I ( ’\D LTC1433/L1C 1434

TECHNOLOGY

FEATURES

High Efficiency: Up to 93%

Constant Frequency Adaptive Power™ Operation
Input Voltage Range: 3V to 13.5V

Internal 0.6 Power Switch (Viy = 10V)

Low Dropout Operation: 100% Duty Cycle
|.ow-Battery Detector

Internal Power-On Reset Timer

Current Mode Operation for Excelfent Line and Load
Transient Response

Low Quiescent Current: 470uA

Shutdown Mode Draws Only 15uA Supply Current
+1% Reference Accuracy

Available in 16- and 20-ead Narrow SSOP

APPLICATIONS

Cellular Telephones
Portable Instruments
Wireless Modems

RF Communications
Distributed Power Systems
Scanners

Battery-Powered Equipment

A LTC and LT are registerad trademarks of Linear Tachnology Corporation
Adaptive Power is a trademark of Linear Technology Corparation.

450mA, Low Noise
Current Mode Step-Down
DC/DC Converters

DESCRIPTION

The LTC®1433/LTC1434 are monolithic pulse width modu-
fated step-down DC/DC converters. By utilizing current
mode switching techniques, they provide excellent AC and
DCload and line regulation. Both devices operate at a fixed
frequency with the LTC1434 phase-lockable to an external
clock signal.

Both devices incorporate two internal P-channel power
MOSFETs with a parallel combined resistance of 0.6€2 (at
a supply of 10V). The Adaptive Power output stage selec-
tively drives one or both of the switches at frequencies up
to 700kHz to reduce switching fosses and maintain high
efficiencies at low output currents.

The LTC1433/L.TC1434 are capable of supplying up to
450mA of output current and boasts a +2.4% output
voltage accuracy. An internal low-battery detector has the
same level of accuracy as the output voltage. A power-on
reset timer (POR) is included which generates a signal
delayed by 65536/fc  (300ms typ) after the output is
within 5% of the regulated output voltage.

Ideal for current sensitive applications, the devices draw
only 470uA of quiescent current. In shutdown the devices
draw a mere 15pA. To further maximize the life of the
battery source, the internal P-channel MOSFET switch is
turned on continuously in dropout.
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Figure 1. High Efficiency Step-Down Converter
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LTC1433/LTC 1434

ABSOLUTE MAXIMUM RATINGS

(Voltages Referred to PGND Pin)

Input Supply Voltage (PWRVyy, SViy) ... =0.3V to 13.5V

Commercial Temperature Range

DC Small Switch Current (SSW).......cocoinenniinenns 100mA LTC1433C/LTC1434C ....ocoovvvcrene. 0°C to 70°C
Peak Small Switch Current (SSW) ......ccoveene. 300mA  Extended Commercial Operating Temperature
Small Switch Voltage (SSW) .....c.ccccverneene. ViN—-13.5V  Range (Note 1) oo, -40°C to 85°C
DC Large Switch Current (BSW).......c.coovuuae.. 600mA  Industrial Temperature Range (Note 2)
Peak Large Switch Current (BSW) .........cocoovrveeennee 1.2A LTC14331/LTC14341 ... -40°C 10 85°C
Large Switch Voltage (BSW) .....ccovvrvcen. ViN—13.5V  Junction Temperature (Note 3)......ccccoocveverninns 125°C
PLLIN, PLL LPF, lip, Cosg eorenceermrrveneninine -0.3V102.7V  Storage Temperature Range ................. -65°C t0 150°C
POR, LBO, RUN/SS, VpRaG - veerreerererercene ~-0.3Vto 12V Lead Temperature (Soldering, 10 S€C)........ccoeev.nv. 300°C
LBE, VOSENSE «vrvvrervnserrerceserererietneieesesseinnas -0.3Vto 10V
PACKAGE/ORDER INFORMATION
ORDER PART TOP VIEW ORDER PART |
TOP VIEW NUMBER sc [T 5] PRy NUMBER |
ssw [1] 1] PwRVY | ssw 2] 5] PanD
ne [Z] 5] PonD LTC1433CGN ne (3] i8] svn LTC1434CGN
asw [3] 14] sviy LTC1433IGN BSW (4] 7] pLLw LTC1434IGN
ne [4] [13] Cosc sanp {5 [15] PLLLPF
sanD [£] 7] PoR ne 8] [i5] Cosc
RUN/SS [6] [i1] i RUN/SS 7] ] PoR
teo (7] [10] vosense ne (8] 73]
w8t [8] 9] Vpros t8o [3] [12] Vosens
GN PAGKAGE tai [1g] 1] Vencs ;
16-LEAD PLASTIC $SOP ' !
] ] GN PACKAGE {
Timax = 125°C. 03 = 150°C/ W 20-LEAD PLASTIC S50P i
Tomax = 125°C, 8,4 = 150 CrW :

Consult factory for Military grade parts.

ELECI'RICHL CHHHHCI'EBISTICS T = 25°C, Viy = 10V, Vrunsss = 5V, uniess otherwise noted. (Notes 1, 2)

SYMBOL | PARAMETER | conimioNS L mMN YR MAx | UNITS

Main Control Loop B o o

iy Vosense | Feedback Current Vprog Pin Open (Note 4) 1 5 | A
VoSENSE Reguiated Qutput Voltage {Note 4} !

1.19V (Adjustable) Selected Vprag Pin Open Ll 1.178 1.190 1.202 g v

3.3V Seiected Vppog = OV ®; 3220 3.300 3.380 | Y

| 5V Selected Vprog = Vin ° 4,880 5.000 5120 : v

Vove Output Overvoltage Lockout Vprog Pin Open ; 1.24 1.28 1.32 v

AVosense | Reference Voltage Line Regulation 5 Vin = 3.6V to 13V {Note 4), Vprgg Pin Open 0.002 0.01 %V

Vioapreg | Output Voltage Load Regulation Ity Sinking 5pA {Note 4) ] 0.5 08 %

i 7y Sourcing 5uA (Note 4) L -05 -038 o

IpROG Vprog Input Current 0.5V > Vprog i -4 -10 vA

le -05V< VPROG < ViN l 4 10 }JA
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LTC1433/LTC 1434

ELECTRICAL CHRRACTERISTICS 1, - 25°¢, vy = 10V, Vyynsss = 5V, untess otherwise noted.

SYMBOL | PARAMETER T CONDITIONS [ MN_ TYP  MAX | UNTS
Main Control Logp
la Input DC Supply Current (Note 5) T
Normal Mode 3.6V <Vn< 13V . 470 uA
Shutdown, Reference Alive Vaumss = OV, 3.6V < Vjy < 13V, LBl > 0.6V ‘ 35 70 HA
Complete Shutdown ! VRuiss = OV. 3.6V < Viy < 13V, LBl < 0.6V 15 30 uA
Veuwss | RUN/SS Threshold | e 0.8 13 2 v
IRUNSS Soft Start Current Source Veuiss = 0V i 12 3 45 [ A
Oscillator and Phase-Locked Loop
fosc Oscilator Frequency T Coss = 100pF (Note 6) e 125 142 KHz
Vg High e =24y 200 240 KHz
ReLuin PLL Input Resistance . - 50 ke
ipLLipr | Phase Detactor Output Current ! o :
Sinking Capability I foLum < fosc 10 15 20 vA
| Sourcing Capability |t > fose 10 15 20 [ yA
Mer-ﬁn Reset
Vsareor | POR Saturation Voltage I 1pos = 1.6mA, Vogense = 1V, Vprog Open 06 10 v
iLPOR POR Leakage ] Vpor = 10V, Vosense = 1.2V, Vprog Open 0.2 10 wA
VrrpPoR ' POR Trip Voltage from Regulated Verog Pin Open, Vogeyse Ramping Negative -11 -75 -4 %
(Output _ﬁ# ; o
toor_ | POR Delay Vengg Pin Open : 65536 Cycies
Low-Battery Comparator T -
Vsamae | LBO Saturation Voltage ! lugo = 16mA, Vig = 1.1V [ 056 1 | v
f: L8O LBO Leakage Vigo = 10V. Vig = 1.4V 0.01 1.0 : A
VTALRI | LBI Trip Voitage High to Low Transition on LBO _ 1.16 1.19 1.22 A v
Viystis | Low-Battery Comparator Hysteresis _‘_;j*"W |l 40 rr?\_?
Vspig ¢ Low-Battery Shwutdown Trip Point 074 v
tws | LB Input Current V=119V 1 50 | mA
P-Ghannel Power FETs Characteristics
Roweer . Rosom OfSmaltFET [losw=15mA 1 33 a0
Raiceer | Rosion of Big FET lasw = 150MA i 08 12 Q
l3sw Small FET Ceakage [ Vauwss = OV . 7 1000 A
Lasw Big FET Leakage | Vauwss = OV o e s 1000 nA

The @ denctes specifications which apply over the specitied temperature
range.
Note 1: C-grade device specifications are guaranteed over the 0°C to 70°C
temperature range. In addition, C-grade device specifications are assured
over the ~40°C to 85°C temperature range by design or correlation, but
are not production tested.
Note 2: I-grade device specifications are guaranteed over the —-40°C to
85°C temperature range by design, testing or correlation.
Note 3: T, is calculated from the ambient temperature Ty and power
dissipation Py according to the following formula:

LTC1433/LTC1434: T = Ty + (Po)(150°C/W)

Note 4: The LTC1433/LTC 434 are tested in a feedback loop which servos
Vosense to the feedhack point for the error amplitier (Viry = 1.19V).

Note 5: Dynamic supply current is higher due to the gate charge being
delivered at the switching frequency.

Note 6: Oscillator frequency is tested by measuring the Cogg charge and
discharge currents and applying the formula:

8.4110%)

[ 84007 i1 1
fosc (KH2) = {gocc (oFy + ﬂv’('m«f lms}

LN

4-207



LTC1433/LTC 1434

TYPICAL PERFORMANCE CHARACTERISTICS

Dropout Characteristics at Different

Efficiency of Figure 1 for L = 22uH Supply Current vs Supply Voltage Load Currents (Vgyr =3.3V)
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LTC1433/LTC 1434

PIN FUNCTIONS (Liciassniciass)

SSW (Pin 1/Pin 2): Drain of the Small P-Channel MOSFET
Switch.

BSW (Pin 3/Pin 4): Drain of the Large P-Channel MOSFEY
Switch.

SGND (Pin 5): Small-Signal Ground. Must be routed
separately from other grounds to the (-) terminal of Coyr.

RUN/SS (Pin 6/Pin 7): Combination of Soft Startand Run
Control Inputs. A capacitor to ground at this pin sets the
ramp time to full current output. The time is approxi-
mately 0.5s/uF. Forcing this pin below 1.3V causes all
circuitry to be shut down except the low-battery com-
parator.

LBO (Pin 7/Pin 9): Open-Drain Qutput of an N-Channel
Pull-Down. This pin will sink current when LB! goes below
1.19v.

LBl (Pin 8/Pin 10): The (+) input of the Low-Battery
Voltage Comparator. The (-) input is connected to the
1.19V reference. When LB1 is grounded along with RUN/
SS, this comparator will shut down along with the rest of
the control circuitry. LBO will go to high impedance.

Vprog (Pin 9/Pin 11): The voltage at this pin controls the
output voltage mode. When Vprog =0V or Vprog =Vin. the
output is set to 3.3V and 5V respectively, with Vosense
connected to the output. Leaving Vprog open (DC) allows
the output voltage to be set by an external resistive divider.
Vosense is then connected to the common node of the
resistive divider.

Vosense (Pin 10/Pin 12): This pin receives the feedback
voltage either from the output or from an external resistive
divider across the output. The Vpggg pin determines at
which point Vgsense must be connected.

Vprog = OV Vour= 3.3V
Voyr = 5V

Vayr = Adjustable

Vero = Vin
Vprog = Open (DC)

Ity (Pin 11/Pin 13): Error Amplifier Compensation Point.
The current comparator threshold increases with this
control voltage. Nominal voltage range for this pin is QV
to 2.4V.

POR (Pin 12/Pin 14): Open-Drain Qutput of an N-Chan-
nel Pull-Down. This pin sinks current when the output
voltage is 7.5% out of regulation. When the output rises
to ~5% of its reguiated value, the pin goes into high
impedance after 2'6 {65536) oscillator cycles. The POR
output is asserted when the device is in shutdown,
independent of Vgyr.

Cosc (Pin 13/Pin 15):; External capacitor connects be-
tween this pin and ground to set the operating frequency.

PLL LPF (Pin 16 LTC1434): Output of the Phase Detector
and Control Input of the Oscillator. Normally a series RC
lowpass network is connected from this pin to ground. Tie
this pin to SGND in applications which do not use the
phase-locked loop. Can be driven by a OV to 2.4V logic
signal for a frequency shifting option.

PLLIN (Pin 17 LTC1434): External Synchronizing Input to
the Phase Detector. This pin is internally terminated to
SGND with 50kQ. Tie this pin to SGND in applications
which do not use the phase-locked loop.

SViy (Pin 14/Pin 18): Main Supply for All the Control
Circuitry.

PGND (Pin 15/Pin 19): Switch Driver Ground. Connects to
the (=) terminal of Cyy. Anode of the Schottky diode must
be connected close to this pin.

PWRVy (Pin 16/Pin 20): Supply for the Internal Power
MOSFETs and Switch Drivers. Must decouple this pin
properly to ground.

NC (Pins 2, 4,/Pins 1, 3, 6, 8): No Connection.

Ly NeR
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LTC1433/LTC 1434

FUNCTIONAL DIRGRAM
POR PLL »ﬂ PLLIN PWRVIN
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OPGBHTIOI'I {Refer to Functional Diagram)

Main Control Loop

The LTC1433/LTC1434 is a constant frequency, pulse-
width modulated current mode switching regulator. Dur-
ing normal operation, the internal P-channel power MOSFET
is turned on each cycle when the oscillator sets the RS
latch FF3, and turned off when the main current compara-
tor Igomp resets the lateh. The peak inductor current at
which the igomp resets the RS latch is controlled by the
voltage onthe Iy pin, which is the output of error amplifier
GM. Pins Vprog and Vggense. described in the Pin Func-
tions section, allow GM to receive an output feedback
voltage Veg from either the internal or external resistive
dividers. When the load current increases, it causes a
slight decrease in Vpg relative to the 1.19V reference,
which in turn causes the Ity voltage to increase until the
average inductor current matches the new load current.

The main control loop is shut down by pulling the RUN/SS
pin low. Releasing RUN/SS aliows an internal 3pA current
source to charge up the soft start capacitor Cgg. When Cgg
reaches 1.3V, the main controtloop is enabled with the Iy
voitage clamped at approximately 30% of its maximum
value. As Cgg continues fo charge, Ity is gradually re-
feased allowing normal operation to resume.

Comparator OVDET guards against transient overshoots
>7.5% by turning off the P-channel power MOSFETs and
keeping them off until the fauit is removed.

Low Current Qperation

The LTC1433/L.TC1434 have two internal P-channel
MOSFETSs sized for low and high load current conditions.
At low load current, only the small MOSFET will be turned
on while at high load current both MOSFETs will be on.

4-210
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LTC1433/L1C 1434

OPERATION (reter to Functional Diagram)

Having only the small MOSFET on with low {oad current
reduces switching and gate charge losses, hence boosting
gfficiency. For the device to go into low current mode, two
conditions must be satisfied: the peak current of the
inductor should not exceed 260mA and the voitage at the
it pin should not exceed 0.6V. When either one of the
conditions is exceeded, the big MOSFET will be turned on
at the next clock cycle.

Dropout Operation

When the input supply voltage decreases toward the
putput voltage, the rate of change of inductor current
during the on cycie decreases. This reduction means that
the P-channel MOSFETs wilt remain on for more than one
oscillator cycle since the Igomp is not tripped. Further
reduction in input supply voltage will eventually cause the
P-channel MOSFET to be turned on 100%, i.e., DC. The
output voltage will then be determined by the input voltage
minus the voltage drop across the MOSFETs. Typically
under dropout, both the power MOSFETS are on since the
voltage on the Iy pin is greater than 0.6V,

Frequency Synchronization

A phase-locked loop (PLL) is available on the LTC1434 to
allow the oscillator to be synchronized to an external

source connected to the PLLIN pin. The output of the
phase detector at the PLL LPF pin is also the control input
of the oscilfator, which operates over a 0V to 2.4V range
corresponding to~30% to + 30% in the oscillator’s center
frequency. When locked, the PLL aligns the turn-on of the
MOSFETs ta the rising edge of the synchronizing signal.
Whenthe PLLINIs left open, PLL LPF goes low, forcing the
oscillator to minimum frequency.

Power-0n Reset

The POR pin is an open-drain output which pulls low when
the regulator is out of regulation. When the output voltage
rises to within 5% of regulation, a timer is started which
releases POR after 216 (65536) oscillator cycles. In shut-
down the POR output is pulled low.

Short-Circuit Protection

When the output s shorted to ground, the frequency of the
oscillator will be reduced to about 1/4.5 of its designed
rate. This low frequency allows the inductor current to
discharge, thereby preventing runaway. The oscillator's
frequency will gradually increase to its designed rate when
the output voltage increases above 0.65V.

APPLICATIONS INFORMATION

The basic LTC1434 application circuit is shown in Figure
1. External component selection is driven by the load
requirement and begins with the selection of Cogc and L.
Next, the Schottky diode D1 is selected followed by Cy
and Coyr.

Cosc Selection for Operating Frequency

The LTC1433/L.TC1434 use a constant frequency archi-
tecture with the frequency determined by an external
oscillator capacitor Cggc. During the on-time, Cpgg is
charged by a fixed current plus an additional current
which is proportional to the output voltage of the phase
detector (Vpy 1 pr on LTC1434). When the voltage on the
Cosc capacitor reaches 1.19V, it is reset to ground. The
pracess then repeats.

The value of Cpgg is calculated from the desired operating
frequency. Assume the phase-locked loop has no external
oscillator input, i.e. Vpy L pr=0V.

1.37(104)

056 ()~ - quenc (] | "

-

A graph for selecting Cqgg vs Frequency is given in Figure
2. For the LTGC1433, the expression above is also appli-
cable since its oscillator is internally set up to run at a
condition equal to Vp_ pr = OV. Therefore when using the
graph for determining the capacitance value for the oscil-
lator frequency, the Vpy pr = 0V curve should be used for
LTC1433.
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4-211



LTC1433/LTC 1434

APPLICATIONS INFORMATION
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Figure 2. Selecting Cqg for Oscillator Frequency

[}

As the operating frequency is increased the gate charge
losses will be higher, reducing efficiency. The maximum
recommended switching frequency is 700kHz. When us-
ing Figure 2 for synchronizable applications, the value of
Cose is selected corresponding to a frequency 30% helow
your center frequency (see Phase-Locked Loop and Fre-
quency Synchronization).

Low Supply Operation

The LTC1433/L.TC1434 can function down to 3V and the
maximum allowable output current is also reduced at low
V|n. Figure 3 shows the amount of change as the supply is
reduced down to 2.5V.

100
gt
]
=
==
2 80 \
= "
=
.D_. i
3 7 TW |
= I
=
§ ‘i
z
= !
50 .

4.0 35 30 25
SUPPLY VOLTAGE (V)

Figure 3. Maximum Allowable Output Current vs Supply Voltage
Another important point to note is that at a low supply, the

Rps(on) of the P-channel switch increases (see Typical
Performance Characteristics). Therefore, the user should

calculate the power dissipation when the LTC1433/
LTC1434 are used at 100% duty cycle with low V.

Inductor Value Calculation

The operating frequency and inductor selection are inter-
related in that higher operating frequencies permit the use
of a smaller inductor for the same amount of inductor
ripple current. However, this is at the expense of efficiency
due to an increase in MOSFET gate charge losses.

Theinductor value has a direct effect on ripple current. The
ripple current Al_ decreases with higher inductance ar
frequency and increases with higher Vi or Vour:

1 Vi
o= o - 2

Core losses are dependent on the peak-to-peak ripple
current and core material. Hence, by choosing a larger
inductance the peak-to-peak inductor ripple current will
decrease, therefore decreasing core loss. To further re-
duce losses, low core loss material such as molypermalioy
or Kool Mu® can be chosen as the inductor core material.

An indirect way that the inductor affects efficiency is
through the usage of the big P-channel atlow load current.
Lower inductance values will result in high peak inductor
current. Because one of the conditions that determines the
turning on of the large P-channel is peak current, this will
result in the usage of the farge P-channe! even though the
load current is low. Hence, efficiency at low load current
will be affected. See Efficiency Considerations.

Inductor Core Selection

Once the value for L is known, the type of inductor must
be selected. High efficiency converters generally cannot
afford the core loss found in low cost powdered iron
cores, forcing the use of more expensive ferrite,
molypermalioy or Kool My cores. Actual core |oss is
independent of core size for a fixed inductor value, but it
is very dependent on inductance selected. As inductance
increases, core losses go down. Unfortunately, increased
inductance requires more turns of wire and therefore
copper losses will increase.

Kool My is a ragistered trademark of Magnetics inc.
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LTC1433/LTC 1434

APPLICATIONS INFORMATION

Ferrite designs have very low core l0ss and are preferred
at high switching frequencies, so design goals can con-
centrate on copper loss and preventing saturation. Ferrite
core material satyrates “hard,” which means that induc-
tance collapses abruptly when the peak design current is
exceeded. This results in an abrupt increase in inductor
ripple current and consequent output voltage ripple. Do
not allow the core to saturate!

Molypermailoy (from Magnetics, Inc.) is a very good, low
loss core material for toroids, butitis more expensive than
ferrite. A reasonable compromise from the same manu-
facturer is Kool Mu. Toroids are very space efficient,
especially when you can use several layers of wire. Be-
cause they generally lack a bobbin, mounting is more
difficult. However, designs for surface mount are available
which do not increase the height significantly.

Catch Diode Selection

The catch digde carries load current during the off-time.
The average diode current is therefore dependent on the
P-channel switch duty cycle. At high input voltages the
diode conducts most of the time. As V| approaches Voyt
the diode conducts only a small fraction of the time. The
most stressful condition for the diode is when the output
is short circuited. Under this condition the diode must
safely handle lppak at close to 100% duty cycle. A fast
switching diode must also be used to optimize efficiency.
Schottky diodes are a good choice for fow forward drop
and fast switching times. MostLTC1433/LTC1434 circuits
will be well served by eithera 1N5818,an MBRS130LT3 or
an MBRM5819 Schattky diode.

Gy and Cqyr Selection

In continuous mode, the source current of the P-channel
MOSFET is a square wave of duly cycle Vour/Viy. To
prevent large voltage transients, a low ESR input capacitor
sized for the maximum RMS current must be used. The
maximum RMS capacitor current is given by:

12
Vour (Vin—Vour )}
Vin

CIN required IRMS = IMAX

This formula has a maximum at Viy = 2Vgyr, where

Inms = loyt/2. This simpie worst-case condition is com-
monly used for design because even significant deviations
donotoffer much relief. Note that capacitor manufacturer’s
ripple current ratings are often based on 2000 hours of life.
This makes it advisable to further derate the capacitor, or
choose a capacitor rated at a higher temperature than
required. Several capacitors may also be paralleled to
meet size or height requirements in the design. Always
consult the manufacturer if there is any question.

The selection of Cqyy is driven by the required effective
series resistance (ESR). Typically once the ESR require-
ment is satisfied the capacitance is adequate for filtering.
The output ripple (AVgyt) is determined by:

' 1
AVqyr = Al | ESR + -
ouT L[ 4fCOUT]

i

where f = operating frequency, Coyr = output capacitance
and Aly = ripple current in the inductor. The output ripple
is highest at maximum input voltage since Al increases
with input voltage. Forthe LTC1433/LTC1434, the general
rule for proper operation is:

Cour required ESR < 0.25Q

Manufacturers such as Nichicon, United Chemicon and
Sanyo should be considered for high performance
through-hole capacitors. The QS-CON semiconductor
dielectric capacitor available from Sanyo has the lowest
ESR/size ratio of any aluminum electrolytic at a some-
what higher price. Once the ESR requirement for Coyy
has been met, the RMS current rating generally far
exceeds the IpippLg(p-p) requirement.

In surface mount applications multiple capacitors may
have to be paralleled to meet the ESR or RMS current
handling requirements of the application. Aluminum elec-
trolytic and dry tantalum capacitors are both available in
surface mount configurations. In the case of tantatum, itis
critical that the capacitors are surge tested for use in
switching power supplies. An excellent choice is the AVX
TPS series of surface mount tantaiums, available in case
heights ranging from 2mm to 4mm. Other capacitor types
inciude Sanyo 0S-CON, Nichicon PL series and Sprague
595D serigs. Consult the manufacturer for other specific
recommendations.
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Efficiency Considerations

Since there are two separate pins for the drain of the small
and large P-channel switch, we could utilize two induc-
tors to further enhance the efficiency of the regulator over
the low load current range. Figure 4 shows the circuit
gonnection.

- [

Figure 4. Using Two Inductors for Higher Low Current Efficiency

To reduce core losses, the user can use a higher value
inductor on the small P-channel switch. Since this switch
only carries a small part of the overall current, the user can
still use a small physical size inductor without sacrificing
on copper losses. The Schottky diode can also be chosen
with a tower current rating. For the graph in Figure 5, a
Coilcraft DT1608C series inductor is used along with a
MBRS0520LT3 Schottky diode on the SSW pin. As can be
seen from Figure 5, the average efficiency gain over the
region where the small P-channel is on is about 3%.

100 T
'VQUT=3.§W4:_“ o T
Gosc = 470F 1T V= 1ip
o ] ] il ™ :
P : A :
80 e !
& 8 4l Vi = 9V
> A T T
2 . Ldlld lvuww_j;?-
g U7dl i
£ it B
560 1 i 41
- = ONE 22H INDUCTOR
50 L L ON SSW AND BSW
L bl —— 100uH ON SSW
Ik 22uH ON BSW
40 e
6.001 0.01 01 1

LOAD CURRENT (A)

RUL TS

Figure 5. Efticiency Comparison Between Single Inductor
and Dual Inductor

Hence, the dual inductor configuration is good for the user
who requires as high an efficiency as possible at low load
while retaining constant frequency operation.

Qutput Voltage Programming

The LTC1433/LTC1434 family all have pin selectable out-
put voltage programming. The output voltage is selected
by the Vppog pin as follows:

VeRog = OV Vour = 3.3V
Voyr = 5V

Vour = Adjustable

Verog = Vin
Verog = Open (DC)

The LTC1433/LTC1434 family also has remote output
voltage sense capability. The top of the internal resistive
divideris internally connected to Vosense. For fixed output
voltage applications, the Vogense pin is connected to the
output voltage as shown in Figure 6. When using an
external resistive divider, the Vprog pinis left open DC and
the Vsense pin is connected to the feedback resistors as
shown in Figure 7. To prevent stray pickup, a 100pF
capacitor is suggested across R1 located close to the
LTC1433/L.TC1434.

BND: Vgyy = 33V
Viy: Vout =5V
Vour

= 1433 gt

Figure 6. LTC1433/LTC1434 Fixed Output Applications

o Vour

<
::HZ

Vour = 1 19Y[1 ¢ g% i

Figure 7. LTC1433/LTC1434 Adjustable Applications
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Power-0n Reset Function (POR)

The power-on reset function monitors the output voltage
and turns on an open-drain device when it is out of
regulation. An external pull-up resistor is required on the
PCR pin.

When power is first applied or when coming out of
shutdown, the POR output is putled to ground. When the
output voltage rises above a level which is 5% below the
regulated output value, an internal counter starts. After
counting 2'8 (65536) clock cycles the POR pull-down
device turns off.

The POR output will go low whenever the output voltage
drops below 7.5% of its regulated value for longer than
approximately 30us, signaling an out-of-regutation condi-
tion. In shutdown the POR output is pulled low even if the
regulator’s output is held up by an external source.

Run/Soft Start Function

The RUN/SS pin is a dual purpose pin which provides the
soft start function and a means ta shut down the LTC1433/
LTC1434. Soft start reduces input surge currents by
providing a gradual ramp-up of the internal current limit.
Power supply sequencing can also be accomplished using
this pin.

An internal 3uA current source charges up an external
capacitor Csg Whenthe voltage on RUN/SS reaches 1.3V
the LTC1433/LTC1434 begins operating. As the voltage
on RUN/SS continues to ramp from 1.3V to 2.4V the
internal current limit is also ramped at a proportional
linear rate. The current limit begins at approximately
350mA (at Vrynyss = 1.3V) and ends at 1.2A (Vaynsss =
2.4V). The output voltage thus ramps up slowly, charging
the output capacitor. If RUN/SS has been pulled all the way
to ground there is a delay of approximately 0.5s/uF before
starting, followed by a like time to reach full current.

toeLay = 5(10°)Css seconds

By pulling the RUN/SS pin below 1.3V, the LTC1433/
LTC1434 are putin low current shutdown. This pin can be
driven directly from logic as shown in Figure 8. Diode D1
in Figure 8 reduces the start delay but allows Cgg to ramp
up slowly providing the soft start function. This diode can

be deleted if soft start is not needed. The RUN/SS pin has
an internal 6V Zener clamping the valtage on this pin (see
Functional Diagram).

RUN/SS
D1

RUN/SS

—_L__ Css _—I ﬁ____ -IT_T Css

1453 728

Figure 8. RUN/SS Pin Interfacing

Phase-Locked Loop and Freguency Synchronization

The LTC1434 has an internal voltage-controlled oscilla-
tor and phase detector comprising a phase-locked loop.
This allows the MOSFET turn-on to be locked to the rising
edge of an external source. The frequency range of the
voltage-controlled oscillator is +30% around the center
frequency fg. The vaiue of Coge is calculated from the
desired operating frequency (fg) with the following
expression (assuming the phase-locked loop is locked,
i.e Vpii Lpr= 1.19V):

2.06(104)

—_— =11
Frequency [kHz)

Cosc (pF) =

Instead of using the above expression, Figure 2 graphi-
cally shows the relationship between the oscillator fre-
quency and the value of Cpgg under various voltage
conditions at the PLL LPF pin.

The phase detector used is an edge sensitive digital type
which provides zero degrees phase shift between the
external and internal oscillators. This type of phase detector
will notlock up on input frequencies close to the harmonics
of the Vigq center frequency. The PLL hold-in range Afyis
equal to the capture range, Afy = Afg = £0.3fg,

The output of the phase detector is a pair of complemen-
tary current sources charging or discharging the external
filter network on the PLL LPF pin. The relationship
between the voltage on the PLL LPF pin and operating
frequency is shown in Figure 9. A simplified block diagram
is shown in Figure 10.
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1.3 !
e : /
S /- |
g /
(SRR N . / L
£ 0 /
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[
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) G5 1.0 15 20 245
VpLiip Vi

tast @

Figure 9. Relationship Between Oscillator Frequency
and Voltage at PLL LPF Pin

EXTERNAL
FREQUENCY

PHASE

DETECTOR ﬁ
DIGITAL T
PHASE/ i

FREQUENCY
DETECTOR

PLLIR

7Y

e o o o

R

Figure 10. Phase-Locked Loop Block Diagram

[ the external frequency (Vpy ) is greater than the center
frequency fq, current is sourced continuously, pulling up
the PLL LPF pin. When the external frequency is less than
fo. currentis sunk continuously, pulling down the PLL LPF
pin. If the external and internal frequencies are the same
but exhibita phase difference, the current sources turn on
for an amount of time corresponding to the phase differ-
ence. Thus the voltage on the PLL LPF pin is adjusted until
the phase and frequency of the external and internal
oscillators are identical. At this stable operating point the
phase comparator output is open and the filter capacitor
Cyp holds the voltage.

The loop fitter components Gy p and R p smooth out the
current puises from the phase detector and provide a

stable input to the voltage controlied oscillator. The fiiter
components Cip and Ryp determine how fast the loop
acquires tock. Typically Rip = 10k and Cyp is 0.01yF fo
0.1uF. Be sureto connect the low side of the filter to SGND.

The PLL LPF pin can be driven with external logic to obtain
a1:1.9frequency shift. The circuit shown in Figure 11 will
provide a frequency shift from fg to 1.9y as the voltage
Vppy Lprincreases from 0Yto 2.4V. Do not excesd 2.4V on
Ve tpr.

PLLLPE 5 4y miax

Figure 11. Directly Driving PLL LPF Pin

Low-Battery Comparator

The LTC1433/LTC1434 have an on-chip, low-battery com-
parator which can be used to sense a low-hattery condi-
tion when implemented as shown in Figure 12. The resis-
tor divider R3/R4 sets the comparator trip pointas follows:

(R4
V) =119/ 21 1
LBTRIP 73

i
/

R4 F T ATOURANTIGHSE . o

T | Essevpermene %]

Figure 12. Low-Battery Comparater

The divided down voltage at the negative (-) input to the
comparator is compared 1o an internal 1.19V reference. A
40mV hysteresis is built in to assure rapid switching. The
output is an open-drain MOSFET and requires a pull-up
resistor to operate. This comparatoris active in shutdowin.
To save more shutdown quiescent current, this compara-
tor can be shut down by taking the LBI pin below 0.74V,
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further reducing the current to 15pA. The low side of the
resistive divider should connect to SGND.

PC Board Layout Checklist

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of the
LTC1433/LTC1434. Theseitemsarealsoillustrated graphi-
cally in the layout diagram of Figure 13. Check the follow-
ing in your layout;

1. Are the signal and power grounds segregated? The
LTC1433/LTC1434 signal ground pin must return to
the () plate of Coyr. The power ground returns to the
anode of the Schottky diode and the (-) plate of Cyy,
which should have as short lead lengths as possible.

2. Doesthe LTC1433/LTC1434 Vggense pinconnect tothe
{+) plate of Coy7? In adjustable applications, the resis-
tive divider R1/R2 must be connected between the (+)
plate of Cgyr and signal ground.

3. Does the (+) plate of Gy connect to the power Viy as
close as possibie? This capacitor provides the AC
current to the internal P-channel MOSFETS and their
drivers.

QUTPUT DIVIDER REQUIRED

WITH ADJUSTABLE VERSION

ONLY. CONNECT Vosense
TO Vour FOR FIXED
OUTPUT VOLTAGE

Vout
J._

UUTT
_7[ -4

<
<

\AAa abAd
[SY SR STt

AAA

4. |s the Schottky diode closely connected between the
power ground and switch pin?

5. Keep the switching nodes, SSW and BSW away from
sensitive small-signal nodes Vpsense, PLLIN, PLLLPF,
Cosc, It and LBI.

Design Example

As a design example, assume Viy = 6V, Vour = 5V, Iyax =
400mA and fgse = 200kHz. With these requirements we
can start choosing all of the important components.

With no frequency synchronization required, the LTC1433
can be used for this circuit. From Figure 2, the Vpy| [ pr=
0V curve is used to determine the value of the oscillator
capacitor. From the graph a value of 50pF will provide the
desired frequency.

Next the inductor value is selected. From the Maximum
Output Current vs Input Supply graph in the Typical
Performance Characteristics section, a value of L = 22uH
would be able to meet the requirement for the output load
current.

For the catch diode, a MBRS130LT3 is selected.

M

BOLD LINES INDICATE HIGH CURRENT PATHS

Figure 13. LTC1434 Layout Diagram (See Board Layout Check List)
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Cin will require an RMS current rating of at least 0.2A at ~ Figure 14 shows the complete circuit along with its effi-
temperature and Cgyr will require an ESR of less than  ciency curve.

0.25Q. In most of the applications, the requirements for

these capacitors are fairly similar.

D1:MBRS130LT3 T00RF
L1:SUMIDA CD54-220 OWF gy
* AVX TPSD107MO10R0100

Vin
17

>
‘:10k

POWER-ON
RESET

s T 5B0pF

=
6800pF

50pF

[ Vi =6V i L
VYour =5V T TNl
90 | Cosg = 50pF }
,L°=Sg2unl/ ‘ ol
M | i
= 80
2 N
z . | L
g i T
o
j=e} 80 l ‘[]
I
[ 1
50 t :
| il I
) l
0.00t 0.01 01 1

LOAD CURRENT (A}

HMRBFIe

Figure 14. Design Example Circuit and ils Efficiency Curve
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Highest Efficiency 3.3V/3V Converter

L =
100uH o1 Vin
- » 3.5V 70 125V FOR Vayr = 3.3V
12 +] fouf* { 6Y 70 12,5V FOR Vo = 5V
22uH j 20V 0.1F
Yoy ——p P2 an 100pF o0k ’l\__;
d BTN =
Tw o | poweR-ON
RESET
4 ]
J' 5k 680p<
= L Verog = OV, Voyr = 3.3V j.—J
VeroG = Vin- Vout = 3V ~— 5800DF
-
— 13

D1:MOTOROLA MBRS0520LT3  ~ AVX TPSD107MO10R0100
D2:MOTOROLA MBRS130LT3  ~* AVX TPSEBB6M020R0150
L1:GOILCRAFT DT1608C SERIES

L2:SUMIDA CD54 SERIES

Positive-to-Negative -5V Converter

° Vig

16Y 0.1pF
- ™ T

o 7

30 180
1 40 240
50 290
; S5k 60 340
—_ 680p 1 T 9 } 1o

D1:MOTCROLA MBRS130LT3 * AVX TPSD107MO10R0100 wane A0 40

L1:COILGRAFT D03316 SERIES  *~ AVX TPSEYO7TMO16R0100
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Negative Boost Converter

L Ll L ggree Lo < 310
- 18V Vour ~T~ 20V I b3t
-8V Lo 1oour L %m
16V 100uH [
Vi ¢ +I_ ~Y 00pF e S50k
- T0-7V St

D1:MOTOROLA MBRS130LT3
L1:COILCRAFT DO3316 SERIES

L
= .?.Lwopr 3L2H iLIOOpF'
1V205U\7 T 0V 0.33ul 1
280mA S 238
2 1%
>
muuF‘L -3

Vin (V) | lout(max) (mA)
-3 180
-4 300
-5 400
-6 540
_7_ | 8

~ AVX TPSE107MO16RO100
" * AVX TPSE686MO20R0150

o
| T

‘P
6800pF 5.1k
<

680pF

Ultralow Output Ripple 5V to -1.25V MR Head Amplitier Supply

D1: MOTOROLA MBRM5819
L1: SUMIDA CD54 SERIES
L2: JW. MILLER PM20-R33M
“AVX TPSD107MO10R0100

| 100pF"

0.1uf

Vi

5V
>
1:mk

TR

POWER-ON

RESET

680pF

S .
qi‘L}:

§800pF

— 100pF

T

“a38,33 TR
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9V to 12V, - 12V Outpuls
-
‘4"2 TO1
o o VT 1250
20V 1
Vour - :;100k/[\_4__
12y o 3
] s POWER-ON
T 20V RESET
< Bl F
S TmapF > b 0 1uF —T—aaOpF S
.'."'
= 30K = 68000F
. 100k =
- AVX TPSEGB6MO20R0150 _ LOW-BATTERY AR
** WIMA MKS2 TRIP AT Vyy = 5V A4 1
AA'A"' 14357 ALY
L18B, L1A B YT T
2, o EACH OUTPUT
Yin Y] | Tourua, (mA)
a5 T 50
50 60
LV Pn 6.0 70
70 100
D1, D2: MOTOROLA MBRS130LT3 o 0
L1A. LIB .
- _ 30 - 130
MANUFACTURER | PART NO. 10.0 145
COILTRONICS | CTX100-4 ne 160
DALE | LPTA545-101LA 1201 200
T 128 W5
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lout(max; = 130mA
'ounmm‘} = 10mA
our =5V

lauT(max) = 130mA
touTiMiny = SmA
Vour =-5V

5V to +5V Qutputs

\LmDuF'
T
L1B
20pH,

1oouFr A1

10\IT

|||-

POWER-ON

RESET

L

<

4
& 5.1k 680pF

T

Lo

— F
= 6800p

143332 TA06

D1:MOTOROLA MBRS130LT3  * AVX TPSD107MO10R0100
LA, L1B: ** WIMA MKS2
MANUFACTURER |  PART NO.
COILTRONICS CTX20-4
DALE LPT4545-200LA
PART NUMBER DESCRIPTION COMMENTS
LT®1074/LT1076 Step-Down Switching Regulators 100kHz, 5A (LT1074) or 2A (LT1076) Internal Switch

LTC1174/LTC1174-3.3/
LTC1174-5

High Etficiency Step-Down and Inverting DC/DC Converters

Burst Mode™ Operation

LTC1265 1.2A High Efficiency Step-Down DC/DC Converter Burst Mode Operation

LT1375/LT1376 1.5A, 500kHz Step-Down Switching Regulators High Frequency, Small Induetor, High Efficiency
Switchers, 1.5A Switch

LTC1435 High Efficiency Low Noise Synchronous Step-Down Controller 16-Pin Narrow SO and SSOP

LTC1436/LTC1436-PLL | High Efficiency Low Noise Synchronous Step-Down Controllers 24-Pin Narrow and 28-Pin SSOP

LTC1438/L.TG1439 Dual High Efficiency Low Noise Synchronous Step-Down Gontrollers Up to Four Outputs Capability

LTC1538-AUX Dual High Efficiency Low Noise Synchronous Step-Down Controlier Auxiliary Linear Regulator 5V Standby in Shutdown

LTC1539 Dual High Efficiency Low Noise Synchronous Step-Down Controlier Auxiliary Linear Regulator 5V Standby in Shutdown

Burst Mode is a trademark of Linear Teehnology Corporation
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