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ESD Rating . Maximum
(Contact Discharge, Clazplg/gzgolst)age Surge Rating Leg(rief;r:e/ CoF:r?I-:iSant
IEC61000-4-2) p=0/H (t=8/20ps) P

- Working . Number of
PaCkage Type

(SCR Diode Array)
SP720 230V 3oF 14 v N@iA 3A . .
SP721 gg:g 230V 3pF 6 "y N@iA 3A . .
sP123 230V 5pF 6 8kv W@ 7A . .
SP724 S0T23 220V 3pF 4 8kv NeiA 3A . .
SP125 soic 230V 5pF 4 8kv W@ 9A . .
(TVS Discretes and Arrays)

SP05 SSUC;PA;%%P 5.5V WF 2/3/4/5/6 30KV . .
SP1001 S%CTL%SS[;E?% 5.5V 8pF 2/4/5 15KV 80V @ 1A 2A . -
SP1002 SC70 6.0V 5pF 172 8kv 9N @IA A - -
SP1003 S0D723, S0D882 5.0V 30pF 1 30KV 120V @7A 7A 3 :
SP1004 SOT953 6.0V 5pF 4 8kv veiA 1A . .
SP1005 gig; {;'g’[f:;g; 6.0V 30pF 1 30KV 93V @ 1A 10A . .
SP1006 0201 (4DFN-2) 6.0V 25pF ! 30KV 83V @ 1A 5A . .
SP1007 gig; :;'g’g:é;; 6.0V 35pF 1 8kv Hnv@1A A . .
SP1008 0201 (Flipchip) 6.0V BpF 1 15KV 107V @1A 25A - -
SP1011 WDFN-6 6.0V ToF 4 15KV 8V @IA A . .
SD05 S0D323 5.0V 350pF 1 30KV 80V @ 1A 30A . .
SD05C S0D323 5.0V 200pF 1 30KV 8OV@ 1A 30A . .
SP3001 SC70 6.0V 0.65pF 4 8kv 95V @ 1A 250 . .
SP3002 ~ SC70,80T23, yDFN-6 0.85pF 4 12kV 95V @ 1A 450 . .

SP0504S S0T23
SP3003 Sg?;’(\g 6,;,'33007330 6.0V 0.65pF 2/4/8 8kv 100V @ 1A 25A . .
SP3004 SOTS63 6.0V 0.85pF 4 12kV 100V @1A i E -
SP3010 WDFN-10 6.0V 0.45pF 4 8kv 108V @1A 3A . .
SP3011 WDFN-14 6.0V 0.40pF 6 8kv 1HoV@1A 3A . .
SP3012 WDFN-10, IDFN-14 5.0V 0.50pF 4/6 12V 6.6V @1A A - -
SP0524P WDFN-10 5.0V 0.50pF 4 12kV 66V@1A i : -
SP3021 0402 (SOD882) 5.0V 0.50pF 1 8kV. 13IV@ 1A 2A . .
SP3030 0402 (SOD882) 5.0V 0.50pF 1 20KV 9V @ 1A 3A : .
SP3031 0402 (SOD882) 5.0V 0.80pF 1 10kV 6.9V @1A 5A . -
SRV05 S0T23 6.0V 2.4pF 4 20KV 115V @ 5A 10A - -
SP4060 MSOP 25V 44pF 8 30KV 80V @ 10A 20A . .
SP2504N WDFN-10 25V 35pF 4 30KV 6.3V @5A 20A . .
SP3304N WDFN-10 33V 35pF 4 30KV WV @sA 20A . .
SLVU2.8 S0T23 28V 2.0pF ! 30KV 13.9V @ 24A 40A . -
SLVU2.8-4 soic 28V 2.0pF 4 30KV 13.9V @ 24A 40A . .
SR70 SOTI43 70V 2.0pF 2 30V 12V @ 30A 40A - -
SP2502L soic 33V 5.0pF 2 30KV 20V @75A 75A . .
LC03-33 soic 33V 9.0pF 2 30KV 17V @ 100A 150A . -
SP03-33 soic 33V 16pF 2 30KV 15V @ 100A 150A . .
SP03-6 soic 6.0V 16pF 2 30KV 20V @ 100A 150A . :
SRDAO05 S0IC-8 5.0V 8pF 4 30KV 92V @ 1A 30A - -
SR05 SOT143 5.0V 8pF 2 30KV 98V @ 1A 25A . .

© 2017 Littelfuse, Inc.

Specifications, descriptions and illustrative material in this literature are
asaccurate as known atthe time of publication, but are subjectto change
without notice. Visit www.littelfuse.com for more information.
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TVS Diode Arrays (SPA®Diodes)

TVS Diode Array Technology and Applications Overview

Introduction to TVS Diode Arrays (SPA® Diodes)

Littelfuse Silicon Protection Array family of TVS Diode
Arrays (SPA® Diodes) are designed to protect analog and
digital signal lines, such as USB and HDMI, from various
transient threats using the lowest possible clamp voltage.
They offer broader application use and improved impulse
protection performance over conventional diodes.

These robust devices safely absorb repetitive ESD strikes
at the maximum level (Level 4) specified in the IEC
61000-4-2 international standard, without performance
degradation.

Key Features

¢ | ow capacitance 30pF to 0.40pF typically
e High level of protection:

- ESD IEC 61000-4-2: Contact discharge up to
+30kV; Air discharge up to £30kV

- Lightning, IEC 61000-4-5; Immunity up to 150A

- EFT IEC 61000-4-4 40A
e | ow clamping voltage compared to other technologies
e Up to 14 inputs protection

e Space saving arrays and ultra-small 0201 and 0402
devices for mounting close to ports for optimal protection

® RoHS compliant, Lead-Free and Halogen-Free devices

How they Work?

Littelfuse TVS Diode Array devices provide high level
protection against Electrostatic Discharge (ESD),
Electromagnetic Interference (EMI) and Lightning, mainly
for sensitive digital and analogue input circuits, on data,
signal, or control lines operating on power supplies.

These devices work in two ways. First, they absorb
transients with diodes, to steer the current, and then, an
avalanching or zener diode, clamps the voltage levels. This
prevents the device from exceeding its voltage rating.
During over-voltage fault conditions, the device must have
a low clamp voltage at the specified current wave form to
protect sensitive IC's and ports.

In normal operation, the reverse stand off voltage must be
higher than the equipment supply/working voltage, with
low leakage current to prevent power supply loading. The
device capacitance must be low enough to reduce input
signal distortion. The device package must have a small
footprint and low height to enable a high density Printed
Circuit Board (PCB) layout.

The device must withstand multiple ESD pulses as
specified in the IEC 61000-4-2.

Data Protocols and End Applications

The diagrams on the next page show the relationship
between Data Rates (Protocol), Applications, and Littelfuse
TVS Diode Arrays (SPA® Diodes).

The top diagram shows the standard data protocols,
associated data rates, example end applications, and
applicable Littelfuse SPxxxx device series. Similarly, the
bottom diagram shows common end applications and
applicable SPxxxx devices in table format.

This information, along with the example circuit protection
configuration diagrams on the following pages, and within
each data sheet, is intended to help circuit designers
determine which Littelfuse suppressors are most
appropriate for the situation.

Most electronic products today use several port and
data protocol types, and so require multple strategies of
protection at each possible ESD transient entry point.

Concern About Capacitance

As data rate and data integrity concerns increase, so
should concern about the capacitance of the suppression
device.

For example, audio and mouse ports on most PCs use
relatively slow data rates where capacitance of the ESD
protector is not very important.

However, in today’s higher bandwidth applications, the
designer must be very conscientious about the parasitic
capacitance of the protection device, to ensure that it does
not cause signal degradation at very high frequencies.

As data rates have continued to push higher (e.g. USB3.0,
Gigabit Ethernet, HDMI, etc) chipsets have become

more sensitive to ESD and other electrical transients

by virtue of their small geometry processing. The only
technology currently capable of preserving signal integrity
and providing very low clamping voltages are Littelfuse
SPA® Diodes.

Other key characteristics such as leakage current, number
of lines of protection, ESD immunity, and footprint also
need to be considered, especially where there are overlaps
in the recommended Littelfuse ESD suppressor line.

If you require further assistance in selecting the
appropriate Littelfuse ESD suppressor for your specific
circuit, please contact your local Littelfuse products
representative.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Data Protocol, Application and Product Selection

For additional information including reference design examples, please visit www.littelfuse.com/SPA

PRODUCT SERIES AND APPLICABLE DATA RATES AND PROTOCOLS

— WadioW Prsosz - Wieee 208 P08 0949 —-|———~———~4F-—-—-——"—"+F+-—-——"—"*F——4+——4-—

fffffffffffffff RS485 — Ethernet — — — - IEEE13Ma - — — — — — — — — | — — & —
********** Video — — — — — LCDs - — — — — - USB20 - — IEEE13%b - — SATA — HDMI/USB30
SP05
SP1001, SP1003, SP1005,
SP1006, SP1010, SP1011
SP1002
SP1004, SP1007
SLVU28, SLVU2.8-4,
SP03-3.3, LC03-3.3, SP03-6
SP720 thru SP725
SP4040, SP4060, SP4061, SP4062
SRV05
SP3002, SP3004, SP3031
SP3010, SP3011, SP3012, SP3021, SP3030 i
SP3001, SP3003 S
Speaker | Serial Port(com]  Parallel Port Coputer Input Network Hardware ~ TFT Display Digital Still Camera PC Accessories  Set Top Box
Microphone | Keyhoard (LPT) and Periperal  Control System  PCI Adapter Digital Video Recorder ~ Scanner  Digital Video Recorder ~and Peripherals DD
Audio Headset Mouse Printer Devices Hub gHardDiskDHve Printer Hard Disk Drive  With Serial Data PVR
DCPower Bus  Set- Top Box com] Scanner PDA/PMP/ Router Video Edtng System  Hard DiskDrive Video Etng System Iterfaces  HOTV Monitor
Keypad VCR Cell Phone/ Webswitch Scanner Hub Scanner LCD W
Buttons Video In/Out Digital Camera/ & CablefsxDSL modem Deskiop Desktop/Laptop  Desktop/ Laptop LCD Projector
Game Controller Ports Laptop Webpad
Internet Appliance
Product Seri = = S 9S85 S cg¥sg8822833Iis8s
"’“““*"“§§§8§§§§§§s§§§.§§.§ﬁs§§§s§s§8$$§§q§§§§=E§§
Z EEEEEEEEEPRGhGsnaaaeneEaeEsB885S58s @ e
EESBSDB BB B BB eI A R AR 7 R R - R 7 B 7 A7) S ®» DI ¥aua =
s on »n = « = 7] S & ]
Audio Lines X X X
Low speed 1/0 Port X X X[ X X|X X X|X X X
USB 1.1 Port X X X X
USB 2.0 Port X X X X X X XX X
USB 3.0 Port X X| X X| X
1394 Port X X X X X X|X X | X
HDMI Port X X X X X|X| X X X | X
LCD Display Monitors X X X X X X|X| X X X
Handheld Device
LCD Display
SIM Socket X X X X X|X XX
Memory Card Interface X X X|X X X
Keypads/Buttons X X X X X|X X X[ X X
Analog Video X X/ X X|X X X|X X X
Ethernet Port XX X X X|X X X X X | X|X X/ X X X X
T1/E1/T3/E3 X|X X X X|X X X/ X X XX X X|X X
xDSL X| X
DC Power Port X X

NOTE: The application summaries listed here are for reference only. Determination of suitability for a specific application is the responsibility of the customer.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Port Protection Examples

BROADBAND NETWORK PORT PROTECTION

The following are examples of the implementation of ESD and lightning suppression for Ethernet
ports (RJ-45 connectors). Note that the diagrams shown below represent 10Mbps and 100Mbps
applications -- For 1Gbps applications, the circuit protection should be double of what is shown.
For additional design examples, guidance and application assistance, please contact Littelfuse.

Inter-Building - Robust Lightning Protection Intra-Building - Robust Lightning Protection
The diagram show below is typical for outdoor network The diagram show below is typical for indoor network line
line and equipment applications. The SIDACtor® and and equipment applications. The TVS Diode Array device
TVS Diode Array combination is rated up to 500A, per combination is rated up to 100A, per the GR-1089 standard.
the GR-1089 standard.
RJ-45 Ethernet RJ-45 Ethernet
Connector PHY Connector PHY
" = SEPOxx ~¢-==3 = LC03-3.3
ik ) ,
<l == > | ™ <iﬂ - [T+
- V- — | x :
: F2 : —| F2
] — T -« > | X
== SEPOXx (L oH iy B :
' S 1 F3 LC03-3.3
< ' I npnn = '
3 <: PHY o | > RX+
2 . V- Ground -‘(73) .
sl | > | Rx+ sl
45 — - i - 1> | RX
| ]
<EJ£) F1-F4 = ~aqJs] F1-F4=
v | 461Series « | 461Series SRV05-4
H Telelink Fuses E Telelink Fuses PHY Ground -
~&-==1_ Case Nnu‘ifées shown as transparent for actual footprint mmm
- Ground - " feor ‘ _17_ Case -'\‘S‘:vsmes shown as transparent for actual footprint
Ground - SP03x pins 2, 3, 6, 7 are Not Connected
Basic Lightning Protection Basic ESD Protection
The diagram shown below is typical for basic lightning The diagram shown below is typical for basic ESD protection
(differential only) of indoor/outdoor network line and of indoor network line and equipment applications (Examples:
equipment applications (Example: office environment home office / consumer electronics peripheral devices).
equipment).
RJ-45 Ethernet RJ-45 Ethernet
Connector PHY Connector PHY
— SLVU2.8-4 -3
.
4:‘H NIV > | TX+ <:M NIV > | X+
| ] | ]
< <]
| ] | ]
45— > | TX :E > | TX-
| ] | ]
H =
| ] | ]
e e
21 a1 i
1 = | Rx+ 1 > | RX+
(@] 1 @) '
S H !
| ] | ]
- > | RX -G8 o > | RX-
i '
| ] | ]
| ] 1 NC
| ] n
‘ = -J—_ Case * Devices shown as transparent for actual footprint ‘ - -J—_ Case -
~  Ground * ° - Ground SP3002-04

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)

Port Protection Examples (continued)

PERIPHERAL / STORAGE DATA PORT PROTECTION

The following are examples of ESD suppression for high speed data ports such as USB and eSATA.
For additional design examples, guidance and application assistance, please contact Littelfuse.
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Data speeds up to 12 Mbps Data speeds up to 480 Mbps
UsB USB 1.1 USB USB 2.0
Port Controller Port Controller
ammy e
H 0805L110SL IE 0805L110SL
< » || VBUS - : —> | VBUS
- » | D+ - . » | D+
| ] " :
: ® . - - : >
- » |D- - : » |D-
| ] "l :
e L Re] n '
= n = " ' .
é) H [ﬁ] ;O H ' Optional
v [} v [ N
< | ] < | ] '
s 5P0O502 SP1003 z| i
=1 ' =1 M NC
Sl ol = SP3003-02
H H
| ] | ]
| ] | ]
| ] | ]
| ] | ]
| ] | ]
| ] | ]
H - _ Signal H - _ Signal
- = Case y L] Ground = Case ; " Ground
g -4 -4 LY I =
= Ground = Ground
USB 3.0 eSATA
Data speeds up to 5 Gbps Data speeds up to 3 Gbps
usB usB eSATA eSATA
Port Controller Port Interface
=1 (F1206L150 B
-« & ¢ > | VBUS H
| ] | ]
| ] | ]
| ]
E : — | T+
: < > | ™
o H . N o |
s > | SSTX+ = B SP3003-02
2 = > | SsTX- =1
| ]
Sl > | ssrx+ <3
0 [ %) L
=l > | SSRx- =l > | RX-
e} H o ' > | RX+
- SP3012-06 Ground ]
i i “ T
- ” ‘ O K SP3003-02
—— > | D- (N
" L] '
A . | | Signal 1
' ; "~ | Ground -
~g=== Case =g ;Case
= Ground + backage is shown as ransparent = Ground Devices shown as transparent for actual footprint.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Port Protection Examples (continued)

ENTERTAINMENT ELECTRONICS PORT PROTECTION

The following are examples of ESD suppression for ports common to entertainment electronics.
For additional design examples, guidance and application assistance, please contact Littelfuse.

High Definition Multimedia Inteface (HDMI) Analog Video Port
Data speeds up to 3.4 Gbps per pair
HDMI HDMI Video Video
Port Chipset Port ADC
- --.: 4.. -
E [® Ground o E
[] [ ' 1]
A R : i
- E -é Ground ‘- e E
sl It : 5|
=| I ' =\ :
gl L : =1 I
2] * }® Ground *- 21 ?
8 L} H H o []
i | spso1204 ; : = SP1004-04
E -é Ground 0- E
i : : - -_-;_ Case
H K : = Ground
T 4 4
 Package s shown s st CASE ~ Signal”
Ground Ground
Analog audio (Speaker/Microphone) Keypad / push button ESD protection
Audio Audio I/0
Port Codec Keypads Controller
oy 4.....!
: :
o : o :
S H S '
=1 . =] .
el s = I
2l s = SP1002-02 21
e} H o .
: : L 111
: : SP1006 (x4)
; . Case
~@===4— Case ~*-"TL " Ground

Ground

For additional reference design examples, please view the product data sheets

within this catalog or visit the application reference design section of our web site
www.littelfuse.com/technical-resources/application-designs.aspx

To assure suitability of any Littelfuse device, be sure to test the device
within the end application under conditions of intended use.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Operating Voltage Range (Vg pp,y; SP72x Series only)
The range limits of the power supply voltage that may
be across the V+ and V- terminals. The SCR/Diode arrays
do not have a fixed breakover or operating voltage. These
devices ‘float’ between the input and power supply rails
and thus the same device can operate at any potential
within its range.

Forward Voltage Drop (SP72x Series only)
The maximum forward voltage drop between an input pin and
respective power supply pin for a specific forward current.

Reverse Voltage Drop or Breakdown Voltage
The voltage at which an input pin will begin to conduct current
to the respective power pin. This parameter is usually stated
at a specific reverse current.

Reverse Standoff Voltage or Reverse Working Maximum
The device V or Vg should be equal to or greater than
the peak operating voltage of circuit (or part of the circuit)
to be protected. This is to ensure that the TVS Diode Array
does not clip the signal voltage.

Reverse Leakage Current
Maximum leakage current the protection device conducts
in the off-state measured at specified voltage.

Clamping Voltage
Maximum voltage which can be measured across the
protector when subjected to the stated peak pulse current.
The “lgp" or Peak Pulse Current is typically an 8x20us
waveform that aims to reduce voltage spikes or overshoots
due to parasitic PCB inductance.

Input Leakage Current (SP72x Series only)
The DC current that is measured at the input pins at the
stated voltage supplied to the input.

Quiescent Supply Current (SP72x Series only)
The maximum DC current into V+ and V- pins with Vg pp v at
its maximum voltage.

Capacitance
The capacitance measured between the input pin and a
reference (usually GND) with a TMHz, 30 mVpg,g signal.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

Liability

Littelfuse, Inc. its affiliates, agents, and employees,

and all persons acting on its or their behalf (collectively,
“Littelfuse”), disclaim any and all liability for any errors,
inaccuracies or incompleteness contained here or in any
other disclosure relating to any product. Littelfuse disclaims
any and all liability arising out of the use or application

of any product described herein or of any information
provided herein to the maximum extent permitted by law.
The product specifications do not expand or otherwise
modify Littelfuse terms and conditions of purchase,
including but not limited to the warranty expressed therein,
which apply to these products.

Right to Make Changes

Littelfuse reserves the right to make any and all changes to
the products described herein without notice.

Not Intended for Use in Life Support or Life Saving

Applications

The products shown herein are not designed for use

in life sustaining or life saving applications unless
otherwise expressly indicated. Customers using or selling
Littelfuse products not expressly indicated for use in such
applications do so entirely at their own risk and agree

to fully indemnify Littelfuse for any damages arising or
resulting from such use or sale. Please contact authorized
Littelfuse personnel to obtain terms and conditions
regarding products designed for such applications.

Intellectual Property

No license, express or implied, by estoppel or otherwise,
to any intellectual property rights is granted by this
document or by any conduct of Littelfuse. Product
names and markings noted herein may be registered
trademarks of their respective owners. Littelfuse makes
no representations or warranties of non-infringement or
misappropriation of any third party intellectual property
rights unless specifically provided for herein.
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Transient Voltage Threats and Scenarios

Transient Threats —What Are Transie

Voltage Transients are defined as short duration surges of
electrical energy and are the result of the sudden release
of energy previously stored or induced by other means,
such as heavy inductive loads or lightning. In electrical

or electronic circuits, this energy can be released in a
predictable manner via controlled switching actions, or
randomly induced into a circuit from external sources.

Repeatable transients are frequently caused by the
operation of motors, generators, or the switching of
reactive circuit components. Random transients, on the
other hand, are often caused by Lightning and Electrostatic
Discharge (ESD). Lightning and ESD generally occur
unpredictably, and may require elaborate monitoring to be
accurately measured, especially if induced at the circuit
board level. Numerous electronics standards groups have
analyzed transient voltage occurrences using accepted
monitoring or testing methods. The key characteristics of
several transients are shown in the table below.

VOLTAGE | CURRENT | RISE-TIME | DURATION
Lighting 25kV 20kA 10 us Tms
Switching 600V 500A 50us 500ms
EMP 1kV 10A 20ns Tms
ESD 8kV 30A <1ns 100ns

Table 1. Examples of transient sources and magnitude

Characteristics of Transient Voltage Spikes

Transient voltage spikes generally exhibit a “double
exponential” wave, as shown below for lightning and ESD.

A

v
100% / Ld
Vp/2
50% P

/

t1} t

A4

Figure 1. Lightning Transient Waveform

100%
90%

Current () %

10%

tr=0.7 to 1.0ns

Figure 2. ESD Test Waveform

TVS Diode Arrays (SPA®Diodes)

The exponential rise time of lightning is in the range
1.2usec to 10usec (essentially 10% to 90%) and the
duration is in the range of 50usec to 1000usec (50% of
peak values). ESD on the other hand, is a much shorter
duration event. The rise time has been characterized at less
than 1.0ns. The overall duration is approximately 100ns.

Why are Transients of Increasing Concern?

Component miniaturization has resulted in increased
sensitivity to electrical stresses. Microprocessors for
example, have structures and conductive paths which

are unable to handle high currents from ESD transients.
Such components operate at very low voltages, so
voltage disturbances must be controlled to prevent device
interruption and latent or catastrophic failures.

Sensitive microprocessors are prevelant today in a wide
range of devices. Everything from home appliances, such
as dishwashers, to industrial controls and even toys use
microprocessors to improve functionality and efficiency.

Most vehicles now also employ multiple electronic
systems to control the engine, climate, braking and, in
some cases, steering, traction and safety systems.

Many of the sub- or supporting components (such as
electric motors or accessories) within appliances and
automobiles present transient threats to the entire system.

Careful circuit design should factor environmental
scenarios as well as the potential effects of these related
components. Table 2 below shows the typical vulnerability
of various component technologies.

Device Type Vulnerability (volts)

VMOS 30-1800
MOSFET 100-200
GaAsFET 100-300
EPROM 100

JFET 140-7000
CMOS 250-3000
Schottky Diodes 300-2500
Bipolar Transistors 380-7000
SCR 680-1000

Table 2: Range of device vulnerability (typical).

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Transient Voltage Threats and Scenarios (continued)

Electrostatic Discharge (ESD) Inductive Load Switching

Electrostatic discharge is characterized by very fast The switching of inductive loads generates high energy
rise times and very high peak voltages and currents. transients which increase in magnitude with increasingly
This energy is the result of an imbalance of positive and heavy loads. When the inductive load is switched off, the
negative charges between objects. collapsing magnetic field is converted into electrical energy

which takes the form of a double exponential transient.

ESD that is generated by everyday activities can far surpass Depending on the source, these transients can be as large

the vulnerability threshold of standard semiconductor as hundreds of volts and hundreds of Amps, with duration
technologies. Following are a few examples: times of 400 milliseconds.
* Walking across a carpet: Typical sources of inductive transients include:

35kV @ RH = 20%;1.5kV @ RH = 65%

 Walking across a vinyl floor: * Generator

12kV @ RH = 20%;250V @ RH = 65% e Motor
e Worker at a bench: ¢ Relay
6kV @ RH = 20%;100V @ RH = 65% e Transformer
¢ Vinyl envelopes:
7kV @ RH = 20%:600V @ RH = 65% These examples are common in electrical and electronic
« Poly bag picked up from desk: systems. Because the sizes of the loads vary according
20kV @ RH = 20%1.2kV @ RH = 65% to the application, the wave shape, duration, peak current
o and peak voltage are all variables which exist in real world
transients. Once Vi T
these variables can T [
Lightning Induced Transients be approximated, a 90%
suitable suppressor
Even though a direct strike is clearly destructive, transients technology can be Vs
induced by lightning are not the result of a direct strike. selected.
The diagram at right 107
When a lightning strike occurs, the event creates a g 9 -

shows a transient
Vel Vg=26Vt0125V  T,=5msto 10ms '

magnetic field which can induce transients of large which is the result of by [1=5ms to 101
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ESD Suppression Strategies and Standards

TVS Diode Arrays (SPA®Diodes)

Why Implement Circuit Protection?

It is important to consider that most electronic equipment
will spend 99% of its useful life in environments where it is
subject to ESD.

ESD can be generated from a wide range of everyday
factors such as very dry air, static from plastics, or walking
across a floor or carpet, and can be present during every
phase of useful life from manufacturing, to product
shipping, receiving, to field handling.

Electrostatic Discharge (ESD) causes millions of dollars
worth of damage to electrical components, rendering
circuit boards non-functional, and corrupting or erasing
vital data. Often the damage is not detectable until a
malfunction occurs. That could take weeks, months,

or even years before an unpredictable and premature
breakdown causes a field failure.

If you use electronic components or boards in your
products, adding devices that suppress ESD damage can
result in preventing damage to your company reputation
and bottom line. Other tangible benefits include:

e Higher manufacturing yields

® | ess rework and inventory

® Reduced overall costs

e Fewer field failures and warranty calls
e Increased product reliability

e More repeat business

Companies can also face legal liabilities if the product fails
due to ESD/Transient damage. So it is important to include
ESD/Transient Immunity in all phases of the project.

It is wise to factor Electrostatic Discharge (ESD) Immunity
strategies early in design processes. If a device in
development fails ESD immunity tests—the scramble to
avoid complete redesign often leads to higher parts cost
and more manual assembly during manufacturing.

There is little time to fully analyze which components

do and do not provide ESD immunity. Worse, under
pressure, finding comprehensive information tailored to
ESD immunity design is very difficult, leaving your product
vulnerable to ESD/Transient damage.

Littelfuse associates can help you address these
challenges, offering extensive application expertise and
product testing capabilities. Please contact your local
Littelfuse representative for assistance.

ESD Electrical Characteristics

ESD, in contrast to switching and surge transients, has

a very short transition from zero to maximum current
and voltage. The rise time of an ESD event is less than 1
nanosecond (1ns), while the other transients take longer
than 1 microsecond (1ps) to reach their peaks.

The International Electrotechnical Commission (IEC)

has developed a model of an ESD event for the user
environment. The model defined in the IEC61000-4-2
standard is used for determining if systems (computers,
networks, cell phones, set top boxes, etc.) are susceptible
to ESD events. The test specification quantifies the
methodology for introducing ESD into the system as well
as the various voltage and current levels that define the
ESD event.

Internal circuits or ICs have some level of ESD protection
“on chip”; however, they are almost always much less than
the typical ESD levels seen in the field. Furthermore, the
internal ICs are commonly evaluated using a manufacturing
environment test standard (MIL-:STD-883, Method 3015)
that generates voltages and current levels far below that
of the IEC “system level” standard. The current levels

can differ by more than 100 fold, and more about this is
discussed on page 13 in the section titled “ESD Immunity
Test Standards”

ESD Damage Risks

A transient discharged into an electronic system creates
three general types of adverse effects:

1. Soft Failures/Data Corruption: can occur to a part

of the data stream, or the system may latch up. This is a
temporary problem and is solved by data correction (for
data corruption) or by re-booting the system (for latch up).

2. Latent Defects: A component might be partially
degraded, but able to function properly. Typically a latent
defect may cause a system to fail prematurely.

3. Catastrophic Failures: An internal component is
rendered inoperable, and cannot function properly. This is
a permanent condition. In the case of Junction Burnout,
a short circuit condition is created in a transistor of the
circuit. The metallic interconnect (Trace Line) is “pulled
through” one of the semiconductor layers (Alloy Spike)

or one of the semi conducting junctions is directly short
circuited (Junction Short). In Oxide Punch-Through, the
metallic interconnect is “pulled through” the oxide layer to
provide a short circuit on the signal line. In Metallization
Burnout, the metallic interconnect is melted, much like a
fuse. It creates an open circuit condition on the signal line.

The use of ESD circuit protection components like
Littelfuse SPA® Diodes will help you avoid such problems.

© 2017 Littelfuse, Inc.
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ESD Suppression Strategies and Standards (continued)

ESD Suppression and Circuit Design Considerations

Proper use of circuit protection helps to reduce ESD

risks. Littelfuse TVS Diode Arrays possess the speed,
clamping voltage, and residual current levels that will
protect today's sensitive semiconductors and electronic
circuitry. Many devices present an extremely low parasitic
capacitance to prevent signal degradation in high-speed/
high bandwidth communications.

When selecting ESD suppressors, designers need to
consider potential coupling paths that would allow ESD to
enter the circuit. These weak points should be considered
for diode array protection, selected with characteristics
appropriate for the component sensitivity, and the
equipment and environment where it will be used.

Common ESD Entry Points

ESD quickly finds weak spot(s) and will sneak into
devices using a wide range of potential coupling paths.
Careful consideratation about potential weak points, and
taking steps to seal off those paths and fortify the most
vulnerable electronic components is vital. Below are ways
an ESD pulse can enter an electronic device:

1. An initial electric field from an arc can capacitively couple
over a large surface area. It can appear like a signal to high-
impedance analog circuits and measure up to 4000 V/m

2. Current or charge from the arc can be injected and:

e Smash through insulating layers in the component and
damage the gates of MOSFETs and CMOS devices

e Trigger a latch-up in CMQOS devices
e Short circuit reverse and forward-biased PN junctions

¢ Melt bonding wires

3. A voltage pulse on conductors caused by current
(V =L * dl/dt) whether from ground, power or signal
wiring, can spread into every device that is linked

4. An intense magnetic field emitted from an ESD arc

can have a frequency range of 1 to 500Mhz, which can
inductively couple into every nearby wiring loop and be as
high as 15 A/m

5. An electro-magnetic field generated by the arc's
magnetic field can radiate and couple into long wires that
act like receiving antennas

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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ESD Suppression Strategies

Chip Level ESD Protection

In the heart of the device is the integrated circuitry (IC)
responsible for its processing and communication function.

Typically, trade-offs for the chip designer are ESD
protection versus die space and the demand of smaller
and faster chips-which require sub-micron processes and
very fine line widths. As more ESD protection structures
are incorporated into the chip, survivability increases. The
choice is either less space available for functional circuitry
or make the chip larger.

In today’s market, “smaller and faster"is the goal, and ESD
protection is sacraficed for more on-chip space to boost
functionality and speed. Consequently, circuits will become
more sensitive to ESD and other transients.

Input and output port connections allow the free flow

of data — including transients. ESD can enter a port—or
the disconnected end of the cable while connecting/
disconnecting cables. It will then travel through the
connector to the PC board and propagate down the data
lines toward the ICs.

Littelfuse offers ultra-small packages to provide maximum
protection with a minimum of space. The suppressor
devices are installed between the data line and the
chassis ground (parallel connection) and shunt the ESD
transient from the data line to the ground. Optimally, diode
array devices should be the first thing a transient should
encounter on the board.

NOTE: For high-speed signal pins, devices with extremely
low capacitance levels should be used. Consult
www.littelfuse.com for more detailed information on which
products offer best protection for high-speed connectors.

Board Level ESD Protection

Especially critical in portable systems is the board layout.
Parasitic inductance in the protection path can result

in significant voltage overshoot, easily getting past the
insulation barriers and damaging the the circuit. This is
especially critical in the case of fast rise-time transients
such as ESD or EFT. However, the need for board-level
protection will vary from system to system.

Factors determining level of need:
e The board layout
e ESD capabilities of the IC
¢ Physical ability of ESD transients to get on the data lines

Empirical testing can also be done to help determine the
system’s susceptibility.
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TVS Diode Arrays (SPA®Diodes)

ESD Suppression Strategies and Standards (continued)

ESD Prevention During and After Manufacturing

Manufacturers typically include structures stamped
directly on the die to provide some ESD protection of the
circuits through the manufacturing process. Production
environments tightly control and take precautions to
ensure that static electricity levels on personnel and
equipment are minimized. For example, when handling
parts or their containers, workers wear wrist straps,
anti-static garments and work at grounded workstations.
Various environmental controls (humidity/air ionization)
are also implemented. Finally, by transporting products in
special electrostatic shield packaging ensures safe arrival
to the customer.

More powerful transients await as the product moves
outside the controlled factory environment. Often
designers and/or engineers will need to provide additional
off-chip, board-level solutions to fill in the gaps.

Ultimately, hardware or board designers must add
supplementary ESD devices to protect these sensitive
chipsets from the high level ESD threats seen in the field.

Supplemental ESD Protection

When deciding on more ESD protection, the next step is to
identify the appropriate suppressor. Consider the following
specifications to make an appropriate selection:

e Capacitance

e Peak voltage and clamping level

® Dynamic Resistance

e | eakage current

¢ Standoff Voltage or Reverse Working Maximum
e Number of lines to be protected

e Package

Capacitance is becoming an extremely important
criterion since the data rates at which electronic products
are communicating continue to increase. As previously
mentioned, the Clamping Level of the suppressor
determines how much of the ESD transient is eliminated.
A related value is the Peak Voltage. As the suppressor
transitions from high to low resistance, a portion of the
ESD transient is transmitted before the clamping voltage
is established. The Dynamic Resistance is a value
calculated by taking the difference in clamping voltage at
two different current levels and can be used to compare
the effectiveness various ESD protection technologies.
See our application note, “Selecting an Appropriate ESD
Device” for more information. These are important factors
for those IC’s that do not have a substantial amount of
on-chip ESD protection. In this case, it is important that as
little ESD as possible is actually experienced by the IC. For

these circuits, Littelfuse TVS Diode Arrays (SPA® Diodes)
are ideal. They have extremely low peak and clamping
voltages due to their low dynamic resistance to provide
ultimate protection for the IC.

Leakage Current is the amount of current passed through
the suppressor as the circuit operates normally (i.e. at the
rated voltage or V). It is an important consideration

for applications where the main power supply is battery
driven. In these cases, the suppressor should allow as
little leakage as possible, to avoid draining the battery
unnecessarily.

Suppressors have varied Standoff Voltage or Reverse
Working Maximum specifications determined by their
construction. This is used to determine if the part is
suitable for given circuit parameters. For example, a 5
VDC-rated part should not be used for ESD protection on
a 9VDC bus. The excess voltage may cause degradation
of the part or even catastrophic failure due to excessive
heating caused by DC current flow.

Another consideration is the Number Of Lines To Be
Protected. This is determined by the system'’s data
protocol. For example, USB buses have two or six data
lines, HDMI has 8 data lines, 10/100/1000 BaseT Ethernet
uses four to eight lines, etc. In cases where multiple

data lines will be protected, it may be desirable to use a
Package that has multiple channels (i.e. an array) to save
board space and installation costs. Littelfuse TVS Diode
Arrays are available in discrete and multi-channel packages
to offer a broad selection of high quality devices to the
circuit and board designer.

Suppressor Location

Place the suppressor as near the line that it is protecting

as possible, and as close as possible to the point of ESD
entry. ESD transients should hit the suppressor first on
entry to the board. Because ESD is such a fast rise-time
event, any distance between the protected line and the
ESD suppressor will mean more transient voltage to the IC.

© 2017 Littelfuse, Inc.
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ESD Suppression Strategies and Standards (continued)

ESD Immunity Test Standards

To test their products, manufacturers may apply one of
several methods using either the CDM (Charged Device
Model), MM (Machine Model), and/or HBM (Human Body
Model). MILSTD-883 Method 3015 and IEC61000-4-2 are
testing standards commonly applied:

MIL-STD-883 Method 3015

Historically, analog and digital designers have been
required to have ESD protection “on-chip” to protect

the IC during manufacturing. The most commonly used
ESD standard in the manufacturing environment is the
MIL-STD-883, Method 3015 and it's also referred to as

the Human Body Model (HBM). This model discharges a
100pF capacitor through a 1500Q) resistor into the device
under test. The table below points out the four test levels
as defined in the standard.

HBM Level | Contact Discharge (kV) Peak Current (A)
1 +0.5 0.33
2 +1 0.67
3 +2 1.33
4 +4 2.67

The maximum level required for a typical IC had been
+2kV up until 2007, but today that level has been drastically
reduced to £0.5kV. Obviously, this has helped chip
designers save valuable silicon area for more functionality,
but in turn, it has made the IC much more susceptible to
damage from ESD.

IEC61000-4-2

Conversely, equipment manufacturers have traditionally
used an ESD standard defined by the IEC (International
Electrotechnical Commission) for system or application
level testing. This model uses a 150pF capacitor which
is discharged through a 330Q) resistor. The table below
displays the four test levels as defined in the standard.

IEC Level | Contact Discharge (kV) Peak Current (A)
1 +2 75
2 +4 15
3 +6 225
4 +8 30

Most all manufacturers require that their equipment pass
Level 4, or £8kV, as a minimum, however, some are looking
for increased reliability and require that their devices pass a
much higher level like £15kV or £30kV.

© 2017 Littelfuse, Inc.
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The system level ESD test defined by the IEC produces

a substantial increase in peak current compared to the
military standard. If an IC is rated for 0.5kV per the MIL=
STD and the equipment manufacturer tests this same IC at
8kV per the IEC specification, the chip will see nearly a 100
fold increase in peak current (i.e. 0.33A vs. 30A)!

Additional Transient Immunity Considerations

Film Resistors
In-line film resistors between inputs and off-board
connectors provide minimal transient protection and are
often damaged themselves.

Component Quality
Active components play the biggest role towards ESD/
Transient immunity. If using substitute and/or secondary
source components, test and analyze them thoroughly.
Though functionally equivalent, they may lack the ESD/
Transient immunity of the preferred components.

Multi-Suppressor Combinations
ESD protection through use of SPA® Diodes included in
combination with other filters and transient suppressors is
another strategy for inputs, outputs and power ports. See
www.littelfuse.com for more information.

Preventive Software Programming
The basic requirement of good software is to cleanly
handle abnormal operations, no matter the cause.

Internal Moving Parts
Equipment with moving parts can become its own ESD/
Transient generator. Printers and copiers are especially
susceptible because they carry paper through paper rollers
and use toner. In general, the problem areas include sliding
parts, rolling parts, flexing parts, flowing liquids and airflow
carrying particles or liquid droplets.

Finally, once the design has been approved, it's tempting
to substitute components in effort to boost product
performance. Often newer chips and components are
faster but more sensitive to transients causing new
emissions and immunity problems. Keep fully informed,
as periodically suppliers can make changes to components
that may affect ESD Immunity. Test the new parts to
determine if they are still effective. Planning is key, in

the event the new product doesn’t work or the company
ceases producing it, having several backup plans will help
your company face unforseen challenges.

For More Information

Please visit www.littelfuse.com/esd for technical notes
and application advice articles that address ways to reduce
catastrophic failures and allow the equipment to reliably
withstand certain ESD events.
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Legal Disclaimers

Liability

Littelfuse, Inc. its affiliates, agents, and employees,

and all persons acting on its or their behalf (collectively,
“Littelfuse”), disclaim any and all liability for any errors,
inaccuracies or incompleteness contained here or in any
other disclosure relating to any product. Littelfuse disclaims
any and all liability arising out of the use or application

of any product described herein or of any information
provided herein to the maximum extent permitted by law.
The product specifications do not expand or otherwise
modify Littelfuse terms and conditions of purchase,
including but not limited to the warranty expressed therein,
which apply to these products.

Right to Make Changes

Littelfuse reserves the right to make any and all changes to
the products described herein without notice.

Not Intended for Use in Life Support or Life Saving

Applications

The products shown herein are not designed for use

in life sustaining or life saving applications unless
otherwise expressly indicated. Customers using or selling
Littelfuse products not expressly indicated for use in such
applications do so entirely at their own risk and agree

to fully indemnify Littelfuse for any damages arising or
resulting from such use or sale. Please contact authorized
Littelfuse personnel to obtain terms and conditions
regarding products designed for such applications.

Intellectual Property

No license, express or implied, by estoppel or otherwise,
to any intellectual property rights is granted by this
document or by any conduct of Littelfuse. Product
names and markings noted herein may be registered
trademarks of their respective owners. Littelfuse makes
no representations or warranties of non-infringement or
misappropriation of any third party intellectual property
rights unless specifically provided for herein.

TVS Diode Arrays (SPA®Diodes)

Specifications, descriptions and data contained in this
document are believed to be accurate. However, users
should independently evaluate each product for the
particular application. Littelfuse reserves the right to
change any information contained herein without notice
and may, at its sole discretion, change the design,
manufacture or construction of any product. Visit
www.littelfuse.com for the most up-to-date information.
Littelfuse’s only obligations for any of its products are
specified in its Standard Terms and Conditions and
Littelfuse shall not be liable for any indirect, consequential
or incidental damages from any sale or use of any of its
products.
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General Purpose ESD Protection - SP720 Series

SP720 Series 3pF 4kV Diode Array
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Description

The SP720 is an array of SCR/Diode bipolar structures for
ESD and overvoltage protection to sensitive input circuits.
The SP720 has 2 protection SCR/Diode device structures
per input. A total of 14 available inputs can be used to
protect up to 14 external signal or bus lines. Overvoltage
protection is from the IN (pins 1-7 and 9-15) to V+ or V-.

The SCR structures are designed for fast triggering at a
threshold of one +Vg, diode threshold above V+ (Pin 16) or
a -Vge diode threshold below V- (Pin 8). From an IN input,

a clamp to V+ is activated if a transient pulse causes the
input to be increased to a voltage level greater than one
Vge above V+. A similar clamp to V- is activated if a negative
pulse, one Vg, less than V-, is applied to an IN input.
Standard ESD Human Body Model (HBM) Capability is:

e ESD Interface Capability for HBM Standards

~MIL STD 3015.7 oo 15kV

- [EC 61000-4-2, Direct Discharge,

-Single INPUL ..o 4kV (Level 2)

-Two Inputs in Parallel .................... 8kV (Level 4)

- IEC 61000-4-2, Air Discharge................ 16kV (Level 4)
e High Peak Current Capability

- IEC 61000-4-5 (8/20S) ..o +3A

- Single Pulse, 100us Pulse Width ............ccc...c... +2A

- Single Pulse, 4us Pulse Width..............ccccoooennn. +5A
e Designed to Provide Over\Voltage Protection

- Single-Ended Voltage Range to ...............coo. +30V

- Differential Voltage Range to ..........ccccccoeeeenne. +15V
e Fast SWItChing........ocooiiiiii, 2ns Risetime
e Low Input Leakages..........cccooevveeeennnnn. 1nA at 25° (Typ)
e Low Input CapacitanCe...........ccoveeeviiiiiiieeci 3pF (Typ)
¢ An Array of 14 SCR/Diode Pairs
¢ Operating Temperature Range................... -40°C to 105°C

Applications

¢ Analog Device Input
Protection

¢ Microprocessor/Logic
Input Protection

e Data Bus Protection ¢ Voltage Clamp


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp720_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp720-lead-free-green.aspx#TechnicalResources
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp720-lead-free-green.aspx#ElectricalCharacteristics
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Absolute Maximum Ratings Thermal Informati

Parameter Rating Units Parameter Rating | Units
Continuous Supply Voltage, (V+) - (\V-) +35 Vi Thermal Resistance (Typical, Note 1) 0, oC/W
Forward Peak Current, Iy to Vee, Iy to GND| 450 A PDIP Package 90 °C/W
(Refer to Figure 5) *2, UM SOIC Package 130 oC/W
CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause Maximum Storage Temperature Range -65 to 150 °C
permanent damage to the device. This is a stress only rating and operation of the device Maximum Junction Temperatu re (Plastic
at these or any other conditions above those indicated in the operational sections of this Package) 150 L@
specification is not implied.
Note: Maximum Lead Temperature 260 oC
ESD Ratings and Capability - See Figure 1, Table 1 (Soldering 20-40s) (SOIC Lead Tips Only)
Load Dump and Reverse Battery (Note 2)

1. 0, is measured with the component mounted on an evaluation PC board in free air.

Electrical Characteristics T, =-40°C to 105°C,V,y = 0.5V, Unless Otherwise Specified

Parameter Symbol Test Conditions Min Typ Max Units

Operating Voltage Range, VsuppLy = 2 to 30 = \
Vsuppry = [(V4+) - (V)]
Forward Voltage Drop: I = 1A (Peak Pulse)

IN to V- Vi - 2 -

IN to V+ Vewon - 2 -
Input Leakage Current I -20 5 20 nA
Quiescent Supply Current lquiEscENT - 50 200 nA
Equivalent SCR ON Threshold Note 3 - 1.1 - V
Equivalent SCR ON Resistance Vewo/lrwo; Note 3 - 1 -
Input Capacitance C - 3 - pF
Input Switching Speed ton - 2 - ns

Notes:

2. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and everse battery V+ and V- pins are connected to the same supply
voltage source as the device or control line under protection, a current limiting resistor should be connected in series between the external supply and the SP720 supply pins to limit
reverse battery current to within the rated maximum limits. Bypass capacitors of typically 0.01uF or larger from the V+ and V- pins to ground are recommended.

3. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance.” These characteristics are given here for thumb-rule nformation to determine peak
current and dissipation under EOS conditions.

Typical Application of the SP720

(Application as an Input Clamp for Over-voltage, greater than 1Vge
Above V+ or less than -1V, below V-)

i +Vee i +Vee
INPUT
DRIVERS INEAR OR
OR DIGITAL IC
SIGNAL
SOURCES
= =
|\ J \ )
Y v

IN17 IN9-15 TO +Vee
r=---- - t
' Vs
'
1
'
1
—
'
'
'

SP720

SP720 INPUT
PROTECTION CIRCUIT
(10F 14 ON CHIP)
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ESD Capability

ESD capability is dependent on the application and defined Figure 1: Electrostatic Discharge Test
test standard. The evaluation results for various test

standards and methods based on Figure 1 are shown in

Table 1. Rq Rp
I—O/o—'Wv——Wv—O/

For the “Modified” MIL-STD-3015.7 condition that is CHARGE DISCHARGE

defined as an "“in-circuit” method of ESD testing, the V+ SWITCH 1. swnc:—l

and V- pins have a return path to ground and the SP720 HV. T™ IN

ESD capability is typically greater than 15kV from 100pF SUP\I;LY DUT

through 1.5kQ. By strict definition of MIL-STD-3015.7 using o

“pin-to-pin” device testing, the ESD voltage capability Iﬁf;gg%:%;‘.k-‘*"::o’%‘)’m’“

is greater than 6kV. The MILSTD-3015.7 results were R

determined from AT&T ESD Test Lab measurements.

The HBM capability to the IEC 61000-4-2 standard is
greater than 15kV for air discharge (Level 4) and greater
than 4kV for direct discharge (Level 2). Dual pin capability (2

Table 1: ESD Test Conditions

adjacent pins in parallel) is well in excess of 8kV (Level 4). glaidard WHESIEED Ro Co Vo
Modified HBM 1.5kQ | 100pF | 15kV
For ESD testing of the SP720 to EIAJ IC121 Machine LR P——yin 15KQ | 100pF | 6KV
Model (MM) standard, the results are typically better than — :
HBM, Air Discharge 330Q | 150pF | 15kV

1kV from 200pF with no series resistance.
IEC 61000-4-2 HBM, Direct Discharge | 330Q | 150pF | 4kV

HBM, Direct Discharge,
Two Parallel Input Pins

EIAJ IC121 Machine Model 0kQ | 200pF | 1kV

330Q | 150pF | 8kV

Figure 2: Low Current SCR Forward Voltage Drop Curve Figure 3: High Current SCR Forward Voltage Drop Curve
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Peak Transient Current Capability for Long Duration Surges

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP720 Series

The peak transient current capability rises sharply as the
width of the current pulse narrows. Destructive testing
was done to fully evaluate the SP720’s ability to withstand
a wide range of transient current pulses. The circuit used to
generate current pulses is shown in Figure 4.

The test circuit of Figure 4 is shown with a positive pulse
input. For a negative pulse input, the (-) current pulse input
goes to an SP720 ‘IN" input pin and the (+) current pulse
input goes to the SP720 V- pin. The V+ to V- supply of the
SP720 must be allowed to float. (i.e., It is not tied to the
ground reference of the current pulse generator.) Figure

5 shows the point of overstress as defined by increased
leakage in excess of the data sheet published limits.

The maximum peak input current capability is dependent
on the V+ to V- voltage supply level, improving as the
supply voltage is reduced. Values of 0, 5, 15 and 30
voltages are shown. The safe operating range of the
transient peak current should be limited to no more than
75% of the measured overstress level for any given pulse
width as shown in Figure 5.

When adjacent input pins are paralleled, the sustained
peak current capability is increased to nearly twice that
of a single pin. For comparison, tests were run using dual
pin combinations 1+2, 3+4, 5+6, 7+9, 10+11, 12+13 and
14+15.

The overstress curve is shown in Figure 5 for a 15V supply
condition. The dual pins are capable of 10A peak current

for a 10us pulse and 4A peak current for a Tms pulse. The
complete for single pulse peak current vs. pulse width time
ranging up to 1 second are shown in Figure 5.

Figure 4: Typical SP720 Peak Current Test Circuit

with a Variable Pulse Width Input
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Figure 5: SP720Typical Nonrepetitive Peak Current

Pulse Capability

Showing the Measured Point of Overstress in Amperes vs
pulse width time in milliseconds (T, = 25°C)
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Soldering Parameters

Reflow Condition Pb - Free assembly — tp l—
T : I Critical Zone
-Temperature Min (T ;) 150°C U:
S
Pre Heat |-Temperature Max (Tg.) 200°C 2 T Lt
E TS(max) : t I
-Time (min to max) (t,) 60 - 180 secs g
- - £ SN Ramp-dowi
renheat
Average ramp up rate (Liquidus) Temp 5°C/second max K3 _ [Preheat]
(T,) to peak S(min)
I'_ts
Tsmax 10T, - Ramp-up Rate 5°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature——— Time =>
-Temperature (t,) 60 - 150 seconds
Peak Temperature (T;) 260+95 °C
Ti ithin 5°C of | k
ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 5°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

Package Dimensions Dual-In-Line Plastic Packages (PDIP)

ot o e ey Package
E1 16 Lead Dual-in-Line
AREA T —E JEDEC MS-001
& »
[-A-] otes
T — " in | wex | Win | wax_
PEASE Q nk, A - 5.33 - 0.210 4
SEATING \ /H- -E\ A1 0.39 - 0.015 - 4
L €
mj < A o A2 2.93 4.95 0.115 0.195 -
mJ ii‘ El<" oo L c B 0356 | 0558 | 0014 | 0.022 | -
B -
o010 “’-25)@]0 ] " ]B®| l«— e B1 1.15 177 0.045 0.070 8,10
(3 0.204 0.355 0.008 0.014 =
Notes:
1. Controlling Dimensions: INCH. in case of conflict between English and Metric D 18.66 19.68 0.735 0.775 5
dimensions, the inch dimensions control. D1 0.13 _ 0.005 _ 5
2. Dimensioning and tolerancing per ANSIY14.5M-1982. _ _
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication No. E 762 8.25 0.300 0.325 6
» , _ _ E1 6.10 711 0240 | 0.280 5
4. Dimensions A, A1 and L are measured with the package seated in JE-DEC seating
plane gauge GS-3. e 2.54 BSC 0.100 BSC -
5. D, D1, and E1 dimensions do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.010 inch (0.25mm). e, 762 BSC 0.300 BSC 6
6. Eand are measured with the leads constrained to be perpendicular to datum . e _ 10.92 _ 0.430 7
7. egand e are measured at the lead tips with the leads unconstrained. e; must be zero
or greater. L 2.93 3.81 0.115 0.150 4
8. B1 maximum dimensions do not include dambar protrusions. Dambar protrusions shall N 16 16 9
not exceed 0.010 inch (0.25mm).

9. Nis the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, E42.6 will have a B1
dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).
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Package Dimensions — Small Outline Plastic Packages (SOIC)

S
H [P o.2500.010 @ [e @ m

SEATING PLANE
b x.45° A1 0.10 0.25 0.0040 0.0098 =
_>| |<_ B 0.33 0.51 0.013 0.020 9
—ﬁj:lli c 0.19 025 | 0.0075 | 0.0098 -
“/E j\ D 9.80 10.00 0.3859 0.3937 3
Al c E 3.80 400 | 01497 | 0.1574 4
Blomenn @] |A®|B(§| (B ]o100004 | e 1.27 BSC 0.050 BSC -
H 5.80 6.20 0.2284 0.2440 =
Notes: h 0.25 0.50 0.0099 0.0196 5
1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication L 0.40 127 0.016 0.050 6
Number 95.
2. Dimensioning and tolerancing per ANSIY14.5M-1982. N 16 16 7
3. Dimens_ion “D" does not include mold flash, protrusions or gate burrs_. Mold flash, p 0° I 8° 0° I 8° -
protrusion and gate burrs shall not exceed 0.15mm (0.006 inch) per side.

IS

. Dimension “E"” does not include interlead flash or protrusions. Interlead flash and
protrusions shall not exceed 0.256mm (0.010 inch) per side. Product Characteristics

5. The chamfer on the body is optional. If it is not present, a visual index feature must be
located within the crosshatched area.
6. "L is the length of terminal for soldering to a substrate. Lead P|ating Matte Tin
7. "N" is the number of terminal positions.
8. Terminal numbers are shown for reference only. Lead Material Copper AIon
9. The lead width "B’ as measured 0.36mm (0.014 inch) or greater above the seating ]
plane, shall not exceed a maximum value of 0.61mm (0.024 inch). Lead Coplanarity 0.004 inches (0.102mm)
10. Controlling dimension:MILLIMETER. Converted inch dimensions are not necessarily ) ) -
exact. Substitute Material Silicon
Body Material Molded Epoxy
Part Numbering System .
Flammability UL 94 V-0
SP720 ** ++
TVS Diode Arrays |:P=Lead Free
(SPA® Diodes) G=Green
TG= Tape and Reel / Green
i L Package
Series AB =16 Ld SOIC
AP =16 Ld PDIP

See Ordering Information section for specific options available

Ordering Information

Environmental

Part Number Temp. Range (°C) Package Informaton Marking Min. Order
SP720APP -40 to 105 16 Ld PDIP Lead-free SP720AP(P) ' 1500
SP720ABG -40 to 105 16 Ld SOIC Green SP720A(B)G 2 1920
SP720ABTG 4010 105 81k SOl Green SP720A(BIG 2500

Tape and Reel

Notes:
1. SP720AP(P) means device marking either SP720AP or SP720APP.
2. SP720A(B)G means device marking either SP720AG or SP720ABG which are good for types SP720ABG and SP720ABTG.

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP721 Series

SP721 Series 3pF 4kV Diode Array
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Description

The SP721 is an array of SCR/Diode bipolar structures for
ESD and overvoltage protection to sensitive input circuits.
The SP721 has 2 protection SCR/Diode device structures
per input. There are a total of 6 available inputs that can be
used to protect up to 6 external signal or bus lines. Over-
voltage protection is from the IN (Pins 1 - 3 and Pins 5 - 7)
to V+ or V-.

The SCR structures are designed for fast triggering at a
threshold of one +Vg, diode threshold above V+ (Pin 8) or
a -Vge diode threshold below V- (Pin 4). From an IN input,

a clamp to V+ is activated if a transient pulse causes the
input to be increased to a voltage level greater than one
Ve above V+. A similar clamp to V- is activated if a negative
pulse, one Vg less than V-, is applied to an IN input.
Standard ESD Human Body Model (HBM) Capability is:

e ESD Interface Capability for HBM Standards
=MIL STD 30715.7 oo 15kV
- [EC 61000-4-2, Direct Discharge,
-Single INPUL ..o 4kV (Level 2)
-Two Inputs in Parallel .........cc.ccccceiinen. 8kV (Level 4)
- [EC 61000-4-2, Air Discharge............... 15kV (Level 4)
¢ High Peak Current Capability
- [EC 81000-4-5 (8/201S) ....cveviiiriiciiiieieienae +3A
- Single Pulse, 100us Pulse Width ............c........... +2A
- Single Pulse, 4us Pulse Width............oooennin. +bA
¢ Designed to Provide OverVoltage Protection
- Single-Ended Voltage Range to ................c.... +30V
- Differential Voltage Range t0 .........cccccceeeeiinnnn. +15V
® Fast SWItChing.......c.oooeiiiiiiiieee 2ns Rise Time
e | ow Input Leakages.........ccccccceeeennn. 1nA at 25°C Typical
e | ow Input Capacitance........ccccceeevviviiiieeeinnnn.. 3pF Typical
e An Array of 6 SCR/Diode Pairs
e Operating Temperature Range................... -40°C to 105°C

Applications

¢ Microprocessor/Logic
Input Protection

e Analog Device Input
Protection

e Data Bus Protection ¢ Voltage Clamp


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp721_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp721-lead-free-green.aspx#TechnicalResources
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp721-lead-free-green.aspx#ElectricalCharacteristics
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solute Maximum Ratings Thermal Informati

Parameter Rating Units Parameter Rating Units
Continuous Supply Voltage, (V+) - (V-) +35 V Thermal Resistance (Typical, Note 1) 00 °C/W
FFci)r}/vard F":gak Current, | to Vg, I,y to GND +2, 100us A PDIP Package 160 °oC/W
(Refer to Figure 5) SOIC Package 170 | cw
CAUTION: Stresses above those listed in “Absolute Maximum Ratings ” may cause Maximum Storage Temperature Range -65 to 150 oC
permanent damage to the device. This is a stress only rating and operation of the device - = -
at these or any other conditions above those indicated in the operational sections of this Maximum Junction Temperature (Plastic 150 oC
specification is not implied. Package)
Note: Maximum Lead Temperature 260 oC
ESD Ratings and Capability (Figure 1, Table 1) (Soldering 20-40s)(SOIC Lead Tips Only)

Load Dump and Reverse Battery (Note 2)

1.0, is measured with the component mounted on an evaluation PC board in free air.

Electrical Characteristics T, =-40°C to 105°C, V,y = 0.5V, Unless Otherwise Specified

Parameter Symbol Test Conditions Min Typ Max Units

Operating Voltage Range, VsuppLy = 2 to 30 = \
Vsuppry = [(V+) - (V)]
Forward Voltage Drop

IN to V- VewoL I = 1A (Peak Pulse) - 2 -

IN to V+ /= - 2 -
Input Leakage Current I -20 5 +20 nA
Quiescent Supply Current IUIESCEnT: - 50 200 nA
Equivalent SCR ON Threshold Note 3 - 1.1 -
Equivalent SCR ON Resistance Vewo/lrwo; Note 3 - 1 -
Input Capacitance Ci - 3 - pF
Input Switching Speed ton - 2 - ns

Notes:

2. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery. When the V+ and V- Pins are connected to het same
supply voltage source as the device or control line under protection, a current limiti ng resistor should be connected in series between the external supply and the SP721 supply pins to
limit reverse battery current to within the rated maximum limits. Bypass capacitors of typically 0.01uF or larger romf the V+ and V- Pins to ground are recommended.

3. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance” These characteristics are given here for thumb-rule nformation to determine peak
current and dissipation under EOS conditions.

Typical Application of the SP721

(Application as an Input Clamp for Overvoltage, Greater
than 1Vg: Above V+ or less than -1V below V-)

7 Ve g *Vee
INPUT
DRIVERS INEAR OR
OR DIGITAL IC
SIGNAL INTERFACE
SOURCES
+ +
\ ) \ )
Y
IN5-7 TO +Vec
v+
sp721
v

$SP721 INPUT PROTECTION CIRCUIT (1 OF 6 SHO WN)
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ESD capability is dependent on the application and defined
test standard.The evaluation results for various test
standards and methods based on Figure 1 are shown in
Table 1.

For the “Modified”MIL-STD-3015.7 condition that is defined
as an “in-circuit” method of ESD testing, the V+ and V- pins
have a return path to ground and the SP721 ESD capability
is typically greater than 15kV from 100pF through 1.5kQ.By
strict definition of MIL-STD-3015.7 using “pin-to-pin”device
testing, the ESD voltage capability is greater than 6kV.The
MIL-STD-3015.7 results were determined from AT&T ESD
Test Lab measurements.

The HBM capability to the IEC 61000-4-2 standard is
greater than 15kV for air discharge (Level 4) and greater
than 4kV for direct discharge (Level 2).Dual pin capability (2
adjacent pins in parallel) is well in excess of 8kV (Level 4).

For ESD testing of the SP721 to EIAJ IC121 Machine
Model (MM) standard, the results are typically better than
1kV from 200pF with no series resistance.

Figure 2: Low Current SCR Forward Voltage Drop Curve

Figure 1: Electrostatic Discharge Test

R-| RD
—AMA——AN——0"
CHARGE DISCHARGE
SWITCH SWITCH
- C
HVL T ™ IN
SUI\’/II’)LY DUT

IEC 1000-4-2: R150 to 100M
MIL-STD-3015.7: R 41 to 10M

Table 1: ESD Test Conditions

Standard Type/Mode Rp Cs +Vp
Modified HBM 1.6kQ | 100pF | 15kV
MIL STD 3015.7
Standard HBM 1.5kQ | 100pF | 6kV
HBM, Air Discharge 3300 | 150pF | 15kV
IEC 61000-4-2 HBM, Direct Discharge | 330Q | 150pF | 4kV
HBM, Direct Discharge,
Two Parallel Input Pins 33002 | 150pF | 8KV
EIAJ IC121 Machine Model 0kQ | 200pF | 1kV

Figure 3: High Current SCR Forward Voltage Drop Curve
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Peak Transient Current Capability of the SP721

The peak transient current capability rises sharply as the Figure 4: Typical SP721 Peak Current Test Circuit
width of the current pulse narrows. Destructive testing with a Variable Pulse Width Input

was done to fully evaluate the SP721’s ability to withstand

a wide range of peak current pulses vs time. The circuit fm e mm—o

4—— VARIABLE TIME DURATION
+ Rq ! CURRENT PULSE GENERATOR

Vx F ‘ CURRENT
The test circuit of Figure 4 is shown with a positive pulse ’ E

used to generate current pulses is shown in Figure 4. |
|
j
input. For a negative pulse input, the (-) current pulse input ! n } >
|
|
|

goes to an SP721 'IN" input pin and the (+) current pulse e
input goes to the SP721 V- pin. The V+ to V- supply of the = | BLE———

SP721 must be allowed to float. (i.e., Itis nottiedtothe |  L_______ ] _. m wle] Tor | %
ground reference of the current pulse generator.) Figure —t3 ;
5 shows the point of overstress as defined by increased PROBE | % v 5] W
leakage in excess of the data sheet published limits. !

R1~10 TYPICAL

The maximum peak input current capability is dependent o S ATYPICAL

on the ambient temperature, improving as the temperature

is reduced. Peak current curves are shown for ambient Figure 5: SP721Typical Single Peak Current Pulse
temperatures of 26°C and 105°C and a 15V power supply Capability
condition. The safe operating range of the transient peak ] ) )

Showing the Measured Point of Overstress in Amperes vs

current should be limited to no more than 75% of the : TEESEER
. . pulse width time in milliseconds
measured overstress level for any given pulse width as

ShOWn intheCUrVeSOf Figure 5 7 T TTTTTIT [T TTTII [T TTTIII [ TTTTT
CAUTION: SAFE OPERATING CONDITIONS LIMIT
H H H 6 THE MAXIMUM PEAK CURRENT FOR A GIVEN |||
Note that adjacent input pins of the SP721 may be = \ PULSEWIDTHTO BE NO GREATERTHAN 755
paralleled to improve current (and ESD) capability. The =5 N\~ T.=25°C | OFTHEVALUES SHOWN ON EACH CURVE.
) T E \ V4+TOV-SUPPLY = 15V
sustained peak current capability is increased to nearly o4 N
twice that of a single pin. g 5 T,=105°C §§\
(3] NN
i , \~.§=~_~---
g —
o
;
0 1
0.001 0.01 0.1 1 10 100 1000

PULSE WIDTHTIME (ms)
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Soldering Parameters

Reflow Condition Pb - Free assembly — tp l—
T : I Critical Zone
-Temperature Min (T ;) 150°C U:
S
Pre Heat |-Temperature Max (Tg.) 200°C 2 T Lt
E TS(max) : t I
-Time (min to max) (t,) 60 - 180 secs g
- - £ SN Ramp-dowi
renheat
Average ramp up rate (Liquidus) Temp 5°C/second max K3 _ [Preheat]
(T,) to peak S(min)
I'_ts
Tsmax 10T, - Ramp-up Rate 5°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature——— Time =>
-Temperature (t,) 60 - 150 seconds
Peak Temperature (T;) 260+95 °C
Ti ithin 5°C of | k
ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 5°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

Package Dimensions — Dual-In-Line Plastic Packages (PDIP)

E1
AREA 23 N/2 m 8 Lead Dual-in-Line
JEDEC MS-001
o= N
D otes
SE:L::Z\' ‘ Eﬁ_“z A A - 5.33 - 0.210 4
PLANE || L A1 0.39 - 0.015 - 4
m-ﬂ{ *ID‘<_ A K A2 2.93 4.95 0.115 0.195 -
1
B1 [e] ec B 0.356 0.558 0.014 0.022 -
B = eq B1 1.15 177 0.045 | 0070 | 8,10
0.010 0.25) @[ c [a [ @®) |
C 0.204 0.355 0.008 0.014 -
Notes: D 9.01 10.16 0.355 0.400 5
1. Controlling Dimensions: INCH. In case of conflict between English and Metric
dimensions, the inch dimensions control. D1 0.13 - 0.005 - 5
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. E 762 8.25 0.300 0.325 6
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication No. E1 6.10 71 0.240 0.280 B
e _ _ _ e 2.54 BSC 0.100 BSC -
4. Dimensions A, A1 and L are measured with the package seated in JEDEC seating plane
gauge GS-3. e, 762 BSC 0.300 BSC 6
5. D, D1, and E1 dimensions do not include mold flash or protrusions. Mold flash or eg - 10.92 - 0.430 7
protrusions shall not exceed 0.010 inch (0.25mm).
6. Eand are measured with the leads constrained to be perpendicular to datum . L 2.93 3.81 0.115 0.150 =
7. egand e are measured at the lead tips with the leads unconstrained. e. must be zero N 8 8 9

or greater.

8. B1 maximum dimensions do not include dambar protrusions. Dambar protrusions shall
not exceed 0.010 inch (0.25mm).

9. Nis t he maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, E42.6 will have a B1
dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).
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Package Dimensions — Small Outline Plastic Packages (SOIC)

N H H H Package
(|7 oo -
4

E

SEATING PLANE
A 1.35 1.75 0.0532 0.0688 -
A h x 45°
! gt A1 0.10 025 | 0.0040 | 0.0098 -
@ _ﬁj:H\\,/ B 0.33 0.51 0013 | 0020 | 9
1] ~
Ly c 0.19 0.25 0.0075 | 0.0098 .
[A[o100000 ] D 4.80 500 | 0.1890 | 0.1968 3
[lozsecn @c |2 @O E 3.80 400 | 01497 | 015m | 4
Notes:
1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication e 1.27 BSC 0.050 BSC -
Number 95. H 5.80 6.20 0.2284 | 0.2440 -
2. Dimensioning and tolerancing per ANSI'Y14.5M-1982.
3. Dimension “D" does not include mold flash, protrusions or gate burrs. Mold flash, h 0.25 0.50 0.0099 0.0196 5
protrusion and gate burrs shall not exceed 0.15mm (0.006 inch) per side. L 0.40 127 0.016 0.050 6
4. Dimension “E” does not include interlead flash or protrusions. Inter-lead flash and . . - .
protrusions shall not exceed 0.25mm (0.010 inch) per side. N 8 8 7
5. The chamfer on the body is optional. If it is not present, a visual index feature must be
located within the crosshatched area. Y] 0° | 8° 0° | 8° -

6. "L’ is the length of terminal for soldering to a substrate.
8. Terminal numbers are shown for reference only. Product Characteristics
9. The lead width "B’ as measured 0.36mm (0.014 inch) or greater above the seating
plane, shall not exceed a maximum value of 0.61mm (0.024 inch). Lead Plating Matte Tin
10. Controlling dimension: MILLIMETER. Converted inch dimensions are not necessarily
exact Lead Material Copper Alloy
Part Numbering 3ystem Lead Coplanarity 0.004 inches (0102mm)
Substitute Material Silicon
S Diod A—|— ‘[ Body Material Molded Epoxy
iode Arrays - -
(SPA® Diodes) |G, = EerggnFree Flammability UL 94 V-0
TG= Tape and Reel
Series Package
AB =8 Ld SOIC
AP =8 Ld PDIP

Ordering Information

Part Number Temp. Range (°C) Package ETr\:};?nmn;fOnr:al Marking Min. Order
SP721APP -40 to 105 8 Ld PDIP Lead-free SP721AP(P)! 2000
SP721ABG -40 to 105 8 Ld SOIC Green SP721A(B)G? 1960
SP721ABTG -40 to 105 8 Ld SOIC Tape and Reel Green SP721A(B)G 2 2500

Notes:

1. SP721AP(P) means device marking either SP721AP or SP721APP
2. SP721A(B)G means device marking either SP721AG or SP721ABG which are good for types SP721ABG and SP721ABTG.

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP723 Series

SP723 Series 5pF 8kV Diode Array

| ‘

IN[1] @ 8| v+
SP723 (PDIP SOIC)
N2 7] N
TOP VIEW
INE 6] IN
v [z 5] IN

Functional Block Diagram

V+@‘ 7S *—o - - ®

»l
L

v-(@) o oo- — 'y

Samples

Additional Information

i

Datasheet

Resources

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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The SP723 is an array of SCR/Diode bipolar structures for
ESD and overvoltage protection of sensitive input circuits.
The SP723 has 2 protection SCR/Diode device structures
per input. There are a total of 6 available inputs that can be
used to protect up to 6 external signal or bus lines. Over-
voltage protection is from the IN (Pins 1 - 3 and Pins 5 - 7)
to V+ or V-,

The SCR structures are designed for fast triggering at a
threshold of one +Vg, diode threshold above V+ (Pin 8) or
a -Vge diode threshold below V- (Pin 4). From an IN input,

a clamp to V+ is activated if a transient pulse causes the
input to be increased to a voltage level greater than one
Vg above V+. A similar clamp to V- is activated if a negative
pulse, one Vg less than V-, is applied to an IN input.

Refer to Fig 1 and Table 1 for further details. Refer to
Application Note AN9304 and AN9612 for further detail.

Features

e ESD Interface per HBM Standards

- IEC 61000-4-2, Direct Discharge .......... 8kV (Level 4)

- [EC 61000-4-2, Air Discharge............... 15kV (Level 4)

= MILSTD-3015.7 oo 25kV
e Peak Current Capability

- |IEC 61000-4-5 8/20us Peak Pulse Current.......... +7A

- Single Transient Pulse, 100us Pulse Width ......... +4A
¢ Designed to Provide Over\Voltage Protection

- Single-Ended Voltage Range to ................c...... +30V

- Differential Voltage Range t0 ..........ccccoeevienne. +15V
® Fast SWItChiNg ......ccoooiviiiiiiiiie 2ns Risetime
e Low Input Leakages..........ccccevevernnnnn. 2nA at 25°C Typical
e Low Input CapacitanCe........c.ccoovvevivreenineennn. 5pF Typical
¢ An Array of 6 SCR/Diode Pairs
e Operating Temperature Range................... -40°C to 105°C

Applications

¢ Analog Device Input
Protection

* Microprocessor/Logic
Input Protection

¢ Data Bus Protection ¢ Voltage Clamp


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp723_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp723-lead-free-green.aspx#TechnicalResources
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp723-lead-free-green.aspx#ElectricalCharacteristics
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solute Maximum Ratings The | Inform

Parameter Rating Units Parameter Rating Units
Continuous Supply Voltage, (V+) - (V-) +35 V Thermal Resistance (Typical, Note 1) Oln °C/W
Forward Peak Current, |, to Vg, Iy to PDIP Package 160 °C/W
GND (Refer to Figure 5) +4,100ps | A
9 SOIC Package 170 °C/W
ECE RO YT =/ A Storage Temperature Range -65 to 150 °C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause : : :
permanent damage to the device. This is a stress only rating and operation of the device 'I;/la)lilmu)m Junction Temperatu (o {Flastic 150 °C
at these or any other conditions above those indicated in the operational sections of this ElgxeE
specification is not implied. Lead Temperature 260 oC
Note: (Soldering 20-40s) (SOIC Lead Tips Only)

ESD Ratings and Capability (Figure 1, Table 1)
Load Dump and Reverse Battery (Note 2)

1. 0, is measured with the component mounted on an evaluation PC board in free air.

Electrical Characteristics T, =-40°C to 105°C,V,y = 0.5V, Unless Otherwise Specified

Parameter Symbol Test Conditions Min Typ Max Units

Operating Voltage Range, Vsuppry = 2 to 30 = \
Vsuppry =UVH)-(V-)]
Forward Voltage Drop

IN to V- VewoL In=2A(Peak Pulse) = 2 =

IN to V+ Vewon - 2 -
Input Leakage Current In -20 5 20 nA
Quiescent Supply Current lauiescent - 50 200 nA
Equivalent SCR ON Threshod Note 3 = 1.1 = V
Equivalent SCR ON Resistance Vewo/lewo: Note 3 - 0.5 -
Input Capacitance Gy - 5 - PF
Input Switching Speed ton - 2 - ns

Notes:

2. In automotive ans battery operated systems, the power supply lines should be externally protected for load dump and reverse battery. When the V+ and V- Pins are connected to the same
supply voltage source as the device or control line under protection, acurrent limiting resistor should be connectied in series between the external supply and the SP723 supply pins to
limit reverse battery current to within the rated maximum limits. Bypass capacitors of typically 0.01uF or larger from the V+ and V- Pins to ground are recommended.

3. Refer to the Figure 3 graph for determine peak current and dessipation under EOS conditions.

Typical Application of the SP723

(Application as an Input Clamp for Over-voltage, Greater than 1Vg¢
Above V+ or less than -1Vg below V-)

T +Vee T +Vee
INPUT
DRIVERS LINEAR OR
OR DIGITAL IC
SIGNAL INTERFACE
SOURCES
= =
IN1-3 IN5-7 TO +Vee
f———— -
V+

SP723

SP723 INPUT PROTECTION CIRCUIT (1 OF 6 SHO WN)

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP723 Series

ESD Capability

w4 Littelfuse

Expertise Applied | Answers Delivered

ESD capability is dependent on the application and defined
test standard.The evaluation results for various test
standards and methods based on Figure 1 are shown in
Table 1.

The SP723 has a Level 4 HBM capability when tested as a
device to the IEC 61000-4-2 standard. Level 4 specifies a
required capability greater than 8kV for direct discharge and
greater than 15kV for air discharge.

For the “Modified” MIL-STD-3015.7 condition that is
defined as an "“in-circuit” method of ESD testing, the V+
and V- pins have a return path to ground and the SP723
ESD capability is typically greater than 25kV from 100pF
through 1.5kQ). By strict definition of MIL-STD-3015.7 using
“pin-to-pin” device testing, the ESD voltage capability is
greater than 10kV.

For the SP723 EIAJ IC121 Machine Model (MM) standard,
the ESD capability is typically greater than 2kV from 200pF
with no series resistance.

Figure 2: Low Current SCR Forward Voltage Drop Curve

Figure 1: Electrostatic Discharge Test

R4 Rp
—— 0" 0——AMA—¢—AA———0" 0——
CHARGE DISCHARGE
SWITCH SWITCH
—~Cp A4
H.V. IN
SUPPLY DUT
Vp

IEC 1000-4-2: R 50 to 100M
MIL-STD-3015.7: R1 1 to 10M

Table 1: ESD Test Conditions

Standard Type/Mode Rp G +Vp
IEC 1000-4-2 | HBM, Air Discharge 330 Q | 150pF | 15kV
(Level 4)

HBM, Direct Discharge | 330 Q | 150pF 8kV
ML Modified HBM 1.6k Q | 100pF | 25kV
STD-3015.7 | standard HBM 15k Q | 100pF | 10kV
EIAJ IC121 Machine Model 0k Q | 200pF 2kV
EIAJ IC121 Machine Model 0kQ 200pF 1kV

Figure 3: High Current SCR Forward Voltage Drop Curve

2
00 T sz
SINGLE PULSE
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/
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/

600 800 1000 1200

FORWARD SCR VOLTAGE DROP (mV)
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T,=25%C
SINGLE PULSE
< 4
E /
z
w
«
g 3 /
3 /
o /
3]
@
a 2 7
« IFWD
s EQUIV, SAT. ON
E o THRESHOLD ~ 1.1V y.dl VFwD
w 7 ’
(4
’
’
0 e
0 1 2 3
FORWARD SCR VOLTAGE DROP (V)
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Peak Transient Current Capability of the SP723

The peak transient current capability rises sharply as the Figure 4: Typical SP723 Peak Current Test Circuit
width of the current pulse narrows. Destructive testing with a Variable Pulse Width Input

was done to fully evaluate the SP723's ability to withstand

a wide range of peak current pulses vs time. The circuit P e e m o .
used to generate current pulses is shown in Figure 4. : ~<— VARIABLETIME DURATION
X . R4 X CURRENT PULSE GENERATOR
The test circuit of Figure 4 is shown with a positive pulse \ 8 VX G| CuRRENT
input. For a negative pulse input, the (-) current pulse input : : ()
goes to an SP723 ‘IN" input pin and the (+) current pulse ! J'|_ ' ]
input goes to the SP723 V- pin. The V+ to V- supply of the : -ﬂ:-»E N veal—t
SP723 must be allowed to float. (i.e., It is not tied to the V= | 2] sorzs +
ground reference of the current pulse generator.) Figure e Aul Sl 1 11 nfe] Lo | 7
5 shows the point of overstress as defined by increased VOLTAGE I% v IN [5] [
leakage in excess of the data sheet published limits. )|
R1~10 TYPICAL
The maximum peak input current capability is dependent oy TYPICAL
on the ambient temperature, improving as the temperature

is reduced. Peak current curves are shown for ambient

temperatures of 25°C and 105°C and a 15V power supply Figure 5: SP723 Typical Single Peak Current Pulse
condition. The safe operating range of the transient peak Capability

current should be limited to no more than 75% of the Showing the Measured Point of Overstress in Amperes vs pulse
measured overstress level for any given pulse width as width time in milliseconds
i i 14 T T T T TITIT T T T T TTT1TT T T T 1T T LA
ShOWﬂ In the curves Of Flgure 5 CAUTION: SAFE OPERATING CONDITIONS LIMIT
. X . 12 THE MAXIMUM PEAK CURRENT FORA GIVEN
Note that adjacent input pins of the SP723 may be N PULSE WIDTHTO BE NO GREATERTHAN 75%
“ | dt . t ( d ESD) blt Th '&"’IG \ A= —  OFTHEVALUES SHOWN ON EACH CURVE.
paralleled to improve current (and ESD) capability. The 2 N Ve TOV-SUPPLY = 15V
sustained peak current capability is increased to nearly E 8 NN
twice that of a single pin. £ Ta= 1050 AR
o T —T
X 4 T~
< e
w —
o A
2
0
0.001 0.01 0.1 1 10 100 1000

PULSE WIDTHTIME (ms)
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Reflow Condition Pb — Free assembly

-Temperature Min (T ;) 150°C
Pre Heat |-Temperature Max (T .,) 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp

(T,) to peak 5°C/second max
L

Tsmax 10T, - Ramp-up Rate 5°C/second max

-Temperature (T,) (Liquidus) | 217°C
Reflow

-Temperature (t,) 60 - 150 seconds
Peak Temperature (T;) 260+95 °C

Time within 5°C of actual peak

20 - 40 seconds
Temperature (t,)

Ramp-down Rate 5°C/second max

8 minutes Max.
260°C

Time 25°C to peak Temperature (Tp)

Do not exceed

Package Dimensions — Dual-In-Line Plastic Packages (PDIP)

— tp
T 1 1
P Critical Zone

° TLto Te
5 T
2 _n "
g T, - .
° (max)
g‘ Ramp-dowi
2

TS(min)

—ts
25
time to peak temperature——— Time =>

N e P Py ey
N
E1
INDEX —>[]1 2 3 N/2
AT T
[-B-]
D E
PLANE =t
. | A2
- A
SEATING\; ¢ l-
PLANE _J ¢ L " €
D1 D1<_ Aq m
B1~>J h [e] ec c
B
fblo.010 (025 @[c[a]e® | es
Notes:

1. Controlling Dimensions: INCH. In case of conflict between English and Metric dimensions,

the inch dimensions control.
Dimensioning and tolerancing per ANSIY14.5M-1982.
Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication No. 95.

> W N

Dimensions A, A1 and L are measured with the package seated in JEDEC seating plane
gauge GS-3.

D, D1, and E1 dimensions do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.010 inch (0.25mm).

E and are measured with the leads unconstrained to be perpendicular to datum
-C-.

eg and e are measured at the lead tips with the leads uncon-strained. e, must be zero or
greater.

B1 maximum dimensions do not include dambar protrusions. Dambar protrusions shall not
exceed 0.010 inch (0.25mm).
N is the maximum number of terminal positions.

. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, E42.6 will have a B1
dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

MS-001
N

- 5.33 - 0.210 4
A1 0.39 - 0.015 - 4
A2 2.93 4.95 0.115 0.195 -
B 0.356 0.558 0.014 0.022 -
B1 1.15 1.77 0.045 0.070 8, 10
C 0.204 0.355 0.008 0.014 -
D 9.01 10.16 0.355 0.400 5
D1 0.13 - 0.005 - 5
E 762 8.25 0.300 0.325 6
E1 6.1 71 0.240 0.280 B
e 2.54 BSC 0.100 BSC -
e, 762 BSC 0.300 BSC 6
eg - 10.92 - 0.430 7
L 2.93 3.81 0.15 0.150 4
N 8 8 9
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Package Dimensions — Small Outline Plastic Packages (SOIC)

f A f pac

S e ) —_
E

4

IETEIRIAin] - VP v

SEATING PLANE A 1.35 1.75 0.0532 | 0.0688 -
A_ |<_hx45° A1 0.10 0.25 0.0040 0.0098 -
I _>| B 0.33 0.51 0.013 0.020 9
-C- + v _/ (3 0.19 0.25 0.0075 0.0098 -
= H
\ f MmN D 4.80 500 | 0.1890 | 0.1968 3
E E 3.80 4.00 0.1497 0.1574 4
tb]o.2510.0100 @] c [ @[ ®] e 1.27 BSC 0.050 BSC -
Notes: H 5.80 6.20 0.2284 0.2440 -
1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of h 0.25 0.50 0.0099 0.0196 5
Publication Number 95. : : ’ ’
2. Dimensioning and tolerancing per ANSIY14.5M-1982. L 0.40 1.27 0.016 0.050 6
3. Dimension “D" does not include mold flash, protrusions or gate burrs. Mold N 8 8 7
flash, protrusion and gate burrs shall not exceed 0.15mm (0.006 inch) per side.
4. Dimension “E” does not include interlead flash or protrusions. Interlead flash v} 0° I 8° 0° I 8° =

and protrusions shall not exceed 0.25mm (0.010 inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual index feature
must be located within the crosshatched area. ..
6. "L’ is the length of terminal for soldering to a substrate. Product Characteristics
7. "N" is the number of terminal positions.
8. Terminal numbers are shown for reference only. Lead Plating Matte Tin
9. The eadl width "B’ as measured 0.36mm (0.014 inch) or greater above the
seating plane, shall not exceed a maximum value of 0.67mm (0.024 inch). q
10. Controlling dimension:MILLIMETER. Converted inch dimensions are not Lead Material Copper A”Oy
necessarily exact. . .
Y Lead Coplanarity 0.004 inches (0.102mm)
Part Numbering System Substitute Material Silicon
SP723 % * * Body Material Molded Epoxy
TVS Diode Arrays Flammability UL 94 V-0
(SPA® Diodes) G=Green
P=Lead Free
Series T= Tape and Reel
Package
AB =8 Ld SOIC
AP =8 Ld PDIP

Ordering Information

Environmental

Part Number Temp. Range (°C) Package Informaton Marking Min. Order
SP723APP -40 to 105 8 Ld PDIP Lead-free SP723AP(P) 2000
SP723ABG -40 to 105 8 Ld SOIC Green SP723A(B)G 2 1960
SP723ABTG -40 to 105 8 Ld SOIC Tape and Reel Green SP723A(B)G 2 2500

Notes:
1. SP723AP(P) means device marking either SP723AP or SP723APP.
2. SP723A(B)G means device marking either SP723AG or SP723ABG which are good for types SP723ABG and SP723ABTG.

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
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General Purpose ESD Protection - SP724 Series

SP724 Series 3pF 8kV Diode Array

SP724
(SOT-23)
TOP VIEW
170 V- 1/0
Functional Block Diagram
V+ (5 y4¢—¢—m - - - -~
3,4AND 6
IN IN
A A
v (2 . - - o

Notes:

1. The design of the SP724 SCR/Diode ESD Protection Arrays are covered by Littelfuse
patent 4567500.
2.The full ESD capability of the SP724 is achieved when wired in a circuit that includes

connection to both the V+ and V- pins. When handling individual devices, follow proper
procedures for electrostatic discharge.

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Description

The SP724 is a quad array of transient voltage clamping
circuits designed to suppress ESD and other transient over
voltage events. The SP724 is used to help protect sensitive
digital or analog input circuits on data, signal, or control
lines operating on power supplies up to 20VDC.

The SP724 is comprised of bipolar SCR/diode structures
to protect up to four independent lines by clamping
transients of either polarity to the power supply rails. The
SP724 offers very low leakage (1nATypical) and low input
capacitance (3pF Typical). Additionally, the SP724 is rated
to withstand the IEC 61000-4-2 ESD specification for both
contact and air discharge methods to level 4.

The SP724 is connected to the sensitive input line and its
associated power supply lines. Clamping action occurs
during the transient pulse, turning on the diode and fast
triggering SCR structures when the voltage on the input
line exceeds one Vg threshold above the V+ supply (or one
Vge threshold below the V- supply). Therefore, the SP724P
operation is unaffected by poor power supply regulation or
voltage fluctuations within its operating range.

® An Array of 4 SCR/Diode Pairs in 6-Lead SOT-23
e ESD Capability per HBM Standards

- [IEC 61000-4-2, Direct Discharge .......... 8kV (Level 4)
- IEC 61000-4-2, Air Discharge................ 15kV (Level 4)
~MIL STD 3015.7 oo >8kV

¢ |nput Protection for Applications with Power Supplies Up
to +20V (Single-Ended Voltage), and =10V (Differential
\oltage)

e Peak Current Capability

- IEC 61000-4-5 (8/20US) .vveeivvveeeiiieaiiieeiieeeien +3A
- Single Pulse, 100us Pulse Width ..........c.......... +2.2A
e Low Input Leakage.........ccoooviiiiiiiiiiiiii, TnATypical
e | ow Input Capacitance........cccccceeevvvvieieecinnn.. 3pF Typical
e QOperating Temperature Range................... -40°C to 105°C

Applications

® Microprocessor/Logic ¢ Analog Device Input
Input Protection Protection

e Data Bus Protection

Additional Information

Datasheet Resources Samples

¢ \oltage Clamp


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp724_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp724-lead-free-green.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp724-lead-free-green.aspx#TechnicalResources
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Absolute Maximum Ratings Thermal Informati

Parameter Rating Units Parameter Rating | Units
Continuous Supply Voltage, (V+) - (V-) +20 v Thermal Resistance (Typical, Note 3) 0n °oC/W
Forward Peak Current, | to V.., GND £2.2, 100us A SOT Package 220 °C/W
(Refer to Figure 5) S Maximum Storage Temperature Range -65 to 150 °C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause Maximum Junction Temperature 150 oC
permanent damage to the device. This is a stress only rating and operation of the device =
at these or any other conditions above those indicated in the operational sections of this I\/Ia><|mgm Lead Temperature i 260 oC
specification is not implied. (Soldering 20-40s) (SOT - Lead Tips Only)
Note:

. . . Note: 3. 0, is measured with the component mounted on an evaluation PC board in free air.
ESD Ratings and Capability - See Figure 1, Table 1

Electrical Characteristics T, =-40°C to 105°C, V,y = 0.5V, Unless Otherwise Specified

Parameter Symbol Test Conditions Min Typ Max Units

Ve = (Vo)) Nowss 4,8) | Ve 1 - 2 ¥
Forward Voltage Drop
Forward Voltage Drop

IN to V- Vewnt [y = 1A (Peak Pulse) = 2 =

IN to V+ VewoH - 2 -
Input Leakage Current I -10 1 10 nA
Quiescent Supply Current lquiescent V+ =20V, V- = GND - - 100 nA
Equivalent SCR ON Threshold (Note 6) - 1.1 -
Equivalent SCR ON Resistance Vewo/lewo (Note 6) - 1.0 -
Input Capacitance Cro - 3 - pF

Notes:

4. In automotive and other battery charging systems, the SP724 power supply lines should be externally protected for load dump and reverse battery. When the V+ and V- Pins are connected
to the same supply voltage source as the device or control line under protection, a current limiting resistor should be connected in series between the external supply and the SP724
supply pins to limit reverse battery current to within the rated maximum limits.

5. Bypass capacitors of typically 0.01uF or larger should be connected closely between the V+ and V- Pins for all applications.

6. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance”. These characteristics are given here for information to determine peak current and dissipation under
EOS conditions.

Typical Application of the SP724

Application as an Input Clamp for Over-voltage, Greater than 1Vge
Above V+ or less than -1V, below V-)

T +Vee T +Vee
INPUT
DRIVERS INEAR OR
OR DIGITAL IC
SIGNAL
SOURCES
s =
u
IN1,3,4AND 6 TO +Vee

- 0.001uF

SP724

'SP724 INPUT PROTECTION CIRCUIT (1 OF 4 SHO WN)

© 2017 Littelfuse, Inc.
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ESD rating is dependent on the defined test standard. The
evaluation results for various test standards and methods
based on Figure 1 are shown in Table 1.3

The SP724 has a Level 4 rating when tested to the IEC
61000-4-2 Human Body Model (HBM) standard and
connected in a circuit in which the V+ and V- pins have

a return path to ground. Level 4 specifies a required
capability greater than 8kV for direct discharge and greater
than 15kV for air discharge.

The “Modified” MIL-STD-3015.7 condition is defined as an
“in-circuit” method of ESD testing, the V+ and V- pins have
a return path to ground.The SP724 ESD capability is greater
than 8kV with 100pF discharged through 1.5kQ. By strict
definition of the standard MIL-STD-3015.7 method using
“pin-to-pin” device testing, the ESD voltage capability is
greater than 2kV.

For the SP724 EIAJ IC121 Machine Model (MM) standard,
the ESD capability is typically greater than 1.8kV with
200pF discharged through 0kQ.

The Charged Device model is based upon the self-
capacitance of the SOT-23 package through 0kQ.

Figure 2: Low Current SCR Forward Voltage Drop Curve

Figure 1: Electrostatic Discharge Test

Rq Rp
——AMA——AMA——
CHARGE DISCHARGE
SWITCH SWITCH
H.V. - Cp IN
SUPPLY DUT
Vb

IEC 1000-4-2: R1 50 to 100M
MIL STD 3015.7: R 11 to 10M

Table 1: ESD Test Conditions

Standard Type/Mode Rp Co +Vp
|EC 61000-4-2 HBM, Air Discharge 330 Q | 150pF | 15kV
(Level 4) - -

HBM, Direct Discharge | 330 Q | 150pF | 8kV
Modified HBM 1.6k Q | 100pF | 8kV T
MIL-STD-3015.7

STD-3015 Standard HBM 1.6k Q | 100pF | 2kV
EIAJ 1C121 Machine Model 0k Q | 200pF | 400V
US ESD DS 5.3 | Charged Device 0kQ | NA | 3kv

Model

TUpper limit of laboratory test set.

Figure 3: High Current SCR Forward Voltage Drop Curve
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Peak Transient Current Capability for Long Duration Surges

The peak transient current capability is inversely Figure 4: Typical SP724 Peak Current Test Circuit
proportional to the width of the current pulse. Testing was with a Variable Pulse Width Input

done to fully evaluate the SP724's ability to withstand long

duration current pulses using the circuit of Figure 4. Figure e a

5 shows the point of overstress as defined by increased g Y /R1' CURRENT PULSE GENERATOR
leakage in excess of the data sheet published limits. Vx CURRENT

The safe operating range of the transient peak current

1
I
N T
h g + SENSE
1
.
1
I

overstress level for any given pulse width as shown in the
curve of Figure 5.

= +
~| SP724 & b /

I
1
I
|
1
should be limited to no more than 75% of the measured I
1 II
I
1
I
1
I

The test circuit of Figure 4 is shown with a positive pulse

L e e — — - 4 —

input. For a negative pulse input, the (-) current pulse input R v v ® = *c,
N ; 1710 TYPICAL VOLTAGE
goes to an SP724 'IN' input pin and the (+) current pulse g‘\%bw;”ATYPICAL PROBE
~100 p

input goes to the SP724 V- pin. The V+ to V- supply of the
SP724 must be allowed to float. (i.e., It is not tied to the
ground reference of the current pulse generator.)

Figure 5: SP724Typical Nonrepetitive Peak Current

Note that two input pins of the SP724 may be paralleled to Pulse Capability
improve current (and ESD) capability. The sustained peak Showing the Measured Point of Overstress in Amperes vs
current capability is increased to nearly twice that of a pulse width time in milliseconds
Slngle pln 8 N T T T TTITIT T T T TTITI T T T TTIT0T T T T 1117
“ NOTE: TO ENSURE SAFE OPERATION LIMIT
7 v THE MAXIMUM PEAK CURRENT FOR A GIVEN |
0 PULSEWIDTHTO BE NO GREATERTHAN 75%
— 6 ‘. OF THE VALUES SHOWN. T
< \ T,=25°C
Es N V+TOV-SUPPLY = 15V
w
o
e 4 N
3 \\\
ﬁ 3 \\-
wi T
a 2 T——
1
0
0.001 0.01 0.1 100 1000

1 10
SQUARE WAVE PULSEWIDTH (ms)
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Soldering Parameters

Reflow Condition Pb - Free assembly — tp l—
T : I Critical Zone
-Temperature Min (T ;) 150°C U:
S
Pre Heat |-Temperature Max (Tg.) 200°C 2 T Lt
E TS(max) : t I
-Time (min to max) (t,) 60 - 180 secs g
- - £ SN Ramp-dowi
renheat
Average ramp up rate (Liquidus) Temp 5°C/second max K3 _ [Preheat]
(T,) to peak S(min)
I'_ts
Tsmax 10T, - Ramp-up Rate 5°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature——— Time =>
-Temperature (t,) 60 - 150 seconds
Peak Temperature (T;) 260+95 °C
Ti ithin 5°C of | k
ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 5°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

Package Dimensions — Small Outline Transistor Plastic Packages (SOT23-6)

({020 0005 @[] Package SOT23-6
)‘ b | : e L Pins
! ! L JEDEC MO-178
P
gf——t+—- "t E G- = i
1 2‘ 3, i A 0.900 1.450 0.035 0.057 -
INHEHIES A1 0.000 0.150 0.000 0.006 -
a1 a A2 0.900 1.300 0.035 0.051 2
0 & tc b 0.350 0.500 0.0138 0.0196 -
¢ c 0.080 0.220 0.0031 0.009 -
D 2.800 3.000 0.1 0.118 3
—2—:; a1 SEATING E 2.600 3.000 0.102 0.118 =
PLANE
v v E1 1.500 1.750 0.06 0.069 3
; e 0.95 Ref 0.0374 ref -
[ ]o10 ©.000][c] el 1.9 Ref 0.0748 Ref -
L 0.100 0.600 0.004 0.023 45
Recommended Solder Pad Layout N 6 6 6
a o° 10° o° 10° -
M 2.590 0.102 -
o 0.690 027TYP -
P 0.990 .039TYP -
R 0.950 0.038 -
Notes:

Dimensioning and tolerances per ANSI 14.5M-1982.
Package conforms to EIAJ SC-74 (1992).
Dimensions D and E1 are exclusive of mold flash, protrusions, or gate burrs.

Footlenth L measured at reference to seating plane.
"L is the length of flat foot surface for soldering to substrate.
“N" is the number of terminal positions.

No oo s N =

Controling dimension: MILLIMETER. Converted inch dimensions are not necessarily
exact.
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Erpe e At | Ao Dt General Purpose ESD Protection - SP724 Series

Part Numbering System Product Characteristics

SP 724 AH T Lead Plating Matte Tin
TVS Diode Arrays ”Green” Lead Material Copper Alloy
(SPA® Diodes) RoHS Compliant
Tape and Reel Lead Coplanarity 0.004 inches (0.102mm)
Package Type Substitute Material Silicon
Series AH: SOT23
Body Material Molded Epoxy
Flammability UL 94 V-0
Ordering Information
Notes:
1. All dimensions are in millimeters.
Part Number Temp. Package Marking in. 2. Dimensions include solder plating.
Range (°C) 3. Dimensions are exclusive of mold flash & metal burr.

4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.

SP724AHTG | -40 10 105 |Tape e Reel| 724G | 3000 5. Package surface matts finish VDI 1-13.

Embossed Carrier Tape & Reel Specification — SOT23-6
8mm TAPE AND REEL

1.56mm 4.0mm
ACCESS HOLE DIA.HOLE_\ _:|, ’:: 20mm ¢ 175mm

m I ir3sesseled
Feramm smmy (GeREEEEE rg; €l
R 4.0mm—>|

 43mm GENERAL INFORMATION
SOT-23 (8mm POCKET PITCH)
1.3000 PIECES PER REEL.

17 2. ORDER IN MULTIPLES OF FULL REELS ONLY.
180mm 60mm 3. MEETS EIA-481 REVISION "A" SPECIFICATIONS.
—>| |<— 8.4mm

USER DIRECTION OF FEED PIN 1

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP725 Series 5pF 8kV Diode Array [RoHs] ‘(@8) [GREEN]

Description

The SP725 is an array of SCR/Diode bipolar structures for
ESD and overvoltage protection of sensitive input circuits.
The SP725 has 2 protection SCR/Diode device structures
per input. There are a total of 4 available inputs that can be
used to protect up to 4 external signal or bus lines. Over-
voltage protection is from the IN (Pins 1 - 4) to V+ or V-,

The SCR structures are designed for fast triggering at a
threshold of one +Vg, diode threshold above V+ (Pin 5,6)
or one -V diode threshold below V- (Pin 78). From an

IN input, a clamp to V+ is activated if a transient pulse
causes the input to be increased to a voltage level greater
than one Vg above V+. A similar clamp to V- is activated if

a negative pulse, one Vg less than V-, is applied to an IN
input.
\J
In E V- Refer to Fig 1 and Table 1 for further details. Refer to
SP725 In zl V- Application Note AN9304 and AN9612 for further detail.
(solc)

[2] [w] [w] []
o]

5 v Featwes

e ESD Interface per HBM Standards

- [EC 61000-4-2, Direct Discharge .......... 8kV (Level 4)
Functional Block Diagram - [EC 61000-4-2, Air Discharge............... 15kV (Level 4)
~MILSTD-3015.7 oo 25kV

V+g 1 1t " e Peak Current Capability
3 - IEC 61000-4-5 8/20 ps Peak Pulse Current..... £ 14 A

—AA

- Single Transient Pulse, 100 us Pulse Width ...... +8A
Designed to Provide Over\Voltage Protection

IN IN@ INQ * - Single-Ended Voltage Range to ...............cov. +30V
1 1l 2 L - Differential Voltage Range to ...........ccccooeveenn. +15V

A A A
1 Fast SWItChing.......ccocoviiiiiiic 2ns Risetime

‘1 e | ow Input Leakages...........ccocvveeeinnns 5 nA at 25 °CTypical

V'7’8 - e Low Input Capacitance............cccceeeeiieeeenenn. 5 pF Typical
¢ An Array of 4 SCR/Diode Pairs

e Operating Temperature Range................. -40°C to 105 °C

Additional Information Applications

e Microprocessor/Logic ¢ Analog Device Input
Input Protection Protection
—=

e Data Bus Protection e Voltage Clamp

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.
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Specifications are subject to change without notice.
Revised: 02/23/17


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp725_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp725.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp725.aspx#TechnicalResources

% Littelfuse TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP725 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings LG | Inform

Parameter Rating  |Units Parameter Rating | Units

Continuous Supply Voltage, (V+) - (V-) +35 vV Thermal Resistance (Typical, Note 1) 61 °C/W
Forward Peak Current, I,y to V¢, I,y to GND 8 100 A SOIC Package 170 °C/W

Refer to Figure 5) = HS o

(Re 9 Storage Temperature Range -65 to 150 C
Peak Pulse Current, 8/20ps + 14 A Maximum Junction Temperature 150 °oC
ESD Ratings and Capability (Figure 1, Table 1) M e Tem

perature

Load Dump and Reverse Battery (Note 2) (Soldering 20-40s) (SOIC - Lead Tips Only) 260 oC

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics .5V , Unless Otherwise Specified
Parameter Symbol Test Conditions

T | eew | v
Forward Voltage Drop

INto V- VenoL || = 2A (Peak Pulse) - 2 -

IN to V+ \V/m— - 2 -
Input Leakage Current In -20 5 +20 nA
Quiescent Supply Current swiEsem - 50 200 nA
Equivalent SCR ON Threshold (Note 3) - 1.1 - Vv
Equivalent SCR ON Resistance Vewo/lrwo ; (Note 3) - 0.5 -
Input Capacitance Cin 5 - pF
Input Switching Speed ton - 2 - ns

Notes:

1.0 4, is measured with the component mounted on an evaluation PC board in free air

2. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery V+ and V- pins are connected to the same supply
voltage source as the device or control line under protection, a current limiting resistor should be connected in series between the external supply and the SP725 supply pins to limit
reverse battery current to within the rated maximum limits. Bypass capacitors of typically 0.01uF or larger from the V+ and V- pins to ground are recommended.

. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance.” These characteristics are given here for thumb-rule information to determine peak
current and dissipation under EOS conditions.

Typical Application of the SP725

(Application as an Input Clamp for Overvoltage, Greater than 1V,
Above V+ or less than -1V, below V-)

w

T +Vee f +Vce
INPUT
DRIVERS LINEAR OR
OR DIGITAL IC
SIGNAL INTERFACE
‘SOURCES
= =+
TO +Vee
Ve
SP725
"3

SP725 INPUT PROTECTION CIRCUIT (1 OF 4 SHOWN)
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ESD Capability

ESD capability is dependent on the application and defined Figure 1: Electrostatic Discharge Test
test standard.The evaluation results for various test

standards and methods based on Figure 1 are shown in
Table 1.

Rq Rp
The SP725 has a Level 4 HBM capability when tested as a —— o——AMA—4—WW——o0——
device to the IEC 61000-4-2 standard. Level 4 specifies a %%?25 "'235.'4‘(?&5
required capability greater than 8kV for direct discharge and TCp ;I:l
greater than 15kV for air discharge. SL?%;ISY our
For the “Modified” MIL-STD-3015.7 condition that is IEC 61000-4-2: R 1 50 to 100M)
defined as an "“incircuit” method of ESD testing, the V+ MIL-STD-3015.7:R1 1to 10MQ
and V- pins have a return path to ground and the SP725
ESD capability is typically greater than 25kV from 100pF

through 1.5kQ) . By strict definition of MILSTD-3015.7 using

“pinto-pin” device testing, the ESD voltage capability is Table 1: ESD Test Conditions
greater than 10kV.

) Standard Type/Mode Rp Cs +Vp
For the SP725 EIAJ IC121 Machine Model (MM) standard,

the ESD capability is typically greater than 2kV from 200pF I=C EiaE-an | REVL AT Dlediege | 00 T8laF | 18
with no series resistance. (Level 4) HBM, Direct Discharge | 330 Q | 150pF | 8kV
Modified HBM 1.5k Q | 100pF | 25kV

MILSTD-3015.7
Standard HBM 1.6k Q | 100pF | 10kV
EIAJ 1C121 Machine Model 0k Q | 200pF | 2kV

Figure 2: Low Current SCR Forward Voltage Drop Curve Figure 3: High Current SCR Forward Voltage Drop Curve

200 T4 Zzec 5T T,=25¢
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E < IFwD
= E EQUIV, SAT, ON
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Peak Transient Current Capability for Long Duration Surges

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP725 Series

The peak transient current capability rises sharply as the
width of the current pulse narrows. Destructive testing
was done to fully evaluate the SP725 ’s ability to withstand
a wide range of peak current pulses vs time. The circuit
used to generate current pulses is shown in Figure 4.

The test circuit of Figure 4 is shown with a positive pulse
input. For a negative pulse input, the (-) current pulse input
goes to an SP725 ‘IN" input pin and the (+) current pulse
input goes to the SP725 V- pin. The V+ to V- supply of the
SP725 must be allowed to float. (i.e., It is not tied to the
ground reference of the current pulse generator.) Figure

5 shows the point of overstress as defined by increased
leakage in excess of the data sheet published limits.

The maximum peak input current capability is dependent
on the ambient temperature, improving as the temperature
is reduced. Peak current curves are shown for ambient
temperatures of 25 ° C and 105 ° C and a 15V power supply
condition. The safe operating range of the transient peak
current should be limited to no more than 75% of the
measured overstress level for any given pulse width as
shown in the curves of Figure b.

Note that adjacent input pins of the SP725 may be
paralleled to improve current (and ESD) capability. The
sustained peak current capability is increased to nearly
twice that of a single pin.

Figure 4: Typical SP725 Peak Current Test Circuit

with a Variable Pulse Width Input

1 -

! | VARIABLE TIME DURATION

| R4 | _CURRENT PULSE GENERATOR

|+

: E—_&vx te CURRENT

R | L_SENSE

1 1 ()

1 1 A=

1 PN g I v- [8]

1 =

| = ‘N v

R R E EE SR 1 sP725 |, 5] 7
vorace | [4]™ v+{s—¢
PROBE T

R1~10QTYPICAL
Vx ADJ. 10V/ATYPICAL

C1~100uF

Figure 5: SP725 Typical Nonrepetitive Peak Current

Pulse Capability

Showing the Measured Point of Overstress in Amperes vs
pulse width time in milliseconds
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Reflow Condition Pb — Free assembly

-Temperature Min (T ;) 150°C

Pre Heat |-Temperature Max (T, 200°C

s(max))

-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp

(T,) to peak 5°C/second max
L

Tsmax 10T, - Ramp-up Rate 5°C/second max

-Temperature (T,) (Liquidus) | 217°C

Reflow

-Temperature (t,) 60 - 150 seconds

PeakTemperature (T;) 260+ °C

Time within 5°C of actual peak

20 - 40 seconds
Temperature (t,)

Ramp-down Rate 5°C/second max

Time 25°C to peak Temperature (Tp) 8 minutes Max.

Do not exceed 260°C

— tp
T 1 1
P Critical Zone

° TLto Te
5 T
2 _n "
g T, - .
° (max)
g‘ Ramp-dowi
2

TS(min)

—ts
25
time to peak temperature——— Time =>

Package Dimensions — Small Outline Plastic Packages (SOIC)

N
INDEX T H [§]0.2500.010 @ [6 @]
E
!
IRIRIRINIRi}
SEATING PLANE

[S[ovo00]

[ o.2510.010 @[ c [» @[ @]

Notes:

1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Publication
Number 95.

2. Dimensioning and tolerancing per ANSI'Y14.5M-1982.

3. Dimension “D" does not include mold flash, protrusions or gate burrs. Mold flash,
protrusion and gate burrs shall not exceed 0.15mm (0.006 inch) per side.

4. Dimension “E" does not include interlead flash or protrusions. Interlead flash and
protrusions shall not exceed 0.25mm (0.010 inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual index feature must be
located within the crosshatched area.

6. "L’ is the length of terminal for soldering to a substrate.
7. “"N" is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9

. The lead width "B’/ as measured 0.36mm (0.014 inch) or greater above the seating
plane, shall not exceed a maximum value of 0.61mm (0.024 inch).

10. Controlling dimension: MILLIMETER. Converted inch dimensions are not necessarily
exact.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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JEDEC MS-012
e | wsen |

A 1.35 1.75 0.0532 0.0688 -
A1 0.10 0.25 0.0040 0.0098 =
B 0.33 0.51 0.013 0.020 9
C 0.19 0.25 0.0075 0.0098 =
D 4.80 5.00 0.1890 0.1968 3
E 3.80 4.00 0.1497 0.1574 4
e 1.27 BSC 0.050 BSC -
H 5.80 6.20 0.2284 0.2440 =
h 0.25 0.50 0.0099 0.0196 5
L 0.40 1.27 0.016 0.050 6
N 8 8 7
u 0° 80 0° 8o -
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Part Numbering System Product Characteristics

SP 725 AB * Lead Plating Matte Tin
T
TVS Diode Arrays —I_— G=Green Lead Material Copper Alloy
® Di TG=Tape and Reel
(SPA® Diodes) P Lead Coplanarity 0.004 inches (0.102mm)
Package Type Substitute Material Silicon
Series AB: 8 Leaded SOIC
Body Material Molded Epoxy
Flammability UL 94 V-0
Notes:

1. All dimensions are in millimeters.

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4.Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Ordering Information

Part Number Temp. Range (°C) Package Marking Min. Order Qty.
SP725ABG -40 to 105 8 Ld SOIC SP725AB(T)G ' 1960
SP725ABTG -40 to 105 8 Ld SOICTape and Reel | SP725AB(T)G ' 2500

Notes:

1. SP725AB(T)G means device marking either SP725ABG or SP725ABTG.

Embossed Carrier Tape & Reel Specification - SOIC Package

s M" AL, Min Max Min Max
0 0o0o0logo gT ©C0O0CO0O0OD E 165 185 0.065 0.073
. ke TT HE R F 5.4 5.6 0.213 0.22
= : P2 195 2.05 0.077 0.081
e L caton D 15 16 0.059 0.063
— D1 1,50 Min 0.059 Min
PO 39 41 0.154 0.161
10P0 40.0 + 0.20 1574 + 0.008
w 1.9 12.1 0.468 0.476
P 79 8.1 0.311 0.319
A0 6.3 6.5 0.248 0.256
BO 5.1 53 02 0.209
Ko 2 22 0.079 0.087
t 0.30 + 0.05 0.012 + 0.002

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP05 Series

SP05 Series - 30pF 30kV Unidirectional TVS Array

SP0502BAHTG SPO503BAHTG SPO504BAHTG
SP0502BAJTG SPO504BAJTG

l:
R N

SPO505BAHTG
SPO505BAJTG

SPO506BAATG

8
]
-
[ 1

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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HF [RoHs] (@) [GREEN]

Description

This surface mount family of arrays suppresses ESD and
other transient overvoltage events. Used to meet the
International Electrotechnical Compatibility (IEC transient
immunity standards IEC 61000-4-2 for Electrostatic
Discharge Requirements), these devices can help protect
sensitive digital or analog input circuits on data, signal, or
control lines with voltage levels up to 5VDC.

The monolithic silicon arrays are comprised of specially
designed structures for transient voltage suppression (TVS).
The size and shape of these structures have be tailored

for transient protection. The low capacitance and clamp
voltage are ideal for high speed signal line protection.

Features
e An Array of 2, 3, 4, 5 or 6 TVS Avalanche Diodes in a ultra
small SC70, SOT-23, SOT-143 or MSOP packages
ESD Capability Standards
- [EC 61000-4-2, Direct Discharge ........ 30kV (Level 4)

- IEC 61000-4-2, Air Discharge............... 30kV (Level 4)
-MIL STD 883 3015.7 ..o 30kV
e |nput Protection for Applications Up to 5VDC
e Fast Response TIMe ......coovviiiiiiieiiiiiiieeceee e <1ns
e Low Input Capacitance...........cccccoovvveeeieenne. 30pF Typical
e Operating Temperature Range.................... -40°C to 85°C

Applications

e Mobile phone handsets e Computer port, keyboard

(USB1.1)
¢ Digital still cameras

¢ Personal Digital
Assistants (PDA)

e Portable handheld
equipment (Laptop,
Palmtop computers)

¢ Digital video cameras
e MP3 players

Additional Information

Datasheet

Resources Samples


http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp050xba-lead-free-green.aspx#TechnicalResources
http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp05_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp050xba-lead-free-green.aspx#ElectricalCharacteristics
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Erpe e At | Ao Dt General Purpose ESD Protection - SP05 Series

Absolute Maximum Ratings

Parameter Rating Units
Storage Temperature Range -40 to 125 “C
Package Power Dissipation
SC70 0.2 W
SOT23-3, SOT23-5, SOT23-6, SOT143 0.225 W
MSOP 0.5 W

Parameter Test Conditions Min Typ Max Units
Reverse Standoff Voltage [q < TpA - - B V
Reverse Standoff Leakage Current V =5.0V 1 100 nA
Signal Clamp Voltage
Positive [=1mA 6.0 8.5 \
Negative [ =10mA -1.2 -0.8 -04 V

Clamp Voltage during ESD
MIL-STD-883 Method 3015 (HBM) test

+ 8kV 12 \

- 8kV -8 V
ESD Test Level (1)

|IEC-61000-4-2, Contact discharge 30 kV

MILSTD-883 Method 3015 (HBM) 30 kV
Capacitance 2.5V @ TMHz 30 pF
Turn on/off Time <1 ns

Temperature Range

Operating -40 85 °C
Storage -65 150 “C
Diode Dynamic Resistance
Forward Conduction 1.0 Q
Reverse Conduction 1.4 Q
Note:

(1) ESD voltage applied between channel pins and ground, one pin at a time; all other channel pins are open; all ground pins are grounded.

Typical Diode Capacitance vs. Reverse Voltage
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Diode Reverse Voltage (V)
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Soldering Parameters

Reflow Condition Pb — Free assembly
H o _’= tP :'_
Temperature Min (T, 150°C ﬂ T P

Pre Heat |-Temperature Max (T, 200°C 5 TLtoTe

-Time (min to max) (t;) 60 - 180 secs § T | ¢, )

P T
A L Te &= Is(max)
(_Iyt)e;zgee;akmp up rate (Liquidus) Temp 5°C/second max g D
L2p §

Tsmax 10 T, - Ramp-up Rate 5°C/second max = Tsminy

-Temperature (T,) (Liquidus) | 217°C —ts
Reflow

-Temperature (t,) 60 — 150 seconds 2
PeakTemperatu re (Tp) 260+95 °C I<— time to peak temperature———i Time =>
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 5°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C

Package Dimensions — SOT143

SOT143-4
SPO503BAHTG - SOT143-4 I
JEDEC TO-253

~— e —>

HFI—[

1 Recommended Pad Layout
503B | = -m-wm
Kl 0,80 (032" A 0.8 1.22 0.03 0.048
il A , A1 0.05 0.15 0.002 0.006
ol e [ +| 14008 b 0.30 0.50 0.012 0.020
. R e o s b2 0.76 0.89 0.030 0.035
_ Soolia tos7) N1 (o7sn) ! c 0.08 0.20 0.003 0.008
i R S = D 2.80 3.04 0.110 0.120
N I l b [Tase |+] ! E 2.10 2.64 0.082 0.104
el ol A = ;"T'T'J E1 1.20 1.40 0.047 0.055
100 (0d) 050 L3321 e 1.92 BSC 0.076 BSC
. 1.20 (.048")  1.00 (.040") el 0.20 BSC 0.008 BSC
LEE L 04 | 06 0.016 | 0.024
T +Ll- L1 0.550 REF 0.022 REF
— L1 |~

© 2017 Littelfuse, Inc.
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Package Dimensions — SC70

B 5C70-3
]
: [ JEDEC | MO-203
502 I € SPOS02BAJTG-SC703
|_j_| il . A 0.80 1.10 0.031 0.043
e A1 0.00 0.10 0.00 0.004
A2 0.70 1.00 0.028 0.039
"_ P B 0.15 0.30 0.006 0.012
m c 0.08 0.25 0.003 0.010
:’_{ D 1.85 2.25 0.073 0.089
5 E 115 135 0.045 0.053
e 0.66 BSC 0.026 BSC
c ,j% HE 2.00 2.40 0.079 0.094
L L 0.26 0.46 0.010 0.018
t o] L
SC70-6
oo
I R MO-203
L [a | Millimeters | Inches |
IEI 1 T SPO504BAJTG - SC70-5 Millimeters Inches
504 |+ A 0.80 1.10 0.031 0.043
! l A1 0.00 0.10 0.00 0.004
_»!%!{_L?J ]+ A2 0.70 1.00 0.028 0.039
B 0.15 0.30 0.006 0.012
D c 0.08 0.25 0.003 0.010
L1 D 1.85 2.25 0.073 0.089
@ E 1.15 1.35 0.045 0.053
i e 0.65 BSC 0.026 BSC
HE 2.00 2.40 0.079 0.094
¢ L 0.26 0.46 0.010 0.018
f Al sco6 |
m SC70-6
e ]
e e
|—5-| |—4—|—— SPO505BAJTG - SC70-6 -
505 % HE Recommended Pad Layout :\\1 8?8 ;118 0690301 gggi
: X ~ 0 (RER) A2 0.70 1.00 0.028 0.039
EREREI. 2 1 *‘ j‘“ B 0.15 0.30 0.006 0.012
_sle O e c 0.08 0.25 0.003 0.010
X ! |: ! D 1.85 2.25 0.073 0.089
"_ ° _ : : ! E 1.15 1.35 0.045 0.053
Ll e C T e 0.65 BSC 0.026 BSC
71| S : HE 2.00 2.40 0.079 0.094
i S e | . L 0.26 0.46 0.010 0.018
— § M - 1.60 - 0.063
. ,j% N - 130 - 0.051
L 0 - 0.65 - 0.026
i et P - 0.70 - 0.028
R - 0.35 - 0.014
s - 0.90 - 0.035
T - 2.50 - 0.098
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Package Dimensions — SOT23

—»l b|<—

H SP0502BAHTG - SOT23-3

502B T i Recommended Pad Layout
M

4
Ji % _I:I E}
A | - M
—_— - N
0
C
P =N
= L1 |~
‘_elTZ SP0504BAHTG - SOT23-5
|—5—| |T| f] Recommended Pad Layout
504B E;E . ,
ngagoms il ey

Y ;
T - L1L
<—e1—>
I ﬂ [ . 1 SPO505BAHTG - SOT23-6
5058 T E Recommended Pad Layout
TG+

igERES,

ol
<« D —»_
%@_t
Y —
t

Jdualk

‘—ae}--{aa-i-

P
t [DE—
"N

'
|"’|
(0]
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SOT23-3

3
JEDEC TO-236

- Millimeters

A 0.89 1.12 0.035 0.044
A1 0.01 0.1 0.0004 0.004
b 0.3 0.5 0.012 0.020
c 0.08 0.2 0.003 0.008
D 2.8 3.04 0.110 0.120
E 2.1 2.64 0.083 0.104
E1 1.2 1.4 0.047 0.055
e 0.95 BSC 0.038 BSC
el 1.90 BSC 0.075 BSC
L1 0.54 REF 0.021 REF
M 2.29 .090
N 0.95 0.038
0 0.78 .030TYP
0.78 .030TYP

SOT23 5

JEDEC

A 1.45 - 0.057

A1 0 0.15 0 0.006
b 03 05 0.012 0.020
c 0.08 0.22 0.003 0.009
D 2.75 3.05 0.108 0.120
E 2.6 3.0 0.102 0.118
E1 1.45 175 0.057 0.069
e 0.95 BSC 0.038 BSC

el 1.90 BSC 0.075 BSC

L1 0.60 REF 0.024 REF

M 2.59 102
N 0.95 038
o 0.69 .027TYP
P 0.99 .039TYP

MO-178

A - 1.45 - 0.057
A1 0 0.15 0 0.006
b 0.3 0.5 0.012 0.020
c 0.08 0.22 0.003 0.009
D 2.75 3.05 0.108 0.120
E 2.6 3.0 0.102 0.118
E1 1.45 175 0.057 0.069
e 0.95 BSC 0.038 BSC

el 1.90 BSC 0.075 BSC

L1 0.60 REF 0.024 REF

M 2.59 102
N 0.95 0.038
o 0.69 .027TYP
P 0.99 .039TYP
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Erpe e At | Ao Dt General Purpose ESD Protection - SP05 Series

Package Dimensions — MISOP

MSOP
AAAR SPO506BAATG - MSOP-8 _ MO-187

F T Recommended Pad Layout

506 B
2.90 3.10 114 122

G
[
o |
. 0000 R R e

D

E

E1

A
— A1 0.05 0.25 002 0.010
A ﬁ F F B - 0.30TYP - 0.012TYP
A

c

L1

L2

F

F1

G

H

1

E1 H

2.90 3.10 0.114 122

|

4.78 4.98 .188 .196

0.562 0.54 0.020 0.021
= 0.18TYP = .007TYP
- 5.28 - .208
- 4.24 - .167
- 0.65 - 0.026
= 0.38 = .015
- 1.04 - .041

| = 0.65TYP = 0.026TYP
_

!

Part Numbering System Product Characteristics

SP0502-++*TG
SP

= T Lead Plating “G" Green version - Matte Tin (Sn)
Blank = NOT Green/RoHS/Lead Free*
G= Green/RoHS/Lead Free Product Lead Material

TVS Diode Arrays
(SPA® Diodes)

Copper / Iron Alloy

T="Tape & Reel Lead Coplanarity 0.004 inches (0.102mm)
Package i i -
Series BAA = MSOP-8 Substitute Material Silicon
BAH = SOT23-3, -5, -6 or
SOT143-4 Body Material Molded Epoxy

BAJ = SC70-3, -5 or -6

Number of Channels -
02 = 2 channel (SC70-3, SOT23 packages)
03 = 3 channel (SOT143 package)

04 = 4 channel (SC70-5, SOT23-5 package) Notes:
05 =5 channel (SC70-6, SOT23-6 packages)
06 = 6 channel (MSOP-8 package)

Ordering Information

*NOTE: To order NON-Green/RoHS/Lead Free version of product,
remove “G" at the end of part number.

Flammability UL 94 V-0

All dimensions are in millimeters.

Dimensions include solder plating.

Dimensions are exclusive of mold flash & metal burr.

Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.

S

Package surface matte finish VDI 11-13.

Part Number CH Package Type Quantity Per Reel

SP0502BAHTG 2 SOT23-3 3000
SPO503BAHTG 3 SOT143-4 3000
SPO504BAHTG 4 SOT23-5 3000
SPO505BAHTG 5 SOT23-6 3000
SPO506BAATG 6 MSOP-8 4000
SP0502BAJTG 2 SC70-3 3000
SPO504BAJTG 4 SC70-5 3000
SPO505BAJTG 5 SC70-6 3000

© 2017 Littelfuse, Inc.
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Embossed Carrier Tape & Reel Specification — SOT23-3

PO
mbo
8 t Y Min Max Min Max
&l o i/m E 165 185 0.065 0.073
. = F 3.40 3.60 0.134 0.142
@ @] @] &

D D W J, I P2 1.90 2.10 0.075 0.083
2 D 1.40 1.60 0.055 0.063

P
A0 8mmTAPE AND REEL PO 3.90 4.10 0.154 0.161
GENERAL INFORMATION W 770 830 0303 0327

1. 3000 PIECES PER REEL.

ﬁ I ST T s o s ou P 3.90 4.10 0.154 0.161

ACCESS HOLE
g o] | 1d.4mm SOT23-3 (8mm POCKET PITCH) A0 3.05 3-25 0.120 0.128
BO 2.67 2.87 0.105 0.113

00000000
[ KO 1.12 1.32 0.044 0.052
toomm HL eoenm @ t 0.22 0.24 0.009 0.009
USER DIRECTION OF FEED PIN 1
—»| [« 8.4mm

Embossed Carrier Tape & Reel Specification — SOT23-5

Millimetres Inches

Symbol -
Min Max Max
D | & & E 1.65 1.85 0.065 0.073
@ E} Eﬂ F 3.40 3.60 0.134 0.142
—/ ! P2 1.90 2.10 0.075 0.083
P ® D 1.40 1.60 0.055 0.063
Ao 8mm TAPE AND REEL PO 3.90 4.10 0.154 0.161
GENERAL INFORMATION : : : §
b}mmw 1. 3000 PIECES PER REEL, w 770 8.30 0.303 0.327
2. ORDER IN MULTIPLES OF I:UII:L REELS ONLY.
1S 3. MEETS EIA-481 REVISION "A" SPECIFICATIONS. P 390 4 1 o o 1 54 0 1 6,]
< ACCESS HOLE S0T23-5 (8mm POCKET PITCH)
o e ratmm 50000000 A0 3.05 3.25 0.120 0.128
. BO 2.67 2.87 0.105 0.113
s Ko 112 132 0.044 0.052
e x v USER DIRECTION OF FEED PN t 0.22 0.24 0.009 0.009
Embossed Carrier Tape & Reel Specification — SOT23-6
PO
,
Symbol - -
Min Max Min Max
E 1.65 1.85 0.065 0.073
F 3.40 3.60 0.134 0.142
P2 1.90 2.10 0.075 0.083
AO 8mm TAPE AND REEL D 140 1.60 0.085 0.063
GENERAL INFORMATION PO 3.90 410 0.154 0.161
1. 3000 PIECES PER REEL.
5 VTS BIA-481 REVISION A" SPECIFICATIONS. w 770 8.30 0.303 0.327
o ACCESS HOLE S0T23-6 (8mm POCKET PITCH) P 3 90 4 10 o 154 0 161
< o ot 00000000 g g g g
] A0 3.05 3.25 0.120 0.128
T ir“A BO 2.67 2.87 0.105 0.113
e :T 5" USER DIRECTION OF FEED  \- piN1 Ko 112 1.32 0.044 0.052
L t 0.22 0.24 0.009 0.009

© 2017 Littelfuse, Inc.
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Embossed Carrier Tape & Reel Specification — SOT143-4

Millimetres Inches

Symbol

PO P _ Pl ¥—a c L/ Min Max Min Max
(D d aloe @5’ w j A 3.09 3.09 0.122 0.130
\ 7 W 7 B 2.70 2.90 1.106 0.114
IE==E==IT & 'I'E; c 121 141 0.048 0.056
la | == / "é d 140 160 0.055 0.102
E 1.65 0.85 0.065 0.073

A L—n AA
F 3.45 3.65 0.133 0.142
Trailer Tape Leader Tape Y 4.10 3.90 0.154 0.161
Components P 4.10 3.90 0.154 0.161
P1 1.90 2.10 0.075 0.083
M w 790 8.10 0.3M1 0.319

ol| o / o H Il © / o

]

Embossed Carrier Tape & Reel Specification — MSOP-8

PO

Pin1

\

User Feeding Direction

)
E 1.65 1.85 0.065 0.073
o b 0 0 0 ;zf 0/ <Y
~/ %i F 5.40 5.60 0.213 0.220
e‘ S HI o 4 i= D 1.50 1.60 0.059 0.063
= % D1 1.50 Min 0.059 Min
. @ PO 3.90 4.10 0.154 0.161
~—AO— t w 11.70 12.30 0.461 0.484
P 790 8.10 0.311 0.319
L . I
A0 5.20 5.40 0.205 0.213
o
= © 00O 0O User Feeding Direction B0 3.30 3.40 0.126 0.134
Ko 1.20 1.40 0.047 0.055
VA

Pin 1 Location

Embossed Carrier Tape & Reel Specification — SC70-3

PO
. ] —
) —T—t Min Max Min Max
~ E 165 1.85 0.064 0.073
oo D @ F 3.45 3.55 0.135 0.139
=1 P2 195 2.05 0.077 0.081
- D 1.40 1.60 0.055 0.063
D1 o D1 1.00 125 0.039 0.049
PO 3.90 4.10 0.154 0.161
AQ —e— =) User Feeding Direction W 770 8.10 0303 0318
P 3.90 4.10 0.153 0.161
A0 2.14 2.34 0.084 0.092
1S EE— BO 224 2.44 0.088 0.096
< Ko 112 132 0.044 0.052
t 0.27 Max 0.010 Max

© 2017 Littelfuse, Inc.
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Embossed Carrier Tape & Reel Specification — SC70-5

Millimetres Inches

Symbol - -
Min Max Min Max
E 1.65 1.85 0.064 0.073
—T—t F 3.45 3.55 0.135 0.139
P2 1.95 2.05 0.077 0.081
‘ll D 1.40 1.60 0.055 0.063
D1 1.00 1.25 0.039 0.049
ll‘— PO 3.90 4.10 0.154 0.161
o w 770 8.10 0.303 0.318
m
. . . P 3.90 4.10 0.153 0.161
p User Feeding Direction
AQ —= A0 2.14 2.34 0.084 0.092
BO 2.24 2.44 0.088 0.096
KO 1.12 1.32 0.044 0.052
S — t 0.27 Max 0.010 Max
X
Embossed Carrier Tape & Reel Specification — SC70--6
| Millmoves | hches |
Symbol - -
Min Max Min Max
PO E 1.65 1.85 0.064 0.073
F 3.45 3.55 0.135 0.139
P2—= & —=t P2 195 2.05 0.077 0.081
D 1.40 1.60 0.055 0.063
& % D1 1.00 125 0.039 0.049
= — PO 3.90 4.10 0.154 0.161
=H= ?— w 770 8.10 0.303 0.318
P 3.90 4.10 0.153 0.161
o A0 2.14 2.34 0.084 0.092
User Feeding Direction
AQ —= BO 2.24 2.44 0.088 0.096
KO 1.12 1.32 0.044 0.052
t 0.27 Max 0.010 Max
o ﬂ
X

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP1001 Series - 8pF 15kV Unidirectional TVS Array [& AuTomoTIVE GRADE] [RoHS| (BB) {GREEN]

Description

Zener diodes fabricated in a proprietary silicon avalanche
technology protect each I/O pin to provide a high level of
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes above
the maximum level specified in the IEC 61000-4-2
international standard (Level 4, £8kV contact discharge)
without performance degradation. Their very low loading
capacitance also makes them ideal for protecting high-
speed signal pins.

® | ow capacitance of 8pF
(TYP) per I/O

0.5 to 0.TpA (MAX) at 5V
e Small package saves

G it et or s, * ESD protection of 15kV board space
e 0 B O e ~d® 3s contact discharge, +30kV e | jghtning protection, IEC
air discharge, (Level 4, 61000-4-5, 2nd edition 2A
s 2 L S R S L IEC 61000-4-2) (8/20us)
2 [] s ] 1+ ] 14 ne[] 14 e EFT protection, IEC o AEC-Q101 qualified
61000-4-4, 40A (SC70-x packages)
(S0T 8531 itren itrtes (5/50ns) * RoHS compliant and lead-
O s o e o e * Low leakage current of free
2 2] s
"4 = = Applications
s O mEE . I . _
e Computer Peripherals e LCD/PDPTVs
“Note: AEC-Q101 qualified ¢ Mobile Phones ¢ SetTop Boxes
e Digital Cameras e DVD Players
Functional Block Diagram ¢ Desktops/Notebooks e MP3/PMP
SP1001-02 SP1001-02
! 2 5 4 Application Example
Input LCD module
g Controller
< : ® » | D1
3 2 <+ & » | D2
= > oo
o | = » | D4
SP1001-04 SP1001-05 o =
5 4 6 5 4 @ -
=| =
S -
= = SP 1001-04JTG (SC70-5)
E SP 1001-04XTG (SOT553)
4: L) Signal
= Vl.v Shield —L.—_ Ground
bbb Ground
1 2 3 1 2 3

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications
The products shown herein are not designed for use in life sustaining or life saving

applications unless otherwise expressly indicated.

| Bt |

Datasheet

Additional Information

Resources

Samples
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SP1001 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information
Symbol Parameter Value Units Parameter Rating Units
lpp Peak Current (t,=8/20ps) 2 A Storage Temperature Range -55 to 150 °C
Top Operating Temperature —4010 125 °C Maximum Junction Temperature 150 °C
Tsron Storage Temperature -55 10 150 °C Maximum Lead Temperature (Soldering 260 °C
20s-40s)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Forward Voltage Drop Ve [e=10mA 0.7 0.9 1.2 V
Reverse Voltage Drop Vg [e=TmA 6.0 8.5 V
Reverse Standoff Voltage L/ R— [R<TUA 5.5 V
Reverse Leakage Current leak Vg=bV 0.1 PA
lpp=1A, t,=8/20ps, Fwd 8.0 11.0 V
Clamp Voltage' Ve

lpp=2A, t,=8/20us, Fwd 9.7 13.0 V
Dynamic Resistance Rovn (Vo -Veq) / (lppy = lppy) 1.7 Q
i IEC61000-4-2 (Contact) +15 kV

ESD Withstand Voltage'? VEsp -
IEC61000-4-2 (Air) +30 kV
Reverse Bias=0V 12 pF
Diode Capacitance’ Co Reverse Bias=2.5V 8 pF
Reverse Bias=5V 7 pF

Notes:
" Parameter is guaranteed by device characterization
2 A minimum of 1,000 ESD pulses are applied at 1s intervals between the anode and common cathode of each diode

Capacitance vs. Reverse Bias Design Consideration

0 Because of the fast rise-time of the ESD transient,
placement of ESD devices is a key design consideration.

12 To achieve optimal ESD suppression, the devices should be
\ placed on the circuit board as close to the source of the ESD
N transient as possible. Install the ESD suppressors directly
~— behind the connector so that they are the first board-level
circuit component encountered by the ESD transient. They

I — are connected from signal/data line to ground.

Capacitance (pF)

0 05 1 15 2 25 3 35 4 45 5 55 6
DC Bias (V)
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TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1001 Series

Soldering Parameters

Reflow Condition

Pb — Free assembly

-Temperature Min (T ;) 150°C
Pre Heat |-Temperature Max (T .,) 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

Tsmax 10T, - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)

217°C

Reflow
-Temperature (t,)

60 - 150 seconds

PeakTemperature (T;)

260+05 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (Tp)

8 minutes max.

Do not exceed

260°C

Part Numbering System

— tp
T 1 1
P Critical Zone

° TLto Tp
5 T
g_n ¢
E TS ) L 1
° (max)
g‘ Ramp-dow
2

TS(min)

—ts
25
time to peak temperature——— Time =>

Product Characteristics

SP1001-0 TG q Matte Tin (SC70-x) Pre-Plated Frame
T Lead Plating (SOT5x3, SOT63)
TVS Diode Arrays )
(SPA® Diodes) G= Green Lead Material Copper Alloy
T= Tape & Reel
Package Lead Coplanarity 0.0004 inches (0.102mm)
Series J = SC70-3, SC70-5 or SC70-6 Substitut
X = SOT563 or SOT563 ubstitute .
Number of Ch | -
(L)lzrzzgac:nel annels V = SOT963 Material Silicon
04 = 4 Channel
05 = 5 Channel Body Material Molded Epoxy
Flammability UL 94 V-0
Part Marking System Notes -

AZ
A Product Series ——I_ “7 |— Number of Channels

A =SP1001 series (varies)

Assembly Site

(varies)

Ordering Information

Part Number Package Marking Min. Order Qty.
SP1001-02JTG SC70-3 A2 3000
SP1001-02XTG SOT553 A*2 3000
SP1001-04JTG SC70-5 A4 3000
SP1001-04XTG SOT553 A4 3000
SP1001-05JTG SC70-6 A5 3000
SP1001-05VTG SOT963 A5 8000
SP1001-05XTG SOT563 A5 3000

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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General Purpose ESD Protection - SP1001 Series
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Package Dimensions — SC70

SC70-3 :
. Solder Pad Lovout
N older Pad Layou
r; 50 JEDEC

I [0.0512]7] 065

E hE oo
l [o.0276) A 0.80 1.10 0.031 0.043
A1 0.00 0.10 0.000 0.004
A2 0.70 1.00 0.028 0.039
|‘— D — - B 0.15 0.30 0.006 0.012
%m &5 c 0.08 0.25 0.003 0.010
/4 l‘ D 1.85 2.25 0.073 0.089
A E 115 1.35 0.045 0.053

- e 0.66 BSC 0.026 BSC

f_lj% 2 HE 2.00 2.40 0.079 0.094
i = -t - L 0.26 0.46 0.010 0.018

— SC705
~ T
: R e  Wimees | e |

|;| . [0.0256]
1 3 0.40
b a1 A 0.80 1.10 0.031 0.043
Jel A1 0.00 0.10 0.000 0.004
5 D D A2 0.70 1.00 0.028 0.039
’ T — B 0.15 0.30 0.006 0.012
A2 A od o2 c 0.08 0.25 0.003 0.010
[ 8358
= "33 D 185 2.25 0.073 0.089
At 4 E 115 1.35 0.045 0.053
. D D D e 0.65 BSC 0.026 BSC
i HE 2.00 2.40 0.079 0.094
f 2 L 0.26 0.46 0.010 0.018

8- SC70-6 SC70-6

6] ] [¢ Solder Pad Layout [ Ps [ 0000000006 0000
t 1.30 JEDEC MO-203

: 0] o0

[ ]
[0.0256)
N EI I S
Nt : A 0.80 1.10 0.031 0.043
|:| |:| D A1 0.00 0.10 0.000 0.004
|‘_ D —I — A2 0.70 100 0.028 0.039
% 5Ll % of B 0.15 0.30 0.006 0.012
<
g 1858 ¢ 0.08 0.25 0.003 0.010
—F S S
Al i D 1.85 2.25 0.073 0.089
. |:| |:| D E 115 135 0.045 0.053
i e 0.65 BSC 0.026 BSC
f e HE 2.00 2.40 0.079 0.094
L 0.26 0.46 0.010 0.018

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensions — SOT553 and SOT563

- A, SOT 563
r Pins
SOT 553 | Pins |
=1
T HE Solder Pad Layout
| o0 A 0.50 0.60 0.020 0.024
_.||_ (003941 o050 B 0.17 0.27 0.007 0.011
| —— 5 1
o o01e7] c 0.08 0.18 0.003 0.007
foot1g] D 1.50 170 0.059 0.067
[] N E 110 130 0.043 0.051
8§ 8% e 0.50 BSC 0.020 BSC
52-8 L 0.10 0.30 0.004 0.012
|:| |:| |:|_9 HE 1.50 1.70 0.059 0.067
|‘_D _,| - A, SOT 563
o [' soTs63  Pins |
s s o 1 T SolderPad Lavou
HE
® 2 3
=t ] | (00347 o050 A 0.50 0.60 0.020 0.024
. I._‘ ] ~ [ogie7) B 0.17 0.27 0.007 0.011
—| |— ¢ "|“|"[o.ona] c 0.08 0.18 0.003 0.007
B
—i D 1.50 1.70 0.059 0.067
D D D—‘? = E 1.10 1.30 0.043 0.051
SB8E e 0.50 BSC 0.020 BSC
o o
= = L 0.10 0.30 0.004 0.012
—
D D Dgl HE 1.50 1.70 0.059 0.067

Package Dimensions — SOT963

Inches

Max
044 | 0.48 0.560 | 0.0173 | 0.0189 | 0.0197
0.10 0.15 0.20 0.004 | 0.006 0.008
0.05 0.10 0.15 0.002 | 0.004 0.006
0.95 1.00 1.05 0.037 | 0.039 0.041
0.75 | 0.80 0.85 0.029 | 0.031 0.033

E1 0.95 1.00 1.05 0.037 | 0.039 0.041
e 0.35 BSC 0.014 BSC
L 0.05 0.10 0.15 0.002 | 0.004 0.006
L1 0.1256 | 0.15 | 0.175 | 0.005 | 0.006 0.007
o [} 3° 5° 7° 3° 5° 7°
. =
o b m 0.0079 0.'(‘)087
N a e 0.350(typ) 0.0138(typ)
E 0.688(ref) 0.027(ref)
E1 1.062(ref) 0.042(ref)
11| 0187 [ 0.206 [ 0.0074] 0.0081
—

Recommanded Solder Pad Layout

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Embossed Carrier Tape & Reel Specification — S

- Dimensions |

- . -
+ E 1.65 1.85 0.065 0.073
@ | @ % D & F 3.45 355 0.135 0.139
]-?5-[ ]-%g-[ ]-'43-[ ]-'{g-[ = — P2 195 2.05 0.077 0.081
" $ i D 140 1.60 0.055 0.063
4D 1 S gk D1 1.00 125 0.039 0.049
PO 3.90 4.10 0.154 0.161
'2? P 10P0 40.0 £ 0.20 1574 = 0.008
[l w 7.70 8.10 0.303 0.318
P 3.90 4.10 0.153 0.161
S A0 2.30 2.50 0.090 0.098
< A1 1.00 Ref 0.039 Ref
BO 230 | 250 0.090 | 0098
B1 1.90 Ref 0.074
Ko 110 | 130 0.043 | 0051
K1 0.60 Ref 0.023 Ref
t 0.27 max 0.010

Embossed Carrier Tape & Reel Specification — SC70-5 and SC70-6

> # o ¢

R
N\
Y

_€

N

F—<»—|>I~

=W

M m

1.65 1.85 0.065 0.073
3.45 3.55 0.135 0.139
D1 P Q P2 1.95 2.05 0.077 0.081
D 1.40 1.60 0.055 0.063
?ﬁ‘o D1 1.00 1.25 0.039 0.049
lf PO 3.90 4.10 0.154 0.161
o 10P0 40.0 + 0.20 1.574 + 0.008
< w 770 8.10 0.303 0.318
P 3.90 4.10 0.153 0.161
A0 2.14 2.34 0.084 0.092
BO 2.24 2.44 0.088 0.096
Ko 1.12 1.32 0.044 0.052
t 0.27 max 0.010 max

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Embossed Carrier Tape & Reel Specification — SOT553 and SOT563

E 1.65 1.85 0.065 0.073
F 3.45 3.65 0.135 0.139
8 P2 1.95 2.05 0.077 0.081
D 1.40 1.60 0.055 0.063
D1 0.45 0.55 0.017 0.021
PO 3.90 4.1 0.154 0.161
10P0 40.0 £ 0.20 1.574 + 0.008
w 770 8.10 0.303 0.318
P 3.90 4.10 0.153 0.161
A0 1.73 1.83 0.068 0.072
BO 1.73 1.83 0.068 0.072
K0 0.64 0.74 0.025 0.029
t 0.22 max .009 max

Embossed Carrier Tape & Reel Specification — SOT963

- ~— PO

Pa— Dimensions |
—>||<— t

Min Max Min Max
@ E 1.65 1.85 0.065 0.073
4 F 3.45 3.65 0.136 0.140
l_@_‘ ﬂ D1 0.45 0.55 0.018 0.022

A D 1.50 min 0.059 min
PO 3.90 4.10 0.154 0.161

¢D1 —-t= - @) 10P0 40.0 + 0.20 1575 + 0.008

- B P @ P 1.95 2.05 0.077 0.081
AQ —>»—<+— P2 1.95 2.05 0.077 0.081
JL w 790 8.20 0.3 0.323
== A0 M 1.21 0.044 0.048
T BO 1.11 1.21 0.044 0.048
KO 0.58 0.68 0.023 0.027

S t 0.22 max 0.009 max

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP1002 Series

SP1002 Series 5pF 8kV Bidirectional TVS Array

SP1002-01JTG SP1002-02JTG
(SC70-3) (SC70-5)

([ ] 1|:O

Ne [
s []

1|: [ 15
LS

2 []

Functional Block Diagram

SP1002-01JTG  SP1002-02JTG
1 1 3

Additional Information

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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[RoHS] ‘(@8) [GREEN]

Description

Back-to-Back Zener diodes fabricated in a proprietary
silicon avalanche technology protect each 1/O pin to provide
a high level of protection for electronic equipment that
may experience destructive electrostatic discharges (ESD).
These robust diodes can safely absorb repetitive ESD
strikes at the maximum level specified in the IEC 61000-4-
2 international standard (Level 4, +8kV contact discharge)
without performance degradation. Their very low loading
capacitance also makes them ideal for protecting high-
speed signal pins.

Features

e | ow leakage current of
0.5pA (MAX) at BV

e Small package saves
board space

e Lightning Protection, IEC
61000-4-5, 2nd edition 2A

e | ow capacitance of bpF
(TYP) 1/O to I/O

e ESD protection of +8kV
contact discharge, +15kV
air discharge, (Level 4,
IEC 61000-4-2)

e EFT protection, IEC (8/20us)

61000-4-4, 40A * RoHS compliant and lead
(5/50ns) free

Applications

Computer Peripherals e | CD/PDPTVs
Mobile Phones
Digital Cameras

SetTop Boxes
DVD Players
MP3/PMP

Desktops/Notebooks

Application Example

MultiMedia MultiMedia
Device Device
Audio Out L Audio In L
Audio Out R Audio In R

%I $ 2 x SP1002-01

SCART MultiMedia Application of SP1002-01



http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp1002_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1002.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1002.aspx#TechnicalResources

% Littelfuse TVS Diode Arrays (SPA®Diodes)

Erpe e At | Ao Dt General Purpose ESD Protection - SP1002 Series

Absolute Maximum Ratings Thermal Information
Symbol Parameter Value Units Parameter Rating Units
= Peak Current (t,=8/20ps) 2 A Storage Temperature Range —55t0150 [ °C
Top Operating Temperature _40 10 125 °oC Maximum Junction Temperature 150 °C
o Maxi Lead Te 2 9
Tston Storage Temperature -55 to 150 C (Sgﬁg‘#nrg Zg?fosmperature 60 C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units

Voltage Drop Vp [g=TmA 6.0 9.6 \
Reverse Standoff Voltage Vawm [e<TpA with 1 1/0 at GND 6.0 \
Leakage Current e Ve=5V with I/O at GND 0.5 pA
lpp=1A, 1,=8/20us, Fwd 9.2 13.0 \

Clamp Voltage! Ve
lpp=2A, 1,=8/20us, Fwd 1.2 16.0 \
Dynamic Resistance Rovn (Vo - Veqd / llppy - lppy) 2.0 Q
IEC61000-4-2 (Contact) +8 kV

ESD Withstand Voltage'? Vesp
IEC61000-4-2 (Air) +15 kV
Reverse Bias=0V 6 pF
Diode Capacitance'’ Cs Reverse Bias=2.5V 5 pF
Reverse Bias=5V 5 pF

Notes:
T Parameter is guaranteed by device characterization
2 A minimum of 1,000 ESD pulses are applied at 1s intervals

Soldering Parameters

Reflow Condition Pb — Free assembly —! tp le—
TP - ) Critical Zone

-Temperature Min (T ;) 150°C H
Pre Heat |-Temperature Max (T .. 200°C .3 T T | ¢, )

-Time (min to max) (t,) 60 - 180 secs E’_ Stmax)

£ Ramp-dow
A Li - T Preheat|
verage ramp up rate (Liquidus) Temp 3°C/second max @ . [Preheat]
(T,) to peak S(min)
I‘_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Rofl -Temperature (T,) (Liquidus) | 217°C 25 |<-
eriow time to peak temperature—————»l -

-Temperature (t,) 60 - 150 seconds Time ==>
Peak Temperature (T;) 260+05 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes max.
Do not exceed 260°C

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1002 Series

w4 Littelfuse
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Package Dimensions — SC70-3

-8l Solder Pad Layout | Package | SC70-3
3 1.30
H 050 - | Pins |
0.0256
— [0.0276]
T
oo A 0.80 1.10 0.031 0.043
é 5 A1 0.00 0.10 0.000 0.004
5 A2 0.70 1.00 0.028 0.039
o ¥ B 0.15 0.30 0.006 0.012
tt 88
A2 A -3 c 0.08 0.26 0.003 0.010
: | 1 D 185 2.25 0.073 0.089
A1 E 115 135 0.045 0.053
L e 0.66 BSC 0.026 BSC
¢ 58 HE 2.00 2.40 0.079 0.094
o
T et L 0.26 0.46 0.010 0.018
Package Dimensions — SC70-5
R 5C705
e Soer s Lavu I V- S
i olc y JEDEC MO-203

E HE [ [0.0512] 06

| [0.0256)

aagaml 040
Ll

[0.0157]

M [,

2 28 %3

'O N©

_il “gng
Al }

ﬁll-n
[}
[]
i

-.| |<-L

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

Millimeters Inches

A 0.80 1.10 0.031 0.043
A1 0.00 0.10 0.000 0.004
A2 0.70 1.00 0.028 0.039
B 0.15 0.30 0.006 0.012
c 0.08 0.25 0.003 0.010
D 1.85 2.25 0.073 0.089
E 1.15 1.35 0.045 0.053
e 0.65 BSC 0.026 BSC

HE 2.00 2.40 0.079 0.094
L 0.26 0.46 0.010 0.018

Product Characteristics

Lead Plating Matte Tin
Lead Material Copper Alloy
Lead Coplanarity 0.0004 inches (0.102mm)
Substitute Material Silicon
Body Material Molded Epoxy
Flammability UL 94 V-0

Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.



% Littelfuse TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP1002 Series
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Part Numbering System Part Marking System
B * *

SP 1002-** J TG
1

B** Product Series Number of Channels
TVS Diode Arrays G= Green B = SP1002 Series (varies)
(SPA® Diodes)
T= Tape & Reel Assembly Site
(varies)

Series —— . .

Ordering Information
Number of Channels Package
8; z ; gE:::z: J= g’ggg Part Number Package Marking | Min. Order Qty.

SP1002-01JTG SC70-3 B*1 3000

SP1002-02JTG SC70-5 B*2 3000

Embossed Carrier Tape & Reel Specification — SC70-3

Fo
P2
$ - | e e

E 1.65 1.85 0.065 0.073
Vas Wl Jash % o a5 F 3.45 3.55 0.135 0.139
= L ¢ P2 1.95 2.05 0.077 0.081
]'E;L[ ]'%3'[ ]‘4}“[ ]"{?}"[ D 1.40 1.60 0.055 0.063
w $ f D1 1.00 1.25 0.039 0.049
@D1 9 sl K1 PO 3.90 4.10 0.154 0.161
10P0 40.0 + 0.20 1574 = 0.008
w 7.70 8.10 0.303 0.318
P 3.90 4.10 0.153 0.161
A0 2.30 2.50 0.090 0.098
A1 1.00 Ref 0.039 Ref
BO 230 | 250 0.090 | 0.098
B1 1.90 Ref 0.074
KO 110 | 130 0.043 | 0.051
K1 0.60 Ref 0.023 Ref
t 0.27 max 0.010

Embossed Carrier Tape & Reel Specification — SC70-5 and SC70-6

0
P2~ & t
E 1.65 1.85 0.065 0.073
é} W F 3.45 3.55 0.135 0.139
N5 % @ "Aj ‘17 P2 1.95 2.05 0.077 0.081
2 B e B = = D 1.40 1.60 0.055 0.063
ol 9 P / | J} D1 1.00 125 0.039 0.049
- i PO 3.90 4.10 0.154 0.161
gD 1—=——"=— 8 10P0 40.0 = 0.20 1.574 + 0.008
w 770 8.10 0.303 0.318
AQ—=—=— == P P 3.90 4.10 0.153 0.161
A0 2.14 2.34 0.084 0.092
BO 2.24 2.44 0.088 0.096
Ko 112 1.32 0.044 0.052
g t 0.27 max 0.010 max

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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General Purpose ESD Protection - SP1003 Series

SP1003 Series - 30pF 30kV Unidirectional Discrete TVS [& automorive crae| HF [RoHs]| (@) [GREEN]

Description

Zener diodes fabricated in a proprietary silicon avalanche
technology protect each I/O pin to provide a high level of
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes at +30kV
(contact discharge, IEC 61000-4-2) without performance

degradation. Additionally, each diode can safely dissipate
7A of 8/20us surge current (IEC61000-4-5) with very low
clamping voltages.

- e RoHS compliant,
Pinout Halogen-free and Lead-

10 free

. T e ESD, IEC 61000-4-2,
2

e Tiny SOD723/ SOD882
(JEDEC MO-236) package
saves board space

e Fits solder footprint of
industry standard 0402
(1005) devices

e AEC-Q101 qualified
(SOD882 package)

e Moisture Sensitivity Level
(MSL Level-1)

+30kV contact, £30kV air
e EFT IEC 61000-4-4, 40A
(5/50ns)
e Lightning, IEC 61000-4-5
2nd edition, 7A (8/20us)

e |Low leakage current of
100nA (MAX) at bV

2] |

S0D723 S0D882

(AEC-Q101 qualified)

Functional Block Diagram

Applications

Additional Information

in

Datasheet

Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

‘ N _l ‘

e Mobile phones
e Smart phones
e Tablets

e Portable navigation
devices

Application Example

e Digital cameras
® Portable medical devices
¢ \Wearable Technology

I/O port
Low-speed port Controller
<o > | B1
-« * > | 82
- >
S| = ® > | B3
= : B4
< '
[0} 1
"(_j 1
n 1
"5’ 1
O 1
<: (4) SP1003-01 Signal
. . igna
: —I—_ Ground
< -- -
<\ Shield
Ground


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp1003_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1003.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1003.aspx#TechnicalResources
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Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
lop Peak Pulse Current (t,=8/20us) 7.0 A Storage Temperature Range —-55 to 150 “C
Top Operating Temperature —-40 to 125 °C Maximum Junction Temperature 150 °C
TstoR Storage Temperature —-55 to 150 *C Maximum Lead T?mperature 260 °C

~(Soldering.20-40s

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Ty=25°C)

Parameter Test Conditions
Forward Voltage Drop Ve [e = 10mA 0.8 1.2 \
Reverse Voltage Drop Vi lg=TmA 6.0 7.8 8.6 \
Reverse Standoff Voltage /E— la<TpA 5.0 Vv
Reverse Leakage Current | eak Vg=bV 100 nA
| ,=6A t =8/20us 1.4 vV
Clamp Voltage' Ve & 2 s
l,,=7A 1,=8/20us 12.0 \
Dynamic Resistance Rovn TLE t,=100ns, 1/0 to GND 0.25 Q
) IEC61000-4-2 (Contact Discharge) +30 kV
ESD Withstand Voltage' Vesp —
IEC61000-4-2 (Air Discharge) +30 kV
Diode Capacitance’ Co Reverse Bias=0V 30 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias Clamping Voltage vs. I,

14.0
40.0
35.0 12.0
30.0
— —, 10.0
g
5 2 —
o 250 ° L
] N o 80
£ 200 T~ 5
© T — >
3 T— = 6.0
8§ 150 g
8
100 o 40
50 20
0.0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0 00
1 2 3 4 5 6 7
DC Bias (V
v Peak Pulse Current-l,, (A)

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Transmission Line Pulsing (TLP) Plot Leakage vs. Temperature

TLP Current (A)
Leakage Current (nA)

/
J
4

0 2 4 6 8 10 12 14 16 18 0.0
0 10 20 30 40 50
TLP Voltage (V)

Temperature (°C)
Pulse Waveform

110%

100%

90% /
80%
o,

& 70%
5 / AN
S eo% /
<
8 s0%
2
: /
& 40% / \
30% / \
20% /
10%
0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (ps)

Soldering Parameters

Reflow Condition Pb - Free assembly ﬂ T — tp
P Critical Zone

-Temperature Min (T ;) 150°C ®

Pre Heat |-Temperature Max (T .. 200°C % T { - )
. . H TS(max)
-Time (min to max) (t,) 60 - 180 secs g s
) 3 E amp-dow!
(]
Average ramp up rate (Liquidus) Temp 3°C/second max R
(T,) to peak S(min)
—tg

Tsmax 10 T - Ramp-up Rate 3°C/second max /

-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———»l "

-Temperature (t,) 60 — 150 seconds - Time =>
PeakTemperature (T,) 260+0-5 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

© 2017 Littelfuse, Inc.
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% Littelfuse TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1003 Series
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Part Numbering System Product Characteristics

SP 1003-01 * T G Lead Plating Pre-Plated Frame or Matte Tin
. —I: Lead Material Copper Alloy
TVS Diode Arrays G= Green - -
(SPA® Diodes) - Lead Coplanarity 0.0004 inches (0.102mm)
T= Tape & Reel Substitute Material Silicon
. Body Material Molded Epoxy
Series -
Flammability UL 94 V-0
Package
. Notes :
Number of Channels ) D: SOD723 1. All dimensions are in millimeters
-01 = 1 Channel E: SOD882 2. Dimensions include solder plating.
3. Dimensions are exclusive of mold flash & metal burr.
4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Part Marking System
Ordering Information
Part Number Package Marking Min. Order Qty.
X SP1003-01DTG SOD723 JorC 8,000
/ SP1003-01ETG S0D882 JorC 10,000
Product ID Pin 1
JorC

Package Dimensions — SOD723

D
r T 1 1.10 © S >
L T [0.043] T S ! X
[ D ] w | | A 0.46 0.65 0.018 0.026
! T NI 1 b 0.23 035 0.009 0.014
o | |
HE — i i c 0.08 0.13 0.003 0.005
| L_i 0 20] D 0.90 110 0.035 0.043
! \ l <:l. Recommended Solder Pad Layout E 0.58 0.64 0.023 0.025
I Millimeters (Inches)
‘ ‘ T HE 1.37 1.47 0.054 0.058
L— = o L 0.15 0.25 0.006 0.010

Package Dimensions — SOD882

| A |

T

]

i

i

{----- B B JEDEC MO-236

]

.
|

1

ches
- *‘ o ‘:—0.325—»| Typ Max

0.90 1.00 1.10 0.035 | 0.039 | 0.043
0.50 0.60 0.70 | 0.020 | 0.024 | 0.028
0.40 0.50 0.60 | 0.016 | 0.020 | 0.024
0.45 0.018
0.20 0.25 0.35 | 0.008 | 0.010 | 0.012
0.45 0.50 0.55 | 0.018 | 0.020 | 0.022

c -I— -I— 0.650

| 0.650 |
I |

- 0975

* E : Recommended Soldering Pad Layout

mMmoO w >
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SP1003 Series
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Millimetres Inches

A
Y
-
o

Symbol - -
P21 User Feeding Directi o s - e
0 —t 9. Irection E 1.65 1.85 0.064 0.072
3.40 3.60 0.134 0.142
D1 0.45 0.55 0.017 0.021
D 150 - 0.060 --
PO 3.90 4.10 0.153 0.161
o1~ |, , g® Pin 1 Location 10PO 40.0+ 0.20 1570+0.010
w 790 8.20 0311 0.322
i Aﬂf bl P2/P 1.90 2.10 0.074 0.082
AO 0.60 0.80 0.024 0.032
! A1 0.33 REF 0.010 REF
o) BO 161 1.81 0.063 0.071
B1 1.10 REF 0.040 REF
KO 0.54 0.78 0.021 0.031
t - 0.21 - 0.008

Embossed Carrier Tape & Reel Specification — SOD882

PO PLa c
wi Symbol = =
G} {} {» C Min Max Min Max
v uly A 0.65 0.70 0.026 0.028
4?_9]4#] et ﬁ-[} o B 1.10 1.20 0.043 0.047
P A ( c 0.50 0.60 0.020 0.024
—A
User Feeding Direction A-A a0 140 160 0.055 0.063
> E 1.65 1.85 0.065 0.073
F 3.40 3.60 0.134 0.142
O O PO 3.90 4.10 0.154 0.161
P 1.90 2.10 0.075 0.083
E E E P1 1.90 2.10 0.075 0.083
Pin 1 Location w 790 8.10 0.311 0.319

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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General Purpose ESD Protection - SP1004 Series

Expertise Applied | Answers Delivered

SP1004 Series 5pF 8kV Bidirectional TVS Array [RoHS] (@F) GREEN]

Back-to-back zener diodes fabricated in a proprietary silicon
avalanche technology protect each I/O pin to provide a

high level of protection for electronic equipment that may
experience destructive electrostatic discharges (ESD).
These robust diodes can safely absorb repetitive ESD
strikes at the maximum level specified in the IEC 61000-4-
2 international standard (Level 4, +8kV contact discharge)
without performance degradation. Their very low loading
capacitance also makes them ideal for protecting high-
speed signal pins.

o e RoHS compliant and e |ow capacitance of 5pF

101 [] [ 105 Lead-free (TYP) per I/O

e ESD, IEC 61000-4-2, * |ow leakage current of
1102 ] +8kV contact, +15kV air TpA (MAX) at bV

e Capable of withstanding e Small SOT953 package
o3 [] [ 104 >1,000 +8kV ESD strikes

¢ Lightning, IEC 61000-

SOT953 4-5, 2nd edition, 2A

Notes:

(t,=8/20ps)

TAny of the 5 1/O pins can be tied to GND to provide 4 channels of bidirectional protection

Functional Block Diagram
Applications

5 4 e MP3-PMPs e Digital cameras
e DVD players e Set top boxes
® Desktops ¢ Notebooks

e Mobile phones

Application Example

4...§2ﬁ.laCks Audio codec
Additional Information P ® R
E < > Right - In
~ | f > |Left-out
3 o |2 > ot -
2, Y 7 20 o
2}
Datasheet Resources Samples T:’
®
Q SP1004-04VTG (SOT953)
E:
m Signal
. ; Ground
G Shield =

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.
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TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1004 Series

w4 Littelfuse

Expertise Applied | Answers Delivered

Absolute Maximum Ratings

Symbol Parameter Value Units
= Peak Pulse Current (t,=8/20us) 2.0 A
Top Operating Temperature -40 to 125 °C
Tsm Storage Temperature -55 to 150 *C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating Units
Storage Temperature Range -55 to 150 °C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 °C

Electrical Characteristics (Ty=25°C)

Parameter

Symbol Test Conditions Min Typ Max Units
Reverse Voltage Drop! Vi lg=TmA 6.0 9.5 \
Reverse Standoff Voltage' Vawm la<THA 6.0 \
Reverse Leakage Current! 2 Vg=bV 0.1 pA
loo=T1A, t,=8/20pis 10 v
Clamp Voltage? Ve s P !
lpp=2A, 1,=8/20us 12 \
Dynamic Resistance . (Ve - Vi) / (lppy - lppy) 2.0 Q
) IEC 61000-4-2 (Contact Discharge)? +8 kV
ESD Withstand Voltage'? Veso —
IEC 61000-4-2 (Air Discharge) +15 kV
) ) Reverse Bias=0V 6 7 pF
Diode Capacitance'? Cs -
Reverse Bias=1.5V B 6 pF

Note: ' Parameter specified with pin 2 grounded externally.
2 Parameter is guaranteed by design and/or device characterization.
3 Capable of withstanding >1,000 pulses at 1s intervals.

Capacitance vs. Reverse Bias

Insertion Loss (S21)

7.0
6.0 0 SSN
N
N N~ - . \\ f/‘
g 40 Z 0
8~ p
s S
-]
'§ 3.0 § -15
2 o
3 =z /
2.0 < 20
1.0 25
0.0 30
00 05 10 15 20 25 30 35 40 45 50 10 100 1000 10000
DC Bias (V) Frequency (MHz)
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TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1004 Series

w4 Littelfuse
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Soldering Parameters

Reflow Condition Pb - Free assembly —! tp l—
Te — Critical Zone
-Temperature Min (T ;) 150°C H
Pre Heat |-Temperature Max (T .. 200°C .3 T T | ¢, )
-Time (min to max) (t,) 60 - 180 secs g Simax)
£ Ramp-dow
A Preheat
Average ramp up rate (Liquidus) Temp 3°C/second max 9@ .
(TL) to peak S(min)
I‘_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Refl -Temperature (T,) (Liquidus) | 217°C 25 |<-
eriow time to peak temperature————i .
-Temperature (t,) 60 - 150 seconds Time ==>
Peak Temperature (T;) 260+0/5 °C

Time within 5°C of actual peak

20 - 40 seconds
Temperature (t,)

Ramp-down Rate 6°C/second max

Time 25°C to peak Temperature (T;) 8 minutes Max.

260°C

Package Dimensions — SOT953

Do not exceed

~— D —>

SOT953
e
i i Max
T T A 0.44 0.5 0.170 0.020
o " B 0.10 0.20 0.004 0.008
L
¢ l c 0.05 0.15 0.002 0.006
[ )
T D 0.95 1.05 0.037 0.041
8 E 0.95 1.05 0.037 0.041
E1 0.75 0.85 0.029 0.033
< 0.35 BSC 0.014 BSC
L 0.05 0.15 0.002 0.006

o
.

et

© 2017 Littelfuse, Inc.
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General Purpose ESD Protection - SP1004 Series
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Part Numbering System Product Characteristics
SP 1004-04 VTG Lead Plating Pre-Plated Frame
| | || L
TVS Diode Arrays G= Green Lead Material Copper Alloy
(SPA” Diodes) Lead Copl i 0.0004 inches (0.102
T= Tape & Reel ead Coplanarity . inches (0.102mm)
. Substitute Material Silicon
Series
Number of Package Body Material Molded Epoxy
Channels V: SOT953 .
Flammability UL 94 V-0

Notes :
Part Marking System 1. All dimensions are in millimeters

2. Dimensions include solder plating.

] 1 3. Dimensions are exclusive of mold flash & metal burr.
4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
N2 5. Package surface matte finish VDI 11-13.
[}
LT LT L1

Ordering Information

Part Number Package Marking Min. Order Qty.

SP1004-04VTG SOT953 N2 8000

Embossed Carrier Tape & Reel Specification - SOT953

~—— PO
P2 —» Min Max Min Max
E 1.65 1.85 0.065 0.073
F 3.45 3.65 0.136 0.140
D1 0.45 0.55 0.018 0.022
@ D 1.50 min 0.059 min
PO 3.90 4.10 0.154 0.161
l_@_‘ 10P0 40.0 £ 0.20 15675 + 0.008
P 1.95 2.05 0.077 0.081
P2 1.95 2.05 0.077 0.081
¢D1 —- w 7.90 8.20 0.311 0.323
A0 1.1 1.21 0.044 0.048
AQ —»—<+— BO 1.1 1.21 0.044 0.048
J& KO 0.58 0.68 0.023 0.027
I—— t 0.22 max 0.009 max

KO —

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP1005 Series 30pF 30kV Bidirectional Discrete TVS

0201 Flipchip

o] [

S0D882

(AEC-Q101 qualified)

Functional Block Diagram

Additional Information

.

Resources

Samples

Datasheet

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1005 Series

HF [RoHS] (@8) [GREEN]

The SP1005 includes back-to-back Zener diodes fabricated
in a proprietary silicon avalanche technology to provide
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes above the
maximum level specified in the IEC 61000-4-2 international
standard (Level 4, +8kV contact discharge) without
performance degradation. The back-to-back configuration
provides symmetrical ESD protection for data lines when
AC signals are present.

Features

e ESD, IEC 61000-4-2, e |ow leakage current of

+30kV contact, +30kV air 0.1pA at bV
e EFT IEC 61000-4-4, 40A e Space efficient 0201 and
(5/50ns) 0402 footprint

e Lightning, IEC 61000-4-5
(2nd Ed.), 10A (t,=8/20us)

® |ow capacitance of 30pF
(@V,=0V)

Applications

e AEC-Q101 qualified
(SOD882 package)

* Mobile Phones e MP3/PMP
e Smart Phones e Portable Navigation
e Camcorders Devices

e Tablets

® Portable Medical
e Digital Cameras

Application Example

® Point of Sale Terminals

Keypads 1/0 Controller
P1
P2
Outside P3 IC
World P4
SP1005 (x4)
GND

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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General Purpose ESD Protection - SP1005 Series
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Absolute Maximum Ratings

Symbol Parameter Value Units
10.0"
em Peak Current (t,=8/20ps) 802 A
Top Operating Temperature —40 to 125 °C
Tsror Storage Temperature -55t0 150 °C
Notes:

1. “1 “indicates SP1005-01WTG, while “2" indicates SP1005-01ETG

2. CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating
Storage Temperature Range -55 to 150 *C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 “C

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage L/ m— 6.0 \
Breakdown Voltage Ve le=TmA 8.6 9.5 \
Leakage Current | eak V=56V with 1 pin at GND 0.1 0.5 pA

lep=1A, 1,=8/20us, Fwd 9.3
Clamp Voltage' Ve lpp=2A, 1,=8/20us, Fwd 10.0
lp=10A, t,=8/20ps, Fwd 15.6
Dynamic Resistance? Rizy TLR tp =100ns, 1/0 to GND 0.28
) IEC61000-4-2 (Contact Discharge) +30 kV
ESD Withstand Voltage' Veso
IEC61000-4-2 (Air Discharge) +30 kV
) ) Reverse Bias=0V 30 pF
Diode Capacitance'’ Cs -
Reverse Bias=2.5V 23 pF

Notes:
1. Parameter is guaranteed by design and/or device characterization.
2. Transmission Line Pulse (TLP) with 100ns width and 200I[s rise time.

Capacitance vs. Reverse Bias Pulse Waveform

40.0 110%
o
5.0 100%
90%
30.0 /
~— 80% /
L 250 — £ 70% /
K — 5 / \\
§ 20.0 g % /
S 8 s0%
2
8 150 ] /
8§ 2 40% / \
100 30% / \
5.0 20% /
10%
0.0
0%
00 05 10 15 20 25 30 35 40 45 50 00 o 100 150 200 250 30,0
Bias Voltage (V) Time (ps)
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Erpe e At | Ao Dt General Purpose ESD Protection - SP1005 Series

Clamping Voltage vs. I, Insertion Loss (S21) I/0 to GND

18.0 5
16.0 0 !
— ™
14.0 // 5
12.0 i
= = -0
o — 5
2 100 S \ /
= ® 15
2 s /
> 80 5
a 20
<
E o \ /
© -25
40 \
-30
2.0
-35
0.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 1 10 100 1000 10000

Peak Pulse Current-l_, (A) Frequency (MHz)

Transmission Line Pulsing(TLP) Plot Product Characteristics of SOD-882 Package

22 5 Lead Plating Pre-Plated Frame

20

18 ; Lead Material Copper Alloy

b Lead Coplanarity 0.0004 inches (0.102mm)
< 1
. ;’{ Substitute Material Silicon
H
g w0 S .
= s Body Material Molded Epoxy

8

6 f Flammability UL 94 V-0

4

2 ,j Notes :

1. All dimensions are in millimeters
[ 2. Dimensions include solder plating.
o 2 4 6 8 10 12 14 16 3. Dimensions are exclusive of mold flash & metal burr.
| 4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
TLP Voltage (V) 5. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition Pb — Free assembly ! tp e
Te : I Critical Zone
-Temperature Min (T i) 150°C g
Pre Heat |-Temperature Max (T, ., 200°C % T T { L, )
-Time (min to max) (t,) 60 - 180 secs g sm
g . £ Ramp-dow
rehea
Average ramp up rate (Liquidus) Temp 3°C/second max K3 _
(T,) to peak S(min)
—tg
Tsmax 10T - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature————pi Time —>
-Temperature (t,) 60 — 150 seconds
PeakTemperature (T;) 260+95 °C
Ti ithin 5°C of | k
ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

© 2017 Littelfuse, Inc.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SP1005 Series
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Part Marking System Part Numbering System

SP 1005-01 X T G
TVS Diode Arrays I_ _
(SPA’ Diodes) G=Green
T= Tape & Reel
® ® 2 Series ——— Package
Number of W: 0201 Flipchip
Channels E: SOD882
SP1005-01WTG SP1005-01ETG
Ordering Information
Part Number Package Marking | Min. Order Qty.
SP1005-01WTG 0201 Flipchip o 10,000
SP1005-01ETG SOD882 LT:] 10,000

Package Dimensions — 0201 Flipchip

. ]
i
E:S Min Max Max
s D 0.605 0.655 0.0238 0.0258
=) S E 0.305 0.345 0.0120 0.0140
M D1 0.145 0.155 0.0057 0.0061
E1 0.245 0.255 0.0096 0.0100
LI D2 0.400 BSC 0.0157 BSC
TOP VIEW BOTTOM VIEW SIDE VIEW A 0.273 0.329 0.0107 0.0130
A2 0.265 0.315 0.0104 0.0124
A1 0.008 0.014 0.0003 0.0006

Package Dimensions — SOD882

A SOD882
: f
_____________ [ I
i i Min Typ Max
: ) _.‘ 0325 |.._ J A 0.90 1.00 1.10 0.035 | 0.039 | 0.043
! 0325 B 0.50 0.60 0.70 | 0.020 | 0.024 | 0.028
T T (9 0.40 0.50 0.60 | 0.016 | 0.020 | 0.024
C ‘!‘ 0850 —!_ O‘TSO D 0.45 0.018

! ! E 0.20 0.25 0.35 | 0.008 | 0.010 | 0.012
T 0975 F 0.45 0.50 0.565 | 0.018 | 0.020 | 0.022

E Recommended Soldering Pad Layout

© 2017 Littelfuse, Inc.
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Embossed Carrier Tape & Reel Specification — 0201 Flipchip

D Symbol Millimeters
PO ) )

P1
qu r j r E A0 0.41+0.03
g @ d 4 BO 0.70+0.03
D 2 1.50 + 0.10
W O @ 3 D1 20.20 + 0.05
t E 1.75+0.10
L g 8 © B 8 B ] 078 i F 3.50+0.05
P T PO 2.00+0.05
J L\ o J L o “Sizesinmm P1 2.00+0.05
_ P2 4.00+0.10
AO Ko BO Recommended Solder Pad Footprint W 8.00 + 0.30 010
T 0.23+0.02

Embossed Carrier Tape & Reel Specification — SOD882

T p2 P

. 020005 P55 202005 atsn ’Elmm Dyriael Millimeters

: A0 0.70+0.045

Y &P b o B

} {} ; 1 BO 1.10+0.045

50,40+0,05 = Ko 0.65+0.045

== o N IO e I N | J‘ | rL =l J‘I | A‘I 17 F 8.5020.05

s 7t77 2 i i et i | T =1 L‘_{ =1 L‘_I =1 \L‘J P1 2.00+0.10
‘E w 8.00 + 0.30-0.10

S Pl L L

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP1006 Series

SP1006 Series 25pF 30kV Unidirectional Discrete TVS

Pinout

Pin 1 Pin 2

Functional Block Diagram

‘ N _l ‘

Additional Information

Datasheet

Resources

Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.
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[RoHS] ‘(@8) [GREEN]

Description

Zener diodes fabricated in a proprietary silicon avalanche
technology protect each I/O pin to provide a high level of
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes at +30kV
(contact discharge, IEC 61000-4-2) without performance
degradation. Additionally, each diode can safely dissipate
5A of 8/20us surge current (IEC 61000-4-5, 2nd Edition)
with very low clamping voltages.

Features

e RoHS compliant and
Lead-free

e ESD, IEC 61000-4-2,
+30kV contact, +30kV air

e EFT IEC 61000-4-4, 40A
(5/50ns)

e Lightning, IEC 61000-4-5,
2nd Edition, 5A (8/20us)

e |ow leakage current of
0.5pA (MAX) at 5V

e Space efficient 0201
footprint)

Applications

Mobile phones ® Portable navigation

devices

Smart phones
PDAs
e Digital cameras

e Portable medical devices

Application Example

Keypads 1/0 Controller
P1
P2
Outside P3 IC
World P4 Py
L =TT T spi0os (x4
= Case GND


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp1006_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1006.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1006.aspx#TechnicalResources
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Absolute Maximum Ratings

Symbol Parameter Value Units
Ipp Peak Pulse Current (t,=8/20ps) 5 A
Top Operating Temperature -40 to 125 °C
Tstor Storage Temperature —-55 to 150 “C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating
Storage Temperature Range -55 to 150 oC
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 30s) 260 ®C

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions
Reverse Standoff Voltage /m— 6.0 Vv
Breakdown Voltage Vir lz=TmA (Pin 1 to 2) 7.8 \Y
Forward Voltage Drop Ve [z=TmA (Pin 2 to 1) 0.8 \
Leakage Current ek Vg=bV 0.1 0.5 pA
| ,=1TA, t,=8/20us (Pin 1 to 2) 8.3 V
Clamp Voltage' Ve £E 2 H :
I,,=2A, t,=8/20us (Pin 1 to 2) 9.2 V
Dynamic Resistance Rovn (Vo -V 1 (lopy = lppy) 0.9 Q
} |IEC 61000-4-2 (Contact Discharge) +30 kV
ESD Withstand Voltage' Veso —
|IEC 61000-4-2 (Air Discharge) +30 kV
) ) Reverse Bias=0V 25 pF
Diode Capacitance' Co -
Reverse Bias=2.5V 15 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias Pulse Waveform

30 110%

100%

90% /
80%

Percent of I,

Capacitance (pF)
3
8§ g
2 2 R % 8
T~
\\

0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0

Bias Voltage (V) Time (ps)

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Clamping Voltage vs. Ipp

16.0
14.0
— 12.0
o
- —
[ 10.0
2 /—/
© et
=
o 8.0
>
=X
13 6.0
8
(5]
4.0
2.0
0.0
1.0 1.5 2.0 2.5 3.0 3.5 4.0

Peak Pulse Current-I_, (A)

Soldering Parameters

Reflow Condition Pb - Free assembly
: ! tp )

-Temperature Min (T,.,) 150°C ﬂ T e e
Pre Heat |-Temperature Max (T .,) 200°C s

-Time (min to max) (t;) 60 - 180 secs § L { _y )

— S T,
= (max)
tA(;/er;gf ramp up rate (Liquidus) Temp (T,) 3°C/second max g i E—
5 §

Tsiman 10 T - Ramp-up Rate 3°C/second max = Tstmin

-Temperature (T,) (Liquidus) 217°C —ts
Reflow

- Temperature (t,) 60 — 150 seconds 2
Peak Temperature (TP) 260+95 °C time to peak temperature————»| Time =>
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T) 8 minutes Max.

Package Dimensions — uDFN-2 (0201)

D uDFN-2 (0201)
JEDEC M0-236

t

Millimeters

>

- et
— A 0.28 0.30 0.32
TOP VIEW SIDE VIEW A1 0.00 0.02 0.05
A2 0.05 0.10 0.15
iﬂ’t b 0.20 0.25 0.30

D 0.55 0.60 0.65
E 0.25 0.30 0.35
L Lo L1 0.14 0.19 0.24

L2 0.13 0.18 0.23
BOTTOM VIEW K1 0.165 REF

s
FL]

© 2017 Littelfuse, Inc.
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Part Numbering System

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1006 Series

Product Characteristics

§|E mw__‘l U I G Lead Plating Pre-Plated Frame

TVS Diode Arrays —|; G= Green Lead Material Copper Alloy

(SPA® Diodes) . .
Series T= Tape & Reel Lead Coplanarity 0.0004 inches (0.102mm)

Number of Channels Package Substitute Material Silicon

U: uDFN-2 Body Material Molded Epoxy
Flammability UL 94 V-0

Part Marking System Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.
4

5

Pin 2 . Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
. Package surface matte finish VDI 11-13.
——
Pin 1

Ordering Information

Part Number
SP1006-01UTG

Package Marking

UDFN-2 Il

Min. Order Qty.
10000

Embossed Carrier Tape & Reel Specification — uDFN-2

o s
]_—’ I‘— _’I r_ _r Min Max Min Max
E A0 0.36 0.42 0.014 0.017
C) d) O d) d @_f_f BO 0.66 0.72 0.026 0.028
W F DO 1.40 1.60 0.055 0.063
8 & B B8 B B B © B——{ E 165 1.85 0.065 0.073
f F 3.45 3.55 0.136 0.140
— % 020005 KO 0.39 0.45 0.015 0.018
= guax 4T PO 195 2.05 0.077 0.081
e =R P1 1.95 2.05 0.077 0.081
A0 Koj — P2 3.90 4.10 0.154 0.161
50 T 0.18 0.22 0.007 0.009
w 790 8.30 0.311 0.327

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes)

General Purpose ESD Protection - SP1007 Series

SP1007 Series 3.5pF 8kV Bidirectional Discrete TVS

0201 Flipchip

SOD882

Functional Block Diagram

1 ﬂ ) 2
Additional Information
m =
[ R |

Datasheet Samples

Resources

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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HF [RoHs] (@) [GREEN]

Description

The SP1007 includes back-to-back Zener diodes fabricated
in a proprietary silicon avalanche technology to provide
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes at the
maximum level specified in the IEC 61000-4-2 international
standard (Level 4, +8kV contact discharge) without
performance degradation. The back-to-back configuration
provides symmetrical ESD protection for data lines when
AC signals are present.

Features

e RoHS compliant, e |ow capacitance of 5pF

Halogen-free and Lead- (TYP @ Vg=5V)

free e |ow leakage current of
e ESD, IEC 61000-4-2, 0.1pA at bV

+8kV contact, +15kV air e Space efficient 0201 and
e EFT IEC 61000-4-4, 40A 0402 footprint

(5/50ns)

e Lightning, IEC 61000-
4-5, 2nd Edition, 2A

(tp=8/20us)
Applications
* Mobile Phones e MP3/PMP
e Smart Phones e Portable Navigation
e Camcorders Devices
. e Tablets

Portable Medical

Digital Cameras * Point of Sale Terminals

Application Example

Keypads 1/0 Controller

P1
P2
Outside P3 Ic
World
P4
SP1007 (x4)
GN

D


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp1007_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1007.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1007.aspx#TechnicalResources
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TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1007 Series

Absolute Maximum Ratings

Symbol Parameter Value Units
[ Peak Current (t,=8/20ps) 2.0 A
Top Operating Temperature -40 to 125 °C
Tsiam Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of

the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating Units
Storage Temperature Range -55 to 150 °C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 °C

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage Viewiv 6.0 \
Breakdown Voltage Ve le=TmA 8.6 9.5 \
Leakage Current | eak V=5V with 1 pin at GND 0.1 0.5 pA

lpp=1A, 1,=8/20ps, Fwd 1.2
Clamp Voltage' Ve
Ipp=2A, 1,=8/20ps, Fwd 13.1
Dynamic Resistance Rovn (Via - Vi) / (lpps - lppy) 1.9
|IEC 61000-4-2 (Contact Discharge) +8 kV
ESD Withstand Voltage' Vesp
IEC 61000-4-2 (Air Discharge) +15 kV
Diode Capacitance'’ Cs Reverse Bias=0V 5 6 pF

Note:

"Parameter is guaranteed by design and/or device characterization.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SP1007 Series
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Capacitance vs. Reverse Bias Pulse Waveform

70 110%
100%
6.0
I~ 90%
T~ SP1007-01ETG /
5.0 80% /
T ~—_ & 70% /
=3 -
3 w0 % o / AN
g ——— o 60% /
c
2 3 s0%
S 30 SP1007-01TWTG ————— £ /
S’ S 40% \
0 s / \\
20% /
1.0 /
10%
0.0 0%
00 05 10 15 20 25 30 35 40 45 50 0.0 5.0 10.0 15.0 20.0 25.0 30.0
" Time (ps
Bias Voltage (V) (us)

Insertion Loss (S21) 1/0 to GND Product Characteristics of SOD-882 Package

Lead Plating Pre-Plated Frame
0 =y .
= - N Lead Material Copper Alloy
-10 \‘ Lead Coplanarity 0.0004 inches (0.102mm)
— -15 U . . -
] 20 Substitute Material Silicon
c
-g 25 Body Material Molded Epoxy
3 .30
§ s Flammability UL 94 V-0
<
-40
Notes :
-45 . All dimensions are in millimeters
. Dimensions include solder plating.

1
2
10 100 1000 3. Dimensions are exclusive of mold flash & metal burr.
4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
Frequency (MHz) 5. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition Pb — Free assembly ! tp e
Te I I Critical Zone
-Temperature Min (T ;) 150°C U:
Pre Heat |-Temperature Max (T .,) 200°C 2 T Lt
E TS(max) : - '
-Time (min to max) (t,) 60 - 180 secs g
q . £ Ramp-dow:
reheat
Average ramp up rate (Liquidus) Temp 3°C/second max K3 _
(T,) to peak S(min)
I'_ts
Tsmax 10T, - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———— | Time —>
-Temperature (t,) 60 - 150 seconds
PeakTemperature (T;) 260+95 °C
Ti ithin 5°C of | k
ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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General Purpose ESD Protection - SP1007 Series
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Part Numbering System Ordering Information
§’E 1007-01 x T G Part Number Package Marking | Min. Order Qty.
TVS Diode Arrays L G= Green SP1007-01WTG 0201 Flipchip LA 10,000
(SPA” Diodes)
- L]
T= Tape & Reel SP1007-01ETG SOD882 b 10,000

Series

Number of Package

Channels W: 0201 Flipchip

E: SOD882

Part Marking System

[ X ] ® b
SP1007-01WTG SP1007-01ETG
Package Dimensions — 0201 Flip Chip
B A :
0201 Flipchip
Inches
B F

0.5695 | 0.620 | 0.645 | 0.0234 | 0.0244 | 0.0254
0.295 | 0.320 | 0.345 | 0.0116 | 0.0126 | 0.0136
0.245 | 0.275 | 0.305 | 0.0096 | 0.0108 | 0.0120

0.245 | 0.250 | 0.255 | 0.0096 | 0.0098 | 0.0100
0.245 | 0.2560 | 0.255 | 0.0096 | 0.0098 | 0.0100
0.005 | 0.010 | 0.015 | 0.0002 | 0.0004 | 0.0006

A
B
C
D 0.145 | 0.150 | 0.155 | 0.0057 | 0.0059 | 0.0061
E
F
G

Package Dimensions — SOD882

T

.............. B
Millimeters Inches

Typ Max
. T s

a4 - K=

A 0.90 100 | 110 | 0.035 | 0.039 | 0.043
_ T B 0.50 0.60 | 070 | 0.020 | 0.024 | 0.028
1 £ fosso c 0.40 050 | 060 | 0.016 | 0.020 | 0.024
c L |osso| | l D 0.45 0.018
‘ ‘ E 0.20 025 | 035 |0.008]| 0010 | 0.012
- 0975 F 0.45 050 | 055 | 0.018 | 0.020 | 0.022

‘ E : Recommended Soldering Pad Layout

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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General Purpose ESD Protection - SP1007 Series Y T m—

Embossed Carrier Tape & Reel Specification — 0201 Flipchip

P D Symbol Millimeters

P1 0

qu [‘ = j r [E A0 0.41+0.03
é é ®/ BO 0.70+0.03

O @ I F} D 2 1.50 + 0.10

w D1 20.20 + 0.05
L B 8 ® B 8 @ gt 07 E 1.75+0.10
D1 F 3.50+0.05
Ko 0.38+0.03

L T
~—o0° [ — & “Sizesinmm PO 2.00+0.05
AJL ’ a‘ L . P1 2.00+0.05
K Solder Pad Footp

0

A0 BO P2 4.00+0.10
w 8.00 + 0.30-0.10
T 0.23+0.02

Embossed Carrier Tape & Reel Specification — SOD882
T o P2 Po f -
0204005 #15540.05 202005 4.0404¢11) PR Symbol Millimeters

\E ﬂ‘ A0 0.70+0.045
BRN iy @ Tanant @ _ B0 110£0.045
040005 ‘L ”-L IL FL = Ko 0.65+0.045
REF_A5.00° ok
—dF 713 o N N oy Y e oy O = =l =l F 3.50+0.05
“E F [ N Y M i i | T =T L‘.I i L‘J = L‘J L‘ P1 2.00+0.10
w 8.00 + 0.30-0.10
_ Ko Pl u _J L Ao

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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SP1008 Series 6pF 15kV Bidirectional Discrete TVS Protection

Pinout

-
N

Note: Drawing not to scale

Functional Block Diagram

Additional Information

| Bt |

i

Samples

=3

Datasheet Resources

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SP1008 Series

[RoHS] (@F) GREEN]

Description

The SP1008 includes back-to-back TVS diodes fabricated

in a proprietary silicon avalanche technology to provide
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes above the
maximum level specified in the IEC 61000-4-2 international
standard (+15kV contact discharge) without performance
degradation. The back-to-back configuration provides
symmetrical ESD protection for data lines when AC signals
are present.

Features

e RoHS compliant, e |ow capacitance of 6pF
Halogen-free and Lead- (@V,=5V)

free e |ow leakage current of

e ESD, IEC 61000-4-2, 0.1pA at 5V
+15kV contact, +15kV air ¢ gpace efficient 0201
e EFT IEC 61000-4-4, 40A footprint

(5/50ns)

e Lightning, IEC 61000-
4-5, 2nd Edition, 3A
(tp=8/20us)

Applications

* Mobile phones e Smart phones
e MP3/PMP
e PDA

e Camcorders

e External storage
¢ Tablets
¢ Digital cameras

Application Example

Keypads 1/0 Controller

P1
P2
Outside P3 IC
World
P4
SP1008 (x4)

GND

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA°Diodes) /4 Littelfuse

General Purpose ESD Protection - SP1008 Series Y T m—

Absolute Maximum Ratings

Symbol Parameter Value Units
[ Peak Current (t,=8/20ps) 3.0 A
Top Operating Temperature -40 to 125 °C
Tsiam Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating Units
Storage Temperature Range -55 to 150 °C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 °C

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage Viewiv 6.0 \
Breakdown Voltage Ver lg=TmA 7.0 8.6 \
Leakage Current lhmee V=5V with 1 pin at GND 0.1 pA

lpp=1A, 1,=8/20ps, Fwd 10.7
Clamp Voltage! Ve
lpp=2A, 1,=8/20us, Fwd 12.0
Dynamic Resistance Ry (Vey - Vi) [ (lppy = lppy) 1.3
IEC 61000-4-2 (Contact Discharge) +15 kV
ESD Withstand Voltage' Veso
IEC 61000-4-2 (Air Discharge) +15 kV
Diode Capacitance’ Gy Reverse Bias=5.0V 6 9 pF

Note:
'Parameter is guaranteed by design and/or device characterization.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Erpe e At | Ao Dt General Purpose ESD Protection - SP1008 Series

Capacitance vs. Reverse Bias Insertion Loss (S21) I/0 to GND

10.0 0 Sy
ML
9.0 _ 5
o
8.0 S 2 .10
g 5
g 7o ® 15
8 60 H]
Q
E 5.0 g 20 A
g < 5
§ 4.0
-30
Q 30
- -35
2.0
0 -40
0.0 -45
00 05 10 15 20 25 30 35 40 45 50
10 100 1000
1/0 Bias Voltage (V) Frequency (MHz)

Pulse Waveform Clamping Voltage vs. I,

110%

100% /
R

12 —
90% / \ = Le—|
[
80% <)
/ £ 10
& 70% / S
& / \ >
Q.
s 60% E 8
€ =
£ / S
8 0%
3 / ‘

40% / \
30% ™

/ \ 4
20%
/ 2
10%
0% 0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0 1.5 20 2.5
Time (ps)

Peak Pulse Current-l,, (A)

Soldering Parameters

Reflow Condition Pb - Free assembly ! tp le—
Te I I Critical Zone
-Temperature Min (T ;) 150°C U:
Pre Heat |-Temperature Max (T .,) 200°C 2 T Lt
E TS(max) : - '
-Time (min to max) (t,) 60 - 180 secs g
q . £ Ramp-dow
reheat
Average ramp up rate (Liquidus) Temp 3°C/second max K3 _
(T,) to peak S(min)
I'_ts
Tsmax 10T, - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———— | Time —>
-Temperature (t,) 60 - 150 seconds
PeakTemperature (T;) 260+95 °C
Ti ithin 5°C of | k
ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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General Purpose ESD Protection - SP1008 Series

Expertise Applied | Answers Delivered

Part Numbering System Ordering Information

Part Number Package Marking | Min. Order Qty.

SP 1008-01WT G

T L SP1008-01WTG | 0201 Flipchip X 10000
TVS Diode Arrays G= Green
(SPA® Diodes)

T=Tape & Reel
. Part Marking System

Series ——
Number of Package
Channels W: 0201 Flipchip

Package Dimensions — 0201 Flip Chip

0201 Flipchip
: s

Typ Max

A 0.595 | 0.620 | 0.645 | 0.0234 | 0.0244 | 0.0254

B Foe B 0.295 | 0.320 | 0.345 | 0.0116 | 0.0126 | 0.0136
c 0.245 | 0.275 | 0.305 | 0.0096 | 0.0108 | 0.0120

. : : g D 0.145 | 0.150 | 0.155 | 0.0057 | 0.0059 | 0.0061
'TrE—"‘—D’ E 0.245 | 0.250 | 0.255 | 0.0096 | 0.0098 | 0.0100

F 0.245 | 0.250 | 0.255 | 0.0096 | 0.0098 | 0.0100

G 0.005 | 0.010 | 0.015 | 0.0002 | 0.0004 | 0.0006

Symbol Millimeters

P1 PO D A0 0.41+0.03
P2 [ r [E ’ BO 0.70£0.03
@ @ Gj/ D 2 1.50 + 0.10
O @ 1 D1 0.20 + 0.05
w F 1.76+0.10
BB B B B B Bt ' F 3.5020.06
PO 2.00+0.05
' T P1 2.00+0.05
TN o o~ .. *Sizes in mm P2 4.00£0.10
S S M w 8.00 + 0.30 -0.10
AO Ko BO Recommended Solder Pad Footprint T 0.23+0.02

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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General Purpose ESD Protection - SP1011 Series

Expertise Applied | Answers Delivered

SP1011 Series 7pF 15kV Unidirectional TVS Array [RoHS] (@F) GREEN]

Zener diodes fabricated in a proprietary silicon avalanche
technology protect each I/O pin to provide a high level of
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes above
the maximum level specified in the IEC 61000-4-2
international standard (Level 4, £8kV contact discharge)
without performance degradation. Their very low loading
capacitance also makes them ideal for protection high-
speed signal pins.

e RoHS compliant and e |ow leakage current of
/0 (1) | @ /0 (4) lead-free 1uA (MAX) at 5V
GND GND e ESD, IEC 61000-4-2, e Tiny uDFN( JEDEC MO-
+15kV contact, £30kV air 229) package (1.25mm x
1/0 (2) 1/0 (3) ¢ Lightning, IEC 61000- 1.0mm x 0.5mm)
4-5, 2nd Edition, 2A e EFT protection
uUDFN-6 (t,=8/20us) IEC 61000-4-4, 40A
(1.26x1.0x0.5mm) e Low capacitance of 7 pF (5/50ns)

(TYP) per /O @ 2.5V

Functional Block Diagram L.
Applications

6 5 4 « LCD/PDPTV « Mobile Phone
e DVD Player e Notebook
e Desktop e MP3/PMP
e SetTop Box e Digital camera
1 2 3 Application Example
Keyboard
ie . Input Controll
Additional Information i ontroller
PN > o
[ B EE 3
— g <« ? > |Da
Datasheet Resources Samples % -
=
gl = SP1011-04UTG
ol =
:: r.» Signal
€ < Shield = Ground

Ground

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SP1011 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings

Symbol Parameter Value Units
= Peak Pulse Current (t,=8/20us) 2 A
Top Operating Temperature -40 to 125 °C
Tsiam Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating
Storage Temperature Range -55 to 150 °C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 °C

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions
Reverse Voltage Drop Vg [ = TmA 6.0 8.6 V
Reverse Standoff Voltage Vawm [a<TpA 6 \
Reverse Leakage Current I\ Eax Vg =5V 0.1 1 pA
lpp=1A, 1,=8/20us, Fwd 8.7
Clamp Voltage! Ve
Ipp=2A, 1,=8/20ps, Fwd 10.2
Dynamic Resistance Rovn (Ve - Vi) / (lpps - lppy) 1.5
|IEC 61000-4-2 (Contact Discharge) +15 kV
ESD Withstand Voltage' Veso
IEC 61000-4-2 (Air Discharge) +30 kV
Reverse Bias = OV 12 15 pF
Diode Capacitance’ s
Reverse Bias = 2.5V 7 pF
Note:

1. Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias Insertion Loss (S21) I/0 to GND

14.0

o m ‘

12.0
™~
~

10.0 \ N
T TN _
s \ 3 \ /
g 80 \\\ = -10 \
< ~—— ]
2 — =] \
=4 — §
§- 6.0 — 2 15
uu -]
O 40 < 20

20 -25

0.0 -30

00 05 10 15 20 25 30 35 40 45 50 10 100 1000 10000
DC Bias (V) Frequency (MHz)
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Erpe e At | Ao Dt General Purpose ESD Protection - SP1011 Series

Soldering Parameters

Reflow Condition Pb — Free assembly
: ° —i tp

-Temperature Min (T ;) 150°C ﬂ» T i
Pre Heat |-Temperature Max (T .. 200°C Y TLtoTe

-Time (min to max) (t;) 60 - 180 secs § T | ¢, )

— S T,
(max)
G}/t)azzgee;akmp up rate (Liquidus) Temp 3°C/second max g N
L= F g

Tsimax 10 T - Ramp-up Rate 3°C/second max = Tsminy

-Temperature (T,) (Liquidus) | 217°C —ts
Reflow

-Temperature (t,) 60 — 150 seconds 2
PeakTemperatu re (TP) 26095 °C Id— time to peak temperature——— Time =>
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C

Package Dimensions — uDFN-6 (1.25x1.0x0.5mm)

Top View Bottom View WDFN-6 (1.25x1.0x0.5mm)

-

—>e
o o Sl o
mDbo
6°4 7 4 56 [0.05|C Y i Min Max
£ I S apeps |_— Pin 1 chamer A 0.45 0.55 0.018 0.022
v 1 4 0.10 x 45’
P ‘ 1in A1 0.00 0.05 0.000 0.002
3 21
bin 1 Index Area [&] T A3 0.127 REF 0.005 REF
o b 0.15 0.25 0.006 0.010
Side View
D 1.20 1.30 0.047 0.051
// 0.05| C * A1 FAS D2 B B B B
- . vV
? |_|—|_|—|_|—|‘|_J ? Seating plane E 0.95 1.05 0.037 0.041
—>| |<— b E2 . . . .
.10 [c[Al5] e 0.4 REF 0.016 REF
* 0.050)
: c L 0.25 0.35 0.010 0.014

Recommanded Soldering Pad for uDFN-6L 1.25 x1.0x0.5 mm
1.1

0.4

11
03
|
|

0.1 | 03

Total:+/- 0.01mm
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SP1011 Series

Expertise Applied | Answers Delivered

Part Numbering System Product Characteristics

SP 1011-04 U T G Lead Plating Pre-Plated Frame

oL S T g
TVS Diode Arrays I_ G= Green Lead Material Copper Alloy
(SPA® Diodes) i ]

T=Tape & Reel Lead Coplanarity 0.0004 inches (0.102mm)
Package . . .
Series U: UDFN-6 Substitute Material Silicon
Number of Body Material Molded Epoxy
Channels
Flammability UL 94 V-0

Notes :

. All dimensions are in millimeters

Part Marking System

2. Dimensions include solder plating.
4 3. Dimensions are exclusive of mold flash & metal burr.
g 4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
. J 5. Package surface matte finish VDI 11-13.
04 Product Series Number of Channels
[ J O =SP1011 i
Assembly Site
(varies)
Ordering Information
Part Number Package Marking Min. Order Qty.
SP1011-04UTG uDFN-6 (1.25x1.0x0.5mm) 04 3000

Embossed Carrier Tape & Reel Specification —uDFN-6 (1.25x1.0x0.5mm)

Millimeters Inches

Symbol
P2 QO t Y Min Max Min Max
/ \I] [ E 165 185 0.06 0.07
G} w ? F 3.45 3.55 0.14 0.14
2 D1 0.50 0.65 0.02 0.03
. 2 D 1.50 MIN 0.06 MIN
o o f
w PO 3.90 4.10 0.15 0.16
o 10P0 40.0 + 0.20 1.57 + 0.01
@ D1 —>|-J<— m
PO w 790 8.30 0.31 0.33
A0 P2 1.95 2.05 0.08 0.08
\5 A0 1.09 1.19 0.04 0.05
| ' BO 1.42 1.52 0.06 0.06
IP Ko 0.71 0.81 0.03 0.03
S t 0.25TYP 0.01TYP

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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Specifications are subject to change without notice.
Revised: 02/23/17


www.littelfuse.com/disclaimer-electronics

w4 Littelfuse

Expertise Applied | Answers Delivered

SD05 Series 450W Discrete Unidirectional TVS Diode

Pinout and Functional Block Diagram

2

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SD05 Series

[RoHS] (@F) GREEN]

Description

The SDO5TVS diode is designed to replace multilayer
varistors (MLVs) in electronic equipment for low speed and
DC applications. It will protect any sensitive equipment
from damage due to electrostatic discharge (ESD) and
other transient events.

The SDO5 can safely absorb repetitive ESD strikes

at £30kV (contact discharge, IEC 61000-4-2) without
performance degradation and safely dissipate 30A of
8/20us induced surge current (IEC61000-4-5 2nd edition)
with very low clamping voltages.

Features

e ESD, IEC 61000-4-2,
+30kV contact, +30kV air

e EFT IEC 61000-4-4, 40A
(5/50ns)

e |ightning, IEC 61000-
4-5 2nd edition, 30A
(tp=8/20us)

e |ow clamping voltage
e | ow leakage current

e Small SOD323 package
fits 0805 footprints

e Moisture Sensitivity Level
(MSL:1)

Applications

e Switches / Buttons * Medical Equipment

¢ Notebooks / Desktops /
Servers

e Test Equipment /
Instrumentation

¢ Point-of-Sale Terminals e Computer Peripherals

Samples

Additional Information

| Bt |

=3

Datasheet Resources

© 2017 Littelfuse, Inc.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SD05 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings

Symbol Parameter Value Units
= Peak Current (t,=8/20ps) 30 A
P Peak Pulse Power (t,=8/20us) 450 wW
Top Operating Temperature —-40 to 125 °C
Teror Storage Temperature -55 to 150 °C
Notes

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating Units
Storage Temperature Range -55 to 150 °C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 °C

Electrical Characteristics (Ty=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Voltage Drop Vi lr=TmA 6 vV
Reverse Standoff Voltage Vewm [r<THA 5.0 \
Leakage Current INEAR Vg=5V 1.0 pA

lpp=1A, 1,=8/20us, Fwd 8.0 \
lpp=2A, 1,=8/20ps, Fwd 8.5 \
Clamp Voltage! Ve

lp=10A, t,=8/20us, Fwd 1.8 \
lp=24A, t,=8/20ps, Fwd 16.8 \
Dynamic Resistance Ry (Vey - V) [ lppy = lppy) 0.5 Q
IEC61000-4-2 (Contact Discharge) +30 kV

ESD Withstand Voltage' Veso
IEC61000-4-2 (Air Discharge) +30 kV
Diode Capacitance’ Gy Reverse Bias=0V, f=1MHz 350 pF

Note:
"Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias Non-Repetitive Peak Pulse Power vs. Pulse Time

300.0 10
250.0 \ § ug
N 2 N
2000 \\ o]
t‘l \ R
o
8 150.0 — ¢
E \\\\ cg N I
‘S @ ™
€ 100.0 Zon
S 3
© 3
o
50.0
00 0.01
00 05 1.0 15 2.0 25 30 35 40 45 50 0.1 1 10 100 1000
Bias Voltage (V) Pulse Duration - tp (ps)
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% Littelfuse TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SD05 Series

Expertise Applied | Answers Delivered

Power Derating Curve 8/20pus Pulse Waveform

110 110%
100 100%
90 \\ 90%
g 80 \ 80% l/
; 70 & 70% /
£ 60 3 / N\,
< 50 g /
3 2 \ g 50% /
= 3 AN o / N
o 30% ™~
® 20 / \
10 20% /
0 10%
0 25 50 75 100 125 150 0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Ambient Temperature - TA(°C) Time (us)
Soldering Parameters
Reflow Condition Pb - Free assembly ‘ﬂ‘ ! tp le—
Te : I Critical Zone
-Temperature Min (T 150°C o
Pre Heat |-Temperature Max (T, ., 200°C .3 T T { Lt )
~Time (min to max) (t,) 60 — 180 secs g sm
£ Ramp-dow
Average ramp up rate (Liquidus) Tem [Preheat]
. P (Lig ) = 3°C/second max e T
(TL) to peak S(min)
I'_ts
Tsimaxg 10T - Ramp-up Rate 3°C/second max /
e -Temperature (T,) (Liquidus) | 217°C 25 I‘-
eflow time to peak temperature—— i -
-Temperature (t,) 60 — 150 seconds Time ==
PeakTemperature (T,) 260+95 °C
Time within 5°C of actual peak
P 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C
Product Characteristics
Lead Plating Matte Tin
Lead Material Copper Alloy
Lead Coplanarity 0.0004 inches (0.102mm)
Substitute Material Silicon
Body Material Molded Epoxy
Flammability UL 94 V-0
Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SD05 Series

w4 Littelfuse

Expertise Applied | Answers Delivered

Part Marking System

Part Numbering System
SD05-01 F T G

L G= Green
g TVS Diode Arrays T=Tape & Reel
(SPA® Diodes)
Series Package
Number of F: SOD323
Channels

Ordering Information

Part Number
SDO05-01FTG

Package Marking | Min. Order Qty.

SOD323 g 3000

Package Dimensions -SOD323

Symbol
Min Max Min Max
5 =] A 1.00 | 0039
A1 0.00 0.10 0.000 0.004
A2 0.80 0.90 0.031 0.035
E1 b 0.25 0.35 0.010 0.014
c 0.08 0.15 0.003 0.006
® L L1 D 1.20 1.40 0.047 0.055
é w E 1.60 1.80 0.063 0.071
E1 2.50 2.70 0.098 0.106
1 L 0.475 REF 0.019 REF
L1 0.25 0.40 0.010 0.016
(%] 0° 8° 0° 8°
Embossed Carrier Tape & Reel Specification — SOD323
2.00 21560 ‘ 2178
12.3
: T
|
|
f |
L -
123 |, ‘

9.5

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.

Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SD05C Series 450W Discrete Bidirectional TVS Diode

Pinout and Functional Block Diagram

1
x
\ &

2

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SD05C Series

[RoHS] (@F) GREEN]

Description

The bidirectional SDO5C TVS diode is designed to replace
multilayer varistors (MLVs) in electronic equipment for low
speed and DC applications. It will protect any sensitive
equipment from damage due to electrostatic discharge
(ESD) and other transient events.

The SDO5C can safely absorb repetitive ESD strikes

at £30kV (contact discharge, IEC 61000-4-2) without
performance degradation and safely dissipate 30A of
8/20us induced surge current IEC 61000-4-5 2nd edition
with very low clamping voltages.

Features

e ESD, IEC 61000-4-2,
+30kV contact, +30kV air

e EFT IEC 61000-4-4, 50A
(5/50ns)

e |ightning, IEC 61000-
4-5 2nd edition, 30A
(tp=8/20us)

e |ow clamping voltage
e | ow leakage current

e Small SOD323 package
fits 0805 footprints

Applications

e Switches / Buttons e Medical Equipment

* Notebooks / Desktops /
Servers

¢ Test Equipment /
Instrumentation

e Point-of-Sale Terminals e Computer Peripherals

Samples

Additional Information

| Bt |

=3

Datasheet Resources
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SD05C Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings

Symbol Parameter Value Units
= Peak Current (t,=8/20us) 30 A
P Peak Pulse Power (t,=8/20us) 450 wW
Top Operating Temperature -40 to 125 °C
Teror Storage Temperature -55 to 150 °C
Notes

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Thermal Information

Parameter Rating Units
Storage Temperature Range -55 to 150 °C
Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 20-40s) 260 °C

Electrical Characteristics (T,,=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Voltage Drop Vi [e=TmA 6 Vv
Reverse Standoff Voltage Vawm [a<THA 5.0 \
Leakage Current hzree V=5V 1.0 PA

lpp=1A, 1,=8/20ps, Fwd 9.7 \
Ipp=2A, 1,=8/20ps, Fwd 10.3 \

Clamp Voltage! Ve
lop=10A, t,=8/20us, Fwd 13.6 \
lpp=24A, 1,=8/20us, Fwd 18.0 \
Dynamic Resistance REvN (Ve - Vi) / (lppy - lppy) 0.6 Q
|IEC61000-4-2 (Contact Discharge) +30 kV

ESD Withstand Voltage' Veso
IEC61000-4-2 (Air Discharge) +30 kV
Diode Capacitance’ Cs Reverse Bias=0V, f=1MHz 200 pF

Note:
'Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias Non-Repetitive Peak Pulse Power vs. Pulse Time

300.0
10
250.0 -
2
X N
= 5
200.0 = ~
o 1
= -
8 150.0 5
E \\ nc_> \\
81000 g NN
§ . £0.1
3
50.0 &
00 0.01
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0 0.1 1 10 100 1000
Bias Voltage (V) Pulse Duration - tp (ps)
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TVS Diode Arrays (SPA®Diodes)
General Purpose ESD Protection - SD05C Series

8/20 ps Pulse Waveform

% of Rated Power Ipp

0 25 50 75 100

Ambient Temperature - TA(°C)

125 150

Percent of I,

110%

100%

90%

80%

70%

60%

50%

40%

30%

20% /
10%

0%
0.0

5.0 10.0 15.0

Time (ps)

20.0

25.0 30.0

Soldering Parameters

Reflow Condition

Pb — Free assembly

Pre Heat

-Temperature Min (T i) 150°C
-Temperature Max (T ., 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

Tsmax 10 T - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)

217°C

Reflow
-Temperature (t,)

60 - 150 seconds

PeakTemperature (Tp)

26005 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

Product Characteristics

Lead Plating Matte Tin

Lead Material Copper Alloy

Lead Coplanarity

0.0004 inches (0.102mm)

Substitute Material

Silicon

Body Material

V-0 per UL 94 Molded Epoxy

Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Temperature —>

— to
T 1 1
P Critical Zone
TLto Te
T
I —t. |
TS(max)
Ramp-dowi
TS(min)
/ )
25
I<— time to peak temperature——»i Time =>
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
General Purpose ESD Protection - SD05C Series
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Part Marking System Part Numbering System

SD05C-01 E T G

L G= Green
TVS Diode Arrays T=T & Reel
G (SPA® Diodes) ape o
Series ——— Package

Numberof | F: SOD323
Channels

Ordering Information

Part Number Package Marking | Min. Order Qty.
SDO5C-01FTG SOD323 G 3000

Package Dimensions -SOD323

E

A1 A2 SOD323
Symbol
/’\ Min Max Min | Max
+ = A 1.00 0.039
Il [ 2 | | a
tﬁ/ A1 0.00 0.10 0.000 0.004
A2 0.80 0.90 0.031 0.035
E1 A b 0.25 0.35 0.010 0.014
c 0.08 0.15 0.003 0.006
L L1 D 1.20 1.40 0.047 0.055
Y N
o w E 1.60 1.80 0.063 0.071
I S E1 2.50 2.70 0.098 0.106
1 o L 0.475 REF 0.019 REF

L1 0.25 0.40 0.010 0.016

1] 0° 8° 0° 8°

4.00 2.00 2150

123

—
| —

9.5

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP3001 Series 0.65pF Diode Array

1701 DO
GND [_|
vo2[_|

[ Jvoa
[ ] Ve
] wvos

Functional Block Diagram

/02 Vg 1/04
o by o
/01 GND 1/03

Additional Information

.

Datasheet

Resources

Ed

Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3001 Series

[RoHS] (BF) {GREEN]

Description

The SP3001 has ultra low capacitance rail-to rail diodes with
an additional zener diode fabricated in a proprietary silicon
avalanche technology to protect each I/O pin providing a
high level of protection for electronic equipment that may
experience destructive electrostatic discharges (ESD). These
robust diodes can safely absorb repetitive ESD strikes at the
maximum level specified in the IEC 61000-4-2 international
standard (Level 4, +8kV contact discharge) without
performance degradation. Their very low loading capacitance
also makes them ideal for protecting high speed signal pins
such as HDMI, DVI, USB2.0, and IEEE 1394.

e Small SC70 ( JEDEC MO-
203) package saves board
space

e Lightning Protection, IEC
61000-4-5, 2nd edition

e |ow capacitance of
0.65pF (TYP) per I/0

e ESD protection of £8kV
contact discharge, =15kV
air discharge,

(IEC 61000-4-2) 2.5A (8/20us)

e EFT protection, IEC e RoHS compliant and
61000-4-4, lead-free
40A (5/50ns)

e | ow leakage current of
0.5pA (MAX) at BV

Applications

¢ Network Hardware/Ports
e Test Equipment

e Computer Peripherals
* Mobile Phones

e PDASs

¢ Digital Cameras

e Medical Equipment

Application Example

+5V

—I ] A single 4 channel SP300x-04
b2+ o2 device can be used to protect
D2- |- b2- four of the data lines in a
*Spaommos HDMI/DVI interface. Two (2)
S I L o1 SP300x-04 devices provide
o, Gnd protection for the main data
HDMI HDMI lines. Low voltage ASIC
Interface omacto]  HDMI/DVI drivers can also be
0os DO+ protected with the SP300x-04,
bo. M 5o the +Vec pins on the SP300x04
I can be substituted with a
1z 3 suitable bypass capacitor or in
S — Clke some backdrive applications the
Clk- Cle- +V¢c of the SP300x04 can be
[ Gna floated or NC.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP3001 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units

= Peak Current (t,=8/20ps) 2.5 A Storage Temperature Range -55 to °C
150
Top Operating Temperature 40 to 125 °C . -
Maximum Junction Temperature 150 °C

T Storage Temperature -b5 to 150 *C

STOR g peral Maximum Lead Temperature 260 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause (SOIde”ng 20-40s)

permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Test Conditions
Reverse Standoff Voltage Vi g < TpA 6 V
Reverse Leakage Current [ eak Vg=bV 0.5 pA
lpp=1A, t,=8/20ps, Fwd 9.5 11.0
Clamp Voltage' Ve
lpp=2A, t,=8/20us, Fwd 10.6 13.0
IEC61000-4-2 (Contact) +8 kV
ESD Withstand Voltage' Veso
IEC61000-4-2 (Air) +15 kV
Reverse Bias=0V 0.7 0.8 0.9 pF
Diode Capacitance’ Cyo-enp
Reverse Bias=1.65V 0.55 0.65 0.75 pF
Diode Capacitance' Ciouo Reverse Bias=0V 0.35 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Capacitance vs. Bias Voltage

1 1.00
0 N 095
1
“ 0.90
g ° 1 T o085
™ .
g il )
P 8 080
8 4 ‘ g — V,, = Float
= £ o7 —
o 5 2
£ \ 2 070
- o .
§ 6 v S R V=33V "
£ o 065
7 e
= V=5V
8 0.60
9 055
-10 0.50 -
1E+06 18407 1E+08 1.E+09 1E+10 00 05 10 15 20 25 30 35 40 45 50
Frequency [Hz] 1/0 DC Bias (V)
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Expertise Applied | Answers Dellvered Low Capacitance ESD Protection - SP3001 Series

Capacitance vs. Frequency Product Characteristics

14812 Lead Plating Matte Tin
1.2E-12 o
Lead Material Copper Alloy
= Lead Coplanarity 0.0004 inches (0.102mm)
8 sE3 A . -
= Substitute Material Silicon
.“é 6E-13
§ Body Material Molded Epoxy
4E13 A
Flammability UL 94 V-0
2E-13 Notes :
1. All dimensions are in millimeters
0 2. Dimensions include solder plating.
1.E+06 1E+07 1E+08 1E+09 3. Dimensions are exclusive of mold flash & metal burr.
Frequency [Hz] 4. Blo is facing up for moldv a_nd facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition Pb - Free assembly —! tp l—
Te — Critical Zone

-Temperature Min (T ;) 150°C H
Pre Heat |-Temperature Max (T .. 200°C .3 T T | ¢, )

-Time (min to max) (t,) 60 - 180 secs g Stmax)

£ Ramp-dow
A Li - T Preheat|
verage ramp up rate (Liquidus) Temp 3°C/second max @ - [Preheat]
(T,) to peak S(min)
I‘_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Rofl -Temperature (T,) (Liquidus) | 217°C 25 |<-
eriow time to peak temperature————»l -

-Temperature (t,) 60 - 150 seconds Time ==>
Peak Temperature (T;) 260+0/5 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t;)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP3001 Series

Expertise Applied | Answers Delivered

Package Dimensions — SC70-6

1 1.30
£ we 005121
| [ ] 0.65 eters

hd ™ [0.0256]
|1 A Kl " ‘T [0.0157] A 0.80 110 0.031 0.043
—B A1 0.00 0.10 0.000 0.004
D —y |:| |:| A2 0.70 1.00 0.028 0.039
é m TE 7 B 0.15 0.30 0.006 0.012
/1) :“g? <8 c 0.08 0.25 0.003 0.010
A T D 185 2.25 0.073 0.089
. |:| |:| D E 115 1.35 0.045 0.053
LJ% e 0.65 BSC 0.026 BSC
T Solder Pad Layout
e HE 2.00 2.40 0.079 0.094
L 0.26 0.46 0.010 0.018

Part Marking System Part Numbering System

D~ 4 SP3001-04JTG
J71 cieror ]
D*4 Product Series Number of Channels gsAB'B%%Q;;ayS G= Green
D = SP3001 series
Assembly Site T= Tape & Reel
(varies) Series | Package
J =5C70-6

Number of Channels
. . -04 = 4 channel
Ordering Information

Part Number Package Marking Min. Order Qty.
SP3001-04JTG SC70-6 D4 3000

Embossed Carrier Tape & Reel Specification — SC70-6

PO

Symbol - -
P2 — QQ " Min Max Min Max
E 1.65 1.85 0.064 0.072
& é} % o oY F 3.45 3.55 0.135 0.139
4@ { P2 1.95 2.05 0.076 0.081
e e | = T D 1.40 1.60 0.055 0.062
/ L $, 1]‘— D1 1.00 1.25 0.039 0.049
#D1—=——=— o PO 3.90 4.10 0.153 0.161
@ 10P0 40.0+ 0.20 1.574+0.007

AQ —=—=— =—P w 770 8.10 0.303 0.318
77 P 3.90 4.10 0.153 0.161
W A TN A0 2.14 2.34 0.084 0.092
? BO 2.24 2.44 0.088 0.960
Q KO 1.12 1.32 0.044 0.052

t 0.27 max 0.010 max

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SP3002 Series

Expertise Applied | Answers Delivered

SP3002 Series 0.85pF Diode Array [RoHS] (@F) GREEN]

Description

The SP3002 has ultra low capacitance rail-to-rail diodes
with an additional zener diode fabricated in a proprietary
silicon avalanche technology to protect each I/O pin
providing a high level of protection for electronic equipment
that may experience destructive electrostatic discharges
(ESD). These robust diodes can safely absorb repetitive
ESD strikes at the maximum level (Level 4) specified in the
|EC 61000-4-2 international standard without performance
degradation. Their very low loading capacitance also makes
them ideal for protecting high speed signal pins such as
HDMI, DVI, USB2.0, and IEEE 1394.

[ ) e | ow capacitance of e |ow leakage current of
1/0 1 ]
o D :l 1704 104 I| ¢ ! E 1/0 4 0.85 pF (TYP) per I/O 0.5pA (MAX) at 5V
E E e ESD protection of e Small packaging options
GND [ | [ ] Vee NC [2 ] iend 2 [5] vee +12kV contact discharge, saves board space
! E +15kV air discharge, e Lightning Protection, IEC
voz {31t i [a]wos (IEC 61000-4-2) 61000-4-5, 2nd edition
170 2 ] vos . '
e EFT protection, IEC 4.5A (8/20us)
HDFN-6 61000-4-4, 40A e R i
SC70-6 and SOT23-6 ' oHS compliant and
an (1.6x1.6x0.5mm) (5/50ns) lcad-free

Functional Block Diagram Applications
1102 V¢ /04 e Computer Peripherals ¢ Network Hardware/Ports
* $ * ¢ Mobile Phones ¢ Test Equipment
e PDAs e Medical Equipment
e Digital Cameras
| o . . Application Example
1/01 GND /03 v
— | A single 4 channel SP300x-04
™ : o2 & device can be used to protect
Additional Information D2- - b2- four of the data lines in a
*Spaommos HDMI/DVI interface. Two (2)
A\ —— SP300x-04 devices provide
D1+ D1+ X i
— ‘ o Gnd protection for the main data
HDMI HDMI lines. Low voltage ASIC
Datasheet Resources Samples Incar o]  HDMI/DVI drivers can also be
bor Do+ protected with the SP300x-04,
oo. oo the +Vc pins on the SP300x-04
S _Mi can be substituted with a
N suitable bypass capacitor or in
Gkt Clke some backdrive applications the
Clk- Clke +V¢c of the SP300x04 can be
= floated or NC.

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP3002 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
[ Peak Current (t,=8/20ps) 4.5 A Storage Temperature Range —5550 °C
15
T 0 ting Te t -40 to 125 °C : ;
o° perating lemperature ° Maximum Junction Temperature 150 °C
Tstor Storags Temperature —55 t0 150 °C Maximum Lead Temperature 260 °C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause (Soldering 20-40s)

permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage /R lg < THA 6.0 \
Reverse Leakage Current | ek Vp=bV 0.5 PA
lpp=1A, t,=8/20ps, Fwd 9.5 11.0
Clamp Voltage' Ve
lpp=2A, t,=8/20us, Fwd 10.6 13.0
IEC61000-4-2 (Contact) +12 kV
ESD Withstand Voltage' Veso
IEC61000-4-2 (Air) +15 kV
Reverse Bias=0V 0.95 1.1 1.25 pF
Diode Capacitance’ Cyonp
Reverse Bias=1.65V 0.7 0.85 1.0 pF
Diode Capacitance! Cyou0 Reverse Bias=0V 0.5 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Capacitance vs. Bias Voltage

g 5 [RFY
= = V. = Float
2 ?é’ 110 «
o
= ‘g 1.00 i 5
s 2 AN Vee=33V T —
£ § o0 —
2 o — |
£ < 080
= Vg =5V
-15 0.70
0.60
0.50
-20
1E+06 1E+07 1E+08 1E+09 1E+10 oo 05 10 15 20 25 30 35 40 45 50

Frequency [Hz] 170 DC Bias (V)
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Expertise Applied | Answers Dellvered Low Capacitance ESD Protection - SP3002 Series

Capacitance vs. Frequency Product Characteristics

2 . SC70 & SOT23: Matte Tin
2E12 Lead Plating c | S e
aE1 uUDFN: Pre-Plated Frame

1.6E-12 Lead Material Copper Alloy
- 1.48-12 Lead Coplanarity 0.0004 inches (0.102mm)
o 1:2E-12 ) ) "
2 Substitute Material Silicon
8 e
o -
8 8E13 Body Material Molded Epoxy
8
6E13 Flammability UL 94 V-0
4E-13
Notes :
2613 1. All dimensions are in millimeters
o 2. Dimensions include solder plating.
3. Dimensions are exclusive of mold flash & metal burr.
1.E+06 1E+07 1.E+08 1.E+09 4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
Frequency [Hz] 5. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition Pb - Free assembly —! tp l—
Te — Critical Zone

-Temperature Min (T ;) 150°C g
Pre Heat |-Temperature Max (T .. 200°C % T T | ¢, )

-Time (min to max) (t,) 60 - 180 secs g smax)

£ Ramp-dow
A Li - T Preheat|
verage ramp up rate (Liquidus) Temp 3°C/second max @ - [Preheat]
(T,) to peak S(min)
I‘_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Refl -Temperature (T,) (Liquidus) | 217°C 25 |<-
eriow time to peak temperature———»l -

-Temperature (t,) 60 - 150 seconds Time ==>
Peak Temperature (T;) 260+0/5 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP3002 Series

Expertise Applied | Answers Delivered

Package Dimensions — SC70-6

SC70-6

T | JEDEC | MO-203
- 130 __
. | [0.0512] | oes
[0.0256]
! B 1 - [00157] A 0.80 1.10 0.031 0.043
el T A1 0.00 0.10 0.000 0.004
5 . |:| |:| A2 0.70 1.00 0.028 0.039
5 —/ B 0.15 0.30 0.006 0.012
A2 A °5 o9 c 0.08 0.25 0.003 0.010
L -gg D 1.85 2.25 0.073 0.089
A1 —J E 115 1.35 0.045 0.053
. |:| D D e 0.65 BSC 0.026 BSC
é% Solder Pag L HE 2.00 2.40 0.079 0.094
f e older FPad Layout L 0.26 0.46 0.010 0.018

Package Dimensions — SOT23-6

Q s
o jwe ¥ JEDEC MO-178

1 [ T

L *

6 5 ¢ Min Max Min Max

¢ + e I E1 A 0.900 1.450 0.035 0.057 -
) 2‘ 5 A1 0.000 0.150 0.000 0.006 -

: : : A2 0.900 1.300 0.035 0.051 -

o N o b 0.350 0.500 0.0138 0.0196 -

. o . tc c 0.080 0.220 0.0031 0.009 -

¢ D 2.800 3.000 0.1 0.118 3

E 2.600 3.000 0.102 0.118 -

s 1 SEATING E1 1.500 1.750 0.06 0.069 3
N ¥ P-E e 0.95 Ref 0.0374 Ref -
1 el 1.9 Ref 0.0748 Ref -
E L 0.100 0.600 0.004 0.023 4.5

N 6 6 6

a 0° 10° 0° 10° -

Recommended Solder Pad Layout M 2.590 0.102 -

| I ! o 0.690 .027TYP -

I N O O I P 0.990 .039TYP -

! . . R 0.950 0.038 -

Notes:

. Dimensioning and tolerances per ANSI| 14.5M-1982.

. Package conforms to EIAJ SC-74 (1992).

. Dimensions D and E1 are exclusive of mold flash, protrusions, or gate burrs.

. Footlenth L measured at reference to seating plane.

. "L is the length of flat foot surface for soldering to substrate.

. "N" is the number of terminal positions.

. Controling dimension: MILLIMETER. Converted inch dimensions are not necessarily
exact.

> U |~
1
1
H
1
1
1
1
-f--+
1
1
PO
NOORWN =
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% Littelfuse TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3002 Series

Expertise Applied | Answers Delivered

‘ Bottom View
Top View uDFN-6 (1.6x1.6x0.5mm)

< D2 —>
PEEFEN & 1Y ] oo ¢] MO-229
6 5 4 4 5 6
r ]0.05| C Symbol
T N i Min Max
: ! ? ) A 0.45 0.55 0.018 0.022
l £ 0 N A1 0.00 0.05 0.000 0.002
Pin 1 IndexArea—" 1 2 3 ‘ 1 5 g Pinichamfer A3 0.127 Ref 0.005 Ref
El el 01045 b 0.20 0.30 0.008 0.012
D 150 1.70 0.060 0.067
Side View D2 1.05 1.30 0.042 0.052
// Joos[c] ¥ A3 E 150 1.70 0.060 0.067
A ' E2 0.40 0.65 0.016 0.026
¥ gy e e 0.50 Ref 0.020 Ref
L 025 | 040 0010 | 0016
—| D
0.10@)]c[A]g]
@ 0.054)|C
Part Numbering System Ordering Information
SP3002-04*TG Part Number Package Marking Min. Order
S R Qty.
TVS Diode A =
(SPA® Diodes) G=Green SP3002-04HTG SOT23-6 E*4 3000
T=Tape & Reel
SP3002-04JTG SC70-6 E*4 3000
Series Package DFN-6
H=S0T23-6 ¥ M R *
Number of Channels J=SC70-6 SPUPREUITG (1.6x1.6x0.5mm) =4 <ty
-04 = 4 channel Uz pDFN-G

Part Marking System
E*4
E*4 Product Series——l_—[ |—

E = SP3002 series
Assembly Site

(varies)

Number of Channels
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP3002 Series

Expertise Applied | Answers Delivered

Embossed Carrier Tape & Reel Specification — SC70-6

70
Symbol - -
P2 — QQ " Min Max Min Max
E 1.65 1.85 0.064 0.073
& é} o oY F 3.45 3.55 0.135 0.139
i 2 { P2 1.95 2.05 0.077 0.081
PN P A T . ) . )
&l & & [& | D 140 1.60 0.055 0.063
/ W F D1 1.00 1.25 0.039 0.049
#D1—=——=— o PO 3.90 4.10 0.154 0.161
o 10P0 40.0+ 0.20 1.5740.008
AQ—=—=— =P w 770 8.10 0.303 0.318
?7 P 3.90 4.10 0.153 0.161
A A0 2.14 2.34 0.084 0.092
BO 224 2.44 0.088 0.096
Q Ko 1.12 132 0.044 0.052
t 0.27 Max 0.010 Max

Embossed Carrier Tape & Reel Specification — SOT23-6
8mm TAPE AND REEL

1.56mm 4.0mm
ACCESS HOLE DA, HOLE_\ _;L ’:: 20mm ¢ 175mm

—»| |a—14.4mm 8mm ¢ ﬁ%’é"&'&é’@'&@%ﬁ'@g [ ?
[

4.0mm —>‘

13mm GENERAL INFORMATION

F SOT-23 (8mm POCKET PITCH)
1. 3000 PIECES PER REEL.
! A e) e) e) 2. ORDER IN MULTIPLES OF FULL REELS ONLY.
180mm ] 60mm 3. MEETS EIA-481 REVISION "A" SPECIFICATIONS.
| v @
—>‘ ‘4— 8.4mm

USER DIRECTION OF FEED PIN 1
_—

Embossed Carrier Tape & Reel Specification — pyDFN-6 (1.6x1.6x0.5mm)

e t
. Min Max Min Max
@ /@f L”? E 1.65 1.85 0.06 0.07
, z N F 3.45 3.55 0.14 0.14
$ i D1 1.00 1.25 0.04 0.05
. D 1.50 MIN 0.06 MIN
¢D14>L|;L;>LPO 8 PO 3.90 4.10 0.15 0.16
AD— e e 10P0 40.0+ 0.20 1.57+0.01
L : _ w 7.90 8.30 0.31 0.33
?g P2 1.95 2.05 0.08 0.08
A0 178 1.88 0.07 0.07
BO 178 1.88 0.07 0.07
Ko 0.84 0.94 0.03 0.04
t 0.25TYP 0.01TYP

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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Expertise Applied | Answers Delivered

SP0504S Series 0.85pF Diode Array

Pinout

o1 [ _|®
GND ||
voz2[ |

[ Juvoa
[ ] Ve
] vos

SOT23-6

Functional Block Diagram

1102 Ve 1/04
o yy °
/01 GND 1/03

Additional Information

Datasheet

Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP0504S Series

[ AutomoTivE GRADE] [RoHS] (§F) [GREEN]

Description

The SP0504S has ultra low capacitance rail-to-rail diodes
with an additional zener diode fabricated in a proprietary
silicon avalanche technology to protect each I/O pin
providing a high level of protection for electronic equipment
that may experience destructive electrostatic discharges
(ESD). These robust diodes can safely absorb repetitive
ESD strikes at the maximum level (Level 4) specified in the
|IEC 61000-4-2 international standard without performance
degradation. Their very low loading capacitance also makes
them ideal for protecting high speed signal pins such as
HDMI, DVI, USB2.0, and IEEE 1394.

Features

e RoHS compliant and
lead-free

(5/50ns)

Low leakage current of
0.5pA (MAX) at 5V
Small packaging options
saves board space

e |ow capacitance of
0.85 pF (TYP) per I/O

e ESD protection of
+12kV contact discharge,
+15kV air discharge,
(IEC 61000-4-2)

e EFT protection, IEC
61000-4-4, 40A

Lightning Protection, IEC
61000-4-5, 4.5A (8/20us)

AEC-Q101 qualified

Applications

e Computer Peripherals ¢ Network Hardware/Ports
* Mobile Phones
e PDASs

e Digital Cameras

e Test Equipment
e Medical Equipment
e Automotive Network

Application Example

RJ-45

Connector Ethernet PHY

£E .
| .
s Blls N

GND =

SP0504S

A single 4 channel SP0504S device can be used to protect
four of the data lines in a HDMI/DVI interface. Two (2)
SP0504S devices provide protection for the main data lines.
Low voltage ASIC HDMI/DVI drivers can also be protected
with the SP0504S, the +V . pins on the SPO504S can be
substituted with a suitable bypass capacitor or in some
backdrive applications the +V. of the SP0504S can be
floated or NC.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP0504S Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
[ Peak Current (t,=8/20ps) 4.5 A Storage Temperature Range —5550 °C
15
T 0 ting Te t -40 to 125 °C : ;
o° perating lemperature ° Maximum Junction Temperature 150 °C
Tstor Storags Temperature —55 t0 150 °C Maximum Lead Temperature 260 °C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause (Soldering 20-40s)

permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage /R lg < THA 6.0 \
Reverse Leakage Current | ek Vp=bV 0.5 PA
lpp=1A, t,=8/20ps, Fwd 8.5 11.0
Clamp Voltage' Ve
lpp=2A, t,=8/20us, Fwd 10.6 13.0
IEC 61000-4-2 (Contact) +12 kV
ESD Withstand Voltage' Veso
IEC 61000-4-2 (Air) +15 kV
Reverse Bias=0V 0.95 1.1 1.25 pF
Diode Capacitance’ Cyonp
Reverse Bias=1.65V 0.7 0.85 1.0 pF
Diode Capacitance' Ciouo Reverse Bias=0V 0.5 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Capacitance vs. Bias Voltage

g 5 [RFY
= = V. = Float
2 ?é’ 110 «
o
= ‘g 1.00 i 5
s 2 AN Vee=33V T —
£ § o0 —
2 o — |
£ < 080
= Vg =5V
-15 0.70
0.60
0.50
-20
1E+06 1E+07 1E+08 1E+09 1E+10 oo 05 10 15 20 25 30 35 40 45 50

Frequency [Hz] 170 DC Bias (V)
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Expertise Applied | Answers Dellvered Low Capacitance ESD Protection - SP0504S Series

Capacitance vs. Frequency Product Characteristics

&2 Lead Plating Matte Tin
1.8E-12
L6E12 Lead Material Copper Alloy
- 1.4E-12 Lead Coplanarity 0.0004 inches (0.102mm)
o 1.2E-12
3 Substitute Material Silicon
.g 1E-12
§ sE13 Body Material Molded Epoxy
(3]
6E13 Flammability UL 94 V-0
4E-13
Notes :
213 1. All dimensions are in millimeters
o 2. Dimensions include solder plating.
3. Dimensions are exclusive of mold flash & metal burr.
1.E+06 1.E+07 1.E+08 1.E+09 4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
Frequency [Hz] 5. Package surface matte finish VDI 11-13.
Soldering Parameters
Reflow Condition Pb - Free assembly —! tp le—
Te - ) Critical Zone
-Temperature Min (T ;) 150°C g
Pre Heat |-Temperature Max (T .. 200°C % T T | ¢, )
-Time (min to max) (t,) 60 - 180 secs g S e
I £ -
Average ra ate (Liquidus) Te
verage ramp up rate (Liquidus) Temp 3°C/second max @ -
(T,) to peak S(min)
I‘_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Rofl -Temperature (T,) (Liquidus) | 217°C 25 |<-
eriow time to peak temperature————»l -
-Temperature (t,) 60 - 150 seconds Time ==>
Peak Temperature (T;) 260+0/5 °C
20-40 d i i
Temperature (t,) seconas Ordering Information
Ramp-down Rate 6°C/second max Part Number Package Marking Min. Order
Time 25°C to peak Temperature (T,) 8 minutes Max. Qty.
Do not exceed 260°C SP0O504SHTG SOT23-6 E*4 3000

Part Numbering System Part Marking System

SP0504S HTG _TE 4
TVS Diode Arrays G= Green E*4 Product Series —‘V |— Number of Channels
(SPA” Diodes) E = SP0504S series
T= Tape & Reel Assembly Site
(varies)
. Package
Series H=SOT23-6

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensi — S0T23-6

¢
+‘ b |
MO-178AB
: s‘ .
el 4 ; ;
. 4 A 0.900 1450 0.035 0.057 -
' ' ' A1 0.000 0.150 0.000 0.006 -
‘ e1 B A2 0.900 1.300 0.035 0.051 =
) b , b 0.350 0.500 0.0138 0.0196 -
¢ C 0.080 0.220 0.0031 0.009 =
D 2.800 3.000 0.1 0.118 3
e a1 SEATING E 2.600 3.000 0.102 0.118 =
i PLANE E1 1.500 1.750 0.06 0.069 3
e 0.95 Ref 0.0374 ref =
el 1.9 Ref 0.0748 Ref -
0.10 (0.004)| C
E. L 0.30 0.600 0.012 0.023 4,5
N 6 6 6
o 0° 8° 0° 8° =
M 2.590 0.102 -
(0] 0.690 .027TYP -
P 0.990 .039TYP -
Recommended Solder Pad Layout 5 =0 e -
Notes:
1. Dimensioning and tolerancing Per ASME Y14.5M-1994.
2. Package conforms to EIAJ SC-74 (1992).
3. Dimensions D and E1 are exclusive of mold flash, protrusions, or gate burrs.
4. Foot length L measured at reference to seating plane.
5. "L is the length of flat foot surface for soldering to substrate.
6. “N" is the number of terminal positions.
7. Controlling dimension: MILLIMETER. Converted inch dimensions are not necessarily exact.

Embossed Carrier Tape & Reel Specification — SOT23-6

8mm T TAPE AND REEL

1.5mm 4.0mm
ACCESS HOLE DI HOLE \, _i, ’:: 20mm g 175mm

—»| [« 14.4mm  gmm ¢ @-Q:-.Q-ﬂé-ﬂ-é.-é@ El 1] $‘£ €

4.0mm

13mm GENERAL INFORMATION
SOT-23 (8mm POCKET PITCH)
1. 3000 PIECES PER REEL.

% 2. ORDER IN MULTIPLES OF FULL REELS ONLY.

3. MEETS EIA-481 REVISION "A" SPECIFICATIONS.
USER DIRECTION OF FEED PIN 1
-

180mm [ 60mm

—>H<—84mm

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP3003 Series 0.65pF Diode Array

SP3003-02X/J SP3003-04X/J SP3003-02UTG

(AEC-Q101 qualified)

Ne[]®  [Jwor  wo1[|® [Juoa
GND [ GND [ ] Vee
v, [ [ Jvoz woz[] ]vos
$P3003-04A $P3003-08A
o1 []® [1ne o1 []® [] vos
o2 [ INC o2 [ 1 vo7
Vee [ 1 GND o3 [ 1 Ne
103 [] 1N o4 [ 1 vos
o4 [ 1 Nc Gnp [ 1 wos
Functional Block Diagram
SP3003-04J/XTG SP3003-04ATG
S oL S a8 40 SP3003-02UTG
xXx | x(& Yy ¥ ¥vvy
T e S A
F Sk ¥ AA ’;[ L 4 h 4 3;‘
oo I B R
1 2 3 4 5

SP3003-08ATG

5 4 10 9 8 7 6
| 1 1 0 1
o, o
x| & ]EEE ][E[ ][E[ 2:’3:
X x

x| & z;‘x 1;‘2[ 1;‘1[ ]E‘]i

]

]

2

] | EJ‘
Additional Information

Zl

Datasheet Resources Samples

Life Support Note:

Not Intended for Use in Life Support or Life Saving App

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3003 Series

[RoHS] (@8) [GREEN]

Description

The SP3003 has ultra low capacitance rail-to-rail diodes with
an additional zener diode fabricated in a proprietary silicon
avalanche technology to protect each 1/O pin providing a
high level of protection for electronic equipment that may
experience destructive electrostatic discharges (ESD). These
robust diodes can safely absorb repetitive ESD strikes at the
maximum level specified in the IEC 61000-4-2 international
standard (Level 4, +8kV contact discharge) without
performance degradation. Their very low loading capacitance
also makes them ideal for protecting high speed signal pins
such as HDMI, DVI, USB2.0, and IEEE 1394.

e ESD protection of £8kV e |ow leakage current of
contact discharge, 0.5pA (MAX) at BV
+15kV air discharge, (IEC o Complete line of small
61000-4-2) packaging helps save

e EFT protection, board space (SC70,
IEC 61000-4-4, 40A SOT553, SOT563,
(5/50ns) MSOP10, uDFN-6L)

e Lightning Protection, IEC e AEC-Q101 qualified
61000-4-5, 2nd edition (uDFN package)
2.5A (8/20us) * RoHS compliant and lead-

® | ow capacitance of free
0.65pF (TYP) per I/O

Applications

LCD/ PDPTVs ¢ SetTop Boxes

e DVD Players * Mobile Phones
® Desktops ¢ Notebooks
e MP3/PMP e Computer Peripherals

e Digital Cameras

Application Example

DVI/ HDMI Port
D2+
GND

D2-
D1+
GND

D1-
DO+
GND

Do-
CLK+
GND
CLK-

*Package is shown as transparent

. Vee/NC

“=GND GND = = Signal GND

A single, 4 channel SP3003-04 device can be used to
protect four (4) of the data lines in a HDMI/DVI interface
so two (2) SP3003-04 devices provide protection for all
eight (8) TMDS lines.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating | Units
lop Peak Current (t,=8/20ps) 2.5 A Storage Temperature Range -55t0 150 | °C
Top Operating Temperature _4010 125 oC Maximum Junction Temperature 150 C

S Maximum Lead Temperature 260 ®C
Tstor Storage Temperature -b5 to 150 c (Soldering 20-40s)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Test Conditions
Reverse Standoff Voltage Vawm Iz < TpA 6 \
Reverse Leakage Current | ek Vp=bV 0.5 pA
ol Vol v lep=1A, t,=8/20ps, Fwd 10.0 12.0
amp Voltage'
c l,,=2A, t.=8/20pis, Fwd 1.8 15.0
BE P
IEC61000-4-2 (Contact) +8 kV
ESD Withstand Voltage' Vesp EC610004.2 (A T ny
Diode C C Reverse Bias=0V 0.7 0.8 0.95 pF
iode Capacitance' y
e Reverse Bias=1.65V 0.55 0.65 0.8 PF
Diode Capacitance' Ciouo Reverse Bias=0V 0.35 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Capacitance vs. Bias Voltage

1 1.00
0 N 0.95
! “' 0.90
— 2 _
@ A T o
= 3 i -
3 8 080
g 4 £ o V,, = Float
= £ 075
8 5 s
£ l 0.70
§ s ] R V, = 33V T
£ o
£ Q o6s
p = Vo =5V
s 0.60
-9 055
-10 0.50
1.E+06 1.E407 1.E+08 1.E+09 1.E+10 00 05 10 15 20 25 30 35 40 45 50
Frequency [Hz] 1/0 DC Bias (V)

© 2017 Littelfuse, Inc.
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TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3003 Series

Capacitance vs. Frequency

1.4E-12

1.2E-12

1E-12

8E-13

6E-13

Capacitance [F]

4E-13

2E-13

1.E+06 1.E+07 1

Frequency [Hz]

.E+08

1.E+09

Lead Plating

Matte Tin (SC70-x, MSOP-10) Pre-Plated
Frame (SOT5x3, MDFN-6)

Lead Material

Copper Alloy

Lead Coplanarity

0.0004 inches (0.102mm)

Substitute Silicon

Material

Body Material Molded Epoxy

Flammability UL 94 V-0
Notes :

1

2
3
4
5

. All dimensions are in millimeters

. Dimensions include solder plating.

. Dimensions are exclusive of mold flash & metal burr.

. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition

Pb — Free assembly

Pre Heat

-Temperature Min (T ;) 150°C
-Temperature Max (T ..y 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

Tsmax t0 T - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)
Reflow

217°C

-Temperature (t,)

60 — 150 seconds

Peak Temperature (T;)

260+05 °C

-t e
T 1 1
P Critical Zone
> TLto TP
1=
2 T ¢
S T I L I
‘q-) S(max)
E‘ Ramp-dow
@
TS(min)
/ )
25
I<— time to peak temperature———» Time =>

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

© 2017 Littelfuse, Inc.
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Package Dimensions — SC70-5

e—lme—

Recommended Solder Pad Layout

|é_| not

o [ 4]

HE

1
E

. |
HRANE S
del

D

N By
— > —

—| =0

A

Package Dimensions — SC70-6

130 _
[0.0512]

(0.0256]
FT( [33?57]

1

[]

1.40
[0.0551]
2,40
[0.0945]

_J

NN N

0.26

5C70-6

FLELEI T Pecommended Soer ad oot TSN I
t 1,30 JEDEC MO-203
E HE ]
|l| L_l 0.40
e [0,0157]
Jele m( A 0.80 1.10 0.031 0.043
5 (][] A1 0.00 0.10 0.000 0.004
|ﬁ L A2 0.70 1.00 0.028 0.039
A2 A omo¥
77 ) 2853 B 0.15 0.30 0.006 0.012
& i c 0.08 0.25 0.003 0.010
. 101 D 185 2.25 0.073 0.089
L E 115 135 0.045 0.053
' e e 0.65 BSC 0.026 BSC
HE 2.00 2.40 0.079 0.094
L 0.26 0.46 0.010 0.018

Package Dimensions — SOT553

A
e I I I
I R Solder Pad Layout
e i 1! oeer e e
(not use E HE
® 2 3
=i M (00394 050 A 0.50 0.60 0.020 0.024
el l—. [09197) B 0.17 0.27 0.007 0.011
B<— [o.0118] c 0.08 0.18 0.003 0.007
D i L D 1.50 1.70 0.059 0.067
ofoB E 1.10 1.30 0.043 0.051
s3-3 e 0.50 BSC 0.020 BSC
(1] |:|_9 L 0.10 0.30 0.004 0.012
HE 1.50 1.70 0.059 0.067

© 2017 Littelfuse, Inc.
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Package Dimensions — SOT563

[—° — “ g ’“ ]
. e & ]
R % Sorter Pad Layout -

el b ToosaT oso A 0.50 0.60 0020 | 0.024

~l. E—J . r_ 0957 B 0.17 0.27 0.007 0.011

A [o.0r1e] c 0.08 0.18 0.003 0.007

O D 150 170 0059 | 0067

c3g8 E 110 130 0.043 0.051

°s 38 e 0.50 BSC 0.020 BSC
oot L 0.10 0.30 0004 | 0012
HE 150 170 0059 | 0067

Package Dimensions — MSOP10

o

2
il
Millimeters

-

5}
T 11

o | e A - 1.10 - 0.043

DDD A1 0.00 0.15 0.000 0.006

|;| lj H |;| H o2 B 017 027 0.007 0.011
- [0.0126]

T2 Recommended Solder Pad . ¢ 0.08 0.23 0.003 0.009

Layout ' D 2.90 3.10 0.114 0.122

A ) E 4.67 5.10 0.184 0.200

Eﬂfm Y ‘ } \E:{ E1 2.90 3.10 0.114 0.122

B_J_L,_ _JeL_ A1_T _J_L_L e 0.50 BSC 0.020 BSC

HE 040 | 080 0016 | 0.031

Package Dimensions —uDFN-6L

MDFN-6L

A

T0P_VIEW Recommended

‘k D —» Sqjder Pad Layout

71 H0EE,

g jo
L Jre s T §I T Q;J # 0.45 0.55 0.018 0.022
Skl 035 W8 oA, A1 0.00 0.05 0.000 0.002
BOTTOM VIEW ox 0.5 =028
T e E A3 0.125REF 0.005REF
,ﬁ % i I b 0.35 0.45 0.014 0.018
f 1 1] 7? b1 0.15 0.25 0.006 0.010
RO.125 1
A . L D 1.55 1.65 0.062 0.065
SIDE VIEW D2 = = = =
ZToe § e E 0.95 1.05 0.038 0.042
SEATING h N Ez - - - -
PLANT T
ﬁ J . L“f e 0.50REF 0.020REF
et = L 0.33 0.43 0.013 0.017

@lolo®@iclsla
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Embossed Carrier Tape & Reel Specification — MSOP-10

Millimetres Inches

& |

66000 g oo E 165 185 0.065 0.073
é‘ IH o ’ % i= F 5.40 5.60 0.213 0.220
% D 1.50 1.60 0.059 0.063

= ] D1 1.50 Min 0.059 Min
o _.,IL_t PO 3.90 4.10 0.154 0.161

10P0 40.0+ 0.20 1.674+0.008
1 i Ju J w 11.90 12.10 0.469 0.476
2 P 7.90 8.10 0.311 0.319
© 00 00O User Feeding Direction A0 520 540 0205 0213
g EE BElE —_— BO 3.20 3.40 0.126 0.134
EJeJe— Ko 1.20 1.40 0.047 0.055

Pin 1 Location t 0.30 + 0.05 0.012+ 0.002

Embossed Carrier Tape & Reel Specifications — SC70-5 and SC70-6

PO

Millimetres Inches

P2 t
E 165 185 0.064 0.073
F 3.45 3.55 0.135 0.139
S P2 195 2.05 0.077 0.081
D 140 160 0.055 0.063
D1 1.00 125 0.039 0.049
8 PO 3.90 4.0 0.154 0.161
10P0 40.0+ 0.20 167420.008
w 770 8.10 0.303 0.318
P 3.90 410 0.153 0.161
S A0 2.14 2.34 0.084 0.092
o o 1 Location User Feeding Direction BO 2.24 2.44 0.088 0.960
—_— Ko 112 132 0.044 0.052
t 0.27 max 0.010 max

PO
P2 t

E 1.65 1.85 0.064 0.073

€ F 3.45 3.55 0.135 0.139

P2 1.95 2.05 0.076 0.081

D 1.40 1.60 0.055 0.063

P D1 0.45 0.55 0.017 0.021

oD1 Q PO 3.90 4.10 0.154 0.161
10P0 40.0+ 0.20 1.674+0.008

AO P w 7.70 8.10 0.303 0.318

P 3.90 4.10 0.153 0.161

/Jser Feeding Direction A0 173 1.83 0.068 0.072

o Pin 1 Location S BO 1.73 1.83 0.068 0.072

X Ko 0.64 0.74 0.025 0.029
t 0.22 max 0.009 max

© 2017 Littelfuse, Inc.
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Embossed Carrier Tape & Reel Specification — pDFN-6L

Millimetres Inches

E 1.65 1.85 0.064 0.073
F 3.45 3.55 0.135 0.139
P2 1.95 2.05 0.076 0.081
D 1.40 1.60 0.055 0.063
D1 0.45 0.55 0.017 0.021
PO 3.90 4.10 0.154 0.161
10P0 40.0+0.20 1.5674+0.008
w 790 8.30 0.311 0.319
PO 3.90 4.10 0.154 0.161
A0 115 1.25 0.045 0.049
BO 1.75 1.85 0.069 0.073
KO 0.65 0.75 0.026 0.03
t 0.22 max 0.009 max

Part Marking System Ordering Information

Part Number Package Marking Min. Order Qty.
F . SP3003-02JTG SC70-5 F2 3000
_‘|’ _|_ SP3003-02UTG | MDFN-6L FH2 3000
F # * | Product Series Number of Channels
F=SP3003 series (varies) SP3003-02XTG SOT553 Fr2 3000
Assembly Site
(varies) SP3003-04ATG MSOP-10 Fa 4000
SP3003-04JTG SC70-6 F 4 3000
SP3003-04XTG SOT563 F 4 3000
SP3003-08ATG MSOP-10 F8 4000

Part Numbering System

SP3003-0x xTG
=k

TVS Diode Arrays _
(SPA® Diodes) G=Green
T=Tape & Reel
. Package
Series A = MSOP-10, 4000 quantity
Number of Channels J = SC70-5 or SC70-6, 3000 quantity
-02 = 2 channel X =S0T553 or SOT563, 5000 quantity
(SC70-5, SOT553, uDFN-6L packages) U= pDFN-6L, 3000 quantity
-04 = 4 channel
(SC70-6, SOT563, MSOP-10 packages)
-08 = 8 channel

(MSOP-10 packages)

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SP3004 Series

SP3004 Series 0.85pF Diode Array

Pinout

1/0 1 D.
GND ||
vo2[_|

Functional Block Diagram

[ Jwvoa
[ ] Vec
|l wvos

/02 Vg 1/04
o 4 °
/01 GND 1/03

Additional Information

Datasheet

Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
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[RoHS] ‘(@8) [GREEN]

Description

The SP3004 has ultra low capacitance rail-to rail diodes
with an additional zener diode fabricated in a proprietary
silicon avalanche technology to protect each 1/O pin
providing a high level of protection for electronic equipment
that may experience destructive electrostatic discharges
(ESD). These robust diodes can safely absorb repetitive
ESD strikes at the maximum level (Level 4) specified in the
|EC 61000-4-2 international standard without performance
degradation. Their very low loading capacitance also makes
them ideal for protecting high speed signal pins such as
HDMI, DVI, USB2.0, and IEEE 1394.

Features

e RoHS compliant and
Lead-free

e |Low leakage of TnA MAX
with Vg=3.3V

e Small SOT563 package
saves board space

e Lightning Protection, IEC
61000-4-5, 2nd Edition,
4A (8/20ps)

e |ow capacitance of
0.85pF (TYP) per 1/O

e ESD protection of £12kV
contact discharge,
+15kV air discharge, (IEC
61000-4-2)

e EFT protection, IEC
61000-4-4, 40A
(5/50ns)

Applications

Computer Peripherals ¢ Network Hardware/Ports
Mobile Phones
e PDASs

Digital Cameras

¢ Test Equipment
e Medical Equipment

Application Example

+5V

I | A single 4 channel SP300x-04
b2+ I device can be used to protect
D2- F— bz four of the data lines in a
*Spaoimos HDMI/DVI interface. Two (2)
b1s —— o1 SP300x-04 devices provide
o, Gnd protection for the main data
HDMI HDMI lines. Low voltage ASIC
Interface Comectol  HDMI/DVI drivers can also be
bor DO+ protected with the SP300x-04,
bo. _ 50" the +Vcc pins on the SP300x04
S o can be substituted with a
T2 3 suitable bypass capacitor or in
S — Clke some backdrive applications the
Clk- Clk: +V¢c of the SP300x04 can be
floated or NC.
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Low Capacitance ESD Protection - SP3004 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
[ Peak Current (t,=8/20ps) 4 A Storage Temperature Range -55 to °C
150

Top Operating Temperature -40 to 125 °C
Maximum Junction Temperature 150 °C

T T -55 to 150 *C
STOR Storage Temperature ° Maximum Lead Temperature 260 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause (Soldering 20-40s)

permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Test Conditions
Reverse Standoff Voltage Vawm Iz < TpA 6 \
Reverse Leakage Current! [ ek Vp=3.3V 10 nA
lpp=TA, t =8/20ps, Fwd 10.0 12.0
Clamp Voltage' Ve
lp=2A, t,=8/20us, Fwd 1.8 15.0
IEC 61000-4-2 (Contact) +12 kV
ESD Withstand Voltage' Vesp
IEC 61000-4-2 (Air) +15 kV
Dynamic Resistance Ry WVem =Yg 4 Uz = i) 1.8 Q
Reverse Bias=0V 0.95 1.1 1.25 pF
Diode Capacitance’ Cyocno
Reverse Bias=1.65V 0.7 0.85 1 pF
Diode Capacitance’ Cyou0 Reverse Bias=0V 0.5 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Capacitance vs. Bias Voltage

0 150
’uﬂ
r 1.40
\ 1.30
— 5 =
o T 120
i) . V,, = Float
» 8 110
4 c
S ]
= 10 g 1o T —
- T—
2 8 AN Vee=33V
£ & 090 —
2 o ~—— -
£ 9 o080
= V=5V
% 0.70
0.60
20 050
1.E+06 1.E+07 1.E+08 1.E+09 1.E+10 0.0 05 10 15 20 25 3.0 35 4.0 4.5 5.0
Frequency [Hz] 1/0 DC Bias (V)

© 2017 Littelfuse, Inc.
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Capacitance vs. Frequency Leakage Current vs Temperature

2E-12

1000
1.8E-12

=== 5VBias
—— 3.3V Bias

1.6E-12

1.4E-12

100 -

1.2E-12

1E-12

—
-
——-
=

8E-13

Capacitance [F]

6E-13
4E-13 /
2E-13

1.E+06 1E+07 1E+08 1.E+09 0 25 45

1/0 to GND Leakage (pA)
3
t
\
\
\
\
\
\
]
\
L

65
o
Frequency [Hz] Temperature ( °C)

Soldering Parameters

Reflow Condition Pb — Free assembly ! tp le—
Te I I Critical Zone
-Temperature Min (T ;) 150°C g:
Pre Heat |-Temperature Max (T ..) 200°C .3 T T { —t,. )
-Time (min to max) (t,) 60 - 180 secs E’_ Simax)
£ i Ramp-dow
A Liqui Te rehea
verage ramp up rate (Liquidus) Temp 3°C/second max K3 - [Preheat]
(TL) to peak S(min)
—tg
Tsimax 10T, - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature————»i Time =>
-Temperature (t,) 60 — 150 seconds
Peak Temperature (T,) 260+05 °C
Time within 5°C of actual peak 20 — 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C
Product Characteristics
Lead Plating Pre-Plated Frame
Lead Material Copper Alloy
Lead Coplanarity 0.0004 inches (0.102mm)
Substitute Material Silicon
Body Material Molded Epoxy
Flammability UL 94 V-0
Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensions — SOT563

—° T SOT 563
o oo L [ Pins |
Tl

HE
® 2 3j| | 1.00

S | Trossal oso A 0.50 0.60 0020 | 0.024
~] eH l—. r 95" B 0.17 0.27 0.007 0.011
A [T toorta c 0.08 0.18 0.003 0.007
1] D—L L D 150 170 0.059 0.067
5352 E 110 130 0.043 0.051

‘sTs e 0.50 BSC 0.020 BSC
oot | L 0.10 0.30 0.004 0.012
HE 150 170 0059 | 0067

Part Numbering System Part Marking System

SP3004-04XTG
Sl

G- 4
TVS Diode A . _T L
(SPA® ISio%est{ayS 1\ G= Green G 4 P(}rgcgggofseerr:;s —‘7 Number of Channels

T= Tape & Reel Assembly Site

(varies)

Package
X = SOT563

Series

Number of Channels
-04 = 4 channel

Ordering Information

Part Number Package Marking Min. Order Qty.

SP3004-04XTG SOT563 G4 3000

Embossed Carrier Tape & Reel Specification — SOT563
?0

P2~ N t
T E 1.65 1.85 0.065 0.073
5 F 3.45 3.55 0.135 0.139
o J_i ! P2 195 2.05 0.077 0.081
1 T = D 1.40 1.60 0.055 0.063
I ! L $ —— D1 0.45 0.55 0.017 0.021
o1l ("; PO 3.90 4.10 0.154 0.161
m 10P0 40.0+ 0.20 1.574+0.008
AQ—— el P Pin 1 '-oc/ation w 770 8.10 0.303 0318
O O P 3.90 410 0.153 0.161
[;:':;] A0 173 1.83 0.068 0.072
BO 173 183 0.068 0.072
2 Ko 0.64 0.74 0.025 0.029
User Feeding Direction t 0.22 max 0.009 max
—»

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
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Low Capacitance ESD Protection - SP3010 Series
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SP3010 Series 0.45pF Diode Array [RoHS] (8) [GREEN]

Description

The SP3010 integrates 4 channels of ultra-low capacitance
rail-to-rail diodes and an additional zener diode to provide
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). This robust
device can safely absorb repetitive ESD strikes at the
maximum level specified in the IEC 61000-4-2 international
standard (Level 4, £8kV contact discharge) without
performance degradation. The extremely low loading
capacitance also makes it ideal for protecting high speed
signal pins such as HDMI, USB3.0, USB2.0, and IEEE 1394.

o
6 7 8 9 10 * ESD, IEC 61000-4-2, * Low leakage current of
+8kV contact, +15kV air 0.1uA (TYP) at BV
J J J @ e EFT, IEC 61000-4-4, 40A e Small form factor
L (5/50ns) uDFN( JEDEC MO-229)
'\l '\] j [ + Lightning, IEC 61000- package saves board
4-5 2nd edition, 3A Space
5 4 3 2 1 (tp=8/20us) ¢ RoHS compliant and
*Pins 6, 7,9, 10 are not internally connected but should be connected to the trace. e | ow capacita nce Of lead-free

0.45pF (TYP) per I/O

Functional Block Diagram Applications
e LCD/PDPTVs ¢ SetTop Boxes
e DVD Players * Mobile Phones
e Desktops e Notebooks
Pin1 O Digital C
Pin2 O I, GND (Pins 3,8) e MP3/PMP e Digital Cameras
Pind O
Pin5 O—e¢
Application Example
HDMI HDMI
Port Chipset
Additional Information : e Ground 4
: SP3010-04 :
\jﬁl\ @ - i 'é Ground 6-
= HERE :
=1 : :
Datasheet Resources Samples o) L B :
2|+ e Ground *
sl l: :
: SP3010-04 :
i -‘ Ground 0-
~g===q : Case e !
Life Support Note: = Ground = = Signal Ground

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Erpe e At | Ao Dt Low Capacitance ESD Protection - SP3010 Series

Absolute Maximum Ratings

Symbol Parameter Value Units
[ Peak Current (t,=8/20us) 3.0 A
Top Operating Temperature -40 to 125 °C
Tsror Storage Temperature -55 to 150 C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (T,=25°C)

Parameter Test Conditions Min Typ Max
Reverse Standoff Voltage /E— lg < TpA 6.0 \
Reverse Leakage Current | ek V=5V, Any I/O to GND 0.1 0.5 pA
lpp=1A, t,=8/20us, Fwd 10.8 \
Clamp Voltage' Ve

lpp=2A, 1,=8/20us, Fwd 12.3 \Y
Dynamic Resistance Rown (Vo -Ver) / lppy = 1ppy) 1.5 Q
i IEC61000-4-2 (Contact) +8 kV

ESD Withstand Voltage' Vesp -
IEC61000-4-2 (Air) +15 kV
Diode Capacitance' Coano Reverse Bias=0V 0.45 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Bias Voltage Insertion Loss (S21) I/0 to GND

0.6 o
N
0.5 5
_"_n',- 0.4 Q 10
Q
g H
H =1
5 03 8 15
g H
o £
O 0.2 < .
° 20
=
0.1 25
0.0 30
00 05 10 15 20 25 30 35 40 45 50 10 100 1000 10000
1/0 Bias Voltage (V) Frequency (MIHz)
Clamping Voltage vs. I, Pulse Waveform
16.0 110%
100%
14.0
T 90% / \\
~ 12.0 / 80%
2 00 g 0%
s S e / AN
£ 5 60% /
S 80 E so%
2 g ./
£ oo g 0% / N
o 30%
4.0 /
20% /
20 10%
0.0 0%
T 5 20 25 30 0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (us)
Peak Pulse Current-l,, (A)
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TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3010 Series

w4 Littelfuse
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Soldering Parameters

Reflow Condition

Pb — Free assembly

-Temperature Min (T ;) 150°C
Pre Heat |-Temperature Max (T, 200°C
-Time (min to max) (t;) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

Tsimaxg 10 T, - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)

217°C

Reflow

-Temperature (t,)

60 — 150 seconds

Peak Temperature (T;)

260+05 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

Part Numbering System

SP 3010-04 U T

Number of
Channels
-04 = 4 Channel

Part Marking System

Q* 4

Product Series —T
Q =SP3010

Assembly Site

Ordering Information

G Green

TVS Diode Arrays
(SPA® Diodes) =
T=Tape & Reel
Series ————
" Package

WUDFN-10 (2.5x1.0mm)

T— Number of

Channels

— te
T 1 1
P Critical Zone
s TLto TP
5 T
2 t Lt
© Ts I L I
° (max)
g' Ramp-dow
9
TS(min)
/ )
25
i k e———> .
Id— time to peak temperatur Time =>

Product Characteristics

Lead Plating

Pre-Plated Frame

Lead Material Copper Alloy

Lead Coplanarity 0.0004 inches (0.102mm)

Substitute Material Silicon

Body Material Molded Epoxy

Flammability UL 94 V-0

Notes :
1. All dimensions are in millimeters
. Dimensions include solder plating.

. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.

2
3. Dimensions are exclusive of mold flash & metal burr.
4
5. Package surface matte finish VDI 11-13.

Part Number
SP3010-04UTG I

Package
UDEN-10 I

Marking

Min. Order Qty.
Q*4 I 3000

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Low Capacitance ESD Protection - SP3010 Series
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Embossed Carrier Tape & Reel Specification — yDFN-10
PO—=——r —
Pl X —|>I<n—T User Feeding Direction
—>

P2 Symbol Millimeters
& %_ M O00O0 A0 130 + 0.10
J] BO 2.83 £ 0.10

DO @1.50 + 0.10

=
E| D1 @ 1.00 +0.25
L

[l& \ E 1.76 + 0.10
m

:
D1~ =

) . . F 350  0.05

5°Max  pin 1 Location Ko 0.65 + 0.10

PO 4.00 £ 0.10

LAO_D — P1 4.00 + 0.10

e P2 2.00  0.05

? 5° Max T 0.254 + 0.02
g w 8.00 + 0.30 /- 0.10

Package Dimensions — uDFN-10 (2.5x1.0x0.5mm)

Package MDFN-10 (2.5x1.0x0.5mm)
JEDEC MO-229

Top View o
I I
l«<— D —PP_ Symbol Min Nom Max Min Nom Max
T A 0.48 0.515 0.55 0.019 | 0.020 | 0.021
‘ A1 0.00 - 0.05 0.000 0.022
A3 0.125 Ref 0.005 Ref
b 0.15 0.20 0.25 0.006 | 0008 | 0.012
5] b1 0.35 0.40 0.45 0014 | 0016 | 0.018
D 2.40 2.50 2.60 0.094 | 0098 | 0.102
Side View E 0.90 1.00 1.10 0.035 | 0.039 | 0.043
J/To.0s[ c|y ar (A3 e 0.50 BSC 0.020 BSC
A v L 030 | 0365 | 043 0012 | 0014 | 0016
Seating -
et [ e T SR et r BN <7 Lo Dimensons |
le— b Soldering Pad Layout
' [ o i
0.100) [c[a[8] p e c (0.034) (0.875)
4 0050 Tf |{:'|7 T G 0.008 0.20
: T r |:| Y P 0.020 0.50
Z(© + iy R P1 0.039 1.00
000
. X 0.008 0.20
Bottom View L X1 0016 000
R0.125 . waL Y 0.027 0.675
T M T Y1 (0.061) (1.56)
_+__ Alternative 4 0.061 158
ﬂ ﬂ ﬁ m D Soldering Pad Layout

L
f‘J L?(R0.0\75mm (7x) P1
e P v
%—U I

7 (©) 'Y (Y1)

= U]
X -l L_—>|wa«

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SP3011 Series

SP3011 Series 0.40pF Diode Array for USB 3.0

Pinout

TOOO000
N000000

*Pins 1, 2, 3, 4, 5, 6, 7 are not internally connected but should be connected to the

opposite pin with the PCB trace.
f OPin 8

Functional Block Diagram

Pin 11O

Pin 120 OPin 9

Pin 130 /x,

Pin 140—e —OGND
(Pin 10)

Additional Information

i

Datasheet

Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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[RoHS] ‘(@8) [GREEN]

Description

The SP3011 integrates six channels of ultra-low capacitance
rail-to-rail diodes and an additional zener diode to provide
protection for USB 3.0 ports that may experience
destructive electrostatic discharges (ESD). This high
density array can safely absorb repetitive ESD strikes at the
maximum level specified in the IEC 61000-4-2 international
standard (Level 4, £8kV contact discharge) without
performance degradation. It's extremely low loading
capacitance makes it ideal for protecting any high-speed
signal pins.

Features

e ESD, IEC 61000-4-2, +8kV
contact, £15kV air

e EFT, IEC 61000-4-4, 40A

e | ow leakage current of
0.1TpA (TYP) at 5V

e Small form factor uDFN

(5/50ns) (JEDEC MO-229) package
* Lightning, IEC 61000-4-5, saves board space

3A (8/20ps) ® RoHS compliant and lead-
¢ Low capacitance of 0.4pF free

(TYP) per I/O
Applications
e Notebooks e Desktops
e External Storage e Ultramobile PC
e Digital Camcorder e Smartphone

MP3/PMP Player

Set Top Box (DVR/PVR)

Application Example

VBUS

SSTX:

3 SSTX-
Outside
World SSRXH

SSRX-
GND
D+

SP3011-06UTG

&
)

!

Signal GND
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Expertise Applied | Answers Dellvered Low Capacitance ESD Protection - SP3011 Series

Absolute Maximum Ratings

Symbol Parameter Value Units
lon Peak Current (t,=8/20ps) 3.0 A
Top Operating Temperature -40 to 125 °C
T Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (T,,=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage Ve lg < TpA 6.0 \
Reverse Leakage Current I eak Vg=5V, Any 1/O to GND 0.1 0.5 pA
lpp=TA, 1,=8/20us, Fwd 11.0 Vv
Clamp Voltage' Ve

lpp=2A, 1,=8/20us, Fwd 12.5 V
Dynamic Resistance Rovn (Vo V) 1 (lopyrlppy) 1.5 Q
_ IEC61000-4-2 (Contact) +8 kV

ESD Withstand Voltage' VEsp -
IEC61000-4-2 (Air) +15 kV
Diode Capacitance' Cyo-anp Reverse Bias=0V 0.4 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Bias Voltage Insertion Loss (S21) I/0 to GND

0.5

o ‘

Capacitance (pF)
Attenuation (dB)

0.0 10 2.0 3.0 4.0 5.0 10 100 1000 10000
i Fi MH:
Bias Voltage (V) requency (MHz)

Clamping Voltage vs. I, Pulse Waveform
16.0 110%
100%
14.0
L 90%
12.0 L —— 80% / \
S" 10.0 & 0% / \
% ‘s 60% /
-
% 8.0 5 50%
= S 40% /
= "
2 oo e >/ ~~
= 30%
© a0 / T~
20% /
2.0 10%
0%
0.0 :
1.0 1.5 2.0 25 3.0 0.0 5.0 10.0 156.0 20.0 25.0 30.0

Time (ps)
Peak Pulse Current -1, (A)
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Soldering Parameters

Reflow Condition Pb — Free assembly ! tp le—
Te I I Critical Zone
-Temperature Min (T ;) 1650°C ﬂ
Pre Heat |-Temperature Max (T ..) 200°C .3 T T { —t,. )
-Time (min to max) (t,) 60 - 180 secs E’_ Sima)
£ Ramp-dow
Avera a ate (Liquid Te [Preheat]
verage ramp up rate (Liquidus) Temp 3°C/second max K3 -
(TL) to peak S(min)
l‘_ts
Tsimax) 10T, - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature————»i Time =>
-Temperature (t,) 60 — 150 seconds
Peak Temperature (T;) 260+05 °C
Time within 5°C of actual peak 20 — 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C
Part Numbering System Product Characteristics
§|E 3011-06 UTG Lead Plating Pre-Plated Frame
TVS Diode A
(SPA® ISioedesr{ays G= Green Lead Material Copper Alloy
T= Tape & Reel Lead Coplanarity 0.0004 inches (0.102mm)
Series Package Substitute Material Silicon
Number of U=pDFN-14 (3.5x1.35mm)
Channels = Rt Body Material Molded Epoxy
-06 = 6 Channels
Flammability UL 94 V-0
Notes :
. 1. All dimensions are in millimeters

Part Markmg SVStem 2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

* 4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Product Series —T T— Number of
R = SP3011 Channels
Assembly Site

Ordering Information

Part Number Package Marking Min. Order Qty.
SP3011-06UTG uDFN-14 R*6 3000

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Embossed Carrier Tape & Reel Specification — uDFN-14

:21 ~ PO DO E User Feeding Direction Symbol Millimeters
—>
" ~ I A0 158 + 0.10
[ @ o é G{ é ORONONO) B0 3.73 +0.10
J f DO 0.60 + 0.05
F D1 @0.60 + 0.05
/ , E 1.75 £ 0.10
Pin 1 Location
F 5.50 + 0.05
ﬁlz* MAX Ko 0.68 + 0.10
A0 PO 2.00 + 0.05
T P1 4.00 + 0.10
i P2 4.00 £ 0.10
_ BO | e T 0.28 + 0.02
Ko w 12.00 + 0.30 /- 0.10

Package Dimensions — pDFN-14 (3.5x1.35x0.5mm)

Top View pDFN-14 (3.5x1.35x0.5mm)
e g
E
8]

witmeers | e
Min \[e]3] Max i

A 0.45 0.50 0.55 0.018 | 0020 | 0.022

PIN 1 Index Area—" 1 2 3 4 A1 0.00 0.02 0.05 0000 | 0.001 | 0.002
A2 0.203 Ref 0.008 Ref

Side View b 0.15 0.20 025 0006 | 0008 | 0012

D 3.40 3.50 3.60 0134 | 0138 | 0.142

/loo]c]| _A1CA2 D2 . : ; : : :

Seating A lboonoool—+ E 125 135 145 0.050 | 0.054 | 0.058

Plane J L E1 - - - - - -
b e 0.500 BSC 0.020 BSC

L 0.25 0.30 0.35 0.010 0.012 0.014
EEE0E o0 ooz
Notes:
1. Dimension and tolerancing comform to ASME Y14.5M-1994.
2. Controlling dimensions: Millimeter. Converted Inch dimensions are not necessarily
. exact.
Bottom View Recomended
Soldering Pad Layout
2x D
[0.10]C]
2x
[Soum IIIIIII
goooood . e .
Pin 1 Identification
_I__ o
momononnn Chamfer 0.10X45
RO *lllllll
e —
[@Jot0@[C[A]B] K *H*
Symbol Millimeter Inches
D 3.29 3.30 3.31 0.1295( 0.1299( 0.1303
E 1.44 1.45 1.46 0.0567| 0.0571| 0.0575
b 0.29 0.30 0.31 0.0114| 0.0118| 0.0122
L 0.39 0.40 .41 0.0154 | 0.0158 | 0.0161
e 0.50typ 0.020typ
s 0.18 Q.20 a1 0.0075| 0.0078| 0.0083
s1 0.64 0.65 0.66 0.0252| 0.0256| 0.0260

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SP3012 Series

SP3012 Series 0.5pF Diode Array for USB3.0

*Pins 6, 7,9, 10 are not internally connected

but should be connected to the trace.
6 7 8 9 10

oot [UULJU U
&% Q0rn

SP3012-03UTG

SP3012-04UTG (AEC-Q101 Qualified)

6 4

:lu.

EpEgEREgagagn
nnnonnn |e

7 1
SP3012-06UTG (AEC-Q101 Qualified) | |
*Pins 1, 2, 3, 4, 5, 6, 7 are not internally connected 1 2 3
but should be connected to the opposite pin
with the PCB trace.

SP3012-04HTG

Functional Block Diagram

SP3012-03UTG SP3012-06UTG

A4 4
PIN 10— PIN 11 O—e@ PING
PIN 12O
PIN4O PIN 13O ji PIN 9
PIN5© PIN 14 O
A A A m
O
GND (PIN 2) OPIN 10
SP3012-04UTG SP3012-04HTG
{ﬂ_%_‘ ! {ﬂ_%_‘ !
PIN1O- PIN1O
PIN2O PIN3O
PIN4O jk PIN 4O jk
PIN5O—@ PIN6 O—e@
O
GND (PIN 3, 8) GND (PIN 2)

Additional Information

i

Datasheet

Resources Samples

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Description

The SP3012 Series integrates either 3, 4 or 6 channels of
ultra low capacitance rail-to-rail diodes and an additional
zener diode to provide protection for electronic equipment
that may experience destructive electrostatic discharges
(ESD). These robust devices can safely absorb repetitive
ESD strikes above the maximum level specified in the IEC
61000-4-2 international standard (+8kV contact discharge)
without performance degradation.

The extremely low loading capacitance also makes it ideal
for protecting high speed signal lines such as USB3.0,
HDMI, USB2.0, and eSATA.

e ESD, IEC 61000-4-2,
+12kV contact, £25kV air

e EFT, IEC 61000-4-4, 40A
(t,=5/50ns)

e Lightning, IEC 61000-
4-5 2nd edition, 4A
(t=8/20ps)

e | ow capacitance of 0.5pF
(TYP) per I/O

e | ow leakage current of
1.5pA (MAX) at BV

e Small form factor uDFN
(JEDEC M0O-229) and
SOT23-6 (JEDEC MO-
178AB) packages provide
flow through routing to
simplify PCB layout

e AEC-Q1071 Qaulified
(uDFN10 and uDFN14)

e RoHS compliant and lead-
free

Applications

e LCD/PDPTVs

Set Top Boxes

e External Storages e Smartphones
e DVD/Blu-ray Players * Ultrabooks/Notebooks
¢ Desktops e Digital Cameras

e MP3/PMP e Automotive Electronics

Application Example for USB3.0

USB Port USB Controller

VEUS

SSTX:
SSTX-
SSRXH
SSRX-
GND
D+

SP3012-06UTG

=
5]

!

Signal GND

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp3012_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/low-capacitance-esd-protection/sp3012.aspx#TechnicalResources
http://www.littelfuse.com/products/tvs-diode-arrays/low-capacitance-esd-protection/sp3012.aspx#ElectricalCharacteristics
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Absolute Maximum Ratings

Symbol Parameter Value Units
e Peak Current (t,=8/20ps) 4.0 A
Top Operating Temperature -40 to 125 °C
Tsror Storage Temperature -65 to 150 “C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions
Reverse Standoff Voltage Vewm g < TpA 5.0 V
Reverse Leakage Current I ek Vg=5V, Any I/O to GND 1.5 pA
lp=1A, t,=8/20ps, Fwd 6.6 79 \Y

Clamp Voltage' Ve

lpp=2A, t,=8/20us, Fwd 7.0 8.4 \Y
Dynamic Resistance Rovn (Vo =Veq) / (lppy = lppy) 0.4 Q
; |IEC61000-4-2 (Contact) +12 kV

ESD Withstand Voltage’ Vesp -
IEC61000-4-2 (Air) +25 kV
Diode Capacitance’ Cyonp Reverse Bias=0V, f=1 MHz 0.5 0.65 pF
Diode Capacitance' Cios0 Reverse Bias=0V, f=1 MHz 0.3 0.4 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) 1/0 to GND

Capacitance vs. Bias Voltage

1.0
3 N\
-6
0.8
—~ 9
. m
= 242
8 o6 §
- 815
5 _— g
o 18
0.4
-21
24
0.2
-27
-30
0.0
0.0 1.0 2.0 3.0 4.0 5.0 100 Frequency (MHz) 1000
Bias Voltage (V)

Clamping Voltage vs. I, Transmission Line Pulsing(TLP) Plot

15
14
10.0 13
12
8.0 g
// .E10
o9
6.0 38
o 7
S Fe
;f’ 5
S 20 4
E— 3
s} 2
0.0 1 4 !
Current (A) 0

o 1 2 3 4 5 6 7 8 9 10 N

TLP Voltage (V)
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Low Capacitance ESD Protection - SP3012 Series

w4 Littelfuse

Expertise Applied | Answers Delivered

Pulse Waveform
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0.0 5.0 10.0 15.0 20.0

Product Characteristics

Pre-Plated Frame (uDFN)

Lead Flating Matte Tin (SOT23)

Lead Material Copper Alloy

Lead Coplanarity 0.0004 inches (0.102mm)

Substitute Material Silicon

Body Material Molded Epoxy

Flammability UL 94 V-0

Notes :

1.

S S

All dimensions are in millimeters

Dimensions include solder plating.

Dimensions are exclusive of mold flash & metal burr.

Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition

Pb — Free assembly

Pre Heat

-Temperature Min (T, ;) 150°C
-Temperature Max (T, 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

Tsmax t0 T, - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)

217°C

Reflow

-Temperature (t,)

60 — 150 seconds

Peak Temperature (T;)

26005 °C

_.! tp E'_
ﬂ TP Critical Zone
® TLto Te
1=
2 T ¢
S T I L I
‘d-.) S(max)
E‘ Ramp-dow
5
TS(min)
/ )
25
I<— time to peak temperature————» Time =>

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

Ordering Information

Part Number Package Marking Min. Order Qty.
SP3012-03UTG uDFN-6 V*3 3000
SP3012-04UTG puDFN-10 V¥4 3000
SP3012-06UTG uDFN-14 V*6 3000
SP3012-04HTG SOT23-6 V¥4 3000

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

Part Numbering System
SP 3012-xx x T G

TVS Diode Arrays
G: Green
T= Tape & Reel
Package

(SPA” Diodes)

Series — |

Number of

Channels U= pDFN-6 (1.6x1.6mm)
03 = 3 channel uDFN-10 (2.5x1.0mm)
04 =4 channel uDFN-14 (3.5x1.35mm)
06 = 6 channel

H= S0T23-6 (3.0x1.75mm)

Part Marking System

* X

T— Number of

Channels
Assembly Site 3 =3 channel
4 =4 channel
6 = 6 channel

Product Series —T
V = SP3012
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Application Information

TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3012 Series

Signal Integrity of High-Speed Data Interfaces

Adding external ESD protection to a high-speed data port is
not trivial for a variety of reasons.

1. ESD protection devices will add parasitic capacitance

to each data line from line to GND and line to line causing
impedance mismatches between the differential pairs. This
ultimately affects the signal eye-diagram and whether or
not the transceiver can distinguish a “1” froma “0"

2. ESD devices should be placed as close as possible

to the port being protected to maximize their effect (i.e.
clamping capability) and minimize the effect that PCB trace
inductance can have during an ESD transient. Depending
on the package size and pinout this could be challenging
and the bigger the package, the larger the land pattern
must be, which adds more parasitic capacitance.

3. Stub traces can add another element of discontinuity
adversely affecting signal integrity so ESD protection is

best employed when it's “overlaid” on the data lines or
when the signals can simply pass underneath the device.

Taking all of this into account Littelfuse developed

the SP3012 Series which was designed specifically

for protection of high-speed data ports such as HDMI
1.3/1.4 and USB 3.0. They present less than 0.5pF from
line to GND and only 0.3pF from line to line minimizing
impedance mismatch between the differential pairs.

Furthermore, the SP3012 is rated up to +12kV (contact
discharge) which far exceeds the maximum requirement of
the |IEC 61000-4-2 standard.

There are two options available (4 channel and 6 channel)
and both are housed in leadless uDFN packages so the
data lines can pass directly underneath the device to
reduce discontinuities and maintain signal integrity.

USB 3.0 Eye Diagram Data

Figure 1 shows the layout used for the SP3012-06UTG in a
USB 3.0 application. The traces routed toward the top are
the two legacy USB 2.0 lines (D+/D-) that run at the slower
speed of 480Mbps and therefore are not as critical as the
5Gbps SuperSpeed traces.

Figure 1: PCB Layout of the SP3012-06UTG for USB 3.0

Figure 2 shows the USB 3.0 eye diagram that resulted
from the PCB layout above with the SP3012-06UTG
soldered on the landing pattern.

500

Wirms:500
500
LBase 270000 ns b= Scale:33.0 ps/div

Figure 2: USB 3.0 Eye Diagram with the SP3012-06UTG

Using a similar layout as above, Figure 3 shows the eye
diagram that resulted using the SP3012-04UTG to protect
the SuperSpeed data lines and the SP3003-02UTG to
protect the legacy data pair.

500

Wirms:850

-500
L_Base: 270000 ns b—— Scale:33.0 ps/div

Figure 3: USB 3.0 Eye Diagram with the SP3012-04UTG

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensions — uDFN-6

Bottom View
Top View UDFN-6 (1.6x1.6x0.5mm)
< D) >
oo D S
L
5 5 ‘s 6 [ nches |
r ]0.05| C Symbol
T I Min Min Max
: 11 ) A 0.45 0.55 0.018 0.022
l £ 0 N A1 0.00 0.05 0.000 0.002
Pin 1 Index Area — 1 2 3 ‘ 5 1 g‘? chigrﬁfer A3 0.152Ref 0.006 Ref
El ‘ ‘ ' b 0.20 0.30 0.008 0.012
—| € |
D 165 1.65 0.061 0.065
Side View D2 1.05 1.30 0.042 0.052
7 Toos[cl 4 = E 150 170 0.060 0.067
A E2 0.40 0.65 0.016 0.026
I-D—D—DJ:* v Seating plane
h N e 0.50 BSC 0.020BSC
L 0164 | 0316 0.006 | 0.012
—»| |+b
0.10@[c[Alg]
¢ 0.05J)|C
Embossed Carrier Tape & Reel Specification — uDFN-6
O .
P2 |
Symbol
/ y ' v Min Max Min Max
E*B L 1.65 1.85 0.06 0.07
/ F 3.45 3.55 0.14 0.14
! ; D1 1.00 1.25 0.04 0.05
@ E i D 1.50 MIN 0.06 MIN
L ? PO 3.90 4.10 0.15 0.16
o 10P0 40.0+4/- 0.20 1.57+/-0.01
@ D1 _.>U<._ o w 7.90 8.30 0.31 0.33
PO P2 1.95 2.05 0.08 0.08
A0 A0 1.78 1.88 0.07 0.07
; BO 1.78 1.88 0.07 0.07
M‘ KO 0.84 0.94 0.03 0.04
?Q t 0.25TYP 0.01TYP

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensions— uDFN-10 (2.5x1.0x0.5mm)

Top View MDFN-10 (2.5x1.0x0.5mm)
JEDEC | MO0-229

Millimeters Inches
i ) .

Side View A 0.48 0.515 0.55 0.019 0.020 0.021
#Jo.0s] ¢ * A1 A3 A1 0.00 = 0.05 0.000 0.022
Seating
Planc ? o] =101 T f[=looslc A3 0.125 Ref 0.005 Ref
ﬁ —>I L— b 0.15 0.20 0.25 0.006 0.008 0.012
m@g b1 0.35 0.40 0.45 0.014 | 0.016 | 0.018
D 2.40 2.50 2.60 0.094 0.098 | 0.102
E 0.90 1.00 1.10 0.035 0.039 0.043
Bottom View
50195 e | 0.50 BSC | 0i020 BSC |
— L 0.30 0.365 0.43 0.012 0.014 | 0.016
_L_U uliud
0 O [
* | L%RO 075mm (7x)
—l e Soldering Pad Layout
Dimensions
Recomended
Soldering Pad Layout Inch Millimeter
~— P1
I Cc (0.034) (0.875)
P IRIESS G 0.008 0.20
Py L=l - 0 * P 0.020 0.50
- oy P P1 0.039 1.00
X 0.008 0.20
X1 0.016 0.40
Recomended Alternative M 0.027 0.675
Soldering Pad Layout Soldering Pad Layout Y1 (0.061) (1.55)
P o z 0.061 1.55
™" N P
b A0 LT T AmO T
7 () ‘t* + iy WAL o —F Y
il I I

X -l L_»wal«ﬂ ] L_-wa

PO Package pDFN-10 (2.5x1.0x0.5mm)

P | User Feeding Direction
PZ“’!_‘*! T e Symbol Millimeters
@ % @) O O O A0 1.30 +/- 0.10
I_‘;I I:I BO 2.83 +/-0.10
[ DO @150 + 0.10
D1 8 5" Max p|n1 Location D1 2 1.00 + 0.25
E 1.75 +/-0.10
gff’%@ F 3.50 +/- 0.05
5 Max Ko 0.65 +/-0.10
g PO 4.00 +/-0.10
P1 4.00 +/-0.10
P2 2.00 +/-0.05
T 0.254 +/- 0.02
w 8.00 + 0.30 /- 0.10

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensions — pDFN-14 (3.5x1.35x0.5mm)

Top View

UDFN-14 (3.5x1.35x0.5mm)

[e— o ——p1A] JEDEC MO-229

—
PIN 1 Index Area 1234 Min Nom Max i Nom Max
Side View A 0.45 0.50 0.55 0.018 | 0.020 | 0.022
A1 0.00 0.02 0.05 0.000 0.001 0.002
//]o10][cl} A2
Scating A cooooo 1 A2 0.203 Ref 0.008 Ref
Plane b b 0.15 0.20 0.25 0.006 | 0.008 | 0.012
D 3.40 3.50 3.60 0.134 0.138 0.142
D2 E s E E 2 E
E 1.25 1.35 1.45 0.050 0.054 0.058
Bottom View
2% E1 - - - - _ -
[slo.o[c] e 0.500 BSC 0.020 BSC
o L 025 | 030 | 035 0.010 | 0.012 | 0.014
Pin 1 Identification Notes:
Chamfer 0.10X45° . . .
- 1. Dimension and tolerancing comform to ASME Y14.5M-1994.

3 21
e

4 [0.10M[C[A|B R ded

Soldering Pad Layout

2. Controlling dimensions: Millimeter. Converted Inch dimensions are not necessarily
exact.

Soldering Pad La imensions

I I Symbol
IHEEEED -
iy : O ———
'BERREEA T — ——
T St —
s1 0.65 0.0256

Embossed Carrier Tape & Reel Specification — uDFN-14

~ PO DO E User Feeding Direction Symbol Millimeters
P2 — [~ I A0 158 +/- 0.10
é) é) ®/ 6 O00O0 B0 3.73 +/-0.10
T O +ﬂ DO @150 + 0.10
F D1 @ 0.60 +/-0.05
w D D E R E 1754010
J ﬁ'? MAX Ko 0.68 + 0.12/-0.10
D1 A0 PO 2.00 +/-0.05
s P1 4.00 +/-0.10
J—%:T?MAX P2 4.00 +/-0.10
Ko o - T 0.28 +0.02/-0.05
w 12.00 + 0.30 /- 0.10

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Package Dimensions — S

€
ﬂ b | e L
1 ‘ L MO-178AB
T #
(F_ ———+———— E (F_ — - E1 i i
1 2‘ 3, ¢ A 0.900 1.450 0.035 0.057 -
ImHEHE A1 0.000 0.150 0.000 0.006 -
o1 a A2 0.900 1.300 0.035 0.051 =
b — & ﬁc b 0.350 0.500 0.0138 0.0196 -
¢ [ 0.080 0.220 0.0031 0.009 -
D 2.800 3.000 0.11 0.118 3
A2 a1 SEATING E 2.600 3.000 0.102 0.118 -
1 FLANE E1 1500 1750 0.06 0.069 3
n v : : . :
I e 0.95 Ref 0.0374 ref -
m el 1.9 Ref 0.0748 Ref -
L 0.30 0.600 0.012 0.023 45
Recommended Solder Pad Layout N 6 6 6
. | ! a 0° g° 0° 8 .
I
_ _ _ . M 2.590 0.102 -
o) 0.690 027 TYP -
: | : P 0.990 .039TYP -
i . | M R 0.950 0.038 -
I I
I I I

l Notes:
Ppo- E|_ ‘l:ﬂ‘ _E} - 1. Dimensioning and tolerancing Per ASME Y14.5M-1994.
T 2. Package conforms to EIAJ SC-74 (1992).

I~ 3. Dimensions D and E1 are exclusive of mold flash, protrusions, or gate burrs.
R 4. Foot length L measured at reference to seating plane.
5. "L is the length of flat foot surface for soldering to substrate.
0 6. “N" is the number of terminal positions.
7. Controlling dimension: MILLIMETER. Converted inch dimensions are not necessarily exact.

Embossed Carrier Tape & Reel Specification — SOT23-6
8mm TAPE AND REEL

—>»| [« 14.4mm 5 4.0mm
omm 2.0 A
ACCESS HOLE DIA HOLE mm 1.75mm
13mm 8mm ¢ " éﬂé;-é.-é@ BE ;Qg €
r & f
Y A
180mm  [[] 60mm GENERAL INFORMATION
K‘ ¥ SOT-23 (8mm POCKET PITCH) 1. 3000 PIECES PER REEL.
2. ORDER IN MULTIPLES OF FULL REELS ONLY.
00000000 3. MEETS EIA-481 REVISION "A" SPECIFICATIONS.

L(— 8.4mm

N0 I 000 N0

e

USER DIRECTION OF FEED
—_—

PIN 1

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SP0524P Series

SP0524P Series 0.5pF Diode Array

Pinout

(AEC-Q101 qualified)
7 8 9 10

JULJUL
NNCIN o

*Pins 6, 7,9, 10 are not internally connected but should be connected to the trace.

Functional Block Diagram

Pin1 O

Pin2 O
Pind O /x/
Pin5 O—e
——O GND (Pins 3,8)

Additional Information

=

Datasheet

Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Description

The SP0524P integrates 4 channels of ultra low capacitance
rail-to-rail diodes and an additional zener diode to provide
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). This robust
device can safely absorb repetitive ESD strikes above the
maximum level specified in the IEC 61000-4-2 international
standard (£8kV contact discharge) without performance
degradation. The extremely low loading capacitance also
makes it ideal for protecting high speed signal pins such as
HDMI, USB3.0, USB2.0, and IEEE 1394.

e RoHS compliant and lead- e Low capacitance of 0.5pF
free (TYP) per I/O

e ESD, IEC 61000-4-2,
+12kV contact, £25kV air

e EFT, IEC 61000-4-4, 40A
(t,=5/50ns)

e Lightning, IEC 61000-
4-5, 2nd edition, 4A
(t,=8/20ps)

* | ow leakage current of
1.5pA (MAX) at bV

e Small form factor
uDFN (JEDEC MO-229)
package saves board
space

Applications

LCD/PDPTVs Set Top Boxes
External Storages Mobile Phones
DVD/ Blue-Ray Players ¢ Notebooks
Digital Cameras

Desktops
MP3/PMP

Application Example for USB3.0

USB Port

Vaus 1'
[
]
[
[
'
'

USB Controller

] ——

1 SP3003
H
H
H
1 Optional
NC T --- |c

SP0524P

D-

SSTX+

SSTX-

GND

SSRX+

SSRX-

*Package s shown as transparent,

== Case GND Signal GND


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp0524p_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/low-capacitance-esd-protection/sp0524p.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/low-capacitance-esd-protection/sp0524p.aspx#TechnicalResources
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TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP0524P Series

Absolute Maximum Ratings

Symbol Parameter Value Units
e Peak Current (t,=8/20ps) 4.0 A
Top Operating Temperature -40 to 125 °C
Tsiem Storage Temperature -55 to 150 “C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter

Symbol

Test Conditions

Reverse Standoff Voltage Vewm g < TpA 5.0 Vv
Reverse Breakdown Voltage Ver g =TmA 6 6.5 \
Reverse Leakage Current hzaee Vg=5V, Any I/O to GND 15 pA
lp=1A, 1,=8/20ps, Fwd 6.6 \Y
Clamp Voltage' Ve

lpp=2A, 1,=8/20us, Fwd 7.0 \Y
Dynamic Resistance Rovn (Vo - V) / (lppp = lppy) 0.4 Q
i IEC 61000-4-2 (Contact) +12 kV

ESD Withstand Voltage' Veso -
IEC 61000-4-2 (Air) +25 kV
Diode Capacitance!' Cioenp Reverse Bias=0V, f=1 MHz 0.5 0.55 pF
Diode Capacitance' Cios0 Reverse Bias=0V, f=1 MHz 0.3 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Bias Voltage

Insertion Loss (S21) 1/0 to GND

1.0
0.8
[y
=
@
2 06
&
=]
=4 —_—
5
o
0.4
0.2
0.0
0.0 1.0

2.0 3.0
Bias Voltage (V)

4.0 5.0

| O ‘

Attenuation (dB)

100 Frequency (MHz) 1000

Clamping Voltage vs. I,

Pulse Waveform

Clamp Voltage (V)
N
o

Current (A)

Percentof I,

110%
100%

90%

80% / \\
70%

60% /

50%
40% /
30% /
20% /
10% /
0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Time (us)
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Low Capacitance ESD Protection - SP0524P Series
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Soldering Parameters

Reflow Condition

Pb — Free assembly

Pre Heat

-Temperature Min (T ;) 150°C
-Temperature Max (T, 200°C
-Time (min to max) (t;) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

Tsimaxg 10 T, - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)
Reflow

217°C

-Temperature (t,)

60 — 150 seconds

Peak Temperature (T;)

260+05 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

Part Numbering System

SP0524PU T G
T
TVS Diode Arrays
(SPA° Diodes) G= Green
T=Tape & Reel
Series
Package

HDFN-10 (2.5x1.0mm)

Part Marking System

V*4
Product Series —T T— Number of
V = SP0524P Channels
Assembly Site

Ordering Information

_.i to E‘_

ﬂ Te Critical Zone
s TLto TP
5 T
® T i —t 4
S
° S(max)
g' Ramp-dow
9

TS(min)

/ )

25

Id— time to peak temperature—— i

Time —>

Product Characteristics

Lead Plating

Pre-Plated Frame

Lead Material Copper Alloy

Lead Coplanarity 0.0004 inches (0.102mm)

Substitute Material Silicon

Body Material Molded Epoxy

Flammability UL 94 V-0

Notes :
1. All dimensions are in millimeters
. Dimensions include solder plating.

2

3. Dimensions are exclusive of mold flash & metal burr.

4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5

. Package surface matte finish VDI 11-13.

Part Number
SP0524PUTG |

Package
puDFN-10

Marking

via | 3000

Min. Order Qty.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Low Capacitance ESD Protection - SP0524P Series
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— uDFN-10 (2 .0x0.5mm)

Package UDFN-10 (2.5x1.0x0.5mm)
JEDEC MO-229
Top View Symbol
Mi Nom Min Nom Max
« D —»P A 0.48 0515 0.55 0019 | 0020 | 0.021
I A1 0.00 - 0.05 0.000 0.022
i A3 0.125 Ref 0.005 Ref
b 0.15 0.20 0.25 0006 | 0.008 | 0.012
b1 0.35 0.40 0.45 0014 | 0016 | 0.018
5] D 2.40 2.50 2.60 0.094 | 0.098 | 0.102
E 0.90 1.00 1.10 0.035 | 0.039 | 0.043
Side View e 0.50 BSC 0.020 BSC
J/To.0s[ |y L 030 | 0365 | 043 0012 | 0014 | 0.016

, A
- L DU oo
Pl i
ot L e
-~ c 0.034) 0.875) o
0100 G 0.008 0.20 S
& 10@|c|A[8] P 0.020 0.50 T I |:| Y T
0.05()|C P1 0.039 1.00 Z(0) ?7& + —F
X 0.008 0.20 v b |:| |:| l
X1 0.016 0.40 ,
Bottom View Y 0.027 0.675 x—l b J xwl-
R0O.125 Y1 (0.061) (1.55)

b z 0.061 1.55 Alternative
L U U M U U Soldering Pad Layout

; N OC1R D _.i-
‘J . LixR0.075mm (7x) Z (C'}_%_ |1_L|' |:| IE
= I

r

<_§_>

X -l L_JML

Embossed Carrier Tape & Reel Specification — uDFN-10

MDEN10 (250 )

PO

[ T  User Feeding Direction Symbol Millimeters
—_—

P1

P2 - QD
— | 167‘ N A0 1.30 = 0.10
& %' ORCRORE BO 2.83 + 0.10
H |E_§| j DO @ 1.50 + 0.10
N il B AN D1 @ 1.00 + 0.25
D1 @  5°Max Pin 1 Location E 1.75 + 0.10
0 F 3.50 + 0.05
R Ko 0.65 + 0.10
J 57 Max PO 4.00 + 0.10
= P1 4.00 £ 0.10
P2 2.00 + 0.05
T 0.254 + 0.02
w 8.00 + 0.30 /-0.10

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
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TVS Diode Arrays (SPA°Diodes) /4 Littelfuse

Low Capacitance ESD Protection - SP3021 Series Y T m—

SP3021 Series 0.5pF 8kV Bidirectional Discrete TVS HF [RoHs] (@) [GREEN]

The SP3021 includes back-to-back TVS diodes fabricated

in a proprietary silicon avalanche technology to provide
protection for electronic equipment that may experience
destructive electrostatic discharges (ESD). These robust
diodes can safely absorb repetitive ESD strikes up to the
maximum level specified in the IEC 61000-4-2 international
standard without performance degradation. The back-to-
back configuration provides symmetrical ESD protection for
data lines when AC signals are present.

e ESD protection of £8kV

contact qisgharge, e Low capacitance of 0.5pF
+15kV air discharge, (IEC @ V=0V

61000-4-2)

e |Low leakage current of
e EFT, IEC 61000-4-4, 40A 1pA at 5V

(5/50ns)

. ) , ¢ 0402 small footprint
e Lightning protection, IEC available

61000-4-5 2nd edition

(t,=8/20p15) e RoHS compliant, lead-free

and halogen free

Applications

USB 3.0/USB 2.0 e Smart Phones
MHL/MIPI/MDDI e External Storage
HDMI, Display Port, ¢ Ultrabooks, Notebooks

Functional Block Diagram
eSATA * Tablets, eReaders

Set Top Boxes, Game

Consoles
1 o«—hﬁo 2
USB3.0 Application Example

USB Port USB Controller

VBus \ 4
Additional Information
SP1003
*Packages are shown as transparent
|l| b+ -
D- ic
Datasheet Resources Samples

SSTX+

SSTX-

SSRX+

SSRX-

Pin 1
Life Support Note: Signal Ground
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving = = — — — =
applications unless otherwise expressly indicated.
PP pressy SP3021x6

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes)
Capacitance ESD Protection - SP3021 Series

Low

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating |Units
= Peak Current (t,=8/20us) 2.0 A Storage Temperature Range -551t0 150 | °C
Top Operating Temperature _40 t0 125 °oC Maximum Junction Temperature 150 °C
Teton Storage Temperature -55 to 150 °C ?gﬁﬂg}ﬂg ZLgiafOSmperature 260 c

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress only rating and operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (T,,=25°C)

Parameter Test Conditions

Reverse Standoff Voltage Vi 5.0 \
Reverse Breakdown Voltage Ve Te=TmA 7.0 \
Reverse Leakage Current e Vg=bV 1 PA
lpp=1A, t,=8/20ps, Fwd 13.1 \

Clamp Voltage! Ve
lpp=2A, 1,=8/20us, Fwd 14.7 \
Dynamic Resistance Rovn (Vo Ve Mlloporlppq) 1.6 Q
] IEC61000-4-2 (Contact) +8 kV
ESD Withstand Voltage' Veso [EC6100042 (A TS o
Diode Capacitance’ Cs Reverse Bias=0V 0.5 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Bias Voltage

Insertion Loss (S21) I/0 to GND

H ‘

0 o
y 4

DC Bias (V)

09
038
@
o7 -% 10
% o6 S
£ =
8 o5 g 15
H c
£ 04 g 20
] <
g 03
g o 25
02
-30
0.1
0 35
0 1 2 3 4 5

100
Frequency (MHz)

1000

Transmission Line Pulsing(TLP) Plot

TLP Current (A)

110%
100%
90% / \\
80%
& 70% / \\
‘s 60% /
E so% /
.E, 40%
& 30% //
20% /
10%
0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (us)

TLP Voltage (V)

© 2017 Littelfuse, Inc.
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TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3021 Series
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Product Characteristics

Ordering Information

Notes :
1. All dimensions are in millimeters
. Dimensions include solder plating.
. Dimensions are exclusive of mold flash & metal burr.

2
3
4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5

. Package surface matte finish VDI 11-13.

Lead Plating Pre-Plated Frame or Matte Tin . .
Part Number Package Marking Min. Order Qty.

Lead Material Copper Alloy

5 - SP3021-01ETG SOD882 o= 12000
Lead Coplanarity 0.0004 inches (0.102mm)
Substitute Material Silicon
Body Material Molded Epoxy
Flammability UL 94 V-0

Soldering Parameters

Reflow Condition Pb - Free assembly —! tp l—
TP I I Critical Zone
-Temperature Min (T ;) 150°C g
Pre Heat |-Temperature Max (T, 200°C % T T { ¢, )
-Time (min to max) (t;) 60 - 180 secs ‘g’_ Simax)
= Ramp-dow
iqui Preheat
Average ramp up rate (Liquidus) Temp 3°C/second max K] _ [Preheat]
(T,) to peak S(min)
l‘_ts
Tsmaxg 10 T, - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———»l Ti =>
-Temperature (t,) 60 — 150 seconds ime
Peak Temperature (T;) 260+0+5 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

Part Numbering System

Part Marking System

SP 3021-01 E TG S0OD882
TVS Diod 7\[_ —[
(SPA® Diodes) G= Green —

T=Tape & Reel / \
Series . )
Number of Package Pin 1 Indicator Product ID
Channels E: SOD882

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Package Dimensions — SOD882

A
_' SOD882

E MO-236
|

1

I

I

|

I

i Min Typ Max

030 A 0.90 100 | 110 | 0.035 | 0.039 | 0.043
— |
ToP VIEW - ‘ ‘ 0.55 B 0.50 0.60 0.70 0.020 | 0.024 | 0.028
. C 0.40 0.50 0.60 0.016 | 0.020 | 0.024
D 0.45 0.018
c + + | foso E 020 | 025 | 035 |0.008 ] 0.010 | 0.012
F 0.45 0.50 0.55 0.018 | 0.020 | 0.022
E————— Ea— T B
SIDE VIEW 0 1.40
['—|-—F—1 Recommanded Soldering
; . Pad Layout
i
i S ‘Ir ........... A} 1e
45 i
| i
0.0% ] ]
i P
BOTTOM VIEW

Embossed Carrier Tape & Reel Specification — SOD882

_|_ Symbol Millimeters

Ta A0 0.70+0.045

- 0.20£0.05 #1.5950.05 i B0 1.10=0.045
Ko 0.6520.045

1 F 3.5020.05

P1 2.0020.10

} w 8.00 + 0.30-0.10
@n.qum.na\

J REEWS00° .
f I o 0]

s s

||
| I
|
L3 1

Ko

Notes :
1. All dimensions are in millimeters

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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Low Capacitance ESD Protection - SP3030 Series
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SP3030 Series 0.5pF 20kV Unidirectional Discrete TVS [RoHS] (@8) [GREEN]

Description

The SP3030 includes low capacitance rail to rail diodes
with an additional Zener diode to provide protection for
electronic equipment that may experience destructive
electrostatic discharges (ESD). These robust diodes

can safely absorb repetitive ESD strikes above the
maximum level specified in the IEC61000-4-2 international
standard (+20kV contact discharge) without performance
degradation. The low loading capacitance makes it ideal
for protecting high speed data lines such as HDMI, DVI,
USB2.0, USB3.0 and eSATA.

Features

e ESD protection of £20kV e Low capacitance of 0.5pF
contact discharge, @ V=0V
+30KkV air discharge, ¢ |ow leakage current of
(IEC61000-4-2) 0.1pA at 5V

* EFT protection, Small SOD882 packaging
IEC61000-4-4, 40A helps save board space
(t,=5/50ns) AEC-Q101 qualified

e Lightning Protection,
IEC61000-4-5, 3A (S0D882 package)

(t,=8/20ps)

| | ‘

(AEC-Q101 qualified)

Applications
Functional Block Diagram

e Tablets e Digital Cameras
e Ultrabook e MP3/PMP

e eReader e SetTop Boxes

e Smart Phones e Portable Medical

USB3.0 Application Example

| ‘

Life Support Note: USB Port USB Controller
Not Intended for Use in Life Support or Life Saving Applications Vaus PN
The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated. SP1003
*Packages are shown as transparent
HDMI Application Example D+ -
D- ic

HOMI HDMI

Port “Packages are shown as tansparent Chipset SSTX+

02 SSTX-

o2

o1+ SSRX+

Pt SSRX-

BT &

> '

CLK+ 9

CLK- + 1 Signal Ground

E E E E E g ’
L L+ = T =T = = = SP3030 (x6)
SP3030 (x8)

o Additional Information

soa

HPD

-

Datasheet Resources Samples

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
Ipp Peak Current (t,=8/20us) 3.0 A Storage Temperature Range 5510 150 | °C
Top Operating Temperature -40 to 125 °C Maximum Junction Temperature 150 °C
Tewer Storage Temperature -55 to 150 °C Maximum Lead Temperature 260 °C

(Soldering 20-40s)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress only rating and operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (T,,=25°C)

Parameter Test Conditions Min Typ Max
Reverse Standoff Voltage /m— 5 \
Reverse Leakage Current lLeak Ve=5V with 1pin at GND 0.1 0.5 HA
lpp=1A, t,=8/20ps, Fwd 9.2 V
Clamp Voltage' Ve PP E H

Ipp=2A, 1,=8/20ps, Fwd 10.0 V
) IEC61000-4-2 (Contact) +20 kV

ESD Withstand Voltage' Vesp -
IEC61000-4-2 (Air) +30 kV
Dynamic Resistance Rovn (Vo Ve llppylppy) 0.55 Q
Diode Capacitance' Couo Reverse Bias=0V, f=1 MHz 0.5 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Normalized Capacitance vs. Reverse Voltage
0

\\
-1 1.8

-2 1.6

Attenuation (dB)
&

Normalized Capacitance (pF)

10 100 1000 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 50
Frequency (MHz) Bias Voltage (V)

HDMI 1.4 Eye Diagram USB3.0 Eye Diagram

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Pulse Waveform

Transmission Line Pulsing(TLP) Plot

110% 20 |'
100% 18
N Pl
90% 16
80% / \ = 14 /
o/ N\ zn £
E  so% / £ 10 /
2w | / 8, 4
R, / o /
30% / 2 6
20% / /
10% 4 /
0% 2
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0 /
Time (ps) 0 5 10 15 20 25
TLP Voltage (V)

Soldering Parameters

Reflow Condition Pb — Free assembly ﬂ . -} to e
P Critical Zone
-Temperature Min (T, i) 150°C s
Pre Heat |-Temperature Max (T, 200°C ::_; T . Y )
. . S Tsimax
-Time (min to max) (t,) 60 — 180 secs g Simax)
£ f Ramp-dow
A te (Liquidus) Te Preheat
verage ramp up rate (Liquidus) Temp 3°C/second max kS
(TL) to peak TS(min)
F_ts
Tsimax 10 T - Ramp-up Rate 3°C/second max
Refl -Temperature (T,) (Liquidus) | 217°C 25
eflow time to peak t ture———— -
-Temperature (t,) 60 - 150 seconds e fo pesiciemperatur Time —=>
Peak Temperature (T;) 260+0/5 °C
Time within 5°C of actual peak
Temperature (t,) 20— 40 seconds Product Characteristics
RGOt A 6 C{second max Lead Plating Pre-Plated Frame
Time 25°C to peak Temperature (T;) 8 minutes Max. Lead Material Copper Alloy
Do not exceed 260°C Lead Coplanarity 0.0004 inches (0.102mm)
. Substitute Material Silicon
Part Numbering System Body Material Molded Epoxy
SP 303g_ 01 ET G Flammability UL 94 V-0
Notes :
TVS Diode Arrays —|: G= Green ; %H dimensicns Trzin rT}!il'\meltetr_s
(SPA®Diodes) 3. Dimensions are exclusive of mold flash & metal burr
T Tape & Reel 4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
= 5. Package surface matte finish VDI 11-13.
Series
Number of Package Part Marking System
Channels E: SOD882

X

Pin 1 Product ID

“T" or "W"

© 2017 Littelfuse, Inc.
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Ordering Information

Part Number Package Marking Packaging Options

; SoD882

I

! MO-236

i . [E— B

i

I

|

1

i Typ Max
0.90 1.00 1.10 0.037 | 0.039 | 0.041
0.50 0.60 0.70 | 0.022 | 0.024 | 0.026

0.55

$‘ 030 ‘%

c -|— -I— 060

0.50 0.60 | 0.016 | 0.020 | 0.024
0.45 0.018
0.20 0.25 0.35 | 0.008 | 0.010 | 0.012
0.45 0.50 0.55 | 0.018 | 0.020 | 0.022

1.40

- E : Recommended Soldering Pad Layout

mm o0 w|>
o
~
o

Embossed Carrier Tape & Reel Specification — SOD882

PO P2

T ®2: 1.55+0.05 Tape Dimensions
Top E Millimeters
Cover @ @ d @
/Tape E
wrer W fc N A0 0.65 0.75
[,% T [] Ex BoO 110 1.20
BO
J KO 0.50 0.60
o ‘;4 ®: 0.40+0.05 E 1.65 1.85
F 3.45 3.55
e wa PO 3.90 4.10
s P1 1.90 2.10
SO | TH- . P2 1.95 2.05
@ " IN ‘ T 1.95 2.05
| S i w 7.90 8.10
H Reel Dimensions (Size @ 178)
Sew Millimeters
M 1770 179.0
Device Orientation in Tape N 59.0 61.0
O O w 11.0 12.0
W1 8.5 95
_ H 12.5 13.5
R 0 s 19 21
K 10.8 11.2
Pin1 R 0.95 1.05

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SP3031 Series

SP3031 Series 0.8pF 10kV Unidirectional Discrete TVS

(pinout
S

2

ﬁ) 1
7 ¥

b 2

Additional Information

in

Datasheet

Resources Samples

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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HF [RoHs] (@) [GREEN]

The SP3031 includes low capacitance rail to rail diodes
with an additional Zener diode to provide protection for
electronic equipment that may experience destructive
electrostatic discharges (ESD). These robust diodes can
safely absorb repetitive ESD strikes above the maximum
level specified in the IEC 61000-4-2 international standard
without performance degradation. The low loading
capacitance makes it ideal for protecting high speed

data lines.

e RoHS compliant, lead-free e Low capacitance of 0.8pF

and halogen-free @ V=0V

e ESD protection of +10kV e Low leakage current of
contact discharge, TuA at 5V
+15kV air discharge, (IEC ¢ 0402 small footprint
61000-4-2) available

e EFT, IEC 61000-4-4, 40A
(5/50ns)

e Lightning protection, IEC
61000-4-5, 2nd Edition, 5A
(t,=8/20us)

Applications

e USB 2.0, Ethernet

Smart Phones

e MHL/MIPI/MDDI e External Storage

e HDMI, Display Port, e Ultrabooks, Notebooks
eSATA * Tablets, eReaders

e SetTop Boxes, Game
Consoles

USB2.0 Application Example

USB2.0 Port USB Controller
VBus @
D+

D-

SP1003
IC
—— == SP3031 (x2) —

*Package is shown as transparent

Signal GND t
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% Littelfuse TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3031 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating | Units
Iop Peak Current (t,=8/20ps) 5.0 A Storage Temperature Range -551t0 150 | °C
Top Operating Temperature _40 t0 125 °oC Maximum Junction Temperature 150 °C
Tsror Storage Temperature -b5 to 150 “C ggﬁgﬂg ZLSZ?OSmperature 260 ¢

CAUTION: Stresses above those listed in “Absolute Maximum Ratings " may cause permanent
damage to the device. This is a stress only rating and operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied.

Electrical Characteristics (Ty=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage Viewiv 5.0 \
Reverse Breakdown Voltage Ve Te=1TmA 6.0 \
Reverse Leakage Current e Vgp=bV with 1pin at GND 1 pA
lpp=1A, 1,=8/20us, Fwd 6.9 \
Clamp Voltage! Ve

lop=2A, t,=8/20ps, Fwd 75 V
Dynamic Resistance RN (Vo Ve llppo-lppq) 0.6 Q
] IEC 61000-4-2 (Contact) +£10 kV

ESD Withstand Voltage' Veso -
IEC 61000-4-2 (Air) +15 kV
Diode Capacitance’ Couo Reverse Bias=0V 0.8 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Insertion Loss (S21) I/0 to GND Capacitance vs. Reverse Voltage

° ‘

1.2
5 \ 1.0
@ = —
E -10 £ 08
£ 15 g
3 § 06
8§ 20 5
g, § 0.4
-30 0.2
-35 0.0
0.0 1.0 2.0 3.0 4.0 5.0
10 100 1000
Frequency (MHz) DC Bias (V)
Pulse Waveform Transmission Line Pulsing(TLP) Plot
110%
100% \
90% _
. / AN z
o N z
. 70% g
= / AN 3
5 60% / =1
;E, 50% / =
% 40%
< /
30% /
20% /
10%
0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (us) TLP Voltage (V)

© 2017 Littelfuse, Inc.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SP3031 Series

Expertise Applied | Answers Delivered

Product Characteristics Ordering Information

Lead Plating Pre-Plated Frame or Matte Tin Part Number e Marking Min. Order Qty.
Lead Material Copper Alloy
SP3031-01ETG SOD882 of 12000
Lead Coplanarity 0.0004 inches (0.102mm)
Substitute Material Silicon
Body Material Molded Epoxy
Flammability UL 94 V-0
Notes :

1. All dimensions are in millimeters

. Dimensions include solder plating.

. Dimensions are exclusive of mold flash & metal burr.

. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
. Package surface matte finish VDI 11-13.

A WN

Soldering Parameters

Reflow Condition Pb - Free assembly —! tp e
T I I Critical Zone

-Temperature Min (T ;) 150°C g
Pre Heat |-Temperature Max (T, 200°C .g T T { ¢, )

-Time (min to max) (t,) 60 — 180 secs g s

£ Ramp-dow:
iqui Preheat
Average ramp up rate (Liquidus) Temp 3°C/second max < _ [Preheat]
(T,) to peak S(min) :
D S

Tsmaxg 10 T, - Ramp-up Rate 3°C/second max

-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———»l Ti =>

-Temperature (t,) 60 — 150 seconds ime
Peak Temperature (T;) 260+0+5 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C

Part Numbering System Part Marking System

SP3031-1ETG
oUo sSoD8s2

. B
TVS Diode Arrays -
(SPA® Diodes) G= Green f

T= Tape & Reel /’ \

Series Pin 1 Indicator Product ID
Number of Package
Channels E: SOD882

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



% Littelfuse TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SP3031 Series

Expertise Applied | Answers Delivered

Package Dimensions — SOD882

A

i i S0D882

I

.i JEDEC MO-236

T °
I R

i

|

I

0.30
k) *‘ ‘* 055 A 0.90 1.00 | 110 | 0.035 | 0.039 | 0.043
TOP VIEW B 0.50 0.60 0.70 0.020 | 0.024 | 0.028
T C 0.40 0.50 0.60 0.016 | 0.020 | 0.024
c -|- -|— D 0.45 0.018
E 0.20 0.25 0.35 | 0.008 | 0.010 | 0.012
— 1 F 0.45 0.50 0.55 0.018 | 0.020 | 0.022
SIDE VIEW b 1.40
N E:l Recommanded Soldering
: . Pad Layout
i
§ ISR O Y S 4 |F
et i
| |
0.0 1 J
f 5128
BOTTOM VIEW

Embossed Carrier Tape & Reel Specification — SOD882
T

Tla A0 0.70+0.045
- 0.20+0.05 @1.9520.05 T Bo 1.100.045
Ko 0.66+0.045
F 3.5040.05
i P1 2.00+0.10
} w 8.00 + 0.30-0.10
@U.4Uiﬂ.ﬂ5\
. REF %000 \ﬂ: i
= T gl
B i ¥
. Ko o1

Notes :
1. All dimensions are in millimeters

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes)

Low Capacitance ESD Protection - SRV05 Series

SRV05 Series 6V 10A Diode Array

Pinout

1101 ] @ 1 1/04
GND [ 1 Vg
1102 [ 1 1103
6 5 4
/_A_/
1 2 3

Additional Information
—_i

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

w4 Littelfuse

Expertise Applied | Answers Delivered

[RoHs] (@8) [GREEN]

Description

The SRVO05 integrates low capacitance rail-to-rail diodes with
an additional zener diode to protect each 1/O pin against
ESD and high surge events. This robust device can safely
absorb surge current per IEC61000-4-5 (t,=8/20us) without
performance degradation and a minimum =20kV ESD

per IEC61000-4-2. Their very low loading capacitance also
makes them ideal for protecting high speed signal pins.

Features

e ESD, IEC61000-4-2,
+20kV contact, £30kV air

e EFT, IEC61000-4-4, 40A
(5/50ns)

e Lightning, IEC61000-4-5,
10A (8/20us)

e Low capacitance of 2pF
(TYP) per I/O

* Low leakage current of
0.5pA (MAX) at 5V

e Small SOT23-6 (JEDEC
MO-178) packaging

Applications

LCD/PDPTVs * Firewire

e Monitors Set Top Boxes
Notebooks Flat Panel Displays
10/100/1000 Ethernet e Portable Medical

Application Examples

USB Dual Port Protection V¢ T_
Ry

VBUS

D+
Ry USB
* D- Port

uUsB 1L I Veus o

C A »
Controller [L Lcr | | Asvosant I
i ii qr E ? VBUS
RT ------ j__--- - L VBUS

VAN — D+ USB
R Port

b >

C T -lCT I GND

10/100/1000 Ethernet Protection Russ
E Unused
- %H Unused
TX +
10/100/1000 o g .
Ethernet
PHY

RX+

D%
i i
N
i D
RX -
Unused
_%H Unused

b—%;_75 752 752> 75

=

To Twisted-Pair Network



http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_srv05_datasheet.pdf.pdf
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% Littelfuse TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection - SRV05 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
lop Peak Current (t,=8/20ys)’ 10 A Storage Temperature Range -65t0 160 | °C
Poc Peak Pulse Power (t,=8/20ps) 150 W Maximum Junction Temperature 150 °C
Tem Operating Temperature -40 to 125 “C :\ggﬂgﬂ; Iz_gfafogmperature 260 ©
Tsror Storage Temperature -55to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

"Non-repetitive pulse per waveform on page 3

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage Vawm g < TpA 6.0 \
Reverse Voltage Drop Vi I = TmA 8.0 Vv
Reverse Leakage Current I ek Vp=bV 0.1 0.5 pA

lpp=1A, 1,=8/20us, I/0 to GND? 8.8 10.0
Clamp Voltage' Ve l,p=bA, t,=8/20us, I/0 to GND? 11.5 13.0
lpp=8A, t,=8/20ps, /O to GND? 13.2 15.0
Dynamic Resistance Rovn (Vey =V 1 lppy = lopy) 0.7
IEC61000-4-2 (Contact) +20 kV
ESD Withstand Voltage' VEsp
IEC61000-4-2 (Air) +30 kV
Reverse Bias=0V 2.4 3.0 pF
Diode Capacitance’ Cyoenp
Reverse Bias=1.65V 2.0 pF
Diode Capacitance’ Couo Reverse Bias=0V 1.2 pF

Notes: ' Parameter is guaranteed by design and/or device characterization.
2 Repetitive pulse per waveform on page 3.

Clamping Voltage vs. I, Product Characteristics

200 Lead Plating Matte Tin

18.0

160 Lead Material Copper Alloy
140 Lead Coplanarity 0.0004 inches (0.102mm)
>
o 120 74/ . . N
g " Substitute Material Silicon
£ 100
?E; o I Body Material Molded Epoxy
g 6o Flammability UL 94 V-0

4.0

Notes :
20 1. All dimensions are in millimeters
0.0 . Dimensions include solder plating.
1 2 3 4 5 6 7 8 9 10

Peak Pulse Current-I_, (A)

. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.

2
3. Dimensions are exclusive of mold flash & metal burr.
4
5

. Package surface matte finish VDI 11-13.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes) % Littelfuse
Low Capacitance ESD Protection - SRV05 Series
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Capacitance vs. Reverse Bias Pulse Waveform

3.0 110%
100%
25 o
\\ 90% /
— V =Float 80% ,
20 S V,, =33V - /

70% / \
60%

V, =5V

Capacitance (pF)
o
Percent of I,

40%

/
1.0 o / \‘
/
/

0.5 20%

0.0 0%
00 05 10 15 20 25 30 35 40 45 50 0.0 5.0 10.0 15.0 20.0 25.0 30.0
DC Bias (V) Time (ps)

Soldering Parameters

Reflow Condition Pb — Free assembly ! tp e
Te — Critical Zone

-Temperature Min (T ;) 150°C g
Pre Heat |-Temperature Max (T, 200°C .g T T | ¢ )

-Time (min to max) (t,) 60 — 180 secs g S

q . I3 Ramp-dow
renhea
Average ramp up rate (Liquidus) Temp 3°C/second max @ .
(T,) to peak S(min)
—tg
Tsimax 10 T, - Ramp-up Rate 3°C/second max /
- -Temperature (T,) (Liquidus) | 217°C 25 |<—
eriow time to peak temperature—— | .

-Temperature (t,) 60 — 150 seconds Time ==>
Peak Temperature (T;) 260+0/5 °C
Ti ithin 5°C of | k

ime within 5°C of actual pea 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C
Part Numbering System Part Marking System
L*4
SRV05-4 HT G 0o ing
L L*4 Prfdusc'tq\s/eries Number of Channels
G= Green I:I I:I I:I - 05
Assemply Site
T= Tape & Reel (Varies)
Series Package Ordering Information
Number of ___ H: SOT23-6
Channels

Part Number Package Marking Min. Order Qty.

SRV05-4HTG SOT23-6 L*4 3000

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)
Low Capacitance ESD Protection -

w4 Littelfuse

Expertise Applied | Answers Delivered

\/05 Series

Package Dimensions — SOT23-6

S0T23:6
¢
+‘ b | e L
—x F:J L MO-178
mall i
6 5‘ 4
¢ + - E ¢ —- E1
1 2‘ 3, ¢ A 0.900 1.450 0.035 0.057 -
| | | A1 0.000 0.150 0.000 0.006 -
el N o A2 0.900 1.300 0.035 0.051 -
D tc b 0.350 0.500 0.0138 0.0196 -
¢ C 0.080 0.220 0.0031 0.009 -
D 2.800 3.000 0.1 0.118 3
I At a1 SEATING E 2.600 3.000 0.102 0.118 -
¥ PLANE E1 1.500 1.750 0.06 0.069 3
‘A—- e 0.95 Ref 0.0374 ref -
el 1.9 Ref 0.0748 Ref -
0.10 (0.004)| C
(2ot 0[] L 0.100 0.600 0.004 0.023 4,5
Recommended Solder Pad Layout N 6 6 6
a 0° 10° 0° 10° -
B _ I _ o M 2.590 0.102 -
|— =1
(o] 0.690 .027TYP -
: : : P 0.990 .039TYP -
1 1 ! M R 0.950 0.038 -
1 1 1
¢ | 1 1 Notes:
Dimensioning and tolerances per ANSI 14.5M-1982.
. Package conforms to EIAJ SC-74 (1992).

1
2

3. Dimensions D and E1 are exclusive of mold flash, protrusions, or gate burrs.

4. Footlenth L measured at reference to seating plane.

5. "L is the length of flat foot surface for soldering to substrate.

6. “N" is the number of terminal positions.

7. Controling dimension: MILLIMETER. Converted inch dimensions are not necessarily exact.

<>

Embossed Carrier Tape & Reel Specification — SOT23-6
8mm TAPE AND REEL

1.5mm 4.0mm

DIA. HOLE _:L ’:: 2.0mm

I A5 33550309,
v GEEEEEEE @Q-@$

4.0mm —>|

ACCESS HOLE 1.75mm

—»| [« 144mm  gmm

GENERAL INFORMATION

1. 3000 PIECES PER REEL.
2. ORDER IN MULTIPLES OF FULL REELS ONLY.
3. MEETS EIA-481 REVISION "A" SPECIFICATIONS.

— 13mm SOT-23 (8mm POCKET PITCH)

A
- [eEEE
—>|l<-s.4mm

USER DIRECTION OF FEED PIN1

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes)

Lightning Surge Protection - SP4060 Series

SP4060 Series 2.5V 20A Diode Array

Pinout

o1 |® ] vos
oz | ] o7
vos [ ] vos
oa [ ] vos
ne [ __JGND

Functional Block Diagram

o8 107 /0 6 /05
? . 7 R

—_ 1)
1/0 3 /10 4

1101 1/0 2 GND

Additional Information

‘R‘ @
Bt |
Datasheet Resources Samples

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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HF [RoHs] (@) [GREEN]

Description

The SP4060 integrates low capacitance diodes with an
additional zener diode to protect each /O pin against

ESD and high surge events. This robust device can safely
absorb up to 20A per IEC 61000-4-5 (t,=8/20us) without
performance degradation and a minimum £30kV ESD per
|IEC 61000-4-2 International Standard. Their low loading
capacitance also makes them ideal for protecting high
speed signal pins.

Features

e ESD, IEC 61000-4-2,
+30kV contact, £30kV air

e EFT, IEC 61000-4-4, 40A
(5/50ns)

e Lightning, IEC 61000-4-5,
20A (8/20ps)

e | ow capacitance of 4.4pF
(TYP) per 1/O

e |ow leakage current of
TuA (MAX) at 2.5V

e Moisture Sensitivity Level
(MSL:1)

Applications

¢ LCD/PDTVs
e Desktops

e SetTop Boxes
¢ Notebooks
e Game Consoles

Application Example

LVDS Interface LVDS Controller

CLK+
CLK-

A0+
A0-

Outside
World | AT+
Al-

A2+
A2-

= °

Shield GND

iy

SP4060-08ATG -
Shield GND


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sp4060_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/lightning-surge-protection/sp4060.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/lightning-surge-protection/sp4060.aspx#TechnicalResources

% Littelfuse TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP4060 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating | Units
lpp Peak Current (t,=8/20ps) 20.0 A Storage Temperature Range -551t0 160 | °C
Poc Peak Pulse Power (t,=8/20ps) 300 W Maximum Junction Temperature 150 °C
Top Operating Temperature -40 to 125 *C :\ggﬂgﬂ; Iz_gfafogmperature 260 e
Tsror Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (Typ=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage Vi 25 V
Snap Back Voltage Vs lsg=b0mMA 2.0 \Y
Reverse Leakage Current  Eae Vg=2.5V, I/O to GND 0.5 1.0 PA

lpp=1A, 1,=8/20ps, Fwd 45 55
Ipp=bA, 1,=8/20us, Fwd 6.0 7.2
Clamp Voltage' Ve
Ipp=10A, t,=8/20us, Fwd 8.0 9.6
lpp=20A, 1,=8/20us, Fwd 12.5 15.0
IEC61000-4-2 (Contact) +30 kV
ESD Withstand Voltage' VEsp
IEC61000-4-2 (Air) +30 kV
Diode Capacitance’ Cyoenp Reverse Bias=0V 4.4 5.0 pF
Diode Capacitance’ Ciou0 Reverse Bias=0V 2.2 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

8/20us Pulse Waveform Clamping Voltage vs. I,

110% 14.0
100% /
12.0 P
90% / \ - ~
80% o 100 P
o / \ > —
= 70% / . /
k] / \ g 80
=
E 60% / E
5 50% / \ 2 60
£
& 0% \ g L
20% / g 4.0
/ \
20% / 2.0
10%
0% / 0.0
b
0.0 5.0 100 15.0 200 25.0 300 0 30 50 70 90 110 130 150 170 190 210
Time (ps) Peak Pulse Current-I,, (A)

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection - SP4060 Series
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ion Loss (S21) I/0 to GND
5

5.0
/
0
4.0 N 7~
N\ /
5
_ . /
£ 30 I l
g £ -10
\l
S -15
g 20 § V
3 £
S <
o -20
1.0
-25
0.0 -30
0.0 0.5 1.0 15 2.0 25 10 100 1000 10000
DC Bias (V) Frequency (MHz)

Soldering Parameters

Reflow Condition Pb - Free assembly —! tp l—
Te — Critical Zone

-Temperature Min (T, ;) 150°C H
Pre Heat |-Temperature Max (T .. 200°C .3 T T | ¢, )

-Time (min to max) (t,) 60 - 180 secs g Stmax)

£ - Ramp-dow!
A Li - T Preheat|
verage ramp up rate (Liquidus) Temp 3°C/second max 2 T
(T,) to peak S(min)
I‘_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Rofl -Temperature (T,) (Liquidus) | 217°C 25 |<-
eriow time to peak temperature————»l -

-Temperature (t,) 60 - 150 seconds Time ==>
Peak Temperature (T;) 260+05 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C

Package Dimensions — MSOP10

10 [0.0197) “
ilililili
[ wmees [ e |
Min Max Min Max
B E A - 110 - 0.043
0 A1 0.00 0.15 0.000 0.006
0.17 0.27 0.007 0.011
I;l I;l I;l I;I c 0.08 0.23 0.003 0.009
I 0 R Solder Pad Layout D 2.90 3.10 0.114 0.122
A E 4.67 5.10 0.184 0.200
E1 2.90 3.10 0.114 0.122
| | ﬁ ¢ e 0.50 BSC 0.020 BSC
R ='_ L 040 | o080 0016 | 0032

B-J-L- -«-leL- A1—1 -’LL-L

© 2017 Littelfuse, Inc.
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% Littelfuse TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP4060 Series
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Part Numbering System Product Characteristics
SP 4060-08A TG Lead Plating Pre-Plated Frame
. T G= Green
TVS Diode Arrays Lead Material Copper Alloy
(SPA® Diodes) T= Tape & Reel
Lead Coplanarity 0.0004 inches (0.102mm)
. Package
Series A = MSOP10 Substitute Material Silicon
Number of
Channels Body Material Molded Epoxy
Flammability UL 94 V-0

Part Marking System Notes :
1. All dimensions are in millimeters
. Dimensions are exclusive of mold flash & metal burr.

2
3

II_: 4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

. Dimensions include solder plating.

YYWWD —FYYWW = Date code
Product Series P8 Number of

P = SP4060 |® Channels
JUoo

Assembly Site

Ordering Information

Part Number Package Marking Min. Order Qty.
SP4060-08ATG MSOP10 | P8 | 4000

Embossed Carrier Tape & Reel Specification — MSOP-10

P | Milmetres | Inches |
SQ ~
{ Z&Q \;
> 5 b o o o }j 0/ o< “?J L E 165 1.85 0.065 0.073
" F 5.40 5.60 0.213 0.220
ol o 4 = D 150 160 0.059 0.063
D1 150 Min 0.059 Min
= o
- @ PO 3.90 4.10 0.154 0.161
o th 10P0 40.0+ 0.20 1.574+0.008
w 11.90 12.10 0.469 0.476
9 m I T 3 790 8.10 0.311 0.319
(?D A0 5.20 5.40 0.205 0213
X O 00000 BO 3.20 3.40 0.126 0.134
KO 1.20 1.40 0.047 0.055
me 1 I o an an] 3 m
[ = Wt = 0B t 0.30 + 0.05 0.012+ 0.002
— sl us} [un uu]
m mnj un] M un}

Pin 1 Location

User Feeding Direction

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA°Diodes) /4 Littelfuse

Lightning Surge Protection - SP2504N Series

Expertise Applied | Answers Delivered

SP2504N Series 2.5V 20A Diode Array [RoHS| (B8) [GREEN]

Description

The SP2504N integrates 4 channels of low capacitance
diodes with an additional zener diode to protect sensitive
I/O pins against lightning induced surge events and ESD.
This robust device can safely absorb up to 20A per IEC
61000-4-5, 2nd edition (t,=8/20us) without performance
degradation and a minimum =30kV ESD per IEC 61000-4-2
international standard. The low loading capacitance makes
the SP2504N ideal for protecting high-speed signal pins.

T - co ccom0042  + Low capsciance of 350

1 3 5 +30kV contact, +30kV air (TYP) per I/O
e EFT, IEC 61000-4-4, 40A e |Low leakage current of
oty (tr=5/50ns) 1uA (MAX) at 2.5V
e |ightning, IEC 61000- e RoHS compliant and
GND 4-5, 2nd edition 20A lead-free
(tp=8/20us)
Oann
9 7 Applications
Rictonallockiblayian * 10/100/1000 Ethernet * \oIP Phones
Interfaces e SetTop Boxes
¢ Customer Premise e PBX Systems

Equipment (CPE)

-0 ©
mnORN

e Surveillance Cameras

05

Application Example

*Package is shown as transparent Ethernet PHY
RJ-45 C
Tx+
J1
L ot
= ._
1 GND 3 1 .
{
()
o SP2504N l|.
Additional Information o PHY
. Py Rx+
N .Js
2, iR —
Rx-

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
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Lightning Surge Protection - SP2504N Series
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Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating | Units
[ Peak Current (t,=8/20ps) 20.0 A Storage Temperature Range -55t0 150 | °C
Py Peak Pulse Power (t,=8/20ys) 300 W Maximum Junction Temperature 150 °C
Top Operating Temperature —-40 to 125 °C ggﬂgﬂg Iz_gi’:lfo'g?mperature 260 c
Teror Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T,,=25°C)

Parameter Symbol Test Conditions
Reverse Standoff Voltage Vewm 25 V
Snap Back Voltage Vgg lsg=B0mMA 2.0 \
Reverse Leakage Current iz Vg=2.5V, /0O to GND 0.5 1.0 pA
lep=1A, 1,=8/20us, Fwd 5.0 V
Ipp=bA, 1,=8/20us, Fwd 6.3 \
Clamp Voltage! Ve
Ipp=10A, t,=8/20ps, Fwd 8.0 \Y
lpp=20A, tp=8/20ps, Fwd 1.5 V
Dynamic Resistance Ry (Vo Ve llppylppq) 0.35 Q
IEC61000-4-2 (Contact) +30 kV
ESD Withstand Voltage' Vesp
IEC61000-4-2 (Air) +30 kV
Diode Capacitance’ Cyo-np Reverse Bias=0V 3.5 5.0 pF
Diode Capacitance’ Cyou0 Reverse Bias=0V 2.0 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Pulse Waveform Clamping Voltage vs. I,

110% 12.0

100%
90% / \ 100 7
80% / \ 80 _—]

o -
& o / = L
= 60% g
3 / ® 60
Q x
g 50% g /
LT / a 40
40% / \ £
(]
o / \\ °
2.0

20% /
10% / 0.0

0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (ps) Peak Pulse Current-l, (A)

0 5 10 15 20
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP2504N Series

w4 Littelfuse

Expertise Applied | Answers Delivered

Capacitance vs. Bias

5.0

4.0

3.0

2.0

Capacitance (pF)

0.0

0.0 05 1.0 1.5 2.0 25
DC Bias (V)

Ordering Information

Part Number
SP2504NUTG

Package

Marking
uDFN-10 TH4

Min. Order Qty.
3000

Soldering Parameters

Reflow Condition Pb - Free assembly

-Temperature Min (T ;) 150°C
Pre Heat |-Temperature Max (T .. 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp

(T,) to peak 3°C/second max
L

Ts(max) t0 T, - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)

217°C

Reflow

-Temperature (t,)

60 - 150 seconds

Peak Temperature (T,)

26095 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (Tp)

8 minutes Max.

Do not exceed

260°C

Product Characteristics

Lead Plating

Pre-Plated Frame

Lead Material Copper Alloy

Lead Coplanarity

0.0004 inches (0.102mm)

Substitute Material Silicon

Body Material

Molded Epoxy

UL 94 V-0

Flammability

Notes :
1. All dimensions are in millimeters
. Dimensions include solder plating.

.. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.

2
3. Dimensions are exclusive of mold flash & metal burr.
4
5

. Package surface matte finish VDI 11-13.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17

— tp
T | |
P Critical Zone
TLtoTe

e
2 T ¢
S T ) L (
E S(max)
g‘ Ramp-dow
2

TS(min)

—ts
25
time to peak temperature————» Time =>

Part Numbering System

SP 250N UTG

l T
TVS Diode Arrays G= Green
(SPA" Diodes) T=Tape & Reel
Package

Series U= uDFN-10

Part Marking System

T*

Product Series —T - Number of
T = SP2504N Channels
Assembly Site



% Littelfuse TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection - SP N Series
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Package Dimensions — uDFN-10
Top View uDFN-10 (2.6x2.6mm)

0 -y MO-229
DR T [ om |
1 Symbol P M Mi N M
In ax n om ax
E A 045 | 050 | 0.55 0018 | 0.020 | 0.022
A3 0.130 Ref 0.005 Ref
b 0.17 0.22 0.27 0.006 | 0.008 | 0.010
D 2.50 2.60 2.70 0097 | 0101 [ 0.105
v D2 2.10 2.15 2.20 0.081 | 0083 | 0.085
E 2.50 2.60 2.70 0.097 | 0.101 | 0.105
E2 121 1.26 131 0.046 | 0.049 | 0.051
Side View e 0.50 BSC 0.020 BSC
//]0.10] C * $A3 L 035 | 040 | 045 0.014 | 0.016 | 0.018

Seating Recommended Solder Pads pDFN-10L 2.6x2.6mm

ALD_D_D_D_D;'—
“rlls =

..+ ..+ ..+ Fl+
B .

[#]o.10Q@[c|g[4| ‘

¥4 G F [+
Bottom View

2X Y + + +
ASJodofe s . S
— -

.
f Symbo Vilimetors

- - E2 B 2.30 0.091
023 ‘ c 2.20 0.087

|W | F 1.41 0.056

-t G 1.65 0.065
IR P 050 5o
“s }4‘3 2 1 f X 0.37 0.015
& Y 0.55 0.022

z 275 0.108

PO T “ T P2 po Reel Size:7 inches meters
P1
g N Bl A0 2.82 + 0.05
E ‘:‘\7

*5 é O é ®/ dﬂ | po | ®MaAX BO 2.82 + 0.05

i DO @1.50 + 0.10
w I D1 @ 0.50 + 0.05
E — TR E 1.75 £ 0.10

‘ g | Emax F 350 £ 0.05

D1 Ko .50 + 0.

— Ko 0.76 + 0.05
b ® 6 ® ® ¢ PO 4.00 = 0.10

) . P1 4.00 +0.10

E E‘ Pin 1 Location P2 2002 0.05

T 0.25 + 0.02

User Feeding Direction
—_— w 8.00 + 0.30 /- 0.10

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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Lightning Surge Protection - SP3304N Series

Expertise Applied | Answers Delivered

SP3304N Series 3.3V 20A Diode Array HF [RoHs| (@) [GREEN]

Description

The SP3304N integrates 4 channels of low capacitance
diodes with an additional zener diode to protect sensitive
I/O pins against lightning induced surge events and ESD.
This robust device can safely absorb up to 20A per IEC
61000-4-5 2nd edition (t,=8/20us) without performance
degradation and a minimum +30kV ESD per IEC 61000-4-2
international standard. The low loading capacitance makes
the SP3304N ideal for protecting high-speed signal pins.

e RoHS compliant, lead- e | ow capacitance of 3.5pF
: 3 s e ESD, IEC 61000-4-2, e |Low leakage current of
+30kV contact, +30kV air TuA (MAX) at 3.3V
guuuy e EFT, IEC 61000-4-4, 40A e Moisture Sensitivity Level
(tp=5/50ns) (MSL Level-1)
GND ¢ Lightning, IEC 61000-
4-5 2nd edition, 20A
(tp=8/20ps)
AO0nf
9 7 Applications
Functional Block Diagram ¢ 10/100/1000 Ethernet e SetTop Boxes
Interfaces e PBX Systems
9 7 ¢ Customer Premise e Small Cells
Q CP Equipment (CPE)
O5 * \oIP Phones

Application Example

*Package is shown as transparent Ethernet PHY
RJ-45 Connector
I Tx+
— J1
1 GND 3 :-_l ‘ %
- Tx-
®
(
([
B o SP3304N x
Additional Information ® I
PHY
: Y Rx+
ﬁ? | s
| Bl |
Datasheet Resources Samples L

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
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Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating | Units
[ Peak Current (t,=8/20us) 20.0 A Storage Temperature Range 5510150 | °C
Py Peak Pulse Power (t,=8/20ys) 300 W Maximum Junction Temperature 150 °C
Tem Operating Temperature —-40 to 125 °C :\élgig:]#nrg ZLS?A?OSmperature 260 c
Tsror Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T,=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage /R~ a3 V
Punch Through Voltage Ver [;r=BpA 3.5 Vv
Snap Back Voltage Vgg lsg=50mA 2.8 \
Reverse Leakage Current | ek Vg=2.5V, I/O to GND 0.5 1.0 pA

lpp=1A, 1,=8/20ps, Fwd 6.0 \Y
Ipp=bA, 1,=8/20ps, Fwd 7.0 \Y

Clamp Voltage! Ve
Ipp=10A, 1,=8/20us, Fwd 8.0 \
lpp=20A, 1,=8/20us, Fwd 1.5 \Y
Dynamic Resistance Rl (Vo Ve llppylppy) 0.25 Q
IEC61000-4-2 (Contact) +30 kV

ESD Withstand Voltage' Veso
IEC61000-4-2 (Air) +30 kV
Diode Capacitance’ Cyoenp Reverse Bias=0V 3.5 5.0 pF
Diode Capacitance’ Cyowo Reverse Bias=0V 2.0 pF

Note: ' Parameter is guaranteed by design and/or device characterization.

Pulse Waveform Clamping Voltage vs. I,

110% 12,0

100%

807: // \\ /

a 8.0
:A' 70% / -
= / \ 3 /
= 60% 60
: / -
e 50% =
5 / AN S
40% / \ i 40
30% ‘\ Es
/ o 2.0

20% /
10%
/ 0.0

0%
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0 5 10 15 20
Time (ps)

Peak Pulse Current-l_, (A)
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection - SP3304N Series
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Capacitance vs. Bias Ordering Information

Part Number Package Marking | Min. Order Qty.
SP3304NUTG uDFN-10 UH4 3000

4.0

3.0

2.0

Capacitance (pF)

0.0
0.0 0.5 1.0 15 20 25 3.0

Bias Voltage (V)

Soldering Parameters

Reflow Condition Pb — Free assembly ﬂ I - to j—
P Critical Zone
-Temperature Min (T ;) 150°C >
Pre Heat |-Temperature Max (T, 200°C % T T | ¢, )
-Time (min to max) (t;) 60 - 180 secs g’_ Stmax)
- - £ - Ramp-dow
rehea
Average ramp up rate (Liquidus) Temp 3°C/second max K3 - [Preheat]
(T,) to peak S(min)
ﬁ_ts
Tsimax) to T - Ramp-up Rate 3°C/second max /
Rofl -Temperature (T,) (Liquidus) | 217°C 25 I‘-
erlow time to peak temperature—— ! .
-Temperature (t,) 60 — 150 seconds Time =>
Peak Temperature (T;) 260+05 °C
Time within 5°C of actual peak 20 - 40 seconds .
Temperature (t,) Part Numbering System
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max. §P 3304NUT —GE
Do not exceed 260°C TVS Diode Arrays G= Green
(SPA® Diodes) T=Tape & Reel
Product Characteristics
Package
Series U= uDFN-10
Lead Plating Pre-Plated Frame
Lead Material Copper Alloy
Lead Coplanarity 0.0004 inches (0.102mm) Part Marking System
Substitute Material Silicon
Body Material Molded Epoxy U *
Flammability UL 94 V-0 Product Series —T - Number of
U = SP3304N Channels
Notes :

— N Assembly Site
1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

© 2017 Littelfuse, Inc.
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Lightning Surge Protection - SP3304N Series
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Package Dimensions — uDFN-10

Top View UDFN-10 (2.6x2.6mm)
5 -y MO0-229
A -
: A 0.45 0.50 0.55 0.018 | 0.020 | 0.022
A3 0.130 Ref 0.005 Ref
b 0.17 0.22 0.27 0.006 | 0.008 | 0.010
D 2.50 2.60 2.70 0097 | 0101 | 0.105
v D2 2.10 2.15 2.20 0081 | 0083 | 0.085
E 2.50 2.60 2.70 0097 | 0.101 | 0.105
E2 121 1.26 1.31 0046 | 0.049 | 0.051
Side View e 0.50 BSC 0.020 BSC
//10.10[C * ¢A3 L 035 | 040 | 045 0014 | 0016 | 0.018

. Recommended Solder Pads uDFN-10L 2.6x2.6mm
Seating

To Ll T [ BEEEE-

SB@LER | |
zZ G —|— F C

Bottom View ‘
mm nhEREs
D2 I
2X P L X
6 7 8 (1[0.10]|C [ —

9 10]
U U
. | Symbol Milimetors

B 2.30 0.091
i et E2 c 2.20 0.087
jS/ ‘ F 1.41 0.056

L y G 1.65 0.065

-t P 0.50 0.020

LT o X 037 0015
_‘se }4_3 2 1 } Y 0.55 0.022
z 2.75 0.108

; i
melll e J

FB o o%é S PR s Bo 262+ 006
. DO 2150 + 0.10

| B

L D1

| N D1 @ 0.50 + 0.05
r]‘:m L< 5 MAX E 1.75 + 0.10
Ko F 3.50 + 0.05
KO 0.76 + 0.05
b ® ® O® O® d PO 4.00 £ 0.10
| . . P1 4.00 £ 0.10
D B E Pin 1 Location P2 2002005
T 0.25 + 0.02
User Feeding Direction w 8.00 + 0.30/-0.10

—l

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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TVS Diode Arrays (SPA®Diodes)

Lightning Surge Protection - SLVUZ2.8 Series

SLVU2.8 Series 2.8V 40A TVS Array

Pinout

Functional Block Diagram

_
N

Additional Information

Datasheet Resources Samples

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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[RoHS] ‘(@8) [GREEN]

Description

The SLVU2.8 series was designed to protect low voltage,
CMOS devices from ESD and lightning induced transients.
There is a compensating diode in parallel with the low
voltage TVS to protect one unidirectional line or a high
speed data pair when two devices are paired together.
These robust structures can safely absorb repetitive ESD
strikes at +30kV (contact discharge) per the IEC 61000-4-
2 standard and each structure can safely dissipate up to
40A (IEC 61000-4-5, t,=8/20us) with very low clamping
voltages.

Features

e ESD, IEC 61000-4-2,
+30kV contact, £30kV air

e EFT, IEC 61000-4-4, 40A
(5/50ns)

e |ightning, IEC 61000-4-5,
2nd edition 40A (8/20us)
¢ Low capacitance of 2pF free

per line (Pin 2 to 1)

e | ow leakage current of
TuA (MAX) at 2.8V

e Small SOT23-3 (JEDEC
TO-236) package saves
board space

¢ RoHS compliant and lead-

Applications

¢ 10/100/1000 Ethernet ¢ Analog Inputs

e \WAN/LAN Equipment e Base Stations

e Switching Systems e Security Systems

e Desktops, Servers, and e Surveillance Cameras
Notebooks

Application Example

NC
RJH5
Connector

Ethernet
PHY

200000
L

biid
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SLVUZ2.8 Series

Electrical Characteristics (T,

P

= 25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage L/ R— [e<TPA 2.8 V
Reverse Breakdown Voltage Var l1=2pA 3.0 \
Snap Back Voltage Vg l;=60mA 2.8 V
Reverse Leakage Current |Leak Vg=2.8V (Pin2or3to 1) 1 PA
Clamping Voltage! lop=BA, t,=8/20us (Pin 3 to 1) 57/ 70 V
Clamping Voltage' v lpp=24A, t,=8/20ps (Pin 3 to 1) 8.3 12.5 V
Clamping Voltage' ¢ lop=5A, t,=8/20ps (Pin 2 to 1) 70 8.5 v
Clamping Voltage' lpp=24A, 1,=8/20ps (Pin 2 to 1) 13.9 15.0 V
Dynamic Resistance Rovn (Vea - V) 1 (lppy - lppq) (Pin 2 to 1) 0.4 Q
IEC61000-4-2 (Contact) +30 kV
ESD Withstand Voltage' Vesp -
IEC61000-4-2 (Air) +30 kV
Diode Capacitance! Co Vg=0V, f=1MHz (Pin 2 to 1) 2.0 25 pF
Note: "Parameter is guaranteed by design and/or device characterization.
Absolute Maximum Ratings Figure 1: Capacitance vs. Reverse Voltage
Parameter Rating Units 4.0
Peak Pulse Power (t,=8/20us) 600 W 35
Peak Pulse Current (t,=8/20ps) 40 A
T 3.0
Operating Temperature -40 to 125 “C E_
2.5
Storage Temperature -55 to 150 °C §
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause _g 20
permanent damage to the device. This is a stress only rating and operation of the device g 15
at these or any other conditions above those indicated in the operational sections of this a
specification is not implied. 8 1.0
0.5
0.0
0.0 0.5 1.0 15 2.0 2.5
DC Bias (V)
Figure 2: Clamping Voltage vs. I, Figure 3: Pulse Waveform
14 110%
/ 100%
12 _—— =~ 90%
S
>0 // g 80% l/
- /
@ = 70%
S 8 // ° 60% / \
= s /
S . // g so%|
=) o 40%
g. 4 o 30% / \\
§ 20% / —
e 2 10% /
(o] 0%
0 5 10 15 20 25 0.0 5.0 10.0 15.0 20.0 25.0 30.0
Peak Pulse Current-l,, (A) Time (ps)
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SLVUZ2.8 Series
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Application Example Detail

Data Line

Protection of one unidirectional line

Protection of one unidirectional data line is realized by
connecting pin 3 to the protected line, and pins 1 and 2 to
GND. In this configuration, the device presents a maximum
loading capacitance of tens of picofarads. During positive
transients, the internal TVS diode will conduct and steer
current from pin 3 to 1 (GND), clamping the data line at or
below the specified voltages for the device (see Electrical
Characteristics section). For negative transients, the internal
compensating diode is forward biased, steering the current
from pin 2 (GND) to 3.

D1

D2 & &

Low capacitance protection of one high speed data pair

Low capacitance protection of a high-speed data pair is
realized by connecting two devices in antiparallel. As shown,
pin 1 of the first device is connected to D1 and pin 2 is
connected to D2. Additionally, pin 2 of the second device is
connected to D1 and pin 1 is connected to D2. Pin 3 must be
NC (or not connected) for both devices. When the potential
on D1 exceeds the potential on D2 (by the rated standoff
voltage), pin 2 on the second device will steer current into
pin 1. The compensating diode will conduct in the forward
direction steering current into the avalanching TVS diode
which is operating in the reverse direction. For the opposite
transient, the first device will behave in the same manner. In
this two device arrangement, the total loading capacitance is
two times the rated capacitance from pin 2 to pin 1 which will
typically be much less than 10pF making it suitable for high-
speed data pair such as 10/100/1000 Ethernet.

NC
RJ45
Connector
._
o[ %
° -|_ Ethernet
° PHY
._
. —L
.J8

NC

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Prod haracteristics

Matte Tin

Lead Plating

Lead Material Copper Alloy

Lead Coplanarity 0.0004 inches (0.102mm)

Substitute Material Silicon

Body Material Molded Epoxy

Flammability UL 94 V-0

Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition

Pb - Free assembly

-Temperature Min (T ;) 150°C
Pre Heat |-Temperature Max (T .. 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp

(T,) to peak 3°C/second max
L

Tsimax t0 T, - Ramp-up Rate 3°C/second max

-Temperature (T,) (Liquidus) | 217°C
Reflow

-Temperature (t,) 60 — 150 seconds
Peak Temperature (T;) 260+05 °C

Time within 5°C of actual peak

20 - 40 seconds
Temperature (t,)

Ramp-down Rate 6°C/second max

Time 25°C to peak Temperature (Tp) 8 minutes Max.

Do not exceed 260°C
— tp
T 1 1
P
TLto Te
o
5 3
'E Ts b t |
° (max)
g‘ Ramp-dow
s
TS(min)
—ts
25
time to peak temperature———» Time =>
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Erpe e At | Ao Dt Lightning Surge Protection - SLVUZ2.8 Series

Package Dimensions — SOT-23

—|b |~ Package SOT23-3
5 T
: T JEDEC TO-236
ik
HEEERE
|_:|-e->§ |__|__ Recommended Pad Layout A 0.89 112 0.035 0.044

DI . A1 0.01 0.1 0.0004 0.004

' T b 03 05 0.012 0.020

; I 0.08 02 0.003 0.008
! ; | M D 238 3.04 0.110 0.120
/| ] L I 2.1 2.64 0.083 0.104

(1]

m

A1 T |:| . E1 12 14 0.047 0.055
1_ i - e 0.95 BSC 0.038 BSC
E—EX _.| |<_| ' "N el 1.90 BSC 0.075 BSC
T i 0 L1 0.54 REF 0.021 REF
M 2.29 .90
N 0.95 0.038
o 0.78 0.30TYP
P 0.78 0.30TYP

Part Numbering System Part Marking System

U228
SLVU2.8-HT G j_
—|: u2.8 Product Series Voltage Level
G= Green : U=SLVU28
T=Tape & Reel
Series Package Ordering Information
H=S0T23-3

Part Number Package Marking Min. Order Qty.

SLVU28HTG | SOT233 | 28 | 3000

Embossed Carrier Tape & Reel Specification — SOT23-3 Package

- < PO P1 >l <D Symbol Millimetres
mbo
> |- 0 | Y Min Max Min
d) \ (b A0 3.05 3.25 0.12 0.128
O O Q Q @ ¥ BO 2.67 2.87 0.105 | 0.113
F
i D 3.9 4.1 0.153 | 0.161
d @D
olfo|fol]]O O\ CRIES w D1 195 | 205 | 0788 | 0.792
~ . | E 1.65 1.85 0.065 | 0.073
P N 2.06 F 3.45 3.65 0.136 0.14
229+ 013 .081]
99 e (009 +.0005] <71 Ko 1.12 1.32 0.476 | 0.484
g6 109 v e P 0.95 1.05 0.037 | 0.041
L018] ) ~ VA - vTvan (Y PEEYITNY : : : '
¥ PO 3.9 4.1 0.153 | 0.161
S L KJ S g e P1 1.6 0.063
0 w 79 8.3 0311 | 0.327

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)

Lightning Surge Protection - SLVUZ2.8-4 Series

SLVU2.8-4 Series 2.8V 40A TVS Array

4 3 2 1
[] [] [1
14 ;}( 1d |A%( I<
(P L (dDd
| 4BPD ] 4 VT /T
L] L]
5 6 7 8
Functional Block Diagram
Pin13 O O Pin 6.8
Pin24 O O Pin 5.7

Additional Information

| Bt |

=3

Datasheet Resources Samples

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Expertise Applied | Answers Delivered

[RoHS] ‘(@8) [GREEN]

Description

The SLVUZ2.8-4 was designed to protect low voltage,
CMOS devices from ESD and lightning induced transients.
There is a compensating diode in series with each low
voltage TVS to present a low loading capacitance to the line
being protected. These robust structures can safely absorb
repetitive ESD strikes at £30kV (contact discharge) per IEC
61000-4-2 standard and each structure can safely dissipate
up to 40A (IEC 61000-4-5 2nd edition, t,=8/20us) with very
low clamping voltages.

Features

e ESD, IEC 61000-4-2,
+30kV contact, +30kV air

e EFT, IEC 61000-4-4, 40A

e SOIC-8 (JEDEC MO-012)
pin configuration allows
for simple flow-through

(5/50ns) layout
* Lightning, IEC 61000-4-5  * RoHS Compliant and
Lead Free

2nd edition, 40A (8/20us)

e | ow capacitance of 2pF
per line

e Moisture Sensitivity Level
(MSL:1)

* | ow leakage current of
1A (MAX) at 2.8V

Applications

* 10/100/1000 Ethernet
¢ WAN/LAN Equipment
e Switching Systems

e Analog Inputs
® Base Stations

e Desktops, Servers, and
Notebooks

Application Example

RJ45 Ethernet
Connector PHY
J1 Ny Tx+

[ = Tx-

[ = Rx+

[ Rx-

® SLVU2.8-4

[

. Device is shown

] as transparent
. for actual footprint
O

Case GND


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_slvu2_8_4_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/lightning-surge-protection/slvu2_8_4.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/lightning-surge-protection/slvu2_8_4.aspx#TechnicalResources
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Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units

Reverse Standoff Voltage /- |a<TUA 2.8 Y
Reverse Breakdown Voltage Vgg l1=2pA 3.0 \
Snap Back Voltage Vg l-=50mA 2.8 Vv
Reverse Leakage Current | ek V=2.8V (Each Line) 1 pA
Clamping Voltage' Ve lop=bA, t,=8/20us (Each Line) 7.0 8.6 \
Clamping Voltage' Ve lop=24A, t,=8/20ps (Each Line) 13.9 15.0 \
IEC61000-4-2 (Contact) +30 kV

ESD Withstand Voltage' VEesp
IEC61000-4-2 (Air) +30 kV
Dynamic Resistance Rovn (Ve -Veq) / (lppy - lppy) (Each Line) 0.4 Q
Diode Capacitance’ Cs Vg=0V, f=1MHz (Each Line) 2.0 2.5 pF

Note: "Parameter is guaranteed by design and/or device characterization.

Absolute Maximum Ratings Figure 1: Capacitance vs. Reverse Voltage

Parameter Rating Units 2.0
Peak Pulse Power (t,=8/20us) 600 W .
Peak Pulse Current (t,=8/20ps) 40 A
Operating Temperature -40 to 125 “C 30
Storage Temperature -55 to 150 °C 25

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Capacitance (pF)
N
o

1.0
0.5
0.0
0.0 0.5 1.0 15 2.0 2.5
DC Bias (V)
Figure 2: Clamping Voltage vs. I, Figure 3: 8/20 ps Pulse Waveform
14 110%
/ 100%
12 — 90%
s // . 80% ,/
© 10 = 20 /
> _— 5 70% / AN
S . 7 o 6o% /
S ~ & 50%
> / 5 0% /
> 6 [ o \
o -~ S | [ ~
= I N
s 4 20% /
‘_E 10%
oS 2 0%
0.0 50 100 150 200 250 300
o Time (us)
0 5 10 15 20 25

Peak Pulse Current-l, (A)

© 2017 Littelfuse, Inc.
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Product Characteristics Soldering Parameters

Lead Plating Matte Tin Reflow Condition Pb - Free assembly
Lead M : c -Temperature Min (T ;) 150°C
ea ateria opper Allo
" PP Y Pre Heat |-Temperature Max (T .,) 200°C
Lead Coplanarity 0.0004 inches (0.102mm) -Time (min to max) (t,) 60 — 180 secs
Substitute Material Silicon Average ramp up rate (Liquidus) Temp 5°C/second max
(T,) to peak
Body Material V-0 per UL 94 Molded Epoxy To(man to T, - Ramp-up Rate 5°C/second max
Notes : -Temperature (T,) (Liquidus) | 217°C
1. All dimensions are in millimeters Reflow
2. Dimensions include solder plating. -Temperature (t,) 60 - 150 seconds
3. Dimensions are exclusive of mold flash & metal burr.
4. All specifications comply to JEDEC SPEC MO-203 Issue A PeakTemperature (T;) 260+05 °C
5. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form. " L. 3
6. Package surface matte finish VDI 11-13. Time within 5°C of actual peak

20 - 40 seconds
Temperature (t,)

Ramp-down Rate 5°C/second max
Time 25°C to peak Temperature (Tp) 8 minutes Max.
Do not exceed 260°C
— tp
T — —
[
b TLto TP
S
5 T
© T h — |
3 S(max)
g. Ramp-dow:
9
TS(min)
—ts
25
time to peak temperature——» Time Q

Package Dimensions — Mechanical Drawings and Recommended Solder Pad Outline

T 000 T R S
R n
et

Inches

=
N
<

6.80

Lo noon_ | A 1.35 175 0.053 0.069
) A1 0.10 0.25 0.004 0.010
HHHH oo rcommended A2 1.25 1,65 0.050 0.065
B_J_L_ ? Roforones Only) ¢ B 0.31 0.51 0.012 0.020
9 ¢ 0.17 0.25 0.007 0.010
N 4.80 5.00 0.189 0.197
L_ﬁfﬂﬁﬁ E 5.80 6.20 0.228 0.244
1 E1 3.80 4.00 0.150 0.157

< 1.27 BSC 0.050 BSC
0.40 1.27 0.016 0.050

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Part Numbering System Part Marking System

U2.8-4| Product Seriesj 23;4[ No. of channels
SLVU2.8 -4BT G e |
—|: G= Green
T= Tape & Reel
Package
B = SOIC-8
Series— L No. of channels

Ordering Information

Part Number Package Marking Min. Order Qty.

SLVU2.8-4BTG SOIC-8 U2.8-4 2500

Embossed Carrier Tape & Reel Specification — SOIC Package

Symbol
Min Max Min Max
E 1.65 1.85 0.065 0.073
F 5.4 5.6 0.213 0.22
41 Location P2 1.9 2.1 0.075 0.083
D 15 1.6 0.059 0.063
D1 1.50 Min 0.059 Min
PO 3.9 4.1 0.154 0.161
—er——18,40MAX
e 10P0 40.0 + 0.20 1.574 + 0.008
w 11.9 12.1 0.468 0.476
P 79 8.1 0.311 0.319
1
g A0 6.3 6.5 0.248 0.256
— BO 5.1 5.3 0.2 0.209
Ko 2 2.2 0.079 0.087
t 0.30 + 0.05 0.012 + 0.002

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes)

Lightning Surge Protection- SR70 Series

SR70 Series 70V 40A Diode Array

SOT-143-4

GND

I/0 1|:

Functional Block Diagram
TPin 4

Pin 2 Pin 3
o—8 o0

g
L pin

Additional Information

R &

Datasheet Resources Samples

:l Vcee

:lI/O 2

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life
saving applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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[RoHS] ‘(@8) [GREEN]

Description

The SR70 consists of four, low capacitance, rail-to-rail
diodes that provide protection against ESD and lightning
surge events. These robust diodes can safely absorb up to
40A (t,=8/20ps) and repetitive ESD strikes at the maximum
level (Level 4) specified in the IEC 61000-4-2 international
standard without performance degradation.

Its low loading capacitance makes it ideal for protecting
high-speed data lines such as VDSL and VDSL2.

e ESD, IEC61000-4-2 ,
+30kV contact discharge,

e | ow capacitance of 2.0pF
(TYP) per I/O

+30kV air discharge e Low clamp voltage
* EFT IEC61000-4-4, 80A o Small SOT143 (JEDEC TO-
(t,=5/50ns) 253) packaging

e Lightning protection,
IEC61000-4-5, 40A
(t,=8/20us)

Applications

e xDSL Lines
¢ Video Lines

Equipment
* 10/100/1000 Ethernet
e Customer Premises

Application Example

/0 1/0 V
o 6 cc

L L

Tl 2 3


http://www.littelfuse.com/~/media/electronics/datasheets/tvs_diode_arrays/littelfuse_tvs_diode_array_sr70_datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diode-arrays/lightning-surge-protection/sr70.aspx#ElectricalCharacteristics
http://www.littelfuse.com/products/tvs-diode-arrays/lightning-surge-protection/sr70.aspx#TechnicalResources
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Erpe e At | Ao Dt Lightning Surge Protection- SR70 Series

Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
- Peak Current (t,=8/20us) 40.0 A Storage Temperature Range -661t0 160 | °C
Top Operating Temperature 40 t0 125 e Maximum Junction Temperature 150 °C

o Maximum Lead Temperature 260 °C
sien Storage Temperature -55 to 150 C (Soldering 20-40s)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T,,=25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Standoff Voltage /— 70 Vv
Reverse Leakage Current | ek Vg=70V 5 pA
lpp=1A, t,=8/20ps, Fwd 1.4 V
Clamp Voltage' Ve lpp=10A, t,=8/20us, Fwd 4.7 V
lp=30A, t,=8/20us, Fwd 12 V
Dynamic Resistance Rown (Vo Ve llpylopy) 0.35 Q
IEC61000-4-2 (Contact) +30 kV
ESD Withstand Voltage' Viesn

IEC61000-4-2 (Air) +30 kV
. . Cyocnp Reverse Bias=0V, f=1MHz 2.0 3.0 pF

Diode Capacitance’ -
Cyouo Reverse Bias=0V, f=1MHz 1.3 2.0 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias Pulse Waveform

110%
100% /—
2.50 90% \

———1/0-GND 80% /

== T10-1/0 70% /

60% / \

50%

40% /

30% / ~__

20%

0.50 /
10% /

0.00 T T T T T T T T T T l 0%

0.0 0.5 1.0 15 20 25 3.0 35 4.0 4.5 5.0 0.0 5.0 10.0 . 15.0 20.0 25.0 30.0
DC Bias (V) Time (us)

- -

/
Percent of I,

Capacitance (pF)

© 2017 Littelfuse, Inc.
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Revised: 02/23/17
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Clamping Voltage vs. Ipp Product Characteristics

16 Lead Plating Matte Tin
Lead Material Copper Alloy
14
/ Lead Coplanarity 0.0004 inches (0.102mm)
/
=" e Substitute Material Silicon
= s
§, 10 v Body Material Molded Epoxy
= =
S / Flammability UL 94 V-0
a © '
E / Notes :
o 1. All dimensions are in millimeters
/ 2. Dimensions include solder plating.
N 3. Dimensions are exclusive of mold flash & metal burr.
4 4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
/ 5. Package surface matte finish VDI 11-13.
L
0
0 5 10 15 20 25 30 35 40
Peak Pulse Current-l,, (A)

Soldering Parameters

Reflow Condition Pb — Free assembly ﬂ‘ T —n: tp i'_
P Critical Zone

-Temperature Min (T, i) 150°C S

Pre Heat |-Temperature Max (T, 200°C % T { ¢, )
£ T
-Time (min to max) (t,) 60 - 180 secs g S
£ it Ramp-dow
q - reheat
Average ramp up rate (Liquidus) Temp 3°C/second max 2 _ [Preheat]
(TL) to peak S(min)
—tg

Tsimax 10 T - Ramp-up Rate 3°C/second max

-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———— | Ti —>

-Temperature (t,) 60 — 150 seconds ime
Peak Temperature (T;) 260+0/5 °C
Ti ithin 5°C of actual k

ime within 5°C of actual pea 20 — 40 seconds : .

Temperature (t,) Ordering Information
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T,) 8 minutes Max. Part Number Package Marking Min. Order Qty.
Do not exceed 260°C SR70-02CTG SOT143 702C 3000

Part Numbering System Part Marking System

SR70 -02C TG
—I: G= Green 702c
T=Tape & Reel
Series
Numberof __ | Package
Channels C: SOT143-4

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection- SR70 Series

Package Dimensions—S0T143

[<—m—]
- m —>

iE

el
D
A
N I I A
#|b2|__ . bl. A11
:
1 e

Recommended Pad Layout

0.80 (.032")
1.00 (.040")

w (087"
3.60 (.140") REF

l

—
| (A
3.40 (.134") 2.20') 1:
i
|

i
——

<— 0 —
|
1.9

(.075")
-~ 1.70 >
(.067")

-+

BSC
I I -
T
1.00 (.040") 0.80 (.032")
1.20 (.048") 1.00 (.040")

-

Package SOT143

JEDEC

TO-253

- Millimeters

A 0.8 1.22 0.03 0.048
A1 0.05 0.15 0.002 0.006
b 0.30 0.50 0.012 0.020
b2 0.76 0.89 0.030 0.035
c 0.08 0.20 0.003 0.008
D 2.80 3.04 0.110 0.120
E 2.10 2.64 0.082 0.104
E1 1.20 1.40 0.047 0.055
e 1.92 BSC 0.076 BSC

el 0.20 BSC 0.008 BSC

L 04 | 06 0.016 | 0.024
L1 0.550 REF 0.022 REF

Symbol Millimeters

A 3.19+0.10
PO P _P1 &% = c B 2.8+0.10
" c 1.3120.10
d 1.50+£0.10
b o oleld|ad o 1o-
7 g E 1.75+0.10
= | = “zl m ] F 3.5020.10
frt i — & D PO 4.00£0.10
= E =] El
— | P 4.00£0.10
P1 2.00+0.10
A —A AA w 8.00+0.10
Trailer Tape Leader Tape
Components
oo @ o ook o o
N\ N\
El =] =] =] = =]
oll ol o | /"H— ol ol o
=1 S| =] =]
]
A -
Pin 1 >
User Feeding Direction
Notes :

1. All dimensions are in millimeters

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Lightning Surge Protection - SP2502L Series
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SP2502L Series 3.3V 75A Diode Array [RoHs] (@) [GREEN]

Description

The SP2502L provides overvoltage protection for
applications such as 10/100/1000 Base-T Ethernet and T3/
E3 interfaces. This device has a low capacitance of only
5pF making it suitable for PHY side Ethernet protection
and the capability to protect against both longitudinal and
differential transients. Furthermore, the SP2502L is rated
up to 100A (tp=2/10us) making it suitable for line side
protection as well against lightning transients as defined
by GR-1089 (intra-building), ITU, YD/T, etc. The application
schematic provides the connection information for a PHY
side protection scheme of a single differential pair.

s
O e Lightning protection, IEC nanoseconds
61000-4-5, 75A (8/20us) * SOIC-8 surface mount
2 7 e | ow clamping voltage package (JEDEC MS-012)
e Low insertion loss, log- e UL 94V-0 epoxy molding
BL] 6] linear capacitance e RoHS compliant and
e Combined longitudinal Lead-free
(L] | T5] and metallic protection

* Clampi d of
SOIC-8 (Top View) amping speed o

Note: Pinout diagrams above shown as device footprint on circuit board.

Functional Block Diagram Applications
e T1/E1 Line cards e T3/E3 and DS3 Interfaces
_ e 10/100/1000 BaseT e STS-1 Interfaces
Linein O Pin1and8 O Line out Ethernet

Application Example

~\ [ >

TeleLink (0461 1.25)

Pin 2,3, 6,

and 7 to chipset

7 (Ethernet PHY,
I* T3/E3 PHY, etc.)

i ‘

L >

Line in (e, Q Line out - |

Pin 4 and 5

SP2502L

The schematic shows protection for a single differential
pair as part of a larger high-speed data interface such as

@ Ethernet. The SP2502L provides both metallic (differential)

Additional Information

in

Datasheet Resources Samples

and longitudinal (common mode) protection from lightning
induced surge events as specified by regulatory standards
such as Telcordia's GR-1089 CORE and ITU K.20 and 21.

The SP2502L protects against both positive and negative
induced surge events while the TeleLink fuse provides
overcurrent protection for the long term 50/60 Hz power
fault events.

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Absolute Maximum Ratings Thermal Information

Parameter Rating Units Parameter Rating Units
Peak Pulse Current (8/20us) 75 A SOIC Package 170 °C/W
Peak Pulse Power (8/20us) 2100 W Operating Temperature Range -40 to 125 °C
|IEC 61000-4-2, Direct Discharge, (Level 4) 30 kV Storage Temperature Range -55 to 150 °C
|IEC 61000-4-2, Air Discharge, (Level 4) 30 kV Maximum Junction Temperature 150 °C
Telcordia GR 1089 (Intra-Building) (2/10us) 100 A Maximum Lead Temperature (Soldering 260 °C
ITU K.20 (5/310ps) 20 A 20-40s) (SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Stand-Off Voltage \V/— lL<TpA - - 3.3 \
Reverse Breakdown Voltage Vg l= 2pA 3.3 - - \
Snap Back Voltage Vg l;= 50mA 3.3 - - vV
Reverse Leakage Current Iq Vaww= 3.3V - - 1 WA
Clamping Voltage, Line-Ground! Ve lpp= 40A, 1,=8/20 ps - - 14 Vv
Clamping Voltage, Line-Ground’ Ve lpp= 75A, 1,=8/20 ps - - 20 V
Clamping Voltage, Line-Ground' Ve Ipp= 100A, t,=2/10 ps 20 V
Dynamic Resistance, Line-Ground’ Rovn (Ve Ve lppylopy) - 0.2 - Q
Clamping Voltage, Line-Line! Ve lpp= 40A, 1,=8/20 ps - - 20 V
Clamping Voltage, Line-Line! Ve lpp= 75A, 1,=8/20 ps - - 30 V
Clamping Voltage, Line-Line! Ve Ipp= 100A, t,=2/10 ps 30 V
Dynamic Resistance, Line-Line! Rovn (Voo Ve llppylopy) - 0.3 - Q
Line to Ground

Junction Capacitance'’ G Va0V, f= 1MHz ’ ° i

Line to Line, V=0V, f= TMHz = 25 5 pF

1 Parameter is guaranteed by design and/or device characterization.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Pulse Waveform Clamping Voltage vs. I,
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% Littelfuse TVS Diode Arrays (SPA®Diodes)

Erpe e At | Ao Dt Lightning Surge Protection - SP2502L Series

Soldering Parameters

Reflow Condition Pb — Free assembly ! tp le—
Te I I Critical Zone
-Temperature Min (T i) 150°C g
Pre Heat |-Temperature Max (T, 200°C % T T { ¢, )
-Time (min to max) (t,) 60 - 180 secs g’_ Stma)
- - £ i Ramp-dow
rehea
Average ramp up rate (Liquidus) Temp 3°C/second max K] _ [Preheat|
(T,) to peak S(min)
—tg
Tsimaxg 10T - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———pi Time —>
-Temperature (t,) 60 — 150 seconds
PeakTemperature (T,) 260+95 °C
Time within 5°C of actual peak 20 - 40 seconds
Temperature (t,)
Ramp-down Rate 6°C/second max
Time 25°C to peak Temperature (T;) 8 minutes Max.
Do not exceed 260°C
Part Marking System Product Characteristics
Lead Plating Matte Tin
Lead Material Copper Alloy
Lead Coplanarity 0.0004 inches (0.102mm)
IF SP2502 <«—Marki ng Substitute Material Silicon
Body Material Molded Epoxy
-
CYYWW Date COde Flammability UL 94 V-0

0 < Pin1

Notes :

1. All dimensions are in millimeters

. Dimensions include solder plating.

. Dimensions are exclusive of mold flash & metal burr.

. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
. Package surface matte finish VDI 11-13.

Part Numbering System Ordering Information

SP2502LBT G Part Number | Package | Marking | Min. Order Qty.
T 7 JTTL

TVS Diode Arrays

a A W N

SP2502LBTG SOIC-8 SP2502 2500

G= Green

(SPA® Diodes) T=Tape & Reel
Series Package
B =SOIC-8

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA° Diodes) /4 Littelfuse

Lightning Surge Protection - SP2502L Series Y T m—

Package Dimensions — Mechanical Drawings and Recommended Solder Pad Outline

ET—"[ o soic
1A A H 000 L Ho | _
= VS-012
A

6.80

o 1.35 175 | 0.053 | 0.069
HHH H U Ecﬂmuended A1 010 | 025 | 0004 | 0.010
X - Soldering Pad Outline A2 1.25 165 | 0.050 | 0.065
° (Reference Only) B 0.31 0.51 0.012 0.020
‘ < c 017 | 025 | 0007 | 0.010
) éEEDfoEé D 480 | 500 | 0189 | 0.197
= E 580 | 6.20 | 0228 | 0.244
= E1 380 | 400 | 0.150 | 0.157

e 1.27 BSC 0.050 BSC
L 040 | 127 | 0016 | 0.050

Embossed Carrier Tape & Reel Specification — SOIC Package

—TP° —TT P2 $ & { User Feeding Direction
© 6 o oo ;Z{ "’O i] o O C O O 0
ol o | Iﬂ% ‘T E | 165 | 185 | 0.065 | 0.073
_ = $ J@ F | 54 | 56 |0213] 022
r,xolj L. AN P2 | 195 | 2.05 | 0.077 | 0.081
1 N N J D 15 | 16 |0.059 | 0.063
¢ D1 1.50 Min 0.059 Min
PO | 39 | 41 [0.154 | 0.161
B s0Mx 10P0 | 40.0 +0.20 | 1.574 = 0.008
Ty, " W | 119 | 12.1 | 0468 | 0476
=, & P | 79 | 81 | 0311 | 0319
| \\ A0 | 63 | 65 | 0248 0.256
3 ( Bo | 51 | 53 | 02 | 0.209
; ! Ko 2 | 22 | 0079 | 0.087
Q _) t | 030005 | 0.012+0.002

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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LC03-3.3 Series 3.3V 150A Diode Array

Al
i HEH

SOIC-8 (Top View)

Functional Block Diagram

Pin 1 and 8 i
Line in Q 0O Lineout
Pin 2, 3, 6,
and 7
Line in (e Q Line out
Pin 4 and 5

Additional Information
i
[ R |

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - LC03-3.3 Series

[RoHs] (@) [GREEN]

Description

This LC03-3.3 series provides overvoltage protection for
applications such as 10/100/1000 BaseT Ethernet and
T3/ES3 interfaces. This new protector combines the TVS
diode element with a diode rectifier bridge to provide both
longitudinal and differential protection in one package.
This design results in a capacitive loading characteristic
that is log-linear with respect to the signal voltage across
the device. This reduces intermodulation (IM) distortion
caused by a typical solid-state protection solution. The
application schematic provides the connection information
and the LC03-3.3 is rated for GR-1089, intra-building
transient immunity requirements for telecommmunication
installations.

Features

e Lightning Protection, IEC
61000-4-5 2nd edition,
150A (tp=8/20us)

e EFT, IEC 61000-4-4, 40A
(tr=5/50ns)

e Low insertion loss, log-
linear capacitance

e UL 94V-0 epoxy molding

® RoHS and Lead-free
compliant

e Moisture Sensitivity Level
(MSI-1)

¢ Low clamping voltage

e SOIC-8 surface mount
package (JEDEC MS-012)

Applications

e T1/E1 Line cards * 10/100/1000 BaseT
e T3/E3 and DS3 Interfaces Ethernet

e STS-1 Interfaces

Application Example

TeleLink (0461 1.25) LC03-3.3BTG

to chipset
(Ethernet PHY,
T3/E3 PHY, etc.)

~\—
4 :

This schematic shows a high-speed data interface
protection solution. The LC03-3.3BTG is compatible with
the intra-building surge requirements of Telcordia’s GR-
1089-CORE, and the Basic Level Recommendations of
ITU K.20 and K.21. The TeleLink fuse provides overcurrent
protection for the long term 50/60 Hz power fault events.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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Absolute Maximum Ratings Thermal Information
Parameter Rating Units Parameter Rating Units
Peak Pulse Current (8/20us) 150 A SOIC Package 170 °C/W
Peak Pulse Power (8/20us) 3300 W Operating Temperature Range —-40 to 125 °C
|IEC 61000-4-2, Direct Discharge, (Level 4) 30 kV Storage Temperature Range —-55 to 150 °C
IEC 61000-4-2, Air Discharge, (Level 4) 30 kV Maximum Junction Temperature 150 °C
IEC 61000-4-5 (8/20us) 150 A Maximum Lead Temperature (Soldering 260 °C
Telcordia GR 1089 (Intra-Building) (2/10us) | 100 A 20-40s) (SOIC - Lead Tips Only)
ITU K.20 (5/310ps) 40 A

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Stand-Off Voltage V/— lL<TpA - - 3.3 \
Reverse Breakdown Voltage Vgg lt=2pA 3.3 - - \
Snap Back Voltage Vs lt= 50mA 3.3 - - Vv
Reverse Leakage Current la Vawn= 3.3V, T= 25°C - - 1 pA
Clamping Voltage, Line-Ground Ve lpp= 50A, 1,=8/20 ps - - 13 V
Clamping Voltage, Line-Ground Ve Ipp= 100A, t,=8/20 ps - - 17 V
Dynamic Resistance, Line-Ground Rovn (Ve Ve lppy-lppq) - 0.15 - Q
Clamping Voltage, Line-Line Ve lpp= 50A, 1,=8/20 ps - - 15 V
Clamping Voltage, Line-Line Ve Ipp= 100A, t,=8/20 ps - - 20 V
Dynamic Resistance , Line-Line Rovn (Ve Ve llppylopy) - 0.25 - Q
Between 1/O Pins and Ground
Junction Capacitance & Va0V, 1= 1M|__'Z ’ * "
Between I/O Pins _ 45 6 oF
V=0V, f= 1TMHz

Figure 1: Non-repetitive Peak Pulse Current vs. Pulse Time Figure 2: Current Derating Curve
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - LC03-3.3 Series

w4 Littelfuse
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Figure 3: 8/20 ps Pulse Waveform

Figure 4: Clamping Voltage vs. Peak Pulse Current
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Figure 5: Capacitance vs. Reverse Voltage Figure 6: Forward Voltage vs. Forward Current

N
o

Line to Ground

T

Line to|Line

Capacitance (pF)
N w S w (=] ~ (o<} o

Bias Voltage (V)

0.0 0.5 1.0 1.5 20 25 3.0

Forward Voltage (V)

e

Ground-to-Line /

10 20 30 40 50 60 70 80 90 100

Forward Current (A)

Soldering Parameters

Reflow Condition

Pb — Free assembly

Pre Heat

-Temperature Min (T ;) 150°C
-Temperature Max (T, 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus) Temp
(T,) to peak

3°C/second max

TS(max) tQTL - Ramp-up Rate

3°C/second max

-Temperature (T,) (Liquidus)
Reflow

217°C

-Temperature (t,)

60 — 150 seconds

Peak Temperature (T;)

260+05 °C

Temperature —>

<

T
TS(max)

TS(min)

25

_.i tp E‘_
Critical Zone
TLto TP
I —t 1
Ramp-dow:
/ )

Iq— time to peak temperature—— |

Time —>

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - LC03-3.3 Series
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Package Dimensions — Mechanical Drawings and Recommended Solder Pad Outline

D 1.27
e

—|‘_"|' -|-—_|[ 0.60

HHAA go0 |
IF _ g8
b w _‘L' o
= U000
H H N H Recommended
- Soldering Pad Outline
B (Reference Only)

| Pins | 0008 00|
JEDEC MS-012
[ JEDEC | mso12 |

Millimetres Inches

A 135 | 175 | 0053 | 0.069
A1 010 | 025 | 0004 | 0010
A2 125 | 165 | 0050 | 0.065
B 031 | 051 | 0012 | 0.020
c 017 | 025 | 0007 | 0.0100
D 480 | 500 | 0189 | 0197
E 5.80 6.20 0.228 0.244
E1 380 | 400 | 0150 | 0.157
e 127 BSC 0.050 BSC
040 | 127 | 0.016 | 0.050

o . 0330-34
—rP TP by 5 { User Feeding Direction
%é 6000 o%»oﬂigT
| S——]

Pin 1 Location

ﬁgm
¢
g

Part Numbering System
LC03-3.3 BT G

L G= Green
T=Tape & Reel
Package

B =S0IC

Series

Working
Voltage

Part Marking System

[F (o333

XXXXXXXX | First Line: Part number

Second Line: Date code

Ordering Information

Part Number
LC03-3.3BTG

Package
SOIC-8

Marking | Min. Order Qty.
LC03-3.3 2500

Millimetres Inches

T 18.40MAX

1.65 | 1.85 | 0.065 | 0.073
F 5.4 56 | 0.213 | 0.22
P2 1.95 | 2.05 | 0.077 | 0.081
D 1.5 1.6 | 0.059 | 0.063
D1 1.560 Min 0.059 Min
PO 3.9 4.1 |0.154 | 0.161
10P0 | 40.0 +0.20 | 1.574 + 0.008
w 1.9 | 12.1 | 0.468 | 0.476
P 7.9 8.1 | 0.311 | 0.319
A0 6.3 6.5 |0.248 | 0.256
BO 5.1 5.3 0.2 0.209
KO 2 2.2 | 0.079 | 0.087
t 0.30 £ 0.05 | 0.012 + 0.002

Product Characteristics

Lead Plating

Matte Tin

Lead Material Copper Alloy

Lead Coplanarity 0.004 inches (0.102mm)

Substitute Material Silicon

Body Material Molded Epoxy

Flammability UL 94 V-0

Notes :

1. All dimensions are in millimeters

2. Dimensions include solder plating.

3. Dimensions are exclusive of mold flash & metal burr.

4. Blo is facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP03-3.3 Series 3.3V 150A Diode Array

Agency Approvals - Pending
Agency Agency File Number

E128662

AN

0
LI
[EI
[T

4 HEH

SOIC-8 (Top View)

Functional Block Diagram

Pin 1 and 8 i
Line in Q 0O Lineout
Pin 2,3, 6,
and 7
Line in (e QG Line out

Pin 4 and 5

Additional Information

| Bt |

=3

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP03-3.3 Series

A\ [RoHs| (Bf) [GREEN]

Description

This new broadband protection device from Littelfuse
provides overvoltage protection for applications such

as 10/100/1000 BaseT Ethernet, T3/E3 DS3 interfaces,
ADSL2+, and VDSL2+. This new protector combines the
TVS diode element with a diode rectifier bridge to provide
both longitudinal and differential protection in one package.
This design innovation results in a capacitive loading
characteristic that is log-linear with respect to the signal
voltage across the device. This reduces intermodulation
(IM) distortion caused by a typical solid-state protection
solution. The application schematic provides the
connection information.

Features

e RoHS compliant e Clamping speed of

e SOIC-8 surface mount nanoseconds

package (JEDEC MS-012)
e | ow insertion loss, log-

UL 94V-0 epoxy molding

UL recognized

linear capacitance component
e Combined longitudinal ® | ow clamping voltage
and metallic protection o Lead-free

e |ightning Protection, IEC
61000-4-5, 100A (8/20us)

Applications
e T1/E1 Line cards ¢ 10/100/1000 BaseT
e T3/E3 and DS3 Interfaces Ethernet
e STS-1 Interfaces
Application Example
TeleLink (0461 1.25) SP03-3.3

>

TIP < ‘ '—|
2 | 7 to chipset
(Ethernet PHY,
L 3 |6 T3/E3PHY, etc)
4 5
RING I I—>

This schematic shows a high-speed data interface
protection solution. The SP03-3.3 provides both metallic
(differential) and longitudinal (common mode) protection
from lightning induced surge events. Its surge rating is
compatible with the intra-building surge requirements

of Telcordia’s GR-1089-CORE, and the Basic Level
Recommendations of ITU K.20 and .21. This device
protects against both positive and negative induced surge
events. The TeleLink fuse provides overcurrent protection
for the long term 50/60 Hz power fault events.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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Absolute Maximum Ratings Thermal Information

Parameter Rating Units Parameter Rating Units
Peak Pulse Current (8/20us) 150 A SOIC Package 170 °C/W
Peak Pulse Power (8/20us) 3300 W Operating Temperature Range -40 to 125 °C
|IEC 61000-4-2, Direct Discharge, (Level 4) 30 kV Storage Temperature Range -b5 to 150 °C
IEC 61000-4-2, Air Discharge, (Level 4) 30 kv Maximum Junction Temperature 150 °C
|IEC 61000-4-5 (8/20us) 100 A Maximum Lead Tempgrature (Soldering 260 °C
Telcordia GR 1089 (Intra-Building) (2/10ps) | 100 A 70 HERNE = LeeelTias il i
ITU K.20 (5/310ps) 40 A

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Stand-Off Voltage /E— - - - 3.3 \
Reverse Breakdown Voltage Vgg lt= 2pA 3.3 - - \
Reverse Breakdown Voltage Ver lr= BOPA 3.3 = = \
Reverse Leakage Current la Vawn= 3.3V, T= 25°C - - 1 pA
Clamping Voltage, Line-Ground Ve lp= BOA, 1,=8/20 ps - - 11.5 V
Clamping Voltage, Line-Ground Ve Ipp= 100A, t,=8/20 ps - - 15 Vv
Clamping Voltage, Line-Line Ve lpp= 50A, 1,=8/20 ps - - 13.5 V
Clamping Voltage, Line-Line Ve Ipp= 100A, t,=8/20 ps - - 18 V
Between 1/O Pins and Ground
Junction Capacitance & Va=OV. f= 1M|_—12 ° = i
Between 1/O Pins . 8 12 oF
V=0V, f= 1TMHz

Figure 1: Non-repetitive Peak Pulse Current vs. Pulse Time Figure 2: Current Derating Curve
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP03-3.3 Series

Figure 3: Pulse Waveform

Figure 4: Clamping Voltage vs. Peak Pulse Current
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Figure 5: Capacitance vs. Reverse Voltage

Figure 6: Forward Voltage vs. Forward Current
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Soldering Parameters

Reflow Condition Pb — Free assembly ﬂ‘ T —n: tp l—
P Critical Zone

-Temperature Min (T ;) 150°C o

Pre Heat |-Temperature Max (T .,) 200°C 2 T Lt
E TS(max) : - !
-Time (min to max) (t,) 60 - 180 secs g
q . £ Ramp-dow
reheat
Average ramp up rate (Liquidus) Temp 3°C/second max 2 _
(T,) to peak S(min)
—tg

Tsmax 10T, - Ramp-up Rate 3°C/second max

-Temperature (T,) (Liquidus) | 217°C 25
Reflow time to peak temperature———— | Time —>

-Temperature (t,) 60 - 150 seconds
PeakTemperature (T;) 260+95 °C

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (Tp)

8 minutes Max.

Do not exceed

260°C

© 2017 Littelfuse, Inc.
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Package Dimensions — Mechanical Drawings and Recommended Solder Pad Outline

" ins |
A

SOIC-8

D 127

o

MS-012

Millimetres Inches

=
E

4.20
6.80

v _L 1.35 175 | 0.053 | 0.069
0 D D D D A1 0.10 025 | 0004 | 0.010
H H i H Recommended A2 1.25 1.65 0.050 0.065
o Soldering Pad Outline B 0.31 0.51 0.012 0.020
B (Reference Only)

c 0.17 025 | 0.007 | 0.010
D 4.80 500 | 0.189 | 0.197
E 580 | 6.20 | 0228 | 0.244
E1 380 | 400 | 0150 | 0.157

e 1.27 BSC 0.050 BSC
L 040 | 127 | 0016 | 0.050

Inches

165 | 1.85 | 0.065 | 0.073
F 5.4 5.6 | 0.213 0.22
P2 195 | 2.05 | 0.077 | 0.081
D 15 1.6 | 0.059 | 0.063
D1 1.50 Min 0.059 Min
e PO 3.9 4.1 0.154 | 0.161
) 10P0 | 40.0 + 0.20 1.574 + 0.008
SP 03-33 BTG P 79 | 81 | 0311 | 0319
VS DI T L A0 | 63 | 65 | 0248 0256
(SPA° Dioaes " G= Green Bo | 51 | 53 | 02 | 0209
T=Tape & Reel Ko | 2 | 22 |0079| 0.087
Series Package t 0.30 = 0.05 | 0.012 + 0.002
Working B =SoIC
Lead Material Copper Alloy
||_: SP03-3.3 Lead Coplanarity 0.004 inches (0.102mm)
o Substitute Material Silicon
XXXXXXXX S:fgnl'(;nlj'n::ar;;:?:;; Body Material Molded Epoxy
Flammability UL 94 V-0
Notes :

Ordering Information

Min. Order Qty.

Part Number

SP03-3.3BTG | SOICTape & Reel

Package

Marking
SP03-3.3 2500

. All dimensions are in millimeters

. Dimensions include solder plating.

. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.

1
2
3. Dimensions are exclusive of mold flash & metal burr.
4
5

. Package surface matte finish VDI 11-13.

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SP03-6 Series 6V 150A Diode Array

Agency Approvals - Pending
Agency Agency File Number

E128662

A

0
LI
[EI
[T

4 HEH

SOIC-8 (Top View)

Functional Block Diagram

Pin 1and 8

Line in G QO Line out
Pin2,3,6,

and 7

Line in [e, Q Line out

Pin 4 and 5

Additional Information

| Bt |

=3

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP03-6 Series

[RoHS] (@F) GREEN]

Description

This new broadband protection device from Littelfuse
provides overvoltage protection for applications such

as 10/100/1000 BaseT Ethernet, T3/E3 DS3 interfaces,
ADSL2+, and VDSL2+. This new protector combines the
TVS diode element with a diode rectifier bridge to provide
both longitudinal and differential protection in one package.
This design innovation results in a capacitive loading
characteristic that is log-linear with respect to the signal
voltage across the device. This reduces intermodulation
(IM) distortion caused by a typical solid-state protection
solution. The application schematic provides the
connection information.

e RoHS compliant e Clamping speed of

e SOIC-8 surface mount nanoseconds

package (JEDEC MS-012)

e | ow insertion loss, log- e Pending UL recognized
linear capacitance component

UL 94V-0 epoxy molding

e Combined longitudinal ¢ Low clamping voltage
and metallic protection

Applications
e T1/E1 Line cards e 10/100/1000 BaseT
e T3/E3 and DS3 Interfaces Ethernet
e STS-1 Interfaces
Application Example
TeleLink (0461 1.25) SP03-6
TIP 1, 8|_>

2 | 7 to chipset
(Ethernet PHY,
L 3 6 T3/E3 PHY, etc.)

4 5
RING — I—>

This schematic shows a high-speed data interface
protection solution. The SP03-6 provides both metallic
(differential) and longitudinal (common mode) protection
from lightning induced surge events. lts surge rating is
compatible with the intra-building surge requirements

of Telcordia’s GR-1089-CORE, and the Basic Level
Recommendations of ITU K.20 and .21. This device
protects against both positive and negative induced surge
events. The TeleLink fuse provides overcurrent protection
for the long term 50/60 Hz power fault events.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection - SP03-6 Series

Expertise Applied | Answers Delivered

Absolute Maximum Ratings Thermal Information

Parameter Rating | Units Parameter Rating Units
Peak Pulse Current (8/20ps) 150 A SOIC Package 170 °C/W
Peak Pulse Power (8/20ps) 2800 W Operating Temperature Range -40 to 125 °C
IEC 61000-4-2, Direct Discharge, (Level 4) 30 kv Storage Temperature Range -55 to 150 °C
IEC 61000-4-2, Air Discharge, (Level 4) 30 KV Maximum Junction Temperature 150 °C
IEC 61000-4-5 (8/20us) 100 A Maximum Lead Temperature (Soldering 260 “C

- — 20-40s) (SOIC - Lead Tips Only)

Telcordia GR 1089 (Intra-Building) (2/10us) 100 A
ITU K.20 (5/310ps) 40 A

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Test Conditions
Reverse Stand-Off Voltage Vimna = = - 6 \
Reverse Breakdown Voltage Ve l;= TmA 6.8 - - \
Reverse Leakage Current Ia V= @V, T= 25°C - - 25 pA
Clamping Voltage, Line-Ground Ve lop= B0A, 1,=8/20 ps - - 15 \
Clamping Voltage, Line-Ground Ve lpp= T00A, t,=8/20 us - - 20 V
C; (Line-Ground) Betwe%nzl/OOVPflzsﬁ\;lwazGround - 16 25 pF

Junction Capacitance BeRtwe(’en 70 Pins
C, (Line-Line) V=0V, f= 1MHz - 8 12 pF

Figure 1: Non-repetitive Peak Pulse Current vs. Pulse Time Figure 2: Current Derating Curve
1000 120

100

\

Peak Pulse Current (A)

Percentage of Rated Current (%I,)
3 8

1 10 100 1000 0 20 40 60 80 100 120 140 160
Pulse decay time (ps) Ambient Temperature (C)
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TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection - SP03-6 Series

Figure 3: Pulse Waveform

Figure 4: Clamping Voltage vs. Peak Pulse Current

100 /\

=3 ©
S o

Percentage of |,,(%)
5

A/

25
Line-to-Line
20
2
()
o
£ 15
s
o Line-to-Ground
c
s
£ 10
8
o
©
>
5
0 T T T T
! ! 0 20 40 60 80 100
30 35 40
I, Peak Impulse Current (A)

Figure 5: Capacitance vs. Reverse Voltage

Figure 6: Forward Voltage vs. Forward Current

20

Line-to-Ground

Reverse Voltage (V)

]

Ground-to-Line /

16 ———
— 14 S s
'8
°' )
5 12
8 g 4
c o
g S
8 g T 3
% Line-to-Line 3
© s s 2
w
. /
19
2
0 - - - - - 0
0 1 2 3 4 5 6 7

10 20 30 40 50 60 70 80 920 100

Forward Current (A)

Soldering Parameters

Reflow Condition

Pb — Free assembly

-Temperature Min (T ;)

Pre Heat |-Temperature Max (T

s(max))

-Time (min to max) (t,)

Average ramp up rate (Liquidus) Temp
(T,) to peak

TS(max) tQTL - Ramp-up Rate

-Temperature (T,) (Liquidus)
Reflow

-Temperature (t,)

Peak Temperature (T;)

260+05 °C

ﬂ T —i tp e
P Critical Zone
150°C o .
200 % r e
H S(max)
60 — 180 secs e
£ - Ramp-dow
-re ea
3°C/second max 2 Temn
—tg
3°C/second max
217°C 25 |<—
time to peak temperature—— .
60 — 150 seconds Time —>

Time within 5°C of actual peak
Temperature (t,)

20 - 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T;)

8 minutes Max.

Do not exceed

260°C

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection - SP03-6 Series
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Package Dimensions — Mechanical Drawings and Recommended Solder Pad Outline

N

D mT—-l[ - solc
HHHEHA oo _ MS-012
A

Millimetres Inches

E
?._J Ll < o
B 135 175 0.053 0.069
0 O] A1 0.10 0.25 0.004 0.010
H H i H— Recommended A2 1.25 1.65 0.049 0.065
o Soldering Pad Outline 0.31 0.51 0.012 0.020
B (Reference Only)
o c 0.17 0.25 0.007 0.010
J D 4.80 5.00 0.189 0.197
L é;EEEDfEﬁ E 5.80 6.20 0.228 0.244
1 E1 3.80 4.00 0.150 0.157
< e 1.27 BSC 0.050 BSC
L 040 | 127 0016 | 0.050

Embossed Carrier Tape & Reel Specification — SOIC Package

S o 0330-8 Y™ Millimetres Inches
Q —~[-1240£02

TP —~TT1m S %, 1.90 9
0 6o 0lodo %, &
— | ; S E 165 | 185 | 0.065 | 0.073
_ '»’" | Iﬂ% I ( \ F 54 | 56 | 0213 | 022
; g i P2 | 195 | 205 | 0.077 | 0.081
| T
T _J 7

<& D | 15| 16 | 0059 0063
D1 150 Min 0.059 Min
120"

PO 3.9 4.1 0.154 0.161
10P0 40.0 = 0.20 1.574 + 0.008

o
Part Numbering System w 119 | 121 | 0468 | 0.476

SP03-6 BTG P 7.9 8.1 0.311 0.319
2

T A0 6.3 6.5 0.248 0.256

TVS Diode Arrays G= Green BO | 51 | 53 0.2 0.209
(SPA® Diodes)
T=Tape & Reel Ko 2 2.2 0.079 0.087
t 0.30 + 0.05 0.012 + 0.002
Series Package
Working B-s0IC o
Voltage Product Characteristics
Part Marking System Lead Plating Matte Tin
Lead Material Copper Alloy
II_: Lead Coplanarity 0.003 inches (0.08 mm)
5P03-6 Substitute Material Silicon
XXXXXXXX | First '-i"ef Part number Body Material Molded Epoxy
Second Line: Date code Flammability UL 94 V-0

Notes :
Ordering Information . All dimensions are in millimeters
. Dimensions include solder plating.

1
2
3. Dimensions are exclusive of mold flash & metal burr.
4
5

Part Number Package Marking | Min. Order Qty.

. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
. Package surface matte finish VDI 11-13.

SP03-6BTG | SOIC Tape & Reel | SP03-6 2500

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SRDAO5 Series 8pF 30A Diode Array

S

vo1 1] | Ref2
Ref1 [2] | o4
Ref1 [3] | 6] vos
oz [4] | [ [5] Ref2

SOIC-8 (Top View)

Note: Pinout diagrams above shown as device footprint on circuit board.

Functional Block Diagram

1/01 Re 1/02

1/04 1/

Additional Information

A 2

Datasheet Resources Samples

Life Support Note:
Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life saving
applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection- SRDAO5 Series

[RoHs] (§Y) [GREEN]

Description

The SRDAO5 integrates low capacitance rail-to-rail diodes
with an additional zener diode to protect I/O pins against
ESD and lightning induced surge events. This robust device
can safely absorb up to 30A per IEC61000-4-5 (tp=8/20us)
without performance degradation and a minimum £30kV
ESD per IEC61000-4-2 international standard. Its low
loading capacitance makes it ideal for high-speed interface
protection.

e |ightning protection,
IEC61000-4-5, 30A

e |ow clamping voltage
® |ow leakage current

(8/20us) e SOIC-8 surface mount
* EFT IEC61000-4-4, 50A package (JEDEC MS-012)
(5/50ns)

e ESD, IEC61000-4-2,
+30kV contact, +30kV air

Applications

e Tertiary (IC Side) ¢ Video Line Protection
Protection: e Security Cameras

-T1/E1/T3/E3 ¢ Storage DVRs
- HDSL/SDSL * Network Equipment
- Ethernet .

Instrumentation, Medical

e RS232, RS485 Equipment

Application Example

RTip VWV | —
R Ring VWA 3 l—-
T1/E1/T3/E3 J;

Transceiver

TTip VWV 'l—'

I

T1/E1/T3/E3 Interface Protection

T Ring

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection- SRDAO5 Series
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Absolute Maximum Ratings Thermal Information
Symbol Parameter Value Units Parameter Rating Units
P 600 W

ok Peak Pulse Power (8/20ps) SOIC Package 170 °CW
lop Peak Pulse Current (8/20ps) 30 A Operating Temperature Range -40 to 125 °C
T Operating Temperature —401t0 125 °C Storage Temperature Range -55 to 150 °C
Tsron Storage Temperature -55 to 150 °C Maximum Junction Temperature 150 °C
Maximum Lead Temperature (Soldering 260 °C
o ) ) 20-40s) (SOIC - Lead Tips Only)
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause

permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (T, = 25°C)

Parameter Symbol Test Conditions Min Typ Max Units
Reverse Stand-Off Voltage Vv I <TpA - - 5.0 \
Reverse Leakage Current lq Vg= bV - - 10 PA
Reverse Breakdown Voltage Ver l;=1TmA 6 = = \
Clamping Voltage, Line-Ground' Ve lpp= 1A, 1,=8/20 ps - 9.2 - Y
Clamping Voltage, Line-Ground' Ve lpp= 2A, 1,=8/20 ps - 10.0 - V
Clamping Voltage, Line-Ground’ Ve lpp= 10A, 1,=8/20 ps - 14.5 - V
Clamping Voltage, Line-Ground' Ve lpp= 25A, 1,=8/20 ps - 21.0 - V
Dynamic Resistance, Line-Ground' Rovn (Vo Ve lppylopr) - 0.8 - Q
S e e —
) ) Crou0 Reverse Bias=0V - 4.0 - pF
Diode Capacitance!
Cyoenp Reverse Bias=0V - 8.0 - pF

" Parameter is guaranteed by design and/or device characterization.

Normalized Capacitance vs. Bias Voltage Non-Repetitive Peak Pulse Power vs. Pulse Time

10
= =
7 22
£ 2 : i
g 2 =
=
g 18 o 1 \\
2 o
2 g
O 16 ]
™)
2 E
g o
5 12 o
g 10 S 01
8 -9
08
3 K] IS
N [
£ 06 o
E
S 04
2
02 0.01
0.0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0 0.1 1 10 100 1000
Bias Voltage (V) Pulse Duration-tp(uS)
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Lightning Surge Protection- SRDAO5 Series
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Clamping Voltage vs. |, Power Derating Curve

110
25.00 100

/

20,00 /
1500 /

Clamp Voltage (V)
% of Rated Power or Ipp

o N

o o

50
10,00 / 40
30
5.00 20
10
0
0.00 0 25 50 75 100 125 150
1.0 10.0 20.0 30.0
! 0
Peak Pulse Current-,, (A) Ambient Temperature-Tp (°C)
Pulse Waveform Product Characteristics
110%
100% Lead Plating Matte Tin
90% -
/ \ Lead Material Copper Alloy
80%
& 70% / \ Lead Coplanarity 0.0004 inches (0.102mm)
B o . . -
£ / Substitute Material Silicon
o 50%
Q -
& 40% / Body Material Molded Epoxy
30% ape
/ Flammability UL 94 V-0
20%
10% / Notes :
0% 1. All dimensions are in millimeters
00 50 100 150 200 20 300 2. Dimensions include solder plating.
Time (ps) 3. Dimensions are exclusive of mold flash & metal burr.

4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

Soldering Parameters

Reflow Condition Pb — Free assembly ! tp le—
Te — Critical Zone
-Temperature Min (T ;) 150°C H
S
{e] T
Pre Heat |-Temperature Max (T, 200°C % T L . -, )
-Time (min to max) (t,) 60 — 180 secs g Sm
- - £ - Ramp-dow
rehea
Average ramp up rate (Liquidus) Temp 3°C/second max o _ [Preheat]
(T,) to peak S(min)
ﬂ_ts
Tsmaxg 10 T, - Ramp-up Rate 3°C/second max /
st -Temperature (T,) (Liquidus) | 217°C 25 |<—
erliow time to peak temperature—— i .
-Temperature (t,) 60 — 150 seconds Time ==>
PeakTemperature (T;) 260+95 °C
Time within 5°C of actual peak
Temperature (t,) 20 - 40 seconds Ordering Information
Ramp-down Rate 6°C/second max Part Number | Package Marking Min. Order Qty.
Time 25°C to peak Temperature (T;) 8 minutes Max.
LF SRDAO5
Do not exceed 260°C SRLACELETL | S0 SYYWW 750

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection- SRDAO5 Series
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Part Numbering System Part Marking System

SRDA 05-4 BTG
. G= Green .
QPSABIB%%QS"{EWS L T=Tape & Reel F SRDA05 <—Mark|ng
Pack:
Voltage—— Ba=c sagfc-g SYYWWle Date code
Ch | < .
4=ingﬁannels o~ Pin1

Package Dimensions — Mechanical Drawings and Recommended Solder Pad Outline

D 1‘27~|———[ Package SOIC
e 0.60
! | Pins_|

HHHH 0o JEDEC MS-012
IF g incre
o W < ©
o 000 D_L A 1.35 175 | 0053 | 0.069
il R m oo om Tunrfo
Soldering Pad Outline . . . .
B (Reference Only) B 0.31 0.51 0.012 0.020
<2 c 017 | 025 | 0007 | 0.010
i é % D 470 | 510 | 0.185 | 0.201
i m— E 580 | 6.20 | 0.228 | 0.244
z E1 380 | 4.00 | 0150 | 0.157
e 127 BSC 0.050 BSC
L 040 | 127 | 0016 | 0.050

Embossed Carrier Tape & Reel Specification — SOIC Package

S User Feeding Direction Millimetres Inches

2

TP =1

b b o dlodo g —
el w o O C O O O
o] j= E | 165 | 185 | 0.065| 0.073
ﬂ% ]o @ %EE QEE F 54 | 56 |0213| 0.22
1, 7/ P2 | 195 | 2.05 | 0.077 | 0.081
Pin 1 Location D 15 | 16 |0.059| 0063
D1 1.50 Min 0.059 Min

PO 3.9 4.1 | 0.154 | 0.161
10P0 | 40.0 + 0.20 1.5674 + 0.008

18.40MAX
1240202 o W | 119 | 121 | 0468 | 0.476
P 79 | 81 | 0311 | 0319
A0 | 63 | 65 |0.248| 0.256
_"g BO | 51 | 53 | 02 | 0209
| Ko 2 2.2 |0.079 | 0.087
& t 0.30 + 0.05 | 0.012 + 0.002

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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SR05 Series 5V 25A Diode Array

1/0 1 1/0 2

Functional Block Diagram

g
x

PIN2 O—@ "A

PIN 3

—H—l—»

I GND (PIN 1)

Additional Information

I

Datasheet Resources

Samples

Life Support Note:

Not Intended for Use in Life Support or Life Saving Applications

The products shown herein are not designed for use in life sustaining or life
saving applications unless otherwise expressly indicated.

TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection- SR05 Series

[RoHS] (@8) [GREEN]

Description

The SRO5 consists of four, low capacitance steering diodes
and a low voltage TVS diode that provide protection against
ESD and lightning surge events. Each channel or /O pin
can safely absorb up to 25A (tp=8/20us) and repetitive ESD
strikes above the maximum level (Level 4) specified in the
IEC 61000-4-2 international standard without performance
degradation.

The low loading capacitance makes it ideal for protecting
high-speed telecommunication data lines.

e ESD, IEC61000-4-2 ,
+30kV contact discharge,
+30kV air discharge

e EFT, IEC61000-4-4, 80A
(t,=5/50ns)

e Lightning protection,
IEC61000-4-5, 25A
(t,=8/20us)

e |ow capacitance of 6.0pF
(TYP) per I/O

e | ow clamp voltage

e Small SOT143 (JEDEC TO-
253) packaging

e Moisture Sensitivity Level
(MSL:1)

Applications

¢ T1/E1 IC/Secondary
Protection

e Ethernet 10BaseT
* WAN/LAN Equipment

¢ |ISDN S/T Interface
¢ Video Lines

e Microcontroller Input
Protection

Application Example

I/o 1/0 Vee

Sl .

5 [

I

The SRO5 integrates aTVS Diode between the Vcc and Gnd
pins. This allows the array to protect the power supply
against ESD and lighting surges when these pins are both
connected in the application.

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17
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TVS Diode Arrays (SPA®Diodes) % Littelfuse
Lightning Surge Protection- SR05 Series
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Absolute Maximum Ratings Thermal Information

Symbol Parameter Value Units Parameter Rating Units
[ Peak Current (t,=8/20ps) 25.0 A Storage Temperature Range -551t0 150 | °C
Py Peak Pulse Power (t,=8/20us) 450 Y Maximum Junction Temperature 150 °C

: 5 Maximum Lead Temperature 260 °C
Tep Operating Temperature —40 to 125 € (Soldering 20-40s)
Tsror Storage Temperature -55 to 150 °C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress only rating and operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied.

Electrical Characteristics (

Parameter Test Conditions
Reverse Stand-Off Voltage L/ m— - - 5.0 \
Reverse Leakage Current lq Vg= 5V, /0 to GND - - 5.0 pA
Reverse Breakdown Voltage Ve l,=1TmA 6.0 - - Vv
Clamping Voltage, Line-Ground’ Ve lop= 1A, 1,=8/20 ps - - 9.8 V
Clamping Voltage, Line-Ground! Ve lop= 10A, t,=8/20 ps - - 12.0 V
Clamping Voltage, Line-Ground' Ve lop= 26A, 1,=8/20 ps - - 18.0 V
Dynamic Resistance, Line-Ground! Rovn (Vo Ve lppylppr) - 0.3 - Q
R T L e
Ciouo Reverse Bias=0V - 3.0 - pF
Diode Capacitance'’
Cyoeno Reverse Bias=0V - 6.0 10.0 pF

Note: 1. Parameter is guaranteed by design and/or device characterization.

Capacitance vs. Reverse Bias 8/20pus Pulse Waveform

10.0 110%
9.0 100%
90%
8.0
T 70 80% // \
o Vcc Open 70%
§ 6.0 // & / \
s o 5 60%
s 50 ] o /
=% H 50% /
S o
Q 40 2 o
@ 40%
s Vee=3.3V N a / \\
3.0 === — 30% / ~—__
20%
2.0 o /
o
1.0 10%
0%
o0 00 10 20 30 40 50 0.0 5.0 10.0 15.0 20.0 25.0 30.0
' ' : ' ' ' Time (us
Reverse Bias (V) (us)

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes)
Lightning Surge Protection- SR05 Series
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Clamping Voltage vs. I,

Product Characteristics

Lead Plating Matte Tin
20 Lead Material Copper Alloy

Lead Coplanarity 0.0004 inches (0.102mm)
Substitute Material Silicon

=15 —

> / Body Material Molded Epoxy

o

3 ] Flammability UL 94 V-0

o

i 10 Notes :

£ 1. All dimensions are in millimeters

('_; . Dimensions include solder plating.

2
3. Dimensions are exclusive of mold flash & metal burr.

5 4. Blois facing up for mold and facing down for trim/form, i.e. reverse trim/form.
5. Package surface matte finish VDI 11-13.

0 5 10 15 20 25
Peak Pulse Current-l,, (A)

Soldering Parameters

Reflow Condition Pb - Free assembly ! tp le—
Te — Critical Zone
-Temperature Min (T ;) 160°C g
Pre Heat |-Temperature Max (T .,) 200°C .3 T | ¢, )
g T
-Time (min to max) (t,) 60 - 180 secs g S
£ . Ramp-dow:
- . reheat|
Average ramp up rate (Liquidus) Temp 3°C/second max o o [Preheat]
(T,) to peak S(min)
—ts
Tsmax 10T - Ramp-up Rate 3°C/second max /
e -Temperature (T,) (Liquidus) | 217°C 25 |<—
erlow time to peak temperature———» .
-Temperature (t,) 60 - 150 seconds Time =>
PeakTemperature (T;) 260+95 °C

Time within 5°C of actual peak

20 — 40 seconds
Temperature (t,)

Ordering Information

Ramp-down Rate 6°C/second max

Time 25°C to peak Temperature (T;) 8 minutes Max. Part Number Package Marking Min. Order Qty.
Do not exceed 260°C SR05-02CTG SOT143 SR05 3000
Part Numbering System Part Marking System
SR05-02CTG |_| |_|
—|: G= Green
T=Tape & Reel SR05

Series .

Number of Package

Channels C: SOT143 ||

© 2017 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 02/23/17



TVS Diode Arrays (SPA®Diodes) % Littelfuse
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Package Dimensions—S0OT143

S0T143
[ [
Recommended Pad Layout

?.gg ('8431(2)::) A 0.8 1.22 0.03 0.048
ot A1 0.05 0.15 0.002 0.006

[« m—]
-~ m —

el ] . +| 1o coss b 0.30 0.50 0.012 0.020
A b2 0.76 0.89 0.030 0.035
D 340 (13ay 220 \[L <= 190 =
oot oery N1 (a7s : c 0.08 0.20 0.003 0.008
1 " S = D 2.80 3.04 0.110 0.120
[ ] am —'r Bsc [+ ! E 2.10 2.64 0.082 0.104
I
el ol A e e B E1 1.20 1.40 0.047 0.055
1.00 (.040")  0.80 (.032") O 1.92 BSC 0.076 BSC
. 1.20(.048") 1.00 (.040") el 0.20 BSC 0.008 BSC
L N L 04 | 06 0016 | 0024
1 H L1 0.550 REF 0.022 REF
— L1 |~

Embossed Carrier Tape & Reel Specification—S0T143

Symbol Millimeters

A 3.19+0.10
PO P _P1 % wn B 2.8+0.10
C c 1.3120.10
é) @ O QD’ (S il d @ 150+0.10
7 " ; E 1.75+0.10
Em) | E=—c . . H‘*g @ F 3.50+0.10
| U & s PO 4.00+0.10
=T 7| =8
| P 4.00+0.10
P1 2.000.10
A —A AA w 8.000.10
Trailer Tape Leader Tape
Components
O o(\(Q O o(\(g) O((Q O O
=] =] = = = =S|
oll o / o |IE2 /“ ol oll o

Pin‘1 ——>
User Feeding Direction
Notes :
1. All dimensions are in millimeters

Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently evaluate the suitability of and
test each product selected for their own applications. Littelfuse products are not designed for, and may not be used in, all applications.
Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.
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