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Figure 1. Lossless Transmission Line − Equivalent
Circuit
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Figure 2. ESD Protection Device − Parasitic Model
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Table 1. CAPACITANCE COMPARISON OF USB 3.0
ESD PROTECTION DEVICES

USB 3.0 ESD
Protection Device

(Diode Arrays)
Max Junction Capacitance (pF)

Specified on Datasheet

ON Semiconductor
ESD7016MUTAG

0.20 pF @ Vr = 0 V, f = 1 MHz

Competitor A 0.65 pF @ Vr = 0 V, f = 1 MHz

Competitor B − (0.20 @ 3 GHz)

Competitor C − (0.45 TYP at 0 V)

Figure 3. Impedance vs. Frequency Characteristic for a Capacitor
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Figure 4. Capacitance Over Frequency Plot for Selected USB 3.0 ESD Protection Devices
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Figure 5. Two Port Electrical Network of Lossless Transmission Line
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Figure 6. Signal Flow Diagram of the Two Port Electrical Network Shown in Figure 5
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Figure 7. Return Loss (S11) Characteristics of USB 3.0 ESD Protection Devices
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Figure 8. Insertion Loss (S21) Characteristic of USB 3.0 ESD Protection Devices

GG1r�ESD7016�sLM�´�|'&.8A
�§Ç[� %3.C��7.5 GHz�C/.0.5 dB¹
�1"4xu'�+/}Xr7.5 GHz�C/.1 dBy
��0'+WX��`O/� %3.C��xu'
�C�8`14.5 dB�[��<3./0"4G���
+¾��5 GHz��2�sLM1+�� !{S�
`��¿e"#'(1_����t
T��+��
�<3.,Y+�ÀW�%#,Y1"4xu±yA
�'���$�xu±yB�'���r�5 GHz��
2�sLM1+��êX'ÍÈ[�H§Ç[� %
3./#GHrº©gX0"4G�ëç+�5 GHz
E2�sLM1�xu'� A� !{S�xu'�
B��Ag/H/$Ôµ��&.451O0"4
N&���ÍÈ�»¼"#PQ[�+�ÍÈ[�

S11H§Ç[�S21�/}X�`	r��%���


�1"4Î����h
�(USB�HDMI�eSATA%
�…)+�WXìX¼%#*
�1)
� m�3.
C�:)
�PQ+¼%#sLM1�:3./0"J
<½c%)
�PQ+��dL�Ñ'd�1���
 m�gX#1H0���
�%�1�PQ�8`s
LM+1−0−1−0���
��%�0"4USB 3.0�*
3.¾;º:)
��*
�+5 Gbit/s1_��GX
+8`sLM���2.5 GHz1_#GH s·30
"489	J
KL�1���k�§Ç[��¿{
gX#, ;z"#HO+�ÀÁsLM1�[��
Ag/ESDN&)6�� ()"#­B1%��
)
�PQ��d7���í ��"#GHr��
1"4G�ÂÃ+�eîHe 5�%"�$���dL
��
	×ÄM�Ñ �
3.XY"#GH�1O
0"4

x(t) �
1

2
�

2
�

�

�
n � 1

�20 1
2n � 1

sin((2n � 1)�0t)� (eq. 4)

x(t) �
1

2
�

2
�
�sin(�0t)

1
� p20

sin(3�0t)

3
� p20

sin(5�0t)

5
����� (eq. 5)

e5. (e 4 ÅÆp3'r�)

http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1


AND9114/D

www.onsemi.jp
6

G�e,Y+��dL�ïM���L1d�gX
./#GH�0'�dL ð��d�"#�+�
�M+Zp`01<"#R��_#GH��,�0
"4'­3�Ld ñBÇX�V%d���Ñ"#
�+�rG+8ò�2Ç��1��1"4GXY�2
Ç©�-0�1���LH3���L�+�PQ�È
ó�$ôÉ85%�ª0X.C��õÀ%�dL 5
]Ê1O0"43'�&.�sLMx�õÀ%�d
L m<"#'(��ESDN&)6���R�%ö
´�+3x1"4G�»÷ �'q%/zu�)
�
Ld�%0&.ø� ö¶'d��%��Ë3/)

�m��ù1��£0"4Table 2��USB 3.0)

�PQ�1���LC�¶3���L�*3.�
Figure 3 ,YÌ('§Ç[���;z %30"4

Table 2. INSERTION LOSS RESULTS OF USB 3.0
ESD PROTECTION DEVICES

USB 3.0 ESD
Protection Device

(Diode Arrays)

Insertion Loss
(dB) @

Fundamental
Frequency
(2.5 GHz)

Insertion Loss
(dB) @ Third

Harmonic
Frequency
(7.5 GHz)

ON Semiconductor
ESD7016MUTAG

−0.066 −0.240

Competitor A −0.285 −1.176

Competitor B −0.375 −0.830

Competitor C −0.534 −4.485
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