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Routability-Driven Bump Assignment
for Chip-Package Co-Design

Student: Meng-Ling Chen Advisor: Dr. Hung-Ming Chen
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National Chiao Tung University

ABSTRACT

In current chip and package designs, it is.a bottleneck to simultaneously optimize
both pin assignment and pin routing for different design domains (chip, package,
and board). Usually, the whole ‘process ¢osts/a huge manual effort and multiple
iterations thus reducing profit margin. Therefore, we propose a fast heuristic chip-
package co-design algorithm in order to automatically obtain a bump assignment
which introduces high routability both in RDL routing and substrate routing (100%
in our real case). Experimental results show that the proposed method (inspired
by board escape routing algorithms) automatically finishes bump assignment, RDL
routing and substrate routing in a short time, while the traditional co-design flow

requires weeks even months.

Keywords: bump assignment, chip-package co-design, escape routing, RDL rout-

ing, substrate routing, package planning
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Chapter 1

Introduction

chip

Package RDL bump

substrate

PCR Via

| 1

Figure 1.1: The cross section of flip-chip." In this work, the problem structure is
from I/O pads through bump pads to solder balls.

Bump assignment plays an important role in chip and package designs. As
illustrated in Fig. 1.1, flip-chip design consists of three domains: chip, package and
board. In current industrial design flow, the designers first generate corresponding
bump assignment based on experience according to the I/O sequence and the ball
map given by customer, then perform RDL routing and substrate routing respec-
tively. In addition, the assignment is composed of repeating pattern which satisfies
power constraint but disregards routing information. It might consequently results
in serious net congested problem on chip or package. Once the designers cannot find
a legal routing solution, they have to reassign bumps then create chip and package
layout all over again. Normally, this back and forth procedure has to be executed

for many times, thus slowing down time to market and reducing the profits.



1.1 Previous Works

To improve the layout performance or to speed up design cycle, several previ-
ous works proposed cross-domain co-design methodology in various aspects such as
placement [4, 5], routing [6, 8, 9], assignment [10, 11, 12] and design flow [13, 14].
For chip-package co-design problem, [4] proposed a multi-step algorithm based upon
integer linear programming to find an 1/O placement solution satisfying all design
constraints. [5] addressed a block and I/O buffer placement method that optimizes
wire length and signal skew. Some researches [6, 8] developed RDL routers for
area-1/O to achieve better performance. [9] fast generated an estimation of wire
planning in package and board for chip and board designs awareness. Since bump
and finger are the interface between chip and package, [10, 11, 12] focused on the
pin assignment for increasing routability.- Furthermore, the main reason that causes
the bottleneck of co-design problem is the iteration of design process. Therefore,
[13] provided a board-driven A-shaped co-design flow with true bi-directional infor-
mation interactions and [14] offered a concurrent design flow to avoid much longer

turn-around time.

However, the aforementioned previous works did not emphasize on substrate
routing. Instead of physically connecting bumps and balls, some of them judge
routability by fly-line or probabilistic prediction. Although the assignment pro-
posed by [10] considers routability on package, it is suitable only for wire-bonding
package. [13] proposed a two-pass flow to optimize pin assignment and pin routing
simultaneously, yet the placement of 1/0O is not that flexible due to various design

constraints. As a result, they might still meet design difficulties.



1.2 Owur Contributions

In this thesis, we propose a fast heuristic in chip-package co-design in order to
automatically obtain a bump assignment which introduces 100% routability both
in RDL routing and substrate routing in our industrial case. Our approach also
provides a practical RDL layout and a routing order that guides designers to easily
finish net connection on package. Moreover, it can be used as a routing simulator as
well. Since the results reflect the quality of initial I/O pin sequence and ball map,
improper mapping can be fixed in the early stage for reducing design period and

manual effort.

1.3 Thesis Organization

The remainder of this thesis is organized as follows. Chapter 2 introduces the
framework of chip-package co-design problem. Chapter 3 discusses the proposed co-
design flow then dilates on each stage.-Chapter 4 reports our experimental results

on one real industrial case. Finally, we conclude this thesis in Chapter 5.



Chapter 2

Problem Formulation
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Figure 2.1: Top view of chip and package. The whole model is partitioned into four
portions: west, north, east and south. First, the I/O pads are divided into four
groups by locality. Then, the solder balls are distinguished according to the groups
of their corresponding I/O pads. Finally, the bump pads are sliced into four sectors
by cutting curves derived from two diagonals of chip.

Our chip-package co-design problem is to find a solution of bump assign-
ment such that both RDL and substrate routing can meet the requirements without
repeating the entire process over and over again. More specifically, we are given
physical locations of peripheral I/O pads O, bump pads U, and solder balls B as

illustrated in Fig. 2.1. Each I/O and ball are assigned to a specific net. The map-



ping between them is denoted by Mpp. Our goal is to appropriately assign bumps
for the purpose of 100% routability in RDL routing and substrate routing under
the corresponding I/O-bump mapping Moy and bump-ball mapping Myp. Note
that the mapping derived from Moy and My should be exactly the same as Mop.
Furthermore, since we use [1] which guarantees 100% routability to complete RDL
routing, our objective in chip domain is to minimize the number of routing tracks

instead.
Input:
i) Chip domain:

- Physical locations of each 1/O pad O; and each bump pad U; on chip.
- Peripheral I/O pin sequence is given. by designer.

- Routable region: top two layers in this research.
ii) Package domain:

- Physical locations of each bump pad U; and each solder ball B; on pack-

age.
- Solder ball map is given by designer.

- Routable region: single layer in this research.

iii) Design rules such as wire width, spacing constrain, size of O;, U;, B;, and via.

Output:

i) A solution of bump assignment.
ii) Practical RDL routing result in pseudo single-layer [1].

iii) An illustration of planar substrate routing.



Objectives:

i) Chip domain: minimize the routing area borrowed from another existing metal

layer (minimize number of tracks in channel routing) [1].

ii) Package domain: 100% routability.

In our implementation, the whole model is divided into four portions as shown
in Fig. 2.1: west, north, east, and south by the following instructions. We first group
/0O pads according to locality then distinguish their corresponding solder balls. The
bump pads are partitioned by two diagonals of the chip and so does the routing area
of RDL. Once solder balls and bump pads are sliced, four routing regions of package
are generated. Here we transform coordinates into west coordinate system and

consider west model only.



Chapter 3

Bump Assignment and Package
Planning

In this chapter, we first compare between traditional co-design flow and the pro-
posed co-design flow in Section 3.1, then,particularly describe each stage of our
methodology in Section 3.2-3.5. Sineeplanar routing is still required even though
multiple routing layers are available for substrate routing due to signal integrity
and manufacturability as mentioned.in [3], the substrate routing problem can be
transformed into escape routing problem. Therefore, we reform B-Escape routing
algorithm proposed by [2] with net grouping technique (Section 3.2) to solve sub-
strate routing (Section 3.3). Based on the escape routing order of ball and the 1/O
pin sequence, a solution of bump assignment can be generated (Section 3.4). Fi-
nally, we complete RDL routing by applying the work in [1] (Section 3.5). All the

notations is summarized in Table 3.1.

3.1 Design Flow

As shown in Fig. 3.1, the chip-package co-design problem consists of three major
domains interacting with each other: bump assignment, RDL routing, and substrate
routing. It is almost impossible to set compromising bump assignment between chip

and package without any routing information. Therefore, designers first roughly



Table 3.1: Symbol Table

Symbol Description
0 ={01,09,...} Peripheral I/O sequence O consists of each 1/O pad O;
U={Uy,U,,..} Bump matrix U consists of each bump pad U;
B ={By,By,...} Ball map B consists of each solder ball B;
Ay ={Ay Ay, ) An assignment set for U that can match SiUP
Symbol Description
Moy I/O-bump mapping
Myp Bump-ball mapping
Mop I/O-ball mapping
N; O;, U;, and B; are connected by net NV;
G; G; is the group of net N;
Di p; is a pin connecting with O;, U;, or B;
U’ U’ is a bump row consisting of bumps in row i
So I/O sequence can be regarded as a pin track Sp
Svue Bump pin track Sy, is a projection of bump matrix on chip
Svp Bump pin track Sy, is a projection of bump matrix on package
Sp Sp is the escape pin order of ball
56 A subsequence of Sp consists of those 1/O pads which correspond to U’
SEC The projection‘of U’ on chip
Stp The projection of U’ on package
Sh A subsequence of Spg consists of those ball pins which correspond to U*
C’]’: The cost of each candidate A%]j

assign bumps based on experience and specific patterns. Then they will iteratively
revise it depending on the routing results in the traditional design flow (as shown in
Fig. 3.1(1)). In contrast, we propose a straightforward co-design flow to solve this
problem by adjusting design order to be substrate routing, then bump assignment,

and finally RDL routing, shown in Fig. 3.1(2).

Since the quality of an assignment is judged by routing results, we first detail
our routing algorithm. For chip, we adopt [1] to solve congested RDL connection
because of 100% routability and easy implementation. As shown in Fig. 3.2(1), it is
intuitive to regard I/O pads as a pin track Sp. Additionally, a row-based projection
is performed on bump matrix to build a virtual track Sy,. Then we can apply
classical channel routing algorithm for pin connection. Note that Sp does not have

to be identical with Sy, due to two routing layers.
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Figure 3.1: The comparison between traditional flow and proposed flow. Both
are consisted of three major domains marked with colors: bump assignment, RDL
routing, and substrate routing. Traditional flow costs more human resource and
time because of the iteration. Proposed flow automatically solves the problem in a
short time.

For package, the routing area_is decomposed into two parts: bump area
and ball area. As shown in Fig. 3.2(2), Sy, is obtained by the aforementioned
projection and will be similar to Sy,. According to [3], substrate routing should be
planar although there are multiple available layers. Therefore, the concept of escape
routing which is usually performed on PCB board can be imported. Here we choose

[2] to form Sp which must be exactly the same as Sy, due to planar routing.

In conclusion, the ideal situation that concurrently achieves our two objec-
tives mentioned in Chapter 2 occurs when Sp ~ Sy, ~ Sy, = Sp. For this purpose,
we first divide nets into groups, which represents global assignment structure,
depending on the given Sy and the above projection method. Sp will resemble Sp
as much as possible by adding this information to the cost function of B-Escape
algorithm [2|. In the end, we can determine the detailed bump assignment

according to Sp and Spg, then generate RDL routing solution. The following
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Figure 3.2: Four sequences, So, Su,, Su, and Sg, are built to specify chip-package
co-design problem. Sy is the given I/O pin sequence. Sy, and Sy, are two virtual
pin tracks constructed by performing a row-based projection technique on bump
matrix on chip and package respectively. Sp symbolizes the escape pin ordering
from ball matrix. In addition, Sp ~ Sy, because we use channel routing algorithm
to solve RDL routing and Sy, must be exactly the same as Sp due to the constraint
of single-layer routing on package. Furthermore, to simultaneously achieve the two
objectives mentioned in Chapter 2, we first group nets row by row in top-down order
with notation G, G5, G'3 and so on, then add this constraint into B-Escape routing
algorithm [2].
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sections discuss the algorithm of each step.

3.2 Net Grouping

To simultaneously achieve high routability in both RDL routing and substrate
routing, the escape routing order of ball should be similar to the given 1/O pin
sequence (Sp ~ Sp) as discussed in last section. Since the original B-Escape routing
algorithm [2] considers only routability, we introduce the I/O information into it by

net grouping technique.

Fig. 3.2 demonstrates the way how a bump pin track Sy, or Sy, is con-
structed on chip or package. Since the bump pin track is generated by the row-based
projection method, we group bumps row by row in top-down order with notation
G1, G, G3 and so on. To reduce routing tracks'in RDL, Sy, should be quite simi-
lar to the given Sp. Consequently, each group is-expected to be assigned with the
corresponding nets. As shown in“Fig: 3:2(1),/group G; includes net Nj, Ny, and

N3, group G5 includes Ny, and group Gj includes N5 and Ng.

Net grouping symbolizes the idea of global bump assignment. If all the four
pin tracks So, Sy., Su, and Sp are organized in the same group order, the routing
result is optimal. Furthermore, net grouping merely reveals the distribution, it does
not specify the detailed assignment to each bump in row. In other words, Sy, and
Sy, are uncertainly equal to each other in spite of the same group order. This can be
seen in the following example: in Fig. 3.2(1), Sy, = (psp1p2)(pa)(peps) = G1G2Gs;
in Fig. 3.2(2), Su, = (pip2ps)(pa)(psps) = G1G2G3. In summary, net grouping

offers not only a standard but flexible rules for bump assignment.

11



3.3 Substrate Routing

As mentioned previously, we separate the routing area of bumps and balls on
package. In this section, we focus on ball area since we use coherent routing method
for bumps on chip and package which will be discussed in Section 3.5. Considering
signal integrity and manufacturability, substrate routing should be completed in
single layer as described in [3]. For this reason, the connection from balls to Sp
can be mapped into single-component escape routing problem even though it acts on
PCB board. The entire ball area split into four components. Each of them has an
individual escape boundary, that is, Sg. In the next few paragraphs, we will describe
how to solve this problem by modifying cost function in B-Escape routing algorithm

[2] with net grouping.

Algorithm 1 shows our reformation of B-Escape routing algorithm [2]. The
overall process comprises three steps as original: Stepl is to calculate routing cost of
each net (Line 2-Line 6); Step2 is to:sort net costs(Line 7-Line 14); Step3 is to route
the first net or backtrack(Line 15-Line 21). However, the routing cost is changed
into 3-element vector (a, 3, 7). For this reason, the details of the three steps differ

from [2] and will be individually specified in the next three paragraphs.

Here o and f follow the definition in [2] which respectively stands for the
number of unroutable balls and the number of blocked balls caused by current
routing net. These two elements dominate the routability (Objective ii in Chapter
2). To optimize RDL routing (Objective i in Chapter 2), Sp and Sy, should be
alike. According to the relationship among the four sequences described in Section
3.1, So ~ Sy, ~ Sy, = Sp is derived. Hence we define the third element «y as the
group of net. By following the group order during escape routing, the escape order

Sp will be similar to the given I/O pin sequence Sp.

Net cost ordering depends on routing modes clarified in [2]. In upward mode,

12



Algorithm 1 Reformation of B-Escape routing algorithm

1: for each of the six routing mode do

2: for each unrouted net N; do

3: route net N; from ball B; to escape boundary Sp
4: calculate the cost vector for net V;

5: clear the route generated for net N;

6: end for

7 if upward mode then

8: sort all net costs by group in non-decreasing order
9: else

10: sort all net costs by group in non-increasing order
11: end if

12: for each group do

13: sort net costs by a and S in non-decreasing order
14: end for

15: choose the first net N;

16: if net NV, traps other nets then

17: backtrack and reorder

18: else

19: route net IV; from ball Bj;to escape’boundary Sp
20: remove net N; from net cost order

21: end if

22: until all nets are routed or exceed the backtrack limit
23: store the solution for this reuting mode

24: end for

25: output the solution with the best routability

a pin first goes straight up to the boundary then follows the boundary clockwise
until it reaches Sg. All unrouted pins will be located lower than the current pin on
Sg. Consequently, the net clustered in top group should be routed earlier. Thus,
the net costs are arranged as {Gy, G, G3, ...}. During downward mode, it is in
reverse order {..., G5, Gy, G1}. Moreover, cost ordering inside each group is in

non-decreasing order based on « and f.

Since the costs are organized by net group in the reformation, there are two
situations: (a) the chosen net N; and the next candidate net NN, are in the same
group (G; = G;); (b) N; and N; are in different groups (G; # G;). Once all unrouted

balls are trapped by each other (Va; # 0), it meets a reordering point and has to

13
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Figure 3.3: Due to net grouping, there are two situations when reaching a reordering
point of the reformation of B-Escape. algorithm [2]: the chosen net N; and the next
candidate net N; are in the same group as shown in (1) or not as shown in (2).
The net cross caused by routing:order exchange inside group could be solved by
using different projection patterns of the bump row on chip and package. However,
the net cross produced by routing order exchange between groups would never be
solved since the projection method is row-based. Therefore, situation (1) has higher
priority when backtracking.

backtrack to route N; first instead of IV; as described in [2]. Situation (a): as shown in
Fig. 3.3(1), the exchange of routing order inside group does not influence the result
of bump assignment. Therefore, it will not cause extra net crosses. Situation (b):
the exchange of routing order between groups leads to the exchange of assignment
between bump rows as shown in Fig. 3.3(2). As a result, net crosses are produced in
RDL routing. Thus, situation (a) has higher priority when backtracking. According
to aforementioned instructions, we can finally acquire an escape routing solution of

balls whose Sp is the most similar to Sp with 100% routability.

14



3.4 Bump Assignment

Here we present three steps to determine an optimal solution of bump assignment
by So and Sp. First, owing to single layer routing on package, Sy, must be identical
to Sp. For each bump row U’, there is an assignment set A}, that can match the
corresponding segment S@P by performing the projection method, detailed in the
next section. Then, we derive the candidates for S, from Aj; in the same way.
In addition, cost Cj is defined as the differences between candidate Si;. and Sp.

Finally, we combine every A}, with minimum cost and verify it with design rules.

Fig. 3.4 demonstrates an example to clarify the process. As shown in Fig.
3.4(1), there are eight possible assignments Ay - A, for bump row U to form Sp;, =
psp1p2ps. Fig. 3.4(2) illustrates the candidate Sllfm projected from AlUl. Comparing
each Sf. and S5, the cost Cj is the-difference between the length of S, and the
length of the longest common sequence (LCS) of them. Note that the LCS represents
the similarity. The assignment which has lowest cost is denoted by A(ljl. Repeat all

steps above until all Azi/] are found.

In this work, we verify the sufficiency of routing resource for the solution
composed of AY; instead of physically routing bumps to Sy,. On chip, the number
of tracks between two adjacent bump rows is large than the number of bumps in a
row. On package, it is completely the opposite. To improve routability, designers
will relocate bump vias by connecting short wires from bumps in previous layer
rather than dropping vias over bumps. This method is quite similar to the flexible
via-staggering technique proposed in [3]. For example, given Sy, = pips...p7 and
Ay = {AL, A% AP as shown in Fig. 3.5(1). If the vias are located right on the
bumps, nets N3 and N; will cause violation. It can be seen in Fig. 3.5(2) that Ay

is a legal solution by staggering and compacting vias based on DRC rules.
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(1) Sy, is the same as Sp due to single-layer substrate routing.
For bump row U!, there is an assignment set A}; consisting of each
candidate A,ljj that produces corresponding projection Sllfp'
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(2) First, draw the corresponding subsequence S}) which is composed
of net pins identical with that assigned to U'. For each candidate
Alljj, perform the projection method with target S} to make the

result S}]CJ_ as similar to Sé as possible. Then, calculate the cost C’;

which is defined as the difference between the length of S}, and the
length of the longest common sequence (LCS) of Slljcj and S}.

Figure 3.4: An example that demonstrates the process of bump assignment. First
we derive all possible solutions of bump assignment based on ball escape routing
result as shown in (1), then choose the candidate which projeccts the most similar
bump pin sequence to I/O pin sequence as shown in (2).
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The formulas (3.1) and (3.2) are specified below:

Fu(n) =
" {—W(dg’de + W + (=1}, + dy + R 1> 1

Fb(n) =

az(dyydvw)
§=irispon 4

(2) Stagger via

Figure 3.5: Comparison between grid via and stagger via. As shown in (1), an
assignment A;; consist of A}y, A% and A} is illegal since there is no routing space
for nets N3 and N; while dropping vias over bumps. However, (2) shows that A'U is
a legal solution by staggering and compacting vias based on DRC rules.

,n=20

VR +d,)22 (D)

Notations:

e n: the number of wires.

R: the radius of a bump via.

\/(23 4 2y + nWoy + (0 — 1)dy)2 — (2)2 0 >1

D: the distance between two adjacent bump vias.

d,: the minimum spacing between two adjacent vias.

d,: the minimum spacing between two adjacent wires.

e d,,: the minimum spacing between a via and a wire.

17
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Here we stagger and compact bump vias row by row from top to down. There are
two cases: a via row is located between routing boundary and another via row; a
via row is located between two via rows. Formula (3.1) is applied to the former
and formula (3.2) is applied to the latter. It is evident to obtain the two formulas
according to Pythagorean theorem. Note that the new location of a via can not be
higher than the original location, or the two adjacent via rows will overlap. After
the lowest row is compacted, the legality of an assignment A/U can be judged on

whether the lowest row is located inside the routing region.

However, it is no guarantee of the existence of legal solution. Once Ay, fails,
we will analyse the bottleneck and update AiU' around it. If all combinations of A’U
can not meet the requirement, it concludes that the routing constraint is extremely
tight. Thus, the only way to solve this-problem is to stagger vias in manual or

modify the given I/O pin sequence or ball map.

3.5 RDL Routing

After bump assignment, the methodology proposed in [1] is applied to solve RDL
routing in pseudo single-layer. The problem is transformed into classical channel
routing problem by considering I/O pads as a pin track Sp and projecting bump
matrix to a virtual track Sy.. As shown in Fig. 3.6(1), the projection in [1] is
executed in only one direction (downward). The inflexibility of bump pin order
will cause extra overlaps. Hence, we refine it by offering two projective directions
(upward and downward) as shown in Fig. 3.6(2). Please notes that both techniques

are row-based.

Fig. 3.7 lists all patterns of bump pin order generated by our projection
method. Due to the non-detour routing in single-layer, some particular patterns,

for example, Sy, = papspi1, are uncovered. The cost of each pattern is equal to the
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(2) Proposed projection method

Figure 3.6: Comparison between bump projection method in [1] and that in this
thesis. In (1), bumps can project in only one direction; therefore it might cause
more overlaps. Hence, a bi-direction.projéction method is developed to reduce net
crossing as shown in (2).

difference between bump pin order and the corresponding I/O subsequence. It is
similar to the definition of Cj described-in-Section 3.4. With the minimum cost
pattern, the usage of tracks will be reduced in RDL routing. The whole procedure

is displayed in Fig. 3.8.
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Figure 3.7: List of bump pin track. Since the connection between bump pads and
pins should be completed in single layer, the pin order can be derived as demon-
strated. A new pin is located on either top or down of the original pin sequence.
Thus, some particular patterns, for example, Sy, = papsp1, will never be generated.
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Figure 3.8: An example for RDL routing. Given 1/O pads and bump pads which

are assigned, we first intuitively consider I/O pads as a pin track So.
calculate the cost of each candidate for Sy,..

Then, we
Finally, we choose the pattern with

minimum cost and perform classical channel routing algorithm.
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Chapter 4

Experimental results

The proposed algorithms are performed on a real and large-scale industrial case.
This case contains chip domain and package domain. As shown in Fig. 4.1 and
Fig. 4.2, the distributions of 1/Os, bumps, and balls in south and east regions are
uniform; in west region, balls are.distributed uniformly but bumps and 1/Os are
distributed in corner; in north region, all I/Os; bumps, and balls are distributed in
corner.! In this chapter, we first detail the execution flow, then compare the results
of substrate routing, bump assignment ‘and RDL routing with that of traditional

co-design flow.

4.1 Co-Design Flow

The whole methodology can be divided into three parts: (a) substrate routing in
Section 3.2-3.3, (b) bump assignment in Section 3.4 and (¢) RDL routing in Section
3.5. (a) and (b) are implemented in C++; (c) is implemented in tool command
language Tcl. First, the data are fetched from the chip design in Encounter Digital
Implementation (EDI) and the package design in Cadence Allegro. Then, a sub-

strate routing order considering RDL routability with the corresponding simulation

!The combination of various types of distribution in different design domain increases the rout-
ing difficulty. For example, in west region, EDI router can only complete less than half of nets in
RDL routing.
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of single-layer substrate routing is generated by (a). After bump assignment, (c)
connects I/O and bumps in pseudo single-layer and dumps scripts of commands in
few minutes. Finally, the physical RDL layout will be obtained by sourcing these

scripts in EDI.

4.2 Substrate Routability

N

. allvm(P[G)
. allua(sm;ml) /B

. . P | .

L T L .|

S fly-line
routing path

Figure 4.1: A solution of bump assignment with single-layer substrate routing simu-
lation that generates by the reformation of B-Escape algorithm [2] in up-down mode.
Green paths are the escape routing result of ball; fly-lines colored in blue indicate
the assignment between bumps and balls.

Fig. 4.1 shows our results of bump assignment and substrate routing in a real
industrial case with 507 signal nets (casel). Since we perform the reformation of

B-Escape routing algorithm [2] on uniform grid, the routing paths produce 90 degree
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corner and cost more routing resource than 45 degree router. Therefore, it can be
treated as the lower bound of routing performance. By following the escape order,
designers can easily complete the physical substrate routing with 100% routability
in Cadence Allegro. Although Allegro offers automatic router for package, designers
still connect each bump and ball in manual because of the poor routability (40%-

50%) and redundant detours.

4.3 Bump Assignment

Table 4.1: The comparison of chip-package co-design flow in casel.

Method Substrate routing
# routed nets Rout. Time
Ours 507/507 in 2"¢ layer 100% | 909.52 (sec.)
Traditional 449/507 in 2" Tayer 100% | a few days
58/507:in 374 layer
Method RDL routing
# routed nets Rout. Time
Ours 507/507 in pseudo single-layer | 100% | < 1 minute
Traditional 507/507 in two layers 100% | > 2 weeks

As shown in Table 4.1, the substrate routing results reflect the quality of
assignment method. By using the technique of via staggering mentioned in Section
3.4 during bump assignment, our co-design flow can achieve planar substrate routing.
In contrast, designers assign bumps based on experience and iteratively revise the
solution in traditional flow. Therefore, it requires more routing resource and more

time to finish all connections.

4.4 RDL Routability

Fig. 4.2 shows the result of RDL routing by obtained [1] under our bump assign-
ment. We first dump the assignment in script of command then source it in EDI

to assign bumps. Because the assignment generated is based on 1/0O sequence, the
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Figure 4.2: Based on our bump assignment, we can achieve 100% routability in RDL
routing by [1] in casel.

routing area borrowed from another existing layer is quite equal to that of manual.
Both flow produce 100% routability RDL routing, but our flow is much faster than

the traditional co-design flow.
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Chapter 5

Conclusions

In this thesis, we propose a straightforward chip-package co-design flow with
routability-driven bump assignment based on [1] and [2]. By considering I/O pin
sequence as a target order for ball escape routing, a compromise of bump assignment
between chip and package can bhé generated. - This technique offers information
interactions to avoid the iterativerevise in traditional design flow. The experimental
results have shown that our approach-achieves 100% routability in both RDL routing
and substrate routing. In addition, since the whole process is automatic, it is much

faster than the traditional design flow.
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