/ Application Report
I -{IE)S(’?gUMENTS SNAA308B—May 2017—-Revised July 2017
LMKO0461x Phase Noise Performance With DC-DC
Converters

Puneet Sareen

ABSTRACT

The LMKO0461x device family is the industry’s highest performance with lowest power jitter cleaner family
with dual PLLs called PLL1 and PLL2. PLL1 is a very low bandwidth PLL that uses an external VCXO as
voltage control oscillator. PLL2 is a high bandwidth PLL with an integrated high performance LC oscillator.
LMKO04610 provides 10 differential outputs and the LMK04616 provides 16 differential outputs in addition
to a pair of LVCMOS outputs.

To avoid coupling between different blocks, LMKO046xx devices have a number of supply pins. A number
of DC-DC converters are selected to power LMK04616 and their impact on the phase noise performance
of the output clocks is analyzed in this document. Although all the LAB measurement results presented in
this document are taken on LMK04616 EVM, they are also applicable to the LMK04610. The device is
configured to accept a 122.88-MHz input clock frequency, 122.88-MHz VCXO and all output frequencies
are programmed to 122.88 MHz.
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1 Supply Pins in the LMK04616 and LMKO04610 Devices

Figure 1 shows the different supply pins for LMK0461x. The description of the supply pins is given in
Table 1.

LMKO0461x

®33v

[
18V-33V

[ ]
18V-33V

T1.8V-3.3V

Copyright © 2017, Texas Instruments Incorporated

Figure 1. Supply Pins

Table 1. Supply Pin Descriptions

PIN NAME LEVEL (V) DESCRIPTION
VDD_CORE 3.3 Power supply for core
VDD_IO 1.8-3.3 Power supply for input block
VDD_OSC 1.8-3.3 Power supply for OSCout
VDD_PLL1 3.3 Power supply for PLL1
VDD_PLL2CORE 3.3 Power supply for PLL2
VDD_PLL20SC 3.3 Power supply for PLL2 VCO
VDDO_X/Y 1.8-3.3 Power supply for CLKoutX and CLKoutY

Although each supply pin has on-chip LDO to provide additional decoupling and PSRR, ensure
VDD_PLL1 is clean, because the VCXO control block directly runs on VDD_PLL1.

All trademarks are the property of their respective owners.
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2 Recommended Power Supply Connections
The power supply connections, as shown in Figure 2, are recommended for the LMK04616 and
LMKO04610. For further details, refer to the corresponding EVM user guides.
LMKO0461x
33V
LDO _ g OSCi
j = Tasv " s
= :=|: CTRL
B M33v
) FB II 33V
EIFB [ W33y
L 18V -
DC-DC
ﬂr—f— B II Yi8v-33v
% II ¥i8v-33v
—%’%T 18V-33V
(In each supply path) I
Figure 2. Recommended Power Supply Connections
3 Using DC-DC Power Supplies for LMK0461x
LMKO0461x power pins can be suppled through an LDO and/or DC-DC converters. Impact of the DC-DC
converters on the output clock phase noise is analyzed in this document. A number of low-noise DC-DC
converters from Texas Instruments power products can be used with LMK046xx devices.
3.1 DC-DC Converters
The DC-DC converters in Table 2 are used for the clock phase noise bench measurements:
Table 2. Recommended DC-DC Converters
DC-DC CONVERTER PART NUMBER OUTPUT VOLTAGE (V)
TPS62150 1.8-3.3
TPS62743 1.8-3.3
TPS62240 1.8
TPS62621 1.8
TPS62231-Q1 1.8
TPS62080 1.8
TPS54320 3.3
TPS54620 3.3
TPS54418 1.8
TPS54824 1.8
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Bench Measurements

4 Bench Measurements

4.1 DC-DC Converter — TPS62150

TPS62150 DC-DC is mounted on the LMK04616 and LMK04610 EVMs provided by Texas Instruments.
The DC-DC is configured like recommended in TPS62150EVM. The switching frequency is set to 1.25
MHz and output ripple is < 3 mV for I, = 1 A as per the DC-DC data sheet. The phase noise results by

using TPS62150 DC-DC converter supplying power to the LMK04616 are presented in the following

sections.

41.1 All Output Supplies VDDO_X/Y Connected to DC-DC Converter (1.8 V)

The supply configuration shown in Figure 2 was used for the measurement and the output phase noise is

shown in Figure 3.

40,00

ol

_Canmier 122.830000 MHz

100 Hz  -107.2565 dBc/Hz
1 kHz -129.0317 dBc/Hz
10 kHz =139.,5393 dBc/Hz
100 kHz -148.1282 dBc/Hz
1 MHz -159.5872 dBc/Hz
10 MHz -165.86332 dBc/Hz
Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
=== NOise ===
Analysis Range X: Band Marker
Analysis Range Y: Band
Intg Noise: -89.2357 dac / 19 99 MHz
RMS Noise: 48. 3347 prad
2.79802 mdeg
RMS Jitter: 63.251 fsec
Residual FM: 366.204 Hz

MR b

>

% Agient Es052A Signal Source Analyzer 1

PPhaze Moise 10.00d8/ Ref -130.0dB¢/Hz [Smo]

S.5766 dem

Stop 20 MHz IETTITH |-
Phase Noise: Meas Ctrl 1.5v|Pow 1.5V] 2017-04-26 07:33 ||

Figure 3. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 2
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41.2 VDD_CORE Powered by the DC-DC Converter (3.3 V)
As shown in the supply configuration in Figure 4, VDD_CORE is connected to the DC-DC converter
supplying 3.3 V, all other supplies are on LDOs. The output clock phase noise is shown in Figure 5. There
is a marginal degradation in the phase noise performance below 1-KHz offset frequency.
LMKO0461x
33V
Lbo i i ¥s3v 0SCin LDO
¢ : CTRL
FB 33V
L l
pe-be ﬁf FB I 3.3V
FB 3.3V
LDO 10 _
T B T Tisv-33v
" II Tisv-33v
-‘E"-'éﬁfff‘—TFB 3 18V-33V
(In each supply path) I
Figure 4. VDD_CORE is Powered by to the DC-DC Converter
O Agilent ES052A Signal Source Analyzer
PPhase Noise 10.00dB/ Ref -130.0dBc/Hz [Smo]
3 I . . V ; _____Canier 122.880000 MHz 52772 dJBrm
1: 100 Hz =106,3591 dBc/Mz
23 |1 kHz -128.7967 dBc/Hz
3510 kHz +139.4898 dBc/Hz
4: 100 kHz -148,1485 dBc/Hz
40 St-1-MHz ~159.6545 dBc/Hz
»6: | 10 MHz -165.8002 dBc/Hz
Xz Start 12 kHz
Stop 20 MHz
Centar 10.006 MHz
Span 19,988 MHz
== NOYS@ ===
#Amalysis Range X1 Band Marker
Analysis Range Y: Band Marker
Intg Noise: -89.2341 dBc / 19.99 MHz
RMS Moise: 42.8438 urad
2.79854 mdegq
RMS Jitter: 63,263 fsec
Residual FM: 365.858 Hz
£
-130.0 p
140 2
3
4
s
Phase Noise Start 100 Hz Stop 20 MHz UGN -
Figure 5. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 4
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4.1.3 VDD_PLL1 Powered by the DC-DC Converter (3.3 V)

As shown in the Figure 6, only VDD_PLL1 is supplied with the DC-DC converter output at 3.3 V. There is
a significant increase in phase noise at 100-Hz offset. Comparing the phase noise numbers in Figure 7
and Figure 3, the phase noise at 100-Hz offset degrades to —97.9 dBc/Hz when VDD_PLL1 is connected
to the DC-DC converter, compared to —107.2 dBc/Hz when the VDD_PLL1 is connected to a low-noise

LDO output.
LMKO0461x
33V
Lbo f " Tasv 0SsCin e
Nvte o . CTRL
B 1 3.3V
i ﬂf _Eh_i—. 33V
B 33V
LDO 18 ]
T B T Tisv-33v
=1
FB :I: 1.8V-33V
“%"‘f“}j"—T 1.8V-33V
(In each supply path) I
Figure 6. VDD_PLL1 Powered by the DC-DC Converter
% agient emmmmm—
PPhase MNoise 10.00dB/ Ref -130.0dBcHz [Smo]
A " o _Canier 122.880000 MHz ___ 5.8715 dBm
- T1: 100 Hz | -97.9088 dBc/Hz
2 1 kHz -128.5293 dBc/Hz
3% |10 KRZ -139.4749 dBc/Hz
4: 100 kHz -148.1630 dBc/Hz
S: -1 MHz -159.5708 dBc/Hz
*6: 10 MHz ~165.9618 dBc/Hz
S0.00 Xz Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
= NOis& ===
Analysis Range X1 Band Marker
Analysis Range Y: Band Marker
20.00 Intg Moise: -89.2627 dBc / 19.99 MHz
RMS Noise: 48.6831 prad
30.00 2.78932 mdeg
: RMS Jitter: 63.055 fsec
100.0 4 Residual FM: 363.886 Hz
1200 p-
2
140.0
I, 3
Phase Noise Start 100 Hz - Stop 20 MHz ﬂj] -
Figure 7. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 6
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41.4 VDD_PLL2CORE Powered by the DC-DC Converter (3.3 V)

The supply connections are shown in Figure 8. Connecting the VCC_PLL2CORE to the DC-DC converter
shows almost no degradation in the phase noise performance.

LMKO0461x

3V

i

LDO

LDO

3.3V OSCin

CTRL
33V

DC-DC | 3.3V

|-
|||—|}$

=1 W33v
0 18V B
= ®i8v-33v

|||—||—<

rE ¥1sv-33v

= 1.8V-33V
(In each supply path) I

Figure 8. VDD_PLL2CORE Powered by the DC-DC Converter

+# Agilent ES052A Signal Source Analyzer

PPhase MNoise 10,0048/ Ref -130.0dBcHz [Smo]

N _ Camier 122.880000 MHz __ 5.9792% dBm
1: 100 Hz -106,.8150 dBc/Hz
- Zt| | L kHz -128.8749 dBc/Hz
Al 3i 10 kHzZ -139.4778 dBc/Hz
4: 100 kHz -148.0872 dBc/Hz
40,0 St -1 MHz ~159,5994 dBc/Hz
*6: 10 MHz -165.8549 dBc/Hz
X: Start 12 kHz

Stop 20 MHz
Center 10.006 MHz

Span 19.983 MHz
== Noise ===
#nalys1s Range X3 Band Marker
#fnaliysis Range Y:i Band Marker
Intg Moise: -89.2391 dBc / 19.93 MHz
RMS Moise: 48.8157 prad

J 2.79693 mdeg
RMS Jitter: 63.226 fsec
Residual FM: 364.279 Hz

=

Phase Noise Start 100 Hz Stop 20 MHz mm

Figure 9. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 8
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4.1.5 VDD_PLL20SC Powered by the DC-DC Converter (3.3 V)

LMKO0461x

f \J = 33V 0SCin

CTRL

LDO

LDO

3.3V

IDIEARIE | 33V

3.3V

LDO

.1.8V—3.3V

I||—||—0

= II ®18v-33v

B 1.8V-33V
(In each supply path) I

Figure 10. VDD_PLL20OSC Powered by the DC-DC Converter

© Agilent ES052A Signal Source Analyzer s

PPhase Moise 10.00dBf Ref -130.0dBc/Hz [Smo]

20.00 — - Canier 122820000 MHz  5.8795 dBm
o 1: 100 Hz -108.3456 dBc/Hz
2t| | 1 kHz -129.0616 dBc/Hz
3: 10 kHz  -139.4646 dBc/Hz
4: 100 kHz -148.1448 dBc/Hz
S: L MHz +159,7001 dBc/MHz
»6: 10 MHz -165.8467 dBc/Hz
S0,00 X: Start 12 kHz
Stop 20 MHz

Center 10.006 MHz
Span 19.988 MHz

X == Noi1se ==
00 #nalysis Range X: Band Marker
#Analiysis Range Y: Band Marker
20,00 Intg Moise: -£9.2432 dBc / 19.99 MHz
RMS Moise: 48.7926 prad
90.00 i 2.79561 mdeg
S RMS Jitter: 62,197 fsec
Residual FM: 266.991 Hz

Stop 20 MHz IETIITH

Figure 11. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 10
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4.1.6

VDD_0OSC Powered by the DC-DC Converter (3.3 V)

The supply configuration is shown in the Figure 12 where the VDD_OSC is connected to the DC-DC
converter. No degradation in phase noise performance is observed as shown in Figure 13.

LDO

LMKO0461x

i

-
@®

EE

|||—”—o

r 33V OSCin

CTRL
3.3V

33V

L 1.8V EIFB I W33y

DC-DC H T
:TI: {—t L
B T 1.8V-33V
1.8V =
s n
S FB T 1.8V-33V

I

= 18V-33V
(In each supply path)

Figure 12. VDD_OSC Connected to DC-DC

LDO

Center 10.006 MHz
Span 19.988 MHz

=== NO|Se ===
Intg Noise:
RMS Moise:

RMS Jitter:
Residual FM:

Canier 122,820000 MHz 5 .873%3 dom

1: 100 Hz <108,4106 dBc/Hz
2:| | L kMz +129,1102 dBc/Hz
3: 10 kHz +139.5671 dBc/Hz
4: 100 kHz +-148.1845 dBc/Hz
St 1 MHz -159.6464 dBc/Hz
»#6: 10 MHz -165.9323 dBc/Hz
Xi Start 12 kHz

Stop 20 MHz

Analysis Range Xi Band Marker
#nalysis Range Y: Band Marker
-89.2418 déc / 19.99 MHz
43,8005 prad

2.79606 mdeg
63,207 fsec

266.596 Hz

i Agilent E50524 Signal Source Analyzer —

PPhase Moise 10.00dB{ Ref -130.0dBc/Hz [Smo]

Stop 20 MHz IETTITH -

Figure 13. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 12
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41.7 All LMK046xx Supplies and VCXO Supply Connected to DC-DC Converter (3.3 V)
In this test case, all supply pins of LMK04616 are connected to the DC-DC converter supplying the 3.3-V
output. The VXCO is also connected to the same supply. As we can see in the phase noise plot in
Figure 15, there is a significant degradation in the phase noise performance at offset frequencies below
100 KHz. This configuration is presented here as a test configuration only and should not be used.
LMKO0461x
= \ 4 N .
B L 33V 0SCin
¢ o CTRL
= M33v
L
FB I 3.3V
L 33v et Waasyv
DC-DC _%b I
= & T Tisv-33v
= T Tisv-33v
= ¢+ T 1.8V-33V
(In each supply path) I
Figure 14. All LMK0461x Supplies and VCXO Supply Connected to DC-DC Converter
© Agilent ES052A Signal source analyzer
»Phase MNoise 10.00dBJ Ref -130.0dBcHz [Sma]
A r T __Carvier 122.880000 MHz _ 5.8337 dBrm
i 100 Hz =95.1524 dBc/Hz
= 2: L kHz +121.8874 dBc/Hz
S0.00 | 3310 kHZ +=130.4293 dBc/Hz
4: 100 kHz -147.3927 dBc/Hz
S:--1 MHz -159.3509 dBc/Hz
»6: 10 MHz  -165.6312 dec/Hz
X: Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
== Noise ===
70.00 | Analysis Range X:i Band Marker
Analysis Range Y3 Band Marker
20.00 Intg Moise: -86.2286 dBc / 19.99 MHz
RMS Moise: 69.0372 prad
3.95554 mdeg
RMS Jitter: 89.417 fsec
Residual FM: 375.45 Hz
150.( .
16 I
| -]
Phase Noise Start 100 Hz Stop 20 MHz IETIITH -
Figure 15. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 14
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4.1.8 All LMK046xx Supplies Powered by the DC-DC Converter (3.3 V) and VCXO Connected to
Separate LDO

The supply config is shown in Figure 16. Compared to the supply connections shown in Figure 14, the
only difference is that the VCXO is supplied through a separate LDO and all the supply pins of the
LMKO04616 are supplied with the DC-DC converter at 3.3-V output voltage. The phase noise plot in
Figure 17 shows degradation in phase noise at offset frequencies <10 KHz.

LMKO0461x
FB :I:I 3.3V OSCin LDO
. - CTRL
B 3.3V
I II ¥s3v
L o33y ¢T3y
DC-DC :ﬂf__T__‘ I
l <
FB :I:I 1.8V-33V
B e L
FB :I: 1.8V-33V
“E""“}jf‘—TFB 1.8V-33V
(In each supply path) I
Figure 16. VCXO Connected to Separate LDO
© Agilent ES052A Signal Source Analyzer
PPhase Moise 10,00dB/ Ref -130.0dBc/Hz [Smo)
0 r ——— S . Camier 122880000 MHz 53333 dBN
1: 100 Hz -97.9858 dBc/Hz
2: | 1 kHz -125.6578 dBc/Hz
3t 110 kHz =139.7547 dBc/Hz
4: 100 kHz -148.7953 dBc/Hz
S¢-1-MHz -159.3484 dBc/Hz
»6: 10 MHz -165.6370 dBc/Hz
X: Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
== No1se ===
#fnalysis Range X1 Band Marker
Analysis Range Y: Band Marker
Intg MNoise: -89.3482 dBc / 19.99 MHz
RMS Moise: 46,2067 prad
20,00 | J 2.76204 mdeg
RMS Jatter: €2.438 fsec
Residual FM: 373.763 Hz
4
s
— i
: T
Stop 20 MHz TG\
Figure 17. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 16
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419 All LMK046xx Supplies Powered by the DC-DC Converter (3.3 V) Except VDD_PLL1

In this test configuration, the VDD_PLL1 is connected to the 3.3-V output from a low-noise LDO, and all
the other supplies are connected to the 3.3-V output of the DC-DC converter (see Figure 18). Compared
to the supply configuration shown in Figure 16, the phase noise at 100-Hz offset is better, but still worse
for offset frequencies < 10 KHz when comparing against the phase noise plot shown in Figure 3.

LNK0461x % Agilent ES052A Signal Source Analyzer B |
. PPhase Noise 10.00dB/ Ref -130.0dBcHz [Smo]
o r Camier 122880000 MHz 5.5273 de
7B L 33v OSCin e = LDO 1: 100 Hz|  -103.1505 dBc/Hz q
FB 2: 1 kHz  -125[3611 dBc/Mz
3: 10 kHz -139,7954 dBc/Hz
= = - 4: 100 kHz -148.7848 gBCZ‘HZ
" St MHz -159.4150 e/ Hz
LDO e CTRL G MMz -165.7356 dBe/Mz
1 I 5
= = an
= e
. L 33V
L
== 33V /B L 33V
DC-DCH ™y ’ I
= 5 i 18V-33V
5 j 18V-33V
A 1.8V-33V
{ h ly path) I

Figure 18. All LMKO046xx Supplies Connected to DC-DC Figure 19. CLKoutX/X* Phase Noise for Supply Config
Converter (3.3 V) Except VDD_PLL1 Shown in Figure 18

4.1.10 All LMKO046xx Supplies Connected to DC-DC Converter (3.3 V) Except VDD_PLL1 and
VDD_PLL20SC

In this test configuration shown in Figure 20, both VDD_PLL1 and VDD_PLL2 are connected to the output
of low-noise LDO, and all other supplies of the LMK04616 are connected to the output of the DC-DC
converter. There is an improvement in the phase noise at 100-Hz offset compared to the supply
configuration shown in Figure 18.

LMKO0461x
{—} L 4 L .
hs 33V 0OSCin LDO
33V =
— o CTRL
LDO 1 =, T L 33V
= ! ®a3v
L ==—9¥33v
DC-DC ﬂ,—i{i« I
= 1= II ¥isv-33v
= II Fisv-33v

(In each supply path) Iz | 18Vv-33V

Figure 20. All LMK046xx Supplies Connected to DC-DC (3.3 V) Except VDD_PLL1 and VDD_PLL20SC
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4 Agilent E5S0524 Signal Source Analyzer

PPhase Noise 10,0048 Ref -130,0dB¢/Hz [Smo)]

Canier 122830000 MHz __5.5328 demy

100 Hz' -106,5397 dBc/Hz
1 kMz -126.1024 dBc/Hz
10 kHz +139.7761 dBc/Hz
100 kHz -148.7850 dBc/Hz
1 MHz -159,4084 dBec/Hz
10 MHz -165.6118 dBc/Hz
Start 12 kHz

Stop 20 MHz
Center 10.006 MHz

Span 19.988 MHz
== Noise ==
Analysis Range X: Band Marker
fnalysis Range Y: Band Marker
Intg Moise: -89.3481 dBc / 19.93 MHz
RMS Moise: 48.2072 prad

2.76207 mdeg

RMS Ditter: 62.438 fsec
Residual FM: 376.588 Hz

¥
MEPnbowira b

Phase Noise Start 100 Hz

Figure 21. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 20

Stop 20 MH: IETITH |/

4.1.11 Without Ferrite Bead and Decoupling Capacitor on Output Supply

!

As shown in the Figure 22, the ferrite bead and the decoupling capacitor is removed from the VDDO_0
supply and the phase noise measurement is performed on OUTO/OUTO* output. The spurs from the DC-
DC converter can be seen in the Phase noise plot of the clock output.

3.3V
LDO ’ “—}l—8
i = :L[ 3.3V
I 'E’FB' Ij " 33v
FB :l[ 3.3V
= i 3.3V
L 18v =
peoc™h I”Dﬂ—'ps P
B :L[ 1.8V -3.3V
FB X 1.8V -3.3V
(In each supply path):[

LMKO0461x

OSCin

CTRL

Figure 22. Removed Ferrite Bead and Decoupling Capacitor on Output Supply
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© Agilent ES052A Signal Source Analyzer

[¥Phase Noise 10.00dB/ Ref -130.0dB<c/Hz [Smo]

r _Camier 122.880000 MHz __5.8032 dom
1: | 100 Hz| -106.5007 dBc/Hz
23| |1 kHz -128.9145 dec/Hz
3: 10 kHz  -139.3844 dBc/Mz
4: 100 kHz -148.0456 dBc/MHz
S: 1 MMz ~159.4737 deéc/Hz

»61 10 MHz -165.6242 dec/Hz
X2 Star! 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
== Nolise ===
Analysz1s Range X: Band Marker
Analysis Range Y: Band Marker
Intg Noise: -87.5320 dBc / 19.99 MHz
RMS Noise: 59.4178 prad
3.40439 mdeg
RMS Jitter: 76.958 fsec
Residual FM: 396.455 Hz

Stop 20 MH:z IETITA -

Figure 23. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 22

4.2 DC-DC Converter - TPS62743
The TPS62743 is a high-efficiency, step-down converter with ultra-low quiescent current of typical 360 nA.
The output voltage can be programmed using the select pins. The typical switching frequency is 1.2 MHz
and output ripple < 15 mV with Cq,; = 10 uF. The LMK04616 output clock phase noise measurements
using TPS62743EVM as a supply source are shown in Section 4.2.1.
42.1 All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8 V)
All the output supplies are connected to the DC-DC converter 1.8-V output and other supplies are
connected to the LDOs as shown in Figure 2. The phase noise performance of the output clock is shown
in Figure 24.
i Agilent ES0524 Signal Source Analyzer —
»Phase Noise 10.00dBJ Ref -130.0d8.c/Hz [Smo]
0,00 o ___Carvier 122.850000 MHz 58370 dem
1: 100 Hz| -107.5162 dBc/Hz
2:| 1 kHz ~128.8301 dBc/Hz
3: 10 kHz — +139.4818 dBc/Hz
4: 100 kHz +148.0935 dBc/Hz
S: 1 MHz =159.5716 dBc/Hz
»61 10 MHz =165.9588 dBc/Hz
X2 Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
ﬁ1:§:§ekﬁe X3 Band Marker
Analys1s Range Y: Band Marker
Intg Noise: -89.2487 dBc / 19.99 MHz
RMS Noisze: 48.7619 urad
2.79385 mdeg
RMS Jitter: €3.157 fsec
Residual FM: 262,542 Hz
110.0 i!
120.0 P
140.0 L
3
4
s
Stop 20 MHz IETIICH -
Figure 24. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 2 and TPS62743
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4.2.2 All LMK046xx Supplies Powered by the DC-DC Converter (3.3 V)
In this test configuration, the DC-DC is configured for 3.3-V output voltage and all the LMK04616 supply
pins are connected to the DC-DC converter output voltage. The supply configuration is shown in
Figure 16. The noise plot in Figure 25 shows significant degradation for offset frequencies < 10 KHz.
“_Agilent ES052A Signal Source Analyzer —
PPhase Moise 10.00dBf Ref -130.0dBc/Hz [Smo)
4 . _ Canier 122.860000 MHz 5353 dem
1: -82.4436 dBc/Hz
2: -123.6135 dBc/Hz
£ -139.72599 dBc/Hz
4 -148.6755 dBc/Hz
511 -MHz -159.4708 dBc/Hz
»6: 10 MHz -165.6747 dBc/Hz
X: Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
70, ﬁ;-;;::;ekfnie X3 Band Marker
Analys1s Range Y: Band Marker
(1] Intg Noise: -89.3427 dBc / 19.99 MHz
! s s
RMS Jitter: €2.477 Fsesg
Residual FM: 373,293 Hz
130.0 P H
:_r\fu .| B
n-n L}
1800 g WSS |1 N 11 S 1 ) S 2 101 —
[1F Gain S0d8. Freq Band [39M-1.5GH]| Spur| L0 Opt [«150kHz] 685pts | Come 3|
Phase MNoise Start 100 Hz Stop 20 MHz IETTECH
Figure 25. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 16 and TPS62743
4.2.3 All LMKO046xx Supplies Except VDD_PLL1 Powered by the DC-DC Converter (3.3 V)
Compared to the supply configuration used in Figure 25, the VDD_PLL1 is excluded from the DC-DC
converter and is supplied with the low-noise LDO. The supply configuration is shown in Figure 18. The
phase noise plot in Figure 26 shows improvement compared to when all supplies are connected to the
DC-DC converter, but still shows degradation compared to the phase noise when using the recommended
supply configuration.
PPhase Noise 10,0048/ Ref -130.0dBcfMHz [Smo)]
N . ; Carvier 122.880000 MH: 58324 dem
1 100 Hz -105.8559 dBc/Hz
2 1 kHz =126 .2055 dBc/Hz
3 10 kHz -139.7334 dBc/Hz
4: 100 kHz -148.7228 dBc/Hz
¥ 5 1 mz =159.4123 dBc/MHz
»61 ~165.6569 dBc/Hz
Xz Start 12 kMz
Stop 20 MHz
Center 10.006 MHz
LI S 1o
Amalys1s Range Xi Band Marker
I‘g:-‘yl“l;:s:: -39v;333n38c 7 19 99 MMz
RMS Moise: 48,2955 urad
2.76713
RM5 Ditter: 62,553 fsec
Residual FMp 373,487 Hz
Figure 26. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 18 and TPS62743
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4.3 DC-DC Converter - TPS62240

The TPS6224x device is a highly efficient 2.25-MHz synchronous, step-down DC-DC converter. The
device provides up to 300-mA output current from a single Li-lon cell.

43.1

All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8 V)
The TPS62240EVM provides the 1.8-V output voltage and the device is connected as shown in Figure 2

(recommended supply connections). The phase noise of the output clock is shown in Figure 27.

S—— - —

BEYT]
23
EH
4: 100 kHz
Sz
63 10 MHz
X: Start 12 kbz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
== No1se ===
#fnalysis Range X3 Band
Analysis Range Y: Band

>

RMS Noisze: 48.8482 prad

. Carvier 122.£80000 MHz
-107.,1451 dBc/Hz
=129.0051 dBc/Hz
+139.4464 dBc/Hz
+148.1273 dBc/Hz
<159.6960 dBc/Hz
-165.8567 dBc/Hz

Intg Noise: -89.2333 dBc /- 19.99 MHz

2.7988 mdeg
RMS Jitter: 63,269 fsec
Rezidual FM: 366.634 Hz

© Aglent E5052A Signal Source Analyzer I ———

PPhase Noise 10,00dB Ref -130.0dBcjHz [Smo]

5.5974 dem

Marker
Marker

| IF Gain S0de.|

Phase MNoise Start 100 Hz

- N

Stop 20 MHz ETIETH -

Figure 27. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 2 and TPS62240

4.4

DC-DC Converter - TPS62621

TPS62621 is a 6-MHz, synchronous, step-down DC-DC converter optimized for battery-powered, portable

applications. Intended for low-power applications, the TPS62621 support up to 600-mA load current and
allows the use of cost-effective chip inductor and capacitors. The output peak-to-peak ripple voltage is 5

mV at 300-mA load current.

SNAA308B—May 2017 —-Revised July 2017
Submit Documentation Feedback

LMKO04610 and LMK04616 Phase Noise Performance With DC-DC Converter

Copyright © 2017, Texas Instruments Incorporated

Voltage Supply

17


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAA308B

Bench Measurements

i3 TEXAS
INSTRUMENTS

www.ti.com

44.1

4.5

45.1

PPhase Noise 10.00dBf Ref - 130.0dBc/MHz [Smo]

_Camier 122.820000 MHz ___ 5.8%68 dBm

T[1:[ 100 Hz  -107.2535 dBe/Hz
2t 1 kHz -128,7977 dBc/Hz
3: 10 kHz  -139.6556 dBc/Hz
4: 100 kHz +148,1551 dBc/Hz
5z 1 MHz ~159.5246 dBc/Hz
62 10 MHz -165.9727 dBc/Hz
Xz Start 12 kHz

Stop 20 MHz

Center 10.006 MHz

Span 19.988 MHz
=== Noise =
#nalysis Range X: Band Marker
Analis1s Range Y: Band Marker

Intg Noisae: -8§9.2725 dBc / 19.99 MHz

RMS Noise: 48,6287 urad

2.78622 mdeg
RMS Jitter: 62.984 fsec
Residual FM: 364.175 Hz

All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8 V)

The TPS62621EVM is configured to supply 1.8-V output and the supply connection, as shown in Figure 2,
and is used for this DC-DC converter, also. The phase noise plot is shown in Figure 28.

© AgllentES052A Signal Source Analyzer T —

DC-DC Converter - TPS62231

The TPS6223x device family is a 3-MHz, synchronous, step-down DC-DC converter ideal for space-

optimized automotive and industrial applications. The peak-to-peak output ripple with L = 2.2 yH and C, =
4.7 yF is < 10 mV at I, = 300 mA. The device supports up to 500-mA output current and allows the use
of tiny and cost-effective chip inductors and capacitors.

Stop 20 MHz IETIFGH 1\

Figure 28. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 2 and TPS62621

All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8 V)

The recommended supply configuration is used for the phase noise measurement with TPS62231EVM as
shown in Figure 2. The output clock phase noise is shown in Figure 29.

© AgllentES052A Signal Source Analyzer T —

PPhase Noise 10.00dBf Ref - 130.0dBc/MHz [Smo]

s | 10 MHz -165.9230 dBc/Hz
s Start 12 kHz

Stop 20 MHz
Center 10.006 MHz

Span 19.588 MHz
=== Noise =
#nalys1s Range X: Band Marker
Analiysis Range Y: Band Marker

Intg Noisae: -89.2776 dBc / 19.99 MHz

RMS Noise: 48.6 prad
2.78457 mdeg

RMS Jitter: 62.947 fsec

Residual FM: 364.5 Hz

_Camier 122.820000 MHz ___ 5.8798 dem

Stop 20 MHz IETIFGH |/

Figure 29. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 2 and TPS62231
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4.6 DC-DC Converter - TPS62080
The TPS6208x devices are a family of high-frequency, synchronous, step-down converters. The converter
focuses on high efficiency, step-down conversion over a wide output current range. At medium to heavy
loads, the converter operates in PWM mode and automatically enters Power Save Mode operation at light
load currents to maintain high efficiency over the entire load current range. The DC-DC converter operates
at a nominal frequency of 3 MHz.
46.1 All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8 V)
The recommended supply connection are used for TPS62080EVM as shown in Figure 2 and the phase
noise results are shown in Figure 30.
i Agilent ES052A Signal Source Analyzer .,
»Phase Noise 10,0048 Ref -130.0dBcjHz [Smo]
R R | AR N Canier 122.860000 MHz ___5.5784 dBm
TT1: 100 Hz| -106.8873 dBc/Hz
2z | L kHz -128.5973 dBc/Hz
3t 10 kHz — +139.5671 dBc/Hz
4: 100 kHz -148.2044 dBc/Hz
S: 1 MHz -159.6118 dBc/Hz
»6: 10 MHz -165.9797 dBc/Hz
X: Start 12 kHz
Stop 20 MHz
Center 10.006 MHz
Span 19.988 MHz
ﬁ]ﬁg:ieklan_ge X1 Band Marker
Analysis Range Y: Band Marker
Intg Noise: -89.2801 dBc / 19.99 MHz
RMS Noise: 48.5859 urad
2.78377 mdeg
RMS Jitter: 62.929 fsec
Residual FM: 363.727 Hz
-120.0 \&\A_
1400 } L
-150.0 | 3
o 4
180.0 o = ray it # Y
| 1F Gain S0d8 Freq Band [991-1.5GHz]| Spur| LO Opt [=150kHz]| 685pts | Coms 3]
Phase Noise Start 100 Hz Stop 20 MHz IETIFTH /-
Figure 30. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 2 and TPS62080
4.7 DC-DC Converter - TPS54320
The TPS54320 is a full featured 17-V, 3-A synchronous step-down converter which is optimized for small
designs through high efficiency and integrated high-side and low-side MOSFETs. The default EVM
configuration of the TPS54320EVM is used for the LMK04616 measurements. The switching frequency on
the TPS54320EVM is set at a nominal 480 kHz. The converter specifies an output ripple voltage of 10
mV,, at l,, = 3 A.
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4.7.1

4.7.2

All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (3.3 V)

The recommended supply connection are used for to supply LMK04616 by the TPS54320EVM as shown
in Figure 2 and the phase noise results are shown in

%% Agilent ES0524 Signal Source Ana

»Phase Noise 10,0048/ Ref -20.00dBc/Hz [Smo]

|
-20.00

¥
MO wmkE
5
Q
=
=
N

Start 12 kHz
Stop 20 MHz

== No1se

Center 10.006 MHz
Span 19,988 MHz

e
Analysis Range X: Band Marker
Analysi1s Range Y: Band Marker
Intg Moise: -89.1531 dBc / 19.99 MHz
RMS Moise: 49,3016 prad

i 2.52478 mdeg
RMS Jitter: 63,856 fsec
Residual FM: 388.315 Hz

I Camier 122879333 MHz __ 5.7361 dBry
100 Hz =107 .2622 dBc/Hz
1 kHz -128.6421 dBc/Hz
10 kHz +138.9560 dBc/Hz
-149.0389 dBc/Hz
1 MHz -159,0584 dBc/Hz
10 MHz ~165.4773 dBc/Hz

= Mois Stop 20 MHz IEEICH

Figure 31. CLKoutX/X* Phase Noise for Supply Config Shown inFigure 2 and TPS54320

All LMK04616 Supplies and VCXO Supply Connected to DC-DC Converter (3.3 V)

All supply pins of LMK04616 are connected to the DC-DC converter supplying the 3.3-V output. The
VXCO is also connected to the same supply. The supply configuration is shown in As we can see in the
phase noise plot in , there is a significant degradation in the phase noise performance at offset
frequencies below 100 KHz. This configuration is presented here as a test configuration only and is not

recommended to be used.

< Agilent E5052A Signal Source Analyzer .

PPhase MNoise 10.00dBf Ref -20.00dBc/Hz [Sma)]

b
20,00

Stop 20 MHz
Center
an

=

== Noise

= R Camier 122880001 MHz __ 5.6722 dBrm
1l: 100 Hz -98.1510 dBc/Hz

2 1 kHz 124 .9853 dBc/Hz

3 10 kHz -131.4159 dBc/Hz

4: 100 kHz +149.0645 dBc/Hz

Sti--1 -MHz =159.0938 dBc/Hz

= 10 MHz k-lGS . 2544 dBc/Hz

X H:

0.006 MHz
19.988 MHz

fnalysis Range X:i Band Marker
Analysis Range Y3 Band Marker
Intg Moise: -27.6803 dBc / 19.99 MHz
EMS Noise: 58.4116 prad

| 3.34674 mdeg
RM5 Jitter: 75,655 fsec
Residual FM: 385.939 Hz

s

hase Nois Stop 20 MHz INGTCH |

Figure 32. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 14
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4.7.3 All LMK046xx Supplies Powered by the DC-DC Converter (3.3 V) and VCXO Connected to
Separate LDO
The supply config is shown in Figure 16. Compared to the supply connections shown in Figure 14, the
difference is that the VCXO is supplied through a separate LDO and all the supply pins of the LMK04616
are supplied with the DC-DC converter at 3.3-V output voltage. The phase noise plot in shows degradation
in phase noise at offset frequencies < 10 KHz.
i Agilent E50524A Signal Source Analyzer S
PPhase MNoise 1o.ood-e.r Ref -20.00dBc/Hz [Smo]
-20.00 P o A SRS A — 65 Carrier 122-839,003,';1';% ___S.e0srdBm
il . -igé:ggw dssﬁi
E ¥ 10 kH=z =139 .909% dBc/Hz
4z 100 kH=z =149 .1865 dBc/H=z
40 St 1 MHz =159 .1753 dBc/Hz
*G3 10 MH=z -165.5042 dBc/H=z
co Xz Start 12 kHz
Stop 20 MHz
Center 10.006 MH=z
Span 19.988 MH=z
= NO1S@ =
Analysis Range X3 Band Marker
Analysis Range Y: Band Marker
Intg Noise: -83.3365 dBc / 19.93 MHz
RMS Noise: 48,2712 urad
2.76573 mdeg
RME Jitter: 62.521 fsec
s Residual FM: 279.375 Hz
.
110.0
2
Phase MNoise Start 100 Hz Stop 20 MHz ETICHE
Phase Noise: Meas [Sell (MRS = et [ l2sik—= -]
Figure 33. CLKoutX/X* Phase Noise for Supply Config Shown in Figure 16
4.8 DC-DC Converter - TPS54620

The TPS54620 in thermally enhanced 17-V, 6-A, synchronous, step-down converter which is optimized for

small designs through high efficiency and integrating the high-side and low-side MOSFETSs. The default

EVM configuration of the TPS54620EVM is used for the LMK04616 measurements. The switching
frequency is externally set at a nominal 480 kHz. The output ripple is specified at 20-mV peak-to-peak at

full load.
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48.1

All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (3.3 V)

The recommended supply connection are used to supply LMK04616 by the TPS54320EVM as shown in

Figure 2 and the phase noise results are shown in

4.9

:# Agilent ES0524A Signal Source Analyzer

[FPhase Moise 10.00dB/ Ref -20.00dBc/Hz [5mo)

2000 p—

_Camier 122.880001 MHz _

1: 100 Hz <107 .4731 dBc/Hz
22 |1 kHz -128.9075 dBc/Hz
3: 0 kH: -129,2597 dBc/Hz
4: 100 kHz -148,9167 dBc/Hz
Sz MHz -159,0756 dBc/Hz
»61 O MH -165.4660 dBc/Hz
X: Start 12 kHz

Center 10.006 MHz
Span 19.988 MHz
=== Noise ===
Analysis Range X: Band Marker
Snalysis Range Y: Band Marker
Intg Noise: -29.2170 dBc / 19.99 MHz
RMS Noise: 48.9401 prad
2.80406 mdeg
RMS Jitter: 63.387 fsec
Residual FM: 381.284 Hz

DC-DC Converter - TPS54418

__5.707 dBm

Stop 20 MHz BTN

Figure 34. CLKoutX/X* Phase Noise for Supply Config Shown inFigure 2 and TPS54620

The TPS54418 is a 2.95-V to 6-V Input, 4-A Output, 2-MHz , Synchronous Step-Down Switcher With

Integrated FETs, and minimizing the device footprint with a small, 3 mm x 3 mm, thermally enhanced,
QFN package. The output ripple at full load I is < 10-mV Peak-to-Peak as per the measurements in
TPS54418EVM user guide.

49.1

All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8V)

The recommended supply connection are used to supply LMK04616 by the TPS54418EVM as shown in

Figure 2 and the phase noise results are shown in

rDhase Moise 10,0048/ Ref -20.00dBc/Hz [Smo]
-20.00 Py -

_r

Cander 122.879997 MHz

1: 200 Hz “106.6150 dBc/Hz
2: |2 kHz +129,3628 dBc/Hz
31 10 kHz  -138,5317 dBc/Hz
4: 100 kHz -148,4093 dBc/Hz
5: 1 MHz ~159,1548 dBc/Hz
*6: 10 MHz = -165.7552 dBc/Hz
X: Start 12 kHz

Stop 20 MHz
Centar 10.006 MHz
Span 19.9828 MHz
== Noise ==
Analysis Range X: Band Marker
Analysis Range Y: Band M
Intg Noise: -89.0752 dBc / 19 99 MHz
RMS Moise: 49.7458 prad
2.85022 mdeg
RMS Jitter: 64.431 fsec
Residual FM: 373.181 Hz

_S.277 dem

Sl 16716 |

Figure 35. CLKoutX/X* Phase Noise for Supply Config Shown inFigure 2 and TPS54418
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4.10 DC-DC Converter - TPS54824

The TPS54824 DC-DC converter is a synchronous buck converter designed to provide up to an 8-A
output. The input (VIN) is rated for 4.5 V to 17 V. The RT/CLK pin is configured for 700-kHz switching
frequency. The high-side and low-side MOSFETSs are incorporated inside the TPS54824 package along
with the gate-drive circuitry. The EVM is configured for VIN = 12 V and an output voltage of 1.8 V. The
output voltage ripple is specified as 11 mV at 8-A output current.

4.10.1 All Output Supplies VDDO_X/Y Powered by the DC-DC Converter (1.8 V)
The recommended supply connection are used to supply LMK04616 by the TPS54824EVM as shown in

4 Agilent ES0524 Signal Source Analyzer B 0 0 0 0 0 0 |

PPhase Noise 10.00dBJ Ref -20.00dBcjHz [Smo]

20,00 r — Canier 122.880000 MHz ___5.7356 dBrm
k 1l: 100 Hz -106.7976 dBc/Hz
21 | L kHz -128.1777 dBc/Hz
3110 kHz -139.9526 dBc/Hz
4: | 100 kHz ~-148,7136 dBc/Hz
Sz 1 MHz ~159.4383 dBc/Hz
*G: | 10 MHz -165.,9324 dBc/Hz
Xz Start 12 kHz
Stop 20 MHz

Center 10.006 MHz

Span 19.988 MHz
== Noise ===
Analysis Range X: Band Marker
Analysis Range Y: Band Marker
Intg Noise: -89.2955 dBc / 19.99 MHz
RMS Noi1se: 48.4997 urad

i 2.77883 mdeg
RMS Jhtter: 62.817 fsec
Residual FM: 372.531 Hz

1800 o5 = —u T i -
| 1F Gain 2048 | Freq Band [93M-1.5GHz]| Spur. LO Opt [«150kHz]| 685pts| Corre 3|

Phase Moise Start 100 Hz Stop 20 MHz ETICH

Figure 36. CLKoutX/X* Phase Noise for Supply Config Shown inFigure 2 and TPS54824

5 Conclusion

As seen in the previous sections, the LMK0461x output clock phase noise performance is very similar
when selecting the DC-DC converters presented in Section 3.1 and using the recommended supply
configuration. In addition, the impact of the LMK0461x phase noise performance while connecting the
different supply pins to the DC-DC converter instead of the low-noise LDO is shown. As already seen, the
phase noise performance for offset frequencies < 100 KHz degrades significantly when VCXO supply is
powered by the DC-DC converter. Also, when all LMK0461x supply pins are connected to the DC-DC
converter, there is a significant drop in the phase noise performance for offset frequencies < 10 KHz. The
performance gets better when both VDD_PLL1 and VDD_PLL20OSC are connected to the low-noise LDO
while all other pins are supplied through the DC-DC converter. The best performance is obtained when the
DC-DC converter is used as shown in the recommended supply connections.
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DC-DC EVM Schematics

Al TPS62150EVM

See TPS62130EVM-505, TPS62140EVM-505, and TPS62150EVM-505 Evaluation Modules (SLVU437)
for more information.

J1

Ny {vour|
o6 ez et s i
Teaur A | 1ewF 22uF
1.21M
JP1
on [ «H—{wn|
mE-'E :—sz] Je y JP4
- SS/TR ' R3 eex “OUT— 177 I1
= |2
P2 GND (—1‘-;]7 < T
HigH| <—<vour]
pEF| €2 J7
Low] € 157 pe
= | GND
JP3
—. )
1.25$ L {vour A\ Mot Installed
2 5MHz ej@ ‘i See BOM for component values
Figure 37. TPS62150 EVM Schematic
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A.2 TPS62743EVM
See TPS62743EVM-689 Evaluation Module User's Guide (SLVUAFS5) for more information.
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Figure 38. TPS62743 EVM Schematic
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A.3  TPS62240EVM

See TPS622x0EVM-229 User's Guide (SLVU216) for more information.

L1

YA 2.2uH 53
a _|_—g-sun W e ' 5] vour
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20V - wl }-‘ J_m “NLLLF_I_I_tm T 3esk] A\ TMF “
92 TBHF EN 7 = GND
GND Ej]- = Gﬂﬂl - < R2 AFE
VIN L 182K =
= mope o—4F2 1
GND_T_ -
L2
Yz A 2.2uH 57

JS
VIN Q‘ 1 .
28V - &V VN L
J6 EN

]
'n_l IGND
JP3 — e

[,

",

A\ See BOM for values

%n: JP-’J
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R4
365k
| BULD Ic lout M|
=2a1 TPS62248 J28mA
—9a2 TPS62268 GR8mA
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Figure 39. TPS62240 EVM Schematic

A4  TPS62621EVM
See TPS6261x/2x/6XEVM-419 User Guide (SLVS292) for more information.
U1/
J1 TPS626xxYFF L1 J4
VIN ‘ : AN swpE o ‘ VOUT
2 B2 | C1 o 2
A c2 oo |EN FBI A A
2 - 4.7uF [ 1GND_MODEF 3| 2
S + = = 4.7uF S+
S — 2 150QuF e 2 S —
J3 J6é
1 A1 = 1
GND 2 = 2 GND
1 ON o1 15 PWM -4
= ENABLE o— ——o MODE =
o
OFF | JP1 JP2 | psM
Refer to device datasheet L
for Input & Output Voltage = =
Refer to EVM user’s
guide for IC usage
Figure 40. TPS62621 EVM Schematic
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TPS62231EVM

A5 TPS62231EVM
See TPS62230EVM-574 User's Guide (SLVU426) for more information.
Ut L11
1 TPS62230DRY 1.0 uH g4
" 1 VIN Swl-2 2 : vout
2V to 6V 2 I 5 EN FB 6 I 2 2.5V 508mA max
1 4 1
MODE GND
VIN 6J Lc1s | o L S | vour
SENSE | e J12A A 2.2uF :%SF 1yp11 4(;Lf_ A\115 2| o | sense
pam 1 I = 1 >
GND | ) 1 L 1_2 | GND
PWM
913 MODE_T_JPQ e
= PRM =
u21 L11
21 TPS62231DRY 1.0 uH 424
N 1 3 VIN SW2—1NY‘Y“ 2 1 VOUT
2Vt06V| 2 ? EN FB i . 2| 5 | 1.8V 500mA max
w 3 ™ | c23 | c21 o MODE_GND cark 5 vour
sense | 12422 /\ A 2.2uF o JP21 47uF | 925 o] o | sense
pau B 2 L BN
GND | 2—1 1 l2 1—2 | GND
PWM
J23 MODE J26
V2 P JP22 V2
2
U31 L1
31 TPS62232DRY 1.0 uH 34
- 1 3 VIN Wl 2 1 2 1 vout
2V to ev| 2 ? EN FB i . 1IN | 1.2V 508mA max
MODE GND
VIN |+d LC33 | C3 -4 > | vour
SENSE | | 2J32A A 2.2uF C%SF olyp31 4(;?"% ] A\JSS 2| o | sense
| - 3 NN |
GND 2—1 1 l! 1—2 GND
PWM
J33 MODEO J36
V3 P QJP32 V3
A Open
Figure 41. TPS62231 EVM Schematic
A.6 TPS62080EVM

See TPS62080, 1.2A, High-Efficiency, Step-Down Converter in 2x2mm SON Package (SLVU497) user's

guide for more information.
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2 GND
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J5

J1 8TF'36208xDSG6 R3 178k
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GND 5 OFFJZ g g
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@ See BOM for part usage

Figure 42. TPS62080 EVM Schematic
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A7 TPS54320EVM
See TPS54320 User's Guide (SLVU380) for more information.
R3 ]
100K TPS54320RHL  1°
WRT/CLK PWRGD u‘; O 6; !
o1 GND BOOT‘Hﬁ o VOUT = 3.3V, 3 A
UN=8— 17V ;rEGND pH12 T 1 2 VOoUT
PN | |5 ILP\/\N pHH GND
GND | |1 1ps SHPVIN eNHL2{(EN] Log Leg
J Lo Leo 5 vin SS/TRF 47uF
A | a7 ZISENSE  complE A
= ETPad L c11
- L 5 100pF TRACK OUT
PVIN ﬁiw = GND
N , V_SNs]
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J2 : ==C6
VIN ] R1 *1237 . 330pF
GND 2 Tp4 511K U c4 = Aok
5 0.01 5uFT b
Y4
JP2 icm R2 - <
EN ! 108K
GND 2
A Not Installed
Copyright © 2017, Texas Instruments Incorporated
Figure 43. TPS54320 EVM Schematic
A.8 TPS54620EVM
See TPS54620EVM-374 6-A, SWIFT Regulator Evaluation Module (SLVUZ281) for more information.
o P10
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Figure 44. TPS54620 EVM Schematic
28 LMKO04610 and LMKO04616 Phase Noise Performance With DC-DC Converter SNAA308B—-May 2017—-Revised July 2017

Voltage Supply

Submit Documentation Feedback

Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAA308B
http://www.ti.com/lit/pdf/SLVU380
http://www.ti.com/lit/pdf/SLVU281

13 TEXAS

INSTRUMENTS

www.ti.com

TPS54418EVM

A.9

TPS54418EVM

See TPS54418EVM-375 4-A, SWIFT™ Regulator Evaluation (SLVU280) for more information.
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A.10 TPS54824EVM
See TPS54824EVM-779 8A, SWIFT™ Regulator Evaluation Module (SLVUAXS8) for more information.
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Figure 45. TPS54418 EVM Schematic
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Figure 46. TPS54824 EVM Schematic
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