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This application note illustrates PMIC power supply design using the PV88080. 
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1 Terms and Definitions 

CPU Central Processing Unit 

DDR Dual Data Rate Memory 

DVC Dynamic Voltage Control 

FET Field Effect Transistor 

NMOS N-Type Metal Oxide Semiconductor 

PMIC Power Management Integrated Circuit 

PMOS P-Type Metal Oxide Semiconductor 

QFN Quad Flat (Package) – no leads 

RMS Root Mean Squared 

VDS Voltage Drain to Source 
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2 Introduction 

The PV88080 power management integrated circuit (PMIC) provides one PWM buck controller and 
three adjustable synchronous buck regulators. The high voltage buck controller can optionally be 
used to generate the supply for the other three buck converters. Two pass devices (NMOS FET) for 
the high side and low side of the high voltage buck controller are external which allows the majority of 
the buck controller power dissipation to be outside the PV88080. This high voltage buck controller 
uses a constant on-time control scheme with integrated bootstrap PMOS switch. In certain 
applications, multiple PV88080s can be used together to provide enough power rails to power the 
larger systems. There are three buck converters that can be used to generate the supplies for CPUs, 
DDR memory, and other auxiliary functions in a typical application. The pass devices of these buck 
converters are fully integrated, so no external FETs or Schottky diodes are needed. This results in 
optimized power efficiency and a reduced external component count. PV88080 provides dynamic 
voltage control (DVC) via I2C command to support adaptive adjustment of the supply voltage based 
on the processor. All power blocks have over-current circuit protection and the start-up timing can be 
controlled through the I2C interface. Soft start-up limits the inrush current from the input node and 
secures a slope controlled activation of the rail. The PV88080 is available in a 32-pin QFN package 
and is specified from –40 °C to 85 °C ambient temperature.  

3 Design Example 

PV88080 provides one PWM buck controller (HVBuck) and three adjustable synchronous buck 
regulators (Buck1, Buck2, Buck3). This example describes the design process for the following: 

● HVBuck regulating a 5 V output at a load current of 20 A 

● Buck1 regulating a 1 V output at a load current of 5 A 

● Buck2 regulating a 1.5 V output at a load current of 2 A 

● Buck3 regulating a 3.3 V output at a load current of 2 A 

Table 1: PV88080 Design Example Electrical Characteristics 

Parameter Symbol Test Conditions Min Typ Max Unit 

HVBuck 

Supply voltage VDD   4.75   5.25 V 

Input voltage VIN   
 

12  
 

V 

Output voltage VOUT 

DC VOUT for the first 
PV88080 

FB = VOUT*(1/5)  
 5 

 
V 

Output voltage 
accuracy 

VOUT_ACC 

VIN = 12 V  

VOUT = FB = 1 V 

TA = 25 ºC 

-1   1 % 

Output ripple VOUT_PP  

IOUT = 25 %*IMAX/IMAX  

VIN = 12 V +/-10 % 

VOUT = 1 V  

L=1.5 μH  

C = 470  μF 

tRISE = tFALL = 25 μs 

    50 mV 

Output current IOUT        5000 mA 
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Parameter Symbol Test Conditions Min Typ Max Unit 

Switching 
frequency 

fsw 
VIN = 12 V 

VOUT = FB = 1 V 
  500   kHz 

Minimum off time tOFF (Min)     200   ns 

Buck1 

Input voltage  VDD    4.75   5.25 V 

Output voltage VBUCK1    
 

 1 
 

V 

Output voltage 
accuracy 

VBUCK1_ACC   -3   3 % 

Load regulation VOUT_LD 

VDD = 5 V 

VOUT = 1.2 V,  

IOUT = 0A~5 A 

PWM operation 

 1.67  %/A 

Line regulation VOUT_LINE 

VDD = 4.75 V ~ 5.25 V 

VOUT=1.2 V 

IOUT= 0 A 

PWM operation 

 0.33  %/V 

Output current IOUT        5000 mA 

Switching 
frequency  

fsw     1   MHz 

Buck2 

Input voltage  VDD    4.75   5.25 V 

Output voltage VBUCK2   
 

 1.5 
 

V 

Output voltage 
accuracy 

VBUCK2_ACC   -3   3 % 

Load regulation VOUT_LD 

VDD = 5 V 

VOUT = 1.8 V 

IOUT = 0 A~2 A 

PWM operation 

 
1.11 

 
%/A 

Line regulation VOUT_LINE 

VDD = 4.75 V ~ 5.25 V 

VOUT=1.8 V 

IOUT= 0 A 

PWM operation 

 
0.22 

 
%/V 

Output current IOUT        2000 mA 

Switching 
frequency  

fsw     1   MHz 

Buck3 

Input voltage  VDD    4.75   5.25 V 

Output voltage VBUCK3   
 

 3.3 
 

V 

Output voltage 
accuracy 

VBUCK3_ACC   -3   3 % 

Load regulation VOUT_LD 

VDD = 5 V  

VOUT = 3.3 V 

IOUT = 0 A~2 A 

PWM operation 

 
1.21 

 
%/A 
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Parameter Symbol Test Conditions Min Typ Max Unit 

Line regulation VOUT_LINE 

VDD = 4.75 V ~ 5.25 V 

VOUT = 3.3 V  

IOUT = 0 A 

PWM operation 

 
0.6 

 
%/V 

Output current IOUT        2000 mA 

Switching 
frequency  

fsw     1   MHz 

 

3.1 Inductor Selection 

For most applications, HVBuck power inductors are generally chosen to let peak-to-peak ripple 
current be 30 % to 40 % of the nominal current. Given a target ripple current of 40 %, the required 
inductor can be calculated using the following equation: 
 

   
uH

kHzAV

VVV

fIV

VVV
L

swLIN

OUTINOUT
01.1

5004.02026

5265

(max)

(max)










   ( 1 ) 

  

Choose a 1.5 µH inductor for HVBuck converter. 

For LVBuck converter, the same criteria for inductor selection, the required inductor can be 
calculated using the following equations: 

Buck1: 

   
uH

MhzAV

VVV

fIV

VVV
L

swLIN

OUTINOUT
4.0

14.055

151

(max)

(max)










   ( 2 ) 

Buck2: 

   
uH

MhzAV

VVV

fIV

VVV
L

swLIN

OUTINOUT
31.1

14.025

5.155.1

(max)

(max)










   ( 3 ) 

Buck3: 

   
uH

MhzAV

VVV

fIV

VVV
L

swLIN

OUTINOUT
4.1

14.025

3.3.53.3

(max)

(max)










   ( 4 ) 

Choose a 1.5 µH inductor for all LVBuck converters to optimize cost and performance. 

3.2 Output Capacitor Selection 

The criteria for the output capacitor selection is determined by the output load transient response 
current step size. Use the following equation to calculate the required output capacitance.  

OUTOUT

STEP

OUT

STEP

OUT

STEP

OUT

STEP
stepout

VC

LI

V

LI

C

I
T

C

I
V









2

,   ( 5 ) 

HVBuck: 

uFC

VC

uHA
mV

OUT

OUT

450

5

5.115
150

2








 

 ( 6 ) 
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For LVBucks, consider the stability of each buck converter. The minimum capacitor requirement 
should at least 60 µF, therefore two 2012, 47 µF, 10 V, X5R ceramic capacitors are used for 
LVBucks output capacitors. 

3.3 Input Capacitor Selection 

3.3.1 12 V Input Voltage and 600 mV Voltage Ripple 

Using the typical 12 V input voltage and a 600 mV voltage ripple (5 % of the typical input voltage), 
the minimum input capacitor of HVBuck can be derived from the following equation. 

uF
kHzVmV

VA

fVV

VoutIout
C

swINripplein
IN 78.27

50012600

520

,
(min) 









   ( 7 ) 

Also the RMS current flow into the input capacitor can be derived from the following equation. 

  ArmsDDI
V

V
I

V

V
I OUT

IN

OUT
OUT

IN

OUT
CIN 86.911

2



























  

 ( 8 ) 

Choose four 3225, 10 µF, 35 V, X7R ceramic capacitors, 2.5 A RMS current rating per capacitor. 
Higher voltage rating for input capacitor could decrease the derating effect of the ceramic capacitor 
and ensure the sufficient capacitance during HVBuck operation. High-frequency decoupling 
capacitors should be placed as close to the MOSFET as possible. 

3.3.2 250 mV Input Voltage Ripple 

For the 250 mV input voltage ripple requirement (5% of the input voltage), the minimum input 
capacitor of LVBucks can be derived from the following equation. 

Buck1: 

uF
mHzVmV

VA

fVV

VoutIout
C

swINripplein
IN 4

15250

15

,
(min) 









   ( 9 ) 

Buck2: 

uF
mHzVmV

VA

fVV

VoutIout
C

swINripplein
IN 4.2

15250

5.12

,
(min) 









   ( 10 ) 

Buck3: 

uF
mHzVmV

VA

fVV

VoutIout
C

swINripplein
IN 28.5

15250

3.32

,
(min) 









   ( 11 ) 

Also the RMS current flow into the input capacitor could be derived from the following equation. 

Buck1: 

  ArmsDDI
V

V
I

V

V
I OUT

IN

OUT
OUT

IN

OUT
CIN 211

2



























  

 ( 12 ) 

 Buck2: 

  ArmsDDI
V

V
I

V

V
I OUT

IN

OUT
OUT

IN

OUT
CIN 92.011

2



























  

 ( 13 ) 

 Buck3: 

  ArmsDDI
V

V
I

V

V
I OUT

IN

OUT
OUT

IN

OUT
CIN 95.011

2



























  

 ( 14 ) 
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Choose one 2012, 10 µF, 35 V, X5R ceramic capacitors, 2.5 A RMS current rating per capacitor. 
Higher voltage rating for input capacitor could decrease the derating effect of the ceramic capacitor, 
ensure the sufficient capacitance during LVBucks operation.  

3.4 MOSFET Selection 

Since the HVBuck input voltage range is up to 26 V, output current is 20 A, and the VDS of MOSFET 
should be higher than the input voltage, choose at least the 40 V VDS, IDRIVER of the MOSFET 
should be at least 30 A. 

MOSFET losses are the sum of its switching loss (PSW) and conduction loss (PCOND). Detailed 
calculations are shown below: 

High-Side MOSFET 

   





















 


 ))2 LHDRIVER

G

HLDRIVER

G
sw

OUTIN
SW

I

Q

I

Q
f

IV
P  

 ( 15 ) 

)(
2

ONDSOUTCOND RIDP    ( 16 ) 

Low-Side MOSFET 

   





















 


 ))2 LHDRIVER

G

HLDRIVER

G
sw

OUTIN
SW

I

Q

I

Q
f

IV
P  

 ( 17 ) 

  )(
2

1 ONDSOUTCOND RIDP    ( 18 ) 

Where QG is the parameter of gate charge and is specified in the MOSFET datasheets. IDRIVER is 
the driving capability of the controller. The characteristic between RDS(ON) and QG is trade off. For 
applications with high input voltage and low output voltage (low duty cycle), the high-side MOSFET is 
mostly off so the switching loss will be dominant. In that case, the lower QG with higher RDS(ON) could 
be chosen. Also, since the conduction loss is dominated by the loss of the low-side MOSFET, the 
higher QG with lower RDS(ON) MOSFET could be chosen. 

On the other hand, under the lower input voltage and higher output voltage (high duty cycle), the 
criteria for choosing high-side MOSFET is characterized by minimizing conduction loss.  If the output 
voltage is close to half of the input voltage (duty cycle is close to 50 %), then both high- and low-side 
MOSFETs could choose the same part. 

When selecting the RDS(ON) of the low-side MOSFET, the positive current limit threshold also needs to 
be considered.    

)(__ ONDSOCTHOCOS RIP    ( 19 ) 

POS_OC_TH could be set from 90 mV to 210 mV in the HVBUCK_CONF4 register.  

Note 

If the RDS(ON) of the MOSFET is too small, the positive over-current threshold might be too high to be triggered 
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4 Component Selection Summary 

The components in this example are listed as below. 

4.1 Capacitors 

Ref Value Tol. Size 

(mm) 

Height 

(mm) 

Temp. 

Char. 

Rating (V) Part Number 

AVDD 1 x 10 µF ±10 % 2012 1.45 X7R 10 C2012X7R1A106K125AC 

AVDD_HVBK 1 x 10 µF ±10 % 2012 1.45 X7R 10 C2012X7R1A106K125AC 

LDO5V 1 x 4.7 µF ±10 % 2012 1 X7R 10 C2012X7R1A475K085AC 

LDO2P5V 1 x 1 µF ±10 % 1608 0.9 X7R 6.3 GRM188R70J105KA01D 

VIN_Supply 1 x 100 nF ±10 % 1608 0.9 X7R 50 GRM188R71H104KA93D 

1 x 10 µF ±10 % 2012 1.45 X5R 35 C2012X5R1V106K125AC 

VBuck1, 

VBuck2, 

VBuck3, 

1 x 100 nF ±10 % 1608 0.9 X7R 50 GRM188R71H104KA93D 

1 x 10 µF ±10 % 2012 1.45 X5R 35 C2012X5R1V106K125AC 

2 × 47 µF ±20 % 2012 1.45 X5R 10 GRM21BR61A476ME15 

HVBuck 2 x 100 nF ±10 % 1608 0.9 X7R 50 GRM188R71H104KA93D 

1 x 100 nF ±10 % 1608 0.9 X7R 16 GRM188R71C104KA01D 

4 x 10 µF ±20 % 3225 2.8 X7R 35 GJ832ER7YA106KA12 

10 × 47 µF ±20 % 2012 1.45 X5R 10 GRM21BR61A476ME15 

4.2 Inductors 

Ref Value ISAT (A) IRMS 

(A) 

DCR 

(Typ) 
(mΩ) 

Size (W×L×H) (mm) Part Number 

Buck1, 

Buck2, 

Buck3 
1.5 µH 

11.5 11 9.7 7.1×6.5×3 TDK SPM6530T -1R5M 

11.5 11 9.7 7.1×6.5×3 TDK SPM6530T -1R5M 

11.5 11 9.7 7.1×6.5×3 TDK SPM6530T -1R5M 

HVBuck 1.5 µH 51 28 2.3 12.8x13.8x6.5 Cyntec CMLS136E-1R5MS 

4.3 Resistors 

Ref Value Tol. Size 
(mm) 

Height 
(mm) 

Temp. Char. Rating (W) Part Number 

HVBuck 0R Jumper 1608 0.55 Jumper 0.1 RC0603JR-070RL 

24.9K ±1 % 1608 0.55 ±100 ppm/°C 0.1 RC0603FR-0724K9L 

100K ±1 % 1608 0.55 ±100 ppm/°C 0.1 RC0603FR-07100K9L 
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4.4 MOSFET 

Ref RDSON at VGS = 4.5 V 

(mΩ) 

Size (W×L×H) (mm) VDS Rating (V) Part Number 

HVBuck 3.6 
5.3x6.15x1 40 

AON6232 

3.0 SiR644DP 

5 Conclusions 

With its unique features and flexibility, the PV88080 supports many different applications with varying 
voltage and current requirements. Using the guidelines discussed in this application note the 
designer can select the appropriate discrete components easily to implement a robust PMIC design 
using the PV88080.   
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