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Description

RClamp®0561PQ is an ultra low capacitance ESD
protection device specifically designed to protect high-
speed differential lines. It offers desirable characteristics
for board level protection including fast response time,
low operating and clamping voltage, and no device
degradation.

RClamp0561PQ features extremely good ESD protection
characteristics highlighted by low peak ESD clamping
voltage, and high ESD withstand voltage (+/-15kV
contact per IEC 61000-4-2). RClamp0561PQ has a
typical capacitance of 0.14pF allowing it to be used in
high bandwidth applications such as HDMI 2.0 4K/2K,
Thunderbolt, and USB 3.1. Each device will protect one
high-speed data line operating up to 5.5 volts.

RClamp0561PQ is in a 2-pin SLP1006P2 package
measuring 1.0 x 0.6 mm with a nominal height of
0.50mm. Leads are finished with NiPdAu. The small
package gives the designer the flexibility to protect

single lines in applications where arrays are not practical.

Nominal Dimensions

RClamp0561PQ

Femto Farad RailClamp®
1-Line, 140fF ESD Protection

Features

« High ESD withstand voltage
¢+ |EC61000-4-2 (ESD) 18KV (air), 15kV (contact)
Low capacitance: 0.14pF Typical
Qualified to AEC-Q100
Very small PCB area
Protects one high-speed line
Working voltage: 5.5V
Typical dynamic resistance: 1.2Q
Large operating bandwidth: 16GHz
Solid-state silicon-avalanche technology

Mechanical Characteristics

SLP1006P2 Package

Pb-Free, Halogen Free, RoHS/WEEE Compliant
Nominal Dimensions: 1.0 x 0.60 x 0.50 mm
Lead Finish: NiPdAu

Marking : Marking Code

Packaging : Tape and Reel

Applications

HDMI 1.4 and HDMI 2.0
USB 3.0 and USB 3.1
Automotive infotainment
USB Type-C

Schematic and Pin Configuration
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Absolute Maximum Ratings

Rating Symbol Value Units

Peak Pulse Power (t = 8/20us) Poy 40 w

Peak Pulse Current (tp =8/20us) lop 2 A

ESD per IEC 61000-4-2 (Air)™ v +18 KV

ESD per IEC 61000-4-2 (Contact)® EsD +15

Operating Temperature T, -40to +125 °C

Storage Temperature T -55to +150 °C
Electrical Characteristics (T=25°C unless otherwise specified)

Parameter Symbol | Conditions Min. |Typ. |Max. | Units

Reverse Stand-Off Voltage Voum -40°C to 125°C 5.5 \

Reverse Breakdown Voltage Vir l.=1mA -40°C to 125°C 6.5 9 10.5 Y

T=25°C <10 50 nA
Reverse Leakage Current I Veww = 5:5V
T=125°C <10 150 nA

Clamping Voltage V. lop = 2A, t_=8/20us 15.5 20 \

ESD Clamping Voltage? V. lop = 4A, tp =0.2/100ns (TLP) 14.5 Y

ESD Clamping Voltage? V. o= 16A, tp =0.2/100ns (TLP) 29 Vv

Dynamic Resistance®3 Row tp =0.2/100ns (TLP) 1.2 Ohms

Junction Capacitance C V., =0V, f=1MHz T=25°C 0.14 0.18 pF

Cutoff Frequency F. -3dB 16 GHz

Notes:

(1): ESD gun return path connected to Ground Reference Plane (GRP)

(2): Transmission Line Pulse Test (TLP) Settings: tp = 100ns, tr = 0.2ns, |, ,and V_ , averaging window: t, = 70ns to t, = 90ns

(3): Dynamic resistance calculated from | ,=4Atol ,=16A
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Typical Characteristics

ESD Clamping (+8kV Contact per IEC 61000-4-2)

140
T, = 25°C.
120 Waveform IEC61000-4-2 +8kV.
Measured with and corrected for 500, 40dB Attenuator.
50Q Scope Input Impedance, 22GHz BW.
; ESD Gun Return connected to Ground Reference Plane.
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ESD Clamping (+8kV Contact per 1SO-10605 150pF, 330Q)

140
1SO-10605 150pF and 330 Ohm
120 50 Ohm scope input impedance 2GHz bandwidth.
Corrected for 50 Ohm and 40dB attenuator.
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ESD Clamping (+8kV Contact per 1ISO-10605 330pF, 330Q)

Clamping Voltage - V. (V)

ESD Clamping (-8kV Contact per IEC 61000-4-2)
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Waveform IEC61000-4-2 -8kV.
Measured with and corrected for 50Q, 40dB Attenuator.
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ESD Gun Return connected to Ground Reference Plane.
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ESD Clamping (-8kV Contact per ISO-10605 150pF, 330Q)

Clamping Voltage - V. (V)
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50 Ohm scope input impedance 2GHz bandwidth.
Corrected for 50 Ohm and 40dB attenuator.
-120 ESD gun return path connected to horizontal coupling plane
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ESD Clamping (-8kV Contact per 1ISO-10605 330pF, 330Q)

140 0 g
1SO-10605 330pF and 330 Ohm
50 Ohm scope input impedance 2GHz bandwidth.
120 Corrected for 50 Ohm and 40dB attenuator. -20
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Typical Characteristics (Continued)

ESD Clamping (+8kV Contact per 1SO-10605 330pF, 2kQ)

ESD Clamping (-8kV Contact per ISO-10605 330pF, 2kQ)
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120 50 Ohm scope input impedance 2GHz bandwidth.
Corrected for 50 Ohm and 40dB attenuator. -50
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Typical Characteristics (Continued)

5Gb/s (USB 3.1 Gen 1) Eye Diagram with RClamp0561PQ
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5.94Gb/s (HDMI 2.0) Eye Diagram with RClamp0561PQ
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10Gb/s (USB 3.1 Gen 2) Eye Diagram
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Application Information

USB Type-C Interface Protection

USB Type-C is a new 12-pin connector which supports
USB 3.1 SuperSpeed+ (10Gb/s) connections and USB
power delivery (USB PD). It is also backwards compatible
(via an adaptor) with USB 3.0 and USB 2.0. The USB
Type-C connector does not imply the use of USB 3.1
technology. USB Type-C is a connector shape. The
underlying technology may be USB 2.0, USB 3.0, or USB
3.1. USB Type-C plugs are reversible (i.e. can be either be
inserted right-side up or upside-down position) so there
are connections on both the top and bottom of the PCB.
The USB Type-C receptacle consists of 24-pins including:
SuperSpeed RX and TX signal pairs, USB 2.0 DP and DM
data pins, Auxiliary pins, Configuration pins, and Power
and Ground Pins. Any of these connections are capable
of conducting ESD current and should be protected.

Protection Solutions

SuperSpeed data line pairs are located on both the top
and bottom of the PCB to support Type-C plug reversal
(i.e. flip-ability). ESD protection of the SuperSpeed line
pairs is achieved using one RClamp0561PQ between
each line and ground. A total of eight devices are
required. The low capacitance of RClamp0561PQ
(0.18pF maximum) exhibits minimal effect on the
transmission line impedance and excellent insertion loss
characteristics (0.15dB loss at 5GHz). Single line devices
make it easier for the designer to route the traces and
maintain equal distance between the differential pairs

Figure 1 - USB Type-C Top Layer Protection Example

for maximum signal integrity. USB 2.0 pins support
Type-C plug reversal by shorting together the D+ pins
and D- pins in the plug receptacle. This means protection
components only need to be placed on the side of the
PCB where the traces are routed. RClamp0561PQ may
also be used for protection of these lines. These devices
can be used to protect the configuration channel (CC)
and Sideband (SBU) pins. VBus pins are connected
together within the Type-C plug and bussed together on
the PCB. USB Type-C default power is fixed at 5V. Single
line devices such as uClamp0571P are recommended

for surge and ESD protection. Note that in power
delivery (PD) applications, higher working voltage TVS
devices may be needed. Options exist for ESD and surge
protection up to 24V.

Examples of USB Type-C ESD protection topology using
single line protection devices are shown in Figure 1 and
Figure 2.

Device Placement

Placement of the protection component is a critical
element for effective ESD suppression. TVS diodes
should be placed as close to the connector as possible.
This helps reduce transient coupling to nearby traces.
Ground connections should be made directly to the
ground plane using micro-vias. This reduces parasitic
inductance in the ground path and minimizes the
clamping voltage seen by the protected device.

Figure 2 - USB Type-C Bottom Layer Protection Example
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Outline Drawing - SLP1006P2
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Land Pattern - SLP1006P2

DIMENSIONS
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1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).
2. THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.
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Marking Code

Notes:

1) Device is electrically symmetrical.
2) Marking includes line matrix date code
3) Bar indicates Pin 1 location

Tape and Reel Specification
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Ordering Information

Part Number

Qty per Reel

Reel Size

RClamp0561PQTCT

3000

7 Inch

RailClamp and RClamp are registered trademarks of Semtech Corporation.
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