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1A/ 0.8A, 6MHz Digitally Programmable Regulator

Features

High Efficiency (>88%) at 6MHz

800mA or 1A Output Current

Regulation Maintained with V\y from 2.3V to 5.5V
6-Bit Vout Programmable from 0.75 to 1.975V

® 6MHz Fixed-Frequency Operation (PWM Mode)

® Excellent Load and Line Transient Response

® Small Size, 470nH Inductor Solution

" +2% DC Voltage Accuracy in PWM Mode

® 25ns Minimum On-Time

® High-Efficiency, Low-Ripple, Light-Load PFM

® Smooth Transition between PWM and PFM

® 40pA Operating PFM Quiescent Current

u IZCT""-CompatibIe Interface up to 3.4Mbps

= Pin-Selectable or I°C™ Programmable Output Voltage
" 9-Bump, 1.27 x 1.29mm, 0.4mm Pitch WLCSP Package

Applications

" 3G, WiFi®, WIMAX™  and WiBro® Data Cards

" Netbooks®, Ultra-Mobile PCs

® SmartReflex™-Compliant Power Supply

Split Supply DSPs and uP Solutions OMAP™  XSCALE™
® Handset Graphic Processors (NVIDIA®, ATI)

All trademarks are the property of their respective owners

Description
The FAN5365 is a high-frequency, ultra-fast transient
response, synchronous step-down, DC-DC converter

optimized for low-power applications using small, low-cost
inductors and capacitors. The FAN5365 supports up to
800mA or 1A load current.

The FAN5365 is ideal for mobile phones and similar portable
applications powered by a single-cell Lithium-lon battery.
With an output voltage range adjustable via [’C™ interface
from 0.75V to 1.975V, it supports low-voltage DSPs and
processors, core power supplies, and memory modules in
smart phones, data cards, and hand-held computers.

The FAN5365 operates at 6MHz (nominal) fixed switching
frequency in PWM mode.

During light-load conditions, the regulator includes a PFM
mode to enhance light-load efficiency. The regulator
transitions smoothly between PWM and PFM modes with no
glitches on Vour. In hardware shutdown, the current
consumption is reduced to less than 200nA.

The serial interface is compatible with fast / standard mode,
fast mode plus, and high-speed mode I’c specifications,
allowing transfers up to 3.4Mbps. This interface is used for
dynamic voltage scaling with 12.5mV voltage steps, for
reprogramming the mode of operation (PFM or forced
PWM), or to disable/enable the output voltage.

The chip's advanced protection features include short-circuit
protection and current and temperature limits. During a
sustained over-current event, the IC shuts down and restarts
after a delay to reduce average power dissipation into a
fault.

During startup, the IC controls the output slew rate to
minimize input current and output overshoot at the end of
soft-start. The IC maintains a consistent soft-start ramp,
regardless of output load during startup.

The FAN5365 is available in a 1.27 x 1.29mm, 9-bump
WLCSP package.
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Ordering Information

) ) Slave Address LSB c(:)utputt Vour Programming PI;“f'er]:'p
Part Number'”’ | Option urren eraults Package
A2 A1 A0 mA Min. Max. VSELO | VSEL1
FAN5365UC00X 00 0 1 0 800 0.7500 1.4375®) 1.05 1.20 |WLCSP-09
FAN5365UC02X 02 1 1 0 800 0.7500 | 1.4375® | 0.95 110 |WLCSP-09
FAN5365UC03X? 03 0 0 0 1000 0.7500 1.5375 1.00 120 |WLCSP-09
FAN5355UC06X? 06 0 0 0 1000 1.1875 1.9750 1.80 1.80 |WLCSP-09
Notes:
1.  The “X” designator on the part number indicates tape and reel packaging.
2. Preliminary; not full production release at this time. Contact a Fairchild representative for information.
3.  Vour is limited to the maximum voltage for all VSEL codes greater than the maximum Vour listed.
Typical Application
EN
>,
VSEL
>,
g SDA MODULATOR
SCL
>
AGND [:l
Figure 1. Typical Application
Table 1. Recommended External Components
Component Description Vendor Parameter Min. | Typ. | Max. | Units
, L 390 | 470 | 600 nH
L (Lourt) 470nH Nominal Murata, TDK, FDK -
DCR (Series R) 80 mQ
Cout® 0603 (1.6x0.8x0.8), 10uF X5R Various c® 22 | 100 | 150 | uF
Cin 0402 (1x0.5x0.25), 4.7uF X5R Taiyo-Yuden 1.6 4.7 uF
Notes:

4. Minimum L incorporates tolerance, temperature, and partial saturation effects (L decreases when increasing current).

5. A capacitor similar to Ciy can be used for Coyt. With 1.4V of bias, a 4.7uF 0402 capacitor minimum value is 2.5uF.
The regulator is stable, but transient response degraded due to large signal effects.

6. Minimum C is a function of initial tolerance, maximum temperature, and the effective capacitance being reduced due to
frequency, dielectric, and voltage bias effects. C\y is biased with a higher voltage which reduces its effective capacitance
by a larger amount.
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Pin Configuration
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Bumps Facing Down

Bumps Facing Up
Figure 2. WLCSP-09, 0.4mm Pitch

Pin Definitions

Jojeinbay ajqewwesboid Ajjenbig zHING ‘V8'0 / VI — S9ESNVA

Pin# | Name Description

A1 VSEL Voltage Select. When HIGH, Vour is set by VSEL1. When LOW, Vour is set by VSELO. This behavior
can be overridden through 1’Cc register settings. This pin should not be left floating.

A2 VIN Input Voltage. Connect to input power source. The connection from this pin to Ciy should be as short as
possible.

A3 SDA |SDA. I°C interface serial data. This pin should not be left floating.

B1 SW Switching Node. Connect to output inductor.

B2 SCL |SCL. I°C interface serial clock. This pin should not be left floating.
Enable. When this pin is HIGH, the circuit is enabled. When LOW, part enters shutdown mode and

B3 EN . L L )
input current is minimized. This pin should not be left floating.
Output Voltage Monitor. Tie this pin to the output voltage at Cour. This is a signal input pin to the

C1 VOUT -
control circuit and does not carry DC current.

c2 PGND Power GND. Power return for gate drive and power transistors. Connect to AGND on PCB. The
connection from this pin to the bottom of Ciy should be as short as possible.

c3 AGND Analog GND. This is the signal ground reference for the IC. All voltage levels are measured with
respect to this pin. AGND should be connected to PGND at a single point.
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be operable
above the recommended operating conditions and stressing the parts to these levels is not recommended. In addition,
extended exposure to stresses above the recommended operating conditions may affect device reliability. The absolute
maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Units
VIN, SW Pins -0.3 6.5
Vee Vour -0.3 25 \Y
Other Pins -0.3 Vin +0.37)
o . Human Body Model, JESD22-A114 3
ESD Electrostatic Discharge Protection - KV
Charged Device Model, JESD22-C101 1
Ty Junction Temperature —-40 +150 °C
Tstc Storage Temperature —65 +150 °C
TL Lead Soldering Temperature, 10 Seconds +260 °C
Note:

7. Lesserof 6.5V or Vgc+0.3V.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended operating
conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not recommend
exceeding them or designing to absolute maximum ratings.

Symbol Parameter Min. Max. Units
ViN Supply Voltage 2.3 55 \%
Vecio | SDA and SCL Voltage Swing® 1.2 2.0 v
Ta Ambient Temperature —40 +85 °C
T, Junction Temperature —40 +125 °C
Note:

8. The I°C interface operates with tip,pat = 0 as long as the pull-up voltage for SDA and SCL is less than 2.5V. If voltage
swings greater than 2.5V are required (for example, if the I1°C bus is pulled up to Viy), the minimum t+p.oat must be
increased to 80ns. Most I°C masters change SDA near the midpoint between the falling and rising edges of SCL, which
provides ample thp.paT.

Dissipation Ratings®®

(10, Power Rating Derating Factor
Package Rosa at To< 25°C >Ta=25°C
Wafer-Level Chip-Scale Package (WLCSP) 110°C/W 900mW ImW/°C

Notes:

9. Maximum power dissipation is a function of T max), 64a, and Ta. The maximum allowable power dissipation at any
allowable ambient temperature is Pp = [Tymax)- Ta]/ Ba.

10. This thermal data is measured with a high-K board (four-layer board, according to the JESD51-7 JEDEC standard).
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Electrical Specifications

Unless otherwise noted, over the recommended operating range for Viy and Ta, EN = VSEL = SCL = SDA = 1.8V, and register
VSELO[6] bit = 1. Typical values are at Viy = 3.6V, Ta = 25°C. Circuit and components according to Figure 1.

Symbol | Parameter Conditions Min. Typ. | Max. |Units
Power Supplies
lo = 0mA, PFM Mode, 2.3V<=V|y<=4.5V 40 55
la Quiescent Current lo = 0mA, PFM Mode, 2.3V<=V|y<=5.5V 40 65 HA
lo = 0mA, 6MHz PWM Mode 6.3 mA
EN = GND 0.1 1.0
Isp Shutdown Supply Current EN = Vjn, EN_DCDC bit = 0, /A N/A pA
SDA = SCL = 1.8V (Software Shutdown)

Vuvio | Under-Voltage Lockout Threshold x:: E:III::% e ;;2 2.25 \\;
Vuvhyst | Under-Voltage Lockout Hysteresis 160 mV
ENABLE, VSEL, SDA, SCL

ViH HIGH-Level Input Voltage 1.05 \%
Vi LOW-Level Input Voltage 0.4 \Y
I Input Bias Current Input Tied to GND or Viy 0.01 1.00 pA
Power Switch and Protection
Robs(onyp ;:;PS?Q:ELMOSFET On Vin = 3.6V 300 mQ
llkep | P-Channel Leakage Current Vps = 5.5V 0.2 1.0 pA
RDS(QN)N g:%ilhsig:fé MOSFET On Vin = 3.6V 200 mQ
liken | N-Channel Leakage Current Vps = 5.5V 0.3 1.0 pA

o |pOSCorons | 2SO o s [ |

Tumr | Thermal Shutdown 150 °C

Tuyst | Thermal Shutdown Hysteresis 20 °C
Frequency Control

fsw Switching Frequencym) PWM Operation 5.4 6.0 6.6 MHz
Output Regulation
::c))g}'g:lyjcli T/;)l,uléorced PWM, Vour = VSEL1 15 15 %
2.3\/_ < VN £ 5.5V, Vout from Minimum to 20 20 %
Vour | Vour Accuracy Maximum, loutpc) = 0 to 1A, Forced PWM
2.3V £ V|y £ 5.5V, Vout from Minimum to
Maximum, loutpc) = 0 to 1A, Auto -2.0 3.5 %
PWM/PFM

AVour L . _ 3

ALopn oad Regulation loutipc) = 0 to 1A, Forced PWM -0.2 Yol A

i:/v% Line Regulation |2:'(;3r\é:d\|/3|§l/vs|\/|5'5v' lour(oc) = 300mA, 0 %IV

VrippLe | Output Ripple Voltage E\Iivl\?l/ll\;/(l)?jie,’lziic) =1.12(;/mA 146 Ex:’

Continued on the following page...
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Electrical Specifications (Continued)

Unless otherwise noted, over the recommended operating range for Viy and Ta, EN = VSEL = SCL = SDA = 1.8V, and register
VSELO[6] bit = 1. Typical values are at Viy = 3.6V, Ta = 25°C. Circuit and components according to Figure 1.

Symbol | Parameter Conditions ‘ Min. ‘ Typ. ‘Max.‘ Units
DAC
Resolution 6 Bits
Differential Nonlinearity Monotonicity Assured by Design 0.8 LSB
Timing
I°Cen  |EN HIGH to I°C Start 250 us
a2
Soft-Start
tss Regulator Enable to Regulated Vour |RLoap > 59, to Vout = Power-up Default ‘ ‘ 140 ‘ 180 ‘ us
Notes:

11. Limited by the effect of torr minimum (see Figure 14 in Typical Performance Characteristics).

Block Diagram

- REF
— DAC

s»__EN n

VSEL
»——1 H I’c SOFT START
INTERFACE
SDA AND LOGIC e MODULATOR
»>——{ EN_REG

> CLK
|

6 Mhz Osc

Figure 3 Block Diagram
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I’C Timing Specifications
Guaranteed by design.

Symbol Parameter Conditions Min. Typ. | Max. Units
Standard Mode 100
Fast Mode 400
fscL SCL Clock Frequency Fast Mode Plus 1000 kHz
High-Speed Mode, Cg < 100pF 3400
High-Speed Mode, Cg < 400pF 1700
Standard Mode 4.7
tour Bus-free Time_ .between STOP and Fast Mode 13 us
START Conditions
Fast Mode Plus 0.5
Standard Mode 4 us
fipsTa START or Repeated START Hold Fast Mode 600 ns
' Time Fast Mode Plus 260 ns
High-Speed Mode 160 ns
Standard Mode 4.7 us
Fast Mode 1.3 us
tLow SCL LOW Period Fast Mode Plus 0.5 us
High-Speed Mode, Cg < 100pF 160.0 ns
High-Speed Mode, Cg < 400pF 320.0 ns
Standard Mode 4 us
Fast Mode 600 ns
tHiGH SCL HIGH Period Fast Mode Plus 260 ns
High-Speed Mode, Cg < 100pF 60 ns
High-Speed Mode, Cg < 400pF 120 ns
Standard Mode 4.7 us
. Fast Mode 600.0 ns
tsusta | Repeated START Setup Time Fast Mode PIus 260.0 s
High-Speed Mode 160.0 ns
Standard Mode 250
) Fast Mode 100
tsupar | Data Setup Time Fast Mode Plus 50 ns
High-Speed Mode 10
Standard Mode 0 3.45 us
Fast Mode 0 900.00 ns
tuppar | Data Hold Time® Fast Mode Plus 0 450.00 ns
High-Speed Mode, Cg < 100pF 0 70.00 ns
High-Speed Mode, Cg < 400pF 0 150.00 ns
Standard Mode 20+0.1Cg 1000
Fast Mode 20+0.1Cg 300
troL SCL Rise Time Fast Mode Plus 20+0.1Cp 120 ns
High-Speed Mode, Cg < 100pF 10 80
High-Speed Mode, Cg < 400pF 20 160

Continued on the following page...
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1Cc Timing Specifications (Continued)
Guaranteed by design.
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Symbol Parameter Conditions Min. Typ. | Max. Units
Standard Mode 20+0.1Cg 300
Fast Mode 20+0.1Cp 300
troL SCL Fall Time Fast Mode Plus 20+0.1Cg 120 ns
High-Speed Mode, Cg < 100pF 10 40
High-Speed Mode, Cg < 400pF 20 80
thoy, | Rise Time of SCL after a Repeated H?gh-Speed Mode, Cg < 100pF 10 80 ns
START Condition and after ACK Bit | High-Speed Mode, Cg < 400pF 20 160
Standard Mode 20+0.1Cg 1000
Fast Mode 20+0.1Cp 300
trDA SDA Rise Time Fast Mode Plus 20+0.1Cp 120 ns
High-Speed Mode, Cg < 100pF 10 80
High-Speed Mode, Cg < 400pF 20 160
Standard Mode 20+0.1Cp 300
Fast Mode 20+0.1Cg 300
trDA SDA Fall Time Fast Mode Plus 20+0.1Cp 120 ns
High-Speed Mode, Cg < 100pF 10 80
High-Speed Mode, Cg < 400pF 20 160
Standard Mode 4 us
i . Fast Mode 600 ns
tsusto | Stop Condition Setup Time Fast Mode Plus 120 s
High-Speed Mode 160 ns
Cs Capacitive Load for SDA and SCL 400 pF
© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Timing Diagrams
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Figure 4. I°C Interface Timing for Fast Plus, Fast, and Slow Modes
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REPEATED 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 5. I°C Interface Timing for High-Speed Mode
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, V\y = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta = 25°C; circuit and components
according to Figure 1.

100% 100%
90% 90% —
%
\\; | y §‘\
80% = L 80% [ -
— N N
§ L / ? ,”/ /
O 5o 1] O 709 11
3 7% T 3 0% —T
E / 2.3V Auto PFM/PWM E / 2.3V Auto PFM/PWM
60% 2.7V Auto PFM/PWM [H 60% 2.7V Auto PFM/PWM ||
3.6V Auto PFM/PWM 3.6V Auto PFM/PWM
4.2V Auto PFM/PWM 4.2V Auto PFM/PWM
50% 5.5V Auto PFM/PWM [T 50% 5.5V Auto PFM/PWM H
3.6V Forced PWM 3.6V Forced PWM
0% [T T [ TTIT ol L [T
1 10 100 1000 1 10 100 1000
Output Current (mA) Output Current (mA)
Figure 6. Efficiency vs. Load and Input Supply Figure 7. Efficiency vs. Load and Input Supply
at Vour =1.1V at Vour =1.2V
100% 100%
90% 90% ——
I B e N N __,/ \\\\
80% === — < 80% [——==——T=" L
70% et 70% — —— - Auto PFM/PWM
> 60% —— - Auto PFM/PWM > 60% — —Forced PWM
C JR—
S s0% Forced PWM 5 50%
() o
= = 40% L
I 40% o =
° V3oy B 30% xIN 3'?\4/1375v
% — =+ o =1. Lt
0% TH Vi =0.75V our
20% 20%
10% 1 10%
0 0%
7% 10 100 1000 K 0 100 1000
Output Current (mA) Output Current (mA)
Figure 8. Efficiency, Auto PWM/PFM vs. Forced PWM Figure 9. Efficiency, Auto PWM/PFM vs. Forced PWM
at Vour = 0.75V at Vour = 1.4375V
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, V\y = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta = 25°C; circuit and components

according to Figure 1.

1.112 1.212
1.110 1.210
1.108 1.208
_\ \
1.106 1.206
—— Auto PFM/PWM \ —— Auto PFM/PWM
1.104 1.204
S —— Forced PWM S —— Forced PWM
E1.102 £1.202
=] =]
>1.100 >1.200
1.098 1.198
1.096 N 1.196 ™
1.094 1.194
1.092 1.192
1 0 100 1000 1 0 100 1000
Output Current(mA) Output Current(mA)
Figure 10. Load Regulation, Auto PFM / PWM and Figure 11. Load Regulation, Auto PFM / PWM and
Forced PWM at Voyr = 1.1V Forced PWM at Voyr = 1.2V
0.760 1.450 ‘ ‘ ‘
1.448
0.758 —— Auto PFM/PWM
—— Auto PFM/PWM 1.446
——Forced PWM ——Forced PWM
0.756 1.444
1.442
50.754 s
= S1.440
o _ o
20752 — > 1438
0.750 ™ 1.436
I
1.434
0.748 N
1.432 N
0.746 1.430
1 0 100 1000 1 0 100 1000
Output Current(mA) Output Current(mA)
Figure 12. Load Regulation, Auto PFM / PWM and Figure 13. Load Regulation, Auto PFM / PWM and
Forced PWM at Voyr = 0.75V Forced PWM at Voyr = 1.4375V
7.0
6.0 L \ —
N
T 5.0 I~ }
= N
> \ ™
8 4.0 \ S
g Ne
o 3.0
9] —V,=1.4375V
L
—\/=1.36V
2.0 A °
Vo=1.3V
Vo=1.2V
1.0 A <
0 200 400 600 800 1000 1200
IouT (mA)

Figure 14. Effect of torrmin) on Reducing the PWM
Switching Frequency, ViNn=2.3V
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, V\y = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta = 25°C; circuit and components

according to Figure 1.

60

—-40°C

—25°C
% —ss5C
3 ]
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= |__—
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5 B — |
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23 27 31 35 39 43 47 5.1 55
Vin (V)

Figure 15. Quiescent Current in PFM Mode vs. Input
Voltage and Temperature
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Figure 16. Quiescent Current in PWM Mode vs. Input
Voltage and Temperature
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Figure 17. Shutdown Current (EN = 0) vs. Input Voltage
and Temperature

Figure 18. Viy Ripple Rejection (PSRR) in Forced PWM
at 200mA
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, V\y = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta

according to Figure 1.

25°C; circuit and components
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Figure 19. Combined Line/Load Transient 3.0 to 3.6V\n
Combined with 500 to 50mA Load Transient

Figure 20. Combined Line/Load Transient 3.6 to 3.0V\y
Combined with 50 to 500mA Load Transient
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Figure 21. Combined Line/Load Transient 3.0 to 3.6V\n
Combined with 800 to 200mA Load Transient

Figure 22. Combined Line/Load Transient 3.6 to 3.0V\y
Combined with 200 to 800mA Load Transient
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, Vi = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta = 25°C; circuit and components
according to Figure 1.

Prevu : it = i Prevu ; it
] [ 1 I
|
IL S500mA/DIV i ” IL 500mADIV | aons
/ Ch2 High 14375V //‘/ N2 HIgh- T 34373V
" —
// /f
A /"
_|Vout  [200mV/DIV ¥ Ch2 Low:0.75V Vout  |200mV/DIV,” | Ch2 Low:0.75V!
Vsel [2V/IDIV ! Vsel 2VIDIV G
[yusak [ywsat
| Time:|2us/DIV ) L Time: 2us/DIV ) |
WE TR B ) e (s, ] (@7 ™) WEEET SERem S e Y sosns ) (ot tie ) [ 7

Figure 23. VSEL Transition, Single Step (DefSlew = 7), Figure 24. VSEL Transition, Single Step (DefSlew = 7),

Rioap = 24Q Rioap = 4Q
Prevu i s = 1 Prevu I} i =
o 5] | | oy 5] 1 ]
| ]:'0 4.52ms 142V |j:j0 4.52ms 142V
Iﬂ 18 0us Ta0my @ B.00us T4omv
A4.50ms AGRImMY A4.51Tms AGE4MY
I S I
e [soomamrv | | &l i |soomalpiv |
i {Z'T-IT .
1 CHj g T 4375V 1 ChZ|High:1.4375V
i ) i
-
| o
e ..-""-/
,'_J’-F' _'/
_|Vout | 2p8MVIDIV Ch2 Low:0.75V Vout | 200mV/DIV Ch2 LoW:0.75V
Vsel | 2V/DIV 1 |vsel |2wviDIV i
1 aVsal T B e e L i e o Rl e T Y [cl e
Time:| 1ms/DIV Time:| 1ms/DI
@ zen? S §F Jotay & £2 Ili‘l'?f'r;nxnoms ||:&ﬂ‘£'—;|‘“_|_|_n e WP ifov > @B somv » S ).llll.osmnwn ”:nioansl\:\:! H’_‘T' sl
Figure 25. VSEL Transition, DefSlew = 0, R oap = 24Q Figure 26. VSEL Transition, DefSlew = 0, R oap = 4Q
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, Vi = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta = 25°C; circuit and components

according to Figure 1.

Prevu it
]
i
1L 200mA{DIV
> High:1|4375V i Ch2 High:1.437%
\\“""\-,_____‘“ -
—
vout _|z00mv/piv [~ | Ch2 Lgw0.75V |Vout _|200mvipiv [Tl cH2Low0,75v
Vsel |2V/DIV Y vsel | 2viDIV 4
Drysel Dvsel
Time:| 20us/D|V Time: 4u5fDI
(@D Zoov_ % @ foomv - S S00ua &7 Zh.0pn e | e || AT (@ zeov_~ @ zo0mv & ® zooma o) (4 A ] zemen | LV
Figure 27. VSEL Transition, VSEL 1 to 0, R oap = 24Q Figure 28. VSEL Transition, VSEL 1 to 0, R oap = 4Q
Prevu f 1 = | Stop =
I I
Ch2|High: 1.2V \\ ICh2 ng’pn.zv
“'\_‘_:
LY — S ——e e
% 1
| -““-"‘_“--—h.
o |
hout  [200mV/DIV \‘“--“______1 Ch2 Low:0V phvout |200mV/pIv |
EN 1V/DIV EN  |1viDIV
[[1 313 VR (17317 VI i —— .
Time: 200us/DIV Time:10s/DIV
€ ooV % @ zo0mv | [5.00m575 N toov| (@B Teav & @ 2o0mv & | @ Tev
[ .00V % Z00my_ % ] :mvm ToRE fo?"sl::u__T\ nmv. I .00V % 200my 1[10 | :::mlm; || \ mnv]

Figure 29. Shutdown, Output Discharge On

Figure 30. Shutdown, Output Discharge Off
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Typical Characteristics

Unless otherwise specified, Auto PWM/PFM, Vi = 3.6V, SCL = SCA = VSEL = EN = 1.8V, Ta = 25°C; circuit and components
according to Figure 1.

Stop k i = 1 Prevu
- T ;
/ fi A
|Vout  |S00mVIDIV |11 o bicdinodib i [vout  soomvipy rl\ r el -’
1 | | |
IL 500mA/DIV | v
-5 AAAALAULLLLAY! | AL AL AL AL LA LLLL RS
5w
1 |sSW 2VIDIV
Time: 100us/OIV | Time:| 100us/DIV X |
Soamy__& € =oom. li‘la-‘""z‘nruoom H:s:rmm“ @ | sromv ) 200v % @ s0omv % € F00mA @ |||'.u-u-"u‘urwn : ||mrs.;smsjl & . s7omv
Figure 31. Metallic Short Applied at Vour Figure 32. Over-Current Fault Response, R oap = 500mQ
Prevu E TS ' i . Stop
't 4
EN 1VIDIV = EN 1VIDIV //
/ 7l
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Figure 33. Soft Start, No Load Figure 34. Soft Start, RL.oap = 1.5Q
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Circuit Description

The FAN5365 is a synchronous buck regulator that typically Table 2. Vg vs. Vour
operates at 6MHz with moderate to heavy load currents. At

X ) . VSEL Value VOUuT

light load currents, the converter operates in power-saving Dec (NVSEL) [ Binary[Hex| 00, 02 03 06
PFM mode. The regulator automatically transitions between 0 000000] 00 | 0.7500 | 0.7500 | 1.1875
fixed-frequency PWM mode and variable-frequency PFM ; gggg% 8; 8-;%3 g-;ggg ]'3?32
mode to maintain the highest possible efficiency over the full 3 000011 05 T 07875 107875 | 12250
range of load current. 2 000100 04 | 0.8000 | 0.8000 | 1.2375
. 5 000101] 05 | 0.8125 | 0.8125 | 1.2500
The FAN5365 uses a very fast, non-linear control 5 0001101 06 T 08250 | 08250 | 72625
architecture to achieve excellent transient response with 7 000111] 07 | 0.8375 | 0.8375 | 1.2750
minimum-sized external components. 8 001000| 08 | 0.8500 | 0.8500 | 1.2875
9 001001] 09 | 0.8625 | 0.8625 | 1.3000
The FAN5365 integrates an I1°C-compatible interface, 10 001010] 0A | 0.8750 [ 0.8750 | 1.3125
allowing transfers up to 3.4Mbps. This communication i 001011| OB | 0.8875 | 0.8875 | 1.3250
inters n be used to: 12 001100 OC | 0.9000 | 0.9000 | 1.3375
interface ca : 13 001101] 0D | 0.9125 | 0.9125 | 1.3500
*  Dynamically re-program the output voltage in 12.5mV 1; 88111? gE 8:25‘;32 g:gg?g 1:2322
increments 16 010000] 10 | 0.9500 | 0.9500 | 1.3875
. ) 17 010001] 11 | 0.9625 | 0.9625 | 1.4000
= Reprogram the mode of operation to enable or disable 18 010010| 12 | 0.9750 | 0.9750 | 1.4125
PFM mode 19 010011 13 | 0.9875 | 0.9875 | 1.4250
20 010100] 14 | 1.0000 | 1.0000 | 1.4375
=  Control voltage transition slew rate 21 010101] 15 | 1.0125 | 1.0125 | 1.4500
22 010110] 16 | 1.0250 | 1.0250 | 1.4625
= Enable / disable the regulator. 23 010111] 17 | 1.0375 | 1.0375 | 1.4750
] ) ) 24 011000] 18 | 1.0500 | 1.0500 | 1.4875
For more details, refer to the I1°C Interface and Register 25 011001] 19 | 1.0625 | 1.0625 | 1.5000
Description sections. 26 011010] 1A | 1.0750 1.0750 1.5125
27 011011] 1B | 1.0875 | 1.0875 | 1.5250
28 011100 1C | 1.1000 | 1.1000 | 1.5375
Output Voltage Programming 29 011101] 1D | 1.1125 | 1.1125 | 1.5500
) . . . 30 011110] 1E | 1.1250 | 1.1250 | 1.5625
Vour is programmed according to the following equations: 31 011111 1E | 11375 | 1.1375 | 1.5750
32 100000] 20 | 1.1500 | 1.1500 | 1.5875
Optionm) Vout Equation 33 100001| 21 | 1.1625 | 1.1625 | 1.6000
34 100010 22 | 1.1750 | 1.1750 | 1.6125
00, 02, 03 Vour =0.75+Nygg ©12.5mV (1) 35 100011] 23 | 1.1875 | 1.1875 | 1.6250
36 100100] 24 | 1.2000 | 1.2000 | 1.6375
06 Vour =1.1875+ Ny g, ©12.5mV (2) 37 100101] 25 | 1.2125 | 1.2125 | 1.6500
38 100110 26 | 1.2250 | 1.2250 | 1.6625
Note: 39 100111] 27 | 1.2375 | 1.2375 | 1.6750
. : : 40 101000| 28 | 1.2500 | 1.2500 | 1.6875
12. For option 00 and 02, the maximum voltage is 1.4375V. yo 10100125 | eI =R RN O60
42 101010] 2A | 1.2750 | 1.2750 | 1.7125
43 101011 2B | 1.2875 | 1.2875 | 1.7250
44 101100] 2C | 1.3000 | 1.3000 | 1.7375
45 101101] 2D | 1.3125 | 1.3125 | 1.7500
46 101110 2E | 1.3250 | 1.3250 | 1.7625
47 101111 2F | 1.3375 | 1.3375 | 1.7750
48 110000] 30 | 1.3500 | 1.3500 | 1.7875
49 110001] 31 | 1.3625 | 1.3625 | 1.8000
50 110010 32 | 1.3750 | 1.3750 | 1.8125
51 110011] 33 | 1.3875 | 1.3875 | 1.8250
52 110100 34 | 1.4000 | 1.4000 | 1.8375
53 110101] 35 | 1.4125 | 1.4125 | 1.8500
54 110110] 36 | 1.4250 | 1.4250 | 1.8625
55 110111] 37 | 1.4375 | 14375 | 1.8750
56 111000 38 | 1.4375 | 1.4500 | 1.8875
57 111001 39 | 1.4375 | 1.4625 | 1.9000
58 111010] 3A | 1.4375 | 1.4750 | 1.9125
59 111011] 3B | 1.4375 | 1.4875 | 1.9250
60 111100] 3C | 1.4375 | 1.5000 | 1.9375
61 111101] 3D | 1.4375 | 15125 | 1.9500
62 111110| 3E | 1.4375 | 15250 | 1.9625
63 111111] 3F | 1.4375 | 1.5375 | 1.9750
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Power-Up, EN, and Soft-Start

All internal circuits remain de-biased and the IC is in a very
low quiescent current state until the following are true:

= V) is above its rising UVLO threshold, and
= ENis HIGH.

At that point, the IC begins a soft-start cycle, its 1°C interface is
enabled, and its registers are loaded with their default values.

During the initial soft-start, Vour ramps linearly to the
setpoint programmed in the VSEL register selected by the
VSEL pin. The soft-start features a fixed output voltage slew
rate of 20V/ms and achieves regulation approximately 90us
after EN rises. PFM mode is enabled during soft-start until
the output is in regulation, regardless of the MODE bit
settings. This allows the regulator to start into a partially
charged output without discharging it; in other words, the
regulator does not allow current to flow from the load back to
the battery.

As soon as the output has reached its setpoint, the control
forces PWM mode for about 85us to allow all internal control
circuits to calibrate.

Table 3. Soft-Start Timing

Symbol Description Value (ps)
t Time from EN to start of soft- 100
SSDLY | start ramp
trec Vout ramp start to regulation | (VSEL-0.1) X 53
PWROK (CONTROLZ2[5])
trok g 11
rising from trec
t Regulator stays in PWM 10
CAL I mode during this time
EN _ |
teco
VSEL-wmn
Vour % tsmu ] <—tCM(FPWM)—>§
0 -t W
PWROK
Figure 35. Soft-Start Timing
Table 4. EN_DCDC Behavior
EN_DCDC Bit | EN Pin I’c REGULATOR
0 0 OFF OFF
1 1 ON ON
1 0 OFF OFF
0 1 ON OFF

Software Enable

The EN_DCDC bit, VSELX[7], can be used to enable the
regulator in conjunction with the EN pin. Setting EN_DCDC with
EN HIGH begins the soft-start sequence described above.

Light-Load (PFM) Operation

The FAN5365 provides a low ripple, single-pulse, PFM mode
that ensures:

® Smooth transitions between PFM and PWM modes
® Single-pulse operation for low ripple
® Predictable PFM entry and exit currents.

PFM begins after the inductor current has become
discontinuous, crossing zero during the PWM cycle for 32
consecutive cycles. PFM exit occurs when discontinuous
current mode (DCM) operation cannot supply sufficient
current to maintain regulation. During PFM mode, the
inductor current ripple is about 40% higher than in PWM
mode. The load current required to exit PFM mode is
thereby about 20% higher than the load current required to
enter PFM mode, providing sufficient hysteresis to prevent
“mode chatter.”

While PWM ripple voltage is typically less than 4mVp.p, PFM
ripple voltage can be up to 30mVp.p during very light load. To
prevent significant undershoot when a load transient occurs,
the initial DC setpoint for the regulator in PFM mode is set
10mV higher than in PWM mode. This offset decays to about
5mV after the regulator has been in PFM mode for ~100us.
The maximum instantaneous voltage in PFM is 30mV above
the setpoint.

PFM mode can be disabled by writing to the mode control
bits: CONTROL1[3:0] (see Table 5)

Output Voltage Transitions
The IC regulates Vour to one of two setpoint voltages, as
determined by the VSEL pin and the HW_nSW bit.

Table 5. Vour Setpoint and Mode Control
MODE_CTRL, CONTROLA1[3:2] = 00

VSEL Pin | HW_nSW Bit | Voyr Setpoint PFM
0 1 VSELO Allowed
1 1 VSEL1 Per MODE1
X 0 VSEL1 Per MODE1

If HW_nSW = 0, Vour transitions are initiated through the
following sequence:

1. Write the new setpoint in VSEL1.
2. Write desired transition rate in DEFSLEW,
CONTROL2[2:0], and set the GO bit in CONTROL2[7].

If HW_nSW = 1, Vour transitions are initiated either by
changing the state of the VSEL pin or by writing to the VSEL
register selected by the VSEL pin.

© 2008 Fairchild Semiconductor Corporation
FAN5365 ¢ Rev. 1.0.6

www.fairchildsemi.com

Joje|nbay ajqewwesboid Ajjlenbia zHING ‘V8'0 / VI — S9ESNVA



Positive Transitions

When transitioning to a higher Vour, the regulator can
perform the transition using multi-step or single-step mode.

Multi-Step Mode:

The internal DAC is stepped at a rate defined by DEFSLEW,
CONTROL2[2:0], ranging from 000 to 110. This mode
minimizes the current required to charge Cout and thereby
minimizes the current drain from the battery when
transitioning. The PWROK bit, CONTROLZ2[5], remains LOW
until about 1.5us after the DAC completes its ramp.

Figure 36. Multi-Step Vour Transition

Single-Step Mode:

Used if DEFSLEW, CONTROL2[2:0] = 111. The internal
DAC is immediately set to the higher voltage and the
regulator performs the transition as quickly as its current limit
circuit allows, while avoiding excessive overshoot.

Figure 37 shows single-step transition timing. ty.+) is the
time it takes the regulator to settle to within 2% of the new
setpoint, typically 7us for a full-range transition. The PWROK
bit, CONTROLZ2[5], goes LOW until the transition is complete
and Vour settled. This typically occurs ~2us after ty(.h).

It is good practice to reduce the load current before making
positive VseL transitions. This reduces the time required to
make positive load transitions and avoids current-limit-
induced overshoot.

VHiGH -

VOUT

VseL

-t

POK(L-H) ™™

PWROK

Figure 37. Single-Step Voyr Transition

All positive Vour transitions inhibit PFM until the transition is
complete, which occurs at the end of trok(-H).

Negative Transitions

When moving from VsgL = 1 to VsgL = 0, the regulator enters
PFM mode, regardless of the condition of the MODE bits,
and remains in PFM until the transition is complete. Reverse
current through the inductor is blocked, and the PFM
minimum frequency control inhibited, until the new setpoint is
reached; at which time, the regulator resumes control using
the mode established by MODE_CTRL. The transition time
from Vwuign to Viow is controlled by load current and output
capacitance as:

VHIGH — VLOW

tV(H—L) =Cour °—| (3)
LOAD
"""" VHiGH
Vout
Viow ©
HtV(L-H)—>
VseL
k™
PWROK ‘ ‘

Figure 38. Negative Vouyr Transition

Protection Features

Current Limit / Auto-Restart

The regulator includes cycle-by-cycle current limiting, which
prevents the instantaneous inductor current from exceeding
the “PMOS Current Limit” threshold.

The IC enters “fault” mode after sustained over-current. If
current limit is asserted for more than 32 consecutive cycles
(about 20ps), the IC returns to shutdown state and remains
in that condition for ~80us. After that time, the regulator
attempts to restart with a normal soft-start cycle. If the fault
has not cleared, it shuts down ~20us later.

If the fault is a short circuit, the initial current limit is ~30% of
the normal current limit, which produces a very small drain
on the system power source.

Thermal Protection

When the junction temperature of the IC exceeds 150°C, the
device turns off all output MOSFETs and remains in a low
quiescent current state until the die cools to 130°C before
starting a normal soft-start cycle.
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Under-Voltage Lockout (UVLO)

The IC turns off all MOSFETs and remains in a low
quiescent current state until Vv rises above the UVLO
threshold.

I2C Interface

The FAN5365’s serial interface is comgatible with standard,
fast, fast plus, and high-speed mode I1°C bus specifications.
The FAN5365’s SCL line is an input and its SDA line is a bi-
directional open-drain output; it can only pull down the bus
when active. The SDA line only pulls LOW during data reads
and when signaling ACK. All data is shifted in MSB (bit 7) first.

Slave Address

In Table 6, A1 and AO are according to the Ordering
Information table on page 2.

Table 6. I°C Slave Address

7 6 5 4 3 2 1 0

1 0 0 1 A2 A1 A0 R/W

In Hex notation, the slave address assumes a 0 LSB. For
example, the hex slave address of option 00 is 94H.

Register Addressing
FANS5365 has four user-accessible registers:

Table 7. I°C Register Address

Address
7|6 |5|4|3|2|1]|0
VSELO 0 0 0 0 0 0 0 0
VSELA1 0 0 0 0 0 0 0 1
CONTROLA1 0 0 0 0 0 0 1 0
CONTROL2 0 0 0 0 0 0 1 1
Bus Timing

As shown in Figure 39, 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 ample time for the data to set up before the
next SCL rising edge.

A Datachange allowed

SDA

SCL sy -
R \

Figure 39. Data Transfer Timing

Each bus transaction begins and ends with SDA and SCL
HIGH. A transaction begins with a “START” condition, which
is defined as SDA transitioning from 1 to 0 with SCL HIGH,
as shown in Figure 40.

\i t Slave Address
SDA | HD;STA / MS Blt X
SCL / \

Figure 40. Start Bit

A transaction ends with a “STOP” condition, which is defined
as SDA transitioning from 0 to 1 with SCL HIGH, shown in
Figure 41.

SDA X
s \

Figure 41. Stop Bit

Slave Releases ; Master Drives

to,

HD;STO i
ACK(0) or
NACK(1)

During a read from the FANS365 (Figure 44), the master
issues a “Repeated Start” command 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 42.

Slave Releases tsustal  tipsta

i i SLADDR
MS Bit
set \—/— \ = W

Figure 42. Repeated Start Timing

ACK(0) or
SDA NACK(1)
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High-Speed (HS) Mode Read and Write Transactions

The protocols for High-Speed (HS), Low-Speed (LS), and The following figures outline the sequences for data read
Fast-Speed (FS) modes are identical, except the bus speed and write. Bus control is signified by the shading of the
for HS mode is 3.4MHz. HS mode is entered when the bus
master sends the HS master code 00001XXX after a start
condition. The master code is sent in Fast or Fast Plus mode

(less than 1MHz clock) and slaves do not acknowledge  Taple 8. I°C Bit Definitions for Figure 43 and Figure 44

packet defined as ‘ Master Drives Bus ‘ and ‘ Slave Drives Bus ‘

All addresses and data are MSB first.

(ACK) this transmission. —
™ o th od st it Symbol Definition
e master then generates a repeated start condition -
(Figure 42) that causes all slaves on the bus to switch to HS 5 START, Figure 40',
mode. The master then sends I°C packets, as described A ACK. The slave drives SDA to 0 to acknowledge
above, using the HS mode clock rate and timing. the preceding packet.
L ) - ) —- NACK. The slave sends a 1 to NACK the
The bus remains in HS mode until a stop bit (Figure 41) is A preceding packet
sent by the master. While in HS mode, packets are R R tod STAR'I; = )
separated by repeated start conditions. epeate , See Figure 4z.
P STOP, see Figure 41.
a——7 bits —» 0 <«——8 bits——» 0 «——8 bits—» 0
\ S | Slave Address | 0 | A Reg Addr A Data A \ P \

Figure 43. Write Transaction

a——7 bits—»| 0 -«——8bits—» 0 -«——7 bits—»| 0 «——8 bits——» 1

\s Slave Address | 0 | A Reg Addr A |R| Slave Address | 1 | A Data K\ P‘

Figure 44. Read Transaction

Register Descriptions

both the default values and the bit’s type (as defined in Table
Default Values 10) for each available option.

Each option of the FAN5365 (see Table 9) has different
default values for the some of the register bits. Table 9 defines

Table 9. Default Values and Bit Types for Vggp and CONTROL Registers

VSELO VSEL1

Option 7|16 |5]|4(3|2|1]|0]| Vour Option 7|6 |5[4|3 (2|10 Vour
00 1 110 |1 110]0]0 1.05 00 1 11001 ]0]O0 1.20
02 1 110|100 |0]|O 0.95 02 1 0| 1 1 1100 1.10
03 1 110|101 |0]|O0 1.00 03 1 1100 1]0]O0 1.20
06 1 1 1 110]0]0 |1 1.80 06 1 1 110]0]0 |1 1.80

CONTROL1 CONTROL2

Option 7 6 5 4 3 2 1 0 Option 7 6 5 4 3 2 1 0
00, 02 0 1 0 0 0 0 00, 02 0 1 0 0 1 1 1
03, 06 0 1 0 0 0 0 03, 06 0 0 0 0 1 1 1

Table 10. Bit Type Definitions for Table 9
# | Active Bit Changing this bit changes the behavior of the converter, as described below.

# | Disabled Converter logic ignores changes made to this bit. Bit can be written and read-back.

Read-Only Writing to this bit through I°C does not change the read-back value, nor does it change converter behavior.
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Bit Definitions

Table 11 defines the operation of each register bit.
Superscript characters define the default state for each
option. Superscripts

options 00, 02, 03, and 06, respectively. A

default for all options.

signifies the

signify the default values for

Table 11. Bit Definitions

Bit Name Value Description
VSELO Register Address: 00
0 Device in shutdown regardless of the state of the EN pin. This bit is mirrored in VSEL1. A write
7 EN_DCDC to bit 7 in either register establishes the EN_DCDC value.
1A Device enabled when EN pin is HIGH, disabled when EN is LOW.
6 | Reserved 1A
5:0| DACI5:0] Table 9" |6-bit DAC value to set Vour.
VSEL1 Register Address: 01
0 Device in shutdown regardless of the state of the EN pin. This bit is mirrored in VSEL1. A write
7 EN_DCDC to bit 7 in either register establishes the EN_DCDC value.
1A Device enabled when EN pin is HIGH, disabled when EN is LOW.
6 | Reserved 1A
5:0| DACI5:0] Table 9" |6-bit DAC value to set Vour.
CONTROL1 Register Address: 02
76| Reserved 10" Vendor ID pits. Writing to these bits ha_s n20 effect on regulator operation. These bits can be
used to distinguish between vendors via I“C.
5 | Reserved 1A
0 Vour is cqntrolled by VSEL1. Voltage transitions occur by writing to the VSEL1, then setting
4 HW_nSW the G.O bit. . .
4A Vour is progr_ammed by the VSEL pin. Vout = VSEL1 when VSEL is HIGH and Vour = VSELO
when VSEL is LOW.
00" | Operation follows MODEO, MODE1.
3:2| MODE_GTRL 01 PFM w.ith automatic transitions to PWM, regardless of VSEL.
10 PFM disabled (forced PWM), regardless of VSEL.
11 PFM with automatic transitions to PWM, regardless of VSEL.
1 MODE1 0* PFM disabled (forced PWM) when regulator output is controlled by VSEL1.
1 PFM with automatic transitions to PWM when regulator output is controlled by VSEL1.
0 MODEO o* PFM with automatic transitions to PWM when VSEL is LOW. Changing this bit has no effect on
1 the operation of the regulator.
CONTROL2 Register Address: 03
7 GO 0* This bit has no effect when HW_nSW = 1. At the end of a Vour transition, this bit is reset to 0.
1 Starts a Vour transition if HW_nSW = 0.
6 OUTPUT _ 038 When the regulator is disabled, Vour is not discharged.
DISCHARGE R When the regulator is disabled, Vour discharges through an internal pull-down.
5 PWROK 0 Vour is not in regulation or is in current limit.
(read only) 1 Vour is in regulation.
4:3| Reserved 00"
000 Vour slews at 0.15mV/us during positive Vour transitions.
001 Vour slews at 0.30mV/us during positive Vour transitions.
010 Vour slews at 0.60mV/us during positive Vour transitions.
20| DEFSLEW 011 Vour slews at 1.20mV/us during positive Vourt transitions.
100 Vour slews at 2.40mV/us during positive Vourt transitions.
101 Vour slews at 4.80mV/us during positive Vour transitions.
110 Vour slews at 9.60mV/us during positive Vourt transitions.
1114 Positive Vour transitions use single-step mode (see Figure 37).
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Layout Recommendations

FAN5365 switches at a relatively high frequency of 6MHz;
thus the recommended layout should be followed carefully as
additional parasitic effects caused by moving components
further away or routing through internal layers can cause
issues. In addition, possible detrimental effects to regulator
performance EMI issues can be generated by introducing
unintentional coupling paths in the layout.

To minimize VIN and SW spikes and thereby reduce voltage
stress on the IC power switches; it is critical to minimize the
loop length for the VIN bypass capacitor. Ciy must be placed

SW

2.0 X 1.2 (0805)
INDUCTOR

Figure 45. Simplified Layout Drawing

next to the IC with routing on the top layer, as shown in Figure
45 and Figure 46.

Switching current paths through Cin and Cour should be
returned directly to the GND bumps of the IC on the top layer
of the printed circuit board (PCB).

The SW node should be treated as a noisy signal and
separated by the ground plane or “keepout region” from any
sensitive signals in the system. Routing sensitive high-
impedance voltage reference signals should be avoided on
the layer directly beneath the SW node.

Figure 46. Fairchild Reference Board Layout
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Physical Dimensions
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NOTES:

A. NO JEDEC REGISTRATION APPLIES.
B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS AND TOLERANCE
PER ASMEY14.5M, 1994.

DATUM C IS DEFINED BY THE SPHERICAL
CROWNS OF THE BALLS.

PACKAGE NOMINAL HEIGHT IS 586 MICRONS
+39 MICRONS (547-625 MICRONS).

FOR DIMENSIONS D, E, X, AND Y SEE
PRODUCT DATASHEET.

G. DRAWING FILNAME: MKT-UC009ABrev2

Figure 47. 9-Ball WLCSP, 3X3 Array, 0.4mm Pitch, 250um Ball

Product-Specific Dimensions

Product D E

X Y

FAN5365UC 1.290 +/-0.030 1.270 +/-0.030

0.250 0.250

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner without
notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or obtain the most
recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions, specifically the warranty

therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:

http://www.fairchildsemi.com/packaging/.
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FAIRCHILD
s e
SEMICONDUCTOR®

TRADEMARKS

The following includes registered and unregistered tradermarks and servce marks, maned by Fairchild Semiconductor andfor its global subsidiaries, and is not
intended to be an exhaustve list of all such trademarks.

2Cool™ Flashiriter® Sync-Lock™
™ ™ ® SYSTEM
AccuPower FPS oz GENERAL®
Auto-SPM™ F-PFS POP SPM™ 2
i i FRFET® The Power Franchise
A CA@F’ i Power-SP ™ the
BitSiC Global F'DWE:’ Resource PowerTrench wer'
Build it Maw™ Green FPS ) PowerxS™ franchisa
CorePLLUS™ Green FRS™ e-Series™ Programmahle &ctive Droop™ TinyBoost™
CorePOWWERT Gz CFET® TiryBuck™
CROSSYOLT™ GTCm™ Qs™ Tiny Calc™
CTL™ Intellip AxT Cuiet Series™ TinyLogic®
Current Transfer Logic™ ISOPLANAR™ RanidConfigura™ TINYORTO™
DELUxPEED® Making Small Speakers Sound Louder f:)TM Tiry Powwer™
Dual Cogl™ and Better™ ; : Tiny Py
EcoSPARK® MegaBuck™ Saving ourwarld, TmWAAIKWY at @ time™ Tiryirem
Efficienth axm™ MICROCOUPLER™ Signalvisem™ TranSic®
ESBCT™ MicroFET™ Srarthd ax TriFault Detect™
_F® MicroPak SMART SEART™ TRUECURRENT®
5 MicroPakam Sulutéonsfor\r’uur Success™ uSerDes™
Fairchild MillerDrive™ e 77z
Fairchild Serriconductar® T STEALTH™
: ; Motionkd ax .
FACT Cluiet Series™ Mation-SeEM ™ SuperFET® =
FACT® i i SupersOTT™ 3 LlbfL
T® " Ultra FRFET™
FAS CotoHT™ Super3OT™-f i
FastvCare™ H SupersCT™.g UniFETT
OPTOLOGIC? 2 T
FETEench™ Suprei OF ;
OPTOPLANAR® ; ‘izl Zxm™
SyncFETT ™M

* Tradermnarks of Systermn General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICCNDUCTOR RESERVES THE RIGHT TO MAKE CHANGES W THOUT FURTHER NCOTICE TO ANY PRODUCTS HEREIN TO IMPRCWVE
RELIABILITY , FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME AMNY LIABILITY ARISING QUT COF THE APPLUCATICN OR USE CF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN, NETHER DOES IT CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS COF OTHERS. THESE
SPECIFICATIONS DONOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THEWARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPFORT POLICY

FAIRCHILD'S PRODUCTS ARE MOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT CEVICES OR SYSTEMS WITHOUT THE
EXFRESS WRITTEM APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

Asused herein:

1. Life support devices or systems are devices or systems which, (a)
are intended for surgical implant into the body or (b) support or
sustain life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the user.

2 A critical component in any component of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or systern, or to affect its
safety or effectiveness

ANTI-COUNTERFEITING POLICY

Fairchild Sericonductor Corporation's Ant-Courterfeiting Palicy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website,
wiraey fairchildsemi. com, under Sales Suppart

Counterfeiting of sermiconductor parts is a growing problem in the industry. All manufacturers of semicondudor products are experiencing counterfeiting of their
parts. Custamerswho inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect oursebves and our custormers from the
proliferation of counterfeit parts. Fairchild stronghy encourages customers to purchase Fairchild parts either directty from Fairchild or from Authonized Fairchild
Distnbutarswho are listed by country on ourweb page cited above, Products custormers buy either from Fairchild directly or from Authonzed Fairchild Distnbutors
are genuine parts, have full raceakility, meet Fairchild's guality standards for handing and storage and provide access to Fairchild's full range of up-to-date
technical and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address amy warranty issues that
may arise. Fairchild will not provide any warranty coverage or other assistance far parts bought from Unauthorized Sources. Fairchild is cormmittied to combat this
global problern and encourage our customers to do their part in stopping this pradice by buying direct or from authonzed distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification

Product Status

Definition

Advance Informatian

Formative / In Design

Datasheet contains the design specifications far product development. Specifications may change

in any manner without notice

Preliminary

First Production

Datasheet contains preliminary data; supplementary data will he published at a later date. Fairchild
Semiconductor reserves the right to make changes at any time without notice to improve design

Ma ldentification Meeded

Full Production

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make

changes at any time wathout notice to iImprove the design.

Obsalete

Mot In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.

The datasheet is for reference information onky.
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