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WHY CARE ABOUT Vcc AND GROUND 
BOUNCE?

• If an unshielded line leaves the Faraday Cage 
of a product and it is connected to a driver 
that has either its Vcc or Ground “bouncing”, 
the frequency content of the “bounce” will 
show up as EMI.

• If the cases of components are connected to 
a Vcc or ground that is “bouncing”, the case 
can become a source of EMI.

• If a signal line has excessive Vcc or Ground 
bounce, logic failures may result, as well.
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WHAT IS GROUND BOUNCE?
• When the word bounce is used it is intended to imply 

that the voltage on a node of a circuit moves with 
respect to some other node.

• Generally, the reference implied in such as statement 
is to some place in the system called “ground”.

• From an EMI perspective, the reference of interest is 
the Faraday Cage used to contain EMI.

• Usually, logic ground is tied to the Faraday Cage at 
some point.

• To the extent that logic ground at other points in the 
system “bounces” around with respect to the Faraday 
Cage potential, wires hooked to that ground may be 
sources of EMI.
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PLACES WHERE GROUND BOUNCE 
OCCURS

There are two places that ground bounce can 
occur.  These are:

1. Current transients flowing in the ground planes 
inducing voltage drops.

2. Current transients flowing in the ground leads of an 
IC package causing the ground rail of an IC to move 
with respect to ground on the PCB.

Each of these potential sources of ground bounce will be 
examined in this paper.
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WHAT IS Vcc BOUNCE?
• The Vcc node or Vdd node in the power subsystem is 

supposed to be at a constant potential or a constant 
voltage with respect to logic ground.

• Real power subsystems have varying currents drawn 
from them.

• Real power subsystems have non zero impedances.

• The combination of these two result in “ripple” or Vcc 
rail bounce.

• Any signal line that is at a logic 1 using a CMOS driver 
will have this ripple riding on it unattenuated.  This 
ripple can be a major source of EMI.
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ANOTHER SOURCE OF Vcc BOUNCE

• When current is drawn from the Vcc or Vdd rail to 
charge up a transmission line as the transmission line 
is switched from a 0 to a 1, this current must pass 
through the inductance of the package power leads.

• This voltage transient drives the Vcc rail of the IC 
negative with respect to the Vcc rail on the PCB.

• This voltage “spike” will appear on all logic signals 
leaving the IC.  If the logic signal exits the Faraday 
Cage without a shield, it will cause EMI.

• Should current transients flowing in the Vcc plane 
cause voltage drops, that could be a source of Vcc 
bounce. 
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CURRENT FLOW, "0" TO "1" TRANSITION

POWER SYSTEM
CAPACITANCE

VCC

PACKAGE
INDUCTANCE

PACKAGE
INDUCTANCE

CURRENT FLOW

LOAD
CAPACITANCE

LOAD
CAPACITANCE

CURRENT FLOW
PACKAGE

INDUCTANCE

PACKAGE
INDUCTANCE

POWER SYSTEM
CAPACITANCE

VCC

CURRENT FLOW, "1" TO "0" TRANSITION

SWITCHING CURRENT FLOW IN MOS AND TTL LOGIC CIRCUITS
 (no parallel terminations)

VOLTAGE SPIKE

Voltage spikes are developed across the package inductances and are seen as Vcc and Ground bounce.  Quiet outputs will move with the same
waveform as the Vcc or Ground bounce.  Note that both power terminals of the semiconductor die move in  either case.
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FIRST A LOOK AT THE POWER 
SUBSYSTEM

• Current required to charge transmission lines 
is drawn from the capacitance in the power 
subsystem.

• To the extent that the capacitance is 
inadequate to supply the current transients, 
the Vcc or Vdd voltage drops.

• This voltage transient appears unattenuated 
on logic 1 levels of MOS and CMOS outputs. 
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A SIGNAL WITH CONTROLLED 
IMPEDANCE

Rs = 25 ohms

50 ohm 2.0 nSEC/ft 12" TL

Passive
Receiver

Linear
Driver

Zout = 25 ohms
Vout = 5V

SERIES TERMINATED TRANSMISSION LINE

Comment: Simple Series Terminated Transmission Line
  8.000 volts

 -1.000 volts

0.0 volts

0.000ns 20.000ns

1 V/div 

2 nsec/div

Transmission Line 
Output

Transmission Line 
Input

Both Logic Transitions Shown

Zout

Z0

V
VBENCH

VBENCH = V x Zout/(Zout+Z0)

Z0

Zst

Zout

Equivalent circuit at To

Equivalent circuit at 
To plus 4 nSEC
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FREQUENCY SPECTRUM FOR A SERIES 
TERMINATED 50 OHM LINE

OSCILLOSCOPE
Design file: TF15TL2.TLN         Des igner: Lee Ritchey

BoardSim/LineSim, HyperLynx
Comment: 50 OHM SERIES TERMINATED TRANSMISSION LINE 12" LONG

Date: W ednesday Oct. 3, 2001   Time: 10:56:21
Show Previous W aveform = YES

-3.000

-2.000

-1.000

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

0.000 10.000 20.000 30.000 40.000 50.000
Tim e   (ns )

Voltage  -V-

Probe 1:RS(A0).2
Probe 5:RP(B0).1
Probe 6:RP(B0).1

Spectrum Analyzer
Design file: TF15TL2.TLN         Designer: Lee Ritchey

BoardSim/LineSim V 6.00 - HyperLynx
CURRENT WAVEFORM AND SPECTRA 50 OHM LINES 
7mA

0mA

7mA
0 ns 100 ns

0 500.000 MHz   1.000 GHz

uV/m

uV/m

uV/m

Date: Wednesday Oct. 3,2001   Time: 10:57:41

2 nSEC Long 50 ohm Series Terminated Line, 30 MHz Clock

Rs = 25 ohms

50 ohm 2.0 nSEC/ft 12" TL

Passive
Receiver

Linear
Driver

Zout = 25 ohms
Vout = 5V

SERIES TERMINATED TRANSMISSION LINE
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FREQUENCY COMPONENTS IN 
SWITCHING WAVEFORM

• The highest frequency in the waveform is 
determined by the rise time of the switching 
edge.

• The lowest frequency in the waveform is 
determined by the length of the transmission 
line being driven.

• The clock rate is not reflected in the spectrum 
of the current drawn from Vcc or Vdd.

• It is these frequencies that make up most EMI 
spectra.
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VCC PLANE SWITCHING NOISE

Voltage transient caused by:

256 bit bus switching from 0 to 
1 simultaneously.  Bus 3” long 
or 0.5 nSEC

Peak I = 13 AMPS
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 Spectrum Analyzer 
Design file: TF15TL2.TLN         Designer: Lee Ritchey

BoardSim/LineSim V 6.00 - HyperLynx 
30 MHz Freq, .5 nSEC Line, Fast Edge, Perfect Match

41mA 

0mA 

-41mA 
0 ns 100 ns

0 500.000 MHz   1.000 GHz

+50dBuV/m 

+30dBuV/m 

+10dBuV/m 

Date: Monday Mar. 26,2001   Time: 15:21:50

Spectrum associated with 3” long transmission line.  0.5 nSEC long
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REASON FOR HIGH “RIPPLE”
• The frequencies involved in the switching 

transients are too high for discrete capacitors 
to support.

• The plane capacitance in a PCB is the work 
horse in such cases.

• The remedy for such problems is to increase 
the plane capacitance.

• An example follows:

Hubin Hubing,  Todd H. etal, “Power Bus Decoupling on Multilayer Printed Circuit Boards”
IEEE Transactions on Electromagnetic Compatibility, Vol. 37, NO 2, May 1995.
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6 LAYER PCMCIA PCB SHOWING SIGNAL LAYERS FILLED WITH POWER PLANES

Power plane capacitance without fill, 500 pF.  with fill 4100 pF.

LAYER 1, SIGNAL FILLED WITH GROUND LAYER 2, Vcc LAYER

LAYER 3, SIGNAL FILLED WITH GROUND LAYER 4, SIGNAL FILLED WITH Vcc

LAYER 6, SIGNAL FILLED WITH VccLAYER 5, GROUND  LAYER
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 EMISSIONS TEST RESULTS WITH AND W ITHOUT SIGNAL PLANE FILLS
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ANOTHER SOURCE OF Vcc “RIPPLE”

• Many ICs, such as microprocessors, have standby power modes.

• The current these ICs draw from Vdd or Vcc steps from low levels
to high levels as they do work.

• As an example, recent SPARQ ICs from Sun have a standby 
current drain of 20 amps and an active current drain of 80 amps.

• Changes from standby to active and back are in the hands of the 
user and can occur at frequencies from DC to 50+ MHz. 

• These changes in current must be supplied by decoupling 
capacitors.

• “Ripple” from these current transients will contain all the 
harmonics of the square wave.

Smith, etal, “Power Distribution System Design Methodology and Capacitor Selection
for Modern CMOS Technology” Published by Sun Microsystems, 1999.
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POWER PLANE VOLTAGE DROP PROFILE
18"

A2 4.6 mV E3 17.7 mV J2 11.0 mV P2 17.3 mV
3.9mV 8.7 mV 12.1 mV 15.4 mV

B6 3.6 mV G6 9.2 mV L10 13.1 mV P2 17.3 mV
5.2 mV 10.7 mV 14.7 mV 15.4 mV

C12 2.2 mV H12 10.2 mV L20 13.1 mV P10 14.3 mV
GND REF, PIN 95 6.0 mV 11.9 mV 14.7 mV 15.5 mV
Vcc REF, PIN 100

Ignd = 25 A 15"

Icc = 25 A
DEVICE +5V

C17 4.0 mV G17 9.8 mV KEY GROUND
6.4 mV 11.6 mV

B21 5.6 mV F21 9.3 mV L20 13.1 mV P20 14.1 mV
5.4 mV 10.7 mV 14.7 mV 15.7 mV

A24 6.2 mV E24 8.8 mV J24 12.9 mV P24 13.8 mV
4.4 mV 8.6 mV 13.2 mV 15.6 mV

IR  DROP PROFILE FOR 6 LAYER TTL PCB. Front to back resistance of a power plane is

ALL LAYERS, 1 OZ. COPPER. approxim ately 15 m V/12.5A = 1.2 m illiohm s!

THE CONDUCTIVITY OF 1 OUNCE COPPER PLANES IS SO LOW THAT IT CAN BE IGNORED FOR ALL BUT 
THE HIGHEST CURRENT PCBs.  2 OUNCE COPPER PLANES ARE NOT NECESSARY IN ANY, BUT THE 
VERY HIGHEST POWER APPLICATIONS.
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PLANES AS A SIGNIFICANT SOURCE OF 
“BOUNCE”

• From the last slide it can be seen that the 
conductivity of intact planes is very good.

• The likelihood of “bounce” occurring between 
points on the same plane is very low.

• It is, however, true that voltage gradients 
exist across planes.  They are small, except in 
the realm of EMI.

• Connecting multiple points in a plane to 
“chassis ground” allows those currents to 
flow in the chassis, turning it into a radiating 
surface, worsening EMI.  
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COMPONENT LEAD FRAMES AS SOURCES OF 
Vcc AND GROUND BOUNCE

• Current used to charge up the parasitic capacitance of 
transmission lines to logic 1 And then discharge it to a 
logic 0, must pass through the lead inductance of the 
IC power leads.

• These current transients develop voltage spikes 
across the lead inductances.

• These voltage spikes drive the internal power rails 
away from their respective values on the PCB.  

• These voltage spikes appear on every signal lead 
connected to the IC.

Shear, David “Ground Bounce Tests Revisited” EDN, April 1993.
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CURRENT FLOW, "0" TO "1" TRANSITION

POWER SYSTEM
CAPACITANCE

VCC

PACKAGE
INDUCTANCE

PACKAGE
INDUCTANCE

CURRENT FLOW

LOAD
CAPACITANCE

LOAD
CAPACITANCE

CURRENT FLOW
PACKAGE

INDUCTANCE

PACKAGE
INDUCTANCE

POWER SYSTEM
CAPACITANCE

VCC

CURRENT FLOW, "1" TO "0" TRANSITION

SWITCHING CURRENT FLOW IN MOS AND TTL LOGIC CIRCUITS
 (no parallel terminations)

VOLTAGE SPIKE

Voltage spikes are developed across the package inductances and are seen as Vcc and Ground bounce.  Quiet outputs will move with the same
waveform as the Vcc or Ground bounce.  Note that both power terminals of the semiconductor die move in  either case.



Speeding Edge,  Spring 2003  Copyright February 2003 by Speeding Edge SLIDE #  22

VOLTAGE ACROSS AN INDUCTANCE 
AS A FUNCTION OF SWITCHING EDGE 

RATE

V L di
dt

L =
As edge rate increases (rise or fall time decreases), delta t 
decreases and VL goes up.  With die shrinks, delta t goes
down at the same time that delta i goes  up, causing very 
large voltage transients in power supply leads.
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SAMPLE GROUND BOUNCE PROBLEM

Using the equation from an earlier slide, for a 
die shrunk HCMOS part in a 20 pin DIP with a 
switching edge of 2 nSEC, a peak current of 
20 mA, and a ground pin inductance of 13.7 
nH:

Ground bounce across this inductance will 
be: V = L*di/dt or

V = (13.7x10-9)(20x10-3)/(2x10-9) = 137x10-3V or 
137 millivolts!  Imagine seven outputs 
switching at the same time!  Or a 1 nSEC 
edge rate! Try this calculation with 128 lines switching simultaneously!  Try 

it with a 200 pSEC edge!



Speeding Edge,  Spring 2003  Copyright February 2003 by Speeding Edge SLIDE #  24

LEAD INDUCTANCES OF SOME 
COMMON IC PACKAGES

14 pin DIP     3.2 - 10.2 nH 14 pin SOIC     2.6 - 3.6 nH
20 pin DIP     3.4 - 13.7 nH 20 pin SOIC     4.9 - 8.5 nH
40 pin DIP     4.4 - 21.7 nH

40 pin TAB    1.2 - 2.5 nH 208 pin QFP   5.31 - 8.74 nH
44 pin QFP    6.07 - 7.06 nH 100 pin QFP   6.69 - 7.96 nH

20 pin PLCC  3.5 - 6.3 nH 119 pin PBGA  .15 - 5.7 nH
28 pin PLCC  3.7 - 7.8 nH 249 pin PBGA  .13 - 5.1 nH
44 pin PLCC  4.3 - 6.1 nH 624 pin CBGA  .5 - 4.75 nH
68 pin PLCC  5.3 - 8.9 nH 456 pin PBGA  .2 - 5.8  nH

Lamson, Michael,  “Packaging Takes Center Stage in IC Design Process”  Electronic Design, June 8, 1998.
Shear, David “Ground Bounce Tests Revisited” EDN, April 1993.
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Vcc/Vdd

Vcc
PACKAGE

INDUCTANCE

GND
PACKAGE

INDUCTANCE

SETUP FOR MEASURING Vcc AND GROUND BOUNCE

INTEGRATED
CIRCUIT DIE

INTEGRATED
CIRCUIT

PACKAGE

WIDEST
OUTPUT BUS

50 OHM TRANSMISSION
LINES

QUIET OUTPUT LINE

MEASURE Vcc AND
GND BOUNCE HERE

DATA PATTERN
GENERATOR SET TO
DRIVE BUS FROM ALL

ZERO TO ALL ONE
AND BACK

NOTE:  IC MUST BE
MOUNTED ON A TEST
PCB WITH PROPERLY

DESIGNED POWER
SUPPLY BYPASSING

SPEEDING EDGE, NOVEMBER 2001
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Vcc BOUNCE IN AN FPGA

80 BIT DATA BUS SWITCHING FROM LOW TO HIGH, 216 mV
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GROUND BOUNCE IN AN FPGA

80 BIT DATA BUS SWITCHING FROM HIGH TO LOW, 350 mV 
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CONCLUSIONS

• Vcc and Ground bounce are caused by switching 
transients.

• They appear due to high package lead inductances or 
inadequate power system decoupling or both.

• Worst case Vcc and Ground bounce occurs when all 
members of the largest bus switch from one logic state 
to the other simultaneously.

• Little of the bounce is developed in power planes.

• The methods for managing these transient problems 
are straight forward and well documented.
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WAYS TO CONTACT ME

• Lee Ritchey- 707-568-3983

• FAX- 707-568-3504

• E-mail- leeritchey@earthlink.net
www.speedingedge.com

• Most effective method is to send me an E-mail with 
your question.

• Second most effective is a FAX.
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UPCOMING FULL COURSES ON THIS TOPIC

• High Speed PCB and System Design by Lee 
Ritchey, PCB West, Santa Clara, March 10 & 
11

• High Speed PCB and System Design by Lee 
Ritchey, UC Berkeley, San Francisco center, 
April 21 & 22

• High Speed PCB and System Design by Lee 
Ritchey, UC Berkeley, Fremont, June 23 & 24.
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