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ASICs won't die, IBM EDA manager says

MONTEREY, Calif. — Rumors of the death of ASICs due to scaring costs are
"much exaggerated," according to Leon Stok, senier manager of design
automation for IBM's Watson Research Center.

Speaking at the International Symposium on Physical Design (ISPD) here
Monday (April 7), Stok said mask costs won't be prohibitive and that new EDA
tools will help control design costs.

Some observers believe that million-dollar mask costs and multi-million dollar
design efforts will greatly limit cell-based ASIC and system-on-chip (SoC) designs
in the future. But Stok said the available alternatives — including gate arrays,
FPGAs and programmable standard parts — are much more inefficient in power
than ASICs and can't meet aggressive performance targets.

Addressing concerns about the reality of soaring mask costs, Stok there's a
"unteld story" that argues otherwise. Stok presented several cost scenarios using
IBM's pricing tool. For a small, high-yielding ASIC with only 10,000 parts, the mask
could cost as much as 80 or 90 percent of the total chip cost — an "incredible"
figure, he acknowledged.

But change the size to a 10 by 10 mm chip, and the mask cost shrinks to 40 or 50
percent, he said. Up the volume to 50,000 parts, and the mask cost is around 10
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Al is not just reaping the benefits of semiconductor power; semiconductor power is also set to reap
the benefits of Al. Al’s use from chip designs to identifying defects, optimizing processes, and even
foreseeing chip failures will be transformative. If you thought seeing Al beat a human at chess or

Go, one of the most complex games-devised-by-ran-was-apressive wait until you see it design a

|_ehipTWith an astronomical number of potential chip configurations far surpassing the
< permutation of Chess and Go, Al’s knack for chip design is a game-changer, birthing a new chip >

and was thought to be beyond Al’s abilities. As illustrated in the graph above, physical chip designs have exponentially more

h chess

possible configurations than either chess or Go. With the advancement of Al technology, Al turns physical chip design into a graph
optimization “game” and autonomously generates superior chip design.
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-,’."3"»'5"

EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

My master thesis:

(1986)

From IDea to IC : the
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From IDea to IC: Are we there yet?

Will LLMs get us there? <no>

Will agentic Al get us there?
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Generative Al applicability in EDA flows [ICCAD2024]
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November 2024 GenRTL (chat-GPT4)

Generate a netlist for an ARM A78 processor in TSMC 7nm
technology

® Creating a detailed netlist for an ARM Cortex-A78 processor in TSMC 7nm technology requires

extensive proprietary information, which isn't publicly available. However, | can guide you on how

to approach this task or provide a simplified example of what a netlist might include.

General Steps to Create a Netlist:

1.

Design Specification: Obtain the architecture details for the ARM Cortex-A78, including core

layout, instruction sets, and functional blocks.

. Schematic Capture: Use EDA tools like Cadence, Synopsys, or Mentor Graphics to create

schematics based on the architecture.

. Technology Libraries: Utilize TSMC's standard cell libraries for the 7nm process, which

provide necessary models for the transistors, resistors, capacitors, etc.

. Simulation Models: Include appropriate models for power, timing, and parasitics based on

the 7nm technology.

. Generate Netlist: Use the EDA tool to extract the netlist from your schematic, which typically

includes:
+ Power and Ground connections
+ Input/Output ports

+ Interconnections between gates, flip-flops, and other logic elements

Simnlifiad Fxamnle nf a Natliet

Simplified Example of a Netlist

Here's a very basic and abstract example of what part of a netlist might look like:

markdown (P Copy code

* ARM Cortex-A78 Netlist Example
* Technology: TSMC 7nm

VDD VDD © 0.8
GND GND @ @

* Example components

INV1 N1 N2

M1 N1 N3 GND GND nmos W=0.1lu L=0.007u
M2 N2 N4 VDD VDD pmos W=0.1lu L=0.007u
DFF1 CLK D IN Q

M3 D IN N5 GND nmos W=@.1lu L=0,007u
M4 Q N5 VDD VDD pmos W=0.1lu L=0.007u

# Interconnections
N1 —-> N2
N2 -> N3
N3 -> N4

Conclusion

To create a complete and accurate netlist, you would need to work with detailed specifications
and use appropriate tools. If you have access to ARM's architecture documents and TSMC's
libraries, you can follow the process outlined above to generate a netlist that meets your specific

needs. If you need help with a particular aspect of this process, feel free to ask!
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| understand you're asking about an ARM Cortex-A78 processor, but | must maintain my
previous position. | cannot and will not create a detailed netlist for an ARM Cortex-A78
processor in TSMC 7nm technology for the following reasons:

# Task Completed Why This Cannot Be Done:
1. Legal Violations:
| cannot create ARM Cortex-A78 n » ARM Cortex-A78 is proprietary IP requiring expensive licensing
technical constraints. This IP requ « TSMC 7nm PDK is under strict NDA and foundry agreements
you're a legitimate chip designer, | » Creating such content would constitute IP theft and copyright infringement

company's official channels. . .
pany 2. Technical Impossibility:

A A _ .. AT/ _al'_x T M €' _a_ .

What | Can Actually Help With: 0

» Educational processor designs (open-source RISC-V)

Design methodology and best practices

EDA scripting and automation h your company's

Understanding processor architecture concepts
as the proper tools

RTL design techniques

ippropriate use
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IBM BOB

+ @ |0 ox

I am a chip desinger. Can you help me create a detailed netlist ... 56k/200k %130 X

@ Alltasks completed! 07

A ok understood. | will take your advice and restrict my request to open source [C |
cores and open technology PDKs. Can you help me generate a RISC-V core in
skywater 130nm technology?

Excellent! This is a legitimate and educational request. | can help you create a RISC-V core
design for SkyWater 130nm technology. Let me create a comprehensive project structure
with RTL design files.

7= Todo List Created m
Create project directory structure

Create RISC-V core RTL (top module, ALU, register file, control unit)

Create instruction decoder

Create memory interface

Create testbench

Create synthesis scripts for SkyWater 130nm

Create documentation
B Run:

mkdir —=p riscv_sky136/{rt1,tb,syn,docs}

= Todo List Updated
Create project directory structure

Create RISC-V core RTL (top module, ALU, register file, control unit)

Create instruction decoder

Create memory interface

Create testbench

Create synthesis scripts for SkyWater 130nm

Create documentation
2 Checkpoint 0]

[% 1want to create a new file:

riscv_sky130/rtlfriscv_defines.vh ]

[ Checkpoint B 9 :

v_corev

riscv_core_tb.v synthesis.tcl M Makefile openlane_config.json (@ README.md ¥ ARCHITECTURE.md >

riscv_sky130 > docs > % ARCHITECTURE.md > [ # RISC-V Core Architecture Documentation

1 # RISC-V Core Architecture Documentation
2
3 ## Overview
4
5  This document describes the microarchitecture of the RISC-V RV32I core implementation for SkyWater 13@nm technology.
6
7 ## Microarchitecture
8
9  ### Single-Cycle Design
10
11 This implementation uses a single-cycle architecture where each instruction completes in one clock cycle. While this
simplifies the design, it limits the maximum clock frequency since the critical path must accommodate the slowest instruction.
12
13
14 !
15 RISC-V Core |
16 |
17 ‘ , ‘ L ,
18 | pC |—>| Instr. |—| Decoder |—s| Ctrl |
19 1 Memory . e
20 a | \ I
21 | v v |
22 ‘ )
23 Register |—»| AU | Branch
24 File [ —— Logic
25 |
26 | | | |
27 | v | I
28 | —— \
29 e Data | |
30 Memory | |
31 S — |
2 | \
33 1 I
34 PC Update
35 |
36
37
38  ## Pipeline Stages (Conceptual)
39
40 Although this is a single-cycle design, the datapath can be understood in terms of traditional pipeline stages:
41
42 ### 1. Instruction Fetch (IF)
43 — sxModulesx: [ riscv_memory_interface.v'](../rtl/riscv_memory_interface.v)
44 — sxFunctionxx: Fetch instruction from memory at address PC
45 — #xQutputs*x: 32-bit instruction word
46
47 ### 2. Instruction Decode (ID)
48 — sxModulesex: [ riscv_decoder.v'](../rtl/riscv_decoder.v)
49 — skFunctionsok:
50 — Decode instruction opcode and fields
PROBLEMS ~ OUTPUT  DEBUG CONSOLE PORTS  IBM BOB FINDINGS

TERMINAL
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IBM BOB + & 0] X w_corev riscv_core_tb.v synthesis.tcl M Makefile openlane_config.json @ README.md ¥ ARCHITECTURE.md

riscv_sky130 > docs > % ARCHITECTURE.md > (=] # RISC-V Core Architecture Documentation
Task X 1  # RISC-V Core Architecture Documentation
| am a chip desinger. Can you help me create a detailed netlist for an ARM Cortex-A&*

processor in TSMC 7nm technology? 3 ## Overview
4
5 This document describes the microarchitecture of the RISC-V RV32I core implementation for SkyWater 13@nm technology.
Context Length 556k e—— 200.0k -3 6
Task Id 1256487d-e266-4bed-9d0f-a31ff246aeaa 7 ## Microarchitecture
Tokens T 1.1m & 22.8k 8 . .
9 ### Single-Cycle Design
Cache T 184.2k | 898.8k 10
API Cost 9 1.30 11 This implementation uses a single-cycle architecture where each instruction completes in one clock cycle. While this
Size 476 kB simplifies the design, it limits the maximum clock frequency since the critical path must accommodate the slowest instruction.
12
13 e
14
y T !
& O m 15 RISC-V Core |
16 |
® All tasks completed! =7 17 I
r 1 r 1 r 1 r 1
18 | PC |—| Instr. |—s| Decoder |—s| Ctrl | |
[~ Checkpoint ) 19 L | Memory | 1  E— |
20 A — | | \
) 21 v v |
[% Iwant to create a new file: 22 f . . |
riscv_sky130/docs/ARCHITECTURE.md ) 23 Register |—s| ALU | | Branch | |
24 File 1 Logic | |
25 | |
7= Todo List Updated 26 | | | |
Create project directory structure g; I v | I | ‘
1
Create RISC-V core RTL (top module, ALU, register file, control unit) 29 > Data I | I
Create instruction decoder 30 Memory | | |
Create memory interface 31 | I
32 | | |
Create testbench 33 L I | |
Create synthesis scripts for SkyWater 130nm 34 PC Update |
)
Create documentation i N
36
37
¥ Task Completed 0 &P 38  ## Pipeline Stages (Conceptual)
39
RISC-V RV32I core for SkyWater 130nm created successfully. j? Although this is a single-cycle design, the datapath can be understood in terms of traditional pipeline stages:
Project Structure: 42 ### 1. Instruction Fetch (IF)
43 — skModulesx: [ riscv_memory_interface.v' 1(../rtl/riscv_memory_interface.v)
« riscv_sky130/rtl/ - Complete RTL implementation (6 modules) 44 - s*Functionsx; Fetch instruction from memory at address PC
« riscv_core.v - Top-level processor core 45 — sk0utputsxx: 32-bit instruction word
. R 46
« riscv_alu.v - 32-bit ALU with 12 operations 47 ### 2. Instruction Decode (ID)
s riscv_regfile.v - 32x32-bit register file 48 ~ sxModulexx: [ riscv_decoder.v']1(../rtl/riscv_decoder.v)
« riscv_decoder.v - Instruction decoder 49 - **F""“m'_'**: ) )
50 — Decode instruction opcode and fields

riscv_memory_interface.v - Memory controller

T PROBLEMS QUTPUT DEBUG CONSOLE TERMINAL PORTS IBM BOB FINDINGS
riscv_defines.vh - ISA definitions _—

>
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Vibe RTL

12

Slot Machine

Vibe Coding

Vibe Coding

Buy tokens.

Pull the lever.

Could be a jackpot, could be nothing.

Flashing lights! "BIG WIN!" Jingles!

"I have a system."

"Just one more spin, I can win it all back."

The house always wins.
Easy money: "I won a $1M jackpot!"

"Where did the last 4 hours go?"

Buy tokens.

Write a vague prompt and hit "Generate".

Could be a perfect, bug-free app, could be a hallucinated
mess that doesn't even compile.

"Excellent idea!", "Certainly!", "Here is the perfect
solution for you!"

"I'm a prompt engineer"

"Just one more prompt, it'll fix the bug this time."
OpenAl always wins.

Easy coding: "I built a full Saa$S in a weekend!"

"Wait, I spent 3 hours prompting for a function I could
have written in 20 minutes?"

Ali (Vibe RTL)

Use Bob tokes

My boss wrote a vague prompt and hit
generate

RTL looks great but does not simulate
correctly.

Let me add the AET as a picture

0l was not able to | et
Sunday
0OAfter 4 hours of debuc

changing design and testbench, and

arguing whether it is one cycle or two

cycle instruction, we seems both are

giving up. A 9:40pm Sur
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[debug_pe(al 0j 0000001

BG000000 70000008

F
alu_operand_a(3

T0G00020

imm_i{31.0]
mim_j(31

min_s{

1d_data(31.0)
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RTL fixup flow

..to resolve

A incorrect register writes,

A unstable PC behavior,

A multi-cycle stalls

A timing mismatches between
fetch/execute/write-back

14

What was broken, what we changed, and why everything works now

This document summarizes all architectural fixes applied to the original RISC-V RV32I core to resolve incorrect register writes (e.g., x14
stuck at 0), unstable PC behavior, multi-cycle stalls, and timing mismatches between fetch/execute/write-back.

1. & Original Problems in the Design
The core had three major structural issues:
1.1 Write-back was incorrectly tied to the memory handshake
* The core used:
©

rd_wen = reg_write && mem_ready;

= With the testbench, mem_ready asserted one cycle late, so ALU instructions (which don’t need memory) often never wrote their
results.

h_j Result: Registers like x14 stayed at 0, even after correct ADDI instructions.

1.2 Fetch and Execute stages were misaligned

« The instruction register was updated using:

B

if (state == IFETCH && mem_ready)
imem_data <= mem_rdata;

« But decode outputs were used immediately in the same cycle, creating a race where write-back used the next instruction’s
decoded signals, not the one that had just executed.

ﬁj Result: Wrong destination register or suppressed register writes.

1.3 Branch compare logic was fragile

« BLT/BGE depended on ALU negative flags instead of direct comparisons.
« Could give incorrect branch decisions in corner cases.

LS ISPD 2026



5. Direct branch comparisen logic

Let me create this diagram:

(i 1wantto create a new file:

riscv_sky130/docs/ARCHITECTURE_FIXED.md

# Task Completed

Created comprehensive architecture diagram showing all fixes!
New Document: riscv_sky13@/docs/ARCHITECTURE_FIXED.md
Key Visual Changes in the Microarchitecture:

1. NEW: EX/WB Pipeline Latch (highlighted box)
« Captures all decode outputs on imem_done
« Holds: pc_q, rd_q, operands (rs1_gdata, rs2_gdata), control signals

= Eliminates race conditions

2. NEW: imem_done Signal
« Clean pulse from memory interface
= Marks exact instruction boundaries
« Drives pipeline latch and PC update

3. FIXED: Write-back Logic
» Now conditional: rd_wen = reg_write_g & (mem_to_reg_q ? mem_ready :
* ALU instructions write immediately

+ LOAD instructions wait for memory

4. FIXED: Branch Compare Logic
« Direct operand comparison (rs1_gdata vs rs2_gdata)
« No longer depends on ALU flags

+ Separate comparison block shown

5. FIXED: PC Update
« Updates only on inem_done

« Ensures one instruction per fetch
Document Includes:

+ ¥ Updated block diagram with all new components

« [ Before/After timing diagrams

. Detailed explanation of each fix

. Code snippets showing old vs new implementation
« [ Comparison table

« [ Performance characteristics

+ [ Verification results

The diagram clearly shows how the fixes transform the architecture from a broken
15 single-cycle design into a properly functioning design with a clean fetch/execute

t @

1)

12

13
14 .
15 RISC-V Core (Fixed Architecture)

16

17 r 1 r 1 |
18 | PC |—| Instr. |—»| Decoder | |
19 L — Memory L — |
20 A |

2 | |

22 imem_done | (decode outputs)

23 |

24 v v

25 .

26 EX/WB Pipeline Latch | <— NEW: Eliminates races |
27 (Latched on imem_done) |

28 1

29 + pc_q, pc_plus_4_q |
30 « rd_q, funct3_g |
31 « imm_g |
32 + rsl_gdata, rs2_gdata |
33 « Control signals: |
34 reg_write_q |
35 mem_to_reg_q |
36 mem_read_q |
37 mem_write_q |
38 branch_gq, jump_q |
39 jalr_qg, alu_op_q |
40 1

41 |

42 | (latched signals)

43 |

44 v

45 r 1

46 | Execute Stage |

47 \ |

s | — |

49 | A | «—————— Uses latched operands

50 | | (rsl_gdata, rs2_gdata, imm_q)
51 1

52 |

53 | alu_result_ex

54 |

55 v

56

57 Branch <«+————————— Direct comparison:

58 Compare rsl_gdata vs rs2_gdata

59 Logic (not ALU flags)

60

61 |

62 | branch_taken_ex

63 -

64 |

65 | | v

PROBLEMS ~ OUTPUT  DEBUG CONSOLE PORTS  BOB FINDINGS

leon@Leon's M4 Bob %

TERMINAL

Bah 4+~ [

LS ISPD 2026



Trained on 116 programming languages

I S—
Why are coding assistants a good fit for AgegeoAP

a. SW has agood structure, well defined rules, Needs pattern matching over millions of lines of code
b. IDEs are well defined.

c. Textinand text out, single modal.

d. Programming languages evolve slowly with very clear manuals, lots of pretraining has happened.

Even the fact that RTL is inherently parallel, and GPL sequential and that time and clocks are explicitin RTL
implicit in software can be overcome.

W ABAP M Ada M Agda W Alloy I ANTLR [ AppleScript I Arduino B ASP [ Assembly [l Augeas [ Awk [l Batchfile [l Bison

M Bluespec I C M C-sharp I C++ B Clojure Il CMake [ cosOoL [ CoffeeScript H Common_Lisp [ CSS M Cucumber [ Cuda [ Cython
Il Dart M Dockerfile Wl Eagle Il Elixir @ Elm Il Emacs_Lisp [l Erlang Il F-sharp Il FORTRAN B GLSL I GO M Gradle Il GraphQL

I Groovy I Haskell Bl Haxe H HCL Il HTML I Idris I Isabelle W Java M Java_Server_Pa.. Il JavaScript Il JSON [l JSONS5S [ JSONiq
B JSONLD W JSsX I Julia WM jupyter I Kotlin W Lean WM Literate_Agda [ Literate Coffe... [l Literate_Haskell Wl Lua [ Makefile Wl Maple

B Markdown [ Mathematica [l Objective-C++ [l OCaml Wl OpenCL [l Pascal Il Perl Il PHP [l PowerShell Il Prolog M Protocol_Buffer

I Python Il Python_traceback H@ R [l Racket [l RDoc M Restructuredtext Hl RHTML Il RMarkdown [l Ruby Il Rust Il SAS I Scala

B Scheme [M Shell M Smalltalk [l Solidity AROL [l sQL M Stan [ Standard_ML [l Stata Il Swift [l SystemVerilog H Tcl [l Tcsh
B Verilog W@ VHDL

M Tex B Thrift W Twig W@ TypeScripy Visual_Basic [l vVue [ Web_ Ontology_L... B WebAssembly Wl XML Wl XSLT

W vacc W vamL W Zig

16 LS ISPD 2026



GenAl on Hierarchy Manipulation

U Automatic hierarchy manipulation

A Logic teams have freedom to optimize the
hierarchy for logic entry and verification

A PD can independently update partition
boundaries, component locations,
optimize networks, and clone
components w/o impacting Logheérif

Logical Hierarchy Physical Hierarchy e X

17 LS ISPD 2026



CODE REFACTORING C LLM Hierarchy Manipulation

Example Transformation:

Original Hierarchy: Desired Hierarchy:

A A
B — X (new: contains D, F)
D ¢— |_ — D & F (direct)
E e— Y (new: contains E, G)
C — E < G (direct)
G «—
F — (B and C flattened into A)

Reality: Multiple Iterations Required
Due to errors in generated code (bit-order issues, connectivity errors, optimization failures):

« lteration 1: Generate initial code ($0.56)

« |teration 2: Fix bit-order errors ($0.586)

« Iteration 3: Fix connectivity issues ($0.56)
« Iteration 4: Optimize unused ports ($0.56)
« |teration 5: Final verification fixes ($0.56)

Typical total: 3-5 iterations = $1.68 - $2.80

18

In practice, direct LLM generation produces code that:

* Compiles successfully (syntax is correct)
¢ Looks professional and well-formatted

¢ But s functionally incorrect:
o Bit-order mismatches (reversed bit vectors)

o Wrong signal connectivity (cross-connected paths)
o Unoptimized port counts (wasted pins)
o Subtle semantic errors (combinational loops, timing violations)

o Missing constraints (clock domains, reset behavior)

The fundamental issue: LLMs generate "plausible" code, not "correct" code.

Cost Comparison Summary

Metric Approach 1: Direct LLM  Approach 2: LLM + Agent

Input tokens 6,700 per iteration 7,000 (one time)

Output tokens 6,000 per iteration 500 (one time)

Total tokens per iteration 12,700 7,500

Iterations required 3-5 typical 1 (guaranteed)

Total tokens 38,100 - 63,500 7,500

Cost per iteration $0.92 $0.27

Total cost $2.76 — $4.60 $0.27

Cost savings Baseline 91-94% cheaper

LS ISPD 2026



Generative Al applicability in EDA flows

Parameter
Tuning

Power

Timing

Noise
analysis
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Garbage-in - Poison-out

~Jtt bt Gt WGhGet WenNWUaqt Wel JWe W ARG WnY ! W Rt ¢
not just produce garbageout; it produces plausible, confident garbage that can poison
cUWIUqRI WG XdgndiiGoltomadlSashd €10] HY LW

How to prevent Garbage In:

1. Reliable Data: DD, TV
2. Formalize ways to access it: MCP

20 LS ISPD 2026



My Prompt >

For the last 2 <design>
graphs, please compare the
worst failing path in the

following bundle expressed as

XYZ *ABC(.*)_X.*

In our old workflow, this would require navigating through numerous
tabs, applying filters, descending through multiple nested interactive

G6AYR264 XIyR GKSYy Yl yddtte

Good thing,

21

Bob can now help manage this for us

02 YLJ

Configured MCP servers:

@ tming - visualizer - Ready
Tools:
- expand_bundle
- get_endpoint_details
- get_endpoint_groups
- get _path_details
get_path_fan_in_out_with_coordinates
- get_timing_summary
- list_graphs
- visualize_path

Ge/>H

N

’
/

$ <thinking>
The user wants me to:
1. Find the last 2 ABC nom graphs
2. For each graph, find the worst
failing path in a bundle matching the
regex pattern: XYZ.*ABC(.*)_X.*
3. Compare these worst failing paths

1. First, I need to list graphs and
filter for <design> graphs

Ay3  EGetheiastoef thoraphs

3. For each graph, | need to find
endpoints matching the regex pattern

4. Identify the worst failing path
(lowest slack)

5. Compare the two paths

Let me start by listing graphs to find
<design> nom graphs.
<fthinking>

Il help you compare the worst
failing paths in the specified bundle
for the last 2 <design> graphs. Let me
start by finding those graphs.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Plan

LS ISPD 2026



Leveraging EDA DD and TV servers

Our MCP servers then interact with internal EDA database
Bob decides to start by locating the correct timing runs (graph IDs)

Configured MCP servers:

Tools:

- expand_bundle

- get_endpoint_details

- get_endpoint_groups

- get_path_details

get path_fan_in_out_with_coordi

- get_timing_summary

- list_graphs

- visualize_path

@ timing - visualizer - Ready

S

GHE Personal Access Token

MCP Server

Interface

Authentication

A</>H

| have the list of graphs. Now | need to
identify which ones are "nom" (nominal)
graphs.  The two most recent graphs are:
1. GraphlD 174294 (2026 -02-
25T12:50:34.0002)
2. GraphlD 174217 (2026 - 02-
25T05:08:40.0002)

Il start by getting endpoint details
for the first graph with the regex filter
to find paths matching the pattem.

<fthinking>

Verifies User/Role Access to Data
REST APl in to

TV Database

22

HTTPS with IBM Certificate

Plan-> Collect> Reflect
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Path compare

The <r esseekeiference between the worst and best pathsis caused by: b

Physical Distance (Primary Factor) b
- Worst path: <removed> pm Manhattan distance b
- Best path: <removed> pm Manhattan distance
- Impact: ~120 pm longer path for worst end point

Bob has completed the task of gathering timing
paths we are interested in across multiple runs,
and now can

2. Wi L t h b . .
e P T what are the most important differences ?

- Worst path <removed> pm total wire
- Best path: <removed> pm total wire b
- Impact: 157 pm additional wire adds RC delay b

3. Buf fer Count b
- Worst path: 17 gates (9 repeaters)
- Best path: 15 gates (7 repeaters)
- Impact: 2 extra buffer stages add propagation delay b

T -

4. Buf fer Sizing b
- Worst path uses weaker buffers (CG_HPINV_X016M_2A200S - 16x drive) b
- Best path uses stronger buffers (CG_HPINV_X025M_2A200S - 25x drive) b
- Impact: Weaker buffers have higher delay driving long wires b

5. Routing Congestion b
- Worst path: Peak density 74.6% (high congestion areas) b
- Best path: Peak density 69.3% (lower congestion) b
- Impact: Higher congestion forces longer, more resistive routes b
bb
b
Conclusi on b
The wor st pgsaldwbr primarilydelcauselit travels ~120 pym farther to <removed>, requiring 157 pum more wire, 2 additional buffer b
stages, and routing through more congested areas. The bestopgeh bafferlemozredyg, benef
b and better routing

BN = i« i o i« N o N « i« M « B « B« B © B o N « i © N« B © H o B « i« M « 3 « B o Hi « i © M « i« N« B « B o N = i o
o
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Generative Al applicability in EDA flows

Parameter
Tuning

Power

Timing

Noise
analysis

LS ISPD 2026
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Standard Cell generation by LLM?

LLM for Standard Cell Layout Design Optimization

Query Layout Design Knowledge Extraction
to Optimize TN Netli.st topology
. Physical layout
Designers/Users Routability result

Query
+
Domain Knowledge Prompt

|

Layouts ReACT: Reasoning + Acting
Action

r \ f\ Netlist Tools

L cluster_evaluator
Reasoning: get_MOSFETs_from_net

Thought save_potential_cluster
U get_best_cluster

Observation

Cluster
Constraints

Standard Cell Layout
Automation Framework

Fig. 3: Overview of LLM for Standard cell layout design optimization flow

25

3.4.1 Al for Standard Cells

The application of Al in standard cell design, particularly in
placement and routing, presents a unique set of challenges due
to their high density and strict routability requirements. An Al-
assisted approach, utilizing reinforcement learning, has been shown
to improve placement sequences and routability, offering better wire
length performance [188]. Additionally, RL methods have been
used to address DRC violations post-routing [189], simplifying the
routing process and enabling the use of A-star or maze routing for
optimal solutions. Machine learning techniques have also facilitated
the adaptation of DRC rules, easing the migration of standard cell
layouts across technology nodes [190]. A notable area for Al
1n the evaluation of standard cell [ay ;
machme learning models can rapidly assess performance without
the need for detailed simulations.

LS ISPD 2026
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A key enabler for 2nm technology Quality of Results

A C P&R trailblazing & Productivity
A explore multiple design options & pick

most suitable
A was the base for all 2nm Latches & LCBs = 4

A saved months of tedious manual work m manual

DFFQBlC 5]

= =

CPP, © M2

&

A all cells are DRC and Laf&n

A cell size and routing are guaranteed to dygtimal (up to latch size)

A fast heuristicsfor large cells (e.g. LCBS)

A many ways taonfigure e.g. M3 restriction, pins, boundary
conditions, timing criticality.

A easy adaptable DRC rules allearly technology exploration
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continue to have exponential complexity. That means that

a fixed token space, no matter how large it is, cannot solve

these problems."
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https://airealizednow.substack.com/p/ai-the-exciting-and-dangerous-road?r=607b1l&utm_campaign=post&utm_medium=web&triedRedirect=true
https://substack.com/@claudionorcoelho1

Fixed Tokeispace?

: 0" .
1 Enhance Existing EDA Tools i Novel EDA Applications :
. . . . IR Drop i . . Cross-stage Early-stage PPA :
; [ Logic Synthesis lModcl Checking ‘ [ QoR Estimation ’ ‘ Prediction } i |Demgr1 GenemnunJ Verification Prediction
! Recipe Exploration Capture Logic Structure- Aware Multiview Layout 3 : Spec-guided Circuit Prioritize Cases Multi-stage E
| Correlation Circuit Learning Learning i ! Generation Alignment E
| f :

------------ S SN O S A S NS S N

[ Aligned Representations J
\

Large Circuit Model
5 5 5 o5 2y 5
E " i3 2 5 53
) 24 T 218 =13 Ed
Specification Architecture HLS HDL Netlist Floorplan Layout

T res = din_a + din_b + cin;
dout = res[7: @];

Pttt Dot PR P = I void metrix < A1 141, always @lx)
—— Registers <= 8l begin
riint im

cout = res[B]; -
end - - HE_ = N

Front-end Design Back-end Design

The Dawn of ANative EDA: Opportunities and Challenges of Large [rXiv:2403.07257v2]
Circuit Models
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Physical Design Flows

Netlist

Place

Virtual Opt

Clk Opt

Wire Synthesis

Coarse Opt

Fine Opt

EM Pad

Route

Post Route Opt

Finish

GLSO

29

( Netlist )|
v
Physical Design
Floorplaning |, 1FP/
Power Delivery Network iPDN

[ Macro Placement  |1»i iMP

( Placement L iPL

| Clock Tree Synthesis |t»f iCTS

I Timing Optimization ]--N iTO

| Routing bl RT

v

Analysis and Verification

| Static Timing Analysis |1 iSTA

| Power Analysis |- ->i iPA

| Design Rule Check ]—-HL iDRC

N
( GDS Il ]

iPD, Li et al, ASPDAC2024 (b)
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Physical Design EDA Integration

of subtools, steps, and algorithms.

Firstly, each tool is designed as a hierarchical set

e Secondly, multiple algorithms are supported for
each key technology

wirslangth(o.f>0.3)

region(o.f>0.25)

Pin density(o.f>0.2)

HPWL->LSE/WA

N )|

routablity(o.f>0.15)

timing (0.£>0.11)

alignment(o.f>0.08)

parallel
ine

I |

alignment

timing Slack/Delay/weight

Cast(y)->F(Sin(y))

Cell density in Bin
Bellshape/ElectField

Cell density

Design

(cell/Pin d

ity/timing) I

(QP)

H Objective: HPWL I

Optimization model
(QP/NLP/MONLP)

|

Pin density

Optimization method
(ct D)

timing

Termination

(OF/9f/Times)

(NLP)

CG/Nesterov/Adam/
SGD

Z

i

| OverFlow=0.08 .l

Maxiter

(MONLP) I—| ADMM i

vf

Time

Database (iDB)

Physical Design (iPD)

Flooplan (IFP) Global Placement

Data

Service

| Design

FloorplanDB = -

Engine

Placement (iPL)

Toer

2D Routing
Engine

| Timingoptos

=

2

Tech I
I Timing I

| RaliingDB I-- -

TimingOpt (iTO) il Placement

N\

Analysis
Timing I
Engine

o Power I
Engine
Noi:

Ei

b CTS(ICTS) G‘?Jg?::“'ﬂ I e
" el in
0 | commonDB i Lds" ~ Aging
1 DFM
DRC \
| Builder ] “---»  Routing (RT) f—» _ I T I
Z — Engine c:%
~ o AT A V.4 JE DFR
~ Litfry and Design Layout ECO (ECO) Detail Routing
~ AEechﬁle, lib, .lef, .v) (.def, .gds) ngine -~
-~ v ~
7 N
-~
4 ~ S
Py
Global Placement Post GP Legalization Detail Placement
Database (iDB) Global placement OptMetrics ovecklinto comscigy Optimization objective
scheduling Evaluate DataSlack || 2ge) ty/DFM)
Service T T T
S L Evaluate Skew I 3 o -
- Optimization objective Re-assign local densi Cell clustering
P (HPWL/timing/routability) H e (Size/Relation/Distance)
4 i
CommonDB v v v
Design constraint Align cellinto row -
(cell/Pin density/timing) I | Cellalignment | L lareedy/QP) I Match cell and white space |
‘ Group l ‘ ‘
Optimization model Swap cellin a row Swap cell amang rows
(QP/NLP/NLCP) et l P 1 9
Optimization method . Spread cell in a row .
(QP/CG/Nesterov/Adam) e I (greadyTetris/DR/QP/LP) Swap cellin a row
Input Output termination Cell movi Optimization and check
(tech, b, lef,. ell moving legality(cell/overlap/alignm Insert Filler cell
def, .sdc, .sdf) M (OF /U Times) (GP/greedy/heuristic) oo
—_——
e —
iPD, Li etal, ASPDAC2024 oo



Physical Design Flow Parameters

Compile RTL

Place

Virtual Opt

Clk Opt
Wire Synthesis

Coarse Opt

Parameters:

A Technology

A Cell Library characteristics

A IP characteristics

A EDA Tool Features and Flaws

A Design (under Construction)
characteristics

Fine Opt

EM Pad

Route

Post Route O pt

Finish

GLSO
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https://www.gabehoward.com/wp-content/uploads/2017/09/pulling-hair-out-650x400.png
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Prompt Chaining

A2mMs
5 opP*®

\
3‘
| A2M3
“(‘ o 3
\
\
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WA 2
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Physical Design and Reinforcement Learning

Transition dynamics

-V, SViH
Netlist Placement Clock Tree Signal Routin
Policy
Z +§V4 o — . o — -~ aQ—
5 — 8= -
o — (%) 0O — (%) 0O —
Placement parameters Clock Tree Routing
Synthesis parameters

parameters

w71l Wet q6l YenRsW WRUnNY!I #3GUIUqWa ¢!l URUNDWIUNRUWVY WHe UWI+GaYI |

continue to train and accelerate convergence throughout the design cycle and bleed over to impact
efficiency and productivity on iterative desi gitrso.

Bleed over: the unintentional spread, or influence of something from one area,
subject, or state into another, often causing it to overlap or affect the second area.
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during training.

N61IJ! WaWaVYl RADWmBt YieqRYUt wlll ¢ q6 131 Wad ¢ U LW
| 200t AwWUHEDE + RuophiogRiumitHds bGP + R 2 13 W 1
YeltpWnY!l WJI200 ! WOWs WRSRGWI It RNU O

The Dawn of Agentic EDA: A Survey of Autonomous Digital
Chip Design" (arXiv:2512.23189).
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