2 pf over
while the Microsemi device about 3 pf
under the maximum limit of 5 pf per
protected line. These devices have
identical data sheet specifications!

Applications

Most rf and data I/O signal inputs are
sensitive to electrical overstress. During
Operation Desert Watch inputs on solid
state receivers reportedly failed at an
alarming rate. This was attributed to static
electricity generated when wind-blown
desert sand blasted external antennas.

For data rates >50 kbs, low capacitance
TVS devices are often needed to minimize
signal attenuation while simultaneously
providing overvoltage protection. Early
standards calling out maximum bit rates
no longer apply as maximum operating
limits. RS-232 originally specified a
maximum bit rate of 19.6 kbs, but some
users are demanding (and getting)
operating capability up to 300 kbs.

Typical data transmission/reception
specifications:

Signal Type Data Rate
EIA— 232 19.6 kbs
EIA— 422 10 Mbs
EIA—423 100 kbs
EIA—485 5 Mbs

usB 200 Mbs
Telecom/modems 60 kbs/1.5 Mbs
IEEE — 1394 125 Mbs
CATV up to 1 Gbs

The maximum rates listed here represent
minimum load capacitance using 10
meters or less of interconnecting cable.
(Speed is reduced significantly as cable
length increases.) IEEE — 485 is subject to
a number of boundary conditions
governing its maximum data rate. USB
runs fromt 1.5 to 200 Mbs depending upon
the signal type transmitted. Cable lengths
are normally less than 3 meters.
Computer modems normally transmit at
rates of 60 kbs or 1.5 Mbs, depending
upon the modem’s capability.

Toillustrate the advantages of speed, a
computer program that requires 10
minutes to download at 60 kbs, is
completed in less than a half minute at
1.5 Mbs.

Applications for IEEE1394 transmission
are still sufficiently rare that specific
protection requirements have yet to be

Table A
Device Series ‘ Surge Power | Waveform | Capacitance | Package |Vo|tage Range
LC6.5 1.5KW 10/1000 ps 50pf DO-13 B65V-170V
LCE6.5 1.5KW 50pf Axial lead 65V-170V
SACS5 S500W 25pf Axial lead 50V-50V
SMCJLCES.0 1.5KW 50pf SMT/DO-214AB| 5.0V -50V
SMBJSACS5.0 500W 25pf SMT/DO-214AA| 5.0V -50V
SMP6LC6E.5 600W 30pf S0O-16 6.5V
SMELCO03 300W 8/20 ps 25pf S0O-8 3.0V-24V
SM16LC03 300W 25pf SO-16 30V-24V
USB0403C 300W 5pf S04 3.0vV-24V
USB0803C 300W Spf S0-8 3.0V -24V
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Cross Reference

Part
Number

CSPEMI204
CSPEMI205
Eclamp2340C
ESDA6V1L
ESDA6V1SC6

ESDA6V1U1
ESDA6W1U1
ESDA6V1B1
ESDA25B1
ESDA25B2

ITAGVS5B1
ITA18B1
ITA18C1
ITA25B1
ITA25C1

ITAGV1U1
LCO01-6
LCDxx
LCDAxxC
LCDAxxC-1

LCDAxxC-8
PLCDAO3
PLCDAOS3-1
PLCDAOQS
PLCDAO5-1

PLCDA12
PLCDA12-1
PLCDA15
PLCDA15-1
PLCDA24

PLCDA24-1
PLC496
PSMO05
PSMS05C
PSMDAO05-6

Microsemi
TVSArray®

LX7206
LX7205
LX7207
SM5.0

SMS5.0

SMDAO05-6

SMDAO05C-5
SMDAO5C-7
SMDA24C-7
SMDA24C-8

SMDAO05C-4-2
SMDA15C-4-2
SMDA15C-4-2
SMDA24C-4-2
SMDA24C-4-2

SMDAO05-6
LCO01-6
SM16LCxx
USB508xxC
USB504xxC

SM16LCxxC
USB50803C
USB50403C
USB50805C
USB50405C

USB50812C
USB50412C
USB50815C
USB50415C
USB50824C

USB50424C
MLC496
SMS05
SMS05C
SMDAO05-6

Package

FLIP CHIP
FLIP CHIP
FLIP CHIP
SOT-23
SOT23-6

SO-8
SO-8
SO-8
SO-8
SO-14

SO-8
SO-8
SO-8
SO-8
SO-8

SO-8
SO-16W
SO-16
SO-8
SOT-143

SO-16
SO-8
SOT-143
SO-8
SOT-143

SO-8
SOT-143
SO-8
SOT-143
SO-8

SOT-143
SO-8
SOT-23-6
SOT-23-6
SO-8

Part
Number

PSMDAO5C-4
PSMDA12C-4
PSMDA15C-4
PSMDA24C-4
PSOTO03

PSOTO03C
PSOTO5
PSOTO5C
PSOT12
PSOT12C

PSOT15
PSOT15C
PSOT24
PSOT24C
SDO05

SDO05C
SD12
SFC2280-10
SFC2280-68
SLO5

SL12
SL15
SL24
SLvuU2.8
SLvVU2.8-4

SMO05

SM12
SM14LV1.7C
SM14M24C
SM15

SM14M05C
SM14M12C
SM14M15C
SM14M24C
SM15

V2

Microsemi
TVSArray®

SMDAO05C-4
SMDA12C-4
SMDA15C-4
SMDA24C-4
SLO3

SMO03
SLO5
SMO05
SL12
SM12

SL15
SM15
SL24
SM24
SDO05

LX7150
SD12
LX7205
LX7206
SLO5

SL12

SL15

SL24
SLVU2.8K
SLVU2.8K-4

SMO05

SM12
SM14LV1.7C
SMDA24C-8
SM15

SMDAO5C-8
SMDA12C-8
SMDA15C-8
SMDA24C-8
SM15

Package

SO-8
SO-8
SO-8
SO-8
SOT-23

SOT-23
SOT-23
SOT-23
SOT-23
SOT-23

SOT-23
SOT-23
SOT-23
SOT-23
SOD-323

SOD-323
SOD-323
FLIP CHIP
FLIP CHIP
SOT-23

SOT-23
SOT-23
SOT-23
SOT-23
SO-8

SOT-23
SOT-23
SO-14
SO-14
SOT-23

SO-14
SO-14
SO-14
SO-14
SOT-23

Part
Number

SM16LCO05
SM16LCO05C
SM16LC12
SM16LC12C
SM16LC15

SM16LC15C
SM16LC24
SM16LC24C
SM24

SM36

SM8LCO05
SM8LC12
SM8LC15
SM8LC24
SMDAO03C-8

SMDAO5
SMDAO05-6
SMDAO5C
SMDAO5C-4
SMDAO5C-5

SMDAO5C-7
SMDAO05C-8
SMDA12
SMDA12C
SMDA12C-4

SMDA12C-5
SMDA12C-7
SMDA12C-8
SMDA15
SMDA15C

SMDA15C-4
SMDA15C-5
SMDA15C-7
SMDA15C-8
SMDA24

Microsemi
TVSArray®

SM16LCO05
SM16LCO05C
SM16LC12
SM16LC12C
SM16LC15

SM16LC15C
SM16LC24
SM16LC24C
SM24

SM36

SM8LCO05
SM8LC12
SM8LC15
SM8LC24
SMDAO03C-8

SMDAO05
SMDAO05-6
SMDAO05C
SMDAO05C-4
SMDAO05C-5

SMDAO05C-7
SMDAO05C-8
SMDA12
SMDA12C
SMDA12C-4

SMDA12C-5
SMDA12C-7
SMDA12C-8
SMDA15
SMDA15C

SMDA15C-4
SMDA15C-5
SMDA15C-7
SMDA15C-8
SMDA24

Package

SO-16
SO-16
SO-16
SO-16
SO-16

SO-16
SO-16
SO-16
SOT-23
SOT-23

SO-8
SO-8
SO-8
SO-8
SO-14

SO-8
SO-8
SO-8
SO-8
SO-8

SO-8
SO-14
SO-8
SO-8
SO-8

SO-8
SO-8
SO-14
SO-8
SO-8

SO-8
SO-8
SO-8
SO-14
SO-8

Part
Number

SMDA24C

SMDA24C-4
SMDA24C-5
SMDA24C-7
SMDA24C-8

SMDBO05
SMDB12
SMDB12C
SMDB15
SMDB15C

SMDB24
SMDB24C

SMP6LC5.0-2P
SMP6LC6.5-2P
SMP6LC12-2P

SMS05
SMS05C
SR05
SRDA70-4
STF201

STF202
STF203
USB6B1

Microsemi
TVSArray®

SMDA24C

SMDA24C-4
SMDA24C-5
SMDA24C-7
SMDA24C-8

SMDBO05C
SMDB12
SMDB12C
SMDB15
SMDB15C

SMDB24
SMDB24C
SMP6LCO5
SMP6LC6.5
SMP6LC12

SMS05
SMS05C
SRLCO05
SRDA70-4
LX7201

LX7202
LX7203
USB6B1

Revision 7 1/1/2006

For RoHS compliance, add "e3" suffix to existing part

number: ie: SMDAO5Ce3

xx =03, 05, 12, 15, 18, 24, 36 standard voltages

Note: Other voltages available

Package

SO-8
SO-8
SO-8
SO-8
SO-14

SO-8
SO-8
SO-8
SO-8
SO-8

SO-8
SO-8
SO-16
SO-16
SO-16

SOT-23-6
SOT-23-6
SOT-143
SO-8
SOT-23-6

SOT-23-6
SC70-6
S0-8
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Protection Products
8700 E. Thomas Road
Scottsdale, AZ 85251
Phone: (480) 941-6300
Fax: (480) 947-1503

TVS Array

Applications Engineering
(480) 941-6524

(480) 941-6433
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