ANALOG

DEVICES
LT3154
6A Low Noise, High Performmance
Buck-Boost DC/DC Converter
FEATURES DESCRIPTION

= Single Inductor Buck-Boost Architecture

= Low Noise Buck-Boost Architecture

= Wide Viy Range 1.8V to 5.5V

= Adjustable Vgoyr Range 1.8V to 5.5V

= 5A of Continuous Qutput Current with Vjy > Vour
= Up to 95% Efficiency

m Selectable Internal 2.2MHz Fixed Frequency
Adjustable and Synchronizable: Up to 4MHz

Burst Mode® I 15pA for High Efficiency at Light Loads
Programmable Soft-Start and Vy UVLO

® Simple Solution with Minimal External Components

APPLICATIONS

Portable Inventory Terminals
Handheld Computers

Medical and Industrial Instruments
Wireless RF Transmitter

Backup Power Applications
Battery Powered Systems

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

The LT®3154 is a highly efficient, high current, buck-boost
DC/DC converter that operates from input voltages
above, below or equal to the regulated output voltage.
The LT3154’s advanced topology provides a continu-
ous transfer through all operating modes. Vy operation
from 1.8V to 5.5V provides flexibility for a wide variety of
power sources. The output voltage is adjustable between
1.8V 10 5.9V.

To minimize external components the LT3154 can be
configured to operate from a 2.2MHz internal oscillator.
To optimize applications for highest efficiency or small-
est footprint the oscillator can be programmed between
400kHz to 4MHz, or synchronized to an external clock for
noise sensitive circuits.

Selectable Burst Mode operation reduces quiescent cur-
rent to 15pA, ensuring high efficiency across the entire
load range. The V|y start-up threshold (UVLO) can be
adjusted for various input sources. An internal or exter-
nally programmable soft-start limits inrush current
during start-up. Other features include <1pA shutdown
current, short circuit, and thermal overload protection.
The LT3154 is housed in the thermally enhanced 16-lead
(3mm x 3mm x 0.75mm) LQFN package.
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L3154

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
(Note 1)
Supply Voltages TOP VIEW
PViN, ViN, PVouT, VOUT coverererereereererieierenenen, -0.3Vto 6V £ 28¢
SW1, SW2 Voltage (Notes 4, 6) RN

DO -0.3Vto 6V AR

PULSED (< 100NS) ...vcviviviverercrcreiercvcveien -1.0Vto 7V P [0 12 Pvour
All Other PiNS .....c.veeeeeeeeeeeeeeeeeeeeeeeeeeeenn, -0.3Vto 6V 2D 1, (1] vour
Operating Junction Temperature Range (Notes 2, 3, 9) vz | Pano 10 ve

LT3154E/LT3154 ..o -40°C to 125°C CYIYE)] R —— €l i

LT31540 v ~40°C to 150°C DG
Storage Temperature Range .................. —65°C to 150°C P =
Lead Temperature (Soldering, 10 SEC)................... 300°C g &

LQFN PACKAGE
16-LEAD (3mm x 3mm x 0.74mm)
Tymax = 150°C, DEMOBOARD 6ya = 22°C/W
8,G = 9°C/W, JEDEC 64 = 42°C/W (NOTE 5)
EXPOSED PAD (PIN 17) IS PGND, MUST BE SOLDERED TO PCB
ORDER INFORMATION
PART MARKING* PACKAGE MSL | TEMPERATURE RANGE
PART NUMBER | PAD OR BALL FINISH |  DEVICE FINISH CODE TYPE RATING | (SEE NOTE 2)
LT3154AV#PBF Au (RoHS) LHGJ ¢4 LQFN (Laminate Package 3 —40°C to 125°C
with QFN Footprint)

* Contact the factory for parts specified with wider operating
temperature ranges. *Pad or ball finish code is per IPC/JEDEC
J-STD-609.

* Recommended LGA and BGA PCB Assembly and Manufacturing Procedures
* LGA and BGA Package and Tray Drawings

Rev. 0
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L3154

GLGCT"HCHL CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating junction

temperature range, otherwise specifications are at Ty = 25°C (Note 2), PVjy = Vi = 3.6V, PVgyt = Yoyt = 3.3V unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vn Operating Voltage EN/UVLO > 1.24V [ 1.8 55 \
Vour Operating Voltage Adjustable Version with External Divider ® 1.8 5.5 \
Feedback Voltage ® | 098 1.0 1.02 \
Vin/Voyr Currents
PWM Mode No-Load Current - Vy 20 mA
Sleep Quiescent Current — Vi SYNC/MODE = 0V, Vgyr in Regulation, Non-Switching 15 25 HA
Sleep Quiescent Current — Vour SYNC/MODE = 0V 1 pA
Shutdown Current — Vi EN/UVLO = 0V, SS = 0V (Note 7) 0.5 HA
Currentin UVLO - V) EN/UVLO = 1.05V 8 25 HA
EN/UVLO Operation
EN/UVLO Pin Rising Threshold ® | 116 1.2 1.24 vV
EN/UVLO Pin Falling Threshold ® | 1.06 1.1 1.14 v
EN/UVLO Pin Input Leakage Current EN/UVLO = 5V 1 50 nA
EN/UVLO Pin Shutdown Threshold EN/UVLO Pin Voltage ° 0.2 0.75 1.05 v
Switch Operation
Average Inductor Current Limit ° 55 6.5 8.7 A
Peak Inductor Current Limit 8 95 1 A
I7ero Current SYNC/MODE = 0V -0.25 0 0.25 A
Reverse Inductor Current Limit SYNCG/MODE = 3.6V -1.5 -1.2 -0.9 A
Lowside (B & C) MOSFET RDS(ON) Vin=3.6Y, Voyr = 3.0V 18 me
Highside (A & D) MOSFET Rpson) Vin=Vour=3.6V 25 meQ
Lowside MOSFETs Leakage Currents Vgw = 5.5V, EN/UVLO = 0 0.05 2 pA
Highside MOSFETs Leakage Current Vin = Vout = 5.5V, Vgw1 = Vswo = 0V, EN/UVLO = 0 0.1 10 HA
Oscillator Operation
Switching Frequency RT to V)y or Ry =49.9kQ [ 1.8 2.2 2.6 MHz
Switching Frequency Range Rt Programmable [ 0.4 4 MHz
Max Boost Duty Cycle (SW2 Low) Rt = Vn, FB or Vout 5% Below Regulation Value ® 83 88 93 %
Min Duty Cycle (SW1 High) Rt = Vy, FB or Vout 5% Above Regulation Value ° %
SYNC/MODE Applied Clock Frequency Rt Chosen to Program a 25% Lower Frequency o 0.5 MHz
SYNC/MODE High or Low Pulse Width 75 ns
SYNG/MODE Input High Logic Level [ 1.5 \
SYNC/MODE Input Low Logic Level ) 0.5 \
SYNC/MODE Input Leakage Current SYNC/MODE = 5V 1 50 nA
Soft-Start
Soft-Start Period (Cgs Charge Time to 0.8V) SS=V)yorCgs=2.7nF 2.2 ms
External SS Regulation Voltage Capacitor to GND Sets SS Time 1.0 v
Voltage GM Amp
Feedback Pin Input Current FB =1V 0 50 nA
V¢ Source/Sink Current FB = 0.9V Source, FB = 1.1V Sink +12 pA
Error Amplifier Transconductance VG Current = +4pA 110 uS
Rev. 0
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L3154

ELECTRICAL CHARACTERISTICS

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.
Note 2: The LT3154 is tested under pulsed load conditions such
that Ty =Ta. The LT3154E 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
LT3154! is guaranteed to meet specifications over the —40°C to 125°C
operating junction temperature. The LT3154J is guaranteed to meet
specifications over the —40°C to 150°C operating junction temperature
range. High junction temperatures degrade operating lifetimes; operating
lifetime is de-rated 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 (T in °C) and power dissipation
(Pp in Watts) according to the following formula:

Ty=Ta+ (Pp) * (64a °C/W)
Where 0, is the package thermal impedance. Note the maximum ambient
temperature consistent with these specifications is determined by specific
operating conditions in conjunction with board layout, the rated package
thermal resistance and other environmental factors.

Note 3: This IC includes overtemperature protection that is intended to
protect the device during momentary overload conditions. The maximum
rated junction temperature will be exceeded when this protection is active.
Continuous operation above the maximum operating junction temperature
may impair device reliability or permanently damage the device.

Note 4: Specification is guaranteed by design and not 100% tested

in production.

Note 5: Failure to solder exposed backside of the package to the PC Board
will result in a higher thermal resistance

Note 6: Voltage transients on the switch pins beyond the DC limits
specified in Absolute Maximum Ratings are non-disruptive to normal
operation when using good layout practices as described elsewhere in the
data sheet and as seen on the demo board.

Note 7: To ensure low shutdown current when voltage is initially applied
to Vi, the external SS capacitor option is recommended if EN/UVLO is
controlled through a microprocessor and not connected to Vy directly
or through a UVLO resistor divider network as depicted in most data
sheet applications.

Alternately, toggling EN/UVLO high then low after initial V,y power-up
will allow the LT3154 to determine the correct SS pin configuration to
enable or disable an internal 40k resistor used to discharge the external
SS capacitor in shutdown. If SS is connected to Vy (selecting the internal
option) and EN/UVLO is held low during initial Vi power-up, the 40k
resistor may add extra Vyy quiescent current until EN/UVLO is toggled.

Rev. 0

| For more information www.analog.com


https://www.analog.com

L3154

TYPICAL PERFORMANCE CHARACTERISTICS

(Ta=25°C, Viy = 3.6, Vgyr = 3.3V unless otherwise specified)
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1.8V, 2.5V, 3.6V, 5.0V to 1.8V, 2.5V, 3.6V, 5.0V to Li-lon (3.0V, 3.6V, 4.2V) to
3.3Vour, L = 0.68pH 5.0Vgyr, L =0.68pH 3.3Vour, L=1pH
100 —rrrmmm 5 100 777 5 100 7777 5
90 | BURST _ - o 4 Q:Q 90 |_BURST L e 3 \'\:~ 90 7BURS‘-;{’ S
l-;: ? 7 L& =T N\ /’ l,
80 4 K I 4 5 80 g’:'— AdmEll 4 - 80 7‘ / I 4 -
7 —1avy 2 —tavpy| 2 Y/ Al —sovyl| 2
70 y IN 70 Y 70 f =
= |y / —-—25yl £ F ) / -—2s5uy| = g "] / ——aevw|| =
= 60 [ i -==36Vyi3 2 I 60f; ===36VN[|3 © I 60 il === 42Vl 3 2
) | / I = 5 e == 5.0V, = & / =
= 50 |- / 5.0 T = 5 lr | ) /1] m
o U PWM [T ] I o PWM J] i z T PWM |/ fd
£ 40 e 22 E 40 /: 2@ E 4 /A 2 3
o] ’ I A5 A [ » o i h %)
30 ',' T g 30 A Ii' g 30 1t %
20 1 20 f 1 20 i
: 4 Loss i o LI T ose I . Loss
| i I il i t? |
0 0 04— 0 (b 0
0.0001 0001 001 0.1 1 10 0.0001 0001 001 0.1 1 10 0.0001 0001 001 0.1 1 10
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency/Power Loss at 2.2MHz
1.8V, 3.6V, 5.0V to 2.5V, Burst Mode Operation No-Load
L=0.68yH Input Current vs Vjy PWM Mode Efficiency vs fgy
100 T [ ° " — T ovour 42, 33Vour, 1M, 1A LOAD
O AT AT TN o | —= 33Vour o7
80 A 4 \\ === 5.0Vpyr —
135 il - \ o6 I~
- /,, AL — 1.8v)y = 50 S \\
= // ) / (i |—-sewn || = < ™ S ™
= 60 |/ ———50Vy i3 8 2 ~ £ 9% N
o] / Wi = =4 S N NG
i PWM ER- > el 2 % N
s | yinr 5 530k S =]
T 40 2 & =} N o~ — o 93 AN
o VillAn o 2 = ~ Tt o ‘\
30 /i i = 20 o N
20 (1, HH 1 ~N
il LOSS 10
10 L L 91
7 r/_ A
p == 0 0 )
0.0001 0001 001 0.1 1 10 1822 26 3 3438 42 46 50 54 58 400 800 1200 1600 2000 2400 2800 3200 3600 4000
LOAD CURRENT (8) Vi (V) . SWITCHING FREQUENCY (kHz)
PWM Mode No-Load Input Viy Current in Shutdown
Current vs Vjy Shutdown vs Vi Current vs Temperature
40 0.6 25 T T
Vin=3.6V
35 ‘~~\\ 05 ” )
B > d
T L\ v Z 04 z
= \ <7 = | 215
= .y 4 ' =
g \ >4 Z . P = /
& N i & T &« /
3 N - 3 7 =3
2 BT~ Z 02 S /
= = .
10 /,/ fow = 1MHz 05
— 1.8Vour 0.1 ' —
5 —= 3.3Vour L
0 -\-- ?OVOUT 0
1.8 22 26 3 3.4 38 42 46 50 54 58 1.8 22 26 3 3.4 38 42 46 50 54 58 -50-30-10 10 30 50 70 90 110 130 150
Vin (V) Vi (V) TEMPERATURE (°C)
3154 GO7 3154 Gos. 3154 G09
Rev. 0

For more information www.analog.com 5



L3154

TYPICAL PERFORMANCE CHARACTERISTICS

(Ta=25°C, Viy = 3.6, Vgyr = 3.3V unless otherwise specified)
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L3154

TYPICAL PERFORMANCE CHARACTERISTICS

(Ta=25°C, Viy = 3.6, Vgyr = 3.3V unless otherwise specified)
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L3154
TYPICAL PERFORMANCE CHARACTERISTICS

(Ta=25°C, Viy = 3.6, Vgyr = 3.3V unless otherwise specified)
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L3154

PIN FUNCTIONS

PV|y (Pins 1, 2): Power Input for Buck-Boost Converter.
Connect a minimum 22pF low ESR capacitor to PGND
as close to the device as possible. This pin must be con-
nected to Vyy in application.

Vn (Pin 3): Signal Input Voltage. Decouple with minimum
1pF capacitor. Low noise input for control circuitry.

EN/UVLO (Pin 4): Input to Enable the IC. Connect EN/
UVLO to Vi to enable the LT3154 at the 1.8V minimum
operating voltage. Connect to an external divider from
Vy to provide a programmable accurate Vy undervolt-
age threshold:

R1
V(TURNON) =1 2V(1+@)
The accurate EN/UVLO pin threshold has 100mV of hys-
teresis provided internally:

R1
Viurnorr) =1 -1V(1+@)

An external capacitor is recommended if EN/UVLO
is digitally controlled (see Note 7 in the Electrical
Characteristics section).

SYNC/MODE (Pin 5): Burst Mode operation Select and
Oscillator Synchronization. Do not leave this pin floating.

SYNC/MODE = High (V|y). Disable Burst Mode
Operation and maintain low noise, constant frequency
PWM operation.

SYNC/MODE = Low (GND). The converter operates in
Automatic Burst Mode operation.

SYNC/MODE = External CLK. The internal oscillator is syn-
chronized to the external CLK signal, Burst Mode opera-
tion is disabled. A clock pulse width between 75ns and
T period —75ns is required to synchronize the oscillator.
An external resistor must be connected between RT and
GND to program the oscillator 25% to 50% below the
desired synchronization frequency.

RT (Pin 6): Oscillator Frequency Programming Input.
Connect to Vy for 2.2MHz fixed frequency operation.

Connect an external resistor from RT to GND to program
the switching frequency according to the formula:

110

Rt kQ)=———
T = )

GND (Pin 7): Signal Ground. Low noise ground for

control circuits.

SS (Pin 8): External Soft Start. Connect to V,y for 2.2ms
default soft-start period. Connect an external capacitor to
set soft start period according to the formula:

tgs (ms) = 0.8 x Cgg (nF)

FB (Pin 9): Feedback Input to Error Amplifier. The resistor
divider connected to this pin sets the converter output voltage.

R3
Vo1 =0.99V| 1+—
ouT ( +R4)

V¢ (Pin 10): Voltage error amplifier V¢ is used to program
average inductor current. An R-C from this pin to ground
sets the voltage loop compensation.

Vout (Pin 11): Signal Output Voltage. Decouple with
minimum 1pF capacitor. Low noise input for Vgyt con-
trol circuitry.

PVourt (Pin 12): Power Output for Buck-Boost Converter.
Connect a minimum 68pF (see Table 3 low ESR capacitor to
PGND as close to the device as possible. Capacitor value may
change depending on Vg voltage and load current require-
ments. This pin must be connected to Vgt in application.

SW2 (Pin 13): Buck-Boost Converter Switch Pin. Connect
inductor between SW1 and SW2 pins.

PGND (Pins 14, 15, 17-Exposed Pad): Power Ground
Connection. These pins and exposed thermal pad must
make full connection to PCB ground plane to meet speci-
fied thermal requirements. PGND must be connected to
the GND pin in the application.

SW1 (Pin 16): Buck-Boost Converter Switch Pin. Connect
inductor between SW1 and SW2 pins.

Rev. 0
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L3154
BLOCK DIRGRAM

Viy 1.8V T0 5.5V

_ Vout 1.8V T0 5.5V _
IJ'I PVin rl'_lm Sw2 |J-| PVour rL Vout
T L | L | T LI R3
FB
P —g— 4
! T ! VOLTAGE
il ADRV }_{ dA VBEST 0 &! }_{ DDRV AMPLIFIER R4
T ISWA ISWD m
PGND PGND n{0.00v
VBEST iswg  BUCKBOOST VBEST ve L
BDRV | . ¢ CDRV LI
PGND RC
A q PGND F;
L | ¢ ¢ ¢
=+ INT/EXT SS cC
ss =
. — Q1
ADRV BDRV CDRV DDRV CURRENT ISWA Jranp
3 AMPLIFIER -
¥ uvLo < =
] ISWA Sw2
RUN SW1 =
ISWD M oo INT/EXT RT
1.200A }FEVERSE 0SCILLATOR RT
= - ZERO PWM/BURST M I
SYNC/MODE T RAMPS L1
pwm|BURST —{_ | ® SYNC
SYNC 2.2MHz
i GND
I:E 31548D
NOTE: PVjy AND Vjy MUST BE CONNECTED TOGETHER IN THE APPLICATION
PVouT AND Vout MUST BE CONNECTED TOGETHER IN THE APPLICATION =
PGND AND GND MUST BE CONNECTED TOGETHER IN THE APPLICATION
Rev. 0
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L3154

QUICK REFERENCE

This section of the data sheet contains equations for external
component selection for the LT3154 where applicable.

Vin UVLO Threshold

The Viy threshold is internally set to a typical value of
1.7V for turn-on and 1.6V for turn-off when EN/UVLO
is connected to Viy. The Vi UVLO can be adjusted to a
higher threshold voltage with a resistor network on EN/
UVLO according to the following equations:

R1
V(TURNON) =1 2V(1+@)

R1
V(TURNOFF) =1 1V(1+@)

3154 QRO1

Output Voltage Programming

The output voltage for the LT3154 is set via a resistor
divider connected at the FB pin:

R3
Vo1 =0.99V| 1+—
ouT ( +R4)

Vout

LT3154

3154 QRO2

Inmostapplications, choosing R4 equalto 1Meg represents
agoodtrade-off between quiescentcurrentand robustness
against PCB leakage. The minimum recommended Vqyr
setting is 1.8V, the maximum is 5.5V.

Switching Frequency

The buck-boost converter switching frequency, fgy, is
set by the value of the Ry resistor connected between the
RT pin and ground according to the following equation.
Connecting the RT pin to Vjy will set a default frequency
of 2.2MHz.

fow(MHz) =2 (k)
Rt

v, DEFAULT 2.2MHz
IN

RT FREQUENCY
Rr 1 Vin
—  PROGRAMMABLE RT

FREQUENCY

3154 QRO4

Table 1. Ry Value for Common Switching Frequencies

fsw Ry
400kHz 274kQ
500kHz 221kQ
750kHz 147kQ
1.0MHz 110kQ
2.0MHz 54.9kQ
2.2MHz Connect to Vy
3.0MHz 36.5kQ
4.0MHz 27.4kQ

Rev. 0
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L3154

QUICK REFERENCE

The buck-boost converter can be synchronized to an exter-
nal clock applied to the SYNC/MODE pin. The frequency of
the external clock must be higherthanthe internal oscillator
frequency as set by the RT pin. In order to accommodate
the +18% possible variation in the oscillator frequency,
the Ry resistor should be chosen to set the internal oscil-
lator frequency between 25% to 50% below the lowest
synchronization frequency. For example, to synchronize
to an external 2.5MHz clock, Ry should be selected to set
the internal oscillator at 1.9MHz or lower.

Soft-Start Period

The soft-start circuit linearly ramps the average inductor
current during the soft-start period (tgs) from 0A up to
6A. An internal soft-start interval of approximately 2.2ms
can be selected by connecting SS to V,y. For applications
requiring a longer soft-start period, an external capacitor
Csg on SS sets soft-start period according to the formula:

tsg(ms)= 0.8 » Cgg(nF)

Vi DEFAULT 2.2ms
SS SOFT-START
—_I__ Css S Vin

=  PROGRAMMABLE ss
SOFT-START

3154 QROS

In most applications, the initial load current at Vyt re-
quires only a fraction of the 6A maximum current limit,
resulting in Vgyt achieving regulation in a fraction of the
soft-start period. Table 2 gives approximate times for Voyr
to regulate for various Cgg values and initial load currents
in buck mode.

Table 2. Approximate Time for Vgyt to Achieve Regulation vs
Load Current and Cgg

loadCurrent| 01A | 1A | 28 | 4A
Css Value Voyt in Regulation Time (ms)
SSto Vi 0.5 0.75 1 15
10nF 2 3 4 6
47nF 10 15 20 30

Inductor Value

While the ideal inductor value is influenced by many fac-
tors, in most cases, the maximum value is dictated by
the right-half plane zero (RHPZ) frequency at high load
current in boost mode based on the following equation:
Vi’ *Ry

2
Vour” *2m*TRipz

L<

Theinternal controlloop crossover frequency varies between
5kHz to 15kHz in boost mode. To get adequate frequency
separation, the inductor value should be chosen to give a
RHPZ frequency > 100kHz. A 0.47pH to 1pH inductor works
well for most applications and load currents with switch-
ing frequencies above 1MHz. Applications with switching
frequencies below 1MHz may require larger inductor values
and control loop adjustments, at the V¢ pin, to lower the
crossover frequency to avoid the RHPZ.

Output Capacitor Value

The recommended minimum output capacitor, Gy, is
given below as a function of output voltage:

1%

CI\/IIN = —330UF
Vour
Table 3. Minimum Output Capacitor vs Vgyr
Vout Minimum Cqyr
5 68uF
3.3 100pF
1.8 200pF

Control Pin Voltage Limitations

1. SYNC/MODE and EN/UVLO are low voltage input pins
and cannot be forced above 6V.

2. The RT and SS pins should be connected to Vy to
select default values or to GND though the appropriate
external resistor or capacitor when programmed.
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Introduction

The LT3154 is a 6A synchronous buck-boost DG/DC con-
verter optimized for demanding high current applications.
The low Rpg(on), low gate charge synchronous switches
provide, highly efficient, high frequency pulse width
modulation control. The LT3154 utilizes a proprietary low
noise switching algorithm, which allows its output voltage
to be regulated above, below or equal to the input voltage.

Burst Mode capability is included in the LT3154 and is
user-selected viathe SYNG/MODE input pin. In Burst Mode
operation, the LT3154 provides exceptional efficiency at
light output loads by operating the converter only when
necessary to maintain voltage regulation. At higher loads,
the LT3154 automatically transitions to fixed frequency
PWM operation. Continuous PWM mode can also be
selected via the SYNC/MODE pin for low noise operation.

The LT3154 features an accurate, resistor programmable
EN/UVLO comparator which allows the buck-boost DC/
DC converter to turn on and off at user-selected voltage
thresholds depending on the power source. Other pro-
grammable features include the soft-start period, oscilla-
tor frequency and output voltage. Default values for each
feature can selected by connecting pins to Viy or GND,
reducing external component count.

Power Stage Topology

The switchtopology forthe buck-boost converteris shown
in Figure 1. When the input voltage is significantly greater
thanthe outputvoltage, the buck-boost converter operates
in buck mode. Switch D turns on continuously and switch
G remains off. Switches Aand B are pulse width modulated
to produce the required duty cycle to support the output
regulation voltage. As the input voltage decreases, switch
A remains on for a larger portion of the switching cycle.
As the input voltage approaches the output voltage, the
period of switch B will shorten and switch C will begin to
turn on to maintain regulation. The voltages where this
transition region occur will vary depending on load cur-
rent and switching frequency. Additional inductor current

Pyin Pvout

—
C E-N I— CGATE
b~

PGND 3154 FO1

T

Figure 1. Buck-Boost Switch Topology

ripple may occur as SW1 and SW2 begin to transition on/
off near the edges of their respective PWM ramps (see
block diagram). Asthe inputvoltage drops below the output
voltage, switch A remains on continuously while switch
pair CD is pulse width modulated to obtain the desired
output voltage. At this point, the converter is operating
solely in boost mode.

This switching algorithm provides a smooth transition
between operating modes and reduces discontinuities
in average inductor current, inductor current ripple, and
loop transfer function throughout all three operational
modes. These advantages result in increased efficiency
and stability in comparison to the traditional four-switch
buck-boost converter.

PWM Mode Operation

If the SYNC/MODE pin is high or if the load current on the
converter is high enough to force PIWM mode operation,
the LT3154 operates at a fixed frequency programmed by
the RT pin. PWM mode minimizes output voltage ripple and
yields a low noise switching frequency spectrum. A pro-
prietary switching algorithm provides seamless transitions
between operating modes and eliminates discontinuitiesin
the average inductor current, inductor ripple current and
loop transfer function throughout all modes of operation.
These advantages resultin increased efficiency, improved
loop stability, and lower output voltage ripple. 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.
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Automatic Burst Mode Operation

When the SYNC/MODE pin is held low, the LT3154 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 Vgyt. With
SYNC/MODE low, at light output loads, the LT3154 will
go into a standby or sleep state when the output voltage
achieves its nominal regulation level. The sleep state
halts PWM switching and powers down all non-essential
functions of the IC, significantly reducing the quiescent
currentofthe LT3154. This greatlyimproves overall power
conversion efficiency when the output load is light. Since
the converter is not operating 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

INDUCTOR

|
CURRENT SENSE ——- »

SWA1

I_AMP

voltage has decayed by a small amount, typically less than
1%, the LT3154 will wake up and resume normal PWM
switching operation until the voltage on Vqyr is restored
to the previous level. If the load is very light, the LT3154
may only need to switch for a few cycles to restore Voyr
and may sleep for extended periods of time, significantly
improving efficiency.

Average Current Mode Control

The LT3154 utilizes Average Current mode control for the
pulse width modulatoras shownin Figure 2. Current mode
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 2, an internal high gain transcon-
ductance error amplifier labeled V_AMP monitors Vgyr
through a voltage divider connected to the FB node and

Sw2

PWM

INTERNAL
— CURRENT
— + AMPLIFIER

Icomp

CHF

> 10
> SWITCHES

DRIVE
LOGIC

PWM RAMPS/
OSCILLATOR

72

3154 F02

Figure 2. Average Current Mode Control Loop
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generates an output, VC, used by the current mode con-
trol loop to command the appropriate inductor current
level. To ensure stability, external frequency compensa-
tion components (RC, CC and CHF) must be installed
between VC and GND. The procedure for determining
these components is provided in the Applications Section
of this data sheet.

VC is internally connected to the non-inverting input of
a second amplifier, referred to in Figure 2 as |_AMP. The
inverting input of the average current amplifier is con-
nected to the inductor current sense resistor Rgg with
a 200mV offset. I_AMP contains an internal averaging
filter and frequency compensation network to stabilize
operation of the internal current loop. The average cur-
rent amplifier’s output (Igomp) 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 current sensing circuitry alternately measures
the current through switches A and B. The output of the
sensing circuitry produces a voltage across resistor Rgs
thatresemblestheinductor current waveformtransformed
to a voltage. If there is an increase in the power converter
load on Vgyr, the instantaneous level of Vgyt 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, Icomp, Will increase momentarily to
command a larger duty cycle. This duty cycle increase will
resultin a higher inductor current level, ultimately raising
the average voltage across Rgs. Once the average value of
the voltage on Rggis equivalent to the VC level, the voltage
onlgomp Will revertvery closely toits previous levelinto the
PWM and force the correct duty cycle to maintain voltage
regulation at this new higher inductor current level. The
average currentamplifier is configured, so in steady state,
theaverage value of the voltage applied toits inverting input
(voltage across Rgg) will be equivalent to the voltage on
its non-inverting 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 voltage coming from VC.

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
the inner currentloop amplifier. The average current mode
control technique is similar to peak current mode control
except that the average current amplifier controls aver-
age 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.
Control loop compensation techniques are detailed in the
Applications section of this data sheet.

Inductor Current Sense and Maximum OQutput Current

As part of the current control loop, the LT3154 has cur-
rent sense circuitry that measures the inductor current
of the buck-boost converter as shown in Figure 2. This
circuitry measures the current through switches A and B
separately and produces proportional output currents that
are summed at the current sense resistor Rgg. Sensed A
and B switch currents form a voltage replica of the induc-
tor current at Rgg, which is used by the average current
amplifier as described in the Quick Reference section.

The voltage amplifier output, VC, is internally clamped to a
nominal value of 0.9V. Since the average inductor current
is proportional to VC, the 0.9V 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 Rgg, the maximum aver-
age inductor current is 7A typical.
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In buck mode, the output current is approximately equal
to the inductor current I

lout(BUCK)~ IL

In boost mode, the output current is related to average
inductor current and duty cycle by:

loutBoosmy= IL * (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 given output current compared to buck mode, the
efficiency in boost mode will be lower due to higher con-
duction (I.2x Rpg(on)) losses inthe power switches. This
will further 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, unlike peak
current mode control.

The maximum output current capability in PWM mode
curves in the Typical Performance Characteristics section
show the relationship of input voltage and the ability to
deliver load current at Vgyt = 3.3V. If Vgyt drops below
approximately 1V, the inductor current will be reduced
by approximately 50% to limit power dissipation during
a short circuit.

Peak, Reverse and Zero Gurrent Comparators

Theinternal current sense waveforms are used by the Peak
(Ipeak), Reverse (Irpyerse) and Zero current (Izerg) com-
parators. The lpgak current comparator monitors lggnse
and interrupts normal PWM operation if the inductor
current level exceeds its maximum internal threshold.
This threshold is approximately 33% above the maxi-
mum average current level of the current control loop or
9.5 Amps. If the internal current sense waveform rises
above this level, the LT3154 will disconnect the inductor
from V) by shutting off switch A to prevent higher current
inthe inductor. The Ipgak circuitry is reset by the oscillator
clock at the end of each switching cycle. In the event that

the lpgak comparator is tripped as the result of an output
short circuit condition, where Vgt is discharged below
approximately 1V, the LT3154 will initiate a soft-start
event keeping the on-chip power dissipation to low levels.
Once the short circuit is removed, the LT3154 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 50% to reduce power dissipation.

In addition to controlling the maximum inductor current,
the LT3154 contains sense circuitry on the D switch to
limit the reverse current as well. The amount of reverse
current allowed depends on the mode of operation. In
PWM mode (SYNC/MODE = 1), the typical reverse cur-
rentlimitis—1.2A, providing clean, fixed frequency switch
operation at light loads and during load step transients.
In BURST mode (SYNC/MODE = 0), the LT3154 operates
with atraditional zero current comparator, maintaining high
efficiency at light loads and during burst packet intervals.
Once Ipeverse OF IzgRo is detected, the D switch is shut
off for the remainder of the switching cycle and reset by
the oscillator clock at the end of the cycle.

Oscillator

The frequency of operation is programmed by an external
resistor from the RT pin to ground, according to the fol-
lowing equation:

110
A=t (MHz)
The recommended frequency rangeis between 400kHz and
4MHz, allowing efficiency and external component sizes
to be optimized for each application. An internal 2.2MHz
oscillator frequency can be selected by connecting RT to
Vin, eliminating the need for an external Ry resistor. The
LT3154 can also be synchronized to an external clock
source using the SYNC/MODE pin and an internal phase
lock loop (PLL). If synchronization to an external source
is desired, the value of the Ry resistor should be chosen
atafrequency 25% to 50% below the applied clock signal
for proper operation.
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EN/UVLO Pin Comparator and V;y UVLO

In addition to serving as a logic level input to enable cer-
tain functions of the device, the EN/UVLO pin includes an
accurate internal comparator that allows custom rising
and falling ON/OFF thresholds for Vjy to be set with the
addition of external resistor dividers. When the EN/UVLO
pin is driven above a logic threshold (0.7V typical) certain
control circuitry of the IC is enabled, drawing additional
quiescent current. If the EN/UVLO voltage is increased
further, so that it exceeds the accurate comparator rising
threshold (1.2V nominal), all functions of the buck-boost
converter will be enabled and a startup sequence will
commence, assuming the Vy is above the UVLO level
(see Figure 3). If EN/UVLO is brought below the accurate
comparator falling threshold (1.1V nominal), the buck-
boost converter will inhibit switching, but certain control
circuitry will remain powered until EN/UVLO is brought
belowthelogicthreshold. Inorderto completely shutdown
the IC and reduce the Vy currents to < 1pA (typical), it is
necessary to ensure that EN/UVLO is brought below the
worst case low logic threshold of 0.3V.

In addition to the EN/UVLO pin comparators, the LT3154
incorporates additional under voltage lockout (UVLO)
circuits to control operation. The Vjy UVLO comparator
prevents operation below 1.8V over temperature (typical
values are 1.7V rising/1.6V falling).

Vin

ViN

+ Viy UVLO
ENABLE

SWITCHING

ACCURATE

LOGIC ENABLE
— +ﬂ- LEVEL  INTERNAL CIRCUITS
0.7V=—-

3154 F03

EN/UVLO

A

1.2V—1—

Figure 3. Accurate and Logic Level EN/UVLO
Pin Comparators and V;y UVLO

Soft-Start

The LT3154 soft-start circuit minimizes input currenttran-
sients and output voltage overshoot on initial power-up.
An internal soft-start interval of approximately 2.2ms can
be selected by connecting SS to Vy, eliminating the need
for an external SS capacitor. For applications requiring a
longer or custom soft-start period, an external capacitor
on SS sets soft-start period according to the formula:

Css(nF)=1.25 ¢ tgg(ms)

The 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. The soft-start
period is defined as the time it takes the internal or external
SS capacitor to ramp to 0.8V, allowing VC to command
full rated current. In most situations, Voyt comes into
regulation without needing full inductor current, resulting
in power-up times at a fraction of the soft-start period.
After initial power-up, soft-start can be reset by V;y UVLO
asserting, Thermal Shutdown, or a Vgyr short circuit.

Aninternal 40k resistoris usedto discharge the external SS
capacitorin shutdown. If SSis connected to V,y, EN/UVLO
should be initially enabled during Vy power-up to allow
the LT3154 to determine the internal SS pin configuration
and ensure low current shutdown. Otherwise, an external
SS capacitor is recommended for applications where EN/
UVLOis controlled through a microprocessor (see Note 7
in the Electrical Characteristics section).
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Thermal Considerations

The power switches of the LT3154 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. Careful consideration must be given to the thermal
environment of the IC in order to provide a means to
remove heat from the IC and ensure that the LT3154 is
able to provide its full rated output current. Specifically,
the exposed die attach pad of both the LQFN package must
be soldered to a copper layer on the PCB to maximize the
conduction of heat out of the IC package. This can be ac-
complished 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 show in Fig-
ure 4. Typical temperature rise versus load current curves
using Figure 4 PCB are given in the Typical Performance
Characteristics section.

If the IC die temperature exceeds approximately 170°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. The soft-start
circuit is re-initialized in thermal shutdown to provide a
smooth recovery when the die temperature cools enough
to resume operation.

APPLICATIONS INFORMATION

Application circuits for the LT3154 are shown through-
out the data sheet with varied use of pin-strapped/default
or programmable operation as described in the Quick
Reference section. The selection of external components
is dependent upon the required performance of each par-
ticular 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 considerations to aid in the selection
of external components and the design of the applications
circuit.

Inductor Selection

The choice of inductor used in LT3154 applications influ-
ences the maximum deliverable output current, the con-
verter bandwidth, the magnitude of the inductor current
ripple and the overall converter efficiency. The inductor
must have a low DC series resistance or output current
capability and 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 will also lower the Right Half Plane (RHP) zero
frequency when operating in boost mode, which requires
the converter bandwidth to be set lower in frequency,
slowing the converter’s response to load transients.

_ Vin®*Re

fRHPZ VOUT2'2TC'|_(HZ)
Regardless of inductor value, the saturation current rating
should be selected 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 fgyy is the switching frequency in MHz
and L is the inductance in pH.

V, Vin—=V,
AlL(P—P)(BUCK)= OUT( IN OUT)Amps

fswel\  Vin
Y/ Vour =V
Al (p-p)(B00ST) = fSV\lll\lL( O%LUT o )Amps

It should be noted that the worst case inductor peak-to-
peak inductor ripple current occurs when the duty cycle in
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buck mode is maximum (highest V,y) and in boost mode

Table 5. Representative Surface Mount Inductors

when the duty cycle is 50% (Vourt = 2Vn). SERIES VALUE DCR MAX DC
Recommended values based on switching frequency are (k) (mQ) CURRENT (A)
given in Table 4. Bourns www.bourns.com
SRP | 04715 | 515 [ 6
Table 4. Recommended Values Coileraft www.coilcraft.com
Frequency Value XAL, XEL [ o515 | 1020 | 6
400kHz < fgyy < 600KHz 2.24H Cooper Bussmann/Eaton
600kHz < fgyy < 900kHz 1.5pH www.eaton.com
900kHz < fg < 1.5MHz 1pH HCMO0703 | 06815 | 615 [ 6
1.5MHz < fgyy < 2.5MHz 0.68pH Sumida www.sumida.com
2.5MHz < fay < 4.0MHz 0.47yH 0420CDM | 0515 | 822 | >6
Taiyo Yuden www.t-yuden.com
In addition to its influence on power conversion efficiency, ~ MDW, NRS | 0515 | 1030 | 6
the inductor DC resistance can also impact the maximum  TDK www.tdk.com
output current capability of the buck-boost converter par-  spm | o615 | 1540 | 6
ticularly at low input voltages. In buck mode, the output  Toko - Murata www.murata.com
current of the buck-boost converter is primarily limited  Fpsp, DEm | oss-15 | 102 | 6
by the inductor current reaching the average current limit ~ wurth www.we-online.com
threshold defined by V. However, in boost mode, espe-  we-mAPI, WE-LHMI | 0.68-2.2 | 6-15 | 6

cially at large step-up ratios, the output current capability
can also be limited by the total resistive losses in the
power stage. These losses include, switch resistances,
inductor DG resistance and PCB 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 simi-
lar to the typical power switch resistance of 20mQ. The
only exceptions are applications that have a maximum
output current much less than what the LT3154 is capable
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 ofinductor style depends uponthe price, sizing,
and EMI requirements of a particular application. Table 5
provides a small sampling of inductors that are well suited
to many LT3154 applications with L x W dimensions
around 3mm to Smm.

Output Capacitor Selection

A low effective series resistance (ESR) output capacitor
should be connected at the output of the buck-boost con-
verterinorderto minimize output voltage ripple. Multilayer
ceramic capacitors are an excellent option as they have
low ESR and are available in small foot prints. The capaci-
tor value should be chosen large enough to reduce the
output voltage ripple to acceptable levels. Neglecting the
capacitor’'s ESR and ESL (effect series inductance), the
peak-to-peak output voltage ripple can be calculated by
the following formula, where fgyy is the frequency in MHz
and Cqyr is the capacitance in pF A formula for calculat-
ing Al in buck mode is given in the Operation section.

Al
AVP-P(BUCK) = mVolts
| Vot =V,
AV, __homn [ Vour=Min |yopts
PPEOOS ™ 5 Cour | Vour
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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 significant load 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
proportional tothe series resistance of the output capacitor
and is given by the following expressions where RESR is
the series resistance of the output capacitor and all other
terms as previously defined.

AVp_p(guck) = Al RespVolts

V
AVp_p(goosT) =ILoaD Resr (%)Volts

Inmost LT3154 applications, an output capacitor between
68uF and 220pF from PVgyt to PGND will work well. An
additional low value ceramic capacitor such as 4.7pF can
be placed between Vgyt and GND to reduce switching
noise to the control circuitry.

Input Capacitor Selection

The PV pin carries the full inductor current and provides
power to internal switches and drivers where Vi powers
control circuits in the 1C. To minimize input voltage ripple
and ensure proper operation of the IC, a low ESR bypass
capacitor with a value of at least 22uF should be located
as close to PV as possible. The traces connecting this
capacitor to PV, and the ground plane (PGND) should be
made as shortas possible. Anadditional low value ceramic
capacitor such as 2.2yF can be placed between Vy and
GND to reduce switching noise to the control circuitry.

Recommended Input and Output Capacitors

The capacitors used to filter the input and output of the
LT3154 must have low ESR and must be rated to handle
the large AC currents generated by the switching con-
verters. While there are many capacitor types for these
applications (including low ESR tantalum, 0S-CON and
POSCAP), ceramic capacitors are often utilized in switching
converter applications due to their small size, low ESR and
low leakage currents. Table 6 provides a partial listing of
multilayer ceramic capacitors. Many ceramic capacitors
intended for power applications experience a significant
loss in capacitance from their rated value as the DC bias
voltage on the capacitorincreases. Itis not uncommon for
a small surface mount capacitor to lose more than 50%
of its rated capacitance when operated nears it maximum
rated voltage. This effect is generally reduced as the case
sizeisincreased forthe same nominal value capacitor. As a
result, itis often necessaryto usealarger value capacitance
or a higher voltage rated capacitor than would ordinarily
be required to actually realize the intended capacitance at
the operating voltage of the application. X5R, X6S, X7R
or X8R dielectric types are recommended as they exhibit
the best performance over the wide operating range and
temperature. To verify that the intended capacitance is
achieved in the application circuit, be sure to consult the
capacitorvendor’s curve of capacitance vs DC bias voltage.

Table 6. Representative Multilayer Ceramic Capacitors

Part Series Values Voltage Capacitor
(WF) (V) Types
AvX WWW.avX.com
0805,1206,1210 | Upto100 | 63,10 |X5R X6S, X7R
Kemet www.kemet.com
£0805-C1210 | Upto100 | 63,10 | X5RX7R
Murata www.murata.com
GRM | Upto100 | 63,10 | X5RX7R
Taiyo Yuden www.t-yuden.com
EMK, JMK,LMK | Uptod7 | 63,10 [X5R, X6S,X7R
TDK www.tdk.com
CGA4 - CGAY | Upto47 | 63 | X5RX7R
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PCB LAYOUT CONSIDERATIONS

The LT3154 switches large currents at high frequencies.
Special attention should be paid to the PCB layout to en-
sure a stable, noise-free and efficient application circuit.
Figure 4 presents a representative PCB layout for the
LT3154 to outline some of the primary considerations. A
few key guidelines are outlined below:

1. All circulating high current paths should be kept as
short as possible. This can be accomplished by keeping
the routes to all bold boxed components in Figure 4 as
short and as wide as possible. Capacitor ground con-
nections should via down to the ground plane in the
shortest route possible. The bypass capacitors on PVy
and PVoyt to PGND should be placed as close to the
IC as possible and should have the shortest possible
paths to ground. These connections should be made
as wide as possible to reduce the series resistance.
This will improve efficiency and maximize the output
current capability of the buck-boost converter.

2. The exposed pad is the power ground connection for
the LT3154. Multiple vias should connect the back-
pad directly to the ground plane. In addition maximi-
zation of the metallization connected to the back-pad
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will improve the thermal environment and improve the
power handling capabilities of the IC.

3. The components shown in bold boxes and their con-
nections should all be placed over a complete ground
plane to minimize loop cross-sectional areas. This
minimizes EMI and reduces inductive drops.

4. Keep the connection from the resistor dividers (R3,
R4) to the FB pin as short as possible and away from
the switch pin connections, return to the ground plane
close to the IC.

Compensation of the Buck-Boost Converter

The LT3154 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
compensationforthe inneraverage currentloop is fixed to
simplify the loop design and provide the highest possible
bandwidth over a wide operating range.

3154 F0&

Figure 4. Example PCB Layout, Top Layer is Shown, Bottom Layer is Mostly PGND Plane
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The outer voltage loop requires external compensation
components, which allows the overall loop characteristics
to be customized depending on the programmed output
voltage, oscillator frequency, inductor value and/or output
capacitance. The average current mode control can be
conceptualized as a voltage-controlled current source
(VCCS), driving the outputload formed primarily by R gap
and Cqyr, as shown in Figure 5.

The Voltage Error Amplifier output (V¢), provides a com-
mand input to the VCCS. The full scale range of V¢ is 0.7V
(200mV to 900mV). With a full scale command on Vg, the
LT3154 buck-boost converter will generate an average 7A
of inductor current (typical) from the converter making
the transconductance gain 10A/\. As with peak current
mode control, the inner average current control loop
effectively turns the inductor into a current source 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 pap) form a dominant low frequency
pole, where the effective series resistance of the output
capacitor and its capacitance forma zero, usually ata 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 causes anincreaseingain, like azero, but
a decrease in phase, like a pole. This can ultimately limit

Om VN > Vout: 10AV
Vin> Vour: (10AV) = (Vin/Vour)

VOLTAGE
R4 ERROR
AMPLIFIER

Om = 110pANV

CHF

- - 3154 FO5

Figure 5. Simplified Representation of
Average Current Mode Control Loop

the maximum converter bandwidth that can be achieved
with the LT3154. The RHPZ is not present when operating
in buck mode.

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

Voltage Error Amp Gain:gp,vea *Ryea =
110us *5Me2 =550V/V(Fixed)

Voltage Divider Gain: /B - 1V
our  Vour

Current Loop Trans-Conductance:
Om =10A/V(Fixed)

Load Resistance (R gap) = Vour
lLoap

The application dependent terms that affect the loop gain
include:

1
(2R 0ap *Cour)

Output Load Pole (P1):=

2 [ ]
Right Half Plane Zero (RHPZ): I >RL0AD.
Vour” *2meL

Voltage Error Amplifier Compensation
(2Poles and 1Zero)

The voltage amplifier’s frequency response is designed to
optimize the response for the overall loop. Measurement
of the power stage gain over line, load, component varia-
tion, 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 GND (RC, CC and CHF). Being a buck-boost
converter, the target loop crossover frequency for the
compensation design will be dictated by the highest 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
compensationcomponentsforatypical LT3154 application.
Designing compensation for otherapplications isa matter of
substituting differentvalues inthe equations provided based
on the power stage Bode plots. Since the compensation
design procedure uses the simplified model of Figure 5,
the results fromthe following compensation 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 in
this data sheet. Particular attention needs to be paid to the
voltage bias effect on ceramic capacitors typically used for
output bypassing. Similarly, it is assumed that the inductor
value and current rating have been selected as well based
on the application requirements.

Example Application Details:
Viy=1.8V105.5V

VOUT =3.3V

Maximum lgyt = 1.65A, R gap = 2Q

Coyt = 100pF (Use 3x47pF due to DC Bias)
L=1pH

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.

Vin®*Rioap _ (1.8V)?<20

5 5 =95kHz
Vour© *2neL  (3.3V)“*2x*1uH

fRHPz =

In orderto account forinternal IC component variations, it
is good practice to set the converter bandwidth or cross-
over frequency, Fgg, at least 5 times lower than the RHPZ
frequency to avoid excessive phase loss from the RHPZ
when operating in boost mode. In this example design,
we’ll plan to achieve a loop bandwidth (Fgc) of 20kHz,

well below the RHPZ frequency. The 3.3V, 1.65A design
example Bode plots are shown in Figure 6 and Figure 7.
The DC power stage gain in buck mode is simply the
current loop transconductance (10A/V) multiplied by the
load resistance (2Q). The Vgyr resistor divider will be ac-
counted for in voltage error amplifier (VEA gain) network:

10A*2Q

Buck DC Gain 20Log =26dB
V
40 3 \ 180
N \
\ \\
20 N NI 90
0 \\ \:\ 2
t TN P
— NN @
[aa) i~ N
= NN L L =
= 0 \Q\ = N 0 ;
3 N BN 2
N\\\ [} 8
—20 | ——— POWER STAGE GAIN =l —90
— — VEAGAIN
———- TOTAL GAIN \
----- PHASE MARGIN

-180
10 100 1000 10000 100000 1000000
FREQUENGY (Hz)

3154 FO7

Figure 6. Buck Bode Plots (V,y> Vour,
Vour = 3.3V): Power Stage Gain, VEA Loop Gain,
Total Loop Gain and Phase Margin vs Frequency
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g \\ A h N (2
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b s}
—20 | ——— POWER STAGE GAIN ! -90
— — VEAGAIN
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-40 -180
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3154 F08

Figure 7. Boost Bode Plots (V;y = 1.8V,
Vour = 3.3V): Power Stage Gain, VEA Loop Gain,
Total Loop Gain and Phase Margin vs Frequency
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Inboost mode the power stage gainis reduced by Vy/2eVour:
Boost DC Gain at 1.8V

10A L95re1.8v

2¢3.3V

20Log =15dB

The output load pole will move depending on the output
load resistance. The power stage gains and pole locations
at full load are shown in Figure 6 and Figure 7.

Output Load Pole (Buck)

1 = L =800Hz
ZR.RLOAD.COUT 2317’29‘100[”:
Output Load Pole (Boost)

2 2 _1600Hz

2n*RLoan *Cour 22+ 100pF

The resulting power stage crossover frequencies are
around 16kHz in buck mode (Vy > 3.3V), 8.5kHz in boost
mode at 1.8V y.

The uncompensated power stage crossover frequency is
lower than the goal of 20kHz. More importantly, the uncom-
pensated power stage DC gainis low especially inboost mode.
A pole-zero-pole network will now be added to the voltage
amplifier to increase the DC gain, increase the crossover
frequency, and reduce the overall gain at high frequencies.

\/FA Pnle 1 = 1

Ryea = Voltage Error Amp output resistance, which is ap-
proximately 5MQ. This pole is mentioned for completeness,
but has no effect on the overall loop design.

\IEN 7arn 1 — 1

crossover frequency to flatten the VA gain at the crossover
to improve phase margin

\/TEN Dnla 9 _—

crossover frequency to reduce the gain to suppress noise
and mitigate any RHPZ effects.

Referring to the buck power stage gain curves in Figure 6,
the loop gain needs to be increased by 3dB to achieve a
total loop crossover frequency of 20kHz. Assuming Zero
1is 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:

VEA gain at crossover:

Veg *0pm *RC =20Log(1v-11ouA/v-Rc
3.3V

20Log( )=3dB

ouT

Where gy, is the VEA transconductance, Veg/Vgyt is the
feedback divider gain, and RC is the external zero resistor:

3.3V

_ «1039B12008 _ 40 o0
1V e110pA/V '

A 60k value for RC will provide 3dB of gain at crossover.
With RC selected, CC’s value is determined by setting the
Zero 1 frequency at 1/5 the crossover frequency or 4kHz:

1 1

CC= _ _
21*RCeTrepor  2m*40.2kQ e 4KHz

InF

Optionally, a high frequency Pole 2 is set at 20 times the
crossover frequency to provide a high frequency pole at
400kHz:

1 1

CHF = - -
27*RCehgLep  27*40.2kQ *400kHz

10pF

VEAGaininFigure 6 or Figure 7 shows the resulting voltage
error amplifier (VEA) response to the selected values.

Combining the power stage and VEA frequency responses,
the measured total loop gains are illustrated in Figure 6
and Figure 7. As shown, the crossover frequency was in-
creased to 20kHzin buck mode, 10kHz in boost mode. The
phase margin at crossover is around 70°C in both cases.
The VEA loop design provided the additional benefits of
high gain (>60dB) at DC and gain attenuation above the
crossover frequency to prevent RHPZ issues.
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Wide Vjy to 5.0V with Minimal External Components
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Wide Vyy to 1.8V-4A Buck Converter
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Stacked Supercapacitor Charging Application
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Stacked Supercapacitor Powering PA Application
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3.3V to 5.0V - 3A Boost Converter, 2.4V UVLO with Output Disconnect
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TYPICAL APPLICATION

Li-Chemistry to 3.3V at 3.4MHz
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PART NUMBER DESCRIPTION COMMENTS
LTC3533 5V, 2A Wide V,y, Buck-Boost DG/DC Converter
LTC3113 5V, 3A Wide V,y, Low Noise, Buck-Boost DC/DC Converter
LTC3111 15V, 1.5A Synchronous Buck-Boost DG/DC Converter
LTC3112 15V, 2.5A Synchronous Buck-Boost DC/DC Converter
LTC3119 18V, 5A Synchronous Buck-Boost DC/DC Converter
LTC3335 Nanopower Buck-Boost DG/DC Converter with Integrated
Coulomb Counter
ADP2503/ADP2504 | 600mA/100mA, 2.5MHz Buck-Boost DC/DC Converters
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