Precision Analog Designs Demand
Good PCB Layouts

John Wu
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Outline

AEnemieS of Precision:

AAnHi ddeno component s

ANoise

ACrosstaIk

A Analog-to-Analog
A Digital-to-Analog

AEMI/RFI
APoor Grounds
AThermal Instabllity

ALeakage Currents
AOptimize the Signal Chain at the PCB
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What is Precise?

ASignaI Range Is Critical

A6 10V Is A 20V Range
A 16 Bits: 20V/65536 = 305uV Per LSB
A 24 Bits: 20v/16777216 = 1192nV Per LSB

A6 2.5V Is A 5V Range
A 16 Bits: 5V/65536 = 76.3uV Per LSB
A24 Bits: 5v/16777216 = 298nV Per LSB

A6 0.020V Is A 0.040V Range
AlG Bits: 0.040v/65536 = 0.610uV Per LSB
A24 Bits: 0.040V/16777216 = 2nV Per LSB
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AReSistance
Alnductance
ACapacitance
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D) All Materials have a Finite Resistance

Y For 1 oz. Copper:
For PCB Trace —.\ ,,\ﬁ ;] = 1. 7%2m Xor ¥ ©0.0038cm
|
R=045Z/Xm@d= number of
R = 2/ X
-W-—>R = sheet resistance
(Z=X)=045mdsquare
|+ L | 0.0219L
R =
For Wi j &
or vvire d' L in meters

din mm
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PCB Trace Resistance

2 1inch
1.3uV

10pA ?

A1 inch (7 mil) trace of 1/2 oz copper
with 10eA of <curren
of 1. 3¢V

A4 LSBs (298nV) at 24 bits!
P T s




PCB Inductance

PCB:

/|<_ L _,l Inductance = OOOOZL[ ( )+02235( )+05]eH

Example:
|/ L =10cm
wW =0.25mm

H = 0.038mm
This PC track has 141nH of inductance

Wire:
i: L :l 2L .
N Inductance = 0.0002L {In ? -0.75 }eH
. ) 25 Example:
L =10cm
2R = 0.5mm

This wire has 105nH of inductance
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PCB Capacitance

A Two Cu plates with PCB material dielectric
A Two 10 mil traces on a multi layer PCB, 10 mil between layers

A=0.25mm x 0.25 mm C = SRXSOXA
{
A\ Permittivity of
/ 77 j
/ /7 4,=8.84x 1012
ff f{f;
rin rF
/7 7 @@1.9x10"2)4
/ . C =
! 'y t
F i Ll
Iz 1/ 0 X
o 61.9x107)(0.25x10” )
Note: 10 mil = 0.25 mm. 0.25x107°

C =0.01pF
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PCB Vias

Component: Vias
Purpose: Interconnect traces on different layers

Problem: Inductance and Capacitance

h h\
L(nH)~g 1+ln( y }

(GND PLANE) C(pF) ~ 0'0555 € r h dl
|<_ d, (mm) d2 - dl

BOTTOM LAYER

TOP LAYER

L(nH)
C(pF)

Zo (Q )= 31.6'\/ Tp(pS/cm) = 31.6\/L(nH)C(pF)

—Pld(mm)l<—
0O.4mm (0.01570) via with 1.8ad8nHd (0.0

1.6mm (0.0630) Clearance hol e a-¥loasa@4pP .
€ = PCB material permeability (FR-4 & 4. 5)
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A Used for by
hower supp

A Most op am

Bypass Capacitors

A Used in all analog applications

nassing (cleaning up)
les

0 applications use two

types for the two roles they must fill

N




Bypass Capacitors

A DO NOT have vias between
bypass caps and active device 1
Visualize the high frequency
current flow !!!

A Ensure Bypass caps are on
same layer as active component
for best results.

Q I
A Route vias into the bypass caps i —
and then into the active G .

component.
A The more vias the better. Q

A The wider the traces the better. o

Poor Bypassing
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Enemy #2: Noise and Crosstalk

ANoise = anything in your signal that is
not your signal

AI\/Iay couple from signals on your
board, or

AFrom signals external to your board




Source of Electromagnetic Energy

Electromagnetic wave
representation

RF generating sources

Intentional radiators

Acell phones
Atransmitters & transceivers

Awireless routers, peripherals

Unintentional radiators

ASystem clocks & oscillators
AProcessors & logic circuits
ASwitching power supplies
ASwitching amplifiers (class D)
AElectromechanical devices

AElectrical power line services
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Yo" How radio frequency energy comes about

In circuitry

| |
[20ns pulse |
750m 20n
=
[ak]
2 500m-] 15n-]
B _
= o
=
250m - g 10—
%-
E
=3
0 -
0 EISH SIﬂn 5n+
TO Time (s)
0] - - - -
0] S00 10004 1500 20004 2500
X(f) = VRe(f)? +Im(f )? Froquency (Hz)
17T, 21T, 31T, 41T,
Complex frequency domain in
Polar form
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EMI source
electrostatic

coupling

—— *— Medium —>

= EMI source
C12p z ) -1-', magnetic OP1 IOPAMP
7Y M1 coupling _E*Emk

-
R1 ‘Iﬂkf L
b = - VF1

Conductor
Connection wire _|:

PCB trace Switching
Interconnect cable  supply EMI
100kHz - 1MHz

S
i
L
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Coupling Medium: Radiated Emissions
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Radiated Noise: Long Traces

ATrace going into 10-bit or 12-bit ADC
Input is longer than a few inches

Emitted Noise




Analog receptors:
electromagnetic energy

Op-amps
Low-speed: offset shift, RF noise
_'I_ - High-speed: linear and non-linear

amplification

\

Converters
EMI aliased into passband
offset shift
Regulators

offset shift in output voltage
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Loops

A Introduces
unintended
inductance in the
current path where:

V, = L di/dt

A May result in multiple
AC signals sharing a
current path

A May become a loop
antenna that couples
EMI/RFI

a Loop 1T the path current follows

The common-mode return loop
may be difficult to predict

CM

O, = /T__| 1V 2 1 v

Sensor T? GP2
—>
EMI o output
loop
— mput *
—®' S

power supply loop

?-T§H°m = :‘: ———i

|

current
Ioop Rdm

GP6
2 —
0 Rem GP
: <« 1
GP4 -
common-mode loop — ? —
-~ —




Traces That Form a Loop

Signal Path

Ground

13 TEXAS
INSTRUMENTS




Loop Area Influences Inductance

Figure 1 Each loop of wire is the same
length, yet they each have inductances,
from left to right, of 730, 530, 330, and
190 nH.

EDN, May 24, 2007. Howard Johnson, PhD
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