TECHNOLOGY

| E ’\D LTC3546

Dudl Synchronous, 3A/TA
or 2A/2A Configurable

Step-Down DC/DC Reyulator

FEATURES

Viy Range: 2.25V to 5.5V

Vout Range: 0.6V to 5V

Programmable Frequency Operation; 2.25MHz, or
Adjustable Between 0.75MHz to 4MHz

Low Rpgon) Internal Switches

High Efficiency: Up to 96%

No Schottky Diodes Required

Short-Gircuit Protected

Current Mode Operation for Excellent Line and Load
Transient Response

Low Ripple Burst Mode Operation (30mVp.p),

lg = 160pA

Ultralow Shutdown Current: Iq < 1pA

Low Dropout Operation: 100% Duty Cycle

Power Good Output For Each Channel

Externally or Internally Programmable Burst Level
External or Internal Soft-Start or Supply Tracking
Available in Thermally Enhanced 28-Lead

(4mm x 5mm) QFN and TSSOP Packages

APPLICATIONS

Netbooks/Ultra-Mobile PCs

PC Cards

Wireless and DSL Modems
Point of Load DC/DC Conversion

DESCRIPTION

The LTC®3546 is a dual, constant-frequency, synchronous
step down DC/DC converterfor medium power applications.
The design consists of 2Aand 1A primary output switches.
In addition to the 2A/1A capability, a 1A dependant output
switch can be externally connected to either of the primary
outputs to produce 3A/1A dual regulator or 2A/2A dual
regulator configurations.

Supply operation is from 2.25V to 5.5V. The switching
frequency can be set to 2.25MHz, adjustable 0.75MHz to
4MHz, or synchronized to an external clock. Each output
is adjustable from 0.6V to 5V and has output tracking
on power-up. Internal synchronous low Rpgon) power
switches provide high efficiency without external Schottky
diodes.

User-selectable modes (Burst Mode® operation, pulse
skipping and forced continuous) allow trade-off between
ripple noise and power efficiency. Burst Mode operation
provides high efficiency at light loads. Pulse-skipping
mode provides low ripple noise at light loads.

The device is capable of low dropout configurations and
both channels can operate at 100% duty cycle. In shut-
down, the device draws <1pA.

L7, LT, LTC, LTM, Linear Technology, the Linear logo and Burst Mode are registered trademarks
of Linear Technology Corporation. All other trademarks are the property of their respective
owners. Protected by U.S. Patents, including 5481178, 6611131, 6304066, 6498466, 6580258.
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LTC3546
ABSOLUTE MAXIMUM RATINGS

(Note 1)

Vint, Vin1p, Ving, Vecas Veep Voltages........
SYNC/MODE, SW1, SW1D, SW2A, SW2B,

-0.3Vto 6V  Maximum Difference Between Any of

ViNts VINTD: ViIN2, VGGA, VEOD «eerererereeenenininininirinnns 0.3V

RUNA, RUN2, Veg1, Vego, PHASE, FREQ, PGOOD1, PGOOD2 Voltage ... 0.3V to 6V
IT41, ItHo, TRACK/SS1, TRACK/SS2, BMCA, Operating Junction Temperature Range
BMC2 Voltages ................ —-0.3Vto (Viyg or Ving) + 0.3V (NOteS 2,6, 7)o, -40°C to 125°C
Storage Temperature Range................... -65°C to 125°C
TOP VIEW TOP VIEW
- g _ N N — 1 28] GNDA
S <§ <= o8 SYNC/MODE [2] : ! [27] FREQ
SLSZES PGOOD2 [3] : ! [26] PGOODT
|128112711261{25]124123) | smc (2] | N EE
BliC2 __1_4: e | :33_ BNICT TRACK/SS2 [5 | | i [24] TRACK/SS1
TRACK;SSZ __2_JI | | ;?_ TRACK/SS1 Veep [61 i | %3] Ves:
|FB2 _i_.; : : ;-1_% :/Fm e [7] 1 2 : [22] I
Bl =ER BT I I R Veeo (8] 1 I [21] PHase
Veep |5 1 I 18] PHASE I I
RNz [61 | L 7] runt RNz [9] | | 2 Run
Vine [71 :_______: f16] pono2 Ving [10] ! ! [19] PGND2
vini [81 15| PaND1 vini [} : | |18l panot
£ 01T 2131 A4 | Vinip [12] ! ! [iz] peno
es82cz8 swaa [i3] | :Esm
=353~ 2 swos [ia] 1_____ I [15] swip
UFD PACKAGE FE PACKAGE
28-LEAD (4mm x 5mm) PLASTIC QFN 28-LEAD PLASTIC TSSOP
Tymax = 125°C, 64p = 34°C/W T =125°C, 0 = 25°C/W
EXPOSED PAD (PIN 29) IS GNDD EXPOSED PAD (PIN 29) 1S GNDD MUST BE SOLDERED T0 PCB
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3546EUFD#PBF LTC3546EUFD#TRPBF 3546 28-Lead (4mm x 5mm) Plastic QFN -40°C to 85°C
LTC3546/UFD#PBF LTC35461UFD#TRPBF 3546 28-Lead (4mm x 5mm) Plastic QFN -40°C to 125°C
LTC3546EFE#PBF LTC3546EFE#TRPBF LTC3546FE 28-Lead Plastic TSSOP -40°C to 85°C
LTC3546IFE#PBF LTC35461FE#TRPBF LTC3546FE 28-Lead Plastic TSSOP —-40°C to 125°C
LEAD BASED FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3546EUFD LTC3546EUFD#TR 3546 28-Lead (4mm x 5mm) Plastic QFN -40°C to 85°C
LTC3546/UFD LTC3546IUFD#TR 3546 28-Lead (4mm x 5mm) Plastic QFN -40°C to 125°C
LTC3546EFE LTC3546EFE#TR LTC3546FE 28-Lead Plastic TSSOP -40°C to 85°C
LTC35461FE LTC3546IFE#TR LTC3546FE 28-Lead Plastic TSSOP -40°C to 125°C

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

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LTC3546

GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. V;y = V¢ca = 3.6V, unless otherwise specified. (Note 2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vint, Vinip, | Operating Voltage Range Ving = Vinto = Vine = Veea = Veen 2.25 5.5 Vv
Ving, Vecas
Veen
IrB1, IFB2 Feedback Pin Input Current (Note 3) +0.1 HA
Vig1, Vg2 Feedback Voltage (Note 3) 0.588 0.6 0.612 V
AV|NEREG Reference Voltage Line Regulation Vi =2.25V to 5.5V (Note 3) 0.04 0.2 %/
%/V is The Percentage Change in Vour
with a Change in Vi
AV 0ADREG Output Voltage Load Regulation ItH1, ItH2 = 0.36V (Note 3) 0.02 0.2 %
ItH1, lTH2 = 0.84V (Note 3) -0.02 -0.2 %
Om(EA) Error Amplifier Transconductance (Note 3) 1400 uS
VTRACK/SS 1 Tracking Voltage Offset Vrrackssst 2 = 0.3V 15 mV
VrRaCK/SS2
|TRACK/SS17 Tracking Current Source VTRACK/SS1,2 =0V 0.8 1.15 15 pA
ITRACK/SS2
Is Input DC Supply Current (Note 4)
Active Mode Vg1 = Vg2 = 0.55V, Viope = Vin, 600 990 pA
VRunt = VRunz = Vin
Half Active Mode (Vrunt = Vin, VRunz = 0) | Vest = 0.55Y, Vione = Vins Veunt = Vin, 400 800 HA
VRung = OV
Half Active Mode (Vrunt = 0, VRunz = Vin) | Vs = 0.55Y, Vope = Vin, Vrunt = 0V, 400 800 HA
VRunz =Vin
Both Channels in Sleep Mode Vg1 = Vg2 = 0.75V, Vone = Vin, 160 300 pA
VRunt = Veunz = Vin
Shutdown Vrunt = VRunz = 0V 0.2 1 HA
fosc Oscillator Frequency Verea: Rr=Vin 1.8 2.25 2.9 MHz
Verea: Ry = 143k 1.2 15 1.8 MHz
Vrgeq: Resistor (Note 5) 0.75 4 MHz
[Liv1 Peak Switch Current Limit on SW1 (1A) BMC1 = V), Vithy = 1.4V 1.4 1.6 A
BMC1 = 0.4V, Vi1 = OV 0.45 A
ILim2 Peak Switch Current Limit on SW2A/B (2A) | BMC2 =V, Vitnq = 1.4V 2.8 3.2 A
BMC2 = 0.4V, Vi1 = OV 0.9 A
lLm1+1D Peak Switch Current Limit on SW1 Externally Connected to SW1D
SW1 + SW1D (2A) BMC1 =V (Note 8) 2.5 3.2 A
BMC1 = 0.4V (Note 8) 1.6 A
ILIM2+1D Peak Switch Current Limit on SW2A/B Externally Connected to SW1D
SW2A/B + SW1D (3A) BMG2 =V (Note 8) 3.75 4.8 A
BMC2 = 0.4V (Note 8) 2.4 A
Rps(on)1 SW1 Top Switch On-Resistance (1A) Ving = 3.6V 0.19 Q
SW1 Bottom Switch On-Resistance Vine = 3.6V 0.18 Q
Ros(ony1p SW1D Top Switch On-Resistance (1A) Ving = 3.6V 0.19 Q
SW1D Bottom Switch On-Resistance Vine = 3.6V 0.17 Q
Ros(ony2 SW2A/B Top Switch On-Resistance (2A) Vint = 3.6V 0.096 Q
SW2A/B Bottom Switch On-Resistance Ving = 3.6V 0.085 Q
|SW1(LKG) Switch Leakage Current SW1 Viy=6V 0.01 1 pA
Vithi =0V
VRunt =0V
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LTC3546

GLGCTRKHL CHﬂﬂﬂCTGﬁISTICS The e denotes the specifications which apply over the full operating

junction temperature range, otherwise specifications are at Ty = 25°C. V;y = V¢ca = 3.6V, unless otherwise specified. (Note 2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
|SW1D(LKG) Switch Leakage Current SW1D Viny=6V 0.01 1 pA
Vith1 = ViHz = OV
VRunt = VRunz = OV
Iswoam(Lkg) | Switch Leakage Current SW2A/B Vin=16V 0.01 1 HA
Vithg = OV
VRung = OV
Vuvio Undervoltage Lockout Threshold Vint, Ving, Voca, Veep Rising 2.03 2.14 2.2 v
Vint, Ving, Veea, Veep Falling 1.86 1.97 2.03 V
TpgooD1 Threshold for Power Good Vg1 Ramping Up, Vsyngmope = 0V -8 %
Percentage Deviation from Regulated Vg1
(Typically 0.6V).
TPGOOD2 Threshold for Power Good VFBZ Ramping Up, VSYNC/MODE =0V -8 %
Percentage Deviation from Regulated Vg
(Typically 0.6V).
Rrgoob1 Power Good Pull-Down On-Resistance 132 300 Q
Rpgoop? Power Good Pull-Down On-Resistance 132 300 Q
tss Soft-Start Internal Time. Vg from 0% to 95%, Vrracksss IS Floating 0.8 1.2 1.9 ms
VRruni, VRune, | RUN1, RUN2, and PHASE Threshold 0.3 0.8 1.2 Vv
VpHasE
[runi, IRUN?, RUN1, RUN2, and PHASE Leakage Current | Viy = 6V, Vpyase = 3V, Vrunt = VRrunz = 3V +0.01 +1 HA
|PHASE
VTLsyng/mone | SYNC/MODE Threshold Voltage Low to Put 0.5 s
the Part into Pulse-Skipping Mode
VTHsync/mone | SYNC/MODE Threshold Voltage High to Vin—-0.5 v
Put the Part into Burst Mode Operation
Vsyne/MoDE SYNG/MODE Threshold for Clock 0.3 0.8 1.2 v
Synchronization
Isyne/MoDE SYNG/MODE Leakage Current Vin = 6V, Vsyne/mope = 3V +0.01 +1 HA
VTHFREQ FREQ Threshold Voltage High Vin—0.85 V
lamc1, lemc2 BMC1, BMC2 Leakage Current Vin =6V, Vgyg = 3V 0.4 HA

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 LTC3546E is guaranteed to meet performance specifications
from 0°C to 85°C. Specifications over the —40°C to 125°C operating
junction temperature range are assured by design, characterization and
correlation with statistical process controls. The LTC35461 is guaranteed
to meet performance specifications over the full -40°C to 125°C operating
junction temperature range

Note 3: The LTC3546 is tested in feedback loop which servos Ve to the
midpoint for the error amplifier (Vi1 = 0.6V) and Vego to the midpoint for
the error amplifier (Vitho = 0.6V).

Note 4: Total supply current is higher due to the internal gate charge being
delivered at the switching frequency.

Note 5: Variable frequency operation with resistor is guaranteed by design
and is subject to duty cycle limitations.

Note 6: This IC includes overtemperature protection that is intended

to protect the device during momentary overload conditions. Junction
temperature will exceed 125°C when overtemperature protection is active.
Continuous operation above the specified maximum operating junction
temperature may impair device reliability.

Note 7: T, is calculated from the ambient temperature, Ta, and power
dissipation, Pp, according to the following formula:

TJ = TA + (PD ° 34°C/W)
Note 8: Minimum current limit is guaranteed by design and correlation to
the Rps(ony1ps ILimt and Iy jmp measurements.
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LTC3546

TYPICAL PERFORMANCE CHARACTERISTICS

0UT1 Pulse-Skipping Mode OUT1 Forced Continuous Mode

OUT1 Burst Mode Operation Operation Operation
v Vout Vour
20mV/DI 20mv/DIV |8 20mV/DIV
ILoAD
500mA/DIV ILoAD ILoAD
250mA/DIV 250mA/DIV
2US/D |V 3546 G02 1 US/D'V 3‘546 G03 1 US/D'V 3546 G04
SW1D CONNECTED TO SW1 SW1D CONNECTED TO SW1 SW1D CONNECTED TO SW1
Vin = 3.6V Vin = 3.6V Vin = 3.6V
Vour =1.8V Vour =1.2V Vour=1.2V
ILoAD = 300mA ILoaD = 100mA ILoap = 100mA
OUT1 Pulse-Skipping Mode 0UT1 Forced Continuous Mode
OUT1 Burst Mode Operation Operation Operation
A LA LT M———————
20mV/DIV WMW 20mV/DIV 20mV/DIV
| /‘ “\( / \ /“ i f‘y f‘, / N\ / /\ /‘n\ I ’h
LOAD VAR VYA N
20omadiy ||\ ! \.‘/ M|
MR A AVAVAVAVAVAVAVAVAVAVANAVAVA IR
1|JS/D|V 3546 GOS 1|JS/D|V 3546 GO6 1US/D|V 3546 GO7
SW1D CONNECTED TO SW2 SW1D CONNECTED TO SW2 SW1D CONNEGTED TO SW2
Vin = 3.6V Vin = 3.6V Vin = 3.6V
Vour=1.8V Vour=1.2V Vour=1.2V
ILoAD = 200mA ILoAD = 100mA ILoAD = 50mA
0UT2 Pulse-Skipping Mode OUT2 Forced Continuous Mode
0UT2 Burst Mode Operation Operation Operation
Vour Vout [y Vout
20mVv/DIV N 20mV/DIV §F % 20mV/DIV
" i /
\ \ \
ILoAD | i 1/
500mA/DIV vl W A : -
‘ \ | 500mA/DIV 500mA/DIV
1|JS/D|V 3546 G08 1US/D|V 3‘546 G09 1US/D|V 3546 G10
SW1D CONNEGTED TO SW2 SW1D CONNECTED TO SW2 SW1D CONNECTED TO SW2
Viy =3.6V Viy =3.6V Viy =3.6V
Vout = 2.5V Vour=1.8V Vour=1.8V
ILoAD = 500mA ILoaD = 200mA ILoap = 100mA
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LTC3546

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3546

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3546

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3546

PIN FUNCTIONS (urosFe)

BMC2 (Pin 1/Pin 4): Burst Mode Clamp for Channel 2.
Connect-ing this pinto an external voltage between 0V and
0.6V sets the Burst Mode clamp level. If this pin is pulled
to Vgca, an internal Burst Mode clamp level is used.

TRACK/SS2 (Pin 2/Pin 5): Tracking input for Channel 2
outputoroptional external soft-startinput. Voyro will track
an external voltage at this pin. Leaving this pin floating
allows Voyro to start-up using the internal soft-start. An
external soft-start can be programmed by connecting a
capacitor between this pin and ground. External soft-start
ramp time must be greater than the internal soft-start time
of 1.2ms. Refer to the Applications Information section
for more details.

VEg2 (Pin 3/Pin 6): Feedback voltage from external resis-
tive divider from the Channel 2 regulator output. Nominal
voltage for this pin is 0.6V.

Ity2 (Pin4/Pin7): Error Amplifier Compensation for Chan-
nel 2 Regulator. Peak current increases with an increase
in the voltage on this pin. Nominal voltage range for this
pinis OV to 1.5V

Veep (Pin 5/Pin 8): Supply Pin for Internal Digital Cir-
cuitry.

RUN2 (Pin 6/Pin 9): Low Level Logic Input. Enable for
Channel 2. When pulled high, regulator is running. When
at 0V, requlator is off. When both RUN1 and RUN2 are at
0V the part is in shutdown.

Vin2 (Pin 7/Pin 10): Supply pin for 2A P-channel switch
which connects from Vo to SW2A/B.

Vin1 (Pin 8/Pin 11): Supply pin for 1A P-channel switch
which connects from V)yq to SW1.

Vin1p (Pin9/Pin12): Supply pinfor 1Adependent P-chan-
nel switch which connects from Vy1p to SW1D.

SW2A (Pin 10/Pin 13): Half of the switch node connec-
tion to the inductor for Channel 2. SW2A and SW2B must
be externally tied together. This pin swings from Vjy» to
PGND2.

SW2B (Pin 11/Pin 14): Half of the switch node connec-
tion to the inductor for Channel 2 SW2A and SW2B must
be externally tied together. This pin swings from Vjy» to
PGND2.

SW1D (Pin 12/Pin 15): The Dependent Switch Node
Connection. The pin is externally connected to SW1 for
a 2A/2A regulator or to SW2A/B for a 3A/1A regulator.
Internal circuitry detects which pin SW1D is externally
connected to, SW1 or SW2A/B. This pin swings from
Vinip to PGND1D. SW1D switching will be controlled
by the output switch to which it is connected, i.e., SW1
or SW2A/SW2B. The dependant 1A power stage can be
disabled by floating the SW1D pin. The SW1D pin must
never be connected to Vi or GND. When disabled, SW1D
is pulled high internally.

SW1 (Pin 13/Pin 16): The switch node connection to the
Inductor for the Channel 1 regulator. This pin swings from
V1 to PGNDA1.

PGND1D (Pin 14/Pin 17): Ground for SW1D Switching
N-Channel Driver.

PGND1 (Pin 15/Pin 18): Ground for SW1 Switching N-
Channel Driver.

PGND2 (Pin 16/Pin 19): Ground for SW2A and SW2B
Switching N-Channel Driver.

RUN1 (Pin 17/Pin 20): Low Level Logic Input. Enable for
Channel 1. When pulled high, regulator is running. When
at 0V, regulator is off. When both RUN1 and RUN2 are at
0V the part is in shutdown.

PHASE (Pin 18/Pin 21): Low Level Logic Input. Selects
Channel 2 regulator switching phase with respect to
Channel 1 regulator switching. When pulled high, the
SW1 regulator and the SW2A/B regulator are in phase.
When PHASE is at 0V the SW1 regulator and the SW2A/B
regulator are switching 180° out-of-phase.

Ity1 (Pin 19/Pin 22): Error Amplifier Compensation for
Channel 1. Peak current increases with an increase in the
voltage on this pin. Nominal voltage range for this pin is
0Vto 1.5V
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PIN FUNCTIONS (urosre

Veg1 (Pin 20/Pin 23): Feedback voltage from external
resistive divider from Channel 1 output. Nominal voltage
for this pinis 0.6\,

TRACK/SS1 (Pin 21/Pin 24): Tracking input for Channel 1
outputoroptional external soft-startinput. Voyrq will track
an external voltage at this pin. Leaving this pin floating
allows Vqyr4 to start-up using the internal soft-start. An
external soft-start can be programmed by connecting a
capacitor between this pin and ground. External soft-start
ramp time must be greater than the internal soft-start time
of 1.2ms. Refer to the Applications Information section
for more details.

BMC1 (Pin 22/Pin 25): Burst Mode Clamp for Channel 1.
Connecting this pin to an external voltage between 0V and
0.6V sets the Burst Mode clamp level. If this pin is pulled
to Vgca, an internal Burst Mode clamp level is used.

PGOOD1 (Pin 23/Pin 26): Power Good Pin for the 1A
Regulator. This common drain logic output is pulled to
GND when the output voltage of Channel 1 is below —8%
of regulation.

FREQ (Pin 24/Pin 27): Frequency Set Pin. When FREQ is
at Vgcp, the internal oscillator runs at 2.25MHz. When a
resistor is connected from this pin to GNDA, the internal
oscillator frequency can be varied from 0.75MHz to 4MHz.
When using external synchronization this pin compensates

the internal PLL. Typical compensation components are a
200k resistor in series with a 100pF capacitor.

GNDA (Pin 25/Pin 28): Ground Pin for Internal Analog
Circuitry.

Vcea (Pin 26/Pin 1): Supply Pin for Internal Analog Cir-
cuitry.

SYNC/MODE (Pin 27/Pin 2): Combination Mode Selec-
tion and Oscillator Synchronization Pin. This pin controls
the operation of the device. When the voltage on the
SYNC/MODE pinis > (Vy = 0.5V), Burst Mode operation
is selected for both regulators. When the voltage on the
SYNG/MODE pinis <0.5V, pulse-skipping mode is selected
for both regulators. When the SYNG/MODE pin is held at
Vin/2, forced continuous mode is selected for both regula-
tors. The oscillation frequency can be synchronized to an
external oscillator applied to this pin. When synchronized
to an external clock, pulse-skipping mode is selected.

PGOOD2 (Pin 28/Pin 3): Power Good Pin for Channel 2
This common drain logic output is pulled to GND when the
output voltage of Channel 2 is below —8% of regulation.

Exposed Pad (Pin 29/Pin 29): Digital Ground. Connect to
Electrical Ground for substrate and internal digital circuitry.
Solder to PCB for rated thermal performance.
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FUNCTIONAL DIARGRAM
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LTC3546

OPERATION

The LTC3546 usesaconstant-frequency, currentmode archi-
tecture. Both channels share the same clock frequency. The
PHASE pin sets whether the channels are running in-phase,
or180° out-of-phase. The operating frequency is determined
by connecting the FREQ pinto V,y for 2.25MHz operation or
by connecting aresistorfrom FREQto GNDAforfrequencies
between 0.75MHzto 4MHz. A 143k resistorto GNDA will set
the frequency to 1.5MHz. The part can also be synchronized
to an external clock through the SYNC/MODE pin. To suit
a variety of applications, the selectable SYNC/MODE pin
allows the user to trade-off noise for efficiency.

The output voltages are set by external dividers returned
to the Vrgq and Vego pins. An error amplifier compares the
divided output voltage with a reference voltage of 0.6V and
adjusts an internal peak inductor current setting accord-
ingly. Peak inductor current during Burst Mode operation
can also be set externally through the BMC1 and BMC2
pins. Undervoltage comparators will pull the PGOOD1 or
PGOOD2 outputs low when their respective outputs drop
below —8% of the set output voltage.

The TRACK/SS pins allow for controlled start-up via an
externally or internally generated voltage ramp. |t can also
track an externally applied voltage.

A1Adependent switch, SW1D, can be externally connected
to the SW1 output or the SW2A/SW2B output. Internal
circuitry auto detects which output SW1D is connected
to and controls them accordingly. With this flexibility, the
LTC3546 can be configured as either a 2A/2A dual regula-
tor (when SW1D is connected to SW1) oras a 3A/1A dual
regulator (when SW1D is connected to SW2A/SW2B).

Main Control Loop

For each regulator, during normal operation, the P-chan-
nel MOSFET power switch is turned on at the beginning
of a clock cycle when the Vgg voltage is below the 0.6V
reference voltage. The current into the inductor and the
load increases untilthe currentlimitis reached. The switch
turns off and energy stored in the inductor flows through
the bottom N-channel MOSFET switch into the load until
the next clock cycle.

The peak inductor currentis controlled by the voltage on the
lTy pin, which is the output of the 2.5MHz bandwidth error
amplifier. The error amplifier compares the Vgg pin to the
0.6V reference. When the load current increases, the Vg
voltage decreases slightly belowthe reference. This decrease
causesthe erroramplifiertoincrease the Ity voltage until the
average inductor current matches the new load current.

The main control loop is shut down by pulling the RUN pin
to ground. When the RUN pin is pulled high, the control
loop goes through start-up. Start-up is dependent on the
TRACK/SS pin. If TRACK/SS is left floating, an internal
soft-start is enabled which will ramp up the output volt-
age to the desired level in 1.2ms. The output voltage will
track the voltage on its associated TRACK/SS pin. If the
TRACK/SS pin is connected through a resistor divider
from another supply, such as the output voltage from
the other LTC3546 regulator, the output voltage will track
this supply thus allowing the LTC3546 output voltage to
track the other supply start-up. If a capacitor is connected
from the TRACK/SS pin to ground, when RUN goes high,
an internal 1.15pA current source will charge the external
capacitor controlling the output voltage start-up. Care must
be taken to make sure the external start-up ramp time is
greater than the 1.2ms internal start-up time.

Low Current Operation

Three modes are available to control the operation of the
LTC3546 at low currents. All three modes automatically
switch from continuous operation to the selected mode
when the load current is low.

To optimize efficiency, BurstMode operation can be selected.
Whenthe load is relatively light, the LTC3546 automatically
switches into Burst Mode operation in which the switches
operate intermittently based on load demand. By running
cycles periodically, the switching losses which are domi-
nated by the gate charge losses of the power MOSFETs are
minimized. The main control loop is interrupted when the
output voltage reaches the desired regulated value.

Avoltage comparator with hysteresis trips when Ity is below
0.24V, shutting off the switches and reducing the power.
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OPERATION

The output capacitor and the inductor supply the power
to the load until Ity exceeds 0.31V, turning on the switch
and the main control loop which starts another cycle.

The Burst Mode peak inductor current can be set externally
via the BMC pin. When this pin is set somewhere between
0Vto 0.6V, the voltage on this pin controls the Burst Mode
clamp level. When the BMC pin is pulled to V;y, an internal
Burst Mode clamp level is used.

For lower output voltage ripple at low currents, pulse-
skipping mode can be used. In this mode, the LTC3546
continuesto switchat constantfrequency downtovery low
currents, where it will eventually begin skipping pulses.

Finally, in forced continuous mode, the inductor current
is constantly cycled which creates a fixed output voltage
ripple atall output currentlevels. This feature is desirablein
telecommunications since the noiseisa constant frequency
andisthus easytofilter out. Anotheradvantage ofthis mode
isthat the regulator is capable of both sourcing currentinto
aload and sinking some current from the output. In forced

continuous operation, an overvoltage comparator monitors
the Vgg pin and decreases the current limit whenever an
overvoltage condition is detected (Vg > 0.63V).

The SYNC/MODE pin selects what mode the LTC3546 is in.
The SYNC/MODE pin sets the mode for both regulators.

Dropout Operation

When the input supply voltage decreases toward the
output voltage, the duty cycle increases to 100% which
is the dropout condition. In the dropout condition, the
PMOS switch is turned on continuously with the output
voltage being equal to the input voltage minus the volt-
age drops across the internal P-channel MOSFETs and
inductors.

Low Supply Operation

The LTC3546 incorporates an undervoltage lockout circuit
which shuts down the part when the input voltage drops
below about 2.14V to prevent unstable operation.
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APPLICATIONS INFORMATION

Ageneral LTC3546 application circuitis shownin Figure 7.
External component selectionis driven by the load require-
ment, and begins with the selection of the inductors L1,
and L2. Once L1and L2 are chosen, Cyy, Cout1, and Coyra
can be selected.

Operating Frequency

Selection of the operating frequency is a trade-off between
efficiency and component size. High frequency operation
allows the use of smaller inductor and capacitor values.
Operation at lower frequencies improves efficiency by
reducing internal gate charge losses but requires larger
inductance values and/or capacitance to maintain low
output ripple voltage.

The operating frequency, fg, of the LTC3546 is determined
by pulling the FREQ pin to V), for 2.25MHz operation, by
connecting an external resistor from FREQ to ground, or
by driving an external clock signal into SYNC/MODE.

When using an external resistor to set the oscillator fre-
quency use the following equation:

=2_51.1011
fo

for 0.75MHz < fg < 4MHz. Or use Figure 1 to select the
value for Ry.

Ry (Q)-20kQ

The maximum operating frequency is also constrained
by the minimum on-time (typically 70ns) and duty cycle,
especially when forced continuous mode is selected.

Assuming a worst-case minimum on-time of 150ns, this
can be calculated as:

V
fO(MAX) ~6.67 (m)(MHZ)

The minimum frequency is limited by leakage and noise
coupling due to the large resistance of Ry.

Inductor Selection

Although the inductor does not influence the operat-
ing frequency, the inductor value has a direct effect on
ripple current. The inductor ripple current Al; decreases
with higher inductance and increases with higher Vyy or

Vour

V, V
AlL _ fOl.J[ (1_ \(;UT )
0 IN

Accepting larger values of Al allows the use of low induc-
tances, but results in higher output voltage ripple, greater
core losses, and lower output current capability.

Areasonable starting point for setting ripple currentis Al
=0.35_0ap(Mmax), Where I oap(max) is the maximum output
current. The largest ripple Al; occurs at the maximum
input voltage. To guarantee that the ripple current stays
below a specified maximum, the inductor value should be
chosen according to the following equation:

L. Vour [4_ Vour
foeAlLl  Vinmax)
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Figure 1. Frequency vs Ry
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APPLICATIONS INFORMATION

Burst Mode Operation Considerations

Therearetwofactorsthat determine the load currentatwhich
the LTC3546 enters Burst Mode operation: theinductor value
and the BMC pin voltage. The transition from low current
operation begins when the peak inductor current falls below
alevelsetbytheburstclamp. Lowerinductorvaluesresultin
higher ripple current which causes Burst Mode operation to
occuratlowerload currents. Lower inductor values willalso
cause a dip in efficiency in the upper range of low current
operation. Lower inductor values will also cause the burst
frequency to increase in Burst Mode operation.

The burst clamp level can be set by the voltage on the BMC
pin. If BMC is tied to Vy, an internally set level is used. A
BMC pin voltage between 0V and 0.6V will set the burst
clamp level (see charts OUT1 Minimum Peak Current vs
Vemct and OUT2 Minimum Peak Current vs Vgpco in the
Typical Performance Characteristics section). Generally, a
higher clamp level results in improved light load efficiency
and higher output voltage ripple, while a lower clamp level
results in small output voltage ripple at the expense of
efficiency. The BMC pin should be connected to ground
when Burst Mode operation is not selected.

Inductor Core Selection

Different core materials and shapes willchange the size/cur-
rent relationship of aninductor. Toroid or shielded potcores
inferrite or permalloy materials are small and don’t radiate
much energy, but generally cost more than powdered iron
core inductors with similar electrical characteristics. The
choice of which style inductor to use often depends more
on the price vs size requirements of any radiated field/EMI
requirements than on what the LTC3546 requires to oper-
ate. Table 1 shows some typical surface mount inductors
that work well in LTC3546 applications.

Input Capacitor (C;y) Selection

Incontinuous mode, the input current of the converter can
be approximated by the sum of two square waves with
duty cycles of approximately Voyt1/Viy and Voyto/Vin. To
prevent large voltage transients, a low equivalent series
resistance (ESR) input capacitor sized for the maximum
RMS current must be used. Some capacitors have a de-
rating spec for maximum RMS current. If the capacitor
being used hasthis requirementitis necessary to calculate

Table 1.

MANUFACTURER PART NUMBER VALUE (pH) MAX DC CURRENT (A) DCR DIMENSIONS L x W x H (mm)

Wiirth Elektronik WE-PD2 MS 1.2 4.6 0.017 5.2 %x5.8x2
7447745012

Wiirth Elektronik WE-PD2 MS 0.56 6.5 0.0078 5.2 x5.8x2
74477450056

Vishay IHLP-1616AB-11 1.2 3.75 0.068 4.06 x 4.45 x 1.20

Vishay IHLP-1616AB-11 0.47 6 0.019 4.06 x 4.45 x 1.20

Coilcraft LPS6225-122 1.2 54 0.04 6.2x6.2x25

Coilcraft D01813H-561 0.56 7.7 0.01 6.10 x 8.89 x 5.00

Coiltronics SD20-1R2 1.2 2.55 0.0275 52%x52x2

Coiltronics SD20-R47 0.47 4 0.02 52%x52x2

Sumida CDRH3D23NP-1R5NC 1 2.8 0.025 3.8x3.8x23
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the maximum RMS current. The RMS current calculation
is different if the part is used in-phase or out-of-phase.

For in-phase, there are two different equations:

Vourt > Vourz:
lrms =
\/2~I1°I2-D2(1—D1)+I22(D2—D22)+I12(D1—D12)

Vourz > Vours:
lrms =
\/2-I1-I2-D1(1—D2)+I22(D2—D22)+|12(D1—D12)

Where:

D1= VOUT1 and D2 = VOUT2
IN Vin

When D1 = D2, then the equation simplifies to:
lams =(11+12)/D(1-D)

or

)\/VOUT (Vin = Vour)

laus = (11+12

where the maximum average output currents 11 and
12 equals the peak current minus half the peak-to-peak
ripple current:

Al
M=l ‘—2L1

Al
12=1 2 ‘%

These formula have a maximum at Vy = 2Vqyr, where
lams = (11 +12)/2. This simple worst-case is commonly
used to determine the worst-case Igys.

For out-of-phase (PHASE pin is at ground), the ripple
current can be lower than the in-phase.

In the out-of-phase case, the maximum Igys does not oc-
cur when Voyty = Voute. The maximum typically occurs

when Voyt1 = Vin/2 = Voute and when Voyre = Vin/2 =
VouTi. Asagood rule of thumb, the amount of worst-case
rippleisabout 75% ofthe worst-case ripple inthe in-phase
mode. Note, that when Vgyr1 = Vouto = Vin/2 and Iy = Iy,
the ripple is at its minimum.

Note that capacitor manufacturer's ripple current ratings
are often based on only 2000 hours lifetime. This makes
it advisable to further derate the capacitor, or choose a
capacitor rated at a higher temperature than required.
Several capacitors may also be paralleled to meet the
size or height requirements of the design. An additional
0.1puF to 1pF ceramic capacitor is also recommended on
Vy for high frequency decoupling, when not using an all
ceramic capacitor solution.

Output Capacitor (Coyrq and Cqyr2) Selection

The selection of Coyty and Coyro is driven by the required
ESR to minimize voltage ripple and load step transients.
Typically, once the ESR requirement is satisfied, the
capacitance is adequate for filtering. The output ripple
(AVoyr) is determined by:

1
AVa i =Al [ESR+—
ouT L( +8°fO°COUT)

where fo = operating frequency, Coyt = output capacitance
and Al = ripple current in the inductor. The output ripple
is highest at maximum input voltage since Al increases
with input voltage.

Once the ESR requirements for Coyt have been met, the
RMS current rating generally far exceeds the IrippLe(p-p)
requirement, except for an all ceramic solution.

In surface mount applications, multiple capacitors may
have to be paralleled to meet the capacitance, ESR or RMS
current handling requirement of the application. Aluminum
electrolytic, special polymer, ceramic and dry tantalum
capacitors are all available in surface mount packages.
The 0S-CON semiconductor dielectric capacitor avail-
able from Sanyo has the lowest ESR(size) product of any
aluminum electrolytic ata somewhat higher price. Special
polymer capacitors, such as Sanyo POSCAP offer very
low ESR, but have a lower capacitance density than other
types. Tantalum capacitors have the highest capacitance
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density, but it has a larger ESR and it is critical that the
capacitors are surge tested for use in switching power
supplies. An excellent choice is the AVX TPS series of
surface tantalums, available in case heights ranging from
2mm to 4mm. Aluminum electrolytic capacitors have a
significantly larger ESR, and are often used in extremely
cost-sensitive applications provided that consideration
is given to ripple current ratings and long term reliability.
Ceramic capacitors have the lowest ESR and cost but also
have the lowest capacitance density, high voltage and
temperature coefficient and exhibit audible piezoelectric
effects. Inaddition, the high Q of ceramic capacitors along
withtrace inductance can lead to significant ringing. Other
capacitor types include the Panasonic specialty polymer
(SP) capacitors.

Ceramic Input and Output Capacitors

Higher value, lower cost ceramic capacitors are now
becoming available in smaller case sizes. Because the
LTC3546 control loop does not depend on the output
capacitor's ESR for stable operation, ceramic capacitors
can be used freely to achieve very low output ripple and
small circuit size. When choosing the input and output
ceramic capacitors, choose the X5R or X7R dielectric
formulations. These dielectrics have the best temperature
and voltage characteristics of all the ceramics for a given
value and size.

Great care must be taken when using only ceramic input
and output capacitors. When a ceramic capacitor is used
at the input and the power is being supplied through long
wires, such as froma wall adapter, a load step at the output
can induce ringing at the Vy pin. At best, this ringing can
couple to the output and be mistaken as loop instability.
At worst, the ringing at the input can be large enough to
disrupt circuit operation or damage the part.

Since the ESR of a ceramic capacitor is so low, the input
and output capacitor must instead fulfill a charge storage
requirement. During aload step, the output capacitor must
instantaneously supply the current to support the load
until the feedback loop raises the switch current enough

to support the load. The time required for the feedback
loop to respond is dependent on the compensation com-
ponents and the output capacitor size. Typically, 3 to 4
cycles are required to respond to a load step, but only in
the first cycle does the output drop linearly. The output
droop, Vproop is usually about 2 to 3 times the linear
droop of the first cycle. Thus, a good place to start is with
the output capacitor size of approximately:

COUT =~ 2.5—A|0UT
foVbroop

More capacitance may be required depending on the duty
cycle and load step requirements.

Inmostapplications, theinput capacitor is merely required
to supply high frequency bypassing, since impedance to
the supply is very low. A 10pF ceramic capacitor is usually
enough for these conditions.

Setting the Output Voltage

The LTC3546 generates a 0.6V reference voltage between
the feedback pin, Vg1 and Vego, and the signal ground.
The output voltage is set by a resistive divider according
to the following formula:

R1
Voyt1=0.6V[1+—
ouT1 ( +R2)

R3
V, ~0.6V[1+—
ouUT2 ( +R4)

Resistor locations are shown in Figure 2.

Vour Vour2
CrF1 J__:% R1 R3 :: Crro
T3 LTC3546 Yl
VrB1 VrB2

> >
ERZ 3546 F02 R4i

Figure 2. Setting Output Voltages
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Keeping the current small (<20pA) in these resistors
maximizes efficiency, but making the current too small
may allow stray capacitance to cause noise problems and
reduce the phase margin of the error amp loop.

Toimprovethefrequency response, afeedforward capacitor
Crr may also be used. Typical values used here are 10pf to
100pf. Great care should be takento route the Vrg node away
from noise sources, such as the inductor or an SW line.

Shutdown, Soft-Start and Tracking Start-Up

The LTC3546 start-up works by comparing two inputs, an
internal 1.2ms linear soft-start ramp and the TRACK/SS
pin. Whichever input is lower in voltage is the controlling
voltage used for start-up. The internal start-up ramps
to 0.6V in 1.2ms. If a slower start-up is desired, the
TRACK/SS pin has a 1.15pA pull up current so a start-up
ramp rate can be programmed with an external capacitor,
or a voltage divider from another signal can be applied
to the TRACK/SS pin.

During start-up the controlling voltage must rise above
120mV before the output will start switching.

Whenthe RUN pinislow, boththeinternal 1.2ms soft-start
ramp and the TRACK/SS pin are pulled to ground. When
the RUN pinis pulled high, boththe internal soft-start ramp
and the TRACK/SS pin are released. From the time when
the RUN pinisasserted untilthe controlling voltage reaches
0.6V, the regulator is in the start-up state. In this state, the
error amplifier will compare the feedback signal at Vg to
the controlling voltage (the lower of either the TRACK/SS
voltage or the internal ramp voltage) and the regulator
will force them to be equal. In this state, the mode of the
regulator is forced to pulse skipping. The regulator will
continue in this manner until the voltage on the control-
ling voltage rises above 0.6V. Once the controlling ramp
signal is above 0.6V the error amplifier uses the internal
0.6V reference and the operational mode will switch to
the mode set by the SYNG/MODE pin.

If the TRACK/SS pin is ramped down after start-up, the
error amplifier will compare the feedback signal at Vg
to the voltage on the TRACK/SS pin once the TRACK/SS
voltage drops 6% below the internal reference voltage of
0.6V (0.564V). The regulator will try to force the Vg voltage

to equal the TRACK/SS voltage if there is sufficient load
current to pull the output low at this rate, otherwise the
output will ramp down at the discharge rate of the output
capacitor. Once the TRACK/SS voltage drops below about
100mV all switching functions cease and the regulator is
forced back into pulse-skipping mode. The operational
mode while TRACK/SS is ramping down is set by the
MODE/SYNC pin.

To use the internal 1.2ms linear soft-start controlling
voltage leave the TRACK/SS pin floating. By floating the
TRACK/SS pin the internal 1.15pA pull up current will pull
the TRACK/SS pin up faster than the internal 1.2ms ramp.
Care must be taken to insure the TRACK/SS ramp up time
(from OV to 0.6V) is much shorter than the internal 1.2ms
ramp time. Parasitic capacitance on this pin should be
much smaller than:

1.15pA<1.2ms

C <
PARASITICTRACK/SS 0.6V

or

CpARASITICTRACK/SS < 2.3nF

An externally controlled soft-start ramp is obtained when
an external capacitor is connected from the TRACK/SS
pin to ground and its ramp rate is slower than the internal
soft-start ramp. Inthis configuration, soft-starttimes longer
than 1.2ms can be achieved. When RUN is pulled high, the
internal 1.15pA current source charges the external capaci-
tor linearly from OV. While the TRACK/SS pin is below 0.6V
theerroramplifier forces the regulatorto drive the Vg pinto
the voltage on the TRACK/SS pin. Once the Vg pin reaches
0.6V the regulator switches to the internal 0.6V reference.
The ramp-up time for the output is calculated as:

R Crack/ss *0-6V
RAMP =1 15pA

Forthis equationto be valid, the ramp time must be greater
than 1.2ms thus:

1.15pA1.2ms

CTrack/ss = 06V
or

Crrack/ss = 2.3nF
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The LTC3546 can also track an external voltage during
startup by using an external voltage dividerto the TRACK/SS
pin, and also insuring that the ramp rate on the TRACK/SS
pin is slower than the internal 1.2ms ramp rate.

Asindicated in Figure 3, a resistor divider from an external
voltage can be connected to the TRACK/SS pin to allow
the start-up of Voyr to ratiometrically track an external
voltage Vy.

For Virrackss < 0.6V
ey ._ R2X_ R1+R2
OUT™ X "RIX+R2X  R2
Vx Vout
R1X R1
LTC3546
VTRACK/SS  VFB
R2X maer0s  R2

Figure 3. Tracking External Voltages

Coincident tracking is where Voyt = Vx during startup. To
implement coincident tracking R1Xin Figure 3 is setto the
same value as R1 and R2X to the value of R2. Coincident
trackingis illustrated in Figure 4. The voltage at TRACK/SS
when Vy is at its final value should be >0.8V (sufficient
margin above the 0.6V reference voltage).

Ratiometric tracking is where Voyt # V during startup
but rather, it is set to some fractional value of Vy. To
implement ratiometric tracking (as illustrated in Figure
5), set R1X in Figure 3 to the same value as R1 and R2X
to the value of R2 + AR. The AR added to R2 should be
sufficient so that the TRACK/SS voltage is > 0.8V when
Vy is at its final value.

Theinternal1.15pA pullup currenton TRACK/SS can cause
a tracking error at Voyt when using a resistor divider on
TRACK/SS. For example, if a 59k resistor is chosen for
R2X,the R2X current will be about 10pA (0.6V/59K). Inthis
case, the 1.15pA internal current source will cause about
11% (1.15pA/10pA) tracking error, which is about 66mV
referred to Vg. This is acceptable for most applications.
If a better tracking accuracy is required, the value of R2X
can be reduced or the 1.15pA current can be taken into
account in the equations.

—

Vout

OUTPUT VOLTAGE

TIME

4444444

Figure 4. Coincident Tracking

A

Vx

Vout

OUTPUT VOLTAGE

TIME

5555555

Figure 5. Ratiometric Tracking

Table 2 summarizes the different states in which the
TRACK/SS can be used.

Table 2. The States of the TRACK/SS Pin

TRACK/SS PIN RESULT

Capacitor to Ground External Soft-Start

Floating Internal Soft-Start

Resistor Divider Vout Tracking an External Voltage Vy

Regardless of the mode implemented, the TRACK/SS pin
should never be pulled high externally as this will result
in excessive current during shutdown.

The LTC3546 can smoothly handle starting up into a pre-
biased output. The tracking function will pick up from the
pre-biased voltage and ramp the output up from there.

Mode Selection

The SYNC/MODE pin is a multipurpose pin which provides
mode selectionand frequency synchronization. Connecting

this pinto Vyenables BurstMode operation for both regula-
3546fb
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tors. This mode provides the best low current efficiency at
the costofahigheroutputvoltage ripple. When SYNC/MODE
isconnectedto ground, pulse-skipping operationis selected
forboth regulators. This mode provides alower output volt-
age and current ripple at the cost of low current efficiency.
Applying Vy/2 results in forced continuous mode for both
regulators. This mode creates a fixed output ripple and is
capable of sinking some current (about 1/2 « Al}). Since
the switching noise is constant in this mode, it is also the
easiest to filter out. During initial start-up, pulse-skipping
mode is forced until the PGOOD pin goes high.

The LTC3546 can also be synchronized to an external
clock signal by the SYNC/MODE pin. An internal phase
locked loop locks to the incoming signal to provide for
180° out-of-phase operation as well as correct slope
compensation. With external synchronization the FREQ
pin is used for externally compensating the internal phase
locked loop. Typical values used for compensation are 200k
and 100pf, as shown in Figure 6. During synchronization,
the regulator operating mode is forced to pulse skipping.
The P-channel switch turn on is synchronized to the rising
edge of the external clock.

When using an external clock, with the PHASE pin low, the
switching of the two channels occur 180° out-of-phase.

LTC3546
FREQ
3546 F06 200k

100pF
Es

Figure 6. PLL Compensation

Checking Transient Response

The Ity pin compensation allows the transient response
to be optimized for a wide range of loads and output
capacitors. The availability of the Ity pin not only allows
optimization of the control loop behavior but also pro-
vides a DC-coupled and AC filtered closed loop response
test point. The DC step, rise time and settling at this test
point truly reflects the closed loop response. Assuming a
predominantly second order system, phase margin and/or
damping factor can be estimated using the percentage of
overshoot seen at this pin. The bandwidth can also be

estimated using the percentage of overshoot seen at this
pin, or by examining the rise time at this pin.

The Ity external components shown in the Figure 9 circuit
will provide an adequate starting point for most applica-
tions. The series R-C filter sets the dominant pole-zero
loop compensation. The values can be modified slightly
(from 0.5 to 2 times their suggested values) to optimize
transient response once the final PC layout is done and
the particular output capacitor type and value have been
determined. The output capacitors need to be selected
because of various types and values determine the loop
feedback factor gain and phase. An output current pulse
of 20% to 100% of full load current having a rise time
of 1us to 10ps will produce output voltage and Iy pin
waveforms that will give a sense of overall loop stability
without breaking the feedback loop.

Switching regulators take several cycles to respond to
a step in load current. When a load step occurs, Voyt
immediately shifts by an amount equal to Al gap ® ESR,
where ESR is the effective series resistance of Goyt. The
Al| oap also begins to charge or discharge Cqyt generat-
ing a feedback error signal used by the regulator to return
Vour to its steady-state value. During this recovery time,
VouyT can be monitored for overshoot or ringing that would
indicate a stability problem.

The initial output voltage step may not be within the band-
width of the feedback loop, so the standard second order
overshoot/DC ratio cannot be used to determine phase
margin. The gain of the loop increases with Rty and the
bandwidth of the loop increases with decreasing Cjy. If
Rithisincreased by the same factor that iy is decreased,
the zero frequency will be kept the same, thereby keeping
the phase the same in the most critical frequency range
of the feedback loop. In addition, feedforward capacitors,
Crr1 and Grpo, can be added to improve the high frequency
response, as shown in Figure 9. Capacitor Cgrq provides
phase lead by creating a high frequency zero with R1
which improves the phase margin for the 1A SW1 chan-
nel. Capacitor Ggpo provides phase lead by creating a high
frequency zero with R3 which improves the phase margin
for the 3A SW1D/SW2 channel.

The outputvoltage settling behavioris related to the stability
of the closed-loop system and will demonstrate the actual
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overall supply performance. For a detailed explanation of
optimizing the compensation components, including a
review of control loop theory, refer to Linear Technology
Application Note 76.

Although a buck regulator is capable of providing the full
output current in dropout, it should be noted that as the
inputvoltage Vi dropstoward Voy, the load step capability
does decrease due to the decreasing voltage across the
inductor. Applications that require large load step capabil-
ity near dropout should use a different topology such as
SEPIC, Zeta, or single inductor, positive buck boost.

Insomeapplications,amore severetransient can be caused
by switching in loads with large (>1pF) input capacitors.
Thedischarged input capacitors are effectively putin paral-
lel with Gqy7, causing a rapid drop in Voyt. No regulator
can deliver enough current to prevent this problem, if the
switch connecting the load has low resistance and is driven
quickly. The solutionisto limitthe turn-on speed of the load
switch driver. Ahot swap controlleris designed specifically
for this purpose and usually incorporates current limiting,
short-circuit protection, and soft starting.

Efficiency Considerations

The percent efficiency of a switching regulator is equal to
the output power divided by the input power times 100.
It is often useful to analyze individual losses to determine
what is limiting the efficiency and which change would
produce the most improvement. Percent efficiency can
be expressed as:

%Efficiency = 100% — (P1 + P2 + P3+...)

where P1, P2, etc. are the individual losses as a percent-
age of input power.

Although all dissipative elements in the circuit produce
losses, four main sources usually account for most of
the losses in LTC3546 circuits: 1) LTC3546 V) current,
2) switching losses, 3) 12R losses, 4) other losses.

1. The Vy current is the DC supply current given in the
electrical characteristics which excludes MOSFET
driver and control currents. Vi current results in a
small (<0.1%) loss that increases with V)y, even at
no-load.

2. The switching current is the sum of the MOSFET driver
and control currents. The MOSFET driver current re-
sults from switching the gate capacitance of the power
MOSFETs. Each time a MOSFET gate is switched from
low to high to low again, a packet of charge moves from
Viy 1o ground. The resulting charge over the switching
periodisacurrentout of V,y thatis typically much larger
than the DC bias current. The gate charge losses are
proportional to V) and thus their effects will be more
pronounced at higher supply voltages.

3. I2R losses are calculated from the DC resistances of
the internal switches, Rgy, and the external inductor,
R(. In continuous mode, the average output current
flowing through inductor L is “chopped” between the
internal top and bottom switches. Thus, the series
resistance looking into the SW pin is a function of both
top and bottom MOSFET Rpg(on) and the duty cycle
(DC) as follows:

Rsw = (Rps(on) TOP)(DC) + (Rps(on)BOT)(1 - DC)

The Rps(on) for both the top and bottom MOSFETs can
be obtained from the Typical Performance Character-
istics curves. Thus, to obtain I2R losses:

2R losses = |OUT2(RSW +RL)
Where Ry is the resistance of the inductor.

4. Other hidden losses such as copper trace and inter-
nal battery resistances can account for additional ef-
ficiency degradations in portable systems. It is very
important to include these “system” level losses in
the design of a system. The internal battery and fuse
resistance losses can be minimized by making sure
that C;y has adequate charge storage and very low
ESR at the switching frequency. Other losses including
diode conductionlosses during dead-time and inductor
core losses generally account for less than 2% total
additional loss.

Thermal Considerations

The LTC3546 requires the backplane metal (Pin 29) to be
well soldered to the PC board. This gives the UFD pack-
age exceptional thermal properties, compared to similar
packages of this size, making it difficult in normal opera-
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tion to exceed the maximum junction temperature of the
part. In a majority of applications, the LTC3546 does not
dissipate much heat due to its high efficiency. However, in
applications where the LTC3546 is running at highambient
temperature with low supply voltage and high duty cycles,
such as in dropout, the heat dissipated may exceed the
maximum junction temperature of the part. If the junction
temperature reaches approximately 150°C, both switches
in both regulators will be turned off and the SW nodes will
become high impedance.

To avoid the LTC3546 from exceeding the maximum junc-
tion temperature, the user will need to do some thermal
analysis. The goal of the thermal analysis is to determine
whether the power dissipated exceeds the maximum
junction temperature of the part. The temperature rise is
given by:

Trise = Pp * Oya
where Pp is the power dissipated by the regulator and 6,5

is the thermal resistance from the junction of the die to
the ambient temperature.

The junction temperature, Ty, is given by:

Ty = TRiSE + TAMBIENT

As an example, consider the case when the LTC3546 is
in dropout in both regulators at an input voltage of 3.3V
with load currents of 3A (SW1D externally connected to
SW2) and 1A. From the Typical Performance Character-
istics graph of Switch Resistance, the Rpgon) resistance
of the 3A P-channel switch parallel combination of SW2
and SW1D is 0.06<2 and the Rpg(on) of the 1A P-channel
switch is 0.18Q. The power dissipated by the part is:

Pp = 112 Rps(on)t + 122 Rps(on)2
Pp=32¢0.064 +12¢0.19
Pp = 0.77W

The UFD package junction-to-ambient thermal resistance,
0,a, is about 34°C/W. Therefore, the junction temperature
of the regulator operating in a 85°C ambient temperature
is approximately:

Ty=0.77 34 + 85
Ty=111.2°C

This junction temperature is obtained from an Rpg o) at
25°C. At 125°C the Rpg(on) increases by about 30%. This
will put the junction temperature at 122°C. If the supply is
lower, like 2.25V, the Rpg(on) is higher still. Special care
needs to be taken if the part is expected to be operating
in dropout so that the maximum junction temperature of
125°C is not exceeded.

Design Example

As a design example, consider using the LTC3546 in a
portable application with a Li-lon battery. The battery
provides a Vy = 2.25V to 4.2V, One output requires 1.8V
at 2.5A in active mode, and 1mA in standby mode. The
other output requires 1.2V at 800mA in active mode,
and 500pA in stand-by mode. Since both loads still need
power in stand-by, Burst Mode operation is selected for
good low load efficiency.

First, determine what frequency should be used. Higher
frequency results in a lower inductor value for a given Al
(Al is estimated as 0.351 pap(wax))- Reasonable values
for wire wound surface mount inductors are in the 1uH
and up. Look at the different frequencies with the Al =

0.351L 0AD(MAX)-

CONVERTER OUTPUT ILoAD(MAX) Al
SW2/SW1D, 1.2V 2.5A 875mA
SW1, 1.8V 800mA 280mA

Usingthe 1.5MHzfrequency setting (FREQ=143kto GNDA)
we get the following equations for L1 and L2.

1.2V .(1_1.2V)=2uH

“15MHz280mA | 4.2V
18V (, 18V
15MHz*875mA | 4.2V

)=0.78uH

Use 1pyH and 2.2pH.

Cout selection is typically based on load step rather
than the ripple requirements. The minimum required
capacitance will increase with a decrease in compensa-
tion loop bandwidth and/or increases in maximum load
step or output voltage tolerance. A good starting point is
about 22pF per ampere of output current for a nominal
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operating frequency of 1.5MHz and assumes roughly a
300mA/A load step.

22uF 280mA
COUT1=T 0.8A SOOT=205“F
22)F 875mA
Court == *25A* gggar—— - 64.24F
T°2.5A

The closest values are 22uF and 68k

The output voltages can now be programmed by choos-
ing the values of R1, R2, R3, and R4. To maintain high
efficiency, the current in these resistors should be kept
small. Choosing 2pA with the 0.6V feedback voltages
makes R2 and R4 equal to 300k. A close standard 1%
resistor is 301k. This then makes R1 = 300k. A close
standard 1% is 301k. R3 then equals 600k. A close 1%
resistor is 604k.

The compensation should be optimized for these com-
ponents by examining the load step response but a good
place to start for the LTC3546 is with a 13k and 1000pF
filter on both lty¢ and Ityp. The output capacitor may
need to be increased depending on the actual transient
during a load step.

The PGOOD pin is a common drain output and requires a
pull-up resistor. A100k resistor is used for adequate speed.
Figure 9 shows a complete schematic for this design.

Board Layout Considerations

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of
the LTC3546. These items are also illustrated graphically
in the layout diagram of Figure 7. Check the following in
your layout.

1. Make sure SW1,SW2A, SW2B and SW1D are connected
on the PC board through a wide piece of copper.

2. All, or part, of Cjy should connect from Pin 9 to Pin 14
on the same side of the PC board as the chip and as
closetothechipaspossible, where the SWtraces will go
directly underthe capacitor. G,y provides the AC current
to the internal power MOSFETs and their drivers.

3. Are the respective Coyr, L closely connected? The (=)
plate of Coyty returns current to PGND1, and the (-)
plate of Coyro returns current to the PGND2. The ()
plate of Cyy should also return current to PGND1 and
PGND?2.

4. The resistor divider, R1 and R2, must be connected
between the (+) plate of Coyt¢ and a ground line ter-
minated near GNDA. The resistor divider R3 and R4,
must be connected between the (+) plate of Coyto and
the ground connection terminated to the GNDA pin.
The feedback signals Vrgy and Vrgo should be routed
away from noise components and traces, such as the
SW lines, and its trace should be minimized.

5. When using the Rrrgq resistor, the ground connection
of the resistor should be terminated to the GNDA pin.
When using the internal PLL, the ground connection of
the R-C compensation network should be terminated
to the GNDA pin.

6. Keep sensitive components away from the SW pins.
The input capacitor Cyy, the compensation capacitors
Crr1, Crro, CiTH1, and Cityo and all resistors R1, R2,
R3, R4, Rity1 and Ry should be routed away from
the SW traces and the inductors L1 and L2.

7. A ground plane is preferred, but if not available, keep
the signal and power grounds segregated with small
signal components returning to the SGND pin at one
point which is then connected to the PGND1/PGND2/
PGND1D/GNDD pins.

8.Floodallunusedareas onall layers with copper. Flooding
with copper will reduce the temperature rise of power
components. These copper areas should be connected
to the Exposed Pad (Pin 29).
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Figure 7. Typical Schematic for 2A/2A Regulator
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Figure 8. A 2.25MHz Fixed Frequency 2A/2A Regulator
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UFD Package
28-Lead Plastic QFN (4mm x 5mm)
(Reference LTC DWG # 05-08-1712 Rev B)
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<«~—————— 550005 ——>

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED 250 REF PIN 1 NOTCH
008 HR- 0115ﬁ R=0.20 OR 0.35
-0, = 0. 45° CHAMFER
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! BOTTOM VIEW—EXPOSED PAD
|
NOTE:

1. DRAWING PROPOSED TO BE MADE A JEDEC PACKAGE OUTLINE MO-220 VARIATION (WXXX-X).

2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE

5. EXPOSED PAD SHALL BE SOLDER PLATED

6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION

ON THE TOP AND BOTTOM OF PACKAGE
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FE Package
28-Lead Plastic TSSOP (4.4mm)
(Reference LTC DWG # 05-08-1663)
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RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LTC3406A/ 600mA, 1.5MHz, Synchronous Step-Down DC/DC 96% Efficiency, VIN(IVIIN): 2.5V1t05.5Y VOUT(MIN) = 0.6V, Ig = 20pA, Igp < TpA,

LTC3406B Converters ThinSOT™ Package

LTC3407A-2 Dual 800mA/800mA 2.25MHz, Synchronous Step- 95% Efficiency, Vinviny: 2.5V t0 5.5V, Vourwiny = 0.6V, 1g = 40pA, Isp < TpA,
Down DC/DC Converter MS10E, 3mm x 3mm DFN-10 Packages

LTC3409 600mA, 1.7MHz/2.6MHz, Synchronous Step-Down 96% Efficiency, Vinuiny: 1.6V 0 5.5V, Voyrwiny = 0.6V, 1g = 651A, Isp < THA,
DC/DC Converter 3mm x 3mm DFN-é Package

LTC3410/ 300mA, 2.25MHz, Synchronous Step-Down DC/DC 95% Efficiency, Vigminy: 2.5V to 5.5V, Vouriny = 0.8Y, lg = 26pA, Isp < 1pA,

LTC3410B Converters SC70 Package

LTC3411A 1.25A, 4MHz, Synchronous Step-Down DC/DC 95% Efficiency, Vingin): 2.5V to 5.5V, Vouriny = 0.8V, lg = 60pA, Isp < 1pA,
Converter MS10, 3mm x 3mm DFN-10 Packages

LTC3412A 2.5A, 4MHz, Synchronous Step-Down DC/DC 95% Efficiency, Vingwiny: 2.5V t0 5.5V, Vouriny = 0.8V, I = 60pA, Isp < 1pA,
Converter 4mm x 4mm QFN-16, TSSOP-16E Packages

LTC3417A-2 Dual 1.5A/1A, 4MHz, Synchronous Step-Down DG/DC | 95% Efficiency, Vingainy: 2.3V to 5.5V, Voyurminy = 0.8V, lg = 125pA, Isp < 1pA,
Converter TSSOP-16E, 3mm x 5mm DFN-16 Packages

LTC3419/ Dual 600mA/600mA 2.25MHz, Synchronous Step- 95% Efficiency, Vingin): 2.5V t0 5.5V, Vouriny = 0.6V, lg = 35pA, Isp < 1HA,

LTC3419-1 Down DC/DC Converters MS10, 3mm x 3mm DFN-10 Packages

LTC3542 500mA, 2.25MHz, Synchronous Step-Down DC/DC 95% Efficiency, Vigmin): 2.5V t0 5.5V, Vouruiny = 0.6V, lg = 26pA, Isp < THA,
Converter 2mm x 2mm DFN-é, ThinSOT Packages

LTC3544/ Quad 100mA/200mA/200mA/300mA, 2.25MHz 95% Efficiency, Vinuiny: 2.3V t0 5.5V, Voyrwiny = 0.8V, lg = 70pA, Isp < 1uA,

LTC3544B Synchronous Step-Down DC/DC Converters 3mm x 3mm QFN-{G Package

LTC3545/ Triple, 800mA x3, 2.25MHz Synchronous Step-Down | 95% Efficiency, VIN{IVIIN): 2.3V 10 5.5V, Voyr(winy = 0.6V, 1 = 58A, Isp < 1pA,

LTC3545-1 DC/DC Converters 3mm x 3mm QFN-16 Package

LTC3547/ Dual 300mA, 2.25MHz, Synchronous Step-Down 95% Efficiency, Vinuiny: 2.5V t0 5.5V, Voyrwiny = 0.6V, lg = 40pA, Isp < 1uA,

LTC3547B DC/DC Converters DFN-8 Package

LTC3548/ Dual 400mA and 800mA loyr, 2.25MHz, Synchronous | 95% Efficiency, Vingwin: 2.5V to 5.5V, Vourminy = 0.6V, lg = 40pA, Isp < TpA,

LTC3548-1/ Step-Down DG/DC Converters MS10E, 3mm x 3mm DFN-10 Packages

LTC3548-2

LTC3560 800mA 2.25MHz, Synchronous Step-Down DC/DC 95% Efficiency, V|N(|\/||N)Z 2.5V10 5.5V, VOUT(MIN) =0.6V, Ig=16pA, Igp < TpA,
Converter ThinSOT Package

LTC3561 1.25A, 4MHz, Synchronous Step-Down DC/DC 95% Efficiency, Vingin): 2.5V t0 5.5V, Vourguiny = 0.8V, lq = 240pA, Isp < TpA,
Converter 3mm x 3mm DFN-é Package

LTC3562 Quad, I12C Interface, 600mA/600mA/400mA/400mA , | 95% Efficiency, Vingwiny: 2.9V to 5.5V, Voyrminy = 0.425Y, lg = 100pA,
2.25MHz Synchronous Step-Down DC/DC Converter Isp < 1pA, 3mm x 3mm QFN-20 Package

ThinSOT is a trademark of Linear Technology Corporation.
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