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SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

General Description Features

The ultra-small MAX1720/MAX1721 monolithic, CMOS
charge-pump inverters accept input voltages ranging
from +1.5V to +5.5V. The MAX1720 operates at 12kHz,
and the MAX1721 operates at 125kHz. High efficiency,
small external components, and logic-controlled shut-
down make these devices ideal for both battery-powered
and board-level voltage conversion applications.

Oscillator control circuitry and four power MOSFET switch-
es are included on-chip. A typical MAX1720/MAX1721
application is generating a -5V supply from a +5V logic
supply to power analog circuitry. Both parts come in a 6-
pin SOT23 package and can deliver a continuous 25mA
output current.

1nA Logic-Controlled Shutdown

6-Pin SOT23 Package

99.9% Voltage Conversion Efficiency

50pA Quiescent Current (MAX1720)

+1.5V to +5.5V Input Voltage Range

25mA Output Current

Requires Only Two 1pF Capacitors (MAX1721)

* & & ¢ ¢ o o

For pin-compatible SOT23 switched-capacitor voltage
inverters without shutdown (5-pin SOT23), see the
MAX828/MAX829 and MAX870/MAX871 data sheets. For
applications requiring more power, the MAX860/MAX861
deliver up to 50mA. For regulated outputs (up to -2 - VIN), i i

refer to the MAX868. The MAX860/MAX861 and MAX868 Orde ring Information
are available in space-saving p(MAX packages.

PIN- SOT
PART TEMP. RANGE PACKAGE TOP MARK
Applications MAX1720EUT  -40°C to +85°C 6 SOT23-6 AABS
. - MAX1721EUT -40°C to +85°C 6 SOT23-6 AABT
Local Negative Supply from a Positive Supply
Small LCD Panels
GaAs PA Bias Supply
Handy-Terminals, PDAs
Battery-Operated Equipment
Typical Operating Circuit Pin Configuration
1uF TCPVIEW
INFUT Ct+ cr- NEGATIVE ar[1] ° 6] ci+
15Vio55V | N T gj\-l;ll:NUT /VAI/LAAXX1I7£;I
MAXIN 2mA IN E maxizer | 5| SN
MAX1721 ]
"
N —SIN L C- |3 4| ap
aF G\D
1 SOT23-6
MMAXIN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.
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SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

OUT Output Current...........
OUT Short Circuit to GND.....

ABSOLUTE MAXIMUM RATINGS

INTO GND ... -0.3Vto +6V
OUTHO GND ..oviiiiiiiccce e -6V to +0.3V
C1+, SHDNto GND........cccuvveeeeen. -0.3Vto (VIN + 0.3V)
.(VouT - 0.3V) to +0.3V

................ 100mA

...Indefinite

ELECTRICAL CHARACTERISTICS

(VIN = +5V, SHDN = IN, C1 = C2 = 10pF (MAX1720), C1 = C2 = 1uF (MAX1721), circuit of Figure 1, TA = 0°C to +85°C unless
otherwise noted. Typical values are at TaA = +25°C.)

Continuous Power Dissipation (TA = +70°C)

6-Pin SOT23 (derate 7.1mW/C above +70C) .........cccceererennes 571mW
Operating Temperature Range ..............ccccoccoe -40°C to +85°C
Junction Temperature...........ccccccovviiiniii e, +150°C
Storage Temperature Range................... -65°C to +150°C
Lead Temperature (soldering, 10s€C) ........ccccoccvvvvienininn +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

MAX1720/MAX1721

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX1720 Ta=+25°C 1.25 55
RL = 10kQ Ta = 0°C to + 85°C 1.5 55
Supply Voltage Range VIN Vv
MAX1721 Ta=+25°C 1.4 55
RL = 10kQ TA = 0°C to + 85°C 1.5 5.5
Qui t S ly C t | T 25°C MAX1720 >0 90 A
uiescent Su urren =+
PPl ce A MAX1721 350 650 H
Shutdown Supply Current | SHDN = GND TA=+25°C 0.001 ! A
utdown Su urren =
PPl SHDN Ta = +85°C 0.02 H
Oscillator F f T, 25°C MAX1720 / 12 17 kH
scillator Frequenc =+ z
9 y ose A MAX1721 70 125 180
Voltage Conversion Efficiency louT= 0, TA= +25°C 99 99.9 %
Output Resistance (Note 1) R | 10mA TA=+25°%C 2 >0 o
utput Resistance (Note e} ouT= 10m
P TAa=0°C to +85°C 65
OUT to GND SHDN = GND, OUT is internally forced to GND
Shutdown Resistance Ro. sHDN in shutdown 4 12 @
_ o +2.5VSVINS +5.5V 2.0
SHDN Input Logic High VIH \
VIN (MIN) £ VIN £+2.5V VIN - 0.2
_ . +2.5V<V|N < +5.5V 0.6
SHDN Input Logic Low VIL \
VIN (MIN) £ VIN £ +2.5V 0.2
__ _ Ta = +25°C -100 0.05 100
SHDN Bias Current L, lH | SHDN = GND or V|N nA
Ta = +85°C 10
MAX1720 800
Wake-Up Time from Shutdown louT = 5mA us
MAX1721 80
2 MAXI/MN
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SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

ELECTRICAL CHARACTERISTICS

(VIN = +5V, SHDN = IN, C1 = C2 = 10pF (MAX1720), C1 = C2 = 1uF (MAX1721), circuit of Figure 1, TA = -40°C to +85°C unless
otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
S ly Volt R V RL = 10kQ MAX1720 15 55 \%
u oltage Range =
pply Yolage Hang N - MAX1721 16 55
. MAX1720 100
Quiescent Current Icc HA
MAX1721 750
Oscillator F ¢ MAX1720 6 21 KH
scillator Frequenc z
quency OS¢ MuAxi721 60 200
Voltage Conversion Efficiency louT=10 99 %
Output Resistance (Note 1) Ro louT= 10MmA 65 Q
Output Current louT Continuous, long-term 25 mMARMS
OUT to GND R SHDN = GND, OUT is internally forced to GND 12 o
Shutdown Resistance O: SHDN in shutdown
_— o +2.5V<VIN £ +5.5V 2.0
SHDN Input Logic High VIH \
VIN (MIN) £ VIN < +2.5V VIN - 0.2
— . +2.5V<VIN<+5.5V 0.6
SHDN Input Logic Low ViL \Y
VIN (MIN) < VIN < +2.5V 0.2

Note 1: Capacitor ESR (ESR component plus (1/fosc) - C) is approximately 20% of output impedance.
Note 2: All specifications from -40°C to +85°C are guaranteed by design, not production tested.

Typical Operating Characteristics
(Circuit of Figure 1, VN = +5V, SHDN = IN, C1 = C2 = C3, Ta = +25°C, unless otherwise noted.)

QUTPUT VALTAGE MAX1720 MAX1721
vs. QUTPUT CURRENT BFACIENCY vs. QUTPUT CURRENT EFACENCY vs. QUTPUT CURRENT
0 T T " T r 5 100 % 100 %
Un=+1sv | M=V § @ §Q | | g @ | | | g
. v g . A\ N |k Vin=16Y g © [l ViN=48V g
L~ N ~—
= 1A o =R\ ~S T 5 [EAN ~
§ ] g e \ Py Y; & \ \\ \\
2 > \ =+3.3V— ]
: =Sl B e ohEanina BN 4 Rl N R
\AN=+3£// Q % o] %0 Vin=+2V
% 3 = Z x
® K4l
4 O el 0
Vin=46V_| =T o 2
— 10
5 0
0 5 10 15 20 25 30 3 40 45 50 0 5 10 15 20 5 30 3B 40 45 50 0
QUTPUT CURRENT (mA) QUITPUT CURFENT (mA) 0 5 10 15 20 25 30 35 40 45 50
CUTPUTCURRENT (mA)
MAXI/N 3
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MAX1720/MAX1721
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SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

(Circuit of Figure 1, VIN = +5V, SHDN = IN, C1 = C2 = C3, TA = +25°C, unless otherwise noted.)

CQUTPUT RESISTANCE
vs. INPUT VOTACE
& g
7 g
g : =
g =
R E
g MAX1721 3
0 s —
s
20
10
15 20 25 30 35 40 45 50 55
INPUTVCLTAGE(W)
QUTPUT RESISTANCE
vs. TEMIPERATURE
. \4N=+|1-5V/§
a
-~ /
g 50 — Vin=+2v ]
& — S
@ 40 '// VIN=+I33V g
el
20 — Y
10
40 -15 10 b 60 8
TEMPERATURE(C)
MAX1720
START-UP FROM SHUTDOWN
MAX1720/21toc10
?2 Vour
2Vidv
i -
1 Svdiv
500us/div
R =1k

EEEREREEEER

1000

10

CQUTPUT CURFENT (mA)

-40

a
o

-

B B 8 &

SUPPLY CURRENT
vs. INPUT VOLTACGE

g
.
N\
MAX1720/21tocb

vZ
-40°c//

P +85°C
7
//

MAX1720

—

15 20 25 30 35 40 45 50 55
INPUTVCLTACE(V)

PUMP FREQUENCY
vs. TEMPERATURE

-40°C__|
T +85°C

MAX1720/21toc08

ViN=+15V
ViN=315V

MAX1721

iN=4BV
Vin=+1.5V

MAX1720

A § — |

| |
-10 35
TEMPERATURE (<O)

-15 &0

MAX1720
QUTPUT CURRENT vs. CAPACITANCE

/
/
/|

T T T 1
Vine +4.75V, Vi =-4.0V

MAX1720/2tioct 1

ViN=+315V, Vour=-25V

=+1.9V, Vour=-1.5V

0 5 10 15 20 25 30 3B 40 45 2O
CAPACITANCE (P

QUIPUTVCLTACERFRLE(MVb-p)

c8888B8BEEE

Typical Operating Characteristics (continued)

SHUTDOMN SUPPLY CURRENT
vs. TEMIPERATURE
% g
» g
0
Vin=+6V
" | /
10 \4N=+3|3V \‘/
5 Vin=+1.8V ;7/;
0
-40 -15 10 35 e &
TEVIPERATURE(C)
QUTPUT NQSE AND RPPLE
MAX1 720/ 21toc09
§ & 4 AVaur
ot { CAMAXI721
Vaur
S i maxi720
10us/div
VIN=3.3V, Vaur=-31%V, louT=5mA
20mVidv, AC-OOUPLED
MAX1720
QUTPUT VOLTAGE RPPLE
vs. CAPACITANCE
E
g

ViN=+4.75V, VT =-4.0V

s

||

ViN=+3.15V, Vour=-25V

1 ]

NN Vin=+1.9%, Vour=-1.V

%
\
\
N

NN
\é \ —
0 5 10 15 2 25 30
CAPACITANCE (1P
X1/

com El ectronic-Library Service CopyRi ght 2003



SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

Typical Operating Characteristics (continued)
(Circuit of Figure 1, VN = +5V, SHDN = IN, C1 = C2 = C3, Ta = +25°C, unless otherwise noted.)

MAX1721 MAX1721 MAX1721
START-UP FROM SHUTDOWN QUTPUT CURRENT vs. CAPACITANCE QUTPUT VOLTAGE RPPLE vs. CAPAQITANCE
0 VN=+75, Vor=-40V J§ & 390 g
g = \ g
Vaur E 300
] R s N oo
e 2 Vin=+315V, Vour=-25v | £ 20 \\ T T T
I / g 20 A | \in=+3.15V, VT =-25V.
Vin=+19V, Vqur=-15V 7|
© ViN=+.9V, Vo r=-15V % 100 \ \?&(\
VDN IN=+1.9V, Vour=-1.
— <A svdiv 5 7 © \\2&\
[ —
0 0
R - 1ke i 0 05 10 15 20 25 30 35 40 45 50 0 05 10 15 20 25 30 35 40 45 50
- CAPACITANCE (P CAPACITANCE(uh)
Pin Description o
1uF(1oup
PIN NAME FUNCTION T
6 3
1 ouTt Inverting Charge-Pump Output 15'{;‘?;5\/ ] Ci+ Ol L NEGATIVE
2 IN Power-Supply Positive Voltage Input -1V
PPY ge P oL MAXIMN Y
3 C1 Negative Terminal of Flying Capacitor wF(touh T MAXT721 @
= WF (10
4 GND Ground N 5l o :E KF(iouD
- . CFFJ_ SHN CND —
Shutdown Input. Drive this pin high
5 SHDN for normal operation; drive pin low for _4
shutdown mode. OUT_|s actively NOTE: () P APEFCRMAXI720.
pulled to ground during shutdown.
6 Ci+ Positive Terminal of Flying Capacitor Figure 1. Typical Application Circuit

Detailed Description

The MAX1720/MAX1721 capacitive charge pumps
invert the voltage applied to their input. For highest per-
formance, use low equivalent series resistance (ESR)
capacitors (e.g., ceramic).

During the first half-cycle, switches S2 and S4 open,
switches S1 and S3 close, and capacitor C1 charges to
the voltage at IN (Figure 2). During the second half-
cycle, S1 and S3 open, S2 and $4 close, and C1 is level
shifted downward by VN volts. This connects C1 in par-
allel with the reservoir capacitor C2. If the voltage across
C2 is smaller than the voltage across C1, charge flows
from C1 to C2 until the voltage across C2 reaches
-VIN. The actual voltage at the output is more positive

MAXIMN

than -V|N, since switches S1-84 have resistance and the
load drains charge from C2.

Charge-Pump Output
The MAX1720/MAX1721 are not voltage regulators: the
charge pumps’ output resistance is approximately 23Q
at room temperature (with VIN = +5V), and VouT
approaches -5V when lightly loaded. VouT will droop
toward GND as load current increases. The droop of
the negative supply (VDROOP-) equals the current draw
from OUT (louT) times the negative converter’s output
resistance (Ro):

VDROOP- = louT - Ro
The negative output voltage will be:
VouT = -(VIN - VDROOP-)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

FCLZEXVIN/OCLLXVYIN



MAX1720/MAX1721

SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

Figure 2. Ideal Voltage Inverter

Efficiency Considerations
The power efficiency of a switched-capacitor voltage
converter is affected by three factors: the internal loss-
es in the converter IC, the resistive losses of the pump
capacitors, and the conversion losses during charge
transfer between the capacitors. The total power loss
is:

SPLoss = PINTERNAL LOSSES + PswiTCH LOSSES
+PpUMP CAPACITOR LOSSES
+PcONVERSION LOSSES

The internal losses are associated with the IC’s internal
functions, such as driving the switches, oscillator, etc.
These losses are affected by operating conditions such
as input voltage, temperature, and frequency.

The next two losses are associated with the voltage
converter circuit’s output resistance. Switch losses
occur because of the on-resistance of the MOSFET
switches in the IC. Charge-pump capacitor losses
occur because of their ESR. The relationship between
these losses and the output resistance is as follows:

PrUMP CAPACITOR LOSSES + PCONVERSION LOSSES

2
lout * Rout

Ro = +2RswitcHES +4ESRc1 + ESRc2

(fOSC) - C1

where fosc is the oscillator frequency. The first term is
the effective resistance from an ideal switched-
capacitor circuit. See Figures 3a and 3b.

Conversion losses occur during the charge transfer
between C1 and C2 when there is a voltage difference
between them. The power loss is:

T

Figure 3a. Swilched-Capacitor Model

Ry

Figure 3b. Equivalent Circuit
2 2
PconvLoss = Fosc | 17261 [N — Vout | +
1/5C2 (VR|PP|_E2 - 2VOUTVRIPPLE)

Shutdown Mode

The MAX1720/MAX1721 have a logic-controlled shut-
down input. Driving SHDN low places the MAX1720/
MAX1721 in a low-power shutdown mode. The charge-
pump switching halts, supply current is reduced to
1nA, and OUT is actively pulled to ground through a 4Q
resistance.

Applications Information

Capacitor Selection
To maintain the lowest output resistance, use capaci-
tors with low ESR (Table 1). The charge-pump output
resistance is a function of C1’s and C2’s ESR.
Therefore, minimizing the charge-pump capacitor’s
ESR minimizes the total output resistance. Suggested
capacitor values for minimizing output resistance or
minimizing capacitor size are found in Table 2.

Flying Capacitor (C1)
Increasing the flying capacitor’s value reduces the out-
put resistance. Above a certain point, increasing C1’s
capacitance has a negligible effect because the output
resistance becomes dominated by the internal switch
resistance and capacitor ESR.

NAXIMN
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SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

Output Capacitor (C2)
Increasing the output capacitor’s value reduces the
output ripple voltage. Decreasing its ESR reduces both
output resistance and ripple. Smaller capacitance val-
ues can be used with light loads if higher output ripple
can be tolerated. Use the following equation to calcu-
late the peak-to-peak ripple:

lout

+2 - IOUT * ESRCZ
fosc © C2

VRIPPLE =

Input Bypass Capacitor (C3)
Bypass the incoming supply to reduce its AC impedance
and the impact of the MAX1720/MAX1721’s switching
noise. The recommended bypassing depends on the cir-
cuit configuration and on where the load is connected.

When the inverter is loaded from OUT to GND, current
from the supply switches between 2 - louT and zero.
Therefore, use a large bypass capacitor (e.g., equal to
the value of C1) if the supply has a high AC impedance.

When the inverter is loaded from IN to OUT, the circuit
draws 2 - louT constantly, except for short switching
spikes. A 0.1uF bypass capacitor is sufficient.

Voltage Inverter
The most common application for these devices is a
charge-pump voltage inverter (Figure 1). This applica-
tion requires only two external components—capacitors
C1 and C2—plus a bypass capacitor, if necessary.
Refer to the Capacitor Selection section for suggested
capacitor types.

Table 1. Low-ESR Capacitor Manufacturers

Cascading Devices
Two devices can be cascaded to produce an even
larger negative voltage (Figure 4). The unloaded output
voltage is normally -2 - VN, but this is reduced slightly
by the output resistance of the first device multiplied by
the quiescent current of the second. When cascading
more than two devices, the output resistance rises dra-
matically. For applications requiring larger negative
voltages, see the MAX865 and MAX868 data sheets.

Paralleling Devices
Paralleling multiple MAX1720s or MAX1721s reduces
the output resistance. Each device requires its own
pump capacitor (C1), but the reservoir capacitor (C2)
serves all devices (Figure 5). Increase C2’s value by a
factor of n, where n is the number of parallel devices.
Figure 5 shows the equation for calculating output
resistance.

NAAam
MAX1720

Nam
MAX1720

+_[ MAX1721 + MAX1721
— 5 g 1 6 o 1 Vour
My LP T
(o2 +

Figure 4. Cascading MAX1720s or MAX1721s to Increase
Output Voltage

PRODUCTION
METHOD MANUFACTURER SERIES PHONE FAX

AVX TPS series (803) 946-0690 (803) 626-3123

Surface-Mount -

Tantalum Matsuo 267 series (714) 969-2491 (714) 960-6492
Sprague 593D, 595D series (603) 224-1961 (603) 224-1430

Surface-Mount AVX X7R (803) 946-0690 (803) 626-3123

Ceramic Matsuo X7R (714) 969-2491 (714) 960-6492

Table 2. Capacitor Selection for Minimum Output Resistance or Capacitor Size

CAPACITORS TO MINIMIZE CAPACITORS TO MINIMIZE SIZE
PART ; OUTPUT RESISTANCE (Ro = 400, TYP)
osc (Ro = 230, TYP) o o1 - 2
ci=cC2 =
MAX1720 12kHz 10pF 3.3pF
MAX1721 125kHz 1uF 0.33pF
MAXI/MNM
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MAX1720/MAX1721

SOT23, Switched-Capacitor
Voltage Inverters with Shutdown

T
2 2
3 5 3 5
oot i [ ok
+ — 6 g 1 +—g ar 1 Vaur
|

RoCF SINGLE DEVICE

Vor=-Vin = @
= -
~ NUVBERCF DBMCES :_E

Figure 5. Paralleling MAX1720s or MAX1721s to Reduce
Output Resistance

Combined Doubler/Inverter
In the circuit of Figure 6, capacitors C1 and C2 form the
inverter, while C3 and C4 form the doubler. C1 and C3
are the pump capacitors; C2 and C4 are the reservoir
capacitors. Because both the inverter and doubler use
part of the charge-pump circuit, loading either output
causes both outputs to decline toward GND. Make sure
the sum of the currents drawn from the two outputs
does not exceed 25mA.

Heavy Load Connected to a

Positive Supply

Under heavy loads, where a higher supply is sourcing

current into OUT, the OUT supply must not be pulled

above ground. Applications that sink heavy current into

OUT require a Schottky diode (1N5817) between GND
and OUT, with the anode connected to OUT (Figure 7).

+ViN
3 21- D1, D2 = 1N4148
Cl \l: 4 S_T
5 2NAXIM
J__ MAX1720 w Di
= g| MAaxizz1 1 v v
p Vour=-ViN
L e
+
e =
) I+ NT_V Vaur= (VN -
c3 oy (Moi)- (Vi)
T
Figure 6. Combined Doubler and Inverter
aD 4 Vi
MAXIM
MAX1720 R
MAX1721
air ! L g L g

Figure 7. Heavy Load Connected fo a Positive Supply

Layout and Grounding
Good layout is important, primarily for good noise per-
formance. To ensure good layout, mount all compo-
nents as close together as possible, keep traces short
to minimize parasitic inductance and capacitance, and
use a ground plane.

Chip Information
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