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LTC3309B

5V, 6A Synchronous Step-Down
Silent Switcher in 2mm x 2mm LQFN

FEATURES

® Pin Compatible with LTC3307(3A) and LTC3308(4A)
= High Efficiency: 8mQ NMOS, 31mQ PMOS
= Programmable Frequency 3MHz-10MHz

® Tiny Inductor and Capacitors
® Peak Current Mode Control

® 22ns Minimum On-Time

® Wide Bandwidth, Fast Transient Response
m Silent Switcher™ Architecture
m Ultralow EMI Emissions
Low Ripple Burst Mode® Operation with Ig of 40pA
Safely Tolerates Inductor Saturation in Overload
Vin Range: 2.25V to 5.5V
Vout Range: 0.5V to V|
Vour Accuracy: +1% Over Temperature Range
Precision 400mV Enable Threshold, 1pA in Shutdown
Power Good, Internal Compensation and Soft Start
Thermally Enhanced 2mm x 2mm LQFN Package
AEC-Q100 Qualified for Automotive Applications

APPLICATIONS

Optical Networking, Servers, Telecom
Automotive, Industrial, Communications
Distributed DC Power Systems (POL)
FPGA, ASIC, pP Core Supplies

DESCRIPTION

The LTG®3309B is a very small, high efficiency, low noise,
monolithic synchronous 6A step-down DC/DC converter
operating from a 2.25V to 5.5V input supply. Using con-
stant frequency, peak current mode control at switching
frequencies 3MHz-10MHz and minimum on-time as low
as 22ns, this regulator achieves fast transient response
with small external components. Silent Switcher architec-
ture minimizes EMI emissions.

The LTC3309B operates in forced continuous or pulse
skip mode for low noise, or the low-ripple Burst Mode
operation for high efficiency at light loads, ideal for bat-
tery-powered systems. The IC regulates output voltages
as low as 500mV. Other features include output over-
voltage protection, short-circuit protection, thermal shut-
down, clock synchronization, and up to 100% duty cycle
operation for low dropout. The device is available in a low
profile 12-lead 2mm x 2mm x 0.74mm LQFN package
with exposed pad for low thermal resistance.

All registered trademarks and trademarks are the property of their respective owners.

TYPICAL APPLICATION

Small Solution Size, 6.6MHz, 1.8V 6A Step-Down Converter

Efficiency and Power Loss
in Burst Mode Operation
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LTC3309B

ABSOLUTE MAXIMUM RATINGS  PIN CONFIGURATION

(Note 1)

VN coreereeeesssseeseseeeees s eeeeseesess e ~0.3V to 6V TOPVIEW

EN oo, -0.3V to Lesser of (Vyy + 0.3V) or 6V N

FB oo -0.3V to Lesser of (Vy + 0.3V) or 6V —

MODE/SYNC........-0.3V to Lesser of (V}y + 0.3V) or 6V Aanp £ 12 (21 U1 (3o] AT

RT e -0.3V to Lesser of (Vy + 0.3V) or 6V ev[2> 7 71 8 mopessye

AGND 10 PGND ..o ~0.3V 10 +0.3V who 1Pl ],

:;ig(())DD ......................................................... 0.3V tg n6]X o[£ () (a1 ] poro

Operating Junction Temperature Range (Note 2): 3 >
LTC3309BE.......co oo, -40°C to +125°C LOFN PACKAGE
LTC3309BI......ooveeeeeeeeaessssssssssssss ~40°C to +125°C T
LTC3309BY .....ovoreeeereeeesseo ~40°C to +150°C 0 6o yagop < 737G, Wiy - 0.6°CW
LTC3309BH .o —~40°C to +150°C " MEXPOSED PAD (PN 13) 5 PGID, MUST 5F SOLDERED 10 B
LTC3309BMP......ccooeveverecrceeeee. -55°C to +150°C

Storage Temperature Range ................. -65°C to +150°C

Maximum Reflow (Package Body) Temperature ...260°C

ORDER INFORMATION

TAPE AND REEL TAPE AND REEL MINI PART MARKING* PACKAGE TYPE TEMPERATURE RANGE
LTC3309BEV#TRPBF LTC3309BEV#TRMPBF LHFQ -40°C to 125°C
LTC3309BIV#TRPBF LTC3309BIV#TRMPBF LHFQ -40°C to 125°C
LTC3309BJV#TRPBF LTC3309BJV#TRMPBF LHFQ . LQFN . -40°C to 150°C
(Laminate Package with QFN Footprint)

LTC3309BHV#TRPBF LTC3309BHV#TRMPBF LHFQ -40°C to 150°C
LTC3309BMPV#TRPBF LTC3309BMPV#TRMPBF LHFQ -55°C to 150°C
AUTOMOTIVE PRODUCTS**

LTC3309BEV#WTRPBF LTC3309BEV#WTRMPBF LHFQ -40°C to 125°C
LTC3309BIV#WTRPBF LTC3309BIVAWTRMPBF LHFQ LQFN -40°C to 125°C
LTC3309BJV#AWTRPBF LTC3309BJV#AWTRMPBF LHFQ (Laminate Package with QFN Footprint) |-40°C to 150°C
LTC3309BHV#WTRPBF LTC3309BHV#WTRMPBF LHFQ -40°C to 150°C

Contact the factory for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

Tape and reel specifications. Some packages are available in 500 unit reels through designated sales channels with #TRMPBF suffix.

**\lersions of this part are available with controlled manufacturing to support the quality and reliability requirements of automotive applications. These
models are designated with a #W suffix. Only the automotive grade products shown are available for use in automotive applications. Contact your
local Analog Devices account representative for specific product ordering information and to obtain the specific Automotive Reliability reports for

these models.
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LTC3309B

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the specified operating

junction temperature range (Note 2), otherwise specifications are at T = 25°C; Vjy = 3.3V, Vgy =V}, unless otherwise noted.

PARAMETER | CONDITIONS MIN TYP MAX UNITS
Input Supply
Operating Supply Voltage (Vi) ® | 225 55 \
Vin Undervoltage Lockout Vy Rising [ 2.0 2.1 2.2 \
Vin Undervoltage Lockout Hysteresis 150 mV
Vy Quiescent Current in Shutdown Vey=0.1V 1 2 pA
Vin Quiescent Current (Note 3) Burst Mode Qperation, Sleeping 40 60 pA
All Modes, Not Sleeping 1.2 2 mA
Enable Threshold Ven Rising ® | 0375 0.4 0.425 \
Enable Threshold Hysteresis 50 mV
EN Pin Leakage Vey =0.5V +20 nA
Voltage Regulation
Regulated Feedback Voltage (Veg) ® | 0495 0.5 0.505 v
Feedback Voltage Line Regulation Vin =2.25V t0 5.5V 0.015 0.05 %N
FB Pin Input Current Vg = 0.5V +20 nA
Minimum On Time (ton,min) Viy=25.5V ® 22 42 ns
Maximum Duty Cycle ° 100 %
Top Switch ON-Resistance 31 mQ
Bottom Switch ON-Resistance 8 mQ
Top Switch Current Limit (Ipgakmax) Vour/Vin < 0.2 9.1 9.6 10.1 A
Bottom Switch Current Limit (lyaLLeymax) 7.8 A
Bottom Switch Reverse Current Limit (Ireymax) Forced Continuous Mode -15 -3.0 -45 A
SW Leakage Current Vey=0.1V +100 nA
Power Good and Soft-Start
PGOOD Rising Threshold As a Percentage of the Regulated Vour o 97 98 99 %
PGOOD Hysteresis o 0.7 1.2 1.7 %
Overvoltage Rising Threshold As a Percentage of the Regulated Vour e | 107 110 114 %
Overvoltage Hysteresis [ 1 2.2 35 %
PGOOD Delay 120 s
PGOOQD Pull Down Resistance Vpgoop = 0.1V 10 20 Q
PGOOD Leakage Current Vpgoop = 5.5V 20 nA
Soft-Start Duration Vour rising from 0V to PGOOD Threshold ® | 025 1 3 ms
Oscillator and MODE/SYNC
Default Oscillator Frequency ) 6.3 6.6 6.9 MHz
Oscillator Frequency with Ry = 38.3kQ [ 5.7 6.0 6.3 MHz
Frequency Range Rt Programming and Synchronization [ 3 10 MHz
Minimum SYNC High or Low Pulse Width ° 40 ns
SYNC Pulse Voltage Levels Level High ) 1.2 \
Level Low [ 0.4 \
MODE/SYNC No Clock Detect Time 10 s
MODE/SYNC Pin Threshold For Programming Pulse Skip Mode o 0.1 \
For Programming Forced Continuous Mode ) 1.0 Float Viy-1.0 \
For Programming Burst Mode Operation ® (Vy-01 v
Rev. 0
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LTC3309B

ELECTRICAL CHARACTERISTICS

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: The LTC3309B is tested under pulsed load conditions such
that Ty ~ Tp. The LTC3309BE is guaranteed to meet specifications from
0°C to 85°C junction temperature. Specifications over the —40°C to
125°C operating junction temperature range are assured by design,
characterization, and correlation with statistical process controls. The
LTC3309BlI is guaranteed over the —40°C to 125°C operating junction
temperature range. The LTC3309BJ and LTC3309BH are guaranteed
over the —40°C to 150°C operating junction temperature range. The
LTC3309BMP is guaranteed over the -55°C to 150°C operating junction
temperature range. High junction temperatures degrade operating
lifetimes; operating lifetime is derated for junction temperatures above
125°C. Note that the maximum ambient temperature consistent with

these specifications is determined by specific operating conditions in
conjunction with board layout, the rated package thermal impedance,
and other environmental factors. The junction temperature (T, in °C) is
calculated from ambient temperature (Ta in °C) and power dissipation (Pp
in Watts) according to the formula:
Ty=Ta+ (Ppe6yp), where 64 (in °C/W) is the package thermal
impedance. See High Temperature Considerations section for more
details.

The LTC3309B includes overtemperature protection that protects the
device during momentary overload conditions. Junction temperatures will
exceed 150°C when overtemperature protection is engaged. Continuous
operation above the specified maximum operating junction temperature
may impair device reliability.

Note 3: Supply current specification does not include switching currents.
Actual supply currents will be higher.
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T'I'PICHL PGBFOﬂmm\CE CHHRHCTGRISTICS Vin = 3.3V, Ty = 25°C, unless otherwise noted.
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T'I'PICHL PEBFOﬂmm\CE CHHRHCTGRISTICS Vin = 3.3V, Tp = 25°C, unless otherwise noted.
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T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Vin = 3.3V, Tp = 25°C, unless otherwise noted.
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LTC3309B

PIN FUNCTIONS

AGND (Pin 1): The AGND pin is the output voltage remote
ground sense. Connect the AGND pin directly to the nega-
tive terminal of the output capacitor at the load. The AGND
pinis also the ground reference for the internal analog cir-
cuitry. Place a small analog bypass 0201 or 0402 ceramic
capacitor as close as possible to the Vjy (Pin 3) and AGND
pins. Connect RT and FB returns to AGND as well.

EN (Pin 2): The EN pin has a precision IC enable thresh-
old with hysteresis. An external resistor divider, from
Vy or from another supply, can be used to program the
threshold below which the LTC3309B will shut down. If
the precision threshold is not required, tie EN directly
to Viy. When the EN pin is low the LTC3309B enters a
low current shutdown mode where all internal circuitry
is disabled. Do not float this pin.

Vi (Pins 3, 8): The V) pins supply current to internal
circuitry and topside power switch. Connect both Vyy pins
together with short wide traces and bypass to PGND and
AGND with low ESR capacitors located as close as pos-
sible to the pins.

PGND (Pins 4, 7, Exposed Pad Pin 13): The PGND pins
are the return path of the internal bottom side power
switch. Connect the negative terminal of the input capaci-
tors as close to the PGND pins as possible. For low para-
sitic inductance and good thermal performance, connect
Pin 4 and Pin 7 to a large continuous ground plane on
the printed circuit board directly under the LTC3309B.
The PGND exposed pad is the main electrical and thermal
highway and should be connected to large PCB ground
plane(s) with many vias.

SW (Pins 5, 6): The SW pins are the switching outputs of
the internal power switches. Connect these pins together
and to the inductor with a short, wide trace.

MODE/SYNC (Pin 9): The MODE/SYNC pin is a mode
selection and external clock synchronization input. Ground
this pin to enable Pulse Skip mode at light loads. For
higher efficiency at light loads, tie this pin to V) to enable
the low-ripple Burst Mode operation. For faster transient
response, lower noise and full frequency operation over
a wide load range, float this pin to enable forced continu-
ous mode. Drive MODE/SYNC with an external clock to
synchronize the switcher to the applied frequency. While
synchronizing, the part operates in the forced continuous
mode. The slope compensation is automatically adapted
to the external clock frequency. In the absence of an
external clock the switching frequency is determined by
the RT pin.

RT (Pin 10): The RT pin sets the switching frequency with
an external resistor to AGND. If this pin is tied to Vy, the
buck will switch at the default oscillator frequency. If the
external clock is driving the MODE/SYNC pin, the RT pin
is ignored.

PGOOD (Pin 11): The PGOQD pin is the open drain output
of an internal power good comparator. When the regulated
output voltage falls below the PGOQOD threshold or rises
above the overvoltage threshold, this pin is pulled low.
When V) is above V;y UVLO and the part is in shutdown,
this pin is also pulled low.

FB (Pin 12): Program the output voltage and close the
control loop by connecting this pin to the middle node
of a resistor divider between the Vgyt and AGND. The
LTC3309B regulates FB to 500mV (typical). A phase lead
capacitor connected between FB and Vgt may be used
to optimize transient response.
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OPERATION

Voltage Regulation

The LTC3309B is a 5V, 6A monolithic, constant frequency,
peak current mode control, step-down DC/DC converter.
The synchronous buck switching regulators are internally
compensated and require only external feedback resistors
to set the output voltage. An internal oscillator, with the
frequency set using a resistor on the RT pin or synchro-
nized to an external clock, turns on the internal top power
switch at the beginning of each clock cycle. Current in the
inductor ramps up until the top switch current comparator
trips and turns off the top power switch. The peak induc-
tor current at which the top switch turns off is controlled
by an internal V¢ voltage. The error amplifier regulates Vg
by comparing the voltage on the FB pin with an internal
500mV reference. Anincrease in the load current causes a
reduction in the feedback voltage relative to the reference,
causing the error amplifier to raise the V¢ voltage until the
average inductor current matches the new load current.
When the top power switch turns off, the synchronous
power switch turns on and ramps down the inductor cur-
rent for the remainder of the clock cycle or, if in pulse skip
or Burst mode, until the inductor current falls to zero. If
an overload condition results in excessive current flowing
through the bottom switch, the next clock cycle will be
skipped until switch current returns to a safe level.

The enable pin has a precision 400mV threshold to pro-
vide event-based power-up sequencing by connecting the
EN pin to the output of another buck through a resistor
divider. If the EN pin is low, the device is shut down and
in alow quiescent current state. When the EN pin is above
its threshold, the switching regulator will be enabled.

The LTC3309B has forward and reverse inductor current
limiting, short-circuit protection, output over-voltage pro-
tection, and soft-start to limit inrush current during start-
up or recovery from a short-circuit.

Mode Selection

The LTC3309B operates in three different modes set by
the MODE/SYNG pin: pulse skip mode (when the MODE/
SYNC pin is set low), forced continuous mode (when the
MODE/SYNC pin is floating) and Burst Mode operation
(when the MODE/SYNC pin is set high).

In pulse skip mode, the oscillator operates continuously
and positive SW transitions are aligned to the clock.
Negative inductor current is disallowed and, during light
loads, switch pulses are skipped to regulate the output
voltage.

In forced continuous mode, the oscillator operates con-
tinuously. The top switch turns on every cycle and regu-
lation is maintained by allowing the inductor current to
reverse at light load. This mode allows the buck to run
at a fixed frequency with minimal output ripple. In forced
continuous mode, if the inductor current reaches Irpymax
(into the SW pin), the bottom switch will turn off for the
remainder of the cycle to limit the current.

In Burst Mode operation at light loads, the output capaci-
tor is charged to a voltage slightly higher than its regu-
lation point. The regulator then goes into a sleep state,
during which time the output capacitor provides the
load current. In sleep, most of the regulator’s circuitry is
powered down, helping conserve input power. When the
output voltage drops below its programmed value, the
circuitry is powered on and another burst cycle begins.
The sleep time decreases as load current increases. In
Burst Mode operation, the regulator will burst at light
loads whereas at higher loads it will operate in constant
frequency PWM mode.
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Synchronizing the Oscillator to an External Clock

The LTC3309B’s internal oscillator can be synchronized
through an internal PLL circuit to an external frequency
by applying a square wave clock signal to the MODE/
SYNC pin.

During synchronization, the top power switch turn-on is
locked to the rising edge of the external frequency source.
While synchronizing, the switcher operates in forced con-
tinuous mode. The slope compensation is automatically
adapted to the external clock frequency. The synchroniza-
tion frequency range is 3MHz to 10MHz.

After detecting an external clock on the first rising edge
of the MODE/SYNC pin, the internal PLL gradually adjusts
its operating frequency to match the frequency and phase
of the signal on the MODE/SYNC pin. When the external
clock is removed, the LTC3309B will detect the absence
of the external clock within approximately 10ps. During
this time, the PLL will continue to provide clock cycles.
Once the external clock removal has been detected, the
oscillator will gradually adjust its operating frequency to
the one programmed by the RT pin.

Output Power Good

When the LTC3309B’s output voltage is within the
—2%/+10% window of the nominal regulation voltage the
output is considered good and the open-drain PGOOD pin
goes high impedance and is typically pulled high with an
external resistor. Otherwise, the internal pull-down device
will pull the PGOOD pin low. The PGOOD pin is also pulled
low during the following fault conditions: EN pin is low,
Vy is too low or thermal shutdown. To filter noise and
short duration output voltage transients, the lower thresh-
old has a hysteresis of 1.2%, the upper threshold has a
hysteresis of 2.2%, and both have a built-in time delay to
report PGOOD, typically 120ps.

Output Overvoltage Protection

During an output overvoltage event, when the FB pin volt-
age is greater than 110% of nominal, the LTC3309B top
power switch will be turned off. If the output remains out
of regulation for more than 120ps, the PGOOD pin will
be pulled low.

An output overvoltage event should not happen under
normal operating conditions.

Overtemperature Protection

To prevent thermal damage to the LTC3309B and its sur-
rounding components, the device incorporates an over-
temperature (OT) function. When the die temperature
reaches 165°C (typical, not tested) the switcher is shut
down and remains in shutdown until the die temperature
falls to 160°C (typical, not tested).

Output Voltage Soft-Start

Soft starting the output prevents current surge on the
input supply and/or output voltage overshoot. During the
soft-start, the output voltage will proportionally track the
internal node voltage ramp. An active pull-down circuit
discharges that internal node in the case of fault condi-
tions. The ramp will restart when the fault is cleared. Fault
conditions that initiate the soft-start ramp are the EN pin
transitioning low, V) voltage falling too low, or thermal
shutdown.

Dropout Operation

As the input supply voltage approaches the output volt-
age, the duty cycle increases toward 100%. Further reduc-
tion of the supply voltage forces the main switch to remain
on for more than one cycle, eventually reaching 100%
duty cycle. The output voltage will then be determined by
the input voltage minus the DC voltage drop across the
internal P-channel MOSFET and the inductor.
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Low Supply Operation

The LTC3309B is designed to operate down to an input
supply voltage of 2.25V. One important consideration at
low input supply voltages is that the Rpg(on) of the inter-
nal power switches increases. Calculate the worst case
LTC3309B power dissipation and die junction temperature
at the lowest input voltages.

Output Short-Circuit Protection and Recovery

The peak inductor current level, at which the current com-
parator shuts off the top power switch, is controlled by the
internal V¢ voltage. When the output current increases,
the error amplifier raises V¢ until the average inductor
current matches the load current. The LTC3309B clamps
the maximum V¢ voltage, thereby limiting the peak induc-
tor current.

When the output is shorted to ground, the inductor cur-
rent decays very slowly when the bottom power switch
is on because the voltage across the inductor is low. To
keep the inductor current in control, a secondary limit is
imposed on the valley of the inductor current. If the induc-
tor current measured through the bottom power switch
remains greater than lya.eymax at the end of the cycle,
the top power switch will be held off. Subsequent switch-
ing cycles will be skipped until the inductor current falls

below lyaLLEymAx-

Recovery from an output short circuit may involve a soft-
start cycle if Vpg falls more than approximately 100mV
below regulation. During such a recovery, Veg will quickly
charge up by that ~100mV and then follow the soft-start
ramp until regulation is reached.

APPLICATIONS INFORMATION

Refer to the Block Diagram for reference.

Output Voltage and Feedback Network

The output voltage is programmed by a resistor divider
between the output and the FB pin. Choose the resistor
values according to:

v
Ra =Rg| T —1) 1
A B(SOOmV )

as shown in Figure 1:

Vour —* ¢ |
—I— +
Ra  ——Crr Cout
BUCK 1 I
SWITCHING FB
REGULATOR

(OPTIONAL)
Rs

33098 FO1

Figure 1. Feedback Resistor Network

Reference designators refer to the Block Diagram. Typical
values for Rg range from 10kQ to 100kQ2. 0.1% resistors
are recommended to maintain output voltage accuracy.
The buck regulator transient response may improve with
an optional phase lead capacitor Cgr that helps cancel
the pole created by the feedback resistors and the input
capacitance of the FB pin. Experimentation with capaci-
tor values between 2pF and 22pF may improve transient
response. The values used in the typical application cir-
cuits are a good starting point.

Operating Frequency Selection and Trade-Offs

Selection of the operating frequency is a trade-off between
efficiency, component size, transient response and input
voltage range.

The advantage of high frequency operation is that smaller
inductor and capacitor values may be used. Higher
switching frequencies allow for higher control loop
bandwidth and, therefore, faster transient response. The
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disadvantages of higher switching frequencies are lower
efficiency, because of increased switching losses, and a
smaller input voltage range, because of minimum switch
on-time limitations.

The minimum on-time of the buck regulator imposes a
minimum operating duty cycle. The highest switching
frequency (fswwax)) for a given application can be cal-
culated as follows:

Vour 2)
toniny * Vingmax)

fswmax) =

where Vinmax) is the maximum input voltage, Voyr
is the output voltage and ton(win) is the minimum top
switch on-time. This equation shows that a slower
switching frequency is necessary to accommodate a high

VIN(IVIAX)/VOUT ratio.

The LTC3309B is capable of a maximum duty cycle of
100%, therefore, the Viy-to-Voyr dropout is limited by
the Rpg(on) of the top switch, the inductor DGR and the
load current.

Setting the Switching Frequency

The LTC3309B uses a constant frequency peak current
mode control architecture. There are three methods to
set the switching frequency.

The first method, connecting the RT pin to Vyy, sets the
switching frequency to the internal default with a nominal
value of 6.6MHz.

The second method is with a resistor (Ry) tied from the

RT pin to ground. The frequency can be programmed

from 3MHz to 10MHz. Table 1 and the Equation 3 show

the necessary Ry value for a desired switching frequency:
Ry =203 54 3)

fSW
where Ry is in kQ and fgyy is the desired switching fre-
quency in MHz, ranging from 3MHz to 10MHz.

Table 1. Ry Value vs Switching Frequency

fsw (MHz) Rr (k)
3.0 82.5
4.0 60.4
5.0 475
6.0 38.3
7.0 32.4
8.0 214
9.0 23.7
10.0 21.0

The third method to set the switching frequency is by syn-
chronizing the internal PLL circuit to an external square
wave clock applied to the MODE/SYNC pin. The synchro-
nization frequency range is 3MHz to 10MHz. The square
wave amplitude should have valleys that are below 0.4V
and peaks above 1.2V. High and low pulse widths should
both be at least 40ns.

Inductor Selection and Maximum Qutput Current

Considerations in choosing an inductor are inductance,
RMS current rating, saturation current rating, DCR and
core loss.

Select the inductor value based on the following equation:

V
L~ outT 1
1.8A+fg [

Vour ] for —JOUT_ < 5(s)
Vinemax) Vinvax)

L= 025 Vinwax) ¢, Vour

>0.5 5
1.8A«fqy Vinvax) ®)

where fsy is the switching frequency, Viymax) is the
maximum input voltage.

To avoid overheating of the inductor choose an induc-
tor with an RMS current rating that is greater than the
maximum expected output load of the application.
Overload and short-circuit conditions need to be taken
into consideration.
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In addition, ensure that the saturation current rating
(typically labeled Igat) of the inductor is higher than the
maximum expected load current plus half the inductor
ripple current:

1
IsaT > hoamax) + 5 Ak (6)

where | oap(wax) is the maximum output load current for
a given application and Al is the inductor ripple current
calculated as:

V V
A|L:ﬂ‘(1—ﬂ) (7)
Lefow Vin

Table 2. Recommended Inductors with Typical Specifications

A more conservative choice would be to use an inductor
with an Iga rating higher than the maximum current limit
of the LTC3309B.

To keep the efficiency high, choose an inductor with
the lowest series resistance (DCR). The core material
should be intended for high frequency applications.
Table 2 shows recommended inductors from several
manufacturers.

Inductance (nH) Iremp (A)* Isar (A) DCR (mQ) WxLxH (mm) Manufacturer Manufacturer's Part Number
240 6 9.5 18 2.5%x2.0x1.0 NIC NPIM20LP
240 6.5 7.5 15 2.0x1.6x1.0 NIC NPIM26LP
240 6.3 7.2 16 2.2x1.8x1.0 Sumida 201610CDMCDDS-R24MC
220 5.9 7.0 9.4 2.5%x2.0x1.0 Cyntec HMLB25201T-R22MSR-01
220 74 7.1 8.4 2.5x2.0x1.2 Vishay IHHP1008ABERR22M01
220 8 7 13 (Max) 2.5%x2.0x1.2 XFRMS XFHCL43LT-R22M
150 5.2 6.2 18 (Max) 2.0x1.6x1.2 Murata DFE201612PD-R15M
110 6.8 8.8 10 2.0x1.2x0.8 TDK TFM201208BLD-R11MTCA
110 5.5 8.8 8 2.0x1.2x1.0 Murata DFE201210S-R11M
100 7.7 12.8 9 2.5%x2.0x1.2 Cyntec VCTA25201B-R10MSG-87
100 11.5 12.9 7.35 3.3x3.3x1.0 Vishay IHLP1212AZEER10M5A
100 6 11 6 2.5x2.0x2.0 XFRMS XF2520A-R10M
50 7 11 9 2.0x1.6x0.8 | Wurth Electronik 74479978105
40 6 8 13 2.0x1.6x0.6 | Wurth Electronik 74479977104

*Strongly depends on the PCB thermal properties
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Input Capacitors

Bypass the input of the LTC3309B with at least two
ceramic capacitors close to the part, one on each side
from V,y to PGND, for best performance. These capaci-
tors should be 0603 or 0402 in size. Smaller, optional
0201 capacitors can also be placed as close as possible
to the LTC3309B directly on the traces leading from Vy
(Pin 3) and PGND (Pin 4) and on the traces leading from
Vin (Pin 8) and PGND (Pin 7) for better performance with
minimal (if at all) increase in application footprint. See the
layout section for more detail. X7R or X5R capacitors are
recommended for best performance across temperature
and input voltage variations (see Table 3). Note that larger
input capacitance is required when a lower switching fre-
quency is used. If the input power source has high imped-
ance, or there is significant inductance due to long wires
or cables, additional bulk capacitance may be necessary.
This can be provided with an electrolytic capacitor.

A ceramic input capacitor combined with trace or cable
inductance forms a high quality (under damped) tank
circuit. If the LTC3309B circuit is plugged into a live sup-
ply, the input voltage can ring to twice its nominal value,
possibly exceeding the LTC3309B’s voltage rating. This
situation is easily avoided (see Application Note AN8S).

Table 3. Ceramic Capacitor Manufacturers

VENDOR URL
AVX WWW.avxcorp.com
Murata www.murata.com
TDK www.tdk.com
Taiyo Yuden www.t-yuden.com
Samsung www.samsungsem.com
Waurth Elektronik www.we-online.com

Output Capacitor, Output Ripple and Transient
Response

The output capacitor has two essential functions. Along
with the inductor, it filters the square wave generated by
the LTC3309B at the SW pin to produce the DC output.
In this role, it determines the output ripple; thus, low
impedance at the switching frequency is important. The

second function is to store energy in order to satisfy tran-
sient loads and stabilize the LTC3309B’s control loop.
The LTC3309B is internally compensated and has been
designed to operate at a high bandwidth for fast tran-
sient response capability. The selection of Gyt affects
the bandwidth of the system, but the transient response
is also affected by Voyr, Vin, fsw and other factors. A
good place to start is with the output capacitance value
of approximately:

Cour =20 huax /ﬂ
fsw  Vour (8)

where Cqyt is the recommended output capacitor value
in pF, fsy is the switching frequency in MHz, Iyax = 6A
is the rated output current in Amps, and Vgyr is in Volts.

A lower value output capacitor saves space and cost but
transient performance will suffer and loop stability must
be verified.

Ceramic capacitors have very low equivalent series
resistance (ESR) and provide the best output ripple and
transient performance. Use X5R or X7R ceramic capaci-
tors (see Table 3). Even better output ripple and transient
performance can be achieved by using low-ESL reverse
geometry or three-terminal ceramic capacitors.

During a load step, the output capacitor must instanta-
neously supply the current to support the load until the
feedback loop increases the switch current enough to
support the load. The time required for the feedback loop
to respond is dependent on the compensation compo-
nents and the output capacitor size. Typically, 3 1o 4 cycles
are required to respond to a load step, but only in the first
cycle does the output drop linearly. Although affected by
Vour, Vin: fsw, tonwiny, the equivalent series inductance
(ESL) of the output capacitor, and other factors, the output
droop, Vproop, is usually about 4 times the linear drop
of the first cycle:

4.AIOUT
Cour * fsw

©)

Vbroop =

where Algyt is the load step.
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Transient performance and control loop stability can be
improved with a higher Coyt and/or the addition of a
feedforward capacitor Cgr placed between Voyt and FB.
Capacitor Cr provides phase lead compensation by cre-
ating a high frequency zero which improves the phase
margin and the high-frequency response. The values used
in the typical application circuits are a good starting point.
LTpowerCAD® is a useful tool to help optimize Cgr and
Goyt for a desired transient performance.

Applying a load transient and monitoring the response of
the system or using a network analyzer to measure the
actual loop response are two ways to experimentally verify
transient performance and control loop stability, and to
optimize Cgr and Cqyr.

When using the load transient response method to sta-
bilize the control loop apply an output current pulse of
20% to 100% of full load current having a very fast rise
time. This will produce a transient on the output voltage.
Monitor Vgyr for overshoot or ringing that might indicate
a stability problem (see Application Note AN149).

Output Voltage Sensing

The LTC3309B’s AGND pin is the ground reference for the
internal analog circuitry, including the bandgap voltage
reference. To achieve good load regulation connect the
AGND pin to the negative terminal of the output capacitor
(Coyr) at the load. Any drop in the high current power
ground return path will be compensated. The AGND
node carries very little current and, therefore, can be a
minimal size trace. Place a small analog bypass 0201
or 0402 ceramic capacitor as close as possible to the
LTC33098B directly on the traces leading from Vy (Pin 3)
and AGND pin. All of the signal components, such as the
FB resistor dividers and the Ry resistor, should be refer-
enced to the AGND node. See the example PCB Layout
for more information.

Enable Threshold Programming

The LTC3309B has a precision threshold enable pin to
enable or disable the switching. When forced low, the
device enters a low current shutdown mode.

The rising threshold of the EN comparator is 400mV,
with 50mV of hysteresis. The EN pin can be tied to Vy
if the shutdown feature is not used. Adding a resistor
divider from V) to EN programs the LTC3309B to regu-
late the output only when V) is above a desired voltage
(see Figure 2). Typically, this threshold, Viy(eny, is used
in situations where the input supply is current limited, or
has a relatively high source resistance. A switching regu-
lator draws near constant power from its input source,
S0 source current increases as source voltage drops. This
looks like a negative resistance load to the source and can
cause the source to current limit or latch low under low
source voltage conditions. The Viy(en) threshold prevents
the regulator from operating at source voltages where
problems may occur. This threshold can be adjusted by
setting the values R1 and R2 such that they satisfy the
following equation:
R1

as shown in Figure 2:

Vin

R1
BUCK

SWITCHING EN

REGULATOR
R2

= 33098 F02

Figure 2. EN Divider

The LTC3309B will remain off until Vyy is above Viyen).
The buck regulator will remain enabled until Vyy falls to
0.875 ¢ Viy(eny and EN is 350mV typical.

Alternatively, a resistor divider from an output of an
upstream regulator to the EN pin of the LTC3309B pro-
vides event-based power-up sequencing, enabling the
LTC3309B when the output of the upstream regulator
reaches a predetermined level (e.g. 90% of the regu-
lated output). Replace Viy(eny in Equation 10 with that
predetermined level.
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Low EMI PCB Layout

The LTC3309B is specifically designed to minimize
EMI/EMC emissions and also to maximize efficiency
and improve transient response when switching at
high frequencies.

See Figure 3 for a recommended PCB layout.

For optimal performance the LTC3309B requires that
both input supply V\y pins (Pins 3, 8) each have a local
decoupling capacitor with their ground terminals soldered
directly to the ground plane on the top layer near PGND
pins (Pins 4, 7). These capacitors provide the AC current
to the internal power MOSFETs and their drivers. Large,
switched currents flow in the Vi and PGND pins and the
input capacitors. The loops formed by the input capacitors
should be as small as possible by placing the capacitors
adjacent to the Vi and PGND pins. Capacitors with small
case size such as 0603 or 0402 are optimal due to lowest
parasitic inductance. Even smaller 0201 capacitors can
additionally be placed right next to the respective V,y and
PGND pins for better performance with minimal (if at all)
increase in application footprint. In addition, place a local,
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(3a) Recommended PCB Layout for the LTC3309B
Small Solution Size. Five 5mil Vias Are Used within the
EPAD. For Layouts where 5mil Vias Are Not Allowed,

It Is Recommended to Use Either Four 8mil Vias or a
Single (Filled or Tented) 12mil Diameter Via

unbroken ground plane under the application circuit on
the layer closest to the surface layer.

Decoupling AGND is also very important. Place a small
analog bypass, 0201 or 0402 capacitor as close as pos-
sible to the LTC3309B directly on the traces leading from
Vin (Pin 3) and AGND (Pin 1).

Place the inductor on the same side of the circuit board.
The trace connecting SW pins (Pins 5, 6) to the inductor
should be as short as possible to reduce radiated EMI and
parasitic coupling.

Keep the FB and RT nodes small and far away or shielded
from the noisy SW node.

In the recommended layout, five 5mil vias are used to
provide the best conductivity to the GND plane within
the EPAD. For layouts where 5mil vias are not allowed, it
is recommended to use either four 8mil vias or a single
(filled or tented) 12mil diameter via. Refer to the Thermal
Via Design section of the Analog Devices Application
Note, Application Notes for Thermally Enhanced Leaded
Plastic Packages for more information on thermal via
recommendations.
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(3b) Recommended PCB Layout for the LTC3309B with
Capacitors Cgyr1 and Cgyr2 Rotated by 90°, which Reduces
High-Frequency Output Ripple. Optional 0201 Gapacitors Coyrs
and Cqyr4 Further Improve The High-Frequency Output Ripple.
Five 5mil Vias Are Used within the EPAD. For Layouts where
5mil Vias Are Not Allowed, It Is Recommended to Use Either
Four 8mil Vias or a Single (Filled or Tented) 12mil Diameter Via

Figure 3.
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High Temperature Considerations

Care should be taken in the layout of the PCB to ensure
good heat sinking of the LTC3309B. Connect the exposed
pad on the bottom of the package (Pin 13) to a large,
unbroken ground plane under the application circuit on
the layer closest to the surface layer. Place many vias to
minimize thermal and electrical impedance. Solder the
PGND pins (Pins 4, 7) directly to a ground plane on the
top layer. Connect the top layer ground plane to ground
plane(s) on lower levels with many thermal vias. These
layers will spread heat dissipated by the LTC3309B.
Figure 4 is a simplified thermal representation of a ther-
mally enhanced LQFN package with exposed pad, with
the silicon die and thermal metrics identified. The current
source represents power loss Pp on the die; node voltages
represent temperatures; electrical impedances represent
conductive thermal impedances 6,csotrom, 0JcToP, OVIA,
Bcg, and convective thermal impedances 6ga and 6¢a. The
junction temperature, T, is calculated from the ambient
temperature, Ty, as:

Ty=Ta+Ppe6yp (11)
where, neglecting the 6,¢Top + Oca path:

Bcg+08a) . (OcB+OBA
eJAzeJCBOTTOIVI"‘( 5 Il 5

+eVIAj (12)

where 0, cgottom = 8.6°C/W. The value of 65 =
51°C/W reported in the Pin Configuration section cor-
responds to JEDEC standard 2S2P test PCB, which
does not have good thermal vias, i.e., By is relatively

high. Assuming, somewhat arbitrarily but not unrea-
sonably, that 6y ~ (6cg + Bga)/2, We back calculate
(Bcp + Bga)/2 = Byja = 60°C/W for such a board. The
importance of thermal vias becomes clear once we
observe that if the test PCB had low-thermal-resistance
vias, the 6,5 would have been reduced by up to 10°C/W,
which is an improvement of up to 20%. Similarly, having
more ground planes that are larger, uninterrupted and
higher-copper-weight improves 6¢g + 6ga, Which has a
dominant effect on 65, given the low value of 6,cg01TOM
of the package. See the Application Note, Application
Notes for Thermally Enhanced Leaded Plastic Packages,
for the proper size and layout of the thermal vias and sol-
der stencils. The maximum load current should be derated
as the ambient temperature approaches the maximum
junction rating. Power dissipation within the LTC3309B
is estimated by calculating the total power loss from an
efficiency measurement and subtracting the inductor loss.

Ta
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Figure 4. Multi-Layer PCB with Thermal Vias Acts as a Heat Sink
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TYPICAL APPLICATIONS

LTC3309B

Viy UVLO 3.0V, 3MHz, 0.75V, 6A, Pulse Skip Mode
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Vi = 2.5V TO 5.5V
_|_47F_I_- W] - S 4,
- """ —— 0201 —T 0201 -
— — = 1500H = Vout
EN Vi Vin SW 1.0V
SW 6A
15pF <28k
LTC33098B VFB .I 22yF
IN 28k .
JUL —»| MODE/SYNC L 10nF
fsyng = 3MHz AGND T 4
VlN —RT M = 330987A03
PGND PGOOD —E'wv— Vin
L

Ultra-Low Profile, Vi UVLO 3.0V, 10MHz, 2.5V, 6A, Forced Continuous Mode

Viy = 3.0V TO 5.5V

S e ST
—_|__—47“F—_|_—0201 1.3M
- - EN iy Viy ~ SW
200k e
= LTC33098 VFB
FLOAT —] MODE/SYNG
AGND a3
RT 200k = 33098TA04
i PGND  PGOOD —E«Nv— Vour
=
- fosc = 10MHz
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TYPICAL APPLICATIONS

Small Solution Size, 6.6MHz, 6A, 5V to 3.3V, Burst Mode Operation

Vi = 4.5V T0O 5.5V

—— 47 == 1F —— 1F =47
== —T— 0201 L0201 q1onH L= Vour
- - EN Vi Wi SW = = 3.3V
SW 6A
LTC3309B FB * 4.7yF
Vin 10k .
MODE/SYNC L 10nF
RT AGND l ad
300k —_ 33098 TA08
PGND PGOOD —E’\N\I— VOUT
=
fosg = 6.6MHz
Small Solution Size, 6.6MHz, 2.5V, 6A, Burst Mode Operation
Viy =3V T0 5.5V
== 47uF ——1WF == 1uF =47
= — 0201 L0201 qi00H L Vout
- - EN iy Vi SwW = = 25V
SW 6A
LTC33098 FB ® 4.7yF
VI'N 121k
MODE/SYNC 10nF
RT AGND l ad
200'( = 33098 TA0S
PGND PGOOD _EIM_ Vout
=
fosg = 6.6MHz
Small Solution Size, 6.6MHz, 1.2V, 6A, Burst Mode Operation
Vin =25V T0 4.5V
—— 47 ——1uF ——1F ==
= L0201 L0201 7onH &= Vour
- - EN Vin Vin Sw = = 1.2V
SW 6A
15pF 21k
LTC33098 FB .I 10pF
I 15k ?
MODE/SYNC L 10nF
RT AGND l ad
200k —_— 3309B TA06
PGND PGOOD —EIW\,— Vout
=
fosc = 6.6MHz
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PACKAGE DESCRIPTION
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LTC3309B

TYPICAL APPLICATION

Ultra-Low Profile, 10MHz, 1.8V, 6A, Burst Mode Operation

Viy = 2.5V TO 4.5V

I p— T - o
= " oo ot gy T Vour
- - ¢ EN Vin Vg SwW = = 1.8V
SW 6A
LTC33098 FB * 4.7yF
Vin o
L1 MODE/SYNC — 10nF
RT AGND T ad
21k PGND PGOOD 200k V, = 33008 TAO7
1 _L_ tVVV_ ouT
fosc =_1 O0MHz
PART NUMBER | DESCRIPTION COMMENTS
LTC3307A 5V, 3A Synchronous Step-Down Monolithic Synchronous Step-Down DC/DC Gapable of Supplying 3A at Switching Frequencies
Silent Switcher in 2mm x 2mm LQFN up to 3MHz. Silent Switcher Architecture for Ultralow EMI Emissions. 2.25V to 5.5V Input
Operating Range. 0.5V to V}y Output Voltage Range with +1% Accuracy. PGOOD Indication,
RT Programming, SYNC Input. 2mm x 2mm LQFN.
LTC3308A 5V, 4A Synchronous Step-Down Monolithic Synchronous Step-Down DC/DC Capable of Supplying 4A at Switching Frequencies
Silent Switcher in 2mm x 2mm LQFN up to 3MHz. Silent Switcher Architecture for Ultralow EMI Emissions. 2.25V to 5.5V Input
Operating Range. 0.5V to Vjy Output Voltage Range with +1% Accuracy. PGOOD Indication,
RT Programming, SYNC Input. 2mm x 2mm LQFN.
LTC3309A 5V, 6A Synchronous Step-Down Monolithic Synchronous Step-Down DC/DC Capable of Supplying 6A at Switching Frequencies
Silent Switcher in 2mm x 2mm LQFN up to 3MHz. Silent Switcher Architecture for Ultralow EMI Emissions. 2.25V to 5.5V Input
Operating Range. 0.5V to Vjy Output Voltage Range with +1% Accuracy. PGOOD Indication,
RT Programming, SYNC Input. 2mm x 2mm LQFN.
LTC3315A Dual 5V, 2A Synchronous Step-Down | Dual Monolithic Synchronous Step-Down Voltage Regulators each Capable of Supplying 2A at
DC/DCs in 2mm x 2mm LQFN Switching Frequencies up to 3MHz. 2.25V to 5.5V Input Operating Range. 0.5V to V,y Output
Voltage Range with +1% Accuracy. PGOQD Indication, SYNC Input. 2mm x 2mm LQFN.
LTC3310/ 5V, 10A/12.5A Synchronous Step-Down | Monolithic Synchronous Step-Down DC/DC Capable of Supplying 10A/12.5A at Switching
LTC3310S Silent Switcher/Silent Switcher 2 in Frequencies up to 5MHz. Silent Switcher Architecture for Ultralow EMI Emissions. 2.25V to 5.5V
LTC3311/ 3mm x 3mm LQFN Input Operating Range. 0.5V to V}y Output Voltage Range with +1% Accuracy. PGOOD Indication,
LTC3311S RT Programming, SYNC Input. Configurable for Paralleling Power Stages. 3mm x 3mm LQFN.
LTC3370/ 4-Channel 8A Configurable 1A Buck Four Synchronous Buck Regulators with 8 x 1A Power Stages. Can Connect Up to Four
LTC3371 DC/DCs Power Stages in Parallel to Make a High Current Output (4A Maximum) with a Single Inductor,
8 Qutput Configurations Possible, Precision PGOOD Indication. LTC3371 Has a Watchdog
Timer. LTC3370: 32-Lead 5mm x 5mm QFN. LTC3371: 38-Lead 5mm x 7mm QFN and TSSOP
LTC3374A 8-Channel Parallelable 1A Buck DG/DCs | Eight 1A Synchronous Buck Regulators. Can Connect Up to Four Power Stages in Parallel to Make
a High Current Output (4A Maximum) with a Single Inductor, 15 Output Configurations Possible.
Precision Enable inputs and PGOOD_ALL reporting. 38-Lead 5mm x 7mm QFN and TSSOP
LTC3375 8-Channel Parallelable 1A Buck DC/DCs | Eight 1A Synchronous Buck Regulators. Can Connect Up to Four Power Stages in Parallel to
Make a High Current Output (4A Maximum) with a Single Inductor, 15 Output Configurations
Possible. Precision Enable Inputs and PGOOD_ALL Reporting. 12C Programming with a
Watchdog Timer and Pushbutton. 48-Lead 7mm x 7mm QFN
LTC3616 5.5V, 6A, 4MHz, Synchronous 95% Efficiency, Viy: 2.25 to 5.5V, Voyrminy = 0.6V, lg = 75pA, Isp < 1pA,
Step-Down DC/DC Converter 3mm x 5mm QFN-24 Package
LTC3412A 3A, 4MHz, Monolithic Synchronous 95% Efficiency, Viy: 2.25 to 5.5V, Vourminy = 0.8V, Ig = 64pA, Isp < TpA,
Step-Down Regulator 4mm x 4mm QFN-16 Package
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