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ABSTRACT
Glass interposers are promising for 5.5D integration by facilitating

the embedding of chiplets within interposers while offering supe-
rior mechanical and electrical properties compared to their silicon
counterparts. Routing in such dense environments is exceptionally
challenging. This challenge is further compounded by the presence
of double-sided interconnections and the unique design rules inher-
ent to glass-based technologies. Existing routers cannot handle the
specific constraints. This paper presents a novel mixed-structure
routing algorithm for 5.5D redistribution layers, which strategically
processes the upper and lower RDLs using distinct routing strategies.
Double-sided global routing is initially performed using a SAT-based
routing resource allocation method. Subsequently, a pixelization-
based detailed routing phase is executed, which is tailored to address
the specific requirements of each layer, to yield the final layout.
Experimental results demonstrate that our method achieves 10%
routability improvement to the state-of-the-art 2.5D RDL router ex-
tended for 5.5D integration, while reducing total wirelength by 37%
compared to the original 2.5D approach.

1 INTRODUCTION
With the growing demand for high-performance computing and

heterogeneous integration, advanced packaging technologies have
become essential to extending Moore’s Law beyond the limits of
monolithic integration. Chiplet integration has emerged as a promis-
ing approach to improve the yield of highly complex packages [1].
Among various integration technologies, 2.5D interposers and 3D
stacking have attracted significant attention for enabling the integra-
tion of multiple heterogeneous chiplets with diverse functionalities
and process nodes. 2.5D integration employs a silicon interposer to
provide high-density interconnects between laterally placed chiplets.
As shown in Fig. 1, a silicon interposer offers fine-pitch redistribu-
tion layers (RDLs) that route signal and power nets between chiplets.
3D integration extends this concept by stacking chiplets vertically
using through-silicon vias (TSVs) and micro-bumps. Despite their
widespread adoption, silicon interposers face several limitations,
including high fabrication costs, limited scalability, and notable par-
asitic effects caused by TSVs.

Recently, glass interposers have emerged as a promising alterna-
tive, offering excellent electrical properties, low dielectric loss, and
the potential for large-panel processing at reduced cost [2]. Unlike
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Figure 1: The conventional 2.5D packaging vs. the glass-
interposer-based 5.5D packaging. A denser design with em-
bedded chiplets can be implemented with the advantages of a
glass interposer.
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Figure 2: Cross-sectional view of the glass interposer-based
5.5D packaging, enabling double-sided routing structure for
heterogeneous integration.

conventional solutions, glass is the material that allows chiplets
to be embedded directly within the interposer, leading to a more
compact and highly integrated system architecture than a 2.5D inter-
poser, as illustrated in Fig. 1. We refer to this glass interposer-based
integration as “5.5D” stacking, denoting the advantage of combin-
ing 2.5D interposers and 3D stacking. Fig. 2 shows a schematic of
glass interposer-based 5.5D stacking technology, where multiple
RDLs are utilized for signal redistribution. Benefiting from the high-
dimensional stability of glass, double-sided RDL routing is adopted
to support high-density interconnects. The upper RDLs and lower
RDLs are connected by through-glass vias (TGVs). Chiplets such
as high-bandwidth memories can be embedded within the glass in-
terposer, while the lower side RDLs are connected to the package
substrate through C4 bumps.

Despite these advantages, the double-sided RDL routing in glass
interposers introduces unprecedented design challenges. The co-
existence of embedded chiplets, TGVs, and high-density intercon-
nects creates a complex 5.5D routing environment that conventional
2.5D routers cannot adequately handle. The adoption of 5.5D stack-
ing for integrating chiplets of different technology nodes into a
compact package further complicates the routing problem, necessi-
tating an efficient routing scheme that minimizes wirelength while
implementing complex routing paths.

Several methods have been proposed to address 2.5D RDL routing
challenges. [3] first introduced a method for multi-layer multi-chip
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routing. Wen [4] explored the use of irregular vias, while [5] de-
veloped a simultaneous routing algorithm for chip-to-board and
chip-to-chip interconnections. [6] proposed an obstacle-aware RDL
router, and [7] introduced the first any-angle RDL router. [8] ef-
ficiently solved the inter-chip RDL routing problem using a hier-
archical partitioning-based strategy. More recently, [9] presented
an RDL routing algorithm that iteratively optimizes the substrate
layout using cross-boundary timing context from both chiplets and
the package. However, these methods face limitations when applied
to 5.5D packaging. On one hand, they struggle to handle the extreme
density and routing flexibility of 5.5D structures. On the other hand,
existing approaches cannot consider the impact of TGVs and other
glass-specific design rules.

To address the critical challenge of RDL routing in 5.5D inte-
gration and overcome the shortcomings of existing methods, this
paper presents an efficient and systematic routing solution. Our key
contributions are as follows:
• We propose a mixed-structure double-sided RDL routing flow
for glass interposer-based 5.5D packaging to maximize the
routability and minimize the wirelength.
• We develop double-sided global routing using a SAT-based
resource allocation method, which employs contrasting struc-
tures for the upper and lower RDLs to account for the former’s
overlapping dense I/O regions and the latter’s sparse routing
characteristics.
• We present a highly versatile, detailed routing method based
on pixelization and binary indexed trees to reduce detours.
• Experimental results demonstrate that our method achieves
10% routability improvement to the state-of-the-art 2.5D RDL
router extended for 5.5D integration, while reducing total
wirelength by 37% compared to the original 2.5D approach.

2 PRELIMINARIES
In this section, we first describe the notations and design rules

used in the glass interposer-based RDL routing. Afterward, the RDL
routing problem in 5.5D packaging is formulated.

2.1 Notations and Design Rules
Different from 2.5D packaging that integrates all chiplets above

the RDL, chiplets can be embedded in the glass interposer, allowing
not only 2.5D horizontal integration but also 3D vertical stacking.
Moreover, extra RDL is deployed for a more compact design. In this
work, both 5.5D stacking and double-sided routing are considered
during RDL routing. The terminologies used are listed below:
• 𝑃 = {𝑝𝑖 | 1 ⩽ 𝑖 ⩽ |𝑃 |} is the set of I/O pads.
• 𝐵 = {𝑏𝑖 | 1 ⩽ 𝑖 ⩽ |𝐵 |} is the set of C4 bumps.
• 𝐿𝑡 = {𝑙𝑡𝑖 | 1 ⩽ 𝑖 ⩽ |𝐿𝑡 |} is the set of routing layers above the

glass interposer. We note the upper RDLs.
• 𝐿𝑏 = {𝑙𝑏𝑖 | 1 ⩽ 𝑖 ⩽ |𝐿𝑏 |} is the set of routing layers beneath

the glass interposer. We note the lower RDLs.
• 𝑁𝑝 = {𝑛𝑝

𝑖
| 1 ⩽ 𝑖 ⩽ |𝑁𝑝 |} is the set of routing nets representing

I/O pads to I/O pads connections. Both endpoints can be either from
chiplets or embedded chiplets.
• 𝑁𝑓 = {𝑛𝑓𝑖 | 1 ⩽ 𝑖 ⩽ |𝑁𝑓 |} is the set of routing nets represent-

ing I/O pads to C4 bumps connections.
• 𝐺 = {𝑔𝑖 | 1 ⩽ 𝑖 ⩽ |𝐺 |} is the set of TGVs punching through

the glass interposer to connect double-sided RDLs.
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Figure 3: The overall flow of the proposed algorithm.

• 𝑤𝑒/𝑤𝑣 is the width of wires/vias.
• 𝑤𝑔 is the width of TGVs. Each TGV has a comparable size to

TSV, and is much larger than via.
Besides 5.5D stacking and double-sided routing, the design rules

that need to be considered in RDL routing are as follows:
• X-architecture wires: Wire segments can only be routed in ±0◦,

±90◦, 45◦, and 135◦ directions. Other angles are forbidden.
• Non-crossing rule: Any two routing wire segments cannot be

implemented across each other in an RDL.
• Minimum spacing rule: Any two components need to satisfy

the specified minimum spacing, including wires, vias, and TGVs.
• Connection-angle rule: Only a 90◦/135◦ turn is allowed if two

wire segments are connected.
• Glass interposer rule: TGVs cannot penetrate embedded chiplets.

2.2 Problem Formulation
Based on the above analysis, the double-sided RDL routing

problem in 5.5D packaging can be formulated as follows:
Given a set 𝑁 of routing nets, a set 𝑃 of I/O Pads on different layers,

two sets 𝐿𝑡 and 𝐿𝑏 of RDL layers on the different sides of glass interposer,
bump array 𝐵, and design rules, establish the connections of all the
nets with vias and TGVs such that the routability is maximized, the
total wirelength is minimized, and no design rules are violated.

3 PROPOSED ALGORITHM
In this section, we present our 5.5D RDL routing algorithm. Fig. 3

shows the overall flow of the proposed algorithm. There are three
major stages: 1) Preprocessing, 2) Global routing, and 3) Detailed
routing. To address the challenges in double-sided designs, we em-
ploy a mixed-structure routing strategy to perform global routing
separately in the upper RDLs and the lower RDLs. The technical
details are discussed below.

3.1 SAT-Based Routing Resource Allocation

Detour-aware net ordering To mitigate the adverse effects of
routing congestion and detours caused by net crossings, we design
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Figure 4: (a) Abstract layout partitioning with TGVs inserted
on the peripheral zone, and (b) an example of via planning,
the conflict is resolved by a 2-SAT formulation.

a net reordering strategy. The key insight is that when the flight
lines of two nets intersect, the later-routed net 𝑙2 needs to detour
around the earlier-routed net 𝑙1. The additional detour length for 𝑙2
is approximately equal to the distance from the intersection point to
the closer endpoint of 𝑙1.

Formally, let dist(𝑝, 𝑙1) denote the minimum Euclidean distance
from point 𝑝 to either endpoint of net 𝑙1. For an intersection point
𝑞 between the flight lines of nets 𝑙1 and 𝑙2, the detour cost for 𝑙2 is
estimated as the minimal Euclidean distance of 𝑞 to any endpoint of
𝑙1, noted as dist(𝑞, 𝑙1).

To minimize the total detouring effect, we employ an iterative
greedy algorithm. At each step 𝑖 , we select from the set of unrouted
nets 𝑈 the net 𝑛∗ that minimizes the total potential detour cost it
would impose on all other nets in𝑈 . For each candidate net 𝑛 ∈ 𝑈 ,

𝐶 (𝑛) =
∑︁

𝑚∈𝑈 \{𝑛}
detour(𝑚,𝑛) =

∑︁
𝑚∈𝑈 \{𝑛}

dist(𝑞𝑛,𝑚, 𝑛), (1)

where 𝑞𝑛,𝑚 is the intersection point between the flight lines of 𝑛 and
𝑚. The selected net 𝑛∗ is the best solution to minimize 𝐶 (𝑛).

This net 𝑛∗ is assigned the 𝑖-th routing order and removed from𝑈 .
The process repeats until all nets are ordered, producing a complete
net sequence that reduces overall routing detours and improves
wirelength efficiency.

2-SAT via planningDue to the special design rules of TGV, we treat
TGV planning as a distinct problem. Following conventional layout
strategies [10], we preferentially place TGVs along the periphery of
the routing region since TGVs would become serious obstacles if
placed in a highly congested routing area.

In our approach, we conceptually partition the layout into two
abstract zones as shown in Fig. 4(a):
• Peripheral zone: Reserved for TGVs, which provide routing
resources for nets requiring long detours and for connections
to bumps for better routability.
• Internal zone: A high-density routing area corresponding to
the projection of chiplets. Standard vias are inserted in the
internal zone to maximize connectivity and shorten detours.

We estimate the required number of TGVs based on the number
of free-assignment nets and overall routing density. These TGVs are
uniformly distributed along the layout periphery. The structure is

Layer 𝑖

Layer 𝑖-1

TGV Edge node Intra-triangle edge

Acess-via edge Cross-layer edgeVia

Figure 5: Illustration of routing graph construction based on
DT result, both horizontal and vertical connections are in-
cluded.

illustrated in Fig. 4(a). For the internal zone, via insertion is guided
by net interaction analysis. All net endpoints automatically receive
vias for die-to-RDL signal connections. Additionally, we consider
intersection points between flightlines of nets since the segment of
the flightline is the shortest path from the start to the end. Let 𝑆 be
the set of all pairwise intersection points of flightlines, represented
via candidates in our method. For each point 𝑝 ∈ 𝑆 , we define a
binary variable 𝑥𝑝 ∈ {0, 1} indicating whether to insert a via at 𝑝 .

We formulate it as a constraint optimization problem. Two points
𝑝𝑖 , 𝑝 𝑗 ∈ 𝑆 cannot both be selected if their corresponding vias would
violate design rules (e.g., minimum spacing). This conflict is repre-
sented as a clause (¬𝑥𝑖 ∨ ¬𝑥 𝑗 ) in a 2-SAT model. The objective is to
maximize the number of selected points:

Maximize
∑︁
𝑝∈𝑆

𝑥𝑝 , 𝑠 .𝑡 .
∧
(𝑖, 𝑗 ) ∈𝑇

(¬𝑥𝑖 ∨ ¬𝑥 𝑗 ), (2)

where 𝑇 is the set of conflicting pairs. An optimal solution to this
2-SAT instance yields a maximal via assignment that enhances con-
nectivity while respecting design rules. Take Fig. 4(b) as a via plan-
ning example of 5 nets. For the planning of the lower RDL, we insert
the vias directly on the center of each bump since the bump array is
very regular. Additionally, regular vias are more efficient for finding
the optimal lower RDL routing solutions.

3.2 Doubled-sided Global Routing

Triangulation-based upper RDL global routing Based on the
planned via and TGV positions obtained from the previous stage,
we construct a three-dimensional routing graph to facilitate effi-
cient interconnect routing. The construction begins with projecting
all via and TGV locations onto the 2D plane and performing De-
launay Triangulation (DT) to partition the routing area into basic
triangular elements. This is a common partitioning strategy, which
perfectly meets the requirement of the highly congested upper RDL
inter-chiplet routing. Moreover, DT offers significant advantages:
the maximized minimum angle property avoids skinny triangles,
ensuring better numerical stability and more uniform routing re-
source distribution, while the empty circle property provides natural
obstacle avoidance and congestion-aware partitioning.



After triangulation, we construct the routing graph based on
the DT result. We define the routing graph vertices to include all
via/TGV locations, and the edge nodes representing each triangle
edge. Each via and TGV vertex is assigned a capacity of 1, while the
capacity of edge vertices is calculated based on available routing
space. Specifically, the capacity of an edge vertex is computed as:

𝐶𝑎𝑝𝑒 = max
𝜃 ∈{0◦,45◦,90◦,135◦ }

⌊
𝐿𝑒 −𝑊via√

2𝛿𝑃𝜃

⌋
, (3)

where 𝐿𝑒 represents the edge length,𝑊via equals𝑤𝑣 or𝑤𝑔 , and 𝑃𝜃 is
the pitch requirement for routing direction 𝜃 . The coefficient

√
2 is

used to avoid the potential conflicts introduced in detailed routing.
The graph edges are then established through four types of con-

nections, as shown in Fig. 5: 1) Cross-layer edge: vertical via connec-
tions create zero-weight edges between corresponding vias across
different metal layers, representing vertical interconnect resources.
2) Intra-triangle edge: connections from edges between the vertices
of the triangle edges, with weights equal to their Euclidean distances.
3) Access-via edge: connections between vias or TGVs and the corre-
sponding non-adjacent edge node. 4) TGV connections create edges
between all TGV pairs, enabling potential lower-layer routing. To
discourage unnecessary use of these valuable resources, TGV inter-
connection edges are assigned infinite weight, ensuring they are
only utilized when absolutely necessary.

Based on this comprehensive graph structure, we employ the
conflict detection method proposed by [7] to identify and resolve
routing conflicts when searching for routing paths. The detection is
implemented by a double-linked list data structure to find the conflict
topologically. Finally, we use A* search to find the routing guide for
all nets. Specifically, for pad-to-bump nets, our search terminates
when it reaches a TGV. The lower part of the net is routed following
the lower RDL routing structure.

Multi-product flow-based lower RDL global routing It is ex-
tremely difficult to route the inter-chiplet nets only relying on the
upper RDLs since they are highly congested and hard to achieve
perfect routability. Therefore, we must put down the 5.5D nets that
failed in the upper global routing. Based on the routing solution
obtained from the upper RDL, we acquire the necessary informa-
tion for the lower RDL global routing. The nets to be routed in the
lower layer can be categorized into two types: 1) Free Nets: Con-
nections from a TGV to an arbitrary bump (pad-to-bump nets). 2)
Fixed Nets: Connections from one TGV to another TGV, which corre-
spond to nets in the upper RDL that require extra lower RDL routing
resources. A flow-based algorithm is the traditional but effective
solution to pad-to-board connections. However, it can be directly
applied to our problem. We formulate the lower RDL global routing
problem as a multi-commodity flow problem, which is solved by
graph construction, multi-commodity flow formulation, and conflict
resolution.

First, we adopt the network flow model based on [11]. The bump
array is represented by a grid of nodes and edges, where each node
corresponds to a bump position, and edges represent routing chan-
nels between adjacent vias. The orthogonal capacity (O-cap) and
diagonal capacity (D-cap) constraints are captured by the design
rules. The detailed edge capacity is shown in Fig. 6. In our extension
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Figure 6: Our network flow model within vias based on [11].
We introduced the extra multi-layer flow constraint.

to multi-layer scenarios, we enhance the model as follows. Bidirec-
tional edges are added between via nodes and their corresponding
connected abstract nodes, with capacities set according to 1. For
TGV nodes, we connect each TGV to its nearest abstract node via a
bidirectional edge with capacity 1. This connection allows TGVs to
access the lower RDL routing resources.

To distinguish between free nets and fixed nets, we employ amulti-
commodity flow formulation. Let 𝐺 = (𝑉 , 𝐸) denote the routing
graph, where 𝑉 is the set of nodes and 𝐸 is the set of edges. Let 𝐾
be the set of nets to be routed. Each net 𝑘 ∈ 𝐾 is associated with a
source node 𝑠𝑘 and a target node 𝑡𝑘 .

For free nets, 𝑠𝑘 is a TGV node and 𝑡𝑘 is a bump node. For fixed
nets, both 𝑠𝑘 and 𝑡𝑘 are TGV nodes. We define a binary variable 𝑓 𝑘𝑒
for each edge 𝑒 ∈ 𝐸 and each net 𝑘 ∈ 𝐾 , which indicates whether
net 𝑘 uses edge 𝑒 . The objective is to minimize the total wirelength
while satisfying the capacity constraints.

The formulation is as follows:

Minimize
∑︁
𝑘∈𝐾

∑︁
𝑒∈𝐸

𝑙𝑒 · 𝑓 𝑘𝑒 (4)

s. t.
∑︁

𝑒∈𝛿+ (𝑣)
𝑓 𝑘𝑒 −

∑︁
𝑒∈𝛿− (𝑣)

𝑓 𝑘𝑒 =


1, if 𝑣 = 𝑠𝑘
−1, if 𝑣 = 𝑡𝑘
0, otherwise

∀𝑣 ∈ 𝑉 , 𝑘 ∈ 𝐾,

(5)∑︁
𝑘∈𝐾

𝑓 𝑘𝑒 ≤ 𝑐𝑒 ∀𝑒 ∈ 𝐸, 𝑓 𝑘𝑒 ∈ {0, 1} ∀𝑒 ∈ 𝐸, 𝑘 ∈ 𝐾. (6)

Here 𝑙𝑒 is the length of edge 𝑒 , 𝑐𝑒 is the capacity of edge 𝑒 , and
𝛿+ (𝑣) and 𝛿− (𝑣) denote the outgoing and incoming edges of node
𝑣 , respectively. Because all the constraints and objectives are linear.
This integer linear programming (ILP) problem can be relaxed to an
LP problem. The Equation (6) can be relaxed as:∑︁

𝑘∈𝐾
𝑓 𝑘𝑒 ≤ 𝑐𝑒 ∀𝑒 ∈ 𝐸, 𝑓 𝑘𝑒 ∈ [0, 1] ∀𝑒 ∈ 𝐸, 𝑘 ∈ 𝐾. (7)

3.3 Pixelization-based Detailed Routing
After completing double-sided global routing, employ a pixelation-

based detailed routing method for both sides. Moreover, our detailed
routing algorithm can reduce detours.



Via Global routing guide Bresenham line Generated parallogram Routing result

(a) (b) (c) (d)

Figure 7: Illustration of pixelization-based detailed routing. (a) The global routing result of 5 nets, (b) The generated 5 Bresenham
lines of (a), (c) Parallelograms used in the wire smoothing algorithm, and (d) final detailed routing result of (a).

Algorithm 1 : Bresenham lines smoothing
Input : Pixelized wires 𝑃 for all nets 𝑁 and all layers 𝐿,

obstacle maps 𝑂𝑙 for all layers.
Output : Smoothed wire paths 𝑆 for all nets and all layers.

1 Initialize 𝑆 ← ∅ for all 𝑘 , 𝑙 ;
2 Initialize 𝑂1,𝑂2, ...,𝑂𝐿 according to Bresenham lines 𝑃 ;
3 Build BIT from obstacle maps 𝑂1,𝑂2, ...,𝑂𝐿 ;
4 for each layer 𝑙 ∈ {1, 2, ..., 𝐿} do
5 for each net 𝑘 ∈ {1, 2, ..., 𝑁 } do
6 Let 𝑃 ← 𝑃𝑘

𝑙
, 𝑛 ← |𝑃 |, 𝑖 ← 1;

7 while 𝑖 ≤ 𝑛 do
8 𝑗𝑚𝑎𝑥 ← 𝑖; // Initialize the candidate parallelogram
9 for 𝑗 ← 𝑖 + 1 to 𝑛 do
10 if ParallelogramArea(𝑝𝑖 , 𝑝 𝑗 ) is obstacle-free

according to BIT then
11 𝑗𝑚𝑎𝑥 ← 𝑗 ; // Valid parallelogram found

12 Add segment (𝑝𝑖 , 𝑝 𝑗𝑚𝑎𝑥 ) to 𝑆𝑘𝑙 ;
13 Update 𝑂𝑙 and BIT by (𝑝𝑖 , 𝑝 𝑗𝑚𝑎𝑥 );
14 𝑖 ← 𝑗𝑚𝑎𝑥 + 1; // Search for next parallelogram

15 return {𝑆𝑘
𝑙
} for all 𝑘 , 𝑙 ;

Layout pixelization To ensure design rule compliance, we perform
pixelization on each layer using a pixel size of

√
2(𝑤𝑒 + 𝛿). This

guarantees that wires placed along pixel centers will satisfy width
and spacing constraints. The pixelization process consists of two
steps: 1) we snap all endpoints of wire segments from the global
routing solution to the centers of their nearest pixels. 2) We connect
these snapped points using Bresenham’s line algorithm [12], which
efficiently determines the pixels that approximate a straight line
between two points using only integer arithmetic. The algorithm
works by incrementally selecting pixels that minimize the error be-
tween the ideal line and the rasterized path. Fig. 7(b) shows the
Bresenham lines corresponding to the 5 nets of the global routing re-
sult in Fig. 7(a). After pixelization, each wire segment is represented
as a polyline connecting pixel centers. While this naturally ensures
compliance with X-architecture constraints, the resulting paths suf-
fer from excessive bends and potentially violate non-acute angle

Table 1: Details of the benchmarks used in the experiments*.

Benchmarks
(Area, #Chips, |𝑃 |, |𝑁𝑝 |, |𝑁𝑓 |, |𝐿𝑡 |, |𝐿𝑏 |,𝑤𝑒 )

dense1-glass dense2-glass
(3×5, 2, 44, 22, 0, 2, 1, 4) (7.5×5, 3, 92, 46, 0, 2, 1, 4)

dense3-glass dense4-glass
(5×3, 5, 158, 79, 0, 2, 1, 2) (6×5, 6, 222, 111, 0, 3, 1, 2)

dense5-glass pkg1-glass
(9×7, 9, 522, 261, 0, 3, 2, 2) (4×4, 3, 153, 10, 64, 2, 1, 2)

pkg2-glass pkg3-glass
(5×5, 4, 266, 28, 69, 2, 1, 2) (6×6, 7, 403, 54, 77, 2, 1, 2)

pkg4-glass pkg5-glass
(8×6, 12, 588, 90, 93, 2, 1, 2) (12×12, 20, 1508, 246, 120, 3, 2, 2)

*The unit of area is 103𝜇𝑚 × 103𝜇𝑚; The unit of𝑤𝑣/𝑤𝑒 /𝛿 is 𝜇𝑚.

constraints shown in Fig. 7(c). Therefore, further wire smoothing is
required for better manufacturability.

Wire smoothing using BITs We employ a greedy optimization
algorithm to smooth the pixelized wires while reducing wirelength.
The key idea is to replace jagged segments with longer straight
segments where possible. For each layer 𝑙 and each net 𝑘 , let 𝑃𝑘

𝑙
=

{𝑝1, 𝑝2, ..., 𝑝𝑛} be its sequence of pixel centers on layer 𝑙 . The algo-
rithm processes all nets across all layers to generate smoothed paths.
The smoothing process for each net-layer combination attempts to
find the farthest reachable point 𝑝 𝑗 ( 𝑗 > 𝑖) from the current point
𝑝𝑖 such that the parallelogram path between 𝑝𝑖 and 𝑝 𝑗 is obstacle-
free, as shown in Fig. 7(c). This parallelogram is defined by the
Manhattan-like bounding box between the two points when con-
sidering 45° routing constraints. To efficiently check for obstacles
across all layers, we use a binary indexed tree (BIT) [13] to maintain
and query the occupancy status of pixels in each layer. The BIT is a
data structure that supports single-point modifications and range
queries for summation in Logarithmic complexity, which perfectly
fits our fast conflict-checking requirement. The overall complexity is
𝑂 ((𝐿𝑡 +𝐿𝑏 )𝑊𝐻 log(𝑊 +𝐻 )), where𝑊 and 𝐻 are the dimensions of
the pixel grid, 𝐿 is the number of layers, and 𝑁 is the number of nets.
We can see that the wirelength in Fig. 7(c) is shorter than in Fig.7(d),
because our smoothing method not only legalizes the wire segments,
but reduces detours as well. The complete smoothing algorithm is
shown in Algorithm 1.



Table 2: Comparisons with 2.5D routing results, HP-ext [8] regarding the percentage of routability, the total wirelength, and
the CPU time. The best performance of each metric is highlighted in blue.

2.5 D 5.5 D

Benchmark Routability (%) Wirelength (𝜇m) Runtime (s) Benchmark Routability (%) Total wirelength (𝜇m) CPU time (s)
HP HP-ext Ours HP-ext Ours(Δ2.5D,ΔHP-ext) HP-ext Ours

dense1 100 86695 1.02 dense1-glass 100 100 65526 64424 (-21.9%, -1.7%) 1.24 0.96
dense2 100 252134 6.12 dense2-glass 84.78 100 >159340 197009 (-21.9%, -) 8.57 3.83
dense3 100 307721 35.13 dense3-glass 72.15 100 >184660 180436 (-41.3%, -) 55.01 10.57
dense4 100 475437 88.67 dense4-glass 88.88 100 >342497 339553 (-28.5%, -) 88.67 43.41
dense5 100 1616681 455.34 dense5-glass 87.90 100 >1233889 1221728 (-24.4%, -) 279.12 229.72
Average 1.00 1.37 1.87 - 0.88 1.00 - 1.00 1.49 1.00

Table 3: Experimental results onmixed-type benchmarks com-
pared with HP-ext [8] on 5 benchmarks.

Benchmark Routability (%) Total wirelength (𝜇m) CPU time (s)
HP-ext Ours HP-ext Ours HP-ext Ours

pkg1-glass 89.18 100 >88707 93960 10.75 1.54
pkg2-glass 98.96 100 >182336 160092 33.03 3.45
pkg3-glass 74.04 100 >234824 330426 47.82 8.24
pkg4-glass 95.18 100 >480374 450993 130.41 17.40
pkg5-glass 97.98 100 >1385678 1335439 363.19 161.78
Average 0.91 1.00 - 1.00 3.04 1.00

ViaChiplet Wires in different layersEmbedded chiplet TGV

Figure 8: Upper RDL routing solution of circuit pkg5-glass.

4 EXPERIMENTAL RESULTS
The proposed algorithm was implemented in C++ with the Boost

library [14] and evaluated on a workstation equipped with a 2.9-GHz
CPU and 256 GB of memory. The Gurobi Optimizer [15] was em-
ployed to solve the multi-product MCMF formulation. We validated
our approach using 10 benchmark circuits derived from industrial
designs [5] by replacing 2.5D chiplets with 5.5D stacking, where
chiplets are evenly embedded into the glass interposer. Table 1 sum-
marizes the circuit characteristics, where #Chiplets, |𝑃 |, |𝑁𝑝 |, |𝑁𝑓 |,
|𝐿𝑡 |, |𝐿𝑏 |, and 𝑤𝑒 denote the number of chiplets, I/O pads, inter-
chiplet nets, chiplet-to-bump nets, number of upper RDLs, number
of lower RDLs, and wire width. The width of TGVs and vias was set
to 50 𝜇𝑚 and 20 𝜇𝑚, with a minimum spacing of 2 𝜇𝑚 [16].

To assess the effectiveness of our method, we compared it with
the SOTA RDL routing technique presented in [8]. Two configura-
tions of [8] were considered: the 2.5D setup (denoted as HP), and an
extended version (denoted as HP-ext) that incorporates an additional
A* search to reroute failed nets resulting from additional constraints
introduced by the glass interposer. Table 2 summarizes the results

on benchmarks containing only inter-chiplet nets. The proposed
algorithm achieved 100% routability across all testcases, outperform-
ing HP-ext, which attained an average of 88% routability. In terms
of wirelength, our approach reduced the total wirelength by an av-
erage of 37% compared to the 2.5D configuration, highlighting the
benefits of 5.5D stacking. Notably, the proposed method also yielded
significantly shorter wirelength, even in cases where HP-ext failed
to complete all routes. Regarding runtime, the proposed method was
1.87× and 1.49× faster than the 2.5D and HP-ext versions, respec-
tively. Table 3 further reports the results on mixed-type benchmarks
comprising both chiplet-to-chiplet and chiplet-to-bump nets. Our
algorithm consistently achieved 100% routability, whereas HP-ext
attained only 91% on average, with a 3× runtime. Fig. 8 illustrates
the upper RDL routing result for the highly dense circuit pkg5-glass,
where all specified nets are successfully routed within the given RDL
layers, demonstrating the practical viability of our approach.

We attribute the superior performance of our algorithm to the
following factors: 1) Early-stage routing resource planning, includ-
ing net reordering and via assignment, effectively allocates routing
resources and minimizes detours. 2) The proposed TGV insertion
strategy successfully alleviates routing congestion, thereby enhanc-
ing routability. 3) The detailed routing method optimizes wirelength
across the entire layout, rather than being restricted to local tile-
based pathfinding as in [8]. Moreover, the algorithm runtime is
largely reduced due to the adoption of binary indexed trees in de-
tailed routing.

5 CONCLUSIONS
To the best of our knowledge, this is the first paper in the literature

to consider the 5.5D redistribution layer routing problem in glass
interposer-based packaging. We proposed a three-stage algorithm.
Firstly, preprocessing is done to allocate routing resources. Secondly,
we find the routing guide by global routing. Finally, the routing result
is generated via detailed routing. Experimental results have shown
the potential of 5.5D ICs and efficiency of our routing algorithm to
completely solve the 5.5D RDL routing problem.
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