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Features

* +5V @ 40mA from a Single Cell Battery. Note: Output
Current can be Increased by Changing L2 (See Table 1)

« Low Battery Indication

e Battery Powered Devices

* Single Cell Instruments

e Solar Powered Systems

« Pagers and Radio Controlled Receivers
¢ Portable Instruments

* 4-20mA Loop Powered Instruments

Description

The ICL644, ICLB45 and ICL646 are low power fixed +5V
output step-up DC-DC converters designed for operation
from very low input voltages. All control functions and a

* Guaranteed Start-up ..............oooooeee +@1};:¥ power FET are contained in the ICLB44, ICL645 and
P ICLE47, minimizing external components. The ICLE46
e StandbyMode ............. 80pA Quiescent Current  contalns an output pin to drive an external FET when higher

output currents are required. A control pin changes be-
tween high power and low power standby modes. Standby

by the designer to any higher voltage.

The ICL644, ICLE46 and ICLB47 are optimized for single
cell (1.15V to 1.6V) battery operation and can also be used
with input voltages up to 4.0V. The ICL645 is designed for
two cell {or single lithium cell) operation with typical battery
voltages of 2.0V to 3.6V. The ICL647 Is identical to the
ICLB44 except its output voltage is preset to +3V. The
ICL764X series of products offer the same features as the
ICLB4X with the addition of a shutdown feature. In the shut-
down mode the guiescent current is less than SpA.

« Power Ready Function mode allows operating for extended periods with minimum 2
battery drain, and a power ready function is available for a
* Shutdown Feature on . controlling external devices when the device Is switched we;
764X Series ..........iciiiiaan. 5pA Max Quiescent  ponween standby and high power. In high power mode, the g g
* Pin to Pin Compatible to MAX65X Series output current is approximately 40mA; in standby mode, it o @
is about 500pA. 5 °
e Efficiency .. ...ooveriiiiarriaaasn 75% @ 1.2V input =
Minimum startup voltage is 1.15V, but once started the 8
device will operate to lower voltages as the battery
discharges. A separate low battery monitor is available; it
Applications can be used at its default value of 1.17V or may be adjusted

Pinouts Ordering Information
ICL644, ICL645 & ICL8A7 ICL848
ICL7644,1CL7845 & ICL7847 ICL7846 PART TEMPERATURE
TOP VIEW TOP VIEW NUMBER RANGE PACKAGE
v, v, ICL64XCPD 0°C 10 +70°C 14 Pin Plastic DiP
L HP  vee[a [13] nC
< 1] e YO ICLE4XCBD 09C1t0+70°C | 14Pin SOIC
v [2 13] cTL v+ [2 1a] e
E ] He E g] ICLB84XIPD -400C to +85°C 14 Pin Plastic DIP
ic[3 12 c[3 B
ano ICLE4XIBD -409C 10 +850C | 14Pin SOIC
VRer [4] 1] PR VRer [4] [11] PR
LEO E E our L8O E El out ICL764XCPD 09C to +70°9C 14 Pin Plastic DIP
i 3] Bl i 3] w ICL764XCBD 09C to +70°C 14 Pin SOIC
Gno [7] E] NC ano [7] B NC ICL784XIPD -400C to +85°C 14 Pin Plastic DIP
SD* Sp*
ICL764X18D -400C to +85°C 14 Pin SOIC
X=4,586o0r7
* Pin 8 Usad On 764X Seriea Only.
CAUTION: These davices are sensitive o electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2781 '1

Copyright & Harris Corporalion 1991
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Specifications ICL644/645/646/647 ICL7644/7645/7646/7647

Absolute Maximum Ratings Operating Temperature

Peak Voltage atLX1Pin ..........oooiviiiiiiiineiiianns +16V  ICLBAXCXX. ... e Q0°C to +70°C
Peak Voltage atLX2 or Vo Pin ... .. +6.8V  ICLBAXIXX....... -40°C 1o +85°C
Supply VoltagetoLt ........... .. +15V  Storage Temperature................ -659C to +1600C
Supply Voltageto L2, Vo - . +5.6V  Lead Temperature (Soldering, 10Sec).................. +300°C
Peak Current,LX1 ... . 50mA  Power Dissipation

Peak Current, LX2 ... . 1.6A Plastic DIP (derate 10mW/C above 70°C) ........... 800mwW
LBOOutput Curmrent . ........oveiiiiiniiiiearanieenns 50mA SOIC (derate 8.7mW/OC above 70°C). ............... 695mwW
Input Voltage, CTL, LBI(SeeNote) ........... -0.3Vio (Vt +0.3V)

NOTE: V* is generated at LX1. In low current maodae, it is 4.5V lo 5.6V (2.8V
10 3.6V on ICLB48 & ICL7848); in high current mode, it is 10V to 15V.

Stresses above those listed under “Absolute Maximum Ralings” may cause permanent damage to the device. These are sirass ratings only and functional
operation of the device at these or any other conditions above thase indi d in the op ional 7 of the ificati is not implied. Exposure to
I rating diti for ded periods may affect device reliability.

Electrical Specifications: I1CL644, ICL646, ICL647, ICL7644, ICL7648, ICL7647
(GND = 0V, VBaTT = 1.2V, Ta = 25°C, Unless Otherwise Specified.)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vour Output Voltage ICL644,1CL648 Tp = Over Temp.* 4.5 50 55 v
ICL847 Ta = Over Temp.* 2.7 3.0 33 A
VX1 Minimum Input Voltage to LX1 Ip. = OpA (Note 1) - 0.9 1.0 v
Vix1 Minimum Startup Voltage to LX1 I = OpA - 0.9 115 \'
Vix2 Input Voltage to LX2 0.5 - 5.8 v
I x2 Peak LX2 Switch Current ICL844,I1CL647 (Note 1) - - 1.5 A
la Standby Current Ip_=OpA, CTL = Open - 80 - pA
fo Switching Frequency VBATT = 1.0t0 1.6V 156 18 24 kHz
%ON LX2, D Switch Duty Cycle ICLB44,ICL646 66 75 80 %
ICL&47 50 €6 75 %
toN LX2, D Switch On Time ICL644,ICLE46 27 36 ag us
ICLB47 20 ar 47 ps
RpSON LX2 On Resistance ICLE486,ICLE47 (Note 1) 0.40 - 0.67 n
D Output Saturation Current 1CL648, Source Sink - -25 - mA
(Short Circuit Current) B 100 N A
Vit Low Battery Input Threshold Voltage 1.12 1.18 v
Low Battery Input Threshold Tempco - -0.5 - mv/oC
ILet Low Battery input Bias Current - 0.01 10 nA
vLBo Low Battery Output vei <112V, go=1.6mA - - 0.4 \
viBI> 1.18V, Lo =-1pA vt - -
Vpr Power Ready PR High,Ipg = -1pA - vouT -
-0.2
PR Low, Ipg = 1pA - 0.3 -
vVeTL CTL Input Threshold - 0.07 - v
Efficiency Sma <l oAD <40ma - 75 - %

NOTE: 1. Not tested, guarantead by dasign and characterization.

* Commercial Temparature Range = 09C to +70°C
Industrial Temperature Range = -409C to +85°C
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Electrical Specifications: ICL645 & ICL7645 (GND = OV, VBATT = 2.4V, Tp = 250C, Unless Otherwise Specified.)

LMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vout Output Voltage Ta = Over Temperature* 4.5 50 5.5 \
Vixa Minimum Input Voltage to LX1 IL=0pA - 09 1.0 v
Vix1 Minimum Startup Voltage to LX1 I = OpA (Note 1) - 08 1.15 v
Vix2 Input Voltage to LX2 - - 5.6 A
W x2 Peak LX2 Switch Current (Note 1) - - 15 A
7o) Standby Current I = OpA, CTL = Open - 40 - pA
fo Switching Frequency VBATT =2.0t0 3.2V 15.5 18 24 kHz
9%ON Switch Duty Cycle 40 50 60 9%
tON Switch On Time 15 28 38 us
RpDSON LX2 On Resistance (Note 1) 0.40 - 0.67 n
Vsl Low Battery Input Threshold Voltage t.12 1.18 \
Low Battery input Threshold Tempco - -0.5 - mv/eC
LBl Low Battery Input Bias Current - 0.01 10 nA
ViLBo Low Battery Output Vgl < 1.12V, I go = 1.6mA - - 0.4
Vgl > 1.8V, go=-1pA v+-1 - -
VeR Power Ready PR High,Ipg = -1pA - Vour -
-02
PRLow,lpg =1mA - 0.3 -
VeTL Input Threshold - 0.7 - v
Efficiency SmA < I 0AD < 150mA - 75 - £

NOTE: 1. Not tested, Guaranieed by design and characlerization.

* Commercial Temperature Range = 0°C to +70°C

Industrial Temperature Range = -400C to +85°C
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Pin Description

ICL6486, ICL644,ICL7644
ICL7648 ICL64S, ICL7845
PIN NUMBER ICL647,ICL7647 NAME FUNCTION

- 1 LX2 QOutput drain of high power N-channel MOS FET.

1 - Voo Connect to battery positive terminal.

- 2 V+ Output of low power up converter; 10 to 15V in high power
mode. 4.5V fo 5.5V in standby mode.

2 - V+ Ouiput of low power up converter. 10 1o 15V in high power
mode. 2.6 to 3.6V in standby mode.

3 a3 I/C Internal Connection. Leave this pin unconnec .ed. “Do not ground.”

- 7 GND Low power ground.

4 4 VREF 1.295V bandgap reference output; should be decoupled with a
capacitor to pin 7. Thia terminal is high impedance and cannot
source or sink current.

5 5 LBO Low battery monitor output. Sinks 1.6mA when LBl is less than
1.17V, otherwise sources 1uA from V+.

8 6 L8l Low battery monitor input. Very high input impedance.

8*, 14 8* NC No connection. *Shutdown pin on ICL764X series and no connect
*SD pin on ICLB4X series. Allows user to turn part off by grounding
pin 8.

9 9 LX1 Output (drain) of low power N-channel power driver.

10 10 ouT +5V (+3V on ICL647). Fesedback (input) pin for high power
operation; output pin in standby mode.

11 1 PR Power ready output; high (+5V on ICL644, 645, 646; +3V on
ICL647) when high power converter is ready to supply power.

7 12,14 HP, GND High power ground.

13 13 CTL Control mode switch input; open circuit or high for standby
mode, ground for high power mode.

12 - D Driver output to external FET. Output voitage swings from GND
to Vour.

Low Voltage Step-Up Converters
Operating Principle

The ICLB44, ICLB45, ICL646 and ICLB47 are flyback, or
boost converters: energy from the battery is first stored in a
coil and then discharged to the load. Essentially, the circuit
consists of a battery in series with a coil, a high power FET,
rectifier, and filter, as shown in Figure 1. When the switch is
closed, current builds up in the coil, creating a magnetic
field. During the second half, or flyback part of the cycle, the
power FET opens, the magnetic field coltapses and the volt-
age across the inductor reverses polarity, adding to the volt-
age of the battery and discharging through the rectifier into
the load.

The switch Is controlled by a constant frequency oscillator
whose output is gated on and off by a comparator that
monitors the cutput voltage. When the output voltage is
above the comparator threshold, the power FET skips an
entire cycle of the oscillator. This pulse skipping technique
varies the average duty cycle to achieve regulation, rather
than varying the period or duty cycle of each cycle of the
power FET; it eliminates a number of linear circuits that
would otherwise add both circuit complexity and quiescent
operating current.

The key to operating CMOS circuitry from a 1V supply
depends on a technique called bootstrapping. A specially
designed oscillator starts itself up on a very low voltage and
builds up {or bootstraps) a higher voltage that in turn is used
as the supply for further operation. This supply yislds higher
efficiency because the bootstrapped voltage drives the gate
of the internal power FET transistor to lower on resistance.

When power is first applied, the circuit is very inefficient (for
the first cycle) until a higher voltage Is generated on the
flyback half of the first cycle. This higher voltage is rectified
and filtered, and powers the whole IC (and thus the oscilla-
tor) for the next cycle. Since each cycle gensrates a higher
voltage for the next cycle, the voltage builds up very rapidly.
An internal regulator limits the voltage to about 12V. The
load for this supply is only the CMOS chip itself, so the
requirements for the components, particularly the external
inductor L1, are very broad. This voltage is brought out to
the V+ pin and is connected to a tantalum capacitor for
filtering.

2-90




ICL644/645/646/647 ICL7644/7645/7646/7647

This bootstrapped 12V drives an Internal N-channel power

FET that furnishes the switching power for the load. Since
the gate of this FET is driven from a 12V supply, it has a very Lx2 vz
low on resistance and can efficiently switch high currents 10 —
through a second inductor, L2. It is the power stored In this ourput I I3
second inductor that is delivered to the 5V load via an X1 1
external Schottky diode. The rectified and filtered 5V output - v e 3]
is connected back to the OUT pin to provide feedback. The ‘1 _"“_EFE
ICLB44/645/646/647 thus has two separate switching =~ -T €3
circuits and uses two separate inductors. LBo s
Circuit Details L8
. GNO 7]
A typical application circuit is shown in Figure 2. The higher o+ s
value inductor, L1, is typically 4.7mH, and may have fairly

high losses. It is used for the low power section of the circuit
and is rectified by an internal diode and routed to pin 2, V+, FIGURE 1. ICL634/645 BLOCK DIAGRAM

[C]
where it is filtered by an external capacitor, C1. The second =z
inductor, L2, varies from 39uH to 500uH, depending on a .
input voltage and load current. It must have low series . v+ S e
resistance and sufficient core material to handle the load o 8 8

3 . i N -TmH S LY L2 3471RH  iNsgi17 a

power without saturating. The inductor is connected to pin 1 L5V « O
(LX2), tha drain of the Low Power FET, and is rectified by an 2 ' I~ soma ;
external Schottky diode, D1, and filtered by an external LXt Lx2 gm‘fﬁ 2
capacitor, C2. Thig is the main +5V output (+3V on the LB ICLB44 =
ICLB47), and it is connected to OUT, pin 10, which is the REF :gt:::
feedback input in high power mode. Figure 3 shows a 10

T L . ICL7eas  OUT
similar circuit for the ICL646 using an external FET for GND 101 7645 ¢
higher power output. cTL ICL7647 . 220F ;x_;
Low Power Standby Mode HP GND v

8EE TABLE 1.
A control pin (CTL) is available for putting the device into LBO_IC_PA__SO] FoR L2 INDUGTOR
standby mode to conserve power. When this pinis held low, |, _1oxo 51 31 " I L3 l PART NUMBERS
the IC operates in the high power mode, if it is driven high or  PART NUMBER c
N

left open the following occurs: the POWER READY (PR) pin  '87LY-472
is driven low, the high power FET Is gated off, the 12V (V+)
switching supply is reduced to 5V (+3V on the ICL647) and
is connected to the Voyr pin. FIGURE 2. ICL84X/764X TYPICAL APPLICATION

* Pin 8 used on 764X serles only.

By lowering the internal 12V supply to 5V, the leakage cur-
rents of the CMOS circuits and the losses associated with

its voltage reference and oscillator are reduced to a minl- asm 128 H . DY
mum. The internal low power 5V supply can furnish up to —a . 2 [_J"___ weew | ey
S00uA, and it is connected to the normal 5V output pin + 250mA
(OUT) to supply current to the load, keeping alive standby Yec Xt o 470 ff |
circuits. LB =
Output Pi A rer
Power Ready Output Pin ciese  our 1°
During initial start up (and when placed in standby mode), iCL7640 )
the ICLB44/645/646/647 internal voltages are too low to cn . 22pF ¢
drive the power FET efficiently. A separate comparator 7 HP GND \ad
determines when this voltage has reached a high enough w0 1c PR sp| SEETABLE1
FOR L2 INDUCTOR

value to drive the FET. The output of this comparator gates

the FET drive voltage. This scheme extends battery life in 1 -1oxo

standby mode and prevents the power FET from stalling  PART NUMBER
. . 187LY - 32 NC

when switching to high power mode. The comparator

output is also brought out to the POWER READY (PR) pin

and can be used to control external circuits, further

reducing battery drain. FIGURE 3. ICL646/7648 TYPICAL APPLICATION

51 sl "l 8 l PART NUMBERS

* Pin B used on 7648 series only,
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Start Up and Mode Conslderations

The ICL644/645/646/647 may be started up in either the
fow power (standby) or high power mode. When starting in
the high power mode, both the low power switch and the
high power switch start immediately. Whether or not the
load is connected, the output voltage will rise to 5V in the
first few cycles. The OUT pin becomes an input for
feedback to control regulation.

it the high power load {greater than about 500pA) is
connected to the OUT pin and the device Is placed in the
low power mode (CTL pin driven high or left open), the low
power oscillator will have to furnish all of the 5V power via
the OUT pin, and the low powasr oscillator will stall. It Is,
therefore, Important to disconnect any load currents
(greater than 500pA) whenever the low power or
standby mode I8 selected. The POWER READY (PR) pin
may be used to disconnect the load via an external transis-
tor. This way the mode and connection of the high power
toad are both controlled through the CTL input.

Input Filtering

it Is important to limit the rate of rise of the battery voltage
when the circuit is first turned on with a mechanical switch
or the installation of the battery(ies). A simple R-C network
made up of the battery internal resistance and a 10pF
tantalum capacitor placed at the battery side of L2 input is
sufficient for this purpose. This capacitor also helps to
absorb the (relatively} high peak currents that are drawn
from the battery in the high power mode.

Qutput Flitering

it is also important to limit the speed at which V+ decreases
to 5V when the mode is switched from high power to
standby. This is accomplished by putting a 22uF capacitor
between the V+ and OUT pins. Also, a 220uF capacitor
placed on the OUT pin provides both filtering and serves to
hold up the 5V during the switchover pariod. Without these
capacitors, the 5V may spike negatively during the
switchover.

Low Battery Function

A completely independent low battery monitor is built into
the ICL64X series and the ICL764X series. lts input (LBI) is
the + input of a CMOS comparator whose - input is con-
nected 1o the internal 1.17V band-gap reference. This input
can be connected directly to the battery in single cell cir-
cuits or connectad to a high resistance voltage divider for
higher voltage monitoring. The output (LBO) can sink 1.6mA
or source several microamperes from V+.

Shutdown Function

The ICL764X series is equipped with a shutdown feature.
Pin 8, a no connect pin on ICL64X series, is used to power
the part down. During shutdown the part draws less than
5uA quiescent current. The part can be shutdown by
grounding pin 8. When pin 8 is left floating the part is
identical to the ICLB4X series.

Inductor Selection
Low Power Coil

The choice of the low power inductor, L1, Is not critical. A
4.7mH coil with a DC resistance of less than 40Q Is
adequate for most applications. In general, higher
inductance values allow lower start up voltages, while lower
resistances Yield lower quiescent current in standby mode.
i the inductance Is made too high, the low power (V+)
output voltage and current are reduced. This In turn reduces
the efficiency of the power section, so the +5V output (in
standby mode) supplied less current. Lower values of
inductance raise the minimum start up voltage.

High Power Coll

The high power coll, L2, must store most of the energy that
flows into the load. Accordingly, it should have a powdered
fron or ferrite core and should have low resistance to
minimize losses. It also must have an adequate current rat-
Ing to prevent saturation.

Calculating the worst case inductor for the high power
section (LX2) of the ICL644/645/648/647 is a two step
process:

1. Determine the smallest inductor value that will not cause
the circuit to exceed the peak current rating of the ICLE44/
645/647 with the highest expacted Input voltage (ViNMAX),
the longest on time (tonmAX), and the lowest total re-
sistance (R(MIN))- R(MIN) Is the sum of the minimum coil
and FET resistances. Note that this peak current relates to
the inductor and the FET switch and is several times the
load current

The following example assumes the minimum frequency
fo(MIN) and the maximum 9% ON(MAX) for the calculation of
tON(MAX). Although the calculated value for tON(MAX) I8
above that specified in the electrical characteristics table
(49us), the illustration is still a valid one that yields a worst
case minimum inductor value.

NOTE: Units with both fo(MIN) and %O N(MAX) values near
the ends of the allowed distributions will be rejected for

tON(MAX)-
From the Electrical Characteristics table:
IpK LX2 = 1.5A
RDSON(MIN) = 0.411
fo(MiN) = 15.500Hz
Duty Cycle Maximum, %ONmax) = 0.8
then:
1ON(MAX) = BONMAXYTO(MIN) = 0.8/15500 = 51.6u8
Assume that the minimum coil resistance. RCOIL(MIN) is:
RCOILMINY = 010
The minimum total resistance, R(MIN) is:

RMIN) = RDSON{MIN) + RcoiLminy = 04 + 0.1 = 0.50
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then:
o = 1.54 = VINMAY) [, o THMINY X 'ON(MAxyL(MIN)]
R(MIN)
ofr:
LiviNy (uH) -R(MIN) tON(MAX)

n [(1 - R(MIN) X IPI/VIN(MAX) ]

For a maximum input voltage of 1.56V (single alkaline cell),
and a minimum coil resistance of 0.1Q), the minimum
permissible inductance for the ICL644/645/647 is
39.37pH.

2. Having determined the minimum inductance (L(miN))
that keeps the peak current below the individual component
ratings, we next calculate a new peak current (I'pK) using
the highest resistance (RimAXx)), the lowest input voltage

(ViIN(MIN)) and  the shortest on time (CON(MiN)-
Using these parameters, we will calculate the minimum
available output (DC) current.

From the Electrical Characteristics table:
RDSON(MAX) = 0.671)

fO(MAX) = 24kHz
Duty Cycle Minimum, %QN(MIN) = 0.66

then:

tON(MIN) = %ON(MIN)/fg(mAX) = 0.66/24000 = 2758

Assume that the maximum coil resistance, RGOIL(MAX) i
RCOIL(MAX) = 0.150

The maximum total charging resistance, R(MAX) is:
R(MAX) = RDSON(MAX) + RCOIL(MAX) = 0.821)

At the end of the ON period:

VIN(MIN) X 1-e ~R(MAX) X tON(MIN)VL{MIN)

R{MAX)
The energy stored in the coil is:

I'pK =

Loving x P2
2

EcoiL =

And the power put into the coll is:
PcoiL = fomaxyxEcoiL
= LMiny % Ppi? xTo(max)
2

The minimum DC output current, IQUT, is:

PcoiL - PLOSS =

VOUT(MAX) + VDIODE ~ VIN(MIN)

PLOAD

IoUT(MIN) = m
LOAD

PooiL~ Ik’ X ReoiLmaxy3) x{1 - %ONpviny
VOUT(MAX) + VDIODE - VIN(MIN)

Using a 47 £ 10% pH coll with a resistance of 0.150, an input
voltage of 1.1V, and the worst case highest output voltage of
5.5V. The calculated minimum DC output current is 32mA. This
assumes a 0.3V forward drop in the 1N5818 diode.

When selecting a coil, care should be exercised to insure that
the minimum inductance value, including all the manufacturing
tolerances, Is never lower than the calculated inductance, or the
peak current rating of LX2 may be exceeded. In addition, the
current rating of the coil should be greater than the peak
current used in the calculation (1.5A, normally), to avoid
saturating the core.

If the worst case output current is too small, then either the
minimum input voltage must be increased or the maximum
input vottage should be decreased. it is always desirable to
decrease the ratio between maximum and minimum input
voltages. The coil resistance also has a significant effect on the
output current, so selecting a lower coil resistance will increase
the output current and increase the overall efficiency.

I no satisfactory value of inductance can be found for the
desired current, the ICL646 may be used with an external FET
whose peak current exceeds 1.5A. The calculations are similar
for the ICL644 except the external FETs RpsoN and current
rating should be substituted in the above equations.

If the worst case output current is significantly higher than the
required load current, a higher inductance value may be used.
This will tend to reduce the peak current and the ripple voltage.
Be sure to adjust the coil resistance and recalculate all the
values.

When the maximum battery voltage exceeds 1.65V, the
ICL645 should be used. Calculations for the ICLB45 are
identical to the ICL644 calculations, except that different values
must be used for the maximum and minimum duty cycles.

In general, if a choice of batteries is available, higher input
voltages are preferred for two reasons. First, as the input
voltage approaches 1V, the load on the battery increases while
the losses increase. The losses become so dominant that
efficiency suffers and little output current can be
maintained. Second, certain losses, such as the coil
resistance and the FET on resistance are less significant with
higher input voltages. This means not only higher
efficiency, but a greater range of input voltages are
tolerable; this in turn means that more of the chemical
energy can be converted into electricity. For example, three
NiCd cells, with a fully charged voltage of 4.05V, may still be
used down to 1.1V (with about SmA of 5V output current), far
beyond the normal life expectancy.

The inductance values for commonly encountered battery
operated power supplies are tabluated in Table 1.
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TABLE 1. MINIMUM INDUCTANCE FOR COMMON BATTERIES

COIL SPECIFICATIONS (L2)
BATTERY VOLTAGE TOKO 8RBS 282LYF SERIES
BATTERY TYPE MIN MAX OUTPUT uH* OHMS PART NO.

1 NiCads (ICL644) 1.15v 1.35V 5V 43mA 39 0.09 -0087K
1 Alkaline (ICL644) 1.20V 1.55V 5V 43mA 47 0.10 -0088K
1 Alkatine (ICL644) 2.5V 3.5v 5V 150mA 33 0.80 -0086K
2 NiCads (ICL645) 2.30v 2,70V 5V 64mA €8 0.16 -0080K
2 Alkalines (ICL645) 2.40V 3.10V 5V 62mA 82 017 -0091K
1 Lithium {ICL8&45) 2.60V 3.60V 5V 64mA 100 0.22 -0092K
1 NiCad (ICLE646)** 1.16V 1.35V 5V 250mA 12 0.049 -0081K
1 Alkaline (CLB486)** 1.20v 1.55V 5V 275mA 6.8 0.037 -0079M
1 Alkaline (ICL647) 1.20V 1.55V 3v 60mA 39 0.09 -0087K

* Coils ara from Toko. Inductance (uH) is tha MINIMUM allowed for tha listad
battery voltage range (Battary VoHage: MIN, MAX). Lower valuaa are not
recommended, axcepl whan using the ICLE48/7648 convertars sinca they
use an external MOSFET. Iflass current than listed in the Output column is
needad, a highar inductance coil will reduce lossas. The optimum induct-

** These ICL8486 circuits use an extarnal current swilch. Peak swilch current
is typically 3.5A.

Capacitor Selection

The high current fast rise-time pulses associated with
switching power supplies demand good grounding and
bypassing techniques. The ICLL644/645/647 have 3 ground
pins to improve grounding. In addition, the internal voltage
reference is brought out for connection to an external 1nF
capacitor, minimizing noise and modulation on the
reference.

The two output voltages, V+ and +5V should be filtered with
tantalum capacitors, or other capacitors with low effective
series resistance, to minimize transients. i aluminum
electrolytic capactors are used, they should be paralleled
with 0.1pF disc ceramics.

Selecting Low Power Switching Dlodes

The ICLE44/645/646/647 use one external diode, and this
diode must be a Schottky. A common Schottky type that
performs well is the TN5818.

In applications where standby current must be minimized,
the diode’s reverse leakage characteristics are especially
important. The ICLB44/6846/647 (40uA for the ICL645)
standby current is typically 80pA, while the reverse current
of some Schottky rectifiers can exceed this value,
particularly at high temperature. If necessary, diode leakage
can be reduced with higher voltage Schottky types such as
1N5817. if standby mode is not used or is used only for
short periods, then diode leakage is not a significant
additional loss compared to the narmal load current and
need not be considered.

ance varies inversely with requirad oulput current # all other conditions are
unchanged. For exampie, refer to line 3 and the 10mA oulput. 120pH
supplias this current mora efficiently than the 39uH coil of line 2. L2 may also
be calculated using tha eguations in the Inductor Seleclion Section.

Rectifier Selection

The ICLB44 - 647 and ICL7644 - 7647 use one external
rectifier. To achieve specified performance at low voltage, a
Schottky type, such as the 1N5818, is recommended
because it combines low forward voltage drop with fast
switlching speed. This maximizes power conversion
efficiency and output current when the DC-DC convenrter is
in high power mode. One drawback of Schottky rectifiers is
relatively high reverse leakage current (at 5V reverse,
1N5818 leakage is typically 60pA at 250C and 450uA at
759C), which is quite large with respect to the circuit's
quiescent current in standby modse (typical standby current
ICL644/646/647 and ICL7644/7646/7647: 80pA, ICLB4S
and ICL7645: 40pA). If standby mode is not used or used
only for short periods, reverse leakage is not a significant
additional loss compared to the normal load current, and
need not be considered.

If quiescent operating current is a primary concern, or if the
ICL644 - 847 and ICL.7644 - 7647 spends most of its time
in standby mode, a silicon rectifier such as the 1N4933 or
Unitrode UES1001 may be prefarred. Silicon rectifiers have
less reverse leakage current than do Schottky rectifiers
(1N4933 leakage current is typically 1pA at 250C and S0pA
at 100°C). In circuits where the standby mode is the
predominant mode of operation, battery fife may be
extended by trading conversion efficiency for lower standby
quiescent current.
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ICL644/645/646/647

ICL7644/7645/7646/7647

Output Current vs. Input Voltage

Figures 4 through 7 show output current versus input
voltage using typical inductor values for each part in the
ICL644 ~ 647 and ICL7644 ~ 7647 series. Where curves
end in the middle of the graphs, the peak current limit of the
internal LX2 switch has been reached. A higher Input
voltage than indicated by that line (for the given Inductor)
may damage the device. Figure 6 assumes that an IRF541
MOSFET is used (0.0851) maximum on resistance).

Dashed lines indicate regions where the LX2 current limit
hasn't been exceeded, but the current rating of the selected
coll has. The actual voltages where lines end or become
dashed are indicated by arrows on the graphs. The output
currents indicated by dashed tines can be achleved only
with Inductors of higher current rating than the indicated
coll. The coils used in Figures 4, § and 7 are as follows:
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FIGURE 4. 1ICL844/7844, IoyT vs. V|N (VouT = 5V)
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FIGURE 8. ICL646/7848, IgyT vs. Vi (VOUT = 5V)

INDUCTOR TOKO PART NUMBER
33uH -0086K
47pH -0088K
100yH -0092K
150uH -0094K
220uH -0096K

The coils used in Figure 6 are the Toke serles inductors.

The graphs in Figures 4 - 7 were calculated using worst
case data, so Individual circuits may supply more current
than indicated. If the coils’ current ratings are not exceeded,
smaller, lower-cost colls than those Indicated may be used
In low-current applications. Use the equations in the text to
calculate worst case peak coil/switch current to be sure that
a particular coil’'s current rating is sufficient.
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FIGURE 5. ICL645/7645, Ioyy vs. VIN (VouT = 5V)
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FIGURE 7. ICL647/7647, IgyT vs. VIN (VouT = 3V)
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