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FEATURES DESCRIPTION
= Ultralow Power: Typical Operating Igc = 12pA The LTC®1516 is a micropower charge pump DC/DC
= Short Circuit/Thermal Protection converter that produces a regulated 5V output from a 2V
» Regulated 5V +4% Output to 5V supply. Extremely low supply current (12pA typical
= 2V 10 5V Input Range with no load, <1pA in shutdown) and low external parts
= No Inductors count (two 0.22uF flying capacitors and two 10uF capaci-
» |gg in Shutdown: <1pA tors at Vjy and Voyt) make the LTC1516 ideally suited for
= Qutput Current:20mA (Vy > 2V) small, low-load battery-powered applications. Typical
50mA (Viy > 3V) efficiency (V,y = 3V) exceeds 70% with load currents
» Shutdown Disconnects Load from Vy between 50pA and 50mA. Modulating the SHDN pin keeps
= |nternal Oscillator; 600kHz the typical efficiency above 70% with load currents all the
= Compact Application Circuit (0.1 in?) way down to 10pA.
" 8-Pin SO Package The LTC1516 operates as either a doubler or a tripler
APPLICATIONS depending on Vy and output load conditions to improve
_ overall efficiency. The part has thermal shutdown and can
= 2-Cell to SV Conversion survive a continuous short from Voyr to GND. In shut-
. I|:|-Io?38\?tteg/vB§ckup S.upphes down the load is disconnected from Vyy.
" 5 Fiash Memory Progammer The LTC1516 is available in an 8-pin SO package in both
= Smart Card Readers commercial and industrial temperature grades.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
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Figure 1. Regulated 5V Qutput from a 2V to 5V Input

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' LI”EAQ However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC1516

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Note 1)
V0 GND o 0.3V t0 6V TP VI el
VOUT 10 GND oo ~0.3Vto 6V o [ 5] cr
SHDN O GND ... -0.3Vto 6V Vin[2] 7] sHon LTC1516CS8
Vout Short-Circuit Duration ..........ccooeverinnnee Indefinite Vour [3] [6] 6D LTC15161S8
Operating Temperature Range c2* [4] 5] c2”
Commercial ........c.ooeevveeveeeeeeeeeeeeee 0°Cto 70°C S8 PACKAGE S8 PART MARKING
INAUSHAl .ooeeeee e ~40°C to 85°C SLEADPLASTIC SO
Storage Temperature Range ................. -65°C to 150°C Towax = 125°C, Bya = 150°C/W 1516
Lead Temperature (Soldering, 10 SEC)................. 300°C 15161
Consult factory for Military grade parts.
ELECTRICAL CHARACTERISTICS
Vin =2V to 5V, C1 = G2 = 0.22F, Cyy = Cout = 10uF, Ty to Tyax unless otherwise specified (Note 3).
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Input Voltage . 2 5 v
Vour Output Voltage 2V <V <5V, lgyr <20mA . 4.8 5.2 Vv
3V <Vy<3.6Y, gyt < 50mA . 4.8 52 v
3.6V < Viy <5V, lgur < 50mA, Ta = 25°C (Note 2) 48 5.2 v
lee Supply Current 2V <Viy <5V, lgyt = OmA, SHDN = 0V o 12 20 PA
2V <Viy <5V, lgyt = 0OmA, SHDN =V . 0.005 1 PA
Output Ripple Full Load 100 mV
Efficiency Vin =3V, lgyt = 20mA 82 %
fosc Switching Frequency Full Load 600 kHz
ViH SHDN Input Threshold o [(0.7)(Vin) v
Vi . 0.4 v
Iy SHDN Input Current Vshon = Vin . -1 1 PA
M Vshpn = 0V . -1 1 PA
ton Turn-On Time Vin =3V, lgyt = 0mA (Note 3) 500 s

The o denotes specifications which apply over the full operating
temperature range.

Note 1: Absolute Maximum Ratings are those values beyond which the life
of the device may be impaired

Note 2: At input voltages >3.6V and ambient temperatures >70°C,
continuous power dissipation must be derated to maintain junction
temperatures below 125°C. Derate 6mW/°C above 70°C in SO-8.

Note 3: The LTC1516 is tested with the capacitors shown in Figure 1.
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LTC1516

TYPICAL PERFORMANCE CHARACTERISTICS

Efficiency vs Input Voltage
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Load-Transient Response, Vjy = 3V
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PIN FUNCTIONS

C1* (Pin 1): Flying Capacitor 1, Positive Terminal.

VN (Pin 2): Input Supply Voltage.

Voyr (Pin 3): 5V OQutput Voltage (Voyt=0Vin Shutdown).
C2* (Pin 4): Flying Capacitor 2, Positive Terminal.

C2~ (Pin 5): Flying Capacitor 2, Negative Terminal.

GND (Pin 6): Ground.

SHDN (Pin 7): Active High CMOS Logic-Level Shutdown

Input.

C1~ (Pin 8): Flying Capacitor 1, Negative Terminal.
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LTC1516
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APPLICATIONS INFORMATION

Operation

The LTC1516 uses a switched capacitor charge pump to
boost Vi from 2V to 5V to a regulated 5V +4% output
voltage. Regulation is achieved by sensing the output
voltage through an internal resistor divider and enabling
the charge pump when the output voltage droops below
the lower trip point of COMP2. When the charge pump is
enabled, a 2-phase, nonoverlapping clock controls the
charge pump switches. Clock 1 closes the S1 switches
which enable the flying capacitors, C1 and C2, to charge
uptothe Vyvoltage. Clock 2 closes the S2 switches which
stack C1 and C2 in series with Vy and connect the top
plate of C2 to the output capacitor at Voyt. This sequence
of charging and discharging continues at a free-running
frequency of 600kHz (typ) until the output has risen to the
upper trip point of COMP2 and the charge pump is
disabled. Whenthe charge pump s disabled, the LTC1516

draws only 8pA (typ) from V,y which provides high effi-
ciency at low load conditions.

Toachieve the highest efficiency over the entire Vy range,
the LTC1516 operates as either a doubler or a tripler
depending onV,yand output load conditions. COMP1 and
COMP2 determine whether the charge pump is in doubler
mode or tripler mode. COMP1 forces the part into tripler
modeif V|yis <2.55V, regardless of output load. When V|
is >2.55V, the part will be in doubler mode using only C2
asaflying capacitor. In doubler mode, if the output droops
by 50mV under heavy loads, COMP3 will force the charge
pump into tripler mode until VgyT climbs above the upper
trip point of COMP3. Under these Vy and load conditions,
the nominal Vgyt will be approximately 50mV lower than
the no load nominal Vqyt. This method of sensing Vjy and
output load results in efficiency greater than 80% with Vjy
between 2.5V and 3V.

4
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LTC1516

APPLICATIONS INFORMATION

In shutdown mode, all circuitry is turned off and the part
draws only leakage current (< 1pA) from the Vi supply.
Vour is also disconnected from V,y. The SHDN pin is a
CMOS input with a threshold of approximately Vy/2;
however, the SHDN pin can be driven by logic levels that
exceed the V) voltage. The part enters shutdown mode
when a logic-high is applied to the SHDN pin. The SHDN
pin cannot float; it must be driven with a logic high or low.

Short Circuit/Thermal Protection

During short circuit conditions, the LTG1516 will draw
between 200mA and 400mA from Vy causing a rise in
the junction temperature. On-chip thermal shutdown
circuitry disables the charge pump once the junction
temperature exceeds 135°C, and reenables the charge
pump once the junction temperature falls back to 115°C.
The LTC1516 will cycle in and out of thermal shutdown
indefinitely without latchup or damage until the Vgt short
is removed.

Capacitor Selection

For best performance, it is recommended that low ESR
capacitors be used for both Cyy and Cqyt to reduce noise
and ripple. The Cyy and Cqyr capacitors should be either
ceramic or tantalum and should be 10uF or greater. If the
input source impedance is very low, C;y may not be
needed. Increasing the size of Coyt to 22F or greater will
reduce output voltage ripple.
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A 100F LTC1516
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c2* el 2
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Ceramic or tantalum capacitors are recommended for the
flying caps C1 and G2 with values in the range of 0.1uF to
1uF. Note that large value flying caps (>0.22uF) will
increase output ripple unless Cqyt is also increased. For
very low load applications, C1 and C2 may be reduced to
0.01pF to 0.047uF. This will reduce output ripple at the
expense of efficiency and maximum output current.

Inrush Currents

During normal operation, V;y will experience current tran-
sients in the 100mA to 200mA range whenever the charge
pump is enabled. During start-up, these inrush currents
may approach 500mA. For this reason, it is important to
minimize the source resistance between the input supply
and the Vy pin to prevent start-up problems and large
input voltage transients.

Ultralow Quiescent Current (Ig < 5pA) Regulated
Supply

The LTC1516 contains an internal resistor divider (refer to
Block Diagram) which draws only 1.5pA (typ) from Vgyr.
During no-load conditions, the internal load causes a
droop rate of only 150mV per second on Vgyt with
Cout = 10uF. Applying a 5Hz to 100Hz, 95% to 98% duty
cycle signal to the SHDN pin ensures that the circuit of
Figure 2 comes out of shutdown frequently enough to
maintain regulation during no-load or low-load condi-
tions. Since the part spends nearly all of its time in

SHDN PIN WAVEFORMS: |

sinalinalnalne

LOW Iq MODE (5Hz TO 100Hz, 95% TO 98% DUTY CYCLE) Vgut LOAD ENABLE MODE
lout < 100pA

(lput = 100A TO 50mA)

LTC1516 « F02

Figure 2. Ultralow Quiescent Current (<5uA) Regulated Supply

LY N



LTC1516

APPLICATIONS INFORMATION

shutdown, the no-load quiescent current (see Figure 3a) is
approximately equal to (Voyt)(1.51A)/(Vy)(Efficiency).

The LTG1516 must be out of shutdown for a minimum
duration of 200us to allow enough time to sense the output
and keep it in regulation. As the Vgyr load current
increases, the frequency with which the part is taken out
of shutdown must also be increased to prevent Voyr
from drooping below 4.8V during the OFF phase (see
Figure 3b). A100Hz98% duty cycle signal onthe SHDN pin
ensures proper regulation with load currents as high as
100pA. When load current greater than 100pA is needed,
the SHDN pin must be forced low as in normal operation.
The typical no-load supply current for this circuit with
Viny =3Vis only 3.2A.

6.0

Paralleling Devices

Two or more LTG1516’s may be connected in parallel to
provide higher output currents. The Vy, Yoy, GND and
SHDN pins may be tied together, but the C1 and C2 pins
must be kept separate (see Figure 4). Separate Cyy and
Couyt capacitors may be required to reduce output noise
and ripple if the paralleled devices cannot be kept close
together. Otherwise, single Cyy and Coyr capacitors may
be used with each being 2x (or 3x if three parts are
paralleled, etc.) in value.

General Layout Considerations

Due to the high switching frequency and high transient
currents produced by the LTC1516, careful board layout
is a must. For best performance, use very short connec-
tions to all capacitors (refer to Figure 5).
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Figure 3a. No-Load Igc vs Input Voltage for Circuit in Figure 2
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LTC1516

APPLICATIONS INFORMATION
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Figure 4. Paralleling Devices
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LTC1516
TYPICAL APPLICATION

Fault-Protected SIM Interface Supply for GSM Cellular Phones

0.1uF
| 1

av |_ B
e c1-

Vi

Vour Vour = 5V +4%

+ | louT = 20mA

J
3
LTC1516 R
SHDN GND
’__|__‘10“F 4 o e |2 |
- r 0.1yF —| -
|

+

GSM 11
CONTROLLER
< Vee
R RST .
" LEVEL SHIFT "
> CLK L simcarD
) R ) 1/0

| LTC1516 » TAO2

PHCKHGG DGSCBIPTIOI’I Dimensions in inches (millimeters) unless otherwise noted.

0.189-0.197*
. S8 Paﬂka_ge (4.801 - 5.004)
8-Lead Plastic Small Outline (Narrow 0.150) s 7 5 5
(LTC DWG # 05-08-1610) H H H H
0.010-0.020 o\ 1o ~
(0.254-0508 " * ‘ (%)
0.008-0.010 =\ ' : 0.004-0010  0228-0.244 0.150 - 0.157**
(027203 Z 02254) 0°- 8° TYP (0.101-0.254) (5791 -6.197) (3.810-13.988)
. . | ]
4] |._oote-00s0 4 ‘ ‘ ‘ }
= = 0.014-0.019 0.050
0406-1.270 (0.355-0483) 1 I (1.270) B IZI IZI IZI IZI
“DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH BSC ! 2 s 4 508 0685
_SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
PART NUMBER DESCRIPTION COMMENTS
LT1054 100mA Switched Capacitor Converter Includes Reference and Amplifier for Regulation
LTC1144 20mA Switched Capacitor Converter for Up to 20V Inputs Includes Micropower Shutdown (8pA)
LTC1261 Positive to Negative Regulated Switched Capacitor Converter | Low Noise (5mV) Output for Up to 10mA Loads
LTC1262 5V to 12V Regulated Switched Capacitor Converter Up to 30mA at Regulated Output
LTC1550/51 Low Noise Switched Capacitor Regulated Converter Provides —4.1V at 20mA with <1mV Ripple
Linear Technology Corporation LR e | INE AN

1630 McCarthy Blvd., Milpitas, CA 95035-7417 , LI”EAQ
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