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Phase Locked Loop (PLL)

• PLLs produce an on-chip core clock at a 

multiple of the off-chip system clock.
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PLL Overview

• PLLs
• Typically there are two PLLs on a chip

• IOPLL and COREPLL

• IOPLL gets an external “xxbclk” and generates the address clock 
(2x) and data clock (4x)

• These clocks are only used in the PADs

• COREPLL takes the IOPLL output as reference and generates the 
core clock for entire chip
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Global Clock Buffer

• Global clock buffers can use variable 

delay to compensate for RC 

mismatches across a die
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Local Clock Buffers (LCBs)

• Local Clock Buffers Support:

• Clock gating for power reduction

• Intentional clock skew insertion for timing optimization
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Clock Skew

• A single transition of the core 

clock does not arrive at all 

sequentials at the same time.
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Clock Jitter

• Clock frequency at any point 
in the clock tree is not 
constant.
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Variations of tree distribution networks

9
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Agenda

• Interconnect Definition

• RC Equation of a Line

• Interconnect Resistivity

• Interconnect Capacitance

• Cross Capacitance & Miller Effect

• Interconnect Modeling

• Repeaters

• Interconnect DO’s and DON’Ts
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Interconnect Definition

• Interconnect is any net used to connect two 

different pins on the layout, commonly referred 

to as metal layer.

• Each process has a different number of metal 

layers.

• Each metal layer has specific electrical 

parameters defined by process file.

• The minimum width and minimum spacing 

provided by process process file.

• .   
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Interconnect Definition – Cont’d

• An interconnect net includes segments and 

Vias.

• Segment: Is a polygon of metal layer.

• Vias: Is the connection between segments 

from different metal layer.
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Process example  Layer’s Properties

Layer RC Where to use it.

M1 Very High Local interconnect.

M2 Very High Local interconnect.

M3 High Some internal buses

M4 Medium Critical signals & buses in fub

M5 Medium_low Clk, critical signals & buses

M6 Low Clk, Full chip signals & buses

M7 Low Clk, Full chip signals &buses
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Agenda

• Interconnect Definition

• RC Equation of a Line

• Interconnect Resistivity

• Interconnect Capacitance

• Cross Capacitance & Miller Effect

• Interconnect Modeling

• Repeaters

• Interconnect DO’s and DON’Ts
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First Order Line model (RC 

Model)
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First Order Line model (RC 

Model)

• V(t) = V0 e-t / rc  + Vin (1 - e-t / rc )
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Resistance, Capacitance & 

Inductance
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Agenda

• Interconnect Definition

• RC Equation of a Line

• Interconnect Resistivity

• Interconnect Capacitance

• Cross Capacitance & Miller Effect

• Interconnect Modeling

• Repeaters

• Interconnect DO’s and DON’Ts
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Interconnect Capacitance

CF

CF

CA CA

CLLCB CB

CLL       Line to Line Capacitance.

CA, CB  Capacitance to Other Plane.

CF           Fringing Capacitance. 
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Cross Capacitance

• Cross Capacitance is any capacitance 
between nets, which are non DC nets.

• In the worst case all the capacitance 
between nets can be cross capacitance.

• We call the signal that we are analyzing the 
victim, and all the  signals that have cross 
capacitance to it we will call them attacking
signals.

victim

attacking
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Cross Capacitance & Miller 

Effect
• Remembering the current-voltage equation for a capacitor

i(t) = C * dv(t)/dt

• In case that the attacking signal is also switching, then the 
dv(t)/dt is actually bigger or smaller than the DC case, 
depending on the switching directions of the victim and 
attacking signals.

• In verification tools we always calculate the voltage referenced 
to the Ground “Vss” which is a DC signal.

• We can see this effect as if the effective capacitance between 
the line and the Ground  changes, this is called the Miller 
Effect.

• Miller Coefficient is the factor that we use to multiply the Xcap 
in order to model the Miller Effect.
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Miller Coupling Mathematics
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Lumped Line Model

• A lumped model  is a pessimistic one, which 
assumes that all the capacitance, line and 
load, is located at the end of the line, in other 
words that the driver “sees”  the total load 
through the total line resistance.

• As the RC delay increases the lumped RC 
model is less and less accurate.
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Distributed Line Model

• The distributed line model is a more accurate 
model which assumes that the line is built out 
of many segments, when each segment is 
modeled as a lumped RC model. 

• For calculating the RC delay using the 
distributed model a simulation is needed
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+ + +
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τN = RN*CDiff+(RN+R1)*C1+(RN+R1+R2)*C2+(RN+R1+R2+ … Ri)*CLoad

Driver

Distributed Interconnect Model

Receiver

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Line Capacitance Models

• Unlike the Line resistance, its capacitance is dependent not only 
on the line topography, but also on its neighbors from all 
directions.

• In order to model the Line capacitance we define the 
parameters for all the possible configurations, and then map 
each line segment to one of these configurations.

• The naming convention of the models is:

The model’s Layer

The metal Layer found below

The metal Layer found above

Undegraded

M[1-5]M[f-4]M[5-2]U
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FTRC Elements
• The FTRC element is a library cell which enables the user to build a line 

simulation model  using the lumped approximation for the distributed line. 

• The FTRC element has the following parameters

• MODEL: define the segment’s capacitance and 
resistance model the model should be one of the 
process file defined models (m2m1m3u, m1fm4, ... )

• wid: The segment width

• Spc: The segment spacing 

• Length: The length of the segment

0.24/200

rm4m3m5u
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Interconnect Problems

• A lot of circuit designers are very worried 

about what’s happening with wires in CMOS 

technology 

• Device technology has been scaling well, 

with gate performance increasing linearly 

with decreasing feature size 

• Wires scale differently, and long wires have 

been getting relatively slower over time 

• delay is a function of wire resistance and 

capacitance 
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Wire Resistance

31
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Local Interconnect

• Use contact material (tungsten) to provide extra 

layer of connectivity below metal 1 

• Can also play same trick with silicided poly to 

connect gates to diffusion directly in RAMs 

• Typically used to shrink memory cells or standard 

cells 

• Contacts directly to poly gate or diffusion 
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Via Resistance
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RC Delay Estimates 
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Repeaters
• Use repeaters to break lengthy high-metal routes into 

segments

• It also assists in preventing your routes from running into 

slope and noise issues

• Bigger repeaters don’t always translate into faster paths; use 

the right sized device for the job

• Don’t try to squeeze too much out of the 

interconnect/repeater design solution by over-sizing 

repeaters just to gain a few pS… often the path can be 

solved in the driver or receiver fub at a lower total W cost
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Driver Delay v. Driver Size for a Fixed Load

(assuming pfet W = 2.6x nfet W)
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• Note: for this example, improvement in driver delay starts tapering off at nfet W = 

25 um; this is the knee of the curve after which ROI for further W increases 

declines rapidly 
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Driver Receiver

Tapering
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Do Not Do : Example

Design Rules & 

Heuristics

Fire Main

High Pressure Fire Hydrant / Large Driver

50 ft of 1” Garden Hose / 500 um of m3

200 ft of 3” Fire Hose / 2000 um of m6

Pathetic Trickle and Puddle / Current Flow and Bad Slopes at 

Receiver 

• Lengthy high metal routes initiating in lengthy m3 routes (> a few hundred 

microns) fall victim to a large amount of R-shielding of the downstream C.  This 

typically leads to undersized drivers, and even if the drivers are intentionally 

oversized, the driver is choked off by the lengthy and highly resistive m3.

1” to 3” Adapter / 

Vias
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Driver

Receiver
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Device Rule 1: Example
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Device Rule 1: Example
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Impact of Interconnect Parasitics

• Reduce Robustness

• Affect Performance

Classes of Parasitics

• Capacitive

• Resistive

• Inductive
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Methods For Improving RC 

Delay
• Optimizing the Routing Path Length

• Tapering & Optimizing the Width Across 

the Net

• Reducing The Line Cap (Spacing, ... )

• Optimizing the Driver Size

• Reducing The Receivers Load

• Adding Repeaters
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Coupling  Capacitance and Delay

2Cc
4Cc

zero
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Dealing with Capacitive Cross 

Talk
• Avoid floating nodes

• Protect sensitive nodes

• Make rise and fall times as large as 

possible

• Differential signaling

• Do not run wires together for a long 

distance

• Use shielding wires

• Use shielding layers
49
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How to Battle Capacitive 

Crosstalk
• Avoid large crosstalk cap’s

• Avoid floating nodes

• Isolate sensitive nodes

• Control rise/fall times

• Shield!

• Differential signaling
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PROBLEM……
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• Extra

66

Interconnect delay 
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