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Features

® Small Capacitors \J

® 0.65V Typ Loss at 100mA Load e |1 3

® Low 120p A Operating Current V+
® 6.5Q Typ Output Impedance CAP+ | 2 7| o0sc
@® Guaranteed ROUT < 15Q forC1=C2 =10y F

® Pin-Compatible High-Current ICL7660 Upgrade GND L3 6fLv
@ Inverts or Doubles Input Supply Voltage cApP- L4 5| ouT
@ Selectable Oscillator Frequency: 10kHz/80kHz

® 88% Typ Conversion Efficiency at 100mA (I to GND) MAXG60

General Description

The MAX660 monolithic, charge-pump voltage inverter converts a +1.5V to +5.5V input to a
corresponding -1.5V to -5.5V output. Using only two low-cost capacitors, the charge pump’ s
100mA output replaces switching regulators, eliminating inductors and their associated cost, size,
and EMI. Greater than 90% efficiency over most of its load-current range combined with a typical
operating current of only 120y A provides ideal performance for both battery-powered and boar
d-level voltage conversion applications. The MAX660 can also double the output voltage of an in
put power supply or battery, providing +9.35V at 100mA from a +5V input.

A frequency control (FC) pin selects either 10kHz typ or 80kHz typ (40kHz min) operation to
optimize capacitor size and quiescent current. The oscillator frequency can also be adjusted with
an external capacitor or driven with an external clock. The MAX660 is a pin-compatible, high-
current upgrade of the ICL7660.

The MAX660 is available in both 8-pin DIP and small-outline packages in commercial, extended,
and military temperature ranges.

For 50mA applications, consider the MAX860/MAX861 pin-compatible devices (also available in
ultra-small p MAX packages).

Applications

@® Laptop Computers

@® Medical Instruments

@ Interface Power Supplies

® Hand-Held Instruments

@® Operational-Amplifier Power Supplies
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Pin Description

FUNCTION
PIN NAME
INVERTER DOUBLER
Frequency Control for internal oscillator,FC=open,
1 FC fosc =10kHz typ;FC=V+,fosc =80kHz typ(40kHz min), Same as Inverter
FC has no effect when OSC pin is driven externally.
2 CAP+ Charge-Pump Capacitor,Positive Terminal Same as Inverter
3 GND Power-Supply Ground Input Power-Supply Positive Voltage Input
4 CAP- Charge-Pump Capacitor,Negative Terminal Same as Inverter
5 ouT Output,Negative Voltage Power-Supply Ground Input
Low-Voltage Operation Input.Tie LV to GND when input
6 LV voltage is less than 3V.Above 3V,LV may be connected to LV must be tied to OUT for all input
GND or left open;when overdriving OSC,LV must be voltages.
connected to GND.
Oscillator Control Input.OSC is connected to an internal
7 e 15pF capacitor.An external capacitor can be added to slow | Same as Inverter;however,do not over-
the oscillator.Take care to minimize stray capacitance.An | drive OSC in voltage-doubling mode.
external oscillator may also be connected to overdrive OSC.
8 V+ Power-Supply Positive Voltage Input Positive Voltage Output
WWW.SZTDBDT.COM
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Typical Operating Circuits
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V+ to GND, or GND to OUT) +6V

LV Input Voltage (OUT - 0.3V) to (V+ + 0.3V)

The least negative of

FC and OSC Input Volt
an hput’vpltages (OUT - 0.3V) or (V+ - 6V) to (V+ + 0.3V)

OUT and V+ Continuous Output Current 120mA

Output Short-Circuit Duration to GND (Note 1) 1sec

Continuous Power Dissipation (Ta = +70°C)

Plastic DIP (derate 9.09mW/°C above + 70°C) 727TmW
SO (derate 5.88mW/°C above +70°C) 471TmW
CERDIP (derate 8.00mW/°C above +70°C) 640mwW

Operating Temperature Ranges

MAX660C_ _ 0°C to +70°C
MAX660E_ -40°C to +85°C
Storage Temperature Range -65°Cto +160°C
Lead Temperature (soldering, 10sec) +300°C

NOTE 1.0UT may be shorted to GND for 1sec without damage, but shorting OUT to V+ may
damage the device and should be avoided. Also, for temperatures above +85°C, OUT must not
be shorted to GND or V+, even instantaneously, or device damage may result.

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
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ELECTRICAL CHARACTERISTICS

(V+ =5V, C1 =C2 =150y F, test circuit of Figure 1, FC = open, TA = TMIN to TMAX, unless otherwise noted.) (Note 2)

PARAMETER MIN TYP MAX | UNITS
Inverter,LV=0pen 3.0 5.5
Operating Supply Voltage | Ri=1kQ Inverter,LV=GND 1.5 5.5 v
Doubler,LV=0UT 2.5 55
FC=open,LV=0pen 0.12 0.5
Supply Current No load mA
FC=V+,LV=0pen 1 3
Ta<+85°C,OUT more negative than -4V 100
Output Current mA
Ta>+85°C,OUT more negative than-3.8V 100
Ta<+85°C,C1=C2=10uF,FC=V+(Note 4) 15
Output Resistance(Note 3) | IL=100mA Ta<+85°C,C1=C2=150uF 6.5 10.0 Q
Ta<+85°C 12
FC=open 5 10
Oscillator Frequency kHz
FC=V+ 40 80
FC=open 1
OSC Input Current MA
FC=V+ 8
RL=1kQ connected between V+and OUT 96 98
Power Efficiency RL=500Q) connected between OUT and GND 92 9% %
IL=100mA to GND 88
Veltage-Conierion No load 99.00 | 99.96 %
Efficiency

Note 2: In the test circuit, capacitors C1 and C2 are 150u F, 0.2Q maximum ESR, aluminum electrolytics. Capacitors with higher
ESR may reduce output voltage and efficiency. See Capacitor Selection section.

Note 3: Specified output resistance is a combination of internal switch resistance and capacitor ESR. See Capacitor Selection
section.

Note 4: The ESR of C1 = C2 < 0.5Q. Guaranteed by correlation, not production tested.
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Typical Operating Characteristics

All curves are generated using the test circuit of Figure 1 with V+ =5V, LV = GND, FC = open, and TA = +25° C, unless otherwise
noted. The charge-pump frequency is one-half the oscillator

frequency. Test results are also valid for doubler mode with GND = +5V, LV = OUT, and OUT= 0V, unless otherwise noted;
however, the input voltage is restricted to +2.5V to +5.5V.

(+5V)
21 caps 0SC
+ 3
—

CAP- outT

Vourt

Figure 1. MAX660 Test Circuit

Detailed Description

The MAX660 capacitive charge-pump circuit either inverts or doubles the input voltage (see
Typical Operating Circuits). For highest performance, low effective series resistance (ESR)
capacitors should be used. See Capacitor Selection section for more details.

When using the inverting mode with a supply voltage less than 3V, LV must be connected to
GND. This bypasses the internal regulator circuitry and provides best performance in low-
voltage applications. When using the inverter mode with a supply voltage above 3V, LV may be
connected to GND or left open. The part is typically operated with LV grounded, but since LV
may be left open, the substitution of the MAX660 for the ICL7660 is simplified. LV must be
grounded when over-driving OSC (see Changing Oscillator Frequency sec-tion). Connect LV to
OUT (for any supply voltage) when using the doubling mode.

WWW.SZTDBDT.COM
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Applications Information

Negative Voltage Converter

The most common application of the MAX660 is as a charge-pump voltage inverter. The
operating circuit uses only two external capacitors, C1 and C2 (see Typical Operating Circuits).
Even though its output is not actively regulated, the MAX660 is very insensitive to load current
changes. A typical output source resistance of 6.5Q means that with an input of +5V the output
voltage is -5V under light load, and decreases only to -4.35V with a load of 100mA. Output source
resistance vs. temperature and supply voltage are shown in the Typical Operating Characteristics
graphs.

Output ripple voltage is calculated by noting the output current supplied is solely from capacitor
C2 during one-half of the charge-pump cycle. This introduces a peak-to-peak ripple of:

louT + louT (ESRc2)

2(frump) (C2)

For a nominal frump of 5kHz (one-half the nominal 10kHz oscillator frequency) and C2 = 150y F wit
h an ESR of 0.2Q, ripple is approximately 90mV with a 100mA load current. If C2 is raised to 390u F
, the ripple drops to 45mV.

VRIPPLE =

Positive Voltage Doubler

The MAX660 operates in the voltage-doubling mode as shown in the Typical Operating Circuit.
The no-load output is 2 X VIn.

Other Switched-Capacitor Converters

Please refer to Table 1, which shows Maxim’ s charge-pump offerings.

Table 1. Single-Output Charge Pumps

MAX828 | MAX829 MAX860 MAX861 | MAX660 | MAX1044 | ICL7662 | ICL7660
Package | SOT23-5 | SOT 23-5 SOP-8 SOP-8 SOP-8 SOP-8 SOP-8 SOP-8
0.2 at 6kHz, | 0.3 at 13kHz,
O(f‘C”r:eA';t 0.06 0.15 0.6 at 50kHz, |1.1 at 100kHz, 0'115;’;0?("‘_"422' 0.03 0.25 0.08
yP: 14 at 130kHz  |2.5 at 250kHz
Output O 20 20 12 12 6.5 6.5 125 55
(typ)
Pump Rate
12 35 6,50,130 13,100,150 540 5 10 10
(kHz)
Input(V) | 1.25to 55 | 1.25t0 5.5 15to0 5.5 1.5t0 5.5 1.5t0 5.5 1.5to0 10 1.5t0 10 1.5to0 10
WWW.SZTDBDT.COM
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Changing Oscillator Frequency

Four modes control the MAX660’ s clock frequency, as listed below:

FC 0OsC Oscillator Frequency
Open Open 10kHz
FC=V+ Open 80kHz
Open or External See Typical Operating
FC =V+ Capacitor Characteristics
Open External External Clock Frequenc
P Clock d y

When FC and OSC are unconnected (open), the oscil-lator runs at 10kHz typically. When FC is
connected to V+, the charge and discharge current at OSC changes from 1.0py A to 8.0y A, thus
increasing the oscillator frequency eight times. In the third mode, the oscillator frequency is
lowered by connecting a capacitor between OSC and GND. FC can still multiply the fre-quency
by eight times in this mode, but for a lower range of frequencies (see Typical Operating
Characteristics). In the inverter mode, OSC may also be overdriven by an external clock source
that swings within 100mV of V+ and GND. Any standard CMOS logic output is suitable for
driving OSC. When OSC is overdriven, FC has no effect. Also, LV must be grounded when
overdriving OSC. Do not overdrive OSC in voltage-doubling mode.

Note: In all modes, the frequency of the signal appear-ing at CAP+ and CAP- is one-half that of
the oscillator. Also, an undesirable effect of lowering the oscillator fre-quency is that the
effective output resistance of the charge pump increases. This can be compensated by
increasing the value of the charge-pump capacitors (see Capacitor Selection section and
Typical Operating Characteristics).

In some applications, the 5kHz output ripple frequency may be low enough to interfere with
other circuitry. If desired, the oscillator frequency can then be increased through use of the

FC pin or an external oscillator as described above. The output ripple frequency is one-half

the selected oscillator frequency. Increasing the clock frequency increases the MAX660’ s
quiescent current, but also allows smaller capacitance values to be used for C1 and C2.

WWW.SZTDBDT.COM
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Capacitor Selection

Three factors (in addition to load current) affect the MAX660 output voltage drop from its
ideal value:

1) MAX660 output resistance

2) Pump (C1) and reservoir (C2) capacitor ESRs

3) C1 and C2 capacitance

The voltage drop caused by MAX660 output resistance is the load current times the output
resistance. Similarly, the loss in C2 is the load current times C2’ s ESR. The loss in C1, however,
is larger because it handles currents that are greater than the load current during charge-
pump operation. The voltage drop due to C1 is therefore about four times C1’ s ESR
multiplied by the load current. Consequently, a low (or high) ESR capacitor has a much greater
impact on performance for C1 than for C2.

Generally, as the pump frequency of the MAX660 increases, the capacitance values required to
maintain comparable ripple and output resistance diminish pro-portionately. The curves of
Figure 2 show the total circuit output resistance for various capacitor values (the pump and
reservoir capacitors’ values are equal) and oscillator frequencies. These curves assume 0.25Q
capacitor ESR and a 5.25Q MAX660 output resistance, which is why the flat portion of the
curve shows a 6.5Q (RO MAX660 + 4 (ESRC1) + ESRC2) effective output resistance. Note:

RO = 5.25Q is used, rather than the typical 6.5Q, because the typical specification includes the
effect of the ESRs of the capacitors in the test circuit.

In addition to the curves in Figure 2, four bar graphs in the Typical Operating Characteristics
show output cur-rent for capacitances ranging from 0.33u F to 220u F. Output current is
plotted for inputs of 4.5V (5V-10%) and 3.0V (3.3V-10%), and allow for 10% and 20% output
droop with each input voltage. As can be seen from the graphs, the MAX660 6.5Q series
resistance limits increases in output current vs. capacitance for values much above 47y F.
Larger values may still be useful, however, to reduce ripple.

To reduce the output ripple caused by the charge pump, increase the reservoir capacitor C2
and/or reduce its ESR. Also, the reservoir capacitor must have low ESR if filtering high-

frequency noise at the output is important.

Not all manufacturers guarantee capacitor ESR in the range required by the MAX660. In
general, capacitor ESR is inversely proportional to physical size, so larger capaci-tance values
and higher voltage ratings tend to reduce ESR.

WWW.SZTDBDT.COM
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Figure 2. Total Output Source Resistance vs. C1 and C2 Capacitance (C1 = C2)

Cascading Devices

To produce larger negative multiplication of the initial supply voltage, the MAX660 may be
cascaded as shown in Figure 3. The resulting output resistance is approximately equal to the
sum of the individual MAX660 ROUT values. The output voltage, where n is an integer

representing the number of devices cascad?ed, is defined by VOUT = -n (ViN).

Paralleling Devices

Paralleling multiple MAX660 reduces the output resis-tance. As illustrated in Figure 4, each
device requires its own pump capacitor C1, but the reservoir capacitor C2 serves all devices. The
value of C2 should be increased by a factor of n, where n is the number of devices. Figure 4

shows the equation for calculating output resistance.

WWW.SZTDBDT.COM
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Figure 4. Paralleling MAX660 to Reduce Output Resistance
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Combined Positive Supply Multiplication
and Negative Voltage Conversion

This dual function is illustrated in Figure 5. In this cir-cuit, capacitors C1 and C3 perform the
pump and reservoir functions respectively for generation of the negative voltage. Capacitors
C2 and C4 are respec-tively pump and reservoir for the multiplied positive voltage. This
circuit configuration, however, leads to higher source impedances of the generated supplies.
This is due to the finite impedance of the common charge-pump driver.

+VIN

W D1 D1,D2=1N4148

A+ 38 2 r» Vour =-ViN
O~ _L c2

B =

+

.
(@]
[+l

D2
) ® p VouT = (2VIN) -
J 1+ < l (Vept) - (Vpo)

Figure 5. Combined Positive Multiplier and Negative Converter
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3V LITHIUM BATTERY
DURACELL DL123A

M
OPEN-DRAIN lt
LOW-BATTERY OUTPUT
Bl
; 5V/100mA
IPN:] Y ouT
1+ LBO
T~
150
oF DD
SET
GND SHON
l4 5

NOTE: ALL 150u F CAPACITORS ARE MAXCO001, AVAILABLE FROM MAXIM.

Figure 6. MAX660 generates a +5V regulated output from a 3V lithium
battery and operates for 16 hours with a 40mA load.

Ordering Information

. Marking

Order Number Package Package Quantity On The park Temperature

MAX660CPA-TUDI DIP8 Tube,50,A box of 2000 MAX660CPA
0°C to +70°C

MAX660CSA+T-TUDI SOP8 Tape,Reel,2500 MAX660CSA

MAX660EPA-TUDI DIP8 Tube,50,A box of 2000 MAX660EPA
-40°C to+85°C

MAX660ESA+T-TUDI SOP8 Tape,Reel, 2500 MAX660ESA

WWW.SZTDBDT.COM
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! Dimensions Dimensions
~ A ___ | IS AP In Millimeters In Inches
w | w i' Symbol
{9— ! Min Max Min Max
)
}
, — : A 1.350 1.750 0.053 | 0.069
]
)
) H H H:l H:l A1 0.100 0.250 0.004 0.010
e
‘ A2 1.350 1.550 0.053 0.061
c B 0.330 0.510 0.013 0.020
_v
_r C 0.190 0.250 0.007 0.010
_ -
D 4780 5.000 0.188 0.197
E 3.800 4.000 0.150 0.157
) E1 5.800 6.300 0.228 0.248
. e 1.270TYP 0.050TYP
e B
; ‘ L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
B—> lt— z
= ——— == --—*—
ry 7
< <
Lo\ |
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r

E j Symbol Min Non Max
EC jﬂ AT 6.28 6.33 6.38
A2 6.33 6.38 6.43
EC j] A3 7.52 7.62 i
£‘ f’\\ 17 A4 7.80 8.40 9.00
B1 9.15 9.20 9.25
R—\ /—R
T
‘[)—> B2 9.20 9.25 9.30
]ﬁu# C 557
-~ &N
m m
D 1.52
T E 0.43 0.45 0.47
—
Y e F 2.54
' G 0.25
A3
- H 1.54 1.59 1.64
Al
[ro T 3.97 5.7 4,30
\
/ R 0.20
—\M ) M1 9° 10° 11°
(@)
M2 1i® 12° 19e
A2
A4
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.

WWW.SZTDBDT.COM
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