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New application in this guide  

New TVS Diode in Production  



Glossary of Essential Parameters  

ÂRDYN is the dynamic resistance of the diode, which is calculated 
according to the procedure described in Infineon AN210 . 

ÂVBR is the break down voltage defined at I R = -1mA.  

ÂVRWM is the maximum reverse working voltage of the diode.  

ÂVESD is the maximum ESD rating of the TVS diode as specified for 
contact ESD in IEC61000 -4-2.  

ÂVCL is the clamping voltage of the diode. In this guide it is specified at 
a TLP current of 16A, which is equivalent to nearly 8kV IEC61000 -4-2. 
For clamping voltage values at other ESD levels please refer to 
product data sheets under www.infineon.com/tvsdiodes .  

ÂCL is the parasitic capacitance of the diode at 1MHz and 0V bias.  

Â I R is the reverse current of the diode specified at a given reverse 
voltage, V R. Unless otherwise specified, I R values are shown in this 
guide at V R = V RWM 
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http://www.infineon.com/cms/en/product/technicalDocuments.html?channel=ff80808112ab681d0112ab6b18820716
http://www.infineon.com/tvsdiodes
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Essential Parameters Summary  

VRWM  

RDYN  

VCL 

RDYN    Dynamic Resistance  

VBR        Breakdown Voltage @ I R = 1mA  

VRWM    Reverse Max Working Voltage  

VESD     Destruction Voltage  

VCL      Clamping Voltage  

CL           Diode Capacitance  

VCL  

RDYN  

VRWM

M 

VBR  

VBR  VESD  

VESD  
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Human Interface Devices (HID)   
Keyboard, Keypad, Touchpad, Buttons  
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WARNING  
Buttons tend to build up electrostatic 
charge from repeated use and act as 

entry points for ESD strikes !  

7 4 1*

8 5 20

9 6 3#

R1

R2

R3

C1

C2

C3

C4

Keypad

Application  Requirements  

ÁRobust ESD protection is required for keyboards, keypads, buttons, and other human interface 
devices because they are heavily exposed to ESD generated by consumers during routine use.  

ÁESD can be also self -generated by the equipment if it has moving parts or carries certain materials 
e.g. printers and copy machines with sliding parts carrying paper sheets.  

ÁIn the case of battery -powered equipment, ESD diodes with very low leakage current are required 
to extend battery life.   
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Human Interface Devices (HID) (cont .)  

Keyboard, Keypad, Touchpad, Buttons  

Part Name  Packages VRWM VESD  RDYN VCL   IR max CL  

ESD5V3L1B-02LS 

 1-Line   

TSSLP-2  

 0201 size 

 0.6x0.3x0.31mm 

±5.3V ±20kV  0.22Ý  17V 100nA 4pFmin 

ESD5V3L1B-02LRH 

 1-Line  

TSLP-2  

 0402 size 

 1x0.6x0.39mm 

±5.3V ±20kV  0.22Ý  17V 100nA 4pFmin 

INFINEON ESD Protection Solution   

Á The ESD5V3L1B offers  very  robust  ESD absorption  capability,  exceeding  the  IEC61000 -4-2 
industry  standard,  and  helps  to  increase  system  level  reliability  of  modern  electronic  devices .  

Á Due  to  their  very  low  dynamic  resistance,  these  diodes  quickly  clamp  ESD strikes  at  very  low  
voltages . After  every  ESD strike,  the  diodes  recover  very  fast  without  any  sign  of  degradation .  

Á They  have  very  low  leakage  current  for  supporting  longer  battery  duration  in  portable  equipment .  

Á These  diodes  are  available  in  leadless  packages  with  sizes  down  to  0.6 x 0.4 mm  for  maximum  
protection  in  the  smallest  area . 

Want to know more? Ҧ read AN277  

http://www.infineon.com/search/en?q=esd5v3l1b-02ls
http://www.infineon.com/search/en?q=esd5v3l1b-02ls
http://www.infineon.com/search/en?q=esd5v3l1b-02ls
http://www.infineon.com/search/en?q=esd5v3l1b-02lrh
http://www.infineon.com/search/en?q=esd5v3l1b-02lrh
http://www.infineon.com/search/en?q=esd5v3l1b-02lrh
http://www.infineon.com/cms/en/product/technicalDocuments.html?channel=ff80808112ab681d0112ab6b18820716


Human Interface Devices  
Headphone Jack, Speaker, Headset  
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WARNING  
The earpiece of modern low impedance 
headsets can easily trap and divert ESD 

into the internal IC/ASIC!  

Application Requirements  

ÁAn Audio  CODEC is frequently  more  susceptible  to  ESD than  many  other  ICs  because  it  interfaces  
directly  with  external  connectors,  such  as headset  jacks,  where  ESD discharges  can  enter . 

ÁFor maximum  protection,  these  highly  susceptible  audio  systems  require  protection  devices  with  
extremely  low  dynamic  resistance  and  low  clamping  voltages .  

ÁSince  audio  signals  are  low  frequency  analog  signals,  usually  less  than  30 kHz,  diode  capacitance  is 
usually  a ñdonôt careò.  

ÁBidirectional  diodes  are  normally  compulsory  to  accommodate  audio  signals . Unidirectional  devices  
can  be used  only  in  interfaces  where  there  is no  negative  voltage  swing .  
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Human Interface Devices (cont .)  

Headphone Jack, Speaker, Headset   

Part Name  Package VRWM VESD RDYN VCL IR max CL 

ESD3V3S1B-02LS  
 1-Line 

0201 size 

TSSLP-2 

 0.6x0.3x0.31mm 

±3.3V ±30kV  0.13Ý ± 9V 50nA 14pFtyp 

ESD5V3L1B-02LS ±5.3V ±20kV  0.22Ý  ±17V 100nA 4pFmin 

ESD3V3S1B-02LRH   1-Line 

0402 size 

TSLP-2  

 1x0.6x0.39mm 

±3.3V ±30kV  0.13Ý ±9V 50nA 14pFtyp 

ESD5V3L1B-02LRH ±5.3V ±20kV  0.22Ý ±17V 100A 4pFmin 

INFINEON ESD Protection Solution   

Á The  ESD3V3S1B and  ESD5V3L1B ESD diodes  are  designed  to  quickly  clamp  multiple  ESD strikes  
to  a very  low  and  stable  voltage,  recovering  fast  to  normal  state  and  without  any  degradation .  

Á All  protection  diodes  in  the  table  below  are  suited  for  implementation  in  applications  with  signals  
having  voltage  ranges  up  to  ± 5.3V or  ± 3.3V making  them  appropriate  for  most  audio  signals .  

Á Their  very  low  leakage  currents  (I R)  support  stringent  power  saving  requirements  in  battery -
powered  equipment .  

Want to know more? Ҧ read AN277  

http://www.infineon.com/search/en?q=ESD3V3S1B&sd=PRODUCTS
http://www.infineon.com/search/en?q=ESD3V3S1B&sd=PRODUCTS
http://www.infineon.com/search/en?q=ESD3V3S1B&sd=PRODUCTS
http://www.infineon.com/search/en?q=esd5v3l1b-02ls
http://www.infineon.com/search/en?q=esd5v3l1b-02ls
http://www.infineon.com/search/en?q=esd5v3l1b-02ls
http://www.infineon.com/search/en?q=ESD3V3S1B&sd=PRODUCTS
http://www.infineon.com/search/en?q=ESD3V3S1B&sd=PRODUCTS
http://www.infineon.com/search/en?q=ESD3V3S1B&sd=PRODUCTS
http://www.infineon.com/search/en?q=esd5v3l1b-02lrh&sd=PRODUCTS
http://www.infineon.com/search/en?q=esd5v3l1b-02lrh&sd=PRODUCTS
http://www.infineon.com/search/en?q=esd5v3l1b-02lrh&sd=PRODUCTS
http://www.infineon.com/cms/en/product/technicalDocuments.html?channel=ff80808112ab681d0112ab6b18820716


High Speed Interfaces  
USB2.0 Single Port (USB2.0, Micro USB..)  
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WARNING  
Connectors not only allow the free 

flow of data between two 
systemsébut also ESD strikes! 

Application Requirements  

ÁUSB ports are very susceptible to over -voltage transients like ESD discharges and Cable Discharge 
Events (CDE).   

ÁTransients can propagate through the connector down to the data lines and end up in the heart of 
the IC/ASIC.  To avoid damage, robust protection is required on data lines D+, D -  and on the Vcc 
power - line.  

ÁFor high -speed USB2.0, the signal voltage on the D+,D -  lines vary between -0.5Vé+0.5V. For USB 
Full and Low Speed and for Vcc the TVS diode has to handle 5V.  

ÁThe data Rate of high -speed USB2.0 is 480Mbps. Capacitive loading from discrete components needs 
to be minimized for optimal signal integrity.  
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High Speed Interfaces (cont.)  

USB2.0 Single Port (USB2.0, Micro USB..)  

INFINEON ESD Protection Solution   

Á Ultralow capacitance ESD diodes to ensure the highest signal integrity in high -speed data paths.   

Á High level protection against ESD and Cable Discharge Events increases system level reliability.  

Á For 1 - line protection choose ESD diodes in miniature TSSLP -2 and TSLP -2 packages. For 2 - line 
protection choose from the TSLP -2 leadless or the leaded TSFP -3 packages. These parts have 
identical electrical performance across all package types. For V CC protection Infineon recommends its  
general purpose diode series.  

Part Name Package VRWM VESD RDYN VCL IR max CL 

Single line diode options for one I/O line protection (leadless) 

ESD5V3U1U-02LS 
0201 size TSSLP-2 

0.6x0.3x0.31mm 
5.3V ±20kV 0.6Ý 28V 50nA 

0.4pFtyp 

0.6pFmax 

ESD5V3U1U-02LRH 
0402 size TSLP-2 

1.0x0.6x0.39mm 
5.3V ±20kV 0.6Ý 28V 50nA 

0.4pFtyp 

0.6pFmax 

Dual line diode options for two I/O lines protection (leadless or leaded) 

ESD5V3U2U-03LRH 
0402 size TSLP-3 

1x0.6x0.39mm 
5.3V ±20kV 0.6Ý 28V 50nA 

0.4pFtyp 

0.6pFmax 

ESD5V3U2U-03F 
TSFP-3 leaded 

1.2x1.2x.0.55mm 
5.3V ±20kV 0.6Ý 28V 50nA 

0.4pFtyp 

0.6pFmax 

Want to know more? Ҧ read AN140  

Click HERE to see protection recommendations for the V CC line   

http://www.infineon.com/search/en?q=ESD5V3U1U-02LS
http://www.infineon.com/search/en?q=ESD5V3U1U-02LS
http://www.infineon.com/search/en?q=ESD5V3U1U-02LS
http://www.infineon.com/search/en?q=ESD5V3U1U-02LRH
http://www.infineon.com/search/en?q=ESD5V3U1U-02LRH
http://www.infineon.com/search/en?q=ESD5V3U1U-02LRH
http://www.infineon.com/search/en?q=ESD5V3U2U-03LRH
http://www.infineon.com/search/en?q=ESD5V3U2U-03LRH
http://www.infineon.com/search/en?q=ESD5V3U2U-03LRH
http://www.infineon.com/search/en?q=ESD5V3U2U-03F
http://www.infineon.com/search/en?q=ESD5V3U2U-03F
http://www.infineon.com/search/en?q=ESD5V3U2U-03F
http://www.infineon.com/cms/en/product/technicalDocuments.html?channel=ff80808112ab681d0112ab6b18820716
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High Speed Interfaces  
USB2.0 Dual Ports  

Application Requirements  

Á Most modern laptops implement two or more USB2.0 ports very close to one another.   

Á Identical ESD requirements as for single USB2.0 ports apply (see previous pages).  

Á Protection is required on all data lines D1+, D1 - , D2+, D2 -  and V cc. 

Á Array devices for multi - line protection are preferred in space -constrained applications.  

WARNING  
Every time the device is 

connected or disconnected, the 
circuit receives a current or 

voltage transient !  
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High Speed Interfaces (cont.)  

USB2.0 Dual Ports  

INFINEON ESD Protection Solution   

Á ESD5V5ULC is a best - in class solution providing high ESD and surge immunity protection 
exceeding industryôs standards.   

Á Very low capacitance (C L) and market leading capacitance matching ( æCL) ensure best 

compliance with signal integrity requirements without sacrificing protection performance.  

Á Infineon ós proposal is a cost-effective single -chip solution with complete system protection: It 
simultaneously provides protection on all vulnerable interface lines (D1+, D1 - , D2+, D2 -  and Vcc)  
in a single protection array.  

Part Name Package VRWM VESD EFT Surge RDYN VCL IR max 

CL typ 

I/O-GND 

I/O-I/O 

æCL typ 

I/O-GND  

I/O-I/O 

Multiline Array for 4 I/O lines  + VCC protection (leaded) 

ESD5V5U5ULC 

 

4- Line  + Vcc 

SC74 

2.9x2.5x0.55mm 

5.5V ±25kV 50A 6A 0.3Ý 11.5V 100nA 
0.45pF 

0.23pF 

0.02pF 

0.01pF 

http://www.infineon.com/search/en?q=ESD5V5U5ULC
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High Speed Interfaces  
USB3.0 Super Speed  

Application Requirements  

Á Due to their construction USB3.0 pins are highly exposed to ESD originating during routine use and 
the newer USB3.0 microcontrollers are extremely susceptible to ESD.  

Á The USB3.0 link data transmission rate of 5GBps places formidable requirements on the capacitance 
of protection components, which needs to be low to achieve the highest signal integrity.  

Á For these reasons, Infineon offers tailored USB3.0 protection with low V CL , high V ESD, and ultralow C L  

WARNING  
Poor package choices force 

designers to adopt difficult routing 
configurations, causing signal 

integrity issues !  

26.04.2012  
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High Speed Interfaces (cont .)  

USB3.0 Interface: Infineon Protection Option # 1  

INFINEON ESD Protection Solution  

Á Robust and long - term system level protection on multiple ESD strikes of up to ± 20kV (IEC61000 -
4-2 contact discharge) without any signs of degradation.  

Á Extremely low clamping voltage and fast response time at all levels of ESD make them the ESD 
diodes of choice for protection of ultra -susceptible USB3.0 micro -controllers.  

Á The ultralow capacitance and inductance prevent impedance mismatching from going out of 
control while ensuring optimal signal integrity over a large variation in PCB qualities.  

Á The flow - through design of the TSLP -9 package simplifies PCB layout. The package can be placed 
on top of the high speed differential pairs to avoid complex vias or loops, facilitating PCB design.  

Part Name Package VRWM VESD RDYN VCL IR 

CL typ 

I/O-GND 

I/O-I/O 

æCL typ 

I/O-GND  

I/O-I/O 

Multiline Array for four I/O lines protection of the USB3.0 link (leadless) 

ESD3V3U4ULC 
1 device protects the 

complete USB3.0  link 

Flow-through 

4-I/O  Line 

TSLP-9 

2.3x1.0x0.31mm 

3.3V ±20kV 0.23Ý 11V 50nA 
0.40pF 

0.20pF 

0.02pF 

0.01pF 

Multiline Array for four I/O lines + Vcc protection of the USB2.0 link (leadless) 

ESD5V3U4U-HDMI 
1 device protects the 

complete USB2.0 + Vcc link.  

Flow-through 

4-I/O line 

TSLP-9 

2.3x1.0x0.31mm 

5.3V ±20kV 0.6Ý 28V <1nA 
0.4pF 

0.2pF 

0.02pF 

0.01pF 

Want to see an example? Ҧ see next page !  

http://www.infineon.com/search/en?q=ESD3V3U4ULC
http://www.infineon.com/search/en?q=ESD5V3U4U-HDMI
http://www.infineon.com/search/en?q=ESD5V3U4U-HDMI
http://www.infineon.com/search/en?q=ESD5V3U4U-HDMI
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High Speed Interfaces (cont .)  

PCB Layout for USB3.0 Standard Connector ñAò 

1
2

3
4

9
8

7
6

5

V
B

u
s

StdA_SSTX+

StdA_SSTX-

D-

D+
StdA_SSRX+

StdA_SSRX-

GND

GND

G
N

D

GND

ESD5V3U4U-HDMI  

for the USB2.0 Link 

Including Vcc 

ESD3V3U4U-LC  

for the USB3.0 Link 

Example with 1x ESD3V3U4ULC (USB3.0) and 1 x ESD5V3U4U-HDMI (USB2.0 + Vcc) 

for optimized PCB layout 

Want to know more? Ҧ see next page !  



High Speed Interfaces (cont .)  

PCB Layout for USB3.0 Micro Connector  

w=300um

Differential

coupled MS-line

Z_diff: 90 Ohm

g=250um

Skinny Traces

w=150...200um

Z_diff: 90 Ohm

PCB line dimensions relevant to a 
copper height=0.2mm above the 
PCB dielectric material  

1 x ESD5V3U4U-HDMI  

for the full  USB2.0 Link 

Including Vcc 

1 x ESD3V3U4U-LC  

for the  full USB3.0 Link 

Example for an optimized PCB layout using ESD3V3U4ULC (USB3.0) and ESD5V3U4U-

HDMI (USB2.0 + Vcc) 

26.04.2012 Page 16 
Want to know more? Ҧ see next page !  
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High Speed Interfaces (cont .)  

USB3.0 Interface: Infineon Protection Option # 2  

INFINEON ESD Protection Solution   

Á Robust and long - term system level protection on multiple ESD strikes of up to ± 20kV (IEC61000 -
4-2 contact discharge) without any signs of degradation.  

Á The ultralow capacitance and inductance prevent impedance mismatching from going out of 
control while ensuring optimal signal integrity over a large variation in PCB qualities.  

Á The flow - through design of the TSLP -9-1 package simplifies PCB layout. The array can be placed 
on top of the high speed differential pairs to avoid complex vias or loops, facilitating PCB design. 
The leaded TSFP -3 package provides a cost -effective solution for the protection of the USB2.0 link.  

Part Name Package VRWM VESD RDYN VCL IR 

CL typ 

I/O-GND 

I/O-I/O 

æCL typ 

I/O-GND  

I/O-I/O 

Multiline Array for four I/O lines protection of USB3.0 link (leadless) 

ESD3V3U4ULC 
1 device protects the 

complete USB3.0  link 

Flow-through 

4-I/O  Line 

TSLP-9 

2.3x1.0x0.31mm 

3.3V ±20kV 0.23Ý 11V 50nA 
0.40pF 

0.20pF 

0.02pF 

0.01pF 

Multiline line array  for 2 lines protection of USB2.0 Link (leaded) 

ESD5V3U2U-03F 
Protects USB2.0 Link 

TSFP-3 leaded 

1.2x1.2x.0.55mm 
5.3V ±20kV 0.6Ý 28V 50nA 

0.4pFtyp 

0.6pFmax 
 n.a. 

Want to know more? Ҧ see next page !  

Click HERE to see protection recommendations for the V CC line   

http://www.infineon.com/search/en?q=ESD3V3U4ULC
http://www.infineon.com/search/en?q=ESD5V3U2U-03F
http://www.infineon.com/search/en?q=ESD5V3U2U-03F
http://www.infineon.com/search/en?q=ESD5V3U2U-03F


Page 18  

High Speed Interfaces (cont .)  

PCB Layout for USB3.0 Standard Connector ñAò 

 

14.05.2012 

ESD3V3U4ULC  

USB3.0 Link 

1 x ESD5V3U2U-03F  

USB2.0 Link 

1 x ESD5V3L1B- 

Vcc 

Example with 1 x ESD3V3U4ULC (USB3.0), 1 x ESD5V3U2U-03F (USB2.0),  

and 1 x ESD5V3L1B-Series (Vcc) 

26.04.2012 

Identical line-length is 

imperative for TX-/TX+ and for 

RX+/RX- to minimize skew 

Want to know more? Ҧ read AN240 !  

http://www.infineon.com/cms/en/product/technicalDocuments.html?channel=ff80808112ab681d0112ab6b18820716
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High Speed Interfaces  
HDMI1.3 and HDMI1.4a  

Application  Requirements  

Á HDMI uses small CMOS geometries 
to increase data rate performance. 
The small geometries of these graphic 
chips make them highly susceptible to 
ESD.  

Á Another common threat when 
plugging and unplugging cables  are 
Cable Discharge Events (CDE). 
Common practice in the industry is to 
test CDE to the IEC61000 -4-2 
standard.  

Á ESD protection is required on all 
differential pairs and V cc.  

Á The signal voltage levels vary 
between 2.5V and 3.5V, and Vcc=5V.   

Á Maximum data rate is 3.4Gb/s per 
pair. Some common ESD solutions 
cause signal distortion due to high 
capacitance resulting in poor signal 
integrity and video quality.  

WARNING  
CDE (Cable Discharge Event) occurs when a charged cable is 

plugged into its receptacle and a high -voltage pulse is 
transferred to the internal circuit trough the HDMI port !  














































