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Description 

RClamp0554S  is a low capacitance TVS array designed to 
protect high speed data interfaces. This series has been 
specifi cally designed to protect sensiƟ ve components 
which are connected to data and transmission lines from 
overvoltage caused by ESD (electrostaƟ c discharge), CDE 
(Cable Discharge Events), and Lightning. 

The unique design incorporates surge rated, low 
capacitance steering diodes and a TVS diode in a single 
package. During transient condiƟ ons, the steering diodes 
direct the transient current to either the posiƟ ve side of 
the power supply line or to ground. The internal TVS diode 
prevents over-voltage on the power line, protecƟ ng any 
downstream components.

RClamp0554S is in a 6-lead SOT-23 package. The leads are 
fi nished with lead-free maƩ e Ɵ n.  Each device will protect 
up to four high-speed lines.

Applications
 10/100/1000 Ethernet
 USB 2.0 Power and Data Line ProtecƟ on
 Video Graphics Cards
 Monitors and Flat Panel Displays
 Digital Video Interface (DVI)
 Notebook Computers
 IEEE 1394 Firewire Ports

Mechanical Characteristics
 JEDEC SOT-23 6L package
 Pb-Free, Halogen Free, RoHS/WEEE Compliant
 Lead Finish: NiPdAu
 Molding compound fl ammability raƟ ng: UL 94V-0
 Marking: Marking Code + Date Code
 Packaging: Tape and Reel

Features
 ESD protecƟ on for high-speed data lines to
 IEC 61000-4-2 (ESD): 25kV (Contact), 30kV (Air)
 IEC 61000-4-4 (EFT): 40A (5/50ns)
 IEC 61000-4-5 (Lightning): 25A (8/20μs)
 Array of surge rated diodes with internal TVS Diode
 Small package saves board space
 Protects four I/O lines and Voltage Bus
 Low capacitance: 5pF (VR=0V)
 Low clamping voltage
 Low operaƟ ng voltage: 5V
 Solid-state silicon-avalanche technology

RClamp0554S
RailClamp® 

3.3V, Low Capacitance TVS Diode Array
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Circuit Diagram Schematic & Pin Configuration

SOT-23 6L (Top View)
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Absolute Maximum Rating

RATING SYMBOL VALUE UNITS

Peak Pulse Power (tp = 8/20μs) PPK 375 W

Peak Pulse Current (tp = 8/20μs) IPP 25 A

ESD per IEC 61000-4-2 (Contact)(1)

VESD

±25
kV

ESD per IEC 61000-4-2 (Air)(1) ±30

OperaƟ ng Temperature TOP -55 to +125 OC
Storage Temperature TSTG -55 to +150 OC

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS

Reverse Stand-Off  Voltage VRWM 5 V

Reverse Breakdown Voltage VBR It = 1mA 6 V

Reverse Leakage Current IR VRWM = 5V 500 nA

Clamping Voltage VC

IPP = 1A, tp = 8/20 μs, Any I/O to GND 9.8

VIPP = 10A, tp = 8/20 μs, Any I/O to GND 12

IPP = 25A, tp = 8/20 μs, Any I/O to GND 15

JuncƟ on Capacitance CJ

VR = 0V, f = 1MHz, Any I/O to Ground 5
pF

VR = 0V, f = 1MHz, I/O to I/O 3

Notes: ESD Gun return path to Ground Reference Plane (GRP).

Electrical Characteristics
T=25OC unless otherwise specifi ed
I/O pins are pin 1, 3, 4, and 6
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Non-RepeƟ Ɵ ve Peak Pulse Power vs. Pulse Time

Pulse Waveform

Forward Voltage vs. Forward Current

Power DeraƟ ng Curve

Clamping Voltage vs. Peak Pulse Current

Normalized Capacitance  vs. Reverse Voltage

Typical Characteristics

0.1

1

10

0.1 1 10 100
Pulse Duration - tp (s

Pe
ak

 P
ul

se
 P

ow
er

 - 
P P

 (k
W

)

0

10

20

30

40

50

60

70

80

90

100

110

0 5 10 15 20 25 30
Time (μs)

Pe
rc

en
t o

f I
PP

e-t

td = IPP/2

0

10

20

30

40

50

60

70

80

90

100

110

0 25 50 75 100 125 150

Ambient Temperature - TA (oC)

%
 o

f R
at

ed
 P

ow
er

 o
r

P

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30

Peak Pulse Current - IPP (A)

Cl
am

pi
ng

 V
ol

ta
ge

 -V
C
 (V

)

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Reverse Voltage (VR) - V

Cj
(V

R)
 / 

Cj
(V

R=
0V

)

0

1

2

3

4

5

6

7

8

9

10

0 5 10 15 20 25 30

Peak Pulse Current - Ipp (A)

Fo
rw

ar
d 

Vo
lta

ge
 - 

Vf
 (V

)

RClamp0554S
Preliminary Datasheet:  Rev. 4.1
Revision Date:  3/6/2024

RClamp0554S
Final Datasheet:   Rev. 4.1
Revision Date:  3/6/2024

Waveform Parameters:
tr = 8μs
td = 20μs
I/O pins are pin 1, 3, 4, and 6

Waveform Parameters:
tr = 8μs
td = 20μs
I/O pins are pin 1, 3, 4, and 6

f = 1 MHz
I/O pins are pin 1, 3, 4, and 6

Waveform Parameters:
tr = 8μs
td = 20μs
I/O pins are pin 1, 3, 4, and 6
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InserƟ on Loss S21 - Any I/O to GND InserƟ on Loss S21 - Any I/O to I/O

Typical Characteristics
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START. 030 MHz 3STOP 000.000000 MHz

CH1S21 LOG 6 dB / REF 0 dB
1: -1.0964 dB 

800 MHz 

2: -1.2545 dB 
900 MHz 

3: -6.7229 dB 
1.8 GHz 
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ESD Clamping - Between any I/O and GND
(+8kV Contact per IEC 61000-4-2)

Note: Data is taken with a 10x attenuator
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START. 030 MHz 3STOP 000.000000MHz

CH1S21 LOG 6 dB / REF 0 dB
1: -0.47220 dB 
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2: -0.5278 dB 
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ESD Clamping - Between any I/O and GND
(-8kV Contact per IEC 61000-4-2)

Note: Data is taken with a 10x attenuator
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Applications Information

Device ConnecƟ on OpƟ ons for ProtecƟ on of Four High-
Speed Data Lines
The RClamp0554S is designed to protect four data lines 
from transient over-voltages by clamping them to a fi xed 
reference. When the voltage on the protected line exceeds 
the reference voltage (plus diode VF) the steering diodes are 
forward biased, conducƟ ng the transient current away from 
the sensiƟ ve circuitry. Data lines are connected at pins 1, 3, 4 
and 6.  The negaƟ ve reference (REF1) is connected at pin 2.  
This pin should be connected directly to a ground plane on 
the board for best results. The path length is kept as short as 
possible to minimize parasiƟ c inductance. The posiƟ ve refer-
ence (REF2) is connected at pin 5. The opƟ ons for connecƟ ng 
the posiƟ ve reference are as follows:

1. To protect data lines and the power line, connect pin        5 
directly to the posiƟ ve supply rail (VCC).  In this confi gura-
Ɵ on the data lines are referenced to the supply voltage.  The 
internal TVS diode prevents over-voltage on the supply rail.

2. The RClamp0554S can be isolated from the power supply 
by adding a series resistor between pin 5 and VCC.  A value 
of 100kΩ is recommended.  The internal TVS and steering 
diodes remain biased, providing the advantage of lower 
capacitance.

3. In applicaƟ ons where no posiƟ ve supply reference is avail-
able, or complete supply isolaƟ on is desired, the internal TVS 
may be used as the reference.  In this case, pin 5 is not con-
nected.  The steering diodes will begin to conduct when the 
voltage on the protected line exceeds the working voltage of 
the TVS (plus one diode drop).

ESD ProtecƟ on With RailClamps®
RailClamps are opƟ mized for ESD protecƟ on using the rail-to-
rail topology.  Along with good board layout, these devices 
virtually eliminate the disadvantages of using discrete com-
ponents to implement this topology. Consider the situaƟ on 
shown in Figure 1 where discrete diodes or diode arrays 
are confi gured for rail-to-rail protecƟ on on a high speed 
line.  During posiƟ ve duraƟ on ESD events, the top diode will 
be forward biased when the voltage on the protected line 
exceeds

Data Line and Power Supply ProtecƟ on Using Vcc as 
reference

Data Line ProtecƟ on with Bias and Power Supply 
IsolaƟ on Resistor

Data Line ProtecƟ on Using Internal TVS Diode as 
Reference
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Applications Information (continued)

the reference voltage plus the VF drop of the diode. For 
negaƟ ve events, the boƩ om diode will be biased when the 
voltage exceeds the VF of the diode.  At fi rst approximaƟ on, 
the clamping voltage due to the characterisƟ cs of the protec-
Ɵ on diodes is given by:

VC = VCC + VF (for posiƟ ve duraƟ on pulses)
VC =  -VF       (for negaƟ ve duraƟ on pulses)

However, for fast rise Ɵ me transient events, the eff ects of 
parasiƟ c inductance must also be considered as shown in 
Figure 2. Therefore, the actual clamping voltage seen by the 
protected circuit will be:

VC = VCC + VF + LP diESD/dt  (for posiƟ ve duraƟ on pulses)
VC = -VF - LG diESD/dt           (for negaƟ ve duraƟ on pulses)

ESD current reaches a peak amplitude of 30A in 1ns for a lev-
el 4 ESD contact discharge per IEC 61000-4-2. Therefore, the 
voltage overshoot due to 1nH of series inductance is:

V = LP diESD/dt = 1X10-9 (30 / 1X10-9) = 30V
Example:
Consider a VCC = 5V, a typical VF of 30V (at 30A) for the steer-
ing diode and a series trace inductance of 10nH. The clamp-
ing voltage seen by the protected IC for a posiƟ ve 8kV (30A) 
ESD pulse will be:

VC = 5V + 30V + (10nH X 30V/nH) = 335V

This does not take into account that the ESD current is direct-
ed into the supply rail, potenƟ ally damaging any components 
that are aƩ ached to that rail.  Also note that it is not un-
common for the VF of discrete diodes to exceed the damage 
threshold of the protected IC. This is due to the relaƟ vely 
small juncƟ on area of typical discrete components. It is also 
possible that the power dissipaƟ on capability of the discrete 
diode will be exceeded, thus destroying the device.

The RailClamp is designed to overcome the inherent disad-
vantages of using discrete signal diodes for ESD suppression.  
The RailClamp’s integrated TVS diode helps to miƟ gate the 
eff ects of parasiƟ c inductance in the power supply con-
necƟ on.  During an ESD event, the current will be directed 
through the integrated TVS diode to ground. The maximum 
voltage seen by the protected IC due to this path will be the 
clamping voltage of the device.

Figure 1 - “Rail-To-Rail” ProtecƟ on Topology
(First ApproximaƟ on)

Figure 2 - The Eff ects of ParasiƟ c Inductance
When Using Discrete Components to Implement

Rail-To-Rail ProtecƟ on

Figure 3 - Rail-To-Rail Using 
RailClamp TVS Arrays
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Applications Information (continued)

helps to miƟ gate the eff ects of parasiƟ c inductance in the 
power supply connecƟ on.  During an ESD event, the current 
will be directed through the integrated TVS diode to ground.  
The maximum voltage seen by the protected IC due to this 
path will be the clamping voltage of the device.

Universal Serial Bus ESD ProtecƟ on
The RClamp0554S may also be used to protect the USB ports 
on monitors, computers, peripherals or portable systems. 
Each device will protect up to two USB ports (Figure 4). When 
the voltage on the data lines exceed the bus voltage (plus 
one diode drop), the internal recƟ fi ers are forward biased 
conducƟ ng the transient current away from the protected 
controller chip. The TVS diode directs the surge to ground.  
The TVS diode also acts to suppress ESD strikes directly on 
the voltage bus. Thus, both power and data pins are protect-
ed with a single device.

RClamp0554S

Figure 4 - Dual USB Port ProtecƟ on
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Outline Drawing - SOT23 6L

.110 BSC

.037 BSC

DETAIL

aaa C

SEATING

ccc C
2X N/2 TIPS

2X E/2

6

SEE DETAIL

A1

AA2

bxN

A

.008

1 2

N

E
.060

.114

.063
.122

.010 -

6

A

0.20

1.60
3.10

2.80 BSC
0.95 BSC

.069 1.50
2.90

.020 0.25

1.75

0.50-

EI

L

(L1)

c

01
0.25

PLANE
GAGE

H

2.80.110

bbb C A-B D

0°

.008

-
.004

.012

.003

(.024)
.018

-

.035

.000

.035
-
-

.045

0.10

0.20

10° 0° - 10°

1.15

(0.60)
0.45.024

.009

0.30

0.08

.057

.051

.006 0.00
.90

0.90

0.22

0.60

-

0.15
1.45

1.30
-
-

1.90 BSC.075 BSC

A

e1 D

e

B

C
PLANE

D

DATUMS           AND           TO BE DETERMINED AT DATUM PLANE

CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

DIMENSIONS "E1" AND "D" DO NOT INCLUDE MOLD FLASH, PROTRUSIONS3.
OR GATE BURRS.

NOTES:
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Marking Code 

Order Information

V54 YW

Tape and Reel Specification

epaT
htdiW

)xaM(,B D 1D E F
K

)XAM(
P 0P 2P )XAM(T W

mm8
mm2.4
)561.(

mm1.0+5.1
mm0.0-

mm0.1
50.0±

01.±057.1
mm

50.0±5.3
mm

mm4.2
1.0±0.4

mm
1.0±0.4

mm
50.0±0.2

mm
mm4.0

mm0.8
mm3.0+
mm1.0-

0A 0B 0K

mm50.0-/+32.3 mm50.0-/+71.3 mm50.0-/+73.1

User Direction of feed

Pin 1 Location

PART NUMBER QTY PER REEL REEL SIZE

RClamp0554S.TCT 3,000 7"
RailClamp and RClamp are registered trademarks of Semtech CorporaƟ on.

Note: YW = 2 - Date Code Alphanumeric characters for Date Code
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Important NoticeImportant Notice
Information relating to this product and the application or design described herein is believed to be reliable, however such 
information is provided as a guide only and Semtech assumes no liability for any errors in this document, or for the application 
or design described herein. Semtech reserves the right to make changes to the product or this document at any time without 
notice. Buyers should obtain the latest relevant information before placing orders and should verify that such information is 
current and complete. Semtech warrants performance of its products to the specifications applicable at the time of sale, and all 
sales are made in accordance with Semtech’s standard terms and conditions of sale. 

Product features listed in this datasheet may be suitable for “non-safety” applications in Automotive use cases. Information 
in this datasheet for such applications is provided as a guide only.  No safety claim is made in respect of the product described 
in this datasheet when used in Automotive safety systems or security devices, including systems for controlling vehicles 
and other transportation equipment; responsibility for achieving safety goals belongs solely to the buyer and/or integrators.  
Semtech is under no obligation to provide any data regarding safety integration to the buyer or any integrator.

SEMTECH PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED OR WARRANTED TO BE SUITABLE FOR USE 
IN AUTOMOTIVE SAFETY OR SECURITY DEVICES, INCLUDING SYSTEMS FOR CONTROLLING VEHICLES AND OTHER 
TRANSPORTATION EQUIPMENT, LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS, OR IN NUCLEAR APPLICATIONS 
IN WHICH THE FAILURE COULD BE REASONABLY EXPECTED TO RESULT IN PERSONAL INJURY, LOSS OF LIFE OR SEVERE 
PROPERTY OR ENVIRONMENTAL DAMAGE.  INCLUSION OF SEMTECH PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO 
BE UNDERTAKEN SOLELY AT THE CUSTOMER’S OWN RISK. Should a customer purchase or use Semtech products for any such 
unauthorized application, the customer shall indemnify and hold Semtech and its officers, employees, subsidiaries, affiliates, 
and distributors harmless against all claims, costs damages and attorney fees which could arise.

The Semtech name and logo are registered trademarks of the Semtech Corporation. All other trademarks and trade names 
mentioned may be marks and names of Semtech or their respective companies. Semtech reserves the right to make changes 
to, or discontinue any products described in this document without further notice. Semtech makes no warranty, representation 
or guarantee, express or implied, regarding the suitability of its products for any particular purpose. All rights reserved.

© Semtech 2024
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