FEATURE

Proper Grounding

FCB

BY WALT KESTER AND JAMES BRYANT

GROUND s

not only act as a low-impedance re-
turn path for high-frequency cur-
rents but also minimize electromag-
netic-interference (EMD and
RF-interference {RFI) emissions.
Due to the shiclding action of the
ground plane, a circuit’s suscepti-
bility to external EMI/RFI is ulso re-
duced. All integrated-circuit (IC)
ground pins should be soldered di-
rectly to the ground plane to minimize serics inductance.
Power-supply pins should be decoupled 10 the ground
planc using low-inductance ceramic surface-mount ci-
pacitors, If through-hole mounted ceramic capacitors
must be used, their leads should be less than | nun. Ter-
rite beads may be also required.

An effective ground plane allows lhe impedance of

printed-circuit-board (PCB) traces to be cantrolled. and
high-frequency signals can be terminated in the charac-
ieristic impedance ol the arace 0 minimize retlections.
Each PCB in a system should have at least one complete
layer dedicated to the ground plane, ldeally, a double-
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THE IMPORTANCE
OF MAINTAINING

A LOW-IMPEDANCE,
LARGE-AREA

GROUND PLANE

IS CRITICAL TO
‘MOST HIGH-SPEED
ANALOG CIRCUITS.

sided board should have one side
dedicated to ground and the other
side for interconnections. la prac-
tice, this is not possible, since some
of the ground plane will be removed
to support signal and power
crossovers as well as via holes,

Nevertheless, as much arca as pos-
sible should be preserved, and at
lcast 75 percent should remain. Af-
ter completing an initial layout, the
ground layer should be checked
carclully to make sure there are no isolated grounds “is-
lands.” 1C pround pins focated ina ground isfand have no
current return path o the ground plane.

The best way Lo minimize ground impedance in a mul-
Licard system s o use ancther PCB as a backplane lor in-
lerconneetions between eards, thos providing, o continu-
ous ground planc to the mother card. The PCE connector
should have at least 30 1o 40 percent ol its pins devoted
to ground, and these pins should be connected Lo the
ground plane an the backplane mother card. To complele
the overall system grounding scheme there are two pos-
sibilities: |. The backplane ground plane can be con-
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1. In order to minimize noise in high-frequency, high-speed
circuits, 11 is essential 1o separate analog and digital grounds. ;
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2 This diugram illustrates proper grounding of ADCs, DACs,

andd other mived-signal components.
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3. This diagram shows reconmmended power-supply grounding

and decoupling points.

nected to chassis ground at numerous
points, thereby diffusing the various
ground current return paths. 2. The
ground plane can be connected to a sin-
gle system “star ground” point (gener-
ally al the power supply).

The first approach is often used at
very-high frequencies and where the re-
turn currents are relatively constant. The
low ground impedance is maintained all
the way through the PCRs, the hack-
plane, and, ultimately, the chassis. It is
~ritical that good electrical contact be

le where the grounds are connecled
Jihe sheet-metal chassis. This requires
self-tapping sheet-mctal screws or “bit-
ing” washers. Special care must be taken
where anodized aluminum (Al is used
for the chassis material, since its surtface
acts as an insulator. In other systems, es-
pecially high-speed ones with large
amounts of digital circuitry, it is highly
desirable to physically separate scnsitive
analog components from noisy digital
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&. This diagram represents the sapling-clock distribution

from the DAC (o the ground.

components. [t is usually desirable to use
separate ground planes for the analog
and digital circuitry. On PCBs that have
analog and digital cireuits, there are ftwo
separate ground planes. These planes
should not overlap in order to minimize
capacitive coupling between the two.
‘The arrangement shown in FIg. 1 ii-
lustrates that the two planes are kept sep-
arate all the way back to a common sys-
tem “star” ground, generally located at
the power supplies. The connections be-
tween the ground planes, the power sup-
plies, and the “star” should be made up
of multiple bus bars or wide copper
braids for minimum resistance and in-
ductance, The back-to-back Schottky
diodes on cach PCB are inscried to pre-
vent aecidental DC voltage from devel-
oping between the two ground systems
when cards are plugged and unplugged.
Scnsitive analog cumponents, such s
ampliliers and voltage relerences, wre
referenced and decoupled to the analog,
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5. Good grounding techniques are demonstrated in this sanple PCB layout.
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ground plane. ‘The analog-lo-digital con-
verters (ADCs) and digital-to-analog
(DAC) and mixed-signal ICs should be
treated as analog components and also
grounded and decoupled to the analog
ground plane. At [irst glance, this may
scem somewhat contradictory, since a
converter has an anafog and digital in-
terface and usually pins designaied as
analog pround (AGND) and digital
sround (DGND). The diagram shown in
Fig. 2 will help to explain this apparent
dilemma,

Inside an IC that has analog and digi-
tal circuits, such as an ADC or a DAC,
the grounds are usually kept separate to
avold coupling digital signals into the
analog circuits. Figure 2 shows a simple
maodel ol a converter. There is nothing
that the IC designer can do aboul the
wire-bond inductance and resistance as-
sociuted with connecting the puds on the
chip to the package pins except to real-
ize it is there. The rapidly changing dig-
ital currents produce a voltage al point B
which will inevitably couple inlo point
A ol the analog circuits through the stray
capacitance, Cyrxay.

In addition, there is approximately 1.2,
pF of unavoidable stray capacitance be-
tween every pin of the IC package. It is
the IC designer’s job to make the chip

work despite this. However, in order Lo !

prevent further coupling, the AGND and

DGND pins should be joined logether

externilly 1o the analog ground plane
with minimum lead lengths. Any exira
impedance in the DGND connection will
cause more digital noise 10 be developed
at point B. It wiil, in wrn, couple more
digital notse into the analog cireult
through the stray capacitance. Supply
pin (V) can be further 1solated from the
analog supply by the insertion of a small
lossy ferrite bead as shown in Fig. 2,
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GROUND PLANE

The internal digital currents of the
converter will reture to ground through
* Vy pin decoupling capacitor
~ounted as close to lhe converter as
possible) and will not appear in the ex-
ternal ground circuit. It is alwiys a cood
idea (us shown in Fig. 3 to place « bul-
fer latch adjacent to the converter to iso-
late the converter’s digital lines from
any noise, which may be on the data bus,
The butfer latch and other digital cir-

cuits should be grounded and decoupled
to the digital ground planc of the PCB.
Any noise hetween the analog and digi-
tal ground plane reduces the noise mar-
gin at the converter digital interlace.
Separate power supplies for analog
and dighal cireuits are alse highly desir-
able, The analog supply should be used
1o powcer the converter. 1 the converter
has a pin designated as o digital supply
pin (Vy), it should cither be powered
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from a separate analog supply, or filtered
as shown in the diagram.

All converter power pins should be
decoupled 1o the analog ground plane, |
and all fogic cireuil power pins should be
decoupled to the digital ground plane. I1
the digilal power supply is relatively
guick, it may be possible o use it Lo sup-
ply wnalog circuits as well, but be very
caulivus. The sampling clock-pencr-
tion ¢circuitry should aiso be grounded
and heavily decoupled o the analog
ground plane, Phase noise on the sam-
pling cluck produces degradation in sys-
tem signal-to-noisc ratio (SNR).

Ideally, the sampling clock generator
should be referenced to the analog
ground plane in a split-ground systen.
However, this is nol alwuys possible be-
cause ol system constraints. In many
vases, the sampling clock must be Je-
rived frem a higher frequency multipur-
pose system clock which is gencrated on
the digital ground plane. If it is passed
between its origins on the digital ground
plane o the ADC on the analog ground
plane, the ground noise between the two
planes adds dircetly to the elock and will
produce excess jitter,

The jitter cun cause degradation in the
SNR and also produce unwanted har-
monics. This can be remedied somewhat
by transmitting the sawmpling-clock sig-
nal as a differential one using cither a
sl RE teansfommer or a high-speed
dilferential driver und receiver as shown
in Fig, 4. The driver and receiver
should be conneeted through cmitier-
coupled-logic (LCE) signals to mini- i
mize phase jitter, The original master |
systemn clock should be derived Trom a
low-phasc-noise crystal oscillator,

U ground plane is used, as it should
be in most cases, it can act as a shield
where sensitive signals cross. Figure 5
shows u good layout for a data-acquisi-
tion (XAQ) board where atl sensitive ar-
cas are isolated Itom each other and sig-
nal paths are kept as short as possible.

This application note iy an excerpl
rom the Analog Duevices™ 1996 1ext
“High Speed Design Technigues,”
Chapter 7.Wsp
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