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Features

General Purpose PWM Regulator and LDO Controller
Input Voltage Range: 3V to 24V

Output Voltage Range: 0.8V to 15V

- Vee

- 5V

Shunt Regulator for 12V Operation

Support for Ceramic Cap on PWM Output
Programmable Current Limit for PWM Output
Programmable Switching Frequency (200KHz to
600KHz)

Rps(on) Current Sensing

Internal Synchronous Boot Diode

Soft-Start for both PWM and LDO

Multi-Fault Protection with Optional Auto-reste
16-pin TSSOP Package
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Description

The FAN5069 combines a high-efficiency Pulse-Width-
Modulated (PWM) controller and an LDO (Low DropOut)
linear regulator controller. Synchronous rectification pro-
vides high efficiency over a wide« ..g. f load currents.
Efficiency is further enhancea v usir. the low-side
MOSFET's Rps(on) to ser” = curre =

Both the linear and P. .« julato, urt-stait ore-con-
trolled by a single € =rn. capas” _r, to Iimit inwrush cur-
rent from ti . supp - wk ne regulatirs are first
enabled.” urre limitt, PWM is aisc programmable.
The ™\ aulac cmplo’s.a summing-current-mode
ntre Wi arnal cornpensation te. cchieve fast load

tr. sie. response ancprovide des 9w optimizavon.

FAN 169 is cifer=d'in both.induostrial temperature grade
(-40°C te +3L°C) as well 'as comnieicial temperature
Jrade(-19°C to +85°C).

Orc _ring informatien

Part Number Operafing_lgiﬁp. Range | Pb-Free Package Packing Method | Qty./Reel
~ANS069MTCX -16°C to +85°C Yes 16-Lead TSSOP Tape and Reel 2500
’ FAN5069EMTCX -40°C to +85°C Yes 16-Lead TSSOP Tape and Reel 2500

Note: Contact Fairchild sales for availability of other package options.

© 2005 Fairchild Semiconductor Corporation
FAN5069 Rev. 1.1.5
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Typical Application
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Figure 1. Typ? Applic ion ‘iagram
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Pin Assignment
FBLDO [ |1 16| _]GLDO
R(M)[]2 15| JVCC
ILIM[]3 14| ] R(RAMP)
4 1 LDRV
Ssh FAN5069 sH
COMP [ |5 12| _]PGND
FB[ |6 11|_1BOOT
EN[|7 10|_|HDRV
AGND [ |8 of Isw
Figure 2. Pin Assignment
Pin Description
Pin # Name Description h b v

1 FBLDO |LDO Feedback. This node is regulated to Vrg

2 R(T) Oscillator Set Resistor. This pin provide ascili. ar st 2" g frecusncy adjustment. By plac-
ing a resistor (RT) from this pin to GN™, th. .. "~ 200kHz swiicring frequency is increased.

3 ILIM Current Limit. A resistor from #* _pin.  GN sets the cuizentiimit.

SS Soft-Start. A capacitor frem inis. 1 to Gi Y programsithe: slew rate-Sf ine ceivenei’and the
LDO during initialization. . also se  the time by-which-the copve ter delays when restarting
after a fault occurs’  Thas reach _.2V befcre fault shdudown featute isienabled. The LDO
is enabled whon SS* ac.. 2V.

COMP |COMP. TK outpu fti. error amplhtias drives this pin.

FB Fe= " ack This pir s the inyeriing input.¢f the interna! errcr amplifier. Use this pin, in combi-

dion with'v. = VP pin, to'compenisate the feednack loop of the converter.

7 EM 'able. | hables egaratien wheit puiied to Izg c hign. Toggling EN resets the regulator after a
la. 7" .ult cendivori: Thisde.a. CMOS. input whose state is indeterminate if left open and

| eeds to beproperly biasea at all times:

- | \GMN > Analog-Cround. Thesignal greund 1or IC. All internal control voltages are referred to this pin.
Tie this pin to-the-ground islenid/plane through the lowest impedance connection available.

9 | SW Switching iiode. Retur for the high-side MOSFET driver and a current sense input. Connect

| to souise of high-cide MOSFET and drain of low-side MOSFET.

10 |~ HCRV ligh'5ide Sate Crive Output. Connect to the gate of the high-side power MOSFETSs. This

! pin is al¢o- meritored by the adaptive shoot-through protection circuitry to determine when the
hioh-size MOSFET is turned off.

11 BOOT < |Bootstrap Supply Input. Provides a boosted voltage to the high-side MOSFET driver.

1Connect to bootstrap capacitor as shown in Figure 1.

12 PGND |Power Ground. The return for the low-side MOSFET driver. Connect to the source of the low-
side MOSFET.

13 LDRV Low-Side Gate Drive Output. Connect to the gate of the low-side power MOSFETs. This pin
is also monitored by the adaptive shoot-through protection circuitry to determine when the
lower MOSFET is turned off.

14 R(RAMP) |Ramp Resistor. A resistor from this pin to VIN sets the ramp amplitude and provides voltage
feed-forward.

15 VCC VCC. Provides bias power to the IC and the drive voltage for LDRV. Bypass with a ceramic
capacitor as close to this pin as possible. This pin has a shunt regulator which draws current
when the input voltage is above 5.6V.

16 GLDO |Gate Drive for the LDO. Turned off (low) until SS is greater than 2.2V.

© 2005 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

The “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. The
device should not be operated at these limits. The parametric values defined in the Electrical Characteristics tables are
not guaranteed at the absolute maximum ratings. The “Recommended Operating Conditions” table defines the condi-
tions for actual device operation. (1)

Parameter Min. Max. Unit
Ve to PGND 6.0 v
BOOT to PGND 33.0 \
SW to PGND Continuous -0.5 33.0 \%

Transient (t < 50nS, F < 500kHz) -3.0 33.0 \%

HDRV (Vgoot — Vsw) . 0 v ;
LDRV -0 6. V.
All Other Pins o 03 > I8 03 [ Tv]
Maximum Shunt Current for Ve 150 mA
Electrostatic Discharge Protection (ESD) HBM ) \ = ’ \\ kv
Level® COM Y 0

Notes:
1. Stresses above those listed under “Absolute Maxi=* «n Rat. :s”i Yy cause.nerinanent dariage to the device. This
is a stress rating only; functional operation of ti.e a. ice at . »se or any conditions al'2ye thos¢ indicated in the

operational section of this specification is >t impl ' Exposurz=tc: absolute -mcximum. raing: conditions for
extended periods may affect devicC liabi « Absi.ute masiraum ratings apply_iadivicually only, not in
combination. Unless otherwise sracifiec. e 'oltages are r=ferenced t*¢, AGND.

2. Using Mil Std. 883E, method/ J15.7(. 'me Body Mcdei).and EIA/JES)D22C151-A. (Charge Device Model).

Thermal Informati ..

Symbol o ’arame_tel___ ____ !__M—{n._ Typ. Max. Unit
Tsta ¢ oraca Tompls Ure -65 150 °C
T, __Lead So_lr ing Tempe_re.ture, 16 Se:_':n_ds \ 300 °C
| N ‘—00| -nase;50 Sgconds , = \ 215 °C
__Imrared, 15Sctonds . ) _ o 220 °C
R Y PO'Ner:‘issipatior._TA:25%‘ /\ 715 mw
0;c “hermal Reeigtﬁze, Janction-to-Case 37 °C/W
5 A X _||_Thermal Resislaj'.ﬁ\‘_, J_u;ction-to-Ambient@) 100 °C/W
Nates:

3. Junction-to-ambient thermal resistance, 034, is a strong function of PCB material, board thickness, thickness and
number of copper planes, number of vias used, diameter of vias used, available copper surface, and attached heat
sink characteristics.

Recommended Operating Conditions

Symbol Parameter Conditions Min. Typ. Max. Unit
Vee Supply Voltage Ve to GND 4.5 5.0 55 \Y,
) Commercial -10 85 °C
Ta Ambient Temperature -
Industrial -40 85 °C
T; Junction Temperature 125 °C
© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics
Unless otherwise noted, V¢ = 5V, T = 25°C, using circuit in Figure 1.

The ‘¢’ denotes that the specifications apply to the full ambient operating temperature range. See Notes 4 and 5.

Symbol ‘ Parameter Conditions ‘ ‘ Min. ‘ Typ. | Max. ‘ Unit
Supply Current
lvee Vcc Current (Quiescent) HDRYV, LDRV Open . 2.6 3.2 3.8 mA
lveesp) |Vec Current (Shutdown) EN =0V, Vcc =5.5V . 200 400 pA
lvecopy |Vcc Current (Operating) EN =5V, Ve = 5.0V, 10 15 mA
Qret = 20nC, Fgyy = 200kHz
Vsuunt | Vee Voltage® Sinking 1mA to 100mA at Ve 5.5 5.9 v
Pin |
Under-Voltage Lockout (UVLO)
UVLO(H) |Rising Ve UVLO Threshold <] o laaz Iidaso v
UVLO(L) |Falling Ve UVLO Threshold . _3._\_ 4’ 375 | 4 06 . V|
Vee UVL_O Threshold J.50 | \Y
Hysteresis RN | _ |
Soft-Start
Iss Current A ) VP10 Al i pA
V| posTarT |LDO Start Threshold B N T 22" | v
Vssok |PWM Protection Enable B 3 AW 1.2 | \ v
Threshold A U WIE\S l J_ AY]
Oscillator
Fosc |Frequency TR(=56KQ+ 1% AT 240 O 300 360 | KHz
)(T) = Openi \ 160 200 240 | KHz
Frequency dnge_ | \J ( <A V" 160 600 KHz
AVpamp |Ram="mp de [R(RAMP) =300 0.4 v
(F ak-to-Pec. 5
IMuam ¢ I Time ‘F = 200iHz X 200 nS.
Re” e
Veee  |Ru srence Voiage “ATazCcCio70°C - [ 790 800 810 | mv
(Meastired at FB Pin) [TA="40°C to 85°C .| 788 800 812 | mv
I Cun en(_Amf::i‘lor Referente~ [ 160 mV
< |(:~t SW node} ~ X
Erro: Annpiifier
) [pcGain_~ 80 dB
GBWP |Gain-BW Product 25 MHz
S/IR Slew Rate 10pF across COMP to GND 8 V/uS.
Output Voltage Swing No Load . 0.5 4.0 \%
I FB Pin Source Current 1 A
Gate Drive
Ruyup  |HDRV Pull-up Resistor Sourcing . 1.8 3.0 Q
Rupn  |HDRV Pull-down Resistor Sinking . 1.8 3.0 Q
Roup |LDRV Pull-up Resistor Sourcing . 1.8 3.0 Q
R.pn  |LDRV Pull-down Resistor Sinking . 1.2 2.0 Q
© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics (Continued)
Unless otherwise noted, V¢ = 5V, Ty = 25°C, using circuit in Figure 1.

The ‘¢’ denotes that the specifications apply to the full ambient operating temperature range. See Notes 4 and 5.

OquwioQ 19]|047u0D OAT1 pue WMd 690SNV4H

Symbol Parameter Conditions ‘ ‘ Min. | Typ. ‘ Max. ‘ Unit
Protection/Disable
ILm ILIMIT Source Current 9 10 11 pA
Iswep |SW Pull-down Current SW =1V, EN =0V 2 mA
Vyy |Under-Voltage Threshold |As % of set point; 2uS noise fil- | 65 75 80 %
ter
Voy |Over-Voltage Threshold As % of set point; 2uS noise fil- | 110 1 20 %
ter
TSD |Thermal Shutdown 4 l 250 O —_|—_ __JC_ |
Enable Threshold Voltage [Enable Condition . 0_ - | o\ Iy
Enable Threshold Voltage |Disable Condition i 0.0 \%
Enable Source Current Ve =5V ___I_ 1B 50 \ | A
Lbo
V. porer | Reference Voltage (mea- |T, = 0°C to 70°C A Q| 7751 800 825 { mvV
sured at FBLDO pin) |1 = 40°C+ o © e [0 S0 | 830 | mv
Regulation 0A <l os <5A « 117 012 o123 Vv
Vibo,_po |Drop out Voltage Lo, A dRps.on <520 O AN 03 Vv
External Gate Drive ~= 75y |- i_ 4.5 \Y
Ve =5V \\J B 3 5.3 Vv
Gate Drive S7 .o Cur. 1t N \~ 1.2 mA
Gate Drive £ 1k Currant i_ 2\ | _L_ | 400 pA
Notes:
4. Al lir. s a. .crat 3 temperature \extremes a‘e guaranices by design, characterization, and statistical quality
amntrol,

AC ¢ »cii. otions gueranteed by destor/chargctarization (not production tested).

6. ~or a ase whan-Vce is bighaitnan the tyaical 5V V. voltage observed at VCC pin when the internal shunt
.ator is 5inking currentio-keepoitage on VCC pin constant.

7. Test.Coaditions: V| g5 |y = 1.57.anaV po oyt = 1.2V

© 2005 Fairchild Semiconductor Corporation
FAN5069 Rev. 1.1.5 6

www.fairchildsemi.com



Typical Performance Characteristics

L LI I ) B B L L O
FAN‘SUGQB Dead Tirne (\r'ln 124 MolckEBY, lload=54, lldo=24 -62nms,32ns .
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Figure 3. Dead Time Waveform
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Figure 5. i 15A)
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Figure 7. LDO Load Transient (0 to 2A)
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FANSO0ESE Transient LOD (Yin=12Y.Yad=5Y, load=0~54)
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Figure 5. PWM Load Transient (0 to 10A)
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Figure 8. LDO Load Transient (0 to 5A)
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Typical

Performance Characteristics (Continued)
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Figure 11. Auto Restart
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Figure 13. Enable OFF (Ipyy = 5A)
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Typical Performance Characteristics (Continued)

PWM Line Regulation (VoyT = 1.5V)
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Figure 14. PWM Line Regulation
Load Line Regulation (VoyT = 1.203V)
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Figure 16. PWM Load Regulation

1210 LDO Load Regulation (VoyT = 1.203V)
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Figure 19. 1.5V PWM Efficiency
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Block Diagram

Internal Vee 5.6V Max.

. !
Vce —9— P LT I
Int |
10}J,A Bolgtelg?:de
Rium ILIM - ggrnﬁina‘r:m' V,
g IN
B COMP
Error PWM
FB NAmplifier Comparator ]—J
HDRV
Adaptive %
Gate Drive
Circuit Lo Vout
sw & T
T
= ]
Ci > \\/
cu i,
Summing Amplifier | ‘[j
Generator Z
Amplifier | [v G\
l Enable l _J N
. —
Figure« . Rlock . agrc

Detailed Operation Descriptior

FAN5069 combines a high-efficiency. fixe tic. Yy
PWM controller designed for sing” pha. sy. hronous
buck Point-Of-Load converters v. 1 an in. jra. d LD@

Choose & resistor such ‘net.

m {1s rawed to_handie the pcwer dissipation.

preven: ICtemperauvire rise.

controller to support GT)« . ~lo. 's. Thi' controller 15 R Selection (iC)
ideally suited to deliver/ »w-voltage, . current poveer A% o
supplies needed-n o ‘ktop | mputers,, 20tenooks; The selection of Ry is dependent on:

workstations, # dJ servers. “he< ntroller vornes with an
integrated hoc ~ _ “hich helps.reduce corapcrient
cost and in. rase spac  savings, Nith this controiier, the
i Jw e ver  pply can he varied rrom 3V to .24\
¢ 1the ¢ onuu »ltage caripn2 set to requlate atv).8v w0
15 oanth: switcheroutput. The LD wutput ¢anbe con-
figur ' regulete hetween 0.8V.f0 3V.ang the input to
the LLO can hefrum 1.5V 105V, resgeciively. An internal
shunt reauiator at the VCC pinsiaciittaies the controller
operation irom either a 5V orL..\,power source.

V.o Bias Supply

FAN5069 can be configured to operate from 5V or 12V
for Vcc. When 5V supply is used for V¢, no resistor is
required to be connected between the supply and the
Vee. When the 12V supply is used, a resistor Rycc is
connected between the 12V supply and the V¢ as
shown in Figure 1. The internal shunt regulator at the
VCC pin is capable of sinking 150mA of current to
ensure that the controller’s internal Vo is maintained at
5.6V maximum.

p-Vanation of the 12V supply
w CGate charge of the top and bottom FETS (QpgT)
m Switching frequency (Fsyy)

m Shunt regulator minimum current (1mA)

m Quiescent current of the IC (Ig)

Calculate Rycc based on the minimum input voltage for
the V!

Vinyy—5.6
(lg+19107° +Qper o Fgy ¢ 1.2)

(EQ. 1)

Ryce =

For a typical example, where: Vinyy = 11.5V, IQ =3mA,
QreT = 30nC, Fgy = 300KHz, Ry is calculated to be
398.65Q.

PWM Section

The FAN5069's PWM controller combines the conven-
tional voltage mode control and current sensing through
lower MOSFET Rpg oy t0 generate the PWM signals.
This method of current sensing is loss-less and cost
effective. For more accurate current sense requirements,
an optional external resistor can be connected with the
bottom MOSFET in series.

OquwioQ 19]|047u0D OAT1 pue WMd 690SNV4H
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PWM Operation

Refer to Figure 20 for the PWM control mechanism. The
FAN5069 uses the summing mode method of control to
generate the PWM pulses. The amplified output of the
current-sense amplifier is summed with an internally
generated ramp and the combined signal is amplified
and compared with the output of the error amplifier to get
the pulse width to drive the high-side MOSFET. The
sensed current from the previous cycle is used to modu-
late the output of the summing block. The output of the
summing block is also compared against the voltage
threshold set by the R\ resistor to limit the inductor cur-
rent on a cycle-by-cycle basis. The controller facilitates
external compensation for enhanced flexibility.

Initialization

When the PWM is disabled, the SW node is connected
to GND through an internal 500Q MOSFET to slowly dis-
charge the output. As long as the PWM controller is
enabled, this internal MOSFET remains OFF.

Soft-Start (PWM and LDO)

When V¢ exceeds the UVLO threshold and EN is high.
the circuit releases SS and enables the PWM regula*

The capacitor connected to the SS pin and GNo is
charged by a 10pA internal current source, caus 1 the
voltage on the capacitor to rise. Wheri.  >.vC 1ge
exceeds 1.2V, all protection circuits. ~=>.enz 2u. n

this voltage exceeds 2.2V, the LT J ouy, t i >nabled.
The input to the error amplifier at. e non-ic erti..g pin is
clamped by the voltage ¢ .. SS'_ aunti’ crosses the

reference voltage.

The time it take .. P M ou’ ut to reaca rzgulation
(Trise) is cAlcl ted= g 1. Luowirg equation;

Trio= 8 10 “xC/  (Cgeisinuf) (EQ. 2)
cillat.  Ci =k Freatzcincy (PWM,)

The clock requencv-on the gscilawr is_selusing an

extel resisto;, eonnectad heiweern~ (T} pin and

ground. The_irequency “‘oliows the grank, as shown in
Figure. 127 The minimum cloc!{ freauency is 200KHz,
whicti is when R(T) pin is_leit.open. Select the value of
(1) as shown in the 2quation below. This equation is
valid for all Fogc > 200KRz.

5x 10°

R(T) =
™ (Fosc —200 x 103)

(EQ.3)

where Fogc is in Hz.
For example, for Fogc = 300kHz, R(T) = 50KQ.

Rramp Selection and Feed-Forward Operation

The FAN5069 provides for input voltage feed-forward
compensation through Rgamp The value of Rrayp effec-
tively changes the slope of the internal ramp, minimizing
the variation of the PWM modulator gain when input volt-

age varies. The Rrapp @lso has an effect on the current
limit, as can be seen in the Ry equation (EQ. 5). The
Rramp Value can be approximated using the following
equation:

Viy-18

Rramp = KQ

6.3+ 10 % e Fosc (EQ. 4)

where Fogc is in Hz. For example, for Fogc = 300kHz
and V|\ = 12V, Rgamp = 540KQ.

Gate Drive Section

The adaptive gate control logic® ans. =2s the internal
PWM control signal into the MG =ET ga&  drive signais
and provides necessarv.< ..plificac 1, ley . shifting, ‘aid
shoot-through protectic . It =" o ha. © .ctions—that help
optimize the IC pe. rme. ¢ over A wide range.of oper-
ating conditie” s. Sinc .the '~ _~ET swiicihing time can
vary dra: atic. v fron device totazvice and with the
input volte. », i .aa* control 1agic provides adaptive

dea 2.6 mornwring thegate-to-source voltages of

th « oer . lower [MOSFETs. Tii2 ‘ower MQSFET
dii »is. ot turned on‘until the gzt tu-sourCe veltage of
the  ner MOSFET has decr¢zsed to Jessitiian approxi-

mately 1V-Citailarly, the zoper MOSFEET 15 not turned on
antil the\gate-to-source voltaae .of ‘the lower MOSFET
has decreased 0 less thon“approximately 1V. This
ailaws a wide variety ofunper and lower MOSFETS to be
used withouit-a concealil for simultaneous conduction, or
shgoot-through.

rulow impedance path between the driver pin and the
MOS=E'r. gate is recommended for the adaptive dead-
tirie ciccuit to work properly. Any delay along this path
reduces the delay generated by the adaptive dead-time
circuit, thereby increasing the chances for shoot-through.

Protection

In the FAN5069, the converter is protected against
extreme overload, short-circuit, over-voltage, and under-
voltage conditions. All of these conditions generate an
internal “fault latch” which shuts down the converter. For
all fault conditions both the high-side and the low-side
drives are off except in the case of OVP where the low-
side MOSFET is turned on until the voltage on the FB pin
goes below 0.4V. The fault latch can be reset either by
toggling the EN pin or recycling V¢ to the chip.

Over Current Limit (PWM)

The PWM converter is protected against overloading
through a cycle-by-cycle current limit set by selecting
Rjm resistor. An internal 10pA current source sets the
threshold voltage for the output of the summing amplifier.
When the summing amplifier output exceeds this thresh-
old level, the current limit comparator trips and the PWM
starts skipping pulses. If the current limit tripping occurs
for 16 continuous clock cycles, a fault latch is set and the
controller shuts down the converter. This shutdown fea-
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ture is disabled during the start-up until the voltage on
the SS capacitor crosses 1.2V.

To achieve current limit, the FAN5069 monitors the
inductor current during the OFF time by monitoring and
holding the voltage across the lower MOSFET. The volt-
age across the lower MOSFET is sensed between the
PGND and the SW pins.

The output of the summing amplifier is a function of the
inductor current, Rpg op Of the bottom FET and the gain
of the current sense amplifier. With the Rpg oy Mmethod
of current sensing, the current limit can vary widely from
unit to unit. Rpg on Not only varies from unit to unit, but
also has a typical junction temperature coefficient of
about 0.4%/°C (consult the MOSFET datasheet for
actual values). The set point of the actual current limit
decreases in proportion to increase in MOSFET die tem-
perature. A factor of 1.6 in the current limit set point typi-
cally compensates for all MOSFET Rpg oy Variations,
assuming the MOSFET's heat sinking keeps its operat-
ing die temperature below 125°C.

For more accurate current limit setting, use resistor
sensing. In a resistor sensing scheme, an appropriate
current sense resistor is connected between the sou
terminal of the bottom MOSFET and PGND.

Set the current limit by choosing R,y as fol'ows:

3
K1 ¢lyax®Rpson® 10 +[(1 ..8) V. e “-101'J

Rium = | 128+ 143 Vin)* L ek e
(EQ.5)

where Ry is in KO,

Imax is the ma mum-'aaa o

K1 is a c. stant to a¢ ommocdare 1or the wariation of

Me - RD —)N) 5 .gally 1.L“;.

V. hKl:= 6, MAX = 20A. RDS(C’\]) = ThIQ, V:'\l = ;',4V,

VO\ =1 /, FSV‘,’ =200 KHZ, l-;pA P = 400 K.'\a, ‘_{lLlM

calcL.  .sto he 323.17KQ.

Auta kestart (PWM)

Trie FAN5069 supportstwva'mades of response when the
internal fault latch is seu~The user can configure it to
keep the power supply latched in the OFF state OR in
the Auto Restart mode. When the EN pin is tied to Vg,
the power supply is latched OFF. When the EN pin is ter-
minated with a 100nF to GND, the power supply is in
Auto Restart mode. The table below describes the rela-
tionship between PWM restart and setting on EN pin. Do
not leave the EN pin open without any capacitor.

EN Pin PWM/Restart
Pull to GND OFF
Vee No restart after fault
Cap to GND Restart after TDELAY (Sec.) =
0.85 x C where C is in uF

The fault latch can also be reset by recycling the V¢ to
the controller.

Under Voltage Protection (PWM)

The PWM converter output is monitored constantly for
under voltage at the FB pin. If the v="2qe on the FB pin

stays lower than 75% of interna'® .ef fo. 5 clock cycles,
the fault latch is set and thz sori rter st s down. Fhig
shutdown feature is dis=" <d during tart” , until tiie volt-
age on the SS capecitc. 220 es l.z

Over Voltar= Pro. ctic (T M)

The PW. .coi >rter ¢ tput voltage'ismonitored con-
starattl. FB, ~f overyeltage. if the voltage on the
"B < = igher than-21GY%0-of internal Vyeg. for two

¢ ck cles, . e coriroler'turns OF Fitne upper MOS-
FE an. turns SN the lower 2O3FET. This crowbar
actic. stops«when. the voltage-on the FB\ pin reaches

0.4V to preventine outpuc voltage froninbecoming nega-
uve. This.over-valiagea protection (O VP) feature is active
as =uor as thewoitage on-the iy pin becomes high.

1urning.CNthz low-sidz MOSFETs on an OVP condition
pullzi down the ouistt, resulting in a reverse current,
which'starts40'buiid up in the inductor. If the output over-
vuiiage is au2 to failure of the high-side MOSFET, this
crowixar aciuon pulls down the input supply or blows its
fuse, protecting the system, which is very critical.

During soft-start, if the output overshoots beyond 115%
of Vger the output voltage is brought down by the low-
side MOSFET until the voltage on the FB pin goes below
0.4V. The fault latch is NOT set until the voltage on the
SS pin reaches 1.2V. Once the fault latch is set, the con-
verter shuts down.

115% Vref

Fault
Q[ Latch

LS Drive

Figure 21. Over-Voltage Protection

Thermal Fault Protection

The FAN5069 features thermal protection where the IC
temperature is monitored. When the IC junction temper-
ature exceeds +160°C, the controller shuts down and
when the junction temperature gets down to +125°C, the
converter restarts.
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LDO Section

The LDO controller is designed to provide ultra low volt-
ages, as low as 0.8V for GTL-type loads. The regulating
loop employs a very fast response feedback loop and
small capacitors can be used to keep track of the chang-
ing output voltage during transients. For stable opera-
tion, the minimum capacitance on the output needs to be
100pF and the typical ESR needs to be around 100mQ.

The maximum voltage at the gate drive for the MOSFET
can reach close to 0.5V below the V¢ of the controller.
For example, for a 1.2V output, the minimum enhance-
ment voltage required with 4.75V on Ve is 3.05V
(4.75V-0.5V-1.2V = 3.05V). The drop-out voltage for the
LDO is dependent on the load current and the MOSFET
chosen. It is recommended to use low enhancement
voltage MOSFETs for the LDO. In applications where
LDO is not needed, pull up the FBLDO pin (Pin #1)
higher than 1V to disable the LDO.

The soft-start on the LDO output (ramp) is controlled by
the capacitor on the SS pin to GND. The LDO output is
enabled only when the voltage on the SS pin reaches
2.2V. Refer to Figure 9 for start-up waveform.

Design Section

General Design Guidelines
Establishing the input voltage range =4 me ‘M. -

rent loading on the converter befor choo. ‘g switch-
ing frequency and the inductor | ple cur nt i. highls
recommended. There ars” ._ .gn" de-of’ in chacsiny

an optimum switching fr juency ana . .ipple-current.

The input voltar™ .. \ge . auld 7 commoiaie the worst-
case input. vo 0l Wil (he eiaverier may, ever
operate. 1. = Vonayge ne ds to accourt for the-cahle drop
enct  arec om0 ooource (@aheconverter Typicaiy,

s conv. ‘er . ficiency tends to be higher At lower innut
ve 1ge co litions.

Whe «ecting maximum Joasing conditiens, consider
the transient and steady-stai=2-(contiiiuous) loading sep-
arately. “ke transient loading affects the selection of the
inductor and the output capecitors. Steady state loading
affects'the selection of MOGFETs, input capacitors, and
auier critical heat-generating components.

The selection of switching frequency is challenging.
While higher switching frequency results in smaller com-
ponents, it also results in lower efficiency. Ideal selection
of switching frequency takes into account the maximum
operating voltage. The MOSFET switching losses are
directly proportional to Fgy and the square function of
the input voltage.

When selecting the inductor, consider the minimum and
maximum load conditions. Lower inductor values pro-
duce better transient response, but result in higher ripple
and lower efficiency due to high RMS currents. Optimum
minimum inductance value enables the converter to

operate at the boundary of continuous and discontinuous
conduction modes.

Setting the Output Voltage (PWM)

The internal reference for the PWM controller is at 0.8V.
The output voltage of the PWM regulator can be set in
the range of 0.8V to 90% of its power input by an exter-
nal resistor divider. The output is divided down by an
external voltage divider to the FB pin (for example, R1
and Rgjas as in Figure 24). The output voltage is given
by the following equation:

ng
Rgia

To minimize noise pickup op-thic
tO GND (RB|AS) belOW 1{-\' o

(EQ. 6)

Vour = 0.8V x(1+

ode, k. p the resistcr

Inductor Selecti"n (\ " )

When the ripi'e curt. t, s\ 2" g frequency of the con-
verter, a 1 tI. .input- tpu. voltages are established,
select the'. Hduc. usit | the fallowiing equation:

(EQ.7)
where Igipiess theaipplecurrent;

Thiz'number.typically varies, tetween 20% to 50% of the
maximum steady-statz [nad.on the converter.

When selecting annicuctor from the vendors, select the
inductance value which is close to the value calculated at
the ratec current (including half the ripple current).

Input Capacitor Selection (PWM)

The input capacitors must have an adequate RMS cur-
rent rating to withstand the temperature rise caused by
the internal power dissipation. The combined RMS cur-
rent rating for the input capacitor should be greater than
the value calculated using the following equation:

Vout _(VOUT)Z

linpuT(RMS) = lLoAD(MAX) X[ Vin Vin (EQ. 8)

Common capacitor types used for such application
include aluminum, ceramic, POS CAP, and OSCON.

Output Capacitor Selection (PWM)

The output capacitors chosen must have low enough
ESR to meet the output ripple and load transient require-
ments. The ESR of the output capacitor should be lower
than both of the values calculated below to satisfy both
the transient loading and steady-state ripple conditions
as given by the following equation:

Vstep and ESR< VRippIe (EQ.9)

Ripple

ESR <
Al oaD(MAX)
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In the case of aluminum and polymer based capacitors,
the output capacitance is typically higher than normally

VIN
required to meet these requirements. While selecting the 5V
ceramic capacitors for the output; although lower ESR Cep
can be achieved easily, higher capacitance values are R R
required to meet the Voyt(viny restrictions during a load |\ P —1 HDRV M}E\%
transient. From the stability point of view, the zero -
CGS
—1.SW

caused by the ESR of the output capacitor plays an H
important role in the stability of the converter.

Output Capacitor Selection (LDO)

For stable operation, the minimum capacitance of 100uF
with ESR around 100mQ is recommended. For other val-

Figure 23. Drive Equivalent Circuit
The upper graph in Figure 22 represents Drain-to-

ues, contact the factory. Source Voltage (Vps) qnd Drain Crv 2t (Ip) waveforms. .
) The lower graph details Gate<© sourc Voltage (Vgs) |
Power MOSFET Selection (PWM) vs. time with a constant cur~at c. rgingl : gate. Thex:

The FAN5069 is capable of driving N-Channel MOSFETs ~ @Xis is representative o7 uate £ha. = (7). Cis¢ = Cap
as circuit switch elements. For better performance, * Casanditcontra's ti 2ad t4 ti g, Cep igecives

MOSFET selection must address these key parameters: ~ (he current from the mate’ iver«ing t2 (s Vips is fall-
) ) ing). Obtain v » gate’ arg ;g) paiarnaters shown on
m The maximum Drain-to-Source Voltage (Vps) should the lowei ~api omtt MOSFET datasheets.

be at least 25% higher than worst-case input voltage.

m The MOSFETs should have low Qg, Qgp, and Qgs. £ R sesQaaibut e same for both

2n g and falling 2dge, Q1'z awitching'losses

m The Rps on of the MOSFETSs should be as low as possible Ov Ir L sing the shaded time whin'the MOSFET has
In typical applications for a buck converter, the .. volt e acrossitand current tizocgh it.

cycles are lower than 20%. To optimize the sel¢ tion of

MOSFETSs for both the high-side and low-side, foli. « dif- . -0sses are giveii by (EC.10), (EQ, 11)-and (EQ. 12):
ferent selection criteria. Select the high-side . ~%k “to AN >

minimize the switching losses and t+ sio. MOo. T Puspen = Psw. RConp (FQ-10)
to minimize the conduction loss/ due v the ‘hannel 5 _Ves> Il (EQ. 11)
and the body diode losses-.No that tt gate OJrive TsweT (T o ey ts) Fsw

losses also affect the ter’ ,erawre i ».ar< e conuoliear. AT (£Q. 12)

D —[IEUTY )2
For loss calculatie=. refc to Faii ild's Aprlicatiorn Note f'COND [ VN ) x15ut *Rps(on)

- . ja. ‘er et. X
AN-6005 and jgF"as=gcid ndshget witere P ppgr is the upper MOSFET's total losses and

High-Sia '.0sses Paygand Pconp are the switching and conduction losses
ior a given MOSFET. Rpg(ony is at the maximum junction
temperature (T;) and tg is the switching period (rise or
fall time) and equals t2+t3 (Figure 22.).

Le  .cs the AGC Z1" can be understood by Tollowing
v switct. g i rval of the WOSFET.in-Figure 22. MOS-
FE 9gate/ ive equivalent'circuit is shGwn in Tigure 23.
The driver's impedance and C,gg determine t2 while t3's
period is controlled by the driver's impedance and Qgp.
Since most of tg occurs when Vgg = Vgp assume a con-
stant current for the driver to simplify the calculation of tg
using the following equation:

— QG(SW) ~ QG(SW)
IDriver ( VCC _VSP ]
RDriver + RGate

ts (EQ. 13)

Most MOSFET vendors specify Qgp and Qgs. Qg(sw)
can be determined as:

Qgsw) = Qep + Qas — Qn where Qqy is the gate
charge required to reach the MOSFET threshold (V).

Note that for the high-side MOSFET, Vpg equals Vi,
which can be as high as 20V in a typical portable appli-
cation. Include the power delivered to the MOSFET's
(PgaTE) in calculating the power dissipation required for
the FAN5069.

Figure 22. Switching Losses and Qg
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PgaTe is determined by the following equation:

_ (EQ. 14)
Pcate = Q *Vec * Fsw

where Qg is the total gate charge to reach Vc.

Low-Side Losses

Q2 switches on or off with its parallel schottky diode
simultaneously conducting, so the Vpg = 0.5V. Since
Psw is proportional to Vpg, Q2's switching losses are
negligible and Q2 is selected based on Rpgon) alone.

Conduction losses for Q2 are given by the equation:
Pcono = (1=D) xloyt * Rpsiony (EQ. 15)
where Rpgon) is the Rpgony of the MOSFET at the

highest operating junction temperature and D=Vqy1/V|y
is the minimum duty cycle for the converter.

Since Dy N < 20% for portable computers, (1-D) ~ 1 pro-
duces a conservative result, simplifying the calculation.

The maximum power dissipation (Ppgax)) is @ function

R-C components for the snubber are selected as follows:

a) Measure the SW node ringing frequency (Fying) with a
low capacitance scope probe.

b) Connect a capacitor (Cgyyg) from SW node to GND
so that it reduces this ringing by half.

c) Place a resistor (Rgnyg) in series with this capacitor.
Rsnug is calculated using the following equation:

2
R = —_— (EQ. 17)
SNUB nXFringXCSNUB
d) Calculate the power dissipated in the snubber resistor
as shown in the following equatio~

— 2 \
Presnug) = Csnue X Vineaxy . Ssw (EQ. 18}
where, Viymax) is the 2™ amum il it v age and FSW/
is the converter switchii fre= Lency.

The snubber resisto. hos s uid be Ce-rated to han-

" ' dle the warst- se po  r d. sipatioin.-Do not use wire-
of the maximum allowable die temperature of the low-  \ound re sto. for F yug.
side MOSFET, the 0;, and the maximum allowable
ambient temperature rise. Ppax) is calculated using 0CG, <~ nsation
the following equation: 1, icai the closed lgop Crossavar frequeriay (Feross):

p _ Tmaxy = Tamax)
D(MAX) —

05a (2. 16)

0;a depends primarily on the amount c TR eg
devoted to heat sinking.

Selection of MOSFET Snubk r Circt

The Switch node (SW) ¥ giny is ¢ sed , fast.switch-
ing transitions due to tl  energy.stoicu In the parzsitic
elements. This ¥© _ g o. ‘he SV node csunles+io other

why » the overall gain is uniiv <nould” be.s<lected to
achieve optirnal transient nid“steady-stete response to
listurbances' in ling, arid.'load .conditions. It is recom-
merideq w0 keep'\Fioss belew fith' of the switching fre-
queasy of thiewcarverter. Higher phase margin tends to
have a-more.sable systeniwith more sluggish response
to Izad transients, wpiimum phase margin is about 60°, a
(good ‘comprorise: between steady state and transient
responses. A, typical design should address variations
over ‘a-wide range of load conditions and over a large

circuits aroun/ the.~2ave. . theyCare\not hariiied cample of devices
properly. = dai.._cithi ringing, &n R-C snubker is con-
nectaacrc.  the'S\** jode ana.ne source of ‘the lovi-
- ¢cMC CEi

I N L NS VIN

AVl
I | Zurrent
S
¢ /> Qf
IN RRAMP

4 PWM Vour
Summing &

Z DRIVER R
Amplifier L

Reference
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FAN5069 has a high gain error amplifier around which
the loop is closed. Figure 24 shows a Type-3 compensa-
tion network. For Type-2 compensation, R3 and C3 are
not used. Since the FAN5069 architecture employs sum-
ming current mode, Type-2 compensation can be used
for most applications.

Type 3 Feedback Component Calculations

Notation:

C, = Net Output Filter capacitance

L = Inductor Value

R.s = Net ESR of the Output Filter Capacitors

R, = Load Resistance
T, = Switching Period
V|n = Input Voltage

Fsw = Switching Frequency

Use the following steps to calculate feedback components:

Gp(s) = Net Gain of Plant = control-to-output transfer function

Rpson = ON-state Drain-to Source Resistance of Low-side MOSFET

For further information about Type-2 compensation
networks, refer to:

m Venable, H. Dean, "The K factor: A new mathematical
tool for stability analysis and synthesis,” Proceedings
of Powercon, March 1983.

Note: For critical applications requiring wide loop
bandwidth using very low ESR output capacitors,
use Type-3 compensation.

Equations:
Effective curre’ “sensere. 27 o= R/= T XRpqgy (EQ. 19)
B
C: cie o0 tor -~ gain= M = B (EQ. 20)
‘i
i Vy-1.8)xT
Effe v amp anplicigie = v 2 333 x 1010y N )xTs
m R
ramp
(EQ. 21)
\l
Voltage modulator DC gain.={ V. = N (EQ. 22)
m

| o _ _ Mv X Mi
Plant DC gain= M, = M, I M; = Y (EQ. 23)
Sampling gain natural frequency = o, = 1@ (EQ. 24)

S
Sampling gain quality factor (damping) = Q, = = (EQ. 25)
s
. . Mo MV X Ri
Effective inductance = L, = — x (L +—_— (EQ. 26)
© MV (Dn X Q

R _vaRixRL_ M R) IR

p_vaRi+R|__( v¥RDITR (EQ. 27)
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Poles and Zeros of Plant Transfer Function:
1

Plant zero frequency = f, = m (EQ. 28)
Plant 1 pole frequency = fpl = 1 3 (EQ. 29)
e
2><1r><(C0><Rp+-R—I-)
Plant 2nd pole frequency = f_, = 1 X (——l—— + EE) (EQ. 30)
P27 2xn \C,xR_ L,
2
Plant 3" pole frequency = f_, = Onxle (EQ. 31)
p q y p3 2 X7 X Rp '
|
Plant gain (magnitude) response:
£\2
1+ (E) }
|Gp|(f) = 20 xlogM, + 10 x log 2 2 Y (EQ. 32)
1+(f—) }x[l+(i) }x[l+(—w —H
pl p p3
Plant phase response:
£Gp(f) = tan_l(—f— —tan_l(i) —tan_l(i ——tan’ |- ) (EQ. 33)
f for f, S
Choose R1, Rgjag to set the output voltag. .. .. 0.6. Choose e zero crossaver freguainty’ Feress Of the overall
loop. Typically Feoss should be less® _ “fth Fg,,. = .00se th=desired shase margin; tyoicaily between 60° to 90°.
Calculate plant gain at Fqgq Usin EQ.34 "  su. stituting F-o-g¢q In plac2 G611, The'gain that the amplifier needs to pro-
vide to get the required cr ser. aiven/
_ 1

Gaup = NG 3 (EQ. 34)
The phasc ooc..cquir, !is calcu'ated as given'in (12Q. 35)
P' s h0s =N LGp(F pue)—90° (EQ. 35)
w re M1 he .esired phase marginsiii degrees.
The e ack cainpenent values ale calcuiated as given in equations below:
= {raof (0 «as])

0 BN J (EQ. 36)
C2= 1 P

2xxFeoss X Gamp X R (EQ. 37)
Cl =C2x(K-1) (EQ. 38)

1

C3= EQ. 39

ZXnXFcrOSSxJRxRS (FQ-39)

_ JK
R2= 2xmxF.oesxCl (EQ. 40)
_ R1

R3 = K1) (EQ. 41)
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Design Tools

Fairchild application note AN-6010 provides a PSPICE
model and spreadsheet calculator for the PWM regula-
tor, simplifying external component selections and verify-
ing loop stability. The topics covered provide an
understanding of the calculations in the spreadsheet.

The spreadsheet calculator, which is part of AN-6010,
can be used to calculate all external component values
for designing around FAN5069. The spreadsheet pro-
vides optimized compensation components and gener-
ates a Bode Plot to ensure loop stability.

Based on the input values entered, AN-6010’s PSPICE
model can be used to simulate Bode Plots (for loop sta-
bility) as well as transient analysis to help customize the
design for a wide range of applications.

Use Fairchild Application Note AN-6005 for prediction of
the losses and die temperatures for the power semicon-
ductors used in the circuit.

AN-6010 and AN-6005 can be downloaded from
www.fairchildsemi.com/apnotes/.

Layout Considerations

The switching power converter layout needs careful
attention and is critical to achieving low losses and clean
and stable operation. Below are specific recommenda-
tions for good board layout:

m Keep the high-current traces and load connections as
short as possible.

m Use thick copper boards whenever possible to
achieve higher efficiency.

m Keep the loop area between the SW node, low-side
MOSFET, inductor, and the output capacitor as small
as possible.

m Route high dV/dt signals, suck< .5+ 1ode, away
from the error amplifier input/c “out pir. . Keep com-
ponents connected to*" _se pin. ‘lose’ the pirs.

m Place ceramic de-co. 'ine® ipaci.  very ciosetothe
VCC pin.
m Allinput si_ hals are =fes ~d with respect to AGND

pin. Dt ‘cal. Ynela; rofthe PCKitor a GND plane.
U= atle stfc !=20 /s forthe RCB.
LM ‘D loops ir‘tihe’layout to evoid EMI-related

‘Ssu .

B . 2w .etracesfor the lower (ate drive to keep the

dr. & impedances low.

Conneact PGND direci!v (o the lowe” MOSFET source

pin.

m Usz'wideiand 2reas with appropriate thermal vias to
effectivaly.remove, leat itom the MOSFETS.

m_te snubber circuiis to minimize high-frequency ring-

ing at thecSYV nodes.

Place the output capacitor for the LDO close to the

sou:ce of the LDO MOSFET.

-

4]
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Application Board Schematic
Vi = 310 24V; Vo1 =1.5V at 20A.

+5V or +12V

u1

Ol C
PR O.ZZJF I 3-24v 2
14 R6 453K
= vcc R(RAMP) N Cs_]_cm_]; o V‘N
Q1
0o | FDD6530A 16 oLoo HORY 10 | Q2 0.1pI /I\SZOUF,I\SZONF FDJG3ND
0o C‘,'; RS 1 FBLDO oot |1 PWM out
LA T eL
c4 +
01uF R7$10K 022uF T 18”H 1
J6 560pF R 2 R(T) sw SW_Out |
GND 50K FDD6606| FDD6606 R11
22 c4 C15
= RS 3 a4 ’
208K 1py o o if ——C16 SGOET\ T "
C5 3.3nF 5
II 4 1ss PGND . GND
= 0.4yF c1
w2 o ol e 2 T _|
1 K 925 -
c9 001pF 7
Fa AGND B f—8 I— . l—w =
= 511K
FAN5069 ij 583K
Figur=25. A, licatic Board Gehematic
Bill of Materials
Part Description Quantm l- Desmnc ter Nenaor Vendor Part #
Capacitor, 1500pF, 20%, 25V, 0627 7R | C1 Raiasinic PCC1774CT-ND
Capacitor, 220pF, 5%, 50V, 0€ ,,NPO :_ 2 Panasonic PCC221ACVCT-ND
Capacitor, 3300pF, 10%, 50V, 303,X7R 7 [ c2 Panasonic PCC1778CT-ND
Capacitor, 0.1uF, ** o, 2.V, 06 X7R | 4 C4, CL, f‘6 ci5 Panasonic PCC2277CT-ND
Capacitor, 0.22uF N0/ 1605, n 2 27.C8 Panasonic PCC1767CT-ND
Capacitor, 0. (F, 1uv, 50V, ;03,X7R 1 Cu Panasonic PCC1784CT-ND
Ca: 320, 207 -J, 25V,2¢n "\ am, l 96/—‘ 2 C10,C11 Nippon-Chemicon KZH25VB820MHJ20
\pacitor, ’)ul— %, 8X8, 2.8\ "*10hm 6.1A s C17 Nippon-Chemicon PSC2.5VB820MH08
C  acitor, 5 pF, 20%, 8 X115, 4v, /mOhn’,Z.584 3 C12,C13,C14 Nippon-Chemicon PSA4VB560MH11
Car  tor 00pF, 10%, « O\’ 0603,XVR 1 C16 Panasonic PCC332BNCT-ND
Conne .or Head xr0.200 Vertlr,u T - 2Pin 1 Jl Molex WM6436-ND
Terminal f‘ulrkl. Vale .052"Dia 187" Tab 6 J2-J7 Keystone 1212K-ND
Inducior, . ?- A, 20%, 26Amps Max..3:24:m0im 1 L1 Inter-Technical SC5018-1R8M
.wOSFL‘T N-CH, 32 mQ, 20V, 27A, D QAK FSID: FDD6530A | 1 Q1 Fairchild Semiconductor FDD6530A
I"lf"oFET N-CH, 8.8 mQ, 3¢ \/. .)0/ #U-PAK, FSID: FDD6296 |1 Q2 Fairchild Semiconductor FDD6296
MOSFET N-CH, 6 mQ, 30V, .5A, D-PAK, FSID: FDD6606 2 Q3,04 Fairchild Semiconductor FDD6606
Resistor, 5.11K, 1%, 1/16W 1 R1 Panasonic P5.11KHCT-ND
Resistor, 12.7K, 1%, 1/16W 1 R2 Panasonic P12.7KHCT-ND
Resistor, 825Q, 1%, 1/16W 1 R3 Panasonic P825HCT-ND
Resistor, 49.9K, 1%, 1/16W 1 R4 Panasonic P49.9KHCT-ND
Resistor, 243K, 1%, 1/16W 1 R5 Panasonic P243KHCT-ND
Resistor,453K, 1%, 1/16W 1 R6 Panasonic P453KHCT-ND
Resistor,10K, 1%, 1/16W 1 R7 Panasonic P10.0KHCT-ND
Resistor, 4.99K, 1%, 1/16W 1 R8 Panasonic P4.99KHCT-ND
Resistor, 220Q, 1%, 1/4W 1 R9 Panasonic P200FCT-ND
Resistor, 5.90K, 1%, 1/16W 1 R10 Panasonic P5.90KHCT-ND
Resistor, 2.2Q, 1%, 1/4W 1 R11 Panasonic P2.2ECT-ND
Connector Header 0.100 Vertical, Tin - 1 Pin 3 TP1,TP2, Vcc Molex WM6436-ND
IC, System Regulator, TSSOP16, FSID: FAN5069 1 Ul Fairchild Semiconductor FAIRCHILD
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Typical Application Board Layout
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Figure 26. Assembly Diagram

Figure 28. Mid Layer 1

Figure

Figure 30. Bottom Layer
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