
 

XXRRPP66 11 22 44   

NN oo nn -- SSyy nn cchh rr oo nn oo uu ss   PPFFEETT  SStt ee pp -- DD oo ww nn   CCoo nn tt rr oo ll ll ee rr   

  
 May 2018  Rev. 1.1.1 

 

 1/ 12 Rev. 1.1.1 

GENERAL DESCRI PTI ON 

The XRP6124 is a non synchronous step down 

(buck)  cont roller for up to 5Am ps point  of 

loads. A wide 3V to 30V input  voltage range 

allows for single supply operat ions from  

indust ry standard 3.3V, 5V, 12V and 24V 

power rails.  

With a proprietary Constant  On-Tim e (COT)  

cont rol schem e, the XRP6124 provides 

ext rem ely fast  line and load t ransient  response 

while the operat ing frequency rem ains nearly 

constant . I t  requires no loop com pensat ion 

hence sim plifying circuit  im plem entat ion and 

reducing overall com ponent  count . The 

XRP76124 also im plem ents an em ulated ESR 

circuit ry allowing usage of ceram ic output  

capacitors and insuring stable operat ions 

without  the use of ext ra external com ponents. 

Built - in soft  start  prevents high inrush currents 

while under voltage lock-out  and output  short  

protect ions insure safe operat ions under 

abnorm al operat ing condit ions. 

The XRP6124 is available in a RoHS com pliant , 

green/ halogen free space-saving 5-pin SOT23 

package.

APPLI CATI ONS 

• Po in t  o f  Load  Con v er sio n s 

• Au d io - Vid eo  Eq u ip m en t  

• I n d u st r ia l  an d  Med ica l  Eq u ip m en t  

• Dist r ib u t ed  Po w er  Ar ch i t ect u r e  

FEATURES 

• 5 A Po in t - o f - Lo ad  Cap ab le  

− Down to 1.2V Output  Voltage Conversion 

• W id e I n p u t  Vo l t ag e Ran g e 

− 3V to 18V:  XRP6124 

− 4.5V to 30V:  XRP6124HV 

• Con st an t  On - Tim e Op er at ion s 

− Constant  Frequency Operat ions 

− No External Com pensat ion 

− Supports Ceram ic Output  Capacitors 

• Bu i l t - i n  2 m s So f t  St ar t  

• Sh or t  Ci r cu i t  Pr o t ect ion  

• < 1 µ A sh u t d o w n  cu r r en t  

• RoHS Co m p l ian t , Gr een / Halo g en  Fr ee 

5 - p in  SOT2 3  Pack ag e 

TYPI CAL APPLI CATI ON DI AGRAM 

 

Figure 1:  XRP6124 Applicat ion Diagram 
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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. 

VI N (XRP6124) ............................................ -0.3V to 20V 

VI N (XRP6124HV) ........................................ -0.3V to 32V 

GATE ...................................................... VI N-GATE< 8V 

FB, EN ..................................................... -0.3V to 5.5V 

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

Power Dissipat ion ................................ I nternally Lim ited 

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

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

OPERATI NG RATI NGS 

I nput  Voltage Range VI N (XRP6124) ................ 3.0V to 18V 

I nput  Voltage Range VI N (XRP6124HV) ............ 4.5V to 30V 

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

Thermal Resistance θJA .....................................191°C/ W 

 

ELECTRI CAL SPECI FI CATI ONS 

Specificat ions 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 N =  3.0V to 18V, TJ =  –40°C to 125°C. 

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

UVLO Turn-On Threshold 2.5 2.8 3.0 V •  XRP6124 

UVLO Turn-On Threshold 3.8 4.2 4.5 V •  XRP6124HV 

UVLO Hysteresis  0.1  V   

Operat ing I nput  Voltage Range 
3.0  18 V •  XRP6124 

4.5  30 V •  XRP6124HV 

Shutdown VI N Current  1.5 3 µA  EN= 0V, VI N= 12V 

Operat ing VI N Current   0.5 1 mA  VFB= 1.2V and after  fault  

Reference Voltage 
0.792 0.8 0.808 V   

0.784 0.8 0.816 V •   

VSC_TH, Feedback pin Short 

Circuit  Latch Threshold 
0.50 0.55 0.65 V •   

TON, Switch On-Time 0.4 0.5 0.6 µs •  VI N= 12V, XRP6124 

TON, Switch On-Time 0.4 0.5 0.6 µs •  VI N= 24V, XRP6124HV 

TOFF_MI N, Minimum Off-Time  250 350 ns •  VI N= 12V 

Soft  Start  Time  2  ms   

EN Turn-On Threshold 2   V   

EN Turn-Off Threshold   1 V   

EN Bias Current   0.01 0.1 µA   

Gate Dr iver Pull-Down 

Resistance 
 6 9 Ω   

Gate Dr iver Pull-up Resistance  5 8 Ω   

t r , gate r ise t ime  45  ns  CGATE= 1nF 

t f, gate fall t ime  35  ns  CGATE= 1nF 

VI N -  GATE voltage difference 5.5 6.4 8 V •  VI N= 12V 

VI N -  GATE voltage difference 2.6   V •  VI N= 3.0V 
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BLOCK DI AGRAM 
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Figure 2:  XRP6124 Block Diagram 
 

PI N ASSI GNMENT 

 
1

2
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4

XRP6124

EN

GND

FB

VIN

GATE

 

Figure 3:  XRP6124 Pin Assignment  
 

PI N DESCRI PTI ON 

Nam e Pin  Nu m ber  Descr ip t ion  

EN 1 Enable Pin.  Act ively pull high to enable the part . 

GND 2 Ground 

FB 3 Feedback pin 

GATE 4 

Gate Pin.  Connect  to gate of PFET.  This pin pulls the gate of the PFET approximately 

6V below Vin in order to turn on the FET.  For 6V> VI N> 3V the gate pulls to within 0.4V 

of ground. Therefore a PFET with a gate rat ing of 2.6V or lower should be used.      

VI N 5 I nput  Voltage 
 

ORDERI NG I NFORMATI ON ( 1 )  

Par t  Nu m ber  
Op er at in g  

Tem per at u r e  Ran ge 
Lead -Fr ee Pack age Pack in g  Met h od  No t e  1  

XRP6124ESTR0.5-F 
-40°C≤TJ≤125°C Yes(2) 5-pin SOT23 Tape & Reel 

0.5µs/ 18V max 

XRP6124HVESTR0.5-F 0.5µs/ 30V max 

XRP6124EVB XRP6124 Evaluat ion Board 

XRP6124HVEVB XRP6124HV Evaluat ion Board 

NOTES:  

1.Refer to www.exar.com/ XRP6124 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/XRP6124
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 – Curves are based on Schemat ic and BOM from Applicat ion 

I nformat ion sect ion of this datasheet . Refer to figure 20 for XRP6124 and to figure 21 for XRP6124HV. 

 

Fig. 4:  Efficiency versus I OUT, VI N= 12V 

 

 

Fig. 5:  Efficiency versus I OUT, VI N= 24V 

 

 

 

Fig. 6:  TON versus VI N 
 

Fig. 7:  TON versus VI N 

 

 

Fig. 8:  Load Regulat ion 

 

 

Fig. 9:  Load Regulat ion 
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Fig. 10:  Line Regulat ion 

 

Fig. 11:  Line Regulat ion 

 

         

Fig. 12:  Steady state, VI N =  12V, VOUT =  3.3V, I OU T=  3A 

          

Fig. 13:  Steady state, VI N =  24V, VOUT =  5.0V, I OUT =  3A 

 

         

Fig. 14:  Load step transient  response, 1.4A-3A-1.4A 

           

Fig. 15:  Load step transient  response, 1.4A-3A-1.4A 
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Fig. 16:  Load step transient  response corresponding to a 

CCM-DCM t ransit ion, 0.05A-1.6A-0.05A 

           

Fig. 17:  Load step transient  response corresponding to a 

CCM-DCM t ransit ion, 0.05A-1.6A-0.05A 

 

         

Fig. 18:  Shutdown current  versus VI N, VEN =  0V 

           

Fig. 19:  Shutdown current  versus VI N, VEN =  0V 
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THEORY OF OPERATI ON 

THEORY OF OPERATI ON  

The XRP6124 ut ilizes a proprietary Constant  

On-Tim e (COT)  cont rol with em ulated ESR. 

The on- t im e is internally set  and autom at ically 

adjusts during operat ion, inversely with the 

voltage VI N,  in order t o m aintain a constant  

frequency. Therefore the switching frequency 

is independent  of the inductor and capacitor  

size, unlike hysteret ic cont rollers. The 

em ulated ESR ram p allows the use of ceram ic 

capacitors for output  filtering. 

At  the beginning of each cycle, the XRP6124 

turns on the P-Channel FET for a fixed 

durat ion. The on- t im e is internally set  and 

adjusted by VI N.  At  the end of the on- t im e the 

FET is turned off,  for  a predeterm ined 

m inimum  off t im e TOFF-MI N (nom inally 250ns) . 

After the TOFF-MI N has expired the voltage at  

feedback pin FB is com pared to a voltage 

ram p at  the feedback com parators posit ive 

input . Once VFB drops below the ram p voltage, 

the FET is turned on and a new cycle starts.  

This voltage ram p const itutes an em ulated 

ESR and m akes possible the use of ceram ic 

capacitors, in addit ion to other capacitors, as 

output  filter for the buck converter.  

VOLTAGE OPTI ONS 

The XRP6124 is available in two voltage 

opt ions as shown in table 1. The low-voltage 

and high-voltage opt ions have TON of 0.5µs at  

12VI N and 24VI N respect ively. Note that  TON is 

inversely proport ional to VI N.  The constant  of 

proport ionalit y K, for each voltage opt ion is 

shown in table 1. Variat ion of TON versus VI N is 

shown graphically in figures 6 and 7. 

 

Vo l t age 

r a t in g  ( V)  

Par t  Nu m ber  TON  ( µ s)  K= TONx V I N 

(μs.V) 

3-18 XRP6124ES0.5-F 0.5 @ 12VI N 6 

4.5-30 XRP6124HVES0.5-F 0.5 @ 24VI N 12 

Table 1 :  XRP6124 voltage opt ions 

 

For a buck converter the switching frequency 

fs can be expressed in term s of VI N,  VOUT and 

TON as follows:  

ONIN

OUT

TV

V
fs

×
=  

Since for  each voltage opt ion, the product  of 

VI N and TON is the constant  K shown in table 1, 

then switching frequency is determ ined by 

VOUT as shown in table 2. 

 

VOUT 
Sw i t ch in g  f r eq u en cy  f s( k Hz)   

XRP6 1 2 4 ES0 .5 - F XRP6 1 2 4 HVES0 .5 -F 

1.2 200 100 

1.5 250 125 

1.8 300 150 

2.5 417 208 

3.3 550 275 

5.0 833 417 

12 - - -  1000 

Table 2:  Switching frequency fs  

for  the XRP6124 voltage opt ions 

Where it  is advantageous, the high-voltage 

opt ion m ay be used for  low-voltage 

applicat ions. For exam ple a 12VI N to 5VOUT 

conversion using a low-voltage opt ion will 

result  in switching frequency of 833kHz as 

shown in table 2. I f it  is desired to increase 

the converter efficiency, then switching losses 

can be reduced in half by using a high-voltage 

opt ion operat ing at  a switching frequency of 

417kHz. 

 

VOUT 
Max im u m  Ou t pu t  Cu r r en t  I OUT( A)   

XRP6 1 2 4 ES0 .5 - F XRP6 1 2 4 HVES0 .5 -F 

 3.3VI N 5.0VI N 12VI N 18VI N 24VI N 

1.2 5 5 4 - - -  - - -  

1.5 5 5 4 4 - - -  

1.8 5 5 4 4 4 

2.5 4 4 4 4 4 

3.3 - - -  4 3 4 4 

5.0 - - -  - - -  3 3 3 

12 - - -  - - -  - - -  2 2 

Table 3:  Maximum recommended I OUT 

SHORT- CI RCUI T PROTECTI ON  

The purpose of this feature is to prevent  an 

accidental short -circuit  at  the output  from  

dam aging the converter. The XRP6124 has a 

short -circuit  com parator that  constant ly 

m onitors the feedback node, after soft -start  is 
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finished. I f the feedback voltage drops below 

0.55V, equivalent  to output  voltage dropping 

below 69%  of nom inal, the com parator will 

t r ip causing the IC to latch off.  I n order to 

restart  the XRP6124, t he input  voltage has to 

be reduced below UVLO threshold and then 

increased to it s norm al operat ing point . 

SOFT- START 

To lim it  in- rush current  the XRP6124 has an 

internal soft - start . The nom inal soft - start  t im e 

is 2m s and com m ences when VI N exceeds the 

UVLO threshold. As explained above, the 

short -circuit  com parator is enabled as soon as 

soft -start  is com plete. Therefore if the input  

voltage has a very slow rising edge such that  

at  the end of soft -start  the output  voltage has 

not  reached 69%  of it s final value then the 

XRP6124 will latch-off.  

ENABLE 

By applying a logic- level signal to the enable 

pin EN the XRP6124 can be turned on and off.  

Pulling the enable below 1V shuts down the 

cont roller and reduces the VI N leakage current  

to 1.5µA nom inal as seen in figure 18. Enable 

signal should always be applied after  the input  

voltage or concurrent  with it . Otherwise 

XRP6124 will latch up. I n applicat ions where 

an independent  enable signal is not  available, 

a Zener diode can be used to derive VEN from  

VI N.  

DI SCONTI NUOUS CONDUCTI ON MODE,  DCM  

Because XRP6124 is a non-synchronous 

cont roller, when load current  I OUT is reduced to 

less than half of peak- to-peak inductor current  

ripple ΔIL, the converter enters DCM m ode of 

operat ion. The switching frequency fs is now 

I OUT dependent  and no longer governed by the 

relat ionship shown in table 2. As I OUT is 

decreased so does fs unt il a m inim um 

switching frequency, typically in the range of 

few hundred Hertz, is reached at  no load. This 

cont r ibutes to good converter efficiency at  

light  load as seen in figures 4 and 5. The 

reduced fs corresponding to light  load, 

however, increases the output  voltage r ipple 

and causes a slight  increase in output  voltage 

as seen in figures 8 and 9. Another effect  of 

reduced fs at  light  load is slow down of 

t ransient  response when a load step 

t ransit ions from  a high load to a light  load. 

This is shown in figures 16 and 17.

 

APPLI CATI ON  I NFORMATI ON 

SETTI NG THE OUTPUT VOLTAGE 

Use an external resistor  divider to set  the 

output  voltage. Program  the output  voltage 

from :  







 −×= 1

8.0
21 OUTV

RR

 

where:  

R1 is the resistor between VOUT and FB 

R2 is the resistor between FB and GND 

(nom inally 2kΩ) 

0.8V is the nom inal feedback voltage. 

 

 

FEED- FORW ARD CAPACI TOR CFF 

CFF, which is placed in parallel with R1, 

provides a low- im pedance/ high- frequency 

path for  the output  voltage r ipple to be 

t ransm it ted to FB. I t  also helps get  an 

opt im um  t ransient  response. An init ial value 

for  CFF can be calculated from :  

11.02

1

Rfs
CFF

××××
=

π   

where:  

fs is the switching frequency from  table 2 

This value can be adj usted as necessary to 

provide an opt im um load step t ransient  

response. 
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OUTPUT I NDUCTOR 

Select  the output  inductor L1 for  inductance L, 

DC current  rat ing I DC and saturat ion current  

rat ing I SAT.  I DC should be larger than regulator 

output  current . I SAT,  as a rule of thum b, should 

be 50%  higher than the regulator output  

current . Calculate the inductance from :  

( ) 







××∆

−=
INL

OUT

OUTIN
VfsI

V
VVL

 

Where:  

ΔIL is peak- to-peak inductor current  r ipple 

nom inally set  to 30%  of I OUT 

fS is nom inal switching frequency from  table 2 

OUTPUT CAPACI TOR COUT 

Select  the output  capacitor for voltage rat ing, 

capacitance COUT and Equivalent  Series 

Resistance ESR. The voltage rat ing, as a rule 

of thum b, should be twice the output  voltage. 

When calculat ing the required capacitance, 

usually the overriding requirem ent  is current  

load-step t ransient . I f t he unloading t ransient  

requirem ent  ( i.e., when I OUT t ransit ions from  a 

high to a low current )  is m et ,  then usually the 

loading t ransient  requirem ent  (when I OUT 

t ransit ions from  a low to a high current )  is m et  

as well. Therefore calculate the COUT 

capacitance based on the unloading t ransient  

requirem ent  from :  

( ) 










−+

−
×=

22

22

OUTtransientOUT

LOWHigh

OUT
VVV

II
LC

  

Where:  

L is the inductance calculated in the preceding 

step 

I High is the value of I OUT prior t o unloading. This 

is nom inally set  equal to regulator current  

rat ing. 

I Low is the value of I OUT after  unloading. This is 

nom inally set  equal to 50%  of regulator 

current  rat ing. 

Vt ransient  is the m axim um  perm issible voltage 

t ransient  corresponding to the load step 

m ent ioned above. Vt ransient   is typically specified 

from  3%  to 5%  of VOUT.  

ESR of the capacitor has to be selected such 

that  the output  voltage r ipple requirem ent  

VOUT( ripple) ,  nom inally 1%  of VOUT,  is m et .  

Voltage r ipple VOUT( ripple) is com posed m ainly of 

two com ponents:  the resist ive r ipple due to 

ESR and capacit ive r ipple due to COUT charge 

t ransfer.  For applicat ions requir ing low voltage 

r ipple, ceram ic capacitors are recom m ended 

because of their low ESR which is typically in 

the range of 5mΩ. Therefore VOUT( ripple)  is 

m ainly capacit ive. For ceram ic capacitors 

calculate the VOUT( ripple)  from :  

fsC

I

OUT

L

××
∆

=
8

V )OUT(ripple

 

Where:  

COUT is the value calculated above 

I f tantalum  or elect rolyt ic capacitors are used 

then VOUT( ripple)  is essent ially a funct ion of ESR:  

ESRIL ×∆= V )OUT(ripple  

I NPUT CAPACI TOR CI N 

Select  the input  capacitor for voltage rat ing, 

RMS current  rat ing and capacitance. The 

voltage rat ing, as a rule of thum b, should be 

50%  higher than the regulator’s m axim um 

input  voltage. Calculate the capacitor’s current  

rat ing from :  

( )DDIOUT −××= 1 I RMSCIN,  

 

Where:  

I OUT is regulator’s m axim um  current  

D is duty cycle (D= VOUT/ VI N)  

 

Calculate the CI N capacitance from :  

( )
ININ

OUTINOUTOUT

VVfs

VVVI

∆××
−××

=
2INC

 

Where:  

ΔVI N is the perm issible input  voltage r ipple, 

nom inally set  to 1%  of VI N.  
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TYPI CAL APPLI CATI ONS 

1 2 V  TO 3 .3 V  /  3 A  CONVERSI ON  

XRP6 1 2 4 ES

VI N

GND

GATEFB

EN

D1
MBRA340

L1, 4.7uH
DR74-4R7-R

M1
I RF9335

R1, 1%
6.34k

R2, 1%
2k

CFF
1nF

1

2

3 4

5

COUT,  X5R
2x22uF, 10V

CI N,  X5R
22uF, 25V

VI N   6V to 18V

VOUT   3.3V/ 3A

 

Fig. 20:  12V to 3.3V/ 3A regulator 

 

2 4 V  TO 5 V  /  3 A  CONVERSI ON  

XRP6 1 2 4 HVES

VI N

GND

GATEFB

EN

D1
MBRA340

L1, 8.2uH
HCM0730

M1
DMP4050SSS

R1, 1%
10.5k

R2, 1%
2k

CFF
0.47nF

1

2

3 4

5

COUT,  X5R
2x22uF, 16V

CI N,  X5R
10uF, 50V

VI N   8V to 30V

VOUT   5.0V/ 3A

 

Fig. 21:  24V to 5V/ 3A regulator 
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MECHANI CAL DI MENSI ONS 

5 - PI N  SOT2 3  
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REVI SI ON HI STORY 

Rev ision  Dat e Descr ip t ion  

1.0.0 01/ 26/ 2011 I nit ial release of datasheet 

1.1.0 01/ 31/ 2011 Corrected typo (changed V to I )  on formula under I nput  Capacitor  CI N paragraph 

1.1.1 05/ 24/ 2018 Updated to MaxLinear logo.  Updated format  and Order ing I nformat ion. 
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The content  of th is document  is furnished for  informat ional use only, is subject  t o change without  not ice, and should not  be const rued as a 

comm itment  by MaxLinear,  I nc..  MaxLinear,  I nc.  assumes no responsibilit y or liabilit y  for  any errors or  inaccuracies that  may appear  in the 

inform at ional content  contained in this guide.  Com ply ing with all applicable copyr ight  laws is the responsibilit y of the user. Without  lim it ing 

the r ight s under copyr ight ,  no par t  of th is document  may be reproduced into,  st ored in,  or int roduced into a ret r ieval system, or t ransm it ted 

in any form  or  by any means (elect ronic,  mechanical,  photocopying, recording,  or  otherwise) ,  or for  any purpose, without  the express wr it ten 

perm ission of MaxLinear, I nc.  

Maxlinear, I nc.  does not  recommend the use of any of it s product s in life support  applicat ions where t he failure or  malfunct ion of the product  

can reasonably be expected to cause failure of the life support  system or t o signif icant ly affect  it s safety or  effect iveness.  Products are not  

author ized for use in such applicat ions unless MaxLinear, I nc.  receives, in wr it ing, assurances to it s sat isfact ion that :  (a)  the r isk of inj ury or 

damage has been m inim ized;  (b)  the user assumes all such r isks;  ( c)  potent ial liabilit y  of MaxLinear,  I nc.  is adequately protected under the 

circum stances.  

MaxLinear,  I nc.  may have patents, patent  applicat ions,  t rademarks,  copyr ights,  or  other  intellectual property r ights cover ing subject  mat ter in 

this document . Except  as expressly provided in any wr it ten license agreement  from MaxLinear, I nc. , the furnishing of th is document  does not  

give you any license t o these patents, t rademarks, copyr ight s, or other intellectual propert y.  

Company and product  names may be registered t rademarks or  t rademarks of the respect ive owners with which they are associated. 
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