-Sipex SP6660

200mA Charge Pump Inverter or Doubler

Inverts or Doubles Input Supply Voltage
93% Power Efficiency at 3.6V
10kHz/80kHz Selectable Oscillator
External Oscillator up to 700KHz

5Q Output Resistance at 3.6V

Low Voltage Battery Operation

Ideal for 3.6V Lithium lon Battery

High Output Current — 200mA
Pin-Compatible High-Current Upgrade of
the ICL7660 and 660 Industry Standard
Smallest Package Available for the 660
Industry Standard — 8pin  uSOIC

DESCRIPTION Now Available in Lead Free Packaging

The SP6660 is a CMOS DC-DC Monolithic Voltage Converter that can be implemented as a
Voltage Inverter or a Positive Voltage Doubler. As aVoltage Inverter, a-1.5V to -4.25V output
can be converted froma+1.5Vto +4.25V input. AsaVoltage Doubler, the SP6660 can provide
a +8.0V output at 100mA from a +4.25V input. The SP6660 is ideal for both battery-powered
and board level voltage conversion applications with a typical operating current of 400uA and
a high efficiency (>90%) over most of its load-current range. Typical end products for this
device are operational amplifier and interface power supplies, medical instruments, and hand-
held and laptop computers. The SP6660 is available in 8-pin DIP, SOIC, and uSOIC
packages.

TYPICAL CIRCUIT: VOLTAGE INVERTER +Vin
+1.5V to +4.25V

A

TYPICAL CIRCUIT: VOLTAGE DOUBLER

.
Cirmav | . v
Fe i [ 23 AN <157 10 4425V

on . CSimav | .
CAPH, SP6660 77— qosc > VIO 8
cap+ SPE660 7| qosc

2 T c2
14F to 1504F
+ GND
3 v

L
B c1 6
. 5] _out NEGATVE 1yIF to 150uF
ouTPUT cap-|, | _out
T c2
1pF to 150pF

+ GND
Cl
1pF to 150pF =
CAP-
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional operation of the
device atthese ratings or any other above those indicated in the
operation sections of the specifications below is not implied.
Exposure to absolute maximum rating conditions for extended
periods of time may affect reliability.

Power Supply Voltage

(V+ to GND or GND to OUT).

LV Input Voltages ..(OUT - 0.3V) to (V+ + 0.3V)

FC and OSC Input Voltages.................. The least negative of
(OUT - 0.3V) or (V+ - 4.5V) to (V+ + 0.3V)

SPECIFICATIONS

OUT and V+ Continuous Output Current.............c....... 250mA
Output Short-Circuit Duration to GND............ccccoveverveiinnenns 1s
Operating Temperature Ranges

SP6660C_..

SP6660E_...
Continuous Power Dissipation (T,,,, = 70°C)
PDIP (derate 9.09mW/°C above +70°C)..........cccc....
NSOIC (derate 5.88mW/°C above +70°C)
USOIC (derate 4.10mW/°C above +70°C).
Operating Temperature
Storage Temperature...........cccoeeveeveiiniennenns

Lead Temperature (soldering 10S)...........ccccervrvennenns

PARAMETER MIN. TYP. MAX. | UNITS CONDITIONS
Inverter Circuit at Low Frequency with 150uF Capacitors
V+=3.6V, C1 = C2 = 150uF, FC = open, T, . =T, to T, refer to Figure 1 test circuit. Note 2
Supply Voltage 15 0.93 4.25 \ R, =500Q, Note 4
Supply Current 0.4 0.8 mA | No Load
Output Current 200 mA
Oscillator Input Current +1 HA
Oscillator Frequency 5 10 20 kHz
Output Resistance 5.2 10 Q I =100mA, Note 3
Voltage Conversion Efficiency 99.00 99.96 % No Load
Power Efficiency 88 94 R, =500Q
80 85 % |1 _=100mA
63 70 I, = 200mA

Doubler Circuit at Low Frequency with 150uF Capacitors

V+=3.6V, C1 =C2=150uF, FC =open, T, =T, 0T

wax: Tefer to Figure 2 test circuit. Note 2

Supply Voltage 25 15 4.25 \Y, R, =1kQ, Note 4
Supply Current 0.4 0.8 mA | No Load
Output Current 200 mA
Oscillator Input Current +1 UA
Oscillator Frequency 5 10 20 kHz
Output Resistance 5.2 10 Q I, = 100mA, Note 3
Voltage Conversion Efficiency 99.00 99.96 % No Load
Power Efficiency 91 96 R, = 1KQ
89 93 % I, =100mA
79 85 I, =200mA

SP6660DS/11

SP6660 200mA Charge Pump Inverter or Doubler
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SPECIFICATIONS (continued)
PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
Inverter Circuit at High Frequency with 22uF Capacitors
V+=3.6V,Cl=C2=22uF, FC=V+,T,, =T, 10 T,,.. referto Figure 1 test circuit. Note 2
Supply Voltage 15 0.97 4.25 \% R_=500Q, Note 4
Supply Current 0.6 15 mA | No Load
Output Current 200 mA
Oscillator Input Current +8 HA
Oscillator Frequency 40 80 160 kHz
Output Resistance 5.0 10 Q I_=100mA, Note 3
Voltage Conversion Efficiency 99.00 99.96 % No Load
Power Efficiency 86 92 R, =500Q
80 86 % I_=100mA
63 71 I, = 200mA
Doubler Circuit at High Frequency with 22pF Capacitors

V+=3.6V,Cl=C2=22uF, FC=V+, T, =T, 10T, .:referto Figure 2 test circuit. Note 2
Supply Voltage 25 1.6 4.25 \Y, R, =1kQ, Note 4
Supply Current 0.6 15 mA | No Load
Output Current 200 mA
Oscillator Input Current +8 HA
Oscillator Frequency 40 80 160 kHz
Output Resistance 5.0 10 Q I, =100mA, Note 3
Voltage Conversion Efficiency 99.00 99.96 % No Load
Power Efficiency 90 94 R, =1KQ

89 93 % I, =100mA

79 85 I, =200mA

NOTE 1: Specified output resistance is a combination of internal switch resistance and capacitor ESR.
NOTE 2: In the test circuit capacitors C1 and C2 are 150uF, 0.2 maximum ESR, tantalum or 22uF, 0.2
maximum ESR, tantalum. Capacitors with higher ESR may reduce output voltage and efficiency.

Refer to Capacitor Selection section.
NOTE 3: Specified output resistance is a combination of internal switch resistance and capacitor ESR.
Refer to Capacitor Selection section.

NOTE 4: Typical value indicates start-up voltage.

SP6660DS/11

SP6660 200mA Charge Pump Inverter or Doubler
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PINOUT

v
FCLl ] Qirmawv | 8] V+
DINCA
CAP+] 2 SP6660 /] OSC
GND | 3 6] LV
cAP- [4] 5] ouT

PIN ASSIGNMENTS

Pin 1— FC — Frequency Control for the
internal oscillator. FC = openf.= 10KHz
typical; FC = V+, f = 80KHz typical

Pin 2 — CAP+ — Connect to the positive
terminal of the charge pump capacitor.

Pin 3 — GND — (Voltage Inverter Circuit)
Ground.
Pin 3 — GND — (Positive Voltage Doubler

Circuit) Positive supply voltage input.

Pin 4 — CAP- — Connect to the negative
terminal of the charge pump capacitor.

Pin 5 — OUT — (Voltage Inverter Circuit)
Negative voltage output pin.

Pin 5 — OUT — (Positive Voltage Doubler
Circuit) Ground pin for power supply.

Pin6 — LV
Low-voltage operation input pin in 660
circuits. In SP6660 circuits can be connected
to GND, OUT or left open as desired with no
effect.

Pin 7 — OSC — Control pin for the oscillator.
Internally connected to 15pf capacitor.
An external capacitor can be added to slow
the oscillator. Be careful to minimize stray
capitance. An external oscillator can be
connected to overdrive the OSC pin.

Pin 8 — V+ — (Voltage Inverter Circuit)
Positive voltage input pin for the power

supply.

Pin 8 — V+ — (Positive Voltage Doubler
Circuit) Positive voltage output.

SP6660DS/11 SP6660 200mA Charge Pump
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DESCRIPTION

The SP6660Charge Pump DC-DC Voltage Typical performance curves Figures 3to 20

Converter either inverts or doubles the input are generated using the test circuits found in
voltage. As anegative voltage inverter, as shown Figure 1 andFigure 2. Four operating modes
in Figure 1, a +1.5V to +4.25V input can be are shown in the curves: Voltage inverter in low

converted to a-1.5V to -4.25V outphtgure 2, and high frequency modes and voltage doubler

as a positive voltage doubler, a +2.5V to +4.25V in low and high frequency modes.
input can be converted to a +5.0V to +8.5V output.

TEST CIRCUIT: VOLTAGE INVERTER

Ci 2
el IMV v v,
cap+| SP6660 7| _OsC
Cii GND 3 6 Lv
T L — 1
CAP-1, sp2UT Vour
1
R,_>
*lc2
Figure 1. SP6660 Test Circuit for the Voltage Inverter
+Vin
\ 4
l Is TEST CIRCUIT: VOLTAGE DOUBLER
FC n
/. Cimav | . . -
° ' I e l J > Vour
+
Said P SP6660 7}—osc T™ c2 <R
GND
o 3 Lv
C1 T 6 4
CAP- 4 5 ouT

Figure 2. Test Circuit for the Positive Voltage Doubler

SP6660DS/11

SP6660 200mA Charge Pump Inverter or Doubler
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TYPICAL PERFORMANCE CHARACTERISTICS
V,, = +3.6V, T, . = 25°C unless otherwise noted. LF = Low Frequency, FC = Open, C1 = C2 = 150pF.
HF = High Frequency, FC = V+, C1 = C2 = 22yF. Inverter Circuit use Figure 1. Doubler Circuit use Figure 2.

3A: Doubler

Supply Current (mA)

15 2 25 3 35 4 45
Supply Voltage (V)

3B: Inverter 0.8

2 0.6 ] H F
S
= -==LF
g 0.4 |
3 - "
>
2 0.2
>
(%)
0 f
1 15 2 25 3 35 4 4.5
Supply Voltage (V)
Figure 3A and 3B Supply Current vs. Supply Voltage
4T
I ’
<
E Y !
z [ / /
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O L = = |nverter /
> [ D OUD €T
g1 4
g 1
n
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Oscillator Frequency (kHz)
Figure 4. Supply Current vs. Oscillator Frequency
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TYPICAL PERFORMANCE CHARACTERISTICS
V,, = +3.6V, T, = 25°C unless otherwise noted. LF = Low Frequency, FC = Open, C1 = C2 = 150uF.
HF = High Frequency, FC = V+, C1 = C2 = 22pF. Inverter Circuit use Figure 1. Doubler Circuit use Figure 2.

1.8 ‘
16 X
1.4 X2=
- X
S 12 X
o ’* ‘_/i
g 10 X ="
[a) /* j
[J) 0.8 */X - []
g o6 X — ——Vr =36V
S 04 'Xﬁu' —X—V+ = 2.5V
[} =
0.2 | -4T :.—V+ 1.5V
0.0 1X
0 50 100 150 200 250

Load Current (mA)

Figure 5. Output Voltage Drop vs. Load Current — Inverter LF

100
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— N~ V+=25V
S & L LN —x—Vr=2.
S 90 ‘\ \X ~u |—a—V+ =15V
3 X \*'\
L 80 X [
i N\ \l\
g 7 \ *‘\ NN
z X\ I~
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X
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60 \Y
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Figure 6. Power Efficiency vs. Load Current — Inverter LF
-4 O & ¢y Loty <
3 — 8 |
_2 ., Y — Ay yAgrAy % P
S 'é L —o—Inverter IL = 10mA
° o —O—Inverter IL = 100mA
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£ 2% —x=Doubler IL = 10mA
> 3T =X=Doubler IL = 100mA
‘g 4 5 —0=Doubler IL = 200mA
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Figure 7. Output Voltage vs. Oscillator Frequency
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TYPICAL PERFORMANCE CHARACTERISTICS
V,, = 3.6V, T, = 25°C unless otherwise noted. LF = Low Frequency, FC = Open, C1 = C2 = 150yF.
HF = High Frequency, FC = V+, C1 = C2 = 22yF. Inverter Circuit use Figure 1. Doubler Circuit use Figure 2.

100

T y !
X X X X X—x-x\y

9 ' —

X= ~_ |
L [S; =t
== nverter IL = 10MA
80 X =—0o—|nverter IL = 100mA
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== x==Doubler IL = 10mA
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70 = il e ——

X
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D
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Oscillator Frequency (kHz)

Figure 8. Power Efficiency vs. Oscillator Frequency
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Figure 9. Oscillator Frequency vs. Supply Voltage — HF
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Figure 10. Oscillator Frequency vs. Supply Voltage — LF
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TYPICAL PERFORMANCE CHARACTERISTICS
V, =+3.6V, T

AMB

= 25°C unless otherwise noted. LF = Low Frequency, FC = Open, C1 = C2 = 150uF.

HF = High Frequency, FC = V+, C1 = C2 = 22yF. Inverter Circuit use Figure 1. Doubler Circuit use Figure 2.

100 1 =s=s==

’,:‘\ I [ I

i - = LF

§ 10 & = Hl.}":

%— 1 = Eggéég%

(D)

II .y
— -

S 0.1 ="}
L ===

9) i b
o 0.01

1 10 100 1000 10000
Capacitance (pF)
Figure 11. Oscillator Frequency vs. External Capacitance
60

~

I

<

2 40

c

3]

>

o

()

T 20

S

=

g 0

-50 -25 0 25 50 75 100
Temperature (C)
Figure 12. Oscillator Frequency vs. Temperature where FC=V+
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Figure 13. Oscillator Frequency vs. Temperature where FC=open
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TYPICAL PERFORMANCE CHARACTERISTICS
V= +3.6V, T,,,. = 25°C unless otherwise noted. LF = Low Frequency, FC = Open, C1 = C2 = 150pF.
HF = High Frequency, FC = V+, C1 = C2 = 22yF. Inverter Circuit use Figure 1. Doubler Circuit use Figure 2.
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Figure 14. Output Source Resistance vs. Supply Voltage
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Figure 15. Output Source Resistance vs. Temperature Inverter LF
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Figure 16. Output Source Resistance vs. Temperature where Inverter HF
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TYPICAL PERFORMANCE CHARACTERISTICS

V, =+3.6V, T

AMB

= 25°C unless otherwise noted. LF = Low Frequency, FC = Open, C1 = C2 = 150uF.

HF = High Frequency, FC = V+, C1 = C2 = 22yF. Inverter Circuit use Figure 1. Doubler Circuit use Figure 2.

Tek KIGIH 5.00MS/s 0 Acqs
f

W T0.0ps Chi 7 23.0mv

100mvy 100us

Tek 5.00MS/s 9 Acqs1
.......... VIN = 36V
V= -3.06V
I, = 100mA

WMT0.0ps Chi 7 38.0mv
100my 100pus

Figure 17. Output Noise and Ripple - Doubler LF

Figure 18. Output Noise and Ripple - Inverter LF

Tek GG 5.00M5/s 0 Acas
V= 3.6V
Vour = 6.66V
.......... ||_ = 100mA

M106.00s Chi ¥ 28.0mv
100mv 10.0us

Tek FliR 5.00MS/s 1?[2 .Acqs1
t 1

V, =36V
Vg, = -3.06V

I, = 100mA

M 10.00s CR1 F  28mv .
100mv 10.0ps

Figure 19. Output Noise and Ripple - Doubler HF

Figure 20. Output Noise and Ripple - Inverter HF
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THEORY OF OPERATION

Negative Voltage Inverter

This is the most common application of the The SP6660is insensitive to load current

SP6660where a +1.5V to +4.25V input is changes. Output Source Resistance vs. Supply

converted to a -1.5V to -4.25V output. In the Voltage and Temperature curves are shown in

inverting mode, thEP6660s typically operated  Figures 14 to 16. A typical output source

with LV connected to GND. Sincethe LV may resistance of 5Q allows an output voltage of

be left open, the substitution of tB&6660for -4.25V under light load with an input of +4.25V.

the ICL7660 industry standard is simplified. = This output voltage decreases to only -4.0V
with a load current draw of 100mA.

The circuit for the voltage inverter mode can be

found inFigure 21 This operating circuituses The peak-to-peak output ripple voltage is

only two external capacitors, C1 and C2, for calculated as follows:

the internal charge pump. This allows designers

to avoid any EMI concerns with the costly, |

space-consuming inductors typically used with =__ _OUT

switching regulators. VripeLe 2(frump)(C2) + lour(ESRe2)

TYPICAL CIRCUIT: VOLTAGE INVERTER

[ |
Cirmav | . w
FCh 1 <l M"\ s 915V 10+4.25V
CAP+ 2 SP6660 7 ————————q 0OSC
¥ GND LV

Cl T

1pF to 150uF = —

CAP- ouT NEGATIVE
4 S5F———P voiace
OUTPUT
. g
T C2

1pF to 150pF

Figure 21. Typical Operating Circuit for the Voltage Inverter

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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Foranominalf . of 5kHz (where f, =10kHz) Positive Voltage Doubler
and C2=150F with an ESR of 0Q, the ripple TheSP6660can double the output voltage of an
is approximately 90mV with a 100mA load input power supply or battery. From a +4.25V
current. If C2 is raised to 306, the ripple drops  input, the circuitirFigure 22can provide 100mA
to 45mV. The output ripple voltage is calculated with +8.0V at V+. The no-load voltage output at
by noting that capacitor C2 supplies the output V+is 2(V, ).
current during one-half of the charge pump cycle.
LV may be tied to OUT pinfor all input voltages
OSC isinternally connected to a 15pF capacitor. in the positive voltage doubler mode. Connect
An external capacitor can be added to slow the the power-supply positive voltage input to GND
oscillator. Designers should take care to pin. Connect the power-supply ground input to
minimize stray capacitance. An external OUT pin. V+ is the positive voltage output in
oscillator may also be connected to overdrive this mode.
OSC. Referto th®scillator Control section
for further details. Designers may overdrive OSC in the positive
voltage doubler mode. Refer to tBscillator
Control section for further details.

+Vin
+1.5V to +4.25V
A
TYPICAL CIRCUIT: VOLTAGE DOUBLER
Cimav
I +V DOUBLE
Fer Ll S AN T O
+
CAP+ -
1pF to 150pF
+ GND
3 LV
c1 6 *
1pF to 150pF
CAP- 4 5 ouT °

Figure 22. Typical Operating Circuit for the Positive Voltage Doubler

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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Oscillator Optimizing Loss Conditions
FC osc Fre Losses ilsP666Mpplications can be anticipated
quency .
from the following:
open open 10kHz typical
1. Output Resistance:
V+ open 80kHz typical
external . VLOSSQ = lLOAD X ROUT
open or V+ capacitor refer to Figure 11
where V.o, is the voltage drop due to the
open external external clock SP6660output resistance, J,, is the load
clock frequency current, and R, is theSP666Mutput resistance.

Figure 23. Four control modes for the SP6660
Oscillator Frequency

2. Charge Pump Capacitor ESR:

V =4 XESR, x|

LOSSC1 LOAD

Oscillator Control
Refer toFigure 23for a table of the four control [osscy 1S the voltage drop due to the
modes of theSP6660internal oscillator  charge pump capacitor, C1, ESR the ESR of
frequencies. In the first mode, FC and OSC are C1, and |, is the load current. The loss in C1
open (unconnected) and the internal oscillator is larger than the loss in the reservoir capacitor,
typically runs at 10kHz. OSC is internally C2, because it handles a current almost four
connected to a 15pF capacitor. times larger than the load current during charge-

pump operation. As a result of this, a change in
In the second mode, FC is connected to V+. The the capacitor ESR has a much greater impact on
charge and discharge current at OSC changesthe performance of tt&P666dor C1 than for C2.
from 1.QuA to 8.QuA, increasing the oscillator
frequency eight times to 80kHz.

where V

3. Reservoir Capacitor ESR:

In the third mode, the oscillator frequency is V

lowered by connecting a capacitor between OSC

and GND. FC can still multiply the frequency where V..., is the voltage drop due to the

by eighttimes in this mode, but for alower range reservoir capacitor C2, EGRs the ESR of C2,

of frequencies. Refertigure 11fortheseranges. and |, is the load current. Increasing the
capacitance of C2 and/or reducing its ESR

In the fourth mode, any standard CMOS logic can reduce the output ripple that may be

output can be used to drive OSC. OSC may be caused by the charge pump. A designer can

overdriven by an external oscillator that swings filter high-frequency noise at the output

between Y, and GND. When OSCis overdriven, by implementing a low ESR capacitor at C2.

FC has no effect. Generally, capacitors with larger capacitance
values and higher voltage ratings tend to

Unlike the 7660 and 660 industry standards, reduce ESR.

designers may overdrive the oscillator of the

SP6660in both the inverting and the Voltage

Doubling Mode.

LOSSC2 = ESRZZ X ILOAD

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler

14

© Copyright 2000 Sipex Corporation



Optimizing Capacitor Selection Designing a Multiple of the SP6660
Refer taFigure 24for the total output resistance  Negative Inverted Output Voltage
for various capacitance values and oscillator TheSP6660can be cascaded to allow a designer
frequencies. The reservoir and charge pumpto provide a multiple of the negative inverted
capacitor values are equal. The capacitanceoutput voltage of a singléP6660device. The
values required to maintain comparable ripple approximate total output resistance, Fof the
and output resistance typically diminish cascade®&P6660devices is equal to the sum of
proportionately as the pump frequency of the the individualSP666Mutput resistance values,
SP6660ncreases. R, The output voltage, Y, is a multiple of
the number of cascad&®6660evices and the
The test conditions for the curveskigure 24 output voltage of an individu&P6660device,
are the same as fBigures 2to 20for the circuits V- Refertdrigure 25for the circuit cascading
in Figures 1and2; additional conditions are as SP666Qlevices. Note thatthe capacitance value

follows: of C1 for the charge pump and C2 af Vis
C1 =C2 = 0.2 ESR capacitors multiplied respectively to the number of cascaded
Rour = 4.2 SP6660devices.

The flat portion of the curves shown at a®.2 Connecting the SP6660 in Parallel
effective output resistance is a result of the SP6660devices can be connected in parallel

SP6660's5.25) output resistance where to reduce the total output resistance. The
approximate total output resistance, Rof the
5.2Q = Ry spesenyt (4 X ESR,)) + ESR.,. multiple devices connected in parallel is equal

to the output resistance of an individ6&6660
Instead of the typical 52, R,  =4.X)isused  device divided by the total number of devices
because the typical specification includes the connected. Refer tBigure 26 for the circuit
effect of the ESRs of the capacitors used in the connecting multipl&P6660devices in parallel.
test circuit inFigures 1and2. Note that only the charge pump capacitor value
of C1 is multiplied respectively by the number
Refer toFigures 17, 18, 1@and20for the output ~ of SP6660connected in parallel. A single
currents using 0.3 to 22QF capacitors.  capacitor C2 at the output voltagg, VY of the
Output currents are plotted for 3.0V and 4.5V "nth" device connected in parallel serves all
inputs taking into consideration a 10% to 20% devices connected.
loss in the input voltage. ThBP66605.2Q
series resistance limits increases in output current
vs. capacitance for values much higher than
47uF. Larger values may still be useful to reduce

ripple.

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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+Vin

Cinawv J

Cirmav |

1 2 ES Ulwp 8 FC 1 Ulwp 8 FC 1
CAPY SP6660 7fj——osc cred,  SP6660 7 f—<osc Sia
g wgn of cixe= —F u o7 Cixn: == “? 1
CAP- B out CAP-| 5 ouT CAP- 5 ouT i VOUT
c2; c2_273 C2_n¥

Vour=-nxVyg =——— e

where Vgyr = output voltage,
V|n = input voltage, and
n = the total number of SP6660 devices connected.

Figure 25. SP6660 Devices Cascaded to Provide a Multiple of a Negative Inverted Output Voltage

+Vin

-] Sipex . . Sioex .|
crrq,  SP6660 7 f—<osc creq,  SP6660 7 f—<osc carg,  SP6660 7 f—osc
+ GND| A% + GND| L + GND| Lv
Cl %L— 3 wgn 6 1 Cil_2 j 3 upm 6 1 Cl_n j s e 6 1
CAP-| n 5 out CAP- B 5 ouT CAP- n 5 ouT
R
Rror= —2UL

where Ryo7 = total resistance of the SP6660 devices connected in parallel,

. . . = C2
Rout = the output resistance of a single SP6660 device, and *
n = the total number of SP6660 devices connected in parallel.
Figure 26. SP6660 Devices Connected in Parallel to Reduce Output Resistance
SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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\ |
)|
C3
+ViN
Cirmav vl
V
Fcp—1 Ul'ﬂl’\ s l— "}T’Voun
CAP+ 2 SP6660 7}—<qoSsc b c4
+]| GND LV I
o L T 1 -
CAP-|, 5|__ouT j/ > Vours
Vout1 = (2 X VIN) - VFp1 - VD2 l
Voutz = -Vin
where Vour1 = positive doubled output voltage,
Vin = input voltage,
Vep1 = forward bias voltage across D1,
Vep2 = forward bias voltage across D2, and
Vout2 = inverted output voltage.

Figure 27. The SP6660 Connected for Negative Voltage Conversion with Positive Supply Multiplication

Circuit for Negative Voltage Conversion generate the inverted output voltage at V.

with Positive Supply Multiplication Capacitor C3 s for the charge pump and capacitor
A designer can use the circuitkigure 27 to C4 is for the reservoir function to generate the
provide both an inverted output voltage at,V multiplied positive output voltage at

and a positive multiple of y at V_, Designers should pay special attention to the
(subtracting the forward biased voltages of D1 possibility of higher source impedances at the
and D2). Capacitor C1 is for the charge pump generated supplies due to the finite impedance
and capacitor C2 is for the reservoir function to of the common charge pump driver.

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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DOUBLER 5
Vin + NDl Cca
C3 "' c2 | 1, tPases v 8 LATHF
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%f' | 3lenD V|6 1 C5
C1l 4|CAP- OuUT|5 T 10nF
150pF (_FC ) Cer.
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\4 v

Figure 28. The SP6660 and a LDO Regulator Connected as a 3V Input to Regulated 5V Output Converter.

APPLICATIONS

The SP6660 Evaluation Board provides a 3V to

5V 160mA DC to DC Converter u

sing the

SP6660 Doubler Circuit and a 5V LDO

Regulator.

Tek 500KS/s 2574 Acgs
b
4

VvV, =32V

" V. 6660 = 5.53V
VO LDO = 4.95V

| oo = 150MA
:.. 5VLDO Rlpple ..............

Figure 29. Ripple and Noise output of the SP6660 and a

LDO Regulator with |, = 150mA

100
gj 90
& ‘ ——IL = 150mA ‘
c
2 80
& L~ ~~
i \
o
2 70 \\
[e]
a \
60 s
28 30 32 34 36 38 40 42

Input Voltage (V)

Figure 30. Power Efficiency vs Input Voltage - SP6660
Doubler with 5V LDO

200
—_— —_—— ]
100 I
— —Vin=30V 150 6660 Rippl
- . < i ipple
S 90 Vin=3.3V z IL = 150mA
= — - -Vin=38V =
< g LDO Ripple
3 380 — = TN g 100 IL = 150mA
: :
4
p d il 2
S 70 A<= g 50
DO_ el @
60 £
1 10 100 1000 0
28 30 32 34 36 38 40 4.2
Load Current (mA)
Input Voltage (V)
Figure 31. Power Efficiency vs Load Current - SP6660 Figure 32. Ripple Voltage vs Input Voltage -

Doubler with 5V LDO

SP6660 Doubler with 5V LDO
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PACKAGE: PLASTIC

1t
El E
R
»{ ‘« D1 = 0.005" min.
(0.127 min.) Adl=
D

0.015" min,
(0.381min.)

DUAL—-IN-LINE

(NARROW)

A'=0.210" max.
(5-334 max).

1%}
— —||||~—B1
e=0100BSC |~ 7' B ep = 0.300 BSC
(2.540 BSC) (7.620 BSC)
ALTERNATE |
END PINS |
(BOTH ENDS)
DIMENSIONS (Inches)
Minimum/Maximum 8-PIN 14-PIN 16-PIN 18-PIN 20-PIN 22-PIN
(mm)
A2 0.115/0.195 0.115/0.195 0.115/0.195 0.115/0.195 0.115/0.195 0.115/0.195
(2.921/4.953) | (2.921/4.953) | (2.921/4.953) (2.921/4.953) (2.921/4.953) (2.921/4.953)
B 0.014/0.022 0.014/0.022 0.014/0.022 0.014/0.022 0.014/0.022 0.014/0.022
(0.356/0.559) | (0.356/0.559) | (0.356/0.559) (0.356/0.559) (0.356/0.559) (0.356/0.559)
B1 0.045/0.070 0.045/0.070 0.045/0.070 0.045/0.070 0.045/0.070 0.045/0.070
(1.143/1.778) | (1.143/1.778) | (1.143/1.778) (1.143/1.778) (1.143/1.778) (1.143/1.778)
C 0.008/0.014 0.008/0.014 0.008/0.014 0.008/0.014 0.008/0.014 0.008/0.014
(0.203/0.356) | (0.203/0.356) | (0.203/0.356) (0.203/0.356) (0.203/0.356) (0.203/0.356)
D 0.355/0.400 0.735/0.775 0.780/0.800 0.880/0.920 0.980/1.060 1.145/1.155
(9.017/10.160) | (18.669/19.685)|(19.812/20.320) | (22.352/23.368) | (24.892/26.924)| (29.083/29.337)
E 0.300/0.325 0.300/0.325 0.300/0.325 0.300/0.325 0.300/0.325 0.300/0.325
(7.620/8.255) | (7.620/8.255) | (7.620/8.255) (7.620/8.255) (7.620/8.255) (7.620/8.255)
El 0.240/0.280 0.240/0.280 0.240/0.280 0.240/0.280 0.240/0.280 0.240/0.280
(6.096/7.112) | (6.096/7.112) | (6.096/7.112) (6.096/7.112) (6.096/7.112) (6.096/7.112)
L 0.115/0.150 0.115/0.150 0.115/0.150 0.115/0.150 0.115/0.150 0.115/0.150
(2.921/3.810) | (2.921/3.810) | (2.921/3.810) (2.921/3.810) (2.921/3.810) (2.921/3.810)
@ 0°/ 15° 0°/ 15° 0°/ 15° 0°/ 15° 0°/ 15° 0°/ 15°
(0°/15°) (0°/15°) (0°/15°) (0°/15°) (0°/15°) (0°/15°)
SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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PACKAGE:

PLASTIC
SMALL OUTLINE (SOIC)

h x 45°
="
L
DIMENSIONS (Inches)
Minimum/Maximum 8-PIN 14-PIN 16—-PIN
(mm)
A 0.053/0.069 0.053/0.069 0.053/0.069
(1.346/1.748) | (1.346/1.748) | (1.346/1.748)
Al 0.004/0.010 0.004/0.010 0.004/0.010
(0.102/0.249 | (0.102/0.249) | (0.102/0.249)
B 0.014/0.019 0.013/0.020 0.013/0.020
(0.35/0.49) (0.330/0.508) | (0.330/0.508)
D 0.189/0.197 0.337/0.344 0.386/0.394
(4.80/5.00) (8.552/8.748) | (9.802/10.000)
E 0.150/0.157 0.150/0.157 0.150/0.157
(3.802/3.988) | (3.802/3.988) | (3.802/3.988)
e 0.050 BSC 0.050 BSC 0.050 BSC
(1.270 BSC) (1.270 BSC) | (1.270BSC)
H 0.228/0.244 0.228/0.244 0.228/0.244
(5.801/6.198) | (5.801/6.198) | (5.801/6.198)
h 0.010/0.020 0.010/0.020 0.010/0.020
(0.254/0.498) | (0.254/0.498) | (0.254/0.498)
L 0.016/0.050 0.016/0.050 0.016/0.050
(0.406/1.270) | (0.406/1.270) | (0.406/1.270)
0] 0°/8° 0°/8° 0°/8°
(0°/8°) (0°/8°) (0°/8°)

SP6660DS/11

SP6660 200mA Charge Pump Inverter or Doubler
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PACKAGE: PLASTIC
MICRO SMALL
OUTLINE (uSOIC)

12.0°
S
0.012 |- ~
TN <—0.008 N
‘ // >|l+=0-6 N
7 0.006 )
| R.003 +0.006 \
0.006
45116 N +0.006 |
¥ +0.003 /’\
AN | AR
%2.0° 0.0215 7—— 3.0
1 4L, +0.006 st s
0037 | \

N\~ _ Ref _~ \

< 0.116 , 0.034
| +0.004 | r +0.004
0.‘040
¥ +0.003
== ¥
0.013 | |
+0.005 b.oba
0.118 ) +0.004
+0.004a —> +0.002

All package dimensions in inches

50 HSOIC devices per tube

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation
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ORDERING INFORMATION

Model Temperature Range Package Type

SPB660CP . ..ot 0°C 10 +70°C eeeeee e 8-Pin PDIP
SPB660EP . ... -40°C to +85°C 8-Pin PDIP
SP6660CN . ............. .. 0°Ct0+70°C oovvree 8-Pin NSOIC
SPB660EN . .....oceviiiiiiiieieeee e -40°C to +85°C 8-Pin NSOIC
SPB660CU . ..ot 0'C 10 +70°C weieereeee e 8-Pin uSOIC
SPB660EU . .....oceveeieiiiieieeieeeee -40°C to +85°C 8-Pin uSOIC
SPBBBOEB ......coviieiiriieiieie et nan Evaluation Board

Please consult the factory for pricing and availability on a Tape-On-Reel option.

Available in lead free packaging. To order, add "-L" suffix to the part number.
Example: SP6660EU/TR=Tape & Reel. SP6660EU-L/TR = lead free.

Cirmav
ViGN

Corporation

SIGNAL PROCESSING EXCELLENCE

Sipex Corporation

Headquarters and

Sales Office

22 Linnell Circle
Billerica, MA 01821
TEL: (978) 667-8700
FAX: (978) 670-9001
e-mail: sales@sipex.com

Sales Office

233 South Hillview Drive
Milpitas, CA 95035

TEL: (408) 934-7500
FAX: (408) 935-7600

Sipex Corporation reserves the right to make changes to any products described herein. Sipex does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

SP6660DS/11 SP6660 200mA Charge Pump Inverter or Doubler © Copyright 2000 Sipex Corporation

22



Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Exar:

SP6660CU-L/TR SP6660EU-L/TR SP6660CP-L SP6660CU-L SP6660EU-L SP6660CN-L/TR SP6660CN-L



http://www.mouser.com/exar
http://www.mouser.com/access/?pn=SP6660CU-L/TR
http://www.mouser.com/access/?pn=SP6660EU-L/TR
http://www.mouser.com/access/?pn=SP6660CP-L
http://www.mouser.com/access/?pn=SP6660CU-L
http://www.mouser.com/access/?pn=SP6660EU-L
http://www.mouser.com/access/?pn=SP6660CN-L/TR
http://www.mouser.com/access/?pn=SP6660CN-L

