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Jimmy Hua

Analog Power - Applications Engineer

Career
— Electrical Engineering degree from University of California, Davis

— Joined TI through Application Rotation Program (2016)
— Joined Tl Power Modules group (2017)
— Controllers, Converters & Modules, High-Current (Aug. 2020)

Role
— As an applications engineer in the power modules team | am
responsible for customer and FAE support, writing datasheets
and application notes, new product development, and creating
training presentations and field collateral.
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Detailed agenda

« Understanding noise origin and measurement

— Noise origin, relevant parasitic elements, high frequency and low frequency
components

— Measurement techniques and examples
— Noise reduction techniques

« Qutput noise filtering comparison
— 2nd Stage LC filters

« Passives parasitic elements and filter performance
» Design example

— LDOs

* Filtering performance
« Design example
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The ideal buck regulator

VIN SW VOUT

HS ™ LOAD
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More real buck regulator

[}
loop | does not like SW

KSome node who ‘% §

MMN_AAA
AAAJ

GND
“Free” components in red
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LF ripple origin

* Result of the inductor ripple current and output capacitor impedance

L
[0} ILO IO
—
— SWwW |_fW\ 4 | Vour
\
“LF” Ripple at Buck switching frequency 3
| E lo|S ESR AV
7 I o
\

Total LF Ripple = (1) + 2) +

[ g 10.0mviaw 500 8250M | (n gy / 30mv |

1.0psidlv 5.0GS/s 200psipt |
P
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HF noise origin

* 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

LOAD

GND

......... - “Free” components in red
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Measuring noise

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

Improper measurement techniques can results in exaggerated output
noise.

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

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

Wip TEXAS INSTRUMENTS



Bad measurement (example)

TERRIBLE way to measure output ripple!
Large ground wire picks up a lot of noise
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Improved measurement (example)

Better 10x probe grounding
with ground wire wrapped

..............
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Measurement comparison

<I

~ ~200mV pk-pk

~100mV pk-pk
l\:s@mvmw N Be250M Aggap / 65.omv 1.0ps/div  10.0GS/s 100ps/pt
Q@ 50.0mV 1.0ps Stopped
146 acqs
Auto  December 20

~2x difference in measured noise!

The circuit is exactly the same.
The difference is the measurement technique.
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Making a 1x probe (example)

« Short coax cable soldered to the output
e 0.1pF coupling capacitor

 50Q) termination

B==
- coax

MEASUREMENT
POINT

]

AC COUPLE
CAP

COAX

50Q

TERM

O-SCOPE
CHANNEL

L /D1v MARKER 200 000 000.000Ms ATTEN R
10.00040 MAGCA/R) -0, 14040 VUl 2048

* Probe frequency response

» High pass filter with cutoff frequency

at 31.8kHz. OK for most modern
switchers with loaded output.

* Probe OK for 250MHz scope BW
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Advantage of 1x probe

1x
probe

10x
probe

T

=

T

v

...................................................

10X ﬁqWﬁmW‘q

Cleaner reading
Can zoom to 1mV/div for sub 1mV
measurements

fFuzzy due to the scope vertical
'sensitivity limitations of a 10x probe.
iCannot zoom below 10mV/div

10 5008 opapt
Praview

© nogn RL %000
Auto  December 87,2002 1446
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LF ripple reduction

| e [ L 1 (!

L )

L [ L R

B 5 )

= s (=T

1X PROBE

LT [T

) L ) (L S Y L L L e R

How do we reduce this ripple?

{ e [ i 1 I T

o T I

Vi 2 ] O [ 1 oo o [ 1 e |

(@ 10.0mvigiv 500 By:250M

_].

Preview
0 acgs

" i " gt " i , oot x
E}‘ J/ -3.0mv 1.0ps/div  5.0GS/s 200ps/pt

Single Seq
RL:50.0k

!
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LF ripple mitigation

Inductor vs Switching Frequency
Output capacitor

VOUT
RIPPLE

VOouT
RIPPLE

VOUT
RIPPLE

Inductor ripple current

Ve Wa W W e

Ceramic cap (C dominated, .«‘WWWW

low ESR low ESL)

Tantalum cap (medium ESR,

some ESL)

OSCON cap (medium ESR
some more ESL)

Each capacitor above is 47uF.
The difference is the chemistry

.:/_/v—a«...\_\ % P —

P s o
e/ " \.\\w

\/ -

)

/
J \ | J
/ f \ /
f f \/
{ \ /
Y, V

J[1omen 200088 T 12500
| Proview

| 00cas

| Cons March 20, 2002

prespsres MO RyooM  qugyomV Lo
@ 10wV 1
- 0V 10

Q@D 200wV 1.0u

RLS00M

175832

— Second stage filter

——A—

Filter Calculator with

Equations

Microsoft Excel

Rdamp 500m 37-2003 Worksheel

L2 100nH

Vour Ripple (1mV/DIV)

! AN A
sy W A

4 . W /
g W and Yoyt

Time(1us/DIV)

N LMZM23601 =4 c1 L

—C2
6.8uF 22u I IZZUF
".‘n._”,\f'”""y\\ AP , \M;A.\,,w LT P,

0.7mV/5V(0.014%)
20MHz BW
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LF ripple mitigation and mixing capacitor

types

Inductor ripple current

VOUT  Ceramic cap (C dominated,
RIPPLE low ESR low ESL)

VOUT  Tantalum cap (medium ESR,
RIPPLE some ESL)

VOUT  OSCON cap (medium ESR,
RIPPLE some more ESL)

VOUT Aluminum Electrolytic cap
RIPPLE (ESR dominated)

Each capacitor above is 47uF.
The difference is the chemistry

e T ————
| |

%/N\m‘ TN Tantalum
. |

Ceramic

¢ Aluminum
electrolytic

What if we parallel different types?
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LF output voltage ripple with parallel

canacitnre
Vour Ripple vs. Switching Frequency with 1A of Ripple Current
1 :
——100pF Electrolytic + 2.2puF Ceramic
——100pF Electrolytic + 22puF Ceramic
——100uF Electrolytic + 100pF Ceramic
— 0.1 \\
> \4\
2
o
2
(-4 \
3
>
0.01 \\‘i
—
0.001
10000 100000 1000000
Frequency (Hz)
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HF noise reduction — component
placement

 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
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High di/dt capacitor placement - example

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

80T
75+
70+
ey 65
S\AA’ 18.1\, eor Cispr.22 Class A 3M
55+
maxX - r
by : i
I T
75mV '
o) PP i
P1:pkpk(C1y PZfreg(C2) PImax(C2) P4--- P&--- Pg--- L
TaamyY 455 6497 kHz 181 L
v v v +
0 t t t [ t t t t t t t t !
o) 30M 50 60 80 100M 200 300 400 500 800 16
— Frequency in Hz
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High di/dt capacitor placement - example

* Buck Regulator comparison with Cin location (2 times smaller loop

area)
« 12V input, 3.3V output, 2A Buck
_Q.\'i:} 807
Wi4:5v =] f
a 55:
- = - §45£
ou :
47mVpp J
MMMMM phpkiC1) f;:g(:) () 0 } e , ; ; ; M |
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How IC package construction can help

« Bond wire vs Copper pillar interconnects

Standard wire bond QFN package ‘Hotrod’ flip chip on lead frame QFN
V\_/i_re Bon_d Silicon Die
. el = = SR
}zm L Board EIXCSEE pRResra Iéiz?dframe

Wire bond LMR33630
VIN ""‘-"—Lisw‘ l—im vouTt
— L. difat o1 - §
c IUOP ! Cout
. Gl;.ID LUEYE -
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HF noise reduction — board layout tricks

Top Layer Mid 1 Layer Mid 2 Layer Bot. Layer

Shielding

Horizontal / et
A o o mes
L a @ 000

4
Cisspr 22 Class B [
2
|
3 20 m\\ —— Default
2 ——shielding
15 A

Frequency(MHz)

GND Plane GND Plane

Bot. Layer

+ Same BOM!
+ Different stackup
* Sh|€|d|ng the inpUt (nOiSy) and GND Plane GND Plane VIN ar;?“;/gi::;su“ng GND Plane
output lines

* Fail by ~5dB vs Pass by ~2dB
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Conducted EMI filter and radiated EMI
performance

Small Input Filter 45 Default Configuration

Lf 2.2uH

T L I f
7uF Cisspr 22 Class B
nN—_—
10uF =—Cd

20 %\7“ PURSESURSRORUI MRS SESSOSRSSE SO S| — . —— Default
% —— Filter
A LR ] T ! _

iz Ny T e Input Filter

300

? VIN=24V

o)
21
dBuV/m

30
Frequency(MHz)
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HF filtering

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

parasitic L and C.

Time (1 us/DIV)

Vour Ripple | 4 ]
(20 MV/DIV ) T st ™ s e A e AN N ™

250MHz BW |

How can we reduce it?

Vour

GND
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HF filtering — parasitic component and
pitfalls

 Which one is better?

VOUT VOUT VOUT

GND GND GND

Wip TEXAS INSTRUMENTS
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HF filtering — parasitic component and
pitfalls

100

40
20
10

SIMetrix schematic example:

louF \\\\\\\\\
10pF + 0.1pF + 0.1puF + 0.1pF
10pF + 1.0pF + 0.1pF + 0.01pF ]

fo =
i
ou T
ro1d ! SIS
R3 RS
1m 1m
‘ / - T - - IMP (3 eaps)
. ) 3 T T T
ac 1ol R R R
400m N w oo
200m /
A
100m
40m parallel_capacitor_impedance.sxsch
20m

P \/\/\v |

2m

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

Frequency / Hertz
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HF filtering with wrong capacitor (example)

|||||||||||||||||||||||||||||||||||||||||||||||||||

22uF

! | - 76.2mV

A4 . .ﬁ%+q . b | s 85.7MV
-!ﬁ@ Frobe%r—w% 64.4mV

i I I
@& 40.0mV 1.0ps
-w.u.nv 1.0ps

R 40.0mV 1.0ps

22uF  470pF

Wip TEXAS INSTRUMENTS
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What are power modules?

« DC/DC converter that integrates:
controller, power MOSFETSs and power -
Inductor into single package

« Simplifies and reducing customer’s

ol H
i l
YRR
2343
EREE

PGND

BOM 9 external 3 external
components components

LM53601

......
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Power modules simplify design

Small Solution Size
:!-"'.ﬁ

3A Buck, 6Ypy L
Smm 2

Smaller solution size vs discrete
Minimal external components
Inductors over active components

Range of Package Options

v' Package option matched to IC and application

v" Range of surface mount, leaded and through-hole
options

v" Pin-Pin Compatible Options

ANANEN

Easy to Use
s =T = =

v" Meet EN55022
Class B Emissions
v" Design Tools

v' Simple Design
v' Bestin Class Thermals
v" Reliability Data

Broad Portfolio

- B

i
== [ == ] [t

DA
=8 EE =
s |
AR

| = |
B E FE A

o= = | = =

v"Input Voltages from 2.2V up to 60V
v" Output Currents up to 70A
v' Stackable options for reduced noise and high lout

Wip TEXAS INSTRUMENTS
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HF noise reduction — DC/DC power
modules save layout troubles

* 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 Sw node vout VIN Hs SW vouT
L

----- —>--LA -

: 4 -L,‘:-E_ﬂﬂ\

! High
I 1 dia Lsg Larger SW § e |’{‘_| LS §
I —1\ Loop higher parasitic — —¢-7]

i area || ca pacitance

e

GND GND

Small SW Node

Shielded L

Wip TEXAS INSTRUMENTS
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Filtering techniques comparison

« 2nd stage filter (L-C)

FILTERED
V.IN o SwW mm VO_UT . VOouT
E u 3- AMA
1; o ___\l-'- SN T LOAD
N i High 1 I~
— —4 difdt V¥ —
T ‘ Cin i |°°P i Cour
o~
« LDO pOSt regUIatOr FILTERED
‘ VIN SwW — — V?UT 'F‘ VvOouT
3 R L
;+ ‘\'l‘j\ -y LOAD
T Cn Cour:
GND

Filter Attenuation

100
80 —Ideal LC
60
40
20
s O
T 20
g -40
£ -60
< -8
Z -100
-120
E—14ﬂ
-160
-180
-200
-220
-240
100E400  1.00E+401 100E+02 1006403 100E+04  100E+05 100E+06  100E+07  100E+08  1.00E409
FREQUENCY (Hz)
80
150 mA
70 w_—E:’_\.ti b
60 1 1
& 50
2
x 40 IR ..
= 75 mA
20
10 || Coyr=1nF
Cyr =10 nF
0
10 100 1k 10k 100k ™ 10M
Frequency (Hz)
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2nd stage filter tradeoffs

* |deal filter

FILTERED

VOouT

LOAD

GND

FILTERED
VouT

LOAD

GND

ATTENUATION (dB)

Filter Attenuation

-20
-40
-60
-80

LN
oo
oo

-140
-160 —Ideal LC
-180
-200
2220 Real LC w/ Damping

-240 | -
1.00E+00  1.00E+01  1.00E+02  1.00E+03

—Real LC

40
20 i
0 I L L _—

1.00E+04  1.00E+05

FREQUENCY (Hz)

1.00E+06  1.00E+07  1.00E+08  1.00E+09
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2nd stage filter parasitic elements

Filter Attenuation
1gg In L ——Ideal LC
AR —Real LC
Ind_R 60 cap_<
""" 40
Ind_C 20
t—i— = 0 Ind_L
E -20 U nd-C //Ca _ESL
Ind_DCR Ind_L Cap_ ESR z -40 N (ind SRE}P~ nd] C
= -60
Cap_ESL 2 80 \><: -~/
Cap_C %-100 Cap_EEL\\ !
£ 10 Cap ¢
(Cap [SRF) TN
-160 <
- \
180 ~{
-200 ~
-220
-240
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
FREQUENCY (Hz)

Wip TEXAS INSTRUMENTS




Inductor tradeoffs: high frequency filtering

an

d SRF

» High frequency filtering
— The SRF of the inductor can affect the L-C filter performance at high

frequency.

— May be better to choose smaller L and larger C if HF attenuation is desired.

ATTENUATION (dB)

Filter Attenuation

20
0
-20 |

| —HIGH SRF

| —LOWSRF

1.00E+00 1.00E+01  1.00E+02  1.00E+03 1.00E+04  1.00E+05  1.00E+06 1.00E+07  1.00E+08 1.00E+09

FREQUENCY (Hz)

DCR {mOhms): SRF
Part number’ Inductance= (mOhms) typ*
gef parts +30% vp max {MHz)

36
AFLA030-T0ME_ 1.0 5.5 0.0 0
XFL4030-202ME_ 2.0 a5 15 45
XFLA030-302ME 3.0 170 205 39

XFLAD3047T2ME_ 4.7 25.0
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Inductor tradeoffs: high frequency filtering

and SRF — example in frequency domain
 High frequency filtering
— The SRF of the inductor can affect the L-C filter performance at high
frequency.

— May be better to choose smaller L and larger C if HF attenuation is desired.

100 1000
Frequency(MHz)
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Example with 2nd stage filter with
LI\/IZI\/I23601EVI\/I

|||||||||||||||||||||||||

(COI’ldItIOI’lS )
Vin =12V
Vout=3.3V
lout = 500mA
| | | | _ * 1X Scope probe
lkk‘ k. BW set to 250MHz j
l’ ’ R [ [ | | HF noise peak-to-peak = 12.6mV
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2"d stage output filter schematic

12V
— VIN FB VOUT
LMZM23601
Module
GND
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Initial filter design (2.2uH + 44uF)

1.0psidiv 5.0GSis IT 500fs/pt
Sample

24 acqs RL:20.0M

Auto  March 13, 2019 15:57:17

HF noise = 5.8mV
Calculated HF attenuation = 6.7dB

Wip TEXAS INSTRUMENTS
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Another filter design (1uH + 94uF)

.- 1 HFnoise=54mV
- Calculated HF attenuation = 7.7dB

[ SWITCHER (22uEsd TuF COUT)

1.0psidiv  5.0GS/s IT 500fs/pt
Stopped Single Seq 1

@i 5.0mVidiv M0 By:250M
@ 5-0mVidiv MO By:250M

1 acgs RL:20.0M
Auto  March 13, 2019 16:29:25

‘ Wip TEXAS INSTRUMENTS




2nd stage filter tradeoffs (efficiency)

« Power dissipation penalty depends on the DCR of the inductor and the

load current

POWER DISSIPATION (W)

it
00

O
> o

It
N

=

o

Power Dissipation Comparison with Low DCR Inductor

0

/

0.2

04 0.6
OUTPUT CURRENT (A)

0.8

== NO FILTERING

== LC FILTER ADDED

Wip TEXAS INSTRUMENTS
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2nd stage filter tradeoffs (load regulation)

« Depends on whether the 2nd stage filter is inside the feedback loop

Vout Regulation Comparison

AN

%“k

P ——y

0 0.2

0.4 0.6
OUTPUT CURRRENT (A)

0.8

== NO FILTERING
LC FILTER INSIDE LOOP
=== LC FILTER OUTSIDE LOOP

Wip TEXAS INSTRUMENTS
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2nd stage filter tradeoffs (LF attenuation at
light load)

LC filter is chosen to attenuate ripple at the Filter Attenuation
switching frequency. a0 Ty

Many switchers employ power savings mode  «
at light load.

At low frequencies below the LC filter cutoff,
the LF ripple may pass through at light loads = g

If attenuation is needed at light load, the LC =~

-200

filter must be oversized to capture the light ;ggg
load frequency.

1.00E+00  1.00E+01 1.00E+02 1.00E+03 100E+04 100E+05 100E+06  1.00E+07 1.00E+08  1.00E+09

FREQUENCY (Hz)
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2nd stage LC filter key takeaways

« 2nd stage filter can help reduce both LF ripple and HF switching noise

« Using the power savings mode feature at light load and lower switching
frequency may require LC filter readjustment

« HF switching noise reduction highly depends on the filter parasitics
— Simulate and optimize filter design at HF ringing frequency

* If LC filter is inside the FB loop
— Regulation penalty is avoided
— May need damping to avoid regulator stability issues

— Damping will affect the filter attenuation at HF so HF switching reduction
may be affected

Wip TEXAS INSTRUMENTS
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LDO as a filter

« Many low-noise applications utilize the PSRR (power supply rejection
ratio) of the LDO to “clean the supply”.

FILTERED
VIN SW —i— VQUT e VOuT
LDO
LOAD
——TPS$54320
e LDO (TP$74401)
:':N‘ 0.000
z DC/DC
g -Noise
é 1.000
$ LDO Noise
Source: You Think LDOs are Simple?
s 100.0 1.0k 16.0k $50.0K o $o00 https://training.ti.com/sites/default/files/docs/you_think Ido
Frequency () s_are_easy-detroit_tech day.pdf
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https://training.ti.com/sites/default/files/docs/you_think_ldos_are_easy-detroit_tech_day.pdf
https://training.ti.com/sites/default/files/docs/you_think_ldos_are_easy-detroit_tech_day.pdf
https://training.ti.com/sites/default/files/docs/you_think_ldos_are_easy-detroit_tech_day.pdf
https://training.ti.com/sites/default/files/docs/you_think_ldos_are_easy-detroit_tech_day.pdf

PSRR curve details

* Region 1 depends on: .
— Internal reference and internal filtering _/=

* Region 2 depends on:

80

65

60

Ripple Rejection (dB)

— Open-loop gain of the LDO error amp \ 7
* Region 3 depends on: s \
— Parasitic capacitance across the pass i}
device and the LDO output cap size I I

Source: You Think LDOs are Simple?
https://training.ti.com/sites/default/files/docs/you think ldos are easy-detroit tech day
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LDO as a filter for LMZM23601

LMZM23601 is a 36V 1A power module « TPS7A4701 is a 36V 1A ultralow noise LDO
¢ TExas NS LMZM23601 i s s TPSTA4700, TPSTA4701
LMZM23601 36-V, 1-A Step-Down DC/DC Power Module in 3.8-mm x 3-mm Package TPS7A470x 36-V, 1-A, 4-UVpys, RF LDO Voltage Regulator
1 Features 3 Description 1 Features 3 Description

4-\/ to 36-V Wide Operating Input Voltage

2.5-V to 15-V Adjustable, and 3.3-V or 5-V Fixed

Qutput Voltage Options

1-A Qutput Current

Only Input and OQutput Capacitors Needed for 5-V

and 3.3-V Output Designs

27-mm? Solution Size With Single-Sided Layout

28-pA Supply Current at No Load

2-pA Shutdown Current

Power-Good Flag

External Frequency Synchronization

MODE Selection Pin

— Forced PWM Mode for Constant Frequency
Operation

— Auto PFM Mode for High Efficiency at Light
Load

Built-in Contrel Loop Compensation, Soft Start,

Current Limit, and UVLO

Miniature 3.8-mm x 3-mm x 1.6-mm Package

The LMZM23601 integrated-inductor power module is
specifically designed for space-constrained industrial
applications. It is available in two fixed output voltage
options of 5-V and 3.3-V, and an adjustable (ADJ)
output voltage option supporting a 2.5-V to 15V
range. The LMZM23601 has an input voliage range
of 4-V to 36-V and can deliver up to 1000-mA of
output current. This power module is extremely easy
to use, requiring only 2 external components for a 5-V
or 3.3V output design. All aspects of the
LMZM23601 are optimized for performance driven
and low EMI industrial applications with space-
constrained needs. An open-drain, Power-Good
output provides a true indication of the system status
and negates the requirement for an additional
supervisory component, saving cost and board
space. Seamless transition between PWM and PFM
modes along with a no-load supply current of only 28
WA ensures high efficiency and superior transient
response for the entire load-current range. For easy
output current scaling the LMZM23601 is pin-to-pin
compatible with the 500-mA output current capable
LMZM23600.

= Input Voltage Range: +3 V to +36 V

» Output Voltage Noise:
4 UWgys (10 Hz, 100 kHz)

+ Power-Supply Ripple Rejection:
— 82dB (100 Hz)
— =55dB (10 Hz, 10 MHz)
«  Two Output Voltage Modes:
— ANY-OUT™ Version (User-Programmable
Output via PCB Layout):
— No External Feedback Resistors or Feed-
Forward Capacitors Required
— Output Voltage Range: +1.4 V to +20.5 V
— Adjustable Version (TPS7A4701 only):
— Output Voltage Range: +1.4 V to +34 V
« Output Current: 1 A
* Dropout Voltage: 307 mVV at 1 A
»  CMOS Logic Level-Compatible Enable Pin

+ Built-In Fixed Current Limit and
Thermal Shutdown

The TPS7A47 is a family of positive voltage (+36 V),
ultralow-noise (4 pVrus) low-dropout linear regulators
(LDO) capable of sourcing a 1-A load.

The TPS7A4700 output voltages are user-
programmable (up to 20.5 V) using a printed circuit
board (PCB) layout without the need of external
resistors or feed-forward capacitors, thus reducing
overall component count.

The TPS7A4701 output voltage can be configured
with a user-programmable PCB layout (up to 20.5 V),
or adjustable (up to 34 V) with external feedback
resistors.

The TPS7A47 is designed with bipolar technology
primarily for high-accuracy, high-precision
instrumentation applications where clean voltage rails
are critical to maximize system performance. This
feature makes the device ideal for powering
operational amplifiers, analog-to-digital converters
(ADCs), digital-to-analog converters (DACs), and
other high-performance analog circuitry in critical
applications such as medical, radio frequency (RF),
and test-and-measurement.
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LI\/IZI\/I23601 + TPS7A4701 output noise

|||||||||||||||||||||||||||||||||||||||||||||||||

SWITCHER OUTPUT ; ol our[ w  our
. : : 1 SUPPLY SWITCHER LDO I_OAD
L )

' LDOOUTPUT |

Measurement shows attenuation
of HF noise from 15.6mV to
6.4mV for a total of 7.6dB
attenuation
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LMZM23601 + TPS7A4701 output noise In
frequency domain
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LDO as a filter tradeoffs (efficiency)

« Additional power dissipation — need to give the LDO some headroom to
regulate VOUT.

« The additional dissipated power is V headroom x Load current

Power Dissipation for VIN=12V, VOUT=3.3V Efficiency for VIN=12V, VOUT=3.3V
0.8 ‘ 100 ‘

—m—3.8V SWITCHER + 3.3V TPS7A4701 90 —#—3.8V SWITCHER + 3.3V TPS7A4701
=07 80 ¥ ) —-~3.3V SWITCHER ONLY
E 0.6 / —=—3.3V SWITCHER ONLY -_._’__.__.—.___.__.

z /./ 70
,g 0.5 g 60
< >
% 0.4 ‘/ % 50
=) 0.3 / E 40
e Y i
w
202 P 30
2 0.1 - 20

' . 10

0 0

0 0.2 0.4 0.6 0 0.2 04 0.6
OUTPUT CURRENT (A) OUTPUT CURRENT (A)
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DAC adjustable low noise power supply

« Some test and measurement applications may require DAC adjustable
and low noise power rall

« If LDO is used to “clean up” the power rail and the switcher output
voltage is DAC adjustable, the voltage difference between the LDO
Input and output can be larger

« To avoid excessive power loss the switcher can be configured as a
tracking pre-regulator. ..

ML MR33630 |— 4 TPS7A1601 42T
FB B

111111

Optional |
DAC

Link: Designing a pre-tracking requlator, part 1: for a positive-output LDO
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LDO as a filter tradeoffs (BOM)

« At a minimum, the LDO requires 3 components (Cin, LDO, Cout)
 Additional components could be FB resistors, reference filter cap

7.1 Schematic

g
L]
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Figure 6. TPS7TA47xxEVM-094 Schematic
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Filtering performance at light load

« Many switchers have power savings mode at light load with reduced
switching frequency (e.g. PFM mode)

', FPWM Mode ¢ s . : -*;;*-PFMMOde o

SWITCHER + LC Filter

SWITCHER + LC Filter

SWITCHER + LDO
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LDO as a filter key takeaways

e Can help reduce both LF ripple and HF switching noise

* |If the switcher has power savings mode with lower switching frequency
at light load, the LDO will still work well

« HF switching noise reduction depends on the LDO PSRR at high
frequency which depends on the LDO output capacitor

« Load regulation issues are mitigated with LDO
« Tradeoff is additional power loss, BOM count, and board space.
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So, LDO or a 2nd stage filter?!

LC filters can tricky at high frequency

— The designer needs to consider the parasitic elements of the capacitor and
inductor

— Filter damping needs to be considered along with stability
— It may require lower BOM count than LDO but it depends how many
capacitors are used

If power savings mode is employed, the LDO will definitely provide
better filtering

In terms of design, the LDO is straight-forward

LDO can always be followed by “high frequency” capacitors to clean up
the remaining switching noise.
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TPS62913 converter + internal filter comp.

TeExAas
INSTRUMENTS

TPS62912, TPS62913
SLVSFP4A — AUGUST 2020 - REVISED SEPTEMBER 2020

TPS6291x 3-V to 17-V, 2-A/3-A Low Noise and Low Ripple Buck Converter with
Integrated Ferrite Bead Filter Compensation

1 Features

.

Low output 1/f noise < 20 pVgus (100 Hz to 100
kHz)

Low output voltage ripple < 10 uVrus after ferrite
bead

High PSRR of > 65 dB (up to 100 kHz)
2.2-MHz or 1-MHz fixed frequency peak current
mode control

Synchronizable with external clock (optional)
Integrated loop compensation supports ferrite
bead for second stage L-C filter (optional)
Spread spectrum modulation (optional)

3.0-V to 17-V input voltage range

0.8-V to 5.5-V output voltage range
57-mQ/20-mQ Rpspon

Output voltage accuracy of +1%

Precise enable input allows

— User-defined undervoltage lockout

— Exact sequencing

Adjustable soft start

Power-good output

Qutput discharge (optional)

3 Description

The TPS6291x devices are a family of high efficiency
low noise and low ripple synchronous buck
converters. The devices are ideal for noise sensitive
applications that would normally use an LDO for post
regulation such as high speed ADCs, Clock and Jitter
Cleaner, Serializer, De-serializer, and Radar
applications.

The device operates at a fixed switching frequency of
2.2 MHz or 1 MHz, and can be synchronized to an
external clock.

To further reduce the output voltage ripple, the device
integrates loop compensation to operate with an
optional second-stage ferrite bead L-C filter. This
allows an output voltage ripple below 10 pVgys.

Low-frequency noise levels, similar to a low-noise
LDO, are achieved by filtering the internal voltage
reference with a capacitor connected to the NR/SS

pin.
The optional spread spectrum modulation scheme

spreads the DC/DC switching frequency over a wider
span, which lowers the mixing spurs.

« Simplified solution with filter
compensation taken care of for
FPWM applications that require
output filtering

* No Vgt regulation penalty since LC
filter is inside the feedback network

Vin O
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Summary

« Understanding the noise origin is important for noise mitigation
* The parasitic elements are usually the trouble makers

« Measuring noise properly can save us effort in trying to design filtering
solutions

« There are many noise reduction techniques (e.g. layout, stackup,
component placement, filtering, etc.)

» 2nd stage LC filters and LDOs can be used to “clean up” a noisy power
supply
« LDOs may be preferred based on the tradeoffs discussed
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