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Previous Work 

Wire-bonding package 

Peripheral I/O-pad 

 

Flip-chip package 

Area-array I/O-bump 
Extrinsic area-array I/O 

– network-flow-based [5] 

– ILP-based [6] 

 Intrinsic area-array I/O 

– I/O clustering method [7] 

– constraint-driven I/O 
planning [8] 
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Motivation 

Issues in previous works 

Bumps are assumed to be arranged in fixed array location 
Flexibility in optimizing chip and package designs is restricted 

Costly RDL routing or I/O planning is needed 

 

Pin-out (ballplan) is ignored 
 It possibly leads to complicated or failed package design 

 

The conventional design flow is a sequential flow 
 It will result in long and costly re-spin cycles on satisfying the entire 

system's design constraints (see next slide) 
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Motivation (cont.) 

Conventional chip-package design flow (IC-driven) 
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Our Contributions 

We propose a concurrent 
design flow 

 

We design the specific I/O-
bump tiles with I/O-row 
based scheme  

 

We develop two heuristics 
and one optimization 
algorithm to place I/O-bump 
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Novel I/O-bump tile design and I/O-row 
based planning 
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Novel I/O-bump tile design and I/O-row 
based planning (cont.) 
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Problem Description 

 Input: 

 

 

Output: 

 

 

Assignment criteria: 
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Package-aware I/O-bump planning methods 

Heuristic SORT: Double Sorting for Planar Planning 
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*The monotonic routing is a route with no U-turn path. It consumes less routing resource and results in higher routing 

completion compared with nonmonotonic routing [6]. 

(monotonic routing) 



VLSI Design Automation Lab 

Institute of Electronics, National ChiaoTung University, Hsinchu, Taiwan /18 

Package-aware I/O-bump planning methods 
(cont.) 

Heuristic GREEDY: Shortening Flylines Between I/O-
Bumps and Package Balls 
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Package-aware I/O-bump planning methods 
(cont.) 

Optimization WBIPT: Matching-Based Assignment 

 

* where Diffij = |Orderballi
-Orderbumpj

| is obtained through directly subtracting the order of Bumpj from Balli, and 

therefore calculating the upper bound of crossing number [14]. 2011/01/28 12 
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Experimental Results 

 The industrial chip designs 

* d2 and d3 are core-limited designs. 
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Experimental Results (cont.) 

 The summary of six I/O-bump planning methods 

 

 

 

 

 The I/O-bump planning on test case d5 (random) 
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Experimental Results (cont.) 

The I/O-bump planning on test case d5 (uniform) 
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Experimental Results (cont.) 

  Results of normalized performance metrics 
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Conclusion 

We propose a concurrent design flow which completes 
the core-I/O placement and package routing in parallel. 

 

With our I/O-bump tile designs  and I/O-row based 
scheme, we improve the flexibility in arranging I/Os 
and bumps. 

 

Two heuristics and one optimization algorithm are 
provided to implement the package-aware I/O-bump 
planning. 
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