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Abstract  Escape routing is one of key problems in design of printed circuit boards (PCB), and it becomes more and more 

difficult for manual design due to increased pin count. This paper proposed an algorithm using an unified model to formulate 

the problem of escape routing of differential pairs together with single signals (mixed-pattern signals) on staggered pin 

array(SPA) considering the routing’s density.  
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1. Introduction 

 Escape routing is aimed at routing nets from pins to 

the boundary of the components on PCB. The escape 

routing can be divided into two classes: single signals 

escape routing and differential pair escape routing. For the 

single signal routing, there is only one  net for each signal. 

While, differential pair escape routing requires completely 

parallel dual nets for some pin pairs.  

Ref.[1] proposed an algorithm to solve escape routing 

which takes both differential-pair and single signals into 

consideration, but it loses sight of high density. Ref.[2] 

proposed an algorithm to solve escape routing which use 

orthogonal-side wiring style that fully utilizes the routing 

resource to ensure the high density, but it only contains 

the single signals.  

In this paper, we propose an algorithm which takes both 

differential pairs signals routing and high rout ing density 

into consideration.  

2. Preliminaries 

2.1 Routing Network 

Fig.1 shows a triangular-tile model [2] of routing 

network which triangular region in the staggered pin array 

formed by three adjacent pins. In this routing network, we 

create two extra nodes: source node and sink node. Source 

node is connected to all escape pins, while sink node is 

connected to all boundary nodes.  

         

 (a)triangular-tile model      (b)Inequality Checking 

           Figure 1 Routing network model  

2.2 Formulation 

The high density escape routing method for 

staggered-pin-array based mixed-pattern signal model can 

be defined as follows:  

Input: a) size of staggered pin array,  

      b) the number and coordinates of the   

         differential-pairs signals and single signals 

      c) the DRC rules including wire width, wire  

         spacing, pin diameter 

Output: the routing of each signal  

Constraints:  a) two nets of one differential-pair signal  

             should be routed from pins to boundary  

             at the same time,  

           b) routings can't intersect with each other, 

Object: a) 𝑚𝑖𝑛 𝑙 𝑒𝑖,𝑗  𝑓(𝑒𝑖,𝑗 )𝑒𝑖,𝑗
  

       b) the nets which are routed from pins to  

          boundary is as many as possible. 

3. Proposed Algorithm 

Fig.2 shows an overview of the proposed algorithm.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 2: Overview of the algorithm 
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The model of the routing network is shown in the  Fig1. 

Given 𝑃𝐷: the set of escaped differential-pair pins, 𝑃𝑆: the 

set of escaped single pins, 𝑃𝑈  : the set of nonescaped pins, 

and N: the set of internal nodes and boundary nodes, the 

routing network is G=(V,E), where V=PUN and P=PD UPS  

UPU. 

3.2 Median Points Searching 

We use the breath-first-search(BFS) to search the 

median points of differential-pairs[1]. 

3.3 Inequality Checking 

When we use the orthogonal-side wiring routing style,  

here comes the following question as shown in Fig.1(b). 

 
𝟐 ×  𝒍 − 𝒅 − 𝟐 × 𝒔

𝒘 + 𝒔
 >  

 𝟑𝒍 − 𝒅 − 𝒔

𝒘 + 𝒔
                 (𝟏) 

If the inequality does not hold, use the LP formulation. 

Otherwise, use ILP formulation.[2] 

3.4 LP Formulation 

1) 𝒍 𝒆𝒊,𝒋  denotes the length of edge 𝒆𝒊,𝒋; 

2) 𝒇(𝒆𝒊,𝒋) denotes the flow of edge 𝒆𝒊,𝒋. 

3) 𝒄(𝒆𝒊,𝒋) denotes the capacity of edge 𝒆𝒊,𝒋 . If 𝒊 ∈ 𝑷,  

𝒄 𝒆𝒊,𝒋 = 𝟏. If 𝒊, 𝒋 ∈ 𝑵, and 𝑖, 𝑗 are not in the same tile, 

𝒄 𝒆𝒊,𝒋 = 𝐦𝐚𝐱𝐢𝐦𝐮𝐦 𝐨𝐟 𝐰𝐢𝐫𝐞𝐬. For other edge, the 𝒄 𝒆𝒊,𝒋  is 

infinite.  

3.4.1 Median-point signals routing 

The LP formulation is as follows:𝒎𝒊𝒏 𝒍 𝒆𝒊,𝒋 𝒇(𝒆𝒊,𝒋)𝒆𝒊,𝒋
 

Subject to:          𝒇 𝒆𝒊,𝒋 = 𝟐, ∀𝒊 ∈ 𝑷𝑫, 𝒆𝒊,𝒋∈𝑬           (𝟐) 

    𝒇 𝒆𝒊,𝒋 = 𝟐 ∗  𝑷𝑫 , ∀𝒊 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒐𝒖𝒓𝒄𝒆 ,𝒆𝒊,𝒋∈𝑬           (𝟑) 

    𝒇 𝒆𝒊,𝒋 = 𝟐 ∗  𝑷𝑫 , ∀𝒋 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒊𝒏𝒌 ,𝒆𝒊,𝒋∈𝑬            (𝟒) 

    𝒇 𝒆𝒊,𝒋 = 𝒆𝒊,𝒋∈𝑬  𝒇 𝒆𝒋,𝒌  𝒆𝒋,𝒌∈𝑬 , ∀𝒋  ∈ 𝑷 ∪ 𝑵,            (𝟓) 

𝒇 𝒆𝒊,𝒋 ≤ 𝒄 𝒆𝒊,𝒋 , ∀𝒆𝒊,𝒋 ∈ 𝑬,             𝟔       ∀ 𝒇 𝒆𝒊,𝒋 ≥ 𝟎.            (𝟕) 

Constraint (2) ensures that there is no reiteration in 

each escape pin node. Constraint (3) and (4) ensure that 

every escape pin will be routed from the source node to 

the sink node. Constraint (5) ensures the total flow income 

of a node equals the total output flow from the node. And 

constraint (6) ensures the flow of an edge cannot exceed 

its capacity. Constraint (7) makes the flow on all edges 

nonnegative.  

3.4.2 Single Signals Routing 

The LP formulation as follows:𝒎𝒊𝒏 𝒍 𝒆𝒊,𝒋 𝒇(𝒆𝒊,𝒋)𝒆𝒊,𝒋
 

Subject to:                            𝒇 𝒆𝒊,𝒋 = 𝟏, ∀𝒊 ∈ 𝑷𝑺,𝒆𝒊,𝒋∈𝑬           (𝟖) 

           𝒇 𝒆𝒊,𝒋 =  𝑷𝑺 , ∀𝒊 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒐𝒖𝒓𝒄𝒆 ,𝒆𝒊,𝒋∈𝑬          (𝟗) 

   𝒇 𝒆𝒊,𝒋 =  𝑷𝑺 , ∀𝒋 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒊𝒏𝒌 ,𝒆𝒊,𝒋∈𝑬         (𝟏𝟎) 

  𝒇 𝒆𝒊,𝒋 = 𝒆𝒊,𝒋∈𝑬  𝒇 𝒆𝒋,𝒌  𝒆𝒋,𝒌∈𝑬 , ∀𝒋  ∈ 𝑷 ∪ 𝑵,        (𝟏𝟏) 

𝒄 𝒆𝒊,𝒋 =  
𝒄 𝒆𝒊,𝒋 − 𝟐, ∀𝒆𝒊,𝒋 ∈ 𝑬𝑫

𝒄 𝒆𝒊,𝒋 , 𝒆𝒊,𝒋 𝒏𝒐𝒕 𝒃𝒆𝒍𝒐𝒏𝒈 𝒕𝒐 𝑬𝑫  
 ,        (𝟏𝟐) 

  𝒇 𝒆𝒊,𝒋 ≤ 𝒄 𝒆𝒊,𝒋 , ∀𝒆𝒊,𝒋 ∈ 𝐄,       (𝟏𝟑)   ∀ 𝒇 𝒆𝒊,𝒋 ≥ 𝟎.       (𝟏𝟒) 

Constraints (8) to (11) just like the constraints (2) to (5). 

Constraint (12) takes the edges that used in the routings of 

differential-pair signals into consideration. And constraint 

(13) ensures the flow of an edge cannot exceed its capacity. 

Constraint (14) makes the flow on all edges nonnegative.  

3.5 ILP Formulation 

Under this circumstance, we have to consider two 

triangular tiles together to figure this problem. Like Fig.4 

is the model that consider the wires between 𝒑𝒋 and 𝒑𝒉. 

𝝋(𝒑𝒋, 𝒑𝒉)  is defined as the maximum routing number 

between pins 𝒑𝒋 and 𝒑𝒉. 𝑼𝒑𝒋,𝒑𝒉
 is defined as the set of 

edges showed in the Fig.3.  

 

Figure 3: Extra constraints for avoiding spacing      

violation 

The added constraints are as follow:  

               𝒇 𝒆𝒊,𝒋 𝒆𝒊,𝒌∈𝑼𝒑𝒊,𝒑𝒉
≤ 𝝋 𝒑𝒊, 𝒑𝒉 ,              (𝟏𝟓) 

𝒇 𝒆𝒏𝒌,𝒏𝒊
 + 𝒇  𝒆𝒏𝒋,𝒏𝒊

 + 𝒇  𝒆𝒑𝒋,𝒏𝒊
 = 𝒇 𝒆𝒏𝒊,𝒏𝒉

 ,                (𝟏𝟔) 

𝒇 𝒆𝒏𝒉,𝒏𝒊
 = 𝒇 𝒆𝒏𝒊,𝒏𝒌

 + 𝒇  𝒆𝒏𝒊,𝒏𝒋
 ,                (𝟏𝟕) 

∀𝒇 𝒆𝒊,𝒋 ∈ 𝒁𝟎
+.                (𝟏𝟖) 

With the constraint (2) to (7) and (15)  to (18), we can 

get the integer number of the flows on each edge in the 

ILP formulation when solving the median point signals 

routing. Then with the constraint (8) to (18), we can get 

the integer number of the flows on each  edge when solving 

the single signals routing. Thus, the detailed routing can  

be performed successfully.   

4. Conclusion 

The proposed algorithm ensures the mixed-pattern 

signals can be routed from pins to boundary with a high 

routing density. Besides, the total length of routings is as 

short as possible by using LP/ILP. 
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