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3.0 A, 2.4 MHz, Digitally
Programmable Buck
Regulator

FANS53528

Descriptions

The FANS53528 is a step—down switching voltage regulator that
delivers a digitally programmable output from an input voltage supply
of 2.5 V to 5.5 V. The output voltage is programmed through an 12C
interface capable of operating up to 3.4 MHz.

Using a proprietary architecture with synchronous rectification, the
FANS53528 is capable of delivering 3.0 A continuous at over 80%
efficiency, maintaining that efficiency at load currents as low as
10 mA. The regulator operates at a nominal fixed frequency of
2.4 MHz, which reduces the value of the external components.
Additional output capacitance can be added to improve regulation
during load transients without affecting stability.

At moderate and light-loads, Pulse Frequency Modulation (P™M; >
used to operate in Power—Save Mode with a typical quiesac.it cu_-en:
of 50 mA at room temperature. Even with such a low' wuiesc t
current, the part exhibits excellent transient response di ing la. e load
swings. At higher loads, the system automa. 7 switches” to
fixed—frequency control, operating at 2.4¢ viH. 'n' “hutaowixMaode,
the supply current drops below 1 mA_re ucing| ower censuraptien.
PFM Mode can be disabled if rixed f. ey, (s desired( The
FANS53528 is available in a7 »bu 0, 1.7 0 mm-x 2.015 mi9,'9:4 mm
ball pitch WLCSP.

Features

® Fixed-Frequ ncy C ‘ere ion:; 24 VHz
Best-in—-Class' 02" Tranpsicat

Continuous Output.Cu'rent Capaoility: 3.0°A
2.5V to 5.5V lnput-~voltage Range

Digitally Pregrammable Output Woliage:

¢ 0.25% 10 1.14375 V in 6.25 mV Steps
Programmable Slew Rate for Voltage Transitions
I2C-Compatible Interface Up to 3.4 Mbps

PFM Mode for High Efficiency in Light-Load
Quiescent Current in PFM Mode: 50 pA (Typical)
Input Under-Voltage Lockout (UVLO)

Thermal Shutdown and Overload Protection
15-Bump Wafer-Level Chip Scale Package (WLCSP)

Applications

® Application, Graphic, and DSP Processors
¢ ARM™, Tegra™, OMAP™, NovaThor™,
ARMADA™, Krait™, etc.

® Hard Disk Drives, LPDDR3, LPDDR4
® Tablets, Netbooks, Ultra—Mobile PCs
® Smart Phones
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for Lot Rune Code Mark
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ORDERING INFORMATION

See detailed ordering andsshipping information on page 2 of
this data sheet.

Publication Order Number:
FAN53528/D
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FAN53528

® Gaming Devices

Figure 1. Typical Application

PACKAGE MARKING AND ORDERING INFORMATION

Power-Up |
Defaults . .
Temperature Pzcking Device
Part Number VSELO | VSEL1 EN Delay Range P. e Method Marking
FAN53528BUC08X 0.4 0.6 No -40to 6 :C WLCSR Tape & Reel FX
FAN53528DUC40X 0.6 0.9 No FY
FAN53528GUC48X 0.65 0.7 No | | Fz
_ (
FAN53528EUC48X 0.65 0.7 5me I FW
*FAN53528DUC1204X 1.1 0.9 . L TBD

tFor information on tape and reel specificatios ., inc. Hin_ \part orientaticri‘and, tape ‘sizesy’please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
*This device is not released yet.

RECOMMENDED EXT" ANAL 2% POMENTS

Table 1. RECO? ... 'Di D L 7" cRNAL.-"COMPONENTS +OR 3.0 A MAXIMUM LOAD CURRENT

Compc »nt | DeecTiption Vendor Parameter | Typ. | Unit
0 7 7 3301k, 2016 Case Size See Table 2
L1 Alternative (Not= A -470 riA 2?1—6-Case Size
Cout1 Cauts 50 [iF, 6.3 V, X5R, 0603 C1608X5R0J226MOSOAC (TDK) C 22 | uwF
X\ 1®iece; 4.7 uF, 10 V, X5R, 0603 C1608X5R1A475K (TDK) c 47
Cgy (Note 1) 1 Piece; 100 nF, 6.3V, X5R, 0201 | GRM033R60J104KE19D (Murata) C 100 nF

1. L1 Alternative can be used if not following reference design. Cgy is recommended to reduce any high frequency component on VIN bus.
Cpy is optional and used to filter any high frequency component on VIN bus.

Table 2. RECOMMENDED INDUCTORS

DCR lsaT Component Dimensions

Manufacturer Part # L (nH) (mQ Typ.) (Note 2) L w H
Toko DFE201610E-R33N 330 21 6.1 2.0 1.6 1.0
Toko DFE201610E-R47N 470 26 53 2.0 1.6 1.0

2. lIgaT where the dc current drops the inductance by 30%.

www.onsemi.com
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PIN CONFIGURATION

VIN SW | PGND

Ay | A2 | CAs)

B | B2) | /B3

L= PG_ND AG_ND
'sC_1 :I 1,02:' l'C3:'

VSEL | EN | SDA
i | ‘b2 | /D3

S -

AGND | SCL [ vouT
VEf | VE2) | VES)

® 6606 6
® 6 606 6
CHONCNEONG)

S - S -

Top View Bottom View
Figure 2. Pin Configuration

Table 3. PIN DEFINITIONS

Pin # Name E scrip. »n
D1 VSEL Voltage Select. When this pin is LOW, V¢, - is_ =t by e VSELS egister. When this pin is HIGH,
Vour is set by the VSEL1 register. ity pinc.coniunction with the MODE bits in the Control

register 02h, will select Forced.F "M« "Au.. =M/PWM njcde of operation, VSELO = Auto PFM,
and VSEL1 = FPWM. The® .cL p. ‘ha. an internal gdll-downr&aistor (258 i<W), which is only
activated with a logic 10w

D2 EN Enable. The devis= is i Shuta. vn Mods'wheii this pit i LOW. Déwue keeps register content
when EN pinis L. ... ™% ©N Pin has arvinternal pai-dowsiesictor (250 kW), which is only acti-
vated with® 00 e I
E2 SCL I2C Ser. ! Clock \\2 AN
D3 SDA 2C Serial .
E3 VOUT . NUT Sense pirfoi Vour\Carinect to-CogT
A3, B3, C2 PG. D Power, Ground. The iow-sidesMOSFET is referenced to this pin. Cjy and Coyt should be returned
with Gmiriimalpatinto these pins.
C3, E1 AG D Anadlog GrJund. Allsignals are referenced to this pin. Avoid routing high di/dt AC currents through
this gin.
A1, B1, C1 VIN Pover Input Voltage. Connect to the input power source. Connect to Cyy with minimal path.
A2, B2 SW Switching Node. Connect to the inductor.

www.onsemi.com
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Table 4. ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Parameter Min Max Unit
VIN Voltage on SW, VIN Pins IC Not Switching -0.3 7.0 \
IC Switching -0.3 6.5
Voltage on EN Pin -0.3 VIN
(Note 3)
Voltage on All Other Pins IC Not Switching -0.3 VIN
(Note 3)
Vout Voltage on VOUT Pin -0.3 6.5 \%
Vinov_sLEw | Maximum Slew Rate of V|y > 6.5V, PWM Switching 100 V/ms
ESD Human Body Model, ANSI/ESDA/JEDEC JS-001-2012 2000 \Y
Charged Device Model per JESD22-C101 1000
Ty Junction Temperature -40 +150 °C
TstG Storage Temperature 35 +150. %5, °C
T Lead Soldering Temperature, 10 Seconds ‘ +2S_0- °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any « tha_iimiv_".e exgeedeg, device functionality
should not be assumed, damage may occur and reliability may be affected.
3. Lesserof 7V or V|y + 0.3 V.

Table 5. RECOMMENDED OPERATING CONDITIONS

Symbol Parameter AN\ Y _I\E'I. ! \ ‘-I'yp. N Max. Unit
— _—' -_—— ———
VIN Supply Voltage Range | 20 | 5.5 \Y
louT Output Current I 0 ' 3.0 A
Ta Operating Ambier’ 1emy rau = L40 +85 °C
Ty Operating«"" stic. Temps ature \ : -40 +125 °C

Functional operation above the stress: : listedin the Recainnierded. Cperating Rangesis not implied. Extended exposure to stresses beyond
the Recommended Operating” ... jes' nits n .y affeci cevice reliability.

Table 6. THERM~', PR PE™T" .S

Symbc ;‘arameier Min. Typ. Max. Unit

CATN Junction-te<Ambieni\Fhermal Resistance (Note 4) 42 °C/W

4. Junction-to—-ambientiherinal resistasice’is a-furction of application and board layout. This data is simulated with four-layer 2s2p boards with
vias in accordance 10\ /ESD51- JEDEC ctaiidard. Special attention must be paid not to exceed the junction temperature

www.onsemi.com
4



http://www.onsemi.com/

FAN53528

Table 7. ELECTRICAL CHARACTERISTICS
Minimum and maximum values are at V|y = 3.6 V, Tp = -40°C to +85°C, unless otherwise noted.
Typical values are at Tp = 25°C, ViN=3.6 V, VoyT=0.4Vand EN=1.8 V.

Symbol Parameter Condition Min. Typ. Max. Unit
POWER SUPPLIES
la Quiescent Current lLoap=0 50 uA
Isp H/W Shutdown Supply Current EN = GND 0.1 3.0 uA
S/W Shutdown Supply Current EN =1.8V, BUCK_ENx =0, 2 12 uA
25V<VNs55V
VyvLo Under-Voltage Lockout Threshold | V|y Rising 2.32 2.45 \%
VUVHYST Under-Voltage Lockout Hysteresis 350 mV
EN, VSEL, SDA, SCL
ViH HIGH-Level Input Voltage 25V<V|y<55V 1.1 \%
1 LOW-Level Input Voltage 25V<V|Ns55V 0.4 N v
IIN Input Bias Current Input Tied to GND or VIN { J 0.01 1.0_0‘ uA
Vout REGULATION
VReG Vour DC Accuracy 28V<VN<48V,Vour=04 » Loz 00 +5 %
louT(pc) = 0 A, Auto ? ‘ock_ B | I
28V V<4l WMo =0h, <1215 | +1.5
lout(pc) =:0" \FC e M Mode |
2.8\ <4, Vo fram | -4_—!_-- 6
N oimum'  Maxiicium, |
lou n0) = < 2 3.0 A Ao Mode |___. |
POWER SWITCH/PROTECTION
ILMPK P_MOS Peak Current Lirt T N " [ 400 | 475 | 550 A
Tow Thermal Shutdov. \J" \ 150 °C
THysT Thermal £ .a.aow. Hyste 3sis i- \Y J 17 °C
VSDwN INpU_ Vi Sodte wn 9 l_':‘isir‘.g_ Threshald 6.15 v
! A Pl __J_n—‘e‘iﬂ*.g ‘Fhreshold 5.50 5.73
FREQUENCY C\ 'TRC |
fsw \:cill_at_o. |Eqaenvcv \Z o, & —T | 2.05 | 2.40 | 2.75 | MHz |
DAC
["Resolution X 7 Bits
\ i Differential Nonlivnearity (Note 5) 0.5 LSB

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
5. Monotonicity assured by design.

www.onsemi.com
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Table 8. SYSTEM CHARACTERISTICS
The following system characteristics are guaranteed by design and are not performed in production testing. Recommended operating
conditions, unless otherwise noted, VN =2.5 V t0 5.5V, Tp = -40°C to +85°C, Voyt =0.4 V.
Typical values are given at Ta = 25°C, V| =3.6 V. System characteristics are based on circuit per Figure 1.
L = 0.33 mH, DFE201610E-R33M (TOKO), C;y = 1 x 4.7 uF, 10 V, 0603 (1608 metric), C1608X5R1A475K (TDK) and Coyt = 2 x 22 uF

(6.3 V, 0603, TDK C1608X5R0J226M080AC) + 4 x 100 uF (6.3 V, 0201, Murata GRM033R60J104KE19D) + 1 x 4.7 uF (6.3 V, 0402, TDK

C1005X5R0J475M050BC).
Symbol Parameter Condition Min. Typ. Max. Unit
LOADRgg Load Regulation lout = 0 Ato 3 A, Forced PWM Mode 0.05 %A
LINERgg Line Regulation 25V<V|INE55V, lgyTt=1.5A 0.09 %V
VouT_RIPPLE Ripple Voltage louT = 20 mA, PFM Mode 16 mV
lout = 700 mA, PFM Mode 5
AVouT LoAD Load Transient louT = 10 MA & 700 mA, +20 mV
- tr = tr = 200 ns, Voyt = 0.4 V, Auto Mode
louT = 0 MA < 800 mA, +13
tR=tr=09us, VIN=32V,Voyur=1.125V,
Auto Mode -i-
louT = 0 MA & 800 mA, g’ | ag |
tr=tr=09us, VIN=3.8V,VoyTr=1.125\ I }
Auto Mode [ \
AVouT LINE Line Transient ViN=3.0V& 36V, N ! g +11 mV
B tr =tg = 10 us, loyt = 10°:m# 2= OWivi Moge |
tes Soft—Start EN Highto 95% of 7 get V i 04 V), .« | oot | (85 us
louT = 200 mA:- FiNL 328BL. 98X i
taelay EN Delay EN High #0)~ 7 Start—te Rise, \o ) N N ms
Vour=0.t v, =0 A; FANS3528EUC48X :
Table 9. 12C TIMING SPECIFICAT un3
Guaranteed by design.
Symbol T mew: —I Condition Min. Typ. Max. Unit
fscL - 5.C. k< 7 ,uency Standard‘Mode 100 kHz
l-‘fa:t' Mode 400 kHz
Fast Mode Plus 1000
High-Speed Mode, Cg <100 pF 3400
High-Speed Mode, Cg < 400 pF 1700
ts0c Bus-Free Time between STOP and | Standard Mode 4.7 us
START Conditions
Fast Mode 1.3
Fast Mode Plus 0.5
tHD:STA START or REPEATED START Standard Mode 4 us
Hold Time
Fast Mode 600 ns
Fast Mode Plus 260
High-Speed Mode 160
tLow SCL LOW Period Standard Mode 4.7 us
Fast Mode 1.3
Fast Mode Plus 0.5
High-Speed Mode, Cg < 100 pF 160 ns
High-Speed Mode, Cg < 400 pF 320

www.onsemi.com
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Table 9. I2C TIMING SPECIFICATIONS (continued)

Guaranteed by design.

FAN53528

Symbol Parameter Condition Min. Typ. Max. Unit
tHIGH SCL HIGH Period Standard Mode 4 us
Fast Mode 600 ns
Fast Mode Plus 260
High-Speed Mode, Cg < 100 pF 60
High-Speed Mode, Cg < 400 pF 120
tsu:sTA Repeated START Setup Time Standard Mode 4.7 us
Fast Mode 600 ns
Fast Mode Plus 260
High-Speed Mode 160
tsu;pAT Data Setup Time Standard Mode 250 ns
4 e |
Fast Mode R ¢ | 1 EI_ |
Fast Mode Plus I ! c
High—-Speed Mode Y | 7 10
tHD:DAT Data Hold Time Standard Made \ i -O 3.45 us
[Fast*ae . . < | oot ] 900 ns
[Tt Mo\ Plus % i o N 450
,'_"'m Speed Mco:—.,T“gs 10025 - : )_ 70
Tfigh-Speed iode, Gg <@o0pE L )| 0 150
tRoL SCL Rise Time __Sfal\da;JRAode 5 20+0.1Cg 1000 ns
Phast Made \ 20+0.1Cg 300
FastMode Fis 20+0.1Cg 120
[ High-apesd Mode, Cg < 100 pF 10 80
[ Aial—Speed Mode, Cg < 400 pF 20 160
troL " Fall Time. 2 | Standard Mode 20+0.1Cg 300 ns
Fast Mode 20+0.1Cg 300
Fast Mode Plus 20+0.1Cg 120
High-Speed Mode, Cg < 100 pF 10 40
High-Speed Mode, Cg < 400 pF 20 80
tRoL1 Rise Time of SCL After a High-Speed Mode, Cg < 100 pF 10 80 ns
REPEATED START Condition and
After ACK Bit High-Speed Mode, Cg < 400 pF 20 160
tRDA SDA Rise Time Standard Mode 20+0.1Cg 1000 ns
Fast Mode 20+0.1Cg 300
Fast Mode Plus 20+0.1Cg 120
High-Speed Mode, Cg < 100 pF 10 80
High-Speed Mode, Cg < 400 pF 20 160

www.onsemi.com
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Table 9. 12C TIMING SPECIFICATIONS (continued)
Guaranteed by design.

Symbol Parameter Condition Min. Typ. Max. Unit
trDA SDA Fall Time Standard Mode 20+0.1Cg 300 ns
Fast Mode 20+0.1Cg 300
Fast Mode Plus 20+0.1Cg 120
High-Speed Mode, Cg < 100 pF 10 80
High-Speed Mode, Cg < 400 pF 20 160
tsu:sTO Stop Condition Setup Time Standard Mode 4 us
Fast Mode 600 ns
Fast Mode Plus 120
High-Speed Mode 160
Cp Capacitive Load for SDA and SCL 400\ pF

TIMING DIAGRAMS

t t

SU;STA

w Y J x W\ )N

1l

> - ! ‘_TSU‘DAT_.i { . ; i
X' —t f ‘ ! [ thosro Sr= T
SCL i o] HIGH / \'\ l \ -+
Yiosta ! - - tuppar | — %= o—§—a R—
e e bosed | e
HLCEATED
START START STOP START
Figure 3. I2C || -erfac, Tiruing.for Fast Pius, Fast,.and Slow Modes
REPEATED
t tSU;DAT START STOP

=\ { } i
= 4 - B A fnory Susro | l
F U\ & _-‘ 7 i I‘_t_ X ! i E
if o i :
SCLH <1 ; \r-towe™ : ’\ | I :
v tipsma i L 7 o \'\ tip;par ;‘_ ) I
REPEA\ EL! note A

START

/ = MCS Current Source Pull-up
f: Ry Resistor Pull-up

Note A: First rising edge of SCLH after Repeated Start and after each ACK bit.

Figure 4. I2C Interface Timing for High-Speed Mode

www.onsemi.com
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TYPICAL CHARACTERISTICS
UNLESS OTHERWISE SPECIFIED, V|y = 3.6 V, VoyT = 0.4 V, AUTO MODE, Tp = 25°C; CIRCUIT AND COMPONENTS ACCORDING
TO FIGURE 1 AND TABLE 1.

82 82
AN
78 / 78 . \
74 7 i / \
—_ 70 t —_ 70 1
g / g \
E 66 oy 66 4 |
g \ .-
3 K 62
= 62 + ] 1
& 8/
58 | — VIN=2.5V 58 L P 4l L : T e ]
— VIN=3.0V .
54 —VIN=3.6V . ' —°C |
—85°C
— VIN=4.2V
50 l l l 1 l ey 50 + =
1 10 100 1000 i A0 gt \00o
Load Current (mA) Lo d Cur nt{mA)
Figure 5. Efficiency vs. Load Current and Input Figu » 6. :ffie’"acy vs, Lzad Current and
Voltage, Voyrt = 0,4 V, Auto Mode Ten. eratv 2, \ =346V, Voyr = 0.4V, Auto Mode
0.41 | A N\
= 0.40 — =
= /,\ &
= - b
2 X
35 039 \ — L — <
Q =
B X
S | -
o
g 0.38 ¢ ‘ i —VIN=I BV 2 =avIn=ZoY
‘ ‘ 7=VINS3.0V f‘ — VIN=3.0V
‘ S=VIN=3.6V, E “ — VIN=3.6V
‘ ‘ ‘ = a — VIN=4.2V
0.37 | — | — —— —= 0 f
0 250 0 7 1000 1955 1500 1750 2503 2250 250042750 300C 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000
Lozd Currant (niA) Load Current (mA)
Figure 7. Suiput Regulation s vad Current and Figure 8. Frequency vs. Load Current and Input
lanut-Voltage, Voyr=0:4 V, Auto Mode Voltage, Voyt = 0.65 V, Auto Mode
60 T 0.5
50 0.4 /
Kl 1 — 3 —
.é. o 0.3
- @
5 40 E /
Q (&)
= 8 02
30
— a0°C 01 // — 40°C |
— 25°C S — 25°C
— g5°C — 85°C
20 0.0
25 3.0 35 40 45 5.0 55 25 3.0 3.5 4.0 45 5.0 5.5
Input Voltage (V) Input Voltage (V)
Figure 9. Quiescent Current vs. Input Voltage Figure 10. Shutdown Current vs. Input Voltage
and Temperature Vgoyt = 0.4 V, Auto Mode and Temperature
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TYPICAL CHARACTERISTICS (continued)
UNLESS OTHERWISE SPECIFIED, V) = 3.6 V, Vout = 0.4 V, AUTO MODE, T = 25°C; CIRCUIT AND COMPONENTS ACCORDING
TO FIGURE 1 AND TABLE 1.

VOUT(10.0mV/div, AC Coupling)

\\N\\N\\\\

Vsw({3.0V/div)

r-lL

20.0 ps/div

VOUT(10.0mV/div, AC Coupling)

'vawgs owaw:

1 Fhth -

Figure 11. Output Ripple, Viy = 3.6 V, Voyt = 0.65 V,
20 mA Load

VIN{200mV/dlv, 3.0V offset)
3.

V- - e e

VOUT(20.0mV/div, 400mV offset)

OUT 04V,
Mode

Figure 13. Line Tr.asie Q\,
10 us Edged@ A Load or

@.

Figure 12.

Q@

mA/div)

50 ps/div

Figure 14. Load Transient, Viy = 3.6 V, VoyTr =04V,
10 mA < 700 mA, 200 ns Edge, Auto Mode

IOUT{500mA/div)

(B e o

20.0ms/div

VOUT(20.0mVidiv, 1.0V offset)
__\‘\J\\_[\]\\N

IOUT(S00mA/div)
B b e s

br

m.DMIv

Figure 15. Load Transient, Viy = 3.2V, Voyt = 1.125 V,
0 mA < 800 mA, 900 ns Edge, Auto Mode

Figure 16. Load Transient, Vjy = 3.8 V, Voyt = 1.125 V,
0 mA < 800 mA, 900 ns Edge, Auto Mode
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TYPICAL CHARACTERISTICS (continued)
UNLESS OTHERWISE SPECIFIED, V|y = 3.6 V, VoyT = 0.4 V, AUTO MODE, Tp = 25°C; CIRCUIT AND COMPONENTS ACCORDING
TO FIGURE 1 AND TABLE 1.

VOUT{200mV/d

[

e e

1.0ms/div

Figure 17. Startup, V|y = 3.6 V, VoyTt = 0.65 V, 20C 1A/ daa.
with 5 ms EN Delay, Auto Mode

OPERATING DESCRIPTION

The FANS53528 is a step—down switching voltage
regulator that delivers a programmable output voltage friin
an input voltage supply of 2.5 V to 5.5 V. Using a propri._ary
architecture with synchronous rectification, the F.. 725 S
is capable of delivering 3.0 A at over 809 c1ix en. % The
regulator operates at a nominal frequency| 2.4 N 1z at full
load, which reduces the value of tF = externa. »as poneiis to
330 nH or 470 nH for the op#tant it fuctol ind 44 i Tor the
output capacitor. High eff’ ienamis’i nained atlight 1¢ae
with single—pulse PFM

An T2C-coprfutic » & teliece 2Hows" transfers up (fo
3.4 Mbps. This' ammi hicatiop-inierface ¢atbe used to:
® Dynamically re s7ogran( tho-output woltage-in-6.25 mV

increments;
® Reprogram the tndd¢ to enable or @isable PFM;
® Control voitage transition slewrste; or

® Enabie/disable the regulator.

Control Scheme

The FANS53528 wuses a proprietary non-linear,
fixed—frequency PWM modulator to deliver a fast load
transient response, while maintaining a constant switching
frequency over a wide range of operating conditions. The
regulator performance is independent of the output
capacitor ESR, allowing for the use of ceramic output
capacitors. Although this type of operation normally results
in a switching frequency that varies with input voltage and
load current, an internal frequency loop holds the switching
frequency constant over a large range of input voltages and
load currents.

Foo very lichi-ioads.(the FANS3528 operates in
L continudus CurrencMode(DEM) single—pulse PFM,
which¢prpduces low) cutputyrizple compared with other PFM
architectures.\ Fransition “between PWM and PFM is
reldtively seamlesd, providing a smooth transition between
DCM-and CEM Modes.

PFM can be'disabled by programming the MODE bits in
the CON'TROL register in combination with the state of the
VSEL pin. See table in the Control Register 02h.

Enable and Soft-Start

When the EN pin is LOW; the IC is shut down, all internal
circuits are off, and the part draws very little current. In this
state, I2C can be written to or read from as long as input
voltage is above the UVLO. The registers keep the content
when the EN pin is LOW. The registers are reset to default
values during a Power On Reset (POR). When the
OUTPUT _DISCHARGE bit in the Control register is
enabled (logic HIGH) and the EN pin is LOW or the
BUCK_ENx bit is LOW, an 11 Q load is connected from
VOUT to GND to discharge the output capacitors.

Raising EN while the BUCK_ENx bit is HIGH activates
the part and begins the soft—start cycle. For option EUC48X,
there is 5 ms delay time from EN HIGH to Vouyr start
soft—start. And for options FANS53528BUCO08X,
FANS53528GUC48X and FAN53528DUC40X, there is no
EN Delay. During soft—start, the modulator’s internal
reference is ramped slowly to minimize surge currents on the
input and prevent overshoot of the output voltage.
Synchronous rectification is inhibited, allowing the IC to
start into a pre—charged capacitive load.

www.onsemi.com
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EN oV

EN_Delay \
| |

ov

\
Figure 18. EN Delay

VOUT

If large values of output capacitance are used, the
regulator may fail to start. The maximum Cqoyr capacitance
for starting with a heavy constant—current load is
approximately:

320u

Coutmax = (ILmpk — lLoap) X v
ouT

(eq. 1)

where CouTmax is expressed in UF and I gap is the load
current during soft—start, expressed in A.

If the regulator is at its current limit for 16 consecutive
current limit cycles, the regulator shuts down and enters
tri-state before reattempting soft—start 1700 us later. This
limits the duty cycle of full output current during soft—start
to prevent excessive heating.

The IC allows for software enable of the regulator,svhen
EN is HIGH, through the BUCK_EN bits. BUCK+ENG. nd
BUCK_ENT1 are both initialized HIGH. Thesa.opt. uo

after a POR, regardless of the state of the/ SEL »in
Table 10. HARDWARE AND SC TWARE " .8LE

Pins BITS [ DX |
EN | VSEL | BUCK_EK Li\_=_1 Ol'lp\‘i—r mdde) |
0 X ~ ~| NCFF Shmdcﬂrji
1 0 0 % I _OFF ) | Shutdown
1 0 x| oN < Auto

-\ S\, AN

1 1 X 0 5% Shutdown
1 1 X) ¥ 1 [ oN FPWM

VSEL Fih and I2C Programming Output Voltage
The output voltage is set by the NSELx control bits in
VSELO and VSELI registers. The output is given as:

Vour = 0.35V + NSELx x 6.25 mV (eq. 2)

For example, if NSEL =1010000 (80 decimal), then
Vour=0.35+05=0.85V.

Output voltage can also be controlled by toggling the
VSEL pin LOW or HIGH. VSEL LOW corresponds to
VSELO and VSEL HIGH corresponds to VSEL1. Upon
POR, VSELO and VSELLI are reset to their default voltages.

Transition Slew Rate Limiting

When transitioning from a low to high voltage, the IC can
be programmed for one of eight possible slew rates using the
SLEW bits in the Control register, as shown in Table 11.

Table 11. TRANSITION SLEW RATE

Decimal Bin Slew Rate
0 000 64.00 mV/us
1 001 32.00 mV/us
2 010 16.00 mV/us
3 011 8.00 mV/us
4 100 4.00 mV/us
5 101 2.00 mV/us
6 110 1.00 mV/us
7 111 0.50 mV/us

Transitions from high to low voltage rely on the output
load to discharge Voyr to the new set point. Once the
high—to—low transition begins, the IC stops switching until
Vour has reached the new«noint.

Under-Voltage Lo« .out' IVL(

When EN igs H. sH<lie u. “_r—veiiage-lockout keeps the
part from opc tin_unt“the dupui’supply voltage rises
HIGH.en ugh © \ properlytsperate. This ensures proper
oreratic 1 0. hed Cgulatorduring startup or shutdown.

ap. " Ove.-Voltage Protection (OVR}

Vhen Vin)exceedsz V5pwig\(=/6.2 V), the IC stops
switchinige protest the circlitry from internal spikes above
6.5%WVaAn internal filtes prevents the circuit from shutting
dawn duetanoise(spikes.

Current Limiving

A heavy+load or short circuit on the output causes the
cuitenit-in the inductor to increase until a maximum current
threshold is reached in the high—side switch. Upon reaching
this point, the high—side switch turns off, preventing high
currents from causing damage. 16 consecutive current limit
cycles in current limit, cause the regulator to shut down and
stay off for about 1700 us before attempting a restart.

Thermal Shutdown

When the die temperature increases, due to a high load
condition and/or high ambient temperature, the output
switching is disabled until the die temperature falls
sufficiently. The junction temperature at which the thermal
shutdown activates is nominally 150°C with a 17°C
hysteresis.

Monitor Register (Reg05)

The Monitor register indicates of the regulation state of
the IC. If the IC is enabled and is regulating, its value is
(1000 0001).

I2C Interface

The serial interface is compatible with Standard, Fast,
Fast Plus, and HS Mode I2C Bus® specifications. The SCL
line is an input and its SDA line is a bi—directional
open—drain output; it can only pull down the bus when
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active. The SDA line only pulls LOW during data reads and
when signaling ACK. All data is shifted in MSB (bit 7) first.

12C Slave Address
In hex notation, the slave address assumes a O LS Bit. The
hex slave address is AQ for FAN53528BUCxxX and A4 for

FAN53528DUCxxX, FANS53528EUCxxX, and
FAN53528GUCxxX.
Table 12. I2C SLAVE ADDRESS
Bits
Option |Hex | 7 | 6 [ 5 |4 |3 [2 |1 0
BUCxx | A0 | 1 [ 0 [ 1 olo|o|o|RW
DUCxx, | A4 | 1 o | 1 oo |1 0 |RW
EUCKxx,
GUCxx

Other slave addresses can be assigned. Contact an onsemi
representative.

Bus Timing

As shown in Figure 19 data is normally transferred when
SCL is LOW. Data is clocked in on the rising edge of SCL.
Typically, data transitions shortly at or after the falling edge
of SCL to allow sufficient time for the data to set up before
the next SCL rising edge.

A—— Data change allt

>

Figui 7. Data Ty=iisfer Timing
Each bus transaction tegins and\ends wit'. SDA and SCL
HIGH. A transactiginbegins with a STAK P eondition, which
is defined as SIDA transitioning frora4 o 0 with SCL HIGH,

as shown-in-rigure 20.
DA \ thosTa } / > <

\
scL \ / \

Figure 20. START Bit
A transaction ends with a STOP condition, defined as
SDA transitioning from O to 1 with SCL high, as shown in
Figure 21.

Slave Address
MS Bit

Slave Releases

Master Drivej ‘
'HDSTO »

ACK(0) or \
NACK(1) |
\

SDA x
SCL \ / { /‘

Figure 21. STOP Bit

During a read from the FAN53528, the master issues a
REPEATED START after sending the register address and
before resending the slave address. The REPEATED
START is a 1 to 0 transition on SDA while SCL is HIGH, as
shown in Figure 22.

Slave Releases oy, ST} thosta >
ACK(0) ol SLADDR
SDA NACK(1) | ‘ M 3 Bit x

0N A

Figt » 2. AEPFATED'START Timing

High- »ed. ' (H* Mode
0, tocuws for High-Speed (HS), Low-Speed (LS),
na Tast-speed (I'S) Modosare identical; except the bus
s, eator HS Mode is 2.+“MHz.\H{S/Mode is entered when
the busmaster sends,the HS master code 00001XXX after
a START cerdition (Figure 20). The master code is sent in
Last or Fasi=2lus Moge (less than 1 MHz clock); slaves do
not ACK this tragsmission.

The master generates a REPEATED START condition
{Figufe 22) that causes all slaves on the bus to switch to HS
Mode. The master then sends I2C packets, as described
above, using the HS Mode clock rate and timing.

The bus remains in HS Mode until a STOP bit (Figure 21)
is sent by the master. While in HS Mode, packets are
separated by REPEATED START conditions (Figure 22).

Read and Write Transactions

The following figures outline the sequences for data read
and write. Bus control is signified by the shading of the
packet, defined as:
Master Drives Bus | and

e | Slave DrivesBus |

All addresses and data are MSB first.

Table 13. I2C BIT DEFINITIONS FOR FIGURE 23 AND
FIGURE 24

Symbol Definition

S START, see Figure 20

P STOP, see Figure 21

A ACK. The slave drives SDA to 0
to acknowledge the preceding packet.

A NACK. The slave sends a 1 to NACK the pre-
ceding packet.

R REPEATED START, see Figure 22

www.onsemi.com

13



http://www.onsemi.com/

l«——7 bits—{

FAN53528

0 [«——38 bits—| 0 «——8 bits—

Slave Address

0

Reg Addr Data

[A AlP]

Figure 23. Write Transaction

¢——7 bits— 0 [«——38 bits— 0 ¢——7 bits— 0 [«——8 bits— 1
[s] SlaveAddress [0 | A|  RegAddr R| SlaveAddress |1 | A Data Alr|
Figure 24. Write Transaction Followed by a Read Transaction

REGISTER DESCRIPTION

Table 14. REGISTER MAP
Hex . | .

Address Name Function Binary Hex
00 VSELO | Controls Vour settings when VSEL pin = LOW DOXKEKT | XX
01 VSEL1 | Controls Vour settings when VSEL pin = HIGH R | TXXHKXXK XX
02 CONTROL | Determines whether VoyT output discharge is enablecand ai \_th\ M rate s _10000010 82
of positive transitions

03 ID1 Read—only register identifies vendor and chip \ v 10000001 81
04 ID2 Read-only register identifies die revis .i uGe01000 08
05 MONITOR | Indicates device status A 00000000 00

Table 15. BIT DEFINITIONS
The following table defines the operation or ei h regic 'r b, Bolciinticates pewer=on defait values.

Bit Name | T pe T Mot e _i_ Description
VSELO Regisizr’Addiess: 00
. y .\ A Nl
Sorntwarg buck ‘enable. When EN pin is LOW, the regulator is off. When EN
7 BUCK_ w10 ) A ! 1 [ pin.ie HIGH, BUCK_EN bit takes precedent.
6:0 NSE | R/ —| HARXKYXX : Sits VouT value from 0.35 to 1.14375 V (see eq. 2).
VSEL1 Register Address: 01
7 BUCK EiNd \J Bl T " Software buck enable. When EN pin is LOW, the regulator is off. When EN
N : i ! pin is HIGH, BUCK_EN bit takes precedent.
6:0 N&EL1 RAV -l XXX XXXX | Sets Voyr value from 0.35 to 1.14375 V (see eq. 2).
CONTROL Register Address: 02
0 When the regulator is disabled, Voyr is not discharged.
OUTPUT — - -
7 DISCHARGE R/W 1 When the regulator is disabled, Voyt discharges through an internal pull-
down.
6:4 SLEW R/W 000 —111 Sets the slew rate for positive voltage transitions (see Table 11)
3 Reserved 0 Always reads back 0.
RESET R/W 0 Setting to 1 resets all registers to default values. Always reads back 0.
In combination with the VSEL pin, these two bits set the operation of the
buck to be either in Auto-PFM/PWM Mode during light load or Forced
PWM mode. See table below.
Mode of Operation
1:0 MODE R/W 10 VSEL Pin Binary Operation
Low X0 Auto PFM/PWM
Low X1 Forced PWM
High 0X Auto PFM/PWM
High 1X Forced PWM
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Table 15. BIT DEFINITIONS (continued)

The following table defines the operation or each register bit. Bold indicates power—on default values.

Bit Name | Type | Value Description
ID1 Register Address: 03
7:5 VENDOR R 100 Signifies onsemi as the IC vendor.
4 Reserved R 0 Always reads back 0.
3.0 DIE_ID R 0001 DIE ID
ID2 Register Address: 04
74 Reserved 0000 Always reads back 0000.
3:0 DIE_REV R 1000 FAN53528 Die Revision
MONITOR Register Address: 05
7 PGOOD R 0 1: Buck is enabled and soft-start is completed.
6 UVLO R 0 1: Signifies the VIN is less than the UVLO threshold.
5 OVP R 0 1: Signifies the VIN is greater than the O)?\threshold.
R 0 1: Signifies a positive voltage transitic is? p. gress and the’o_ugut
4 POS voltage has not yet reached its«"_w sei, hint. 7 is bit is &ls9'set during IC
soft-start.
3 NEG R 0 1: Signifies a negative volu '_et‘ asitic ig in ,,rogrgs and the output
voltage has not vat I'_xchea’ s ne  setpeint.
> RESET STAT R 0 : (;glirls(:(i;aiei.; ‘“it a ‘_qis T,et wag pe—r‘rar;ned. This bit is cleared after
1 oT R 1: qn?ie‘ ‘_he ;mal shuuzvm is agtiv =.._ Y AN
0 BUCK_STATUS R 1: BL ¥ enat.od; 0; duckdisabledh. ~ .\

APPLICATION INFORMATION

Selecting the Inductor

The output inductor mupst 1 2et brth the fequired
inductance and the enel.;y—hanc. naf Capabili(y~of the
application. The induC »r va.ue a ‘ects the average-current
limit, the outputso. oe' ‘op. und theeificiency.

The ripple cu_-ent (. ') ¢_the régulator is!

Al =

Vour « (VIN_ ‘/o_u_T\
Viy LW/ (eq. 3)

The maximam average load cuirent, ImMax(LOAD), IS
related te the peak current limit, I pmpk), by the ripple
current such that:

Al
LIM(PK) — E

IMAX(LOAD) (eq. 4)

The FANS53528 1is optimized for operation with
L=330 nH, but is stable with inductances up to 1.0 uH
(nominal). The inductor should be rated to maintain at least
80% of its value at I jm(pK). Failure to do so decreases the
amount of DC current the IC can deliver.

Efficiency is affected by the inductor DCR and inductance
value. Decreasing the inductor value for a given physical
size typically decreases the DCR; but since Al increases, the
RMS current increases, as do core and skin—effect losses:

2 A2

lrms = 4/ louToo) HET) (eq. 5)

The ingreased RMS current produces higher losses
through)the Rpg(on) of the IC MOSFETS and the inductor
ESK.

Increasing the inductor value produces lower RMS
currents, but degrades transient response. For a given
physical inductor size, increased inductance usually results
in an inductor with lower saturation current.

Table 16. EFFECTS OF INDUCTOR VALUE (FROM

330 nH RECOMMENDED) ON REGULATOR

PERFORMANCE

AVour (9. 7)
Decrease

IMAX(LOAD) Transient Response

Increase

Degraded

Inductor Current Rating

The current-limit circuit can allow substantial peak
currents to flow through L1 under worst—case conditions. If
it is possible for the load to draw such currents, the inductor
should be capable of sustaining the current or failing in a safe
manner.

For space—constrained applications, a lower current rating
for L1 can be used. The FANS53528 may still protect these
inductors in the event of a short circuit, but may not be able
to protect the inductor from failure if the load is able to draw
higher currents than the DC rating of the inductor. Refer to
Table 2 for the recommended inductors.
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Output Capacitor and VgyT Ripple
If space is at a premium, 0603 capacitors may be used.
Increasing Coyt has negligible effect on loop stability
and can be increased to reduce output voltage ripple or to
improve transient response. Output voltage ripple, AVour,
is calculated by:

faw X Cour X ESR? 1
AVoyr = AIL[

+—
2xDx(1-D) ' 8xigy x Cop

](GQ- 6)

where Coyr is the effective output capacitance.

The capacitance of Coyt decreases at higher output
voltages, which results in higher AVgyt. Equation 6 is only
valid for CCM operation, which occurs in PWM Mode.

The FAN53528 can be used with either 2 x 22 uF (0603)
or 2 x 47 uF (0603) output capacitor configuration. If a
tighter ripple and transient specification is need from the
FANS53528, then the 2 x 47 uF is recommended.

The lowest AVoyr is obtained when the IC is in PWM
Mode and, therefore, operating at 2.4 MHz. In PFM Mode,
fgw is reduced, causing AVoyr to increase.

ESL Effects

The Equivalent Series Inductance (ESL) of the output
capacitor network should be kept low to minimize the
square—wave component of output ripple that results from
the division ratio CoyT ESL and the output inductor (L¢, ).
The square-wave component due to the ESL < 3
estimated as:

ESLCOUT

L1

A good practice to mini 1ize4his. il is 1 use multijple
output capacitors to au iieve the esired (Coyrt veiue. tor
example, to obta". C w20 1., a single 22 uF 0805 woulid
produce twice 1. x sque 2 waveripple‘as two X010 pFORCS.

To minimize E. " «"\y to(tus¢ capaciters with<he\lowest
ratio of length to width.-0805s have lower ESL than 1206 s.
If low output rippicis a chief conecérny.'some vendors
produce 0508 capdcitors with uitra-low ESL. Placing
additional smiali—value capacitors iear the load also reduces
the high—frequency ripple components.

AVoursa = Vin X 1eG-7)

Input Capacitor

The ceramic input capacitors should be placed as close as
possible between the VIN and PGND pins to minimize the
parasitic inductance. If a long wire is used to bring power to
the IC, additional “bulk” capacitance (electrolytic or
tantalum) should be placed between CIN and the power
source lead to reduce under—damped ringing that can occur
between the inductance of the power source leads and Cyy.

The effective Cyy capacitance value decreases as Viy
increases due to DC bias effects. This has no significant
impact on regulator performance.

Thermal Considerations

Heat is removed from the IC through the solder bumps to
the PCB copper. The junction—to—ambient thermal
resistance (054)is largely a function of the PCB layout (size,
copper weight, and trace width) and the temperature rise
from junction to ambient (AT).

For the FAN53528, 04 is 42°C/W when mounted on its
four-layer with vias evaluation board in still air with 2 oz.
outer layer copper weight and 1 oz. inner layer.

For long-term reliable operation, the junction
temperature (Ty) should be maintained below 125°C.

To calculate maximum operating temperature (<125°C)
for a specific application:

1. Use efficiency graphs to determine efficiency for
the desired VN, Vout, and load conditions.
2. Calculate total power dissipation using:

1
Pr = Vour X lLoap X (ﬁ 1) (eq. 8)
3. Estimate{ duc®r ¢ iy loss€susing:
2 ~
PL=lope X LORL (eq. 9)

4. Vet mir IC losses,by removing inductor losses
(. =p 5y rrom‘otal dissipation:

s <Py =P (eq. 10)

5. Deterrine dévace operating temperature:
AT = Figx 6 Tiom Tyt AT

J\',ﬂ

(eq. 11)
and

note thatthesRpsony of the power MOSFETSs increases
iineaily with temperature at about 1.4%;/°C. This causes the
efficiency (1) to degrade with increasing die temperature.

Layout Recommendations

1. The input capacitor (Cyn) should be connected as
close as possible to the VIN and GND pins.
Connect to VIN and GND using only top metal.
Do not route through vias.

2. Place the inductor (L) as close as possible to the
IC. Use short wide traces for the main current
paths.

3. The output capacitor (Coyr) should be placed as
close as possible to the IC. Connection to GND
should be on top metal. Feedback signal
connection to VOUT should be routed away from
noisy components and traces (e.g. SW line). For
remote sensing application, place one or all output
capacitors near the load and if there are also output
capacitors placed near the inductor, the maximum
trace resistance between the inductor and the load
should not exceed 30 m€2.
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Note:

The via 1-2 goes to&from layer 1 to 2.
The via 1-3 goes to&from layer 1 fo 3.
The via 1-4 goes to&from layer 1 to 4. . L1
The via is staggered from the pad for clear
demonstration purpose only. If there is no issue
with via on pad, please do so or follow
manufacturing guide for PCB.

The shared GHD for N and cgagbon w %\C’$

to the System GND of the d g

@ O® @ @

) NONONONO)
NnORD © 00

The other logic signals maybe routed on
the layer 1.

Figure 26. Layer 2 Figure 27. Layer 3
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Dedicated System Ground

® e ®Oe

ONONON NC)
@O® @ @

HNONONONO]

Figure 28. Layer 4

1. Feedback trace connects to “+” £ » of the' ‘put «itor.

2. For.ramouz sensing, place one or all output
capaciters near the load.

EN CIN1I CBY]:

>
3> SDA AN e -l
L1 Vs
soL FAN53528 2 2N < 2N, Voo
> I — =y
Ce r= = CouwLoro- Core
> VSEL 2GN A 1 Processor
‘_l - / - (System Load)
[ as 2 2%} 7 | ano

2. If therg are\also output capacitors placed near the inductor, the maximum trace resistance between
the nijurtor and the load should not exceed 30 mQ.

Figure29. Kemote Sensing Schematic

Table 17. PRCEUCT SPECIFIC DINENSIONS

D E X Y

2.015+0.03 mm 1.310 £ 0.03 mm 0.255 mm 0.2075 mm

onsemi is licensed by Philips Corporation to carry the I2C Bus Protocol.

ARM is a registered trademark of ARM Limited (or its subsidiaries) in the EU and/or elsewhere.
Tegra is a trademark of NVIDIA Corporation.

OMAP is a trademark and brand of Texas Instruments Incorporated.

NovaThor is a trademark of ST-Ericsson.

ARMADA is a trademark of Emergency Technology, Inc.

Krait is a trademark of Qualcomm Incorporated.
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