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輸出入緩衝器覆晶式設計在靜電防護上的

分析與改進 

學生：梁以正 

 

指導教授：陳宏明教授 

國立交通大學 電機學院 電子與光電學程 碩士班 

 

摘 要       

 

現今電子產品需求注重多功能與輕薄短小。因此，半導體封裝也朝高密度

技術方向發展，而在高密度的微系統設計與封裝技術中，覆晶技術

(Flip-Chip)已是一項成熟的方式，其重疊結構更利於 IC 積體化，垂直連

接而非打線的方式也可減少連線距離，進而在高頻、雜訊和功率消耗上得

到改善。在超大型積體電路設計中，設計者對於輸出入埠(In/Out ports)

依然使用傳統環型結構(I/O ring)，它雖擁有成熟的靜電防護機制，卻增

加了繞線距離，這份取捨也犧牲了原有的好處。 
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本文試著使用區域型輸出入元件(Area-I/O cell)配合新分佈架構去含蓋雙

方優點，分析數據證明新架構在靜電防護能力上有大幅的提升，而新的排

列方式在此架構上也有較佳的效果。最後此方法設計時亦考量一般設計者

工作流程和習慣，實務上可輕易導入此機制。 
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Department Program of Electrical and Computer Engineering 

National Chiao Tung University 

ABSTRACT 

 

Now the demands of electrical product are multi-function, lightweight and low 

profile. Based on this concept, the package methods have to meet high density 

trend. Flip-chip is a mature technology on high density microsystem design and 

packaging. This structure using vertical connection to substitute bonding wire 

can reduce the connection distance to get the benefits: high frequency demand, 

better noise control and less power consumption on metal. In general VSLI 

design, the circuit designers still use the I/O ring for chip design. The 

conventional I/O ring is the mature structure for ESD protection, but it increases 

the distance of connection. This trade-off loses the benefit from reducing the 

connection distance. 

 

 

In this study, we try to use the new I/O distribution structure by Area-I/O cell to 
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keep the two benefits. In our analysis, this new method has a large improvement 

for ESD protection. And new algorithm of cell assignment on this structure can 

obtain better result than general assignment method. Finally, we consider the 

present VLSI design flow in this discussion. New method can be easily applied 

in the original working flow. 
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Chapter 1 

Introduction  

 

1.1 Background & Motivation 

Flip chip is a high density microsystem package. It supports a high-pinout 

structure and a shorter connection condition without bonding wire (Figure 1.1). 

The connection can contact with below solder ball via the bump ball and the 

channel in substrate by vertical direction. This benefit of reducing the distance 

of connection includes the higher frequency condition, better noise control, less 

power consumption on metal and low IR-drop. 

 

 

 

 

 

 

 

 

 

 

 

The I/O cells are the interfaces and contain Electrostatic discharge (ESD) 

protector between the bump ball and the internal circuit in die. In the wire bond 

package, the circuit designer usually puts I/O cells by the ring style around the 

chip edge. The signal is along the bonding wire and chip edge smoothly into the 

circuit in chip center. 

Figure 1.1  Wire bond vs. Flip chip 



Figure 1.2  Bump pads, Circuit blocks and I/O cells 
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structure. It means that they make a trade-off to keep the ESD protection 

capability but loss the benefits of shorter connection. For this reason, we try to 

find the solution for this dilemma. It has to place the I/O cells in core area of 

chip to solve the detour issue, and provides the enough ESD protection for 

internal circuit. 

 

Finally, we simultaneously consider the general VLSI design flow in this study. 

New method should be convenient to replace the present integration step in 

VLSI design flow. 

 

 

1.2 Organization of this thesis 

The remainder of this thesis is organized as follows. Chapter 2 describes the 

ESD protection analysis. We explain the principle of ESD protection and use 

four measurement models to estimate whole protection system. The protection 

capability of testing cases would be estimated by this measurement method. In 

chapter 3, we provide a new I/O distribution structure which placed the I/O cells 

in core area of chip to solve the detour issues of package. This structure owns 

the enough metal width as conventional I/O ring and keeps the relationship of 

original internal circuits. The circuit designer can easily adopt this method to 

replace original integration flow. In chapter 4, we verify the real cases by new 

distribution structure for I/O cells and provide some new algorithms on this 

structure. In chapter 5, we analyze the effect of the new structure and algorithms. 

This new structure has good improvement on ESD protection, and the new 

algorithms we provide can get more improvement on this issue. Finally, we list 

the benefits of these methods and list the future works in chapter 6. 
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Chapter 2 

ESD protection analysis 

 

2.1. ESD protection overview 

In Figure 2.1, there are two ESD current paths between the one pin pair. We 

design an ESD protection path to avoid the ESD current attacks the internal 

circuit. The key-point of ESD protection is that the ESD device can be turned on 

faster in order not to damage the internal circuit. The damaged path is very 

difficult to forecast. So we just concentrate on the protection path design and 

follow the ESD guideline to build the protection system. This guideline can 

make sure that the ESD device can turn on in time to avoid internal circuits from 

damage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power Bus

Ground Bus

Clamp

IP

+-
Figure 2.1  The damage path and the ESD protection 
path 
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The impedance on the ESD protection path includes the ESD devices and the 

metal resistance between two terminal pins. In equation (2.1), where ∆���� is 

the ESD voltage drop. This voltage drop will be distributed on the ESD devices 

and its connecting metal bus. The ∆���������	�
 can reach the turn-on voltage 

very quickly due to a lower bus resistance. We assume that there is a maximum 

R limit value for ����
�	��	���	�����	����		�
�� , and this R value can make 

guarantee that the ESD device would be turned on faster in order not to damage 

the internal circuit. We can build the ESD protection system and assume that the 

all of metal resistance between each pin pairs is less than this maximum R value. 

This ESD protection system will completely protect our internal circuit. 

 

∆���� = ∆���������	�
 + ∆���� × ����
�	��	���	�����	����		�
��         (2.1) 

 

The semiconductor material and ESD device size have the major impact on this 

R value in ESD protection system. The foundry will offer this R value and basic 

design rule about ESD protection design for each semiconductor process they 

provided. 

 

 

2.2. ESD ohm’s law 

In general condition, the ESD problem is usually solved by buying the solution 

from the I/O provider in foundry. The provider offers a simple guideline called 

the “ESD Ohm’s law” [5] for the user. The circuit designer only needs to 

concentrate on the combination relationship between all sub-blocks to complete 

the whole function circuit. When they integrate all sub-blocks, they just need to 

build the I/O ring, assign the cells location by ESD guidelines and connect with 

circuits to complete the design of this chip. 
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The clamp cell is the main element in ESD protection system. It exists on each 

ESD protection path. So the I/O cell provider provides a simple guideline how to 

build the I/O chain and this method can meet aforementioned maximum R 

requirement automatically. Circuit designers have to appropriately place the 

clamp cells when they are integrated with the function cells. The metal 

resistance of the function cell to the nearest clamp cells is less than the certain 

value provider given. This guideline is called ESD Ohm’s law. If the designer 

follows this guideline to build the I/O chain, they can get the guarantee from the 

I/O provider to avoid the damage of internal circuit. 

 

 

2.3. ESD protection estimation 

We design a two-power domain module as a sample to analyze multiple power 

domains (Figure 2.2). 

 

There are three kinds of basic ESD protection elements in this design: 

 

1. Clamp cell(maybe with an auxiliary diode)： It is a dual-directional 

structure circuit to conduct ESD current between power and ground bus. 

2. Function cell：There are two unidirectional diodes to conduct ESD current 

to power or ground bus. 

3. Back-to-back diodes： It is a dual-directional structure circuit between 

the two ground buses of different voltage domains. It conducts the ESD 

current and cuts the noise between two ground buses. 

 

 

 

 



Figure 2.2  Two power domain ESD protection circuit 

Figure 2.3  The I/O combination state of two power 
domains circuit 

IP IP IP IP 



 

8 

 

2.4. Measurement model 

The relationship of ESD protection system and protected circuit is dependent, 

thus it is not necessary to measure all pin pairs of the chip. We can ignore the 

part of pin pairs which show the high impedance of damaged path in protected 

circuit. In practice, we only focused on the real failure cases for our ESD 

verification. These four kinds of measurement model can completely verify the 

whole ESD protection system. 

 

1. Function pin to function pin 

2. Function pin to Power/Ground pin 

3. Power pin to Ground pin 

4. Power pin to Ground pin for different power domains 

 

 

For the ESD protection capability measurement, we still need to use the detail 

resistance model of ESD protection system for our estimation. In addition, the 

best conduct point for power supply is the metal on the clamp cell. The ESD 

current can be conducted directly to another metal bus by the ESD device turned 

on. So we assume the clamp cell has to be the first conducted point of 

power/ground signal, and the clamp cell can represent the measurement point for 

power/ground pin. We can use the function cell to represent the measurement 

point as well. As shown in Figure 2.2, based on the current divider rule between 

the damage path and ESD protection path, using the I/O cells as the 

measurement points for ESD estimation is a feasible approach.  
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2.4.1. Function cell to Function cell model 

In Figure 2.2 & Figure 2.3, we have an I/O chain with two main function cells 

and four near clamp cells. The resistance model could be mapped to this chain 

(Figure 2.4). We assume that the ESD devices are no impedance and try to 

measure the resistance between the pin pair to get an R value for our ESD 

protection capability estimation. This R value is the pure resistance of metal bus 

between the pin pair. The ESD current be conducted via the diodes in function 

cell and at least one clamp cell. More clamp cells can reduce the total resistance 

by parallel connection. Finally, the resistance model can be transformed to the 

two equations by different current directions. We would analyze the degree of 

protection capability by these equations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

... C ... F ... C .......... C ... F ... C ...

Rt = [(Rp1+Rg4)//Rg3] + (Rp2//Rg2) + [Rp3//(Rg1+Rp4)]

Rt = [(Rp1+Rg4)//Rp2] + (Rp3//Rg3) + [Rg2//(Rg1+Rp4)]

Cell plan

Model

Equation

Cell plan

Model

Equation

Figure 2.4  The resistor model and equation for "Function cell to 
Function cell" measurement model 



Figure 2.5  The resistor model and equation for "Function 
cell to Power/Ground cell" measurement model 
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2.4.3.  Power/Ground cell to Power/Ground cell model 

Using the same manner, we combine several clamp cells and pick the suitable 

clamp cells as the measured points to get the model and equation. There are two 

points worth noting about this measurement model. The first point is that the 

major factor of resistance module is the distance between two measured cells. 

The total resistance will not be affected by how many auxiliary clamp cells we 

use. Second, we assume that the clamp cell is the first conducted cell of power / 

ground signal in Section 2.4. In the resistor model shown in Figure 2.6, if we 

allow the conducted point on non-clamp cell, the total resistance would be 

increased by the other parallel resistor (ex: Rp1+Rg1). The power supply has to 

go through power/ground cell which is a correct assumption. And it is a common 

rule in the practice VLSI industry.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rt = (Rp2//Rg2) + (Rp3//Rg3) + (Rp4//Rg4)

Cell plan

Resistor
Model

Equation

... C ... C ... C .......... C ... C ... C ...

 IP

power

ground

Figure 2.6  The resistor model and equation for "Power/Ground 
cell to Power/Ground cell" measurement model 
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2.4.4.  Power/Ground cell to Power/Ground cell between different 

power domains model 

It is only one measurement model between two different power domains. In 

practice, the damaged device is usually found on the interface of two blocks 

with the different power supply. The model is via the back-to-back diodes to 

share the ESD current between two ground buses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

..... C ..... C .......... C …... B .... C ...... C ...

Rt = (Rp2//Rg2) + (Rb2+Rb1) +  (Rp3//Rg3) 

Cell plan

Model

Equation

Figure 2.7  The resistor model and equation for "Power/Ground cell 
to Power/Ground cell between different power domains" 
measurement model 
 



C
hip size evaluation error 

Evaluate chip condition (Chip Size, pin count, blocks distribution, etc.)  

Design & create all of the circuit blocks 

Complete the chip function by all blocks in core area of chip 

Make the I/O ring and connect to internal circuits 

Connect I/O cells and bump balls 

Figure 3.1  General VLSI working flow 
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Therefore, we arrange the some basic requirements of our distribution method: 

 

1. Put the I/O cells in the core area to solve the detour issue 

2. Consider the construction of center function circuits 

3. Make sure to have enough ESD protection capability 

 

For this purpose, we propose two steps. First, we provide a new distribution 

structure for I/O cell. This structure has to meet above three requirements. 

Second, we provide the some algorithms of cell assignment, which are based on 

this new structure to assign the cell type location. 

 

 

3.2 SEWER distribution structure 

We propose a new distribution structure for I/O cell planning. First, we separate 

all circuit blocks into the I/O blocks and non-I/O blocks, Based on whether the 

blocks have connected with I/O cells. Second, we still keep the connection 

relationship of all sub blocks and put the I/O cells close to the I/O blocks. I/O 

cells can easily connect to these blocks. In this step, the I/O cells must be 

combined as a chain for supplying enough metal width for the EM consideration. 

The internal circuit blocks have to be connected by signal routing nets. If the I/O 

chains have to be crossed with these signal nets, we can appropriately insert the 

dummy cells which are drawn the power metal only. The circuits can be 

connected through these dummy cells. Finally, all of the I/O chain will be 

connected together like a city sewer system for ESD current shared and cut the 

different power domains by back-to-back diodes. We can observe the difference 

between the conventional I/O ring and our new structure in Figure 3.2. 
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Internal circuit & 
I/O cells

 I/O cells & 
Bond pads
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S
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Figure 3.2  I/O Ring structure vs. Sewer structure I/O 



3.3 Cell assignment 

All of I/O chains have to be connected together. Considering the difficulties in 

connection, we allow up to the one chain combined by two rows of I/O cells 

(Figure 3.3). This limit can avoid the excessive squeeze routing in RDL or chip 

area. 

 

 

 

 

 

 

 

 

 

 

 

 

Based on this structure, we have proposed the three algorithms for the cell type 

assignment on the new structure. The double space has the better sharing effect 

than single space. The non-clamp cells have closer to the clamp cells based on 

the same condition (Figure 3.4). 

 

 

 

 

 

 

 

 

Figure 3.3  The states of sewer structure combination 

Figure 3.4  Single space vs. double space 



Figure.3.5  The cell assignment state of local 
distribution algorithm 



Figure 3.6  Local distribution algorithm for single chain 



Figure.3.7  The sewer structure for cell distribution 



Figure 3.8  Density distribution algorithm 



Table 3.1  The analysis table of several clamp combination in one chain 



Figure 3.8  The sample of cell assignment by the iterative 
improvement algorithm 



Table 3.2  The parameter description of iterative 
improvement algorithm 

Figure.3.9  Iterative improvement algorithm 



Chapter 4 

Verification result 

In this study, we verify three real industry chips. The original state with 

conventional I/O ring would be set to the control group. And we use the same 

bases to build several experimental groups by the methods we provide. 

 

4.1. Case 1 
Chip size： 2400um X 2400um 

I/O cell size： 60um X 60um 

Pin count： 140 

Number of function cell： 127 

Number of clamp cell： 23 (10 cells for ESD protection enhancing) 

Power structure： two power domains 

Condition of ESD estimation： Minimum of sum of violation cases 

  

� Conventional I/O Ring 

 

 

 

 

 

 

 

 

 

 

Figure 4.1  The case 1 using the conventional I/O ring 



� Local distribution algorithm on sewer style I/O 

 

 

 

 

 

 

 

 

 

 

 

 

 

� Density distribution algorithm on sewer style I/O 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2  The case 1 using the local distribution 
algorithm on sewer I/O structure 
 

Figure 4.3  The case 1 using the density distribution 
algorithm on sewer I/O structure 
 



Figure 4.4  The case 1 using the iterative improvement 
algorithm on sewer I/O structure 
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V
iolation resistance lim

it 

V
iolation resistance lim

it 

� All verification results for case1  

Column 1: 

Violation resistance limit 

Unit: metal bus resistance / cell 

Column 2: 

The number of violation case by using the I/O ring 

Column 3: 

The number of violation case by using local distribution algorithm on sewer I/O structure 

Column 4: 

The number of violation case by using density distribution algorithm on sewer I/O structure 

Column 5:  

The number of violation case by using iterative improvement algorithm on sewer I/O 

structure 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Table 4.2, it is quite obvious that the case 2~3 have good 

improvement than the conventional I/O ring, and the iterative improvement 

algorithm even owns the best result in any condition of ohm limit. 

1 2 3 4 5 1 2 3 4 5 
0 8126 8126 8126 8126 
1 8006 7985 7984 7953 
2 7881 7807 7803 7728 
3 7677 7569 7540 7442 
4 7451 7240 7196 7089 
5 7217 6866 6805 6704 
6 6931 6538 6430 6339 
7 6669 6198 6080 5954 
8 6448 5827 5716 5611 
9 6196 5478 5359 5252 
10 5934 5109 4999 4873 
11 5739 4730 4642 4514 
12 5520 4337 4251 4122 
13 5278 3980 3864 3714 
14 5099 3621 3475 3314 
15 4910 3266 3131 2958 
16 4688 2920 2823 2671 
17 4519 2639 2519 2421 
18 4354 2381 2258 2154 
19 4150 2145 2023 1890 
20 3974 1895 1799 1654 
21 3823 1660 1544 1444 
22 3642 1421 1308 1231 
23 3461 1178 1078 1036 
24 3325 963 853 822 
25 3158 792 659 613 
26 2979 638 480 441 
27 2854 494 349 271 
28 2709 372 246 140 
29 2541 276 155 57 
30 2414 200 98 15 
31 2291 136 55 2 
32 2139 88 28 0 
33 2021 56 12 0 
34 1912 32 3 0 
35 1781 16 0 0 

36 1662 6 0 0 
37 1566 1 0 0 
38 1453 0 0 0 
39 1332 0 0 0 
40 1243 0 0 0 
41 1152 0 0 0 
42 1044 0 0 0 
43 965 0 0 0 
44 891 0 0 0 
45 801 0 0 0 
46 730 0 0 0 
47 667 0 0 0 
48 590 0 0 0 
49 526 0 0 0 
50 472 0 0 0 
51 412 0 0 0 
52 353 0 0 0 
53 312 0 0 0 
54 266 0 0 0 
55 221 0 0 0 
56 190 0 0 0 
57 155 0 0 0 
58 120 0 0 0 
59 95 0 0 0 
60 74 0 0 0 
61 57 0 0 0 
62 42 0 0 0 
63 30 0 0 0 
64 21 0 0 0 
65 15 0 0 0 
66 10 0 0 0 
67 6 0 0 0 
68 3 0 0 0 
69 1 0 0 0 
70 0 0 0 0 
71 0 0 0 0 

Table 4.1  The number of violation cases for four 
experiments of case 1 



4.2. Case 2 
Chip size： 2400um X 2400um 

I/O cell size： 60um X 60um 

Pin count： 140 

Number of function cell： 130 

Number of clamp cell： 22 (12 cells for ESD protection enhancing) 

Power structure： one power domain 

Condition of ESD estimation： Minimum of sum of violation cases 

  

� Conventional I/O Ring 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5  The case 2 using the conventional I/O ring 



� Local distribution algorithm on sewer style I/O 

 

 

 

 

 

 

 

 

 

 

 

 

 

� Density distribution algorithm on sewer style I/O 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6  The case 2 using the local distribution 
algorithm on sewer I/O structure 
 

Figure 4.7  The case 2 using the density distribution 
algorithm on sewer I/O structure 
 



Figure 4.8  The case 2 using the iterative improvement 
algorithm on sewer I/O structure 
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� All verification results for case2  

Column 1: 

Violation resistance limit 

Unit: metal bus resistance / cell 

Column 2: 

The number of violation case by using the I/O ring 

Column 3: 

The number of violation case by using local distribution algorithm on sewer I/O structure 

Column 4: 

The number of violation case by using density distribution algorithm on sewer I/O structure 

Column 5:  

The number of violation case by using iterative improvement algorithm on sewer I/O 

structure 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4 5 1 2 3 4 5 

41 2781 0 0 0 
42 2611 0 0 0 
43 2481 0 0 0 
44 2358 0 0 0 
45 2223 0 0 0 
46 2067 0 0 0 
47 1961 0 0 0 
48 1850 0 0 0 
49 1711 0 0 0 
50 1607 0 0 0 
51 1511 0 0 0 
52 1404 0 0 0 
53 1286 0 0 0 
54 1202 0 0 0 
55 1119 0 0 0 
56 1015 0 0 0 
57 936 0 0 0 
58 861 0 0 0 
59 786 0 0 0 
60 686 0 0 0 
61 627 0 0 0 
62 568 0 0 0 
63 496 0 0 0 
64 437 0 0 0 
65 384 0 0 0 
66 333 0 0 0 
67 270 0 0 0 
68 233 0 0 0 
69 197 0 0 0 
70 157 0 0 0 
71 124 0 0 0 
72 97 0 0 0 
73 74 0 0 0 
74 49 0 0 0 
75 34 0 0 0 
76 23 0 0 0 
77 15 0 0 0 
78 8 0 0 0 
79 3 0 0 0 
80 1 0 0 0 
81 0 0 0 0 

0 11476 11476 11476 11476 
1 11334 11336 11331 11329 
2 11189 11147 11134 11118 
3 10971 10856 10813 10801 
4 10723 10474 10399 10414 
5 10468 10064 9963 9965 
6 10189 9627 9531 9540 
7 9843 9195 9081 9083 
8 9608 8725 8605 8590 
9 9369 8204 8112 8098 
10 9071 7718 7621 7616 
11 8793 7210 7094 7111 
12 8571 6676 6554 6572 
13 8325 6170 6047 6025 
14 8029 5662 5539 5484 
15 7813 5147 5027 4989 
16 7598 4618 4510 4503 
17 7338 4128 4010 3984 
18 7082 3655 3541 3469 
19 6886 3181 3063 2970 
20 6668 2739 2641 2507 
21 6384 2331 2223 2131 
22 6193 1947 1846 1799 
23 6010 1599 1509 1474 
24 5778 1288 1217 1205 
25 5559 1020 957 956 
26 5375 800 733 714 
27 5181 612 549 518 
28 4932 466 408 383 
29 4767 336 283 281 
30 4602 245 199 197 
31 4406 167 130 141 
32 4196 112 85 94 
33 4045 74 53 55 
34 3887 48 29 28 
35 3689 30 14 12 
36 3538 19 4 3 
37 3394 11 1 1 
38 3232 6 0 0 
39 3040 3 0 0 
40 2916 1 0 0 

Table 4. 2  The number of violation cases for four 
experiments of case 2 



 

 

In the Table 4.2, the sum of all violation cases on chips using the sewer structure 

are 169123, 166332 and 165636. The iterative improvement algorithm still owns 

best result in this verification case. 

 

 

4.3. Case 3 
Chip size： 2160um X 2160um 

I/O cell size： 60um X 60um 

Pin count： 120 

Number of function cell： 111 

Number of clamp cell： 23 (14 cells for ESD protection enhancing) 

Power structure： two power domains 

Condition of ESD estimation： Minimum of sum of violation cases 

  

� Conventional I/O Ring 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.9  The case 3 using the conventional I/O ring 



� Local distribution algorithm on sewer style I/O 

 

 

 

 

 

 

 

 

 

 

 

 

 

� Density distribution algorithm on sewer style I/O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10  The case 3 using the local distribution 
algorithm on sewer I/O structure 
 

Figure 4.11  The case 3 using the density distribution 
algorithm on sewer I/O structure 
 



Figure 4.12  The case 3 using the iterative improvement 
algorithm on sewer I/O structure 
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� All verification results for case3 

Column 1: 

Violation resistance limit 

Unit: metal bus resistance / cell 

Column 2: 

The number of violation case by using the I/O ring 

Column 3: 

The number of violation case by using local distribution algorithm on sewer I/O structure 

Column 4: 

The number of violation case by using density distribution algorithm on sewer I/O structure 

Column 5:  

The number of violation case by using iterative improvement algorithm on sewer I/O 

structure 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

In the Table 4.3, the sum of all violation cases on chips using the sewer structure 

are 86504, 85950 and 85346. So we proved the concept of iterative 

improvement algorithm owns the better impact than the concept of average 

distribution from the ESD ohm’s law. 

1 2 3 4 5 1 2 3 4 5 
0 6507 6507 6507 6507 
1 6398 6399 6395 6380 
2 6283 6243 6235 6219 
3 6089 6007 5983 5966 
4 5874 5711 5678 5682 
5 5655 5373 5346 5354 
6 5405 5028 5009 5028 
7 5199 4709 4670 4708 
8 4970 4395 4358 4388 
9 4759 4102 4057 4054 
10 4581 3805 3767 3743 
11 4360 3517 3483 3462 
12 4169 3229 3200 3173 
13 4009 2947 2913 2879 
14 3803 2661 2629 2579 
15 3635 2379 2358 2300 
16 3491 2124 2110 2034 
17 3316 1873 1865 1796 
18 3169 1653 1651 1588 
19 3010 1442 1452 1417 
20 2852 1249 1242 1246 
21 2718 1067 1061 1057 
22 2562 895 895 867 
23 2424 738 736 711 
24 2306 604 604 585 
25 2165 485 485 463 
26 2035 378 373 360 
27 1927 291 280 278 
28 1796 217 206 183 
29 1683 159 146 114 
30 1581 111 97 85 
31 1468 77 68 62 

32 1373 52 44 37 
33 1258 34 23 26 
34 1158 21 13 14 
35 1074 12 7 1 
36 969 6 3 0 
37 886 3 1 0 
38 816 1 0 0 
39 734 0 0 0 
40 662 0 0 0 
41 601 0 0 0 
42 536 0 0 0 
43 477 0 0 0 
44 424 0 0 0 
45 371 0 0 0 
46 325 0 0 0 
47 272 0 0 0 
48 231 0 0 0 
49 195 0 0 0 
50 154 0 0 0 
51 124 0 0 0 
52 98 0 0 0 
53 74 0 0 0 
54 55 0 0 0 
55 39 0 0 0 
56 27 0 0 0 
57 17 0 0 0 
58 10 0 0 0 
59 6 0 0 0 
60 3 0 0 0 
61 1 0 0 0 
62 0 0 0 0 

Table 4. 3  The number of violation cases for four 
experiments of case 3 



 

36 

 

Chapter 5 

Discussion  

 

In this chapter, we analyze the impact and list benefits for our improvement 

method. The verification results of experiment cases transform to the curve 

graph to explain the impact of ESD protection in Section 5.2  

 

5.1. Impact and Benefit 

 

� Not pad-limit 

In the general VLSI working flow (Figure 3.1), the evaluation of chip size is 

usually big to avoid the turn-around. And I/O ring structure only allows I/O cells 

placed around the chip edge. For these reasons, we can only insert the Decap 

(Decoupling Capacitance) in unused space after we completed the main chip 

layout and found unused space. Now, we have a new option using more clamp 

cells to enhance the ESD protection capability. 

 

� Low detour issue  

Solving the detour issue in RDL is the one of our initial propose. Sewer 

structure moves I/O cells to the core area of chip. The distance of routing nets in 

RDL can be effectively reduced. The limit of that one chain which allow up to 

combined by two rows of I/O cells can avoid the excessive squeeze routing in 

RDL as well. 

 

� Low impact to original design style  

Shown in section 3.1, the sewer I/O structure has low impact to the relationship 



Figure 5.1  The analysis results of experimental groups 
and control group in case 1 
 



Figure 5.2  The analysis results of three experimental 
groups in case 1 
 



Figure 5.3  The spatial variation between Ring 
structure and sewer structure in the verification case 2 
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Chapter 6 

Conclusion & future work  

 

6.1. Conclusion 

Flip chip is a mature package technology. Area-I/O is the best choice for this 

package. But there is few discussions using the ESD protection as the main 

purpose of research. In this thesis, we deliver a new sewer I/O structure as a 

starting point to make a research about ESD protection. After that, we refer the 

concept of ESD ohm’s law to propose two algorithms and another whole new 

algorithm for cell type assignment. Finally, we provide that there are a lot of 

benefits in this method and it can be easily imported to general VLSI working 

flow. 

 

6.2. Future work 

� In this thesis, there is no discussion about the routing method in RDL [6]. 

We only limit the combining method of chains to avoid the intensive I/O 

cells increasing routing problems in RDL and internal chip space. The 

routing research between the bump pad array and IO cells on sewer I/O 

structure will be an interesting topic in the future. 

� In Section 5.3, we have some discussions about the impact of latch up issue 

in sewer structure. For the better cost control, the I/O cell layout and 

distribution method based on sewer structure for latch up considerations will 

be a good topic as well. 
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