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TECHNOLOGY

FEATURES

® Maintains Constant Frequency at Low Output Currents
® Programmable Fixed Frequency (PLL Lockable)
® Wide V;y Range: 3.5V to 36V Operation

® Low Minimum On-Time (<300ns) for High
Frequency, Low Duty Cycle Applications

Dual N-Channel MOSFET Synchronous Drive

Very Low Dropout Operation: 99% Duty Cycle

Low Dropout, 0.5A Linear Regulator for CPU 1/0

or Low Noise Audio Supplies

Built-In Power-On Reset Timer

Programmable Soft Start

Low-Battery Detector

Remote Output Voltage Sense

Foldback Current Limiting (Optional)

Pin Selectable Output Voltage

Logic Controlled Micropower Shutdown: lq < 25uA
Output Voltages from 1.19V to 9V

Available in 24-Lead Narrow SSOP and 28-Lead
SSOP Packages

APPLICATIONS

Notebook and Palmtop Computers, PDAs
Cellular Telephones and Wireless Modems
Portable Instruments

Battery-Operated Devices

DC Power Distribution Systems

LTC1436A
| [ ’ \D LTC1436A-PLL/LTC1437A

High Efficiency Low Noise
Synchronous Step-Down
Switching Reyulators

DESCRIPTION

The LTC®1436A/LTC1437A are synchronous step-down
switching regulator controllers that drive external
N-channel power MOSFETs in a phase lockable, fixed
frequency architecture. The Adaptive Power™ output stage
selectively drives two N-channel MOSFETSs at frequencies
up to 400kHz while reducing switching losses to maintain
high efficiencies at low output currents.

An auxiliary 0.5A linear regulator using an external PNP
pass device provides a low noise, low dropout voltage
source. A secondary winding feedback control pin (SFB)
guarantees regulation regardless of the load on the main
output by forcing continuous operation.

An additional comparator is available for use as a low-
battery detector. A power-on reset timer (POR) isincluded
which generates a signal delayed by 65536/fg  k (300ms
typically) after the output is within 5% of the regulated
output voltage. Internal resistive dividers provide pin
selectable output voltages with remote sense capability.

The operating current level is user-programmable via an
external current sense resistor. Wide input supply range
allows operation from 3.5V to 30V (36V maximum).

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
Adaptive Power is a trademark of Linear Technology Corporation.

All other trademarks are the property of their respective owners.

Protected by U.S. Patents, including 5481178, 6304066, 5929620, 6580258,
5705919, 5731731
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Figure 1. High Efficiency Step-Down Converter
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LTC1436A
LTC1436-PLL-A/LTC1437A

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Input Supply Voltage (ViN)...ccoevevvvrverenne. 36V1t0-0.3V  AUXON, PLLIN, SFB,
Topside Driver Supply Voltage (Boost)......42V to —0.3V RUN/SS, LBI Voltages ........cccoceveuneeee 10V 0 -0.3V
Switch Voltage (SW) ..o 36V to-5V  Peak Driver Output Current < 10us (TGL, BG)........... 2A
EXTVeg Voltage ..o, 10Vt0o-0.3V  Peak Driver Output Current < 10us (TGS) ......... 250mA
POR, LBO Voltages.........cccoeeeererercrerennee. 12V10-0.3V  INTVge Output Gurrent ......cocvecececccccccccce, 50mA
AUXFB VOItage ......cccovevveveeeeeeccee 20V to-0.3V  Operating Temperature Range
AUXDR VOIage .....cocveveveeevereieeeieeee e 28V 10 -0.3V LTCT143XAC ... 0°C to 70°C
SENSE*, SENSE™, LTC143XAI/LTC143XAE (Note 8) ...... —40°C to 85°C
Vosense Voltages ................. INTVge + 0.3Vto-0.3V  Junction Temperature (NOt€ 2) .....ccccvvveveverennnne. 125°C
Vprog VOIAge ....ccvcvvevereeccc, INTVee to-0.3V  Storage Temperature Range ................. -65°C to 150°C
PLL LPF, Ity Voltages ......cccovevvvvveveiriinn, 2.7Vt0-0.3V  Lead Temperature (Soldering, 10 sec).................. 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW TOP VIEW TOP VIEW
Cosc [1] 24] POR PLL LPF [T ] 24] PLLIN PLL LPF [1] 28] PLLIN
RUN/SS [2] 23] BOOST Cosc [2] 23] POR Cosc [2] 27] POR
80 [3] 22] ToL RUNISS [3 ] 22] BooST RUN/SS [3] [26] BOOST
LI [4] [21] sw i [4] [21] TaL 180 [4] 25] TeL
Iy [5] 20] TGS sr8 [5 | 20] sw LBI [5] [24] sw
578 [5] [75] Vi s6ND [6 | [19] TeS S';; % % \T/GS
SGND [7 ] 18] INTVGC Veros [7] 18] Vi 6D [5] il II\IIhT‘Vcc
Vprog [8 ] 17] BG Vosense [8] [17] INTve Veros [3] 20] DRVGG
Vosense [9] 6] PGND SENSE™ [9]] 16] BG Vosense [10] 19] BG
SENSE™ [10] [75] EXTVgc SENSE* [10} 15] PaND Ne [i] 78] PGND
SENSE* [11] [14] AUXDR AUXON [17] [14] EXTVge SENSE™ [i2] [17] ExTvge
AUXON [12] 73] AUXFs AUXFB [12] [13] AUXDR SENSE* [3] [76] AUXDR
N PACKAGE GN PACKAGE AUXON [14] [15] AUXFB
s Crson
Tymax = 125°C, 45 = 110°C/W Tomax = 125°C, 6ya = 110°C/W Ty = 125°C, 0y = 95°C/W
ORDER PART NUMBER ORDER PART NUMBER ORDER PART NUMBER
LTC1436ACGN LTC1436ACGN-PLL LTC1437ACG
LTC1436AIGN LTC1436AIGN-PLL LTC1437AIG
LTC1436AEGN

Consult LTC Marketing for parts specified with wider operating temperature ranges.

GLGCTRKHL CHHRHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vy = 15V, Vgyn/ss = 5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Main Control Loop
IinVosense | Feedback Current Vprog Pin Open (Note 3) 10 50 nA
Vout Regulated Output Voltage (Note 3)
1.19V (Adjustable) Selected Vprog Pin Open ) 1178 1.19 1.202 v
3.3V Selected Vprog = 0V e 322 3.30 3.380 V
5V Selected Vprog = INTV¢e e 4900 5.00 5.100 V
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LTC1436A
LTC1436A-PLL/LTC1437A

GLGCTI“CHL CH I'-IBHCTEBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vy = 15V, Vgyn/ss = 5V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
V0LINEREG Reference Voltage Line Regulation Vi = 3.6V to 20V (Note 3), Vprog Pin Open 0.002  0.01 %IV
VL0ADREG Output Voltage Load Regulation Ity Sinking 51A (Note 3) 05 0.8 %
It Sourcing 5uA (Note 3) -0.5 -0.8 %
Vsrp Secondary Feedback Threshold Vsrg Ramping Negative 1.16 1.19 1.22 v
IsrB Secondary Feedback Current Vgrg = 1.5V -1 -2 HA
VovL Output Overvoltage Lockout Vprog Pin Open 1.24 1.28 1.32 \
IprROG Vprog Input Current
0.5V > Vprog -3 -6 PA
INTVgg = 0.5V < Vpgrog < INTVg 3 6 PA
I Input DC Supply Current EXTVgc = 5V (Note 4)
Normal Mode 3.6V < Viy <30V, Vayxon = 0V 280 HA
Shutdown VRunsss =0V, 3.6V < V)y <15V 16 25 PA
VRun/ss RUN Pin Threshold 0.8 1.3 2 v
[RUN/SS Soft Start Current Source VRunsss = 0V 1.5 3 45 LA
AVsensgmax) | Maximum Current Sense Threshold Vem = 0V, 5V, Vprog Pin Open 130 150 180 mV
toniny Minimum On-Time Tested with Square Wave, SENSE™ = 1.6V, 250 300 ns
AVsense = 20mV (Note 7)
TGL Transition Time
TGL t; Rise Time Croap = 3000pF 50 150 ns
TGL t¢ Fall Time Croap = 3000pF 50 150 ns
TGS Transition Time
TGS t; Rise Time Croap = 500pF 90 200 ns
TGS t; Fall Time Croap = 500pF 50 150 ns
BG Transition Time
BG t, Rise Time Croap = 3000pF 50 150 ns
BG tf Fall Time Croap = 3000pF 40 150 ns
Internal V¢ Regulator
VinTvee Internal Vg Voltage 6V < Viy < 30V, Vexrvee = 4V 4.8 5.0 5.2 \
Vipo INT INTV¢c Load Regulation IinTvee = 15mA, Vexryee = 4V -0.2 -1 %
Vipo EXT EXTV¢c Voltage Drop IinTvee = 15mA, Vexryee = 5V 130 230 mV
Vextvee EXTVgc Switchover Voltage IinTvee = 15mA, Vextyee Ramping Positive 45 47 v
Oscillator and Phase-Locked Loop
fosc Oscillator Frequency Cosc = 100pF, LTC1436 (Note 5), 112 125 138 kHz
LTC1436A-PLL/LTC1437A, Vp 1 pF = 0V
VCO High LTC1436A-PLL/LTC1437A, VpypF = 2.4V 200 240 kHz
ReLuin PLL IN Input Resistance 50 kQ
IpLLLPE Phase Detector Output Current
Sinking Capability fpLuin < fosc 10 15 20 HA
Sourcing Capability frLun > fosc 10 15 20 pA
Power-On Reset
VsaTPOR POR Saturation Voltage Ipor = 1.6mA, Vosense = 1V, Vprog Pin Open 0.6 1 v
ILpoR POR Leakage Vpor =12V, Vosense = 1.2V, Vprog Pin Open 0.2 1 PA
VTHPOR POR Trip Voltage VpRrog Pin Open, Vosense Ramping Negative -1 -7.5 -4 %
torPoR POR Delay Vprog Pin Open 65536 Cycles
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LTC1436A
LTC1436-PLL-A/LTC1437A

GLGCTI“CHL CHHRHCTGGBTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vy = 15V, Vgyn/ss = 5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Low-Battery Comparator
VsaTLBO LBO Saturation Voltage lgo =1.6mA, Vg =11V 0.6 1 Y
IL1Bo LBO Leakage Vigo =12V, Vg =14V (] 0.01 1 PA
VTHLBI LBI Trip Voltage High to Low Transition on LBO o 1.16 119 1.22 \
T LBI Input Current Vg =1.19V ) 1 50 nA
VHysLBo LBO Hysteresis 20 mV
Auxiliary Regulator/Comparator
IAUXDR AUXDR Current Vextvee = 0V
Max Current Sinking Capability Vauxor = 4V, Vauxes = 1.0V, Vayuxon = 5V 10 15 mA
Control Current Vauxor =5V, Vauxrs = 1.5V, Vauxon = 5V 1 5 HA
Leakage When Off Vauxor = 24V, Vauxrs = 1.5V, Vauxon = 0V 0.01 1 HA
lIN AUXFB AUXFB Input Current Vauxes = 1.19V, Vayxon = 5V 0.01 1 HA
lIn AUXON AUXON Input Current Vauxon =5V 0.01 1 HA
VITH AUXON AUXON Trip Voltage Vauxor = 4V, Vauxeg = 1.0V 1.0 119 1.4 Y
VSAT AUXDR AUXDR Saturation Voltage lauxpr = 1.6mA, Vauxrs = 1.0V, Vayxon = 5V 0.4 0.8 \
Vauxrs AUXFB Voltage Vauxon =5V, 11V < Vayxor < 24V (Note 5) ) 11.5 12 12.5 \
Vauxon =5V, 3V < Vayxpr < 7V (Note 5) ) 1.14 119 1.24 \
VITH AUXDR AUXFB Divider Disconnect Voltage Vauxon = 5V (Note 6), Ramping Negative 7.5 8.5 9.5 V

Note 1: Absolute Maximum Ratings are those values beyond which the life

of a device may be impaired.
Note 2: T, is calculated from the ambient temperature Tp and power

dissipation Pp according to the following formulas:
LTC1436ACGN/LTC1436ACGN-PLL/LTC1436AEGN/LTC1436AIGN/
LTC1436AIGN-PLL: Ty =Ta + (Pp)(110 °C/W)
LTC1437ACG/LTC1437AIG: Ty = Ta + (Pp)(95 °C/W)

Note 3: The LTC1436A/LTC1437A are tested in a feedback loop which

servos Vosense to the balance point for the error amplifier

(Vity=1.19V).

Note 4: Dynamic supply current is higher due to the gate charge being

delivered at the switching frequency. See Applications Information

section.

Note 5: Oscillator frequency is tested by measuring the Cogg charge and

8.4(108) 1 1 \-1
fosc (kHz) = (COSC (pF) + 11)(%* %)
Note 6: The Auxiliary Regulator is tested in a feedback loop which servos
Vauxes to the balance point for the error amplifier. For applications with
Vauxor > 9.5V, Vayxrs uses an internal resistive divider. See
Applications Information.

Note 7: The minimum on-time test condition corresponds to an inductor
peak-to-peak ripple current > 40% of Iyax (see Minimum On-Time
Considerations in the Applications Information section).

Note 8: The LTC1436AE is guaranteed to meet performance
specifications from 0°C to 70°C. Specifications over the —40°C to 85°C
operating temperature range are assured by design, characterization and
correlation with statistical process controls.

discharge currents and applying the formula:
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LTC1436A

LTC1436A-PLL/LTC143/A

TYPICAL PERFORMANCE CHARACTERISTICS
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Burst Mode is a registered trademark of Linear Technology Corporation.
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LTC1436A
LTC1436-PLL-A/LTC1437A

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1436A
LTC1436A-PLL/LTC1437A

TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

Vin: Main Supply Pin. Must be closely decoupled to the ~ SENSE™: The () Input to the Current Comparator.

IC’s signal ground pin. SENSE*: The (+) Input to the Current Comparator. Built-
INTV¢c: Output of the Internal 5V Regulator and EXTVce  inoffsets between SENSE~and SENSE* pins in conjunction
Switch. The driver and control circuits are powered from  with Rggysg Set the current trip thresholds.

this voltage. Must be closely decoupled to power ground

withaminimum of 2.2uF tantalum or electrolytic capacitor. Vosense: Receives the remotely sensed feedback voltage

, either from the output or from an external resistive divider
DRVc: Bottom MOSFET Driver Supply Voltage. across the output . The Vprog pin determines which point
EXTV¢c: Inputtothe Internal Switch Connectedto INTVge.  Vosense must connect to.

This switch closes and supplies Vg power whenever

EXTVgg is higher than 4.7V, See EXTVgs connection in  PROG: ThIS voltage selects the output votiage. For Verog

o . . <V /3 the output is set to 3.3V with V

Apphgatlons Information gectlon. Do not exceed 10V on con#&%gg to the out;?ut. With Vprog > ViNTyce /10_S5E'}['ﬁg
this pin. Connect to VO[{T i VOU_T = 5V.' output is set to 5V with Vosgnse connected to the output.
BOOST: Supply to Topside Floating Driver. The bootstrap  Leaving Vpgog open (DC) allows the output voltage to be
capacitor is returned to this pin. Voltage swing at this pin  set by an external resistive divider connected to Vogsense.

s from !NTVCC toViy + lN_TVCC' ~ Cpsc: External capacitor Cogg from this pin to ground sets
SW: Switch Node Connection to Inductor. Voltage swing e gperating frequency.

atthis pinis froma Schottky diode (external) voltage drop ) . . .
below ground to Viy. lyy: Error Amplifier Compensation Point. The current

_ comparator threshold increases with this control voltage.
SGND: Small S|gna| Ground. Must be routed Sepal’ate|y Nominal Vo|tage range for this pm is 0V to 2.5V.

from other grounds to the () terminal of Cqyr. o

_ RUN/SS: Combination of Soft Start and Run Control
PGND: Driver Power Ground. Connects to source of  |npyts. Acapacitor to ground atthis pin sets the ramp time
bottom N-channel MOSFET and the (~) terminal of Cin.  to full current output. The time is approximately 0.5s/uF.

14367afb
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LTC1436A
LTC1436-PLL-A/LTC1437A

PIN FUNCTIONS

Forcing this pin below 1.3V causes the device to be shut
down. In shutdown all functions are disabled.

TGL: High Current Gate Drive for Main Top N-Channel
MOSFET. This is the output of a floating driver with a
voltage swing equal to INTVgg superimposed on the
switch node voltage SW.

TGS: High Current Gate Drive for a Small Top N-Channel
MOSFET. This is the output of a floating driver with a
voltage swing equal to INTVgg superimposed on the
switch node voltage SW. Leaving TGS open invokes Burst
Mode operation at low load currents.

BG: High Current Gate Drive for Bottom N-Channel
MOSFET. Voltage swing at this pin is from ground to
INTVec (DRVig).

SFB: Secondary Winding Feedback Input. Normally
connected to a feedback resistive divider from the
secondary winding. This pin should be tied to: ground to
force continuous operation; INTVg in applications that
don’tuseasecondary winding; and aresistive divider from
the output in applications using a secondary winding.

POR: Open Drain Output of an N-Channel Pull-Down. This
pin sinks current when the output voltage is 7.5% out of
regulation and releases 65536 oscillator cycles after the
output voltage rises to —5% of its regulated value. The
POR output is asserted when Run/SS is low independent
of Vout.

LBO: Open Drain Output of an N-Channel Pull-Down. This
pin will sink current when the LBI pin goes below 1.19V.

LBI: The (+) Input of the Low Battery Voltage Comparator.
The (=) input is connected to a 1.19V reference.

PLLIN: External Synchronizing Input to Phase Detector.
This pin is internally terminated to SGND with 50k<Q. Tie
this pin to SGND in applications which do not use the
phase-locked loop.

PLL LPF: Output of Phase Detector and Control Input of
Oscillator. Normally a series RC lowpass filter network is
connected from this pinto ground. Tie this pinto SGND in
applications which do not use the phase-locked loop. Can
be driven by 0Vto 2.4V logic signal for afrequency shifting
option.

AUXFB: Feedback Input to the Auxiliary Regulator/
Comparator. When used as a linear regulator, this input
can either be connected to an external resistive divider or
directly to the collector of the external PNP pass device for
12V operation. When used as a comparator, this is the
noninverting input of a comparator whose inverting input
is tied to the internal 1.19V reference. See Auxiliary
Regulator/Comparatorin Applications Information section.

AUXON: Pulling this pin high turns onthe auxiliary regulator/
comparator. The threshold is 1.19V.

AUXDR: Open Drain Output of the Auxiliary Regulator/
Comparator. The base of an external PNP device is
connected to this pin for use as a linear regulator. An
external pull-up resistor s required for use asacomparator.
A voltage > 9.5V on AUXDR causes the internal 12V
resistive divider to be connected to AUXFB.

14367afb
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LTC1436A

LTC1436A-PLL/LTC143/A

FUNCTIONAL DIAGRAM
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LTC1436A
LTC1436-PLL-A/LTC1437A

OPER I'-ITIOﬂ (Refer to Functional Diagram)

Main Control Loop

The LTC1436A/LTC1437A use a constant frequency, cur-
rent mode step-down architecture. During normal opera-
tion, the top MOSFET is turned on each cycle when the
oscillator sets the RS latch and turned off when the main
current comparator |1 resets the RS latch. The peak
inductor current at which 11 resets the RS latch is con-
trolled by the voltage on Ity pin, whichis the output of error
amplifier EA. Vprgm and Vosense pins, described inthe Pin
Functions, allow EA to receive an output feedback voltage
Vg fromeitherinternal or external resistive dividers. When
the load current increases, it causes a slight decrease in
Vigrelativetothe 1.19V reference, whichinturncauses the
Ity voltage to increase until the average inductor current
matches the new load current. While the top MOSFET is off,
the bottom MOSFET is turned on until either the inductor
current starts to reverse, as indicated by current compara-
tor 12, or the beginning of the next cycle.

The top MOSFET drivers are biased from floating boot-
strap capacitor Cg, which normally is recharged during
each off cycle. However, when V| decreases to a voltage
close to Vqyr, the loop may enter dropout and attempt to
turn onthe top MOSFET continuously. The dropout detec-
tor counts the number of oscillator cycles that the top
MOSFET remains on, and periodically forces a brief off
period to allow Cg to recharge.

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

Comparator OV guards against transient overshoots
>7.5% by turning off the top MOSFET and keeping it off
until the fault is removed.

Low Current Operation

Adaptive Power mode allows the LTC1436A/LTC1437Ato
automatically change between two output stages sized for
different load currents. TGL and BG pins drive large
synchronous N-channel MOSFETSs for operation at high
currents, while the TGS pin drives a much smaller

N-channel MOSFET used in conjunction with a Schottky
diode for operation at low currents. This allows the loop to
continue to operate at normal frequency as the load
current decreases without incurring the large MOSFET
gate charge losses. If the TGS pin is left open, the loop
defaults to Burst Mode operation in which the large
MOSFETs operate intermittently based on load demand.

Adaptive Power mode provides constant frequency opera-
tion down to approximately 1% of rated load current. This
results in an order of magnitude reduction of load current
before Burst Mode operation commences. Without the
small MOSFET (i.e.: no Adaptive Power mode), the transi-
tion to Burst Mode operation is approximately 10% of
rated load current.

The transition to low current operation begins when com-
parator 12 detects current reversal and turns off the
bottom MOSFET. If the voltage across Rggyse does not
exceed the hysteresis of 12 (approximately 20mV) for one
fullcycle, thenonfollowing cycles the top drive is routed to
the small MOSFET at TGS pin and BG pinis disabled. This
continues until an inductor current peak exceeds 20mV/
Rsense or the Ity voltage exceeds 0.6V, either of which
causes drive to be returned to TGL pin on the next cycle.

Two conditions can force continuous synchronous opera-
tion, even when the load current would otherwise dictate
low current operation. One is when the common mode
voltage of the SENSE * and SENSE ~pins is below 1.4V and
the other is when the SFB pin is below 1.19V. The latter
conditionis usedtoassistin secondary winding regulation
as described in the Applications Information section.

Frequency Synchronization

A Phase-locked loop (PLL) is available on the
LTC1436A-PLLand LTGC1437Atoallow the oscillatorto 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 oscillator, which
operates over a 0V to 2.4V range corresponding to —30%
t030% infrequency. Whenlocked, the PLL aligns the turn-
on of the top MOSFET to the rising edge of the synchroniz-
ing signal. When PLLIN is left open or at a constant DC
voltage, PLL LPF goes low, forcing the oscillator to mini-
mum frequency.

14367afb
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OPER I'-ITIOﬂ (Refer to Functional Diagram)

Power-0On Reset

The POR pinis an open drain output which pulls low when
the main regulator output voltage is out of regulation.
When the output voltage rises to within 7.5% of regula-
tion, a timer is started which releases POR after 216
(65536) oscillator cycles. In shutdown, the POR output is
pulled low.

Auxiliary Linear Regulator

The auxiliary linear regulator in the LTC1436A/LTC1437A
controls an external PNP transistor for operation up to
500mA. An internal AUXFB resistive divider set for 12V
operation is invoked when AUXDR pin is above 9.5V to
allow 12V VPP supplies to be easily implemented. When
AUXDRis below 8.5V an external feedback divider may be
used to set other output voltages. Taking the AUXON pin
low shuts down the auxiliary regulator providing a conve-
nient logic controlled power supply.

The AUX block can be used as a comparator having its
inverting input tied to the internal 1.19V reference. The
AUXDR pinis used as the output and requires an external
pull-up to a supply less than 8.5V in order to inhibit the
invoking of the internal resistive divider.

INTVee/DRVee/EXTVee Power

Power for the top and bottom MOSFET drivers and most
ofthe other LTC1436A/LTC1437Acircuitryis derived from
the INTV¢c pin. The bottom MOSFET driver supply DRV¢e
pinisinternally connected to INTVgg inthe LTC1436A and
externally connected to INTVc in the LTC1437A. When
the EXTVc pin is left open, an internal 5V low dropout
regulator supplies INTV¢g power. If EXTVgg is takenabove
4.8V, the 5V regulator is turned off and an internal switch
isturned onto connect EXTVg to INTVg. Thisallows the
INTV g power to be derived from a high efficiency external
source such as the output of the regulator itself or a
secondary winding, as described inthe Applications Infor-
mation section.

APPLICATIONS INFORMATION

The basic LTC1436A application circuitis shownin Figure
1, High Efficiency Step-Down Converter. External compo-
nent selection is driven by the load requirement, and
begins with the selection of Rgeyse. Once Rsense iS
known, Cogg and L can be chosen. Next, the power
MOSFETs and D1 are selected. Finally, Cjy and Coyr are
selected. The circuit shown in Figure 1 can be configured
for operation up to an input voltage of 28V (limited by the
external MOSFETS).

Rsense Selection For Output Current

Rsense is chosen based on the required output current.
The LTG1436A/LTC1437A currentcomparator has a maxi-
mum threshold of 150mV/Rggynsg and an input common
mode range of SGND to INTVgc. The current comparator
threshold sets the peak of the inductor current, yielding a
maximum average output current Iyax equal to the peak
value less half the peak-to-peak ripple current Al|.

Allowing a margin for variations in the LTC1436A/
LTC1437A and external component values yields:

100mV
Imax

The LTC1436A/LTC1437A work well with Rggysg values
>0.005Q.

Rsense =

Cosc Selection for Operating Frequency

The LTC1436A/LTC1437A use a constant frequency
architecture with the frequency determined by an external
oscillator capacitor Cggc. Each time the topside MOSFET
turns on, the voltage on Cogg is resetto ground. During the
on-time, Cpgc is charged by a fixed current plus an
additional current which is proportional to the output
voltage of the phase detector Vpypr (LTC1436A-PLL/
LTC1437A). When the voltage on the capacitor reaches
1.19V, Cosc is reset to ground. The process then repeats.
The value of Cogg is calculated from the desired operating
frequency. Assuming the phase-locked loop has no exter-
nal oscillator input (Vpypr = 0V):

14367afb
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APPLICATIONS INFORMATION

1.37(10%)

Frequency (kHz) -1

Cosc (oF)=

Agraphfor selecting Cggg vs frequency is givenin Figure
2. As the operating frequency is increased the gate
charge losses will be higher, reducing efficiency (see
Efficiency Considerations). The maximum recommended
switching frequency is 400kHz. When using Figure 2 for
synchronizable applications, choose Cogg correspond-
ing to a frequency approximately 30% below your center
frequency. (See Phase-Locked Loop and Frequency Syn-
chronization.)

VpLLLPF =0V

300 \
250 \
— 200
s
w
2 150 \
= \
g \
S 100 \
50 \\
\\

o

0 100 200 300 400 500
OPERATING FREQUENCY (kHz)

1436 F02

Figure 2. Timing Capacitor Value

Inductor Value Calculation

The operating frequency and inductor selection are inter-
related in that higher operating frequencies allow the use
of smaller inductor and capacitor values. So why would
anyone ever choose to operate at lower frequencies with
larger components? The answer is efficiency. A higher
frequency generally results in lower efficiency because of
MOSFET gate charge losses. In addition to this basic
trade-off, the effect of inductor value on ripple current and
low current operation must also be considered.

Theinductorvalue has adirect effect onripple current. The
inductor ripple current Al decreases with higher induc-
tance or frequency and increases with higher Vyy or Voyr:

1 V,
Al = —VOUT(1 - ﬂ}
(7IL) Vi
Accepting larger values of Al allows the use of low
inductances, but results in higher output voltage ripple
and greater core losses. A reasonable starting point for

setting ripple current is Al = 0.4 (Iyax). Remember, the
maximum Al occurs at the maximum input voltage.

The inductor value also has an effect on low current
operation. The transition to low current operation begins
when the inductor current reaches zero while the bottom
MOSFET is on. Lower inductor values (higher Alj) will
cause this to occur at higher load currents, which can
cause a dip in efficiency in the upper range of low current
operation. In Burst Mode operation (TGS pin open),
lower inductance values will cause the burst frequency to
decrease.

The Figure 3 graph gives a range of recommended induc-
tor values vs operating frequency and Voyr.
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Figure 3. Recommended Inductor Values

For low duty cycle, high frequency applications where the
required minimum on-time,

Vi
(VlN(MAX))(f)
is less than 350ns, there may be further restrictions onthe
inductance to ensure proper operation. See Minimum On-
Time Considerations section for more details.

14367afb

12

L] TECHNOLOGY



LTC1436A
LTC1436A-PLL/LTC1437A
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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,
molypermalloy, or Kool Mu® cores. Actual core loss is
independent of core size for a fixed inductor value, but it
is very dependent on inductance selected. As inductance
increases, corelosses go down. Unfortunately, increased
inductance requires more turns of wire and therefore
copper losses will increase.

Ferrite designs have very low core loss and are prefered at
high switching frequencies, so design goals can concen-
trate on copper loss and preventing saturation. Ferrite
core material saturates “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!

Molypermalloy (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.
Because they generally lack a bobbin, mounting is more
difficult. However, designs for surface mount are available
which do not increase the height significantly.

Power MOSFET and D1 Selection

Three external power MOSFETs must be selected for use
with the LTC1436A/LTC1437A: a pair of N-channel MOS-
FETs for the top (main) switch and an N-channel MOSFET
for the bottom (synchronous) switch.

Totake advantage of the Adaptive Power output stage, two
topside MOSFETs must be selected. A large (low Rsp(on))
MOSFET and a small (higher Rpg(on)) MOSFET are
required. The large MOSFET is used as the main switch
and works in conjunction with the synchronous switch.
The smaller MOSFET is only enabled under low load
current conditions. This increases midcurrent efficiencies
while continuing to operate at constant frequency. Also, by
using the small MOSFET the circuit can maintain constant

Kool Muis a registered trademark of Magnetics, Inc.

frequency operation down to lower currents before cycle
skipping occurs.

The Rps(ony recommended for the small MOSFET is
around 0.5Q. Be careful not to use a MOSFET with an
Ros(on) that is too low; remember, we want to conserve
gate charge. (A higher Rps(ony MOSFET has a smaller gate
capacitance and thus requires less current to charge its
gate). For cost sensitive applications the small MOSFET
can be removed. The circuit will then begin Burst Mode
operation as the load current is dropped.

The peak-to-peak gate drive levels are set by the INTVge
voltage. This voltage is typically 5V during start-up (see
EXTVge Pin Connection). Consequently, logic level
threshold MOSFETs must be used in most LTC1436A/
LTC1437Aapplications. The only exceptionisapplications
in which EXTVg is powered from an external supply
greaterthan 8V (must be lessthan 10V), in which standard
threshold MOSFETS [Vgsth) < 4V] may be used. Pay close
attention to the BVpgg specification for the MOSFETSs as
well; many of the logic level MOSFETSs are limited to 30V
or less.

Selection criteria forthe power MOSFETs include the “ON”
resistance Rsp(o), reverse transfer capacitance GCrss,
input voltage and maximum output current. When the
LTC1436A/LTC1437A are operating in continuous mode
the duty cycles for the top and bottom MOSFETs are
given by:

Main Switch Duty Cycle = %
IN

Vin—V,
Synchronous Switch Duty Cycle = M

IN

The MOSFET power dissipations at maximum output
current are given by:

Prviain = %OMAX)ZU + 5)RDS(0N)

K (one)Cas) )

Psyne = W(IMAX)ZO + 6)RDS(0N)
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where & is the temperature dependency of Rpg(on) and k
is a constant inversely related to the gate drive current.

Both MOSFETs have I2R losses while the topside
N-channel equation includes an additional term for transi-
tion losses, which are highest at high input voltages. For
Vin < 20V the high current efficiency generally improves
with larger MOSFETs, while for Vi > 20V the transition
losses rapidly increase to the point that the use of a higher
Rps(on) device with lower Grss actual provides higher
efficiency. The synchronous MOSFET losses are greatest
at high input voltage or during a short circuit when the
duty cycle in this switch is nearly 100%. Refer to the
Foldback Current Limiting section for further applications
information.

The term (1 +0) is generally given for a MOSFET in the
form of a normalized Rpg(o) Vs temperature curve, but
&= 0.005/°C can be used as an approximation for low
voltage MOSFETSs. Crsgis usually specified inthe MOSFET
characteristics. The constant k = 2.5 can be used to
estimate the contributions of the two terms in the main
switch dissipation equation.

The Schottky diode D1 shown in Figure 1 serves two
purposes. During continuous synchronous operation, D1
conducts during the dead-time between the conduction of
the two large power MOSFETs. This prevents the body
diode of the bottom MOSFET from turning on and storing
charge during the dead-time, which could costas much as
1% in efficiency. During low current operation, D1 oper-
ates in conjunction with the small top MOSFET to provide
an efficient low current output stage. A 1A Schottky is
generally a good compromise for both regions of opera-
tion due to the relatively small average current.

Cyn and Cqyt Selection

In continuous mode, the source current of the top
N-channel MOSFET is a square wave of duty cycle Voyt/
Vin. 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:

[VOUT(VIN - VOUT)F/2
Vin

C|N ReqUired lRMS = ||V|AX

This formula has a maximum at Viy = 2Vgyt, Where
lpmis = lout/2. This simple worst-case condition is com-
monly used for design because even significant deviations
do notoffermuch relief. Note that capacitor manufacturer’s
ripple current ratings are often based on only 2000 hours
of life. This makes it advisable to further derate the
capacitor, or to 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 Coyr is driven by the required effective
series resistance (ESR). Typically, once the ESR require-
ment is satisified, the capacitance is adequate for filtering.
The output ripple (AVoyr) is approximated by:

1
4fCOUT)

where f = operating frequency, Cqyt = output capacitance
and Al = ripple current in the inductor. The output ripple
is highest at maximum input voltage since Al increases
with input voltage. With Al = 0.4lgyr(vax) the output
ripple will be lessthan 100mV at maximum V,y, assuming:

AVOUT = AIL(ESR +

COUT Required ESR < ZRSENSE

Manufacturers such as Nichicon, United Chemicon and
Sanyo should be considered for high performance through-
hole capacitors. The 0S-CON semiconductor dielectric
capacitor available from Sanyo has the lowest ESR (size)
product of any aluminum electrolytic at a somewhat
higher price. Once the ESR requirement for Coyt has been
met, the RMS current rating generally far exceeds the

IRIPPLE(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. Inthe case of tantalum, 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 tantalums, available in case
heights ranging from 2mm to 4mm. Other capacitor types

14367afb
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include Sanyo 0S-CON, Nichicon PL series and Sprague
593D and 595D series. Consult the manufacturer for other
specific recommendations.

INTV¢c Regulator

An internal P-channel low dropout regulator produces the
5V supply that powers the drivers and internal circuitry
within the LTC1436A/LTC1437A. The INTV¢e pin can
supply up to 15mA and must be bypassed to ground with
a minimum of 2.2uF tantalum or low ESR electrolytic.
Good bypassing is necessary to supply the high transient
currents required by the MOSFET gate drivers.

High input voltage applications, in which large MOSFETs
are being driven at high frequencies, may cause the
maximum junction temperature rating for the LTC1436A/
LTC1437A to be exceeded. The IC supply current is
dominated by the gate charge supply current when not
using an output derived EXTV¢g source. The gate charge
is dependent on operating frequency as discussed in the
Efficiency Considerations section. The junction tempera-
ture can be estimated by using the equations given in Note
1 of the Electrical Characteristics. For example, the
LTC1437A s limited to less than 19mA froma 30V supply:

Ty =70°C+(19mA|(30V)(95°C/ W) = 124°C

To prevent maximum junction temperature from being
exceeded, the input supply current must be checked when
operating in continuous mode at maximum V.

EXTV¢c Connection

The LTC1436A/LTC1437A contain an internal P-channel
MOSFET switch connected between the EXTVgg and
INTVgc pins. The switch closes and supplies the INTV¢g
power whenever the EXTVgg pin is above 4.8V, and
remains closed until EXTVgg drops below 4.5V. This
allows the MOSFET driver and control power to be derived
from the output during normal operation (4.8V < Voyrt <
9V) and from the internal regulator when the output is out
of regulation (start-up, short circuit). Do not apply greater
than 10V to the EXTVg pin and ensure that EXTV¢e < V.

Significant efficiency gains can be realized by powering
INTVgc from the output, since the Viy current resulting
from the driver and control currents will be scaled by a

factor of Duty Cycle/Efficiency. For 5V regulators this
supply means connecting the EXTV¢g pindirectly to Voyr.
However, for 3.3V and other lower voltage regulators,
additional circuitry is required to derive INTVgg power
from the output.

The following list summarizes the four possible connec-
tions for EXTV¢(:

1. EXTVg left open (or grounded). This will cause INTV¢g
to be powered from the internal 5V regulator resulting
in an efficiency penalty of up to 10% at high input
voltages.

2. EXTV¢¢ connected directly to Vgyr. This is the normal
connection for a 5V regulator and provides the highest
efficiency.

3. EXTVgc connected toan output-derived boost network.
For 3.3V and other low voltage regulators, efficiency
gains can still be realized by connecting EXTV¢ to an
output-derived voltage which has been boosted to
greater than 4.8V. This can be done with either the
inductive boost winding as shown in Figure 4a or the
capacitive charge pump shownin Figure 4b. The charge
pump has the advantage of simple magnetics.

4. EXTV¢c connected to an external supply. If an external
supply is available in the 5V to 10V range (EXTVqe <
Vin), it may be used to power EXTV¢g, providing it is
compatible with the MOSFET gate drive requirements.
When driving standard threshold MOSFETS, the exter-
nal supply must always be present during operation to
prevent MOSFET failure due to insufficient gate drive.

L 0PTIONAL EXTVgG
CONNECTION ¢, —E= 1 Vi

5V < Vggo <9V T

SEC
LTC1436A V|y |—1+b
LTC1437A — +
TGL I|4_ N-CH 1T:\I —~Tuf
— o b

?--1EXTVee TGS
>

— Vour

SW L

C
SFB — T ouT

BG =
SGND  PGND

Figure 4a. Secondary Qutput Loop and EXTV¢c Connection
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Figure 4b. Capacitive Charge Pump for EXT V¢

Topside MOSFET Driver Supply (Cg, Dg)

An external bootstrap capacitor Cg connected to the Boost
pin supplies the gate drive voltage for the topside
MOSFET(s). Capacitor Cg in the functional diagram is
charged through diode Dg from INTVg¢ when the SW pin
is low. When one of the topside MOSFET(s) is to be turned
on, the driver places the Cg voltage across the gate source
of the desired MOSFET. This enhances the MOSFET and
turns on the topside switch. The switch node voltage SW
rises to Vy and the Boost pin rises to Vjy + INTV¢g. The
value of the boost capacitor Cg needs to be 100 times
greater than the total input capacitance of the topside
MOSFET(s). In most applications 0.1uF is adequate. The
reverse breakdown on Dg must be greater than Viy(max).

Output Voltage Programming

The output voltage is pin selectable for all members of the
LTC1436A/LTC1437A family. The output voltage is
selected by the Vprog pin as follows:

Vprog = 0V Voyr =33V
Vprog = INTV¢e Voyr =3V
Vprog = Open (DC) Vour = Adjustable

The LTC1436A/LTC1437A family also has remote output
voltage sense capability. The top of an internal resistive
divider is connected to Vgsense. For fixed 3.3V and 5V
output voltage applications the Vgsensg pin is connected
to the output voltage as shown in Figure 5a. When using
anexternalresistive divider, the Vprog pinis left open (DC)
and the Vosense pinis connected to the feedback resistors
as shown in Figure 5b.

| GND: Voyr=3.3V

INTVgg: Vout =5V
LTC1436A VosEeNsE n Vour
LTC1437A

Cout
SGND {

- 1436 F05a

VPRoG

Figure 5a. LTC1436A/LTC1437A Fixed Output Applications

1.19V <Vgyr <9V

VPRog

LTC1436n VOSENSE
LTC1437A

SGND

- R2
VOUT—1.19V(1 + R1)

1436 FO5b

Figure 5b. LTC1436A/LTC1437A Adjustable Applications

Power-0On 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
POR pin.

When power is first applied or when coming out of
shutdown, the POR output is pulled to ground. When the
output voltage rises above a level which is 5% below the
final regulated output value, an internal counter starts.
After counting 216 (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-regulation 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 that provides the
soft start function and a means to shut down the
LTC1436A/LTC1437A. Soft start reduces surge currents
from Vy by gradually increasing the internal current limit.
Power supply sequencing can also be accomplished
using this pin.

14367afb
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An internal 3pA current source charges up an external
capacitor Cgs When the voltage on RUN/SS reaches 1.3V
the LTC1436A/LTC1437A begin operating. Asthe voltage
on RUN/SS continues to ramp from 1.3V to 2.4V, the
internal currentlimitisalso ramped ata proportionallinear
rate. The current limit begins at approximately 50mV/
Rsense (at Vrunyss = 1.3V) and ends at 150mV/Rgense
(VRunsss > 2.7V). The output current thus ramps up
slowly, charging the output capacitor. If RUN/SS has been
pulled all the way to ground there is a delay before starting
of approximately 500ms/uF, followed by an additional
500ms/uF to reach full current.

tpeLay = 5(10%)Csg seconds

Pulling the RUN/SS pin below 1.3V puts the LTC1436A/
LTC1437A into a low quiescent current shutdown (I <
25uA). This pin can be driven directly from logic as shown
inFigure 6. Diode D1in Figure 6 reduces the start delay but
allows Cgg to ramp up slowly for the soft start function;
this diode and Cgg can be deleted if soft start is not needed.
The RUN/SS pin has an internal 6V Zener clamp (see
Functional Diagram).

3.3VOR 5V RUN/SS RUN/SS

L«

Css
I

1436 F06

Figure 6. Run/SS Pin Interfacing

Foldback Current Limiting

As described in Power MOSFET and D1 Selection, the
worst-case dissipation for either MOSFET occurs with a
short-circuited output, when the synchronous MOSFET
conducts the current limit value almost continuously. In
most applications this will not cause excessive heating,
even for extended fault intervals. However, when heat
sinking is at a premium or higher Rpg(ony MOSFETS are
being used, foldback current limiting should be added to
reduce the currentin proportion to the severity of the fault.

Foldback current limiting is implemented by adding a
diode Drg between the output and Ity pins as showninthe
Function Diagram. Ina hard short (Voyt=0V), the current
will be reduced to approximately 25% of the maximum
output current. This technique may be used forall applica-
tions with regulated output voltages of 1.8V or greater.

Phase-Locked Loop and Frequency Synchronization

The LTC1436A-PLL/LTC1437A each have an internal volt-
age-controlled oscillator and phase detector comprising a
phase-locked loop. This allows the top MOSFET turn-onto
be locked to the rising edge of an external source. The
frequency range of the voltage-controlled oscillator is
+30% around the center frequency fo.

The value of Cogg is calculated from the desired operating
frequency fg. Assuming the phase-locked loop is locked
(VpLLLpr=1.19V):

o2qm0hy |
Cosc (pF) - {Frequency (kHZJ k

Stating the frequency as a function of Vpy | pr and Cosg:

Frequency(kHz) =
8.4(108)

1

VpLLLPF
17uA +18uA ————
o ”[ 2.4V

+2000

[Cosc(pF)+11]

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 detec-
tor will not lock up on input frequencies close to the
harmonics of the VCO center frequency. The PLL hold-in
range Afy is equal to the capture range: Afy = Afg =
+0.3fo.

14367afb
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The output of the phase detector is a complementary pair
of current sources charging or discharging the external
filter network on the PLL LPF pin. The relationship
between the PLL LPF pin and operating frequency is
shown in Figure 7. A simplified block diagram is shown in
Figure 8.

If the external frequency (fpjy) is greater than the oscil-
lator frequency (f), current is sourced continuously, pull-
ingupthe PLLLPF pin. Whenthe external frequency is less
than fogg, current is sunk continuously, pulling down the
PLL LPFpin. Ifthe external and internal frequencies are the
same but exhibit a phase difference, the current sources
turn on for an amount of time corresponding to the phase

1.3 7

FREQUENCY (kHz)
Sy

0.7fg

0 0.5 1.0 1.5 2.0 2.5

VpLLLPF (V)
1436 FO7

Figure 7. Operating Frequency vs Vpy | pr

EXTERNAL
FREQUENCY Rip

PHASE
DETECTOR §|
DIGITAL |

Cosc

m

PLL LPF

[:l Cosc

PLLIN

PHASE/
FREQUENCY
DETECTOR

0SC p—

1436 F08

Figure 8. Phase-Locked Loop Block Diagram

difference. Thus the voltage on the PLL LPF pinis 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
CLp holds the voltage.

The loop filter components G p and R p smooth out the
current pulses from the phase detector and provide a
stable input to the voltage-controlled oscillator. The filter
components Cip and R p determine how fast the loop
acquires lock. Typically, R p = 10k and Cyp is 0.01uF to
0.1uF. Be sureto connectthe low side of the filter to SGND.

The PLL LPF pin can be driven with external logic to obtain
a 1:1.9 frequency shift. The circuit shown in Figure 9 will
provide a frequency shift from fq to 1.9fg as the voltage
andVpy | princreasesfrom0Vto2.4V.Donotexceed 2.4V

on VpyLLpF.

3.3VOR 5V

PLL LPF 2.4V MAX

- 1436 F09

Figure 9. Directly Driving PLL LPF Pin

Low-Battery Comparator

The LTC1436A/LTC1437A have an on-chip low-battery
comparator which can be used to sense a low-battery
condition when implemented as shown in Figure 10. The
resistive divider R3, R4 sets the comparator trip point as
follows:

R4
VLBTR|P =1 19\/(14-@}

Vi
R4 LTC1436A LBO
LBl LTC1437A T
R3 i i
SGND = 1.19V REFERENCE = 10

Figure 10. Low-Battery Comparator
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The divided down voltage at the negative (-) input to the
comparator is compared to an internal 1.19V reference. A
20mV hysteresis is built in to assure rapid switching. The
output is an open drain MOSFET and requires a pull-up
resistor. This comparator is not active in shutdown. The
low side of the resistive divider should connect to SGND.

SFB Pin Operation

When the SFB pin drops below its ground-referenced
1.19V threshold, continuous mode operation is forced. In
continuous mode, the large N-channel main and synchro-
nous switches are used regardless of the load on the main
output.

In addition to providing a logic input to force continuous
synchronous operation, the SFB pin provides a means to
regulate a flyback winding output. Continuous synchro-
nous operation allows power to be drawn from the auxil-
iary windings without regard to the primary output load.
The SFB pin provides a way to force continuous synchro-
nous operation as needed by the flyback winding.

The secondary output voltage is set by the turns ratio of
the transformer in conjunction with a pair of external
resistors returned to the SFB pin as shown in Figure 4a.
The secondary regulated voltage Vsgg in Figure 4a is
given by:

Vsec = (N+1)Vour >1.19v[1+2—2j

where N is the turns ratio of the transformer and Vqyt is
the main output voltage sensed by Vosense.

Auxiliary Regulator/Comparator

The auxiliary regulator/comparator can be used as a
comparator or low dropout regulator (by adding an exter-
nal PNP pass device).

When the voltage present at the AUXON pin is greater than
1.19V the regulator/comparator is on. Special circuitry
consumes a small (20pA) bias current while still remain-
ing stable when operating as a low dropout regulator. No

excess currentis drawn whenthe input stage is overdriven
when used as a comparator.

The AUXDR pin is internally connected to an open drain
MOSFET which can sink up to 10mA. The voltage on
AUXDR determines whether or not an internal 12V resis-
tive divider is connected to AUXFB as described below. A
pull-up resistor is required on AUXDR and the voltage
must not exceed 28V.

With the addition of an external PNP pass device, a linear
regulator capable of supplying up to 0.5A is created. As
shown in Figure 12a, the base of the external PNP con-
nects to the AUXDR pin together with a pull-up resistor.
The output voltage Voayx at the collector of the external
PNP is sensed by the AUXFB pin.

The input voltage to the auxiliary regulator can be taken
from a secondary winding on the primary inductor as
shown in Figure 11a. In this application, the SFB pin
regulates the input voltage to the PNP regulator (see SFB
Pin Operation) and should be set to approximately 1V to
2V above the required output voltage of the auxiliary
requlator. A Zener diode clamp may be required to keep
Vgee under the 28V AUXDR pin specification when the
primary is heavily loaded and the secondary is not.

The AUXFB pin is the feedback point of the regulator. An
internal resistive divider is available to provide a 12V
output by simply connecting AUXFB directly to the collec-
tor of the external PNP. The internal resistive divider is
selected whenthe voltage at AUXFB goes above 9.5V with
1V built-in hysteresis. For other output voltages, an exter-
nal resistive divider is fed back to AUXFB as shown in
Figure 11b. The output voltage Voayx is set as follows:

Voaux = 1.19V(1+R8/R7) <8V AUXDR < 8.5V
Voaux = 12V AUXDR > 12V

The circuit can also be used as a noninverting voltage
comparator as shown in Figure 11c. When AUXFB drops
below 1.19V, the AUXDR pin will be pulled low. A mini-
mum current of SuA is required to pull the AUXDR pin to
5V when used as a comparator output, in order to coun-
teract a 1.5uA internal current source.
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1:N  SECONDARY WINDING

lanl

Vv
SEC o | Lrc1436n
<2 | LTC1437A Voaux
+ R6 AUXDR [ 19y
?t— SFB AUXFB
R5 S +
AUXON |— ON/OFF I 104F
= Vgeg=1.10V (1 . %) 513V = e

Figure 11a. 12V Qutput Auxiliary Regulator Using
Internal Feedback Resistors

1:N SECONDARY WINDING

R8

Voaux = 1.19V(1 + ﬁ)

Voaux

LTC1436A

A6 > | LTC1437A AUXDR

SFB AUXFB 100F

AUXON [— ON/OFF

- VSEC =1.19V (1 + Ei;) - 1436 F11b

Figure 11b. 5V Qutput Auxiliary Regulator Using
External Feedback Resistors

VPULL-UP < 8.5V

ON/OFF —] AUXON Hg}:ggﬁ
INPUT —T:lAUXFB _> |
1.19V REFERENCE

Figure 11c. Auxiliary Comparator Configuration

OUTPUT

||_I}T_|§

1436 Fi1c

Minimum On-Time Considerations

Minimum on-time, tonvin), is the smallest amount of
time that the LTC1436A/LTC1437A are capable of turning
the top MOSFET on and off again. It is determined by
internal timing delays and the gate charge required to turn
on the top MOSFET. Low duty cycle applications may
approach this minimum on-time limit. If the duty cycle
falls below what can be accommodated by the minimum
on-time, the LTC1436A/LTC1437A will beginto skip cycles.
The output voltage will continue to be regulated, but the
ripple current and ripple voltage will increase. Therefore
this limit should be avoided.

The minimum on-time for the LTC1436A/LTC1437A in a
properly configured application is less than 300ns but
increases atlow ripple currentamplitudes (see Figure 12).
If an application is expected to operate close to the
minimum on-time limit, an inductor value must be chosen
thatis low enoughto provide sufficient ripple amplitude to
meet the minimum on-time requirement. To determine the
proper value, use the following procedure:

1. Calculate on-time at maximum supply, tongviny =
(1/6)(Vout/Vinvax))-

2. Use Figure 12to obtain the peak-to-peakinductor ripple
current as a percentage of lyax necessary to achieve
the calculated tonminy-

3. Ripple amplitude Al (miny = (% from Figure 12) (Iyax)
where Iyax = 0.1/RggnsE.

Vingmax) = VOUTJ

4. Lmax = tON(MIN)[ Al
L(MIN)

Choose an inductor less than or equal to the calculated
Liax to ensure proper operation.

400

350

2

o

= RECOMMENDED
5 300 REGION FOR MIN
S \ ON-TIME AND
S MAX EFFICIENCY
= \\\\\

= 250

200

0 10 20 30 40 50 60 70
INDUGTOR RIPPLE CURRENT (% OF Iyax)

1435A F12

Figure 12. Minimum On-Time vs Inductor Ripple Current

Because of the sensitivity of the LTC1436A/LTC1437A
current comparator when operating close to the minimum
on-time limit, it is important to prevent stray magnetic flux
generated by the inductor from inducing noise on the
current sense resistor, which may occur when axial type
cores are used. By orienting the sense resistor on the
radial axis of the inductor (see Figure 13), this noise will be
minimized.
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_w?/ _

| 1435A FO8

Figure 13. Allowable Inductor/Rggyse Layout Orientations

Efficiency Considerations

The efficiency of a switching regulator is equal to the
output power divided by the input power times 100%. It is
often useful to analyze individual losses to determine what
is limiting the efficiency and which change would produce
the most improvement. Efficiency can be expressed as:

Efficiency =100% — (L1 + L2 + L3+ ...)

where L1,L2, etc. are the individual losses as a percentage
of input power.

Although all dissipative elements in the circuit produce
losses, four main sources usually account for most of the
losses in LTC1436A/LTC1437A circuits: LTC1436A/
LTC1437A Vyy current, INTVcc current, 12R losses and
topside MOSFET transition losses.

1. The V| current is the DC supply current given in the
Electrical Characteristics table which excludes MOSFET
driver and control currents. Vy current results in a
small (<1%) loss which increases with V.

2. INTV¢ current is the sum of the MOSFET driver and
control currents. The MOSFET driver current results
from switching the gate capacitance of the power
MOSFETSs. Each time a MOSFET gate is switched from
low to high to low again, a packet of charge dQ moves
from INTVc to ground. The resulting dQ/dtis a current
out of INTVge that is typically much larger than the
control circuit current. In continuous mode, IgaTecHg =
f(Qr+ Qg), where Qr and Qg are the gate charges of the
topside and bottom side MOSFETSs. It is for this reason
that the Adaptive Power output stage switches to a low
Q7 MOSFET during low current operation.

By powering EXTV¢c from an output-derived source,
the additional Vjy current resulting from the driver and
control currents will be scaled by a factor of Duty Cycle/

Efficiency. For example, in a 20V to 5V application,
10mA of INTV ¢ current results in approximately 3mA
of V,y current. This reduces the midcurrent loss from
10% or more (if the driver was powered directly from
Viy) to only a few percent.

3. 12R losses are predicted from the DC resistances of the
MOSFET, inductor and current shunt. In continuous
mode the average output current flows through L and
Rsense, but is “chopped” between the topside main
MOSFET and the synchronous MOSFET. If the two
MOSFETSs have approximately the same Rpgon), then
the resistance of one MOSFET can simply be summed
with the resistances of L and Rsgyse to obtain IR
losses. For example, if each Rpgion) = 0.05€,
R = 0.15Q and Rggnse = 0.05€2, then the total resis-
tance is 0.25Q2. This results in losses ranging from 3%
t0 10% as the output currentincreases from 0.5A to 2A.
2R losses cause the efficiency to drop at high output
currents.

4. Transition losses apply only to the topside MOSFET(s),
and only when operating at high input voltages (typi-
cally 20V or greater). Transition losses can be esti-
mated from:

Transition Loss = 2.5(Vin) 1 (Iyax) (Crss)(f)

Other losses including Cyy and Coyt ESR dissipative
losses, Schottky conduction losses during dead-time and
inductor core losses, generally account for less than 2%
total additional loss.

Checking Transient Response

The regulator loop response can be checked by looking at
the load transient response. Switching regulators take
several cycles to respond to a step in DC (resistive) load
current. When aload step occurs, Voytimmediately shifts
by an amount equal to (Al gap)(ESR), where ESR is the
effective series resistance of Coyt. Al gap also begins to
charge or discharge Coyt which generates a feedback
error signal. The regulator loop then acts to return Voyt to
its steady-state value. During this recovery time Vgyt can
be monitored for overshoot or ringing, which would
indicate a stability problem. The |ty external components
shown in the Figure 1 circuit will provide adequate com-
pensation for most applications.
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A'second, more severe transient is caused by switching in
loads with large (>1uF) supply bypass capacitors. The
discharged bypass capacitors are effectively putin parallel
with Cqy, causing a rapid drop in Vgyt. No regulator can
deliver enough current to prevent this problem if the load
switch resistance is low and it is driven quickly. The only
solution is to limit the rise time of the switch drive so that
the load rise time is limited to approximately 25(C gap).
Thus a 10uF capacitor would require a 250us rise time,
limiting the charging current to about 200maA.

Automotive Considerations: Plugging into the
Cigarette Lighter

As battery-powered devices go mobile, there is a natural
interest in plugging into the cigarette lighter in order to
conserve oreven recharge battery packs during operation.
But before you connect, be advised: you are plugging into
the supply from hell. The main battery line in an automo-
bile isthe source of anumber of nasty potential transients,
including load dump, reverse battery, and double battery.

Load dump is the result of a loose battery cable. When the
cable breaks connection, the field collapse inthe alternator
can cause a positive spike as high as 60V which takes
several hundred milliseconds to decay. Reverse battery is
just what it says, while double battery is a consequence of
tow-truck operators finding that a 24V jump start cranks
cold engines faster than 12V.

The network shown in Figure 14 is the most straightfor-
ward approach to protect a DG/DC converter from the
ravages of an automotive battery line. The series diode
prevents current from flowing during reverse battery,
while the transient suppressor clamps the input voltage
during load dump. Note that the transient suppressor

12— 50A IpK RATING

Vin
LTC1436A
TRANSIENT VOLTAGE LTC1437A
SUPPRESSOR
GENERAL INSTRUMENT
1.5KA24A

- 1436 F14

Figure 14. Automotive Application Protection

should not conduct during double battery operation, but
must still clamp the input voltage below breakdown of the
converter. Althoughthe LTC1436A/LTC1437A have a maxi-
mum input voltage of 36V, most applications will be
limited to 30V by the MOSFET BVpgs.

Design Example

As a design example, assume Vyy = 12V (nominal), Vy =
22V (max), VOUT= 1.6V, Iyax=3Aand f = 250kHz, RSENSE
and Cogc can immediately be calculated:

100mV _ 5 1330

RsENSE =

1.37(10%)
Cosc =| — - |—11=43pF
0SC [ 250 ] p

Refering to Figure 3, a 4.7uH inductor falls within the
recommended range. To check the actual value of the
ripple current the following equation is used:

Al, = Jour [1 _ VOUT]

3\

The highest value of the ripple current occurs at the
maximum input voltage:

| 13710ty |
Cosc (pF) N {Frequency (kHZ)}

The lowest duty cycle also occurs at maximum input
voltage. The on-time during this condition should be
checked to make sure it doesn’t violate the LTC1436A/
LTC1437A’s minimum on-time and cause cycle skipping
to occur. The required on-time at Viy(max) is:

oy =Yoo ___ 16V
N(MIN) = =
M Mg )(f) — (22V)(250KkHz)

The Al was previously calculated to be 1.3A, which is
43% of lyax. From Figure 12, the LTC1436A/LTC1437A’s
minimum on-time at 43% ripple is about 235ns. There-
fore, the minimum on-time is sufficient and no cycle
skipping will occur.

=291ns
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The power dissipation on the topside MOSFET can be
easily estimated. Choosing a Siliconix Si4412DY results
in: Rps(on) = 0.042Q, Grss = 100pF. At maximum input
voltage with T (estimated) = 50°C:

Puan = %(3)2[1 +(0.005)(50°C — 25°C))(0.0420)

+2.5(22V)"* (3A)(100pF)(250kHz) = 88mW

The most stringent requirement for the synchronous
N-channel MOSFET occurs when Vgyr = 0 (i.e. short
circuit). In this case the worst-case dissipation rises to:

Psvne = [|SC(AVG)T(1 + 8)RDS(ON)

With the 0.033Q2 sense resistor Isg(ava) = 4A will result,
increasing the Si4412DY dissipation to 950mW at a die
temperature of 105°C.

Cin is chosen for an RMS current rating of at least 1.5A at
temperature. Coyris chosen with an ESR of 0.03Q for low
output ripple. The output ripple in continuous mode will be
highest at the maximum input voltage. The output voltage
ripple due to ESR is approximately:

VORlPPLE = RESR (A||_) = 0039(1 3A) = 39mVP_p

PC Board Layout Checklist

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of the
LTC1436A/LTC1437A. These items are also illustrated
graphically in the layout diagram of Figure 15. Check the
following in your layout:

1. Are the signal and power grounds segregated? The
LTC1436A/LTC1437A signal ground pin must return to
the (=) plate of Coyt. The power ground connects to the

source of the bottom N-channel MOSFET, anode of the
Schottky diode, and (=) plate of C;y, which should have
as short lead lengths as possible.

. Does the LTC1436A/LTC1437A VsensEe pin connect to

the (+) plate of Coyr? In adjustable applications, the
resistive divider R1/R2 must be connected between the
(+) plate of Coyr and signal ground. The 100pF capaci-
tor should be as close as possible to the LTC1436A/
LTC1437A.

. Arethe SENSE ~and SENSE* leads routed together with

minimum PC trace spacing? The filter capacitor be-
tween SENSE* and SENSE~ should be as close as
possible to the LTC1436A/LTC1437A.

. Does the (+) plate of Cyy connect to the drain of the

topside MOSFET(s) as closely as possible? This capaci-
tor provides the AC current to the MOSFET(s).

. Is the INTV¢¢ decoupling capacitor connected closely

between INTVgq and the power ground pin? This ca-
pacitor carries the MOSFET driver peak currents.

. Keep the switching node SW away from sensitive small-

signal nodes. ldeally, the switch node should be placed
at the furthest point from the LTC1436A/LTC1437A.

. Route the PLLIN line away from Boost and SW pins to

avoid unwanted pickup (Boost and SW pins have high
dV/dTs).

. SGND should be used exclusively for grounding exter-

nal components on PLL LPF, Cosg, Itu, LBI, SFB,
Vosense and AUXFB pins.

. If operating close to the minimum on-time limit, is the

sense resistor oriented on the radial axis of the induc-
tor? See Figure 13.
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LTC1436A 3.3V/4A Fixed Output with 5V Auxiliary Output
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LTG1436A-PLL 3.3V/4A Fixed Output with 12V/500mA Auxiliary Output
and Uncommitted Comparator
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LTC1436A-PLL Low Noise High Efficiency 5V/1A Regulator
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LTC1436A

LTC1436A-PLL/LTC143/A

PACKAGE DESCRIPTION

GN Package

24-Lead Plastic SSOP (

Narrow .150 Inch)

(Reference LTC DWG # 05-08-1641)
337 - 344"
(8560-8.738) |l 03
24 23 22 21 20 19 18 17 16 15 1413 (0.338)
B ot A ARAAARA
229 244 150 - 157
(5.817-6.198) (3.810-3.988)
254 MIN 150 - .165
yugopooouoo T234sETgsmNR wore
0165 +.0015 —>] |<— l<—.0250 BSC 1. CONTROLLING DIMENSION: INCHES
INCHES
RECOMMENDED SOLDER PAD LAYOUT 2. DIMENSIONS ARE IN | \ETERS)
| e 152004 0532 - 0688 004 - 0098 3. DRAWING NOT TO SCALE
(0.38+0.10) (135-175) (0.102-0.249) * DIMENSION DOES NOT INCLUDE MOLD
0075 - .0098 00— 8° TYP FLASH. MOLD FLASH SHALL NOT EXCEED
(0.19-10.25) 0.006" (0.152mm) PER SIDE
v v ** DIMENSION DOES NOT INCLUDE INTERLEAD
= 016 - 050 7 - 1 FLASH. INTERLEAD FLASH SHALL NOT
\ 9‘ ‘« 016 - .05 008-.012 _ | onsssomozes  EXCEED 0.010" (0.254mm) PER SIDE
(0.406-1.270) (0.203-0.305)
TYP

G Package
28-Lead Plastic SSOP (5.3mm)
(Reference LTC DWG # 05-08-1640)

. 4
0000000000000

7.8-82 53-57

. O0onoooooooopn

0.42£0.03 —> l<— —
RECOMMENDED SOLDER PAD LAYOUT

5.00-5.60**
(.197 - .221)

)
\ J
0.09 ! 0.25 0.55-0.95 »‘ ﬁ

(.0035 - .010) (.022-.037)

NOTE:
1. CONTROLLING DIMENSION: MILLIMETERS

MILLIMETERS
2. DIMENSIONS ARE IN (INCHES)
3. DRAWING NOT TO SCALE
*DIMENSIONS DO NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED .152mm (.006") PER SIDE
**DIMENSIONS DO NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED .254mm (.010") PER SIDE

0°-8°

9.90-10.50*
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OOAAAAAAA

28 27 26 25 24 23 22 21 20 19 18 17 16 15

7.40-8.20
(291 .323)

0.65
(10256) —] ‘e
BSC hor-03s
{.009-015) =~
TYP

G28 SSOP 0204
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' | EAD However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
T tation that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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LTC1436A
LTC1436-PLL-A/LTC1437A

TYPICAL APPLICATION

LTC1437A 5V/3A Fixed Output with 12V Auxiliary Output

C

LP V
RLP 0.01uF 5.5V T0 28V
1 28 EXT
—wv—| |7 PLL LPF PLLIN — L ock J .
G 2 27 b | IN
I Isg:rg Cosc POR — PO
Ce2 0.1uF 4 25 1= M
51pF —Bo T6L 143 IRF7403 4] *
0—| m — i8I sw 2 _Lg%ECF 24V
Cc 6 23] w3 ;
1 Ii ITH 168 IRLML2803
Re 510pF 9 | iq - \5/\9UT
10k SFB — CMDSH-3 | 0.1uF T 3A
8 LTC1437A 21 22uH
INVe n ’—| ’—c_l_, 1:2.2
= INT VCC_g VpRoG DRVge 2 T4-7MF 10V
10 19 = 1= w2 MBRS140T3 X2
Vosense BG 1153 IRF7403
1 18 SGND
—{NC PGND -9 (PIN 8)
o— 4 sense- EXTVgG b = =
10000F == 13 “le 47k
$ SENSE* AUXDR +—AN—
AUX 14 15 71'5
ON/OFF — AUXON AUXFB MMBT2907 s
Vour2 iy
12V —@
02A +
T~ 3.3uF R5
T 100k
L
T1: DALE LPE6562-A092 =
PART NUMBER DESCRIPTION COMMENTS
LTC1142HV/LTC1142 | Dual High Efficiency Synchronous Step-Down Switching Regulators | Dual Synchronous, Viy < 20V
LTC1148HV/LTC1148 | High Efficiency Step-Down Switching Regulator Controllers Synchronous, Vi < 20V
LTC1159 High Efficiency Synchronous Step-Down Switching Regulator Synchronous, Viy < 40V, For Logic Threshold FETs
LT®1375/LT1376 1.5A, 500kHz Step-Down Switching Regulators High Frequency, Small Inductor, High Efficiency
Switchers, 1.5A Switch
LTC1430 High Power Step-Down Switching Regulator Controller High Efficiency 5V to 3.3V Conversion at Up to 15A
LTC1435A High Efficency, Low Noise Synchronous Step-Down 16-Pin Narrow SO and SSOP
Switching Regulator
LTC1438/LTC1439 Dual High Efficiency, Low Noise, Synchronous Step-Down Full-Featured Dual Controllers
Switching Regulators
LT1510 Constant-Voltage/ Constant-Current Battery Charger 1.3A, Li-lon, NiCd, NiMH, Pb-Acid Charger
LTC1538-AUX Dual High Efficiency, Low Noise, Synchronous Step-Down 5V Standby in Shutdown
Switching Regulator
LTC1539 Dual High Efficiency, Low Noise, Synchronous Step-Down 5V Standby in Shutdown
Switching Regulator
LTC1706-19 VID Voltage Programmer Intel Mobile Pentium®ll Compliant

Pentium is a registered trademark of Intel Corp.
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