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Figure 1. Schematic Representation of TVS Diode Protection Options
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Vbp

D, clamps positive voltages
Ve =Vpp + VE

D, clamps negative voltages
Ve =Vss — Vg

Y
Vss

(Vss is typically connected to Ground)

Figure 2. Diode Arrays Clamp the Surge Voltage to a Diode Drop above or below the Power Rails
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Table 1. AVALANCHE TVS DIODE SURGE PROTECTION CIRCUITS

Bidirectional

Unidirectional

Low Capacitance
Bidirectional

Low Capacitance
Unidirectional

Schematic Data Line Data Line
Z;
Z Dy Z, D,
z D2
2 Zy Dy Z;
Clamping Voltage (V¢)
Positive Surge VF_z1 + VBR_z2 VBR_71 VE p1+VER 71 VE p1+ Ver 21
~(VBr_z1 + VF_22) Ve z ~(VF_p2 * VBR_22) -VE b2

Negative Surge

Attributes ® Solves common ® | ow negative ® D, and D, lower the ® D, lowers capacitance
mode offset issues clamping voltage capacitance ® 7, increases power
® Direct replacement ® 7, and Z; increase rating
for varistors power rating o Use with short cables
Trade-Offs e High capacitance ® High capacitance ® Requires four ® Requires three diodes
compared to a compared to a diodes
diode array diode array
Applications o Differential data e Single-ended data ® High-speed e High-speed single
lines lines differential data ended data lines
e Use with long e Use with short lines
cables cables
® DC power lines ® DC power lines
e High frequency ® Digital logic ICs
applications
ON Products e NUP2105L e NUP1105L e SLO5
o NUP4102 ® NZQA5V6 e SL15

Table 2. DIODE ARRAY SURGE PROTECTION CIRCUITS

Diode Array Diode Array Plus TVS Schottky Diode Array
Schematic Vbp Vbp Vbp
D1 D3 D1 D3 Dy D3
1/0¢ 1/02 1/01 1/02 1/01 110,
D> Dy D2 1 Dy Dy Dy
Clamping 1101 110, 1101 110, 1101 1/02
Voltage (V¢)
Positive Surge | Vg p1+Vpp| Vg p3+ Vpp| VF.D1 + VoD=Vc=Vz1 Br|VF D3+ VDD=VCc=VZz1 BR | VE p1+ Vpp| VE b3+ Vop
Negative Surge | ~VF b2 -VE pa ~VE b2 “VE D4 -VE p2 -VE p4
Attributes ® | ow capacitance ® | ow capacitance, with moderate power rating ® | ow clamping voltage
® Good capacitive ® 7, increases power rating ® lowVg(=0.3V)
matching (small AC ® 7, has minor effect on I/O line capacitance ® Low V¢ ensures surge
1/0;~t0~1/Og) e 7, functions as a decoupling capacitor event is clamped by
Low clamping voltage external protection
circuit
Trade-Offs Poor power rating ® 7, is large compared to diodes — which increases ® Power rating is poor
compared to avalanche package size compared to a
TVS diodes e Vp =07VforD;—Dy switching diode
VE =07V ® Relatively poor reverse
bias surge rating
Applications o Differential data lines ® Use with single—ended data line e Differential data lines
® Use with short cables ® Use with short cables ® Use with short cables
® ESD protection ® ESD protection ® ESD protection
® | ow voltage ICs
ON Products e NUP1301 e NUP2201 e NUP4302
e NUP4301 e NUP4201
www.onsemi.jp
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Bidirectional TVS Device

Current

Definitions

—» \/oltage
+VBR

VgRr = Breakdown Voltage
= Voltage at Test Current I
Vg = Forward Bias Voltage at Current I

VE < Vpr

Figure 3. Definition of a Uni- and Bidirectional TVS Circuit
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= GND,

Unidirectional Applications

® DC power supply lines

e Data lines with short cables
(i.e. Gndp = Gndg)

® | ogic device protection

Receiver

GNDg

Bidirectional Applications

® AC power supply lines

® Data lines with long cables
(i.e. Gndp = Gndg)

Figure 4. Typical Applications of Uni- and Bidirectional TVS Devices
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