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An integrated circuit ESD bus structure includes a circuit 
area ; a plurality of electrostatic discharge ( ESD ) buses ; a 
plurality of pad groups adjacent and connected to the 
plurality of ESD buses ; a common ESD bus ; and a plurality 
of bonding wires configured to connect the plurality of pad 
groups to the common ESD bus . 

14 Claims , 3 Drawing Sheets 

2 

20 

23 
Circuit area 

B1 B2 B3 

El E3 
" ? ? ? ? ? ? ?? ?? ?? 

G1 23 22 
SA1 

G2 25 E2 
SA2 

G3 24 

Micron Ex. 1001, p. 1 
Micron v. YMTC 
IPR2025-00118



U.S. Patent Dec. 29 , 2020 Sheet lof 3 3 US 10,879,164 B2 

10 

Circuit area 

11 
A : ? . ? 

F2 13 12 F1 Circuit with 
irregular shape 

FIG . 1 PRIOR ART 
2 

20 

-23 
Circuit area 

B1 B2 B3 

E3 E11 
? ? ? ? ? ? ? ? ? ? UN ?? ? 

G123 23 
25 

22 
SA1 

G2 F2 
SA2 

G3 24 

FIG . 2 

Micron Ex. 1001, p. 2 
Micron v. YMTC 
IPR2025-00118



U.S. Patent Dec. 29 , 2020 Sheet 2 of 3 US 10,879,164 B2 

3 30 

Circuit area 

B1 B2 B3 

E1 E3 
IOS ? ? ?? 

G1 33 32 G2 E2 SA2 G3 
35 35 SA1 

FIG . 3 
4 

40 
Form a circuit area 

41 

Form a plurality of pad groups corresponding to a 
plurality of discontinuous boundaries of the circuit 

area inside a plurality of chip edges 
42 

Form a common ESD bus outside the plurality of chip edges 
43 

Connect a plurality of pads corresponding to the plurality of 
pad groups to the common ESD bus by a plurality of bonding 

wires across the plurality of chip edges 

FIG . 4 

Micron Ex. 1001, p. 3 
Micron v. YMTC 
IPR2025-00118



U.S. Patent Dec. 29 , 2020 Sheet 3 of 3 US 10,879,164 B2 

5 

50 
Form a circuit area 

51 

Form a plurality of pad groups corresponding to a 
plurality of discontinuous boundaries of the circuit 

area inside a plurality of chip edges 
52 

Connect one and another of the plurality of pad groups 
by a plurality of bonding wires across the circuit area 

inside the plurality of chip edges 

FIG . 5 

Micron Ex. 1001, p. 4 
Micron v. YMTC 
IPR2025-00118



5 

15 

US 10,879,164 B2 
1 2 

INTEGRATED CIRCUIT ELECTROSTATIC area ; a plurality of electrostatic discharge ( ESD ) buses ; a 
DISCHARGE BUS STRUCTURE AND plurality of pad groups ; and a plurality of bonding wires 

RELATED METHOD configured to connect one to another of the plurality of pad 
groups . 

CROSS REFERENCE TO RELATED To achieve the above technical object , according to the 
APPLICATIONS present invention , a method of integrated circuit ESD bus 

structure is provided , and includes forming a circuit area ; 
This present application is a continuation application of forming a plurality of pad groups corresponding to a plu 

International Application No. PCT / CN2018 / 113271 filed on rality of discontinuous boundaries of the circuit area ; form 
Nov. 1 , 2018 , which is incorporated herein by reference in 10 ing a common ESD bus ; and connecting a plurality of pads 
its entirety . corresponding to the plurality of pad groups to the common 

ESD bus by a plurality of bonding wires across one of the 
BACKGROUND OF THE INVENTION plurality of chip edges . 

To achieve the above technical object , according to the 
1. Field of the Invention present invention , a method of integrated circuit ESD bus 

structure is provided , and includes forming a circuit area , 
The present invention relates to an integrated circuit forming a plurality of pad groups corresponding to a plu 

structure and related method , and more particularly , to an rality of discontinuous boundaries of the circuit area ; and 
integrated circuit electrostatic discharge bus structure and connecting one of the plurality of pad groups to another of 
related method . 20 the plurality of pad groups by one of a plurality of bonding 

wires across the circuit area . 
2. Description of the Prior Art These and other objectives of the present invention will 

no doubt become obvious to those of ordinary skill in the art 
For an integrated circuit electrostatic discharge ( herein- after reading the following detailed description of the pre 

after abbreviated ESD ) structure 1 as shown in FIG . 1 , I / O 25 ferred embodiment that is illustrated in the various figures 
( input / output ) pads 12 are placed around a circuit area 10 and drawings . 
inside a plurality of chip edges 13 based on particular 
sequence and position , wherein the placement of the I / O BRIEF DESCRIPTION OF THE DRAWINGS 
pads 12 is adjustable within a specific range . 

In general , it is commonly to place filler cells F1 and F2 30 FIG . 1 is a schematic diagram of an integrated circuit ESD 
at empty spaces between the I / O pads 12 , and connect the bus structure according to the prior art . 
filler cells F1 and F2 to an electrostatic discharge ( ESD ) bus FIG . 2 is a schematic diagram of an integrated circuit ESD 
11 ( e.g. , a layout trace connected to a ground or a system bus structure according to an embodiment of the present 
voltage ) , which makes each portion of the circuit area 10 and invention . 
the filler cells F1 and F2 are connected to the continuous 35 FIG . 3 is a schematic diagram of an integrated circuit ESD 
ESD bus to provide ESD protection to the integrated circuit bus structure according to an embodiment of the present 
ESD bus structure 1 . invention . 
However , the filler cells F1 and F2 take a portion of the FIG . 4 is a flowchart of an integrated circuit packaging 

circuit area 10 to be wasteful to the integrated circuit ESD process according to an embodiment of the present inven 
bus structure 1. Further , under the strict requirement of the 40 tion . 
integrated circuit ESD bus structure 1 having a rectangular FIG . 5 is a flowchart of an integrated circuit packaging 
shape , it causes the lack of flexibility for internal circuit process according to an embodiment of the present inven 
layout design . tion . 

Further , when there are circuits with irregular shapes and 
different areas , the circuit area 10 must be increased in order 45 DETAILED DESCRIPTION 
to contain the circuits with irregular shapes and different 
areas , which increases production cost . FIG . 2 is a schematic diagram of an integrated circuit 

Accordingly , it is desirable to provide an integrated circuit electrostatic discharge ( ESD ) structure 2 according to an 
ESD bus structure and related method to make full use of the embodiment of the present invention . The integrated circuit 
circuit area . 50 ESD bus structure 2 includes a circuit area 20 , a plurality of 

ESD buses E1 , E2 and E3 , a plurality of pad groups G1 , G2 
SUMMARY OF THE INVENTION and G3 , a common ESD bus 24 , and a plurality of bonding 

wires 25 . 
It is therefore an objective of the present invention to The circuit area 20 is formed by a plurality of chip edges 

provide an integrated circuit electrostatic discharge bus 55 23 ; for example , the four chip edges 23 forms a rectangular 
structure and related method . area configured to contain the circuit area 20. The circuit 

To achieve the above technical object , according to the area 20 includes a plurality of discontinuous boundaries B1 , 
present invention , an integrated circuit electrostatic dis- B2 and B3 . The plurality of ESD buses E1 , E2 and E3 is 
charge ( ESD ) structure is provided , and includes a circuit formed inside the chip edges 23 , corresponding and adjacent 
area ; a plurality of electrostatic discharge buses ; a plurality 60 to the plurality of discontinuous boundaries B1 , B2 , and B3 . 
of pad groups adjacent and connected to the plurality of ESD The plurality of pad groups G1 , G2 and G3 is formed 
buses ; a common ESD bus ; and a plurality of bonding wires inside the chip edges 23 , adjacent and connected to the 
configured to connect the plurality of pad groups to the plurality of ESD buses E1 , E2 and E3 . The common ESD 
common ESD bus . bus 24 is formed outside the chip edges 23 , which is not 

To achieve the above technical object , according to the 65 limited . The common ESD bus 24 may not be formed in one 
present invention , an integrated circuit electrostatic dis- piece , and include a plurality of discontinuous ESD bus 
charge ( ESD ) structure is provided , and includes a circuit groups . The plurality of bonding wires 25 is formed across 
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the chip edges 23 , and configured to connect the plurality of left and right most pads of the pad group G2 , and a left most 
pad groups B1 , B2 and B3 to the common ESD bus 24. In pad of the pad group G3 ) , and the plurality of bonding wires 
one embodiment , the common ESD bus 24 is parallel to the 35 are configured to connect the connecting pad of one of the 
plurality of ESD buses E1 , E2 and E3 and the plurality of plurality of pad groups to the connecting pad of another of 
pad groups G1 , G2 and G3 . 5 the plurality of pad groups . For example , one of the bonding 

Each of the plurality of pad groups G1 , G2 and G3 wires 35 is configured to connect the right most pad 32 of the 
includes at least one pad 22 , wherein the pad 22 is an pad group G1 to the left most pad 32 of the pad group G2 , 
input / output pad connected to a ground or a system low and one of the bonding wires 35 is configured to connect the 
voltage . At least one of the plurality of bonding wires 25 is right most pad 32 of the pad group G2 to the left most pad 
configured to connect the at least one pad 22 to the common 10 32 of the pad group G3 , which is not limited . 
ESD bus 24. In one embodiment , multiple bonding wires 25 In such a structure , the discontinuous ESD buses E1 , E2 
may be configured to connect multiple pads 22 of the pad and E3 may be connected together by connecting the pads 32 
group G1 to the common ESD bus 24 , which provides of the pad groups G1 , G2 and G3 from one group to another 
multiple connections to enhance conductivity between the group , which equivalently forms a continuous ESD bus for 
pad group G1 and the common ESD bus 24 to improve ESD 15 the integrated circuit ESD bus structure 3. As a result , the 
protection . present invention may get rid of the filler cells of the prior 

In such a structure , the discontinuous ESD buses E1 , E2 art . In addition , spaces between the discontinuous ESD 
and E3 may be connected together by connecting the pads 22 buses E1 and E2 ( or , E2 and E3 ) may be configured with 
of the pad groups G1 , G2 and G3 to the common ESD bus circuit elements to make full use of the integrated circuit 
24 through the bonding wires 25 , which equivalently forms 20 ESD bus structure 3. For example , the ESD bus 11 and the 
a continuous ESD bus for the integrated circuit ESD bus filler cells F1 and F2 shown in FIG . 1 are replaced by saved 
structure 2. As a result , the present invention may get rid of areas SA1 and SA2 in FIG . 2 , and thus the circuit area 20 
the filler cells of the prior art . In addition , spaces between the may contain the circuits with irregular shapes and different 
discontinuous ESD buses El and E2 ( or , E2 and E3 ) may be areas without increasing its area , which saves production 
configured with circuit elements to make full use of the 25 cost . 
integrated circuit ESD bus structure 2 . FIG . 4 is a flowchart of an integrated circuit ESD bus 

For example , the ESD bus 11 and the filler cells F1 and structure process 4 according to an embodiment of the 
F2 shown in FIG . 1 are replaced by saved areas SA1 and present invention . 
SA2 in FIG . 2. The saved area SA1 is adjacent to the ESD Step 40 : Form a circuit area . 
buses E1 and E2 and the pads 22 of the pad groups G1 and 30 Step 41 : Form a plurality of pad groups corresponding to 
G2 . The saved area SA2 is adjacent to the ESD buses E2 and a plurality of discontinuous boundaries of the circuit area 
E3 and the pads 22 of the pad groups G2 and G3 . In one inside a plurality of chip edges . 
embodiment , the common ESD bus 24 is formed inside the Step 42 : Form a common ESD bus outside the plurality of 
chip edges 23 , and adjacent to the plurality of pad groups chip edges . 
G1 , G2 and G3 and the saved areas SA1 and SA2 . Step 43 : Connect a plurality of pads corresponding to the 
FIG . 3 is a schematic diagram of an integrated circuit ESD plurality of pad groups to the common ESD bus by a 

bus structure 3 according to an embodiment of the present plurality of bonding wires across the plurality of chip edges . 
invention . The integrated circuit ESD bus structure 3 In Step 40 , a circuit area is formed ; in step 41 , a plurality 
includes a circuit area 30 , a plurality of ESD buses E1 , E2 of pad groups corresponding to a plurality of discontinuous 
and E3 , a plurality of pad groups G1 , G2 and G3 , and a 40 boundaries of a circuit area inside a plurality of chip edges 
plurality of bonding wires 35 . is formed ; in step 42 , a common ESD bus outside the 

The circuit area 30 is formed by a plurality of chip edges plurality of chip edges is formed ; and in step 43 , a plurality 
33 ; for example , the four chip edges 33 forma rectangular of pads corresponding to the plurality of pad groups is 
area to contain the circuit area 30. The circuit area 30 connected to the common ESD bus by a plurality of bonding 
includes a plurality of discontinuous boundaries B1 , B2 and 45 wires across the plurality of chip edges . By the integrated 
B3 . The plurality of ESD buses E1 , E2 and E3 is formed circuit ESD bus structure process 4 , a continuous ESD bus 
inside the chip edges 33 , corresponding and adjacent to the may be equivalently formed and the filler cells of the prior 
plurality of discontinuous boundaries B1 , B2 , and B3 . art may be omitted . 

The plurality of discontinuous ESD buses E1 , E2 and E3 FIG . 5 is a flowchart of an integrated circuit ESD bus 
is formed inside the chip edges 33 , and adjacent to the 50 structure process 5 according to an embodiment of the 
plurality of discontinuous boundaries B1 , B2 , and B3 . The present invention . 
plurality of pad groups G1 , G2 , and G3 is formed inside the Step 50 : Form a circuit area . 
chip edges 33 , adjacent and connected to the plurality of Step 51 : Form a plurality of pad groups corresponding to 
ESD buses E1 , E2 and E3 . The plurality of bonding wires 35 a plurality of discontinuous boundaries of the circuit area 
is formed across the circuit area 30 , and configured to 55 inside a plurality of chip edges . 
connect the plurality of pad groups G1 , G2 , and G3 from one Step 52 : Connect one and another of the plurality of pad 
group to another group , e.g. , one bonding wire 35 may groups by a plurality of bonding wires across the circuit area 
connect the pad group G1 to the pad group G2 , and another inside the plurality of chip edges . 
bonding wire 35 may connect the pad group G2 to the pad In Step 50 , a circuit area is formed ; in step 51 , a plurality 

60 of pad groups corresponding to a plurality of discontinuous 
Each of the plurality of pad groups G1 , G2 and G3 boundaries of a circuit area inside a plurality of chip edges 

includes a plurality of pads 32 , wherein the pad 32 is an is formed ; and in step 52 , one and another of the plurality of 
input / output pad connected to a ground or a system low pad groups are connected together by a plurality of bonding 
voltage . The plurality of bonding wires 35 is configured to wires across the circuit area inside the plurality of chip 
connect the pads 32 of one group to another group . Each of 65 edges . By the integrated circuit ESD bus structure process 5 , 
the plurality of pad groups G1 , G2 and G3 comprises a a continuous ESD bus may be equivalently formed and the 
connecting pad ( e.g. , a right most pad of the pad group G1 , filler cells of the prior art may be omitted . 

35 

group G3 . 
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To sum up , the present invention utilizes bonding wires to the connecting pad of one of the plurality of pad groups to 
connect a plurality of pads of a plurality of pad groups , so the connecting pad of another of the plurality of pad groups . 
as to equivalently form a continuous ESD bus . As a result , 8. A method of integrated circuit structure , comprising : 
the present invention may get rid of the filler cells of the forming a circuit area ; 
prior art . In addition , spaces between the discontinuous ESD 5 forming a plurality of ESD buses ; 
buses may be configured with circuit elements to make full forming a plurality of pad groups corresponding to a 
use of the integrated circuit ESD bus structure . plurality of discontinuous boundaries of the circuit 

Those skilled in the art will readily observe that numerous area , wherein the plurality of pad groups are adjacent 
modifications and alterations of the device and method may and connected to the plurality of ESD buses ; 
be made while retaining the teachings of the invention . 10 forming a common ESD bus adjacent to the plurality of 
Accordingly , the above disclosure should be construed as pad groups ; and 
limited only by the metes and bounds of the appended connecting a plurality of pads corresponding to the plu 
claims . rality of pad groups to the common ESD bus by a 
What is claimed is : plurality of bonding wires ; 
1. An integrated circuit structure , comprising : wherein the circuit area comprises at least one saved area , 
a circuit area ; each of at least one saved area is adjacent to two 
a plurality of ESD buses ; respective ESD buses of the plurality of ESD buses and 
a plurality of pad groups , adjacent and connected to the respective pads of two respective pad groups of the 

plurality of ESD buses ; plurality of pad groups , and there is no ESD bus and no 
a common ESD bus , adjacent to the plurality of pad 20 pad in the at least one saved area . 

9. The method of integrated circuit structure of claim 8 , 
a plurality of bonding wires configured to connect the wherein each of the plurality of pad groups comprises at 

plurality of pad groups to the common ESD bus ; least one pad , and the plurality of bonding wires is config 
wherein the circuit area comprises at least one saved area , ured to connect the at least one pad to the common ESD bus . 

each of at least one saved area is adjacent to two 10. The method of integrated circuit structure of claim 8 , 
respective ESD buses of the plurality of ESD buses and further comprising : 
respective pads of two respective pad groups of the forming the common ESD bus outside the plurality of 
plurality of pad groups , and there is no ESD bus and no chip edges or inside the plurality of chip edges . 
pad in the at least one saved area . 11. The method of integrated circuit structure of claim 8 , 

2. The integrated circuit structure of claim 1 , wherein each 30 wherein the common ESD bus is parallel to the plurality of 
ESD buses . of the plurality of pad groups comprises at least one pad , and 

the plurality of bonding wires is configured to connect the at 12. A method of integrated circuit structure , comprising : 
least one pad to the common ESD bus . forming a circuit area ; 

3. The integrated circuit structure of claim 1 , wherein forming a plurality of ESD buses ; 
common ESD bus comprises a plurality discontinuous ESD 35 forming a plurality of pad groups corresponding to a 

plurality of discontinuous boundaries of the circuit 
4. The integrated circuit structure of claim 1 , wherein the area , wherein the plurality of pad groups are adjacent 

common ESD bus is formed outside the plurality of chip and connected to the plurality of ESD buses ; and 
edges or inside the plurality of chip edges . connecting one of the plurality of pad groups to another 

5. The integrated circuit structure of claim 1 , wherein the 40 of the plurality of pad groups by one of a plurality of 
common ESD bus is parallel to the plurality of ESD buses . bonding wires across the circuit area ; 

6. An integrated circuit structure , comprising : wherein the circuit area comprises at least one saved area , 
a circuit area ; each of at least one saved area is adjacent to two 
a plurality of ESD buses ; respective ESD buses of the plurality of ESD buses and 
a plurality of pad groups , adjacent and connected to the 45 respective pads of two respective pad groups of the 

plurality of ESD buses ; and plurality of pad groups , and there is no ESD bus and no 
a plurality of bonding wires configured to connect one to pad in the at least one saved area . 
another of the plurality of pad groups ; 13. The method of integrated circuit structure of claim 12 , 

wherein the circuit area comprises at least one saved area , wherein a common ESD bus is parallel to the plurality of 
each of at least one saved area is adjacent to two 50 ESD buses and the plurality of pad groups . 
respective ESD buses of the plurality of ESD buses and 14. The method of integrated circuit structure of claim 12 , 
respective pads of two respective pad groups of the wherein each of the plurality of pad groups comprises a 
plurality of pad groups , and there is no ESD bus and no connecting pad , and the plurality of nding wires are 
pad in the at least one saved area . configured to connect the connecting pad of one of the 

7. The integrated circuit structure of claim 6 , wherein each 55 plurality of pad groups to the connecting pad of another of 
of the plurality of pad groups comprises a connecting pad , the plurality of pad groups . 
and the plurality of bonding wires are configured to connect 

bus groups . 
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