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MP1410

2A Step Down
DC to DC Converter

Functional Description

Tha MP1410 Is a current-mode step-down
ewlich-mode regulator. It regulates Input
voltages from 4,75V to 15V down to an output
voltage 8s low as 1.22V, and Is abla to supply
up to 2A of lpad current. The MP1410 uses
aurrent-mode control to regulata the outpif
voltape. The output voltage is measurad at FB
through a resistive vollage dividar and
amplified through the internal emor amplifier,
The output current of the transconductanca
errar amplifler Is presented at COMP where a
network eompensates the reguiation control
system. The voltage al COMP Is compared to

ihe switch current measured Internally to
eonirol the output voltade,
The converder uses an intemnal n-channel

MOSEET swiheh to step down the input voitage
to the regulated outpul voltage. Sinea the
MOSFET requires 8 gate voltage greater than
the input valtage, a boost capachor connected
between SW and BS drives the gate. The
capacitor is Internally charged while the switch
is off. An Internal 1002 swich fram SW to GO
is used to Insure that SW is pulled 1o GND
when the switch Is off to fully chargs the BS
capacltor, :

Application information

The output voltage is set using a resistive
voltage divider from the outplit volge 0 FB
(see Figure 3). The voitage divider divides the
nutput voltage down by the rafio:
Vig © Vour " R3/ [R2 + R3)
Thus the output voliage is:
'UDIJ'I' =222 {RE+ E—E} 1IR3

R3 ecan be as high as 100K:, but & typical
value s 10KDO., Using thatl value, B2 &
deterrined byt

RZ == 848 " Veur— 1.222) (KO)

For example, for 8 3.3V output voliage, R3 s
10K, and R2 is 17K,
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Inductor

The Inductor s required to supply constant
current to the output load while being drven by
the switched input voltage. A larger value
inductor results in kess ripple curent that in
wim results fn fower output ripple voltage.
Howaver, the larger value industar has a larger
physical size, higher series rasistance, andiar
lower satumation current.  Choose an inductor
that does not saturate under the worsl-case
laad conditions, A good rule for detarmining
the Inductance is 1o allow the peak-o-peak
ripple  cument in  the inductor to b
anprovimately  30% of the maximum I
eurrent.  Also, make sure that the peak
inductar current (the load current plus half the
peak-to-peak inductor ripple currenl} s beiow
the 2.4A minimum  cument  Himit.  The
inductance value can be calculated by the
equation:

L = {(Vour) * (Va-Vour} { Vin™ 1= &l

Where Vour is the output voltage, Vm is the
inout voltage, f is the switching frequency, and
Al is the peak-lo-peak Inductor ripple current.
Table 2 lists a number of sufiabla inductars
from various manufacturars.,

Tahle 2: Industor Selection Guide

. Package
Cora Core
A Binenalons {mm}
VerndeModed | 1YP7 Manenh LW € =<
Sumisa
CRZS Tmen | Femis | 10 18 54 |
| COH74 [ COpen | Femis 74 g0 352
CoRHED2ZE Shielded | Femils 55 5.7 b5
CORHEDZE | Shielded | Femie 5 &y HA
[ CDRHsC2E Shidded | Faoio 87 Bf_ a0
CORHIAR Shigided | Fenlln 101 100 4.0
Toko
D% EType A | Sheded | Femie | 650 60 3.0 |
DIEC Shiehed | Fonile | TG 76 5.1
DIOAT Shicded | Femte 100 100 43
DIDFL Lipen Farriia 8.7 116 40
Ceotlcraft
[LeE) [Opan | Famim B4 130 a0 |
Doaaie | Open | Fedile 64 190 61
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Input Capacitor

The fnput cument 1o the step-down convarter |s
discontinuous, and therefore an input capachor
C1 is required to supply the AC currant to the
step-down converler while maintaining the DC
input voltage. A low ESR capacilor is reguirad
o keep the noise at the 1C to a minimem.
Ceramio capacltors are preferred, but tantalum
of low-ESR electrolytic capacitors may also
sUffics.

The input capacitor value should be greatar
than 10iF. The capedior can be elactrolviic,
tantalum or ceramic. However since it absarbs
the input switching curent & regquires an
adequate rpple current rating, 1ts RMS current
rating should be greater than approximately
1/2 of the DC load currant.

For insuring stable operation C2 should be
placed as close to the o as possible
Allemately a8 smaller high gquality ceramic
0.1uF capacitor may be placed closer to the I1C
and a larger capachor placed furthar away., |
using this technique, it s recommended that
the larger capacitor be a tantslum  or
electolytic type. All ceramic capacitors shauld
be placed close to the MP1410.

Output Capacltor

The output capacilor is required to maintain
the DC outpit voltage. Low ESR capacitors
are prefarred 1o keep the outpu veltage ripple
Tonde, The characteristics of the outpid
capacitor alsg aflect the stability of ths
regulation control system. Ceramic, tantalum,
or low ESR electolyiic capscitors are
recommended, In the case of ceramic
capacilors, the impedance at the switching
frequency is dominasted by the capacitancs.
and so the aotiput voltage rpple is maostly
Independeant of the ESR. The outnut voliaps
Apple is estimatad to be:

Vappe ~= 1.4 * Vi © (fuofsn) 2
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2A Step Down
OC to DC Converter

Where Vieep e Is the output ripple voltage, Vi
Is the input wvoltage, fie is the resonand
frequancy of the LC filter, T34 is the awitching
irequency. In the case of tanatalum or low-
ESR electrolytic  capacitors, the ESR
dominates the impedance at the switching
frequancy, and so the outpet rlpple s
calculated as:
Vaweg == Al* Rexg

Whereg Veeeoe (8 the output voltage ripple, Al s
the inductor ripple eurrent, and Rpse is the
equivalent serlea resistance of ihe output
capaciors,

Qutput Rectifier Dlode

The output rectifler diode supplles the current
to the Inductor when the high-side switch is off.
To reduce losses dug to the diode forward
valtage and recovery times, use a Scohottky
rectifler,

Tables 3 provides the Schottky rectifier part
numbers based an the maximum nput valtage
and current rating.

Table 3: Schottky Rectifiar Selection Guids

24 Lead Curent |

Wosi (Max) Parl Number VMendor |
12 oeqs 4
Bd20 1
20V SKIZ3 &)
.5R32 i)

Tablz 4 llse some rectifler manuiacturers,

Tabie 4: Schotiky Diode Manufaciurors

# | Vendor Wb SHe
| 1] Dhodes. Ine. e, chodes.com
2 | Fairchid Semicondudor | wawvw. fairchildsemi.com
3 | Gonerx Sermiconducior | waww.gensemi.com
2 | imemabonal Recifisr | wwardrf.com
5 | On Seniconductor WSS EMLESm
& | Pan Jit Intemational AL A N o

Chogse & rectifier who's maximum reverse
voltage rating is greater than the maximim
inoput voltage, and who's current rating =
greater than the maximum load current.
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Table 1: Pln Dasignator

'5 outpresl LG $ller Fom SW o the oulpul losd, Nole thal a capachor s reguiced fom SW Lo 25 10 power
| the tighslde swdih.
4 | GND | Ground, S L et e
& FE Feodback Inpul. FB senses the culput volage to regulale thal voltages, Drive FBwWIth u resisye

voHape divider from $io outpul voltaga. The feedback treshold g 1.22Y, Seoe Setting the Ouiput
Valtage, i T = TR R SR VPR VT IOR.
6 | COMP | Compensation Nodo. COMP 8 used 1o compensate the reguiation contrdl foop, Connect a nerdos RC
rtwerk freen COMP (o GND fo compensate the reguioion control loop. See Compensallon,

7 EN Enabie Inpud, EN s a dipital inpud that tums the regulator an o aft. Drve EN high 1o turn on the

N regulator, drive It low (o tum it aft. For automatie starkp, leave EN unconnecled.
E WG | ho Coonect

# | Name | Description ‘
1 BS High-Side Gale Drive Boos! Input, BS supplies the dive for tha high-side n-channel MOSEET swilch,
| Connect s 10nF or greater capacitor from SW io BS to power Ine high-slde swilch. ;
2 I Powver Input, IN suppies the power (o The 1S, % wall as the slep-down converter Switches, Drivo (N
] with o 4 .75V to 15V powsr source, Bypass N ta GND with o sultably targe capaciior 1o efiminate i
1 endhg mpat o the IC, Seo input Capadion il i
2 SW | Powar Switching Output. SW is [he switching node that supples powet to the oufput. Connect the !
f
!

Flgure 2;: Functional Block Rlagram
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Compensation

The system stablility ls controlled through the
COMP pin. COMP s the cutput of the internal
transcondyctance error amplifier. A serizs
capaciior-resistar cambingtion sels a pole-zern

combination to control the characteristios aof
the control system,

The DC loop galn ls;
Avoe = Ve | Vour) * Aves ¥ Ges * Ripan

Where:

Wre is the feedback threshold voltage, 1.222V
Vo is the desired output regulation valtage
Auea I8 the fansconductance eror amplifier
voltage gain, 400 VIV

Ges Is the cument sense gain, (roughly the
output current divided by the voltage at
COMP), 1.85 AN

Rioap 8 the load reslstance (Vour / lour where
lour is the cutput load current)

The system has 2 poles of importance, one s
due to the compensation capacitor (C58), and
the other js due to the output capacitor (C7).
Theze are;

for = Gyea | (210" Aves"C5)

Where P1 is the first pole, and Gyus, is the
error amplifier transconductance (T70uS).

and
fre =1 7 (2T FLaws *C7)

The system has one zero of imporiance, due
to the compensation capacitor (C5) and the
compensation resistor (R1), The zerois:

for = 1 [ {2T*R1°CS5)
H a large value capacitor (C7) with relatvely
high egulvalent-series-resistance  (ESR) is

used, the zero due to the capacitance and
ESR of the output ecapacidor can be

410 Rev T.6_ OT2503
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compensated by a third pale set by R1 and 4.
The pole is:

fpa=1/ (2w R1*C4)

The syslem crossover frequency  (the
frequancy whara the loop galn drops to 1. or
0dB) Is important. A good rule of thumb is to
set the crossover frequaency to approvimalety
110 of the switching frequency, In this case,
tha switching fraguenay ls 380KHz, so use &
orossover fregquanay, fe, of 40KHz.  Lower
crossover  frequencies  resull  In slower
response and worse transient load recoveny.
Higher crossover frequencies can resull in
instabllity.

Table §: Compuonsation Volues for Typical
Output Voltage/Capaciter Cambinations

Vour cr R1 c3 li'.4_
2.8y F2F Caramie T.5r{Y | 2.2nF | Mone
¢

3.3V | 23uF Caramia 0K 1.8nF Ngﬂg_i
5 | 22uF Ceramic 10K 2.2nF | Wong
12V 22F Ceramic 100K 2¥nF | Mone

2.5V ?%E%Egé} 10K | 15aF | 1.80F
33w | ?&S’%‘é‘;! 10K | 1BaF | h.SnF
s\ g;‘jg‘;;m [10Ka | 2mE | 1.50F :
l éﬁg‘?gﬂl i 10K | 2mF | 6B0gF

Choosing the Compansation Components

The values of the compensation components
given in Table 5 yield a stable control locp for
the ouiput voktage and capacitor given.

To optimize the compensation components for
conditione not listed n Table 5 use the
faliowing procedura;

Choose the compensation resistor to set tha
desired crossover frequency. Determine the
valua by the following equation:
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R1= ?'IT*CT'VM'*chI (Gea*Grs"Vin)

Putting in the know constants and setting the
orossover frequancy o the desired 40kHz:

R1=1.37x10*C7*Vour

The value of R1 is mited to 10KO to prevent
output overshool at startup, so if the value
calculated for R1 s greater than 10KD, use
10KG,  In this case, the actual crossover
frequenoy |s less than the desired 40kHz, and
Is caloulated by;

fe = R1"Gea"Ges"Vim ! (217C7"Vour)

or

fc= 2,92 ({C7* Vo)
Choose the compensation capacitor o set the
zaro to W of the crossover frequency.
Determine the value by the following equation:
C&= 2/ wR1*f: = 1.58x10°/ R1

If R1 Is less than 10K, or if R1 = 10KO use
tha foliowing equation:

C5 = 4CT"Vour | (R12°Gep*Ges Vi)
G5 =2.2210%C7 * Vour %

MPI410 Rev 1.6_07/25703

Determineg if the second eampensation
capacitor, C4 ls required. It is required If the
ESR zero of the output capacitor happens at
less than four times the crossover fregliency,
o

B CT " Resn*fc =1

where Resw 18 the equivalent series resistance
of the outpul capaciior,

if this Is the case, then add the second
campansation reaistor. Deatermine the value
by tha equation:

G4 = C7"Resnmx; | R

Whare Regrpeex; 1s the maximum ESR of the
output capacitor,

Example!

Voo =33V
C7 = 22F Caramic (ESE = 10mQ}

R1=({1.37 x 10%) (22 x 10°%)(3.3V) = 9.0KQ
Use the nearest standard value of 10K,

C5=1.50x107/ 10KQ = 1.6nF. Usethe
nearast standard value of 1.5nF,

21 ©7 Besn fo= .0585 which is less than 1,
therafors no second compensation capacior is

required.

24 1999 B 429M R
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Flgure 3. MP1410 Step Down from 15V ta 3.3V @ 2A

Tripeut 3
.

G it A1 55‘5,,_.;.;-:-::—L'-’ ..Lli

FlEad iyt g I e
.-h..l:?' EI:IJN', oh
Sthylt | 8.0
Blackabylin
Ly
o
Packaging
FDIPE
i B T i B :
Q 260 {g4a)
2an (]
Aad 11098 |
'ﬂ—;?glfa ﬁL_aﬁ RIS L)
015 a..T-_B,ﬁ
T (o
" | I
3 [l
ot ] b |
\ 70 1540
00 O

MPT4TD Rov 1.6_ 072503




FROM

PHIME NO,

ML 24 19539 d@9:45aM P

MP1410

2A Step Down
DC to DC Converter

Packaging
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NOTICE: MPS believes fne information in ihis document to he accurate and refiable. However, it is subject o change
witheit nofice. Pease conlast he faclory for cument spedifications. Na responshility is assumed by MPE for ils e or filto
any agplication, nor for infingement of palent or olher tfighi=s of third partes.

MPT410 Rev 1.8
Orasss

& 2003 MPE, lng.



