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¢ Digital Circuit Noise
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* Reflection Strategies
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* PCB Technologies

+ Digital Circuit Radiation
+ Differential-Mode Radiation “
* Controlling DM Radiation
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a !ja\)?’ Digital Circuit Noise

* A small integrated digital circuit, which draws
only a few milliamperes, does not at first
seem to be a serious source of noise.
However, the high speed signals with the
Inductance of leads, make it a major source of
noise.

* Digital-circuit designers think in terms of the
time domain. Considering noise, however, it
IS better to think in terms of frequency
domain.
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& Digital Circuit Noise

When gate 1 output transforms from high to low
Cstray Is discharged

Therefore, a large transient current flows through the ground
Inductance to discharge Cstray.

Inducing noise on ground paths

Grouynd
Inductance




- Digital Circuit Noise
L/
* Adding damping with a resistor or a ferrite bead will decrease
the ringing on gate 1 output.
* Unwanted energy is dissipated as heat

* A back-biased diode also can clamp the negative voltage.

+ High current flows through the diode, which may cause additional
noise problems
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< Digital Circuit Noise
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) Digital Circuit Noise

+ A low inductance ground system
*+ A ground plane or ground grid is best
* Low impedance in a ground lead
* A source of charge (a capacitor) near each logic gate
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+ All unused inputs must be connected somewhere, and not
floating. It is especially important for CMOS because of its

high input impedance.

=




7-8

- Frequency Domain

* Which is the point beyond that the energy content in
harmonics can be negligible ?

sin(nzd) sin(nzt, /T)
nzd nat, /T
Duty cycle=d
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c lja\)?’ Ground Bus Noise
"y

* The power-supply transients can be
controlled by proper use of decoupling
capacitors, but the signal currents in the ground
can not be decoupled or bypassed.

* To decrease the ground noise, the
Impedance of the ground must be minimized

* For digital circuit, inductance iIs the most concern than‘
resister on printed wiring board.
T »

* Ground path : using parallel paths is a good method to
provide a low-impedance lead.

* Package effect " -j
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Ground Bus Noise

VA
|IC Package Stray capacitor | Stray inductor
DIP 0.4~ 1 pf 2~ 18 nH
PGA
: : 1 pf 2 nH
(Pin Grid Array)
SMD (Surface =
Mounted Package) sel Loy
Wire Bounding 0.5 pf 1~2nH
TAB 0.6 pf 1~6nH
PCB thru-hole via 1 pf 1 nH
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|Ideally a power
supply is a zero
Impedance source
of voltage.

They are ex3 and
ex4 on the right side
that have the lowest
characteristic
Impedance.

PARALLEL WIRES
-

®

I D l

WIRE OVER GROUND

7

PARALLEL FLAT CONDUCTORS
-

J- h
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FLAT CONDUCTOR OVER GROUND PLANE
.
h

FLAT CONDUCTORS SIDE BY SIDE

E W

T o

Ground Bus Noise

Za= cosh™! (-2)
(1] V?" d

FOR D/d = 3. Zg = 20
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FORw >> h and h >>1t, Zp = 377 (L)
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a ljn%\) :’ Power Bus Noise
W

* Since power-supply noise can be
controlled by proper filters, a power grid
distribution system is not as important
as a proper ground system.

* Bulk decoupling capacitor e« w4

g + high-frequencyas-sovrz) A
CapaCItOr (= disk ceramicﬁ%?ﬁFg#%?*,’multilayer ceramic) y &

£.7)
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MAGNITUDE (X1@~»

L1
5 6 ? 8 9 |8

FREQUENCY (X18~7) HZ

— s ——— @.81uF IN PARALLEL WITH 10@pF
=——— w= — 188pF CERAMIC CAPACITOR
—=w——=s— @.81uF CERRMIC CRPACITOR
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a &\J :’ Power Bus Noise
"y

* The filter should be as close as possible to the
receptor to decrease the length of an antenna

* To have a low impedance at high frequency, the capacitor
must have a low inductance, and thus, low capacitance. A
well designed PWB will already have the capacitance
amount (tens of pico.) .

* To determine what value of capacitor is required via the
“antenna” you are dealing with. The input antenna will only
be efficient if it is at least a significant fraction of a
wavelength in length l‘\
v
&

f = 3x108m / [8 x antenna length in meters]

E
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¢ @\ji’ Power Bus Noise
¥

e

+ Additional shunt capacitance or inductor will increase
“ringing”
* Don’t add extra capacitance or inductance

LINE L
® »
220 o

SHUNT C == H

L == equivalent "tank" circuit
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Reflection Strategies

. 2

PN

* Tree -- the worst way

o l T l O
+ Daisy-Chain — While with parallel terminations, it is a
better way via no branches

oO——

— K
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Reflection Strategies

. 2

VA
+ Star — While with series terminations and high drive
current, it is a good way

* Loop —itis bad to CM rejection via loop area

7-17



Reflection Strategies - =
Terminations

~_# Series termination resistor




Reflection Strategies - =
Terminations

+ Thevenin network




Reflection Strategies

VA
Series Parallel Thevenin RC Diode
Application Egﬁﬂg iéT ECL TTL,ECL,FACT FACT TTL
R value Zo— Ro Zo 270 Zo =
D low high high medium low
consumption
Drive ability low high high -- --
Propagation :
delay increase -- -- -- ,
b 4
Rising time - -- -- increase
Design for | 2nd reflection | 1st reflection | 1st reflection | 1st reflection
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Crosstalk

N A\
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Reduce mutual inductance and
mutual capacitance.
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Crosstalk

Interference source

Coupled lead

Near end Far end

Inductive
coupling effect

S E—

Capacitive Al A

— coupling effect =
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Ground plane

AN AA

RF currents fringing between the
power and ground planes at the
edge of the board.

RF emissions occur.

Ground plane
10-H —»
20-H —»
100-H —»

PCB Technologies

Ground plane
LA

RF currents do not fring from edge
of board. RF currentis have a return
plane to couple to.

RF emissions do not occur.

Flux Boundary Display

At 10-H, impedance change of the planes is first observed
At 20-H, we reach the 70% flux boundary
At 100-H, we approach th 98% flux boundary




Oy PCB Technologies

™

Clock trace

Guard trace

Via to the ground plane
or device grounds

Clock trace on a plane with
vias to another plane
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Poor Trace Routing for Clock Signals
(Note daisychaining of clock signal)

Optimal Trace Routing for Clock Signals
with Electrically Short Traces

7-27

PCB Technologies

Optimal Trace Routing for Clock Signals
with Electrically Long Traces




PCB Technologies

-
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source resistor end termination resistors .
source resistor

- Signal Layer :
Image Plane | i Signal Layer
- __ _ Signal Layer l l Image Plane
I B _ Slgnal Layer s R B L . Slgnal Layer
i | Image Plane S - _ Signal Layer
e el 1 _... ... Signal Layer : Power Plane

Best Way to Route Clock Traces Stripline |
{total of 2 vias) | Gf'°““d Flane

The perpendicular traces compliment each other - e — 44— —- — Signal Layer
e - __ __ Signal Layer
; L. . | Image Plane

source resistor end termination resistors | .
. l | ——— — Signal Layer

S e ,—l £ 7] _ Signal Layer o . -
i f (end termination resistors
Image Plane on bottom of board)
- <. - Signal Layer (Horizontal)
) ) Poor Way to Route Clock Traces
— -ew . -- - Signal Layer (Vertical) (total of 4 vias)
Image Plane
- 1 1 . ___ _ Signallayer NOTE: This method maximizes use of
Acceptable Way to Route Clock Traces Stripline vias and layer jumping, both of
(total of 4 vias) which must be minimized.




PCB Technologies

™

OO
(Signal trace ] %

Through-holes (multiple holes spaced apart) Ground
Optimal method of routing traces if through-hole

components must be used.

Return current in ground plane
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: Agenda

) _
o
* Digital Circuit Noise

* Frequency Domain
* Ground Bus Noise
* Power Bus Noise
* Reflection Strategies
* Crosstalk
* PCB Technologies

¢ Digital Circuit Radiation

+ Differential-Mode Radiation :,‘
+ Controlling DM Radiation \3
* Common-Mode Radiation “;

+ Controlling CM Radiation «\,
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<#~ Digital Circuit Radiation

u‘h \\j
* CM radiation * DM radiation
* A low current and high * A high current and low
voltage source, like a rod voltage source, like a loop
or straight antenna. antenna.

NEM ISSION

/_\ SIGNAL

777777777777
EQUIVALENT CIRCUIT




&! _ Differential-Mode Radiation

* The current depends on the source impedance
of the circuit that drives the loop, and the load
Impedance of the circuit that terminates the
loop.

A. SHORTED LOOP B. CAPACITOR TERMINATED
LOOP

=32



Differential-Mode Radiation

20 dB/DECADE

l
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| f1 = FUNDAMENTAL FREQ.
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Differential-Mode Radiation

MEASURING DISTANCE = 3 p
GROUND REFLECTION = 6 dB
LOOP CURRENT = 35 mA
LOOP AREA = 10 sq. cm.
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CLOCK RISE TIME (ns)
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Controlling DM Radiation

1. Minimize the loop areas formed by the signal paths.
* The most critical loops are those carrying the system clock.

CLOCK
HARMONICS

CLOCK
HARMONICS

RADIATED EMISSION

Z
O
7]
2]
2
w
fa
o
<
0
<
«c

FREQUENCY FREQUENCY
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h ; Controlling DM Radiation
C u#\j

2. To prevent the clock from coupling to other critical
parts in a circuitry, it should be located away from the
critical part and should not run parallel to critical leads
for long distance.

3. Line and bus drivers may also be offenders if they
carry high currents. The drivers should be close to the
lines they drive.

E B

S »Z: >5| 1/ 7: :"
e SR
Ly Ly B

£.7)
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Controlling DM Radiation

2

PN

4. At least one signal return lead adjacent to each group

7-37

of eight data or address leads is provided.
* Using a ground grid or plane is better than a ground lead.

All conductors use just a signal ground return.
The current loop and cross-talk will be worse. ® Signal line

® Ground

All conductors use a signal ground plane across the
width of the cable, so the loop area is very small.
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D.

PN
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2

Loop area of the transient power-supply current during logic IC

Controlling DM Radiation

switching can be controlled by decoupling capacitors placed next

to each IC -- located physically as close as possible to IC.

7-38

I/O power
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Commonly used at less than 10kHz m
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Controlling DM Radiation
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Layer # 1 2 ) 4 5 6 7 8 10 Comments

2 layers S1(G) S2(P) Just for lower-speed designs

4 layers S1 G P S2 Default critical signals to S1 only

(2 routing)

6 layers S1 G S2 S3 P S4 Just for lower-speed designs

(4 routing)

6 layers S1 S2 G P S3 S4 Default critical signals to S2 only

(4 routing)

6 layers S1 € S2 P G S3 Default high-speed signals to S2, S3
(3 routing)

8 layers S1 S2 G S3 S4 P S5 S6 Default high-speed signals t%B
(6 routing)

8 layers S1 € S2 G P S3 G S4 Best for EMC

(4 routing)

10 layers S1 G S2 S3 G P S4 S5 S6

(6 routing)

)

Best for EMC, but R4 is susﬁ
to power noise .
E or "



] Controlling DM Radiation

VA
s1 Only this layer is safe routing layer (sip =gy, RLEGZR & 10T B19')
Use smallest distance for lowest power impedance
- i
S2

Poor flux cancellation and be coupled from power noise

* Each and every routing layer must be adjacent to a solid plane(power

or ground).

* The more numbers of ground layers (G) exist, the better EMC
performance vinI be. AT 8 SRR, PSR AT x
S E | PRSI S B, 2 SR DEMI %

* The power layer (P) can be considered as a noisy layer. ™.

+ High-speed clock traces are routed adjacent to a ground plane and not to the \3
power plane. ﬁ,j;ﬁ{?*%ﬁ’ﬁlﬁ e 'JflfJ,qi—,%“&»L”F%’,ﬁ'iﬁ , PELFHER ”‘Jﬁl%? jreturn pathfivis é‘

A2

FEg- LRI, TPEHR g 2 FE ], 2T R AR ] PR T e LR

y

* A power layer should be beside a ground layer to get better performance. %3@@# ,5
‘. "‘_.JJ
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Controlling DM Radiation

S1
G
S2
S3
P
S4

* High density - low cost but worse performance
* High density : 4 layer for signal routing ‘\a
* Worse performance : power is far from ground layer i
* S1 - S2 are better layers for high-speed signals )
* S3 - S4 are dirtier layer 4

7-41



Controlling DM Radiation

* High density - low cost and middle performance

* High density : 4 layer for signal routing ‘
* Middle performance : power is adjacent to ground layer v p
+ S2is the best layers for high-speed signals, and S3 is the dirtiest | \3
layer 3
o

* Signals on S1 ~ S4 will be serious EMI emission lines
7-42 “Lj




Controlling DM Radiation

* Middle density but good performance
+ Middle density : 3 layer for signal routing
+ Good performance : power is adjacent to ground layer
* S1 -~ S2 - S3 are all good layers for high-speed signals

7-43




c lja\)?’ Common-Mode Radiation

* CM radiation is harder to control and normally
determines the overall emission performance of
the product. ([1p.313)

* |t takes three orders of magnitude more DM current
than CM current to produce the same field. That is,
a CM current of a few micro-amperes can
cause the same amount of radiated emission
as a few milliamperes of DM current. :\;

E
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Common-Mode Radiation

20 dB/DECADE

(8P) NOISSINI Q31vIavY

5
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w
-
3
c
w
S
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: lja\)?’ Controlling CM Radiation

* As in the case of DM radiation, it is desirable
to limit both the rise time and frequency of the
signal to decrease CM emission.

* CM current can be controlled by

* Minimizing the source voltage that drives the
antenna (normally the ground potential).
* Using a ground grid or plane

* Providing a large CM impedance (choke) in series
with the cable. :‘
L

* |solating
* Shunting the current to ground -'-j

* Shielding the cable
7-46 ‘:bj
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=  CONNECTION

Controlling CM Radiation

Circuit 1

21c

AVAV

Circuit 2

Impedance on
ground path

&
¢

-,

o T )




Moat violation O

)
J’//g} g:E Dirty Logic GND.
- —c

1
 «+——— Return path

IO CONNECTORS
i

. Clean IO . Clean IO
Ground Ground

-« EXTERNAL N O DECOUPLING CAPACITORS -« EXTERNAL N /O DECOUPLING CAPACITORS
L GROUND L GROUND

~  CONNECTION =~ CONNECTION

+ High-speed return currents follow the path of least inductance, not the path of least resistance.
+ The lowest inductance return path lies directly under a signal conductor, minimizing the total
olo]o}
7-48




7-49

) Summary

Due to high switching speed, digital logic can be a source
of radiated and conducted emission.

Ground impedance in digital systems can be minimized by
using ground plane or ground grid.

Decoupling capacitors should be located next to each IC in
the system.

The smallest-value decoupling capacitor that will be able to do
the job is best.

A bulk decoupling capacitor should be used to recharge
the individual IC decoupling capacitors. “\\

All unused inputs on digital logic gates can not be floating. T e

The slowest and lowest-power logic family that can do the }3
job should be used to minimize noise and interference. 4
"'.‘_.Jj'




ﬁ > Summary

7-50

All clock leads must have adjacent ground returns, and when
laying out the printed wring board, they should be taken care at
the first.

All cables entering or leaving the system require treatment to
control CM emission,

I/O drivers should be near the connector.
Control CM current

* Reduce CM voltage

+ Decoupling

* Isolating

* CM chokes “\

+ Cable shielding T e
i
o
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