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INTRODUCTION

Today's electronic equipment must be smaller and
expensive than ever before. The analog portions of many sys
mandate special power supply requirements (such as negati

higher power supply voltages), resulting in added bulk and ¢

The typical characteristics of these additional supplies are
cost, high efficiency, small size, and relatively low output curr
(usually less than 100mA).

Combinations of dedicated voltage sources (i.e. nega

rectification of the AC input, additional batteries, special tra
former windings, etc.) and linear regulators not only add cost

size, but cut system efficiency. Switch mode power supplies @

higher efficiency operation comparedto linear regulators. Switc
mode power supply schemes store energy in an LC circuit.

average voltage delivered to the load is regulated by pulse w
or frequency modulating this stored energy. However, such

pologies complicate matters by introducing radiated electrom
netic interference (EMI) as well as added cost and size.

TelCom's DC-to-DC charge pump voltage converters are
single, best answer to low output current, dedicated analog
plies. These charge pumps provide efficiency up to 99%. Ins
of using an inductor, two external capacitors store energy, dr
cally reducing any radiated EMI. Offered in 8 -pin surface mo
ICs, TelCom's converters, coupled with two capacitg
(see Figure 1), provide a low cost, small outline solution. Wt
light-load, voltage inversion or doubling is needed, TelCor

charge pump DC-to-DC converters are the solution of choice.

[ee)
<
=z

s [
= T3] Tcres0 6] C'*_

Vour = Vin

Figure 1. Voltage Inverter

PRINCIPLES OF OPERATION

The charge pump DC-to-DC converter works on the princi
of charge transfer. By storing charge in a "flying capacitor” &
transferring this charge to a reservoir capacitor, the DC-to-
converter can perform such common applications as volt
inversion and voltage doubling.
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ess Look at the example of the voltage inverter in Figure 2. An
teigernal oscillator and logic circuit controls a switch matrix
veconsisting of $and $.
ost. During the first half cycle both switches are in the left
lomost position. Gcharges to the input voltageV During the
ensecond half cycle, the switches move to the right. This ties the
positive side of Gto ground, and negative side gf ©© Vour,
ativdfsetting G by negative W volts. G and G are now tied
nstogether in parallel, and charge is transferred from the flying
archpacitor, G, to the reservoir capacitor,.C
ffer For now, assume that the switch losses are negligible, and the
heakcillator cycle time is at least 10 times the RC time constant of the
Thexternal capacitors. Under these conditions, the DC-to-DC con-
idtlerter operates at close to 99% efficiency, with the only losses due
tde the supply current needed to run the oscillator and logic
agircuitry. With these assumptions made, the converter can be
modeled as an ideal voltage source. To generate a more realistic
thmodel other things must be considered.
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Figure 2. Charge Transfer

REAL WORLD ANALYSIS

There is one P-channel (SW1) and three N-channel (SW2,
ISW3, and SW4) MOS power switches that allow charge to be
fn? ansferred from the flying capacitor to the reservoir capacitor (see

igure 3). These switches are driven by the outputs of the logic
DC.> . . : . .

Circuitry which are synchronized to the internal oscillator
requency, divided by two.
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CHARGING THE FLYING CAP

half cycle, SW1 and SW2 are ON, and SW3
The circuit can be simplified to that shown if
Figure 4. The flying capacitor,(s charged to a voltagecy,
based upon Equation 1. The total charge on the flying eais, q

During the first
and SW4 are OFF.

equal to GVcp.

Figure 3. Switch Matrix

Vcep=Vin—ViN

fcHARGE

where: \epo = Vcp at the beginning of the cycle

O t=50% x (1/ (fJHARGE) = 1/fosc
R = Rsw1+ Rsw2+ ESRG
VN = Supply Voltage

e~ (RG) + Veppe (RGP

=0.5x f_)sc

Equation 1.

Vin

RSWl

Cp

+
ESRCp
Rsw2

Figure 4. Charging Flying Capacitor

When operating a 100kHz, dt = fi8ec. Consequently, if
10uF capacitors are being used, R will have to beQO(RC is
less than 5.5 time constants) to insure thgtdharges to the full

change in current equal in magnitude to 2Xlhe voltage on the
output of the converter (pin 5) will drop instantaneously at the
beginning of this half cycle due to the IR drop acrossaad is
reflected by 24IESRG in Equation 2. Assuming a constant
current load condition, the discharge @t@n be represented by
the Equation 2This equation can be used to approximate the
devices output ripple voltage.

Ver = Vero— 2xXILESRG — (IL/C)dt

where: \ro = Voltage on ¢at time 0
IL = Load current
dt = 1/6sc

Equation 2.

ESRG plays a direct partin contributing to the device's output
ipple voltage. If the device is supplying a load of 20mA, and the
capacitor has an ESR of@0a minimum output ripple of 200mV
should be expected. Alternately, increasingdwill decrease the
output ripple voltage. However, increasingsé results in in-
creased switching loss (increaseddpLy). At some point, the
switching losses will become significant enough that the dropoff
in efficiency will negate the benefits of increasing the operating
frequency.

Increasing fscalso allows smaller capacitors to be used.
Keep in mind that reduction in capacitor size typically results in
increased ESR which will have a detrimental effect on output
ripple at higher currents.

i O Vour

Figure 5. Supplying Current to Load

TRANSFERRING CHARGE

value of fy within one half cycle. Consequently, smaller capaci
tors should be used when operating at higher frequencies.

SUPPLYING ENERGY TO THE LOAD

In addition to G being charged during this half cycle, the
reservoircapacitor G is supplying current to the load, as shown
in Figure 5. At the beginning of this half cycle j€switched from

O Vour
Rsws * Rswa

being charged, to supplying current to the load. This represents a

2

Figure 6. Charge Transfer Simplified Circuit

TELCOM SEMICONDUCTOR, INC.



"GET PUMPED" WITH TELCOM'S DC

During the second phase of the cycle, SW1 and SW3
turned OFF, and SW2 and SW4 are turned ON. The simpli

circuit is shown in Figure 6. The logic timing is such that there is

finite delay to insure that there will never be a continuous p
from V|y to ground.

Vin ViV,
Rsw1 Rsw2 l
+ | +
CP Cr IL
ESRCe ESRC
;
—O
= Rsws Rswa Vour

Figure 7. Charge Transfer

The flying capacitor now is tied in parallel with @nd
transfers a portion of its charge intg, @s well as supplying
current to the load. The voltage op €hanges from ¥, prior to
the switch, to ¥, at the end of the cycle (see Figure 7). Th
voltage \b depends upon the energy dissipated thrazigiuit
switch resistance and capacitor ESR, as well as the en
delivered to the load. The energy lost is defined in Equatio
below.

E=1/2 Q(V]_2 - V22)

Equation 3.

The amount of charge that has been transferigdagrer
from the flying capacitor to the output is shown in Equation

grransrer= GV1— GV2 = CAAV ¢y
Equation 4.

Knowing that the switch is operating akt an expression
for current can be written as:

I = C dV/dt = G(V1-Vy)/dt
dt = 1/6sc
I = G(V1-V2)/(1/fosg
orl= (V]_—Vz)/(l/fosc Cp)

Equation 5.

An expression for the equivalent impedance during {
transfer cycle can thus be written as:

Rrransrer= (1fosc Cp)

-DC CHARGE PUMP CONVERTERS

a@®UTPUT OF IMPEDANCE
led If we take into account what we now know about the switch
’atﬁesistance and capacitor ESR, we can generate a more accurate
model for the charge pump, as an ideal voltage source in series
with a resistor (see Figure 8). This resistas, Represents the
device's output resistance and is comprised of the following:
(1) Seriesresistance okR1, Rsw2and ESRgwhen G is
charging.
(2) Series resistance o&fys Rsws and ESRgwhen G is
transferring charge to,C
(3) The equivalent resistance during the charge transfer
cycle.
(4) The equivalent series resistance of the reservoir capaci-
tor, ESRG. This expression is summarized in Equation
6 below.

I

Ro = 2(ESRG + Rsw1 + Rsw2) +
2(ESRE+ Rswa+ Rswa) +
RrransFert ESRG

where: Rransrer= (/fosc Cp)

Equation 6.

IS Note that because the switches are only ON for half a cycle,

rthe average resistance is multiplied by a factor of two.
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Figure 8. Charge Pump Model

If we assume that the switch resistances are equal, R
simplifies to:

Ro = 4Rsw + 4ESRG + Rrransrer+ ESRG

where: Rransrer= (1/fosc Cp)

The switch resistance is a function of the transistor geom-

heetries and process technology. The user has little control over its

value, but should be aware thai\iis sensitive to temperature
and supply voltage. &y will decrease with increasing supply
voltage or decreasing temperature. Becayggi®multiplied by

a factor of four, increasingdg, can have a significant effect on

<= TELCOM SEMICONDUCTOR, INC.
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Looking at the remaining expressions that make gptie
following can be stated:
(1) ESRG has a four times larger effect op Rat ESRG.
(2) Lowering bscwill increase R,
(3) Increasingdsc will decrease Bto a point. Eventually
ESR will dominate, nullifying further increased isst

Tantalum capacitors offer an ESR similar to the Aluminum
Electrolytic, but their excellent volumetric efficiency provides
the smallest profile solution at a reasonable cost.

Table 1 identifies suppliers of low ESR capacitors. Most
manufacturers do not identify ESR but rather provide DF,
(dissipation factor) specifications at 120Hz. The lower the DF the
lower the ESR, as ESR is derived from the following equation:

CAPACITOR SELECTION

The two major factors that contribute to the charge pumps
output resistance are the IC's internal switch resistance, and the
ESR of capacitors {and G. The internal switch resistance must
be accepted as is. However, itis critical that the ESR ah@ G

ESR = DF/(Z]fC)

The table identifies ESR values where they have been pro-

vided by the manufacturer.

be minimized to insure optimal device operation. The eXtemé}lﬁYOUT
d cos

capacitor value and type that best suits the designer's size an
requirements should be selected.

Ceramic capacitors offer the lowest ESR, followed by,
order of increasing ESR, OS-CON, Film, Aluminum Electrolytics
and Tantalum capacitors. Within one technology, ESR tends to
closely track physical capacitor volume, given capacitance v
and voltage rating are constant. Consequently, lower ES
usually obtained at the cost of increased capacitor size.

Film capacitors are quickly negated as a viable solution based
upon their excessive cost and size.

Ceramic capacitors offer the lowest ESR, but can be cost,
prohibitive. Their relatively low voltametric efficiency can resuylt
in size restrictions. Also, they exhibit an order of magnitude
increase in ESR as operating temperature drops frofC+2b
- 55C.

OS-CON capacitors offer an ESR only slightly higher than
ceramics but consume more volume. The OS-CON capacitor
exhibits excellent linearity from — 86 to +125C.

Aluminum Electrolytics are ideal for low cost applications
where board space is not of concern. Electrolytics, like OS-CON
capacitors are typically offered in a radial lead package, but are
available in surface mount styles.

Table 1. ESR for various Manufacturers and Capacitor Types

To insure good noise performance, use the following basic

inayout practices:

— Minimize stray inductance by keeping board trace lengths
to a minimum.

Minimize ground impedance by employing a ground
plane.

Mount the charge pump IC as close to the load as possible
to minimize output impedance.

Mount the supply decoupling and pump capacitors as
close as possible to the charge pump IC.

DF @ ESR @ Cap Working
Manufacturer Series 120Hz 100kHz [UF) Voltage Size Capacitor Type
Chemi-Con MV 0.12 — 4.7 50 3.0x5.2 Surf Mt Alum Elec
Sanyo CV-GS 0.14 — 4.7 25 43x4.3x5.4 Surf Mt Alum Elec
Panasonic VS 0.14 — 4.7 25 3.0x54 Surf Mt Alum Elec
Panasonic CB 0.06 — 4.7 16 7.9x5.3x3.3 Surf Mt Spec Polymer
Sanyo SM 0.07 0.150 4.7 20 7.0x7.0x9.0 Surf Mt OS-CON
Marcon THC <.05 = 0.0 4.7 25 3.2x25x2.0 Ceramic Chip
Marcon TCC <.05 — 4.7 25 5.6 x5.0x2.5 Ceramic Chip
Mallory T491/5 .06 — 4.7 25 6.0x3.2x45 Tantalum Chip
Marcon MCS — — 4.7 20 35x28x1.9 Tantalum Chip
Matsuo 267E .06 0a 4.7 20 35x28x1.9 Tantalum Chip
AVX TAJ .06 <3Q 4.7 20 35x28x1.9 Tantalum Chip
AVX TAJ .06 5Q 3.3 16 3.5x28x1.2 Tantalum Chip
Panasonic TE .06 — 4.7 25 35x28x22 Tantalum Chip
4 == TELCOM SEMICONDUCTOR, INC.
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Table 1. ESR for various Manufacturers and Capacitor Types (Cont.)

DF @ ESR @ Cap Working
Manufacturer Series 120Hz 100kHz [UF) Voltage Size Capacitor Type
Illinois Cap RzZM 12 =4Q 4.7 50 5.0x11.0 Radial Ld Al Elec
Panasonic HF .08 — 4.7 25 6.3x11.2 Radial Ld Al Elec
Panasonic KF .10 — 4.7 25 40x7.0 Radial Ld Al Elec
Mallory SSR .10 — 4.7 50 40x7.0 Radial Ld Al Elec
United Chemi SXE .10 — 4.7 50 4.0x7.0 Radial Ld Al Elec
Marcon LSM — — 4.7 25 4.0x5.0 Radial Ld Al Elec
Sanyo UGX 12 — 4.7 35 4.0x5.0 Radial Ld Al Elec
RGA LESR .06 — 4.7 50 8.0x11.5 Radial Ld Al Elec
Sanyo SG .05 0.123 4.7 25 6.3x6.8 Rad Ld OS-CON
Sanyo SL .06 0.150 4.7 25 6.3 x5.0 Rad Ld OS-CON
Panasonic MF .06 — 4.7 25 3.7x4.1x5.6 Radial Ld Tant
Mallory TDL/TDC .05 — 4.7 25 8.6 x 10.16 Radial Ld Tant
Matsuo 202 .06 — 4.7 25 48x7.5 Radial Ld Tant
AVX TAP .06 — 4.7 25 8.5x10.0 Radial Ld Tant
AVX TMH .06 — 4.7 20 3.8x6.3 Radial Ld Tant

PRODUCT OVERVIEW

TelCom offers fourteen products in the charge pump DC-D@oubling functions at the same time. This is ideal for use in
converter family (see Table 2). All fourteen products are offereportable systems where&V bias needs to be generated from two
in 8-Pin DIP and SOIC packages. These products are ideal for us&V cells.
in any low current, voltage inversion or doubling applications. The TC682 is a subset of the TCM680. It generates an output

The TC7660 is a stripped down converter that is ideal|foroltage equal to —2x\. The TC682 is the only device of its kind
low current (<20mA) applications with |\ ranges of| available, and uses a proprietary technique to generate g—2xV
1.5V - 10V. output, without generating +2xy This results in a 50% reduc-

The TC7660H is an upgrade of the TC7660. Its oscillator rurt®n in supply current as compared to the TCM680.
at a higher frequency (120kHz), which facilitates the use of The TCMB850 differs from the other charge pumps as the
smaller external capacitors. Using the same size capacitors wilitput voltage is regulated. The TCM850 is designed for applica-
result in a reduced output ripple voltage. tions where a regulated negative output is required. It is ideal for

The TC1044S and TC7660S offer increased operating volgenerating the negative voltage bias for GaAs transistors in
ages up to 12V, as well as a BOOST pin that allows the oscillateellular phones and liquid crystal displays. A shutdown feature
to run at 45kHz. In addition, these devices have a slightly lowedllows the TCM850 to draw as little agA in a standby mode.
output impedance which supports slightly higher load currents A more detailed summary of these products can be found in
than the TC7660 and TC7660H. Table 2.

The TC7662B offers an even higher operating voltage of
15V. The TC7662B has comparable output impedance to| tieHARGE PUMP EVALUATION KIT

T€1044S and TC7660S. S L . The TC7660EV can be used to evaluate 11 products in
The TC7662A has a significant reduction in its output imped- ICom's family of charge—pump based DC-DC converters, ex-
ance over the aforementioned devices. This enables the TC7 ding the TCM851/2/3. The TCM850/1/2/3 are supported t’)y a

o be used in applications _Wh_ere load currents up to 60mA eXi%}ltedicated evaluation kit, the TCM850EV. These kits allow
The:f?_?gggquergteis W'thtlpptlrj]t ?g:gg;:p t'(t)h18I'V.htI | evaluation of all charge pump devices on a 4-inch by 6-inch card.
€ ISasisterparttothe - with stightly'lo eagkontact TelCom Semiconductor for details about the TC7660EV,

output impedance. The TC962 can supply up to B0mA of | e TCMB850EV and the entire line of DC-to-DC charge pump
current. In addition, the TC962 has an on board 6.4V z N&L nverters

reference, as well as FREQx2 pin, for doubling the oscillator
frequency.

The most robust charge pump is the TC660 which
designed to handle heavier loads. It can support load currents up
to 100mA.

The TCM®680 is slightly different than the aforementioned
devices in that it provides both positive and inverting voltage

— TELCOM SEMICONDUCTOR, INC. 5
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