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etk ILDA

« Big chip, 1cm x1cm

« 20-50 million nets

« Modern IC technology, ~100nm
pitch for wires (grid size)

+ So, 100K x 100K routing grid!
« x10 routing layers?

* 100 billion grid cells!

Do we really do it like this?

[ 1]

Thousands of macro blocks
Millions of gates
Millions of wires

Kilometers of wire.
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All the routing we have done so far
is called Detailed Routing.
Means we plan exact, final path of wire.
Each cell in Global Routing grid is
. . a box (called a GBOX) with size
unitTile typically 100-200 wire grids on a side.
(based on (This example iust has ~10 for clarity)

DRC) Tracdk




BE2RMHiFHTS IEDA

« Makes sure overall wiring congestion is reasonable . . . .
+ Detailed routing embeds exact paths in these regions
+ Balance supply (how much available space) vs demand (how many paths want to go here)
« Simplest model is grid: require wires, pins to use tracks on this grid
* Global routing generates regions of confinement (ie, coarse path) for a wire

| PR 1 -

: bin § —HEpin § g
mmm v v 'pM ! LR N v v pM |
Global router tells us to search Detailed router tells us exact

for detailed paths only here final path in this region

2R IFfh L



GCell IEDA

e GRG (Global Routing Grid) , GCell (Global Cell)

track -

it

The layout is multi-layered, with each Using GCell to partition the layout The routing resources within the GCell
layer consisting of uniform routing and construct a three-dimensional are as shown in the diagram, where
tracks. Each layer has a corresponding graph. the red portion represents obstructed
preferred direction. resources, and the green portion

represents available resources



Rectilinear Steiner tree (RST)

e Rectilinear Steiner tree (RST)

» Given a set of points

» Additional points (Steiner points) can be introduced

o Limited to horizontal and vertical segments only

® given point @ steiner point
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Routing Congestion iEDA

e When the number of resources required for routing exceeds the available resources
within the GCell, it is considered that congestion has occurred in that GCell.

Rip-Up

Reroute

e Each GCell has one available resource, and when a routing passes through a GCell, it
consumes one resource. Congestion is present at the red dashed box in the left
diagram. After rip-up and reroute, as shown in the right diagram, the congestion is

eliminated.



Routing Resource and Demand IEDA

e GCell Resource

A bs; i
ri = Num(track;) - [1 — rea(obsi) ~
Area(g;) =
7
where is the resource of the ( -th GCell), which -~
is calculated from the product of the number of tracks
and the effective area ratio.
e Net Demand T
dj = WL(RSMT;) °

we use the length of rectilinear Steiner minimum tree
(RSMT) as the demand for each net, which will serve
as the lower bound for the final wire length of this net.
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Resource Allocation
« Motivation

— Most competitive routers heavily rely on net order, and repair operations after routing.
— Provide a prior guidance for each net before routing.

o
o
route by net order aI by
@ o > @ o
© c C
o © o | o
l resource allocation result 1
| ° | P
- | 1 | a
| o /| 1 |
o || — L0l 1 i | route b °
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| o= = e | O
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Resource Allocation

* |terative solution for Posterior Probability Density

guogoguogud

The global probability density is the
superposition of the prior probability
density of each net.

iterate >

|

0

nonnonan
5
ooomo

B u u u w

After iteration, the global probability
density will become uniform, and each
net will obtain its posterior probability
density.
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« Rectilinear Steiner tree (RST)
— Given a set of points

— Additional points (Steiner points) can be introduced

— Limited to horizontal and vertical segments only

® given point @ steiner point

-

e



« Two Pin Routing
- L, Z, U, 3-bends
— Monotonic, Lee and A*
— Multi-source Multi-sink

[J

Monotonic

.. ........ _’
L-shape Z-shape

A*fntk

----------

Multi-source Multi-sink
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Routing Fundamentals: Goal iEDA

e Routing creates physical connections to all clock and signal pins

through metal interconnects

o Routed paths must meet setup and hold timing, max cap/trans, and clock skew
requirements

o Metal traces must meet physical DRC requirements




Route Operations: Detail Routing  7EDA

e Detail route attempts to clear DRC violations using a fixed size Sbox

e Due to the fixed Sbox size, detail route may not be able to clear all DRC
violations

V Detail Route SBoxes
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Pin Access

— For each pin shape, generate all valid points on the shape.

- |

Pin Pin Pin

Initialize access points Check violations with Remove all violation
the environment points



Pin Access

— Consider the conflict issues between pin shapes

distance| ¢ | d e
a 2 | 3|4
Pin_ o : *a Pin .b b 312 (25 *a Pin
L | >
Pin T lc Pin d Te Pin
@ @

Static conflict check Dynamic conflict check



Track Assignment
« Modeling

— Consider the gr results of all nets as one wire, and they will be allocated
tracks within the same panel

panel track
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e Net]l Wire I Net2 Wire B Net3 Wire

s Overlap - Blockage

Track

r“

e Netl Wire I Net2 Wire I Net3 Wire

Track ==~ Qverlap [l Blockage
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Track Assignment

* Processing
— Sort the wires in descending order based on length
— Obtain an initial solution using a greedy algorithm
— lterate simply to achieve a better solution, and accept non-prefer routing

panel track panel track

—— .
— |
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Detailed Routing

« Modeling
— Partition the layout with Boxes, each comprised of multiple GCells
— Inside the Box, wires(TA results) will be connected to the access points
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Design Rule Check (DRC)

« Avoiding Design Rule Violation
— Complex design rules

_ < ©
— Cross-impact between rules .

— How to guide routing correctly

width spacing ffes Enclosed Area
area

%hi” Any overlap
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Search & Repair

IEDA

e Search&Repair fixes remaining DRC violations through multiple loops

using progressively larger SBox sizes
e Note: Even if the design is DRC clean after S&R, you must still run a

sign-off DRC checker (Caliber).

Routing DRC rules are a subset of the complete technology DRC rules

|C Compiler works on the FRAM view, not the detailed transistor-level (CEL) view

|Loop1|

Loop2

Loop3

Loop4
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What is Crosstalk? IEDA

—

—
 Static vietim



Crosstalk-Induced Noise (aka Glitches) 7EDA




Crosstalk-Induced Delay IEDA




Timing-Driven Routing IEDA

e Routing along the timing-critical path is given priority:
o Creates shorter, faster connections

e Non-critical paths are routed around critical areas:

o Reduces routability problems for critical paths
o Does not adversely impact timing of non-critical paths

Critical Net

Non-Critical Net




Calculating Cell and Net Delay IEDA

e Now that R and C are known from TLU+, the delays can be calculated
e For Cell Delays, only Ctotal / Ceff is needed

e Calculating Net Delay is done using Delay Calculation algorithms:
Elmore, Arnoldi




PreRoute Delay Calculation Algorithm EDA

e Prior to routing, net geometry is estimated based on a Virtual Route

e Since Virtual Routing is only an estimate,an ElImore model is used for
delay calculation

Ill [ I: > »uT e "’D
U §
/, 1 Virtual Route
==#l \ pin_to-pin timing
:| \
- \




PostRoute Delay Calculation Algorithms /EDA

e After routing, detailed nets are available and extractioncan be more
accurate

e By default, Elmore is still used

e Arnoldi can be turned on for postroute calculations




Engineering change order IEDA

Deleted
cell

Functional changes occur late in the design cycle




Two Types of ECO Flows iEDA

 Spare cells are
required




Functional ECO Flows IEDA

e Non-Freeze silicon ECO
Pre-tapeout, no restriction on placement or routing
Minimal disturbances to the existing layout
ECO cells are placed close to their optimal locations

e Freeze silicon ECO
Post-tapeout, metal masks change only using previously inserted spare cells
Cell placement remains unchanged
ECO cells are mapped to spare cells that are closest to the optimal location
Deleted cells become spare cells



Chip Finishing Flow IEDA

e PnR Compiler can address several issues to increase manufacturing
yield:
Gate Oxide integrity — antenna fixing
Via resistance and reliability — extra contacts
Random Particle defect = Wire spreading
Metal erosion — metal slotting
Metal liftoff = metal slotting
Metal Over-Etching — metal fill



Antenna Rules

IEDA

e As length of wire increases during processing, the voltage stressing the

gate oxide increases

e Antenna rules define acceptable length of wires

poly

diffusion

Antenna Ratios:

Area of Metal Connected to Gate

Combined Area of Gate
Or
Area of Metal Connected to Gate

Combined Perimeter of Gate



Fixing Antenna Problems IEDA

Splitting Metal or Layer Jumping Inserting Diodes

=

i driver

acceptable antenna length



Voids in Vias During Manufacturing

Voids in vias Is a serious issue in manufacturing

Two solutions are available:

Reduce via count: via optimization techniques are employed in

routing stage

Add backup vias: known as redundant vias

Connection fails if
contact is defective

Connection is okay even if
one contact is defective

IEDA



Via Resistance and Reliability IEDA

e Replacing one via with multiple vias can improve yield &
e timing (series R reduction)

e |nserts miiltinle vias withotit reroiitinn

5




Wire Spreading: Random Particle Defects/EDA

e Random missing or extra material causes opens or shorts during the

fabrication process
e Wires at minimum spacing are most susceptible to shorts

e Minimum-width wires are most susceptible to opens

Center of non-conductive defects within

Center of conductive defects within
critical area — causing opens

critical area — causing shorts

s

Metal 3

$

$ > e $

iy il *o 7’
- Critical Areas ™ ~ -
Center of non-conductive defects

outside critical area — no opens

7’

S

N -
Center of conductive defects
outside critical area — no shorts



Filler Cell Insertion IEDA

o Metal fill insertion helps
To fill layers of choice including poly
To insert floating vias
To do area based metal fill
To specify required width (timing driven metal fill doesn’ t fill wire tracks around
critical nets)
e For better yield, density of the chip needs to be uniform

e Some placement sites remain empty on some rows



Problem: Metal Over-Etching IEDA

A narrow metal wire separated from other metal receives a higher
density of etchant than closely spaced wires

The narrow metal can get over-etched
Minimum metal density rules are used to control this
Too much etchant in contact with too little metal — over-etched metal




Solution: Metal Fill

e Fills empty tracks with metal shapes to meet the minimum metal
density rules

e Uses up most of the remaining routing resource:
No further routing or antenna fixes can be done

e Metal filling is done to improve process planarization, which is
important for processes with a large number of metal layers.

IEDA



Problem: Metal Erosion IEDA

e The wafer is made flat (planarized) by a process called Chemical
Mechanical Polishing (CMP)

e Metals are mechanically softer than dielectrics:
o CMP leaves metal tops with a concave shape - dishing
o The wider the metal the more pronounced the dishing
o Wide traces with little intervening dielectric and can become

e quite thin — dishing this severe is called erosion Process rules specify
maximum metal density per layer to minimize erosion

Dishing Erosion  Copper




Problem: Metal Liftof

Conductors and Dielectrics have different coefficients of thermal
expansion:

o Stress builds up with temperature cycling

o Metals can delaminate (lift off) with time

o Wide metal traces are more vulnerable than narrow ones

Maximum metal density rules also address this issue

<7 Metal thermal expansion
o e
~ Dielectric
~Dielestric thermal expansion

IEDA



Solution: Metal Slotting

Slotting wide wires reduces the metal density

Slots minimize stress buildup, reducing liftoff tendency

Primarily used on Power and Ground traces:
o Can apply to any other net if wide enough

Slotting parameters can be set layer by layer

Side Clearance

/

Width—"

Open Slot

Side Space

Length

IEDA



Final Validation

Output GDS2

Generate

output netlist

Write .spef file

l 7 4N

Detailed
DRC & LVS

|

Prove logical equivalence
after ICC optimizations

Timing Signoff

IEDA



Conclusions IEDA

Clock Tree Problem

Clock Concepts
Objectives: Skew, Latency, Power, Wirelength, Buffer Area
Constraints: Fanout, Slew, Load,
Clock Topology
Tree, Grid, Spine, Hybrid
Clock Routing
H-tree, GH-tree, RMST, SALT, ZST/BST/UST, CBS

Clock Optimization
Buffer Insertion, Wire Sizing, Gate Sizing, Wire Snake, Wire Linking, Clock Gate
Clock and Data Concurrent Optimation (CCOPT)
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