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Diodes | What is ESD?

Electrostatic discharge (ESD) is the release of stored static electricity.

The discharge can produce very high voltages that can damage ICs

Source of ESD Voltage Typical ESD Voltage at 20% Relative Humidity

Triggering a vacuum solder remover 8 kV
Walking across Vinyl floor 12 kV
Removing plastic tape for a PC board 12 kV
Removing shrink film from PC board 12 kV
Spraying aerosol freezer spray 15 kV
Arising from a foam cushion 18 kV
Sliding plastic box on carpet 18 kV
Opening a plastic bag 20 kV

AN

ESD voltage will
typically be lower

in higher humidity
environments

Integrated
Circuit
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Diodes | Where to place ESD protection

ESD suppressors should be placed in parallel between the source of ESD
(typically an exposed interface connector) and the IC that needs protection.

Interface
Connector

IC

ESD strike without profection.

|I}—

Interface
Connector

I 3 Protected IC

-

ESD|Diode l

ESD strike with protection.

350

ﬂ'ﬂﬁf"%

-=No ESD Diode
~=\With ESD Diode

0 10 20 30 40 50 60 70 30 90 100
Time (ns)

Voltage waveforms with and without ESD protection.
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Current

Diodes | Working voltage (Vqym)

100mA

10mA

TmA

0.1mA

1uA

0.1uA

10nA

/
......................................................... |
]
/
s
"""""""""" // —
VR\:/VM VB.R Valtage (V)

Vrww IS defined as the maximum positive
and negative voltage where current
flowing through the diode does not
exceed a certain amperage, typically low
nA range

Verwm Should encompass the entire
interface’s voltage range to minimize
leakage during operation

Once the voltage exceeds Vgwm, it
approaches the breakdown voltage
(Vgr), Which is where the diode will begin
conducting significant amounts of
current.
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Diodes | Polarity

Unidirectional Bidirectional

Positive breakdown voltage but breaks down almost Positive and negative breakdown voltage

immediately in the negative direction Benefits
— Interfaces that have both positive and negative

voltage swings

— Protects against miswiring

— Bidirectional 1-channel devices can have either pin be
I/O or GND

Benefits
— Interfaces that only have a positive voltage range

— Has better negative clamping performance, since
the negative breakdown voltage is lower

— Tend to have higher surge ratings

10

x

GND

GND

ESD321: 1-ch, unidirectional device

ESD341: 1-ch, bidirectional device
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Diodes | Capacitance

Capacitance of the diode must be low enough to not degrade the

signal integrity of the protected line. I l I l I l m

Input interface signal

Capacitance requirements will vary from system to system, thus
capacitance recommendations are broad. Interface

Connector i
!
l

Insertion loss graphs are typically in the datasheet and can be — C,_ | Protected

L] " I
referenced to see what signal speeds the diode can support and the - B IC
insertion loss at those frequencies.
0.5 0 —
-0.5
0 . -1 \‘\\
05 R I 3 "2 “\\
a4 NN ¢ 25
= AV Z 3 \T
% -1.5 \\\\ % _3;2 \
5§ 2 \\ \\ 2 45
F 1\ ® -5
@ 25 = .
= - 8% The general rule of thumb is
35| — DPL Package ‘ 5 3 to protect signals with
o [ DY Package e speeds up to the -3dB point.
01 0.2 0.3 0507 1 2 3 4567810 20 3040 0.1 0.2 0.3 04 0.50.60.7 1 2
Frequency (GHz) Frequency (GHz)
TPD1EO1B0O4 (0.18 pF) ESDS302 (2.3 pF) 7
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Diodes | Leakage current

Leakage current goes hand in hand with working voltage, V- The leakage current is the
amount of current that leaks when the reverse working voltage is applied.

For Tl, ESD protection devices have a typical and max value for leakage current. Leakage

current is also shown over temperature. Some applications, such as medical equipment,
require ultra-low leakage.

0.0 [

TPD1E05U06 TPD1E05U06
300 1.0
0.8
250 0.6
500 ,/ _ 0.4
/ E 02
150 g

Current (pA)

/ S -0.2
100 7 0.4
50 / -0.6
- -0.8
0 -===="""'"‘#/ -1.0
-40 -20 0 20 40 60 80 100 120 -2 -1 0 1 2 3 4 5 6 7 8 9 10
Temperature (°C) Coo4 Voltage (V) coot
Figure 6-5. Leakage vs Temperature Figure 6-1. DC Voltage Sweep I-V Curve 8
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Diodes | Clamping voltage

JUL U “‘)L‘ | ~—
— n Interface /
Interface Connector . + —
Connector r—|—1 A Vv Protected — | Ver
| C, | Protected o CLAMP IC .
- 1 - IC ESD |Diode 2
During regular operation, the diode t?rueTkgs 325:5@2':;::2?;,92}? the
IS reverse biased and behaves like
a capagcitor. ESD current to ground.

Ideally, the diode is invisible to the The diode should ideally clamp at
or below the abs max rating of the

system. protected IC pins.

9

{i} TEXAS INSTRUMENTS



Diodes | Investment pillars

DC Switching Integrated
Surge Circuit
Current IEC 61000-4-2 Current IEC 61000-4-5 RL
A) o (A) - Input Pin
Zener
Protection GND
Time Time (pS)

. nS

Pair with Power/Data Lines with

Protects any INTERFACE that opens a Used for voltage regulation and clamping

system to the outside world environmental risk of surge exposure anywhere in a design

USB

CAN/LIN

Ethernet, RF, Antennas
Audio, SD and SIM Cards
RS-485/422/432/232
BMS Daisy-Chain

High current/voltage power inputs Voltage Stabilizer

Systems that live outdoors Voltage Clamp
Frequent load changes Voltage Reference
Long cabling Overvoltage Protection
AC ‘Level Limiter’

AC ‘Level Clipper’

Cabling running parallel to other systems

DN N N N NN
D N N N N NN
D N N NI N NN

Direct connection to car battery

(RS2
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Diodes | Portfolio

Diodes from a proven semiconductor leader
Tl.com/ESD
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Diodes | Key

Low Capacitance

What is the benefit?

Allows protection for high-speed
signal lines while keeping signal
integrity

Use Cases:

Ethernet

USB 3.0+
HDMI/DisplayPort/PCle

NFC Antenna
N

WiFi Power Filtering
i Amplifier Network

features

Low Leakage

What is the benefit?
Minimizes power dissipation
while in off state. Helps systems
comply with EU 2023/826

Use Cases:
Battery Powered Systems
Medical Equipment

|

40 20 0 20 40 60 8 100 120
Temperature (*C) cma

T
= 8 8 8 8 8 8

Power Dissipation

What is the benefit?

430mW Power Dissipation on
SOT-23 Zeners for higher power
applications

Use Cases:
Voltage Regulation on power
rails

Tl vs Competitor SOT-23 Package Thermal
500 Comparison

Time (s)

Packaging

What is the benefit?
Many industry-standard
packages for pin-2-pin
compatible solutions

Use Cases:
PCB Space Saving

1-mm x 0.6-mm (0.6-mm?), 2-pin X1SON (DPY)

ESDx01, TPDxEO5U06

Majority of Portfolio with <100nA

BZX84CxxV

DFN-0603/1006, SOD, SOT-23

Capacitance Requirements for High
Speed Signals

Analog Applications Journal

TI Portfolio of Zener Diodes

ESD Packaging and Layout Guide

12
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https://www.ti.com/lit/an/slva793a/slva793a.pdf?ts=1725890931404&ref_url=https%253A%252F%252Fe2e.ti.com%252F
https://www.ti.com/lit/an/slva793a/slva793a.pdf?ts=1725890931404&ref_url=https%253A%252F%252Fe2e.ti.com%252F
https://www.ti.com/product-category/passive-discrete/diodes/zener-diodes/overview.html
https://www.ti.com/lit/ml/slyt562/slyt562.pdf
https://www.ti.com/lit/an/slvaex9b/slvaex9b.pdf?ts=1725892340470&ref_url=https%253A%252F%252Fe2e.ti.com%252F

Diodes | ESD Overview

Diodes from a proven semiconductor leader
Tl.com/ESD
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Diodes | ESD overview

+/- 18V ESD +/- 36V ESD

30kV/22kV IEC, 3pF

30kV [EC, DBZ
CAN, GPIO

RS485, RS232, BMS

L espes2(-q1) - soT-23 £n. I: ESD2CANxx36Q1 - SOT23
ESD851(-Q1) SOD323 cim.

+/- 24V ESD
15-30kV IEC, 1-5pF
CAN, LIN, USB-PD, VBUS, 10

+/- 12V ESD
30kV IEC, DBZ
RS485, RS232

VRwWM = 12V

()
O)
o
=
O
>
L
=)
I

ESD562 — SOT-23 <. ESD2CANXx24(-Q1) - SOT23  cm
ESDS552 — SOT-23 ESD752 - SOT-23
ESD762 - SOT-23

ESD1LIN24(-Q1) - SOD323
ESD751(-Q1) - SOD523
ESD761(-Q1) - DFN1006

+/-48\/ ESD
30kV IEC, 3pF
CAN, LIN, USB-PD, VBUS, IO

ESDx01 Ultra Low Cap
+12-36V, 0.3pF
ADAS, RF, NFC Antenna

ESD501(-Q1) DFN1006
ESD601(-Q1) DFN1006
ESD701(-Q1) DFN1006
ESD801(-Q1) DFN1006

—_~

3V General Purpose

Bidi DFN1006/SOD523/DFN0603 5V General Purpose

Uni/Bi DFN1006/SOD523/DFN0603

USBXx, Ethernet, GPIO, HDMI

USBXx, Ethernet, GPI1O, HDMI

ESD341 — DFN0603
TPD1E01B04(-Q1) — DFN0603, DFN1006 5. E TPD1E10B06(-Q1) — DFN1006, SOD523 £Sin.

VRwM < 12V

TPD1E1B04 — DFN1006 TPD1E05U06(-Q1) - DFN1006 ¢iaam.
TPD1EOB04 — DFN0603, DFN1006 TPD1E6B06 — DFN0603

TPD1E01B04 — DFN0603, DFN1006

Low Voltage

[

5V Low Cap, Mid Surge
30KV, 6A, Uni/Bi
USBx, Ethernet, GPIO, HDMI

ESD441 — DFN0603, DENA006NQT)
ESD451 — DFN0603, DENA006NQT)

14
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Diodes | ESD package overview

= @

Diode Arrays

Decrease BOM
count

Optimize Cost per
channel

Flow-Through
Routing Possible

Matched Ch-to-Ch
Capacitances

Single Diode

- Closer placement
to connector

- Lower possible
Capacitance

Multi-Channel

Multi-Channel
Leadless

§®)
()
©
®
()
|
e
(I)
—

1-ch Leadless

3-DBZ | 2.9x1.3mm

Available Now

In Development

3-DCK | 2.0x1.25mm
SOT-323 | SC70-3

= v @

10-DQA | 2.5x1.0mm

5-DPW | 0.8x0.8mm
DFNO0808

3-pin | 1.1x1Tmm
DFN1110-3

Qt

2-DYF | 2.5x1.25mm
SOD-323

g

2-DYA | 1.6x0.8mm
SOD-523

)

2-DPY | 1.0x0.6mm
SOD882 | DFN1006-2

2-DPL | 0.6x0.3mm

SOD962 | DFN0603

15

ESD Packaging and Layout Guide
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https://www.ti.com/lit/an/slvaex9b/slvaex9b.pdf?ts=1681231924592&ref_url=https%253A%252F%252Fe2e.ti.com%252F

Diodes | TVS overview

Diodes from a proven semiconductor leader
Tl.com/ESD

16
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Diodes | TVS overview

SMA Flat Lead Family
600W 10/1000us, Uni/Bi

SMB Flat Lead Family
1.5kW 10/1000us, Uni/Bi

L swvaeF33 <gma VR

SOT-23 TVS Family

+/-24V/[36V, Uni/Bi, to 60A Ipp, <54pF,<75nA
HEV/EV OBC, USB, PLC 10

TVS Flat Clamp Family
5-58V, Uni/Bi, to 43A |
& »

TSM24CA(-Q1) — SOT-23

TSM24A(-Q1) — SOT-23
TSM36A(-Q1) - SOT-23

SOD323 TSDxx Family TVS0500 — DFN-2020

TVS0701 — DFN-3030
TVS1400 — DFN-2020
TVS1401 — DFN-3030

TSM36CA(-Q1) — SOT-23
5V-36V, 30kV, Uni/Bi

USB VBUS, GPIO, Push Button

- TV§1 800 — DFN-2020

~ TVS1801 — DFN-3030
- TSDO3 -
- TSDO5(C) - SOD323 T Tv35501 _ DFN.3030
= TSD12(-Q1), TSD12C(-Q1) — SOD323 ESDS Family — TVS2700 — DFN-2020
= TSD15(-Q1), TSD15C(-Q1) — SOD323 — TVS2701 — DFN-3030
~ TSD18(-Q1), TSD18C(-Q1) — SOD323 3-12V, 30kV IEC — TVS3300 — DFN-2020
~ TSD24(-Q1), TSD24C(-Q1) — SOD323 Ethernet, GPIO, USBx, RS485, RS232 —~ TVS3301 — DFN-3030
- TSD36(-Q1), TSD36C(-Q1) — SOD323

ESDS311 - SOD323 =i
ESDS452(-Q1) - SOT-23
ESDS552 - SOT-23

w3 Texas INSTRUMENTS



Available Now

Diodes | TVS package overview

High Power TVS

- Smaller form factor ’ ’
packages : :

2-pin | 5.2x3.5mm 2-pin | 4.3x2.6mm
SMB | DO-214AA SMA | DO-214AC

- Improved lead inductance
with flat lead SMA/SMB

Low Power TVS

- Smaller area packages for
efficient PCB space saving

@,

W

flexibility of implementation 2-DYF | 2.5x1.25mm 3-DBZ | 2.9x1.3mm 3-DCK | 2.0x1.25mm 2-DYA | 1.6x0.8mm 2-DPY | 1.0x0.6mm
SOD-323 SOT-23-3 SOT-323 | SC70-3 SOD-523 SOD882 | DFN1006-2

- Lower capacitance for

18
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https://www.ti.com/lit/an/slvaex9b/slvaex9b.pdf?ts=1681231924592&ref_url=https%253A%252F%252Fe2e.ti.com%252F

Diodes | TVS flat-clamp surge

» 30% lower clamping voltage compared to traditional SMA & SMB TVS diodes

> U;; to 43 A IE?k?/1/04020-§-5 Surget Pgotc?;:tiqnd(Bfg()lp;) . ensures robust protection
asses ohm surge standard for ":, usinai signatiines » QFN package is 79% smaller than standard SMB package for space critical
>  Ultra low leakage: <5 nA (typ), <30 nA (85°C) e
) . applications
» Tl Flat-Clamp technology enables tight clamping performance :
. . . Clamping
»  Low dynamic resistance . Working Leakage at | Leakage at
) - Device Voltage
»  IEC Transient Immunity: Voltage max Vrwm (typ) | Vrwm (85C)
> IEC 61000-4-2 IEC level 4
>  IEC 61000-4-4 EFT 80A TVS3300 33V 39.6V 19 nA 28 nA
TVS2700 27V 337V 17nA  12nA
Flat Clamping Tvs2200 22V 27V 32nA  22nA
Tiny Package TVS1800 18V 23.2V 3nA 7.5nA
b Tvs1400 14V 182V 2nA  20nA
TVSxx00: 2x2mm SON i \\
Vs TVS0500 5V 84V  .07nA  SnA
— —t—t Applications
SMA: 13mm? SMB: 19.1mm?2 1.1x1.1mm WCSP —— Traditional TVS : i i
g » USB VBUS Protection » Medical Devices
» Gaming Systems » Appliances
» 4-20mA Transmitters » EPOS Systems
» PLC I/0O Modules » Motor Drivers
» Industrial Sensors » USB Extended Power Range



http://www.ti.com/product/TVS3300
http://www.ti.com/product/TVS2700
http://www.ti.com/product/TVS2200
http://www.ti.com/product/TVS1800
http://www.ti.com/product/TVS1400
http://www.ti.com/product/TVS0500

Diodes | TSDxx(C) diodes

TSDxx and TSDxxC

Unidirectional and Bidirectional TVS diodes in the SOD-323 Package

Short to VBUS Protection
Q Low Capacitance across voltages
» <20pF Capacitance on unidirectional

? + <7pF Capacitance on bidirectional -

+ Suitable for slower data lines to protect against
ESD and Surge coupling

55°C to +150°C

The ‘TSD’ family of TVS diodes offers high levels of both ESD protection and surge protection,
while maintaining low to mid capacitance levels. This allows these devices to be placed on both
power lines as well as medium speed data lines to protect against high levels of surge current.
These devices are offered in the industry standard SOD-323 package and are all multisource with
every ‘SDxx’ devices on the market.

Home
Appliances

Robotics
and Medical

Energy
Infrastructure

Factory
Automation

Power
Tools

w4 P

SOD-323 Package

Industry-Standard Packaging

« Small, 2 pin leaded package for space
constricted applications

* Reliable thermal performance in conditions —

Reliable Protection

Best-in-class surge and ESD protection

+ +30kV ESD across all unidirectional and
bidirectional devices

» Up to 60A surge protection (TSD05)

* Industry low leakage current (10nA max)

Additionally, TI's TSDxx(C) family of devices are offered in a variety of voltages
and configurations, suitable for all protection needs:

Voltage Surge Device Voltage Surge
Current Current
8 | Tspos 5V 60A § TSDO5C +5V 30A
)
5 TSD12 12V 18A :g TSD12C +12V 15A
Q | TsD15 15V 15A § TSD15C +15V 12A
2 | Tsp1s 18V 15A S | Tsp1sc £18V 12A
S m
O | Tsp24 24V 9A TSD24C +24V 9A
TSD36 36V 7A TSD36C +36V 6.5A
Link to Datasheet Link to Datasheet
22
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https://www.ti.com/passive-discrete/diodes/products.html#-1=tsd%3Bfalse&
https://www.ti.com/lit/ds/symlink/tsd03.pdf?ts=1746042878980&ref_url=https%253A%252F%252Fwww.ti.com%252Fpassive-discrete%252Fdiodes%252Fproducts.html%253Flogin-check%253Dtrue
https://www.ti.com/lit/ds/symlink/tsd15c.pdf?ts=1746042907890&ref_url=https%253A%252F%252Fwww.ti.com%252Fpassive-discrete%252Fdiodes%252Fproducts.html%253Flogin-check%253Dtrue

Diodes | Zener overview

Diodes from a proven semiconductor leader
Tl.com/ESD

23
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Diodes | Zener package overview

BZX84Cxxx SZMM3Zxxx MMBZxxVCL

8.2, 15, 27, 39V, 400mW, SOT-23 8.2,15,27,39V, 300mW, SOD323 15, 27, 30V, 300mW, SOT-23
Common Cathode

| S

o % BZX84C8V2(-Q1) — SOT-23

3 £ BZX84C15V(-Q1) — SOT-23 MMBZ15VCL(-Q1) — SOT-23 [4Q25]

23 BZX84C27V(-Q1) — SOT-23 MMBZ27VCL(-Q1) — SOT-23 [4Q25]
¥ BZX84C39V(-Q1) — SOT-23 MMBZ30VCL(-Q1) — SOT-23

3 3

= 0

BZX84WCxxx SZMM5Zxxx MMBZxxVAL
8.2,15,27,39V, 375mW, SC-70 8.2,15,27,39V, 300mW, SOD523 15V and 27V, 300mW, SOT-23
Common Anode

BZX84WC8V2(-Q1) — SC-70
BZX84WC15V(-Q1) — SC-70
BZX84WC27V(-Q1) — SC-70
BZX84WC39V(-Q1) — SC-70

I: MMBZ15VAL(-Q1) — SOT-23
MMBZ27VAL(-Q1) - SOT-23

24
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Diodes | Zener diodes

BZX84C8V2, BZX84C15V, BZX84C27V, BZX84C39V

Zener Diodes in SOT-23 Package

Reliability

Low variance in performance

+ Temperature Coefficient: 6.2 (8.2V)
» Capacitance: 35pF Max (27V)

* 5% Tolerance in Zener Voltage

Efficiency

Low power consumption
» Ultra-Low Leakage Current: 30nA

Package Expansion

Two pin packages — Available soon
* Industry standard leaded packages — SOD323

by

Max (15 & 27V) and SOD523

» Total power dissipation: 430mW » Space saving leadless packages — DFN1006

(max)
*Released: 8.2V, 15V, 27V, 39V — Auto and Commercial
These Zener diodes are optimized for a range of applications, from voltage stabilization to reference, and *Additional Voltages: 5.6V, 6.8V, 9.1V, 16V, 18V, 33V
boast capacitance as low as 25pF to maintain signal integrity. The BZX84CxxV of Zener protection diodes are * Auto and Commercial
optimized for overvoltage protection in a variety of applications, including:
Factory Appliances Energy Automotive Power - Released: 8.2V, 15V, 27V, 30V — Auto and Commercial
Automation Infrastructure Applications Tools - Additional Voltages: 5.6V, 6.8V, 9.1V, 16V, 18V, 33V

Auto and Commercial

A

* 8.2V, 15V, 27V, 39V — Auto and Commercial
SOD_523 + Additional Voltages: 5.6V, 6.8V, 9.1V, 16V, 18V, 33V

. Auto and Commercial
(DYA)

0 ©Y ===

Zener Diodes for High Power Applications

*8.2V, 15V, 27V, 39V — Auto and Commercial
SOD_323 » Additional Voltages: 5.6V, 6.8V, 9.1V, 16V, 18V, 33V

. Auto and Commercial
(DYF)

Check out our two new App notes!

Low-Noise Zener Diodes

w3 Texas INSTRUMENTS


https://www.ti.com/passive-discrete/diodes/zener-diodes/products.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1759261690852&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1759261690852&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1759261690852&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvafx7/slvafx7.pdf?ts=1759261813963&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html

Diodes | Applications overview

Diodes from a proven semiconductor leader
Tl.com/ESD

26
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Diodes | Automotive applications

ESDx01 “Low-Cap Family” MMBZ - “Swiss-Army Knife” Zener Family

i e oo | wcnng ;ﬁ%; . m DC Switching Integrated
; 12-36V protection S Surge Circuit
—m 2ch unidirectional |—| 8.2V-39V
N 11 |3 SR D or A Input Pin released!!
Application 1 Iy 1ch bidirectional e

TT ¥ Protection 5.6V 4Q25 RTM
T £SD701 L] (2] o

—_— (x2)

ESD601-Q1 ESD701-Q1 MMBZ15VAL-Q1 MMBZ27VAL-Q1 BZX84C15V-Q1 BZX84WC15V-Q1

Hero Devices ESD’D" ) Esﬁ Ny ’l »/
lode lode ESD Diode ESD Diode Zener Diode Zener Diode
18\/, O-3pF 24V’ 0-3PF 15Vb|’, 30kV 27Vbr, 30kV 15V VZ, SOT-23 15V VZ, SC-70

CAN Protection BMS Protection Ethernet Protection

e t | 24v, 36V, and 48v i 10/100/1000
TRANSCEIVER Cu:}g CAN protection BQT 000 B|\5/|gv: 11:2V1t18V Base T1s
H H CANL i Cell1 + COMLN pro ection on pl'OteCtion
Application . — 1 | pEN1110-3 options COMH / COML
e gé gg sampling! - lines OA Ethernet in
—Ii? ESD2CAN Typical Application Schematic - development
ESD2CAN24-Q1 ESD2CAN36-Q1 ESD562-Q1 ESD652-Q1 TPD4E05U06-Q1 ESD701-Q1
Hero Devices >| AHL »J AH*
ESD Diode ESD Diode ESD Diode ESD Diode ESD Diode ESD Diode
24V, 30kV 36V, 25kV 12V, 22kV 18V, 30kV 5.5V, 4ch 24V, 0.3pF 27
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https://www.ti.com/product/ESD601-Q1
https://www.ti.com/product/ESD601-Q1
https://www.ti.com/product/ESD601-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/BZX84WC8V2
https://www.ti.com/product/BZX84WC8V2
https://www.ti.com/product/BZX84WC8V2
https://www.ti.com/product/ESD2CAN24-Q1
https://www.ti.com/product/ESD2CAN24-Q1
https://www.ti.com/product/ESD2CAN24-Q1
https://www.ti.com/product/ESD2CAN36-Q1
https://www.ti.com/product/ESD2CAN36-Q1
https://www.ti.com/product/ESD2CAN36-Q1
https://www.ti.com/product/ESD562-Q1
https://www.ti.com/product/ESD562-Q1
https://www.ti.com/product/ESD562-Q1
https://www.ti.com/product/ESD652-Q1
https://www.ti.com/product/ESD652-Q1
https://www.ti.com/product/ESD652-Q1
https://www.ti.com/product/TPD4E05U06-Q1
https://www.ti.com/product/TPD4E05U06-Q1
https://www.ti.com/product/TPD4E05U06-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1
https://www.ti.com/product/ESD701-Q1

ySpas CAN Ethernet
UNIVERSAL SERIAL BUS

CANH : :

Roe D+

ueuanm |RX1 |vsus|sau2| D- | D+ |CC2|VEUS|TX2|TX2 |GND|J

CAN CAN
— Wm — TRANSCEIVER R bus

o0 2 To-

R Ethemet Transceiver
E’] [FF )

@P - "
Co o Connector
| USB Controller Es "

AY

o0
RS-485/422 Rr B
TRANSCEIVER e \
WiFi L Power L Filtering
B/iZ 2 1 Transceiver Amplifier Network
ESD562 = t = \

DMI Connector TPOAE1BiA Vaur
TMDS_D2+ A 4
TMDS_D2- Vaur
e —
TMDS_D1-

- TPDAE1B0S Vor T 1o
TMDS_Do+ =
u
TMDS_Do- +———{rx0
= HOMI Application LN
TMDS_CLK# Controller egMCULO) |  Transcewer .
TMDS_CLK * ™ Y
ESD204 y Connecto
cEC 2
utility
S EsDILINE
DDC_CLK ey}
DDC_DAT L
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Diodes | Wireless high speed

» NFC: Near Field Communication Antenna, requires protection at the antenna

NEC Finer Masring rma termination end
Jomee et Ul e [ « Operating voltage range is from 18-24V,
=4 « NFC centered 13.6MHz
ESD701 |  Low capacitance required (<0.6pF)
1 x2) il - Bidirectional Protection (signal at antenna end is at gnd level)
= =  Very small change in capacitance with voltage (Signal Integrity)
fﬂ'\_o_*_<

Working . Package
ULl s Voltage 120 AI | GEREEIETES | (IR Size Package Recommended for Status
Recommendations Rating (kV) (Contact) (pF) count
(V) (mm)
. TPD1E01B04-(Q1) +3.6 15 0.2 1 1.0x0.6 0402 Single ended mode Released
TPD1E0B04 +3.6 8 0.13 1 1.0x0.6 0402 Single ended mode Released!

ESD501-(Q1 +12 15 0.3 1 1.0x 0.6 0402 Single ended mode Released!

ESD601-(Q1 +18 15 0.3 1 1.0x0.6 0402 Single ended mode Released!
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Diodes | USB type-C

Interface : USB Type C ESD Protection

RX2- RX2+ TX2- TX2+ RX1- | RX1+ TX1- TX1+ D+

D-

VBUS

USB Type-C- has a 24-pin connector that can support USB 3 .1 Gen2,
DisplayPort, HDMI, and a variety of other alternate modes:

SuperSpeed USB lines for USB 3 .1 Gen2 (Tx1+, Tx1-, Rx1+, Rx1-, Tx2+,

= = TPDAE02B04 =
- a B TVS2200
i
= TPD1E01B04) - TPD1E01B04
(x3) (x3)
USB Battery
Char
Connector ’

Tx2—, Rx2+ and Rx2-) can reach speeds up to 10 Gbps, capacitance must
be minimized & clamped to less than VBUS abs max.

» The USB 2 .0 lines (D+ top, D+ bottom, D- top and D- bottom) also require
low capacitance & clamped to less than VBUS abs max.

» The CC1, CC2 and SBU1, SBU2 Type-C pins can reach up to 5.5 V and low
capacitance is not required.

» VBUS for SPR at 18V — TVS2200 Flat Clamp

Tl Products Working IECZGEg(I))O-4- Package Size
Recommendations Vo(l:;ge Rating (kV) Capacitance (pF)  Channels (mm) Package Lines Protected Status
(Contact)
B. TPD4E02B04-(Q1) | +3.6 18 0.25 4 25x1.0 DFN2510 D1, D2, TX1, RX1,TRX2 , RX2 Released!
d TPD1E01B04-(Q1) | #3.6 15 0.18 1 1.0x0.6 0402 D1, D2, TX1, RX1,TRX2 , RX2 Released!
ESD441 5.5 30 1.6 1 06x0.3 0201 CC1, CC2 ,SBU1, SBU2 Released!
TVS2200 22 17 105 1 20x20 WSON VBUS (SPR) Released!
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Diodes | RS-485 interface

Vee » RS-485 - Industry standard protocol for data transfer from sensors, etc.

%10 Kk * Drive capability of minimum 32 unit loads (UL, 12kQ)
RxD|<—4 R Vee » Uses two signal lines A & B which must be balanced and differential

MCU 2l rE * Runs on an I/0O common-mode range: -7V to +12V, this requires the minimum
oirlsdel pe “EVR breakdown voltage to be > 13.3V
)  Load capacitance requirements as per RS 485 standards <30pF
TxD |—+ D GND . . . . . . .
» RS-485 lines being heavily used in outdoor signaling also require a surge

imk

Fig 1. RS485 interface block diagram

protection.

Working
Voltage
(V)

Package
Size Package
(mm)

Tl Products IEC 61000-4-2 ESD

Rating (kV) (Contact)

Capacitance  Channel

(pF) count watus

Recommended for

Recommendations

ESDS552 +12 30 9.5 2 | 22x13 | soT23 Differential signal pairs with surge Released!
protection
ESD562 +12 22 1.5 2 292x1.3 SOT-23 Low-cost differential signal pairs Released!
ESD752 +24 30 3 2 292x1.3 SOT-23 Systems with higher voltage clamping Released
TSD12C +12 30 6 1| 265x13 | sop-ap3 | Surge protection foroutdoorsignaling | oy scey
and long exposed wirings
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Diodes | CAN protection

SPLIT Pl Protocol constructed with CAN-High and CAN-Low lines
CANH |— - » Requires a 2-channel diode to protect both lines and to match capacitance
eoanBus | | LR o « Bi-directional Configuration is needed to protect from line faults and miswiring
Aaaa - bus  Working voltage ranges of 12V, 24V, and up to 48V
canc— L « Data rates of 1MBps, 5MBps, 20MBps for CAN, CANFD & CANXL protocols
mode choke 2; 2&1 P »CAN runs on above data rates and protocol specifies < 20pF capacitance
¥ 353 ESD2CAN Applications:

" 7  Body Electronics & Lighting, Infotainment & Cluster, ADAS

Tl Products Working IEC 61000-4-2 ESD Cap Channel Package Size Package Recommended for
Recommendations Voltage (V) Rating (kV) (pF) count (mm) g
292x1.3 SOT-23 . ,
ESD2CAN24Q1 124 130 3 2 20x21 SC-70 Highest ESD Rated CAN device at 24V Released
&8 FSD2CANXL24Q1 +24 +20 17 2 292x13 SOT-23 Cheapest 24V CAN device Released
&3 ESD2CAN36Q1 +36 425 28 2 292x 13 SOT-23 Protection above 24V for CAN Released
20x2.1 SC-70
&5 ESD2CAN48Q1 148 +30 3 2 292x1.3 SOT-23 Extended voltage CAN protection (36V+) Upcoming!
292x1.3 SOT-23 : .
’. MMBZ30VCLQ1 +24 +25 25 2 11x10 DEN1110 Higher power CAN protection Released
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https://www.ti.com/product/ESD2CAN24-Q1
https://www.ti.com/product/ESD2CANXL24-Q1
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ESD2CANxx Family of Products.pptx
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Diodes | HDMI 2.1/ 2.0/1.4/1.3

HDMI Connector
TMDS_D2+
TMDS_D2-
TMDS_D1+
TMDS_D1-
TMDS_DO+
TMDS_DO-

TMDS_CLK+
TMDS_CLK-

CEC
Utility
DDC_CLK
DDC_DAT

TPD4E1B06

TPD4E1B06

e
- e
T
e

>

L
—
—_—

HDMI
Controller

High speed media, data transfer interface with 6 control lines & 8 data lines
Operating voltage:
 For each data and control line, 3.3V and 5V respectively
» This requires a protection diode with breakdown voltage of at least
3.6V, 5.5V respectively
Operating frequency:
» HDMI 2.1 - 20Gbps
» HDMI 2.0 - 6Gbps,
« HDMI 1.4/1.3 -3.4Gbps
These high speed transfer requires lower capacitance of < 1pF

Working .
Tl Products IEC 61000-4-2 ESD Capacitance Channel Package
Recommendations Vo(l:;a)ge Rating (kV) (Contact) (pF) count Size (mm) AL RS RIS
ESD122 £36 17 0.2 2 1.0x 0.6 0402 DM 2.1 {for high speed, Released!
capacitance requirement of <0.2pF)
s TPD4E02B04-(Q1) +3.6 12 0.25 1 25x1.0 DFN2510 Released!
Control lines CEC, SCL, SDA.DDC
ESD204 +3.6 30 0.5 4 25x1.0 DFN2510 Released!
TPD4E1B06 +5.5 12 0.7 4 1.6x1.6 SOT-563 Released!
TDMS, TMDS, Data & Clock lines
ESD451 +5.5 30 0.5 1 0.6x0.3 0201 Released! 5

£
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Diodes | General purpose ESD

» Protection needed for interfaces exposed to human contact
* GPIO pins
* Pushbuttons/Keypads

I [ « Touchscreens

10 Line 1

ESDDsef‘Siti"e - Any other points of frequent contact
evice » Operating Voltage depends on voltage of data lines (typically 1.8-5V)
. » Capacitance is not a huge concern, < 30pF is generally sufficient
» Multi-channel recommended for multiple 1/0Os for space-saving
ESD204DQAR . . . . . . .
psh e « High ESD rating desired to maximize protection from transients
Tl Products Working IEC 61000-4-2 ESD Rating . Channel Package Size
Recommendations Voltage (V) (kV) (Contact) CeRaciaeRl Ryt count (mm) AL SR
TPD1E10B06 +5.5 30 12 1 Many DFN1006, SOD-523 Released!
ESD204 3.6 30 0.55 4 25x1.0 DFN2510 Released!
ESD451 +5.5 30 0.5 1 06x0.3 0201 Released!
&5 TPD2E2U06-(Q1) 55 25 15 2 2.1x20 SOT-323 Released!
&5n. TPD4E05U06-(Q1) 5.5 12 0.5 4 25x1.0 DFN2510 Released!
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Diodes | Where to find us

83 ti.com ¥ 3 (- (@  Finish update }

»
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Clocks & timing >

7%

ESD protection diodes

Data converters » == Oscillators == Transistors
TVS diodes

i)

DLP® products >
Zener diodes

it)

Interface >

Isolation >
Logic & voltage translation »
Microcontrollers (MCUS) & processors »

Motor drivers >
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Power management >
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Diodes | Cross reference search

Wi» TEXAS INSTRUMENTS ~__ Search a

) | T

Products Applications Design & development Quality & reliability Ordering resources About Tl
Products Applications Design & development Quality & reliability Ordering resource

Home ' Cross-reference search

Home  Products & Passive and discrete Diodes

Cross-reference search @

D| Od es Find drop-in replacements or equivalent parts: Search competitor and
Tl parts or upload a list. Get detailed recommendations, compare
products, check inventory and view pricing.

ttable 162 of 162 total products

Product number Images Vrwm (V) Number of Bi-/uni- _
e directional Search part numbers  Upload a list
= = = = Paste or type part numbers separated by newlines Customize your search
Enter up to 30 parts SDI’Tby
v [J MMBZ27VAL - NEW 22 2 Uni-Directional ploshpars @ Lowest pice
Data sheet: PDF | HTML > O Highest invencory

(O Newest part

v [ TsD12-Q1- NEW La 12 1 Uni-Directional

Data sheet: PDF | HTML

~ [ TsD15-Q1 - NEW 15 1 Uni-Directional m

Data sheet: PDF | HTML Log in to search for more than 30 parts

v [ TsD18-Q1- NEW 18 1 Uni-Directional
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Diodes | Collateral & resources

Selection Guide System-level ESD Protection Guide

Document Type

White Paper Demystifying Surge Protection

Application Note ESD Packaqging and Layout Guide

Application Note How to Select a Surge Diode

Application Note Preventing ESD Arcing in a Connector

Application Note Protecting Ethernet Ports from Surge Events

Application Note IEC 61000-4-x Tests for TI's Protection Devices

Application Brief Why Use Tl Zener Diodes for High Power Applications

Application Brief Low-Noise Zeners

User Guide Generic ESD Evaluation Module User’s Guide

User Guide Reading and Understanding an ESD Protection Data Sheet

B anpnnn B
E2E Support ESD ti.com ESD Device ESD FAQs Cross Reference
Forum Search Tool 42

w3 Texas INSTRUMENTS


https://www.ti.com/lit/sg/sszb130d/sszb130d.pdf?ts=1697729988379
https://www.ti.com/lit/sg/sszb130d/sszb130d.pdf?ts=1697729988379
https://www.ti.com/lit/sg/sszb130d/sszb130d.pdf?ts=1697729988379
https://www.ti.com/lit/wp/slyy152/slyy152.pdf?ts=1697829723058&ref_url=https%253A%252F%252Fe2e.ti.com%252F
https://www.ti.com/lit/an/slvaex9b/slvaex9b.pdf?ts=1697829699138&ref_url=https%253A%252F%252Fe2e.ti.com%252F
https://www.ti.com/lit/an/slvae37/slvae37.pdf?ts=1697829713363&ref_url=https%253A%252F%252Fe2e.ti.com%252F
https://www.ti.com/lit/an/slva707/slva707.pdf?ts=1702409774399&ref_url=https%253A%252F%252Fe2e.ti.com%252F
https://www.ti.com/lit/an/slvae50a/slvae50a.pdf?ts=1697829654390
https://www.ti.com/lit/an/slva711/slva711.pdf
https://www.ti.com/lit/an/slva711/slva711.pdf
https://www.ti.com/lit/an/slva711/slva711.pdf
https://www.ti.com/lit/an/slva711/slva711.pdf
https://www.ti.com/lit/an/slva711/slva711.pdf
https://www.ti.com/lit/ab/slvafx7/slvafx7.pdf?ts=1761163336337&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1761163369823&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1761163369823&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1761163369823&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ab/slvag25/slvag25.pdf?ts=1761163369823&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct-category%252Fpassive-discrete%252Fdiodes%252Fzener-diodes%252Foverview.html
https://www.ti.com/lit/ug/slvubg5a/slvubg5a.pdf?ts=1697829780963
https://www.ti.com/lit/ug/slla305a/slla305a.pdf?ts=1697829544103
https://www.ti.com/interface/circuit-protection/esd-surge-protection-ics/overview.html
https://e2e.ti.com/
https://www.ti.com/interface/circuit-protection/esd-surge-protection-ics/products.html
https://e2e.ti.com/support/interface-group/interface/f/interface-forum/1090731/faq-esd-and-tvs-protection-devices-key-collateral-and-faqs
http://e2e.ti.com/support/interface/f/138
https://e2e.ti.com/
https://e2e.ti.com/
http://e2e.ti.com/support/interface/f/138
https://www.ti.com/product-category/passive-discrete/diodes/overview.html
http://e2e.ti.com/support/interface/f/138
https://www.ti.com/product-category/passive-discrete/diodes/products.html?login-check=true
https://www.ti.com/product-category/passive-discrete/diodes/products.html?login-check=true
http://e2e.ti.com/support/interface/f/138
https://e2e.ti.com/support/interface-group/interface/f/interface-forum/1090731/faq-esd-and-tvs-protection-devices-key-collateral-and-faqs
https://www.ti.com/cross-reference-search
http://e2e.ti.com/support/interface/f/138
https://www.ti.com/cross-reference-search
https://www.ti.com/cross-reference-search

Questions?

wi» Texas INSTRUMENTS



I3 TEXAS
INSTRUMENTS

© Copyright 2025 Texas Instruments Incorporated. All rights reserved.

This material is provided strictly “as-is,” for informational purposes only, and without any warranty.
Use of this material is subject to TI's Terms of Use, viewable at Tl.com



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	Introduction
	Slide 1
	Slide 2
	Slide 3
	Slide 4: Diodes | Where to place ESD protection 
	Slide 5: Diodes | Working voltage (VRWM)
	Slide 6: Diodes | Polarity
	Slide 7: Diodes | Capacitance 
	Slide 8: Diodes | Leakage current
	Slide 9: Diodes | Clamping voltage
	Slide 10: Diodes | Investment pillars

	Roadmap
	Slide 11: Diodes | Portfolio
	Slide 12: Diodes | Key features
	Slide 13: Diodes | ESD Overview
	Slide 14: Diodes | ESD overview
	Slide 15: Diodes | ESD package overview
	Slide 16: Diodes | TVS overview
	Slide 17: Diodes | TVS overview
	Slide 18: Diodes | TVS package overview
	Slide 19: Diodes | TVS flat-clamp surge  
	Slide 22: Diodes | TSDxx(C) diodes
	Slide 23: Diodes | Zener overview
	Slide 24
	Slide 25: Diodes | Zener diodes
	Slide 26: Diodes | Applications overview
	Slide 27: Diodes | Automotive applications
	Slide 28
	Slide 29: Diodes | Wireless high speed
	Slide 30: Diodes | USB type-C
	Slide 32: Diodes | RS-485 interface
	Slide 34: Diodes | CAN protection
	Slide 36: Diodes | HDMI 2.1/ 2.0/1.4/1.3 
	Slide 38: Diodes | General purpose ESD
	Slide 40: Diodes | Where to find us
	Slide 41: Diodes | Cross reference search
	Slide 42: Diodes | Collateral & resources 
	Slide 43: Questions?
	Slide 44


