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GENERAL DESCRI PTI ON 

The XRP7714 is a quad-output  pulse-width 

m odulated (PWM) step-down DC-DC cont roller 

with a built - in LDO for standby power and 

GPI Os. The device provides a com plete power 

m anagem ent  solut ion in one IC and is fully 

program m able via an I 2C serial interface. 

I ndependent  Digital Pulse Width Modulator 

(DPWM) channels regulate output  voltages 

and provide all required protect ion funct ions 

such as current  lim it ing and over-voltage 

protect ion. 

Each output  voltage can be program m ed from  

0.9V to 5.1V without  the need of an external 

voltage divider. The wide range of the 

program m able DPWM switching frequency 

( from  300 KHz to 1.5 MHz)  enables the user t o 

opt im ize between efficiency and com ponent  

size. I nput  voltage range is from  4.75V to 

25V.  An I 2C bus interface is provided to 

program  the I C as well as to com m unicate 

with the host  for fault  report ing and handling, 

power rail param eters m onitoring, etc.  

The device offers a com plete solut ion including 

independent ly program m able:  soft -start , soft -

stop, start -up delay and ram p of each PWM 

regulator.  

APPLI CATI ONS 

• Mu l t i  Ch an n e l  Po w er  Su p p l ies 

• Au d io - Vid eo  Eq u ip m en t s 

• I n d u st r ia l  &  Telecom  Eq u ip m en t s 

• Pr ocesso r s &  DSPs Based  Eq u ip m en t s 

FEATURES 

• 4  Ch an n e l  St ep  Dow n  Con t r o l le r  

− Program m able Output  Voltage 0.9V-5.1V 

− Program m able 1.5MHz DPWM Frequency 

− I ntegrated FET Drivers  

• 4 .7 5 V t o  5 .5 V an d  5 .5 V t o  2 5 V I n p u t  

Vo l t ag e Ran g e 

• Up  t o  6  Recon f ig u r ab le GPI O Pin s 

• Fu l ly  Pr og r am m ab le  v ia  I 2C I n t er f ace 

• I n d ep en d en t  D ig i t a l  Pu lse W id t h   

Mod u lat o r  ( DPW M)  ch an n e ls 

• Com p let e  Mon i t o r in g  an d  Rep or t in g  

• Com p let e  Po w er  Up / Dow n  Seq u en cin g  

• Fu l l  On  Bo ar d  Pr o t ect ion  

OTP, UVLO, OCP an d  OVP 

• Bu i l t - i n  3 .3 V/ 5 V LDO 

• Pow er Ar ch i t ect ™ Desig n  So f t w ar e  

• Gr een / Halog en  Fr ee 4 0 - p in  TQFN 

TYPI CAL APPLI CATI ON DI AGRAM 

 

Fig. 1:  XRP7714 Applicat ion Diagram 

http://www.exar.com/XRP7714
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ABSOLUTE MAXI MUM RATI NGS 

These are st ress rat ings only and funct ional operat ion of 

the device at  these rat ings or any other above those 

indicated in the operat ion sect ions of the specificat ions 

below is not implied. Exposure to absolute maximum 

rat ing condit ions for extended per iods of t ime may affect  

reliability. 

VCCA, VCCD, LDOOUT, GLx, VOUTx ............................ 6V 

VDD ..................................................................... 2.0V 

VI N1, VI N2 ............................................................ 27V 

LXx .............................................................. -1V to 27V 

LXx ............................................................. -5V to -1V1 

Logic I nputs, GPI Os, SDA, SCL ................................... 6V 

BSTx, GHx .................................................... VLXx +  6V 

ESD Rat ing (HBM -  Human Body Model)  .................... 2kV 

Storage Temperature .............................. -65°C to 150°C 

Lead Temperature (Solder ing, 10 sec) ................... 300°C 

OPERATI NG RATI NGS 

I nput  Voltage Range ..................................... 5.5V to 25V 

I nput  Voltage VI N= VCCA ........................... 4.75V to 5.5V 

Junct ion Temperature Range .................... -40°C to 125°C 

Thermal Resistance θJA ....................................24.3°C/ W 

 

Note 1:  200ns Transient 

ELECTRI CAL SPECI FI CATI ONS 

Specificat ions with standard type are for an Operat ing Junct ion Temperature of TJ =  25°C only;  lim its applying over the full 

Operat ing Junct ion Temperature range are denoted by a “ • ” . Minimum and Maximum lim its are guaranteed through test , 

design, or stat ist ical correlat ion. Typical values represent  the most  likely parametr ic norm at  TJ =  25°C, and are provided for 

reference purposes only. Unless otherwise indicated, VI N1 =  4.75V to 25V, VI N2 =  4.75V to 25V. 

Qu iescen t  Cu r r en t  

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

VI N Supply Current  in STANDBY  9  mA  

LDOOUT enabled (no load) 

No switching converter channels enabled 

I 2C communicat ion act ive 

Switching frequency =  400kHz 

VI N Supply Current  in 

SHUTDOWN 
 180  µA  EN =  0V, VI N1 ≥ 5.2V, VI N2 ≤ 25V 

VI N Supply Current   28  mA  
4 channels running, 

GH and GH =  1nF load each 

VI N =  12V, Switching frequency= 300kHz 

VI N Supply Current   50  mA  
4 channels running, 

GH and GH =  1nF load each 

VI N =  12V, Switching frequency =  1MHz 

St ep  Dow n  Con t r o l ler s 

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

VOUT Regulat ion Accuracy 
-20  20 mV •  0.9V ≤ VOUT ≤ 2.5V 

-40  40 mV •  2.6V ≤ VOUT ≤ 5.1V  

VOUT regulat ion range 0.9  5.1 V •  Programmable range of each channel2 

VOUT set  point  resolut ion  50  mV  0.9V ≤ VOUT ≤ 2.5V 

VOUT set  point  resolut ion  100  mV  2.5V <  VOUT ≤ 5.1V 

VOUT I nput  Current   100  nA  0.9V <  VOUT ≤ 2.5V 

VOUT I nput  Resistance  120  kΩ  2.6V ≤ VOUT ≤ 5.1V 

Note 2:  Voltages above 5.1V can be obtained by using an external voltage divider. 
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Low  Dr o p - ou t  Reg u la t o r  

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

LDOOUT Output  Voltage 

LDO= LOW 
3.15 3.3 3.45 V •  

4.75V ≤ VI N1 ≤ 25V 

0mA <  I LDOOUT <  100mA 

LDOOUT Output  Voltage 

LDO= HI GH 
4.75 5.0 5.25 V •  

6.3 ≤ VI N1 ≤ 25V 

0mA <  I LDOOUT <  100mA 

LDOOUT Short  Circuit  Current 

Lim it  
110  220 mA •  VLDOOUT =  0V 

Au x i l i ar y  ADCs 

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

Linear ity Error I ntegral   2 LSB   

Linear ity Error Different ial -1  1 LSB   

I nput  Dynam ic Range VI N1 4.8  25 V •   

I nput  Dynam ic Range VI N2 4.8  25 V •   

I sen se ADC 

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

ADC LSB  5  mV  Referred to the input 

I nput  Dynam ic Range 0  -320 mV   

PW M Gen er at o r s an d  Osci l la t o r  

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

Output  frequency range 300  1500 kHz  
Steps defined in the table in the PWM 

Switching Frequency Set t ing sect ion 

below 

Output  Frequency Accuracy -10  10 %  •   

Channel- to-channel phase shift   90  deg   

Minimum On Time  40  ns  1nF of gate capacitance 

Dead Time Adjustment  Step 

 13  ns  

Switching frequency =  300kHz 

10%  to 90%  duty cycle, Frequency 

dependant ;  refer to the graph in 

performance character ist ic sect ion 

 1.5  ns  

Switching frequency =  1.5MHz 

10%  to 90%  duty cycle, Frequency 

dependant ;  refer to the graph in 

performance character ist ic sect ion 

CLOCK I N Synchronizat ion 

Range  
-5  5 %  •   

Maximum Duty Cycle2 
86   %  •  Switching frequency =  300kHz 

78   %  •  Switching frequency =  1.5MHz 

Note 2:  The maximum duty cycle represents the maximum duty cycle commanded by the DPWM, is guaranteed by design, 

and internally set  to ensure proper sampling of the current  dur ing the off- t ime. 

  



 

XXRRPP77 77 11 44   

              QQuu aa dd   CChh aa nn nn ee ll   DD ii gg ii tt aa ll   PPWW MM   SStt ee pp   DD oo ww nn   CCoo nn tt rr oo ll ll ee rr   

  
 

 4/ 30 Rev. 1.1.7 

Dig i t a l  I n p u t / Ou t p u t  Pin s ( GPI O0 - GPI O5 )  an d  ENABLE 

3.3V CMOS logic compat ible, 5V tolerant . 

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

Enable Pin Threshold 1.08 1.14 1.2 V  Chip Enable r ising threshold 

I nput  Pin Low Level   0.8 V •   

I nput  Pin High Level  2.0   V •   

I nput  Pin Leakage Current    10 µA •  VI O =  3.3V 

I nput  pin Capacitance  5  pF   

Output  Pin Low Level   0.4 V •  I SI NK =  1mA 

Output  Pin High Level 2.4   V •  I SOURCE =  1mA 

Output  Pin High Level (no load)   3.3 3.6 V •  I SOURCE =  0mA 

I 2C Sp eci f icat io n  

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

I 2C Speed   400 kHz  Based upon I 2C master clock 

I nput  Pin Low Level, VI L   1.0 V   

I nput  Pin High Level, VI H 2.31   V   

Hysteresis of Schm it t  Tr igger 

I nputs, VHYS 
0.165   V   

Output  Pin Low Level (open 

drain or collector)  VOL 
  0.4 V  I SI NK =  3mA 

I nput  Leakage Current  -10  10 µA  I nput  is between 0.33V and 2.31V 

Output  Fall Time from VIHMI N to 

VI LMAX 
20+ 0.1Cb

3  250 ns  
With a bus capacitance from 10pF to 

400pF 

Capacitance for each I / O Pin   10 pF   

Note 3:  Cb is the capacitance of one bus in pF 

Gat e Dr iv er s 

Par am et er  M in . Ty p . Max . Un i t s  Con d i t ion s 

GH, GL Rise and Fall Time  30  ns  
At  10%  to 90%  of full scale pulse.  

1nF Cload 

GH, GL Pull-up On-State Output  

Resistance 
 6  Ω   

GH, GL Pull-down On-State 

Output  Resistance 
 3  Ω   

GH, GL Pull-down Off-State 

Output  Resistance 
 50  kΩ  VI N =  VCCD =  0V 
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BLOCK DI AGRAM 

 

Fig. 2:  XRP7714 Block Diagram 
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PI N ASSI GNMENT 

 

Fig. 3:  XRP7714 Pin Assignment  

PI N DESCRI PTI ON 

Nam e Pin  Nu m ber  Descr ip t ion  

VI N1 39 

Power source for the internal linear regulators to generate VCCA, VDD and the Standby LDO 

(LDOOUT).  Place a decoupling capacitor close to the controller  I C. Also used in UVLO1 fault  

generat ion – if VI N1 falls below the user programmed lim it , all channels are shut  down. The 

VI N1 pin needs to be t ied to VI N2 on the board with a short  t race. 

VI N2 38 
I f the VI N2 pin voltage falls below the user programmed UVLO VI N2 level all channels are shut  

down. The VI N2 pin needs to be t ied to VI N1 on the board with a short  t race. 

VCCA 37 
Output  of the internal 5V LDO. This voltage is internally used to power analog blocks. This pin 

should be bypassed with a m inimum of 4.7uF to AGND. 

VCCD 26 

Gate Dr ive input  voltage. This is not an output  voltage.  This pin can be connected to VCCA to 

provide power for  the Gate Drive. VCCD should be connected to VCCA with the shortest  

possible trace and decouple with a m inimum 1µF capacitor . Alternat ively, VCCD could be 

connected to an external supply (not  greater than 5V) . 

GL_RTN14 36,31,16,21 Power Ground. Ground connect ion for the low side gate dr iver. Connect  at  low side FET source. 

AVDD 1 
Output  of the internal 1.8V LDO. This pin should be bypassed with a m inimum of 2.2uF to 

DGND. 

DVDD 2 I nput  for powering the internal digital logic. This pin should be connected to AVDD. 

 DGND 10 Digital Ground.  Connect  this pin to the ground plane at  the exposed pad with a separate t race. 

AGND 11 Analog Ground.  Connect  this pin to the ground plane at  the exposed pad with a separate t race 
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Nam e Pin  Nu m ber  Descr ip t ion  

GL1-GL4 35,30,17,22 
Output  pin of the low side gate dr iver. Connect direct ly to the respect ive gate of an external  

N-channel MOSFET. 

GH1-GH4 33,28,19,24 
Output  pin of the high side gate dr iver. Connect  direct ly to the respect ive gate of an external  

N-channel MOSFET. 

LX1-LX4 34,29,18,23 

Lower supply rail for the high-side gate dr iver (GHx) . Connect  this pin to the switching node at 

the junct ion between the two external power MOSFETs and the inductor. These pins are also 

used to measure voltage drop across bot tom MOSFETs in order to provide output  current  

informat ion to the control engine. 

BST1-BST4 32,27,20,25 
High side dr iver supply pin(s) . Connect  BST to an external boost diode and a capacitor as 

shown in the front  page diagram. The high side dr iver is connected between the BST pin and LX 

pin.  

GPI O0-

GPI O3 
3,4,5,6 

These pins can be configured as inputs or outputs to implement  custom flags, power good 

signals and enable/ disable controls. A GPI O pin can also be programmed as an input  clock 

synchronizing I C to external clock. Refer to the “GPI O Pins”  Sect ion and the “External Clock 

Synchronizat ion”  Sect ion for more informat ion. 

GPI O4_SDA, 

GPI O5_SCL 
7,8 

I 2C ser ial interface communicat ion pins. These pins can be re-programmed to perform  GPI O 

funct ions in applicat ions when I 2C bus is not  used. 

VOUT14 12,13,14,15 Voltage sense.  Connect  to the output  of the corresponding power stage.  

LDOOUT 40 
Output  of the Standby LDO. I t  can be configured as a 5V or 3.3V output .  This pin should be 

bypassed with a m inimum of 2.2uF. 

ENABLE 9 
I f ENABLE is pulled high, the chip powers up ( logic reset , registers configurat ion loaded, etc.) . 

I f pulled low for longer than 100us, the XRP7714 is placed into shutdown. 

AGND Exposed Pad Analog Ground.  Connect  to analog ground (as noted above for pin 11) . 

ORDERI NG I NFORMATI ON ( 1 )  

Par t  Nu m ber  Ju n ct ion  Tem p  Ran ge Lead -Fr ee Pack age 
Pack in g  

Met h od  

Defau l t  I 2C 

Ad d r ess 

XRP7714I LB-F 

-40°C≤TJ≤+125°C Yes(2) 40-pin TQFN 

Bulk  

XRP7714I LBTR-F Tape & Reel  

XRP7714I LB-0X10-F Bulk 0X10 

XRP7714I LB-0X14-F Bulk 0X14 

XRP7714EVB-DEMO-3 XRP7714 Evaluat ion Board 

XRP7714EVB-DEMO-3-KI T XRP7714EVB-DEMO-3 and XR77XXEVB-XCM-V80 

XRP7714EVB-ZYNQ-1 Xilinx Zynq-7000 All Programmable SoC Power System Evaluat ion Board 

XRP7714EVB-ZYNQ-1-KI T XRP7714EVB-ZYNQ-1 and XR77XXEVB-XCM-V80 

NOTES:  

1. Refer to www.exar.com/ XRP7714 for most  up- to-date Order ing I nformat ion. 

2. Visit  www.exar.com for addit ional informat ion on Environmental Rat ing. 

http://www.exar.com/XRP7714
http://www.exar.com/
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TYPI CAL PERFORMANCE CHARACTERI STI CS 

All data taken at TJ =  TA =  25°C, unless otherwise specified -  Schemat ic and BOM from Applicat ion I nformat ion sect ion of 

this datasheet . 

 

Fig. 4:  12Vin Efficiency:  Single Channel 

300kHz -  Channels not  in use are disabled 

FET:  Si4944;   I nductor:  744314xxx 7x7x5mm 

 

Fig. 5:  12Vin Efficiency:  Single Channel 

300kHz -  Channels not  in use are disabled 

FET:  FDS8984;   I nductor:  744310200 7x7x3mm 

 

 

Fig. 6:  5Vin Efficiency:  Single Channel 

300kHz -  Channels not  in use are disabled 

FET:  Si4944;   I nductor:  744314xxx 7x7x5mm 

 

 

Fig. 7:  5Vin Efficiency:  Single Channel 

300kHz -  Channels not  in use are disabled 

FET:  FDS8984;   I nductor:  744310200 7x7x3mm 

 

 

Fig. 8:  12Vin Combined Efficiency 

5V & 3V3 1V8 & 1V@ 5A -  300 kHz 

FET:  FDS8984;   I nductor:  744310200 7x7x3mm 

 

Fig. 9:  12Vin Efficiency:  Single Channel 

1MHz -  Channels not  in use are disabled 

FET:  FDS8984;   I nductor: 744310200 7x7x3mm 
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Fig. 10:  Shutdown Current  

5.1V to 25V 

 

Fig. 11:  Shutdown Current  

4.8V to 5.1V 

 

 

Fig. 12:  Simultaneous Start -up 

CH1: 3.3V, CH2: 5V, CH3: 1V, CH4: 1.8V 

 

Fig. 13:  Simultaneous Soft -stop 

CH1: 3.3V, CH2: 5V, CH3: 1V, CH4: 1.8V 

 

 

Fig. 14:  Sequent ial Start -up 

CH1: 3.3V, CH2: 5V, CH3: 1V, CH4: 1.8V 

 

Fig. 15:  Sequent ial Soft -stop 

VOUT Shutdown= 0.8V, 3A load 

CH1: 3.3V, CH2: 5V, CH3: 1V, CH4: 1.8V 
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Fig. 16:  Simultaneous Soft -stop 

VOUT Shutdown= 0.8V, 3A load 

CH1: 3.3V, CH2: 5V, CH3: 1V, CH4: 1.8V 

 
Fig. 17:  Load Transient  Response 

CH1:  I out  (1A/ div)  CH2: Vout(3.3V) 

 

 

 

Fig. 18:  Temperature Regulat ion 

1.8V out (± 1%  Vout  window)  

 
Fig. 19:  Temperature Regulat ion 

1.0V out (± 1%  Vo window) 

 

 

Fig. 20:  Temperature and Voltage Regulat ion 

1.8V out (± 1%  Vout  window)  
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FEATURES AND BENEFI TS 

Gen er al  DPW M Ben ef i t s:  

• Elim inate temperature and t ime var iat ions associated 

with passive components in:  

− Output  set  point 

− Feedback compensat ion 

− Frequency set  point  

− Under voltage lock out  

− I nput  voltage measurement  

− Gate dr ive dead t ime 

• Tighter parameter tolerances including operat ing 

frequency set  point  

• Easy configurat ion and re-configurat ion for different  

Vout , I out , Cout , and I nductor select ion by simply 

changing internal PI D coefficients. No need to change 

external passives for a new output  specificat ion. 

• Higher integrat ion:  Many external circuits can be 

handled by monitor ing or modify ing internal registers 

• Selectable DPWM frequency and Controller  Clock 

Frequency 

Ot h er  Ben ef i t s :  

• A single voltage is needed for regulat ion [ no External 

LDO required] . 

• I 2C interface allows:  

− Communicat ion with a System Controller  or other 

Power Management  devices for opt im ized system 

funct ion 

− Access to modify or read internal registers that  

cont rol or  monitor:  

− Output  Current 

− I nput  and Output  Voltage 

− Soft -Start / Soft -Stop Time 

− ‘Power Good’ 

− Part  Temperature 

− Enable/ Disable Outputs 

− Over Current 

− Over Voltage 

− Temperature Faults 

− Adjust ing fault  lim its and disabling/ enabling faults 

− Packet  Error Checking (PEC) on I 2C communicat ion 

• 6 Configurable GPI O pins, (4 if I 2C is in use) . Pins can 

be configured in several ways:  

− Fault  report ing ( including OCP, OVP, Temperature, 

Soft -Start  in progress, Power Good) 

− Allows a Logic Level interface with other non-

digital I C’s or as logic inputs to other devices 

− Possible to configure as t radit ional ‘enable’ pin for 

all 4 outputs 

− 2 GPI Os can be dedicated to the I 2C I nterface as 

required by the customers design 

• Frequency and Synchronizat ion Capability 

− Selectable switching frequency between 300kHz and 

1.5MHz 

− Channel to channel phase relat ionship is a fixed 90 

degrees 

− Main oscillator clock and DPWM clock can be 

synchronized to external sources 

− ‘Master ’, ‘Slave’ and ‘Stand-alone’ Configurat ions are 

possible 

• I nternal MOSFET Drivers 

− Internal FET drivers (3Ω/6Ω)  for each Channel  

− Built - I n Automat ic Dead- t ime adjustment  

− 30ns Rise and Fall t imes 

• PowerArchitect™ Design and Configurat ion Software:  

− I n its simplest form only VI N, VOUT, and I out  for 

each channel is required.  

− The software calculates configurat ion register 

content  based upon customer requirements.  PI D 

coefficients for correct  loop response ( for  automat ic 

or custom ized designs)  can be generated and sent  to 

the device. 

− Configurat ions can be saved and/ or recalled 

− GPI Os can be configured easily and intuit ively 

− Synchronizat ion configurat ion can be adjusted 

− I nterface can be used for real- t ime debugging and 

opt im izat ion 

• Custom izing XRP7714 with customer parameters 

− Once a configurat ion is f inalized it  can be sent  to 

MaxLinear and can reside in pre-programmed parts 

that  customers can order with an individual part  

number. 

− Allows parts to be used without  I 2C interface 

Sy st em  Ben ef i t s:  

• Reliability is enhanced via communicat ion with the 

system controller  which can obtain real t ime data on 

an output  voltage, input voltage and current . 

• System processors can communicate with the 

XRP7714 direct ly to obtain data or make adjustments 

to react  to circuit  condit ions. 

• A system process or could also be configured to log 

and analyze operat ing history, perform  diagnost ics and 

if required, take the supply off- line after making other 

system adjustments. 

• I f customer field service is a possibility for  your end 

product , parameter report ing and history would 

provide addit ional capabilit ies for t roubleshoot ing or 

aid in future system upgrades. 
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FUNCTI ONAL DESCRI PTI ON AND OPERATI ON 

The XRP7714 is a quad-output  digital pulse width m odulat ion (DPWM) cont roller with integrated 

gate drivers for the use in synchronous buck switching regulators. Each output  voltage can be 

program m ed from  0.9V to 5.1V without  the need of an external voltage divider. The wide range of 

the program m able DPWM switching frequency ( from  300kHz to 1.5MHz)  enables the user to 

opt im ize for  efficiency or com ponent  sizes. The digital regulat ion loop requires no external passive 

com ponents for network com pensat ion.  The loop perform ance does not  need to be com prom ised 

due to com ponent  tolerance, aging, and operat ing condit ion. Each digital cont roller provides a 

num ber of safety features, such as over-current  protect ion (OCP)  and over-voltage protect ion 

(OVP) .  The chip also provides over- tem perature protect ion (OTP)  and under-voltage lock-out  

(UVLO)  for two input  voltage rails. The XRP7714 also has up to 6 GPI Os and a Standby Linear 

Regulator to provide standby power. An I 2C bus interface is provided to program  the IC as well as 

to com m unicate with the host  for fault  report ing and handling, power rail m onitoring, channel 

enable and disable, Standby LDO voltage reconfigurat ion, and Standby LDO enable and disable. 

The XRP7714 offers a com plete solut ion for soft - start  and soft -stop. The delay and ram p of each 

PWM regulator can be independent ly cont rolled. During soft - stop, the output  voltage ram ps down 

with a program m able slope unt il it  reaches a pre-set  value. This pre-set  value can be program m ed 

between within zero volts and the target  voltage with the sam e set  target  voltage resolut ion. 

REGI STER TYPES 

There are two types of registers in the XRP7714:  read/ write registers and read-only registers. The 

read/ write registers are used for the cont rol funct ions of the IC and can be program m ed using 

configurat ion non-volat ile m em ory (NVM)  or through an I 2C com m and. The read-only registers are 

for  feedback funct ions such as error/ warning flags and for reading the output  voltage or current . 

NON - VOLATI LE CONFI GURATI ON MEMORY 

The non-volat ile m em ory (NVM)  in XRP7714 stores the configurat ion data for  the chip and all of the 

power rails. This m em ory is norm ally configured during m anufacturing t im e. Once a specific bit  of 

the NVM is program m ed, that  bit  can never be reprogram m ed again [ i.e. one- t im e program m able] . 

During chip power up, the contents in the NVM are autom at ically t ransferred to the internal 

registers of the chip. Program m ed cells have been verified to be perm anent  for at  least  10 years 

and are highly reliable. 

POW ER UP AND SEQUENCI NG REQUI REMENTS 

The XRP7714 can be program m ed to sequence it s outputs for nearly any im aginable loading 

requirem ent .  However, there are som e im portant  sequencing requirem ents for  the XRP7714 itself. 

When power is applied to the XRP7714, the 5V VCCA and 1.8V AVDD regulators m ust  com e up and 

stabilize to provide power for the analog and digital blocks of the I C.  The Enable Pin m ust  rem ain 

below its logic level high threshold unt il the AVDD is regulat ing to ensure proper loading of the 

configurat ion registers.  For system s that  cont rol the Enable signal through a m icrocont roller or  

other processor,  this is sim ply a m at ter of providing the proper delay to the Enable signal after  

power up.  However, m ost  users will want  the part  t o autom at ically power up when power is 

applied to the system .  To that  end there are a num ber of recom m ended solut ions. 

The m ost  ideal sequencing m ethod is to provide an RC t im e constant  delay from  DVDD to the 

Enable pin.  A 10kohm  resistor and a 4.7uF are all that  is required.  I f the system  needs to 

externally cont rol the Enable pin as well, it  is recom m ended that  the Enable pin be pulled to ground 

using an open drain I / O.  Using 3.3V act ive logic would back feed DVDD and exceed the m axim um  

rated voltage of the pin. 
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For those using act ive 3.3V or 5V logic on the Enable pin an RC delay from  VCCA to the Enable pin 

m ay be used.  When using an RC delay from  VCCA, at tent ion m ust  be paid to the am ount  of 

bypass capacitance loading AVDD since it  will delay the t im e it  takes for  AVDD to power up and 

regulate.  The AVDD and DVDD pins do not  require m ore than 2.2uF for proper bypassing.  See 

Figure 21 for the recom m ended com ponents for  sequencing the Enable pin through an RC delay 

from  VCCA.  I f m ore capacitance is added to AVDD and DVDD, the t im e constant  m ust  be 

increased. Once Enable is asserted, an internal CHIP_READY flag goes high and enables the I 2C to 

acknowledge the Host ’s serial com m ands. Channels that  are configured as always-on channels are 

enabled. Channels that  are configured to be enabled by GPI Os are also enabled if the respect ive 

GPI O is asserted. 

 

Fig. 21:  RC Delay for Enable taken from  VCCA  

 

VCCA regulates at  approxim ately 4.6V when the Enable pin is logic level low and at  5.1V when 

Enable is asserted.  See Figure 22 for an exam ple. 

 

 

Fig. 22:  Startup Waveform  
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Another power-up t im ing concern can be observed with slowly increasing input  voltages.  I f the 

UVLO Fault  threshold is set  t o a value higher than the value of VIN when AVDD has stabilized and 

the enable is asserted;  the UVLO Fault  could assert  prior  to VI N reaching it s final value. Increasing 

the value of the resistor in the RC delay will slow down the enable signal and prevent  a prem ature 

UVLO Fault . 

STANDBY LOW  DROP- OUT REGULATOR 

This 100m A low drop-out  regulator can be program m ed as 3.3V or 5V in SET_STBLDO_EN_CONFI G 

register. I t s output  is seen on the LDOOUT Pin. This LDO is fully cont rollable via the Enable Pin 

(configured to turn on as soon as power is applied) , a GPI O, and/ or I 2C com m unicat ion. 

The 5V output  set t ing of the regulator is only available if VIN1 is above 6.3V, and the 3.3V output  

set t ing is available for  the ent ire VI N1 range from  4.75 to 25V.  The standby LDO should be 

bypassed with a m inim um  of 2.2uF ceram ic capacitor.  

ENABLI NG,  D I SABLI NG AND RESET 

The XRP7714 is enabled via raising the ENABLE Pin high.  The chip can then be disabled by 

lowering the sam e ENABLE Pin.  There is also the capabilit y for  reset t ing the Chip via an I 2C 

SOFTRESET Com m and. 

For enabling a specific channel, there are several ways that  this can be achieved.  The chip can be 

configured to enable a channel at  start -up as the default  configurat ion residing in the non-volat ile 

configurat ion m em ory of the I C. The channels can also be enabled using GPI O pins and/ or an I 2C 

Bus serial com m and. The registers that  cont rol the channel enable funct ions are the 

SET_EN_CONFI G and SET_CH_EN_I2C. 

I NTERNAL GATE DRI VERS 

The XRP7714 integrates Internal Gate Drivers for all 4 PWM channels. These drivers are opt im ized 

to drive both high-side and low side N-MOSFETs for synchronous operat ions. Both high side and 

low side drivers have the capabilit y of driving 1nF load with 30ns r ise and fall t im e. The drivers 

have built - in non-overlapping circuit ry to prevent  sim ultaneous conduct ion of the two MOSFETs. 

The built - in non-overlapping feature is disabled when the program m able dead t im e is selected. 

PROGRAMMABLE DEAD T I ME 

The program m able dead t im e feature provides custom ers the flexibilit y to opt im ize the system  

perform ance over PWM switching frequency, eff iciency and com ponent  select ions.  

There are three registers to cont rol the dead t im e. The program m able dead t im e feature is enabled 

in the SET_CONTROL_BIT_REG register. I f disabled, the built - in dead t im e cont rol inside the driver 

will take over.  

The dead t im e between the turn off of the low side MOSFET and the turn on of high side MOSFET is 

cont rolled by the SET_DT_RISE_CHx. On the other hand, the dead t im e between the turn off of 

high side MOSFET and the turn on of the low side MOSFET is cont rolled by SET_DT_FALL_CHx. The 

actual LSB of the registers is variable depending on the switching frequency. 

 끫뢌끫뢌끫뢌끫뢌 끫뢌끫뢌끫뢌끫뢌 (끫롾끫뢌끫롾) =
1끫뢆끫뢆끫뢆끫뢆 × 256
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FAULT HANDLI NG 

While the chip is operat ing there are four different  types of fault  handling:  

• Un d er  Vo l t ag e Lock o u t  ( UVLO)  m onitors the input  voltage to the chip, and the chip will 

shutdown all channels if the voltage drops to crit ical levels. 

• Ov er  Tem p er at u r e Pr o t ect io n  ( OTP)  m onitors the tem perature of the chip, and the chip 

will shutdown all channels if the tem perature r ises to crit ical levels. 

• Ov er  Vo l t ag e Pr o t ect ion  ( OVP)  m onitors the voltage of channel and will shutdown the 

channel if it  surpasses it s voltage threshold. 

• Ov er  Cu r r en t  Pr o t ect ion  ( OCP)  m onitors the current  of a channel, and will shutdown the 

channel if it  surpasses it s current  threshold.  The channel will be autom at ically restarted 

after  a 200m s delay. 

Un d er  Vo l t ag e Lock o u t  ( UVLO)  

There are two locat ions where the under voltage can be sensed:  VIN1 and VIN2. The 

SET_UVLO_WARN_VINx register that  sets the under voltage warning set  point  condit ion at  100m V 

increm ents. When the warning threshold is reached, the Host  is inform ed via a GPIO or by reading 

the READ_WARN_FLAG register.  

The SET_UVLO_TARG_VINx register that  cont rols the under voltage fault  set  point  condit ion at  

100m V increm ents. This fault  condit ion will be indicated in the READ_FAULT_WARN register.   

When an under voltage fault  condit ion occurs (either on VI N1 or VIN2) , the fault  flag register is set  

and all of the XRP7714 outputs are shut  down. The m easured input  voltages can be read back 

using the READ_VIN1 or READ_VI N2 register, and both registers have a resolut ion of 100m V per 

LSB.  When the UVLO condit ion clears (voltage r ises above the UVLO Warning Threshold) , the chip 

can be configured to autom at ically restart .  

VI N1  

This is a m ult i- funct ion pin that  provides power to both the Standby Linear Regulator and internal 

linear regulators to generate VCCA, VDD, and the Standby LDO (LDOUT) .  

I t  is also used as a UVLO detect ion pin. I f Vin1 falls below its user program m ed lim it , all channels 

are shut  down. 

VI N2  

VIN2 is required to be t ied to VIN1 pin. I t  can be used as a UVLO detect ion pin.  I f VI N2 falls below 

its user program m ed lim it , all channels are shut  down. 

Tem p er at u r e  Mon i t o r in g  an d  Ov er  Tem p er a t u r e  Pr o t ect io n  ( OTP)  

• Reading the junct ion temperature 

This register allows the user to read back the tem perature of the IC. The tem perature is expressed 

in Kelvin with a m aximum  range of 520K, a m inimum  of 200K, and an LSB of 5 degrees K. The 

tem perature can be accessed by reading the READ_VTJ register.  

• Over Temperature Warning 

There are also warning and fault  flags that  get  set  in the READ_OVV_UVLO_OVT_FLAG register.  

The warning threshold is configurable to  5 or 10 Degrees C below the fault  threshold. When the 

junct ion tem perature reaches 5 or 10 Degrees C below the user defined set  point , the over-

tem perature warning bit  [ OTPW]  gets set  in the READ_OVV_UVLO_OVT_FLAG register to warn the 

user that  the IC m ight  go into an over tem perature condit ion (and shutdown all of the regulators) .  
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• Over Temperature Fault  

I f the over tem perature condit ion occurs both the OTP and OTPW bit s will be set  in the 

READ_OVV_UVLO_OVT_FLAG register and the IC will shut  down all channels (but  I 2C will rem ain 

operat ional) . The actual over tem perature threshold can be set  by the user by using a 7bit  

SET_THERMAL_SHDN register with an LSB of 5K. 

I f the over tem perature fault  condit ion clears, then the I C can be set  to restart  the chip 

autom at ically. The restart  tem perature threshold can be set  by the SET_THERMAL_RESTART 

register.  

OUTPUT VOLTAGE SETTI NG AND MONI TORI NG 

The Output  Voltage set t ing is cont rolled by the SET_VOUT_TARGET_CHx register. This register 

allows the user t o set  t he output  voltage with a resolut ion of 50m V for output  voltages between 0 

and 2.5V and with a resolut ion of 100m V for output  voltages between 2.6V and 5.1V. Output  

voltages higher than 5.1V can be achieved by adding an external voltage divider network. The 

output  voltage of a part icular channel can be read back using the READ_VOUTx register.  

Ou t p u t  Vo l t ag e f r om  0 .9 V t o  5 .1 V 

Per the equat ion below, for  values between 0.9V and 5.1V the output  voltage is equal to the binary 

num ber stored in the SET_VOUT_TARGET_CHx register m ult iplied by 50m V. When program m ing an 

output  voltage from  2.6V to 5.1V, odd binary values should be avoided. As a result , the set  

resolut ion for an output  voltage higher than 2.5V is 100m V. 끫뢒끫뢄끫뢄끫뢄 = 끫뢌끫뢌끫뢌_끫뢒끫뢒끫뢒끫뢌_끫뢌끫뢎끫뢎끫뢎끫뢌끫뢌_끫롬끫롬끫롬 × 50끫뢴끫뢒 

Ou t p u t  VOUT Hig h er  Th an  5 .1 V 

To set  the output  voltage higher than 5.1V, the user needs to add an external voltage divider. The 

resistors used in the voltage divider should be below 10kΩ.  The SET_VOUT_TARGET_CHx register 

should be set  to 0x32 which is equivalent  to an output  voltage of 2.5V without  the external divider 

network. The output  voltage regulat ion in this case m ight  exceed 2%  due to ext ra error from  the 

resistor divider. R1 and R2 follows the definit ion below. 

Voutx pin

Vout>5.1V

R1

R2

 

Fig. 23:  External div ider network for  high output  voltage 끫뢒끫뢄끫뢄끫뢄 = �끫뢎1끫뢎2 + 1� × 끫뢌끫뢌끫뢌_끫뢒끫뢒끫뢒끫뢌_끫뢌끫뢎끫뢎끫뢎끫뢌끫뢌_끫롬끫롬끫롬 × 50끫뢴끫뢒 

Ou t p u t  Vo l t ag e Low er  Th an  0 .9 V 

The XRP7714 can be program m ed to regulate an output  voltage lower than 0.9V. However, in this 

case the specificat ion of ± 20m V output  voltage accuracy is not  guaranteed. 
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OVER- VOLTAGE PROTECTI ON ( OVP)  

The Over-Voltage Protect ion (OVP)  SET_OVVP_REGI STER sets the over-voltage condit ion in 

predefined steps per channel. The over-voltage protect ion is always act ive even during soft -start  

condit ion. When the over-voltage condit ion is t r ipped, the cont roller will shut  down the channel. 

When the channel is shut  down the cont roller will then set  corresponding OVP Fault  bits in the 

READ_OVV_UVLO_OVT_FLAG register.  

The VOUT OVP Threshold is 150m V to 300m V above nom inal VOUT for a Voltage Target  of 2.5V or 

less.  For the Voltage Target  of 2.6V to 5.1V, the VOUT OVP Threshold is 300m V to 600m V. 

Once the over-voltage Channel is disabled, the cont roller will check the 

SET_FAULT_RESP_CONFI G_LB and SET_FAULT_RESP_CONFI G_HB to determ ine whether there are 

any “ following”  channels that  need to be shut  down. Any following channel will be disabled when 

the channel with the Over Voltage Fault  is disabled. The channel(s)  will rem ain disabled, unt il the 

Host  takes act ion to enable the channel(s) . 

Any of the fault  and warning condit ions can also be configured to be represented using the general 

purpose input  output  pins (GPIO)  to use as an interface with non I 2C com pat ible devices. For 

further inform at ion on this topic see the “GPI O Pins”  Sect ion. 

During OVP fault  shutdown of the channel, the custom er has the opt ion to choose two types of 

shutdown for each channel. The first  shutdown is ‘passive shutdown’ where the I C m erely stops 

output t ing pulses.  The second shutdown is a ‘brute force’ shutdown where the GL rem ains on as 

the channel reaches it s discharged voltage. Note that  if the ‘brute force’ m ethod is chosen, then GL 

will perm anent ly rem ain high unt il the channel is re-enabled. 

OUTPUT CURRENT SETTI NG AND MONI TORI NG 

XRP7714 ut ilizes a low side MOSFET Rdson current  sensing technique. The voltage drop on Rdson 

is m easured by dedicated current  ADC. The ADC results are com pared to a m axim um  current  

threshold and an over-current  warning threshold to generate the fault  and warning flags. 

Max im u m  Ou t p u t  Cu r r en t  

The m axim um  output  current  is set  by the SET_VI OUT_MAX_CHx register  and 

SET_ISENSE_PARAM_CHx register.  The SET_VI OUT_MAX_CHx register is an 8 bit  register.  Bits 

[ 5: 0]  set  the m axim um  current  threshold and bits [ 7: 6]  set  the over- current  warning threshold. 

The LSB for the current  lim it  register is 5 m V and the allowed voltage range is between 0 and 

315m V. To calculate the m axim um  current  lim it , the user needs to provide the MOSFET Rdson. The 

m axim um  current  can be calculated as:  끫롸끫뢒끫뢒끫뢌끫뢆끫뢎끫롬 =
끫뢒끫뢒끫뢌끫뢒끫뢒끫뢌끫뢎끫뢊끫뢒끫뢊끫뢒 × 끫롼끫뢌 

Where Kt  is the tem perature coefficient  of the MOSFET Rdson;  Vsense is the voltage across Rdson;  

I OUTMAX is the m axim um  output  current .  

Ov er - Cu r r en t  W ar n in g  

The XRP7714 also offers an Over-Current  warning flag. This warning flag resides in the 

READ_OVC_FLAG register. The warning flag bit  will be set  when the output  current  gets to within a 

specified value of the output  current  lim it  threshold enabling the host  t o reduce power 

consum pt ion. The SET_VI OUT_MAX_CHx register allows the warning flag threshold to be set  10m V, 

20m V, 30m V or 40m V below VIOUT_MAX. The warning flag will be autom at ically cleared when the 

current  drops below the warning threshold. 
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Ov er - Cu r r en t  Fau l t  Han d l in g  

When an over-current  condit ion occurs, PWM drivers in the corresponding channels are disabled. 

After a 200m s t im eout , the cont roller is re-powered and soft -start  is init iated. When the over-

current  condit ion is reached the cont roller will check the SET_FAULT_RESP_CONFIG_LB and 

SET_FAULT_RESP_CONFI G_HB to determ ine whether there are any “ following”  channels that  need 

to be sim ilarly restarted.  The cont roller will also set  the fault  flags in READ_OVC_FAULT_WARN 

register.  

Typically the over-current  fault  threshold would be set  to 130-140%  of the m axim um  desirable 

output  current . This will help avoid any over- current  condit ions caused by t ransients that  would 

shut  down the output  channel. 

CHI P OPERATI ON AND CONFI GURATI ON 

SOFT- START 

The SET_SS_RISE_CHx register is a 16 bit  register which specifies the soft - start  delay and the 

ram p characterist ics for a specific channel. This register allows the custom er to program  the 

channel with a 250µs step resolut ion and up to a m axim um  16m s delay. 

Bits [ 15: 10]  specify the delay after  enabling a channel but  before output t ing pulses;  where each bit  

represents 250µs steps.  Bits [ 9: 0]  specify the r ise t im e of the channel;  these 10 bits define the 

num ber of m icroseconds for each 50m V increm ent  to reach the target  voltage. 

 

Enable 

Signal

Vout

SS_RISE_CHx

REGISTER

Bit [0:9]

RISE TIME 
DELAY

Bit [10:15]

 

Fig. 24:  Channel Power Up Sequence 
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SOFT- STOP 

The SET_PD_FALL_CHx register is a 16 bit  register. This register specifies the soft -stop delay and 

ram p ( fall- t im e)  characterist ics for when the chip receives a channel disable indicat ion from  the 

Host  to shutdown the channel. 

Bits [ 15: 10]  specify the delay after disabling a channel but  before start ing the shutdown of the 

channel;  where each bit  represents 250µs steps.  Bits [ 9: 0]  specify the fall t im e of the channel;  

these 10 bits define the num ber of m icroseconds for each 50m V increm ent  to reach the discharge 

threshold. 

DELAY
Fall Time 

Bit [10:15]
Bit [0:9]

Vout

Enable 

Signal

PD_DELAY_CHx

REGISTER
 

Fig. 25:  Channel Soft -Stop Sequence 

POW ER GOOD FLAG 

The XRP7714 allows the user to set  the upper and lower bound for  a power good signal per 

channel. The SET_PWRG_TARG_MAX_CHx register sets the upper bound, the 

SET_PWRG_TARG_MI N_CHx register sets the lower bound. Each register has a 20m V LSB 

resolut ion. When the output  voltage is within bounds the power good signal is asserted high. 

Typically the upper bound should be lower than the over-voltage threshold. I n addit ion, the power 

good signal can be delayed by a program m able am ount  set  in the SET_PWRGD_DLY_CHx register. 

The power good delay is only set  after the soft - start  period is finished. I f the channel has a pre-

charged condit ion that  falls into the power good region, a power good flag is not  set  unt il the soft -

start  is finished. 

PW M  SW I TCHI NG FREQUENCY 

The PWM switching frequency is set  by choosing the corresponding oscillator frequency and clock 

divider rat io in the SET_SW_FREQUENCY register.  Bits [ 6: 4]  set  the oscillator frequency and bits 

[ 2: 0]  set  the clock divider.  The tables below sum m arize the available Main Oscillator and PWM 

switching frequency set t ings in the XRP7714. 

Main  Osci l la t o r  Fr eq u en cy  

SET_ SW _ FREQUENCY[ 6 :4 ]  0 0 0  0 0 1  0 1 0  0 1 1  1 0 0  1 0 1  1 1 0  1 1 1  

Main Oscillator Frequency 48MHz 44.8MHz 41.6MHz 38.4MHz 35.2MHz 32MHz 28.8Mhz 25.6MHz 

Ts 20.8ns 22.3ns 24ns 26ns 28.4ns 31.25ns 34.7ns 39ns 
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PW M Sw i t ch in g  Fr eq u en cy  

 SET_ SW _ FREQUENCY[ 6 :4 ]  

SET_ SW _ FREQUENCY[ 2 :0 ]  0 0 0  0 0 1  0 1 0  0 1 1  1 0 0  1 0 1  1 1 0  1 1 1  

000 NA NA NA NA NA NA NA NA 

001 1.5MHz 1.4MHz 1.3MHz 1.2MHz 1.1MHz 1.0MHz 900KHz 800KHz 

010 1.0MHz 933KHz 867KHz 800KHz 733KHz 667KHz 600KHz 533KHz 

011 750KHz 700KHz 650KHz 600KHz 550KHz 500KHz 450KHz 400KHz 

100 600KHZ 560KHz 520KHz 480KHz 440KHz 400KHz 360KHz 320KHz 

101 500KHz 467KHZ 433KHz 400KHz 367KHz 333KHz 300KHz NA 

110 429KHZ 400KHZ 370KHz 343KHz 314KHz NA NA NA 

111 375KHz 350KHz 325KHz 300KHz NA NA NA NA 

There are a num ber of opt ions that  could result  in sim ilar PWM switching frequency as shown 

above. I n general, the chip consum es less power at  lower oscillator frequency. When 

synchronizat ion of the Main Oscillator Frequency to an external system  clock is desired, the user 

m ust  choose the oscillator  frequency to be within ± 5%  of the external clock frequency. A higher 

Main Oscillator frequency will not  im prove accuracy or any perform ance efficiency.  

Note:  I t  is the intent ion of the synchronizat ion feature to sync to a system  clock or t o another 

com pat ible MaxLinear device, not  the switching frequency.  

PW M  SW I TCHI NG FREQUENCY CONSI DERATI ONS 

There are several considerat ions when choosing the PWM switching frequency.  

Min im u m  On  Tim e 

Minim um  on t im e determ ines the m inim um  duty cycle at  the specific switching frequency. The 

m inimum  on t im e for  the XRP7714 is 40ns. 끫뢆끫뢌끫뢒끫뢌끫뢴끫뢀끫뢴 끫롮끫뢀끫뢌끫롮 끫롬끫롮끫롬끫롬끫뢌% = 끫뢆끫뢌끫뢒끫뢌끫뢴끫뢀끫뢴 끫뢊끫뢒끫뢌끫뢌끫뢴끫뢌 × 끫뢆끫뢆끫뢆 끫롲끫롲끫뢌끫롲끫뢀끫뢌끫뢒끫롬끫롮 × 100 

As an exam ple the m inim um  duty cycle is 4%  for 1MHz PWM frequency. This is im portant  since the 

m inimum  on t im e dictates the m axim um  conversion rat io that  the PWM cont roller can achieve. 끫뢆끫뢌끫뢒끫뢌끫뢴끫뢀끫뢴 끫롮끫뢀끫뢌끫롮 끫롬끫롮끫롬끫롬끫뢌% >
끫뢒끫뢊끫뢀끫뢌끫뢒끫뢌끫뢒끫뢴끫뢒끫뢒 

Max im u m  Du t y  Cy cle  

The m axim um  duty cycle is dictated by the m inim um  required t im e to sam ple the current  when the 

low side MOSFET is on, this depends on the frequency of the m ain oscillator and the selected PWM 

frequency. I t  is best  t o choose the highest  m ain oscillator frequency available for  any specific PWM 

frequency. The m axim um  duty cycle for each PWM frequency is shown in the table below:  

 

 Main  Osci l la t o r  Fr equ en cy  

Max im u m  Du t y  Cy cle 48MHz 44.8MHz 41.6MHz 38.4MHz 35.2MHz 32MHz 28.8Mhz 25.6MHz 

78%  1.5MHz 1.4MHz 1.3MHz 1.2MHz 1.1MHz 1.0MHz 900KHz 800KHz 

86%  1.0MHz 933KHz 867KHz 800KHz 733KHz 667KHz 600KHz 533KHz 

84%  750KHz 700KHz 650KHz 600KHz 550KHz 500KHz 450KHz 400KHz 

89%  600KHZ 560KHz 520KHz 480KHz 440KHz 400KHz 360KHz 320KHz 

88%  500KHz 467KHZ 433KHz 400KHz 367KHz 333KHz 300KHz NA 

88%  429KHZ 400KHZ 370KHz 343KHz 314KHz NA NA NA 

86%  375KHz 350KHz 325KHz 300KHz NA NA NA NA 

Fig. 26:  PWM Frequency 
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The m axim um  duty cycle obtained from  the table above is program m ed by the PowerArchitect TM 

software into each of the channels using the SET_DUTY_LI MITER_CHx register.  This ensures that  

under all condit ions ( including faults) , there will always be sufficient  sam pling t im e to m easure the 

output  current . When the duty cycle lim it  is reached, the output  voltage will no longer regulate and 

will be clam ped based on the m axim um  duty cycle lim it  set t ing. 

I t  is possible for the user t o program  SET_DUTY_LIMI TER_CHx register t o a higher value, but  the 

OCP Fault  and OCP WARN flags should then be ignored. 

Ef f icien cy  

The PWM Switching frequency plays an im portant  role on overall power conversion efficiency. As 

the switching frequency increase, the switching losses also increase. Please see the APPLICATI ON 

INFORMATI ON, Typical Perform ance Data for further exam ples. 

Com p o n en t  Se lect ion  an d  Fr eq u en cy  

Typically the com ponents becom e sm aller as the frequency increases, as long as the r ipple 

requirem ents rem ain constant . At  higher frequency the inductor can be sm aller in value and have a 

sm aller footprint  while st ill m aintaining the sam e current  rat ing. 

FREQUENCY SYNCHRONI ZATI ON FUNCTI ON AND EXTERNAL CLOCK  

The user of the XRP7714 can choose to use an external source as the prim ary clock for the 

XRP7714. This funct ion can be configured using the SET_SYNC_MODE_CONFIG register. This 

register sets the operat ion of the XRP7714 when an external clock is required.  By select ing the 

appropriate bit  com binat ion the user can configure the IC to funct ion as a m aster or a slave when 

two or m ore XRP7714s are used to convert  power in a system .  Autom at ic clock select ion is also 

provided to allow operat ion even if the external clock fails by switching the IC back to an internal 

clock. 

Ex t er n a l  Clock  Sy n ch r on izat io n  

Even when configured to use an external clock, the chip init ially powers up with it s internal clock.   

The user can set  the percent  target  that  the frequency detector will use when com paring the 

internal clock with the clock frequency input  on the GPIO pin. I f the external clock frequency is 

detected to be within the window specified by the user, then a switchover will occur t o the external 

clock. I f the IC does not  find a clock in the specified frequency target  range then the external clock 

will not  be used and the IC will run on the internal clock that  was specified by the user. I f the 

external clock fails the user can chose to have the internal clock take over, using the autom at ic 

switch back m ode in the SET_SYNC_MODE_CONFI G register.  

 

XRP7714 

Configured for 

external clock use

CLK_IN
GPIO1

 

Fig. 27: XRP7714 Configured For External Clock Use 
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Sy n ch r on ized  Op er at ion  as a  Mast er  an d  Slav e Un i t  

Two XRP7714s can be synchronized together.  This Master-Slave configurat ion is described below. 

• Master 

When the XRP7714 powers up as a m aster unit  after the internal configurat ion m em ory is loaded 

the unit  will send CLK_OUT and SYNC_OUT signals to the slave on the preconfigured GPI O pins. 

• Slave 

When powering in sync m ode the slave unit  will init ially power up with it s internal clock to t ransfer 

the configurat ion m em ory. Once this t ransfer occurs, then the unit  is set  to funct ion as a slave unit . 

I n turn the unit  will take the external clock provided by the m aster to run as it s m ain internal clock. 

GPIO2 GPIO2

XRP7714 
configured
as a master

XRP7714 
configured
as a slave

CLK_OUT

SYNC_OUT SYNC_IN

CLK_IN
GPIO1 GPIO1

 

Fig. 28:  Master/ Slave Configurat ion of the XRP7714 

Ex t er n a l  Clock  Sy n ch r on izat io n  Mast er  Slav e com b in at ion  

When an external clock is used, the user will need to setup the m aster to also have an external 

clock in funct ion. All of the sam e rules apply as in the External clock synchronizat ion, Synchronized 

operat ion as a Slave unit  sect ion of this docum ent .  There are two ways of synchronizing this, 

either the external clock going to both Master/ Slave CLK_I N, or CLK_I N can go to the Master,  and 

the Master can synchronize SYNC_OUT and CLK_OUT to the Slave. 

GPIO2 GPIO2

XRP7714 
Configured as a 

master with
external clock sync

XRP7714 
configured
as slave

SYNC_OUT SYNC_IN

CLK_INCLK_IN
GPIO1GPIO1

 

Fig. 29:  External Clock Synchronizat ion Master Slave Combinat ion 
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GPIO2 GPIO2

XRP7714 
Configured as a 

master with
external clock sync

XRP7714 
configured
as slave

SYNC_OUT SYNC_IN

CLK_INCLK_IN
GPIO1GPIO3

CLK_OUT
GPIO1

 

Fig. 30:  Alternat ive External clock synchronizat ion Master Slave combinat ion 

PHASE SHI FT 

Each switching channel is configured to run with a phase shift  of 90 degrees.  

GPI O  PI NS 

The General Purpose Input  Output  (GPI O)  Pins are the basic interface between the XRP7714 and 

the system . Although all of the stored data within the IC can be read back using the I2C bus it  is 

som et im es convenient  to have som e of those internal register to be displayed and or cont rolled by 

a single data pin. Besides sim ple input  output  funct ions the GPI O pins can be configured to serve 

as external clock inputs. These pins can be program m ed using OTP bits or can be program m ed 

using the I 2C bus. This GPI O_CONFIG register allows the user close to 100 different  configurat ion 

funct ions that  the GPI O can be program m ed to do. 

NOTE:  the GPIO Pins (and all I / Os)  should NOT be driven without  a 10K resistor when VIN is not  

being applied to the IC.  

GPI O Pin s Po lar i t y  

The polarit y of the GPI O pin can be set  by using the GPI O_ACT_POL register. This register allows 

any GPI O pin whether configured as an input  or output  to change polarit y. Bits [ 5: 0]  are used to 

set  the polarit y of GPI O 0 though 5. I f the IC operates in I 2C m ode, then the com m ands for Bits 

[ 5: 4]  are ignored. 

Su p p ly  Ra i l  En ab le  

Each GPI O can be configured to enable a specific power rail for the system .  The GPIOx_CFG 

register allows a GPI O to enable/ disable any of the following rails cont rolled by the chip:  

• A single buck power cont roller 

• The Standby LDO 

• Any m ix of the Standby LDO and power cont roller(s)  

When the configured GPI O is asserted externally, the corresponding rails will be enabled, and they 

will be sim ilarly disabled when the GPI O is de-asserted.  This supply enabling/ disabling can also be 

cont rolled through the I 2C interface. 

Pow er  Good  I n d icat o r  

The GPI O pins can be configured as Power Good indicators for  one or m ore rails.  The GPIO pin is 

asserted when all rails configured for this specific IO are within specified lim its for regulat ion.  This 

inform at ion can also be found in the READ_PWRGD_SS_FLAG status register.  



 

XXRRPP77 77 11 44   

              QQuu aa dd   CChh aa nn nn ee ll   DD ii gg ii tt aa ll   PPWW MM   SStt ee pp   DD oo ww nn   CCoo nn tt rr oo ll ll ee rr   

  
 

 24/ 30 Rev. 1.1.7 

Fau l t  an d  W ar n in g  I n d icat io n  

The GPI Os can be configured to signal Fault  or Warning condit ions when they occur in the chip.  

Each GPI O can be configured to signal one of t he following:  

• OCP Fault  on Channel 1 -  4 

• OCP Warning on Channel 1 -  4 

• OVP Fault  on Channel 1 -  4 

• UVLO Fault  on VIN1 or VIN2 

• UVLO Warning on VIN1 or VI N2 

• Over Tem perature Fault  or  Warning 

I 2C COMMUNI CATI ON  

The I 2C com m unicat ion is standard 2-wire com m unicat ion available between the Host  and the I C.  

The com m unicat ion has the opt ion of enabling Packet  Error Checking in order to deal with noisy 

environm ents where bit -errors could occur in t he com m unicat ion.  This packet  error checking is a 

CRC-8 code appended to all com m unicat ion between the Host  and the I C. 

Each XRP7714 in an I 2C -bus system  is act ivated by sending a valid address to the device. The 

address always has to be sent  as the first  byte after  the start  condit ion in the I 2C -bus protocol. 

MSB

6 5 4 3 2 1 0 R/W

LSB

 

Fig. 30:  Alignment  of I 2C address in 8 bit  byte 

There is one address byte required since 7-bit  addresses are used. The last  bit  of the address byte 

is the read/ write-bit  and should always be set  according to the required operat ion. This 7-bit  I 2C 

address is stored in the NVM. One can program  a blank device with the 7-bit  Slave address or 

select  one of the preprogram m ed opt ions. The 7-bit  address plus the R/ W bit  create an 8-bit  data 

value that  is sent  on the bus. 

The XRP7714ILB-0X10-F has an I 2C address of 0x10. The internal registers are writ ten by sending 

a data value of 0x20 and read by sending a data value of 0x21.  This reflects the address being 

shifted one bit  to the left  and the least  significant  bit  being set  to reflect  a read or write operat ion 

in order t o stuff the byte correct ly. 

The second byte sent  to the XRP7714 is the locat ion of a specific register.  

 Usin g  GPI O3  t o  se lect  I 2C Ad d r ess 

GPI O3 m ay be used to change the LSB of the 7-bit  address.  This opt ion can be enabled within the 

PowerArchitect TM software by checking the “Use GPI O3 to cont rol LSB of I 2C address”  box at  the 

top r ight  of the “Digital Design”  tab.  More about  the use of this opt ion and other m ethods of 

changing the default  I 2C address of the part  are available in ANP-31 “PowerXR Configurat ion and 

Program m ing” . 
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EXTERNAL COMPONENT SELECTI ON  

I n d u ct o r  Se lect ion  

Select  the Inductor for inductance L and saturat ion current  I sat . Select  an inductor with I sat  higher 

than the program m ed over current  lim it . Calculate inductance from :  끫롾 =
(끫뢒끫뢌끫뢒 − 끫뢒끫뢊끫뢀끫뢌) × 끫뢒끫뢊끫뢀끫뢌끫뢒끫뢌끫뢒 ×

1끫뢆끫뢒 ×
1끫롸끫롲끫뢌끫뢌 

Where:  

Vin is the converter input  voltage 

Vout  is the converter output  voltage 

fs is the switching frequency 

I r ip is the inductor peak- to-peak current  r ipple (nom inally set  to 30%  of I out )  

Keep in m ind that  a higher I r ip results in a sm aller inductance value which has the advantages of 

sm aller size, lower DC equivalent  resistance (DCR) , and allows the use of a lower output  

capacitance to m eet  a given step load t ransient . A higher I r ip, however, increases the output  

voltage r ipple, requires higher saturat ion current  lim it , and increases crit ical conduct ion. Not ice 

that  this crit ical conduct ion current  is half of I r ip. 

Cap aci t o r  Se lect ion  

• Output  Capacitor Select ion 

Select  the output  capacitor for voltage rat ing, capacitance and Equivalent  Series Resistance (ESR) . 

Nom inally the voltage rat ing is selected to be at  least  twice as large as the output  voltage. Select  

the capacitance to sat isfy the specificat ion for output  voltage overshoot / undershoot  caused by the 

current  step load. A sudden decrease in the load current  forces the energy surplus in the inductor 

to be absorbed by Cout . This causes an overshoot  in output  voltage that  is corrected by power 

switch reduced duty cycle. Use the following equat ion to calculate Cout :  끫롬 = 끫롾 ×
(끫롸2 − 끫롸1)2끫뢒끫뢄끫뢄2 − 끫뢒끫뢄끫뢄끫뢄2 

Where:  

L is the output  inductance 

I2 is the step load high current  

I 1 is the step load low current  

Vos is output  voltage including the overshoot  

Vout  is the steady state output  voltage 

Or it  can be expressed approxim ately by 끫롬 = 끫롾 ×
(끫롸2 − 끫롸1)2

2 × 끫뢒끫뢊끫뢀끫뢌 − ∆끫뢒 

Here, outos VVV −=∆ is the overshoot  voltage deviat ion. 
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Select  ESR such that  output  voltage r ipple (Vrip)  specificat ion is m et . There are two com ponents in 

Vrip. First  com ponent  arises from  the charge t ransferred to and from  Cout  during each cycle. The 

second com ponent  of Vrip is due to the inductor r ipple current  f lowing through the output  

capacitor’s ESR. I t  can be calculated for  Vrip:  

끫뢒끫롲끫뢌끫뢌 = 끫롸끫롲끫뢌끫뢌 × �끫뢌끫뢌끫뢎2 + � 1

8 × 끫롬끫뢊끫뢀끫뢌 × 끫뢆끫뢒�2 
Where:  

I r ip is the inductor r ipple current  

fs is the switching frequency 

Cout  is the output  capacitance 

Note that  a sm aller inductor results in a higher I r ip, therefore requir ing a larger Cout  and/ or lower 

ESR in order to m eet  Vrip. With the current  generat ion of ult ra- low ESR ceram ic capacitors it  is 

com m on to operate with I r ip ≥ 30% of Iout. 

When t rying to opt im ize cont rol loop bandwidth, part icularly at  switching frequencies below 

600kHz, an effect ive ESR in the range of 7 to 20m ohm  can help significant ly.  The Digital Power 

Studio design tool is used to verify what  will work best  in your applicat ion. 

• I nput  Capacitor Select ion 

Select  the input  capacitor for Voltage, Capacitance, r ipple current , ESR and ESL. Voltage rat ing is 

nom inally selected to be at  least  twice the input  voltage. The RMS value of input  capacitor current ,  

assum ing a low inductor r ipple current ,  can be approxim ated as:  끫롸끫뢌끫뢒 = 끫롸끫뢊끫뢀끫뢌 × �끫롮 × (1 − 끫롮) 

Where:  

I in is the RMS input  current  

I out  is the DC output  current  

D is the duty cycle 

In general, the total input  voltage r ipple should be kept  below 1.5%  of VI N. The input  voltage 

r ipple also has two m ajor com ponents:  the voltage drop on the m ain capacitor CinV∆  and the 

voltage drop due to ESR -  ESRV∆ .  The cont r ibut ion to I nput  voltage r ipple by each term  can be 

calculated from :  

2

)(

inins

outinoutout

Cin
VCf

VVVI
V

−
=∆

 

 

)5.0( ripoutESR IIESRV +⋅=∆  

 

Total input  voltage r ipple is the sum  of the above:  

 

ESRCinTot VVV ∆+∆=∆   
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Pow er  MOSFETs Select ion  

Select ing MOSFETs with lower Rdson reduces conduct ion losses at  the expense of increased 

switching losses. Conduct ion losses are expressed by the two following equat ions. 

High Side MOSFET Conducted Loss:  

in

out

dsonoutcond
V

V
RIP ⋅⋅= 2

 

Low Side MOSFET Conducted Loss:  









−⋅⋅=

in

out

dsonoutcond
V

V
RIP 1

2
 

The MOSFET’s junct ion tem perature can be est im ated from :  

ambientthjacondj TRPT += 2  

This assum es that  the switching loss is the sam e as the conduct ion loss. 
thjaR  is the total MOSFET 

therm al resistance from  junct ion to am bient . 

LAYOUT GUI DELI NES 

Refer t o applicat ion note ANP-32 “Pract ical Layout  Guidelines for PowerXR Designs” . 
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MECHANI CAL DI MENSI ONS 

40-PIN 6m m  x 6m m  TQFN 
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RECOMMENDED LAND PATTERN AND STENCI L 

40-PIN 6m m  x 6m m  TQFN 
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REVI SI ON HI STORY 

Rev ision  Dat e Descr ip t ion  

1.1.3 02/ 21/ 2010 I nit ial release of data sheet 

1.1.4 09/ 30/ 2010 

Added 4 new standard part  numbers with preprogrammed I 2C addresses. Added 

references to PowerArchitect™. Revised θJA, Revised I 2C Communicat ion sect ion. Added 

“Power-Up and Sequencing Requirements” .  Changed schemat ics to include EN pin 

sequencing.  Corrected condit ions for LDO OUTPUT voltage at  5V.  Added EN Pin 

threshold specificat ion.  Changed input  voltage operat ing range.  Added GPI O3 I 2C 

address select ion.  Other m inor modificat ions to wording. Added ESD rat ing. Added 

Negat ive LX transient  specificat ion.  

1.1.5 11/ 29/ 2010 Fixed m iscellaneous typos 

1.1.6 03/ 02/ 2011 
Corrected pin number and pin names in Pin Descr ipt ion table to match Fig. 3:  Pin 

Assignments. 

1.1.7 08/ 13/ 2018 
Updated to MaxLinear logo. Updated format  and Order ing I nformat ion. PGND1-4 

changed to GL_RTN1-4. Updated Power Up and Sequencing Requirements sect ion 

including Figure 22 and capacitance value. Figure 16 t it le and Figure 2 updated. 
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