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TECHNOLOGY

| (/\Q LTC3808

No RSENSETM, Low EMI,

Synchronous DC/DC Controller

FEATURES

Programmable Output Voltage Tracking

Sense Resistor Optional

Spread Spectrum Modulation for Low Noise
Constant Frequency Current Mode Operation for
Excellent Line and Load Transient Response
Wide Vy Range: 2.75V 10 9.8V

Wide Voyt Range: 0.6V to Vy

0.6V +1.5% Reference

Low Dropout Operation: 100% Duty Cycle

True PLL for Frequency Locking or Adjustment
(Frequency Range: 250kHz to 750kHz)
Selectable Burst Mode®/Pulse Skipping/Forced
Continuous Operation

Auxiliary Winding Regulation

Internal Soft-Start Circuitry

Power Good Output Voltage Monitor

Output Overvoltage Protection

Micropower Shutdown: lq = 9uA

Tiny Thermally Enhanced Leadless (4mm x 3mm)
DFN or 16-lead SSOP Package

APPLICATIONS

One or Two Gell Lithium-lon Powered Devices
Notebook and Palmtop Computers, PDAs
Portable Instruments

Distributed DC Power Systems

with Output Tracking
DESCRIPTION

The LTC®3808 is a synchronous step-down switching
regulator controller that drives external complementary
power MOSFETs using few external components. The
constantfrequency current mode architecture with MOSFET
Vps sensing eliminates the need for a current sense
resistor and improves efficiency.

Burst Mode operation provides high efficiency operation
at light loads. 100% duty cycle provides low dropout
operation, extending operating time in battery-powered
systems.

The switching frequency can be programmed up to 750kHz,
allowing the use of small surface mount inductors and
capacitors. For noise sensitive applications, the LTC3808
can be externally synchronized from 250kHz to 750kHz.
Burst Mode is inhibited during synchronization or when
the SYNG/MODE pin is pulled low to reduce noise and RF
interference. To further reduce EMI, the LTC3808 incorpo-
rates a novel spread spectrum frequency modulation
technique.

The LTC3808 is available in the tiny footprint thermally
enhanced DFN package or 16-lead SSOP package.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation. Burst Mode
is a registered trademark of Linear Technology Corporation. No RSENSE is a trademark of
Linear Technology Corporation. All other trademarks are the property of their respective
owners. Protected by U.S. Patents including 5481178, 5929620, 6580258, 6304066,
5847554, 6611131, 6498466. Other Patents pending.
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LTC3808

ABSOLUTE MAXIMUM RATINGS (note 1)

Input Supply Voltage (Vin) ...oovrerererervenenns -0.3Vto 10V TG, BG Peak Output Current (<10uS) ....ccevevvvrrrnnene 1A
PLLLPF, RUN, SYNC/MODE, TRACK/SS, Operating Temperature Range (Note 2)... —40°C to 85°C
SENSE*, IPRG Voltages............ -0.3Vto (Vjy+0.3V)  Storage Ambient Temperature Range ... —65°C to 125°C
Vip, Ity Voltages.....cccovevevevceceee. -0.3Vt0 2.4V Junction Temperature (Note 3).......ccccevererernnne, 125°C
SW, SENSE™ Voltages......... -2VtoViy+1V (10V Max)  Lead Temperature (Soldering, 10 sec)
PGOOD ... -0.3Vto 10V GN16 PaCKaQe .......coeveeeveeeeeeeeeeeeecee e 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
e 0 Gl sw NUMBER ano [T] 6] sw NUMBER
sYNG/MODE 71 | | 73] sense” LTC3808EDE PLLLPF [2 16] SENSE™ LTC3808EGN
TRACK/SS | 31 | I G2] v, SYNC/MODE [3] [14] Vi
paooD [ 411 15 | (1T} SENSE* TRACK/SS [4] 3] SENSE*
I S
| 2 | 7]
RUN |71 | ) (8] IPRG DE PART Vs [8] i1 86
—— MARKING m [7] [10] 1PRG
DE PACKAGE
14-LEAD (4mm x 3mm) PLASTIC DFN 3808 Run [g] [9] ono
Tymax = 125°C, 04a = 37°C/W GN PACKAGE
EXPOSED PAD (PIN 15) IS GND 16-LEAD PLASTIC SSOP
(MUST BE SOLDERED TO PCB) Tymax = 125°C, B4 = 130°C/W
Consult LTC Marketing for parts specified with wider operating temperature ranges.
GLECTBICHL CHHRHCTGBISTICS The e indicates specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. Vjy = 4.2V unless otherwise noted.
PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Main Control Loops
Input DC Supply Current (Note 4)
Normal Operation 350 500 uA
Sleep Mode 105 150 uA
Shutdown RUN =0V 9 20 uA
UVvVLO Vin = UVLO Threshold — 200mV 9 20 uA
Undervoltage Lockout Threshold Vy Falling ®| 19 2.25 2.55 Y
Vi Rising e 215 2.45 2.75 v
Shutdown Threshold of RUN Pin 0.8 1.1 14 V
Start-Up Current Source TRACK/SS = 0V 0.65 1 1.35 uA
Regulated Feedback Voltage (Note 5) ® | 0.591 0.6 0.609 Y
Output Voltage Line Regulation 2.75V < V| < 9.8V (Note 5) 0.01 0.04 %N
Output Voltage Load Regulation Ity = 0.9V (Note 5) 0.1 05 %
ltp=1.7V -0.1 -0.5 %
Vg Input Current (Note 5) 9 50 nA
Overvoltage Protect Threshold Measured at Vg 0.66 0.68 0.7 Y
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LTC3808

GLGCTBICHL CHHBHCTGBISTICS The e indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V)y = 4.2V unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Overvoltage Protect Hysteresis 20 mV
Auxiliary Feedback Threshold 0.325 04 0.475 Y
Top Gate (TG) Drive Rise Time Cp = 3000pF 40 ns
Top Gate (TG) Drive Fall Time Cp = 3000pF 40 ns
Bottom Gate (BG) Drive Rise Time CL = 3000pF 50 ns
Bottom Gate (BG) Drive Fall Time CL = 3000pF 40 ns
Maximum Current Sense Voltage (AVsensg(max)) IPRG = Floating (Note 6) e | 110 125 140 mV
(SENSE* - SW) IPRG = 0V (Note 6) e 70 85 100 mV
IPRG = Vy (Note 6) e 185 204 223 mV
Soft-Start Time (Internal) Time for Vg to Ramp from 0.05V to 0.55V 0.5 0.74 0.9 ms
Oscillator and Phase-Locked Loop
Oscillator Frequency Unsynchronized (SYNC/MODE Not Clocked)
PLLLPF = Floating 430 550 600 kHz
PLLLPF = 0V 260 300 340 kHz
PLLLPF = Vg 650 750 825 kHz
Phase-Locked Loop Lock Range SYNC/MODE Clocked
Minimum Synchronizable Frequency 200 250 kHz
Maximum Synchronizible Frequency 750 1000 kHz
Phase Detector Output Current
Sinking fosc > fsync/mone -3 WA
Sourcing fosc < fsync/mone 3 pA
Spread Spectrum Frequency Range Minimum Switching Frequency 460 kHz
Maximum Switching Frequency 635 kHz
SYNC/MODE Pull-Down Current SYNC/MODE = 2.2V 2.6 uA
PGOOD Output
PGOOD Voltage Low Ipgoop Sinking TmA 50 mV
PGOOD Trip Level Vrg with Respect to Set Output Voltage
Vrg < 0.6V, Ramping Positive -13 -10.0 -7 %
Vig < 0.6V, Ramping Negative -16 -13.3 -10 %
Vig > 0.6V, Ramping Negative 7 10.0 13 %
Vrg > 0.6V, Ramping Positive 10 13.3 16 %

Note 1: Absolute Maximum Ratings are those values beyond which the life

of a device may be impaired.

Note 2: The LTC3808E is guaranteed to meet specified performance from
0°C to 70°C. Specifications over the —40°C to 85°C operating range are
assured by design characterization, and correlation with statistical process

controls.

delivered at the switching frequency.

Note 3: T, is calculated from the ambient temperature Tp and power

dissipation Pp according to the following formula:
Ty=Ta+ (Ppe6ys °C/W)

Note 4: Dynamic supply current is higher due to gate charge being

Note 5: The LTC3808 is tested in a feedback loop that servos Ity to a
specified voltage and measures the resultant Vgg voltage.

Note 6: Peak current sense voltage is reduced dependent on duty cycle to
a percentage of value as shown in Figure 1.
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LTC3808

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25:C unless otherwise noted.

Efficiency vs Load Current
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Efficiency vs Load Current
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LTC3808

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25:C unless otherwise noted.

Start-Up with Coincident Tracking
(VOUT =0V at 0s)
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FIGURE 11 CIRCUIT
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Temperature
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LTC3808
TVP'CHL PGRFOBm I'-InCG CHHBHCTGI“ST'CS Ta = 25°C unless otherwise noted.
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LTC3808

PIN FUNCTIONS (ornsssop)

PLLLPF (Pin 1/Pin 2): Frequency Set/PLL Lowpass Filter.
When synchronizing to an external clock, this pin serves
as the low pass filter point for the phase-locked loop.
Normally, a series RC is connected between this pin and
ground.

When not synchronizing to an external clock, this pin serves
asthefrequency selectinput. Tying this pinto GND selects
300kHz operation; tying this pin to Vy selects 750kHz
operation. Floating this pin selects 550kHz operation.

Connect a 2.2nF capacitor between this pin and GND and
a1000pF capacitor between this pin and the SYNG/MODE
when using spread spectrum modulation operation.

SYNC/MODE (Pin 2/Pin 3): This pin performs four func-
tions: 1) auxiliary winding feedback input, 2) external
clock synchronization input for phase-locked loop, 3)
Burst Mode, pulse skipping or forced continuous mode
select, and 4) enable spread spectrum modulation opera-
tion in pulse skipping mode. Applying a clock with fre-
quency between 250kHz to 750kHz causes the internal
oscillator to phase-lock to the external clock and disables
Burst Mode operation but allows pulse skipping at low
load currents.

To select Burst Mode operation at light loads, tie this pin
to Viy. Grounding this pin selects forced continuous
operation, which allows the inductor current to reverse.
Tying this pinto Vg selects pulse skipping mode. In these
cases, the frequency of the internal oscillator is set by the
voltage on the PLLLPF pin. Tying to a voltage between
1.35Vto Vi — 0.5V enables spread spectrum modulation
operation. In this case, an internal 2.6uA pull-down cur-
rent source helps to set the voltage at this pin by tying a
resistor with appropriate value between this pin and V.
Do not leave this pin floating.

TRACK/SS (Pin 3/Pin 4): Tracking Input for the Controller
or Optional External Soft-Start Input. This pin allows the
start-up of Vgyr to “track” the external voltage at this pin
using an external resistor divider. Tying this pin to Vjy
allows Vqyt start-up with the internal 1ms soft-start
clamp. An external soft-start can be programmed by
connecting a capacitor between this pin and ground. Do
not leave this pin floating.

PGOOD (Pin 4/Pin 5): Power Good Output Voltage Moni-
tor Open-Drain Logic Output. This pin is pulled to ground
when the voltage on the feedback pin Vg is not within
+13.3% of its nominal set point.

Vg (Pin 5/Pin 6): Feedback Pin. This pin receives the
remotely sensed feedback voltage for the controller from
an external resistor divider across the output.

Ity (Pin 6/Pin 7): Current Threshold and Error Amplifier
Compensation Point. Nominal operating range on this pin
isfrom 0.7V to 2V. The voltage on this pin determines the
threshold of the main current comparator.

RUN (Pin 7/Pin 8): Run Control Input. Forcing this pin
below 1.1V shuts down the chip. Driving this pinto V,y or
releasing this pin enables the chip to start-up either by
tracking the external voltage at the TRACK/SS pin or with
the internal/external soft-start, all based on the connection
at the TRACK/SS pin.

IPRG (Pin 8/Pin 10): Three-State Pin to Select Maximum
Peak Sense Voltage Threshold. This pin selects the maxi-
mum allowed voltage drop between the SENSE* and
SENSE™ or SW pins (i.e., the maximum allowed drop
across the sense resistor or the external P-channel
MOSFET). Tie to Vjy, GND or float to select 204mV, 85mV
or 125mV respectively.

BG (Pin 9/Pin 11): Bottom (NMOS) Gate Drive Output.
This pin drives the gate of the external N-channel MOSFET.
This pin has an output swing from GND to SENSE*.

TG (Pin 10/Pin 12): Top (PMQS) Gate Drive Output. This
pindrives the gate of the external P-channel MOSFET. This
pin has an output swing from GND to SENSE*.

SENSE* (Pin 11/Pin 13): Positive Input to Differential
Current Comparator. Also powers the gate drivers. Nor-
mally connected to the source of the external P-channel
MOSFET when the sense resistor is not used. Otherwise,
it is connected to the sense resistor.

Vix (Pin 12/Pin 14): Chip Signal Power Supply. This pin
powers the entire chip except for the gate drivers. Exter-
nally filtering this pin with a lowpass RC network (e.g.,
R=10Q, C = 1uF) is suggested to minimize noise pickup,
especially in high load current applications.

3808f
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LTC3808

PIN FUNCTIONS (ornsssop)

SENSE~ (Pin 13/Pin 15): Negative Input to Differential
Current Comparator. Normally is connected to the SW pin
when the sense resistor is not used. When using a current
sense resistor, connect the resistor between SENSE* and
SENSE~and connect the source of the P-channel MOSFET
to the SENSE™ pin.

SW (Pin 14/Pin 16): Switch Node Connection to Inductor.
This pinisalsoaninputtothe reverse current comparator.

Normally this pin is connected to the drain of the external
P-channel MOSFET, the drain of the external N-channel
MOSFET and the inductor.

GND (Pin 15/Pins 1, 9): Ground connection for internal
circuits, the gate drivers and the negative input to the
reverse current comparator. The exposed pad (Pin 15 in
DFN package) must be soldered to the PCB ground.

Vin ‘I ) ¢
- v,
= N SENSE™
SENSE* |
VOLTAGE | Vper SLOPE PVin 16 —e
REFERENCE 0.6V CLK— _> ||-_> VP
Q ——
] GND
UNDERVOLTAGE SENSE* SWITCHING L
LOCKOUT LOGICAND | fANTI-SHOOT- Y
BLANKING THROUGH c out
Vin 1 CIRCUIT sw OUT ——
1 PVin =
Vin ] —
0.7uA uvsD | —> = MN
RUN hia : f A A A GND
5 :
t=1ms — 1 =
INTERNAL = 1 + =
SOFT-START 1
1 oV
i I
- 1 IREV
= : BURSTDIS U <
TuA [ mux |—TRK SR
TRACK/SS /5 $
+ 0.54V
SYNC/MODE |BURST DEFEAT =~ BURSTDIS uv
OB [rrnse 7
04y 4 CLOCK DETECT * DETECTOR _ Veg
1 ITH
2.6uA
Re
= v,
= + —Vaer
i 0.6V Cc
PLLLPF EAMP + |—TRK/SS IT
20
— Veo > 4
- OLK ‘iRA
V|N 3808FD "mm
+—sw
PGOOD
oV IREV RICMP
|—< E uv _—
GND uvsD GND




LTC3808

OPER I'-ITIOﬂ (Refer to Functional Diagram)

Main Control Loop

The LTC3808 uses a constant frequency, current mode
architecture. During normal operation, the top external
P-channel power MOSFET is turned on when the clock
sets the RS latch, and is turned off when the current
comparator (ICMP) resets the latch. The peak inductor
currentat which ICMP resets the RS latch is determined by
the voltage on the Ity pin, which is driven by the output of
the erroramplifier (EAMP). The Vgg pin receives the output
voltage feedback signal from an external resistor divider.
This feedback signal is compared to the internal 0.6V
reference voltage by the EAMP. When the load current
increases, it causes a slight decrease in Vg relative to the
0.6V reference, which in turn causes the Ity voltage to
increase until the average inductor current matches the
new load current. While the top P-channel MOSFET is off,
the bottom N-channel MOSFET is turned on until either the
inductor current starts to reverse, as indicated by the
current reversal comparator IRCMP, or the beginning of
the next cycle.

Shutdown, Soft-Start and Tracking Start-Up
(RUN and TRACK/SS Pins)

The LTC3808 is shut down by pulling the RUN pin low. In
shutdown, all controller functions are disabled and the
chip draws only 9uA. The TG output is held high (off) and
the BG output low (off) in shutdown. Releasing the RUN
pin allows an internal 0.7uA current source to pull up the
RUN pinto V,y. The controlleris enabled when the RUN pin
reaches 1.1V.

The start-up of Voyr is based on the three different
connections on the TRACK/SS pin. The start-up of Vgyr
is controlled by the LTC3808’s internal soft-start when
TRACK/SSis connectedto V. During soft-start, the error
amplifier EAMP compares the feedback signal Vg to the
internal soft-start ramp (instead of the 0.6V reference),
which rises linearly from 0V to 0.6V in about 1ms. This
allows the output voltage to rise smoothly from 0V to its
final value while maintaining control of the inductor
current.

The 1ms soft-start time can be changed by connecting the
optional external soft-start capacitor Cgg between the
TRACK/SS and GND pins. When the controller is enabled

by releasing the RUN pin, the TRACK/SS pin is charged up
by an internal 1uA current source and rises linearly from
0Vtoabove 0.6V. The error amplifier EAMP compares the
feedback signal Vg to this ramp instead, and regulates Vg
linearly from 0V to 0.6V.

When the voltage on the TRACK/SS pin is less than the
0.6V internal reference, the LTC3808 regulates the Vrg
voltage to the TRACK/SS pininstead of the 0.6V reference.
Therefore Voyt of the LTC3808 can track an external
voltage Vy during start-up. Typically, a resistor divider on
Vy is connected to the TRACK/SS pin to allow the start-up
of Vourto “track” that of V. For coincident tracking during
start-up, the regulated final value of Vi should be larger
than that of Vyr, and the resistor divider on Vy has the
same ratio as the divider on Vgytthatis connected to Veg.
See detailed discussions in the Run and Soft-Start/
Tracking Functions in the Applications Information
Section.

Light Load Operation (Burst Mode Operation,
Continuous Conduction or Pulse Skipping Mode)
(SYNC/MODE Pin)

The LTC3808 can be programmed for either high effi-
ciency Burst Mode operation, forced continuous conduc-
tion mode or pulse skipping mode at low load currents. To
select Burst Mode operation, tie the SYNG/MODE pin to
Vin. To select forced continuous operation, tie the SYNC/
MODE pin to a DC voltage below 0.4V (e.g., GND). Tying
the SYNC/MODE to a DC voltage above 0.4V and below
1.2V (e.g., Vg) enables pulse skipping mode. The 0.4V
threshold between forced continuous operation and pulse
skipping mode can be used in secondary winding regula-
tion as described in the Auxiliary Winding Control Using
SYNC/MODE Pin discussion in the Applications Informa-
tion section.

When the LTC3808 is in Burst Mode operation, the peak
currentin the inductor is set to approximate one-fourth of
the maximum sense voltage even though the voltage on
the Ity pinindicates a lower value. If the average inductor
current is higher than the load current, the EAMP will
decrease the voltage on the Ity pin. When the Ity voltage
drops below 0.85V, the internal SLEEP signal goes high
and the external MOSFET is turned off.

3808f
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LTC3808

OPER I'-ITIOﬂ (Refer to Functional Diagram)

In sleep mode, much of the internal circuitry is turned off,
reducing the quiescent current that the LTC3808 draws.
Theload currentis supplied by the output capacitor. As the
output voltage decreases, the EAMP increases the Ity
voltage. When the |ty voltage reaches 0.925V, the SLEEP
signal goes low and the controller resumes normal opera-
tion by turning on the external P-channel MOSFET on the
next cycle of the internal oscillator.

When the controller is enabled for Burst Mode or pulse
skipping operation, the inductor current is not allowed to
reverse. Hence, the controller operates discontinuously.
The reverse current comparator RICMP senses the drain-
to-source voltage of the bottom external N-channel
MOSFET. This MOSFET is turned off just before the
inductor current reaches zero, preventing it from going
negative.

In forced continuous operation, the inductor current is
allowed to reverse at light loads or under large transient
conditions. The peak inductor currentis determined by the
voltage onthe Ity pin. The P-channel MOSFET is turned on
every cycle (constant frequency) regardless of the Ity pin
voltage. In this mode, the efficiency at light loads is lower
thanin Burst Mode operation. However, continuous mode
has the advantages of lower output ripple and no noise at
audio frequencies.

When the SYNC/MODE pin is clocked by an external clock
source to use the phase-locked loop (see Frequency
Selection and Phase-Locked Loop), or is set to a DC
voltage between 0.4V and several hundred mV below Vyy;,
the LTC3808 operates in PWM pulse skipping mode at
light loads. In this mode, the current comparator ICMP
may remain tripped for several cycles and force the
external P-channel MOSFET to stay off for the same
number of cycles. The inductor current is not allowed to
reverse (discontinuous operation). This mode, like forced
continuous operation, exhibits low output ripple as well as
low audio noise and reduced RF interference as compared
to Burst Mode operation. However, it provides low current
efficiency higher than forced continuous mode, but not
nearly as highas Burst Mode operation. During start-up or
an undervoltage condition (Vrg < 0.54V), the LTC3808
operates in pulse skipping mode (no current reversal
allowed), regardless of the state of the SYNC/MODE pin.

Short-Circuit and Current Limit Protection

The LTC3808 monitors the voltage drop AVgg (between
the GND and SW pins) across the external N-channel
MOSFET with the short-circuit current limit comparator.
The allowed voltage is determined by:

AVSC(MAX) =A*90mV

where A is a constant determined by the state of the IPRG
pin. Floating the IPRG pin selects A = 1; tying IPRG to V)
selects A = 5/3; tying IPRG to GND selects A = 2/3.

The inductor current limit for short-circuit protection is
determined by AVscmax) and the on-resistance of the
external N-channel MOSFET:

| AVscvax)
¢ " Roson
DS(ON)

Once the inductor current exceeds lgg, the short current
comparator will shut off the external P-channel MOSFET
until the inductor current drops below Igg.

Output Overvoltage Protection

As further protection, the overvoltage comparator (OVP)
guards againsttransient overshoots, as well as other more
serious conditions that may overvoltage the output. When
the feedback voltage on the Vgg pin has risen 13.33%
above the reference voltage of 0.6V, the external P-chan-
nel MOSFET is turned off and the N-channel MOSFET is
turned on until the overvoltage is cleared.

Frequency Selection and Phase-Locked Loop
(PLLLPF and SYNC/MODE Pins)

The selection of switching frequency is a tradeoff between
efficiency and component size. Low frequency operation
increases efficiency by reducing MOSFET switching losses,
but requires largerinductance and/or capacitance to main-
tain low output ripple voltage.

The switching frequency of the LTC3808’s controllers can
be selected using the PLLLPF pin. If the SYNC/MODE is
not being driven by an external clock source, the PLLLPF
can be floated, tied to V; or tied to GND to select 550kHz,
750kHz or 300kHz, respectively.

10
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OPER I'-ITIOﬂ (Refer to Functional Diagram)

A phase-locked loop (PLL) is available on the LTC3808 to
synchronize the internal oscillator to an external clock
source that connects to the SYNC/MODE pin. In this case,
a series RC should be connected between the PLLLPF pin
and GND to serve as the PLL’s loop filter. The LTC3808
phase detector adjusts the voltage on the PLLLPF pin to
align the turn-on of the external P-channel MOSFET to the
rising edge of the synchronizing signal.

The typical capture range of the LTC3808’s phase-locked
loop is from approximately 200kHz to 1MHz.

Spread Spectrum Modulation (SYNC/MODE and
PLLLPF Pins)

Connecting the SYNG/MODE pin to a DC voltage above
1.35V and several hundred mV below V) enables spread
spectrum modulation (SSM) operation. Aninternal 2.6uA
pull-down current source at SYNG/MODE helps to set the
voltage at the SYNC/MODE pin for this operation by tying
a resistor with appropriate value between SYNG/MODE
and Viy. This mode of operation spreads the internal
oscillator frequency fogc (= 550kHz) over a wider range
(460kHz to 635kHz), reducing the peaks of the harmonic
output on a spectral analysis of the output noise. In this
case, a 2.2nF filter cap should be connected between the
PLLLPF pin and GND and another 1000pF cap should be
connected between PLLLPF and the SYNC/MODE pin. The
controller operates in PWM pulse skipping mode at light
loads when spread spectrum modulation is selected. See
more discussions in the Spread Spectrum Modulation
with SYNG/MODE and PLLLPF Pins in the Applications
Information section.

Dropout Operation

When the input supply voltage (V,y) approaches the
output voltage, the rate of change of the inductor current
while the external P-channel MOSFET is on
(ON cycle) decreases. This reduction means that the
P-channel MOSFET will remain on for more than one
oscillator cycle if the inductor current has not ramped up
to the threshold set by the EAMP on the Ity pin. Further
reductionintheinput supply voltage will eventually cause
the P-channel MOSFET to be turned on 100%; i.e., DC.
The output voltage will then be determined by the input
voltage minus the voltage drop across the P-channel
MOSFET and the inductor.

Undervoltage Lockout

To prevent operation of the P-channel MOSFET below
safe input voltage levels, an undervoltage lockout is
incorporated in the LTC3808. When the input supply
voltage (Viy) drops below 2.25V, the external P- and
N-channel MOSFETs and all internal circuits are turned
off except for the undervoltage block, which draws only
a few microamperes.

Peak Current Sense Voltage Selection and Slope
Compensation (IPRG Pin)

Whenthe LTC3808 controlleris operating below 20% duty
cycle, the peak currentsense voltage (between the SENSE*
and SENSE7/SW pins) allowed across the external P-
channel MOSFET is determined by:

Vith—=0.7V
10
where A is a constant determined by the state of the IPRG

pin. Floating the IPRG pin selects A = 1; tying IPRG to V)
selects A = 5/3; tying IPRG to GND selects A = 2/3. The

AVsgnsevax) = A

3808f

LY LN
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OPER I'-ITIOﬂ (Refer to Functional Diagram)

maximum value of V|ry is typically about 1.98V, so the
maximum sense voltage allowed across the external
P-channel MOSFET is 125mV, 85mV or 204mV for the
three respective states of the IPRG pin.

However, once the controller’s duty cycle exceeds 20%,
slope compensation begins and effectively reduces the
peak sense voltage by a scale factor (SF) given by the curve
in Figure 1.

The peakinductor currentis determined by the peak sense
voltage and the on-resistance of the external P-channel
MOSFET:

| AVSENSE(MAX)
P Rpsom
DS(ON)

If a sense resistor is used, AVsensegvax) is the peak
current sense voltage (between the SENSE* and SENSE™
pins) across the sense resistor. The peak inductor is
determined by the peak sense voltage and the resistance
of the sense resistor:

| AVSENSE(MAX)
PK=—0
RsensE

Power Good (PGOOD) Pin

A window comparator monitors the feedback voltage and
the open-drain PGOOD output pin is pulled low when the
feedback voltage is not within +10% of the 0.6V reference
voltage. PGOOD is low when the LTC3808 is shut down or
in undervoltage lockout.
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Figure 1. Maximum Peak Current vs Duty Cycle
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APPLICATIONS INFORMATION

The typical LTC3808 application circuit is shown on
Figure 11. External component selection for the controller
is driven by the load requirement and begins with the
selection of the inductor and the power MOSFETS.

Power MOSFET Selection

The LTC3808’s controller requires two external power
MOSFETs: a P-channel MOSFET for the topside (main)
switch and a N-channel MOSFET for the bottom (synchro-
nous) switch. The main selection criteria for the power
MOSFETs are the breakdown voltage Vggpss), threshold
voltage Vgs(th), on-resistance Rpg(on), reverse transfer
capacitance Crss, turn-off delay tporr) and the total gate
charge Qg.

The gate drive voltage isthe input supply voltage. Since the
LTC3808 is designed for operation down to low input
voltages, a sublogic level MOSFET (Rpson) guaranteed at
Vs =2.5V) is required for applications that work close to
this voltage. When these MOSFETSs are used, make sure
that the input supply to the LTC3808 is less than the
absolute maximum MOSFET Vgg rating, which is typically
8V.

The P-channel MOSFET’s on-resistance is chosen based
on the required load current. The maximum average load
current loyr(wax) is equal to the peak inductor current
minus half the peak-to-peak ripple current Igpprg. The
LTC3808’s current comparator monitors the drain-to-
source voltage Vpg of the top P-channel MOSFET, which
is sensed between the SENSE* and SW pins. The peak
inductor current is limited by the current threshold, set by
the voltage on the Ity pin, of the current comparator. The
voltage on the Ity pin is internally clamped, which limits
the maximum current sense threshold AVsensg(vax) to
approximately 125mV when IPRG is floating (85mV when
IPRG is tied low; 204mV when IPRG is tied high).

The output current that the LTC3808 can provide is given
by:

AVsEnsEMAX)  IRiPPLE
Ros(on) 2

lout(max) =

where Irppg is the inductor peak-to-peak ripple current
(see Inductor Value Calculation).

Areasonable starting pointis setting ripple current IgppL g
to be 40% of loyr(max)- Rearranging the above equation
yields:

5 , AVSENSE(MAX)

Rosonwmax = =

for Duty Cycle < 20%
6 lout(vax)

However, for operation above 20% duty cycle, slope
compensation has to be taken into consideration to select
the appropriate value of Rpg(on) to provide the required
amount of load current:

AV
‘= 9 . oF o AVSENSE(MAX)

Ros(oma lou(vax)

where SFis a scale factor whose value is obtained from the
curve in Figure 1.

These must be further derated to take into account the
significant variation in on-resistance with temperature.
The following equationisagood guide for determining the
required Rps(onymax at 25°C (manufacturer’s specifica-
tion), allowing some margin for variations in the LTC3808
and external component values:

AVSENSE(VAX)

Ros(onmax = 9.0.9¢5Fe
6 lout(max) ® o1

The ptis a normalizing term accounting for the tempera-
ture variation in on-resistance, which is typically about
0.4%/°C, as shownin Figure 2. Junction-to-case tempera-
ture Tyg is about 10°C in most applications. For a maxi-
mum ambient temperature of 70°C, using pggec ~ 1.3 in
the above equation is a reasonable choice.

The N-channel MOSFET’s on resistance is chosen based
on the short-circuit current limit (Igg).