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fSipe,\( SP6830/6831

Low Power Voltage Inverters With Shutdown

FEATURES

m 99.9% Voltage Conversion Efficiency
m +1.15V to +5.3V Input Voltage Range
m Inverts Input Supply Voltage

m 70pA Supply Current for the SP6830
m 200pA Supply Current for the SP6831
m 35kHz Operating Frequency for the
SP6830

120kHz Operating Frequency for the
SP6831

m <1pA Shutdown Current

m 6-pin SOT23-6 Package

m |deal for +3.6V Lithium lon Battery

Applications
m Reverse +3.6V Lithium lon Battery
Protection APPLICATIONS
m 25mA Output Current m Small LCD Negative Bias Voltage
® 19Q Output Resistance m Power Amplifier Negative Bias Voltage
m +5V to -5V Voltage Conversion
DESCRIPTION

The SP6830/6831 devices are CMOS Charge Pump Voltage Inverters that can be imple-
mented into designs which require a negative voltage from a battery voltage source as low as
+1.15V or a power supply rail voltage as high as +5.3V. The SP6830/6831 devices are ideal
for both battery-powered and board level voltage conversion applications with a typical
operating current of 70uA for the SP6830 and 200pA for the SP6831. These devices combine
an ultra-low shutdown current of <1pA with high efficiency (>95% over most of its load-current
range) which are ideal for designs using batteries such as cell phones, PDAs, medical
instruments, and other portable equipment. The SP6830/6831 devices are available in a
space-saving 6-pin SOT23-6 Package.
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional operation
of the device at these 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 Dissipation Per Package
6-pin SOT (derate 4.35mW/°C above +70°C)............ 400mwW

SPECIFICATIONS

CAUTION:
ESD (ElectroStatic Discharge) sensitive
device. Permanent damage may occur on
unconnected devices subject to high energy
electrostatic fields. Unused devices must be
stored in conductive foam or shunts.
Personnel should be properly grounded prior
to handling this device. The protective foam
should be discharged to the destination
socket before devices are removed.

V,, = +5V, C1=C2=C3=3.3UF for the SP6830, C1=C2=C3=1uF for the SP6831, and T,,,,=-40°C to +85°C unless otherwise noted. Typical values are

taken specifically at T,,,,=+25°C.

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
Supply Voltage Range, V, 1.15 5.3 \% R =1kQ
Supply Current, |, 70 150 WA SP6830
200 400 SP6831
Guaranteed Start-up Voltage 1.8 \% R, =1kQ, NOTE1
Shutdown Input Voltage
HIGH 1.5 Vi \Y V= Vi 10 Vi
LOW 0.5 V= Vi 10 Vi
Shutdown Supply Current 0.1 1.0 MA SHDN = GND, V, =5V, NOTE 2
Oscillator Frequency, f . 24.5 35 56.3 KHz SP6830
70 120 200 SP6831
Output Resistance 19 45 Q lour = 5MA to 25mA, NOTE 3
Voltage Conversion Efficiency 95 99.9 % R_=open
Power Efficiency (Ideal) 98 % R =1kQ, NOTE 4
Power Efficiency (Actual) 96 % R =1kQ, NOTE 5

Note 1: Minimum V, required for V= -V +0.2V.

Note 2: During the shutdown mode, V  is disconnected from V.

Note 3: Capacitors are approximately 20% of the output impedance where ESR = fOSC x C -

VoutX lout

Note 4: Power Efficiency (Ideal) = m

Vout X lout

Note 5: Power Efficiency (Actual) = Vi X I




PINOUT

PIN ASSIGNMENTS

Pin 1—V_ , — Inverting charge pump output.
\4
Pin 2 — V,, — Input to the positive power
Vour | 1| Cimaav | 6| C1+ supply.
UIV\»’\
Vin | 2 | sP6830 | 5| SHDN Pin3 — C1-— Negativeterminal to the charge
SP6831 ump capacitor.
ci- [3 4] GND prmp &b
Pin 4 — GND — Ground reference.
Pin 5 — SHDN — Active LOW Shutdown
input.
Pin6 — C1+— Positiveterminal to the charge
pump capacitor.
v 2 Vi 4-Phase
N2 I Clock
c3 + 3 “SD
l Cinav
UIV\"\
ST SP6830
5 | SHDN
OFF_I_ON > Shutdown 9 SP6831
Cl+ 16 J_
7] [N v ~c1
> Pump L1} T
Switches | @-ouT I Vour
*Vge = the lower voltage of Vi ;r and GND —f C2 R
DEVICE | C1 Cc2 C3 fosc -
SP6830 [3.3uF [ 3.3uF | 3.3uF | 35kHz
SP6831 | 1uF 1uF 1pF 120kHz

Figure 1. Voltage Inverter Circuit for the SP6830/6831



TYPICAL PERFORMANCE CHARACTERISTICS

V, =+5.0V,C1=C2=C3=3.3uF for SP6830, C1 =C2=C3 = 1uF for SP6831, and T

— 0, H
s = 25°C unless otherwise

noted. The SP6830/6831 devices use the circuit found in Figure 17 when obtaining the following typical

performance characteristics (unless otherwise noted).
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V, =+5.0V,C1=C2=C3=3.3uF for SP6830, C1 =C2=C3 = 1uF for SP6831, and T,,. = 25°C unless otherwise
noted. The SP6830/6831 devices use the circuit found in Figure 17 when obtaining the following typical
performance characteristics (unless otherwise noted).
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V,,=+5.0V, C1=C2=C3 =3.3uF for SP6830, C1 = C2 = C3 = 1uF for SP6831, and T,,,, = 25°C unless otherwise
noted. The SP6830/6831 devices use the circuit found in when obtaining the following typical performance
characteristics (unless otherwise noted).
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V,, =+5.0V, C1=C2=C3=3.3uF for SP6830, C1 = C2 = C3 = 1yF for SP6831, and T, = 25°C unless otherwise

noted. The SP6830/6831 devices use the circuit found in when obtaining the following typical performance

characteristics (unless otherwise noted).
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Figure 17: SP6830/6831 Connected as a Voltage I nverter in its Typical Operating Circuit; this Circuit Was Used to
Obtain the Typical Performance Characteristics Found in Figures 2 Through 16 (unless otherwise noted)



DESCRIPTION

The SP6830/6831 devices are CMOS Charge
Pump Voltage Converters that can be used to
invert a+1.15V to +5.3V input voltage. These
devicesareideal for designsinvolving battery-
powered and/or board level voltage conversion
applications.

Thetypical operating frequency of the SP6830
is 35kHz. The typical operating frequency of
the SP6831 is 120kHz. The SP6830 has a
typical operating current of 70pA andthe SP6831
operates at 200uA. Both devices can output
25mA with a voltage drop of 500mV. The
devicesareideal for LCD panel biasapplications,
cellular phones, pagers, PDAs, medical
instruments, and other portabl ebattery-powered
equipment. The SP6830/6831 devicescombine
a high efficiency (>95% over most of its load-
current range) with alow quiescent current.

THEORY OF OPERATION

The SP6830/6831 devices should theoretically
produceaninvertedinput voltage. Inreal world
applications, therearesmall voltagedropsat the
output that reduce efficiency. Thecircuit of an
ideal voltageinverter can befoundinFigure 18.
The voltage inverters require two external
capacitorsto store the charge. A description of
the two phases follows:

Phase 1

Inthefirst phase of the clock cycle, switches S2
and $4 are opened and S1 and S3 closed. This
connects the flying capacitor, C1, from V, to
ground. C1 charges up to the input voltage
appliedat V.

Phase 2

In the second phase of the clock cycle, switches
S1 and S3 are opened and S2 and $4 are closed.
Thisconnectstheflying capacitor, C1,inparalel
withtheoutput capacitor, C2. Thechargestored
inClisnow transferred to C2. Simultaneously,
the negative side of C2isconnectedtoV . and
the positive side is connected to ground. With
the voltage across C2 smaller than the voltage
across C1, the charge flowsfrom C1 to C2 until
thevoltage at the V. equals-V .

Vout = -VIN
Vin p—&
S1 S2 —
+ +
C1 C2
r/.lo/ QL} Vout
S3 S4

Figure 18. Circuit for an I deal Voltage I nverter

Charge-Pump Output

The output of the SP6830/6831 devices is not
regulated and therefore is dependent on the
output resistanceand theamount of load current.
Astheload currentincreases, lossesmay slightly
increaseat theoutput andthevoltagemay become
dlightly more positive. Theloss at the negative
output, V| ., equalsthecurrentdraw, | ., from
V. times the negative converter's source

ouT
resistance, RS:

VLOSS = IOUT X RS'
The actual inverted output voltage at V . will
equal theinverted voltage difference of V| and
V .

Loss®
VOUT = _(VIN b VLOSS)'

Efficiency
Theoretically, thetotal power loss of aswitched
capacitor voltageconverter canbesummedupas
follows:

ZPLOSS = F)INT + F)CAP + P

CONV?

whereP, . isthetotal powerloss, P, isthetotal
internal lossinthelCincluding any lossesinthe
MOSFET switches, P_,  is the resistive loss of

thechargepump capac‘i:f\grs, andP_,, isthetotal



conversion loss during charge transfer between
the flying and output capacitors. These are the
threetheoretical factorsthat may effect thepower
efficiency of the SP6830/6831 devicesindesigns.

Any internal losses come fromtheC'son board
circuitry. Lossesinthe|C canbeinduced by the
input voltage, thefrequency of theoscillator, and
the ambient temperature. The most influential
internal lossinthel C may befoundinthe power-
on resistance of theinternal MOSFET switches.

Any of thel osseswiththecharge pump capacitors
will be induced by the capacitor's ESR. The
affectsof theESR | ossesandtheoutput resistance
can be found in the following equation:

= PCAP +P

2
IOUT X ROUT CONV

and

Rour 4X (2XR +ESR,) +

SWITCHES
1
ESR., + foscx C1 '

where | . it the output current, R is the
circuit'soutputresistance, Ry, .51 Stheinternal
resistance of the MOSFET switches, ESR_, and
ESR_, arethe ESR of their respectivecapacitors,
and f__ is the oscillator frequency. This term
with f_.. is derived from an idea switched-
capacitor circuit as seen in Figure 19.

Any losses due to the conversion process will
happen during the charge transfer between the
flying capacitor, C1, and the output capacitor,
C2, when there is a voltage difference between
them. P__ ., can be determined by thefollowing

CONV

equation:

Peow = foge X [ 4, XCLX(V, 2- V.2 +

CONV

Y xC2x (V

ouT

RIPPLE2 - ZVOUTVRIPPLE) ]
Actual Efficiency

Todeterminetheactual efficiency of the SP6830/
6831 device operation, a designer can use the
following equation:

Efficiency (actual) = % x 100%

where
I:)OUT = ouT X IOUT
and
I:)IN = VIN X IIN

where P_ . is the power output, V. is the
output voltage, |, is the output current, P, is
the power from the supply driving the SP6830/
6831devices,V  isthesupply input voltage, and

I,y isthe supply input current.

Ideal Efficiency

The idea efficiency is not the true power
efficiency because it does not involve the input
power which includestheinput current lossesin
the charge pump. The ideal efficiency can be
determined with the following equation:

. . _ Pout 0
Efficiency (ideal) = Povrooers x 100% |
where
Poutgpear) = -Vin X VN

R.

f

>

V+ 4—0\ Vout
C1 Cc2 Ru

Requivalent

Vour

_ 1 c2
Requlvalem = m

Figure 19. Equivalent Circuit for an Ideal Switched
Capacitor




andP_ . isthethepower output. Bothefficiencies

are provided to designers for comparison.
APPLICATION INFORMATION

For the following applications, CL=C2=C3 =
3.3uFforthe SP6830and C1=C2=C3=1.0uF
for the SP6831.

Capacitor Selection

Low ESR capacitors are needed to obtain low
output resistance. Refer to Table 1 for some
suggested low ESR capacitors. The output
resistance of the SP6830/6831 devices is a
function of the ESR of C1 and C2. This output
resistance can be determined by the equation
previously provided inthe Efficiency section:

Ry 4X (2XR +ESR,) +

SWITCHES
1

ESR,, + foscxC1 '’
where R, is the circuit's output resistance,
Ryuirenes! Stheinternal resistanceof theM OSFET
switches, ESR _, and ESR , are the ESR of their
respective capacitors, and f__ is the oscillator
frequency. Thistermwithf___isderivedfroman
ideal switched-capacitor circuitasseeninFigure

19.

Minimizingthe ESR of C1and C2will minimize
the total output resistance and will improve the
efficiency.

Flying Capacitor

Decreasing flying capacitor, C1, vaues will
increase the output resistance of the SP6830/
6831 deviceswhileincreasing C1will reducethe
output resistance. There is a point where
increasing C1will haveanegligibleeffect onthe
output resi stancedueto thethedomination of the
output resistanceby theinternal MOSFET switch
resistance and the total capacitor ESR.

Output Capacitor

Increasing output capacitor, C2, values will
decreasetheoutput ripplevoltage. Reducingthe
ESR of C2will reduceboth output ripplevoltage
and output resistance. If higher output ripplecan
betoleratedindesigns, smaller capacitancevalues
for C2 should be used with light loads. The
following equation can be used to calculate the
peak-to-peak ripple voltage:

lout
VRrippLE = 2 X lout X ESRc2 + Toe x C7 -

Input Bypass Capacitor

The bypass capacitor at the input voltage will
reduce AC impedance and the impact of any of
the SP6830/6831 device's switching noise. Itis
recommended that for heavy loads a bypass
capacitor approximately equal to the flying
capacitor, C1, beused. For light loads, thevalue
of the bypass capacitor can be reduced.

SIPEX PART [ MANUFACTURER/ | o, oo v oo | CAPACITANCE / | MAX ESR | CAPACITOR
NUMBER TELEPHONE # VOLTAGE @ 100kHz | SIZE/TYPE
KEMET / " Case B/
SP6830 864.963.6300 T494B335%020 3.3uF / 20V 1.5Q T
SPRAGUE / Case C/
SP6830 207.324.4140 595D335X0035 3.3uF / 35V 2.0Q el
SP6830 TDK/ C3216X5R1A335K |  3.3uF / 10V 0.04Q 1206 / X5R
847-803-6100 =M :
SP6831 AVX/ 08052C105K 14F / 10V 0.040 0805 / X7R
843-448-9411 H :
KEMET/
SP6831 864.963 6300 C0805C105KRAC 14F / 10V 0.050 0805 / X7R
SP6831 TDK/ C2012X5R1A105K 1uF / 10V 0.050Q 0805 / X5R
847-803-6100 H :

Table 1. Suaaested Low ESR Surface Mount Capacitors
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put
VouT = -VIN
RTOT = % where VouT = output voltage, - Czxn
VIN = input voltage,
RToT = total resistance of the devices connected in parallel,
Rout = the output resistance of a single device, and =
n = the total number of devices connected in parallel.
Figure 20. SP6830/6831 Devices Connected in Parallel to Reduce Total Output Resistance
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Vout =-n X VIN

where Vour = output voltage,
VIN = input voltage, and
n = the total number of cascaded devices connected.

Figure21. SP6830/6831 Devices Cascaded to | ncrease Output Voltage




Whenloading the SP6830/6831 devicesfromIN
to OUT, the input current remains constant
(disregarding any spikes due to internal
switching). Implementing a 0.1uF bypass
capacitor should be sufficient.

When loading the SP6830/6831 devices from
OUT to GND, the current from the supply will
switchfromtwicethat of | .. and zero amperes.
Designers should implement a large bypass
capacitor (C3=C1) if thesupply hasahigh AC
impedance.

Voltage Inverter

A designer canfindthemost commonapplication
for the SP6830/6831 devicesin Figure 17 asa
voltageinverter. The only external components
needed are3 capacitors: theflying capacitor, C1,
theoutput capacitor, C2, andthebypasscapacitor,
C3 (if necessary). Thiscircuit is used to obtain
the Typical Performance Characteristics found
in Figures 2 to 16 (unless otherwise noted).

Connecting in Parallel

A designer can paralel a number of SP6830/
6831 devicesto reduce the output resistance for
specificdesigns. All deviceswill needtheir own
flying capacitor, C1, but asingleoutput capacitor
will serveall of thedevicesconnectedin parallel
by increasing the capacitance of C2 by afactor of
n where n equals the total number of devices
connected. This connection can be found in
Figure 20.

Cascading Devices

A designer can cascade SP6830/6831 devicesto
produce alarger inverted voltage output. Refer
to Figure 21 for this circuit connection. With
two cascaded devices, the unloaded output
voltage is decreased by the output resistance of
thefirst devicemultiplied by thequiescent current
of the second deviceconnected. Thetotal output
resistance is greatly increased when more than
two devices are cascaded.

Driving Excessive Loads

Theoutput should never be pulled aboveground.
A designer should implement a Schottky diode
(IN5817) from OUT to GND when driving
heavy loads where a higher supply is sourcing
current into OUT. Refer to Figure 22 for this
circuit connection.

Cirmav
DINMCA

SP6830
oo | , SP6831

ouT

b

1N5817

Figure 22. Protection for Heavy Loads

Combining aDoubler and Inverter Circuit
A designer can connect aSP6830/6831 devicein
acombination doubler/inverter circuit asseenin
Figure23. Thedoubler usesC3and C4whilethe
inverter uses capacitors C1 and C2. Loading
either output decreases both output voltages to
GND because both the doubler and the inverter
circuits use the charge pump. Designers should
not allow thetotal current output fromthedoubl er
and the inverter to exceed 40mA.

Implementing Shutdown

The SP6830/6831 devices are enabled when the
SHDN input pin is driven HIGH and disabled
whendrivenLOW. ThisinputmustbetiedtoV,
or GND to minimize any noise effectsdueto the
internal switching of these devices. The SHDN
input cannot be driven 0.5V above V, without
the possibility of introducing significant current
flows.

Layout and Grounding

Designers should make an effort to minimize
noise by paying specia attention to the circuit
layout with the SP6830/6831 devices. Externa
components should be connected in close
proximity to the device and a ground plane
shouldbeimplemented. Thiswill keepelectrical
tracesshort minimizing parasiticinductanceand
capacitance.



Shutdown

Input

)1
e +VIN
D1 = D2 = 1N4148
- D1 D2
Cirmav |« y
Jli Mo’\ 2 ’ } ] » Vouti
Cl+ SP6830 Ll B
SP6831 I
GND
c1~ 4 L
ci|, L|out - > \Vour
Control)ﬂ 5 l
c2
il

Vouti = (2 X VIN) - VFD1 - VFD2
Vout2 = -ViN

where  Vour1 = positive doubled output voltage,

VIN = input voltage

Vrp1 = forward bias voltage across D1,
Vrp2 = forward bias voltage across D2, and
Voutz = inverted output voltage.

Figure 23. SP6830/6831 Device Connected in a Doubler/Inverter Combination Circuit




PACKAGE:

&
¢ a 0.20
) L DATUM ‘A’ §
[ j—
A2 1 ] !
A ' C -
¢t _ ~——El— | 4
Al
SYMBOL MIN MAX
A 0.90 1.45
Al 0.00 0.15
A2 0.90 1.30
b 0.25 0.50
C 0.09 0.20
D 2.80 3.10
E 2.60 3.00
El 1.50 1.75
L 0.35 0.55
e 0.95ref
el 1.90ref
a 0 10

SOT23-6



ORDERING INFORMATION

Model

SP6830EK/TR...

SP6830EK . ...t
..-40°C to +85°C ...

SPB83LEK . ..oooiiiiiieie
SPB83LEK/TR ...cvvviiiiriieiieerece

Temperature Range Package Type

“40°C 0 +85°C oot SOT23-6

“40°C 0 +85°C ot SOT23-6
“40°C 0 +85°C oo SOT23-6

Please consult the factory for pricing and availability on a Tape-On-Reel option.
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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 hereing; neither does it convey any license under its patent rights nor the rights of others.




