TECHNOLOGY

FEATURES

® Integrated High Efficiency Dual Input PowerPath™
Plus Buck-Boost DC/DC Converter

Ideal Diode or Priority V|y Select Modes

Vin1 and Viy2 Range: 2.2V to 18V

Vour Range: 2V to 18V

Either V;y Can Be Above, Below or Equal to Vgyr
Generates 5V at 2A for Vjy > 6V

1.2MHz Low Noise Fixed Frequency Operation
Current Mode Control

All Internal N-Channel MOSFETs

Pin-Selectable PWM or Burst Mode® Operation
Accurate, Independent RUN Pin Thresholds

Up to 94% Efficiency

Vin and Voyt Power Good Indicators

lq of 50pA in Sleep, 2pA in Shutdown

4mm x 5mm 24-Lead QFN or 28-Lead TSSOP Packages

APPLICATIONS

Systems with Multiple Input Sources

Back Up Power Systems

Wall Adapter or Li-lon(s) Input to 5Voyt

Battery or Super Capacitor Input for Reserve Power
Replace Diode-OR Designs with Higher Efficiency,
Flexibility and Performance

| t /\D LTC3118

18V, 2A Buck-Boost DC/DC

Converter with Low Loss
Dudl Input PowerPath

DESCRIPTION

The LTC®3118 is a dual-input, wide voltage range syn-
chronous buck-boost DG/DC converter with an intelligent,
integrated, low loss PowerPath control. The unique power
switcharchitecture provides efficient operation from either
input source to a programmable output voltage above,
below or equal to the input. Voltage capability of up to 18V
provides flexibility and voltage margin for a wide variety
of applications and power sources.

The LTC3118 uses a low noise, current mode architecture
with a fixed 1.2MHz PWM mode frequency that minimizes
the solution footprint. For high efficiency at light loads,
automatic Burst Mode operation can be selected consum-
ing only 50pA of quiescent current in sleep.

System level features include ideal diode or V) priority
modes, V;yand Voytpower goodindicators, accurate RUN
comparators to program independent UVLO thresholds,
and outputdisconnectinshutdown. Otherfeatures include
2pA shutdown current, short-circuit protection, soft-start,
current limit and thermal overload protection.

The LTC3118 is offered in thermally enhanced 24-lead
4mm x 5mm QFN and 28-lead TSSOP packages.

L7, LT, LTC, LTM, Linear Technology, the Linear logo and Burst Mode are registered trademarks
and PowerPath and ThinSOT are trademarks of Linear Technology Corporation. All other trademarks
are the property of their respective owners. Protected by U.S. Patents, including 7709976.
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ABSOLUTE MAXIMUM RATINGS (note 1)

Vint, Ving VOIAge....c.cveveecccccccccce, -0.3Vto 20V CP1Voltage.......ccocoerrrenenee. (Vin1 = 0.3V) to (Vi1 + 6V)
VouT Voltage ..o -0.3Vto 20V  CP2 Voltage.........cccoeveveeeee. (Vin2 = 0.3V) to (V2 + 6V)
SW1 DC Voltage (Note 4)............... -0.3Vto (Vi1 +0.3V) Vg, CN1, CN2 Voltage........ccecvevevcvcvcvcrerene -0.3to 6V
or (Viyo +0.3V)  MODE, SEL, FB, VC Voltage ........ccccevereennenee. -0.3 to 6V
SW2 DC Voltage (Note 4)............. -0.3Vto (Vour + 0.3V)  Operating Junction Temperature Range (Notes 2, 3)
BST1 Voltage .........cccvvneee (SW1-10.3V) to (SW1 + 6V) LTC3118E/LTC3118I ... -40°C to 125°C
BST2 Voltage ......c.c.cooec.... (SW2 -0.3V) to (SW2 + 6V) LTC3T18H ..o, -40°C to 150°C
RUN1, RUN2 Voltage.........c.cccovvrererererenne. -0.3V to 20V LTC3T18MP.....oeeeee, -55°C to 150°C
PGD, VIGD, V2GD Voltage ......................... -0.3Vto 20V  Storage Temperature Range .................. -65°C to 150°C
CM1, CM2 Voltage .......cccoeeveereeceiicennns -0.3t0 20V  Lead Temperature (Soldering, 10 sec) TSSOP ......300°C
PINn CONFIGURATION
TOP VIEW
TOP VIEW cmt [1] 28] CM2
Ez55¢2 cnt [2] L [27] cN2
[ a2z 220 ] cet [5] | 1 [l pano
SEL[1] 9] cr2 SEL [4] ! I [25] cp2
Ving _2_4‘ \r ______ 1\ Eﬁ Vinz v [5] | } [24] Vino
RUNT —3] | 25 | EZ SW1 RUN1 [6] | } 23] swi
RUN2[4] | PaND } L16f BSTH RUN2 [7] | Péﬁ[) } [22] BST1
Veol5] | | [) g2 wo | |1 [ e
MobEfe] L _____1 l14f sw2 moDE [9] | I |20] sw2
o KRR, 14 Vour anD [10) i i [19] Vour
SERRE GND [11] | I [18] PaND
‘; ‘2 > ve [12] Lfffj [17] PGND
UFD PACKAGE FB [13] 16] PGD
- mm x 5mm STIC _ N
Ty 50, 3O, - 4G i i 70
EXPOSED PAD (PIN 25) IS PGND, MUST BE SOLDERED TO PCB FE PACKAGE
28-LEAD PLASTIC TSSOP
Tymax = 150°C, 0y¢ = 5°C/W, 64 = 30°C/W
EXPOSED PAD (PIN 29) IS PGND, MUST BE SOLDERED TO PCB

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3118EUFD#PBF LTC3118EUFD#TRPBF 3118 24-Lead (4mm x 5mm) Plastic QFN -40°C to 125°C
LTC3118IUFD#PBF LTC3118IUFD#TRPBF 3118 24-Lead (4mm x 5mm) Plastic QFN -40°C to 125°C
LTC3118HUFD#PBF LTC3118HUFD#TRPBF  |3118 24-Lead (4mm x 5mm) Plastic QFN -40°C to 150°C
LTC3118MPUFD#PBF LTC3118MPUFD#TRPBF |3118 24-Lead (4mm x S5mm) Plastic QFN -55°C to 150°C
LTC3118EFE#PBF LTC3118EFE#TRPBF 3118FE 28-Lead Plastic TSSOP -40°C to 125°C
LTC3118IFE#PBF LTC3118IFE#TRPBF 3118FE 28-Lead Plastic TSSOP -40°C to 125°C
LTC3118HFE#PBF LTC3118HFE#TRPBF 3118FE 28-Lead Plastic TSSOP -40°C to 150°C
LTC3118MPFE#PBF LTC3118MPFE#TRPBF | 3118FE 28-Lead Plastic TSSOP -55°C t0 150°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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GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating junction

temperature range, otherwise specifications are at T; ~ Ty = 25°C (Note 2). Unless otherwise noted, Vjyq or Vy2 = 5V, Vgyt =5V.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Operating Voltage Range Ving or Vig, Voo 2 2.5V ° 2.2 18 \
Output Operating Voltage ) 2 18 \
Undervoltage Lockout Threshold on Vg Ve Rising, Vi = 2.5V o 2.2 2.35 2.5 \
Minimum V)y Start-Up Voltage Ve Powered from Vg or Vino (lyge = 10mA) ° 2.2 2.5 2.65 \
Input Quiescent Current in Shutdown RUN1 and RUN2 < 0.2V 2 PA
Input Quiescent Current in Burst Mode Operation Active Vi1 or Viyo, FB =1.2V 50 pA

Inactive Viyq or Viyo, FB = 1.2V 5 pA
Input Quiescent Current in PWM Mode Operation Active Viyq or Vo, FB = 0.8V 12 mA
Output Quiescent Current in Burst Mode Operation 1 pA
Oscillator Frequency ® | 1000 1200 1400 kHz
Oscillator Frequency Variation Active Vjy =3V to 18V 0.1 %/V
Feedback Voltage [ 0.98 1.0 1.02 v
Feedback Voltage Line Regulation Active Vi = 3V to 18V 0.2 %
Error Amplifier Transconductance VC Current = +4pA 80 uS
Feedback Pin Input Current FB =1V 0 50 nA
VC Source Current VC=0.5V,FB=0.8V -14 pA
VC Sink Current VC=05V,FB=1.2V 14 pA
RUN Pin Threshold: Accurate RUN1 or RUN2 Rising ) 1.17 1.22 1.27 \
RUN Pin Hysteresis: Accurate Accurate RUN (Rising - Falling) 170 mV
RUN Pin Logic Threshold for Vg Enable/Shutdown ® 0.2 0.65 1.15 \
RUN Pin Leakage Current RUN1 or RUN2 = 4V 0.2 pA
Vo Output Voltage lyce = TmA ° 3.5 3.8 41 \
Ve Load Regulation lyce = TmA to 10mA -1 %
Vg Line Regulation lyce = TmA, Viy = 5V to 18V 0.5 %
Vi Current Limit Vin> 6V 60 mA
Average Inductor Current Limit (Note 5) ° 3.0 3.6 5.2 A
Overload Current Limit (Note 5) Current from Viyq or Vino 6 A
Reverse Inductor Gurrent Limit (Note 5) PWM Mode -200 mA
Maximum Duty Cycle Percentage of Period SW2 Is Low in Boost Mode ° 90 95 %

Percentage of Period SW1 Is High in Boost Mode [ 83 88 %
Minimum Duty Cycle Percentage of Period SW1 Is High in Buck Mode o 0 %
SW1 and SW2 Forced Low Time BST1 or BST2 Capacitor Charge Time 100 ns
N-Channel Switch Resistance Switch A1 (From Vy1 to SW1) 80 mQ

Switch A2 (From Vyo to SW1) 120 mQ

Switch B (From SW1 to PGND) 80 mQ

Switch C (From SW2 to PGND) 80 mQ

Switch D (From PVgyt to SW2) 80 mQ
N-Channel Switch Leakage Ving, Vine or Vout = 18V 0.1 10 pA
Soft-Start Time 1 ms
MODE and SEL Threshold Voltage ° 0.3 0.75 1.2 v
MODE and SEL Leakage Pin = 5V 0 0.5 pA
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GLGCTRKHL CHHRHCTGRBTKS The e denotes the specifications which apply over the full operating junction

temperature range, otherwise specifications are at T; ~ Ty =25°C (Note 2). Unless otherwise noted, Viy1 or Viy2 = 5V, Vgyt = 5V.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin1 Becomes Active Input in Ideal Diode Mode Vino = SEL =5V

Rising 5 54 5.8 v

Falling 4.2 4.6 5 v
PGD Threshold Percent of FB Voltage Rising 90 94 98 %
PGD Hysteresis Percent of FB Voltage Falling -2 %
V1GD, V2GD, PGD Low Voltage lsink = SmA 300 mV
V1GD, V2GD, PGD Leakage Pin =18V 1 pA

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 LTC3118 is tested under pulsed load conditions such that T, ~
Ta. The LTC3112E 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 LTC3118l is guaranteed
to meet specifications over the —40°C to 125°C operating junction
temperature, the LTC3118H is guaranteed to meet specifications over the
-40°C to 150°C operating junction temperature range and the LTC3118MP
is guaranteed and tested to meet specifications over the full -55°C to
150°C operating junction temperature range. High junction temperatures
degrade operating lifetimes; operating lifetime is derated for temperatures
greater than 125°C.

The maximum ambient temperature is determined by specific operating
conditions in conjunction with board layout, the rated package thermal

resistance and other environmental factors. The junction temperature

(T in °C) is calculated from the ambient temperature (Tp in °C) and power
dissipation (PD in Watts) according to the following formula:

Ty=Ta+ (PD*6yp) where 0y, is the thermal impedance of the package.
Note 3: This IC includes overtemperature protection that is intended

to protect the device during momentary overload conditions. Junction
temperature will exceed 150°C when overtemperature protection is active.
Continuous operation above the specified maximum operating junction
temperature may impair device reliability.

Note 4: Voltage transients on the switch pins beyond the DC limit specified
in the Absolute Maximum Ratings, are non disruptive to normal operation
when using good layout practices, as shown on the demo board or
described in the data sheet and application notes.

Note 5: Current measurements are performed when the LTC3118 is

not switching. The current limit values measured in operation will be
somewhat higher, while the reverse current thresholds may be lower due
to the propagation delay of the comparators and inductor value.
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T'I'PICHL PEBFOﬂmm'ICG CHHRHCTGRISTICS Ta = 25°C, unless otherwise noted.

12V0UT Eﬁiciency ') V|N1 or V|N2

Vout =12V, Efficiency and Power Vour = 12V, Efficiency and Power Voltage with 500mA and 1A Load
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TYPICAL PERFORMANCE CHARACTERISTICS

Die Temperature Rise vs Load
Current, Voyt = 12V, 4-Layer
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

12V 2 to 5V 1 Switchover
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TYPICAL PERFORMANCE CHARACTERISTICS

Vour
5V/DIV

Iy
1A/DIV

VC
500mV/DIV
RUN1 OR
RUN2
5V/DIV

Soft-Start Waveforms with 500mA
Load (12Vyy, 12V0UT)

R = 24Q

|

3118 G35

200ps/DIV

Voyr Short-Circuit Waveforms
Response and Recovery
(12Vyy, 12Vgyr)

Vourt
Vout 10V/DIV
01 e — {N-—-——-—
/
IL r———-J I
2A/IDIV \ 1A/DIV
- \SHORT
Vout SHORTED RELEASED
Ve Ve
500mV/DIV 5V/DIV
1mS/D|V 3118 G36

V¢c Short-Circuit Waveforms
Response and Recovery
(12Vy, 12VgyT, 500mA Load)

= H

Vee -7 ~_ SHORT

SHORTED RELEASED
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LTC3118

PIN FUNCTIONS (arnrssor)
SEL (Pin 1/Pin 4): Input Select Pin.

SEL = Logic Low (ground): Vy1 priority mode, the con-
verter will operate from Vjy1 if RUNT and V)y1 voltages
are above their respective thresholds. If these conditions
are not met, the converter will operate from Vo as long
as RUN2 and Vo voltages are above their thresholds.

SEL = Logic High (connect to Vgc): Ideal diode mode,
the converter will operate from the higher voltage of Vy1
or Vino.

Vin1 (Pin 2/Pin 5): The first input voltage source for the
converter. Gonnect a minimum of 22pF ceramic decou-
pling capacitor from this pin to ground, as close to the IC
as possible. Inideal diode mode (SEL = 1), this input will
be selected if Ving > Vino, Viny is above its internal UVLO
threshold, and RUNT > 1.22V. In priority mode (SEL =
0), this input will be selected if Vjy4 is above its internal
UVLO threshold and RUN1 > 1.22V.

Since this input has lower Rps(ony MOSFETS between Vi1
and SW1, it should be considered for use with the source
where high efficiency is more critical.

RUN1 (Pin 3/Pin 6): Input to enable and disable the IC and
program the UVLO threshold for Viy1. Pull RUN1 above
1.22V to enable the converter. Connecting this pin to a
resistor divider from V)y1 to ground allows programming
of Viy1’s UVLO threshold above 2.2V. Pulling both RUN1
and RUN2 to logic low states will put the IC in a low cur-
rent shutdown state.

RUN2 (Pin 4/Pin 7): Input to enable and disable the IC and
program the UVLO threshold for Viyo. Pull RUN2 above
1.22V to enable the converter. Connecting this pin to a
resistor divider from Vyo to ground allows programming
of Vino's UVLO threshold above 2.2V. Pulling both RUN1
and RUN2 to logic low states will put the IC in a low cur-
rent shutdown state.

Ve (Pin5/Pin8): Outputvoltage of the internal Vg regula-
tor. This is the supply pin for the internal driver circuitry.
Bypass this output with a 4.7yF ceramic capacitor. This
pin may be back driven by an external supply, up to 5.5V.
Ve will be generated from either Viyq or Viyo depending
upon which input the converter is operating from.

MODE (Pin 6/Pin 9): PWM or Auto Burst Mode Select Pin.

MODE = Logic Low (ground): Enables automatic Burst
Mode operation.

MODE = Logic High (connect to Vgc): Forces PWM mode
operation.

GND (Pin7/Pins 10, 11): Signal Ground forthe IC. Provide
a short direct PCB path from this pin to the ground plane.

VC (Pin 8/Pin 12): Output of the voltage error amplifier
used to program average inductor current. An RC from
this pin to ground sets the voltage loop compensation.
The average current loop is internally compensated.

FB (Pin 9/Pin 13): Feedback input to the voltage error am-
plifier. Connect to a resistor divider from Vgt to ground.
The output voltage can be adjusted from 2V to 18V by:
Vour =1+ (R1/R2).

V1GD (Pin 10/Pin 14): Open-drain indicator that pulls to
ground when both V,y1 and RUN1 are above their respec-
tive thresholds. Connect a pull-up resistor from this pin
to a positive supply.

V2GD (Pin 11/Pin 15): Open-drain indicator that pulls to
ground when both Vyo and RUN2 are above their respec-
tive thresholds. Connect a pull-up resistor from this pin
to a positive supply.

PGD (Pin 12/Pin 16): Open-drain output that pulls to
ground whenVqyris greaterthan 92% of the programmed
output voltage. Connect a pull-up resistor from this pin
to a positive supply.

Vout (Pin 13/Pin 19): Regulated Output Voltage. Con-
nect a minimum of 47pF ceramic or low ESR decoupling
capacitor from this pin to ground. The capacitor should
be placed as close to the IC as possible with short, wide
traces to Vgyt and GND.

SW2 (Pin 14/Pin 20): Switch Pin. Connect to the other
side of the inductor. Keep PCB trace lengths as short and
wide as possible to reduce EMI.

BST2 (Pin 15/Pin 21): Bootstrapped floating supply for
high side N-channel MOSFET gate drive. Connect to SW2
througha 0.1pF capacitor, as close to the partas possible.
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PIN FUNCTIONS (arnrssor)

BST1 (Pin 16/Pin 22): Bootstrapped floating supply for
high side N-channel MOSFET gate drive for Vyq or Viyo.
Connect to SW1 through a 0.1pF capacitor, as close to
the part as possible. This capacitor provides gate drive
for the N-channel MOSFETs connected between SW1 and
either Vi1 or Vino.

SW1 (Pin 17/Pin 23): Switch Pin. Connect to one side of
the inductor. Keep PCB trace lengths as short and wide
as possible to reduce EMI.

Vin2 (Pin 18/Pin 24): The second input voltage source for
the converter. Connecta minimum of 22uF ceramic decou-
pling capacitor from this pin to ground, as close to the IC
as possible. Inideal diode mode (SEL = 1), this input will
be selected if Viyo > Vin1, Vino is above its internal UVLO
threshold, and RUN2 > 1.22V. In priority mode (SEL = 0),
this input will only be selected if Vjyy is below its internal
UVLO threshold or RUN1 < 1.05V.

Since this input has the higher Rpg(on) MOSFETS between
Vin2 and SWT, it should be considered for use with the
source where slightly lower conversion efficiency is ac-
ceptable.

CP2 (Pin19/Pin25): Positive pin for the V5o top N-channel
MOSFET charge-pump capacitor. This pintoggles between
Vin2 and Vi + Vg when Vo is active.

CN2 (Pin 20/Pin 27): Negative pin for the Vi top
N-channel MOSFET charge-pump capacitor. This pin is
driven between Vg and GND when Vo is active. Connect
a 10nF ceramic capacitor between CN2 and CP2. This pin
can be monitored to indicate operation from Vyp.

CM2 (Pin 21/Pin 28): Filter pin for the common connec-
tion of Vo to SW1 N-channel MOSFETs. Connect a 47nF
capacitor from this pin to the ground plane.

CM1 (Pin 22/Pin 1): Filter pin for the common connec-
tion of Vi1 to SW1 N-channel MOSFETs. Connect a 47nF
capacitor from this pin to the ground plane.

CN1(Pin23/Pin2): Negative pinforthe Vy4 top N-channel
MOSFET charge-pump capacitor. This pin is driven be-
tween Ve and GND when V4 is active. Connect a 10nF
ceramic capacitor between CN1 and CP1. This pin can be
monitored to indicate operation from V1.

CP1 (Pin 24/Pin 3): Positive pin for the V4 top N-channel
MOSFET charge-pump capacitor. This pintoggles between
Ving and Vg + Voo when V4 is active.

PGND (Exposed Pad Pin25/Pins 17,18, 26, Exposed Pad
Pin 29): Power Ground for the IC. The exposed pad must
be soldered to the PCB ground plane. It serves as the
power ground connection, and as a means of conducting
heat away from the die.
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LTC3118

OPERATION

Introduction

The LTC3118 is a dual-input, current mode, monolithic
buck-boost DC/DC converter that can operate over a wide
input voltage range of 2.2V to 18V. The output voltage
can be programmed between 2V to 18V and deliver more
than 2A of load current. The LTC3118 operates from either
Ving or Viyo depending on the state of the SEL pin. If SEL
is commanded to be a logic high, Voyt will be powered
from the highest valid input voltage. If SEL is a logic low,
Vout will be powered from V1 (priority mode) assuming
sufficient input voltage is present. Internal, low Rpg(on)
N-channel power switches reduce the solution complexity
and maximize efficiency.

A proprietary switch algorithm allows the buck-boost
converter to maintain output voltage regulation with in-
put voltages that are above, below or equal to the output
voltage. Transitions between the step-up or step-down
operating modes are seamless and free of transients and
subharmonic switching, making this product ideal for noise
sensitive applications. The LTC3118 operates at a fixed
nominal switching frequency of 1.2MHz, which provides
an ideal trade-off between small solution size and high
efficiency. Current mode control provides inherent input
line voltage rejection, simplified compensation and rapid
responsetoloadtransients. BurstMode operation capabil-
ity is also included in the LTC3118 and is user-selected
via the MODE input pin. In Burst Mode operation, the

BST1

PUMP1 CM1

Viny ——o
BST1

PUMP2 CcM2

— Algn

LTC3118 provides exceptional efficiency at light output
loads by operating the converter only when necessary to
maintain voltage regulation. At higher loads, the LTC3118
automatically transitions to fixed frequency PWM mode
when Burst Mode operation is selected.

For 3V Vgyt applications, the input quiescent currents in
Burst Mode operation can be reduced with the internal
LDO regulator bootstrapped to the output voltage. If the
application requires extremely low noise, continuous PWM
operation can also be selected via the MODE pin. The
LTC3118 also features accurate, resistor programmable
RUN comparator thresholds with hysteresis for each Vyy.
This allows the buck-boost DC/DC converter to turn on
and off at user-selected voltage thresholds depending on
the power source for each V,y. With a wide voltage range
and high efficiency, the LTC3118 is well suited for many
demanding power systems.

Power Stage Topology

Figure 1 shows the topology of the dual-input LTC3118
power stage switches and their associated gate drivers.
The LTC3118 integrates independent switch paths from
Vi1 to SW1 and Vyo to SW1 to provide isolation between
the selected inputandthe inactive input. This configuration
allows conversion from either input source, regardless of
their respective voltage levels, enabling ideal diode or V1
priority modes (see SEL pin description).

Vour

L BST2
D Dow
SW L swzf
LYY Y\

ViN2 —0

e
g -

Vee

L3

A2
Vee
—
Bon ﬁ B
P

3118 FO1

e

G

=

D

Figure 1. LTC3118 Dual-Input Power Stage
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OPERATION

If operation from V| is selected, PUMP1 connects the
low Rpsop static switch between Vi1 and CM1 as shown.
Switch A1 is thendriven on for a portion of each switching
cycle, as commanded by the PWM circuitry and powered
by the flying capacitor between BST1 and SW1. When
operating from Vy1, PUMP2 and A2 are disabled.

Operation from Vy» is accomplished in a similar man-
ner, except that PUMP2 connects Vo to CM2 and A2 is
commanded on by the PWM. With operation from Vyyp,
PUMP1 and A1 are disabled providing isolation from V.

PWM Mode Operation

If the MODE pin is high, or if the load current on the
converter is high enough to force PWM mode operation,
the LTC3118 operates at a fixed 1.2MHz frequency us-
ing a current mode control loop. PWM mode minimizes
output voltage ripple and yields a low noise switching
frequency spectrum. A proprietary switching algorithm
provides seamless transitions between operating modes
and eliminates discontinuities in the average inductor
current, inductor ripple current and loop transfer function
throughout all modes of operation. These advantages
result in increased efficiency, improved loop stability and
lower output voltage ripple. In PWM mode operation, both
SW1 and SW2 transition on every cycle independent of
the input and output voltages. In response to the internal
control loop command, an internal pulse width modulator
generates the appropriate switch duty cycle to maintain
regulation of the output voltage.

When stepping down from a high input voltage to a lower
output voltage, the converter operates in buck mode and
switch D remains on for the entire switching cycle except
for a minimum SW2 low duration (typically 100ns). Dur-
ing the switch low duration, switch C is turned on which
forces SW2 low and charges the flying capacitor between
BST2 and SW2. This ensures that the switch D gate driver
power supply rail on BST2 is maintained. The duty cycle of
switch A1 (or A2) and switch B are adjusted by the PWM
circuit to maintain output voltage regulationin buck mode.

If the input voltage is lower than the output voltage, the
converter operates in boost mode. Switch A1 (or A2)
remains on for the entire switching cycle except for the

minimum switch low duration (typically 100ns). During the
switch low duration, switch B is turned on which forces
SW1 low and charges the flying capacitor between BST1
and SW1. This ensures that switch A1 (or A2) gate driver
power supply rail on BST1 is maintained. The duty cycle
of switch C and switch D are adjusted by the PWM circuit
to maintain output voltage regulation in boost mode.

Oscillator

The LTC3118 operates from an internal oscillator with
a nominal fixed frequency of 1.2MHz. This allows the
DC/DC converter efficiency to be maximized while still
using small external components.

Input Select Logic and V;y Power Good Indicators

A simplified schematic diagram of the LTC3118’s input
select circuitry is shown in Figure 2. UVLO comparators
on Ving, Vine and Vg set minimum operating voltages to
ensure proper operation. Vg must be greater than 2.35V
before operation is allowed from either input. Once Vg
is valid, one of the inputs must be greater than 2V typical
before the LTC3118 enables switching. Finally, the RUN
pin voltage for the particular input must be greater than
1.22V 1o enable operation. This condition will be met if the
appropriate RUN pin is connected to its own V,y, RUNT to
Vi1 for example, but may not be met if a resistor divider
is used to program the accurate RUN pin higher than the
Vin UVLO minimum. Detailed discussions of Vg, Viy and
RUN pin UVLOs are presented in later sections.

Once the UVLO conditions are satisfied, internal Viy1goop
and/or V\nyogoop Will assert and the LTC3118 is allowed
to operate. The state of each V\ygoop Signal and the SEL
pin are decoded in logic to determine which input source
is selected, as shown on the table in Figure 2.

Open-drain indicator pins V1GD and V2GD are driven
by their respective internal Viygoop Signals and can be
used to alert the system of undervoltage conditions on
the inputs. External pull-up resistors can be connected
between these pins and any supply voltage up to 18V.
Since these pins pull low with valid input voltages, even
in Burst Mode operation, high value resistors are recom-
mended for applications where minimal no-load quiescent
current is critical.
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UVLO COMPARATORS
V2GD
Ving
0—
V= —]
RUN2
0— =
1 22\/_ Vin2GooD
Vo
[ | Vceaoon !
2.35V
Vin1GooD
RUN1
+ R
ViGD
1.22v— _ﬁ—

JHALO

3118 F02

INPUT VOLTAGE SELECT LOGIC
SEL PIN Vinigooo | Vinzgoon SELECTED Vyy
] 1 1 Highest Vi
IDEAL 1 0 Vint
DIODE 0 1 Ving
MODE 0 0 No Switching
1 1 Ving
0 1 0 v
PRIORITY INt
MODE 0 1 Ving
0 0 No Switching

Figure 2. Simplified Input Select Logic and V,y Power Good Indicators

If SEL is a logic low, the LTC3118 operates in V1 priority
mode where V|y1 is selected for operation if conditions
are met for Viy1goop to be high. If ViNigoop is low in
priority mode, the LTC3118 will revert to Vyo operation
if Vina(goop) is asserted, keeping Voyr powered.

If SEL is a logic high, the LTC3118 operates inideal diode
mode, where Voyt is powered from the highest input
voltage source with a high Viygoop signal. An internal
comparator with 400mV hysteresis monitors the input
voltages to determine which is higher. If the state of this
comparator changes during PWM operation, switching
will be suspended for six clock cycles before resuming
from the other input source. An approximate 250ps filter/
time constant prevents rapid transitions between inputs.

As with priority mode, if one of the V\ygogp Signals is low
the LTC3118 will operate from the other input in order to
keep the output powered. If both V\ygoop Signals are low
ineither mode, the LTC3118 will not deliver powerto V.

Voyr Power Good Indicator

The Vout power good indicator is an open-drain output
pin similar to the V1GD and V2GD pins shown in Figure 2.
PGD is driven by an internal comparator that monitors the
FB pin. IfFBis below 0.92V (Voyris 8% low) PGD will open
circuit, allowing an external resistor to pull high indicating
the output voltage is not in regulation. The power good
comparator has internal filtering for glitch suppression.
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OPERATION

Current Mode Control

The LTC3118 utilizes average current mode control for the
pulse width modulator,as showninFigure 3. Currentmode
control, both average and the better known peak method,
enjoy some benefits compared to other control methods,
including: simplified loop compensation, rapid response
to load transients and inherent line voltage rejection.

Referring to Figure 3, an internal high gain transcon-
ductance error amplifier, labeled Vayp, monitors Voyr
through a voltage divider connected to the FB pin and
provides an output, VG, used by the current mode control
loop to command the appropriate inductor current level.
To ensure stability, external frequency compensation
components (Rz, Cpy and Cpo) must be installed be-
tween VC and GND. The procedure for determining these
components is provided in the Applications Information
section of this data sheet. VC is internally connected to the
noninverting input of a high gain, integrating, operational
amplifier, referred to in Figure 3 as Ipyp. The inverting
input of the average current amplifier is connected to the
inductor current sense resistor Reg through a gain-setting

INDUCTOR
CURRENT
SENSE SW2

SW1 L

resistor Raq and to its output (Igomp) through an internal
frequency compensation network comprised of Ryo and
Ca. The average current amplifier's output provides the
cycle-by-cycle duty cycle command into the buck-boost
PWM circuitry.

The non-inverting reference level input to the average
currentamplifier is VC and the feedback or inverting input
is driven from the inductor current sensing circuitry. The
inductor currentsensing circuitry alternately measures the
current through switches A1 (or A2) and B. The output of
the sensing circuitry producesavoltage across resistor Rgg
thatresemblestheinductor current waveformtransformed
to a voltage. If there is an increase in the power converter
load on Vgyr, the instantaneous level of Voyrt will drop
slightly, which will increase the voltage level on VC by
the inverting action of the voltage error amplifier. When
the increase on VC first occurs, the output of the current
averaging amplifier, lggmp, Will increase momentarily to
command a larger duty cycle. This duty cycle increase
will result in a higher inductor current level, ultimately
raising the average voltage across Rgs. Once the average

Ca

‘ Icomp PWM

T0
1.2MHz RAMPS/ ‘::D—[ SWITCHES
OSCILLATOR  |—

DRIVE LOGIC

3118 FO3

Figure 3. Average Current Mode Control Loop
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OPERATION

value of the voltage on Rgg is equivalent to the VC level,
the voltage on Igonmp Will revert very closely to its previ-
ous level into the PWM, and force the correct duty cycle
to maintain voltage regulation at this new higher inductor
currentlevel. Theaverage currentamplifieris configured as
an integrator, so in steady state, the average value of the
voltage applied to its inverting input (voltage across Rgg)
will be equivalent to the voltage on its noninverting input
VC. As a result, the average value of the inductor current
is controlled in order to maintain voltage regulation. The
entire current amplifier and PWM can be simplified as a
voltage controlled current source, with the driving volt-
age coming from VC. VC is commonly referred to as the
current command for this reason, and the voltage on VC
is directly proportional to average inductor current, which
can prove useful for many applications.

Thevoltage erroramplifier monitors Vgyrthroughavoltage
divider and makes adjustments to the current command
as necessary to maintain regulation. The voltage error
amplifier therefore controls the outer voltage regulation
loop. The average current amplifier makes adjustments
to the inductor current as directed by the voltage error
amplifier output via VC and is commonly referred to as
theinnercurrentloop amplifier. The average current mode
control technique is similar to peak current mode control
except that the average current amplifier, by virtue of its
configuration as an integrator, controls average current
instead of the peak current. This difference eliminates the
peak-to-average current error inherent to peak current
mode control, while maintaining most of the advantages
inherent to peak current mode control.

Average current mode control requires appropriate
compensation for the inner current loop, unlike peak
current mode control. The compensation network must
have high DC gain to minimize Vgyt regulation errors
and high bandwidth to quickly change the commanded
current level following transient load steps. The inner
loop compensation components are fixed internally on
the LTC3118. External compensation of the voltage loop
is detailed in the Applications Information section and is
similar to techniques used for peak current mode control.

Inductor Current Sense and Maximum Output Current

As part of the current control loop, the LTC3118 has cur-
rent sense circuitry that measures the inductor current
of the buck-boost converter, as shown in Figure 3. This
circuitry measures the current through switches A1 (or
A2) and B separately and produces proportional output
currentsthatare summed atthe current sense resistor Rgs.
Sensed A and B switch currents form a voltage replica of
the inductor current at Rgg, which is used by the average
current amplifier, as described in the previous section.

The voltage amplifier output, VC, is internally clamped to
anominal value of 1V. Since the average inductor current
is proportional to VC, the 1V clamp sets the maximum
average inductor current that can be programmed by the
inner current loop. Taking into account the current sense
amplifier’s gain, and the value of R¢s, the maximumaverage
inductor current is 3.6A typical. In buck mode, the output
current is approximately equal to the inductor current |,

lout(Buck) = IL * 0.85

The 100ns SW1/SW2 forced low time on each switching
cycle briefly disconnects the inductor from Vgyt and Vyy,
resulting in slightly less output current in either buck or
boost mode for a given inductor current. In boost mode,
the output current is related to average inductor current
and duty cycle by:

loutBoosT) = I * (1-D)
where D is the converter duty cycle.

Since the output current in boost mode is reduced by the
duty cycle (D), the output current rating in buck mode is
always greater than in boost mode. Also, because boost
mode operation requires a higher inductor current for a
givenoutputcurrentcomparedto buck mode, the efficiency
in boost mode will be lower due to higher conduction
(I Rps(ony) losses in the power switches. This will fur-
ther reduce the output current capability in boost mode. In
either operating mode, however, the inductor peak-to-peak
ripple current does not play a major role in determining
the output current capability.
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The maximum load current capability in PWM mode curves
in the Typical Performance Characteristics section show
the relationship of input voltage and the ability to deliver
load currentat Voyt=5Vand 12V. When the input voltage
is a volt or more above Vgyr in buck mode, the LTC3118
is capable of providing more than 2A of load current. In
boost mode, the output current capability is further reduced
by the boost ratio or duty cycle (D) as described in the
preceding equation.

Overload Current Limit and Reverse Current
Comparators

The internal current sense waveforms are used by the
peak overload current (Ipgak) and reverse current (Irgy)
comparators. The lppak current comparator monitors
Isense and interrupts normal PWM operation if the induc-
tor current level exceeds its maximum internal threshold.
This threshold is approximately 60% above the maximum
average current level of the current control loop. If the
internal current sense waveform rises above this level, the
LTC3118 will disconnect the inductor from Vy by shut-
ting off switch A1 (or A2) to prevent higher current in the
inductor. The Ipgak circuitry is reset by the oscillator clock
at the end of each switching cycle. In the event that the
overload comparator is tripped as the result of an output
short-circuit condition, where Vqyr is discharged below
approximately 1V, the LTC3118 will initiate a soft-start
event keeping the on-chip power dissipation to low levels.
Once the short circuitis removed, the LTC3118 will restart
in the normal fashion. If the average current loop is able
to prevent inductor current from reaching lpgak during a
short-circuit event, soft-start will not be initiated, but the
maximum current capability of the current loop will be
reduced by 40% to reduce power dissipation.

The LTC3118 contains areverse current comparator setto
a nominal value of —200mA. If the internal current sense
waveform transitions below the internally set reverse cur-
rent threshold, the LTC3118 will disconnect the inductor
from Vgur by shutting off switch D, to prevent rapid dis-
charge of the output capacitor. The Iggy circuitry is reset
by the oscillator clock at the end of the switching cycle.

Burst Mode Operation

Whenthe MODE pinis held low, the LTG3118 is configured
for automatic Burst Mode operation. As a result, the buck-
boost DC/DC converter will operate with normal continuous
PWM switching above a predetermined average inductor
current and will automatically transition to power saving
Burst Mode operation below this level. Refer to the Typical
Performance Characteristics section of this data sheet to
determine the Burst Mode transition threshold for various
combinations of Vjy and Voyr.

With MODE held low at light output loads, the LTC3118
will go into a standby or sleep state when the output volt-
age achieves its nominal regulation level. The sleep state
halts PWM switching and powers down all nonessential
functions of the IC, significantly reducing the quiescent
current of the LTC3118. This greatly improves overall
power conversion efficiency when the output load is
light. Since the converter does not operate in sleep, the
output voltage will slowly decay at a rate determined by
the output load resistance and the output capacitor value.
When the output voltage has decayed by a small amount,
the LTC3118 will wake up and resume normal PWM
switching operation until the voltage on Voyr is restored
to the previous level. If the load is very light, the LTC3118
may only need to switch for a few cycles to restore Voyr,
and may sleep for extended periods of time, significantly
improving conversion efficiency.
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Soft-Start

The LTC3118 soft-start circuit minimizes inrush current
and output voltage overshoot on initial power up. The
required timing components for soft-start are internal to
the LTC3118 and produce typical soft-start durations of
approximately 1ms. The internal soft-start circuit slowly
ramps the error amplifier output at VC. In doing so, the
current command of the IC is slowly increased, starting
from zero. After initial power-up, soft-start can be reset by
UVLO on Vg, both Vin1goop and Vinogoop de-asserting,
thermal shutdown, or a Vgyt short circuit.

V¢c Regulator

An internal low dropout regulator (LDQ) generates a
nominal 3.8V rail from the active input Viyq or Viyo. The
V¢ rail powers the internal control circuitry and power
device gate drivers of the LTC3118, including the BST pin
capacitors. The Vg regulator is disabled in shutdown to
reduce quiescent current and is enabled by forcing one
RUN pin above its logic threshold. The Vg regulator
includes current-limit protection to safeguard against
accidental short-circuiting of the LDO rail. In 5V Vgt ap-
plications, Vg can be powered by Voyrthroughan external
Schottky diode. This technique is commonly referred to
as bootstrapping. Bootstrapping can provide a significant
efficiency improvement, particularly when the active Vi
is high, and also allows operation to the minimum rated
input voltage of 2V. For more information see Bootstrap-
ping the Vo Regulator with 5V Vqyr or External Supply,
in the Applications Information section.

Undervoltage Lockouts

The LTC3118 undervoltage lockout (UVLO) circuits disable
operation of the internal power switches if both Vjy¢ and
Vin2 or the Vg voltages are below their respective UVLO
thresholds (see Figure 2). There are three UVLO circuits,
one for each Vjy and another that monitors Vgc. The Vi
UVLO comparators have afalling voltage threshold of 1.8V
(typical at room temperature). If both input voltages fall
below this level, switching is disabled until one Vyy rises
above 2V, as long as Vg is above its UVLO threshold. The
Ve UVLO has a falling voltage threshold of 2.2V (typical).
If Vo falls below this threshold, IC operation is disabled
until Vg rises above 2.35V as long as one Vjy is above
its UVLO threshold level.

Depending on the particular application, any of these
UVLO thresholds could be the limiting factor affecting
the minimum input voltage required for operation. The
LTC3118 V¢ regulator uses Viy1 or Vo for its power
input, whichever is active (see the Input Select Logic and
Vin Power Good Indicators section). If Vg is not boot-
strapped, there exists a voltage drop between the active
Vin and Vge. The dropout voltage is proportional to the
loading on V¢ due to the gate charge to the internal power
switches. The Typical Performance Characteristics section
of this data sheet provides information on the dropout
voltage between Viy1 (or Vin2) and V.

In applications where Vg is bootstrapped (powered by
Vout through a Schottky diode or auxiliary power rail),
the minimum input voltage for operation (after start-up)
will be limited only by the Viy UVLO thresholds (1.8V
typical). Please note: If the bootstrap voltage is derived
from the LTC3118 Vgyr and not an independent power
rail, thenthe minimum inputvoltages required for initial
start-up are still limited by the minimum V¢ voltage
(2.35V typical).
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RUN1 and RUN2 Pin Comparators

Forcing both RUN1 and RUN2 to a logic low places the
LTC3118 in a low current shutdown state. When the volt-
age on either pinis brought above a 0.65V logic threshold,
certain IC functions are enabled as shown in Figure 4a.
The RUNT and RUN2 pins also include accurate internal
comparators that allow them to be used to set custom
rising and falling ON/OFF thresholds for V,yq and Vypo,
respectively, with the addition of external resistor dividers.
If either RUN pinvoltageisincreasedto exceedits accurate
comparatorthreshold (1.22Vnominal), all functions of the
buck-boost converter will be enabled and switching will
commence, assuming the respective Vy and Ve UVLO
circuits are cleared (see Figure 2).

If both RUN1 and RUN2 are brought below the accurate
comparatorthreshold, the buck-boost converter will inhibit
switching, but the V¢ regulator and control circuitry will
remain powered unless both RUN pins are brought below
the logic threshold. Therefore, in order to completely
shut down the IC and reduce the Vy currents to < 2pA
(typical), it is necessary to ensure that both RUN pins are

Ving |V|N1

LOGIC
SIGNAL

LTC3118

ACCURATE
THRESHOLD

RUNTOR  1.22V—]
L RUN2
|

I

+

ENABLE
SWITCHING

VIN2| Ving

LOGIC
SIGNAL

I

+

LOGIC
THRESHOLD

0.65V — ENABLE LDO AND

CONTROL CIRCUITS

3118 Foda

(a)
Figure 4. (a) Accurate RUN1 or RUN2 Pin Comparators, (b) Man

brought below the worst-case low logic threshold of 0.2V.
RUN1 and RUN2 are high voltage capable inputs but must
be connected to their respective Vy1 and Viyo supplies
through a highvalue resistor greaterthan 200k to prevent
a potential latch condition at the pin. The RUN pins can
be driven above Vyy or Voyt within their specified voltage
ratings. If either RUN pin is forced above 5V, it will sink a
small current, as given by the following equation:

MQ
With the addition of optional resistor divider(s), as shown

in Figure 4a, the RUN pin(s) can be used to establish a
user-programmable turn-on and turn-off threshold.

lrun =

The buck-boost converter is enabled when the voltage
on either RUN pin reaches 1.22V. Therefore, the turn-on
voltage threshold on Vyy is given by:

R
VTURNON =122V 1+ T
Rs
RUN1 CN1
e Vit ACTIVE
M 100pF M 100pF
= RUN2 CN2 =
1> Ving ACTIVE

<M 100pF M 100pF

e

3118 F0db = 3118 Fode

(b) (c)

ual Vjy Select with Overlap Timing, (c) Active Vjy Indicators
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The RUN comparators include a built-in hysteresis of
approximately 170mV, so that the turn-off threshold will
be approximately 15% lower than the turn-on threshold.
Put another way, the internal threshold levels for the RUN
comparators to disable switching from a particular input
is 1.05V.

VTURNOFF =1 OSV[1 + R—T]
Rs

The RUN comparator is relatively noise insensitive, but
there may be cases due to PGB layout, very large value
resistors for Ry and Rg (Figure 4a), or proximity to noisy
components where noise pickup is unavoidable and may
cause the turn-on or turn-off levels to be intermittent. In
these cases, a small value filter capacitor can be added
across Rg to ensure proper operation.

Selecting Priority or Ideal Diode Mode Operation
Priority Mode (SEL=0)

Priority mode operation is suggested for mostapplications,
since powering from one of the sources is typically
preferred. In priority mode, the primary input is connected
to Viy1 and the auxiliary input is connected to Vjyo. The
LTC3118 will maintain operation from V¢ until either
the RUN1 or minimum Vy1 UVLO circuits transition the
LTC3118 to Vo operation if valid. It is important that the
RUN1 turn-off threshold programs the minimum Vjy4
above 2.5V in Priority Mode unless Vg is back-fed and
held above 2.5V. This prevents an unintended soft-start
cycle from occurring if Vg hits its UVLO threshold when
the Vy1 source is removed, before transitioning to Vo
operation.

Depending onthe maximum load current of the application,
the RUN1 and RUN2 minimum V,y turn-off thresholds
may need to set well above 2.5V to prevent Vqyr from
losing regulation, especially in step-up mode. Please
refer to Maximum Load Current vs V,y curves found in

the Typical Performance Characteristics. Maximum load
current capability when Vyy1 or Viyo is less than 3.8V can
be improved if Vg is boot-strapped to 5V as shown in
Figure 7.

Ideal Diode Mode (SEL=1)

Ideal Diode mode operationis available onthe LTC3118 for
systems with low ESR sources or where the programmed
operating range of the two inputs can be separated as will
be discussed. Inldeal Diode mode, aninternal comparator
monitors the voltage on both Viyq and Vo to determine
which input is higher. The comparator has approximately
800mV of hysteresisto help preventthe part from switching
betweenthetwoinputsifthe source voltagesare equal. The
comparator has anapproximate 250psfilter delay to prevent
rapid switching betweeninputs and erratic operation. When
the LTC3118 switches between inputs, current supplied
from one source is suspended before transitioning to the
other source. Depending on the impedance of each source
and the amount of input current required to support the
load on Vgyr, it is possible for the voltage ripple on one
or both inputs to exceed this comparator’s hysteresis.

As an example, if both input sources have 300mQ of
impedance and 2A of current is being drawn from the
active source, a 600mV step will occur on the inputs
during switchover, approaching the comparator’s 800mV
of typical hysteresis. When the input voltages are equal,
the LTC3118 couldtoggle between V1 and V2 operation
at high load currents. For such systems, operation in
Priority mode is recommended, unless the RUN pins can
be programmed such that the minimum operating voltage
of one input is set above the maximum source voltage of
the other input. As with priority mode, the minimum V,y
operating voltages should be set by their RUN pins above
Ve UVLO and higher if needed to support maximum load
current. Low ESR 100pF to 220pF aluminum electrolytic
capacitors close to both input pins help to reduce resonant
ringing during V)y switchover, due to cable inductances
found in some applications and bench evaluation set-ups.
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Manual V,y Select Circuits

The SEL pin can be used to manually switch between V1
and Vo, if Vyo is connected to a voltage greater than
Vini. In this case, both RUN pins must remain asserted
above their 1.22V thresholds. The LTC3118 will run off
Vin1 When SEL is low and the higher Vyo source when
SEL is high.

For systems requiring manual Vy selection where the
relative voltages are unknown, the RUN pins can be used
with a few precautions. Each RUN pin contains internal
filtering to reduce the chance of unintended turn-on or
turn-off due to noise events. The turn-on delay is typically
a0ps in order to manage inductive ringing during supply
plug in. Accordingly, a >100ps overlap time of asserted
RUN1 and RUN2 signals is recommended to prevent a
momentary shutdown of the IC and a subsequent soft-
start cycle.

If this overlap timing cannot be provided by the system
micro-controller, an external circuit similar to Figure 4b
can be added to each RUN pin. With the added circuit, Viy+
and Vyo can be driven alternately off and on as shown.
The diode provides a faster turn-on path, where the RC
delay to GND is set to ~100ps in order to prevent Vout
from drooping during switch-over.

Active Vy Indicator

The V1GD and V2GD indicators can be monitored to
determine if V;y¢ or Vo have sufficient voltage based on
internal UVLO circuits and the RUN pin divider networks
as previously discussed. Some applications may require
an additional indication of which V,y is active and which
is inactive. This indication can be implemented with the
CN1 and CN2 charge-pump pins and an external circuit
similar to Figure 4c. The diode and RC network provide
peak detection and filtering of the active CN pin which is
switching in PWM mode and held high in sleep. The CN
pin for the inactive Vy is held low.

APPLICATIONS INFORMATION

Thermal Considerations

The power switches of the LTC3118 are designed to oper-
ate continuously with currents up to the internal current
limit thresholds. However, when operating at high current
levels, there may be significant heat generated within the
IC. Inaddition, the V¢ regulator can generate a significant
amount of heat whenthe active V,yis high. Thisadds to the
total power dissipation of the IC. As described elsewhere
in this data sheet, bootstrapping of V¢ for 5V output ap-
plications can essentially eliminate this power dissipation
term and significantly improve efficiency.

Careful consideration must be given to the thermal envi-
ronment of the IC in order to provide a means to remove
heat from the IC and ensure that the LTC3118 is able
to provide its full rated output current. Specifically, the

exposed die attach pad of both the QFN and FE packages
must be soldered toacopper layer onthe PCB to maximize
the conduction of heat out of the IC package. This can be
accomplished by utilizing multiple vias from the die attach
pad connection underneath the IC package to other PCB
layer(s) containing large copper planes. A recommended
board layout incorporating these concepts is shown in
Figure 5. Typical temperature rise versus load current
curves using the PGB in Figure 5 are given in the Typical
Performance Characteristics section.

If the IC die temperature exceeds approximately 165°C,
thermal shutdown will be invoked and all switching will
be inhibited. The part will remain disabled until the die
temperature cools by approximately 10°C, at which time
a soft-start is initiated to provide a smooth recovery.
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Inactive Vjy Leakage Currents

Theinactive input (V,y1 or Vy2) consumes asmallamount
of bias current and will exhibit some amount of leakage
current, through the disabled switches, depending on the
temperature of the die and the average DC voltage between
theinactive V,yand SW1 (stand-off voltage). Please referto
the Die Temperature Rise and N-Channel MOSFET leakage
curves in the Typical Performance Characteristics of the
datasheet. The stand-off voltage can be positive or negative
depending on the V,y1 and Vo voltages and varies with
SW1 duty cycle. Figure 6 shows typical currents into the
inactive input as a function of its voltage at various levels
ofinductorcurrentasthe LTC3118 operatesin PWM mode
from an active 12V input and 12V output. Higher inductor
currents generally translate to higher leakage currents due
to power dissipation, resulting in a die temperature rise.

Referring to the curves in Figure 6, leakage currents are
generally supplied from the inactive source into its re-
spective V) pin above a few volts. At lower voltages, it is
possible to get reverse current back-fed into the source,
causing a depleted battery or unplugged input to slowly
charge. In some cases, a dummy load resistor across the
inactive input may be needed to prevent that input from
rising above its UVLO causing a momentary turn-on. A
good thermal design will help to reduce unwanted leakage
currents into or out of the inactive input, especially at high
switch currents where die temperatures increase. A tight
board layout near the V,y1/CM1 and V,yo/CM2 pins to
ground is advised to reduce leakage that may occur due
to SW1 edge rates and parasitic inductances in the traces.
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Figure 6. Inactive Vy Current vs Voltage and Inductor Current (I)
Active Viy = Vgyr =12V in PWM Mode
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Astandard application circuit forthe LTC3118 is shown on
the front page of this data sheet. The appropriate selection
of external components is dependent upon the required
performance of the IC in each particular application, given
considerations and trade-offs such as PCB area, input
and output voltage range, output voltage ripple, required
efficiency, thermal considerations and cost. This section
of the data sheet provides some basic guidelines and con-
siderations to aid in the selection of external components
and the design of the applications circuit.

V¢ Capacitor Selection

Ve is generated by a low dropout linear regulator from
either V1 or Vi, whichever is selected. Both Vg regula-
tors have been designed for stable operation with a wide
range of output capacitors. For most applications, a low
ESR capacitor of 4.7puF should be used. The capacitor
should be located as close to Vg as possible and con-
nected to ground through the shortest trace possible. If
the connecting trace cannot be made short, an additional
0.1uF bypass capacitor should be connected between
Ve and ground, as close to the package pins as possible.

Bootstrapping the V¢¢ Regulator with 5V Vgyr or
External Supply

The high and low side gate drivers are powered by Vg,
which is generated from the selected Vjy through an
internal linear regulator. In some applications, especially
at high input voltages, the power dissipation in the linear
regulator can become a significant contributor to thermal
heating of the IC. The Typical Performance Characteristics
section of this data sheet provides data on Vg current in

PWM operation, which is supplied by V,y. A significant
performance advantage can be attained in applications
where Vgyr is programmed to 5V, if Vg is powered by
Vour rather than the selected Vy. This can be done by
connecting a Schottky diode from Vgt to Vg, as shown
in Figure 7. With the bootstrap diode installed, the gate
driver currents are supplied by the buck-boost converter
at high efficiency rather than through the less efficient
internal linear regulator. The internal linear regulator
contains reverse blocking circuitry that allows Vg to be
driven slightly above their nominal regulation level with
onlyaslightamount of reverse current. Please note that the
bootstrapping supply (either oyt 0oraseparate regulator)
must limit Vg to less than 6V.

BST, Charge Pump and CM Capacitor Selection

Small ceramic capacitors are needed to provide a suf-
ficient amount of charge to the high side switches. As
shown in the applications circuits and the front page of
this data sheet, small capacitors are required from BST1
to SW1, BST2 to SW2, CN1 to CP1, CN2 to CP2, CM1 to
GND and CM2 to GND. Recommended initial values for
the BST to SW capacitors are 0.1pF with > 5V rating, CN
to CP capacitors are 10nF with > 20V rating, and CM to
GND capacitors are 47nF with > 20V rating.

Inductor Selection

The choice of inductor used in LTC3118 applications
influences the maximum deliverable output current, the
converter bandwidth, the magnitude of theinductor current
ripple and the overall converter efficiency. The inductor
must have a low DC series resistance and high output

Vout
LTC3118
Ve

3118 FO7

Figure 7. Bootstrapping V¢c
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current capability or efficiency will be compromised. Larger
inductor values reduce inductor current ripple, but will
not increase output current capability as is the case with
peak current mode control, as described in the Inductor
Current Sense and Maximum Output Current section of
this data sheet. Larger value inductors also tend to have
a higher DC series resistance for a given case size, which
will have a negative impact on efficiency. Larger values
of inductance also lower the right half plane (RHP) zero
frequency when operating in boost mode, requiring the
converter bandwidth to be set lower in frequency, thereby
slowing the converter’s load transient response. Most
LTC3118 application circuits deliver the best performance
with an inductor value between 3.3pH and 10pH. In gen-
eral, a 3.3pH inductor is recommended for Vgyt up to 5V,
6.8pH for Vot =12V and 10pH for Vgyt = 18V. Inductor
valuesforother outputvoltages can be scaled accordingly.

Regardless of inductor value, the saturation current rat-
ing should be such that it is greater than the worst-case
average inductor current plus half of the ripple cur-
rent. The peak-to-peak inductor current ripple for each
operational mode can be calculated from the following
formula, where f is the switching frequency (1.2MHz),
L is the inductance in pH, and t gw is the switch pin
minimum low time in ps. The switch pin minimum low
time is typically 0.1ps.

Al p-p)Buck =

V Vin = Vi 1
OLUT [ IN = Vout J[? “tLow )Amps

Vin

Al (p_pyBoosT =

Vin | Vour = Vin |1
iU LU L R | Amps
L [ Vour o Low p

It should be noted that the worst-case inductor peak-to-
peak inductor ripple current occurs when the duty cycle
in buck mode is maximum (highest V,y), and in boost
mode when the duty cycle is 50% (Voyt =2 V)y)- As an
example, it Viy (minimum) = 2.7V and Vy (maximum) =
18V, Vgyt =5V and L = 3.3pH, the peak-to-peak inductor

ripples at the voltage extremes (18V Vyy for buck and 2.7V
V) for boost) are:

Buck = 600mA peak-to-peak
Boost = 200mA peak-to-peak

One-half of this inductor ripple current must be added to
the highest expected average inductor current in order to
select the proper saturation current rating for the inductor
(about 4A).

Inaddition toitsinfluence on power conversion efficiency,
the inductor DC resistance can also impact the maximum
output current capability of the buck-boost converter par-
ticularly at low input voltages. In buck mode, the output
current of the buck-boost converter is primarily limited
by the inductor current reaching the average current limit
threshold defined by VC. However, in boost mode, espe-
cially at large step-up ratios, the output current capability
canalso be limited by the total resistive losses inthe power
stage. These losses include switch resistances, inductor
DC resistance and PGB trace resistance. Avoid inductors
with a high DC resistance (DCR), as they can degrade the
maximum output current capability from what is shown
in the Typical Performance Characteristics section. As a
guideline, the inductor DCR should be significantly less
than the typical power switch resistance of 100mQ. The
only exceptions are applications that have a maximum
output current much less than what the LTC3118 is ca-
pable of delivering.

Differentinductor core materials and styles have animpact
on the size and price of an inductor at any given current
rating. Shielded construction is generally preferred as it
minimizes the chances of interference with other circuitry.
The choice of inductor style depends uponthe price, sizing
and EMI requirements of a particular application. Table 1
provides a small sampling of inductors that are well suited
to many LTC3118 applications.

Output Capacitor Selection

A low effective series resistance (ESR) output capacitor
should be connected at the output of the buck-boost con-
verterinorderto minimize outputvoltage ripple. Multilayer
ceramic capacitorsare an excellentoptionasthey have low
ESR and are available in small footprints. The capacitor
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Table 1. Representative Buck-Boost Surface Mount Inductors

VALUE DCR MAX DC SIZE

PART NUMBER (pH) (mQ) CURRENT (A) (W x L xH) mm MANUFACTURER
MSS7341T 3.3 18 3.7 Tx7x4 Coilcraft
XAL7030 6.8 42 4.4 8x8x3 www.coilcraft.com
SD8328 3.3 14 4.0 8x8x3 Coiltronics

47 19 3.6 8x8x3 www.coiltronics.com
LQH88PN 3.3 16 5 8x8x4 Murata
LQH88PN 4.7 22 4.2 8x8x4 www.murata.com
LQH88PN 6.8 28 3.8 8x8x4
CDRH8D28NP 3.3 18 4 8x8x3 Sumida

4.7 25 3.4 8x8x3 www.sumida.com
VLP840 3.3 15 5.2 8x8x4 TDK Electronics

6.8 24 3.6 8x8x4 www.tdk.co.jp
FDSD0603 3.3 23 5.6 Tx7x3 Toko

6.8 51 3.7 Tx7x3 www.toko.co.jp
7447789003 3.3 30 4.2 Tx7x3 Wiirth Elektronik
7447789004 4.7 35 3.9 7x7x3 www.we-online.com
7447779006 6.8 35 3.3 7x7x45

value should be chosen large enough to reduce the output
voltage ripple to acceptable levels. Neglecting the capaci-
tor's ESR and ESL, the peak-to-peak output voltage ripple
can be calculated by the following formula, where f is the
frequency in MHz (1.2MHz), Coyr is the capacitance in
uF, t ow is the switch pin minimum low time in ps (0.1ps)
and | gap is the output current in Amps.

lLoap tow ygts

AVp-p(BucK) = Cour

AVp-p(s00ST) =

| oap [VOUT — Vi +tiow FVn )Volts
fCour Vout

Examining the previous equations reveals that the output
voltage ripple increases with load current and is gener-
ally higher in boost mode than in buck mode. Note that
these equations only take into account the voltage ripple
that occurs from the inductor current to the output being
discontinuous. They provide a good approximation to the
ripple atany significantload current but underestimate the
output voltage ripple at very light loads where the output
voltage ripple is dominated by the inductor current ripple.

In addition to the output voltage ripple generated across
the output capacitance, there is also output voltage ripple
produced across the internal resistance of the output
capacitor. The ESR-generated output voltage ripple is pro-
portional to the series resistance of the output capacitor,
and is given by the following expressions where Rggg is
the series resistance of the output capacitor and all other
terms as previously defined.

| R
AVp.p(guck) = % =l oap ResgVolts

AVp_p(Bo0ST) =

ILOAD RESR VOUT VOUT
= ILOAD RESR —_— VOltS
Vin (1—tLow f) Vin

InmostLTGC3118applications, an output capacitor between
47yF and 100pF will work well.

Input Capacitor Selection

The Vyq or Viyo pin carries the full inductor current and
provides power to internal control circuits in the IC. To
minimize input voltage ripple and ensure proper operation
of the IC, a low ESR bypass capacitor with a value of at
least 10pF should be located as closetothe pinas possible.
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APPLICATIONS INFORMATION

The traces connecting this capacitor to Vi1 or Viyo and
the ground plane should be made as short as possible.

When powered through long leads or from a high ESR
power source, a larger value bulk input capacitor may be
required. Insuchapplications, a47pFto 100pF electrolytic
capacitor in parallel with a 1pF ceramic capacitor gener-
ally yields a high performance, low cost solution. In ideal
diode mode, the voltage ripple on each input must be kept
below the V;y comparator’s 800mV hysteresis to prevent
repetitive switching between V1 and Vyo operation when
the input voltages are similar.

Recommended Input and Output Capacitors

The capacitors used to filter the input and output of the
LTC3118 must have low ESR and must be rated to handle
the large AC currents generated by the switching convert-
ers. This is important to maintain proper functioning of
the IC and to reduce output voltage ripple. There are many

Table 2. Representative Bypass and Output Capacitors

capacitor types that are well suited to these applications
including multilayer ceramic, low ESR tantalum, 0S-CON
and POSCAP technologies. In addition, there are certain
types of electrolytic capacitors, such as solid aluminum
organic polymer capacitors, that are designed for low
ESR and high AC currents and these are also well suited
to some LTC3118 applications. Table 2 provides a partial
listing of appropriate capacitors to use. The choice of
capacitor technology is primarily dictated by a trade-off
between size, leakage current and cost. In backup power
applications, theinput or output capacitor might be a super
or ultra capacitor with a capacitance value measuring in
the Farad range. The selection criteriain these applications
are generally similar except that voltage ripple is generally
not a concern. Some capacitors exhibit a high DC leak-
age current which may preclude their consideration for
applications that require a very low quiescent current in
Burst Mode operation.

VALUE VOLTAGE CAPACITOR TYPE SIZE
PART NUMBER (pF) (V) ESR (mQ) (W x L xH) mm MANUFACTURER
12103D226MAT2A 22 25 X5R Ceramic 3.2x25x28 |AVX
WWW. avx.com
(2220X226K3RACTU 22 25 X7R Ceramic, 57x5x24 | Kemet
A700D226M016ATE030 22 16 Aluminum 7.3x43x2.8 |www.kemet.com
Polymer 30mQ
GRM32ER71E226KE15L 22 25 X7R Ceramic 32x25x25 |[Murata
Www.murata.com
PLV1E121MDLA1 82 25 Aluminum 8x8x3 Nichicon
Polymer, 25mQ www.nichicon.com
ECJ-4YB1E226M 22 25 X5R Ceramic 3.2x25x25 |Panasonic
Www.panasonic.com
25TQC22MV 22 25 POSCAP, 50mQ 73x43x1.9 |Sanyo
16TQC100M 100 16 POSCAP, 45mQ | 7.3x4.3x3.1 |www.sanyo.com
25SVPF47M 47 25 0S-CON, 30mQ 6.6 x6.6x5.9
TMK325BJ226MM-T 22 25 X5R Ceramic 32x25x2.5 |Taiyo Yuden
www.t-yuden.com
CKG57NX5R1E476M 47 25 X5R Ceramic 6.5x55x55 |TDK
www.tdk.com
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Ceramic capacitors are often utilized in switching con-
verter applications due to their small size, low ESR and
low leakage currents. However, many ceramic capacitors
intended for power applications experience a significant
loss in capacitance from their rated value as the DC bias
voltage on the capacitor increases. It is not uncommon
for a small surface mount capacitor to lose more than
90% of its rated capacitance when operated near its
maximum rated voltage. This effect is generally reduced
as the case size is increased for the same nominal value
capacitor. As a result, it is often necessary to use a larger
value capacitance or a higher voltage rated capacitor than
would ordinarily be required to actually realize the intended
capacitanceatthe operating voltage of the application. X5R
and X7R dielectric types are recommended as they exhibit
the best performance over the wide operating range and
temperature of the LTC3118. To verify that the intended
capacitance is achieved in the application circuit, be sure
to consult the capacitor vendor’s curve of capacitance
versus DC bias voltage.

Compensation of the Buck-Boost Converter

The LTC3118 utilizes an average current architecture to
regulate the output voltage. Average current mode control
has two loops that require frequency compensation, the
inner average current loop and the outer voltage loop. The
compensation for the inner average current loop is fixed
withinthe LTC3118to simplify the loop designand provide
the highest possible bandwidth overawide operating range.
The outervoltage loop does require external compensation
components, allowing the overall loop characteristics to
be customized for the application.

Theaverage currentmode controlusedinthe LTC3118 can
be conceptualized as a voltage-controlled current source
(Vees), driving the output load formed primarily by R gap
and Coyr, as shown in Figure 8.

The voltage error amplifier output (VC), provides a com-
mand input to the Vggg. The full-scale range of VC is 0.6V
(200mV to 800mV). With a full-scale command on VC,

VOLTAGE VOLTAGE
CONTROLLED ERROR
CURRENT AMP

SOURCE .
m
+ +—1v

O = 3.6A/0.6V

¢ ¢ Vour =5V
Rt —L Cour
400k AT\F
RLoaD
Rcoesr 9§ O
R2 0.01Q

100k

L/

L
A 800mV
| GND

—_— 3118 F08

Figure 8. Simplified Representation of Average Current Mode Control Loop
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the LTC3118 buck-boost converter will generate an aver-
age 3.6A of inductor current (typical) from the converter
making the transconductance gain 6A/V. As with peak
current mode control, the inner average current control
loop effectivelyturnsthe inductorintoacurrentsource over
the frequency range of interest, resulting in a frequency
response from the power stage that exhibits a single pole
(—20dB / decade) roll-off. The output capacitor (Cqyt) and
load resistance (R oap) form a dominant low frequency
pole, where the effective series resistance of the output
capacitor and its capacitance forma zero, usually at a high
enough frequency to be ignored.

A potentially troublesome right half plane zero (RHPZ)
is also encountered if the converter is operated in boost
mode. The RHPZ causesanincreaseingain, like azero, but
a decrease in phase, like a pole. This can ultimately limit
the maximum converter bandwidth that can be achieved
with the LTC3118. The RHPZ is not present when operat-
ing in buck mode.

The overall open loop gain at DC is the product of the
following terms:

Voltage Error Amp Gain:
Om *Rea =80uS ¢ 5MQ = @ (fixed)

Voltage Divider Gain:
Vig IV
Vour  Vour

Current Loop Transconductance:

6A ..
0c = v (fixed)

Load Resistance:

The frequency dependent terms that affect the loop gain
include:

Output Load Pole (P1):

(application dependent)

21t * R oap * Cour

Right Half Plane Zero (RHPZ):
Vin2 *Ry ot
——-———— (application dependent
Voltage Error Amplifier Compensation: 2 poles and 1 zero
(application dependent)

The voltage amplifier’s frequency response is designed
to optimize the response for the overall loop. Measure-
ment of the power stage gain over line, load, component
variation and frequency is strongly recommended prior
to loop design. The design parameters for compensation
design will focus on the series resistor and capacitors
connected from VC to ground (Rz, Cp1 and Cpo). Being a
buck-boost converter, the targetloop crossover frequency
for the compensation design will be dictated by the high-
est boost ratio and load current that is expected, as this
will result in the lowest RHPZ frequency. The general goal
is to set the crossover frequency and provide sufficient
phase boost using the external compensation network.
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Compensation Example

This section will demonstrate how to derive and select
the compensation components for a typical LTC3118 ap-
plication. Designing compensation for other applications
is a matter of substituting different values in the equations
provided based on the power stage bode plots. Since the
compensation design procedure uses a simplified model
of the LTC3118, the results from the following compensa-
tion design should always be verified with time domain
step load response tests to validate the effectiveness of
the compensation design. It is assumed that the value
and type of output capacitor will be selected based on the
guidelines provided elsewhere inthis data sheet. Particular
attention needs to be paid to the voltage bias effect on
ceramic capacitors typically used for output bypassing.
Similarly, itis assumed that the inductor value and current
rating has been selected as well, based on the application
requirements.

Example Application Details:
Viy=3Vto 15V
Vour =8V
Maximum lgyt (boost mode) = 1A, R gap = 92

Maximum Igyt (buck mode) = 1A, R gap = 5Q
(could supply 2A if Vi > 5V)

Coyt = 100pF but use 66pF in calculations to account
for DC voltage bias effects.

L =3.3pH

Since this application includes boost mode operation, the
first step is to calculate the worst-case RHPZ frequency
as this will dictate the maximum loop bandwidth for the
converter.

2 L]
RHPZ (f) = VIN 5 I:{LOAD —
VOUT e2melL
3V «5Q

= 87kHz

5V2 ¢ 21t ¢ 3.3uH

In order to account for internal IC component variations,
it is a good practice to set the converter bandwidth, or
crossover frequency, at least 4 to 5 times lower than the
RHPZ frequency, to avoid excessive phase loss from the
RHPZ when operating in boost mode. In some instances
suchas higheroutputvoltage applications, an even greater
separation between the loop crossover frequency and
the RHPZ frequency may be necessary. In this example
design, we’ll plan to achieve a loop bandwidth (fgg) of
20kHz, well below the RHPZ frequency. The 5V, 1A de-
sign example bode plots are shown in Figure 9. The top
curve set shows the power stage gain (and phase) in buck
(> 5V)y) and 3V boost mode operation. The DC gain in
buck mode is simply the current loop transconductance
(6A/V) multiplied by the load resistance (5€2). The Voyr
resistor divider will be accounted for in voltage amplifier
network.

Buck DC Gain:
20log(6A/V5Q) = 29dB

In boost mode the gain is reduced by Vin/Vour.

Boost DC Gain at 3V)y:
20|og(6A/V «3V e 50Q

= 25dB
)

The output load pole will move depending on the output
load resistance. The power stage poles at full load are
shown in the top set of curves in Figure 9.
Output Load Pole:

1 1

= = 480Hz
2 ® RLOAD i COUT 2mebQ e 66IJF

3118fa

LY N

Downloaded from AFFOW.Com.

For more information www.linear.com/LTC3118

31


http://www.linear.com/LTC3118
http://www.arrow.com

LTC3118

APPLICATIONS INFORMATION

s [T T Vo]
15 | BOOST MODE O BUEK MODE | 60
g 1 NG
= ™N "‘\
= 6 LU N 0 acl
s [~ N z
5} N NN !
= -6 I~ | by 60 S
17} T~ ™ \ m
o _12 N [<p]
& Sl =
% -18 NN 120
24 GAIN N
=30 I — — PHASE ~180
_36 L1 111l
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz
FREQUENCY
36 —— 0
~ —VC/Voural
30 ~ OUTA
Y g -20
g 18 ™
~ o ™~
Z 12 N A N -0 -
3 6 N ™N )4 N =
o K N 7 ) »
S g\ N/ N 50 ™
S 6 \ DN \ E
w - ~
2 1 AN Al ™ 80 =
5 * Vg SN
S -18 ~ NN
> N ™
24 M| -100
_30 | —— GAIN VU
— — PHASE I
~36 -120
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz
FREQUENCY
i LTI Vootoum]
50 =i BUCK MODE 180
— 40 = ~NL ‘ NN
I 30 A R 120 2
= 2 74 IN g >
E ‘ L N ~ - m
S 10 | N o 60 =
& 0 BOOST MODE N~ N~ =
o N N el
S -0 S 5 0 2
> 2 i : =
- - —_
= 30 \‘\ 60 B
=40 Sl =
-50 | —— GAIN ™ -120
-60 |- — — PHASE MARGIN
_70 I L1111l I L1l _180
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz
FREQUENCY straros

Figure 9. Bode Plot Showing Power Stage Gain (Top), V4 Loop (Center), and Total Loop Gain vs Frequency

These values were verified in the top set of curves in
Figure 9. The resulting power stage crossover frequency
is around 40kHz in buck mode (Vy > 5V), 20kHz in boost
mode at 3.5V)y.

The uncompensated power stage crossover frequency
is higher than the goal of 20kHz. More importantly, the
uncompensated power stage DC gain is low, especially in

boost mode. A pole-zero-pole network will now be added
to the voltage amplifier to increase the DC gain, reduce
the crossover frequency and reduce the overall gain at
high frequencies:

1

V, Polel= —————
A 21 REA Cp1
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this pole is close to DC, Rga = Voltage Error Amp output
resistance, which is approximately 5MQ. This pole is
mentioned for completeness, but has no effect on the
overall loop design:

1

Vy Zerol= —————
A 271: RZ Cp1

thiszerois placed below the crossover frequency to flatten
the Vj gain at the crossover to improve phase margin:

1

Vy Pole2= ————
A 27 RZ Cp2

Thispoleis placed above the crossoverfrequency toreduce
the gain to suppress noise and mitigate any RHPZ effects.

Referring to the power stage gain curves in Figure 9, the
loop gain needs to be reduced by 4dB to achieve a total
loop crossover frequency of 20kHz. Assuming Zero 1 is
placed well below the crossover frequency and Pole 2 is
placed well above the crossover frequency, the voltage
amplifiers gain at crossover is given by:

V gain at crossover:

201og [—VFB *Om* Rz ]:
Vout

2010 (w . sougl/v . 40kj:_ 4d8

Where gp, is the Vp transconductance, Veg/Voyr is the
feedback divider gain, and Ry is the external zero resistor.

As shown, a 40k< value for Rz will provide —4db of gain
at crossover. With Rz selected, Cp1’s value is determined
by setting the Zero 1 frequency at one-tenth the crossover
frequency, or 2kHz.

Cpy = 1 -
p1 = =
21 * Rz * f7eR01
1
=1.8nF
27 * 40kQ) » 2kHz

Finally, the high frequency Pole 2 is set at 10 times the
crossover frequency to provide a high frequency pole at
200kHz.

Cpp = 1 -
py = =
21 * Rz * fpoLen
1
= 22pF
27 * 40k » 200kHz

The second set of curves in Figure 9 show the resulting Vp
response to the selected values. Notice that the separation
between Zero 1 and Pole 2 provides 60 degrees phase
bump near the crossover frequency.

Combining the power stage and V, frequency responses,
the measured overallloop gainsare showninthe bottom set
of curves of Figure 9. As shown, the crossover frequency
was reduced to 20kHz in buck mode, 10kHz in boost. The
phase margin at crossover is around 70 degrees. The
V design provided the additional benefits of high gain
(>50dB) at DC and gain attenuation above the crossover
frequency to prevent RHPZ issues.
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System Power (Priority) or 3-Cell Li-lon to 5V Vgyt Regulator with Automatic Burst Mode Operation

3.3yH
I 1
0.1pF 0.1yF
4V T0 5.5V l l 5V UP TO 1.5A
4 L 2 Viny  BST1 SWi SW2 BST2  Vout L4 L 4 Viy > 4.5V o
.
232k %402k _L
SYSTEM | S —_L—mO“F
POWER 224F RUN1 FB = PGND
>
| 100k < 100k
® ® PGND GND ¢
= —) _L1.8nF J{
cMi 1TC3118 | 40.2k |
cM2 Ve
J_47nﬂ_7 CP1 __
— A Ee VIGD " powER GOOD
10nF 26D = |\ D|CATORS
10nF PGD [—
= ‘ I_— CN2
CN1 Vee ? Jri
7.5V 70 12.6V > wiii BAT-54
' : * * Vine SEL SCHOTTKY DIODE
JJ_ | 523k MODE
+ _
% Li-lon 22yF RUN2 =
+
.[ | 100k
ks ? ® PGND
3118 TAO2a
Efficiency vs Load Current: Vi1 =5V, 100mA to 1A Load Step, Vyq = 5V,
Ving =10.8V, Vgyr =5V Vout =5V, Auto Burst Mode
IN2 out out
100 T SVour
90 [~ BURST At N TRANSIENT
80 = AN 200mV/DIV: NANANNAN
/ = / :
70 / a INDUCTOR
B y A CURRENT [ —r——
60 PWM \
= 1ADIV e .
5 / M T
Z 501 Al LOAD : |
2 a0 |4 / CURRENT | I .
o m
b / TADIY |y A A AAAN e AAAAAA
30 7 y / VC
20 y AW 200mV/DIV
— 100ps/DIV semoze
10 S IN1
L 1 -— Ving
O -~ LIl L1111l
0.0001 0001 001 01 1 10
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12V Wall Adapter (When Present) or 2-Cell Li-lon to 12V Vgyr Regulator with Automatic Burst Mode Operation

6.8uH
0.1uFJ: :Lo.wF
6V T0 8.2V [ [
9 » Vini BST1 SWi SW2 BST2  Vour 9—— 12V AT 800mA
402 S 1100k _L100uF
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— O —
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12V, 12Vour Vour =12V
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60 7 It ¥
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N CURRENT \
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Dual Battery System to 3.3V Vgyr, Runs from Lead Acid (Priority) When Present
Automatic Burst Mode Operation

3.3pH
0.1uFJ: 10.1uF
10.5V TO 14.5V | |
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

UFD Package
24-Lead Plastic QFN (4mm x 5mm)
(Reference LTC DWG # 05-08-1696 Rev A)

| .
| | ﬁj
450 £0.05 N \ EI;:I
3.10:0.05 | i M
2.00 REF Ee:kf 29%0;05*7‘# ,,,,, =
1 — 3.65+0.05 —> Ij;l
‘ |
! |
|
! l‘« PACKAGE OUTLINE
HHE] -
0.25 £0.05
0.50 BSC —>
<———3.00 REF——>|
<~ 410005 — >

<~ 5504005 ——>

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED R=0.05TYP <900 REF—»| PIN 1 NOTCH
R=0.20 OR C = 0.35

4.00+0.10 \ 0.75 £0.05 | $Y=P0.115
“— (2 SIDES) Do | |
|
o 1 \w LU w U LU 0.40 £0.10
TOP MARK | .
(NOTE 6) i ‘ \'/ < f
| =BRN=j
> \ (-
|
|
P e - —+ .00 REF = |— | |-
i — [365:010 —
i > 1 -
2.65+0.10 —>
| I —
| f -]
|
‘ ﬂ ﬂ ‘ m m (UFD24) QFN 0506 REV A
|
1 — ‘ <— 0.200 REF ﬂ—»‘ < 0.2510.05
| — > l<— 0.00-0.05 —»| l<—os508sC
! 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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Please refer to hitp://www.linear.com/designtools/packaging/ for the most recent package drawings.

FE Package
28-Lead Plastic TSSOP (4.4mm)
(Reference LTC DWG # 05-08-1663 Rev K)
Exposed Pad Variation EB

475 9.60 -9.80*
(.187) (.378 —.386)
4.75

+_fdooboooooonoooo

6602010 | (g 1 PAD HEAT SR e D Y
4.50£0.10 & SEE NOTE 4 ON BOTTOM OF \I I T 40
0.45 £0.05 PACKAGE i + I 2L (252)
45 40, | 108) "
| | BSC
|

1000000000000] “T O b
TUTET

RECOMMENDED SOLDER PAD LAYOUT

1.20
4.30 - 4.50* (.047)
‘ (169-177) ‘ %é? MAX
VA Y. T ( N\ b
%\ Rty QMMHEMMU# 1
i 0.65
0.09-0.20 0.50-0.75 ‘ T (.0256) »‘ ‘F 0.05-0.15
(.0035 —.0079) (.020 - .030) BSC T (.002 —.006)
m —| |- FE28 (EB) TSSOP REV K 0913
TYP
NOTE:
4. RECOMMENDED MINIMUM PCB METAL SIZE

1. CONTROLLING DIMENSION: MILLIVETERS
2. DIVENSIONS ARE IN 1) LIMETERS FOR EXPOSED PAD ATTACHMENT
(INCHES) *DIMENSIONS DO NOT INCLUDE MOLD FLASH. MOLD FLASH

3. DRAWING NOT TO SCALE SHALL NOT EXCEED 0.150mm (.006") PER SIDE
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 09/15 | Text clarification 1
Pin name corrections for SW1, SW2, BST1 and BST2 34,35
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TYPICAL APPLICATION

12V V) to 5V Vgyr Converter with Capacitor Backup
Runs from V|1 (Priority) in Normal Mode, V2 During Backup Event

3.3uH
0.14F Tr EONF 10mF, 18V Back-Up Capacitor Supports
200mA Load for >1 Second
10570 1450 , BST1 SW1 SW2 BSTZV .
INT out Ving
| J_ 768k 402 _L o 1ov/olv
LEAD ACID
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PART NUMBER | DESCRIPTION COMMENTS
LTC3111 1.5A (louT), 15V Synchronous Buck-Boost DG/DC Converter Vin = 2.5V to 15V, Vout = 2.5V t0 15V, Ig = 49pA, Igp < TpA,
DFN and MSQP Packages
LTC3112 2.5A (lgut), 15V Synchronous Buck-Boost DC/DC Converter Vin = 2.7V to 15V, Vut = 2.5V to 14V, Ig = 40pA, Isp < 1pA,
DFN and TSSOP Packages
LTC3113 3A (loyt), 5V Synchronous Buck-Boost DC/DC Converter Vin=1.8V105.5V, Vgyr = 1.8V 10 5.25V, Ig = 30pA, Igp < TpA,
DFN and TSSOP Packages
LTC3114-1 1A (lgyt), 40V Synchronous Buck-Boost DC/DC Converter Vin = 2.2V t0 40V, Vout = 2.7V 10 15V, lg = 30pA, Igp < 3pA,
DFN and TSSOP Packages
LTC3115-1 2A (Igyr), 40V Synchronous Buck-Boost DG/DC Converter Vin =2.7V t0 40V, Vgut = 2.7V 10 40V, Ig = 30pA, Igp < 3UA,
DFN and TSSOP Packages
LTC3122 2.5A Isw, 3MHz, Synchronous Step-Up DC/DC Converter with | Operating Range V) = 1.8V to 5.5V (500mV After Start-Up), Vout = Up
Output Disconnect, Burst Mode Operation, Up to 95% Efficiency | to 15V, Ig = 25pA, Igp <1pA, 3mm x 4mm DFN and MSOP Packages
LTC3124 5A Igw, 3MHz, 2-Phase Synchronous Step-Up DC/DC Operating Range V,y = 1.8V to 5.5V (500mV After Start-Up), Vout Up
Converter, Output Disconnect, Burst Mode Operation, to 15V, Iq = 25pA, Isp < 1pA, 3mm x 5Smm DFN and TSSOP Packages
Up to 95% Efficiency
LTC3129 200mA (lgyr), 15V Synchronous Buck-Boost DG/DC Converter | Viy =2.42V to 15V, Vout = 2.5V to 14V, Ig = 1.3pA, Igp = 10nA,
QFN and MSOP Packages
LTC4412 28V Low Loss PowerPath Controller in ThinSOT™ Operating Range 3V to 36V, g = 11pA, 6-Lead ThinSOT Package
LTC4417 Prioritized PowerPath Controller Vi = 2.5V to 36V, -42V Reverse Protection, Iq = 28pA, Igp < 1A,
QFN and SSOP Packages
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