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XR77103-A0R5

Universal PMIC 3-Output Buck Regulator

Description

The XR77103-A0R5 universal PMIC features three 2A synchronous
high-efficiency, buck regulators with integrated power switches. They
can operate in 5V, 9V and 12V powered systems with minimal required
external component thus providing the smallest size solution possible.
Two of the outputs may be paralleled for output currents up to 5A peak
with steady state current of up to 4A.

The output voltage of each converter can be adjusted by external
resistor divider down to voltage as low as 0.8V. With a nominal switching
frequency of 500kHz, the regulators can also be synchronized to an
external clock in applications where EMI control is critical.

XR77103-A0R5 features a supervisor circuit that monitors each
converter output. PGOOD pin is asserted once sequencing is done,
outputs are reported in regulation and the reset timer expires.
The polarity of the signal is active high. A pulse skipping mode (PSM)
reduces switching losses maintaining high efficiency when the system
is unloaded or in standby mode.

FEATURES

4.5V to 14V wide input supply
voltage range

= Built-in MOSFET and synchronous rectifier
= 0.8V, high accuracy reference (1%)

Current-mode control with simple
compensation circuit

= External synchronization
= Power good
= Protection

o Thermal shutdown

o Overvoltage transient protection
o Overcurrent protection

32-pin 4mm x 4mm TQFN package

APPLICATIONS

FPGA and DSP supplies
Video processor supplies
Applications processor power
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XR77103-A0R5

Typical Application
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Figure 1. Typical Application
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XR77103-A0R5

Absolute Maximum Ratings

These are stress ratings only and functional operation
of the device at these ratings or any other above those
indicated in the operation sections of the specifications
below is not implied. Stresses beyond those listed under
absolute maximum ratings may cause permanent damage
to the device. Exposure to any absolute maximum rating
condition for extended periods may affect device reliability
and lifetime.

ViNts ViNg2, ViNg, LXT, LX2, LX3...iiieeeieene -0.3V to 18V
EN, VGG i ieeeaieee e -0.3Vto 7V
PGOOD, SYNC .....ooiiiiiiiiieeiee e -0.3Vto 7V
BSTH t0 LX# ..o -0.3Vto 7V
AGND, DGND t0 GND........cccceveiireeieeecieeens -0.3V to 0.3V
Storage temperature...........ccceeiiiiiiieeennenn. -65°C to 150°C
Junction temperature..........cccceeiiiiiieeeiie e 150°C
Power dissipation ............cccccviieeeeinnnennnnn. Internally Limited
Lead temperature (soldering, 10 seconds)................ 260°C
(O] Y R 700V
ESD rating (HBM — human body model) ...........cc.cc.ec.... 2kV

Electrical Characteristics

Operating Conditions

VN veermeeenmee ettt ettt st 4.5V to 14V
LY e T 4.5V to 5.5V
X et -0.3V to 14V
Junction temperature range (Ty)........coeennee -40°C to 125°C
XR77103 package power dissipation max at 25°C ..... 3.4W
XR77103 thermal resistance O a........cccccovererreenennens 30°C/W
NOTE:

1. LX# pins’ DC range is from -0.3V, transient -1V for less than 10ns.

Ta=25°C, V|y=12V, EN =V, fsw = 500kHz, unless otherwise specified. Limits applying over the full operating temperature

range are denoted by a e.

Symbol Parameter Conditions . Min Typ Max Units
Power Supply Characteristics
VN Input voltage range . 5.5 14 \Y
VN Input voltage range Vg tied to Vi . 4.5 5.5 \Y
VuvLo UVLO threshold V) rising/falling 4.22/41 \
UVLOpEgGLITCH UVLO deglitch Rising/falling 220 ys
IviN EN = GND 250 pA
VN supply current
lving EN = high, no load 2.6 mA
Internal Supply Voltage
Vee Internal biasing supply ILoap = OmA . 4.9 5 5.1 \
lcc Internal biasing supply current VN =12V . 10 mA
Ve rising 3.8 \
VuvLo UVLO threshold for Vo
V¢ falling 3.6 \
UVLOpEgGLITCH UVLO deglitch for Vo Falling edge 220 ps
REV1A 3/19
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XR77103-A0R5

Electrical Characteristics (Continued)

Ta=25°C, V|N=12V, EN =V, fsw = 500kHz, unless otherwise specified. Limits applying over the full operating temperature
range are denoted by a e.

Symbol Parameter Conditions Min Typ Max Units
Protections
Tsp Thermal shutdown temperature Temperature rising, Non-latch off. 160 °C
Tgp release threshold,
HYTsp Thermal shutdown hysteresis temperature = Tgp-HYTsp 20 °C
Tspb_DEGLITCH Thermal shutdown deglitch 220 us
Output rising 109 o
. o
Voveue Threshold voltage for buck (HS FET will be forced off)
VBUCK
over voltage Output falling 107 o
(HS FET will be allowed to switch) °
Buck Converter
fsw Switching frequency 500 kHz
tss Soft-start period 6 ms
ILIMx Peak inductor current limit 3.5 A
RoN_Hsx HS switch on-resistance VN =12V 200 mQ
Ron_Ls1 LS switch on-resistance of Buck1 VN =12V 60 mQ
Ron_Ls2/3 LS switch on-resistance of Buck2/3 | V|y =12V 80 mQ
lox Qutput current capability Continuous loading™ 2 A
Dumax Maximum duty cycle 95 %
toN MIN Minimum on time 120 ns
Line regulation (AVox/AV|nx) Vinx =5.5t0 14V, lox = 1A 0.5 %Vo
Load regulation (AVox/Alpx) lo =10 t0 90%, lo = MAX 0.5 %Vo/A
ViN =12V -1 Normal 1
Output voltage accuracy %
5.5V < V|y <14V -2 Normal 2
SYNCgReqQ Synchronization frequency 525 kHz
Synchronization signal o
SYNCp_miy minimum duty cycle 40 %
Synchronization signal o
SYNCp_max maximum duty cycle 60 %o
NOTE:
1. Subject to thermal derating. Design must not exceed the package thermal rating.
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XR77103-A0R5

Electrical Characteristics (Continued)

Ta=25°C, V|N=12V, EN =V, fsw = 500kHz, unless otherwise specified. Limits applying over the full operating temperature
range are denoted by a e.

Symbol Parameter Conditions J Min Typ Max Units
Power Good Reset Generator

Output falling, 85 o
v Threshold voltage for buck (disabled after toN_HIcCUP) °

UVBLCK under voltage

Output rising, (PG will be asserted) 90
tpG_DEGLITCH Deglitch time Rising and falling 22 ms
toN_HIccuP Hiccup mode on time VyvBuckx asserted 24 ms

. . Once torr_Hiccup elapses,
{oFF_HiccUP Hiccup mode off time all converters will start up again 30 ms
trp Minimum reset period 2 S
Re Power.good pull-down 14 50 0
on resistance

Input Threshold (SYNC, EN)
A Input threshold high V|NpPuT rising . 2.07 2.53 \%
ViL Input threshold low V\npurt falling . 1.36 1.67 \%
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XR77103-A0R5

Pin Configuration

Pin Functions
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Pin Number Pin Name Description
1 VFB3 Buck 3 feedback pin.
2 COMP3 Compensation pin for Buck 3. Connect a series RC circuit to this pin for compensation.
3 NC No connect.
4 VIN IC supply pin. Connect a capacitor as close as possible to this pin.
5 GND Ground.
6 VCC Internal supply. Connect a ceramic capacitor from this pin to ground.
7 COMP1 Compensation pin for Buck 1. Connect a series RC circuit to this pin for compensation.
8 VFB1 Buck 1 feedback pin.
9 BST1 Bootstrap capacitor for Buck 1. Connect a bootstrap capacitor from this pin to LX1.
10 VIN1 Input supply for Buck 1. Connect a capacitor as close as possible to this pin.
11 LX1 Switching node for Buck 1.
12 LX1 Switching node for Buck 1.
13 LX2 Switching node for Buck 2.
14 LX2 Switching node for Buck 2.
15 VIN2 Input supply for Buck 2. Connect a capacitor as close as possible to this pin.
16 BST2 Bootstrap capacitor for Buck 2. Connect a bootstrap capacitor from this pin to LX2.
17 VFB2 Buck 2 feedback pin.
18 COMP2 Compensation pin for Buck 2. Connect a series RC circuit to this pin for compensation.
19 DGND Digital ground.
20 NC No connect.

REV1A
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XR77103-A0R5

Pin Functions (Continued)

Pin Number Pin Name Description
21 NC No connect.
22 NC No connect.
23 NC No connect.
24 PGOOD \I;ﬁ\r/]viirrgecg)zldagg:fut. Open drain output asserted after all converters are sequenced and
25 SYNC External clock input pin. Connect to signal ground when unused.
26 EN Enable control input. Set EN high to enable converters.
27 AGND Analog ground.
28 VIN IC supply pin. Connect a capacitor as close as possible to this pin.
29 LX3 Switching node for Buck 3.
30 LX3 Switching node for Buck 3.
31 VINS Input supply for Buck 3. Connect a capacitor as close as possible to this pin.
32 BST3 Bootstrap capacitor for Buck 3. Connect a bootstrap capacitor from this pin to LX3.
- E-PAD Connect to power ground.
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XR77103-A0R5

Typical Performance Characteristics
All data taken at fgy = 500kHz, Tp = 25°C, no airflow, unless otherwise specified.
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Figure 2. Load Regulation Channel 1, Figure 3. Load Regulation Channel 1,
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XR77103-A0R5

Typical Performance Characteristics (Continued)

All data taken at fgyy = 500kHz, T = 25°C, no airflow, unless otherwise specified.

Enable
Channel 3
Channel 2
Channel 1

Figure 8. Power-up Sequence

148.0mV
VouT AC 20MHz
-132.0mV

lout
Di/Dt > 2.5A/us

Figure 10. 12V, 3.3VoyT Transient Response,
0.5A to 1.0A

164.0mV
Vout AC 20MHz

-160.0mV

louT

Di/Dt > 2.5A/us

Figure 12. 5V, 3.3VoyT Transient Response,
0.5A to 1.0A

180.0mV
VouT AC 20MHz

-172.0mV

louT

Di/Dt > 2.5A/us

Figure 9. 12V, 5.0VoyT Transient Response,
0.5A to 1.0A
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-62.0mV

louT

Di/Dt > 2.5A/us

Figure 11. 12V|n, 1.8Voyt Transient Response,
0.5A to 1.0A

68.0mV
VouT AC 20MHz

-66.0mV

louT

Di/Dt > 2.5A/ps

Figure 13. 5V, 1.8VoyuT Transient Response,
0.5A to 1.0A
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XR77103-A0R5

Typical Performance Characteristics (Continued)

Efficiency

fsw = 500kHz, T = 25°C, no airflow, only individual channel operating, inductor losses are included.
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Figure 14. Efficiency Channel 1,
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Figure 16. Efficiency Channel 2,
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Figure 18. Efficiency Channel 3,
12V\N 1.2Vout

Efficiency (%)

Efficiency (%)

Efficiency (%)

100
90
80
70
60
50
40
30
20
10

0

100
90
80
70
60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

0.4 0.8 1.2 1.6 2
louT (A)
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Figure 17. Efficiency Channel 2,
5V|N 1 -8VOUT
——
0.4 0.8 1.2 1.6 2
lout (A)

Figure 19. Efficiency Channel 3,
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XR77103-A0R5

Typical Performance Characteristics (Continued)

Thermal Characteristics
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Figure 20. Package Thermal Derating
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Figure 22. Channel 2 Power Loss at
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Figure 24. Channel 1 Power Loss at
fsw = 500kHz, V|y = 5V, No Airflow
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fsw = 500kHz, V|y = 12V, No Airflow
!
1.2V
B 1.8V
| —— 3.3V
P
—J/
0 0.4 0.8 1.2 1.6 2
louT (A)
Figure 23. Channel 3 Power Loss at
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Figure 25. Channel 2 Power Loss at
fsw = 500kHz, V)N = 5V, No Airflow
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XR77103-A0R5

Typical Performance Characteristics (Continued)

Thermal Characteristics
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Figure 26. Channel 3 Power Loss at
fsw = 500kHz, V|y = 5V, No Airflow
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XR77103-A0R5

Functional Block Diagram
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Figure 27. Functional Block Diagram
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XR77103-A0R5

Applications Information

Operation

XR77103-A0R5 is a power management IC with three
step-down buck converters. Both high-side and low-side
MOSFETs are integrated to provide fully synchronous
conversion with higher efficiency. XR77103-A0R5 can
support 4.5V to 14V input supply, high load current,
500kHz clocking. The buck converters have a PSM
mode which can improve power dissipation during
light loads. Alternatively, the device implements a constant
frequency mode. The SYNC pin also provides a means
to synchronize the power converter to an external signal.
Input ripple is reduced by 180 degree out-of-phase
operation among converters. All three buck converters
have peak current mode control which simplifies external
frequency compensation. Each buck converter has peak
inductor current limit of 3.5A. The device has a power good
comparator monitoring the output voltage. Soft-start for
each converter is 6ms. All outputs start up once EN pin is
set high.

Output Voltage Setting

Output voltage is set externally using an external
resistor divider. Output voltage is determined by the
following equation.

R1
Vi =0.8Vx|1+ —
ourx= 0.8V x(1+ B )

VouTx
R1
(@240
XR77103-A0R5
R2

Figure 28. Output Voltage Setting

This can make the device applicable to AVS (automatic
voltage scaling) system. Output voltage can be adjusted
automatically by external DC voltage. Figure 29 shows
application circuit of supply for AVS system.

Voutx
* AVS SUPPLY

(PR

XR77103-A0RS R

VERX Y I YDAC { pyr T

S0C

Figure 29. AVS Control

Frequency Compensation
In order to properly frequency compensate the device,
the following component selection is recommended.

ViN Vour L Cour  Rcomp  Ccowmp

V) v) (HH) (MF) (kQ) (nF)
12/5.0 1.0 22 22x3 10 47
12/5.0 1.2 22 22x3 10 47
12/5.0 15 3.3 22x3 20 47
12/5.0 1.8 3.3 22x2 20 47
12/5.0 25 47 22x2 20 4.7
12/5.0 3.3 47 22x 1 20 4.7

12 5.0 6.8 22x 1 20 47

Synchronization

The status of the SYNC pin will be ignored during start-
up and the XR77103-A0R5’s control will only synchronize
to an external signal after the PGOOD signal is asserted.
When synchronization is applied, the sync pulse frequency
must be higher than the PWM oscillator frequency
(525kHz) to allow the external signal trumping the oscillator
pulse reliably. When synchronization is not applied, the
SYNC pin should be connected to signal ground.

Although the device can lock to external clock running up to
2.31MHz, doing this will alter the timing characteristics and
degrade thermal performance.

REV1A
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XR77103-A0R5

Applications Information (Continued)

Out-of-Phase Operation

Channels 1 and 2 operate in phase while channel 3 operates
180 degrees out-of-phase with the other two converters
(see Figure 30). This enables the system, having less
input ripple, to lower component cost, save board space
and reduce EMI.

LX1

LX2

| |

Figure 30. Out-of-Phase Operation

Two Buck Regulators in Parallel Operation

(Current Sharing)

The XR77103-A0OR5 can be used in parallel operation
to increase output current capacity. To enable this,
a user needs:

® To connect VoyTt2 and VoyTs together.
® To connect COMP2 and COMPS3 together.
® Regulate the channels 2 and 3 to the same Voyr.

Then, the channels 2 and 3 will run in parallel and load
current is shared in average.

LX2

LX2 PR
VFB2

comp2

BUCK2 ° Vout

I—i—¢

CoMP3
LX3
LX3
VFB3

BUCK3

Figure 31. Parallel Operation

Power Good

The PGOOD pin is an open drain output. The PGOOD
pin is pulled low when any buck converter is pulled below
85% of the nominal output voltage. The PGOQOD is pulled
up when all three buck converters’ outputs are more than
90% of their nominal output voltage and the PGOOD reset
timer expires. The polarity of the PGOOD is active high. The
PGOOD reset time is 2s.

Thermal Design

Proper thermal design is critical in controlling device
temperatures and in achieving robust designs. There are
a number of factors that affect the thermal performance.
One key factor is the temperature rise of the devices in
the package, which is a function of the thermal resistances
of the devices inside the package and the power
being dissipated.

The thermal resistance of the XR77103-A0R5 (30°C/W)
is specified in the Operating Conditions section of
this datasheet. The 0,45 thermal resistance specification is
based on the XR77103-A0R5 evaluation board operating
without forced airflow. Since the actual board design in the
final application will be different, the thermal resistances in
the final design may be different from those specified.

The package thermal derating and power loss curves are
shown in Figures 20 through 26. These correspond to input
voltages of 12V and 5V.

Layout Guidelines
Proper PCB layout is crucial in order to obtain a good
thermal and electrical performance.

For thermal considerations it is essential to use a number
of thermal vias to connect the central thermal pad to the
ground layer(s).

In order to achieve good electrical and noise performance
following steps are recommended:

m Place the output inductor close to the LX pins
and minimize the area of the connection.
Doing this on the top layer is advisable.

m Central thermal pad shall be connected to the
power ground connections to as many layers
as possible.

m Qutput filtering capacitor shall share the
same power ground connection as the input
filtering capacitor. Connection to the signal
ground plane shall be done with vias placed at
the output filtering capacitors.

m AC current loops formed by input filtering
capacitors, output filtering capacitors, output
inductors, and the regulator pins shall
be minimized.

® GND, AGND, DGND pins shall be connected to
the signal ground plane.

®m Compensation networks shall be placed close to
the pins and referenced to the signal ground.

m Ve bypass capacitor shall be placed close to
the pin.

T
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XR77103-A0R5

Applications Information (Continued)

Typical Applications
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Figure 32. Typical Applications Schematic
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XR77103-A0R5

Package Description

Top View
D (3l
PIN #1 DOT [A] Jimensional Ref.
BY MARKING
‘e REF.| Min. | Nom. | Max
A 10,700 -— 0.900
! A110.000] -- ]0.050
A3 0. 2-.”.-?5 F-’ef.
D | 3.950 | 4.000 ] 4.050
Sleaalc] FE | 3.950 L} 000 | 4.050
D7 | 2.650 2723 2.150
E2 | 2,650 1 2700 | 2.750
b | 0,150 ] 0.200 | 0.250
L | 0.300 | 0.350 'C'.br?"ﬂ
= 0.400 BS
Side View Tol. of Form&Pos ’rmn
If-"'(:-; [ * ﬁ'q aaa U. I:I
o nononnoatt bbb 0.10
ard g cce 010
ddd 0.05
eee 008
fif 0.10
Bottom View D2 [rrr@]c]alr
# PIN #1 IDENTIFICATION
1 CHAMFER 0.300 x 45°
] IIII{_:IILILI
[
LJl <4
—2 - 1. All dimensioins are in millimeters
DJ - + - be 2. Dimensions and tolerance per Jedec M0O-220
- -
7 1 B[ @L[AE
ANDN0NNO( WD
— =—NX
bbb @ [C]A[E]
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XR77103-A0R5

Package Description (Continued)

Recommended Land Pattern

:
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XR77103-A0R5

Order Information

Operating Environmental Packaging .
Part Number Temperature Range Rating Package Quantity LT
XR77103ELB-AORS RoHS compliant 32-pin, 4mm x 4mm Bulk XIE;(7A1R03
40°C =Ty =125°C halogen free ’ TQF’N package YYWWFO1
XR77103ELBTR-AOR5 3K/tape and reel XXXXXXX
XR77103EVB-AOR5 XR77103-A0RS5 evaluation board

NOTE:
YY = Year, WW = Work Week, XXXXXX = Lot Number.
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru
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