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~_Issues of PCB Routing

* Printed circuit board (PCB) routing has
become more and more difficult for manual

design

— Due to increasing pin count and decreasing

routing resource

As a key problem of
PCB routing, escape
routing has attracted
much attention
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f Recent Researches on PCB Routing R ALki]
~Recent Researches on PCB Routing J

* For pin array structure

N
grid pin array
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cannot satisfy the
demands of the

N

e o oo e staggered pin

y\.......

ever-increasing 0 © o o e oo o 5rray (SPA)
\pin number \ (b) [DAC’06]
Compared to GPA, SPA can increase pin

| density greatly under the similar number
| of pins and same area [ICCAD 11]




e For GPA

— Network flow based escape routing algorithms on
GPA [ICCAD’96’ 06’'08]

— However, they only focused on single-signal
— A chip-package-board co-design considered

escape routing of differential pairs [ICCAD’'08]

— But it paid more attention to co-design
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« [ICCAD'10] proposed a negotiated
congestion-based differential-pair routing

« But it did not take length-matching rule into
account.

{ Without considering this, the \d a five-stage

signal skews will be enlarged,
which can lead to degradation
of performance
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routing of both signals on GPA .

length matching

1




e For SPA

— Only single-signal escape routing was
developed [ICCAD’11]

— There i1s no work on differential-pair escape

routing

— No work for escape routing of both signals
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~Motivation of this work

« Because of the high noise immunity and low
electromagnetic interference

— Differential pairs are always used for the high-
speed signal transmission on PCB

. Limitation of resources [O W}
|

— Not all signals are trans | SinglePin

— The signals of differenti prmmm
will coexist on board ’Pﬂib

— The research on escape
will be quite valuable O O O

. The problem of escape routing for mixed-
pattern signals




~ Contributions

* In this paper, a mixed-pattern escape
routing algorithm is proposed on staggered
pin array
— 1. The problem of escape routing of mixed-

pattern signals is presented for the first time

— 2. A unified ILP model is formulated for mixed-
pattern escape routing problem

— 3. A slice-based heuristic method is proposed
to prune the variables of ILP and speed up the
solving
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| ~ Staggered Pin Array

* A mxn staggered pin array (SPA)

— composed of n rows, and in each row there are
m (in odd rows) or m—1 pins (in even rows).

— A triangular tile is composed of three adjacent
pins and there is a tile node in each tile
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~Tile Network

« Atile network is generated by connecting
triangular tile nodes with each other in the form of
hexagons.

The edges of tile hexagons will be channels for

escape routing and the angle between the routing
channels is 120-degree




% (" Froblem Definition

The problem of mixed-pattern escape routing (MPER)

— (1) a m x n staggered pin array

— (2) a differential pairs and b single signals to be
routed to the boundary

— (3) design rules such as non-crossing rule and

wire length matching of differential pairs

— (4) the constraints such as the limitation of
routing resource

* The objective Is:

— Escape all marked pins to the array boundary
with minimized total wire length via the tile
network and meanwhile no design rule is |
violated and 100% routability is guaranteed.
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Solving ILP
Problem

a slice-based
heuristic algorithm
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~ Constraints in MEPR

Used for
e Constraints: differential pairs

— Differential-pair protection constraint
— Differential-pair length matching rule }
— Non-crossing rule
— Routing resource

— Wire width constraint
— Acute-angle constraint

Used for both
signals




~ Constraints in MEPR

* Non-crossing rule

— The routing paths between two signals
are not allowed to be crossed

lllegal solution
due to crossing




[ Constraints in MEPR

 Differential-pair protection constraint

— In order to avoid signal crosstalk, before
the two signals of differential pair meet
with each other, no other signal is
allowed to be close to




~ Constraints in MEPR

L' * Routing resource constraint
\ * Wire width constraint

* Acute-angle avoidar Reduce the strength of

constraint signals and even
cause undercutting of

— For SPA, acute-angl the circuitry
possibly generated, especially \/
for differential pairs

— It Is necessary to avoid the
acute-angle routing O
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onstraints In

| « Difficult to take the wire length-matching
\ rule together with others as it is only for
N differential pairs

— The constraint will be solved sey Median points
N searching
Routing f| Differential Pair o |
pins to m(_ Pre-Condition "5 | | Routing from pins to

points ——t—— Il | median points with
O Fmimﬁr\length-matching
|
Pin | . .
O-=-O [Path determination

Routing for both median

l) B | , . - - -
— Two signals meet P ? points and single signals to
el
\

b'O/_ with each other with [~ | boundary
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f* Median Points Searching

 Min-cost Median Points

— An effective method was proposed to
find median point candidates for each
pair [ASPDAC’12]

« However, it is based on GPA

O O O O O

median point searching algorithm for SPA




e Let (z.”y.") and(x?, y»”) be the
coordinates of two pins of differential pair

« Casel. yo"" = " :there are two min-cost
median point candidates, which lie on the

mid-perpendicular between pins




[ Median Points Searching- simple cases

Case 2: x,” = xp” and |y.,” — y”| is not multiple of 4:
There are two min-cost median point candidates

Case 3: z,? = zp? and |y.? — yp?| is multiple of 4: There

are four min-cost median point candidates Lie around

the middle
pin of the

J

o
Lie on the
line of two

pins
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Composed of certain
pins with the same
distance to the pin
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The pin hexagon  Minimum intersection hexagons
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O o o mminimum intersection

Case 4 o =
minimum intersection O O
hexagons are adjacent hexagons are intersectional
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minimum intersection hexagons are partly adjacent
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Path Candidates Generation

Algorithm 1 Dynamic Programming b| Calculate th2 h

Require: pinl, pin2, mpoint, mazLe

15z
16:
§
18:
19:
20:
21:
22:
23:
24:

10 O T Ch SR ER b 1=

acceptable Algorithm 2 findPath(pSet, path, tile, mp.region,!)

cal M azx Length(mazx Length); maximum Re(!uire: pSet, path, tile, mp, region. I:

adjTilesl = cal PinAdjTiles(pinl)™ length of ps L if length < 1 then

adjTiles2 = cal PinAdjTiles(pin2); 2. if tile == mpoint then Find the paths

? Set.push_back : i

removeReTiles(adjTilesl, adjTiléNy _. _ g poet.pusn.back(path) with length of

region = cal RoutingRegion(pinl, Fmd adjace .l : lend - |

isdone = false: tiles around 7 €8¢ - . :

2 B Gl . 6:  adjTiles = calTile AdjTiles(tile);

while isdone do two pins 7:  for each t € adjTiles do

for each t1 € adjTilesl do 8: if tile € region then

pathl.push_back(tl); 0: path.push_back(tile);
findPath(pathSet1, pathl,t1, 10: findPath(pSet, path. tile, mp, region,l — 1);
region, maxLength); For each pos 11: end if

: @ Three paths
isdone = false; Merge the two path with length of 6
maxLength + +; sets and generate the O
end if final paths from one
end while pin to another via o
output All Paths(); median point

entry node, !2: end for

for each t2; € adjTiles2 do calculate pat 13: end if
path2.push_back(t2); length of maxlength O
findPath(pathSet2, path2, t2, Mreporree;

O
region, mazxLength);
Stid o The same for O
if pathSet1 is not null and pathSet| the other pin
mergePaths(pathSetl, pathSet2); ®

isdone = true;
else

end for

\ J




and ¥ 4 4
~Acute-angle Avoidance for Differential-pair @ﬁf/’

* Acute-angle Avoidance

ath can
a
orities
y a path po
- — -y P poenonny- IL WIll De selected as a
routing solution

— For the rest unavoidable cases

* The 60-degree angle can be split into double
120-degree angles by adding an additional
segment with a little wire length sacrificed -




/ ~ Group Dividing Method

Determine the path to be actually used

 Differential pairs are classified into K
groups according to the crossing possibility

— K'is the maximum value that makes the paths in
groups without crossing with each other
o O O

O

e O e ¢ O o o
O e ¢ O e e O o
e O o ¢ O e

O e ¢ O o ¢ O o



Median Point Determination

For group Gy wfpam ]
. . candidates in Gk
* Objective: A

ak Nk the sum of the length of path

p from differential pair pins to
Total length of Min Z Tip median point and the

paths selected distance of median point to
the nearest boundary

t—1 p=1
J

If path p is selected for
differential pair i,

2, =00r 1,VI<i< N

For each differential pair,
one and only one path
Is assigned

The path connecting
median point to pins

oF L.(ip,7q) € PCCy

the path crossing cluster
for group Gk




Total length of all
routing paths

* Objective: |~
Min o X Z lei ;) % falei ;) +

Guarantees the resource
constraint and
differential pair protection

constraint.
\_

between differential pairs

Ensure

the 100%

and single signals, in this
\paper, itissetto 1

Adjust the relative weighting |

X frl( )




~ NP-hard Problem

* For single signal, the problem can be
transformed into LP problem and solved in
polynomial time [ICCAD11]

 However, for MPER, the situation will be
different.
— First, there are two kinds of input sources

— Second, as the two kinds of signals take
different network resources, more constraints
will be brought in to distinguish them.

— As a result, the problem becomes a multi-
commodity problem which has been proven't
be NP-hard. |
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» Phenomenon: when a water- | o o--e-e-<a

drop falls down to the groun ,.O » T,
<s ¢ p--0 o

' / /

the droplets will spread all i $ (_'tf_,
around and if the ground is § o ‘o WYY g

\

smooth, the spread will be

Evenly sent
even enough
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Slice-based MPER Algorithms __ @ﬁf/’

Algorithm 1 Variable Pruning for ILP

Require: width, height, sinpins, dpairs, apartN um; i
: generatePinArray(); i
: generateTileArray(); i

| each region 3: create Regions(apartNum);
will solve : isdone = false; The chip is partitioned
independently while isdone do into apartNum regions
for each i € [1, apart Num| do
initalization(i);
generateDpair(i);

\»’\

6
7 Tile network is generated
8 and edges are set up for the
9 generater Sinpins(i); network flow based ILP

10 I DCoorMapping(i); formulation

11: create Edges(i);

12: I LPEscapeRouting(i); Then an ILP solver

13 resultsExtracting(i); is performed to

14

15

16

17

end for o solve the problem
if ILP is optimized solved for all

isdone = true; \
else Otherwise, the failed signals
(. The results in redistribute Failure Points():; in congested regions will be
each region are end if _redistributed hguristic_ally
merged and final end while Into nearby region which
routing results ergeResults(); has the most routing

are stored output All Paths(); resource
\ Y, J
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~ Experimental results

e Benchmark:

— Experiment |: effect of differential-pair escape
routing on SPA

— Experiment Il: effect of the proposed method

 Workstation:

— Implemented in C++

— Intel Xeon 2.40GHz CPU and 12GB physical
memory

* Tool:
— Ip_solve used for ILP and LP solving

* The capacity of edge on tile Is set to 2 W|th
only one routing layer considered |




~Experimental results @r{i},

Effect of MPERA on differential-
pair escape routing on SPA

— Compared to grid pin array, the
proposed method can reduce wire e G BOREREEE Vol
length by about 13.8% on average Y "% G ,'

and chip area by 13.4% BREER & TR LS
Escape routing results of caselO
Table 2: Effect of escape routing algorithm on staggered pin array
Benchmark information B Ours

Benchmark | Dpair | Array | Avg tun-time | Area | Pin Array | Avg. | Run-time Area
/ size / len. len. (s)
. . 13 T < 70 2.67 2.31 <1 60.62

A differential ,/{) g 126 100 316 <1 109.12
. / 4.8 < I87 4.74 4.10 <1 161.95
pallr escape Ax3 | 2.0 : 20 1.33 1.15 <1 17.32
. 4x3 2.6 g 26 1.76 1.52 <1 22.52
routing on GPA [T < =0 118 302 =1 00,28
y 7x6 3.0 < 80 3.04 2.63 <1 6Y.28
[ASPDAC 12] x16 | 3.5 > 120 3.50 3.03 <1 103.02
\ px15 | 3.3 < 98 3.30 2.86 = 84.87
. —/35x35 | 12.2 - 1156 13.50 11.68 - 1001.13

Ratio | I | ().996 ().862 (.866
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Two-stage

Effect of method

Routing

increase the routability by -
— Reduce the average wire Z=is..
average and 22.0% at mo 1"

Solve the escape L IR ,
rOUtlng Of - the proposed mixed-pattern escaj Our method based

Two-stage method
. . . Sin. Routability | Runtime | DH LI
differential pairs tength | (%) o | 0ON three-division

8.8 8.5 80% <1 8.8 8.2 T00% <1

and single-signals 61 | % O I X I L A S

) 7.5 88% <1 10.44 733 100% i |
: 2.6 90% <1 2.4 2.2 100% <1
respeCtlver 2 100% <1 3.67 2 100% i |
TASC0-2 5.67 85% | 7.67 4.43 100% <1
case7-2 4.88 88% 2 b 4.78 4.55 100% <1
case8-2 : 7 90% <1 6.4 6.5 100% &1
case9-2 5.7 6.63 80% <1 5.8 6.1 100% <1
casel(-2 16.12 88% 18.4 100% 3

casell-2 : 12,61 0% 100% 13
1.093 1 1.010 1.163 -
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~Conclusion

Staggered pin array has become more and more
popular for PCB.

At the same time, differential-pair is a good
method to increase noise immunity of signal for
high-speed signal transmission

In this paper, an algorithm for escape routing of
both differential-pair and single signals is proposed
on staggered pin array based PCB.

Experimental results show that the proposed
method can solve both single-pattern and mixed-
pattern effectively.
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Routab . " S Routab . Diff. Pair . Routabili

ility (%) ility (%) length ty (%)

(s)

100% 2

30 36 35x35 18.33 16.12 86% 2
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~Two transformations

« Modified MPERA for single-pattern escape
routing
— the problem will be transformed to the LP
problem in [ICCAD11]
« MPERA considering crosstalk between
single signals:

falei;) + felei;) <1

« MPERA without considering the crosstalk
between single signals

— Slice-based MPERA




~_Issues of PCB Routing

* High speed printed circuit board
(PCB) routing has become more and
more difficult for manual design

— Due to increased pin count and
dwindling routing resource

/Package 1
| Package 2
/ UUUUuU Damping Impedance

S UUUUU

urface

/ Fe -

Pin array

Routing ]aver Pin array

Escape routing 'Untan;-,lmg, Length-matching routing : Escape routing




