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Introduction
Portable handheld electronic tools, 
gadgets, and toys are approaching 
the multi-function equivalent of a 
Swiss army knife. Previously separate 
functions are now miniaturized and 
combined into single pocket sized 
package. Unless owned by a teenager 
or a Hollywood agent, most gadgets 
spend most of their time in a low power 
state, waiting to come to life to make 
a phone call, pulse a photoflash or 
spin music and video to a tiny hard 
disk drive. These devices are powered 
from a variety of power sources, which 
means at some point the input volt-
age is higher than or lower than the 
3.3V or 3.6V voltage needed to power 
the internal electronics. The DC/DC 
converters in the latest portables must 
be able to step up and step down 
voltage, maintain very high efficiency 
during idle and standby modes, and 
respond quickly and efficiently during 
peak power demands.

Efficient Buck-Boost Converter Ideal 
for Power Saving Modes and Wide 
Input Voltage Ranges

Linear Technology offers a family 
of buck-boost converters capable of 
supplying from 200mA to 2A with 
excellent efficiency. The latest addi-
tion to this lineup is the LTC3532, a 
300mA buck-boost converter, which 
incorporates automatic Burst Mode 
operation, adjustable switching fre-
quency, and integrated soft-start. The 
LTC3532 is ideal for miniature disk-

drive applications or any application 
that requires high efficiency over a 
wide range of output currents and 
input voltages.

Features
The input voltage range of a LTC3532-
based converter is 2.4V to 5.5V and 
its output range can be programmed 
from 2.4V to 5.25V, making it ideal 
for devices operating from multiple 
sources such as battery, USB, and 
wall adapters. The LTC3532 is avail-
able in either an MS10 package, which 
is pin compatible with the LTC3440 
converter, or in an exposed pad 3mm 
× 3mm DFN. With these tiny packages, 
an entire converter can be squeezed 
into the smallest spaces, as shown 
in Figure 1. 

Using a fixed frequency four-
switch architecture and a patented 
control method, the converter needs 
only a single inductor to regulate a 
constant output voltage with input 
voltages greater than or less than the 
output. The four switch topology of 
the LTC3532 (see the output stage 
schematic in Figure 2) allows the 
regulator to smoothly transition from 
buck mode to buck-boost mode and 
boost mode by correctly phasing the 
four output switches (A, B, C, and D) 
in response to the error amp output 
voltage, VC. During buck mode, switch 
D is on while switches A and B act like 
a buck converter. At the other extreme, 
boost mode, switch A is always on 
while switches C and D implement a 
synchronous boost converter. When 
VIN and VOUT approach the same volt-
age, all four switches commutate with 
the on time for each pair controlled 
by the voltage at VC. The four switch 
architecture inherently provides 
output disconnect, which prevents 
current flow between VIN and VOUT in 
shutdown mode.
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Figure 2. The LTC3532 four switch buck-boost converter uses a single inductor  
and features peak current clamp and automatic Burst Mode control. 

Figure 1. Lithium ion battery to 
2.5V–5.25V converter in 1.4cm2

by Kevin Ohlson
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The capabilities of the four switch ar-
chitecture is exploited in the LTC3532 
when in Burst Mode operation as well. 
An innovative (patent pending) Burst 
Mode control circuit optimizes the fir-
ing of the four switches depending on 
whether in buck mode, boost mode, or 
buck-boost mode. Optimal switching 
control and a low 35µA Burst Mode 
quiescent current means the converter 
increases the battery life of a system 
by keeping efficiency above 80% in 
Burst Mode operation at loads as low 
as 300µA. Measured efficiency over a 
load current ranging from 0.1mA to 
500mA is shown in Figure 3. A resistor 
and filter capacitor connected to the 
burst pin set the level of load current 
at which the converter automatically 
switches between continuous and 
Burst Mode operation.

Peak inductor current is limited 
two ways. The first method monitors 
current in switch A and sources a 

fraction of that current into the FB pin 
when the peak current exceeds 1.1A. 
This effectively lowers the VOUT set 
point providing a closed loop method 
of controlling the peak current. In 
higher load and transient situations 
a comparator opens switches A and 
B, thus providing a hard peak current 
limit of 1.3A. Figure 4 shows inductor 
current and VOUT responding to in-
creasing load. As the inductor current 
reaches current limit, VOUT drops and 
the control loop stays in continuous 
operation. When VOUT is low either at 
start-up or recovering from a short 
circuit the current limit clamp level is 
reduced by half providing a foldback 
function.

Switching frequency may be pro-
grammed with an external resistor 
to a frequency between 300kHz and 
2MHz, which allows a trade off be-
tween component size and efficiency. 
Soft start is performed by controlling 
the slew on the SHDN/SS pin. Once 
the converter is enabled, when the 

SHDN/SS pin reaches 1V, the internal 
control voltage is clamped until the 
pin rises to 2V. 

Li-Ion to 3.3V Converter  
Ideal for Miniature  
Hard Disk Drives
A miniature, 1” or smaller disk drive 
in standby may draw 40mA. In idle or 
track seeking modes the drives current 
increases to 150mA and when reading 
or writing data the load might peak at 
200mA to 300mA. Even during these 
transitions, the supply should be well 
regulated with very low ripple through-
out the discharge cycle of the system 
battery. Compared with a step-down 
regulator in a 3.3V system a buck-
boost converter such as the LTC3532, 
which maintains regulation even as the 
battery drops below 3.3V, allows all the 
energy in the battery to be used. The 
converter keeps accurate regulation 
during load transitions when battery 
ESR may cause the input voltage to 
drop below VOUT. A Li-ion to 3.3V ap-
plication, which uses a tiny multi-layer 
chip inductor, is shown in Figure 5. 
Capable of load steps up to 400mA 
with battery voltage as low as 3.0V, 
the converter delivers efficiency greater 
than 90% in continuous mode with 
loads between 30mA and 200mA as 
shown in Figure 6. Lower power burst 
mode efficiency is greater than 80% at 
sub 1mA loads. This circuit uses a soft 
start capacitor connected to SHDN/
SS to limit inrush current. Transient 
responses to load steps are shown in 
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Figure 5. A high efficiency converter using a tiny multi-layer inductor ideal for miniature HDD applications
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wide range of load currents using automatic 
Burst Mode control.
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Figure 7. As the load is increased from 
10mA to 50mA the transition from 
burst mode to continuous operation 
occurs. Steps from 150mA to 300mA 
and back show VOUT transients have 
peak amplitude of only 20mV.

An RC network on the BURST pin 
enables automatic Burst Mode opera-
tion to maintain high efficiency at light 
loads without external control. Burst 
operation is controlled by the voltage 
on the burst pin. During operation a 
small fraction of the output current 
passing through switch D is mirrored 
out of the BURST pin. The mirrored 
current produces a voltage across the 
burst pin resistor that is proportional 
to the average load current. Figure 7 
shows the burst pin responding with 
a voltage proportional to the load 
current. When the load increases and 
forces the burst pin voltage above 

1.12V the converter switches to con-
tinuous mode. As the load decreases 
and the voltage on the burst pin drops 
below 0.88V, the converter switches 
back to Burst Mode operation. Raising 

the value of the resistor on the BURST 
pin lowers the current at which burst 
mode is entered. Figure 8 shows the 
relationship between the burst pin re-
sistor and the output current value at 
which the transition between continu-
ous and burst operation takes place. 
If desired, the operating mode may be 
forced by driving the BURST pin above 
or below the thresholds. 

Control Input Current  
for USB Applications
Many devices now are powered and 
recharged from USB ports which 
have the restriction of a maximum 
current draw of 500mA. A converter 
that typically supplies 500mA would 
not nominally exceed the USB current 
limits. However, tolerances of host 
regulators, USB bus powered hubs, 
and cable drops result in a rather 
poorly regulated USB voltage which 
may vary from 5.25V down to 4.35V or 
lower during a transient. For example, 
if a 5V to 3.6V converter circuit is re-
sponding to a peak load of 500mA and 
the USB voltage drops to 4.35V, at 80% 
efficiency the input current exceeds 
500mA.

Figure 9 shows an input current 
monitor, which controls VOUT to clamp 
the input current to 500mA. Current 
injected into the FB node changes the 
effective set point of the output volt-
age within the voltage mode control 
loop. In fact, the output voltage of a 
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Figure 9. A few components may be used to limit input current for USB and other applications
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continued on page 37
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The conversion mode should be 
chosen based on considerations of 
efficiency, available output current 
and VOUT ripple. With a given VIN, the 
1.5× mode gives a higher efficiency at 
lower available output current. The 2× 
mode gives a higher available output 
current at lower efficiency. Moreover, 
the output voltage ripple in the 2× 
mode is lower due to the out-of-phase 
operation of the two flying capacitors. 
Typically, at low VIN, the 2× mode 
should be selected, and at higher VIN, 
the 1.5× mode should be selected.

The MODE pin has a precision 
comparator. By connecting a resistive 
divider from VIN to the MODE input 
pin, the user can accurately program 

the VIN threshold at which the charge 
pump will switch from 1.5× mode to 
2× mode as VIN falls and vice versa. 

The 10% hysteresis on the MODE 
pin prevents the chip from hunting 
between the two modes.

Conclusion
With low operating current, low 
external parts count and robust pro-
tection features, the LTC3203 family 
is well suited for low power step-up/
step-down DC/DC conversion. The 
shutdown, dual mode conversion, 
selectable output voltage and low noise 
operation features provide additional 
value and functionality. The simple 
and versatile LTC3203 family is ideal 
for moderate power DC/DC conversion 
applications. L

power than a slot with a 20% accurate 
circuit breaker. 

Detect Insertion Events  
via the ENABLE Pin
The EN pin can be used to sense the 
insertion of a board when the LTC4215 
is used in backplane resident applica-
tion. A short pin on the connector pulls 
EN to ground once the other, longer 
pins have already been connected. 
Once the EN pin crosses its falling 
1.107V threshold the LTC4215 turns 
on the external switch after a 100ms 
debounce delay. Because a falling 
edge on the EN pin corresponds to the 

insertion of a new board, the LTC4215 
clears the fault register (except for 
the EN Changed State bit) so that a 
previously recorded fault does not 
prevent the new board from starting 
up. Whenever the EN pin rises or falls, 
the EN Changed State bit in the FAULT 
register is set to indicate that a board 
has either been inserted or removed. 
A STATUS register bit contains the 
complement of the state of the EN 
pin to indicate if a board is present. 
When the board is unplugged, the 
short EN pin is the first to disconnect. 
The EN pin pulls up with an internal 
10µA current source until the voltage 
reaches the rising 1.235V threshold, 

at which point the external switch is 
turned off with a 1mA current. 

Conclusion
The LTC4215 is a smart power gateway 
for hot swappable circuits. It provides 
fault isolation, closely monitors the 
health of the power path and provides 
an unprecedented level of control over 
the inrush current profile. It logs faults, 
provides real-time status information, 
and can interrupt the host if neces-
sary. Meanwhile an internal 8-bit ADC 
continuously monitors board current 
and voltages. These features make the 
LTC4215 an ideal power gateway for 
high availability systems. L

LTC4215, continued from page 15

DC/DC converter may be dynamically 
programmed by sourcing or sinking 

current at the FB node. Referring to 
Figure 9, the equation for the input 
current clamp level is:

I V
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Figure 10 shows VOUT dropping 
when input current reaches 500mA as 
the load increases. In USB applications 
where the input voltage is nominally 
5V, a Schottky diode is used to limit 
peak voltages on the SW1 pin.

Conclusion
Linear Technology’s new LTC3532 
synchronous buck-boost converter 

simplifies the design of Lithium-Ion or 
multi-cell powered handheld electron-
ics. With a highly efficient automatic 
Burst Mode operation, the converter 
maximizes battery life in portable 
devices with widely varying load re-
quirements. Soft start, programmable 
switching frequency and external 
compensation make the LTC3532 
suitable to a wide variety of applica-
tions. Two package options, an MS10 
leaded package and a 3mm × 3mm 
DFN, plus the ability to operate effi-
ciently at high frequency, enable the 
designer to minimize board area and 
component height. L
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Figure 10. As load increases, the input  
current is clamped to 500mA using the  
circuit of Figure 9

LTC3532, continued from page 18


