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Bucks: What are all these features?

Buck Switching Regulators
Katelyn Wiggenhorn
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« Monitor Operating Voltages
— EN/UVLO
— RESET/PGOOD
— Soft Start

« 2) Operation Considerations
— Operation over |5, PFM, Auto Freq. Foldback, Current Limit & Hiccup
— Operation over V,,: Dropout, Freq Foldback
— Light-load efficiency and calculations: Iq
. 3) EMI
— Package and Pinout
— Spread Spectrum Feature

Wide Input
Voltage

TEGH DAYS+

Texas Instruments
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Basic Features:
EN/UVLO, Soft Start, Reset/PGOOD
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UVLO

« UVLO - Disables IC at Under-Voltage
Conditions

« Many types of UVLO may be featured in
your converter/controller:
— Internal LDO UVLO
* Correlates with VIN Min spec
—VIN UVLO — Use EN and resistors
* Discussed in next slide
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http://www.ti.com/lit/ds/symlink/lm73605.pdf
http://www.ti.com/lit/ds/symlink/lm73605.pdf
http://www.ti.com/lit/ds/symlink/lm73605.pdf#page=15
http://www.ti.com/lit/ds/symlink/lm73605.pdf#page=15

ENABLE

* EN - Used to enable and disable IC

* Options:
— Connect EN to VIN to turn on the
converter/controller when power is applied

— Connect EN to VIN through a resistor divider to
utilize UVLO

— Connect EN to a controlled signal to externally
sequence power-on of the IC.
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http://www.ti.com/lit/ds/symlink/lm73605.pdf
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http://www.ti.com/lit/ds/symlink/lm73605.pdf#page=15

ENABLE/UVLO Example TECH DAYS

Texas Instruments

%

* EN Threshold for VOUT = 1.25V,,,,
 VIN = 36V PVIN
* UVLOpyqyeq = 12V Repnr = 100k
EN
 Choose RENT:].OOk « Larger resistance decreases
power loss in resistors R = 11.6k
 Calculate RENB from datasheet |- Smaller resistance decreases ENB '
. noise susceptibility _ PGND
= Ven_vour 1 = 1.25V L G
— VINONH ™ 12V o VEN_vouT _H &
ENB = vV ENT
IN_ON_H EN_VOUT_H
1.25
= — %
¢ RENB 12 —1.25 100k ENABLE (EN PIN)
Ve s \E/zstgstg\&ut high level for Vey, rising 115
Enable input low level for Ve falling 0.3
° R :11.6k Ven_vee L Ve output EN
ENB VA sZi?le input high level for Vey, rising 114 1196 1.25
VEN_VOUT_HYS 523?'8 input hysteresis for Ve falling hysteresis -100
kG EN Enable input leakage current |Vegy=2V 14 200
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http://www.ti.com/lit/ds/symlink/lm73605.pdf

EN/UVLO in Block Diagram

FB[

PGOOD

lssc
SSTRK [} %

AGND
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ENABLE VCC sias LM73605/LM73606
M M ?
Internal T 'T' p| LDO |« . % PVIN
SS Precision l Vaoar
’L Enable T T b el
VCC
HS | Sense
leso »’@_ Veoor Vsw i_
REF -
I éRc * * UVLO
FB UVLO
v T”
o I
o, y > M sw
Detector PFM CONTROL LOGIC o
Detector > ,
PGood ‘ 7 Y Y
Hiccup | |TSD
Siope Comp Detector
Osdcillator CLK
b
> I FPWM LS | Sense
—J —d £
RT SYNC/ PGND
MODE 7

wi3 TEXAS INSTRUMENTS



http://www.ti.com/lit/ds/symlink/lm73605.pdf

 Soft start limits peak inrush current at startup

e Internal Soft Start

— Leave SS pin floating

 External Soft Start

— Connect capacitor

— Larger capacitor = Slower rise-time

Enable

TEGH DAYSk

Texas Instruments

Internal SS Ramp

——————

Ext Track Signal to SS Pin

VOUT

Fast Ramp — Internal SS

Enable

Internal SS Ramp

VIN

OT[ PVIN SW
C'N} EN

LM73605/LM73606

CBOOT
PGND

— | PGOOD BIAS
—4SS/TRK RT
SYNC/
[ [ MooE FB
_1_; VCC
ce I AGND

—————— Ext Track Signal to SS Pin
_/ Vour

Slow Ramp — External SS
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Soft Start Example

* VIN =12V

* Desired rise time = 50MS ,intermal soft start)

* Check datasheet — find equation: Cgg = lggc * tss

* t.s=50ms desired

* C5s=100nF

Css = lssc * tss (12)
where
Cgg = soft-start capacitor value (F)
Issc = soft-start charging current (A)
tss = desired soft-start time (s)

TEGH DAYS<h

Texas Instruments

LM73605/LM73606

Block Diagram

Internal
SS

ENABLE

Or derive the equation with datasheet specs

SOFT START (SS/TRK PIN)

5 : Css = OPEN, from EN rising
tss Internal soft-start time edge to PGOOD rising edge 3.5 6.3 ms
Issc Soft-start charge current 1.8 2 2.2 HA
Soft-start discharge o
Rssp e iiAnca UVLO, TSD, OCP, orEN=0 1 kQ
VOLTAGE REFERENCE (FB PIN)
Ve Feedback voltage PWM mode | 0.987 1.006 1.017 Y

wi3 TEXAS INSTRUMENTS
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http://www.ti.com/lit/ds/symlink/lm73605.pdf

« RESET/PGOQOD - Used to signal when the
output of the converter/controller is at the
desired level

* Prevents false RESET flags with:

— Hysteresis
— Glitch Protection

« Connect to external circuitry to signify
when it is okay to rely on this regulated
voltage

TECH DAYS<k

Texas Instruments

Vour

LM73605/LM73606
Vin L
O—e PVIN SW |—e-/ Y111 ®
Cin l e — Cgoor —
CBOOT o=
h PGND
— PGOOD BIAS
— SS/TRK BT —
SYNC/
MODE FB
Cvee == AGND
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RESET/PGOOQOD in Block Diagram TECH DAYS<th
ENABLE vee ss  LM73605/LM73606

lssc Internal I T »{ LDO |« * y %PVIN
SS Precision l
M b [€ R =2 ] cBOOT
VCC
SS/TRK ['}

HS | Sense

— leso @_ Veoor Vaw
[ % Re vy i
uvLO
FB UvLO
v — v ‘ v %
OV/UV > ———o ] SW
PFM CONTROL LOGIC L
Detector Det ’

A A T A
PGOOD
Hiccup | |TSD > |
Slope Comp Detector

Osaillator CLK
AGND Iy
FPWM rJ.‘LS | Sense

Lt Lt
SYNC!/ PGND
MODE
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Advanced Features:

PFM, Automatic Frequency Foldback,
Clock Control, Current Limit, Hiccup
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PFM com Clock Control || Current Limit_g peak Current Command
* Rules of Operation Freauoncy
—1. Inductor current (I,) will g o valey Current command
not go above Peak Current S
Command in normal EN
operation ==
—2. IL will always drop to at
least Valley Current -
Command Comp [V] ~ Output Current
V:N J_I_E‘W m; VO'UT _l lour
1| - ) | I

GND  simple Buck Schematic

13

wi3 TEXAS INSTRUMENTS



* Light load

« SWis HIGH (HS FET ON, LS FET OFF)
— Current goes up to l,eqy min

* SWis LOW s ket oFF, Ls FET ON)
— Current goes down to OA

* SWis OFF s and Ls FeTs oFF)
— DCM Ringing

» Start next switch when FB (V1) hits
low threshold

* DCM Pulse frequency increases as lot
Increases

* Good light load efficiency

Inductor Current

Inductor Current (A)

TECH DAYS-<Ck

Texas Instruments

Peak Current Command

Valley Current Command

Ipeak-Min

Output Current

Ipeak-min

n /\n IOUT

Time (us)

14
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CCM Auto Fregquency Foldback

e SW is HIGH until Inductor Current hits
Peak Current Command
« SWis LOW until I :

— Reaches Valley Current Command
— Or goes below Valley Current Command

 Auto foldback improves efficiency with
lower switching frequency

Inductor Current

Inductor Current (A)

TECH DAYSk

Texas Instruments

Peak Current Command

Frequency
Foldback

Valley Current Command

Output Current

IPeak C Command
.............................................................................................................................................................................................................. I OouUT
| IVa||ey Current Comman d

Time (us)

15
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Clock Control TEGH DAYSk
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l Clock Control Peak Current Command

* SW is HIGH until Inductor Current |
hits Peak Current Command

« SW is LOW for time set by Clock

Valley Current Command

Inductor Current

Output Current

Inductor Current (A)

e Constant Frequency

Time (us)

16
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rCurrentLimit Peak Curren t Comman d

e SW is HIGH until Inductor Current hits
Peak Current Command

« SWis LOW for time set by Clock

Valley Cubeey GO O 0

Inductor Current

* |If IL has not reached Valley Current
Command, SW will stay LOW until it Output Current
does.

Ilﬁgﬁﬁ}?%&%ﬁ%ﬁﬁﬂgnd
AWAWAWAW PP

* Frequency folds back
— Limits current
— Vot Droops — used to trigger hiccup

Time (us)

17
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Hiccup Operation

* Hiccup

* Disables converter when Vg droop
detected
— Usually ~40% Vo1 nowm
— See datasheet _

* Tries again after set time
— Usually 10°s of ms
— See datasheet

Inductor Current

TEGH DAYS+

Texas Instruments

|- Current Limit Peak Current Command

%

Valley Current Command

Vout Droop

Output Current

18
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Hiccup vs No Hiccup

» Advantage of Hiccup

—Reduces power consumption during
short circuit

—Reduces heat during short circuit

05/04/2018

Texas Instruments

09/27/2017

14:31:32

ECH DAYS-Ch

19
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Benefits and Drawbacks of each Region

Inductor Current

PFM CCM Clock Control |_ Current Limit

Auto

Frequency
Foldback

Peak Current Command

Valley Current Command

Comp/V] ~ Output Current

TEGH DAYS+

Texas Instruments

%

+ Good light load
efficiency
Higher ripple on
VOUT

+

+

Higher efficiency
when folding back
Can have constant
frequency at higher I,
based on design

¢ “Normal Operation” o
+ Constant Frequency

Protects device
Will enter hiccup if
VOUT droops to
datasheet value

wi3 TEXAS INSTRUMENTS
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BF

TEGH DAYS+

Texas Instruments

* Vin = (Ts X Vour)/ton
e LMR33630:
— T5=200ns; Vo= 9V, Ton mingyp)=72NS
— V= (Ts X Vour)/toy =(500ns x 5V)/72ns = 35V

ical  *= Tim: I Tngger &3 Dis # Cu £ Measure & Math = Analysis | X Wtiles

Cursors £l Measure

- ot Gesturo |63 @ Fie 8 Voical oo Timebose | P Trigger |8 Display | # C
Mlnlmum On T|me Operatlon Frequency Foldback

W P O R | | N | 9

V,N—36V, I_Load:.75A, Ton=60ns

10.0 V/div 1.50 Aldy | ; iy Ao 126V
518 ”’i E"“" -Fon e 30,0000 V/ | | 2548 29080 Edge Posine
- 542018 2.37.00 PM

TELEDYNE LECROY
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Not All switchers are equal: High-VIN output ripple T

| [ ficen [ : | | ! | | ! Tale
FlelEdl\fericslmrm:x‘Tng Dtsptay]atsorslneasueilissk wlw&opeléndyzeil_m'ﬂehm =g E]

30 W input, 33V 1.75 A oulput, 25C, FSYNC High

Cuput

1

4 0010 1
Ou f Lr- = 1 r“r-r-‘rr« ""* Hr-;i

: ‘ o , - s s
100mV/div %, ByS00M (m 18y |(20us  t.0000msis  1.0nsipt
((c3 ) s.0vidiv 500 By1.0G Stopped Single Seq
1acgs RL:20.0k
Auto  April 05, 2016 11:56:05

Competitor has +/-100mV output
ripple for high-VIN operation

ECH DAYS-&k

Texas Instruments

Ftlea:vmlmmq:mg DsM]OmsIHaasuelleﬂ MIWScnpeIAnsym:Lmsnmm Tai E]
‘ e ™ y y - ‘ o
|
20 Vinput, 3.3V 1.75 A outpul 25C, FPWM High | L

_- T

‘- 118
T
SRS o2 R Stopped Single Seq

LM53635 Has smooth frequency
foldback at high input voltage.

22
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Ton min Datasheet Specs

Switching Frequency (MHz)
- - - ok N N
N R DD ® NN B

—_—

LMR33630
\\
\\
=
—— 3.3V
10 5 20 25 30 35 40

Input Voltage (V)

Foldback by sensing

Tons hits Toy min

Frequency (Hz)

2500000

2000000

1500000

1000000

500000

TECH DAYS-Ch

Texas Instruments

| M53602

Vour = 3.3V

10 15 20 25 30 35 40
Input Voltage (V)

Foldback by sensing
VIN, avoids Toy min

23
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TECH DAYS+S
Ton min Frequency Foldback ATt

Ton_minvs VIN VOUT =3.3V

300

* As V,\ Increases: \

AN
— Duty Cycle Decreases 200 \ \\

— Ty reduces le \

[ns]

[uny
U1
o

e 400k Hz

Ton_min

1 e~
* Ton WIll eventually need to go below —
Ton min (Spec’d in datasheet) *
* The IC cannot switch HIGH for shorter v.iivl 0 a5 0 s e
than Ty vy SO the frequency folds back.
— Duty cycle reduces
— Vg7 remains the same S
- Vin
VOUT
Note* Heavy Load Helps! C Time (us)

TON_MIN

24
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* Vinemin = (Vin X Dyax) - (Rps on X Iin) = (Rpcr X 1L Rus)
* Vour = (Vin X Dyax)

— There is significant variation between the calculated value of frequency fold-back and the
actual value of frequency fold-back. We recommend providing sufficient margin as necessary.

I Trgger &) Dusplay # Cursor L A ur

. |

| ! ;“ I | | | ' 7‘ !
V=6.1V, |_Load=750mA, T,.=52.8ns

[[ |I[ 1‘ h‘

Measure

wi3 TEXAS INSTRUMENTS
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Understanding Quiescent Current Specifications
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* Always-on automotive applications require power even when car is off
—Body electronics (keyless entry)
—Cluster, Infotainment (keep-alive MCU)

* These applications requires very low no-load operating current (lg)

 OEMSs set standards for Ig at module level
—Sometimes < 100uA

« Suppliers will want per DC/DC Ig’s in 10uA to 40uA range

wi3 TEXAS INSTRUMENTS



Key Features for Automotive: Low-Iq

W Fie YT Non D lmens X Sotware ooy
LMR33630 SIMPLE SWITCHER® 3.8-V to 36-V, 3-A Synchronous
Step-Down Voltage Converter
1 Features 3 Description

Configured for Rugged Industrial Applications

— Input Voltage Range: 3.8 Vto 36 V

— Output Voltage Range: 1 Vto24 V

— Output Current: 3 A

— Peak-Current-Mode Control

— Short Minimum On-Time of 70 ns

— Frequency: 400 kHz, 1.4 MHz, 2.1 MHz

— Junction Temperature Range —40°C to +125°C
Integration Simplifies Design and Reduces Size
— Integrated Synchronous Rectification

— Integrated Compensation Network
Best-in-Class Power Dissipation

s = 2
— Low Shutdown Quiescent Current of 5 pA
— Low Operating Quiescent Current of 24 pA

Flexible System Interface
— Power-Good Flag and Precision Enable

Create a Custom Design Using the LMR33630
with the WEBENCH® Power Designer

2 Applications

Motor Drive Systems: Drones, AC Inverters, VF
Drives, Servos

Factory and Building Automation Systems: PLC
CPU, HVAC Control, Elevator Control

General Purpose Wide V)y Power Supplies

The LMR33630 SIMPLE SWITCHER® regulator is an
easy-to-use, synchronous, step-down DC/DC
converter that delivers best-in-class efficiency for
rugged industrial applications. The LMR33630 is
capable of driving up to 3 A of load current from an
input of up to 36 V. The LMR33630 provides high
light load efficiency and output accuracy in a very
small solution size. Features such as a power-good
flag and precision enable provide both flexible and
easy-to-use solutions for a wide range of applications.
The LMR33630 automatically folds back frequency at
light load to improve efficiency. Integration eliminates
most external components and provides a pinout
designed for simple PCB layout. Protection features
include thermal shutdown, input undervoltage lockout,
cycle-by-cycle current limit, and hiccup short-circuit
protection. The LMR33630 is available in an 8-pin
HSOIC package.

Device Information'"
PART NUMBER PACKAGE BODY SIZE (NOM)
LMR33630 HSOIC (8) 5.00 mm x 4.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

TECH DAYS-Ch

Texas Instruments

Three Measurements for Quiescent Current:

« Shut Down Current
— Part disabled; Enable tied to GND.
« Non-Switching Iq
— Part enabled, feedback tied high. This value can be

found in the EC table, and is traditionally measured
open loop on the ATE.

« Switching Iq

— Also known as operating quiescent current or no
load input current.

28
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VIN

3.8VTO36V

O—e

our 71

imw

| azpur

v

<

<

PYVIN 1

PGHD1

AVIN

VCC

AGHD

FPWM

EN

STHC

LMS3655

PVIN 2

PGHD2Z

=
F
q

CHIAS

FB

CBOOT

00k 0

1
&LuFiI:

Voo
OpF %

RESET/PG OUT

* lo_sw=lo + len * (g + o) X (Vour! (Negs X Vi)
— lo_sw= vy = No Load Current
— lg = lo_non-sw = Current Drawn at Input Pin
— lgy = Current Drawn at Enable Pin
— |z = Current Drawn at Bias Pin
— |,y = Current Drawn at Feedback Divider
— Ny = Light Load Efficiency

« Example (LMS3655):

%u.m = lo_sw= lvin=23.2pA
m.m‘%m‘ T ~ lg = lo_non-sw = 7-5HA
o — 1, = 32uA
o — ° —lpy = OpA (Fixed Output Variant)
LxaTur : sezmo  — N = .85

wi3 TEXAS INSTRUMENTS
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Wide Input Converters:
EMI Optimized
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What makes a low EMI Buck

SW node capacitive coupling to the environment
Ml H i
| C = 7fF
Return path of coupling is over Input wires SW_‘ Near E-F:f%ld
-> Now it's source of the Common Mode Noise Buck dvidt coupling

DC Input cable

EMI Filter

Output cable

TECH DAYS<Ch

Texas Instruments

Source

g

"

B}
0
2 EEEEe———
3 re— !

Input Noise

lllllllllll
“ [=] w o
= 2 2 E]

£}

RMS Voltage (dBuV)
» b4 3 by

o

4
6

Frequency (MHz)

Filter Transfer Function Vin Ripple Estimate without Filter
40 Converting 13.5V 1.04, 5.0V output with 10.0uF input cap and no filter, i
— 100 R
A Cind and A
20 ‘ Filter rings [~ ESLring |\ 9m V p k k
) 80 73
= 70 67
a
= g Inductor at A
£ N\ | resonance % .\
§ =
3 -0 S =
> 4
Filter's cap rings g —_—
60 3 — |
« g Unfiltered Vin Ripple —
0 A [Transferfit| {d8) :
A J—
100 p
0.001 1 1 1 100 1000 10000 b2 S -
Frequency (MHz) Frequency (MHz)

-12dB/Oct -40dB/Dec

Output Noise

Examples:
1mV pkpk on PCB trace

140uV pkpk with
unshielded Cable
similar to CISPR 31

wi3 TEXAS INSTRUMENTS



TECH DAYS<k

Texas Instruments

Standard wirebond QFN package Flip chip on lead frame QFN Minimize EMI through:
Wirebond Silicon die 1. No-wirebond VSON packaging
Silicon die copper bump 2. Symmetric pinout
cad frame o 3. Spread spectrum feature

board
Die is flipped and placed directly onto the lead frame

No-Wirebond
QFN e

COMPA FCOL OFN b i
| Wire bond QFN ' ° RCOL QPN

[N » < cpe, 9000 e = .
| Saun ‘l Pz T’ Ceten Provete | Guct e |
e/ s w—. — ) - Ieta Taee - | |

TIC
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EMI Optimization: Symmetric Pinout TECH DAYSh

Texas Instruments

Minimize EMI through:
1. No-wirebond VSON packaging
2. Symmetric pinout
3. Spread spectrum feature

GND GND

wi3 TEXAS INSTRUMENTS




Minimize EMI through:
1. No-wirebond VSON packaging
2. Symmetric pinout
3. Spread spectrum feature

000000

J L

10| '\ | dL' J‘IJ.I JI) Mjlli
- y vl U A A ey

Date: -

LMS3655 without spread spectrum

Ra

f Lwrl

sssss

TEGH DAYS+

Texas Instruments

000000

“I——  Up to 10dB reduction

Date:

LMS3655 with spread spectrum

Spread spectrum makes it easier to design and meet OEM standards for

conducted and radiated EMI

wi3 TEXAS INSTRUMENTS
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Design Tools

wi3 TEXAS INSTRUMENTS



Design Tools TECH DAYS Tk

Texas Instruments

WEBENCH?®
Design Center

© Start a design today for free

 WEBENCH
—Every part in our portfolio is on WEBENCH
* Tina/PSpice
—Every part in our portfolio has simulation files

* Design Guidelines

—Every datasheet has an example circuit and
design details

—Every IC has an EVM

* Debugging
—E2E m | |
TI E2E™
Community

wi3 TEXAS INSTRUMENTS
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Understanding, measuring, and reducing output noise
In DC/DC switching regulators

Practical tips for output noise reduction
Katelyn Wiggenhorn, Applications Engineer, Buck Switching Regulators
Robert Blattner, Applications Engineer, Buck Switching Regulators
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« Understanding the Noise Sources

— DC/DC converter operation overview
— Noise components (high frequency vs low frequency)
— Relevant parasitic elements in the circuit

* Measuring Noise

— What is “real” vs “fake” noise
— Examples of measurement techniques (good vs. bad)

« Reducing Noise (high frequency and low frequency)
— Layout techniques and comparison (good vs. bad)
— Passive component selection and placement
— Filtering techniques and examples

TEGH DAYS+

Texas Instruments
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Understanding the sources of noise

Understanding

TEGH DAYS+

Texas Instruments

wi3 TEXAS INSTRUMENTS



TECH DAYS-Ck

Texas Instruments

D
Vv Vv Vv
T T T
VIN SW ~ vout
. * MY *
14
HS ™ LOAD
; 1
—_ LS I; —
CiN Court
@ @ @
GND
Understanding 4
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Less ideal buck regulator TECH DAYS+

Texas Instruments

(————
Vv | | | Vi
T T T
VIN SW 1 VOUT
M ®
14T Y 2,
:’"_._>—"‘.T E LOAD
. High :_II; K
——’!\ di/dt \{/ Some node who T
cn | ! loop i does not like SW Cour
\___é___/
l Wy MM o

Understanding

GND

“Free” components in red

wi3 TEXAS INSTRUMENTS
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Output ripple and noise (example) TECH DAYS-Ch
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N [ SRS S TR SN S T S TN Y! R RO O R RO RO ORI R R R
r “LF” Ripple at Buck switching frequency 2
I 1 I
i | ]
i it i
i I I
1
[ ] 1
i ] i
[ I I
n 1X PROBE } 1
.‘ﬁ.i_' : o -~ .. o = QL ..__ 2o— s
, : 1
0 I
il “HF” Noise at 100’s of MHz _ I
[ I i
| I

Gl 10.0mV/div s00|gy250m | | W@ S 3.0mv ][ 1.0pstdiv 5.068/s 200ps/pt
Preview Single Seq l
0 acgs RL:50.0k
Understanding — Measuring — Reducing Noise 6
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LF ripple origin

« Result of the inductor ripple current and output capacitor impedance

I—O ILO IO

SW = NY\ = VOUT
|é esr A (1)

ILOA

lo A

— Cc, Y™ @

Understanding

3 EsL L@

Total LF Ripple = (1) + (2) +

TEGH DAYS+

Texas Instruments
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LF ripple with different capacitor types TECH DAYSh

Texas Instruments

ey 9o T Hh T "" ] ¢ ¢ mmet b et demwt wwn aam 33 mams ) “_] 'T'*' T 1 |y ¢ T 4 | pum teml IR e - o pr My e trmy 71
Inductor ripple current A/\/\/\/\‘

VOUT  Ceramic cap (C dominated, WWWW

) RIPPLE low ESR low ESL) VOUT (76 Coramc ;
SW YYN\ ’VOUT VOUT  Tantalum cap (medium ESR, :/M\ P’M\\ M
RIPPLE some ESL) o | o —
ESR [ ] ]
VOUT  OSCON cap (medium ESR, g
ESL RIPPLE some more ESL) ST S e X A W R G Y W
C

VOUT Aluminum Electrolytic cap -

“47|J F” CapaCitOr RIPPLE (ESR dominated)

EaCh CapaCitor above iS 47“'F' @ omA/div MO B 200 Q@ 20.0mV 1.0 | A-/nv I 1.0psidiv 20.0GSHs IT  12.5pwpt
The difference is the chemistry - ———cs e —
uzo.o-v 1.0ps Cons  March 20, 2012 17:58:32
Understanding — Measuring — Reducing Noise 8
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HF noise origin TECH DAYS*

Texas Instruments

%

* Who Is generating the noise?

— High di/dt current loop and any inductance in its path
— Noise appears on the SW node as ringing at each edge

| c |
'k A b ! A g { \
|
»
|
_ - _ , GND
[ gy 10.0mvidiv 500 8:250M (% g / 3.0mv || 1.0usiche 5.0GS/s 200psipt
Proview  Single Seq i .. “Free” components iplred
wux | e How IS the ringing coupled to the output?
— Parasitic capacitance
 Across the inductor (could be a few 10’s of pF)
» Between overlapping copper areas on the PCB
Understanding 9
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HF noise vs inductor parasitic capacitance

I ,..u_o_aI..m_og.-‘..xI_Tﬁh.r;ogs..dl_o_.-sr.__o_n.u..n_o;I.mrﬁ,;.h,.n_o_uv—o_.#__oql..-‘._o_m...u_.:[._Al...‘._g_m..n_o_..ir__g_m..n_q_u.u‘rﬁ,_- .u,.n_o_u..m_\;_.af—_o_lI..n_\;_n.-4..11_?—&.-4-_94.-4..“_9_..-., 1

DEFAULT INDUCTOR

+

-
4
-+
:
+
1
+

oo 4

4
4
4
+
+
I
+
4
11
-+

e e

bt

L DCR
Vsw out ESR
. Court
] ESL
} ] —
] | |
. |

N r_ |
. : ‘
L . I | L DCR
i INCH 1 - ‘ OUT ESR
[ 1 =
! 1 1 Cout
i 1 1 ESL
P— 4.- —
. i i 1 g . i . . i i i i . 1 : —
@i 50-0mVidiv 500 By:250M [ﬁ- /S 1.0mv ] 1.0psidiv  20.0GS/s IT 250fs/pt
@Y 50-0mV 1.0ps Preview l
0 acgs RL:40.0M

Auto December 07,2012 15:11:23

| & A nn E Dol = Al
UIIUCIDLC{IIUIIIQ — Wicdsurmnmyg — Rcuuliity NUISTE

TECH DAYS-Ch

Texas Instruments

_. Inductor A h P

«« Inductor B _h. Vout -
Vsw

10
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Measuring

Measuring noise

TEGH DAYS+

Texas Instruments

wi3 TEXAS INSTRUMENTS
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TEGH DAYS+

Texas Instruments

» Before we explore ways/tools for reducing the output noise, let's make sure we are measuring it

properly.

« Improper measurement technigues can results in exaggerated output noise.

« Exaggerated output noise measurements can result in overly conservative “methods” for fixing it.

* |t is important to know the “real” amount of noise before we start reducing it.

Measuring

wi3 TEXAS INSTRUMENTS
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BAD Measurement (example) TECH DAYSCk

Texas Instruments

TERRIBLE way to measure output ripple!
Large ground wire picks up a lot of noise

Measuring 13
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Improved measurement (example) TECH DAYS<Ch

Texas Instruments

Better 10x probe grounding
with ground wire wrapped

At g

Measuring 14
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Comparison TECH DAYS<hk

Texas Instruments

~2X difference in measured noise!

The circuit is exactly the same.
The difference is the measurement technique.

~100mV pk-pk

@1 50.omV 1.0ps Stopped |
146 acqs RL:100k
Auto December 07,2012 11:30:59

A & 50.0mVidiv N Bye250M (e G / 65.omv |[1.0usidiv 100685 100ps/pt j

Understanding — Measuring — Reducing Noise 15

wi3 TEXAS INSTRUMENTS




Making a 1x probe (example) TECH DAYS-Ek

Texas Instruments

* Short coax cable soldered to the e — MARKER 200 000 000.800Ms ATTEN R
o. . -9. 14000 od8 2048
output

» 0.1uF coupling capacitor

ATTEN A
oue 2048

 50Q termination

] ! |
- ?640 : + e * + + !
| | |
| |
! !
‘4 +4e + +
! ]
| | |
|
] ] 1; | | ]
-+ . + 44+ !
! ! |
! !
| | ‘
J T+
! !
l ! | !
]

START 100.000M2

* Probe frequency response
e O-SCOPE _ _ _
o Lom [ S0Qf | cHanNEL |« High pass filter with cutoff frequency
MEASUREMENT Ac coupLe  COAX  TERM at {31.8kHz. OK for most modern
POINT CAP switchers with loaded output.

* Probe OK for 250MHz scope BW

Measuring 16
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Advantage of 1x probe

(B v== |

Praview ‘
© s RL S0
Asto  ODecember 87, 2007 N

(Mg / 2 omv ][u.wu S008h  200pwpt

Understanding — Measuring — Reducing Noise

TECH DAYS-Ek

Texas Instruments

1| Cleaner reading

Can zoom to 1mV/div for sub 1mV

1| measurements

Fuzzy due to the scope vertical
sensitivity limitations of a 10x probe.
Cannot zoom below 10mV/div

17
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Reducing Noise

Reducing noise

TEGH DAYS+

Texas Instruments

wi3 TEXAS INSTRUMENTS
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Reducing noise - toolbox

* LF Ripple
— Inductor vs Switching Frequency
— Output capacitor
— Post filtering

 HF Noise
— Component placement
— Component selection (with attention to packaging parasitics)
— PCB routing and stack-up
— Filtering
* Input filters (conducted EMI)
» QOutput filters (small HF capacitors)

Reducing Noise

TEGH DAYS+

Texas Instruments

wi3 TEXAS INSTRUMENTS
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Reducing Noise

LF ripple reduction

TEGH DAYS+

Texas Instruments

wi3 TEXAS INSTRUMENTS
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LF ripple reduction TECH DAYS<Ch

Texas Instruments

1 1 1 1 1 ¥R 1 i 1 i 1 1 1 i 5T| 1 i 1 1 * i 1 1 fll 1 i 1 i 1 1 1 1 i 1 1 i 1 1 1 i 1 1 1

r How do we reduce this ripple? ]
5 i :
B I ]
i i i
] ! ]
1

[ I i
[ I :
m 1X PROBE } 1]
" Bl i A h, _

: . |

I I :
L i. -
- - -
u 4, ]
- I g
ol I ]
[ i i
il ; I
; . 'y & 3 a 2 a 2 i 2 . 2 & 3 . 2 a 2 . 2 & I . 2 a i 2 . 2 & 3 & 2 a 9 2 . 2 & 3 & 2 a 2 %
( @g 10-0mVidiv 500 By250M | (g / 3.0mv ][ 1.0pstdiv 5.068/s 200ps/pt

Preview Single Seq l
0 acgs RL:50.0k
Understanding — Measuring — Reducing Noise 21
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TEGH DAYS+

Texas Instruments

« We understand that the LF ripple is a function of the inductor ripple current and the output capacitor(s) impedance.

* We can:
— Lower the ripple current

 For the same inductor, increase the switching frequency
— Tradeoff: increased switching losses

 For the same switching frequency, increase the inductance
— Tradeoff: increased solution size
— Lower the capacitor impedance
» Use low ESR and low ESL capacitors
— Tradeoff: perhaps cost
» Use multiple capacitors in parallel
— Tradeoff: cost, board space

Reducing Noise

wi3 TEXAS INSTRUMENTS
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TEGH DAYSk

Texas Instruments

 Certain applications, such as test and measurement, are sensitive to the voltage ripple and routinely
require very low output voltage ripple, such as 0.1%.

* To attain this level of attenuation it is required to add another pair of L and C to the output of a buck
regulator as shown in the image below.

8 [
Y'Y Y'Y

1yl

S,

Vin( sfq3t G C—| 3R

Buck with a second-stage LC filter

Reducing Noise 23
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TECH DAYS-Ck

Texas Instruments

Common concern is how to position the 2"d stage filter — before or after the feedback (VOUT) sense point.
Assumption: The second stage filter should be placed after the VOUT sensing point to avoid instabilities.
Reality: Regardless of the connection the filter still interacts with the original output capacitance and there

IS resonance created.

Connecting the filter before the VOUT sense:
— allows us to account for it in the stability review
— there is no load regulation penalty — resistive drop is compensated by the sense.

D

=

S|

Soff«

24
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Second stage filter — component calculations TECH DAYS-<&k

Texas Instruments

—_——— e — ——— — — — —

I:IHI:I Ly i L, i
e AN i
S, | |
Vin® sﬂE% Cim= G SR
60dB :“‘"40613""“:

Buck with a second-stage LC filter
 Improper design of the second stage filter could make the converter unstable.
« Two objectives
1. Attenuation
2. Loop stability

Reducing Noise 25
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Second stage filter — component calculations TECH DAYS-<&k

Texas Instruments
» To ensure low impedance and to make sure the filter doesn’t affect the loop substantially, the ratio of first stage (C1) to second
stage capacitance (C2) is setto 1:10

« The value of the secondary inductor is then chosen for the remainder 40dB attenuation.

—

"

O
I
|l

1 = '“'“H\ Large C1, Small C2 J'NCD Sl 39

400m "“ﬁ /

60dB
/l\\\ 40dB

= N
o =
S o
3 3

\ Steps:

1. Calculate L1 (usually based
1om \ on ripple current)

4rm N 2. Calculate C1 based on the
15t stage attenuation

]
=
3
.

Impedance(Q)

=)

=
n
3
=3
O
L
—
)
B\
@)
N

2m

3. SetC2tobe 10xCl
1k 2k 5k 10k 20k 50k 100k 200k 500k ™ 4 calculate L2 based on the
freq / Hertz 2"d stage attenuation

Reducing Noise Closed output impedance with different filter designs

26
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TECH DAYS-Ck

Second stage filter — Q and damping

* There may be a need to add a damping resistor in parallel with the inductor

Gain / dB

Y2

80

40
20

-20
-40

-80

-100

Phase / degrees

Y1

180 ——

135

90

45

-45

-90

-135

-180

1 2 4 10 20 40 100 200 400 1k 2k 4k

freq / Hertz

High Q results in low phase margin

Reducing Noise

10k 20k 40k 100k 200k 400k 1M

Rdamp
a'A'A
I—l L2
VSW O N N O VOUT
C1 _ C2 p—

Placing the resistor parallel to the inductor damps the Q

27
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TECH DAYS-Ck

Texas Instruments

« LMZM23601 with second stage filter. Filter Calculator with
Equations
Rdamp 500m @
MN Microsoft becel
37-2003 Worksheel
L2 100nH
Vin O ® ® YY) ® ® —O Vour
Cn == i S - -
1OILTF LMZM23601 —— C1 ——C2——C3——cC4
6.8uF 22uF | 22uF| 22uF

LMZM23601 with a second-stage filter

Reducing Noise 28
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Second stage filter - results TECH DAYS<h

Texas Instruments
« LMZM23601 with second stage filter.

Attenuation Stability Bode plot with and without the second-stage filter

——— — vy —— S ——

Example output v@ltage ripple attenuation

gan without second filter w—aain with second filter w— nhase without second filter w— nhase with second filter

80 20000
150.00

' . | 3 PM 10000

';"V()U]' Rlpple (1TmV/DIV) { ;0 -

;}MMNA" WWW'\W( A . :_ e, JaAAy 30 :
N

Gain (dB)

Phase(Deg)

0.7mV/5V(0.014%) )

Time(1us/DIV) 20MHz BW

100 1,000 10,000 100,000 1,000,000 4

Frequency (Hz)

Understanding — Measuring — Reducing Noise 29
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Reducing Noise

HF noise reduction

TEGH DAYS+

Texas Instruments
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HF noise reduction TECH DAYS-Ck

Texas Instruments

T T T 4 ' + ' 1] T 1] T _
: !
i I I
E I §
i 1 i
B 1 \

1
I I ]
[ ¥ i
L 1 I
n 1X PROBE ¥ 1
'xﬁ‘i-. A —p .. —_y - . 1 ..__ J— U U S—— _'_ — s
i !
[ i
il _ _ How do we reduce these HF spikes? _ I
B l 5
: 2 . 2 & 3 i 3 I
( @ 10-0mVidiv 500 By250M | (g / 3.0mv ][ 1.0pstdiv 5.068/s 200ps/pt
Preview Single Seq l
0 acgs RL:50.0k
Understanding — Measuring — Reducing Noise 31
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HF noise reduction — component placement TECH DAYS<h

Texas Instruments

* First step is to optimize (minimize) the area of the high di/dt loop.

» For Buck, the high di/dt loop is formed by the input capacitor and the power MOSFETSs (switches).
— Input capacitor as close as possible to IC = Smaller loop area
— Smaller loop area = Lower ringing on SW node
— Lower ringing on SW node = Lower output noise

» So first step = optimize input capacitor placement for Buck

Reducing Noise 32
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HF noise reduction — component placement TECH DAYSCk

Texas Instruments

* For a Buck converter...
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!
— The INPUT cap position affects the OUTPUT noise!

Reducing Noise 33
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High di/dt capacitor placement - example

« Buck Regulator comparison with Cin location
« 12V input, 3.3V output, 2A Buck

5.00 i
100 m ofst

’ Understanding — Measuring — Reducing Noise

SW 18.1V max
=
o
= WW
|
wout
1
'\ |
A
| Measure P1:pkpkiC1) P2ireqiC?) Pa3mam(C P4 -- P& P&
value 9.5 my 455 5492 kHz 181V
status v v v

TECH DAYS-Ch

Texas Instruments

Level in dBuvim

Cispr22 Class A 3W

A44dBuV/m e i e e CISBT22.ClR88 I

t T t t T T T T T 1
&0 100M 200 300 400 500 a0 1G

Frequency in Hz

T T
30 &0
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High di/dt capacitor placement - example TECH DAYSh

Texas Instruments

* Buck Regulator comparison with Cin location (2 times smaller loop area)
« 12V input, 3.3V output, 2A Buck

SW 14.5V max Cispr 22 Class A 3N

C

Level in dBusW/m

VOUT 47mVpp

mC'Ut 207

i 2T
Measure P1:pkpk(C1) P2freq(C P3max(C2) P4:--- Pa--- PE--- T
value 47.4 my 454 95349 kHz 14.8Y ]

t 1 1 1 1 1 T t } } t } } {
status v v v J0M 30 &0 20  100M 200 300 400 500 an 1G

imebase  0.00 pg [Trigoer  (EEH Frequency in Hz
20.0 rrvidiv 500 ns/divy Stop 535y
a4 00 my 125k5 25GS/s)Edge  Positive

Understanding — Measuring — Reducing Noise
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Bypass capacitor routing - example

Capacitor
Pads on PCB

—ill Il
il W

Place bypass capacitors on same side of board as

component being decoupled

Locate as close to pin as possible

Keep trace width thick and short

Capacitor Side View
and Current Loop

Power Plane

Power Plane
GND Plane

i ]

--------

Power Plane
GND Plane

1 Power Plane
| GND Plane

Reducing Noise

Capacitor with
Unwanted Inductance

GND Plane _NW\_i |‘_'
] |

]
o

-

TECH DAYS<Ch

Texgs Instruments

' out
ﬁ out
output
return
Ground
Ground output

. return
BAD!!I Good

1uF Capacitor Impedance With Various ESL

1k
400

100~

40 \\ g 5nH

10
. \
1
400m \
100m g
40m /

o VY

2m

\\
A

1k 2k 4k 10k 20k 40k 100k 200k 400k 1M 2M 4M  10M 20M 40M 100M200M400M 1G

Frequency / Hertz

36
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HF noise reduction — board layout tricks

TEGH DAYS-Ch

Texas Instruments

Shielding Top Layer Mid 1 Layer

Horizontal /
a5

Cisspr 22 Class B

VIN and VOUT Routing

Mid 2 Layer Bot. Layer

Signal Layer GND Plane

— Default

—— Shielding -I-Op Layel' M|d 1 I_ayer

300

30
Frequency(MHz)

Mid 2 Layer \ Bot. Layer

« Same BOM!
« Different stackup
- Shielding the input (noisy) and GND Plane GND Plane N oo/ GND Plane
output lines

« Fail by ~5dB vs Pass by ~2dB

Reducing Noise

wi3 TEXAS INSTRUMENTS
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HF noise reduction — board layout tricks TECH DAYS<Th

Texas Instruments

Shielding Top Layer Mid 1 Layer Mid 2 Layer Bot. Layer

VIN and VOUT Routing GND Plane Signal Layer GND Plane

Top Layer Mid 1 Layer Mid 2 Layer Bot. Layer

GND Plane GND Plane VIN and VOUT Routing GND Plane

Reducing Noise 38
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HF noise reduction — board layout tricks TECH DAYS<Tk

Texas Instruments

Power I/O

—NO TRICKS

s —TOP SHIELDING
—VIA STITCHING
—PERIMETER FENCING
—POWER I/0 FENCING
—CISPR11 Class A Limit
—CISPR11 Class B Limit

IS
o

w
w

w
o

N
(%))
-

N
o
”,

=y
v

Radiated emissions (dBuV/m)

[y
w o
S

o

10 100 1000
Frequency (MHz)

Reducing Noise 39
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Conducted EMI filter and radiated EMI performanceTECH DAYS<Ek

Texas Instruments

. Default configuration
Small Input Filter 40
Lf 2.2uH
35
? VIN=24V
1 $Rd 30
o 5 |
Tl E 75 _
10uF Cd ;
u 7
® T “:‘:' 20 A ; ol AR —— Default
[ ° '\ !
- . \ —— Filter
GND 15 - \ LA L Fm
10 - ‘Ih |l|. Tal PN N 1
T+ —————+
Calculator 0 |
30 300
Frequency(MHz)
Understanding — Measuring — Reducing Noise 40
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HF noise reduction — package level parasitics TECH DAYS<h

« Some packaging options are better for reducing
inductance in the high di/dt loop.

« Power module packages can integrate a high frequency
bypass capacitor.

* |C Pinout and Construction Matters

Reducing Noise

Texas Instruments

LOAD

GND

41
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TEGH DAYSh

HF noise reduction — DC-DC power modules save you layout troubles™esnstmuments

* Reducing the high di/dt loop area - integrated input capacitance.
* Reducing the high dv/dt node area — integrated L and smaller switch node.

Discrete solution without optimized layout === DC-DC Power Module

High
dv/dt

VIN Hs SW VOUT

. s R L
J— q_)__% w . g
| ] 4 1
i HIgI!-IS : A LOAD - ! LOAD
I R di/dt '|$ Larger SW area = 4 g + /!\ 1L LS §
T “"T\ Loop LS high iti T —_ <o
gher parasitic

I
! Court '
Ll area | capacitance é Cin Cour
I I
]

GND GND

Small di/dt loop

Reducing Noise 42
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HF noise reduction — proper pinout

TECH DAYS<Ch

Texas Instruments

» To minimize the di/dt loop, it is best if the Buck regulator has VIN and PGND pins next to each other. This allow for
placing the input capacitor as close as possible to the IC.

Q
2 8
@
g g &
[ 1 I O
AGND |} Poiiid i sl renp
] 8 F 1718 i
ENSYNC {32 . E 14177 PGND
RT .3 i 13§ ] bNG
VIN |25 14 seen
12; =} DNC
CIN :
GND [ 18] 2 teseeseecenea P
b
e -
! 1i | sw
VOUT |3 16 P e
' P
[ é s oo
vouT | 7 8 . T
= | Ly I O R [
=
=2
3 %
>

LMZM33603

AGND

AGND
AGND
AGND
AGND
DNC
VBSEL
CLK
RT
RTSEL

AGND

PGND

PGN

29] PGN

CIN

28] PVIN

({10p View)
o S 2
= 0o o
dz st dxdaa
e
Fq ) LULELS L) LUV Lty
7 40 39 38 37 36 35 34 33 32 3!
2]
32 L
4 ! :
C I
EH | :
I
67 |41PGND:
[ I
73 I : 25
& I
E¥ | : 24)
] e ! 23]
i,  rTaEEasT 22]
- | 43 vout ! =
FEN e | P
111IF1I"| e IS b 5 B EmrTm 1:21
Sl PEE ST PR T e
12 13 14 15 16 17 18 19 20
0O =  F = 00
53333335¢
(.2 S S RLE
£

Reducing Noise

LMZ36002

5| INHIUVLO
5| SS/TR

VADJ
VERSA-COMP
SENSE+

PWRGD_PU

SwW
SW
CBOOT
vcc
BIAS
SYNC
RT
PGOOD

sw
SW
SW
SW
SwW
CBOOT
VCC
BIAS
RT
SSTRK

FB

1 PGND
2 : | PGND
3 f I=mBYY
4 : I VIN
giy A Uy EN
6| 111 13 SS/TRK
7 10 AGND
i e ‘9 FB
NC NC NC NC
HEHEH
1] = 26_| PGND
2 /, [25 | renD
), ¢ =
4] [ 23 | PeND
[ 5 ] [22 | rPuin
6 DAP [ 21 ] PvIN
7 20 | PVIN
[ 8 ] (G5 ] acno
a 18 EN
SYNC/
10 ] A bl
11 [36_| pcooD
oL [ [ [

LM73606

1
1
CIN . i
! 1
! '
! i
! )
|swo)
! |
! 1
! |
! )
)
CIN ! ' CIN
! )
! )
! 1
L)
T Fmm==-
| AV L3NG |
-;p-v;ﬁ.: i” CBOOT |
...... ' PR
iy o
twmq tman 1nna resa tosa
|"‘||‘|l“'°1||'| el (o]
IR

CIN
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|C package construction can help
» Bond wire vs Copper pillar interconnects

Standard wire bond QFN package

Wire Bond
Silicon Die
Lead frame
Board

.

! r o ‘1 r_——-—ﬁ
{
| “Hotrod” |

nz_a:mwm

LMR33630

|
l-zw.uv O 2508 | -
ey e -

!!.MN

Understanding — Measuring — Reducing Noise

VIN SW VOouT

| LOAD
.

Silicon Die
Copper bump

Solder

Lead frame

Board

44

wi3 TEXAS INSTRUMENTS




HF filtering TECH DAYS<{hk

Texas Instruments

 After careful input capacitor placement and layout there will be some left over high frequency noise — we cannot
completely eliminate parasitic L and C.

ot o—s

1
1

Vour Ripple |
(20 mV/DIV)

* How can we reduce it?

Time (1 ps/DIV) 250MHz BW

VOUT

GND

Reducing Noise 45
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HF filtering TECH DAYS-Ch

Texas Instruments

 Which one is better?

VO uTt VO uT VOUT

GND GND GND

Understanding — Measuring — Reducing Noise 46
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HF filtering

100

10pF

10puF + 0.1pF + 0.1uF + 0.1pF
10puF + 1.0pF + O.1pF +
0.01pF

TECH DAYSk

Texas Instruments

SIMetrix schematic example:

7

parallel_capacitor inipedancesmch

/

1k 2k 4k 10k 20k 40k

Frequency / Hertz

Reducing Noise

100k 200k 400k 1M 2M 4M

10M 20M 40M

100M200M400M  1G

47
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HF filtering with wrong capacitor (example)

22uF

VO uTt

GND

VO ut

Vour

GND

S N (N 3 7 VRN G S S 3 R 71 Ot [ S /3 73 R S S 1 7 O (N 3 | S 30t [t S (N 353t 75

@2 40.0mV 1.0ps (& geap\ 28mv ] [ 1.0us/div 10.0GS/s  100ps/pt l
@ 40-0mV 1.0ps Run Sample l
- 40.0mV 1.0ps 0 acqs RL:100k

Auto December 21,2017 15:42:14

Understanding — Measuring — Reducing Noise

TECH DAYS-Ch

Texas Instruments
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HF filtering - utilizing PCB parasitic inductance TECH DAYSCk

Texas Instruments

22uF 3300pF

L L T L T T L T L ) L T L T L L L Y T T T L T L L L . o 0 L T L T, L

Vour

GND

Vour |
GND o i
Vour ]
GND | - .- - : - : -
@ 20.0mV 1.0ps (A e\ 24.8mv )[ 1.0usidiv 10.068/s  100psipt
@2 20.0mV 1.0ps Preview l
- 20.0mV 1.0ps 0 acqgs RL:100k
Auto December 21,2017 16:26:49
Understanding — Measuring — Reducing Noise 49
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» Leave footprint in the layout for 2-3 HF filter capacitors.

TEGH DAYS+

Texas Instruments

Ry

« Measure the ringing frequency and pick a capacitor with an impedance notch close to, but lower than that frequency.

« Use multiple capacitors of the same value in parallel to avoid new peaks in the impedance curve.

Reducing Noise
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HF filtering — pick the correct capacitor

* Measure your caps
« Mark up your capacitor

kit! Y 10pF PN 12pF 718 pF

+5% +5% +5% +5 %

« This data may also be
avallal_ale from the 100pF | | 100pF | I 220pF
capacitor vendor. .5% [ isu% ,y 5% |

500R15N]01J\A/47 101R15N101JV4T .~ 500R16N221Jval ]
Ly UL
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« Understanding the Noise Sources

* Measuring Noise

* Reducing Noise (high frequency and low frequency)
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Resources TECH DAYS-Ck

Texas Instruments

* Application Notes and Blogs 0N Emiand Noise Reduction

— Simple Success With Conducted EMI From DCDC Converters

— Simplify low EMI design with power modules

— Wiki on Understanding, measuring, and reducing output voltage ripple
— Design a second-stage filter for noise sensitive applications

— PCB layout techniques for low noise power designs (in progress)
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http://www.ti.com/lit/an/snva489c/snva489c.pdf
http://www.ti.com/lit/wp/slyy123/slyy123.pdf
https://e2e.ti.com/support/power_management/simple_switcher/w/simple_switcher_wiki/2243.understanding-measuring-and-reducing-output-voltage-ripple
https://e2e.ti.com/support/power_management/simple_switcher/w/simple_switcher_wiki/2243.understanding-measuring-and-reducing-output-voltage-ripple
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/01/18/design-a-second-stage-filter-for-sensitive-applications
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/01/18/design-a-second-stage-filter-for-sensitive-applications
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/01/18/design-a-second-stage-filter-for-sensitive-applications
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