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Motivation

Substrate Layer#

24 ; o
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Background ;  2svien
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With the imperative requirement of improving the efficiency of substrate - —
routing design, electronic design automation (EDA) companies develop auto- -
routing features in packaging design tools.

Challen 0esS workir?sgxacsia;: aisnc;::seegs paZZ;geSZZSm plziixttoinoreases.
 However, some of the these traces generated by the auto routing tool are not ' &
acceptable considering the electrical performance, and even the routing

completion rate is low and runtime is long in some design with complex
electrical connection.

Proposal Solution

e Accordingly, we propose a die edge pin determination method implemented
prior to running auto routing and a decision transformer-based routing
optimization method carried out after running auto routing to enhance auto
routing performance.

10 [ ]
1_3 Working Days

6 ®_9 Working Days

unacceptable auto routing result.
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Main Idea

Assign routing layer for signal
based on die pad location and
design rules

die edge

Import BGA symbol and place via
structure on BGA

via structure (BGA)

Determine die edge pin coordinate Run 2"d auto routing to form trace

corresponding to die pad location connecting die edge pin and BGA die edge pin

Details on Slide 4

Import die edge pin coordinates to Implement auto routing result
design tool optimization by using Al model

Density
Details on Slide 6

trace formed st )
by auto Run 1%t auto routing to form trace

Il outing connecting die edge pin and die Done
' pad
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Die Edge Pin Coordinate Determination (1/3)

*  Methodology 1: Routing quadrant of die pad (x;,y;)
is determined by its slope (m;). Since x; =0, y; =
0and m; < mywherein m; and m, is the slope
diagonal line, right die edge is assigned as the
routing quadrant of (x;, y;).

* The process of determining the coordinate of die edge pin, which implemented by programming.

@\Routing Quadrant oDie Edge Pin Location ¢ Coordinate Import

Determine die pad’s

Determine die pad’s die edge location (Xmins Ymax) 1 (max Ymax)
routing quadrant BGA LOC Method 1
based on Consider e (xp 7)®
Slope of Die Pad BGA LOC >
slope of diagonal line L, BGA right di e—>
= Iimeee - die pa-é'i;":* Determine die pad’s Import die edge pin @t K Vimin)

Determine die pad’s
routing quadrant

=1 ~die edge

irioc
BGA LOC

die edge location
Method 2

S K X=X- G-DxL/OV-D
e . Yi = Yinax

X=X, — (i—1)xL/(N-1)
.i Yi = Yoin

coordinate file into
auto routing tool

*  Methodology 2: Routing quadrant of die pad (x;,y;)

is the edge closest to it. If d, =+/(X;i — Xjmax)? >
Vi = Ymax)? = dy, right die edge is assigned as

the routing quadrant of (x;, y;)-
A

based on Consider Determine die pad'S i Venmss) (Xmaxr Ymax)
Distance to Die Edge BGA LOC die edge location it
( min» max) ( max’ max) ¢
e : d;:, " . ___.BGA Method 3 (xi, 1) .C'i’
__die edge | N or | - die p‘a‘c’i"‘—‘ . ) g
| | ; ~die edge - o
o K max, Ymin) Y : right die edge—
CEmin, Ymind distance to die edge ﬁ rﬁ.ﬁ] : 2
dy = (X; — Ximax)? (i Vi) (Xrmax» Ymin)

dy = (yi - Ymax)z
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Die Edge Pin Coordinate Determination (2/3)

« When considering BGA location  (Xpa Yoaiu)
connected to the die pad, the routing quadrant is
adjusted based on the rules below.

* (Xmax' Ymax)' (Xmax: Ymin)' (Xmin' Ymax): (Xmin! Ymin)
are the coordinates of four die edge vertices as shown
in the lower right figure.

Yoan > Ymax Top die edge
Xpal > Xmax - : (x =5 ol = )
nght d|e edge mify ﬂzax ma‘J ‘max
Ymax > YbaII > Ymin d m‘i
= Die

Koan < Xmin Left die edge ™ [Eoge
Ymax = YbaII >Ymin ot Kj

Yball < Ymax BOttom dle edge ) ‘ i ,(X111;,;:my_§ni11)
Xmax = Xball > Xmin H H

NO die edge pin

Ymax = YbaII = Ymin
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(Xmins Ymasx) L sp<_a>ce Ls die edge (Xmax Ymax)

Step 1: Determine the net order and reference die pad according to the die pad location.
Step 2: Determine the die edge pin location based on the net order, reference die pad
location and minimum line space.

Configuration 1: Take P, (Xy,Y:), P,(X3, Y1), P3(X3, Yy) for illustration.

Q\ Py(X4,Ys)
Ps(X,,Y;)® | ~=» reference die pad

P (X, 7))
P (XY 1(41, I !
(X1, Ye) -» reference die pad

P,(Xp, Yy |
Pi(X5,Y,) o # line space g
N——0—> die edge pin
die pad ®
(Xminr Ymin) (Xmaxr Ymin) | .
Die edge |pin
» Step 1: Since P; is the point closest to the right die edge, P; is set as the reference die pad
and the net order is P4, P, and then P;.
» Step 2: The die edge pin corresponding to P; is (X;,4x, Y1). Considering the line space (L),
the die edge pin of P, and P is (X0, Y1 T L) and (X4, Y1 F L) respectively.
» As stated above, for die pads P,, Ps, Pg, P, is the reference die pad and the corresponding die

edge pinis (X4, Yinax), (X4 £ Ly, Yonax), (X4 F L, Yo 0o) respectively.




Die Edge Pin Coordinate Determination (3/3)

» Configuration 2: The die pads are disposed evenly along the die edge. * Configuration 3: The space of one side of die pad is much larger than the
other.
(Xmin Ymax) die edge (Xmax> Ymax) Xmin» Ymax) die edge (Xmax> Yimax)
() [ ] .- [ J [ ) [ , ,
Ty(Xn, Y1) Ti(X;, Y1) T3(X3,Yy) To(Xp, Y1) Ta(Xq, Y1) Py (X1, Y1) e
Po(X1,Y3)® To(X1 = AX.Ys)g & Ty(X], Y3) P(Xy, V) O OFPo(X1 + AX, Y)
P3(X{,Y3’).. T4(X{ TS(Xl YZ) P3(X1 YZ + AX YZ
: , T (X1, Y1) P1(X1;Y1 AX,Y,)
Py (XL, Yy)e T (X1 ) ¢ 1)
(Xmin» Ymin) (Xmax> Ymin) Xmin> Yimin) reference die pad (Xmaxr Ymin)
» Step 1: Since P; is the die pad with the smallest x-coordinate and y-
> Step 1: Since T is the die pad with the smallest x-coordinate among the coordinate among the die pads, P, is set as the reference die pad and
die pads, T, is set as the reference die pad and the net order is the net order is Py, P, P3, Py, Ps, Pg.
Ty, Ty - Ty. » Step 2: Considering the space of right side of die pad is much larger, the
> Step 2: The die edge pin corresponding to T; = (X1 - —(l;l):L;Ymax), ﬁiweees?)gaigm corresponding to P; = (X1 + (i — DL, Yinin), wherein L is the
- | .

wherein L = X; — Xy
» For die pads Py, P, - P; -+ Py, P; is the reference pad and the die edge pin

corresponding to P; = (Xmax, Y] - (i;l_)fL),WhereinL =Y — Yy

» For die pads Ty, Ty, T3, Ty, Ts, T¢ with the larger space of left side, T; is the
reference pad and the die edge pin corresponding to T; = (X; — (i —
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Evidence - Die Edge Pin Location

1st Auto Routing Result 2"d Auto Routing Result

pin

Die Area

* Completion Rate: 83.10%

« Completion Time: 21:52:28 _ '
. lssues: Detour + Die edge pin is located based on BGA location before * Completion Rate: 100%

running 1%t auto routing, which achieves better e« Completion Time: 05:55:47
performance compared to the distance to die edge. e Detouris eliminated.

a
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Auto Routing Result Optimization (1/2)

Further Details on Auto Routing Result Optimization

* The process flow of auto routing result optimization:

Design Information and Auto Routing Nets * Net Order Determination:

l 4’[ Boundary Construction ]

L '
Net Order Determlnatlon [ Intersection Calculation ]
| ]
[ Intersection Sorting

Yes
Riverside Routing Method . Detour Optimization:
» Detour Detection: CenterNet-HarNet is used as the object detection model. Different

types of detours highlighted in red squares include (a) significant detours (b) slight

Decision Transformer Routing _
Method Multi-Agent Transformer detours within a large area (c) slight detour within a small area.

Detour Optimization

v

Redundant Bending Reduction

|

Refined Routing Result
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Auto Routing Result Optimization (2/2)

Further Details on Auto Routing Result Optimization

Riverside Routing Method: the significant detours are refined by rerouting
along the surrounding segments, wherein the net N is rerouted along N-1
and net N+1 is rerouted along N+2.

N-1

Decision Transformer (DT) Routing Method: to address the remaining
slight detours, we adopt DT as the main routing framework and treat the
decision-making process as a sequence of states s, direction d, length [
and returns-to-go R, = Y.jr_, 7+, which is the sum of all future rewards r
from the current time step t to the future time step T.

I
Transformer
L3 ¥ ¥ ) ¥ ¥ ¥ ¥

| PDsi;icnalEncoding | Positional Encoding |
Conv. Conw.
lE'l'-f'iZI'EE Layers
¥

ol By sy [y |4y | R ] s | ode |

Optimization Result of Slight Detour:
| |
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Area Optimization:

Dense Area Detection: The original design is divided into several routing
blocks first. Each block is examined to determine if the routing resources
utilized within it exceed a specific threshold, indicating a dense routing
area.

o
o
w

=» Gk g

The nets identified in the dense routing area are re-routed by leveraging
Multi-Agent Transformer that casts cooperative multi-agent reinforcement
learning into sequence models problems.

» Optimization Result: Dense nets are rerouted evenly as shown below.

Auto Routing Result Optimization Result

Zl0




Evidence - Al Optimization

Auto Connect Auto Connect + Layer Assignment + | Auto Connect + Layer Assignment +
Al Optimization Die Edge Pin

Manual Routing

* Completion Rate = 98.90% * Completion Rate = 99.42% * Completion Rate = 100% * Completion Rate = 100%

* Total time (for substrate layer -2, « Optimization time(for substrate <« Total runtime (for substrate layer e« Total time (for substrate layer - 2)
4 and 6) = 17:27:21 layer - 2) = 79.7 mins (688 nets) - 2) = 10 mins (die edge pin = 2 working days
determination + 1St auto
connect + manual optimization
+ 2nd guto connect)
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Summary

The auto routing performance, including completion rate, runtime and routing quality, could be improved when

the die edge pin and routing layer corresponding to die pin are determined in advance of implementing auto
routing.

Moreover, the decision transformer-based (image-based) method could further optimize the auto routing results
by refining at least the detours, dense routing areas and redundant trace bendings.
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