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FAN5904
Multi-Mode Buck Converter for GSM/EDGE, 3G/3.5G and 4G PAs

Features Description

= 2.7Vto5.5V Input Voltage Range The FAN5904 is a high-efficiency, low-noise, synchronous,
step-down, DC-DC converter optimized for powering Radio

" Vour Range from 0.40 V t0 3.50 V (or Vi) Frequency (RF) Power Amplifie=" 7As) in handsets and
= Single 470 nH Small Form Factor Inductor other mobile applications. In¢ igh-Pc 2r Mode, GSM T3¢
- power is enabled. In L= -Pc > Mow , up to 3:0°W-is
35 mQ Integrated Bypass FET supported, enabling 1.0 29 4Br, ute’ powerior 3G/3.5G

100% Duty Cycle for Low Dropout Operation and 4G platforms

®  |nput Under-Voltage Lockout / Thermal Shutdown The output voltay .~ mc b uynamically adjusted from
040V *o ¢« 9V, p »or. aal to<arn analog input voltage

" 1.71mmx1.71 mm, 16-Bump, 0.4 mm Pitch WLCSP VCON ' ngir from ).16 V w145V, optimizing power-
®  High Power PWM Mode € 4 efi. =nc, st trarsition iimes of less than 10 s are
o Up to 95% Efficient Synchronous Operation in - v jving exc€iyRinter-sigiyettling.
High Pour Conditions 1 i grated bvpasds FET is auoinaticaily ‘shabled when
o Output currentup to 2.3 A tr. bauery wvcltage and vctoye dreoji ecress the DC-DC
o 10 ps Output Voltage Step Response for Early PMOS device are within'a set voltage iange of the desired
GSM Tx Power-Loop Settling EUtpUl \mlt:;ge (Mot = \~tlr31AT|;/&,l=;l\'§B ‘-1 :/BPJH). Eh;}s dyn?mlg
Sypass reature eiauies the FAINS 0 support heavy loa
@ Shiln Bl et currents uiider the most stiingent VSWR conditions while
®  Low Power Auto Mode maintaihing. high < _efiiciency and superior spectral
o Up to 95% Efficient Sy~ no Opere on at peiformance. Tie-hypass FET may also be enabled by
Higher Pout Conditio’ , providing 23/CQN voltage nominally greater than or equal
. te, 1.5 Verhy driving BPEN high.
o Output Currentnto. 2 A
o 10 ys Outp’ Voltaae « 5 sponse fei Early Tx The “FAN5904 operates in PWM Mode with a 6 MHz
Power-" ooy ° < switching frequency in Low-Power Mode and at 3 MHz in
o 6MHz} ‘M Oner2’ n at HighPower and PFivi iigh-Power Mode, which limits high-frequency spur levels.
_pe. on :Le.. . ower It uses a single, small form factor inductor of 470 nH. In
addition, PFM operation is allowed in Low-Power Mode to
" b rassh de improve efficiency at low load currents.
° Qi LogdCipent The FAN5904UC00X option allows PFM Mode only when
Applications Vour is less than 1V, while the FAN5904UC01X permits

PFM Mode at higher voltages for applications that can
tolerate larger output ripple and that demand optimal low-to-
moderate load current efficiency.

®  Dynainic Supply Bias for PolaiorLinear GSM/EDGE
PAs ana 3G/3.5G and 4GPAs

" . Dynamic Supply Bias izi“GSM/EDGE Quad Band
Amplifiers for Mobile Handsets and Data Cards

Ordering Information

SVd 9% pue 96°¢/9¢ ‘IOAI/INSD 10} J18J9AU0D }ong 3pOoN-BININ — Y06SNVH

Part Number | LPM Mode PFM | Output Voltage Ten%;:re‘rga;ure Package Packing
FAN5904UC00X Vour <1V 1.71 mm x 1.71 mm, 16-Bump
0.4V to PVIN -40°C to +85°C | 0.4 mm Pitch, Wafer-Level Tape and Reel
FAN5904UC01X All Vour Chip-Scale Package (WLCSP)
© 2011 Fairchild Semiconductor Corporation www.fairchildsemi.com

FAN5904 - Rev.3.0.7



Block Diagrams
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Figure 2. Simplified Block Diagram

© 2011 Fairchild Semiconductor Corporation
FAN5904 « Rev. 3.0.7
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Pin Configuration
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Figure 3. Bumps Face Down — Top-Through View rigurd 4. -5Sumps "ace Up
Pin Definitions
Pin # Name Description
C1 AGND \alog gr~und, refererice around fcrtha-iC. Foliciw PCB routing notes for connecting this pin.
O¢ utyv age serisepin. Cannect to Vour (e establish feedback path for regulation point. Connect
A4, B4 3 4
geuier on PC3.
D4 _SNS eedback lerise pin.. Connect to ~B-vins on PCB.
| N\ Eranles switcherwhen HIGH; Shutdown Mode when LOW. This pin should not be left floating.
D. ’ VCON | Arialog coritialin. Skiald signal routing against noise.
D1 | Al/_N #A@'_ogsu'pply_vuiaqe input. Connect to PVIN.
C3 ! RPEN Furce bypass-whien HIGH; Auto bypass when LOW. This pin should not be left floating.
ca SYNC Exteria’ clock synchronization input. When SYNC is HIGH, the DC-DC does not allow PFM Mode.
- Tic SYNC to AGND if not used or in Auto-PFM Mode. This pin should not be left floating.
' Low-Power Auto Mode / High-Power PWM Mode select. When MODE = 1, the DC-DC is
D3 MODE configured for 6MHz Low-Power Auto Mode. When MODE = 0, the DC-DC is configured for 3MHz
High-Power PWM Mode. This pin should not be left floating.
A3, B3 PVIN Supply voltage input to the internal MOSFET switches. Connect to input power source.
A2, B2 SW Switching node of the internal MOSFET switches. Connect to output inductor.
A1 B PGND Power ground of the internal MOSFET switches. Follow routing notes for connections between
’ PGND and AGND.

© 2011 Fairchild Semiconductor Corporation

FAN5904 - Rev. 3.0.7

www.fairchildsemi.com
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Absolute Maximum Ratings

maximum ratings are stress ratings only.

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

Symbol Parameter Min. Max. Unit
Vi Voltage on AVIN, PVIN -0.3 6.0 Y
Voltage on Any Other Pin -0.3 | AVn+0.3

T, Junction Temperature -40 +125 °C

Tste Storage Temperature -65 +150 °C
TL Lead Soldering Temperature (10 Seconds) +260 °CN
— , Human Body Model, JESD22-A114 20 | A\

ESD Electrostatic Discharge Protection Level - i =V

Charged Device Model, JESD2?2 ,i)1 3 ~ l

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditio.

=Aac 2l uc..ce operaiion. Recommended operating

or.during large output voliage transitions.

Dissipation Ratings

conditions are specified to ensure optimal performance to.-th. daw hec acifications. | Fairchild-a»es not vecommend
exceeding them or designing to Absolute Maximum Ratings
Symbol Parametc —I— Min | fyp.. |\ Max. Unit
VIN Supply Voltage Range ___ ) J_ _2./_ . AN __V } 5.5 Vv
Vour Output Voltage Range I 0.35 <Vin \%
loutr By | Output Current (Bypass Ic@ ) NM \J ’ I 3.0 A
lout_Lp_mope | Output Current” _. Pov. = Mod I\ B NS 1.2 A
lout_Hp_mope | Output Currer. ‘High-P~wer wiode) VNV A& 23 A
] Induc 1 Tor Sm._~st B 8 Footprint N\ A, 470 nH
“ Aduc _i © imum Efficiancy Perforinar ce 1.0 puH
©r Inp *Ce ot 10 uF
—L T_ ?p\ Capacito.__ X ~ 2x4.7 uF
Ta perating l\m—bient Tdmp;cajre R‘angc— -40 +85 °C
T, | ()_pir'g_tm?JUnr§LL TeIpeEE!i; 'R;ge -40 +125 °C
Note:

1. Alarge eriough input capacitor velue is required for limiting the input voltage drop during GSM bursts, bypass transitions,

temperature Tyuax) at a given ambient temperate Ta.

Symbol Parameter Min. Typ. Max. Unit
[SIN Junction-to-Ambient Thermal Resistance® 80 °C/W
Note:

2. Junction-to-ambient thermal resistance is a function of application and board layout. This data is measured with four-layer
2s2p boards in accordance to JESD51- JEDEC standard. Special attention must be paid not to exceed junction

© 2011 Fairchild Semiconductor Corporation
FAN5904 « Rev. 3.0.7 4

www.fairchildsemi.com
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Electrical Characteristics, All Power Modes

Vin =Voutr + 0.6 V, lour =200 mA, EN =V, Ta = -40°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C

and ViN=3.7 V.
Symbol Parameter Condition Min. Typ. Max. Unit
Power Supplies
Vin Input Voltage range lour<2.3A 3.0 5.5 \%
Isp Shutdown Supply Current EN=0V 1.0 3.0 MA
Vin Rising 2.30 2.45 2.60 \Y
Vuvio Under Voltage Lockout Threshold -
Hysteresis 175 mV
Logic Control
Vi1 Logic Threshold Voltage Input HIGH Threshold 12 ° S }
Vi EN, BPEN, SYNC, MODE Input LOW Threshold AN 04 - -
Lot [ 7]
Analog Control \ ¥ N}
Vcon_sp_en | Vcon Forced Bypass Enter z;oz \2/'07|2)a3e _t:?f ForciByiss: 16 vV
Vcon gr ex | Vcon Forced Bypass Exit \|3/§SN Y’ \Zsi ‘th')L\l '*S:?;S'd ; 4 \Y;
Gain Gain in Control Range: 0.16 V to B ; | ok —1-_
140V
Vour acc | Vour Accuracy A W TN\ 450 | mv
Bypass
Rrer Bypass FET Resi<* ~e! NN 35 mQ
AVout gp | Bypass Mode ( 4tp_ut Voltag\,jup ou; —_2 A ) " 70 mV
Over Temperature” . _ctit / \Y \J
. o Rl:ilg |'_empor:ture +150 °C
Totp C rleuipera re Protection N ~\ V
Hysterzsis +20 °C
Note A O \ \

3. B, ass FlL resistanze aoes not include PFET Rpson and inductor DCR in parallel with the bypass FET in Bypass Mode.

© 2011 Fairchild Semiconductor Corporation
FAN5904 « Rev. 3.0.7

www.fairchildsemi.com
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Electrical Characteristics, Low-Power Auto Mode (MODE = 1)
Vin = Vour + 0.6 V, loutr = 200 mA, EN = V|, Ta=-40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C

and Viy=3.7 V.
Symbol Parameter Condition Min. Typ. | Max.| Unit
Oscillator / Synchronization
fsw Average Oscillator Frequency 5.4 6.0 6.6 MHz
fsyne Synchronization Frequency Range(‘” 4.8 6.0 7.2 MHz
DC-DC
Roson PMOS On Resistance Vin=Vgs=3.7V 210 mQ
NMOS On Resistance Vin=Vgs=3.7V ‘25 mQ
lmp | P-Channel Current Limit 1357 1 160 ] 195 | A |
lwn |N-Channel Current Limit W0 130 | 170 LA |
Vour min_ | Minimum Output Voltage Veon = 0.16 V L 0, ‘r 0 | 0254 vV
Vour max | Maximum Output Voltage Veon = 1.40 V s 35000 385 [ v
DC-DC Efficiency
B Vour=31V, I =25 mA o5
Mrower | Low-Power Auto Mode, V=37V | Your= T8V hou = 200 ) 1|_ - D L) %
Vouv_ 5V, I, D= 9 mA ~ | Ny 65_ |
Output Regulation
Vour guine | Vour Line Regulation (3 <V 7 9 ) [ 45 mv
Vout Riead | Vour Load Regulation o Jeo slorsSc0mA L[ o +2s mv
Veypstew | Vout Slew Rate uring Bypess Enabling ! 0.25 V/us
Vep o | Voltage Threshold " "ntei vpass | Vin = Viwos — Vot T 140 190 | 240 | mv
Ver n. | Voltage Threshc  to Exit Bypece (Vo . 340 400 | 440 | mv
“IPFM Mode, Vin =38, 1
Vourt Rripple | Vorr R Al low\&00 mé Iy
M Made, Vin=3.8V 4
Timir VU N AN\ \
) \- 7 _IVie=3.7V, Vour from 0V to
tss St wp Time 3.1V, Cour=2x4.7 yF, 10V, 50 60 us
X5R
toc-bc_TR j|_\/(:UT Step Response Ris= Ting®) \2/(<7T(1f rzr{} E_)%_f\?)f,’ogi\\éoﬁu T7<Q 10 Ms
tacne 7 | Vour Step Resuonsa-+~all Time® \2/%”(:?2@ ?5:/_°4t(\)/f OQ’LOAA\[/)OSUT;Q 10 us
N tD_C-Dc o I\C/Iaximum. Allowed Tim.e f.czfrs) 40 us
- onsecutive Current Limit
foeoe oLR _lC_)icr)r:\:(%cutive Current Limit Recovery 180 us
Notes:

4. Guaranteed by design; not tested in production.

5. Guaranteed by design; not tested in production. Voltage transient only. Maximum specified Vour transition step is 3.1 V.
Assumes Cout =2 x 4.7 pF.

6. Protects part under short-circuit conditions. After 40 yus nominally, operation halts and restarts after 180 ys nominally. Under
heavy capacitive loads, Vcon slew rate should be reduced to avoid consecutive current limits. Under typical conditions for a
3 V change at the output, a capacitive only load of up to 40 uF is supported (assuming a step at the Vcon input).

© 2011 Fairchild Semiconductor Corporation
FAN5904 « Rev.

3.07

www.fairchildsemi.com
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Electrical Characteristics, High-Power PWM Mode (MODE = 0)

Vin= Vour + 0.6 V, lour = 200 mA, EN =V, Ta=-40°C to +85°C, unless otherwise noted. Typical values are at To= +25°C
and V|N =3.7V.

Symbol Parameter Condition Min. Typ. | Max.| Unit
Oscillator / Synchronization
fsw Average Oscillator Frequency 2.7 3.0 3.3 MHz
fsyne Synchronization Frequency Rangem 24 3.0 3.6 MHz
DC-DC
Roson PMOS On Resistance Vin=Vgs=3.7V 105 mQ
NMOS On Resistance Vin=Vgs=3.7V -0 mQ
lmp | P-Channel Current Limit 27 1 3. .| 39 LAl
lve | N-Channel Current Limit 0 13 | 1R
Vour min_ | Minimum Output Voltage Veon = 0.16 V L 0, ‘r 0 | 0254 vV
Vour max | Maximum Output Voltage Veon = 1.40 V s 35000 385 [ v
DC-DC Efficiency
Mo | POWe Effiiency, ) Vour=33V, =1 0 o o "
High-Power Auto Mode, Vin =3.7 V Vour =20\ “oa = UL R
Output Regulation B N "l \ \"
Vour_rune | Vour Line Regulation 1SV 37 \/ 21 S mvV
Vout Road | Vour Load Regulation 20 A< lo. <20000A | ) |\ F25 mv
Veypstew | Vout Slew Rate . B b\_ Bypas«} _C:._a_t.ll—nz;j__ \ —|—__‘ A)) 0.25 Vius
Vep th | Voltage Threshold to Ente’ sypass iIn— Vemos = /out ! 295 340 385 mV
Ver tn. | Voltage Threshold " “sitL nass . |V~ Vour T 550 650 | 750 | mv
Vour ripte | Vour Ripple™ = _|PwM Mode, Viy= 3.8V 4 mv
Timing X \Y J
_ [Mn=37V, Vogr from 0V to
tss Sta. o Time 24V, Courii 2x4.7 uyF, 10V, 50 60 us
A < MR\
tococ. » |Vo Step ResporiseRise Time'® ! :;uvfzgrg f’/o/i ?09 ?;;A)RAL \O/E;T;? 0 10 Ms
tococ_1F | Vour Sten Respeisa Eall Time™® Y%U{/f[g.rg 35_%(;(5) ?X?’é \O/:)STS? 0 10 Ms
toc-oe. TR ‘ Vout Step Response Rise Time® g%u{/fzgj f’/o/i ?f?g?’é\o/f;;? Q 10 ps
tococ_tF | Vour Step Respanse Fall Time® ;/%uz/f[g.rg ?/5_%02 30)/?’|-\>AL\O/:)§ TS<7 Q 12 ps
toee oL I(\:/Iaximum. Allowed Tim.e for(g) 40 us
- onsecutive Current Limits
toeoe oLR _IC_.ons(%cutive Current Limit Recovery 180 us
ime
Notes:

7. Guaranteed by design; not tested in production.

8. Guaranteed by design; not tested in production. Voltage transient only. Maximum specified Vour transition step is 3.1 V.
Assumes Cout =2 x 4.7 pF.

9. Protects part under short-circuit conditions. Under heavy capacitive loads, Vcon slew rate may be adjusted to avoid
consecutive current limits. Under typical conditions for a 3 V change at the output, a capacitive only load of up to 40 pF is
supported (assuming a step at the Vcon input).
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Typical Characteristics
Unless otherwise noted, Vin =EN =3.7 V, L = 1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 5. High-Power PWM Mode Efficiency vs. Output
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Figure 8. High-Power PWM Mode Efficiency vs. Output
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Typical Characteristics
Unless otherwise noted, Vin =EN =3.7 V, L = 1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Typical Characteristics
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Unless otherwise noted, Vin=EN =3.7 V, L =1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 20. Line Transient Viy =3.7Vto 4.2V, Voyr =1.0V, Figure 21. Line TransientViy=3.7Vto4.2V,Voyr=25YV,

5 Q Load, 50 ps/div.
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Typical Characteristics

Unless otherwise noted, Vin=EN =3.7 V, L =1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Typical Characteristics
Unless otherwise noted, Vin=EN =3.7 V, L =1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 32. Switching Waveforms, PFM Mode,
lLoap = 10 mA in Low-Power Mode

Figure 33. Switching Waveforms, PWM Mode, fsw = 6 MHz,
IL.oap = 300 mA in Low-Power Mode
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Typical Characteristics
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Unless otherwise noted, Vin =EN =3.7 V, L = 1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 34. Switching Waveforms, PWM Mode, fsw = 3 MHz, Figure 35. Swi. 1ing V. vet. ns, P'WYM Kode, fsw = 3 MHz,
lLoap = 800 mA in High-Power Mode
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Figure 38. Vour Rising Transition 0.5V to 3.0 V, Viy = 3.7 V Figure 39. Vour Falling Transition 3.0 Vto 0.5V, Vin=3.7V

in High-Power Mode
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Typical Characteristics

Unless otherwise noted, Vin =EN =3.7 V, L = 1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 40. Vour Transient Response AVoyr =3 Vin
High-Power Mode
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Figure 43. Vour Transient and Bypass Response
AVout > 3V, Vcon Stepped Above 1.5V
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Figure 44. Soft-Start Transient Response from
0 mA to 100 mA in High-Power Mode

Figure 45. Soft-Start Transient Response from
0 mA to 100 mA in Low-Power Mode
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Typical Characteristics
Unless otherwise noted, Vin=EN =3.7 V, L =1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 50. Cold-Start Transient Response from
0 mA to 100 mA in High-Power Mode

Figure 51. Cold-Start Transient Response from
0 mA to 100 mA in Low-Power Mode
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Typical Characteristics
Unless otherwise noted, Vin =EN =3.7 V, L = 1.0 uH, Cour =2 x 4.7 uF, and Ta = +25°C.
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Figure 52. Cold-Start Transient Response from
0 mA to 500 mA in High-Power Mode

=

Figur2 5. Told-t rt'i.ansiertResponse from
mA 500 A in Low-cwer Mode

© 2011 Fairchild Semiconductor Corporation
FAN5904 « Rev. 3.0.7

www.fairchildsemi.com

SVd 9% pue 96°¢/9¢ ‘IDAI/INSD 10} 193I8AU0D ¥INng SPON-BINN — Y06SNVH



Operating Description

The FAN5904 is a high-efficiency, synchronous, step-
down converter operating with current-mode control. A
wide range of load currents is supported. High-current
applications, up to a DC output of 2.3 A demanded by
GSM/EDGE applications, are allowed. Performance
degradation due to spurs is mitigated by selection of a
3 MHz or 6 MHz switching rate. Moreover, the FAN5904
offers Bypass Mode, where the output is shorted to the
battery input via a low on-state resistance bypass FET.

The output voltage Vour is regulated to 2.5 times the input
control voltage, Vcon, set by an external DAC. The
FAN5904 operates in either PWM or PFM Mode,
depending on the output voltage and load current.

In Pulse Width Modulation (PWM) Mode, regulation
begins with an on-state where a P-channel transistor is
turned on and the inductor current is ramped up until the
off-state begins. In off-state, the P-channel is switched off
and an N-channel transistor is turned on. The inductor
current decreases to maintain an average value equal to
the DC load current. The inductor current is continuously
monitored. A current sense detects when the P-channel
transistor current exceeds the current limit and the
switcher is turned back to off-state to decrease the inducte:
current and prevent magnetic saturation. Similarly. v.e
current sense detects when the N-channel transistor c.  ent

exceeds the current limit and redirects dischary ~ cur. 1t
through the inductor back to the battery.

In Pulse Frequency Modulation (F M) M ‘e, * low
load currents, the FAN5904 operates | a const 1t oni-time
mode. During the on-state, tk snar. lis t jed on for

a specified on-time before’ witching to -
which the N-channel.« itch

~state, luring
* enab d until theinductor

current decreases to 0 A. The switcher output is then put
in high-impedance state until a new regulation cycle starts.

PFM operation is allowed only in Low-Power Mode. At low
load currents, PFM achieves higher efficiencies than
PWM. To allow optimization of system performance, two
versions of the FAN5904 are available. The
FAN5904UC00X enables PFM only when Vour is less
than approximately 1 V. The FAN5904UCO01X allows PFM
to be entered at higher output voltages.

PFM Mode is only enabled for output load currents
nominally less than 100 mA. This realizes high efficiency
down to 10mA load current. This is« aported in High-
Power Mode (MODE = 0) and . v be ¢ abled in Low-
Power Mode by tying the SYM inpL HIGH.

Low-Power Auto. M. 'e” ..OD. 1)

Low-Power Auto Mc » is dee'” or 3G3.5G"and 4G
applications. C. ent s e . .s are-norninally 1.65 Apk
and power. ‘els to2¢ IBm are sunpeiied.

High e, Wi Mode {AMODE = 0)
Du to e laige currenv requirements in GSNMIEDGE
apphfiol only -”WN! Mode i supported wien the

FANSL 1 is ceifigurad for Higii-Powei Mceae. Current-
nse limits-ars increased - aiiow for large load currents
u, to a mayimum of dpproximately 3.5 4.

Bywass Mede

m bypasz. Mode, the'UZ-DC turns into 100% duty cycle
and thie bypass FET s wurned on, which allows a very low
vo'tage dropotit #nd up to 3.0 A load current.

Table*  "»d. Del " uns
’ L Conditions
ode Mode Description
| MODE | SYNC | BPEN | EN
1 [ Standby Mede, . | Whole iCdisabled X X X 0
2 | Auto Meds Low Power P2-5C in Auto Mode™ 1 0 0 1
3 | Forced PWM Mode Low Rower | DC-DC in PWM Mode only 1 1 0 1
.41 PWM Mode High Power | DC-DC in PWM High-Power Mode 0 0 0 1
|_5 Bypass Mode Bypass FET and PFET forced to 100% duty-cycle X X 1 1

Note:

10. When Vout exceeds the bypass threshold, the bypass FET is enabled and the DC-DC goes to 100% duty cycle. When

Vour is less than the exit threshold, the bypass FET is disabled and the DC-DC re-enters Auto Mode.
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DC Output Voltage
The output voltage of the FAN5904 is determined by Vcon
provided by an external DAC or voltage reference:

Vout =2.5XVcon (1)

5.0
4.5 -
4.0 -
3.5 A
3.0 -
2.5 1
2.0 -
1.5
1.0
0.5 -
0.0

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
VCON (V)

===DCDC Mode

VOUT (V)

Bypass Mode
(VOUT~VIN)

Figure 54. Output Voltage vs. Control Voltage

The FAN5904 is able to provide a regulated Vour only if V-
falls within the typical range from 0.16 V to 1.40 V. This & w
Vour to be adjusted between 0.4V and 3.5V. If Vco, s less

than 0.16 V, Vour is clamped to 0.40 V.The.npart ~ters
Bypass Mode for Vcon > 1.50 V. In Low-Power | ‘M DE
= 1), the FAN5904 automatically swit<’ Yetv en .
PWM, and Bypass Modes. In High-Po) :r Moc. ‘M< DE = 0),
the FAN5904 automatically switche. betwee PV.M anc
Bypass Modes and PFM oper~ ... s nc_ vailar .

When Vour approaches tt
operates in a cons’ .. rf-til
adjusted to achiev. hick

this regulated i de u.wl the

batter voltage, the- 22-DC
mor and th=.‘reguency.is

Vv Cy<.-. Ihesystera operates i
yypass conaition is saticfien.

Byr ss . Ma

As Vg  and e batterv veltage. converge, the' DC-DC
begins t. ' ate in/conatant off-Lmie. mode_entil aventually
the DC-Du wransitions-ts 10096, Cuty Cycle &ngitive low Rpson
bypass FET is turted on. The battery-veiiage that results in
100% duty cycle operation depends Ui the output voltage,
the vsitage drop across the 2C-IiC converter, and the DC
veltage drop across the inaucter. In other words, the duty
cycie'is set by the ratio of thie voltages across the inductor.

In many RF applications, it is undesirable for the DC-DC to
reach 100% duty cycle since this would result in excessive
output ripple. To minimize ripple, the FAN5904 implements a
dynamic bypass threshold based on the voltage difference
between the battery voltage (sensed through the AVIN pin),
the voltage drop across the DC-DC PMOS device, and the
internally generated reference voltage Vgrer, as described in
Figure 55. The Bypass Mode enter and exit thresholds are
higher in High-Power Mode due to the higher load current
capability. Bypass Mode is also entered when Vcon exceeds
1.5V and exited when Vcoy is less than 1.4 V.

PVIN g] Vour_sns

TAT
AVIN Bypass Slew
Controller
Vee_mH
w
=+
YCON Vrer
Vrer PWM DC-DC ]ﬂm
Controller|  Switcher 1
L Vger ranges from 0.4V to 3.4V
when Vyy is greater than 3.7V

Figure 55. Enabling Bypass Transistor Circuit

The bypass FET is turned on pre
controller to limit the inrush
effectively shorts the inp1** upply

expre.

sss. ly using a slew rate
rent s ce Bypass Mode
's to ¢ apacitive !sad.

The resulting inrusk cui n* ~d as @ function of the

specified slew rate . foli  s:

Ayt _
|T_[ -

linrUL =L Ceur VB8P _sLEw ()

b "M ockout Mode-and Synaiironizaiion

It n v bs desifable to prevent e DC-DC. _converter from
opereung _inPEV Mode For example, the low PFM
~witching \freyuency. mev interfere vath audio circuitry and
using 2w\ may-<iiriinate the inwarierence. When configured
for Low-Power Mode (MGLE = 1) a logic 1 on the SYNC pin
rarces the (C fo avoid PrM Mode. Logic 0 allows the IC to
autoratically switeh.10 ®FM Mode during light loads.

In Low-Power or high-Power Modes, toggling the SYNC pin
foices _the converter to synchronize its switching frequency
to the frequency on the SYNC pin (fsync)- The signal must be
within ‘the oscillator synchronization frequency range and
meet the threshold voltage requirements.

Dynamic Output Voltage Transitions

FAN5904 has a complex voltage transition controller that
realizes 10us transition times with a large output capacitor
and output voltage ranges.

The transition controller manages five transitions:

®  AVour positive step

" AVourt negative step

®  AVour transition from or to Bypass Mode
®  AVour transition at startup

®  AVour transition after BPEN

In all cases, it is recommended that sharp Vcon transitions
be applied, letting the transition controller optimize the output
voltage slew rate.
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AVourt Positive Step

After a Vcon positive step, the FAN5904 goes into a current
limit mode, where Vour ramps with a constant slew rate
dictated by the output capacitor and the current limit ILimp

AVout Negative Step

After a Vcon negative step, the FAN5904 enters a current
limit mode where Vour is reduced with a constant slew rate
dictated by the output capacitor and the current limit I jun.

Vour Transition to or from Bypass Mode

The transition to or from Bypass Mode requires that the
bypass conditions be met. The FAN5904 performs detection
of the bypass conditions 2 ps after Vcon transition and
enables the required charging / discharging circuit to realize
a transition time of 20 ps.

Vour Transition at Startup

Application Information

Figure 56 illustrates an application of the FAN5904 in a
GSM/EDGE/WCDMA  transmitter  configuration.  The

At startup, after EN rising edge is detected, the system
requires 25 pus to allow all internal voltage references and
amplifiers to start before enabling the DC-DC function.

Vour Transition after BPEN

When BPEN goes HIGH, the controller dismisses the
internal bypass flags and sensors and enables Bypass
Mode. However, the transition is managed with the same
current limits and slew rate used during regular transitions.

Thermal Protection

When the junction temperature exceeds the maximum
specified junction temperature, the FAN5904 enters Power-
Down Mode (except the thermal detection circuit).

designecd: to
configurec. ‘or

pport. rolteye trarsients of 10 us when
SM/F GE appiications (MODE = 0) and

%

is ideal for driving multiple an riv Oa cape...ance cf znproximate . Figure
FAN5904 deal for d g Itiple GSM/EDGE d d | p f o tely 10 pF. Fig 58
3G/3.5G and 4G PAs. Figure 57 presents a timing diagram OW. A i diagram for NCDMA =2nplications:
designed to meet GSM specifications. The FAN5904
.. .a70nF
0402
TR u
|
77
| v RFOUT
.8 RAMP
6 29 1 PA GSMIEGSM
Vor > 3.7V, W LB IN j,/ 850/900MHz
, Uptu3Ain )
Fp._qu)qo/l N Bypass Mede, = |0
323t:r:l’m- P, - |_ "\ . | ¢ 1 pPA PCS/DCS
. 2N 11 =S FB_SNS HB_IN 77‘7/ 1800/1900MHz
e il T C T
10uF S ‘
4 TRE zyp?rosl GSM/EDGE
| 27Vte VvV /J7 AVIN i b ‘ \ EB PAM
‘ FMiHE\ Hz
Switcr . X
| A yio =
= 470nH 800mArms
BPEN T - M SwW Vour 470nF
— — ‘F’- n/l{l‘ Nivi - 0402
IGPIOL— l- SLETP - | \ ler D{’J 68pF —— J_4_7;1F L'j
P MODE -l 0201
GPiO > I PGND e PA
) o 5
il LAY . ﬂTSBAND1,...,9
Raseband | AGND oz
Processor tL
— == VCON
O 7 —
— ﬂTS BAND 1, .. .9
40740%7 |
* ; A PA
One 4.7uF capacitor can be replaced by a ﬂﬂs BAND 1, .. .9
4.7uF decoupling capacitor at the GSM PAs. 470nF
A
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.

UMTSBAND 1, ... .9

Figure 56. Typical Application Diagram with GSM/EDGE/WCDMA Transmitters
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Figure 57. Timing Diagram for GSM/EDGE Transmitt- .
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Tig e 58.7 ning Diagiam for VWCDMA Transiaiiers

Application Informa on

Inductor Se'ec ~- Capacitor Selection

The FANA904 " ~erates = 6_MHz_. %\Vitr,hingl\frequeucy '" The minimum required output capacitor Coyt should be two
Low:P e | ade nd - iz in Figi-Power Mods and, as,  (3) 4.7y, 10 V, X5R with an ESR of 10 mQ or lower, and
such, Qﬂ nH™ 1. ..I-!rlndu 0TS C?.n belnsed, regc‘s ANely.  an ESL of 0.3 nH or lower placed in parallel after inductor
FolRapiEatiClgreguin "{jh_e sma;estv ;‘uos@le.. CBarea, | {1 |arger case sizes result in increased loop parasitic
use a 4, o 201,6 ‘ng“"“’r' RG +.0'uH 30%C-inductor for 4 ctance and higher noise. One of the 4.7 uF capacitors
optimum ewicieqcy PEdrmagey.- should be used as a decoupling capacitor at the GSM/EDGE
Table 2. -Rccommended Inducters PA Vcc pin.

Incurtol Pascription A 0.1 pF capacitor may be added in parallel with Cour to

A\ o aldd reduce the capacitor’s parasitic inductance.
470 nH, £30%, 2.3 A, 2016 (metric)

TDK: VLS201610MT-R47N Table 3. Recommended Capacitor Values
470 nH, £30%, 2.8 A, 2520 (metric)
TDK: VLS252010T-R47N

470 nH, £20%, 2.3 A, 2520 (metric)
Samsung: CIG22HR47MNE

470 nH, £20%, 1.8 A, 2520 (metric)
Taiyo-Yuden: CKP2520R47M

1.0 pH, £20%, 2.4 A, 3030 (metric)
Coilcraft: XFL3010-102ME

Capacitor Description
Cin 10 pF, £20%, X5R, 10 V
Court (2) 4.7 yF, £20%, X5R, 6.3 V
C for Vcon |470 pF, £20%, X5R, 25V
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Filter VCON

VCON is the analog control pin of the DC-DC and should be
connected to an external Digital-to-Analog Converter (DAC).
It is recommended to add up to 470 pF decoupling
capacitance between VCON and AGND to filter DAC noise.
This capacitor also helps protect the DAC from the DC-DC
high-frequency switching noise inherently coupled through
the VCON pin. The value of the capacitor must be selected
according to the DAC performance since it could limit the
DAC output voltage slew rate. 470 pF is typically used.

Any noise on the Vcon input is transferred to Vour with a gain
of two and a half (2.5). If the DAC output is noisy, a series
resistor may be inserted between the DAC output and the
capacitor to form an RC filter.

Follow these guidelines:

= Use a low noise source or a driver with good PSRR to
generate Vcon.

=  The Vcon driver must be referenced to AGND.

=  Vcon routing must be protected against PVIN, SW, and
PGND signals, as well as other noisy signals. Use
AGND shielding for better isolation.

= Be sure the DAC output can drive the capacitor
VCON. It may be necessary to insert a low-\.iuc

resistor to ensure DAC stability while not slowii  Vcon
fast transition times.

No Floating Inputs

The FAN5904 does not have internal ull-dow res. .ors on

its inputs. Therefore, unuse”  sut. should not be/ leit

floating and should be pulle¢ 1IGH or LT
PCB Layout an”” - _m|_nen’ ’lacerar.nt

= The key < int .~ acement .z, the power ground
PGND_cor. ction. sh7 .d betw=cn the FAN59C4, C1,
ar oo Thic qin. _es the parasitic irductarice of the

. ‘tching op ths.

= Pla  ths inducter.away frein. tie feedsack pins to
preve unprecictable loon hehavior.

= Ensure <ihe traces are wide enougk to handle the
maxiinumicurrent value, especially in Bypass mode.

= < casure the vias are akiz #0 handle the current density.
Jse filled vias if availatie.

= Refer to Fairchild’s application note: AN9726 — The
Importance of PCB Design for FAN5903 and FAN5904.

Assembly
= Use lead-free solder reflow temperature profile.
=  Use metal-filled or solder-filled vias, if available.

= Poor soldering can cause low DC-DC conversion
efficiency. If the efficiency is low, X-ray the solder
connections to verify their integrity.

= PVIN and PGND must be routed with the widest and
shortest traces possible. It is acceptable for the traces
connecting the inductor to be long rather than having
long PVIN or PGND traces.

= Ensure that the routing loop, PVIN — PGND — VOUT is
as short as possible.

= Place PGND on the *'n i
AGND ground plans .ext to C.

connect it-to the
seversi vias

ar anc
usir

= The SW node s a - ce of elcctrical switching noise.
Do notroute ity artt. VC7 ¢ pin.
= Twc mai ‘as ar Iseu to conrect the SW node to the

induct L1. 'ser .derfilleavias, if available.

© ction fram ‘Cout to FE should ‘be wide to
m. ‘mize wie Bypass-Niode va'iege dror.crid the series
‘ndu ‘ance..Zven if the currei in Bvpass Iode is small,
ep thigtrace short arid @r'least 5 mmiwide.

The, AGND orcunce-plane«should not be broken into
pieces. Ground currents raust have a direct, wide path
from inzut v output.

v Eaciv, capacitarishould have at least two dedicated
ground vias. Piace vias within 0.1 mm of the capacitors.

Figure 59. Example PCB Layout of FAN5904

© 2011 Fairchild Semiconductor Corporation
FAN5904 « Rev. 3.0.7

21

www.fairchildsemi.com

SVd 9Y pue 96°¢/9¢ ‘IDAI/INSD 40} 19J18AU0D ¥Ing SPON-BININ — Y06SNVH



Physical Dimensions
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NOTES:

AL NOJEDEC PEGISTRATICN APPLIES.
5. DIMENKSIONS ARE ‘N MILLIMETERS.

C. DIMENS!GiIS AND TOLERANCE
“ER ASML: Y14.5M, 1994.

@A DATUM C IS DEFINED BY THE SPHERICAL

oWl c
OO OF B ) 20018 CROWNS OF THE BALLS.
S0l AR 0 ol it )
T ) /E\PACKAGE NOMINAL HEIGHT IS 586 MICRONS
123 T N +39 MICRONS (547-625 MICRONS).
S PPpRe0018 A FOR DIMENSIONS D, E, X, AND Y SEE
PRODUCT DATASHEET.
AR 4y
BOROMXIEN G. DRAWING FILNAME: MKT-UC016AArev2.
|\ Product D E X Y Unit
FAN5904UC00X 1.710 £0.030 1.710 £0.030 0.255 0.255 mm
FAN5904UC01X 1.710 £0.030 1.710 £0.030 0.255 0.255 mm

Figure 60. 1.71x1.71 mm Square, 16 Bumps, 0.4 mm Pitch, WLCSP

therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
http://www.fairchildsemi.com/packaging/

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
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Counterizitn g of semiconductor parts is 3 orewina problem in the industry, AN manufacturers of semiconductor products are expenencing counterfeiting of their
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Distributorswho are isted by county on ourweh page cited above. Products custormers buy either from Fairchild directhy or from Authorized Fairchild Digtributors
are genuine parts, have full traceahility, meet Fairchild's guality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authonzed Distributors will stand behind al warranties and will appropriately address any waranty issues that may arise.
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Definition of Terms

PRODUCT STATUS DEFINITIONS

Datas heet Identification

Product Status

Definition

Advance Information

Formative / In Design

Diatasheet contains the design specifications for product development. Specifications may change
in any manner without notice.

Preliminary

First Production

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

Ma ldentification Needed

Full Froduction

Diatasheet contains final specifications. Fairchild Semiconductor reserves the nght to make
changes at any time without notice to improve the design.

Chsolete

Mot In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductar.
The datasheet is for reference infommatian anly.
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