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I 25V
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Added the C-L-C filter to remove to switching noise generated from DC-DC.
Those components have to enclose-the DC-DC Vin pin as possible.
C1, C2 need consider :-.wit-:lj__;':e'-'iL|a-‘-:5-' (50K, 100k, 1.2M)

Pin1 Viafrom 3.3V layer _
= Pi = ﬂ ; FB. F.B.
T % Ol Power layer %J +33V . ‘ DC-DC — +12V
Pin3 = =y
0.1uF L L= s - . l l — l T ?
o1 Cj c2 10uF 0.1uF 47uF
0.1uF . /

DI 2N %R R, WRARAT ..

. L

— SRR LR AR I I

—  FEEMI

—  AEYDC-DCHEH RG AR AL R —kE, Z/DZEHINLDO
DC-DC ft e /] ARS8 ) ADCEE MCV (ADUC702x)—F¢
DC-DCHFi%ZBADC (Or ADuc702x)
C-L-CEEZNEILDC-DC
&/ -Power pinfHL HmE 0. Iuff A
72 P4 — MK 3.3v P A 1R K B



AMP

v. FERRITE
A BEAD

BTATA
NN

e

AN 2

iy

VOLTAGE
REFERENCE

A

B g TEXT
Va Vo | T A \ D
=4
ADC e AVAY BUFFER
OR GATE /
oA¢ R REGEIJETER TO OTHER
- A DIGITAL
’ CIRCUITS
AGND DGMND I
1
1
A A i D
1
1
SAMPLING ! .
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CORRECT

INCORRECT
OPTIONAL
/FERRITE BEADS \
POWER DECOUPLING POWER %f;'—;lfglﬁﬁ
SUPPLY CAPACITOR SUPPLY
TRACE = TRACE = /
L] v+ L] v+
] ] ] [ PCB
] IC ] ] Ic o TRACE
| /
@@L | GND GND
VIAS TO @
% GROUND O
PLANE VIA TO
N GROUND
PLANE
RULE OF THUME:

*VIA RESISTANMCE = 1mQ, VIA INDUCTANCE = 1nH

e FiS R TR g B g AT AR /INVINROR, - 5l rE
A PA Yk /) [ i R JK

,LglﬁYjﬁmu

Via resistance = 1mQ, Via inductance = 1nH

Dt




LQFP/LFCSPZ: 4

Correct No long trace under IC
Wrone Short trace then to bottom by via
&
Maybe your AD9779 Layout like this! Short trace to GND or Power under IC.

P ANALDE 4 Short trace to decouple Capacitors
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U UL A RE 2K FEL JE

7 _’r_

W
/ All dimensions are in mm

STRIP INDUCTANCE=10 GOOEL[ {W+H:| + 0.2235 .: }+ 0 !."'Z| KUH

1cm of 0.25 mm PC track has an inductance of 9.58 nH
(H=0.038mm, W=0.25mm, L =1cm)

Example Minimize Inductance
L= 2.54cm =25.4mm, W = 0.25mm 1) Use Ground plane
2) Keep length short: Halving the
length reduces inductance by
Strip Inductance = 28.8nH 44,
At 10MHz Z, = 1.86 Q a 3.6% error in a 50Q 3) Doubling width only reduces
system inductance by 11%

H = .035mm (10z copper)




RELR/RH AT

kA
(__* —

0.00885 Er A -
11.3¢

C= pF

d d
A
| A = plate area in n1m2
// d = plate separation in mm

E; = dielectric constant relative to air

K = relative dielectric constant

Most PCB 1.5
4 Most common type uses 1.omm Example: Pad of SOIC

glass-fiber epoxy material withE =4.7
# Capacity of PC track over ground plane L=0.2cm W=0.063cm

i hly 2.8pF/
is roughly 2.8pF/lem K= 4.7
Reduce Capacitance A= 0.126cm?

1) Increase board thickness
d=0.073cm

2) Reduce trace/pad area
3) Remove ground plane C = 0.072pF
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INTERFERENCE CIRCUIT SIGNAL CIRCUIT

— M -\ 0 = AREA
KOISE :
SOURCE @) Iy v INDUCED
(i VOLTAGE
INTERFERENCE SIGNAL CAPACITIVE COUPLING
Loop_ 7 N Loop EQUIVALENT CIRCUIT MODEL
~_, c
M =MUTUAL INDUCTAMNCE I I
B =MAGNETIC FLUX DENSITY (_;H
A = AREA OF SIGNAL LOOF - J,H
@y =2nfy =FREQUENCY OF NOISE SOURCE Vy (_ ) Zy = VcoupLED
W, _
V =INDUCED VOLTAGE = mHMIN = oAB

BASIC PRINCIPLES OF INDUCTIVE COUPLING %%:?:E,%UIT IMPEDANCE

Veoupteo =Va | 75
%___m ADI Confidental ~ 0" -0 IN Gl Zlﬁ: -
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{ i / lpeak = 1A
Y, INPUT |/
If .z"'\l || di 1A
L L/ v J di _
| CURRENT dt 100ns
_,_J_ i
= ESR=0.20

.f'I
0 s Equivalent f = 3.5MHz

ESL = 20nH o
VPEAK =ESL=

f + ESR+lpppakg = 400mV
C = 100pF OUTPUT |

c = 0.0005Q VOLTAGE I," \

3.5MHz / ESR - IF’EAH =200mV
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1

Via Inductance
Ah

™

)
L= Ef{ln| + 1} nH

L = inductance of the via, nH

H = length of via, cm

D = diameter of via. cm

Consider a power supply pin of an op

amp that goes through a via to the power
plane of an 0.157 c¢m thick board, the
diameter of the via is 0.041 cm

|

L=2(0. 15?}[&{ 45;3;::)

L=1.2nh

Via Capacitance
o 0-5551D,

D, -D,

D, = diameter of clearance hole in the
ground plane, cm

D, = diameter of pad surrounding via, cm
T = thickness of printed circuit board, cm

'Er= relative electric permeability of circuit

board material
C = parasitic via capacitance, pF

Consider a signal coming from the
back of the board to the top of the
board through a via. Board
thickness = 0.157¢cm,

D,=0.071cm D, = 0.127

C =0.51pf




ANl

Capacitor Parasitic Model Resistor Parasitic Model

C = Capacitor

Rp = insulation resistance

Rs = equivalent series resistance (ESR)
L = series inductance of the leads and plates R = Resistor
Rpa = dielectric absorption Cp = Parallel capacitance

Cpa = dielectric absorption L= equivalent series inductance (ESL)

R
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Low Frequency Op Amp
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'I' PAD
Stray Capacitance E
TRACE
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AN = - ) TRACE oV,
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for PAD PAD
V. TRA ‘I'
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1 Wy — / % ‘I’
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Sch

hematic High Frequency Op Amp Model
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AT L1085 ANZA

Remove ground plane

~Vias and long return distance under Negative input to

Even a few pF on summing adds several nH reduce input capacitance
junction can destabilize op amp

Bad PCB layout Good PCB layout

Reduce return path Ianth to
reduce Inductance
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A

V.

OUTPUT DRIVER

V

{;}I T
W S

|

}

Voo +3.

A ICMOS LVDSY

a1 —_— —=

I |
A — A
+1.2V \!,

V+ V-
3V)
~2V—— — ¥ —— 350mV
(3.5mA)
V- V+
Q2
—
-— A+ 10012 RTERM
\ ATES
» o
—= = Z20=50—=> — % LVDS
¥ RECEIVER

Tt < <— <— I0=50 €— =— V-

Q4
—
I| :
T A- A standard LVDS driver in CMOS.
The nominal current is 3.5mA, and the

common-mode voltage is 1.2V.

The swing on each input at the receiver is
therefore 350mV p-p when driving a 100Q2
differential termination resistor.

This corresponds to a differential swing of
700mV p-p.
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NHH (FrEPCB)

pZ
R=——
XY
p = RESISTIVITY

—

=

Z_
¥

Y
¥

X

S

SHEET RESISTANCE CALCULATION FOR
1 OZ. COPPER CONDUCTOR:

p =1.724 X 10~% Qcm, Y = 0.0036cm

R
—}Z{ = NUMBER OF SQUARES

R = SHEET RESISTANCE OF 1 SQUARE (2=X)
= 0.48mQ/SQUARE
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SIGNAL 16-BIT ADC,
SOURCE T R, = 5kQ

0.25mm (10 mils) wide,
1 oz. copper PCB trace

Assume ground path
resistance negligible

il
-

E/éﬁg AU ?PCB%%LE‘JFM%\E@QHE’J

— 16-bitiJADCHIF A FHHT A5K ohm
— PCBREZK:5cm, 750.25mm, /& /& N1 OZ
. %d&cﬁﬁ”ﬁﬂﬁg‘s%aﬁﬁo.lmk (~0.0019%) f] 1 75 &

« KT 1LSB (0.0015% for 16 bits).
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T00pA 1k = Farowan
J 001602
L
ATATAY
G1 ‘Jv -ut AV = TuW - L2

— ANBmVL B S 5 Vin, 75 A3 759100
ZReRDCHE, 1HHAD8551

[ 55~ 1D8551 [ AL A%
— Low offset voltage: 1 uV, offset drift: 0.005 pVv/° C

4, 185 Voutl 1 ZH 2 G2

RINGLE G2 8] —A~Z)700uAIsupply B IR, FTLAIX I A4 H10.01 ohm KT 515
7 UVl iR 2

R TS



— /I N E SR A AR S A
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SIGMHAL
HIGH
CURREMT SIGMNAL ] ADC
CIRCUIT SOURCE 7
i =1 { = !
i + X I LET
x T AR
] K AN P i
Do e e — —Iﬁ'lnlnl'q_ I I I I IS IS S s . ‘

With changes.,
this becomes
"star” ground

o ARATHLE H AR 2 5] AT iR 22
¢« AV=(1+i)*Z
— Z: The impedance between G1 and G2

— | : Signal related currents.
— 1: The effect of any non-signal related currents.
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Guard- RlngSEx/J\’fJCPCB/ﬁ“p:

ezl

Board leakage resistance 0.33pF
™ " 1 Result is an error
“ 1x10
1oy A 100k in the output
v —» | I,-50pA voltage at low
S0pA  |-— “‘~+5""1 uF level input
\\ Iy |1 pA _ Hr= signals
5y ~ @ N )
Leakage current from +\, . > ] © Vout
pin to -V, through FR4 1 uF
SOT23-5 package is 50X
Input bias cumrent J =

= B

I

;l ﬂ.F!I':If' ---"I-r
G
RING VReF r

Inserdng W—
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Guard Patterns

ST T, NONINVERTING MODE GUARD
w S == ==Y =—==-< "~ RING SURROUNDS ALL "HOT NODE"
: : If | LEAD ENDS - INCLUDING INPUT
p—_————— — .4 TERMINAL ON THE PCB
I | | \
¥ ~= | )|
() INVERTING MODE GU : / | ~——F——g—~
T RING SURROUNDS ALL LEAD l [ I
Rﬁlﬂ‘—'alﬁﬁ'd& E'—'gl[g Example application: Y . X \
Photodiode Preamps () | . e e
| Y _ LOW VALUE GAIN
. —m Y= RESISTORS
e 2>y
[X) IF GUARD HAS LONG
INVERTING MODE GUARD ENCLOSES ALL OP O LEAD
AMP INVERTING INPUT CONNECTIONS WITHIN
A GROUNDED GUARD RING NON-INVERTING MODE GUARD ENCLOSES ALL OP AMP

NON-INVERTING INPUT CONNECTIONS WITHIN A LOW
NOTE: PINS 1, 5, & 8 ARE OPEN ON MANY “R” PACKAGED DEVICES

S Ay
GuarD (1] | 8| [1] 8]
[
! 1
! T~ — "1
INPUT 2| | 7] GUARD _—_ [2] ! 7]
- .
— ! 1
GUARD [ 6 | INPUT  — T3] 6 |
|
! 1
S | =
v 4] 5] GUARD o] v . 5]
Vg Nell
|
INVERTING MODE ) NON-INVERTING MODE
GUARD PATTERN GUARD PATTERN

PCB GUARD PATTERNS FOR INVERTING AND NON-INVERTING MODE OF AMPS USING 8 PIN SOIC (R) PACKAGE
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H=(KXA (Tyor—Tcown) /L I .
Hass 0&
H = Energy conducted in time (joules/second) Water 08
K = Thermal conductivity of the copper (385 W/(m-K) Yoo posL
Woal 0.05
@ room temp} Fiberglass 0.04

A = Area of copper on pcbh Expended plystyrene
["beadboard”™) 0.03
T = Temperature 300 K 100 kP ooes
L = Distance between hot and cold bodies Sicassrogel 0017

Styrofoam 0.01
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Summary
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= (KxA (Thor— Tcowp) / L

H = Energy conducted in time (joules/second)
K = Thermal conductivity of the copper (383 Wiim-K) @ room temp)
A = Area of GND plane
T = Temperature
L = Distance between hot and cold bodies
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