
1

DEMO MANUAL DC249
LOW NOISE CONVERTER

LTC1682
Doubler Charge Pump with
Low Noise Linear Regulator

powered systems that require extremely low output volt-
age noise and small size.

A DC249 demo board is available for the LTC1682CMS8,
LTC1682CMS8-3.3 and the LTC1682CMS8-5. The
LTC1682CMS8 demo board does not include the feedback
resistors used to set the output voltage. The user must
calculate the resistor values based on the required output
voltage and add them to the board. Gerber files for this
circuit board are available. Call the LTC factory.

Burst Mode is a trademark of Linear Technology Corporation.
, LTC and LT are registered trademarks of Linear Technology Corporation.

Demonstration Circuit DC249 is a doubler charge pump
and linear regulator that produces a regulated, low noise
output voltage from an input voltage ranging from 1.8V to
4.4V. Two fixed output voltages of 3.3V and 5V are
available. In addition, an adjustable output voltage version
is available with an output voltage range of 2.5V to 5.5V.
The LTC®1682 family can supply up to 50mA of output
current. The circuit requires only small surface mount
components, resulting in very small board area. The
power supply circuit is particularly useful in battery-
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PARAMETER CONDITIONS MIN TYP MAX UNITS

VIN Operating Voltage 1.8 4.4 V

IVIN Shutdown Current SHDN = 0V 1 5 µA

IVIN Quiescent Current IOUT = 0mA, Burst ModeTM Operation, SHDN > 1.6V 150 250 µA

VOUT RMS Output Noise LTC1682-3.3: IOUT = 10mA, 10Hz ≤ f ≤ 100kHz, CFILT = 1nF 58 µVRMS
LTC1682-5: IOUT = 10mA, 10Hz ≤ f ≤ 100kHz, CFILT = 1nF 64 µVRMS

VOUT Wideband Output Noise IOUT = 10mA, SHDN > 1.6V, BW = 10Hz ≤ f ≤ 2.5MHz
LTC1682-3.3, VIN = 3V 500 µVP-P
LTC1682-5, VIN = 3V 600 µVP-P
LTC1682 Adjustable, VOUT = 5V, VIN = 3V 800 µVP-P

VOUT (LTC1682-3.3) SHDN > 1.6V 3.23 3.30 3.37 V

VOUT (LTC1682-5) SHDN > 1.6V 4.9 5.0 5.1 V

VOUT (LTC1682) SHDN > 1.6V, Internal Reference Tolerance –2 2 %
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DEMO MANUAL DC249
LOW NOISE CONVERTER
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PARTS LIST
REFERENCE
DESIGNATOR QUANTITY PART NUMBER DESCRIPTION VENDOR TELEPHONE
C1 1 0805YC224KAT2A 0.22µF 16V 10% X7R Capacitor AVX (843) 946-0362
C2, C4 2 0805ZG475ZAT2A 4.7µF 10V Y5V Capacitor AVX (843) 946-0362
C3 1 1206YG475ZAT2A 4.7µF 16V Y5V Capacitor AVX (843) 946-0362
E1 to E5 5 2501-2 0.090" Turret Testpoint Mill-Max (516) 922-6000
R1, R2 2 TBD TBD Resistor TBD
U1 1 LTC1682MS8 8-Lead MSOP IC Version A LTC (408) 432-1900

LTC1682MS8-5 8-Lead MSOP IC Version B
LTC1682MS8-3.3 8-Lead MSOP IC Version C

NOTE: For LTC1682-3.3 and LTC1682-5: Replace R2 with a 1nF 16V 10%  X7R ceramic capacitor (AVX 0603YC102KAT2A) and omit R1.

LTC1682CMS8
LTC1682CMS8-3.3
LTC1682CMS8-5

E2
SHUTDOWN

C1
0.22µFC2

4.7µF

E3
GND

NOTE: USER MUST SUPPLY R1 AND R2
TO SET OUTPUT VOLTAGE AS FOLLOWS:
VOUT = 1.235V [1 + (R1/R2)] 
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LTC1682-3.3/LTC1682-5 Schematic Diagram
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DEMO MANUAL DC249
LOW NOISE CONVERTER

QUICK START GUIDE
DC249 is easily set up for evaluating the LTC1682 low
noise converter family. Follow the procedure outlined
below for proper operation.

1. Connect the input power supply, output load and
meters as shown in Figure 1.  For best accuracy, it is
important to connect true RMS reading voltmeters
directly to the PCB terminals when the input and
output voltages are to be measured. True RMS read-
ing ammeters should also be used for current mea-
surements.

2. Increase the input voltage to the desired level. The
minimum input voltage is related to the required
output voltage and current. For example, if the re-
quired output voltage is 5V, then the CPO voltage at
Pin 8 of the LTC1682 must be above 5V to prevent
dropout. A reasonable CPO voltage would be 5.4V at
low output currents. The minimum input voltage
requirement would be 1/2 this value or about 2.7V.

3. The part can be shut down or enabled by controlling
the SHDN pin. When this pin is connected to ground,
the part is shut down. When connected to VIN, the part
is enabled. The SHDN pin can be controlled by a pulse
generator to observe power-up and power-down char-
acteristics. The output of the pulse generator is set to
swing between 0.4V and 1.6V.

4. When performing noise measurements (Figure 2), the
load should be soldered directly to the board between
E1 and E5. Long leads connecting to a load may
introduce noise. Do not connect DC voltmeters to E1
when performing noise tests and connect SHDN
directly to VIN.

Figure 1. Proper Measurement Setup
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DEMO MANUAL DC249
LOW NOISE CONVERTER

 OPERATIO
U

The LTC1682 family uses a switched capacitor charge
pump to generate voltage at the CPO (Charge Pump
Output) pin of approximately 2VIN. This voltage powers an
internal, low dropout linear regulator that supplies a
regulated output at VOUT. Internal comparators are used to
sense the CPO and VIN voltages for power-up condition-
ing. The output current is sensed to determine the charge
pump operating mode. A trimmed internal bandgap is
used as the voltage reference and a trimmed internal
oscillator is used to control the charge pump switches.

The charge pump is configured as a doubler that uses one
external flying capacitor. When enabled, a 2-phase
nonoverlapping clock controls the charge pump switches.
At start-up, the LDO is disabled and the load is removed
from the CPO. When the CPO reaches 1.75VIN, the LDO is
enabled. If the CPO voltage falls below 1.45VIN, the LDO is
disabled. Generally, the charge pump runs open loop with
continuous clocking for low noise. If the CPO voltage is
greater than 1.95VIN and  IOUT is less than 100µA, the
charge pump will use Burst Mode operation for increased
efficiency but higher output noise. In Burst Mode opera-
tion, the clock is disabled when the CPO voltage reaches
1.95VIN and enabled when the CPO voltage droops by
about 100mV. The switching frequency is precisely con-
trolled to ensure that the frequency is above 455kHz and
at the optimum rate to ensure maximum efficiency. The
switch edge rates are also controlled to minimize noise.
The effective output resistance at the CPO pin is dependent
on the voltage at VIN, the voltage at the CPO pin and the
junction temperature.

The LDO is used to filter the ripple on the CPO voltage and
to set an output voltage independent of the CPO voltage.

The LDO requires a capacitor on VOUT for stability and
improved load transient response.

Output Voltage Selection

The LTC1682 output voltage is set using an external
resistor divider. The output voltage is determined by the
following formula:

VOUT = 1.235V[1 + (R1/R2)]

The output voltage range is 2.5V to 5.5V.

Capacitor Selection

For best performance it is recommended that low ESR
capacitors be used for C2, C3 and C4 to reduce noise and
ripple. C2 must be >2µF, and C3 must be equal to or greater
than C2. C4 is dependent on the source impedance. C4
should be >2µF, since the charge pump demands large
instantaneous currents that may induce ripple on a com-
mon voltage rail.

A ceramic capacitor with a value of 0.22µF is recom-
mended for the flying capacitor C1. At low load or high VIN,
a smaller capacitor could be used to reduce ripple on CPO,
which would be reflected as lower ripple on VOUT.

Measuring Output Noise

Measuring the LTC1682’s low noise levels requires care.
Figure 2 shows a test setup for taking the measurement.
Good connection and signal handling technique should
yield about 500µVP-P over a 2.5MHz bandwidth. The noise
measurement involves AC coupling the LTC1682 output
into the test setup’s input and terminating this connection
with 50Ω. Coaxial connections must be maintained to
preserve measurement integrity.

Figure 2. LTC1682 Noise Measurement
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BLOCK DIAGRA    SM
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DEMO MANUAL DC249
LOW NOISE CONVERTER

PCB LAYOUT A  D FIL
U W
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Silkscreen Top
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Solder Mask Top
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DC249A COMP
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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DEMO MANUAL DC249
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dc249 LT/TP 0799 500 • PRINTED IN USA

 LINEAR TECHNOLOGY CORPORATION 1999

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ● FAX: (408) 434-0507  ●  www.linear-tech.com
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NOTES: UNLESS OTHERWISE SPECIFIED
1. MATERIAL: FR4 OR EQUIVALENT, 2 OZ COPPER CLAD

THICKNESS 0.062 ±0.006 TOTAL OF 2 LAYERS
2. FINISH: ALL PLATED HOLES 0.001 MIN/0.0015 MAX

COPPER PLATE ELECTRODEPOSITED TIN-LEAD 
COMPOSITION BEFORE REFLOW, SOLDER 
MASK OVER BARE COPPER (SMOBC)

3. SOLDER MASK: BOTH SIDES USING LPI OR EQUIVALENT
4. SILKSCREEN: USING WHITE NONCONDUCTIVE EPOXY INK
5. UNUSED SMD COMPONENT PADS SHOULD BE FREE OF SOLDER
6. FILL UP ALL VIAS WITH SOLDER
7. ALL DIMENSIONS ARE IN INCHES
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