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ILoan(t) Ak
AR Spectral j
P » — Amplitude |9 dB/dec
(dBpA) 1
-20 dB/dec
Fourier _.Maximum
Analysis {\ -~ Envelope
t Z Envelope
* ‘ -40 dB/dec
> ! i S
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tS - l fl - E fz = n_—tz
I t
t, = Pulse width (measured at half-maximum) sin(knD) sin(km x t_R)
ts = Pulse period Ay = 2D X Igrgp X 3
D = Duty cycle = t;/ts kmD Jorr ¢ ER

tr = Rise time; t- = Fall time of edge transition L
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BRIR—RADC, ,DER

LEQX ISTEP
* tunpersnoor = -, = 0.225 us

LggX IsTEP = 2.85 s

* lovERSHOOT = Vour

1
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1
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Regulator Resonant Points
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Converter Output Impedance Example

10.00 I
|
~~~~~~ — Output Impedance
~~~~~~ 1
~~~~~~~~ Open Loop Impedance
Z 111 I N .
a1 =k
‘g' .
5
o
N | Ceramic Cap
| Bulk Cap Resonance
Resonance
0.10 | - | —
t—T"T] { {
- Impedance Attenuated by iz
- Controller Bandwidth i \
0.01
0.1 1.0 10.0 100.0 1,000.0

Frequency [kHz]
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NAVE—F VR - BRA—RE

Converter Output Impedance — Charge-Based Design

COUT =11x470 IJF, 3mQ

30x100 pF, 0805, 6.3 V, 0805

| — Target Impedance
I — Output Impedance

COUT =8.2mF E
el
g
= |
100 =1
a
il I
5 Exceeding Target Impedance Above 40 kHz |
N — |
0.10 \/.l/
0.01 - I — —
0.1 1.0 10.0 100.0 1,000.0
Frequency [kHz]
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AAVE—F VR - BRAVE—F U RE

Converter Output Impedance — Impedance Based Design

10.00

CQUT=17X470 pF, 3mQ
30x100 pF, 0805, 6.3 V, 0805
COUT= 10.99 mF

‘ | — Target Impedance
|

| — Output Impedance

; I
- 100 e o o T 7EI e

| I
g | |
E Below Target Impedance Out to 1 MHz |
I

0.10 | | |
I
I

, 0.01 I |

0.1 1.0 10.0 100.0 1,000.0

Frequency [kHz]

Z1pRGET SEHEDIC
[X.470uFdD/N)LY -0
T ERIZGED
EBMANE
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HEAEXDEE - D-CAP™+

jVIN
CSP1 CSN1

Vour Vin

J W
Resi

csP10 T cr ool
CSN10— &
= One-Shot Driver J
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CSNno— R Q Management V'N CSP CSN
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HEAXDEE - LHFEIRERON R

Converter Output Impedance — Regulator Control Differences

10.00

60 kHz Bandwidth — Current Mode Control

100 kHz Bandwidth — D-CAP™ +

Cour is kept the same for both curves

Target Impedance
D-CAP™+
Current Mode Control

1.00 .

g Current mode control would require another

—',5 8x470 pF caps to meet Ztarger for our design

K compared to D-CAP™+

o
0.10 - Tt
0.01
0.1 1.0 10.0 100.0 1,000.0

Frequency [kHz]

Zourr KYUELERE
TRESE. BELE

=E1E
HAa T EE#
F1-IZTSESRD R (M7
aAUTUYDFEREE
RTEb
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BrfslfEIE coDCcA—K -5/ Y

Voutmax)

Near Upper Limit at Low Current

Transient Window
No Load Line

Transient Window
Load Line

Vout(nom)

Istes* DCL

Voutmin)
.VOUT .
Istep
|

ERDOEILIECTH,
Vourld LFH/BETT S
20mV/div_

-

lour

' 10A/div

 10ps/div

W3 TEXAS INSTRUMENTS | 27



Zoyt (MQ)

10.00

Cour = 14x470 pF, 3 mQ
30x100 pF, 0805,
CQUT =9.58 mF

6.3V, 0805

NAVE—F 2R -DCA—F 514>

Converter Output Impedance Example

—— . 8
== Output Impedanc

== Old Target Impedance
== New Target Impedance

FraRGET

Below Target Impedance Out to 3 MHz =
_____-_;. _______ —/-_—"\‘K—‘VK—-
|
. | | ||
|
!
|
!
17.6 mV '
|
0.1 1.0 10.0 100.0 1,000.0
Frequency (kHz)

=YDBFEAVE—FY
AERETEYDH O—FK-54

TNV -aVTUY

Z3{EETHY
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CourBIRD LLER

BE A Cours /8L | Coure MLCC "

2Ry TILAR 330uF 1x220uF 5x22uF, 16V, (,\(,\ Z
6mQ 0805. X5R. 6.3V

BRIN—XRE 8,200uF  11x470pF, 30x100pF. 0805. [ \[\Z
3mQ X5R. 6.3V

B4 E—F2R. 11,000uF 17x470pF, 30x100uF. 0805. [Z [\

O—k-342%0L 3mQ X5R. 6.3V

BEA 2 E—F 22X, 9 600uF  14x470pF, 30x100pF. 0805,  [Z[,»

A—F 354 20.2mQ 3mQ X5R. 6.3V
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Additional resources

» “Multiphase Design From Start to Finish,” Carmen Parisi, May 2019 http://www.ti.com/lit/slvag82

» “Choosing the Right Fixed Frequency Buck Regulator Control Strategy,” Brian Cheng, Eric Lee,
Brian Lynch and Robert Taylor , TI Power Supply Design Seminar 2014 SEM2100, slup317
http://www.ti.com/lit/slup317

+ “Choosing the Right Variable Frequency Buck Regulator Control Strategy,” Brian Cheng, Eric Lee,
Brian Lynch and Robert Taylor , TI Power Supply Design Seminar 2014 SEM2100, slup319
http://www.ti.com/lit/slup319

+ “Switch-Mode Power Converter Compensation Made Easy,” Robert Sheehan, Louis Diana, Tl
Power Supply Design Seminar 2016 SEM2200, slup340 http://www.ti.com/lit/slup340

* “Reduce buck-converter EMI and voltage stress by minimizing inductive parasitics,” Timothy
Hegarty, Analog Applications Journal, 3Q 2016 http://www.ti.com/lit/slyt682

* “Principles of Power Integrity for PDN Design — Simplified: Robust and Cost Effective Design for
High Speed Digital Products,” Larry D Smith and Eric Bogatin, 1st ed., Prentice Hall, 2017
(ISBN-13: 978-0132735551) JAJP084
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