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6 Background : High-NA EUV lithography, with a higher numerical aperture (NA = 0.55), 

7  enables finer feature printing than the previous Low-NA EUV (NA = 0.33). However, it introduces 

8  anamorphic imaging, creating a smaller exposure field (16.5 mm × 26 mm). To support larger chip 

9  designs, two half-field exposures must be stitched, which can cause shape alignment issues at the 

10  boundary, requiring exclusion zones for manufacturability. 

11  Aim : This work aims to evaluate and reduce the performance and design overhead of implementing 

12  a physical design (PD) methodology that supports overlay error–tolerant, stitch-aware design for 

13  High-NA EUV lithography. 

14  Approach : The proposed method uses exclusion zones to prevent stitching issues in critical High- 

15  NA EUV layers, while full-field (Low-NA or DUV) layers bridge connections across the stitch. 

16  For single-core designs, the methodology involves placing blockages on High-NA layers. For 

17  multi-core designs, a more comprehensive approach is used, involving stitch-aware floorplanning 

18  and a stitch boundary placement optimizer to minimize insertion costs such as macro redesign or 

19  floorplan changes. 

20  Results : For single-core designs, the exclusion-zone-based methodology results in an estimated 

21  1% performance loss. In multi-core designs, the optimized floorplanning approach effectively ac- 

22  commodates the exclusion zone with minimal additional design cost, demonstrating the practicality 

23  of the proposed PD methodology. 

24  Conclusions : The proposed stitch-aware physical design methodology offers a simple and robust 

25  solution to the challenges of High-NA EUV half-field stitching. By strategically managing stitch 

26  zone placement and routing, the approach ensures manufacturability and yield without significant 

27  performance degradation, making it suitable for both single-core and multi-core chip designs in 

28  advanced nodes. 

29  Keywords: High-NA EUV, Stitch Width, Exclusion Zone Boundary, Overlay Error, floorplan strategies, macro 

30  redesign cost. 

31  *Corresponding Author: sagarjain1997@g.ucla.edu 

 

32 1 Introduction 

 

33  Lithography has helped drive Moore’s law delivering ever smaller, denser transistors by enabling 

 

34  printing of ever smaller features. In order to accomplish this, over time, lithography has evolved 

 

35  from Deep Ultra-Violet (DUV) lithography through to 0.33NA (Low-NA) EUV until the advent of 
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36  0.55NA (High-NA) EUV, by a combination of stepwise reduction of the lithographic wavelength 

 

37  and increasing the NA to enable printing of smaller critical dimensions 
 

(a) (b) 

Fig 1: Mask field size and exposure field size comparison for different field projections. a) for full- 

field DUV and Low-NA EUV lithography with 4x demagnification factor in both the slit-direction 

(x) and scan-direction (y). b) for High-NA EUV with 4x demagnification in slit-direction (x) and 8x 

demagnification in scan-direction (y) 

 

 

38 A fundamental innovation in High-NA EUV lithography systems is the implementation of 

 

39  anamorphic imaging [1–3]. Unlike conventional lithography systems that employ a uniform 4× 

 

40  demagnification factor in both slit and scan directions, High-NA EUV systems utilize differential 

 

41  demagnification - maintaining 4× reduction in the slit direction while increasing to 8× in the scan 

 

42  direction. To maintain compatibility with existing mask infrastructure, the mask dimensions were 

 

43  preserved, resulting in an exposure field that is halved in the scan direction (16.5 mm) compared 

 

44  to previous systems (33 mm), as illustrated in Fig. 1. This anamorphic approach presents both 

 

45  opportunities and challenges for pattern fidelity and throughput. 

 

46 The reduced field size (16.5 mm × 26 mm) in High-NA EUV lithography necessitates field 

 

47  stitching for manufacturing die that exceed the single-exposure area [4]. This stitching process 



 

 

 
3 

48  introduces critical challenges in overlay control and image continuity at stitch boundaries, which can 

 

49  adversely impact both device performance and manufacturing yield. Current research approaches 

 

50  this problem through two primary methodologies: 

 

51 1. At/Near-Resolution Stitching: When features approach or operate at the resolution limit 

 

52  of the lithographic process, they may span the stitching boundary, requiring division across two 

 

53  half-field masks. For these features to form continuous structures post-exposure, sub-nanometer 

 

54  alignment accuracy and precise image matching at the boundary might be necessary. This intro- 

 

55  duces several critical challenges such as aerial image interactions (overlapping exposure fields 

 

56  must maintain consistent pattern fidelity to prevent edge placement errors or discontinuities), mask- 

 

57  induced artifacts (unwanted reflections from the mask’s black border can perturb the stitched re- 

 

58  gion’s imaging quality)[4]. Mitigating these effects require advanced overlay control (to sub-1nm 

 

59  overlay precision to align split features), stitch-aware resolution enhancement techniques (to op- 

 

60  timize OPC and SRAF placement near boundaries) and mask-level corrections (to compensation 

 

61  for edge effects and reflectivity variations at the stitching interface)[5]. 

 

62 2. Exclusion Zone Stitching: This methodology eliminates direct pattern interactions between 

 

63  adjacent half-field exposures by instituting an exclusion zone within the stitch region for all layers 

 

64  fabricated via High-NA EUV [5–7]. The exclusion constraint propagates hierarchically, applying to 

 

65  all interconnect levels below the uppermost layer patterned with High-NA EUV. Crucially, higher 

 

66  interconnect levels fabricated using full-field lithography (Low-NA EUV or DUV) serve as a routing 

 

67  bridge, interconnecting the discontinuous lower-level structures partitioned by the exclusion zone. 

 

68  This enables the integration of discrete half-field exposures into a unified, functionally coherent die 

 

69  exceeding the single-exposure field size. The approach offers process robustness by decoupling 

 

70  overlay-sensitive interactions at critical lower layers and design simplicity by avoiding complex 
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71  RET or mask-level corrections required for at-resolution stitching. 

 

72 This paper quantitatively provides different PD (physical design) methodology techniques to 

 

73  implement the exclusion zone paradigm’s and analyze its implications in terms of performance 

 

74  metrics (timing, area, DRC) & design cost (macro redesign efforts, methodology changes) 

 

 

75 1.1 Errors in Stitched Design 

 

76  A predominant yield-limiting factor in stitched designs originates from overlay-induced misalign- 

 

77  ment of interconnect segments crossing stitch boundaries. As the two design halves undergo 

 

78  independent fabrication processes, systematic and stochastic overlay errors frequently manifest 

 

79  as discontinuities in routed interconnects, significantly impacting yield. Fig. 2(a) qualitatively 

 

80  demonstrates this phenomenon that may lead to yield degradation due to misalignment between 

 

81  adjacent routing segments. 

 

82 Additionally, significant yield losses emerge at vertical interconnect interfaces between High- 

 

83  NA and non High-NA EUV layers. As illustrated in Fig. 3(a), via enclosure failures occur when 

 

84  misalignments between non High-NA EUV segments (light brown) & High-NA EUV segments 

 

85  (yellow) results in incomplete via landing (red). This failure mode is particularly acute for directly 

 

86  stacked vias connecting same-orientation layers, where the overlay error compounds across multiple 

 

87  lithographic exposures. 

 

88 [8, 9] introduces several place-and-route (PnR) methodology techniques to address exclusion 

 

89  zones in chip design. The authors suggest that rearranging sub-module and I/O port placements can 

 

90  prevent logic blocks from being fragmented across stitch regions while also minimizing unnecessary 

 

91  routing through these areas. However, their approach is design-specific, requiring designers to 

 

92  analyze the original module placement before implementing the exclusion zone. Additionally, 
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93  relocating modules may in some cases, result in performance degradation. Furthermore, if the 

 

94  block is integrated into a system-on-chip (SoC), modifying I/O port placements may not be feasible 

 

95  due to constraints imposed by the locations of interfacing blocks. The authors also propose the 

 

96  use of 2x-width metal layers and modified standard cells within the exclusion zone to enhance 

 

97  robustness, minimize design rule check (DRC) violations, and optimize performance. However, 

 

98  this methodology introduces significant complexity, as it necessitates the development of custom 

 

99  design kits (DKs) and process design kits (PDKs) tailored to the modified structures. Furthermore, 

 

100  interfacing dissimilar metal widths, such as those in the exclusion zone with the non-exclusion 

 

101  zone demands rigorous electromigration (EM) verification and additional DRC validation to ensure 

 

102  reliability. 

 

103 [10] has also proposed PD methodology solutions to address exclusion zone constraints in 

 

104  integrated circuit layouts.While their approach aligns conceptually with ours [7] particularly in 

 

105  the strategic use of placement blockages within the exclusion zone their work lacks critical anal- 

 

106  ysis of two key implications: (1) the performance degradation induced by such blockage-based 

 

107  methodologies, and (2) the consequent increase in design rule check (DRC) violations. Moreover, 

 

108  their framework does not explore compensatory design techniques to mitigate these effects, such 

 

109  as performance recovery mechanisms or DRC optimization strategies for exclusion-zone-affected 

 

110  regions. 

 

 

111 1.2 Resolving Overlay Errors in Stitched Design 

 

112  To mitigate yield losses induced by overlay errors in stitched designs, we propose a comprehensive 

 

113  set of design-for-manufacturing (DFM) rules that must be systematically implemented during 

 

114  physical design (PD). These rules establish critical methodology constraints to generate stitch-aware 
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115  layouts that inherently compensate for overlay variations. By proactively addressing lithographic 

 

116  challenges at the design stage, this approach ensures robust fabrication while maintaining yield 

 

117  targets. 
 

 

118 1.2.1 Design Rules 

 

119  1. Stitch Region Isolation: Implement route blockages on all High-NA EUV patterned metal 

 

120  layers within exclusion zone to restrict routing activity in critical boundary zones to minimize 

 

121  overlay-sensitive interactions. 

 

122  2. Placement Blockage Isolation: Introducing hard placement blockages within the exclusion 

 

123  zone to mitigate potential pin accessibility issues for cells situated directly beneath the exclusion 

 

124  zone. 

 

125  3. Robust Vertical Interconnect Methodology: To prevent direct via formation between High-NA 

 

126  and non High-NA EUV layers (Fig. 3(b)), an orientation-decoupled intermediate routing strategy 

 

127  is employed. This involves the use of orthogonally aligned metal layers and adherence to via 

 

128  enclosure rules through directional isolation. In essence, if a High-NA layer is adjacent to a non 

 

129  High-NA metal layer, the routing directions of these two layers must be orthogonal. Any coin- 

 

130  cidence in routing orientation combined with via interconnections may lead to via misalignment 

 

131  and incomplete metallization, as exemplified in Fig. 3(b). To avoid such defects, an intermediate 

 

132  orthogonal layer (red) can serve as a barrier layer. This orthogonal interpose prevents direct via 

 

133  formation between the High-NA and non High-NA layers, thereby ensuring a robust transition and 

 

134  adherence to manufacturability criteria. While contemporary technology nodes embed this orthog- 

 

135  onality requirement intrinsically within design rules, older nodes lack such built-in enforcement. 

 

136  Consequently, in these legacy nodes, explicit directional routing constraints can be specified to 
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137  maintain orthogonality between adjacent High-NA and non High-NA layers. 

 

(a) (b) 

Fig 2: a) Yield Loss Due to Overlay Error b) Proposed Solution - Route Blockage in the Stitch 

Region 
 

 

(a) (b) 

Fig 3: a) Yield Loss Due to Incomplete Via Enclosure b) Proposed Solution - Preventing Direct 

Via Formation b/w a High-NA EUV and non High-NA EUV 

 

 

 

138 2 ANALYZING OVERLAY ERROR TOLERANT STITCHED DESIGNS 
 
 

139  To assess the efficacy of our overlay error-tolerant stitching methodology, we implemented the 
 
 

140  proposed design rules on two standard cell-based designs: CORTEXM3 and MEMPOOL_TILE. 
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Table 1: Design Parameters of CORTEXM3 & MEMPOOL_TILE 

 

Design Property CORTEXM3 MEMPOOL_TILE 

Utilization 80% 80% 

Dimensions 74.05x73.87um 151.66x151.63um 

Exclusion Zone (Route Blockage Width) 2um 2um 

Metal Layers Available for Routing M1-M6 M1-M6 

High-NA EUV Layers M2 M3 M2 M3 

Maximum Number of Layers in Stacked Via 2 2 

Technology ASAP7 ASAP7 

 

 

141  Our experimental framework incorporated a 2 um exclusion zone boundary - similar to the one used 

 

142  in [8, 9] on M2 & M3 layers along with the full suite of stitch-aware physical design constraints 

 

143  detailed in Section 1.2. Table 1 summarizes all the design parameters we used for evaluating the 

 

144  performance. Route blockages on the High-NA EUV layers were employed to prevent ill-formed 

 

145  interconnections across the fabrication divide while introducing placement blockages to address 

 

146  pin accessibility-induced design rule violations. Further, the ASAP7 technology LEF file was also 

 

147  modified to limit the maximum of metal layers in a stacked via to 2. 

 

 

148 2.1 Single Core Design 

 

149 2.1.1 Performance Variation with Location 

 

150  Modeling stitch boundaries as routing blockages can negatively impact circuit performance by 

 

151  inducing signal detours, exacerbating routing congestion, and increasing net lengths. Usage of 

 

152  placement blockages compounds this further by restricting the available placement area, thereby 

 

153 limiting opportunities for cell optimization and timing closure. This constrained approach inevitably 

 

154  introduces trade-offs: route blockages precipitate routing detours and increased net lengths while 

 

155  placement blockages increase the overall design utilization. To alleviate the performance challenges 
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Fig 4: Variation of Performance due to 2um stitch boundary placed at different locations in ASAP7 

technology 

 

due to blockages, designers can employ constant-utilization design strategies – where the total 

design area is systematically scaled to maintain cell utilization with and without the exclusion 

zone. This approach also helps in mitigating routing congestion, ensuring minimal performance 

degradation despite the presence of stitch-induced blockages. 

Fig. 4 shows the variation of performance 1 as the exclusion zone location is varied for ASAP7 

technology node. The results show that for a 2um exclusion zone, designers can choose from either 

constant area 2 or constant utilization 3 approach and a maximum performance loss of about 2% for 

both CORTEXM3 and MEMPOOL_TILE is observed. Although the constant utilization 

approach results in a maximum performance loss of approximately 2% at certain stitch locations, 

designers can mitigate this degradation by adopting the  constant area    approach for those  specific 

 
 

1Performance: The maximum clock frequency at which the design can operate 

Performance = 
 1  

Clock Period − Slack 

 
2Constant Area: In these designs, the total design dimensions remains same before and after exclusion zone insertion 
3Constant Utilization: In these designs the total design utilization remains same before and after exclusion zone 

insertion 
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166  regions. By strategically  combining the constant   area  method  in  critical  locations  with  the 

 

167  constant utilization approach elsewhere, the maximum performance loss is reduced to around 1%  

 

168  for the affected areas. This hybrid approach ensures improved overall efficiency while minimizing  

 

169  localized performance trade-offs. In [7] we have also shown that the performance of a design  

 

170  is also impacted by the number of High-NA EUV  layer  usage.  As the number of High-NA  

 

171  EUV layers  increase  more signal  detours  and  routing  congestion  is  observed  leading to  

 

172  increased net lengths and reduced performance. 

Table 2: Performance Impact (%age of Baseline) of Stitch Width Variation 

 

Type Technology 0.1um 0.5um 1um 2um 5um 10um 25um 

Constant Area - CORTEXM3 ASAP7 99.8 98.7 97.5 98.9 96.2 26.6 - 

Constant Util - CORTEXM3 ASAP7 100.1 99.2 99.5 99.1 98.9 98.4 97.4 

Constant Area – MEMPOOL_TILE ASAP7 101.8 100.0 100.5 102.1 96.5 96.5 94.1 

Constant Util – MEMPOOL_TILE ASAP7 100.5 99.6 100.6 99.0 99.6 99.6 100.5 

Constant Area - CORTEXM3 TSMC40 98.8 98.9 99.0 98.6 95.8 89.2 55.4 

Constant Util - CORTEXM3 TSMC40 100.2 99.0 101.6 98.7 98.6 97.9 98.1 

Constant Area – MEMPOOL_TILE TSMC40 97.8 99.5 101.0 98.9 99.9 98.5 95.0 

Constant Util – MEMPOOL_TILE TSMC40 102.1 101.8 101.2 100.4 98.5 98.6 97.2 

 

 

Table 3: Design Area 

 

Type Technology Baseline Design Dimensions (um) 

CORTEXM3 ASAP7 74.05 x 73.87 

MEMPOOL_TILE ASAP7 151.66 x 151.63 

CORTEXM3 TSMC40 229.18 x 227.5 

MEMPOOL_TILE TSMC40 521.08 x 512.56 
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Fig 5: Variation of Performance with FOM (Figure of Merit) 

 

173 2.1.2 Performance Variation with Technology 

 

174  Table 2 lists the performance impact as a percentage of baseline performance in the designs at 

 

175  different technology nodes. It shows that as the stitch width increases, the performance drops 

 

176  significantly in constant area designs which can be stemmed by switching to constant utilization 

 

177  designs. Table 3 lists the Baseline Design Dimensions for the two designs in ASAP7 & TSMC40 

 

178  technology. Based on Table 2 & Table 3 we can see that not only the exclusion zone width but the 

 

179  design size also plays a role in performance degradation. A 10 um exclusion zone boundary in a 

 

180  smaller design (ex. CORTEXM3 in ASAP7) can cause higher performance impact as compared to 

 

181  bigger design (ex. CORTEXM3 in TSMC40). 

 

182 If all other factors (number of High NA EUV layers, exclusion zone location ) are kept the same, 

 

183  the performance of a design post exclusion zone insertion is highly dependent on the design size 

 

184  as well and the exclusion zone width. Based on this we created a FOM (Figure of Merit) metric 

 

185  that can be used to roughly estimate the design performance post exclusion zone insertion without 

 

186  performing actual PnR. 
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187 
 
 
 
 

188 

𝐹𝑂𝑀 = 𝑥2 

𝑥 =
𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝐴𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑠𝑖𝑔𝑛 𝐴𝑟𝑒𝑎
 

 

189                                                             𝑥 =  
( 𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑠𝑖𝑔𝑛 𝐴𝑟𝑒𝑎−𝐵𝑙𝑜𝑐𝑘𝑒𝑑 𝐴𝑟𝑒𝑎)

𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑠𝑖𝑔𝑛 𝐴𝑟𝑒𝑎
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Here, x is a measure of how much design area is available for optimization post exclusion zone 

insertion. It is defined as the ratio of Total Available Area 4 and Total Design Area5. In case of 

constant area designs, 𝑥  keeps on decreasing as the exclusion zone width is increased. The 

overall performance changes arise from multiple factors such as design area, routing resource 

availability, etc. Relying exclusively on 𝑥  as a performance predictor would only capture the 

area-related component and will fail to account for other components. Accurately modeling the 

impact of routing resources as a deterministic function of 𝑥  is inherently challenging due to the 

multifaceted interactions between routing topology, spatial layout, and signal integrity constraints. 

Consequently, we have adopted an empirical evaluation methodology, wherein we assess 

performance across a variety of input configurations and scenarios. It is from these results we 

observed that 𝑥2 exhibits a stronger correlation with performance than 𝑥. 

Fig. 5 plots the variation of performance impact as the Figure of Merit (FOM) is varied for 

different design configurations (ex. constant area or utilization, CORTEXM3 or MEMPOOL_TILE 

, technology node). For a given design configuration, multiple (x,y) values correspond to different 

 

performance impacts due to different exclusion zone widths. For instance, constant area COR- 

 
 

4Total Available Area: Area left for placement post exclusion zone insertion 
5Total Design Area: The total design area without any exclusion zone insertion 
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206  TEXM3 design in TSMC40 technology has an FOM of 0.7 for an exclusion zone width of 25 um 

 

207  while it is 0.87 for an exclusion zone width of 10 um. From the graph, we can roughly estimate that 

 

208  for FOM values lower than than 0.8, the performance impact is more than 5%. In Fig. 5, a single 

 

209  data point (hollow green box) corresponds to a 10% performance loss at a FOM of 0.58, under 

 

210  the configuration of MEMPOOL_TILE with a 25 um exclusion-zone width. Although this point 

 

211  may visually appear as an outlier, it nevertheless aligns with the broader trend: FOM values below 

 

212  0.8 are consistently associated with performance degradations exceeding 5%. The comparatively 

 

213  reduced performance impact observed in MEMPOOL_TILE versus CORTEXM3 can be attributed 

 

214  to the substantially larger design area of MEMPOOL_TILE it occupies approximately four times 

 

215  the area of the CORTEXM3 design.  This increased design size affords the optimization tool 

 

216  greater  freedom  to  compensate  for  performance  loss  even  after   exclusion  zone  insertion.  

 

217  Consequently,    despite   the  imposed   constraint,  the tool  can still  recover  performance  through  

 

218  optimization opportunities available in the larger area. 

 

219 Overall, the performance impact of overlay error tolerant stitching methodologies manifests as 

 

220  a complex function of various factors such as exclusion zone width, design area, exclusion zone 

 

221  boundary location, quantity of blocked routing layers, etc. 
 

 

222 2.1.3 DRC 

 

223  A critical metric in the development of exclusion zone-aware physical designs is the impact on 

 

224  Design Rule Check (DRC) violations. The introduction of route blockages inherently reduces 

 

225  the number of available routing tracks, exacerbating congestion and potentially increasing DRC 

 

226  violations. Resolving these violations is a labor-intensive process, often requiring significant 

 

227  manual intervention particularly in highly congested designs where automated correction methods 
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(a) (b) 

Fig 6: Variation of DRC with Exclusion Zone a) Location b) Width 

 

228  prove insufficient. 

 

229 Fig. 6 (a) shows the variation of DRC count as the exclusion zone location is varied in constant 

 

230  area and utilization designs. Fig. 6 (b) shows the variation of DRC count as the exclusion zone 

 

231  width is varied in constant area and utilization designs. Both the graphs show that as the exclusion 

 

232  zone width increases, the number of DRCs increases in constant area designs.  However, this 

 

233  increase in the DRC count is reduced as we switch to constant utilization designs. 
 

 

234 2.1.4 Area 

 

235  Area is also an important metric that is used for comparing two designs. In constant area designs, 

 

236  inserting an exclusion zone does not alter its total area. In constant utilization designs, the design 

 

237  is modified to include more area such that overall placeable area (before and after exclusion zone 

 

238  insertion) remains same. However, the additional area penalty is proportional to the exclusion zone 

239  width and significantly less (< 1%) of the total design area. 

 

240 2.1.5 Power Dissipation 

 

241  Along with area, total power dissipated is also another metric that is crucial in comparing the design 

 

242  performance. In [7] we have already shown that maximum variation in power dissipated due to 
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243  exclusion zone insertion is around 1-2%. 

 

 

244 2.2 Multi Core Design 

 

245  While the previous section established the performance impact of stitch-aware methodologies on 

 

246  single-core designs, the challenges become significantly more complex in multi-core implemen- 

 

247  tations. Here, a single stitch boundary can intersect multiple macro blocks, potentially affecting 

 

248  the performance of each macro as well as the overall system, as illustrated in Fig. 7(a). In the 

 

249  figure, the colored rectangular boxes represent the different macros present in the design while the 

 

250  remaining area (light blue) is where stdcells and top level blockages can be placed. To address 

 

251  these challenges, stitch-aware methodologies for multi-core designs necessitate the exploration of 

 

252  tailored floorplanning strategies aimed at accommodating the exclusion zone. 

 

253 1. Floorplan Redesign: This approach preserves the original exclusion zone boundary and 

 

254  the relative macro placement by expanding the overall floorplan dimensions, thereby ensuring that 

 

255  the exclusion zone does not intersect with any existing macros. The expanded floorplan provides 

 

256  additional spatial flexibility, allowing macro repositioning to accommodate an exclusion zone that 

 

257  avoids cutting across macros. Although this approach is conceptually straightforward, it introduces 

 

258  a significant area overhead and necessitates redoing of the place-and-route (PnR) process. This 

 

259  additional area required to accommodate the exclusion zone will henceforth be referred to as the 

 

260  floorplan redesign cost.  Fig.  7 (b) illustrates this strategy, highlighting the trade-off between 

 

261  effective exclusion zone integration and increased silicon area utilization. The extent of floorplan 

 

262  expansion is governed by multiple design-specific factors, including macro placement, macro 

 

263  orientation, and the location of the exclusion zone. In the designs evaluated in Section 2.7, macros 

 

264  typically have heights on the order of microns. Consequently, the maximum increase in floorplan 
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265  area due to this approach is also of a similar magnitude. 

 

266 2. Stitched Macro Redesign: In this approach, the exclusion zone boundary is permitted to 

 

267  intersect existing macros, thereby obviating the need to modify the overall floorplan. However, 

 

268  this necessitates macro-level redesign, since any macro traversed by the exclusion zone must 

 

269  be reengineered.  In scenarios where multiple instances of a macro are infected i.e., uniquely 

 

270  affected by the exclusion region each instance may require a specialized variant to preserve design 

 

271  performance. The cumulative burden of developing and maintaining these macro variants will 

 

272 henceforth  be  referred  to  as  the  macro  redesign  cost.  Fig.   7 (c)  illustrates  the  exclusion  zone  

 

273  situated  at  a  fixed  elevation  corresponding  to  50%  of  the  total  floorplan  height.    Under   this  

 

274  configuration,  the  exclusion  boundary  intersects  macro  2  and  macro  4,  both  located  at  the mid  

 

275  -height  mark  and  would  consequently  require  redesign. This  strategy  sharply increases design  

 

276  complexity and verification  effort,  as  multiple  macro  versions  must  be  managed,  verified,  and  

 

277       integrated uniquely. 
 

(a) (b) (c) 

Fig 7: a) Baseline Floorplan of a Multi-Core Design with an Exclusion Zone. b) Floorplan Redesign 

Approach for the Multi-Core Design. c) Stitched Macro Redesign Approach for the Multi-Core 

Design 

 

 

278 It should be noted that the figures presented are intended primarily to illustrate the accom- 
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279  modations of exclusion zones under different design approaches; they may not necessarily depict 

 

280  full-field die configurations. Fig. 7 (a) displays a multi-block layout (𝑥 < 33𝑚𝑚) through which 

 

281  an exclusion zone passes through. The objective here is to demonstrate the interaction between 

 

282  the exclusion region and internal macro placement under a standard layout. Fig. 7 (b) illustrates 

 

283  the floorplan redesign approach, wherein the design’s height is increased and macro blocks are 

 

284  repositioned to avoid intersection with the exclusion zone. In the figure, macro 2 and macro 4 

 

285  are shifted up so that that exclusion zone boundary can be accommodated in the design. The 

 

286  assumption underpinning this method is that the required height extension on the order of a few 

 

287  micrometers is negligible compared to the full-field scale (on the order of millimeters), and thus the 

 

288  modified plan remains compatible with the original full-field. Fig. 7 (c) depicts the macro-stitch 

 

289  redesign strategy, whereby the exclusion zone is allowed to intersect existing macros. This scheme 

 

290  obviates floorplan expansion but requires targeted macro-level redesign to maintain performance 

 

291  and physical integrity. 

 

 

292 2.3 Optimizing Stitch Costs in Multi Core Designs 

 

293  As discussed previously, the implementation of stitch-aware methodologies in multi-core architec- 

 

294  tures introduces distinct overhead profiles contingent upon the strategy chosen to accommodate 

 

295  the exclusion zone. The floorplan redesign approach principally incurs area-driven costs, wherein 

 

296  dimensional expansion to accommodate the exclusion zone directly translates to increased die area 

 

297  and consequent manufacturing expenditures. This spatial inflation may additionally precipitate 

 

298  performance degradation through suboptimal macro placement and elongated global interconnects, 

 

299  potentially compromising timing closure. Conversely, the stitched macro paradigm shifts the cost 

 

300  burden toward design complexity, requiring extensive macro-level modifications to maintain stitch 
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301  compatibility.  In cases where  multiple  macro variants  must be  generated to accommodate  

 

302  diverse boundary intersections, the methodology imposes increased engineering effort for custom 

 

303  macro redesign, verification for performance validation along with resource allocation challenges 

 

304  in maintaining design consistency. 

 

305 These cost matrices underscore the fundamental design-technology co-optimization (DTCO) 

 

306  challenge inherent in High-NA EUV stitching implementations. The selection of an optimal 

 

307  strategy must carefully balance area efficiency, performance preservation and minimizing design 

 

308  costs. While High-NA EUV lithography necessitates stitching for chip fabrication, the stitch 

 

309  boundary need not be rigidly positioned at the exact mid-point (50% height) of the design. The 

 

310  stringent alignment requirement is specifically applicable to designs utilizing full reticle field 

 

311  dimensions. This is due to the inherent limitation that neither of the half-field mask projections can 

 

312  extend beyond 16.5 mm, which constitutes 50% of the standard 33 mm reticle width. Consequently, 

 

313  regardless of whether the design comprises an even or odd number of dies spanning the full field, 

 

314  the exclusion zone must invariably be positioned at the 50% height mark of the design to ensure 

 

315  compatibility with the half-field mask constraints. 

 

316 For smaller designs, the stitch location exhibits significant flexibility, potentially residing any- 

 

317  where such that neither of masks size exceeds the half-field wafer (16.5mm).  This positional 

 

318  flexibility  introduces  a  critical degree of freedom in design optimization, as floorplan redesign  

 

319  (area and connectivity )  &  macro  redesign  can be  made  functions of the selected stitch location. 

 

320 In this context we present a comprehensive PD design methodology that incorporates these 

 

321  multidimensional trade-offs for deriving optimal stitch locations for multi-core High-NA EUV 

 

322  designs. 

 

323 Fig. 8 illustrates the detailed algorithm employed for the cost optimization approach utilized in 
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324  this study. The algorithm begins by selecting a candidate stitch boundary location, denoted as x. 

 

325  At this location, the macro cells intersected by the stitch boundary are identified and analyzed to 

 

326  determine the required redesign costs necessary to accommodate the boundary. The redesign cost 

 

327  could be some function of the floorplan redesign cost and macro redesign cost for the given stitch 

 

328  boundary location x. The computed cost is then compared against the currently lowest redesign 

 

329  cost. If the newly calculated redesign cost is lower, it replaces the existing lowest redesign cost, and 

 

330  the associated stitch location is updated accordingly. This process is iterative and is repeated for 

 

331  multiple stitch boundary locations across the design space. In the end, the algorithm identifies and 

 

332  returns the stitch location that minimizes the overall redesign cost, thereby offering a cost-efficient 

 

333  solution for incorporating the stitch boundary into the physical design. 

 

(a) 

Fig 8: Cost Optimization Algorithm 

 

 

 

334 2.4 Floorplan Redesign Costs 

 

335  The floorplan redesign cost is primarily used for measuring the potential cost that may be incurred 
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336  due to accommodation of the exclusion zone using the floorplan redesign approach and is found by 

 

337  calculating the associated area & connectivity costs. 
 

 

338 2.4.1 Area Expansion Cost 

 

339  The   floorplan  redesign  methodology   involves   two   principal  modifications to accommodate  

 

340  exclusion zones: (1) systematic expansion of the floorplan dimensions, and (2) strategic spatial 

 

341  reorganization of   affected    macros. This    approach   inherently   incurs   area-dependent  costs  

 

342  proportional to the magnitude of dimensional adjustment. Crucially, macro displacement occurs  

 

343  exclusively  along  the vertical  axis  (Y-direction), with relocation  vectors oriented  either upward  

 

344  (positive Y)  or  downward  (negative Y)  relative  to  the  exclusion zone boundary. Therefore, it is  

 

345  necessary that the exclusion zone be accommodated with minimal expansion cost. 

 

346 We avoid employing the expanded area directly as the cost metric, hence we normalize the 

 

347  newly expanded area relative to the baseline area.  This normalization yields a dimensionless 

 

348  cost metric that maintains proportionality with the expanded area while enabling more robust 

 

349  cost arithmetic within the proposed methodological framework. Such an approach enhances 

 

350  computational consistency and facilitates comparative analysis across varying spatial scales. 
 

 

351 2.4.2 Connectivity Costs 

 

352  The floorplan expansion involves modifying the chip dimensions and relocating macros adjacent 

 

353  to exclusion zones to accommodate design constraints. This spatial reorganization may displace 

 

354  macros  vertically,  potentially  altering  their  relative  position  with  respect  to  interconnected  

 

355  counterparts. Such topological changes can produce two opposing effects on timing characteris- 

 

356  tics (1) proximity enhancement,  where  reduced  inter-macro  distances  may  decrease  critical path  

 

357  delays when previously separated macros are positioned closer together; or  (2) separation-induced  
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358  degradation, where increased distances may extend signal propagation times.  It is important to note  

 

359  that there could be a case wherein floorplan redesign reduces the macro distances. For ex. consider 

 

360  a baseline floorplan case as shown in Fig. 9. Due to the exclusion zone insertion, macros 2,  3  &  

 

361  4 are moved up. As macro 1 is not intersecting with the exclusion zone and there is space available to 

 

362  place it, the designer can choose to keep it in its original location. In  this  case,   the distance between 

 

363  macro 1 & 2 will decrease which could help  any  critical  timing paths between them as shown in 

 

364  Fig. 9 (b) On the other hand if macro 1 has critical  IO  paths  then it might be placed near the IO 

 

365  ports (at the top) and farther from macro 2 such  that  the  separation  between macro 1 & 2 increases 

 

366  as shown in Fig. 9 (c). Hence, proximity  enhancement  due  to floorplan redesign is not purely 

 

367  speculative  and  can depend on  various factors  such as  baseline  floorplan, critical timing paths, etc 

 

(a) (b) (c) 

Fig 9: a) Baseline Floorplan b) Floorplan post-Exclusion Zone Insertion (Decreased Separation 

b/w macros) c) Floorplan post-Exclusion Zone Insertion (Increased Separation b/w macros) 

 

 

368 Given the direct correlation between interconnect length and timing performance, we incor- 

 

369  porate macro-to-macro connectivity as an additional cost metric alongside area expansion when 

 

370  determining the optimal vertical displacement during exclusion zone integration in the floorplan re- 

 

371  design approach. This metric enables systematic evaluation of whether upward or downward macro 
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372  relocation would yield net timing improvements, thereby preserving overall design performance 

 

373  while satisfying exclusion zone requirements. 

 

374 Fig. 10 (a) presents the algorithm for determining the minimum floorplan redesign cost needed 

 

375  when the stitch boundary intersects multiple macros. The algorithm begins by initializing two 

 

376  empty sets GUP & GDOWN. For each macro intersected by the stitch boundary, two parameters are 

 

377  calculated: lenUP and lenDOWN. lenUP & lenDOWN are dimensionless quantities (normalized wrt 

 

378  baseline height) 6 and are proportional to the macro height above or below the stitch boundary 

 

379  respectively. 

 

380 Additionally, we also calculate the connectivity cost of each macro interacting with the exclusion 

 

381  zone as shown in Fig. 10 (b). For every macro interacting with the exclusion zone, we find all the 

 

382  macros connected to it. The flow then loops through the connected macros and creates a dictionary 

 

383  which stores the number of nets connecting the interacting macro and the connected macro as 

 

384  well as the placement coordinates of the connected macro. The placement coordinates of these 

 

385  connected macros are compared with the interacting macro coordinates and an upwards mobility 

 

386  score (UPMi) for the ith interacting macro is maintained. If the connected macro lies above the 

 

387  interacting macro, the number of nets connecting them is added to the UPM while if the connected 

 

388  macro lies below the interacting macro, the number of nets connecting them is subtracted from 

 

389  the UPM. This process is repeated for all the macros interacting with the exclusion zone and an 

 

390  upwards mobility score is calculated. This score is normalized by dividing it with the total number 

 

391  of nets connected to the connecting macro. The upwards mobility score is a measure of the macros 

 

392  tendency to move upwards based on its connectivity to other macros in the design. Higher the 

 

 
 

6As width being same before and after exclusion zone insertion, normalization wrt baseline area becomes normal- 

ization wrt baseline height. 
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393  score, means that the interacting macro has more number of connections to macros placed above it 

 

394  and vice-versa. 

 

395 As it represents the tendency to move upwards, we subtract this score directly from lenUP 

 

396  while adding it to & lenDOWN to arrive at the combined upward (costUP) or downward (costDOWN) 

 

397  movement cost respectively. If costUP >  costDOWN the macro is added to the set GDOWN as it has a 

 

398  greater likelihood of being shifted downward. 

 

(a) (b) 

Fig 10: a) Floorplan Redesign Algorithm b) Upwards Mobility Cost Algorithm 

 

 

399 Conversely, if costUP <  costDOWN the macro is added to the set GUP as it higher affinity for 

 

400  moving upward. Once all macros intersecting the stitch boundary have been categorized into GUP 

 

401  & GDOWN, the macros in each set are sorted in ascending order based on their combined costs. 

 

402 The largest costUP from GUP & largest costDOWN from GDOWN are identified and denoted 

 

403 as as max(costDOWN, DOWN) & max(costUP, UP) respectively. These values are then summed and 
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404  represented as B such that B = max(costDOWN, DOWN) + max(costUP, UP). 

 

405 Additionally, the maximum values of lenUP & lenDOWN across all macros intersected by the stitch 

 

406  boundary are computed and denoted as A = max(lenDOWN, All) & C = max(lenup, All) respectively. 

 

407  Further, we also calculate total upwards mobility cost UPMALL by summing up the individual UPMi. 

 

408  UPMALL is then subtracted from A and added to B to get A_final = costUP and B_final = costDOWN 

 

409  respectively. Finally, the values A_final, B_final & C are compared, and the minimum among them 

 

410  determines the minimum floorplan increase required to accommodate the stitch boundary. 

 

411 2.5 Macro Redesign Cost 

 

412  The macro redesign methodology also introduces significant cost considerations spanning redesign 

 

413  efforts, sustained maintenance requirements, and performance trade-offs (spatial location, width 

 

414  & number of High-NA EUV layers in the exclusion zone) arising from stitch-induced design con- 

 

415  straints. These macro-level costs are driven by multiple interdependent components that includes 

 

416  redesign overhead (design modifications to accommodate the exclusion zone boundary) , main- 

 

417  tenance requirements (long term and ECO efforts due to stitch related SI) and performance 

 

418  penalties (increased net latency and congestion from detours around stitch-induced blockages). 

 

419 In contrast to floorplan redesign costs, which are directly quantifiable through measurable area 

 

420  expansion, macro redesign costs represent a more complex category of indirect expenditures that 

 

421  resist straightforward quantification. These costs encompass multifaceted considerations including 

 

422  but not limited to engineering effort, verification overhead, and performance compromises. For 

 

423  the purposes of this study, we have systematically categorized and estimated these macro redesign 

 

424  costs in Table 4.  The cost presented here highlights the design effort that went into designing 
 
 

425  these macros and hence their unit is man-hours. It is imperative to recognize that macro redesign 

 

426  costs are as critical as floorplan redesign costs. For instance, consider a scenario where a specific 
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427  macro is intersected by the exclusion zone at multiple unique locations one per instance. Despite 

 

428  each intersection individually resulting in a negligible performance impact, the necessity arises 

 

429  to develop and maintain distinct versions of the same macro for each instance. This requirement 

 

430  significantly escalates the engineering effort and verification overhead, as each macro variant must 

 

431  undergo comprehensive validation to ensure functional and performance integrity. Consequently, 

 

432  managing multiple macro versions can become a substantial bottleneck in the design process, 

 

433  impacting overall efficiency and time-to-market. 

 

Table 4: Unit Level Macro Redesign Costs 

 

Block Type Redesign Cost 

Memory Macro (ex. SRAM) 50 

Core Macro 30 

 

 

434 The total macro redesign cost for accommodating an exclusion zone boundary is given by the 

 

435  following: 

 

436                                                      𝑀𝑎𝑐𝑟𝑜 𝑅𝑒𝑑𝑒𝑠𝑖𝑔𝑛 𝐶𝑜𝑠𝑡  =  ∑
𝑥𝑖

𝑋𝑁

𝑛
𝑖=1  

 

437     𝑥𝑖 = 𝑖𝑡ℎ 𝑚𝑎𝑐𝑟𝑜 𝑑𝑒𝑠𝑖𝑔𝑛 𝑐𝑜𝑠𝑡 

 

438  𝑛 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑐𝑟𝑜𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦  

 
439                                                              𝑁 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑐𝑟𝑜𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑒𝑠𝑖𝑔𝑛 

 

440                                                            𝑋𝑁 = 𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑠𝑖𝑔𝑛 𝐶𝑜𝑠𝑡 = ∑ 𝑥𝑖

𝑁

𝑖=1
 

 

441 2.6 Joint Cost 

 

442  Based on the discussion, the integration of exclusion zones in a multi-core design necessitates 

 

443  a balanced methodology that harmonizes the competing costs of floorplan redesign and macro 
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444  redesign. Accommodating the exclusion zone in the design incurs costs which could be in terms 

 

445  of area, design effort or both. Area costs are typically encountered when the design floorplan 

 

446  is extended to accommodate the exclusion zone. Design effort costs are typically incurred when 

 

447  individual macros are redesigned to accommodate the exclusion zone through them.The floorplan 

 

448  redesign approach causes area-driven costs, while macro redesign leads to additional overhead. We 

 

449  aim to design a joint cost minimization framework that strategically combines both approaches to 

 

450  achieve minimal joint redesign cost. 

 

 

 

Fig 11: Joint Cost Optimization Algorithm for a given location 

 

 

451 Fig.  11 shows the algorithm for finding the joint redesign cost for a given set of macros 

 

452  interacting with the exclusion zone boundary. The algorithm begins by finding all the macros (N) 

 

453  interacting with the exclusion zone boundary. Two groups G1 & G2 are created and all of the 

 

454  possible 2𝑁 combinations of the interacting macros are created. A combination from 2𝑁 is taken 
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455  and floorplan redesign approach is applied on G1 macros while macro redesign approach is applied 

 

456  on G2 macros. The two computed costs are then added together to find the joint cost which is 

 

457  compared with the global minimum joint cost for the interacting macro combination. 

 

458 𝐽𝑜𝑖𝑛𝑡 𝐶𝑜𝑠𝑡 =  𝛼 ∗ 𝑓𝑙𝑜𝑜𝑟𝑝𝑙𝑎𝑛 𝑟𝑒𝑑𝑒𝑠𝑖𝑔𝑛 𝑐𝑜𝑠𝑡 + ( 1 −  𝛼) ∗ 𝑚𝑎𝑐𝑟𝑜 𝑟𝑒𝑑𝑒𝑠𝑖𝑔𝑛 𝑐𝑜𝑠𝑡 

 

459 If the newly calculated joint cost is lower, it replaces the existing lowest joint cost. This process 

 

460  is iterative and is repeated for each of the 2𝑁 combinations of the interacting macros. In the end, 

 

461  the algorithm identifies and returns the macro combination and the minimum joint (floorplan and 

 

462  macro redesign) cost for a given location. 

 

463 2.7 Implementation 

 

464  We test the above methodology in a modular multi-tile design (named TOP), constructed by 

 

465  aggregating either 14-core CORTEXM3 or MEMPOOL_GROUP tiles. Each constituent tile (Fig. 

 

466  15) measures 3.2 mm × 3 mm (14 core CORTEXM3) and 3.5mm x 3mm (MEMPOOL_GROUP). 

 

467  Our approach systematically evaluates redesign costs across multiple scaled variants of the TOP 

 

468  design, with the objective of minimizing the redesign costs. The number of tiles were adjusted 

 

469  based on the required die size. In essence, when the die size is reduced such that a whole number 

 

470  of tiles can no longer span the full-field die, an entire row of tiles is removed to maintain tiling 

 

471  regularity and alignment within the exposure field. Fig. 12 (a) illustrates an example of a top-level 

 

472  design, assembled from either multiple 14-core CORTEXM3 or MEMPOOL_GROUP tiles, where 

 

473  the die size matches the wafer’s full-field size. Similarly, Fig. 12 (b) presents another top-level 

 

474  design example with a die size approximately 90% of the full-field wafer size. m and n are integers 

 

475  can change depending upon the die size and tile size and m_n refers to either a CORTEXM3 or 

 

476  MEMPOOL_GROUP tile instance name. 

477 It is important to clarify that the specified dimensions of the 14-core CORTEXM3 and MEM- 
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478  POOL_GROUP tiles are invariant with respect to die size. The design sizes selected for the purpose 

 

479  of this study are significantly smaller than conventional full-field dies. Due to their reduced dimen- 

 

480  sions, these standalone designs would not inherently require an exclusion zone when fabricated 

 

481  using High-NA EUV lithography. The primary objective of this investigation is to simulate and 

 

482  quantify the impact of exclusion zones such as stitch costs and floorplan redesign overheads on 

 

483  these smaller macro units. To this end, the full-field die is conceptually tiled with multiple instances 

 

484  of the 14-core CORTEXM3 or MEMPOOL_GROUP tiles. The resulting top-level structure is a 

 

485  synthetic aggregation of these tiles and does not represent a functional design, nor does it incor- 

 

486  porate input/output (IO) pads or peripheral circuitry. Since the top-level assembly is not an actual 

 

487  design, the accommodation of an integer number of tiles within the full-field die boundaries is not 

 

488  a constraint. Furthermore, the floorplan and macro redesign costs are principally influenced by the 

 

489  exclusion zone location which is independent of the macro tile’s dimension along the x-axis and 

 

490  thus remain unaffected by whether the tiles span the full 26 mm width of the die. 

 

(a) (b) 

Fig 12: a) Die Size is 100% FF Wafer Size b) Die Size is 90% FF Wafer Size 
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491 Fig. 13 shows the variation in different costs (floorplan redesign costs or macro redesign costs) 

 

492  with the die size due to insertion of an exclusion zone of width 1um. The x-axis in these graphs 

 

493  represents the die size as a percentage of full-field wafer size while the y-axis represents the cost 

 

494  (either floorplan or macro redesign ) incurred for a given die size. 

 

 

 

 

(a) (b) 

Fig 13: a) Floorplan Redesign Costs b) Macro Redesign Costs 

 

 

 

(a) (b) 

Fig 14: Joint Redesign Costs for a) 14 core CORTEXM3 b) MEMPOOL GROUP 
 

 

 

495 Here, floorplan redesign cost refers to normalized area expansion cost incurred by the macros 

 

496  due to redesigning of the floorplan. In this case only floorplan redesign approach is utilized to 

 

497  accommodate the exclusion zone boundary. Macro redesign refers to the normalized incremental 

 

498  cost incurred due to redesigning and maintenance of the macros impacted by the exclusion zone 
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499  insertion.  In this approach, only the macro redesign approach is utilized to accommodate the 

 

500  exclusion zone boundary. 

 

501 Fig. 14 shows the variation of joint cost with the die size where the x-axis represents the die 

 

502  size as a percentage of full-field wafer size. while the y-axis represents the joint cost incurred for 

 

503  a given die size. Joint cost refers to combined cost incurred when both the approaches (macro 

 

504  redesign for some & floorplan redesign for others) are used simultaneously. It also shows variation 

 

505  in joint cost with different values of alpha for the two designs. From the graphs, it is clear that 

 

506  when the die size equals the full-field wafer size ( i.e. 100%), maximum cost is incurred as the 

 

507  exclusion zone location is fixed at a single point. As the die size decreases, the exclusion zone 

 

508  position becomes more flexible, resulting in lower costs. When the die size falls below a certain 

 

509  threshold (95% in this case), the minimum stitch boundary region can lie in the middle of two tiles. 

 

510  As the stitch is placed on the edge of the tile, no cost is incurred in accommodating it in the design. 

 

511 Looking at Fig. 13 & 14 together, one can easily see the benefits of joint cost optimization 

 

512  approach. For the same die size, the joint cost approach yields either lesser or similar cost than 

 

513  either of the floorplan redesign or macro redesign approach. In case of joint cost, the choice of 

 

514  approach ( floorplan redesign or macro redesign) can be changed by the designer. If the designer 

 

515  intends to focus more on floorplan redesign approach in joint cost optimization, they can use a 

 

516  higher weight (alpha) value and vice-versa. 

 

517 The joint redesign methodology integrates both floorplan and macro redesign costs into a 

 

518  unified cost function through the application of a weighting factor, denoted as 𝛼. This parameter 

 

519  modulates the relative contribution of each component to the total cost, thereby allowing flexibility 

 

520  in prioritizing either floorplan or macro redesign depending on specific design constraints. Fig. 13 

 

521  (a) and 13 (b) illustrate scenarios in which only one cost component floorplan or macro redesign is 
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522  considered independently. In these cases, the design flow selects a solution optimized exclusively 

 

523  for the chosen cost component, without accounting for trade-offs with the other. Conversely, 

 

524  Fig. 14 presents outcomes under the joint redesign approach, where both cost components are 

 

525  considered simultaneously. It is important to emphasize that setting  𝛼 = 1 does not imply that the 

 

526  resulting solution consists solely of floorplan redesign. Rather, it indicates that macro redesign 

 

527  cost is excluded from the cost computation, although elements of macro redesign may still be 

 

528  present in the solution. Similarly, when � = 0, only the macro redesign cost contributes to the 

 

529  total cost function, yet floorplan adjustments may still arise as part of the implementation. Since 

 

530  Fig. 13 (a), 13 (b), and 14 correspond to distinct optimization strategies and yield fundamentally 

 

531  different design solutions, the configurations represented in Figures 12 and 13 are not linearly 

 

532  interchangeable by simply varying the value of 𝛼 between 0 and 1. 

 

533 It is important to clarify that the cost analysis depicted in Fig.  13 and 14 was performed 

 

534  on irregular floorplan layouts as shown in Fig.  15 where macro placement does not follow a 

 

535  structured or ordered pattern. Fig. 15(a) & 15(b) present the initial and final floorplans for 

 

536  the 14-core CORTEXM3 design post-exclusion-zone insertion. Fig. 15(c) & 15(d) illustrate a 

 

537  similar before-and-after comparison for the MEMPOOL_GROUP architecture. Due to irregular 

 

538  macro placement, identifying an exclusion-zone location that avoids intersecting any macros is 

 

539  non-trivial. In contrast, Fig. 16(a) (14 core CORTEXM3) and Fig. 16(b) (MEMPOOL_GROUP) 

 

540  demonstrate orderly macro placements, where macro blocks are aligned in a structured pattern. 

 

541  Under such structured layouts, it becomes feasible to locate an exclusion zone that does not intersect 

 

542  any macros. As a result, exclusion-zone insertion may incur zero extra cost in both macro redesign 

 

543  and floorplan rework. 
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(a)                                                                                 (b) 
 

(c) (d) 

Fig 15: a) 14 core CORTEXM3 before exclusion zone insertion b) 14 core CORTEXM3 after 

exclusion zone insertion c) MEMPOOL_GROUP before exclusion zone insertion d) MEMPOOL  

GROUP after exclusion zone insertion 
 
 

544 A notable observation from Fig. 14 is that the joint cost, defined by: 

 

545 𝐽𝑜𝑖𝑛𝑡 𝐶𝑜𝑠𝑡 =  𝛼 ∗ 𝐶𝐹 + (1 −  𝛼) ∗ 𝐶𝑀  

 

546  reaches its minimum at the extreme weighting values (𝛼 = 0 or 1), while peaking at intermediate 

 

547  values of 𝛼. Analysis of Fig. 13 (a) and 13 (b) confirm that, for the test designs under consideration, 

 

548  the macro redesign cost CM is substantially larger than the floorplan redesign cost CF. As 𝛼 

 

549  increases from 0, the optimization flow prioritizes minimizing the larger macro redesign cost; since 
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550  CM remains nearly constant at this stage, even small increases in CF cause the total joint cost to 

 

551  rise. This behavior produces the observed maximum in the mid-range of 𝛼. Once 𝛼 surpasses a 

 

552  threshold dependent on the baseline floorplan and die size the floorplan cost dominates the joint 

 

553  function. At this juncture, the optimizer shifts its solution strategy: in order to reduce CF it accepts 

 

554  higher CM, yielding an overall decrease in Ctotal as 𝛼 approaches 1. Consequently, the inverted 

 

555  U-shaped cost profile emerges, with the joint cost minimal at the two endpoints of 𝛼 and maximal 

 

556  when neither cost component is fully favored. 

 

557 Based on these discussions above, it is evident that the minimum cost associated with im- 

 

558  plementing an exclusion zone in a multi-core design will be influenced by three key factors: the 

 

559  baseline floorplan, the die size, redesign & macro redesign costs. 

 

 

  

(a) (b) 

Fig 16: Regularly Ordered Floorplans of a) 14 core CORTEXM3 b) MEMPOOL_GROUP Design 

 

 
 

560 3 CONCLUSION 

 

561  This paper introduces a stitching-aware physical design framework developed to address exclusion- 

 

562  zone stitching challenges in High-NA EUV lithography. At its core, the methodology defines stitch- 

563  aware design rules that balance manufacturing robustness by reducing overlay error susceptibility 
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564  with minimization of exclusion-zone insertion costs. 

 

565 For single-core designs, exclusion zones are imposed via blockages on High-NA EUV layers 

 

566  that may cause some performance loss. However, by using the exclusion zone stitching methology 

 

567  solutions presented in the manuscript, the loss can be reduced to just 1% of the baseline.  A 

 

568  Figure-of-Merit (FOM) is also proposed to estimate performance impact without requiring full 

 

569  place-and-route implementation . 

 

570 In the context of multi-core designs, our approach incorporates various floorplanning strategies 

 

571  along with a stitch-boundary placement optimizer. This optimizer seeks to accommodate the 

 

572  exclusion zone while minimizing both floorplan redesign costs and macro redesign penalties . We 

 

573  evaluated three strategies: floorplan-only redesign approach, macro-stitch redesign approach, joint 

 

574  optimization strategy combining both cost components via a weighting factor alpha .    Studies 

 

575  on two representative designs the 14-core CORTEXM3 and MEMPOOL_GROUP architectures 

 

576  demonstrate that the joint cost optimizer consistently achieves lower overall exclusion-zone insertion 

 

577  cost compared to either approach used individually. 
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