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b %‘ Layout Considerations Topics

* Noise Coupling Mechanisms

* Locating the high di/dt loops

* “Ground rules”

* Copper Requirements For High Current Paths

- Component Placement Strategy

» Gate Drive Layout Requirements

* Power FETs and Decoupling

- Switch Node design

* Output Capacitors

» Control Circuit Consideration

* Noise considerations

* Thermal Considerations
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b F How Does Noise Couple in a System?

There are four and ONLY four mechanisms for noise to
propagate through a system

1) Conductive
2) Near field magnetic (transformer)
3) Electric field (capacitor)

4) Far field electromagnetic (radio)
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e b
b F- Self Inductance
Magnetic Flux
L=
. d Current
L — 2a
S pdl[ s
L= —|In —
T a—
Assumes d >> S>> a
L gets BIGGER as loop area increases
L gets SMALLER as wire diameter increases
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b Current Takes the Path of Least
M Impedance (Wire short Loop Area)

Current will flow through the center conductor and
return along the outer braided conductor and not
flow through the wire short. Because this path is the
smallest loop area.

10 MHz
_______________________________________________ ,
Generator ./ Y7/7——F—FFFFFFFFFF—F- | E
| I
l/
Wire Short /I I |
On Outer !
Conductor SIS INIOININININA _J i
j —————————————————————————————— S-S L- AL |

Wire Short
Loop Area
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%5 ) Current Takes the Path of Least
M Impedance (Coax Loop Area)

10 MHz

Generator

|
Current will flow through the center I : l
_ conductor and return along the outer |
Wire Short _—"1 braided conductor and not flow through l/ |
On Outer the wire short. Because this path is the I/ |
V
|

smallest loop area.
Conductor P

Almost no %/ ST LLL AL LA LS LS
current will flow \

through short
(larger loop area)

National Coax cable
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Coai Cable
Loop Area
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i ZEp
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F Conductive Coupling

b
=
=

Eii

« Common Impedance

* Requires two or more conductive contacts

* This mode Is responsible for over 90% of noise
problems!

Examples

* AC or DC power leads

* Grounding connections
* A shared signal path
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%% ) Near-Field Coupling -
M Electric (E) or Magnetic (H) ?

Line Picking Up Noise

V Causes E
| Causes H
___________ s-—-—----------—2
+ \ Guard trace: Tie to
Vv I LOAD ground, power, op amp
| output. Whatever Is

appropriate for a given
situation.

Disconnect the LOAD!
If no current is flowing and the noise problem is still

present then the coupling mode is Electric Field (E)
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ﬁ é Magnetic Self Shielding

d) Poor External
Magnetic
| Flux
Excellent No Ext |
( ; o Externa
| - - Flux

If the return current can completely enclose the signal current,
excellent magnetic field containment will result

Any techniques that will reduce self inductance will also reduce or
eliminate magnetic fields
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How Hidden Antennas
M Are Made on a PCB

Two Layer Board

Connector Or Row
Current IFI /Of Vias
[e)
[ \E
o

0OsC IC
_
VIA 5

DC Current VIA

Row of vias opens up ground plane between pins and causes AC- return current to flow
around gap in plane. The gap will radiate at whatever frequency is 2 A = gap length!
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ﬁ % Signal Return vs Ground

Signal
Current
/ Flow \
— { Signal
NO T /R_e-turn
Current In | Line
Ground 1 _i_ —
Plane
— - ICD.:‘Ira?nuemI

Signal currents return to the source via their own
signal return paths. Signal current does NOT flow
through ground!
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R

F Signal Grounding Example

Switch Mode

5 - L
3 8 ——— Power supply 7‘& I
? AGND PGND - -
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1% AGND 5 PGND E4&E—#2. »9iHHE 2 AGND/PGND &% S0y 21REHE. 1§ AGND 5 PGND B
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f 4 FE Impact of High dildt
* All elements, including
% PCB traces, have parasitic
L,R,C

-
| * High di/dt thru parasitic L
£ produces voltage spikes
Vout
+ Must avoid injecting these

currents into the ground
plane

T _ %@_ﬂ_ paths

First, identify high di/dt
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ﬁ ? Locating the High dildt Loops

* Draw the switch-ON current path in one color

* Then draw the switch-OFF path in another

+ Any part of the circuit that has only a single coloris a
high di/dt path

* Works for all topologies

* Here’s a buck example:

BUCK ¥
.

T =
Currenl Fealhs:
W Switch-ON  ———
Switch-0FF
N National
Semiconductoi y .
OK, So now what’s the fix?

LEGHAIS didt FRERTTE. EZFMAXRSEERITHRZE, FSNFRRERATERIGELHIREE.
flan, EEEAMBEEGTFF, BEFXSE BRAMNGABRARRL, BEFX, BIBER, FXAREN
HEAR REBIZEME, BEEMARRR. EZERANGERTS, REAREERTMDTHLBAR. H.
OEIZRE, AREEBREIE. flw, RUGLHIE—1 K RERKHIE-NRE. NEEEMRBEER
e, AE—MAENREMRS didt BE, EHENE, IMRERFTERIIKE.
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How to Deal with the Noise
Generators

i

Y, * Note the re-route of the
diode-return path
» Forces pulse
currents directly
back to input cap
» Keeps high di/dt
Vout currents out of
ground
» Diode anode may
actually be a bit
- noisier, but who
cares?
o o « Can apply the same
rationale to all
topologies

o LY [
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A

: Low-Side FET Grounding

* Do not connect low-side FET source directly to
ground plane. Spike generator!

* Instead, run separate ground “shape” from FET
source to input cap ground and via the capacitor pad
to ground plane
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MESH . BENFHANESR[EMERATFR, BAMBRKHLFALGHRSEZDARRD, EFXRE
[ERg, EBINA KRBT ATBERAY.

9-16



i3

T b

F Ground Rules 1

R

* Ground plane can only be a true reference if NO
current is allowed to flow in the plane

« Avoid letting very noisy currents flow in the main
ground plane. Run separate shapes on top layer

* Use single point ground for all sensitive circuitry

- Segregate analog (small signal) and power grounds
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%‘ Ground Rules 2

* Don’t cut the layer 2 ground plane

+ Solid ground plane acts as a “shorted turn” to EMI
* Bypass to the ground PINs, not the plane

« Can help to make a ground shape on layer 1

* Keep high di/dt loops on layer 1

* Ground plane is for DC distribution and signal
reference only
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%‘ Ground Rules 3

« Consider grounds as you would any power path
conductor. Make sure there’s enough metal!

- Be sure to look at the integrity of the ground plane
after all vias are added between layers

* Use 2 oz copper plane in applications over 5 amps if at
all possible

* Use multiple ground layers if possible
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b ] %‘ High-Current Copper Requirements 1

* Do not use minimum width traces

* Approximate trace width as follows:
Where T = trace width in mils, A is current
in amps, and CuWt is copper weight in oz

2
X
CuWt

T = (431 +5.813xA +1.548xA2 - .052xA3)

* Formula works over a range of 1A to 20A

National
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REMLIT AREEPRBLTEE, BAXMTHFRARE XBEBEAMEGEXE. —BROTERSHigits)
BT . AR, XBHERREKE. LENARXRHACERAETFEMMENFERMAEME
B IMARBIELETEERERETHSEGE. BE, YEEXLRBEN, FHEBSHEITF.

AR LEMSRREEER 2 oz fE, BARATUABABRENMEIMZKRMAELE. B2, XFFRIFHIRIR
KEE. WRATEE, NBMTEEZELNFM 2 oz A%, HPMREERZEM. K& MENH RN 8RB
FESNRHAITIRIF B . FIAXADFEATLMEXRRIRBEEMEENE, ESEMAE, BRFTEER. MRX
RRERAUERS R, MAERXEIILEREE.
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f‘% % High-Current Copper Requirements 2

- Some examples:
1A, 1 Oz Cu, trace width = 12 mils min
5A, "2 Oz Cu, trace width = 240 mils min
20A, 2 Oz Cu, trace width = 1275 mils min

* Clearly lots of width required for high currents with light
weight copper planes

* These widths are designed for an approximate
10°C temp rise. Wider is better!

* Try to design for 30 mils per amp for 1 Oz Cu and 60 mils per
amp for 2 Oz Cu

* Shapes with switching currents should be wider

National
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LTI 10A B, 50 mil 89 12 oz $ESARIREISHT. EEICE, TNEMERENGI RN EH LSRN EERS
BiE. HTFHEEAMLEERRBAERIRGS, Eit, ARERRERMESENES, BNAMEMBIR.
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b %‘ High-Current Copper Requirements 3

* Via considerations:
For microvias design for 1A/via max
For 14 mil diameter or larger, 2A/via max
For 40 mil diameter or larger, 5A/via max

* For better heat spreading, allow vias to fill with solder

* Leave copper alleyways between clusters of vias. Avoid
“swiss cheese”
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ERZERT, IARLME, B LB RMANEIFRREHIRREETE. HEIALE—RZZEREN
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A

FE Component Placement Strategy 1

* Design power path layout first. Plan a clean power flow for
high current path. Keep multi- phase layouts symmetrical

* May help to work from the output back towards the Input
source

* Locate sense resistors and Inductors, then FETs and input
caps.

* Keep copper width requirements in mind!

* Take inputs and outputs ACROSS THE CAPACITORS
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Semiconductor

The Sight & Sound of Information

B—MEIAA, SRRSO KREEMN, Bit, MHMEHIRFHILT. BRTEML. REAIERE
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%— Component Placement Strategy 2

Eii

» Control circuits go in last. Small traces, easy to route

* The higher the impedance and/or gain, the smaller the node
should be, especially FB pins, input to op-amps, comp pin,
etc

* Low Z nodes can be big, including outputs, so put FB
components near the inputs

* Play with some “Paper Dolls” to see the power flow
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EEMEIEREEN. REFESARTLERE, BEATNRSBBAES. Bt EX6F ERESE
BFHRHMAREREYIFERERERA FB 5IM, MARSEERIREL. MRS SN2 TNEDE] IR H A=
EEEMRERNEE ERTZRFRIMHZE. Bk, REFAFOAZEESHEBN, RESZEX
IRAERHUIAR RN . AXA—ME: BEFBTRAL, FHERBIAL: XBHER—LRERER. KL,
HRIFEHER. XEEMERRS, FHEMTIRERIAATREMS. MEGBELIREFRATHEE. XLE 10
mil BEIR LR R TS -

FERLFFKIBERIZHERE Vo3I BIRMNG, KRAEFE/NE RC KR, FiAA: XML E/ LSS
7 Vo BIRFIERA . LhRL, HRISRHER. BE Ve BER 5V, BAXRANRERE, EraEAERS
RBAE Rt R, XEERREESHN, Eit, RC BKFAMRTIEINTFIZFMBIREE. L ERIE VcFE
WHARREFIEIZHIRMN Ve 51, ERE—mEZE, RIFESHIREMSIM. SREARETNES
AGND = PGND #H#E, HBURT Voo REMEREUTHISAEE PR BIEIITWRE. MRIFE, N5
AGND #8i%; RZERZE, WZEE PGND. MNAXBRIFEHMABHH— I eETEREAJERKANRERELNES
wa. BROGEAEE, BHRANDERBVMALHZRBR. XEKREXNETRERMMARREITER
EREIRK. FM—TREFEFINEERZEERANLRARRS FET ZERFRBRF ). Wit BRRRNA
LFEITEMBARRERRA. ENMANGEEN. W TFEENRTHE, EEHERDISE, UAETERIR
BEEEER. MRKEHERTRAR, BATRMAAHRK.
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& A Component Placement Strategy -
Rules Of Thumb

&

* You can put inductance in series with an inductor, but do it
on the quiet side, NOT the switch node side

* 30 mils per amp for 1 Oz Cu and 60 mils per amp for 2 Oz Cu
1 A of DC MAX per viais a good design goal.

* Vias to bypass caps should be placed tangent to the pad,
two per pad is preferred

* Minimize Stray Inductance in the Power Path!!!!
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S5RRRBKMNT LRI KT, HERAREMBETHENIERE. ARk, FHEEMSBER
FHRHOBRARE. XEXUTEMEBARBHBE, FHEEREM. MRLFUEMSIAE B REARL
R, —MRRIFERHBEER, ZHFTUEREFXTRARTRN.

BEENRNRK, BUYIKIHRBEMIAR. EXRITHKES, WELLLFERHIT.
HMNELIWEIFAILERTRBERAFSEMER. BEXBRARNEIMHBREDS N I7EE. 8 HRE
AT AEYE, =NIASEF—R, BRERKWEERML%. 3T LXE, BEEBIRY, ENSHRETHE
4.

RERHEEE EREHREENM. B84 S di/dt REBEESMHMER (BAER!). RAEIER: “&

MNAMERA 100 kHz 5%, BE, REDEGBENRKDBEE+ MHz BEEFAJREREHE MHz. fEREIRSG
B, FATERIEX—R.
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ﬁ % Connecting Bypass Capacitors 1

« Connecting to output bypass caps

IN OUT IN
1 ouT

OUTPUT
RETURN

Ground

Ground OUTPUT
, RETURN
Terrible! Good
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E-TLEMNAENMHEE. S8TETHLEEREREHITNSREREMEME. LEBNIRTARERIF IR LKL
Muchkn, EASRBREZIAE. SEIRARMBBEMELL, AMAZHHNEREREERN EIRMEREE.

HHEF, MASMHTEERER, FtEERARER. BEEEZMNEEEMEXTEAB[TEMIIBSGL.
iR ARMBEEIRARME, HHERbERBIRARME. MNAaLAEERSH, IRMARKIKN
B, ME—RLISKHIR M RER LRI, IHTENEBAIRUEI—MEE. MREASNEBRE
22, RIFMATUARAR, FRIARAGHMENELE. NREARFTEEZADEEIBIEER, AJUEAXED
LEZRARSNERKE.
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v %‘ Connecting Bypass Capacitors 2

Connecting to high frequency bypass caps:
This assumes a connection into internal planes

o—- -—o Terrible! + Long thin traces add inductance
) and effectively isolate the
capacitor
O- -O GOOd Keeping vias close to pads
minimizes parasitic inductance

S. -8 Better * Doubled vias further reduce

inductance
» This technique further reduces
! . Best inductance by reducing the high

frequency loop area
National
Semiconductor
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SMEREARERCTEGR/OMMER. REFHEMZIHRAEERALUERRE EEMRIHTAR. X1
EAREBERRESKETE, BAMMEREEYMRERER. RIFNAEREPETEANRIT. HIH
mEERELRML, BARIFMHEIFIKIEER, XA TREREE.

FMAE=MAAERRERN. JAEEBHBYIEHE. NE—ZAHAENII, FERBRETE 10%
ZE 20%. BIEM—NETL, BE 1% 5k 2% WKE, EEREIERNE.
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. ? Gate-Drive Layout

* Place drivers close to MOSFETs
* Keep Cgoor and Vyp bypass caps very close to driver

* Minimize loop area between gate drive and its return path:
low inductance

« SW-pin connection should be 0.015” wide or larger, as
should the gate connections

* Minimize stray inductance in the power path!!!!
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BISMER FET BOITERRIEEEN didt B8, HEBEAENSE. LR SBENRE0E FET FiRE
B RBRIFERAROER. ARSI RENESTAEE. XENKEEEEBIRIE FET 7
SR EFRIERE, W TFBELRAS SN FET, XEEES, HTEHAFBERR ). GREE 1
R EEIEE - WA REEENE LS, FHEM 15 mil (0.3 mm) RS,

BREIA—IB, EERMERRNML.
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= % Power FETs and Decoupling

* Minimize loop area enclosed by high-side FETs, low-side
FETs, and input caps

* Connect the low-side FET’s source to the input- cap ground,
then to the ground plane

* Use copper pours for drain and source connections to
power FETs

* Use lots of vias to tie in to inner layers

* Minimize stray Inductance in the power path!!!!
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WMERTEATITE, MABEE. 58 FET URIKA FET 2 EMRBEER/ML. ERERITH, XAEER
KEERYERTZ.

MYBREXTEMANBRRBIESSITKIA FET FERHFTIZEHANIERE, URHHRER/NMFIARRIAXSE
SAEIEEBIRES MOSFET. XAt FIEaEr g 174t .

RHEMRERMNEER T I, SFES 8. BRFEEZENSITAR. ENMENBRERERMNERRESR
B. RAEHABRHARDI. REEMBSHAFTEANESE, BEEIREMTES, MAEHRRERIA
CUEVES

IEiR—T, WRNFREFARBERRER .
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F The Switch Node

b
=
=

Eii

* Requires a contradiction:

As large as possible for current handling,

yet as small as possible for electrical noise reasons
- Swings from V| to ground at Fsw. Very

high dv/dt node! Electrostatic radiator
* Solutions:

Keep inductor very close to FETs, Sw-node short
Put on multiple layers

Minimize stray inductance in the power path!!!!

National
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PRERERFAXVARS—NREEBIESK, EATE V\BIEBZEL Fsw SIEFX, HAXTHAS5EMERE
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W, FREEE—T, ERFBEPHREERR M.
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= %‘ Control Circuit Layout

* Use single point ground for AGND-PGND connection

« Can use top side “daisy chained” ground or separate plane
area for Sgnd connections

* Keep V. bypass cap close to pins

* Route sensitive signals away from noisy nodes, and no
noisy signals near sensitive nodes

* Keep feedback Rs and Cs close to pins

National
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ANMTBE I EIGITHIZRE M B ERAY AGND 5115 PGND SIMIZESE SAEE—E, ZAhEIERES. R
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HERT, ZEFRR—ANAITHAR. ERDETLFEENEE AGND 3IH5&MNMESHE, 2—1MR
AR, IRFEXFHLEIZ R, HERGEELEIILEARRBEIEBE —NERE. XIGHITFRX
MEEMEAN R SRS, LIREERHRRBIFMERITE. —MAERREEMA AGND 5. X
FRREZ N EERMARNESEDERE—E, THERAREMR. B2, Hi{EES AGND 5 PGND
B, BHINZITANEE (DRC) $5iR. ERLBEFARFRITAREERISBEMN. MRA <&~ Mk <S4
EERZBANDBERE, BFERALTFMELT. HLEINNREF, BERRKIR L% DRC $&Hix.

MNRERAEER, REZMNXEAERFAXT R, X 75 LUK B BRI XIE T s Ls/ME S@iEHRR
ZHB. MREREFR. = OGHB/ME, HERINIVD. BEERE R MREIA R LIRS 5 ik T B e
FESE5RRES. IRARNIABRELHS/MERSTOARZIE/NIE. RINREI LG F,
FEFR R REROIAERERZTE T, ERLEBERT, BaRRE 180° AIREERHA.
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b 1 F‘ Control Circuit Layout

* Make long runs to low-impedance nodes, short runs to high-
impedance nodes

* Route current-sense traces parallel to one another —
minimize differential-mode noise pickup

- Keep most small signal traces thin — lower capacitance to
surrounding signals

* Route Sense+/Sense- as a parallel run

National
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ESHRRERBR, SREVAMIAFTREMEME) . Bit, FRFETEHERMAN RS EEKER, SREERR
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HEERMAR, SR ZEEJSNEESELRENARFAINT, FERLBREELXESIT L,
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BREERTT, FREEEESRERNEMNE. AR, SEWEZENT AEREMEL.
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Example Of Clean Layout -
Single Sided

High-Side FET High-Side FET
]

-
Low-Side FET Low-Side FET

Inductor

Vias to Ground

National
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MRLAERBRATNEZREFGANRER, XNAFERMASRENAR. T8, FHIALEARARE,
MARE FET IRREZEL. 55 E—NMOTRPREMZNWEIBEMEEER. T5 AAREFRENE
SHEERAR, ERAELAEBKX, LUHEEXMEERTK. WF/LNRIBMAR[ER, 1 uF LLEMBEER
BIAT

LEMAT 20A R, MEMA 10uF EAMBRR. MEESLONILMETHARRRERSR. RARMFET
RIRREENGN A FEREE.
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ﬁ} Example of Clean Layout - Two Sided

Vias to V

High-Side FET

High-Side FET

Inductor

Gate

Vias to Ground connections

National
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XA FREEREFRANFT FET (MARSKRAR) HEY T #H%. I8, SHRAREEE. ERESR V)
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S5 MeARAS B IRAEIARNE, ZEFFASBRAAXTADRBENTESE. IRFENFXTR
RNEZER, FLUSERERENGE, FF7E FET SIBIMHE R B RS RIAEIEMAE T .

TR, EEERRAHEMFBEFXITRBX. ERERTHIRERGEE, FEFXTRAFEZBEFL
EEHHES, BRMEE, Bilt, TRIENEE. M TFRESRKRE, XRMIFAIMMASE.
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F Thermal Equations

Eii

» Correct thermal design requires understanding of how heat is
generated by power dissipation flow

* We model the thermal equations after Ohms Law :
V=1*R
- P (Watts) =V * | or V4/R or I?*R
* RMS: V, = Vpeak/ 1.414
« Efficiency: N =P .4/ Prota

* The Thermal Equivalent of Ohm's Law :
Temp A (°C) = Power (W) * g ('C/Watt)

National
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Power Flow Model

0 ;5 - Thermal resistance from
the Junction to Ambient

oo T

TJunction

At each interface from the junction to the ambient air there is an associated
thermal resistance

.
B> :
3 el JCc; Junction to
e ase
__________ & = :> 0 ja
................................................ % 0 cs - Case to Sink
| =T
0 sa - Sink to Ambient
llllllllllllllll =
& National '
Semiconductqr
MEEXAERIEFEWBREE. BTIEER, BEBAETE. REMRX, BEEASHS.

MNEZE=SHWENMED, HERXMAME. SRENEEINERHN, BERRAE, SMEOETE
ET—MEOS. AENERRRERLS.

RAYMAEBERERE RNilLk. i, 514%). BRSHIERERE.
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F Thermal Design Considerations

» Correct thermal desigh means designing so under the
worst case operating conditions the IC will not be damaged
or have its protection circuits activated

- “Operating Ratings” in datasheet will specify a maximum
junction temperature specified as T ;;,x, commonly 125 °C

* Using Ohm's Law with the changes for thermals and using
worse case values, the simple equation below is derived:

6,

T T
- * + Juax oAAAN—o 'A
TJMAX (PDMAX 8 JA) TA 5 >
Dmax
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EMMASRTERSENEARERN TERET, SHREBOUASBRAREELRIPEEE.
HERPHTEMEERAHERGER, B T ®T, BEAH 125°C.

FRAEAAETUMNREERUREES TEFHTHEXRRE, ATLUESHUTEASE:

Tomax = (Pomax ™ 0 5a) + Ta

EE: ERSREERXN, EARAEFEMNBETARAE. NMUBERELE, Bilit, —BXEROEAAN
BIE. BRI, FERISRMOVMAENER, BABHEERBITZN.
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ﬁ ﬁ Example &JA By Package Type

Small
* Micro SMD 0,, =95°C/W
- SC-70 0,, = 450 ‘C/W
+ SOT-23 0,, =180 ‘C/W
- LLP-6 0,,= 50°C/W
- MSOP-8 0,, = 200 ‘C/W
- S0-8 0,, = 160 ‘C/W
- eTSSOP-20 0,, = 40 'C/W
- TSSOP-16 0,,= 85°C/W
Large

* These are examples only. For actual value, refer to individual product datasheet.
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G Things to review for Thermal
Considerations

* Loss elements are sources of heat
LDO, Buck, Boost have different highest-loss elements
Differences in duty cycle, V|, lead to different elements also

* Oz of copper (Cu)
0.5 0z — 2.0 oz — Keep traces wide and thick!
« Amount of copper in mm?
645 mm2 and up - Flood the board with Copper
* Thermal Vias
How many and in what pattern .
Solder fill vias — spreads heat better
* Air flow J
~70% reduction w/ 2.5m/s airflow JJ
Avoid placing power parts in airflow shadows

National
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f‘“% F Layout Considerations - Summary

* Know where the high di/dt paths are in your design and
minimize their loop area

* Use good grounding strategies

* Minimize Parasitic Inductance!

+ Segregate signals and power

+ Leave plenty of copper

* Add thermal vias where possible

* National Semiconductor application notes:

Layout Guidelines for Switching Power Supplies,
AN1149

SIMPLE SWITCHER® PCB Layout Guidelines, AN1229
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