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1 Introduction

AN12840

1.1

The PCA9450 is a single chip Power Management IC (PMIC) specifically designed to
support i.MX 8M family processor in both 1 cell Li-lon and Li-polymer battery portable
application and 5V adapter non-portable applications.

The device provides six high efficiency step-down regulators, five LDOs, one 400 mA
load switch, 2-channel level translator and 32.768 kHz crystal oscillator driver. Three
buck regulators support dynamic voltage scaling (DVS) feature along with programmable
ramping up and down time; the buck regulators support remote sense to compensate IR
drop to load. This device is characterized across -40°C to 105°C ambient temperature
range.

Six step-down regulators are designed to provide power for i.MX 8M application
processor and DRAM memory. Two LDOs (LDO1 and LDO2) feature very low quiescent
current to provide power for Secure Non-Volatile Storage (SNVS) since these LDOs are
always ON when input voltage is valid.

PCA9450 integrates logic translator which is a 2-bit, dual supply translating transceiver
with auto direction sensing. It enables bidirectional voltage level translation. It can be
used as I°C level translator. 400 mA load switch is to supply 3.3 V power supply to SD
card, which has internal discharge resistor.

PCA9450 has three versions: PCA9450A is companion PMIC for 845S (i.MX 8M Mini),
PCA9450B is companion PMIC for 815S (i.MX 8M Nano) and PCA9450C is companion
PMIC for 865S ( i.MX 8M Plus).

The PCA9450 is offered in 56-pin HVQFN package, 7 mm x 7 mm, 0.4 mm pitch.

Features and benefits

 Six high-efficiency step-down regulators
— Three 3 A buck regulators with DVS feature and remote sense
— PCA9450A — Three 3 A buck regulators
— PCA9450B — Two 3 A buck regulators
— PCA9450C - 6 A dual-phase buck regulator and 3 A buck regulator
¢ One 3 A buck regulator
* Two 2 A buck regulators
* Five linear regulators
— Two 10 mA LDOs
— One 150 mA LDO
— One 200 mA LDO
— One 300 mA LDO

¢ Support various memory types: DDR4/LPDDR4/DDR3L via system UBOOT
configuration, no hardware change required

* 400 mA load switch with built-in active discharge resistor
* 32.768 kHz crystal oscillator driver and buffer output
e Two channel logic level translator
e Power control 1O
— Power ON/OFF control
— Standby/run mode control
« Fm+ 1 MHz I°C-bus interface
e ESD protection
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— Human Body Model (HBM) : +/- 2000 V
— Charged Device Model (CDM) : +/-500 V
* 7 mm x 7 mm, 56-pin HYQFN with 0.4 mm pitch
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2 Block diagram

VSYS
SYS J_ 1 ] PCA9450 ovS INB26 vsYs
IHAF UINT SBIAS, REF, JH 10pF =
L INT LDO uvLo, = LX2 ; 0.47 pH VDD_ARM
J.1 uF TSHDN t 7
T BUCK2 K 22 uF L
= LDO1 085V ::l T T
3A -
PGND |
PMIC_RST_B N
1> = | R_SNSP2
PMIC_ON_REQ N
l/
PMIC_STBY_REQ N DVS INB13 VSYs
WDOG_B v JRJ 10uF =
_ l]> = Lxi G 0474H VDD_SOC
NVCC_SNVS LDO1 BUCKI1 J-—T 22 uF 1 ut
LDO1 0.85V T T
100 kQ 3A N
RTC_RESET_B PGND |
= [R_sNsP1
POR_B DUAL
= PHASE
= CONFIG
- |
NVCC_1v8 P PCAg\isoc DVS INB13 VSYS
BUCKS 47kQ | |47kQ | [100KkQ - J:ﬁ 10“F-L VDD _VIGPU
' \; = Lx3 ¥ 047pH  vDD DRAM
SCL _
12C BUCK3 J-—T 22 UF 1
SDA INTERFACE 0.85V e
3A =
IRQ_B
PGND |
LL.]\— = |R_sNsP3_cFG
NVCC_1v8 T OVINT SWIN
BUCK5
INB45
47kQ| [47kQ -L j 4—vsvs
SCLL Jﬁ 10 uF
DAL 12C LEVEL LX4 0.47pH  Nvee_3v3
TRANSLATOR ON/OFF 1
V3V CONTROL BUCK4 1 22 yF
BUCK4 AND 33V ::l I
47kQ | |47 kQ 12C 3A
SDAH REGISTER PGND |
l SCLH = | BUCK4FB
" XTAL_IN
ir | S
L ol Ll 32.768 kHz INB45 VsYs
eI AL ouT X-TAL DRIVER :3 17 F =
i = J-—l o T 047uH
il LX5 - NVCC_1v8
LDO1 BUCKS J'—T 22 pF
CLK_32K_OUT 1é8AV Ei T
INL1 PGND |
sys T ‘
47 pF =
T BUCK5FB
NVCC_SNVS = LDO1 LDO1
1.8V
1 14F 10 mA
I ‘ INB26 vsYs
) L Jﬁ 4.7 uF
VDD_SNVS ooz2| = (IJ-E;?@ il LX6 y 0.47 yH NvCC_DRAM
1 10 mA BUCK6 .
I”’F ‘ 11V JEi ;ZZ“F
L 2A
L PGND |
VDDA_1v8 Loo3| = LDO3
T 1.8V = | BUCkKeFB
T 224F 300 mA
) L ‘ SWIN
VDD_PHY_0V9 o4 | = LDO4 LR
0.9V p
LOAD SW T
L, o 200mA DRIVER =
I ‘ A swouT SD_CARD
- L <
T
NVCC_SD2 LDO5| = LDOS =
33VI1.8V N
1 10 150 mA
I L <]| SW_EN
SD_VSEL| =+ ﬂ
AGND J7EP
Figure 1. Block diagram
AN12840 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.
Application note Rev. 1.0 — 26 June 2020

5/23



NXP Semiconductors

AN12840

3 Pinning information

PCA9450 application note

3.1 Pinning

PCA9450 a
P4
i g Q
5828 g8 8 2%
BUIBIRIBINIDIBIQ1IRNIN QRN
LDO4 1 o e 42 SDA
ooz | 2 o 141 {scL
LDO1| 37 ST T Tt 5 " 40 1 PMIC_STBY_REQ
VINT| 2 5 : ' 39 1 PMIC_ON_REQ
AGND | 5 5 5 " 38 |R_SNSP1
RTC_RESET B| 6 : 37 x
CLK 32K OUT [ 77 5 o 5 .36 fLx1
PMIC_RST B| 8 5 : " 35 1INB13
PORB| 9" 5 " 34 71INB13
XTAL_IN| 10 : " 3377INB13
XTAL_OUT | 417 : 5 327 1x3
SW_EN| 12 S E L3 s
IRQ_B| 137 " 30 | R_SNSP3_CFG
BUCKSFB | 14 " 29| sD_VSEL
eleiniieipligliniininiixikiigi k!
0 n v [Te) < < m 4 [y T T - - [a0]
X & & & X X w T D g OJ < A |
S2227°3525838838
S 3 e
) =
aaa-035701
Figure 2. PCA9450 pin map — Top View
3.2 Pin description
Table 1. Pin description
Pin description
Symbol Pin Type Description
LDO4 1 P LDO4 output. Bypass with a 1 yF to Ground.
LDO2 2 P LDO2 output. Bypass with a 1 yF to Ground.
LDO1 3 P LDO1 output. Bypass with a 1 yF to Ground.
VINT 4 = Internal Power supply output pin. Bypass with 1 pF to
Ground.
Analog ground pin. It should be connected to ground
AGND 5 GND plane through Via. Do not short to EP directly on top
layer

AN12840
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Pin description
Symbol Pin Type Description
Reset output pin. It is High-Z after both LDO1 and
RTC_RESET_B 6 DO LDO2 voltage are good. It is internally pulled up with
LDO1 power rail
CLK_32K_OuT 7 DO 32.768 kHz clock CMOS output with LDO1 power rail.
PMIC reset input pin. It is internally pulled up with
PMIC_RST_B 8 DI LDO1 power rail. Once it is asserted low, PMIC
performs reset.
POR B 9 DO Power On reset out'put pin. Open drain output requiring
- external pull up resistor.
XTAL IN 10 Al 32.768 kHz crystal oscillator input, tie to GND if X-tal is
- not used
XTAL OUT 11 AO 32.768 kHz crystal oscillator output, leave floating if X-
- tal is not used
SW EN 12 DI Load SWIFCh enable input pin. It has internal 1.5 MQ pull
- down resistor.
IRQ B 13 DO Opep drain output to |nd|cat§ Interrupt issued. It
— requires external pull up resistor.
BUCKS output voltage sensing pin. If BUCKS5 is not
BUCKSFB 14 Al used, tie to INB45.
LX5 15 = BUQKS switching node. If BUCKS is not used, leave it
floating.
INB45 16.17.18 |P BUCK4 / BUCKS Input pins. Bypass with 10 yF and
4.7 uF to Ground
LX4 19,20 = BUCK4 svyltchlng node. If BUCK4 is not used, leave
them floating.
BUCK4 output voltage sensing pin. If BUCK4 is not
BUCKA4FB 21 Al used, tie to INB45.
SWIN 29 P Load sywtch |.npu't pin, Bypass with a 1 yF to Ground.
Leave it floating if not used.
SWOUT 23 P Load sywtch gutput pin, Bypass with a 1 yF to Ground.
Leave it floating if not used.
Level translator high voltage 10 pin, SDA referenced to
SDAH 24 DIO SWIN, 3.3 V
Level translator high voltage 1O pin, SCL referenced to
SCLH 25 DO SWIN, 3.3 V
Level translator low voltage IO pin, SDA referenced to
SDAL 26 DIO VINT, 1.8 V
Level translator low voltage 1O pin, SCL referenced to
SCLL 27 DO VINT, 1.8 V
WDOG B 8 DI Active low watchdog reset input pin from application
- processor.
LDOS5 voltage selection input pin. LDOS5 output is 3.3 V
SD_VSEL 29 DI when it is driven low and 1.8 V when driven high. VSEL
pin should be tied low or high. Do not leave it floating.

AN12840 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.
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Pin description

Symbol Pin Type Description
BUCKS3 output voltage remote sense pin in PCA9450A.
Logic input pin in PCA9450B/C. This pin should be tied

R_SNSP3_CFG 30 Al to SYS in PCA9450B, where BUCKS3 is disabled. This
pin is tied to GND in PCA9450C, where BUCK1 and
BUCKS are configured as dual phase buck regulator.
BUCKS switching node

LX3 31,32 P If BUCKS3 is not used by shorting R_SNSP3_CFG to
VSYS, leave LX3 pins floating.

INB13 33,34,35 P BUCK1 / BUCKS Input. Bypass with two 10 pF to
Ground

LX1 36,37 P BUCK?1 switching node. Leave it floating if not used.
BUCK?1 output voltage remote sensing pin. Tie to

R_SNSP1 38 Al INB13 if not used.

PMIC ON REQ 39 DI PMIC ON |.nput from Appllcatlon processor. When it is

- - asserted high, the device starts power on sequence.

Standby mode input from Application processor. When

PMIC_STBY_REQ |40 DI it is asserted high, device enters STANDBY mode.

SCL 41 DI 12C serial clock pin

SDA 42 DIO 12C serial data pin
Buck reference GND for BUCK1,2,3. It should be

BUCK_AGND 43 GND connected to ground plane through Via. Do not short to
EP directly on top layer
BUCK?2 output voltage remote sensing pin. Tie to

R_SNSP2 a4 Al INB26 if not used.

LX2 4546 = BUCK2 switching node. Leave them floating if not
used.

INB26 474849 P BUCK2 / BUCKG® Input. Bypass with 10 yF and 4.7 yF
to Ground

LX6 50,51 P BUCKS® switching node. Leave it floating if not used.

BUCK6FB 52 Al BUCKS® output voltage sensing pin. Tie to INB26 if not
used.

VSYS 53 Internal power input. Bypass with a 1 yF to Ground

LDO3 54 LDO3 output. Bypass with a 2.2 pyF to Ground.

LDO5 55 LDOS5 output. Bypass with a 1 yF to Ground.

INL1 56 = Power input pin for LDO1, LDO2, LDO3, LDO4 and
LDO5. Bypass with a 4.7 yF to Ground.

Ep GND Exposed PAD. All buck PGNDs are internally

connected.
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Table 2. PCA9450 selection guide

Part number | AP Platform Buck1 Buck3 LDO4 R_SNSP3_CFG
iMX8MMini | 3Afor SOC SAfor VPU/ | 9y for VDDA R_SNSP3_CFG is
PCA9450A 8455 ON by default GPUDRAM 1 0N by default feedback of BUCK 3
( ) ( y default) (ON by default) ( y default)
. 3A for SOC/
PCA9450B MX 8M Nano VPU/GPU/DRAM Disabled OFF by default R_SNSP3_CFG = VSYS
(8158)
(ON by default)
i MX 8M Plus 6A Dual phase for
PCA9450C SOC/VPU/GPU/DRAM OFF by default R_SNSP3 CFG = GND
(865S)
(ON by default)

5 Application design-in information

AN12840

5.1 Reference schematic

5.1.1 PCA9450A reference schematic

PCA9450A reference schematic with i.MX 8M Mini is illustrated in Figure 3.
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VSYS

SYS PCA9450A
I 1 ]
c1
TuF VINT
T INTLDO SBIS\?LSEF, DVS INB26 Vevs
= Le : RJ L ci1
T TSHDN K T towr
L LDO1 LX2 VDD_ARM
BUCK2 | | c12
I‘/ PMIC_RST_B N 0.85V 0.47uH 22 yF y
17 3A
= PMIC_ON_REQ [I: PGND |
PMIC_STBY_REQ N _{RSNSP2
l/
WDOG_B INB13
= % DVs 1 vsYs
NVCC_SNVS LDO1 Q c13
LDO1 L T 10uF
R1 LX1 VDD_SOC
100 kQ BUCK1
RTC_RESET_B oesv M
3A
POR_B L | ’7 PGND |
NVCC_1v8 = =
BUCK5 P DUAL
R2 R3 R4 PHASE
47kQ | |47k | | 100 kQ = CONFIG B
SCL IN DVS VsYS
12 PCA9450 H; L ci5 \‘//gg,(\;gﬂ
SDA 10 uF a
INTERFACE L Lx3 7 1o VDD_DRAM
IRQ_B BUCK3 || c16
P 0.85V 047 pH 22 WET
L 3A
NVCC_1v8 = PGND |
T VINT SWIN
BUCKS o =6 = |R_sNsP3_cFG i.MX 8M
47kQ| |4.7kQ scLL -L Mini
12C LEVEL INB45
l SDAL TRANSLATOR [ __ T vsYs
RJ T c17
3v3V 1] 10
BUCKs . ONJOFF "} LX4 NVCC_3V3
47kQ | |4.7kQ CONTROL BUCK4 ] L4 c18
SDAH AND 33V 047uH /T 224F
: 12C 3A =
i.MX 8M SCLH REGISTER PGND |
Mini
XTAL_IN = | BUCkaFB
32.768 kHz
XTAL_OUT X-TAL DRIVER B
VsYsS
LDO1 ] Q L co
4.7
RTC_XTALI CLK_32K_OUT X J._l LX5 T NVCC_1V8
s
INL1 @ BUCKS5 J-—T L5 c20
sYs T ‘ — 5| 18V 0.47 pH T 22pF
2A =
4.7 yF
NVCC_SNVS I LDO1 LDO1 PGND |
J. 1.8V
ce 10 mA = | BucksFs
I 1uF
VDD_SNVS Lbo2| = '5%03 INB26 T VSYS
Lo 10 mA H; 47
T J'—l LX6 T4 NVCC_DRAM
= L ‘ BUCKG J'_T L6 c22
. 0.47 pH
VDDA Lpo3 | = ';[;0\? 121AV g T 22uF
% ce 300 mA PGND |
H
L = | BuckeFs
— L]
VDD_MIPI_0P9 LDO4 | = %%0\;1
L ca_ 200 mA SWIN BUCK 4
H c23
I L] o T
NVCC_SD2 LDos | = LDOS i Swout SD_CARD SD_CARD
’ 33VH1.8V L co4
L 150 mA T
I 1uF =
SD_VSEL | = L
A = N SW_EN
IN N
VDD_MIPI_1P2 [ LDO BUCK4
2y, e :
m,
BUCK_AGND |AGND J7EP
Figure 3. PCA9450A application schematic
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5.1.2 PCA9450B reference schematic

PCA9450B reference schematic with i.MX 8M Nano is illustrated in Figure 4.

VSYS
SYs J_ ) ‘ PCA9450B
c1
1uF VINT
I 2 M i pvs INB%_L SveYs
IWF TSHDN J::l g 10 pF
= Lbo1 LX2 VDD_ARM
BUCK2 | | c12
PMIC_RST_B N 0.85V 047 pH 22 yF g
1% 3A
= PMIC_ON_REQ l]: PGND |
= |R_sNsP2
PMIC_STBY_REQ N =
l/
WDOG_B ovs INB13 vsys /DD_SOC
NVCC_SNVS LDO1 L C13 VDD_VPU
~LDO1 I g 10 uF VDD_GPU
R LX1 VDD_DRAM
100k BUCK1
RTC_RESET_B ossv Y
3A
POR_B L | ’7 PGND |
NVCC_1v8 = =
-cve P DUAL R_SNSP1
R2 R3 R4 PHASE
47kQ | [47kQ | | 100kQ = CONFIG
scL IN DVS INB1S VSYs
12C PCA9450 Q
SDA INTERFACE 1 L3
IRQ_B BUCK3 |
0.85V
L 3A
NVCC_1V8 = PGND |
VINT SWIN
BUCKS Mg [1re = | R_SNSP3_CFG i MX 8M
47kQ| |47kQ
SCLL Nano
12C LEVEL INB45
l SDAL TRANSLATOR | Ton VSYS
3V3V JJ T 10uF
BUCKs h. e ONJOFF il LX4 NVCC_3V3
a7xa| a7k CONTROL BUCK4 J'_T L4 c18
SDAH AND 33V 047uH /T 22pF
. 12C 3A =
i.MX 8M SCLH REGISTER PGND |
Nano c3
I XTAL_IN = |BuckarB
1 xtal L 32.768 kHz
. :IT XTAL_OUT X-TAL DRIVER -
LG T VsYs
- LDO1 ] Q c19
4.7
RTC_XTALI CLK_32K_OUT x J._l X5 T NVCC_1v8
s
svs INL1 @ BUCK5 J'_T L5 C20
T ‘ 18V Ei 047pH /T 22yF
T 47uF 2A N
NVCC_SNVS = LDO1 LDO1 PGND |
’ 1.8V
Lo 10 mA = | BUCK5FB
I 14F
: L]
INB26
VDD_SNVS ‘ Lpo2| = LODSO\f T VTS
Lo 10 mA JRJ T a7 uF
T ] LX6 NVCC_DRAM
= L ‘ BUCK6 J'_T L6 c22
. 47 pH
VDDA o3| = Lo BN 047U /T 224F
Lcs 300 mA PGND |
I 2.2 pF
L = | Buckers
— L]
VDD_MIPI_1P2 LDo4| = 'ngO\;‘
. SWIN
J.fiF 200 mA WBUC”
I L] orosu T v
NVCC_SD2 LDO5 | = LDOS . Swout SD_CARD SD_CARD
' 33VI1.8V Lo
J. C10 150 mA T
I 1uF =
= L |
SD_VSEL | = N = |sw_EN
N
VDD_MIPI_0P9
iBUCK_AGND LAGND J7EP ﬂ
L - = aaa-035725
Figure 4. PCA9450B application schematic
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5.1.3 PCA9450C reference schematic

PCA9450C reference schematic with i.MX 8M Plus is illustrated in Figure 5

VSYS
sys 1 ‘ PCA9450C
o VINT
1uF
T F<| INT LDO SB{j\\ngEF' DVS
= 2 )
ToF TSHDN JQ
I LDO1
BUCK2 | |
PMIC_RST_B N 085V
17 3A
= PMIC_ON_REQ l]: PGND |
= |R_sNsp2
PMIC_STBY_REQ N =
l/
WDOG_B INB13
- >— ovs o VS'S Vovveu
NVCC_SNVS LDO1 8 K
LDO1 ] T 10uF VDD_GPU
R LX1 VDD_DRAM
100k BUCKT || L2 cu Ll
RTC_RESET_B 0.85V 0.47UH 22F T
3A -
POR_B P\— ’7 PGND |
NVCC_1v8 = DUAL = | R_sNsP1
BUCKS R2 R3 R4 PHASE
47kQ | [47kQ | | 100kQ = CONFIG NB1
scL IN DVS VsYS
12C PCA9450 Q % c15
SDA INTERFACE 1 10uF
IRQ_B i e
= BUCK3 J'_I L3 _L c16
P 0.85V ﬁi 0.47 pH T 22uF
L 3A
NVCC_1V8 = PGND |
VINT SWIN
BUCKS oo Mge = | R_sNsP3_cFa i.MX 8M
47kQ| |47kQ
SCLL L Plus
12C LEVEL INB45
l SDAL TRANSLATOR | Q Ton VSYS
3V3V 1 T 10uF
BucKd L. e ON/OFF ] LX4 NVCC_3V3
a7xa| a7k CONTROL BUCK4 J'_T L4 c18
SDAH AND 33V 047uH /T 22pF
: J 12C 3A =
i.MX 8M SCLH REGISTER PGND |
Plus c3
h XTAL_IN = | BUCK4FB
1 Xt L 32.768 kHz
. E%j XTAL_OUT X-TAL DRIVER -
L LDO1 ] Q Lcw O
RTC_XTALI CLK_32K_OUT x J._L x5 T atu NVCC 1v8
2 _
INL1 @ BUCK5 J'_T L5 C20
SYs T ‘ 18V 047uH /T 22yF
T 47uF 2A N
NVCC_SNVS = LDO1 LDO1 PGND |
’ 18V
ffGF % 10 mA = [Bucksrs
u
- L
INB26
LDO2| = LDO2 VsYs
. 08V Q L c21
Lo 10 mA 1 y 4.7 yF
T ] LX6 NVCC_DRAM
= L ‘ BUCK6 J'_T L6 c22
_e 11V 0.47 pH 22 uF
VDDA Lpo3| = LDo3 M
. 18V 2A 7
J_ cs 300 mA PGND J
I 2.2 pF
. L ‘ = | BUCK6FB
LDO4| = 'ngO\;‘
. SWIN
J.fiF 200 mA o BUCK 4
I ‘ LOAD SW 1pF
- DRIVER swout SD_CARD
NVCC_SD2 LDO5 | = LDOS . = SD_CARD
' 33VI1.8V Lo
J. C10 150 mA T
I 1uF =
= L |
SD_VSEL | = A = | sw_EN
\l ﬂ
BUCK_AGND |AGND EP
I I ! Il p—
Figure 5. PCA9450C application schematic
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5.2 Typical application

5.2.1

The PCA9450 devices have only a few design requirements. Use the following
parameters for the design.

* 1 yF bypass capacitor on VINT and VSYS, located as close as possible to those pins to
ground

¢ Input capacitors must be present on the INB and INL supplies if used

¢ Output inductors and capacitors must be used on the outputs of the BUCK converters if
used

¢ Qutput capacitors must be used on the outputs of the LDOs

Inductor selection for buck converters

Each of the converters in the PCA9450 typically use a 0.47 pyH output inductor which
has to be rated for its DC resistance and saturation current. The DC resistance of the
inductance influences directly the efficiency of the converter. Therefore, an inductor with
lowest DC resistance must be selected for highest efficiency.

Equation 1 calculates the maximum inductor current under static load conditions. The
saturation current of the inductor must be rated higher than the maximum inductor
current as calculated with Equation 2. This is needed because during heavy load
transient the inductor current rises above the calculated value.

1- I{out
AlL=Vout x— (1)
Aly 2
I Lmax = I outmaxt 2 @

Where:

* f = switching frequency (2 MHz )

¢ L = Inductance

¢ Al = Peak to peak inductor ripple current
* |_max = Maximum inductor current

A conservative approach is to select the inductor current rating just for the maximum
switch current of the PCA9450.

Table 3 shows possible inductors list.

Table 3. Tested inductor list

Buck Vendor Part number Size DCR [mQ] Isat [A] Itemp [A]
BUCK1. BUCK2 Sunlord WPN252012HR47MT 2520 29 5.6 4.0
BUCKS, BUCK4 Murata 1239AS-H-R47M 2520 39 3.8 3.7

Sunlord WPN201610UR47MT 2016 28 5.0 4.1
BUCKS5, BUCK6
Murata 1286AS-H-R47M 2016 52 3.4 3.2

AN12840
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Output capacitor selection for buck converters

The fast response adaptive constant ON time control scheme of the buck converters
implemented in the PCA9450 allows the use of small ceramic capacitors with a
typical value of 22 uF for each converter without having large output voltage under
and overshoots during heavy load transients. Ceramic capacitors having low ESR
values have the lowest output voltage ripple and are recommended. See Table 4 for
recommended list of capacitors.

Table 4. Recommended list of capacitors

BUCK Vendor Part number Capacitor |Size Voltage
value

BUCK1, BUCK2, BUCK3, BUCK4, BUCK5, BUCK6 TDK C1608X5R1A226M080AC 22 yF CC0603 |10V

BUCK1, BUCK2, BUCK3, BUCK4, BUCK5, BUCK6 TDK C1608JB1A226M0O80AC 22 yF CC0603 |10V

5.2.3

If ceramic output capacitors are used, the capacitor RMS ripple current rating always
meets the application requirements. Just for completeness, the RMS ripple current is
calculated in Equation 3.

Vout
Vin

1
I =Vout x X —= (3)
RMS.COUT Lxf 2 ’3

At nominal load current, the inductive converters operate in PWM mode. The overall
output voltage ripple is the sum of the voltage spike caused by the output capacitor ESR
plus the voltage ripple caused by charging and discharging the output capacitor:

- 1
AVout=Vout x —f~ X |gxcomrx7 *+ ESR (4)

Where:
* The highest output voltage ripple occurs at the highest input voltage Vin.

At light load currents, the converters operate in PFM mode and the output voltage
ripple is dependent on the output capacitor value. The output voltage ripple is set by the
internal comparator delay and the external capacitor. The typical output voltage ripple is
less than 1 % of the nominal output voltage.

Input capacitor selection for buck converters

Low ESR input capacitor is highly recommended for best input voltage filtering and
minimizing the interference with other circuits caused by high input voltage spikes
because of the nature of buck converter. Each DC-DC converter requires a 10uF ceramic
input capacitor on its input pins. The input capacitor could be increased without any limit
for better input voltage filtering.

6 Layout guide
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6.1 Placement

Layout guide is shown in Figure 6.

aaa-035727

Figure 6. PCA9450 layout

6.2 Buck layout

6.2.1 Schematic
Figure 7 shows the critical path in buck converter which has high di/dt.
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Buck
Controller

1

Remote sense
— — — Local sense

Figure 7. Buck schematic

The biggest challenge in buck layout is EMI. To minimize the EMI requires the minimum
loop area of two high di/dt path as shown in Figure 7. The area in red is input power
charging the inductor when high side FET is on; the area in green is inductor discharge
energy to output capacitor (load) when low side FET is on.

6.2.2 Layout

Put the input/output capacitor and inductor as close to chip as possible to minimize the
loop area. If using the high frequency bypass capacitor to filter the EMI, make sure this
high frequency capacitor is close to the chip.

Use the shortest path to route the trace including the return path (ground). Make sure the
trace is capable of handling the maximum current in the application. Maximum current on
Lx pin to inductor is around 1.4 times maximum loading current by quick estimation.

Keep enough vias to connect the ground pad to main ground; this not only reduces the
parasitic inductance but also helps with heat dissipation.

Inductor on top

[ N V]

Figure 8. Buck layout example
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6.2.3 Local sense and remote sense

All six bucks of PCA9450 have sense feedback. Bucks 1, 2, and 3 are remote sense;
Bucks 4, 5, and 6 are local sense. The difference between local and remote sense in
application is that local sense senses the voltage on buck output capacitor, and remote
sense senses the voltage on load (application processor) power pin.

As sense pin doesn’t carry current but only senses the voltage, 5 mils wide trace is good
enough. Buck controller fine tunes the output voltage according to the voltage sensed,
and it is very noise sensitive. It requires noise source far away from the sense trace.

6.2.4 Dual phase buck

PCA9450C buck 1 and buck 3 can be configured as dual phase buck by connecting
R_SNSP3_CFG pin to ground. In order to balance the current on two traces, the routing
on LX1 to inductor to load and LX3 to inductor to load needs be as symmetrical as
possible.

6.3 LDO

PCA9450 integrates five LDOs with different output current capability for different
purposes. The output capacitor needs to be as close as possible to the chip. Make sure
the trace is wide enough to carry the maximum current in the application.

6.4 GND

The exposed pad (EP) is the power ground of all bucks which is relatively noisy. AGND
is the analog ground. Do not connect AGND to EP on the top layer! Connect AGND to
main ground by via.

Avoid separating the main ground under PCA9450 which may increase the return path.
Make sure there are enough vias to connect EP to system main ground.

Figure 9. GND layout example
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7 PCB design guidelines
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PCB DESIGN GUIDELINES — SOLDER MASK OPENING PATTERN

THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.
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MECHANICAL OUTLINE STANDARD: DRAWING NUMBER: REVISION:
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Figure 10. PCB Design Guidelines — Solder Mask Opening Pattern
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PCB DESIGN GUIDELINES — 1/O PADS AND SOLDERABLE AREA

THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.
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Figure 11. PCB Design Guidelines - I/O PADS AND SODERABLE AREA
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PCB DESIGN GUIDELINES — SOLDER PASTE STENCIL
THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.

DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.
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Figure 12. PCB Design Guidelines — Solder Paste Stencil
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8.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

8.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’'s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes
no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers
are responsible for the design and operation of their applications and

AN12840

All information provided in this document is subject to legal disclaimers.

products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based

on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer. In no event shall NXP Semiconductors, its
affiliates or their suppliers be liable to customer for any special, indirect,
consequential, punitive or incidental damages (including without limitation
damages for loss of business, business interruption, loss of use, loss of
data or information, and the like) arising out the use of or inability to use
the product, whether or not based on tort (including negligence), strict
liability, breach of contract, breach of warranty or any other theory, even if
advised of the possibility of such damages. Notwithstanding any damages
that customer might incur for any reason whatsoever (including without
limitation, all damages referenced above and all direct or general damages),
the entire liability of NXP Semiconductors, its affiliates and their suppliers
and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to
the greater of the amount actually paid by customer for the product or five
dollars (US$5.00). The foregoing limitations, exclusions and disclaimers
shall apply to the maximum extent permitted by applicable law, even if any
remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document is for

reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

8.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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